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THE

PBBFACE
TO

FIFTH EDITION.

In the Preface to the First Edition of this Manual, the author

fully explained the objects he had more especially in view in

its preparation, and the principal sources from whence he had

derived the materials necessary for its compilation. That such

a work was needed, is proved in a marked degree by the side

of four veiy large editions ; and in issuing this Fifth Edition,

the Author cannot but express the gratification he feels at the

satisfactory results which have attended his labours, and lie

also takes this opportunity of again returning his sincere thanks

to many kind friends and correspondents for the assistance they

have rendered him, by their suggestions, and by the communi-

cation of many valuable facts.

In the last edition attention was especially directed to the

fact that, in consequence of the very great advances made

within the last few years in the science of Botany on the Con-

tinent of Europe, and more especially in Germany, the work

had been very carefully revised throughout, and in the subjects

of Histology, Physiology, and the Reproductive Organs of the

Gryptogamia, almost rewritten. The great and continued ad-

vances in these subjects since the last edition have again

rendered it necessary to make numerous changes and altera-

tions in these portions, and to add several new woodcuts
;

and in so doing the author has to express his obligations to

Mr. J. W. Groves, Curator of the Anatomical Museum, and
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Demonstrator of Practical Biology in King's College, London,
for the valuable assistance he has rendered generally, but more
especially for, in a great degree, revising the Third Book on
Physiology. In this edition, so far as the above subjects are
concerned, the standard works of Sachs, De Bary, EicMer,
Strasburger, Van Tieghem, Luerssen, Vines, and Bower have
been more particularly consulted, besides a large number of
original memoirs published in this country and elsewhere.

In the part treating of the properties and uses of plants,
many alterations have been also rendered necessary by the pro-
gress of science, and the recent issue of a new edition of the
'British Pharmacopoeia.' The very large number of plants to
be here noticed has compelled the author to be very brief in
his descriptions of them individually

; but so far as the principal
plants employed in medicine are concerned, those readers who
require more detailed information are referred to Bentley and
Trimen's 'Medicinal Plants,' where coloured figures, botanical
descriptions, and other full particulars may be found ; and ti i

Fliickiger and Hanbury's ' Pharmacographia.

'

While the work in all the above particulars has thus been
very carefully revised, the most marked change that will be
noticed is in the part relating to the Classification of Plants,
which, so far as the Phanerogamia are concerned, has been very
materially modified, and in some parts rewritten, in order to
adapt it in all essential particulars to the arrangement adopted
in the great work on that subject, the ' Genera Plantarum '

of

Bentham and Hooker, which has been published in a complete
form since the last edition of this Manual was issued ; and
which cannot fail to be the standard work on the subject for

many years. Important changes have also been made in the

Classification of the Cryptogamia, but, so far as these plants are

concerned, their arrangement at present must be regarded as

transitional ; and hence, as their full description is beyond the
scope of this Manual, advanced students must refer to special

treatises for detailed notices of the arrangement and characters

of the several groups of the Cryptogamia. and more especially

of the Thallophytes,

The present edition having been thus carefully revised in all

its parts, adapted, as far as possible, to the present state of

botanical science, and supplemented by very copious and care-

fully prepared indexes, which have been kindly prepared for
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him by a friend, the author confidently believes that it will,

even better than the preceding editions, serve as a convenient,

intelligible, and correct as well as comprehensive Manual for

students ; and will also be very useful as a work of reference to

those engaged in commercial pursuits, who, having constantly

to make use of substances derived from the Vegetable Kingdom,

require accurate and condensed information on the Properties

and Uses of Plants.

London : January, 1887.



PREFACE
TO

THE FIRST EDITION.

KX

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
particularly to Materia Medica and Economic Botany; and thus
form a text-book of especial value to medical and pharmaceutical
students ; as well as a work of reference generally for those

engaged in commercial pursuits who have daily to make use of

substances derived from the Vegetable Kingdom.
Another prominent motive of the author was, to furnish the

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

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

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

It maybe noticed that this order differs in several respects from

that commonly followed, but long experience as a teacher has

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

Great pains have been taken in all departments to bring the

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

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

merous details bearing upon each department, and in arranging

them for systematic study.

The author makes no claims for this work to be regarded

as a complete treatise on the different departments of Botany
;

it is only intended as a guide to larger and more comprehensive
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works ; but he trusts, at the same time, that it will be found to

contain everything which the student of Botany really requires,

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

education, or for pleasure and recreation.

The vast number of facts, observations, and terms necessarily

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

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

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

even here, all the more important subjects bearing upon the

education of the medical practitioner and pharmacist will be

found sufficiently comprehensive. Those who require a more

complete knowledge of this department, he would refer to the

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

valuable work full details upon Physiological Botany will be

found.

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

volume an Appendix upon Descriptive Botany, and a Glossary

of Botanical Terms ; but the Manual having already exceeded

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

however, serve as a glossary by referring to the pages in which

the different terms are defined and explained ; and with regard

to Descriptive Botany, the author woidd especially recommend

every reader of this work to obtain a small but very valuable

work on that subject which has been recently published by Dr.

Linclley.

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 Mold, Jussieu, Schleiden, Mulder, Hofmeister, Asa

Gray, and Schacht, among foreign botanists ; and to those of

Lindley, Balfour, Henfrey, Hooker, Berkeley, Pereira, and

Royle, among British botanists, he begs to express his obligations.

To his friend, Daniel Hanbury, he is also indebted for much

valuable information communicated during the progress of the

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

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

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

the lamented Henfrey, the author is more especially indebted.

•
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The last three works will always bear ample testimony to the

great research and abilities of their respective authors.

The author has further to express his obligations to his

spirited publisher, for the numerous woodcuts which he has liber-

ally 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 Le Maout's 'Atlas elementaire de Botanique,'

several from Jussieu's ' Cours elementaire de Botauique ; ' others

have been derived from the works of Schleiden, Mohl, H«>f-

meister, Lindley, Henfrey, Balfour, &c. ; and many are from

original sources. By the judicious use of these woodcuts in the

text of the volume, it is believed that the value of the work as

a Class-book of Botanical Science has been materially increased.

London : May 1, 1861.
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MANUAL OF BOTANY.

GENERAL INTRODUCTION.

The various bodies which are situated on the surface of the

earth, or combined so as to form its substance, are naturally

arranged, both by the common observer and scientific investi-

gator, in three great divisions, called, respectively, the Animal,

Vegetable, and Mineral Kingdoms ; and as those comprised in the

two former are possessed of life, they form the Organic creation
;

while those of the latter, not being endowed with life, constitute

the Inorganic creation. It is our province in this work to treat

of the lower members of the organic world, called Plants or Vege-
tables. The science which has this for its object is termed
Botany, from the Greek word ftoTavr] signifying an herb or grass.

Depaktments of Botany.—Botany in its extended sense

embraces everything that has reference to plants either in a
living or fossil state. It investigates their nature ; their in-

ternal structure ; their outward forms ; the laws by which they

are enabled to grow and propagate themselves ; and their

relations to one another, and to the other bodies by which they
are surrounded. As a science, therefore, it is of vast extent,

and one which requires for its successful prosecution the most
careful and systematic study. It may be divided into the

following departments:—1. Morphological Botany, or the Com-
parative Anatomy of Plants : this comprises everything which
relates to the outward forms of plants and their various parts

or organs. 2. Structural Botany : this treats of plants and
their organs in reference to their internal structure, including
the description of elementary structure, or Vegetable Histology.

3. Physiological Botany : this comprises the study of plants, and
their organs, in a state of life or action. 4. Systematic Botany :

this considers plants in their relations to one another, and com-
prehends a knowledge of the principles upon which they are

described, and of their arrangement and classification. 5. Geo-

graphical Botany is that department which explains the laws



2 DISTINCTIONS BETWEEN

which regulate the distribution of plants over the surface of the

earth at the present time. And 6, Palasontological or Fossil

Botany is that which describes the nature and distribution of

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

strata of which the earth is composed. The first four de-

partments are those only that come within the scope of the

present work ; the two latter being of too special and extensive

a nature to be treated of in this Manual. There are also several

departments of what may be called Applied Botany, which are

founded on a knowledge of the above departments, such as

Descriptive Botany, Vegetable Materia Medica, Agricultural,

Horticultural, and Economic Botany. To these special works are

commonly devoted
;
but, so far as the Properties and Uses of

Plants are concerned, they will be particularly referred to in

this work under Systematic Botany.

Distinctions between Animals, Plants, and Minerals.—
Botany being the science which treats of plants, it would natu-

rally be expected that we should commence our subject by

defining a plant. No absolute definition of a plant can, how-

ever, be given in the present state of our knowledge of the

organic world, neither is it probable that, as our knowledge

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

of inquiry has shown that there is no distinct line of demarca-

tion between plants and animals, the one passing gradually and

imperceptibly into the other. Indeed, until quite recently, it

was believed by many that there existed certain organisms

which were plants at one period of their lives and animals at

another. Thus De Bary, in the year 1859, described the

germinating spores of JfSthalium as producing naked, motile,

protoplasmic bodies, which eventually coalesced to form ame-

boid masses of protoplasm {plasmodium), which were destitute

of a cell-wall, were able to creep over the surface of the

substance upon which they were growing, and to take into

their interior and digest solid matters, after the fashion ot a

true Amoeba, of the animal nature of which there can be no

doubt ; and so while in this stage he regarded /F.thahum as an

animal. After a time, however, the plasmodium becomes

Quiescent, divides into an immense number of small portions,

each of which clothes itself with a wall of cellulose, and becomes

a spore; and in this later stage he regarded JEthalnnn as a

nlant But as the more recent researches of De Bary and otliers

show 'that this amoeboid condition is of frequent recurrence m
certain stages of many organisms, of the plant nature of which

Scan be no possible question, AOutom s now relegated

to the Vegetable Kingdom alone. Nevertheless, even d the

belief in the double nature (plant and animal) of certain orga-

nism does not now exist, naturalists are far from agreeing as to

what in all cases shall be regarded as a plant or^ animah

Thus, while Stein looks upon such a complex stiuctuie as
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Volvox as undoubtedly animal, other authors of equal repute

acknowledge it as a plant.

There are, indeed, even some naturalists who believe that

there is no line of demarcation between plants and minerals,

but that simple organisms can be, and are, formed out of in-

organic matter
;
but, notwithstanding the ability and ingenuity

with which these views have been supported, we hold such

notions to be purely speculative, and continue to maintain that

the possession of individual life and power of reproduction in

the former, constitute at once, without further investigation,

a broad and well-marked line of demarcation from the latter.

Even when we compare plants with animals, so long as we
confine our researches to the higher members of the two king-

doms, the distinctions are evident enough ; difficulties only

occur when we look deeply into the subject and compare
together those bodies which are placed lowest in the scale of

creation, and stand as it were on the confines of the two
kingdoms. It is then that we find the impossibility of laying

down any certain characteristics by which all the members of

the two kingdoms may be absolutely distinguished. We shall

at present, therefore, confine our attention to those characters

by which plants may as a general rule be distinguished from
animals, but to which exceptions may be found when we com-
pare particular individuals, leaving the more extended investi-

gation of the subject to the future pages of this volume.
In the first place, we find that plants hold an intermediate

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

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

Thirdly, the action of plants and animals on the atmosphere
is different. Thus, during the process of what has been called
assimilation, plants decompose the carbon-dioxide of the air
or water in which they are growing, and, uniting the carbon,
which is obtained from this decomposition, with the elements
of water, to form starch or some other carbohydrate, restore

B 2
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the oxygen to the atmosphere or water. Animals, on the

contrary, during the process of respiration take into their

tissues free oxygen, and return, in its place, to the surrounding

medium in which they live, carbon-dioxide, the result of the

combination of the superfluous carbon in the animal system

with the oxygen which has been inhaled. Plants, therefore, in

assimilation absorb carbon-dioxide and eliminate oxygen ; while

animals in respiration absorb oxygen and eliminate carbon-

dioxide.

Fourthly, while all plants and animals are made up of cells,

those of the latter do not develop upon their exterior any sub-

stance materially differing from the more internal protoplasm
;

but the whole substance of the cell is more or less homogeneous,

and consists throughout of matter which is essentially composed

of the four elements, Carbon, Oxygen, Hydrogen, and Nitrogen,

together with some Sulphur and Phosphorus. The protoplasmic

mass of the cells of plants, which is also essentially composed of

the same constituents, on the other hand, sooner or later, as a

general rule, becomes changed on its outer surface, where a

membranous covering is developed termed the cell-wall, com-

posed of cellulose, and therefore consisting entirely of the three

elements, Carbon, Oxygen, and Hydrogen. Plants, then, are

made up of cells, the protoplasm of which is enclosed in a cell-

wall of cellulose, while animals are made up of cells which

have no such cell-wall.

Fifthly, the presence of starch was also formerly considered

as a diagnostic character of plants ; but it is now known that

this substance, or at least one isomeric with, and presenting the

same general appearances as it, is also to be found in the tissues

of animals.

In reference to the above distinctive characters, therefore, it

should be especially noticed that they are only general, namely,

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

of the Animal and Vegetable Kingdoms ; and that to all such

characters some exceptions may be found when we compare

particular individuals. We arrive accordingly at the conclusion

that it is impossible to give a complete and perfect definition of

a plant, or, in other words, to lay down any single character by

which plants can in all cases be distinguished from animals. In

determining, then, whether an organism under investigation be

a plant or an animal, the naturalist must first take into his con-

sideration, not any one character alone, but the sum of all the

characters which it may exhibit.

Since there are many organisms which it is very difficult to

assign with any certainty either to the Vegetable or Animal

Kingdom as some of their characters indicate that they belong

to the one and some to the other kingdom, Haeckel proposes

tha^all these should be grouped together into a third kingdom

to be called 'Protista.'



BOOK 1.

MORPHOLOGICAL AND STRUCTURAL BOTANY.

1

The most superficial examination by the unassisted eye of any

of the more highly developed plants enables us to distinguish

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

the flower. A similar examination of plants of lower organisa-

tion presents to our notice either the same organs, or organs of

an analogous nature to those of the higher plants. By a more
minute examination of these several organs by the microscope,

it will be found that they are all made up of others of a simpler

kind, in the form of little membranous closed sacs, called cells,

and elongated tubular bodies, of various forms, sizes, and ap-

pearances, which are combined in various ways. Hence, in

describing a plant we have two sets of organs to allude to,

namely, the compound organs or those which are visible to the

naked eye, and the elementary structures of which they are

composed. A knowledge of these elementary structures or

building materials of plants is absolutely essential to a complete
and satisfactory acquaintance with the compound organs

;
but,

previously to describing them, it will materially assist our in-

vestigations if we give a general sketch of the compound organs

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

less complexity which they exhibit, so, in a corresponding de-

gree, do plants vary in such particulars. Hence we find plants

exhibiting a great variety of forms ; that part of Botany which
has for its object the study of these forms and their component
organs is called Morphology; while that part which relates to

their internal structure, including the description of elementary
structure or Vegetable Histology, is commonly termed Structural

Botany. These two parts together constitute what has been
termed Organography. These parts are most conveniently
studied together ; we shall therefore, after describing the
general morphology of the plant, and the elementary structures

which are common to all parts of plants, proceed to consider

separately the different organs which are made up of these elemen-
tary structures both with reference to their outward forms and
internal stucture.



CHAPTER 1.

GENERAL MORPHOLOGY OF THE PLANT.

The simplest plants, such as the Red Snow (Protococcus), or

Glceocapsa, consist of a single membranous sac, or cell as it is

termed, which in form is more or less spherical or oval. In

Protococcus (fig. 1) the cells separate almost as soon as formed,

while in Glceocapsa they remain bound together by an environing

capsule of gelatinous matter, formed from the cell-wall, for a

Fig. 1. FIG - 2 -

Fiq 1 Several Red Snow plants (Protococcus (Palmella) nivalis), magnified.

Fig. 2. Two plants of Oscillatoria spiralis.

loneer or shorter period. As, however, this matter absorbs

more water it is gradually dissolved away and the cells are set

free In plants immediately above these in point of complexity

™ find ?he cells still all alike, but instead <*

and each forming a distinct plant, they are joined end to end ana

?^m a many celled filament which is either straight or variously

curved, in OscMatoria (fig. 2).. All these .ptajto-jo far at

least as is known—multiply by division of their cells only
,
but

a Uttle 1 gliei in the scale we meet with plants m which certain

their fells perform the function of nutrition, whde o he

are set apart for the purpose of reproduction Thua,m toe

Moulds, such as Mucor (fig. 3) or Penicdhur, (^4) ^e o?
which serve as organs of nutrition are elongated simple or

branched filaments, termed hyph* (see page 49), whichJe

(%! IS), on well ;» social wgana of reproduce, (.»,,. 6, (,
I)-

axes
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But these cells are all more or less alike, so that no true distinc-

tion can be drawn between the often very different looking parts

we meet with in such

plants as a sea-weed or Fig. 3. Fig. 4.

a mushroom. Such a

combination of similar

cells, whatever the

precise form may be,

which presents no dif-

ferentiation of leaf,

stem, and root, is called

a thallus or thallome,

and every thallus-pro-

ducing plant is there-

fore termed a Tlial-

lophyte or Thallogen.

Under the head of

Thallophytes we com-
prise all those simpler

forms of plants which
are commonly known
as Algte, Lichens, and
Funcfi.

Fig. 3. A species of Mou'.d (Mucor), with branched
mycelium (hyphal tissue or hyphce) below, from
which two stalks are seen to arise, each of which
is terminated by a sac {sporangium, or ascus), from
which a number of minute bodies (spores) are
escaping. Fig. 4. Another Mould (Penicillium
glaucum), with branched mycelium (hyphal tis-

sue), and a stalk bearing several rows of cells,

which are the germinating spores (conidia).

Fig. 5.

Fig. 6.

Fi'j. 5. Thallu3 or thallome of

the common Bladder Sea-weed
(Fucus vesiculosa), t, t. The
fructification, v, v. Bladders of
air.

Fig. 6. The common Mushroom (Agnrieus
campcstris). There are three receptacles

(fructification), arising from the mycelium,
my, below : one yourife and nearly globular,

and two mature, a. Pileus. b. Lamellae, c.

Annulus.

Again, as all Thallophytes are composed of cells which
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approach more or less closely to the spherical or oval form, or if

elongated are thin-walled and commonly flexible, they are also

Fig. 7. Fig. 9. Fig. 10.

Fig. 8.

Fia.1. A portion of the flat thallus-likc stem of Marchantia Polymorph^

by the male organs \antheridia).

termed Cellular Plants, in contradistmct on to
.

those abov.

them in order of development winch are called J ' >

account of their commonly possessing, in addition to these
on
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Fig. 11.

Fig. 12. Fig.

cells which are termed parenchymatous, elongated ^-walled

cells, called prosenchymatous or wood- cells (see page 39) ;
and

also,' in most cases, except m the in-

termediate orders of Liverworts and

Mosses, variously formed tubular organs

which are known under the name of

vessels.
"
From the Thallophytes, by various

intermediate stages, through an order

of plants called Liverworts, we arrive

at another order—the Mosses. In the

lower forms of the Liverworts, e.g. Mar-

chantia (fig. 7), we have a green flat

thallus-like stem bearing upon its under-

surface scale-like appendages, the first

representatives of true leaves. In the

higher forms, as Jungermannia (fig. 8),

the stems and leaves are both more

highly developed. In the Mosses, e.g.

Pohitrichum (figs. 9 and 10), the stems

often contain elongated cells, which are

to a certain extent thickened, and differ

little from the true wood-cells met with

in the more highly developed plants
;

this tissue, too, is often prolonged into

the leaf, when it forms a midrib. Cor-

related with this greater development

of the organs of nutrition
_
we find the

reproductive apparatus similarly ad-

vanced in complexity of structure. _
The

female element, or oosphere, consists of

a mass of protoplasm, called the germ

or embryonic cell, situated in the interior

of a flask-shaped cellular organ, the

archegouium, and this is fertilised

by small spirally-wound filaments

or cuithemzoids, which are developed in

cells, termed sperm-cells (fig. 11, c),

formed inside a cellular sac-like struc-

ture called the antheridium (fig. 11, a).

The result of this fertilisation is what is

commonly termed the fructification (fig.

9), which will be hereafter described.

The Liverworts and Mosses are,

however, destitute of true roots and

vessels, such as exist in the next and

all the higher groups of plants.

Still ascending, we find in the Club-mosses (fig. 12), bela-

ginellas, Pepperworts, Horsetails (fig. 13), and Ferns {fig. 14),

Fig. 11. Antheridium, ff.of the

Hair-moss (Polytrichum ).

containing a number of

cells, c, in each of which

there is a single avJherozoid.

p. Paraphyses, surrounding

the antheridium. Fig. 12.

The common Club - moss
(Lycopod'mm clavatum).

Fig. 13. Fructification of

the Great Water Horse-

tail (Equisetum maximum i,

forming a cone-like mass at

the end of the stem.
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a continued advancement in complexity of structure, vessels of

different kinds make their appearance for the first time, and
the stems are frequently of considerable size and height. Cala-

Fig. 14. The Male Fern (Aspidium Filix-mas). Fig. 15. A Tree-fern, show-

ing a tuft oC leaves (fronds) at the apex of a cylindrical stem, which is

enlarged at its base, ra, by the development of a mass of aerial adven-

titious roots.

mites, an order of plants nearly allied to the Horsetails, and

which were extremely abundant during the formation of our coal

measures, would appear to have reached the height of our loftiest
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trees ; while at the present day in the tropics and warmer parts

of the earth Ferns will frequently attain the height of twenty

feet ( tia 15) and sometimes even as much as forty feet, bearing

on their summit a large tuft of leaves, or, as they are commonly

exiled, fronds, a term applied to leaves which, like those of

Ferns bear their fructification or organs of reproduction. In

these plants true roots first also appear, but they are generally

broken up into numerous small fibres and never become en-,

larged as in the tap-roots (fig. 20, r), of the higher flowering

Pltl

Onrotamw Plants or Cryptogams.-In all the plants above

mentioned we have no evident flowers as in the higher plants,

hence they are called Flowerlsss ; but their organs of reproduc-

tion are very small and inconspicuous, and therefore they are

also termed Cryptogamous, that is to say, plants with concealed

or invisible reproductive organs. These Cryptogamous plants,

or Cryptogams as they are commonly termed, are again divided

into two groups, called Cormophytes and Thallophytes ;
the latter

comprising the simpler, forms of plants, which, as previously

noticed, are commonly known as Algse, Fungi, and
^
ic
^
ens

.

and which present no distinction of root, stem, and leaf (figs. 5

and 6) ; and the former group those plants, such as the Liver-

worts (figs. 7 and 8), Mosses (figs. 9 and 10), Club-mosses (fig.

12), Selaginellas, Pepperworts, Horsetails (fig. 13), and ±erns

(figs 14 and 15), which present us with an evident stem, bearing

leaves, and also, except in the Liverworts and Mosses, true roots

and vessels of different kinds.

Phanerogamous Plants or Phanerogams.—All plants above

the Cryptogams, from possessing evident flowers or reproductive

organs, are termed Phanerogamous, Phanerogams, or Flowering.

These latter plants are also reproduced by true seeds instead of

spores, as is the case in all Cryptogams which possess reproduc-

tive organs ; a seed being essentially distinguished from a spore,

from containing within itself in a rudimentary condition all the

essential parts of the future plant in the form of an embryo

(fig. 16) ; while a spore merely consists of a single cell, or of

two or more united, and never exhibits any distinction of parts

until it begins to develop in the ordinary process of vegetation,

and then only in certain cases.

These Phanerogams also present two well-marked divisions,

called respectively the Angiospermia and Gymnospermia :
the

former including those plants in which the ovules are enclosed

in a case called an ovary (fig. 33, o, o) ; and the latter, such

plants as the Fir and Larch, in which the ovules are naked

(Jig. 17, ov) or not enclosed in an ovary. In the Phanerogams

we have the highest and most perfect condition of vegetation,

and it is to these that our attention will be more especially

directed in the following pages. But before proceeding to

describe in detail the elementary structures of these and other
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plants and the different parts or organs which they form by
their combination, it will be necessary for us to give a general
sketch of the nature and characters of these compound organs,

and to explain the meaning of the various technical terms which
are employed for their description.

We have already stated that a seed contains an embryo, in

which the essential parts or organs of the future plant are

present in a rudimentary state. The embryo of the common Pea
may be taken for the purpose of illustration {fig. 16). Here we
find a distinct central axis, t, which is sometimes termed the

tigellum or tigelle, the lower part of which is called the radicle,

r ; and its upper extremity, which is terminated by two or more
rudimentary leaves, is termed^ihe plumule or gemmule, n.

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

a temporary nature, and to which the name of cotyledons has

been given. But some seeds only contain one cotyledon in

Fig. 16. IHcotyledonous embryo of the Pea, laid open (magnified), r. The
radicle, t. The axis (tigellum), terminated by the plumule, n. c,c. The
cotyledons. Fig. 17. Bract or carpellary leaf, sc, of a species of Pimu,

bearing two naked ovules, ov, at its base. mic. The micropyle or foramen.

their embryo, (fig. 19, c), instead of two as just described in the

Pea (fig. 16, c, c) ; and hence we divide the Phanerogams,

or those plants which are reproduced by seeds, into two great

classes, called, respectively, Dicotyledones (two cotyledons), and

Monocotyledones (one cotyledon). The two great divisions of

plants are, therefore, the Cryptogamia and the Phanerogamia
;

the former being again subdivided into the Thallophyta and

Cormophyta ; and the latter into Angiospermia and Grymno-

spermia, if reference be made to the position of their ovules,

or into Monocotyledones and Dicotyledones, if we regard the

number of cotyledons.

When a seed is placed under favourable circumstances

(which will be treated of hereafter in speaking of the process

of germination), its embryo begins at once to develop (jigs.

18 and 19) ; the lower part of its axis, t, or radicle, or one

or more branches from it, growing in a downward direction,

Fig. 17.
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while the upper part elongates upwards carrying the plumule

with it, and at the same time the cotyledonary portion becomes

developed and forms the first leafy organs. This development

of the embryo is termed germination ; the office of the coty-

kdonary portion is, however, only of a temporary nature,

being simply designed to afford nutriment to the rudimentary

Parts of the future plant in the early stages of their growth
;

but by the development of the central axis in two opposite

directions we have formed a lower portion which is called the

descending axis or root (Jig. 18, r), and an upper part termed

the ascending axis or stem. Upon this ascending axis or its

Fig. 18. Fig. 19.

C-<rfc-\ £c ct<rt^

Fig. 18. Germination of the Haricot or French Bean, a Dicoty edonous plant,

r. The roots, springing from the lower end of the axis t
(

<••

The cotyledons, d, d. The leaves. Fig.y 9. ^^Tnfiu Z^r
Monocotyledonous plant, t. The axis, giving off roots from its lower

extremity, c. The-cotyleden. g. The leaves and young staiK.

divisions all the future organs of the plant are arranged
;
those

which immediately succeed the cotyledons, c, c, constitute the

first true leaves of the plant, d, d ; and all which succeed the

leaves in the order of development, such as the flower and its

parts, are merely modifications designed for special purposes of

those organs which have preceded them. Hence these three

organs, namely, root, stem, and leaves, which originally exist

in the embryo in a rudimentary state, or are developed as soon

as germination commences, form the fundamental organs of the

plant. They are commonly called organs of nutrition, because

they have for their object the nutrition and growth of the

plant to which they belong ; while the flower and its parts,
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having assigned to them the office of reproducing the plant by
the formation of seeds, are termed organs of reproduction.

In like manner, a spore in the course of its growth either

simply develops parts which, as we have seen, perform equally

both nutritive and reproductive functions ; or a certain special

apparatus is designed for the latter purpose, as is the case in by
far the larger number of Cryptogams. We have here, there-

fore, as in Phanerogams, two manifestly distinct series of

organs, one adapted for nutrition, and another for reproduction.

Hence in treating of the different organs of plants, both in

reference to their structure and functions, we arrange them in

two divisions, namely : 1. Organs of Nutrition ; and 2. Organs of

Reproduction. But before proceeding to describe these in detail,

it is necessary that we should briefly define them, and explain

the terms used in describing their principal modifications.

1. Organs of Nutrition, a. The Boot.—The root (Jig. 20,

r) is that part of a plant which at its first development in the

embryo takes a downward direction,

Fig. 20. and is hence called the descending axis,

avoiding the light and air, and fixing

the plant to the earth or to the sub-

stance upon which it grows ; or it is sus-

pended in the water when the plant is

placed upon the surface of, or in, that

medium. The divisions of a root, which

are given off irregularly and without any
symmetrical arrangement, are termed
branches (fig. 20, r).

b. The Stem or Caulome.—The stem

(fig. 20, t) is that organ which at its

first development passes upwards, and
is hence termed the ascending axis,

seeking the light and air, and bearing

on its surface leaves, /, /, and other

leafy appendages. The leaves are always

developed at regular points upon the

surface of the stem, which are called

nodes, and in the axil of every leaf (that

is, in the angle produced by the junction

of the base of the upper surface of the

leaf with the stem) we find, under

ordinary circumstances, a little conical body called a leaf-lmd

(figs. 20, b, b, and 22, b). From these leaf-buds the branches

are subsequently produced, and hence, in the stem, these are

symmetrically arranged, and not irregularly, as in the root,

where there is no such special provision for their formation.

It is in the presence of leaves and leaf-buds that we find the

essential characteristics of a stem, as both these organs are

absent in the root.

Fig. 20. Lower part of the

stem and root of the com-
mon Stock, r. The root

with its branches, t. The
stem. /,/. Leaves, b, b.

Leaf-buds.
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c. The Leaf or Phyllome.-The leaf is commonly a more or

less flattened expansion of the stem or branch (Jigs. 21 and 22).

As already stated, the point from which it arises is called a

node : and the space between two nodes is therefore termed an

internode. In its highest state of development the leaf con-

sists of three parts ;
namely, of an expanded portion, which is

usually more or less flattened (Jigs. 21, I, and 22 I), called the

lamina or blade ; of a narrower portion, by which the lamina is

connected with the stem, termed the petiole or leaf-stalk (Jigs.

21 » and 22 ») and of a third portion at its base, which either

exists in the' form of a sheath (fig. 21, d) encircling the stem,

or as two little leaf-like appendages on each side, which are

called stipndes (Jig. 22, s, s). These three portions are by no

Fig. 21.

Fig "1 Leaf and piece of stem of Polygonum ffydropiper. I. Lamina or

biade. p. Petiole, d. Sheath or stipular portion. Fig. 22. Leaf and

portion of a branch of Sitlix aurita. r. Branch, b. Leaf-bud. I. Lamina

•with the upper portion remoyed, and attached by a petiole, p, to the

stem, s, s. Caulinary stipules.

means always present, for it frequently happens that one or two

of them are absent ; and in such cases, when the petiole is

absent, the leaf is said to be sessile, and if the stipulate portion

is wanting the leaf is described as exstipulate. When a leaf

becomes thick and fleshy, instead of presenting its ordinary

flattened appearance, it is termed sticculent.

2. Organs of Reproduction.—As already noticed, the

parts of a flower are only leaves in a modified condition adapted

for special purposes ; and hence a flower-bud is analogous to a

leaf-bud, and the flower itself to a branch the internodos of

which are but slightly developed, so that all its parts are situated

in nearly the same plane.

a. The Flower-stalk or Peduncle.—The stalk which bears a

solitary flower, as in the Tulip, or several sessile flowers (Jig. 23,

fl)—that is, flowers without individual stalks—is called the Jlower
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stalk or peduncle (fig. 23, p) ; or if the atalk branches and each

branch bears a flower, the main axis is still called a peduncle, and

the stalk of each flower a pedicel {fig. 24, ped, peel) ; or if the axis

be still further subdivided, the general name of peduncle is applied

Fig. 24.

Fi .23.

Fia 23 Inflorescence of a species of Broom-rape (Orobanche). p. Peduncle.

6 b Bracts, ft. Flower. The flowers are sessile on the peduncle, and form

that kind of inflorescence which is termed a spike. Fig. U. Inflor-

escence of Rampion (Campanula Rapwncvlus'). p. Peduncle, ped, pcd.

Pedicels 6 b Bracts. Fry. 25. Flower of the common Wallflower

(Oheit'anthut Cheiri). c. Calyx, composed of parts called sepals, p.p.

Petals of which there are four arranged in a cruciform manner, Uu> whole

forming the corolla, <?. Summit of the stamens, which enclose the pistil.

to the whole, with the exception of the stalks immediately sup-

porting the flowers, which are in all cases called pedicels 1 he

leaves which are placed upon.the flower-stalk and from the ax.

b

of which the flower-buds arise, are termed bracts {figs. 16 and _4,
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b b) In some cases these bracts are of a green colour, and in

other respects resemble the ordinary foliage leaves, but usually

they are distinguished from the leaves of a branch by differences

of colour, outline, and other peculiarities. The flowers are vari-

ously arranged upon the peduncle, and to each mode of arrange-

ment a special name is applied ; the term inflorescence being

used in a general sense to include all such modifications.

b. Tlie Flower.—A flower in its most complete state of de-

velopment (fig. 25) consists of four distinct series of organs, that

is, of two internal or essential organs of reproduction (fig. 26),

enclosed in two particular envelopes, which are especially de-

signed for their protection, termed floral envelopes (fig. 25).

The essential organs are called the Andrcecium (fig. 26, ec, ec),

and Gyncecium (figs. 26, sti, and 32, o, sti) ; and the floral en-

velopes are termed Calyx (fig. 25, c), and Corolla, p, p. The

extremity of the peduncle or pedicel upon which the parts of

the flower are placed, is called the Thalamus or Receptacle (figs.

26, r, and 31, r) ; but the latter term is more properly applied

in a special sense, as will be explained hereafter when treating of

the Peduncle in detail. The four series of organs thus form-

ing the flower are arranged as four circles, or whorls as they

are commonly termed, in the following order, from without

inwards :—1. Calyx, 2. Corolla, 3. Andrcecium, 4. Gyncecium.

The Calyx (fig. 25, c) is the whorl or circle of leaf-like

organs forming the outer envelope of the flower. Its parts are

cafled sepals, and these are generally green, and of a less deli-

cate texture than those constituting the corolla. In texture,

appearance, and other characters they bear commonly a great

resemblance to the true or foliage leaves.

The Corolla (fig. 25, p, p), is the whorl or whorls of flattened

organs situated within the calyx, and forming the inner enve-

lope of the flower. Its parts, which are called petals, are fre-

quently decorated with the richest colours
;
by which character,

and by their more delicate nature, they may be usually known
from those of the calyx.

The calyx and corolla are sometimes spoken of collectively

under the name of Perianth. This term is more particularly ap-

plied to the flowers of Monocotyledons where the floral envelopes

generally resemble each other, and are usually of other colours

than green, i.e. petaloid in their nature (fig. 28). The Tulip,

the Iris, and the Crocus may be taken as familiar examples.

The floral envelopes are also called the non-essential organs

of the flower, because their presence is not absolutely necessary

for the production of the seed. Sometimes there is only one

floral envelope, as in the Goosefoot (fig. 29) ; this is then pro-

perly considered as the calyx, whatever be its colour or other

peculiarity, and the flower is described as apetalous, or it is

technically said to be Monochlamydeons. Some botanists, how-
ever, use the term perianth in this case, as will be described

o
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hereafter in treating of the Calyx in detail. At other times, as

in the Ash (jig. 30), and Willow (figs. 34 and 35), both the

floral envelopes are absent, when the flower is termed nuked or

Fig. 2G. Fig. 27. Fig. 28.

Fig 26 Flower of the Wallflower with the calyx and corollaremoved, in order

to show the essential organs of reproduction, r. Thalamus, gl. Glands.

ec ec Stamens, of which there are six, four long and two short, the whole

forming the androecium. sti. Stigma, the summit of the gynoecium or

pistil——^. 27. One of the stamens of the Wallflower. /. Filament.

a Anther, p. Pollen, whichis being discharged througlia slit in the anther.

—Fig 28 Flower of a species of Squill (Seilla italica). The parts com-

posing the floral envelopes here closely resemble one another, and form

collectively the perianth.

Achlamydeous. "When both floral envelopes are present the

flower is said to be Dichlamydeous.

The Andmcium constitutes the whorl or whorls of organs

Fig. 30.

Fig. 29.

Fig. 29. Flower of Goosefoot (Chenopodiwn), with only one floral envelope

(monochlamydeous). Fig. 30. Flower of the common Asb.{Fr<uXmu), m
which both' floral envelopes are absent (achlamydeous).

situated on the inside of the corolla (fig. 26, ec ec). Its parts

are called stamens. Each stamen consists essentially of a case

or bac, called the antlier (fig. 27, a), which contains in its mte-
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rior a powdery, or more rarely waxy, substance, called the pollen,

p. This pollen, the nature of which can only be seen when
highly ruagnitied, is found to be formed of innumerable minute

grains, or more properly cells, the pollen grains or pollen cells,

each of which encloses a granular fluid protoplasm, the fovilla,

which constitutes the male fertilising element. The pollen

when ripe is discharged, as represented in the figure, through

little slits or holes formed in the anther. The anther with

its contained pollen is the only essential part of a stamen ; but

it generally possesses in addition a little stalk, called the fila-

ment, f, which then supports the anther on its summit. When
the filament is absent, the anther is said to be sessile. The
staminal whorl is termed the Androecmm, from its constituting

the male system of Flowering Plants.

Fig. 31/ Fig. 32. Fig. 33.

Fiff. 31. Gyncecium of Columbine {Aquilegia vulgaris), p. Peduncle, r.

Thalamus, c. Carpels, each with an ovary, o; style, sty; and stigma, stiff.

Fiff. 32. Gyncecium of Poppy (Papaver), with one stamen arising from
below it. o. United ovaries, sti. Stigmas. Fiff. 33. Tertical section of

the gyncecium of the Pansy (Viola tricolor), c. Remains of the calyx.

d. Ovary, p. Placenta, o, o. Ovules, s. Stigma on the summit of a short

style.

The Gyncecium (or Pistil as it is also called) is the only

remaining organ ; it occupies the centre of the flower {fig. 26,

sti), all the other organs being arranged around it when these

are present. It is termed the gyno&aktm from its constituting

the female system of Flowering Plants, and consists of one or

more parts, called carpels, which are either distinct from each

other (apocarpous), as in the Columbine (fig. 31, c), or combined
into one body (syncarpous), as in the Poppy (fit/. 32). Each
carpel consists of a hollow inferior part, called the ovary (figs.

31, o, and 33, d), in which are placed one or more little bodies

called ovules (fig. 33, o, o), attached to a part called the placenta,

p, and which ultimately by fertilisation from the pollen become
the seeds ; and of a stigma,, or space of variable size, which is

either placed directly on the top of the ovary, as in the Poppy
c 2
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(Jig. 32, sti), or it is situated on a stalk-like portion prolonged

from the ovary, called the style (Jig. 31, sty). The only essential

parts of the carpel are the ovary and stigma ; the style being no

more necessary to it than the filament is to the stamen.

The androecium and gynoecium are called essential organs

because the action of both is necessary for the production of the

seed. It frequently happens, however, that either the gyncecium

or androecium is absent from a flower, as in the Willow (Jigs. 34

and 35), in which case the flower is termed unisexual ;
and it is

then still further characterised as staminate or male (fig. 34), or

pistillate, carpellary, or female (Jig. 35), according as it possesses

one or the other of these organs.

Fio. 34.

Fig. 35.

Fir;. 34. Staminate flowers of a species of Willow

ISalicc). Fig. 35. Pistillate or carpellary

flowers of the same.

c The Fruit and Seed,—At a certain period the anther opens

(fig 21, a), and discharges the pollen, p, which is then carried

to the stigma by insects, or borne by the wind
;
this is called

pollination, and is the first step in the process which subse-

quently takes place, which is properly termed feHilnation, and

which consists in the commingling of the fovilla or male fertilising

element of the pollen with the female element of theovule-tne

oosphere. After fertilisation has been effected, important changes

take place in the pistil and surrounding organs of the flower, the

result being the formation of the fruit, which consists essenti-

ally of the mature ovary or ovaries, containing the impregnated

or fertilised ovule or ovules, then termed , fe But in some

cases besides the mature ovary or ovaries, other parte of the

flower, and even the peduncle, as will be explained hereafter

when describing the fruit in detail, also become a part of

o fruit The fruit, when perfectly formed whatever be

s composition, consists of two parts: namely, the sh*H or
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pericarp, and the seed or seeds contained within it. At vary-

ing periods, but commonly when the fruit is ripe, the pericarp

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:

The seed, as already noticed, is the

fertilised ovule. It consists essentially of

two parts
;
namely, of a nucleus or kernel

(Jig. 36, emb, alb), and integuments, int.

There are usually two seed-coats or in-

teguments, the external of which is com-

monly designated as the testa or episperm,

and the inner as the tegmen or endopleura.

The nucleus or kernel may either consist

wholly of the embryo, which is alone

essential to it (Jig. 16), or of the embryo

(Jig. 36, emb), enclosed in nourishing

matter, called the endosperm or albumen,

alb.

The parts of the embryo having been
already described, we have now finished

our general sketch of plants in different degrees of organisation,

together with the compound organs which they respectively

present, and are, therefore, now able to proceed with the descrip-

tion in detail of the elementary structures of which they are

composed.

. CHAPTER 2.

ELEMENTARY STRUCTURE OF PLANTS, OR VEGETABLE

HISTOLOGY.

Section 1. Op the Cell as an Individual.

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

All the lower kinds of plants, as We have seen (pp. 6-9),

are made up of one or more membranous closed sacs called cells
;

and all other plants, however complicated in their appear-

ance and structure, are also made up of these simple bodies,

variously modified in form, size, and texture, and in their

modes of combination, according to the different surrounding

conditions in which they are placed, and the functions which

they have to perform (see page 37). The cell is therefore the

only elementary organ possessed by a plant, and hence neces-

sarily demands our first and particular attention. We shall begin,

Fig. 36.

Fig. 36. Vertical section

of the seed of a species

of Poppy {Papaver).

int. Integuments, emb.

Embryo, alb. Albumen
or endosperm. The
parts within the inte-

guments form what is

commonly termed the

nucleus of the seed.
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then, by first describing the nature of the cell and its contents
;

and then pass on to a more detailed examination of its various

forms, sizes, and structure.

I. Nature of the Cell and its Contents.—In the very

earliest stage of a plant's existence— in, for example, the ger-

minal vesicle (oosphere) of the higher plants—the cell consists

only of a naked mass of a semifluid substance to which the name
of protoplasm has been given. In a few cases the cell remains in

this condition, and is then termed a primordial cell. But as a

general rule this protoplasm very shortly surrounds itself on the

outside with a thin transparent skin of cellulose—the cell wall—
and in this condition three distinct parts can be observed in the

cell {fig. 37) : (1) the cell wall, a
; (2) the internal protoplasm

above mentioned, b ; and (3) the nucleus, c, which is a rounded,

denser portion lying in the midst of the protoplasm. At first

the protoplasm completely fills the cavity, but as the cell grows

larger, cavities {vacuoles) containing a clear watery fluid (which

in the very young cells is generally diffused), called the cell-sap

{figs. 38 and 39, s', s'), make their appearance in it, and the

nucleus, k', is then suspended in the cell and connected to the

protoplasm lining its inner wall by slender threads or bands of

the same substance {fig. 39, p', p'). (De Tries has stated recently

that these vacuoles are enclosed by a distinct membrane, and he

regards this vacuole membrane as a special organ to which he

has given the name of tonoblast, and which has for its function

the production of turgidity in the cell.) As the cell continues to

enlarge, these vacuoles coalesce and form a single central sap-

cavity {fig. 39, s, s), and the protoplasm is then confined to a

thin layer lining the interior of the cell-wall—the primordial

utricle, p, with the nucleus, k, k, showing as a denser mass in an

enlargement of the protoplasm on one side. In this perfect cell,

as it may be termed, we distinguish, (l)the cell-wall, (2) the pro-

toplasm, (3) the nucleus, (4) the cell-sap. These structures may

be well seen in Vallisneria.

Such is the nature of cells so long as they retain their active

vital state, but after a lime the protoplasm with its contained

nucleus disappears, leaving the cell tilled with air alone or water.

Those cells only which contain protoplasm can grow, form

chemical combinations, and produce new cells ;
while all others,

as the cells of the wood and bark, are of use only in virtue of

their physical properties, as, for example, giving firmness, ami

acting as protecting envelopes to the living cells beneath, and in

other ways. We must now describe the parts of the cell in the

order as placed above. . . ,„ , .
,

1 The Cell-wall {figs. 37, a, and 39, 7i).—We have just

seen "that the original cell, from the after divisions of which the

future structure is built up, consists of protoplasm alone- that.

in other words, it has no cell-wall. Very shortly, however, this

condition of things disappears; for the protoplasm, having
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elaborated molecules of cellulose (0 (I
H 10O 5),

passes them to its

outer surface, where they form a thin, colourless, transparent,

continuous membrane. This membrane increases m thickness

by the intussusception of new molecules between the older ones,

and eventually there are generally developed upon it various

markings, which mav either be protuberances as m the case of

some pollen-cells (fig. 73), and frequently of the cells forming the

hairs on the surface of plants ; or internal depressions, as may be

seen in spiral, annular, reticulated, scalariform, and pitted cells

(see pp. 42-46). Those cells which are isolated, or on the surface

of the plant, have the various markings on their outer or free

surface, while those that are united to form tissues have them on

Fig. 37.

Ftg. 37. Acell from the root of the Lizard Orchis (Orchis hircina). a. The
cell-wall. 6. The protoplasm contracted by alcohol, c. The nucleus with

a nucleolus. After Thome. Fig. 38. Cell with nucleus and nucleolus and

vacuoles. Fiy. 39. Cells from the rootof Fritillaiwimperiulu. h. Cell-

wall. *'. Nucleus, k, k. Nucleus with nucleoli, p. Primordial utricle.

p', p'. Protoplasmic threads, i, 3. Cell-sap cavity, j', a'. Vacuoles. After

Sachs.

the internal surface of their cell-wall. The former is termed

centrifugal thickening ; the latter centripetal thickening.

This cellulose is insoluble both in cold and in boiling water,

also in alcohol, ether, and dilute acids ; but entirely soluble in

an ammoniacal solution of oxide of copper. By the action of

strong sulphuric acid at ordinary temperatures, the cellulose is

disintegrated and converted into dextrin, and then, if water lie

added and the mixture boiled, the dextrin is converted into
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glucose. When cellulose is steeped in dilute sulphuric acid, and
then treated with a solution of iodine, or if it is acted upon by
Schulze's solution of iodine in zinc chloride, it acquires a more
or less blue colour. The cell-wall contains in addition to the

molecules of cellulose a small quantity of mineral ash.

It rarely happens that cellulose can be found pure, as, in addi-

tion to the mineral ash above mentioned, it generally is rendered

more or less impure by the protoplasm which remains after the

death of the cell. That which is furnished by the cells of hairs,

such as Cotton, is generally the most free from extraneous

matters . The cell-wall is frequently hardened by the conversion *

of its cellulose into a substance called liqnm. This lignification f^"*
7 '

takes place where hardness or strength is required, as in the i** 0
*- i

tissue forming the shell of nuts, or in the elongated cells of the^^i*
wood of trees. The outer walls of cells also, which lie on the cu?i-r*

surface of plants, and are consequently exposed to more active

chemical influences, usually become cuticularised (see page 59),

as in the epidermis of leaves and in the cork cells of the bark
;

the cell-wall in such cases becomes thickened and impervious

to moisture, and it is owing to this circumstance that delicate

plants are enabled to withstand the scorching and withering

heat of the hot sun ; it is also this cuticularisation of the cork

cells of the bark which protects the internal living parts of trees

from the' damaging influence of frost in winter.

Besides the above-mentioned changes which take place in

the cell-wall, others occur which are the result of degradation.

The mucilage of plants, as that of the Mallow, or the slimy sub-

stance given off by Seaweeds, or the gelatinous matrix of such

J&y™\j <r~ organisms as Nostoc and Gloiocapsa, are examples of this
;
gums

"^Uv^ «xJh ancl resins are also the products of the degradation of the cell-

walls of special;cells of the wood of the trees in which they occur.

A n . 2. The Protoplasm is the only part of the cell, and there-

in. yj\l y. W
fore of the whole piantj which is possessed of life ; and the differ-

ences in the form, size, and nature of cells is due to the vital

energy which it is capable of exerting. If this energy is exerted

equally in all directions, and there are no other counterbalancing

forces, such as pressure from neighbouring cells, the form which

the cell will assume will be one approaching to a sphere (Jig. 02).

If on the other hand, this energy is exerted in one direction only,

the cell will assume an elongated form (fig. 70). If again in two

directions, flattened or tabular cells will be the result (fig. 08)

(see Forms of Cells). This internal energy, which is peculiar to

living protoplasm, is frequently spoken of as vital force.

The appearance of protoplasm is as varied as is the form of

the cells which it produces. It may be granular and somewhat

opaque, or perfectly transparent ; it may be almost fluid, or of

the consistency of dough ; or again it maybe stift or even brittle

;

generally, however, it is of a light grey colour and more or less

granular ; but it is never a true fluid. In those cases where
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the protoplasm is granular it consists of an outer thin denser

layer or film called the ectoplasm, which is transparent and tree

from granules ; and of an inner portion known as the endoplasm,

in which there are numerous minute particles or granules K
micro-

somata) and tibrillre so arranged as to form a kind of network.

According to Sachs, that matter only ought to be regarded as

Protoplasm which is perfectly transparent, and the granules where

they occur are to be looked upon as ' probably finely divided,

assimilated food-material.'

Fig. 40. Fig. 41.

vmmm -n-

Fig. 40. Three cells of one of the hairs of the common Potato plant {Solatium

tuberosum), showing the circulation of the contentsof each cell in reticu-

lated currents. In the central cell the direction of the currents is m part

indicated by arrows. After Schleiden. Fig. 41. Cells of the leaf of

Vallitnerla spiralis, showing rotation of the protoplasm. A, A. Cells in

which some chlorophyll corpuscles are passing up one side of each cell,

across, and down on the other side. The direction of the currents is

Indicated by the arrows, n, n, n, n. Nuclei, c, c. Chlorophyll corpuscles.

After J. W. Groves.

The Movements of Protoplasm.—Doubtless during the whole

time that the cells are growing the protoplasm is in a constant

state of motion, although in many cases too slow to be observed ;

but in some cells, such as those forming the hairs of certain

plants—e.g. in those of the Potato (fig. 40), and those on the

filaments of TradesccmUa ; or again in the cells forming the

leaves of many water-plants, e.g. Vallisneria (fig. 41), NUella,

&c—this motion is readily observable. It wouklseem as though
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it assume a pink colour.

Fig. 42.

these movements existed for the purpose of bringing every part
of the living matter into constant communication with the
nutriment-bearing sac.

In most cases the presence of protoplasm may be readily
detected by the use of reagents. Alcohol and weak acids cause
it to shrink from the cell-wall {figs. 37 and 42) ; a solution of
iodine colours it brown, while sugar and sulphuric acid make

Protoplasm is extremely rich in

albuminoids, which chemically con-
sist chiefly of carbon, hydrogen,
oxygen, nitrogen, sulphur, and phos-
phorus, the most distinctive element
being that of nitrogen. The gluten
of Wheat is a good example of an
albuminoid, and may be easily ob-

tained by washing ordinary flour in

a coarse muslin bag tdl all the starch

has been got rid of. It then appears

as a pale, grey, sticky substance,

and when burnt gives off an offen-

odour like that of burnt meat.
Fig. 42. Cell of the leaf of Junger-
mannia Taylori, showing the
protoplasm contracted by alco-

hol. After Mohl.

sive

Protoplasm also frequently contains

globules of oil, granules of starch,

and other similar substances.

It has been recently shown by Gardiner, Hillhouse, Russow,
Bower, and others, that in many plants the protoplasm of one

cell is in communication with that of the cells around it, by means
of threads of protoplasm which pass through the cell walls (fig.

43) ; and in many other instances where the continuity has not

yet been clearly demonstrated, threads are found to pass from

the main mass of the cell protoplasm to adjacent parts of the

adjoining walls (fig. 44, l), and this may occur where there are no

pits nor pores as well as where such thin or pervious spots exist.

To what extent the continuity of protoplasm may by-and-by be

found to obtain, it is useless to speculate, as at present it has only

been proved in some parts of certain plants
;
though these plants

have widely different classificatory value, some being Phanero-

gams (fig. 44, i, 2, 3), while others are so low as the Algas (figs.

43 and 44, 4).

>, The Primordial Utricle (fig. 39, p), as has already been ob-

'W.^vAa- served, is the thin layer of protoplasm which lines the cell-wall

and forms the boundary of the central cavity filled with cell-sap.

It is frequently so thin and transparent that it cannot be detected

without the aid of reagents, which either colour it or cause it

to separate from the cell-wall as mentioned above (fig. 42).

Whilst living the primordial utricle is always in organic connex-

ion with the cell-wall, which latter indeed is only matter that

has been manufactured by the protoplasm, and then deposited

upon its outer surface. By some authors the primordial utricle
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is differently characterised, and defined as the outer thin homo-

aeneous layer or ectoplasm of the protoplasm. This is the sense

in which it was essentially understood by Mohl.

3 The Nucleus, which exists in all the cells of the highei

plants, and is absent from only a few of the lower forms, is

differentiated from the surrounding protoplasm as a denser por-

tion of the same substance {Jigs. 37, c, and 38). It appears to

consist of a homogeneous matrix termed achromatm m winch

a network of fibrillaj {chromatin) is contained. It usually

presents a more or less rounded outline, and contains one {Jigs.

Fig. 43. Fig. 44.

Fig. 43. Semi-diagrammatic longitudinal section of an old and stout portion

of Ceramium rubrum, showing continuity between the protoplasmic con-

tents of the axial or central cells, ft, a, at their ends ; and laterally with

the cortical cells, b. by protoplasmic threads, and also that of the corti-

cal cells inter se by threads radiating from the central mass in each

cell. After T. Hick. Fig. 44. 1. Endosperm cell of Strychnos Ignatia,

swollen up in water, showing threads of protoplasm (plasmolytic threads)

running to the cell-wall, p. 2. The lumen of two endosperm cells of

Strychnos Ifux-Vomica, showing plasmolytic threads passing into intra-

mural ernes, thus demonstrating continuity. 3. Plasmolytic threads from
endosperm of S. Ignatia. 4. To)) of a branch of Callilhammon sn., show-

ing cell junctions and continuity of protoplasm. After Le M. Moore.

37, c, and 38), or more {Jig. 39, V, 7c'), much smaller bodies,

called nucleoli. It is always situated in, and more or less en-

closed by, the protoplasm, as we have already seen, and never

lies loose in the cell cavity. It is, when present, the most vitally

active part of the living substance or protoplasm. (See also

' Formation of Cells,' in the Physiology of Plants.)

-lulX 4. The Cell-sap is the watery fluid which is found in the

i-j interior of the cell ; it contains dissolved or suspended in it all

' those food materials which are necessary for the life and growth
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of the cell. In the early stages of the cell's life, as we have
already seen (page 22), before any vacuoles have appeared, the
cell- sap as a substance distinct from the protoplasm does not
occur, but is diffused generally through it and the cell-wall,

and it is only as the cell enlarges that it first appears in vacuoles
in the protoplasm (Jig. 38 and<89, s', s'), and which by ulti-

mately coalescing form a single cavity filled with sap, s, s. Be-
sides containing substances which are necessary to the life of

the cell, it contains also many things which have been thrown
out from the protoplasm as no longer serviceable. Of this

nature are the crystals of calcium carbonate and calcium oxalate;

hence the cell sap may be regarded from one point of view as

the food upon which the protoplasm lives, and from another
point of view as the reservoir into which it pours out certain of

its waste products.

Beside the fluid cell-sap, there are other important cell-con-

tents, some of which, such as chlorophyll, starch, faphides, aleuronc

grains, and crystalloids, now require description.

Chlorophyll and Chlorophyll Granules, a. Chlorophyll.

This is the colouring material which gives to leaves their

well-known green appearance. Its chemical composition, owing
to the great difficulty there is of obtaining it pure, is not posi-

tively known ; but there seems much reason to believe that it is

closely allied to wax. It is not sohible in water, but is readily

so in alcohol, ether, or benzole. By soaking leaves in any of

these substances a beautiful green solution is obtained when
viewed by transmitted light, but which is red when observed

by reflected light. If a weak alcoholic solution of chlorophyll

is shaken up with an excess of benzole, the mixture separates

into two distinct layers, the upper one of benzole which is

coloured bright green, and the lower one of alcohol which is

coloured bright yellow
;
by which it would seem that chlorophyll

is not a simple substance, but is a mixture made up of two or

more colouring principles. Thus, according to Fremy, chloro-

phyll is composed of two colouring principles—one blue, called

phyllocyanm, and the other yellow, termedphylloxantkin ;
while

the more recent investigations of Michell, Stokes, Miiller,

Pringsheim, and others, render it probable that chlorophyll is

even a more complex substance, as will be described hereafter

when treating of the Physiology of Plants.

In many fruits, such as the Cherry, Tomato, and common

Arum, the chlorophyll of the pericarp becomes first changed I < i

yellow and then red, as the fruit approaches maturity. In many

plants, such as the brown Seaweeds, e.g. Fucus, the green chloro-

phyll is obscured by an olive-green pigment, melanophytt ;
or

again in the red Seaweeds, such as Geramium, by a red pigment,

phycoerythrin. In these cases the pigments are more readily

soluble in alcohol than the chlorophyll, so that by steeping

portions of the plants for a short time in spirit, the colouring

matters which veiled the chlorophyll are dissolved out, and the
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presence of chlorophyll made manifest. Again, m some of the

lower plants, such as Oscillatoria and Nostoc, there exists a blue

pigment, phycocyan ; this may be obtained by soaking well-

bruised specimens in cold water, to which it imparts a beautiful

blue colour when viewed by transmitted light, and a beautiful

red when seen by reflected light.

b. Chlorophyll Granules. —It is not to be supposed that the

chlorophyll exists indiscriminately in every part of the cell, for,

on the contrary, it is confined to special portions of the proto-

plasm which have been differentiated from the general mass.

These portions of protoplasm are the so-called chlorophyll

granules or chlorophyll grains, or, as they are also termed,

? chlorophyll bodies and chlorophyll corpuscles ;
hence these struc-

tures are granules of protoplasm coloured by chlorophyll.

These granules appear as soft, doughy, more or less rounded

masses, which are always enveloped by the surrounding proto-

plasm and never lie loose in the cell cavity. If a plant is grown

in the dark or etiolated, these granules remain pale coloured
;

but if it is exposed to sunlight, they speedily become coloured

green by chlorophyll (hence light is necessary, with rare ex-

ceptions, for the formation of chlorophyll) ; and when so coloured

they have the power of breaking up the carbon dioxide of the

air or the water in which they are growing, and, returning the

oxygen to the air, retain the carbon, which they are able to

mix°with the elements of water in such proportions as to build

up a molecule of starch, C
fi
H, 0O 5 , and some other carbo-

hydrates. This process of building up starch and other carbo-

hydrates out of the carbon dioxide of the air or water has been

termed assimilation. (See ' Formation of Organic Compounds

by Leaves,' in the Physiology of Plants.)

It has been said that chlorophyll is confined to the proto-

plasm forming the chlorophyll granules ; this is true in all the

higher plants, but there are some plants amongst the lower

orders in which the green-coloured portions form plates or

spiral bands, as in Spvrogyra ; or the whole protoplasm, with the

exception of the ectoplasm, may be capable of being coloured,

as in Gloeocapsa and Oscillatoria.

yufijb Starch.—There is no substance contained in the cells which

•it has given rise to more discussion as to its origin and nature

than starch. It is, with the exception of protoplasm, the most

abundant and universally distributed of all the cell-contents,

occurring as it does, more or less, in all parenchymatous cells

(fig. 45) except those of the epidermis. In its fully developed

state it is, however, most abundant in the matured structures

of plants, as the pith of stems, and in seeds, roots, and other

internal and subterranean organs which are removed from the

influence of light. In these respects it presents a marked con-

trast to chlorophyll, which, as we have seen, occurs only in

young and vitally active structures placed near the surface of

plants, and directly exposed to light.
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Starch is not only widely distributed through the different

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

classes of plants with the exception of the Fungi. West Indian

Arrow-root (fig. 46), Sago (fig. 47), Tous-les-mois (fig. 48), and
Potato starch (fig. 49) may be mentioned as familiar examples
of starches derived from different plants. In all cases starch is

a transitory product stored up for future use, resembling in

this respect the fat of animals. When thus required for the

nutrition of the plant, it is converted previously, as will be

afterwards seen, into dextrin and sugar, which are soluble sub-

stances, and can therefore be at once applied to the purposes of

nutrition, which is not the case with starch in its unaltered

condition, as it is then insoluble. .

When fully formed starch is found floating in the cell-sap

(fig. 45) in the form of colourless granules or grains, which are

either distinct from one' another as is usually the case (figs. 46

and 47), or more or less combined so as to form compound
granules (fig. 50), as described on page 33.

Tig. 45. Fig. 46. Fig. 47.

Fig. 45. Cell of the Potato containing starch granules. Fig. 4G. West-
India Arrowroot ( x 250). Fig. 47. Sago meal ( x 250).

In form the separate 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. 51),

but the granules frequently assume other forms, as ovate,

elliptical, more or less irregular, club-shaped, or angular (Jigs.

46-49 and 52). Such forms arise from the unequal development

of the sides -of the granules, or from mutual pressure—the same

causes, indeed, as we shall see, which give rise in a great measure

to the varying forms of the cells in which they are contained.

Starch granules vary also extremely in size in different plants,

and even in the same cell of any particular plant. The largest

granules known appear to be those of Canna starch, or, as it is

commonly termed, ' Tous-les-mois,' where they .are sometimes

as much as the ~d of an inch in length (fig. 48) ; while the

smallest granules, among which may be mentioned those of Rice

starch (Jig. 52), are frequently under^ of an inch in length.
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Development of Starch.—Starch first makes its appearance as

minute colourless granules in the interior of the chlorophyll

trains when exposed to sunlight, as previously noticed at page

29. These primary starch granules rarely grow to any con-

siderable size, but are dissolved, chemically altered, and poured

out into the sap, of which they then form a part. A part of

this primary starch may be used by the protoplasm of the cell

in which it is formed for the manufacture of its cell-wall, but

by far the greater part is handed down from one cell to another

Fig. 48. Fig. 49.

Fig. 48. Tous-les-mois ( x 250). Fig, 49. Potato starch ( x 250).

till it arrives at particular parts of the plant, when it becomes

reorganised and stored up for future use. In this latter etate

starch assumes its more characteristic appearance. Thus in a

well-developed Tous-les-mois or Potato granule {figs. 48 and 49),

we may observe a roundish dark spot, which is termed the

nucleus or hilum, situated near one end of the granule ; and

Fig. 50. Fig..51. Fig. 52.

Fi'i. 50. Compound starch granules o£ West-India Arrowroot. After Schlei-

den. Fig. 51. Wheat starch (x 250). Fig. 52. Rice starch ( x 250).

Hi „

$8 h

surrounding this a variable number of faint lines which alter-

nate with other darker ones, so that the whole presents the

appearance of a series of more or less irregular concentric

shells placed around a common point. The cause of these

appearances has given rise to much discussion ; thus at first
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Fig. 53.

sight it is almost impossible to help believing that the granule
must have been built up in the same manner as a crystal,

namely, by the deposition of fresh matter over the older, or,

in other words, that the outer rings of the starch granule have
been deposited over those which are more internal, and that

therefore they are the youngest portion of the granule. But
the observations of Nageli have proved this not to be the case,

for he has shown that the appearance of stratification in the

starch granule is really due to the difference in the quantity of

water which exists in the different parts of the granule, and he
has also proved that the outermost layer, instead of containing

the greatest amount of water, as it ought to do if it was the

youngest part of the granule, contains the least, while the

nucleus on the other hand is the most watery of all. Nageli
concluded from these observations that the growth of the starch

granule was precisely the same as that of the cell-wall (see page

42) ;
namely^ by intussusception of fresh particles of the starch-

compound between those of an older date ; and hence that the

regular alternation of dense layers with more watery ones around a

nucleus or hilum produces the peculiar

appearances of starch granules. That
the different layers vary in density

may be at once proved by the action

of polarised light, when each granule

usually exhibits a black cross. Seeing

then that the growth of the starch

granule is by intussusception, it will

be readily understood why it is that

this growth cannot be carried on ex-

cept so long as the granule is imbedded
in the substance of the living proto-

plasm, and that as soon as the proto-

plasm of the cells in which the starch

is being formed is used up or killed,

all further development of starch be-

comes impossible.

In some cases, as for instance in

the Euphorbiaceiv, starch granules are

found floating in the contents (latex)

of the laticiferous vessels (Jig. 53), and
this would seem to be in contradiction

to the above - mentioned law that

starch granules can onty be formed
while- enveloped in protoplasm, but

the mode of formation of these gra-

nules has not been observed.

The starch granules of different plants vary very much in the

character of their hilum and in the distinctness and general

arrangement of their concentric lines, in the same way, as we

Fig.51. Laticiferous vessel from
Euphorbia, splendens : the

latex contains staroh granules

of a peculiar dumb-bell and

somewhat rod and bone-like

form. Prom Thome.
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have seen, they vary much in form and size under the same

circumstances ;
those, however, which are derived from the

same plant are more or less uniform in appearance, so that a

practised observer may distinguish under the microscope the

different kinds of starch and refer them to the particular plants

from whence they have been derived. Sometimes there is mpre

than one hilum in a starch granule, and then as growth takes

place round each, compound granules are formed, as mentioned

on page 30. . „
i n tt n

Composition and Chemical Characteristics of bbo.rcli, Oa
-H 10M5

.

—The starch granule consists of the true starch-compound and

water The starch-compound is again formed of two substances,

which are intimately blended together, viz. granulose and cellu-

lose The granulose makes up by far the greater part of the

starch-compound, being in the proportion of 95 to 5 of the cellu-

lose It is capable of being dissolved out of the cellulose by

saliva and dilute acids, and it is to this granulose that the

starch granule owes the violet-blue colour which it assumes

when treated with a solution of iodine. The cellulose on the

other hand, being not soluble, is left behind as a skeleton, and

is not coloured blue by the iodine solution.

Starch is, therefore, composed chemically of carbon and the

elements of water ; it never occurs, however, naturally m a

perfectly pure condition, but always contains a very small

quantity of mineral constituents, and also a certain proportion

of the peculiar secretions of the plant from whence it has been

derived. These impurities can never, under ordinary circum-

stances, be entirely removed, and from their varying amount

in commercial starches arises in a great degree the differences

in their value for food and other purposes.

Starch is insoluble in cold water, alcohol, ether, and oils.

By the action of boiling water it swells up and forms a mucilage

or paste ; and if to this when cooled iodine be added, a deep

blue colour is produced ; but this colour is at once destroyed

again by the application of heat or alkalies. If starch be ex-

posed to a temperature of about 320° F. for a short time, it is

converted into a soluble gummy substance, called dextrin or

British, gum. A similar change is produced in starch by the

action of diluted sulphuric acid, and also by diastase, a peculiar

nitrogenous substance occurring in germinating seeds. Starch

was formerly considered as peculiar to plants, and its presence

therefore was regarded as an absolute distinctive mark between

them and animals. Of late years, however, as already noticed

(page 4), a substance presenting the chemical reactions and

general appearance of starch has been found in some animal

tissues. Such a distinctive character, therefore, can be no

longer absolutely depended upon.

i.\tf(L Raphidbs.—This name is now more generally applied to all

, a inorganic crystals of whatever form which are found in the cells

J D
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of plants, although the term raphides (which is the Greek for

needles) was originally given to those only that had the form

of a needle (figs, 56 and 57). Raphides may be found more
or less in nearly all orders of plants, and in all their organs

;

generally, however, they are most abundant in the stems of

herbaceous plants, in the bark of woody plants, and in leaves

and roots. In some plants they occur in such enormous quan-

tities that they exceed in weight the dried tissue in which they

are deposited : this may be specially observed in some Cactaceai

;

thus Edwin Quekett found in the dried tissue of the stem of

the Old-man Cactus (Cereus senilis) as much as 80 per cent, of

crystals. Professor Bailey also found in a square inch of Locust

bark of the thickness of ordinary writing paper, more than a

million and a half of these crystals. The dried root of that kind of

Rhubarb now known as China Rhubarb, commonly contains

from 35 to 40 per cent., and hence when chewed it is very

Fig. 56.

Fig. 54. Solitary crystals or raphides in the cells of the inner bark of the

Locust tree. After Gray. Fig. 55. Conglomerate raphides or sphre-

raphides of the Beet. Fig. 56. Acicular or true rapliides of a species

of Rumex. Two cells contain raphides, and three of them chlorophyll

granules.

gritty ; and as this variety of Rhubarb usually contains a larger

proportion of raphides than other kinds, this grittiness has been

employed as- one means of distinguishing it from them. The
raphides are usually contained in cells, in which starch, chloro-

phyll, and other granular structures are absent (fig. 5(5), although

this is by no means necessarily the case. These crystals are more

commonly found in the cavities of the cells, but they also occur

in their walls; in all cases, however, they are mineral salts

which have crystallised naturally out of the cell-sap. They

may be especially found in the walls of cells in the Conifers and

Gnetacere.

The raphides occur either singly in the cells, as in those of

the inner bark of the Locust tree (fig. 54) ; or far more commonly

there are a number of crystals in the samo cell. In the latter

case they are usually either placed side by side, as in the stem
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of itumex (Jig. 56) ; or in groups radiating from a common

point and then assuming a clustered or conglomerate appear-

ance, 'as in the stem of the common Beet (Jig. 55). The former

have been termed uckular raphides, and the latter conglomerate

^Irfsome interesting researches into the nature of raphides

made several years since by Professor Gulliver, he has distin-

guished the acicular crystals (Jig. 56), which he called true

raphides, from those which occur either singly (jig..54), or m
more or less globular or conglomerate masses (Jig. 55), which he

has termed Sphxraphides. He believes that the presence or

absence of the former or true raphides, and their comparative

abundance, afford characters by which the species of certain

orders may be distinguished at once from the allied species of

neighbouring orders. He has instanced the plants of the Ona-

aracea3, especially, as being in this way readily distinguished

from the plants of allied orders. Gulliver speaks very strongly

upon this point as follows :
' No other single diagnosis for the

orders in question is so simple, fundamental, and universal as

this ; and the orders to which it applies should be named

raphis-bearing or raphidijerous.'

With regard to Sphteraphides, Gulliver believes that there

are few, if any, orders among Phanerogams in which they do

not exist ; hence it is questionable how far their distribution

might be rendered available as a means of distinguishing plants

from one another. Their presence, however, he hnds universal

in every species of the orders Caryophyllacefe, Geraniacea?,

Paronychiaceie, Lytlrracere, Saxifragaceaa, and Urticaceas ;
hence

he regards the presence of Sphreraphides as especially charac-

teristic of these orders.

In the common Arum, where raphides are very abundant,

and in some other Araceas, the cells which contain the raphides

are tilled with a thickened sap, so that when they are moistened

with water endosmose take place, by which they are distended

and caused ultimately to burst and discharge their crystals from

an orifice at each end (Jig. 57). Such cells were called Bijorines

by Turpin, who erroneously regarded them as organs of a special

nature.

In many plants belonging to the families of the Urticacere,

Moracew, and Acanthacea?, there may be frequently observed

just beneath the surfaces of the leaves, or sometimes more

deeply situated, peculiar crystalline structures, to which the

name of Gydoliths or Litkocysts has been applied. These consist

of an enlarged cell containing commonly a globular (Jig. 58), or

somewhat club-shaped (Jig. 59) mass of crystals, suspended from

the top by a kind of stalk formed by an ingrowth of the cell-wall,

upon which the crystals are deposited as upon a nucleus.

Crystals of various composition have been described as

occurring in different plants, but more accurate observations
n 2
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show that all the crystals hitherto found are composed of cal-

cium carbonate, as those in the cystoliths, and in some of the

lower Fungi ; or of calcium oxalate. The latter salt crystallises

in two forms according to the proportion of water it contains.

Thus in the one case when the crystals contain six equivalents

of water of crystallisation, they form octahedra (fig. 55), as in

the conglomerate raphides or sphseraphides
;
and, on the other

hand, when there are only two equivalents of water of crystal-

lisation, then bundles of acicular crystals or true raphides are

produced (Jigs. 56 and 57).

Fio. 57. Fig. 58. Fig. 59.

55

Fig 57. True or acicular raphides of an Arum being discharged through

endosmose under the influence of water. Fig. 58 Cvstohth, from

Paiietaria officinalis. Fig. 59. Cystolith, from the leaf of Fiats elasltca.

After Heufrey.

Aleubone Grains, Crystalloids, and Globoids.—Besides

the inorganic crystals just described, it frequently happens that

some of the protoplasmic matter in the cells, more generally in

those of the albumen and cotyledons of ripe seeds—that is, in

those cells in which reserve food material is stored up—assumes

a crystalline form and becomes cubical, octahedral, tetrahedral,

rhomboid, &c. (fig. 60). These are not however true crystals,

as is seen by their angles not being very clearly denned by the

action of various reagents, such as dilute caustic potash, which

causes them to swell up and increase very much in volume.

These crystalline masses are known as crystalloids or profane

crystals. They are readily seen when a transverse section of

the albumen of the Castor-oil seed is placed m dilute glycerine

and water (/tcr. 60). , ,
. . , .

In the cells again of the albumen and cotyledons of ripe

seeds we have, in addition to starch and oily matter small

roundish and colourless albuminous grains, which are termed

protekl or alcnrone grams (fig. 61, a a) They are especially

'abundant in oily seeds, as in those of the Castor-Gil plant, where

they appear to replace starch ; but in those seeds where starch

is abundant, these grains may be seen between the starch-grams,

M in the ( ft. 61, a, a ), Bean, Sweet Chestnut, and Grassy

In these erains the crystalloids just described are frequently

found hnbfdded, and io peculiar small rounded bodies termed
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globoids (Jig. 60), which are composed of double phosphate of

calcium and magnesium.
The aleurone grains and crystalloids are evidently reservoirs

of protein, to be used when growth becomes active in the process

of germination, in the same way as starch and oily matters are

reservoirs of hydrocarbons for use in a like manner. Aleurone

grains are insoluble in alcohol, ether, benzole, or chloroform,

but soluble in water. They are coloured brown by iodine, and

other re-agents show that they are of an albuminoid nature.

The experiments of Weyl and Sidney Vines indicate that the

proteids exist in these grains as globulins, which hitherto have

been known only to occur in animals, that is, as myosin-globulin

and vitellin-globulin. Vines has also found in the aleurone

grains of the Pceony a large quantity of hemialbumose, a sub-

stance allied to the peptones.

Fig. 60. Fig. 61.

Fig. 60. Cell from the endosperm or albumen o£ the seed of the Castor-oil
plant (Ricinus communis) in dilute glycerine, showing large'trauspareut
proteid or aleurone grains, with crysta'loids and globoids imbedded in
them. After Sachs. Fig. 61. Cells of a very thin section through a
cotyledon of the embryo in a ripe seed of the common Pea (Pisum
sativum), a, a. Aleurone grains, st. Starch granules, i, i. Intercellular
spaces. After Sachs.

II. Forms and Sizes of Cells.—Having now described
the nature of cells and their contents, we proceed to give a de-
tailed account of the various forms and sizes which they are
found to assume in different plants, and in various parts of the
same plant.

1. Forms of Cells.—Cells are of various forms
;
thus, in the

first place, as we have already partially seen on page 24, when
the growth is uniform, or nearly so, on all parts of the cell-wall,

we have a spherical or rounded cell (Jig. 02) ; but when it is

greater at the two extremities than at the sides, the form is

oval or oblong (Jig. 03). In the above cases, also, the cells are
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.almost, or entirely, free from pressure. But, under other cir-

cumstances, in consequence of the mutual pressure of surround-
ing cells, they assume a polygonal form {figs. 04 and 65), the
number of the angles depending upon the number and arrange-
ment of the contiguous cells. Thus, in a perfectly regular ar-

rangement, when the contiguous cells are of equal size, we have
dodecahedral cells, presenting, when cut transversely, an hexa-
gonal appearance (fig. 66). It is rarely, however, that we find

Fig. 02. Fig. 63. Fig. 64. Fig. 65.

Fig. 62. Bounded cells. Fig. 63. Elliptic or oblong cell. Figs. 64. 65.

Polygonal cells in combination : those of the latter figure being pitted.

cells of this regular form, since, in consequence of the unequal
size of the contiguous cells, the polygons which result from their

mutual pressure must be mere or less irregular, and exhibit a

variable number of sides (generally from three to eight).

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

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

having rays projecting from them in various directions, by which
they acquire a more or less star-like appearance (figs. 67 and

Fig. 66. Trausverse sectiou of regular polygonal cells. Fig. 67. Stellate cells.

93) ; and hence such cells are called stellate. These rays may be

situated in one plane, or project from all sides of the cell. It is

rarely the case that such cells have the rays at regular intervals,

or all of one length, but various degrees of irregularity occur,

which lead to corresponding irregular forms in such cells.

Thirdly, when the growth takes place chiefly in one direction,

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

Fig. 66. Fig. 67.



PARENCHYMATOUS AND PROSENCHYMATOTJS CELLS. 39

cally. Among the forms resulting from an extension of the cell

in an horizontal direction, we need only mention tabular cells

68 and 94), that is, six-sided flattened cells, with the upper

and lower surfaces parallel, or nearly so Of those cells, which

are extended in length or vertically we have such forms as the

cylindrical (Jig. 69) and fusifm-m (fig. 70), and which, by the

mutual pressure of contiguous cells, often become pnsmaUc.

In the Fungi and Lichens again we have a very marked form.

Thus the cells are here thin-walled and very long and thread-

like, and either simple or branched (fig.11). Such cells are

sometimes termed fibrilliform, (see page 48).

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

a tissue, are generally bounded by more or less flattened (figs.

65 66, 68, and 69) or rounded surfaces (figs. 62 and 11) ,
but

Fig. 70.

Fig. 68.

Fig. C9.

[10 I

0

<£

'

:

•Fig. 71.

Fin 68 Tabular cells. Fig.69. Cylindrical oells. The small rounded body

in trie interior of three of these cells is the nucleus. Fig. 70. Elongated

fusiform cells. Fin. 71. Fibrilliform cells (hypha;').

when in combination also with the vessels of the plant, so as to

form what are called the fibro-vascular bundles, they are elon-

gated, and have pointed extremities (fig. 70). These variations

in the condition of the cells lead to corresponding differences

in their arrangement ;
thus, in the former case, the cells are

placed one upon another (fig. 69), or side by side (fig. 68) ;

while in the latter their tapering extremities overlap each

other, and become interposed between the sides of the cells

which are placed above and below them (fig. 70). From this

circumstance cells have been divided into parenchymatous and

prosenchymatous
;
parenchymatous being the term applied to

those cells which are placed end to end or side by side
;
and

prosenchymatous to those which are attenuated, and overlap
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one another when combined together to form a tissue. Another
distinction commonly observed between parenchymatous and
prosenchymatous cells arises from the condition of their cell-

walls
;
thus, those of parenchymatous cells are usually thin {jigs.

66 and 69), while those of prosenchymatous cells are more or
less thickened (figs. 96 and 97). these latter cells are com-
monly termed fibres. The above distinctions between paren-
chymatous and prosenchymatous cells are evident enough in the
extreme forms of the two divisions, but various transitional
states occur which render it impossible to draw, in many cases,
a distinct line of demarcation between them.

When cells are so placed as to be uncombined with other
cells, or with the vessels of the plant, or but partially so, they

Fig. 72.

Fig. 72. A portion of the frond of Mlophyllum laceration, a, a. Cell walls.

b, b. Contents of the cells. After H. B. Brady.

are more or less unrestrained in their development ; but even in

such circumstances, as in their combined state, their typical

form is to be more or less rounded. This form is, however,

rarely maintained as they grow older, although instances of such

occur in many of the lower Algos, as Protococcus (fig. 1) ; in

pollen cells (fig. 73) ; and in spores ; but more frequently, in

such cases, tire cells assume a more or less elongated form and

become oblong (fig. 77), cylindrical (fig. 74), &c. In such cells,

ao-ain, we frequently find that certain points of the cell-wall

acquire a special development (see page 23), and become elevated

from its general surface as little papilla) (fig. 73), warty projec-

tions (fig. 74), or cilia (figs. 75, 76, and 77) ; or are prolonged

into tubular processes, or branched in various ways (fig. 78).

The hairs which are produced on the surface of plants afford good
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illustrations of cells which are more or less unrestrained in

their development (Jigs. 137-143) ; other instances occur in the

germinationof most spores, and strikingly so m those of many

Ala*, as Botrydium (Jig. 78) ; also when the- pollen cells fall

upon the stigma ; and in numerous other cases.

2 Sixes of Cells—The cells vary much m size in different

plants, and in different parts of the same plant. 1 he parenchy-

matous cells, on an average, vary from about ^s t0 1200 01 an

inch in diameter ; others again are not more than ™ ;
wane

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

being as much as & or even & of an inch m diameter. The

largest occur in the pith of plants, in succulent parts, and in water

Pk
The dimensions of prosenchymatous cells generally afford a

Fig. 73. Fig. 75. Fig. 76.

Fig. 74. Fig. 77. Fig. 78.

Fig. 73. Spherical pollen cell with small projections or papillte on its outer

surface Fig. 74. Cylindrical cell covered with warty projections. •

Figs. 75-77. Ciliated cells. Fig. 78. Branched cell (Boti-ydiim granti-

latum).

striking contrast to those of the parenchymatous, for while we

find that their transverse diameter is commonly much less,

averaging about of an inch, and frequently not more than 3ooo>

they become much more extended longitudinally, some having

been measure'd as much as | of an inch or more long, and ac-

cording to Schleiden, those of the inner bark are often four, five,

or more inches in length. The prosenchymatous cells of the wood

and inner bark of trees generally vary, however, from about the

to the of an inch in length.

Those cells again which have an unrestrained development

are frequently also far more extended in length. Thus, the cell

of which each filament of cotton is formed (Jig. 157, a) is

sometimes as much as one or two inches long ;
while in some of
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the Cryptogamous water plants, as Chara, the cells are also

much elongated.

III. General Properties and Structure of the Cell-
wall.—As has been already stated (page 23), the cell-wall of

young cells is very thin, colourless, transparent, smooth, and
free from any openings or visible pores, so that each cell is a

perfectly closed sac. The cell-wall, however, although free

from visible pores, is readily permeable by fluids. .

As the cell-wall increases in age, however, it becomes thick-

ened by the intussusception or incorporation of new matter into

its substance, and then alterations occur

by which it becomes variously marked
and sculptured on its inner surface.

This increase in thickness may be speci-

ally observed in the prosenchymatous
cells of the wood and inner bark, and
in the hard cells of the stone of the

Peach, Cherry, and other similar fruits.

This thickening, however, of the cell-

wall is by no means confined to the pro-

Fig. 79. Transverse section of senchymatous cells of the wood, or the
a
-i
Wci^valled 0611

°t
tUe other cases above mentioned, but it

pith of Hoya carnosa. From , , , , • n n
MoM. may be observed more or less m all cells

where active changes are going on ; thus

it may be especially seen in those of the pith of Hoya carnosa

(Jig. 79). A section of one of these cells gives an appearance as

if the walls had been formed by concentric layers of cellulose

with branching capillary tubes or canals stretching from the

cavity of the cell to its periphery (Jig. 79). The irregular ringed

appearance is due to the difference in the degree of hydration,

such as was seen in the case of the starch granule (page 32) ;

while the canals are true passages, which have been caused by
the passage of the sap during the life of the cell preventing the

deposition of cellulose. In these cells the membrane has been

still further changed by the conversion of the cellulose into

lignin. It is to these two conditions that the firmness of the

wood of plants and the hardness of the stones of many fruits

are due, and hence the name of Sclerenchymatous (from a Greek

word signifying hardness) has been given to such cells.

Pitted or Dotted Cells.—When the cell-wall has thus become

thickened it commonly presents (instead of the smooth and

homogeneous appearance as is the case, as we have seen, when

it is in a young condition) a greater or less number of dots or

slits of various kinds (Jigs. 80 and 81, e, e). These dots and

slits were formerly considered as actual openings in the walls of

the cells, and hence such cells were called porous cells
;
but, when

carefully examined, it may be readily discovered that these

markings are caused by canals which run from the cavity of the

cell to the inside of its wall, and are closed (always at least in
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their voung state) by the originally thin membrane of which it

s a! IZ^points composed (figs. 79 and 81, a, a), and thus

aive to the parts of the cell-wall in which they are found, when

viewed by transmitted light under the n.icroscope a more

transparent appearance than that possessed by the thickened

membrane surrounding them. Such cells are, therefore, im-

properly called porous, and hence are now correctly termed

pitted or dotted cells. These canals thus terminating in the

wall of one cell correspond exactly with the ends of those of

the adioining cells ; and thus the sap can readily pass through

the intervening cell-wall notwithstanding the general thicken-

in°- which the walls have otherwise undergone {Jig. 81). it

frequently happens that two or more canals unite together at

varying distances from the wall of the cell, and thus form a

common opening into its cavity (fig. 79).
_

All hough, as thus shown, the dotted appearance is not caused

by holes or perforations in the original walls of the cells, yet as

the latter advance in age, and lose their active vitality, they

Fig. 81.

Fig. 80.

Fig. 80. Pitted cells. Fig. 81. Thick-walled cells from the fruit of a Palm.

a,a. Cell-walls. b. 6. Concentric layers of thickening, c. Canals extend-

ing from the central cavity to the inside of the wall of the cell. d. Cavity

of the cell, e, e. External dotted appearance. From Unger.

frequently become perforated, in consequence of their thin pri-

mary wall becoming more or less absorbed, or breaking away.

Such perforations are well seen in the Sphagnum, where they

are sufficiently large to allow of the passage through them of

minute granular matters.

Cells with Bordered Pits or Disc-bearing Wood-cells.—In the

cell-walls of the wood-cells of certain trees we find, in addition

to the ordinary pits, large circular discs which encircle them so

that each pit looks as if it had a rhig surrounding it (fig. 82) ;

hence such cells have been termed cells with bordered pits or

disc-
1

'tearing wood-cells. This appearance is produced by circular

patches of the cell-wall remaining thin after the general thicken-

ing has commenced and the rim growing obliquely inwards,

leaving only a narrow orifice in the centre
;
or, in other words,

the opening of the canal into the interior is narrow, while the
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outer opening by the cell-wall is broad (Jig. 83, a, b, c). As
these thickenings occur always in twos, that is, one on each side
of the cell-wall, they appear as two watch-glasses would do if

placed rim to rim, and separated by a thin sheet of paper. To
carry out the comparison, however, completely, the watch-glasses
must be supposed to be perforated in their centres (Jig. 83, b).

The central lighter spot when examined by transmitted light is

caused by the light having to pass only through the thin un-
thickened cell-wall or membrane (Jig. 83, c, w), while the darker
colour of the border is caused by the light having to pass through
the thicker substance of the rim. It frequently happens that

this intervening membrane (Jig. 83, b and d) becomes absorbed,

and then direct communication takes place between the adjoining

cells.

These bordered pits or discs occur either in single rows (fig.

Fig. 82. Fig. 83.

Fig. 82. Bordered pits of the wood-cells of the Pine, with a single row of

discs on each cell. Fig. 83. Bordered pits of the wood cells of the Pine
(diagram), a. Young stage with unthickened cell-wall or membrane.
6. Older stage where the intervening membrane has been absorbed, c.

Semi-profile view, showing position of membrane, ic. d. The same where
the membrane has been absorbed. After Sachs.

82), or in double (figs. 84 and 85), or triple rows (fig. 86).

In those cases where there is more than one row of bordered

pits, those in each row may be either on the same level, as is

more commonly the case (Jig. 84), or at different levels, and

hence alternate to each other, as in the Araucarias and allied

trees (figs. 85 and 86).

Cells presenting such a characteristic appearance are of

universal occurrence in the wood of the Coniferte and Taxace;e

,

where they are also most distinctly observed. But somewhat

similar bordered pits of smaller size may also be found in many

of the Phanerogamia.
Fibrous Cells.—It frequently happens that the thickening of

the cell-wall (instead of taking place so as to give the appear-
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ance of a perforated membrane, and thus giving rise to the pitted

cells just described), forms delicate threads or bands of vary-

in- thickness called fibres, which assume a more or less spiral

Section upon its inner surface (figs. 87-89), and thus give rise

to what are called fibrous cells. Such cells occur m various plants

and parts of plants ; thus in the leaves of Sphagnum the hairs

of many Cacti and other plants, in the integuments of some

Fig. 84. Fig. 85.

Fig 84 Cells with bordered pits or disc-bearing wood-cells of the Pine,

with' a double row of discs, which are on the same level, or opposite to

each other. After Nicol. Fig. 85. Cells with bordered pits or disc-

bearm" wood-cells of Araucaria excelsa, with double rows of discs, which

are alternate with each other. Fig. 86. Cells with bordered pits or

disc-bearing wood-cells of Araucaria, with double and triple rows of

alternate discs. After Nicol.

seeds and fruits, as those of Salvia (fig. 152), Cobcea scandens,

and Collomia, inthe spore-cases of certain Flowerless plants,

in the inner lining of all anthers, in the root-sheath of the aerial

roots of many Orchids, and in several other instances.

These fibrous cells also present some differences of appear-

ance as regards the distribution of their fibres. Thus, in some

cells the fibre forms an uninterrupted spiral from one end to the

Fig. 87. Fig. 88. Fig. 89. Fig. 90. Fin. 91.

Fig 87 Spiral cell Fig. 88. Annular cell. Fig. 89. Reticulated cells.

Fig. 90. Pitted and reticulated cell. Fig.%1. Wood-cells of the Yew
(Taxus baccata). After Mohl.

other C figs. 87 and 152) : such are termed spiral cells. In other

cases the fibre is interrupted at various points, and assumes the

form of rin«s upon the inner surface of the cell-wall (fig. 88),

and hence such cells are called annular. Instances also occur

even more frequently, in which the fibres are so distributed as
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to produce a branched or netted appearance (Jig. 89) ; in which
case the cells are termed reticulated. It is also by no means an
uncommon circumstance to find in the same cell intermediate
conditions of all these forms.

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

although instances occur where they have a contrary direction.

The turns of the fibre, or the rings, may be nearly in contact,

or more or less separated by intervals of cell-wall ; this latter

appearance is probably due to the growth of the cell-wall after
the deposition of the fibre. The turns of the fibre, or of the
rings, again, may be either intimately attached to the cell-wall,

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

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

the more firmly is it attached to it.

In some cases, again, as in the Yew (Jig. 91), we find a
spiral fibre or fibres developed in addition to the pits ; such
cells have been sometimes termed tracheides.

These different kinds of fibrous cells are connected by a
number of intermediate forms (Jig. 90) with the pitted cells

already treated of, but all are formed on the same plan. That
is, by the living protoplasm secreting the cellulose out of its

own substance, and depositing it upon its external surface in

different parts in varying thicknesses.

Section 2. Of the Kinds of Cells, and their Connexion
WITH ONE ANOTHER.

We have already seen (page 39), that if the cells are of such
forms that when combined together they merely come in con-

tact with one another without perceptibly overlapping, they are

called parenchymatous ; but that when elongated and pointed at

their ends, so that in combination they overlap one another,

they are termed prosenchymatous. We have also seen that such

extreme forms are connected by all sorts of transitional ones.

But, besides these elongated prosenchymatous cells, other

lengthened tubular organs are also found in plants, which are

termed vessels (see Vessels, page 51). Formerly, all these elon-

gated organs were supposed to have an entirely distinct origin

from the ordinary parenchymatous cells, and were described

under the names of Woody Fibres, and Vessels or Ducts ; but

it is now known that they are all derived originally from such

cells, and owe their peculiar appearances either to various

modifications in form, which the latter undergo in the course of

growth, or to their combination and union with one another.

This common origin of the Woody Fibres of old authors and of

the Vessels with the parenchymatous cells, is proved by the fact,

that gradual transitional forms from the one to the other may

be commonly observed ; and also by tracing their development,
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when it will be found that all these organs, however modified in

form and appearance, are derived originally from one or more

of the ordinary cells. All the observations made previously,

therefore, as to the chemical and general properties of cell-mem-

brane, as well as to its mode of growth and thickening apply

eaualry to the Vessels. We have already stated this to be the

case with regard to the Woody Fibres, which we have spoken

of under the names of Prosenchymatous cells and Wo jd-cells.

By the combination of the different kinds of cells and vessels

we have various compound structures formed which are called

Tissues ; the most important and the most abundant of tnem

all is parenchyma, which must therefore be first alluded to

1 Parenchyma.—This is composed of comparatively ttun-

walled cells, whose length commonly does not exceed their

Fig. f)3. Fig. 95.

Fig. !>2.

cht

Fig. P4.

/ •;./ Round or oval parenchyma. In two of the cells a nucleus with a

nucleolus may be seen. Fig. 93. Stellate or spongiform parenchyma,

composed of stellate cells with three-cornered intercellular spaces. Fig.

94 Muriform parenchyma. Fig. 95. Transverse section of the petiole of

a species of Begonia, e. Epidermis with cuticle above and hypoderma

below the latter formed of collenchymatous cells cl, cZ, with thickened

angles v, v. chl. Chlorophyll granules, p. General parenchyma, below

hypoderma. After Sachs.

breadth, or in which the proportion of the two diameters does

not vary to any remarkable extent. There are several varieties

of parenchyma, depending chiefly upon the forms of the com-

ponent cells, and their modes of combination ; the following are

the more important :— , ,

a. Round or Oval Parenchyma (figs. 62 and 92).—This is

formed of rounded, or more or less oval cells, with small spaces

between them. It commonly occurs in succulent plants, and also

in those parts where the tissues are of a lax nature. It is

connected by various transitional forms with

—

b. Stellate or Spongiform Parenchyma, which consists of
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stellate cells (figs. 67 and 93), or of cells with an irregular out-

line produced by projecting rays, and in contact only by the

extremities of such rays, so as to leave large irregular spaces

between them (fig. 124, c). This occurs commonly in the tissue

on the under surface of most leaves ; and frequently in the air-

passages of plants, particularly in the stems and leaf-stalks of

such as grow in water, or in marshy places, e.g. the Rush and
Water-lily.

c. Regular or Polyhedral Parenchyma.—This is formed of

polyhedral cells, the faces of which are frequently nearly equal

(figs. 65 and 66), and so combined as to leave no interspaces.

It is commonly found in the pith of plants.

d. Elongated Parenchyma.—This is composed of cells elon-

gated in a longitudinal direction so as to become fusiform (fig.

70), cylindrical (fig. 69), or prismatic, and closely contacted.

It occurs frequently in the stems of Monocotyledonous plants.

e. Tabular Parenchyma is that which consists of tabular,

closely adherent cells. It is found in the epidermis and other

external parts of plants (figs. 68, 95, e, and 123-125). A variety

of this kind of parenchyma is called muriform, because the cells

of which it is composed resemble in their form and arrangement

the courses of bricks in a wall (fig. 94) ; this variety occurs in

the medullary rays of the steins of Dicotyledons.

Such are the commoner varieties of parenchyma, all of which

are connected in various ways by transitional forms ; but other

special kinds also occur. Thus, in the tissue which is placed

below the epidermis of plants, which has been termed the

fuxJtfceaM- hyjapderrm, we sometimes find the parenchyma composed of

C^tCt.
cells wkich are especially thickened at their angles (fig. 95,

cl, cl) ; and these thickened portions swell up considerably

when such cells are placed in water. This kind of parenchyma

is called collenchyma ; it never becomes lignified. Another

variety of parenchyma is termed sclerenchyma ;
this consists of

cells which have become much hardened by thickening layers

and lignified, as in the stem of Palms (see page 95). When the

parenchymatous cells become thickened so as to form pitted or

fibrous cells, the tissues formed by their combination constitute

respectively the Pitted Cellular Tissue and Fibro-cellular Tissue,

of some authors. . .

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

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

fibrilliform Tissue have been given. It occurs in the FuDgi

( fiqs 3 and 4), and Lichens (fig. 71), and consists of very long

thread-like cells, or strings of cells, simple or branched, with

either thin, soft, readily destructible walls, as m Fungi
;
or dry

and firm ones, as in Lichens ; the whole inextricably inter-

woven or entangled with each other so as to form a loose fibril-
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liform tissue (Jig. 71). This tissue, which is usually known under

the name of%fc« or hyphal tissue, constitutes, as a general

rule the vegetative portion of all Fungi and Lichens
;
and m the

laro-er Fun °i this same tissue also forms a more compact structure

at certain parts, as on their surface, where it is arranged as a

kind of skin and then constitutes what is termed pseiuto-paren-

chvma. Hyphal tissue is also found in the thallus of some Alga?.

The varieties of parenchyma as just described constitute the

entire structure of the lower orders of plants, or Thallophytes,

such as the Algffl, Fungi, and Lichens, which are hence fre-

quently termed Cellular Plants ; whde all plants above them,

which contain, commonly, vessels and prosenchymatous wood-

cells in addition to parenchymatous cells, are called Vascular

Plants (see page 8). In these higher orders of plants, parenchy-

matous cells constitute all the soft and pulpy parts
;
and m cul-

Fig. 96. Fig. 97. Fig. 98. Fig. 99. Fig. 100. Fig. 101.

Fig. 96. Prosenchymatous or wood-

cells. Fig. 97. Transverse section

of prosenchymatous cells, showing

the thickness of their walls.

Fig. 98. Prosenchymatous cells in

combination.

Fig. 99. Upper end of a liber cell.

Fig. 100. Branched liber cell. After
Sciileiden. Fig. 101. Transverse
section of liber-cells, showing the

thickness of their walls.

tivating plants or parts of plants for culinary purposes and for

food generally, the great object aimed at is to develop this

kind of tissue as much as possible. Parenchyma is connected

by various intermediate conditions with prosenchyma, which must

now be described.

2. Prosenchyma.—The most perfect form of prosenchyma

is that commonly termed Woody Tissue or Woody Fibre. This

tissue consists of very fine cells, elongated and tapering to their

extremities, their walls being much thickened (fig. 90), and

when in contact with one another overlapping by their pointed

ends, so that they are firmly compacted together and leave no
E
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interspaces (fig. 98). The woody portions of all plants consist
in a great part of this form of tissue. It is also found in the
liber or inner bark mixed with parenchyma and certain vessels,

and in the veins of leaves and those of other appendages of the
stem and its divisions.

Three kinds of prosenchymatous cells may be described
which enter into the composition of Woody Tissues

; namely, the
ordinary Wood-cells, Disc-bearing Wood-cells or Cells with Bor-
dered Pits, and Liber-cells ; these form respectively, by their

combination, ordinary Woody Tissue, Disc-bearing Woody Tissue,

and Woody Tissue of the Liber.

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

is composed of prosenchymatous cells or fibres of moderate
length and lignified (fig. 96). A transverse section of these

cells shows the thickening matter of their walls to be arranged
in concentric layers, which are often so numerous as to almost
obliterate their cavities (fig. 97). This kind of tissue occurs in

the wood of most trees, except that of the Coniferse and most
other Gymnospermous plants ; and in the veins of some leaves,

and those of certain parts of the flower. The peculiar manner in

which these wood-cells are arranged with respect to one another,

overlapping at their pointed extremities, and thus becoming
firmly cemented, as it were, together, combined with the thick-

ness 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.—This tissue is composed of

those wood-cells called cells with bordered pits, which have been

already described on page 43 (figs. 82-86). This tissue consti-

tutes generally nearly the whole of the wood of the Coniferae and
most other Gymnospermous plants, as well as a portion of the

wood of some other plants (see pages 44 and 83). These disc-

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

cells, being often as much as ^ or~ of an inch in diameter
;

while the latter are frequently not more than —g, or on an

average about of an inch in diameter.

c. Woody Tissue of the Liber or Bast Tissue.—This consists of

cells much longer than ordinary wood-cells (figs. 99 and 157 b), with

very thick wails (fig. 101), and owing to their not being lignified,

or but partially so, they are softer, tougher and more flexible
;

hence these are regarded as a peculiar kind of cell, and have re-

ceived the distinctive name of Liber-cells, from their common
occurrence in the inner bark or liber of Dicotyledonous stems.

Such cells are also termed l^ast-fibrcs, and the tissue formed of

them bast-tissue, because the inner bark is also commonly termed

bast. These cells' are rarely branched (fig. 100). Besides the

common occurrence of this tissue in the liber, it also occurs as a

constituent of the fibro-macular bundles of Monocotyledonous

stems ; and of the fibrous coats of fruits. The veins which
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form the framework of leaves are also in part composed of this

kind of tissue. .

These bast-fibres are called bast-tubes by some botanists, who

regard them not as elongated cells, but as true vessels formed

like them by the coalescence of rows of cells, the partition walls

between them having become absorbed, so that their cavities

communicate and form a continuous canal. These liber-cells,

bast- fibres, or bast-tubes, must not be confounded with sieve-

vessels or sieve-tubes (see page 55), which are also frequently

termed bast-vessels from their common occurrence in the liber.
_

From the peculiar qualities of the woody tissue of the liber it

is admirably adapted for various manufacturing purposes ; thus

Hemp, Flax, New Zealand Flax, Pita Flax, Sunn, Jute, China

Grass, and many other fibres, are all composed of the liber

tissue of different plants, and will afford good illustrations of the

value of such fibres as textile materials. This liber tissue also

when macerated so as to separate the cells from one another is

made into a mash from which the best kinds of paper are made.

Inferior sorts of paper are prepared from the ordinary woody

tissue of many plants, but they lack the toughness of papers

made from the liber, and are brittle and tear more easily.

The different kinds of woody tissue are commonly associated

with other organs, which are also of an elongated tubular

character, but larger than the prosenchymatous cells of which

the woody tissues are composed. These constitute the vessels

of plants, and must now be described.

3. Vessels.—These have also been frequently termed ducts

by authors. The essential character of a vessel is that it is

composed of several cells, which are united end to end, and the

septa dividing them more or less completely absorbed. The
component cells may be either very long and narrow, or they

may be short and broad.

There are several varieties of these vessels, which are known
as pitted, spiral, annular, reticulated, and scalariform, the char-

acters of which depend upon the component cells out of which

they have been formed, and which have already been described.

They contain air or water.

But besides these vessels we have also other varieties, which
are commonly distinguished under the names of sieve-tubes or

sieve-vessels, laticiferous vessels, and vesicular or utricular vessels.

These are closely related to one another from the nature of their

contents, their chief function being to act as reservoirs of

nutrient fluids or secretions, and also as carriers of the nutri-

ent fluids to those parts of plants where they are required.

a. Pitted or Dotted Vessels.—A pitted vessel is formed from
a row of cylindrical pitted cells placed end to end (Jig. 102), the

intervening partitions of which have become more or less ab-

sorbed, so that their cavities communicate and form a continuous

canal (Jig. 103). The origin of pitted vessels from a row of cells

E 2
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Fig.

Fig. 102.

I
go~Q)

Fig. 102. Beaded pitted ves-

sel. Fig. 103. Pitted
vessel terminating ob-
liquely, and showing
that the partition wall
has been incompletely
absorbed.

6f 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 appearance {fig. 10'2) ; for these

contractions evidently correspond to the

points where the component cells come in

contact, and in some cases even we find

the intervening membrane not completely

absorbed between the cavities, but re-

maining in the form of a network or sieve-

like partition {fig. 103). Pitted vessels

generally terminate obliquely {fig. 103),

and when they combine with neighbouring

vessels, the oblique extremities of the

latter are so placed as accurately to cor-

respond with the former. In some cases,

however, where the pitted vessels are

pointed at the ends, they overlap more or

less by these points. Pitted vessels may
be commonly found in the wood of Dico-

tyledons
;
they are mixed here with the

ordinary wood-cells, but are much larger

than these, as may be seen by making a

transverse section of the wood of the

Oak, Chestnut, and other trees, when the

holes then visible to the naked eye are

caused by their section (fig. 183, v, v, v). The pitted vessels are

generally among the largest occurring in any tissue.

It sometimes happens that when a pitted or other vessel has

lost its fluid contents, the neighbouring parenchymatous cells

push bladder-like portions of their membrane through pores which

are then formed in its wall, and then multiply by division and

form a cellular mass which may completely fill it—to this intra-

cellular tissue the name of tyloses or thyloses has been given. It

maybe well observed in the wood of the Oak, in that of Robmia

Pseud-acacia, in Periploca, and in the stem of Owumis sativum.

b. Spiral Vessels.—This name is applied to vessels with

tapering extremities, having either one continuous spiral fibre

running from end to end, as is commonly the case {fig. 104), or

two or more fibres {fig. 105) running parallel to one another.

Those with only one spiral fibre are sometimes termed bvmple

Spiral Vessels; those with more than one, Compound Spiral-

Vessels The latter kind are well seen in the stem of the Banana

and other allied plants, in the young shoots of the Asparagus

and in the Pitcher Plant. The fibre contained within the spiral

vessel is generally so elastic as to admit of being uncoiled when

the vessel is pulled asunder, in which case the wall is ruptured

between the coils. This appearance may be commonly seen by

the naked eye by partially breaking the young shoot,, flower-

stalks or leaf-stalks of almost any plant ; or the leaves of the
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Hyacinth, Banana, and others, and gently pulling asunder the

two ends, when the uncoiled fibres appear like a hne cobweb. In

most cases the coils of the fibre are close together, so that the en-

closing membrane cannot be observed between them ;
but m other

instances they are more or less separated by portions of membrane

( tin 104) The latter appearance is probably caused by the growth

of the cell-wall after the thickening which forms the fibre has

taken place, by which the coils become extended and separated

from one another. The fibre is generally turned to the right as

in the ordinary spiral cells, although instances occur m which it

is wound in the opposite direction. When spiral vessels come

in contact they overlap more or less at their ends (Jig. 104), and

frequently the membrane between their cavities then becomes

absorbed so that they communicate with each other.
_

Spiral

vessels sometimes present a branched appearance ;
this is gene-

rally occasioned by the union of separate vessels in a more or less

Fig. 104. Fig. 105. Fig. 106. Fig. 107.

Fig. 104. Simple spiral vessels. Fig. 105. Compound spiral vessel.

Fig. 106. Branched spiral vessel. Fig. 107. Union of spiral vessels in an

oblique manner.

oblique manner (fig. 107), or occasionally, it is said, as in the

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

tinct vessels (fig. 106).

Spiral vessels occur in the sheath surrounding the pith of

Dicotyledons (figs. 179, s, s', and 185 B, d), in the fibro-vascular

bundles of Monocotyledons (fig. 181, sv), and in some of the

Cormophytes, as the Lycopodiacese. They also exist in the

petiole and veins of leaves, and in those of all other organs

which are modifications of leaves, as bracts, sepals, petals, and

other parts of the flower. They may be also frequently found

in roots. In size they vary from the~ to^ of an inch in

diameter. The average size is about the ^q. Spiral vessels

are sometimes called Tracheae, or Trachenchyma, from their re-

semblance to the trachere or air-tubes of insects.

c. Annular Vessels.—In these vessels the fibre is arranged in

the form of rings more or less regularly arranged upon their



54 ANNULAR VESSELS.

inner surface (figs. 108, r, 109, and 110). Sometimes the whole
of the vessel presents this ringed appearance (figs. 109 and 110),
while in other vessels we find two rings connected by one or
more turns of a spiral, the two forms irregularly alternating with

Fig. 108. Fig. 109. Fig. 110. Fig. 111.

Fig. 108. Piece of an annular vessel from Zea Mays,
h. The thin cell-wall; ?', the annular thickening of

the cell-wall ; vertical section of one of the rings,

showing, y, the inner substance, and, i, the denser
layer over the inner side of the ring projecting into

the cavity of the cell. After Sachs. Figs. 109,

110. Annular vessels.' Fig. 111. Vessel showing a

combination of rings and spiral fibres.

to400 BOOeach other (fig. 111). In size they vary from about

of an inch in diameter. Annular vessels occur especially in

the fibro-vascular bundles of the stems of soft, rapidly growing

herbaceous plants among Dicotyledons, also in those of Mono-

Fig. 112. Fig. 113. Fig. 114. Fig. 115.

^3A

Fig 112 Reticulated vessel. Fig. 113. Prismatic scalariform vessels of

a Fern. Fig. 114. Cylindrical scalariform vessels of the Vine. Fio.

115. Vessel showing a combination of spiral and reticulated fibres, and

scalariform markings.

cotyledons, and in those of some Cormophytes. In the latter

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

Equisetaceaj (fig. 109).
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as in the Vine

Fig. 116.

d Reticulated Vessels.—In these vessels the convolutions

are more or less irregular, and connected in various ways by

cross or oblique fibres, so as to produce a branched or netted

appearance (Jig. 112). These vessels are generally larger than

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

found in similar situations.

e. Scalarijorm Vessels—The peculiar appearance of these

vessels is owing to their walls being marked by elongated trans-

verse pits or lines, arranged over one another like the steps of a

ladder, whence their name (Jigs. 113 and 114). They are some-

times cylindrical tubes like the other vessels,

(Jig. 114), and in many other Dicotyle-

dons, in which condition they are ap-

parently but slight modifications of re-

ticulated vessels ; but in their more perfect

state, scalariform vessels assume a pris-

matic form, as in Ferns (Jig. 113), of which

they are then very characteristic, though

sometimes they may be found elsewhere.^

The annular, reticulated, and scalari-

Jorm vessels constitute the spurious tracheal

of some authors. These vessels have

commonly tapering points like the true

spiral vessels ; and thus overlap at their

extremities when they come in contact

(Jig. 113). But in other instances they

terminate more or less obliquely, or by
flattened ends, like most pitted vessels.

We frequently find in the same vessel

one or more of the above forms combined
with the spiral (Jigs. Ill and 115), and
thus forming intermediate states of each

other.

f. Sieve-tubes or Sieve-vessels.-—These

are vessels in which thickening of the

cell- walls of their component cells does

not take place uniformly over their whole
surface, but only at the ends of the cells,

that is, where they are in contact with

others of a similar nature. At these ends

it forms a kind of network, sculptured in

relief as it were on the wall (Jig. 116, q) ;

and when in such cases, the unthickened
part of the walls of contiguous cells

becomes absorbed so that their cavities

are continuous, we have formed what
are commonly known as sieve-tubes or sieve-vessels. Some have
also sieve-like openings through their side walls (Jig. 116, si).

These vessels are very constantly present in the inner bark or

Fiq. 110. Young sieve-

tubes or sieve-vessels

from the longitudinal

section of. the stem of

Cucurbita Pepo. q.

Transverse view of

the sieve-like partition

walls, si. Sieve-plate on
the side-wall. x. Thin-
ner parts of the side-

wall, ps. Contracted
protoplasmic contents,

lifted off the transverse

septum at 3p. After
Sachs.
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phloem of Dicotyledons, and also in the fibro-vascular bundles
of some Monocotyledons, and elsewhere. If the partition walls

between the component cells are not really perforated, but only
thickened in a sieve-like manner, the name of sieve, lattice,

or clatlvrate, is applied to the component cells.

g. Laticiferous Vessels.—These constitute the Milk-vessels of

the old authors. They consist usually of long-branched tubes

lying in no definite position with regard to the other tissues (Jigs.

117 and 118), and anastomosing or uniting freely with one
another like the veins of animals, from which peculiarity they
may be at once distinguished from the other vessels of plants.

When first formed these vessels are exceedingly minute and
their walls are very thin ;

they become, however, large and

Fig. 119.

thick-sided as they, increase in age, but even then rarely pre-

sent any pits or spiral deposits in their interior, as is the

case in the thickened cells and vessels already described. A
common size is the T

— of an inch in diameter. They derive

their name from containing a fluid called latex, which when
exposed to the air becomes milky, and is either white, as in the

Dandelion, Spurge, Opium Poppy, Indiarubber, Lettuce, and

many other plants ; or coloured, as is well seen in the Celandine,

where it is yellow ; or it may be of other colours. The latex

lias a number of granules or globules floating in it, which are

composed of caoutchouc or analogous gum-resinous matters, &c,

and occasionally mixed with them may be observed peculiar-

shaped starch granules (page 32), as in Euphorbia spiendetw
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( Ha 111) or it may be mucilaginous, or gummy, or contain

SVe sections, AoT Laticiferous vessels from their containing

some of the so-called secretions of the plant, are closely * 1 ed

o the Receptacles of Secretion, and are frequently placed w th

them (See pa-e 72.) Laticiferous vessels occur especially

£ the inner bSk of many Dicotyledons, in the pith and in the

pettL and veins of leaves ; but they are also to be found m
°th

?h
P
ey

n
a?e formed, like other vessels, from rows of cells

arrange! in various directions with respect to one another, the

Sons between their cavities being more or less absorbed

so that they communicate freely together.

Besides the above more common characteristics of laticiferous

vessels, there are numerous other varieties ;
indeed, from the

very Seat variety m structure, contents, and position of these

vessel, and the many and various transitions between them and

vesicular vessels, now to be described, Sachs has proposed that

these laticiferous and vesicular vessels should be included under

the common name of latex-sacs.

h Vesicular or Utricular Vessels.-These resemble.laticiferous

vessels in one particular, as they contain latex (which, however

is clear or milky, but always contains true raphides) :
while, on

the other hand, they are unbranched and analogous to sieve-

tubes in form, consisting as they do of long broad cells with

sieve-like septa. They were first noticed by Hanstem m the

scales of the bulb of Allium, and have since been observed m
the leaves and other parts of Monocotyledons, and in some

DlC
\V
7
e

1

have
S

now described all the different kinds of cells, and

the modifications they undergo, and the combinations of them

which take place so as to form vessels. The- different kinds of

vessels and woody tissues are more or less combined together,

and have always a tendency to develop and arrange them-

selves in longitudinal or vertical bundles in the parts of the

plant where they are found, and thus they may be readily dis-

tinguished from the parenchyma in which they are placed both

in their form and mode of elongation. We thus find it con-

venient to speak of the tissue formed of these bundles under

the collective name of Fibre-vascular Tissue, or the Fibro-vascu-

lar Vertical, or Longitudinal System, to distinguish it from the

ordinary cellular tissue, which constitutes the Parenchymatous,

Cellular, or Horizontal System.

4. Epidermal Tissue.—In Cormophytes and in all V lower-

ing plants, the cells situated on the surface of their young

parts and organs (see page 60) which are exposed to the air, vary

in form and in the nature of their contents from those placed

beneath them, and are so arranged as to constitute a firm layer

which may commonly be readily separated as a distinct mem-

brane. To this layer the term Epidermal Tissue is given. It
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13 generally described as consisting of two parts
; namely, of an

inner portion called the Epidermis, and of an outer thin pellicle
to which the name Cuticle has been given.

a. Epidermis.—This consists of one (figs. 95, e, and 123 a)
two (fig. 124, a, a), three (fig. 125, a), or more layers of cells'
family united together by their sides, and forming a continuous
structure, except at the points where it is perforated by the
stomata, presently to be described (figs. 131, s, and 132, s)
Ihese cells are generally of a flattened tabular character (Jigs.

Fig. 120. Fig. 121. Fig. 122.

Fig. 120. Epidermal tissue from the leaf of the Iris (Iris get-manica). p, p.
Cuticle, s. s, s. Oval stomata. e, e. Epidermal cells. After Jussieu
Fig. 121. Epidermis of the Maize, (t, a. Oval stomata. 6, b. Zigzag reti-
culations formed by the sides of the cells. Fig. 122. Sinuous epidermis
with stomata, from the garden Balsam.

Fig. 123.

123-127), the sides of which vary much in their outline
;
thus,

in the epidermis of the Iris, and many other plants, they are
elongated hexagons (fig. 120, e, e) ; in that of the Maize they are
zigzag (fig. 121, b, b) ; while in the garden Balsam, Madder, and

the common Polypody, they are
very irregular or sinuous (fig.
122) ; and in the epidermis of
other plants we find them
square, rhomboid, &c.

Ordinarily in European plants
and in those generally of cold
and temperate climates, the epi-

dermis is formed of but one row
of cells ; but in tropical plants
we frequently find two, three, or
more rows of cells, by which

provision such plants are admirably adapted, as will be after-

wards explained, for growth in hot dry climates.

The upper walls of the epidermal cells are generally much
thickened and chemically altered, or cuticularised as it is termed

Fig. 123. Vertical section of the leaf of
the Maize, showing the epidermis, a, a,

formed of one row of cells, with pro-
jecting hairs, g, g.
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n 7 \ i.,r the cell-walls are rendered impervious

^^^^SeSlo^eot the more tender cells

W^om^ undue loss of moisture from the scorchmg heat

Fig. 124.
Fig. 125.

J* 124. Vertical sectionf^g^t^S^^^^tntSr^Zr^tTZ £5H&> of the leaf, and at

who«e ba^ peculiar stomata are found. After Schleiden.— 125.

VerticnJ Action through the leaf of Oleander, showing the epidermis, a

lor^osed of ttoee layers of thick-sided cells, and placed above a compact

parenchyma of oblong cells. After Brongniart.

of the sun. This thickening of the upper walls of the epidermal

cells may be especially observed in leaves of a leathery or

hardened texture, as in those of the Oleander (fig. 125, a),

Aloes, Hoya (fig. 126, a), Box, and Holly, and m the succu-

lent green stems of the Cactaceas (fig. 1^7, a).

Fin. 126. Fig. 127.

Fin 1'6 Vertical section of the epidermis of Hoya carnosa treated with

caustic potash, a. The detached cuticle, b. The thickened cuticulanscl

layers of the outer walls of the epidermal cells. After Mohl. Fig.

127 Vertical section through the epidermis of the stem of a Cactus, a.

The thickened cuticularised upper walls of the epidermal cells.

The epidermal cells are generally colourless, but in some

cases they contain coloured fluids, and very rarely chloro-

phyll ; hence the green and other colours which leaves and

other organs assume are due to colouring matters of various
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Fig. 128.

kinds which are contained in the cavities of the subjacent
parenchymatous cells, and which show through the transparent
epidermal cells. In the walls, however, of the epidermal cells
of many plants, waxy matter is contained ; in those of Cham
and Nitellaj carbonate of lime ; and in those of the species of
Equisetum, and of the Grasses generally, silica is met with in
such abundance that, if the organic matter be removed by the
agency of heat or acids, a perfect skeleton of the structure will
be obtained.

The epidermis covers all the young parts of plants which
are directly exposed to the air, except the stigma in Flowering

Plants, and it is in all cases absent from those
which live under water. No true epidermis
is to be found in Thallophytes. The epider-
mis which at first covers the young stem and
branches of trees is replaced at a subsequent
period by the corky layer of the bark.

The roots of plants are invested by a
modified epidermal tissue to which the term
EpibUma has been given by Sjhleiden ; this

name is, however, now but rarely used. It

consists of cells with thin walls, without
stornata, but possessing cellular hair-like pro-
longations texmedfibrils or root-hairs {fig. 128).

b. Cuticle.—This consists generally of a
thin transparent pellicle, which covers the

entire surface of the epidermal cells (Jigs. 120,

p, p, and 126, a) with the exception of the

openings called stornata (fig. 129) ; and it

also forms a sheath over the hairs (fig. 129).

Not unfrequently the cuticle becomes of

considerable thickness, as in the epidermis

of the upper surface of the leaf of Cycas (fig.

130, a). The cuticle is formed on the outer walls of those cells

which are exposed to the chemical influences of air and light.

Fig. 128. Fibrils or
root-hairs on the
surface of a young
root.

Fig. 129. Fig. 130.

Fig. 129. Cuticle of the Cabbage, showing that it is perforated by the
stornata, ami forms sheaths over the hairs. Fig. ISO. Vertical section
through the epidermis, b, of Cycns remluia, showing that it is covered by a
thickened cuticle, a. After Schleiden.

The cell-wall in such a position becomes greatly thickened and
altered in its texture ; so much so that the outer part is clearly
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defined from the inner circularised layers, and can be stripped

oft" as a distinct layer or cuticle {fig. 126, a).

c Stomata or Stomates.-These are orifices situated between

the sides of some of the epidermal cells, and opening into the

nitercellular cavities beneath, so as to allow a f-e communication

between the internal tissues and the external air {figs. s, ana

133 s) The orifices are surrounded by cells with thinner walls

and of a different form from those of the epidermis ;
they also

usually contain some chlo-

rophyll grains. There are

generally but two cells sur-

rounding the orifice, and

these are commonly of a

more or less semilunar form

{fig. 120), so that the whole

has some faint resemblance

to the lips and mouth of an

animal, and hence the name

of stoma applied to
^

these

structures, from ord^a, a

mouth. These bordering

cells are called ' stomatal

cells,'
1 pore - cells,' and

.

< quard-cells,' and have the power of opening or closing the

orifice which they surround according to circumstances, as will

be explained hereafter when treating of the functions of stomata

Fig. 131. Vertical section of a portion of tlie

frond of Marchantia pohjmorpha. g, g.

Stoma divided perpendicularly, h, ft. Tiers

of cells forming its walls. After Carpenter.

Fig. 132. Fig. 134. Fig. 135.

Fio

Via 13" Vertical section of the epidermis of Leucadendron decorum, showing,

e'e the epidermal cells, with the stomatal cells, s, witii elevated margins,

m
'

m .pig. 133. Verticarsection of the epidermis of the Ins. s. The

stoma e, e. Epidermis, p. Parenchyma beneath the epidermis. /.In-

tercellular space into which the stoma opens. Fig. 134. Bpidermi3 of

Humex acelosa, with rounded stomata, a. Fig. 135. Square stoma, a,

of Vucca gloriosa.

in the part devoted to the Physiology of Plants. Instead of two

stomatal cells, we sometimes, although buo rarely, find four, or

even more ;
thus, in some of the Liverworts, the stomata arc

rounded apertures between the epidermal cells, surrounded by
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Fig. 136.

three or more tiers of stomatal cells, each tier being itself com-
posed of four or live cells, the whole forming a kind of funnel
or chimney (fig. 131).

Upon making a vertical section through a stomate we usually
find 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 hardened
texture, the stomatal cells are below the epidermal ones, while
in some rare instances, again, they are above them.

The stomata vary in form and position in different plants,

and in different parts of the same plant, but they are always the
same in any particular part of a plant.

The more common form is the oval

(figs. 120, s, s, and 121, a, a) ; but in

other instances they are round (fig.

134, a) ; and in some cases square (fig.

135, a). They are either placed singly

upon the epidermis, at regular (fig.

120) or irregular intervals (fig. 134) ;

or in clusters, the intervening epider-

mis having none (fig. 136). The former
is the more common arrangement. In
the Banksia we find little cavities be-

neath the epidermis of the under sur-

face of the leaves which contain a num-
ber of hairs (fig. 124, b), and between
them, at their base, very small stomata.

The number of stomata also varies

considerably. The following table will

give some idea of their abundance in leaves, and it will be ob-

served that the number of stomata is usually greatest in those

leaves where they are entirely absent from their upper surface.

Fit]. 136. Epidermis of the leaf

of a species of Saxifraga,
showing clustered stomata,
s, with intervening spaces,

e, e, in which they are ab-

sent.

Stomata in one square inch of surface.

Upper surface Lower surface

Mezereon none 4,000

Pneony . none 13,790

Vine none 13,600
57,600Olive . none

Holly . none 63,600

Laurustinus . none 90,000

Cherry-Laurel none 90.000

Lilac none 160,000

Hydrangea
Mistletoe

none 160,000

200 200

Tradescantia . 2,000 2,000

House Leek . . 10,710 6,000

Garden Flag . . 11,572 11,572
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Upper surface Lower surface

Aloe
Yucca .

Clove Pink

25,000
40,000
38,500

20,000
40,000
38,500

Stomata are not found upon all plants. Thus tliey are

absent from all Thallophytes, but in the higher orders of Cor-

mophytes, as the Ferns and their allies, they abound, while in

the Liverworts and Mosses they are confined to certain parts.

They exist more or less upon all Flowering Plants and their

organs. But they are far more abundant upon those organs

which are green ; thus they are found especially upon leaves, as

we have seen, but more particularly on their under surface.

On the floating leaves of water plants, as in the Water-lily, how-

ever, we find them only on the upper surface ; while in vertical

leaves the stomata are equally distributed on the two surfaces.

They occur also on the young green stem and branches of plants
;

and on the parts of the flower. In those plants which have no

foliage leaves, as the Cactaceaj, 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, as a rule, from roots and all submersed parts of plants.

Sachs and others have pointed out that there is a connexion be-

tween the distribution of stomata on leaves and their protection

from wet by the wax-like coating commonly known as ' bloom;'

and recently this has formed the subject of an interesting series

of investigations by Francis Darwin (see Journ. Linn. Soc.

(Bot.), vol. xxii. p. 99).

5. Appendages of the Epidermis.—Upon the surface of

the epidermis, or in the sub-epidermal tissue, there are fre-

quently to be found certain structures consisting of one or more
cells of different forms, variously combined, and containing

various substances. These are termed, collectively, Appendages

of the Epidermis
;
and, as their name implies, they have no

connexion with the fibro-vascular tissue of the leaves, branches,

or stem. We shall treat of them under the two heads of Hairs
and Glands ;

although in many cases we can draw no distinct

line of demarcation between these structures.

(1.) Hairs or Trichomes.—These are thread-like prolonga-

tions externally of the epidermal cells covered by cuticle (Jigs.

123, ff, </, and 129). They may either consist of a single cell,

when they are called simple hairs (Jigs. 137-141), or of several

cells, when they are termed compound (Jigs. 144 and 145).

Simple hairs may be undivided (Jig. 137), or forked (Jig. 138),

or branched (Jig. 139). A beautiful form of simple hair is

that called stellate, as seen in Deutzia scabra, Alyssum, &c.

(Jigs. 140 and 141) ; this is formed by a cell dividing horizontally

into a number of parts which are arranged in a star-like form.
Compound hairs may be also undivided, as is more frequently
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the case (figs. 144 and 145), or branched (figs. 142 and 14.3).

The component cells of compound hairs may be also variously

arranged, and thus give a variety of forms to such hairs. Com-
monly their cells are placed end to. end jn a single row, so that

the hairs assume a more or less cylindrical form
;
but when the

component cells are contracted at the points where they come

in contact, they become moniliform or necklace-shaped ( figs. 144

and 145). When the cells below are larger than those above, so

that the hairs gradually taper upwards to a point, they become

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

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

Fig. 141.

Fig. 140.

Fig. 142. , 143.

Fig. 137. Simple unbranched hair of the common
i

Cabbage.—-Fig. 138.

forkec hairof Whitlow-grass (Dmba.).—-Figs. 139, 140 Branched, ellate

hairs of Alywim. Fig. 141. Stellate Mrs from Al^%f"^''"-ZTA
Fig 142 Branched hair of a species of Marrubium. Fig. 143. Branched

hair of Alternanthera axillai-is. From Henfrey.

hairs are clavate or club-shaped (Jig. US); or when suddenly

enlarged at their apex into a rounded head, capitate (fig. 14<)-

When the terminal cell of a hair is terminated by a hook on

one side pointing downwards, such hairs are termed MOMMii oi

hooked ( Hd 148) : or if ending in two or more hooks at tno

apex tl e/are glochidiate or barbed (fig. 149 ). Haas, again, in-

stead of being erect, or placed obliquely upon the epidermis,

may develop horizontally in a more or less circular manner, and

Zi TeUatl hairs, as in the Ivy (fig. 150) ; or two of the com

ponent cells may develop in opposite directions from another
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cell raised above the level of the epidermis,
so as to produce

what is termed a shield-like or peltate hair (fig. 151). Many o

the above forms occur equally mlumple hairs as m compound

ones 2l the figures are taken^^J^^^t
Many hairs have one or more spiral fibres m their interior as

Son the testa of the seeds of Acmthodvum^oi theoute

coat (epicarp) of the fruit of certain species of Salvia, as m tliat

of Salvia Horminum (fig. 152).
n„„ ant*A i™

When the divisions of stellate hairs are closely connected by

cuticle or otherwise, they form scales or scurf ;
such egdermal

appendages are, therefore, simply modifications of stellate han s

A scale may be defined as a flattened membranous more or less

rounded plate of parenchymatous tissue, attached by its centre,

Fig. 144. Fig. 146. Fig. 147. Fig. 148.

Fig. 145. 149, FlG< 150-

Fig. 151.

Fir, 144. Moniliform hair of the Virginian Spiderwort (Tradescantin vir-

„l,Hca \ Fi„ 145. Moniliform hair of the Marvel of Peru (Mirabihs

Jalapa). Fig. 146. Clayate hairs. Fig. 147. Capitate hairs.—Fig

148. Hooker! hairs. Fig. 149. Glochidiate or taarhed hairs —ftr/. 150.

Stellate hair from the Iyy. Fig. 151. Peltate hair from Malpighia wens.

and presenting a more or less irregular margin from the unequal

prolongation of its component cells (fig. 153). These scales are

particularly abundant on the surface of some plants, to which

they communicate a scurfy or silvery appearance, as m the

Elaagnus. Such a surface is said to be lj,pUgie, from lepis, the

Greek term for a scale.

Other modifications of hairs which are allied to the above,

are the ramenta or ramentaceous hairs so frequently found upon

the stem and petioles of Ferns. These consist of a layer of cells

(fig. 155) combined so as to form a brownish flattened scale
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attached by its base to the surface of the epidermis from whence
it grows (jig. 154).

When the hairs are composed of cells which are short, and
have their internal walls thickened so that they form stiffened

processes, they are then called setae or bristles^ and the surface is

termed setose or setaceous. These, slightly modified, form prickles,

which may be defined as large multicellular hairs springing

Fig. 152. Fig. 153. Fig! 155.

Fig. 152. Hairs, each having a spiral fibre in its interior, from the epicarp

of the fruit of SaMa Horminum.—— Fig. 153. Scale of the Oleaster

(Flceagnus). Fig. 154. Bamenta from the petiole of a Fern. Fig. 155.

Eamentaceous hair, showing its component cells. Fig. 156. Prickles

on a Rose-branch.

from the epidermis and layer of cells beneath, the walls of

which are hardened by the deposition of lignin, and which

terminate in a sharp point (Jig. 156). They are especially abun-

dant on the stems of the Rose and Bramble. Prickles and some

other allied structures, as warts, &c, which arise from the sub-

epidermal tissue as well as the epidermis, have been termed Emer-

gences. They should be carefully distinguished from spines, to be

hereafter alluded to when speaking of branches. (See page 107.

)
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The ordinary hairs above described are either empty, or they

contain fluid of a watery nature, which may be colourless or

coloured. Such have been therefore termed by some botanists

lymphatic hairs, to distinguish them from other hair-like appen-

dages which are filled with special secretions, and hence have

been called glandular hairs. The latter will be again alluded to

under glands, to which variety of epidermal appendage they

properly belong.

Hairs occur upon various parts of plants, and, according to

their abundance and nature, they give varying appearances to

their surfaces, all of which are distinguished in practical Botany

by special names. The more common position of hairs is upon

Fig. 157. Fig. 158. Fig. 159.

the leaves, stem, and young branches, but they may also be

found on the flower-stalks, bracts, parts of the flower, the fruit,

and the seed. The substance called cowhage consists of the

hairs covering the legumes of Mucuna pruriens ; while cotton

is the hair covering the seeds of the species of Gossypium.

Cotton may be readily distinguished under the microscope

from the liber-cells already described (page 50), from the cell

of which it is formed, not possessing any stiff thickening layers,

and thus collapsing when dry, so that it then resembles a more
or less twisted band with thickened edges (fig. 157, a) ;

while

liber-cells, such as those forming flax fibres, from having thick

walls, always maintain their original cylindrical form and taper-

ing extremities (fig. 157, b).

On young roots we find also cells prolonged beyond the sur-

face which are of the nature of hairs, and have therefore been
termed root -hairs or fibrils (fig. 128) (see Roots). The hairs

Fig. 157. a. Cotton, b. Flax fibres (IMer-

cells), Fig. 158. Pistil of the Bell-

flower {Campanula), with its style

covered with collecting hairs. Fig.

159. Magnified representation 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. Prom Schleiden.
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which occur on the parts of the flower frequently serve an in-

direct part in the process of fertilisation by collecting the pollen

which falls from the anthers ; hence such are termed collecting

hairs (Jig. 158). The collecting hairs, which occur on the style

of the species of Campanula (Jig. 159, a) are peculiar from their

upper end, b, retracting within their lower, at the period of fer-

tilisation.

Tig. 160. Fig. 161. Fig. 162. Fig. 163.

Fig. 160. Stalked unicellular gland o£ Salvia. Fig. 161. Stalked unicel-

lular glands of Snapdragon (Antirrhinum mains).—-Fig. 162. Stalked

many-celled gland of Ailanlhus glandulosa. Prom Meyen. Fig. lbi.

Stalked many-celled gland from Begonia plalanifolia. From Meyen.

(2.) Glands— name properly applies only to cells which

secrete a peculiar matter, but it is also vaguely given to some

other epidermal and sub-epidermal appendages. Glands have

been variously arranged by authors ;
thus, by some, into exter-

Fig. 164. Fig. 165. Fig. 166. Fig. 167.

Fig 164 Stalked gland of Snapdragon, terminated at its summit by two

iecretinK cells.—Fig. 165. Stalked glandTfith four secreting eel s at its

aPex. ifom Meyen.—Fig. 166. Sessile many-celled gland. Fig. 16,.

One-celled sessile glimds, termed papula: or papilla;.

wd and internal ;
by others, into simple and compound

;
while

others, again, have adopted different modes of arrangement.

We divide them into external and internal.

a External Glands.—These may be again divided into staUceA,

and 'sessile or not stalked. The stalked glan ds are those which are

frequently called glandular hairs (see page 67). They are e he

formed of a single cell, dilated at its apex by the peculiar lluid
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it secretes (figs. 160 and 161), or of two (fig. 164), or more (fig.

165) secretin* cells placed at the end of a hair
;
or they consist

of a mass of 'secreting cells (figs. 162 and 163).

Sessile Glands present various appearances, and consist, like

the former of either one secreting cell (fig. 167), or of two, or

more ( fiq 166). Those with one secreting cell placed above the

level of the epidermis are frequently termed papilla (fig. 167)

;

and it is to their presence upon the surface of the Ice-plant

( Mesembryanthemum crystallinum) that the peculiar crystalline

appearance of that plant is due. When sessile glands
i
are com-

posed of cells containing solid secretions so that they form

hardened spherical or other shaped appendages upon the surface

of the epidermis, they are termed warts ;
these are now, however,

commonly placed among the Emergences (see page 66).

Fig. 168. Fig. 169.

Fig. 168. Sting o£ a species of Malpighia.

e. Epidermis. 6, b, g. Glandular appa-

ratus. Fig. 169. Sting of the common
Nettle (Urtica dioica), consisting of a

single cell with a hulbous expansion at

its base, b, and terminated above by a

swelling, s, and containing a granular

irritating fluid,/, /. we. Epidermal

cells surrounding its base.

When a sessile gland contains an irritating fluid, and is

prolonged above into one or more hair-like processes, which

are placed horizontally (fig. 168), or vertically (fig. 169), we
have a sting formed. Stings are sometimes arranged under the

head of stalked glands ; we place them here because their secre-

ting apparatus is at the base, and not at the apex, as in stalked

glands.

In the Nettle (fig. 169), the sting consists of a single cell,

enlarged at its base, b, by the irritating fluid /, /, which it con-

tains, and tapering upwards to near the apex, when it again

expands into a rounded head, js. The enlarged base is closely

invested by a dense layer of epidermal cells, to c, which forms
a kind of case to it. In touching a nettle lightly, the knob-like

head, s, is broken off, and the sharp point of the sting then left

' liters the skin, while the irritating fluid is pushed up at the

.same time into the wound by the pressure occasioned by the
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elastic force of the surrounding epidermal cells, w e. If a nettle,

instead of being thus touched lightly, be grasped firmly, the

sting becomes crushed, and as it cannot then penetrate the skin,

no irritation is produced.

b. Internal Glands—These are cavities containing secretions

situated below the epidermis, and surrounded by a compact

layer of secreting cells (fig. 170, I, g). They are closely allied

in their nature to receptacles of secretion (see page 72), from

Fig. 170. Fig. 171.

O^OOO ^o^r, n p, (\ f[^Q o

Fig.nO. Internal gland from the leaf of the common Sue (Rutn grateolens).

g. Gland surrounding a cavity, /, and itself surrounded by the epidermis,

e, and the ordinary cells of the leaf, we. Fig. 171. r, r. Internal glands

from the rind of the Orange.

which, in fact, in many cases, it is difficult to distinguish them,

and amongst which, therefore, they are frequently placed. In

some cases they are of small size, as those in the leaves of the

Rue (fig. 170, g, I), Myrtle, Orange, and St. John's Wort. In

these leaves they may be readily observed by holding them be-

tween the eye and the light, when they appear as little trans-

parent spots ; hence such leaves are termed dotted. This dotted

Fig. 172. Fig. 173. Fig. 174.

Fig. 172. Petal of a species of Ranunculus with a nectary at its base,

covered by a scale. Fig. 173. Petal of Crown Imperial (Frinllana tm-

peiinli.i), with a nectariferous gland at its base. Fig. 174. Air cavities

from the stem of Limnochans Plumieri.

transparent appearance is due to the oily matters they con-

tain refracting the light in a different manner to that of the

other parts of the leaf. In other instances these glands are of

large size (fig. 171, r, r), and project more or less beyond the

surface in the form of little excrescences, as those in the

rind of the Orange, Lemon, and Citron. Internal glands arc;
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very common in many other plants besides those already men-

tioned : thus in all the Labiate Plants, as Mint, Marjoram

Thyme, Rosemary, Sage, &c. ; and it is to the presence of

the secretions they contain that such plants owe their yaiue

as articles of domestic economy, or as perfumes, or medicinal

^Holding a sort of intermediate position between the internal

and external glands as above described, are the true nectaries

of flowers, which being strictly of a glandular nature will be

most properly alluded to here under the name of nectariferous

glands They are well seen at the base of the petals of the

species of Ranunculus {fig. 172) and in the Crown Imperial

( Hg. 173). These glands consist of a pore or depression into

which a honey-like fluid or nectar is secreted, or rather ex-

creted, by the surrounding cells. The tissue of the stigma of

Flowering Plants is also covered by a viscid secretion or

excretion° at certain periods, and may be considered therefore

as of a glandular nature. The surface of the ovary and other

parts are also sometimes more or less covered by a similar sac-

charine fluid, and are then described as nectariferous.

When glands or other receptacles containing peculiar secre-

tions arise from the separation of uninjured cells from one

another, they are termed schizogencui ; when from the absorption

of a mass of tissue, lysigenous (fig. 171, r, r).

6. Intercellular. System. — Having now described the

different kinds 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 which are placed between

their walls, or produced by the destruction of some of their

component cells. These constitute the Intercellular System.

a. Intercellular Passages or Canals and Intercellular Spaces.—
The cells being, in the great majority of cases, bounded by

rounded surfaces, or by more or less irregular outlines, it must

necessarily happen that when they come in contact with one

another they can only touch at certain points, and therefore

interspaces will be left between them, the sizes 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 commu-
nicating with one another, as is especially evident in round

or elliptical parenchyma (fig. 62), they are called intercelUdar

passages or canals ; but when they are of large size, as in stellate

or spongiform tissue, they are termed intercellular spaces (figs.

93 and 124, c). In most cases these spaces and canals are filled

with air, and when they occur in any organ exposed to the

atmosphere in which stomata are found, they always communi-
cate with them (fig. 132, I), by which means a free passage is

kept up between the atmosphere and the air they themselves

contain.
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b. Air Cavities.—In water-plants the intercellular spaces are

frecpiently of large size, and bounded by a number of small cells

regularly arranged {fig. 174), by which they are prevented from

communicating with one another, or with the external air
;
they

are then commonly termed air cavities. In such plants these

cavities fulfil the important services of enabling them to float,

and of supplying their interior with air. In other instances we

find large air cavities, as in the stems of Grasses and Umbelli-

ferous plants, which have been formed by the destruction of their

internal tissues by the more rapid growth of the outer portions

;

these large cavities are termed lacunae, and appear to have no

special functions to perform.

c. Beceptacles of Secretion.—In many plants, again, the in-

tercellular canals or spaces act as receptacles for the peculiar

secretions of the plant ; in which case they are termed Recep-

tacles of Secretion. In many instances these are closely allied

to the internal glands {figs. 170 and 171) already described,

and are frequently confounded with them
;
indeed, some regard

them as highly developed forms of internal glands. These

receptacles vary much in form, but are usually more or less

Fig. 175.

Fig. 175. Fruit of Parsnip (Pastinaca saliva"). A. Dorsal surface, a.b.b.r.c.

Primary ridges. 1, 2, 3, 4, Vittaa. B. Horizontal section of the fruit.

The letters and figures refer to the same parts as in A. luf<j A, the

vitta? are readily seen by noticing that they are shorter than, and alter-

nate with, the ridges, a, b, b, c, c.

elongated. They are formed by certain cells separating from

eachother as they are developed {schizogenovs), by which means

canals and spaces of various kinds are formed in the surrounding

tissue. In the Conifer£e they contain turpentine, and have

therefore been termed turpentine vessels. In the plants of this

order they occur especially in the wood {Jig. 186, la) and bark :

those in the wood forming elongated tubular passages. In the

pericarp of the fruit of Umbelliferous Plants they form the

receptacles of oil, which are commonly termed rittiv {fig, 17.r>,

i 2 3, 4 a and b). The receptacles of secretion are found es-

pecially 'in certain orders of plants, to which from the nature of
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their contents they communicate important properties. (See

also Laticiferous A7essels, page 57).

d Intercellular Substance.-A peculiar substance which was

termed, from its position, intercellular substance, was formerly sup-

nosed to be universally distributed between the walls of the cells,

glueing them together as it were ; and in some plants occurring

fn great abundance, as in many Algas, the horny albumen or

endosperm of some seeds, and in the collenchymatous cells of

the common Beet, Begonia (.fa. 95, el, cl), &c. But m all these

cases this appearance is due to alterations and changes which

have taken place in the cellulose forming the cell-wall and in the

contents of the cell. Thus, in the Sea Wrack, it is caused by

the enormous imbibition of water, which makes the outer part

of the cell-wall swell up, and eventually to be converted into

mucilage. Hence this special intercellular substance does not

exist in plants.

CHAPTER 3.

ORGANS OF NUTRITION.

Having now considered the elementary structures of plants, we

proceed to describe in detail the various compound organs

which they form by their combination. These, as already

noticed (page 13), are arranged in two divisions, namely : 1.

Organs of Nutrition ; and 2. Organs of Reproduction. The root,

stem, and leaves form those of nutrition, and the flower and

its parts those of reproduction. Upon the whole, it is most

convenient to commence our notice of the organs of nutrition

with the stem.

Section 1. The Stem or Caulome.

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, seeking the light and air, and hence termed the

ascending axis, and bearing on its surface the leaves and other

leafy appendages {fig. 20, t). This definition will, in numerous

instances, only strictly apply to astern at its earliest development,

for it frequently happens that, soon after its first appearance,

instead of continuing to take an upward direction into the air,

it will grow along the ground, or even bury itself beneath the

surface, and thus by withdrawing itself from the light and air-

it resembles, in such respects, the root, with which organ such

stems are, therefore, ordinarily confounded. In these cases,

however, a stem is at once distinguished from a root by bearing
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scales or cataphyllary leaves, each of which has also the power
of forming a leaf-bud in its axil. The presence of leaves with
leaf-buds' in their axils is therefore the esse'ntial characteristic of
a stem, in contradistinction to a root, in which such structures
are always absent.

All Flowering plants, from the mode in which their axis is

developed from the embryo in germination (page 13), must ne-
cessarily have a stem, although such stem may be very short.
Those which have this organ clearly evident are called caulescent,
while those in which it is very short or inconspicuous are termed
acaulescent or stemless. In Flowerless plants the stem is not
necessarily present ; thus it is absent in all Thallophytes, as
already noticed (page 7).

1. Internal Structure of the Stem in general.—Astern
in its simplest condition consists merely of parenclvymatous cells,

with occasionally a central vertical cord of slightly elongated,
somewhat thickened cells. Examples of such a stem may be
commonly seen in Mosses (Jigs. 9 and 10). Such a structure
however would be unsuited to plants except those of low organ-
isation, and we accordingly find, as a rule, that in all plants
above the Mosses the stem is made up partly of parenchymatous
cells, and partly of woody tissue and vessels of different kinds,
by which the requisite strength and toughness are produced.
In such stems therefore we distinguish two systems as already
noticed (page 57), namely, a Parenchymatous or Cellular, and a
Fibro-vascular ; and as the fibro-vascular tissue is arranged in
longitudinal bundles in the midst of the parenchymatous, it has
also been termed the Vertical or Longitudinal System, while the
parenchymatous has been called the Horizontal System.

In their internal structure the stems of plants are sub-
ject to numerous modifications, all of which may be, however,
in their essential particulars, reduced to three great divisions,

two of which are found in the Phanerogamia, and one in the
Cryptogamia. 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 an Oak (Jig. 176), we
observe that the two systems of which the stem is composed are

so arranged as to exhibit a distinct separation of parts. Thus
we have a central one, m, called the pith ; an external one, c e, or

bark ; an intermediate icood, r, arranged in concentric layers

or annual rings ;'and little l'ays, b, connecting the pith and the

bark, termed medullary rays. Such a stem grows essentially in

diameter by annual additions of new wood on the outside of the

previous wood, and hence it is called Exogenous (from two Greek
words signifying outside growers).

In a Palm stem no such distinction of parts can be noticed

(Jig. 177), but upon making a transverse section we observe a

mass of parenchyma, m, distributed throughout it, and the
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fibro-vaacular system arranged vertically in this in the form of

separate bundles, /, which have no tendency to form concentric

Fig. 176. Fig. 177.

Fig. 178.

Fin 176. Transverse section of an Oak-branch six years old. m The me-

dulla or pith, c, c. The bark. r. The wood, arranged m concentric layers.

h Mpdnllarv ravs Fig. 177. Transverse section of the stem of a Palm.

m.TrffPS&. "Theflteo-vascular bundles. I. The rindor false

bark.

layers of wood ; the whole being covered externally by a fibrous

and parenchymatous layer, b, which, as will be hereafter seen,

is formed essentially by the ends

of the fibro-vascular bundles, and

which is termed the false bark or

rind, This structure is called En-
dogenous (from two Greek words

signifying inside growers), as such

stems grow by the addition of

new fibro-vascular bundles which

are at first directed towards their

interior. These two structures,

the Exogenous and Endogenous,

are characteristic of Flowering

plants.

If we now turn our attention

to the Cryptogamia, and make a

transverse section of a Tree-fern

(Jig. 178), we observe the centre,

m, to be either hollow or filled

with parenchyma, the fibro-vas-

cular bundles being arranged in

irregular sinuous plates around it,

v, v, v, and forming a continuous or interrupted circle near the

circumference, which consists of a rind, e, inseparable from the

wood beneath. This structure is termed Acrogenous (from two

Greek words signifying summit growers), because the fibro-vascu-

lar bundles of such a stem grow only by additions to their apex.

Fig. 178. Transverse section of the

stem of a Tree-fern. m. Parenchy-

matous cells, which are wanting in

the centre, v, v, v. Fibro-vascular

bundles, e. Hind.
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The characteristic peculiarities thus found to exist in the in-

ternal appearance and growth of these three kinds of stern are
due to corresponding differences in their component parts, or, as

they are commonly called, theirfibro-vascular or vascular bundles.

Thus, the fibro-vascular bundle of an Exogenous stem {fig. 179)
consists in the first year of growth of a layer of spiral vessels

(s, s', and fig. 180, sv), surrounding the pith(_p', andJig. 180,^)

;

on the outside of this layer there are subsequently developed, in

perennial plants, pitted vessels (p, p, and fig. 180, d) and wood-
cells (it/, w, and Jiff. 180, iv), which together form the wood. But
in herbaceous plants annularand reticulated vessels are also found

Fig. 179.

p' s s' m' p xv p c st st ph n. C'

Fig. 179. Radial vertical section though an indefinite fibro-vascular bundle
from the stem of the Sunflower. y.Pith. s, s'. Spiral vessels. tc',w. Wood-
cells, p, p. Pitted vessels, c. Cambium, s/, it. Sieve tubes, ph. Liber-

cells, n. Bundle-sheath. C. Cellular laj'ers of the bark. After Prantl.

intermixed with the wood-cells. The wood is covered externally

by a layer of vitally active or generating cells (figs. 179, <\ and

180, c), called the cambium (see page 88), on the outside of which

are the liber (Jigs. 179, st, ph, and 180, {), the cellular parts of

the bark (Jigs. 179, C, and 180, c e), and the epidermis (fig.

180, e). The different kinds of tissue which are placed within

the cambium, or cambium layer as it is frequently termed, form

what has been called the xylem or woody portion of the bundle,

and those outside the cambium forming the liber, that portion

which has been termed the phloem ; so that the fibro-vascular

bundle has the pith (fig. 180, p), on its inner surface, ami is

covered externally by the cellular layers, cc, of the bark. In the

stem of some plants, as in the above, a single special layer of cells,
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termed the bnndle-AeaMfig. 179 n), forms the ^nermoat layer

of the cellular portions of the bark, and thus investing thehbio-

vasciuai bundle. In these bundles the growth of the different

^Tis pZressive, the inner part of each being first formed,

Cl o^wth gi-adi^lly proceeding to the outside. and aa they

SaS contain a cambium layer they are capable of furthe

"rowth and thus form periodically new layers of xylem and

Sdrito a are therefore called indefinite or open fibro-vascularK It also necessarily follows from the cambium layer

Fig. 180. Fig. 181.

Fia 180 Transverse section of fin indefinite fibro-vascular bundle of an Exo-

genous stem (Melon), p. Pith. sv. Spiral vessels, mr Medullary ray.

Twood ceUs: d. Pitted vessels, c Cambium layer I. Liber o,
:
phloem.

ce Cellular portions of the bark. e. Epidermal tissue.-—Fig. 181. Trans-

v^r«e secUon of a definite fibro-vasoular bundle of an Endogenous stem

7palm) the upper portion being directed to the centre, w. Wood-cells.

L Spiral vessel's, c. Cambium-I ike cells, d Pitted vessels i>. Paren-

chyma (ground tissue), surrounding the bundle. Z. Liber-cells.

being placed between the xylem and the phloem, that the. layers

of increase to these parts of the bundle are in continuity with

the previous ones.
, 1Qn

In Endogenous stems the fibro-vascular bundles {fig. 181)

consist internally of wood-cells, w, and spiral vessels, a v
;
on the

outside of which other spiral vessels are formed, as well as

pitted, d, and other vessels ; these are succeeded by a number

of delicate parenchymatous cells, c, corresponding to cambium

cells which are gradually converted into thick-walled prosenchy-

matous cells, I, resembling those of the liber of Exogenous

stems, together with some sieve-tubes ; and the whole bundle is

surrounded by parenchyma, p. In this case the development

of the fibro-vascular bundles, like those of Exogenous stems, is



78 EXOGENOUS Oil DICOTYLEDONOUS STEM.

gradual, the inner part of each being first formed, and growth
proceeding progressively to the outside : hence these also are
progressive bundles

; but, as such bundles have no special layer
of generating cells resembling the cambium layer, no additions
to them can be made in successive seasons, as is the case in the in-

definite fibro-vascular bundles of Exogenous stems. Hence the
new bundles are not developed in continuity with the old, but
remain distinct and of limited size, and are therefore named
definite or dosed fibro-vascular bundles.

In Acrogenous stems the fibro-vascular bundles are chiefly

made up of vessels of the scalariform, annular, or spiral type,
according to the different orders of Cormophytes from whence
they have been derived ; these are surrounded by delicate

tubular cells, and the whole is enclosed by a firm layer of

parenchymatous cells the walls of which have undergone a
thickening and hardening process, and to which the name of

sclerenchyma has been given, and forming what has been called

the bundle-sheath. Such bundles only grow by additions to

their summit ; and as these bundles, like those of Endogenous
stems, have no special layer of cambium cells, they are also said

to be closed or definite.

The distinctive appearances and modes of growth which we
have thus seen to occur in the stems of the two Flowering
Plants above noticed are also accompanied by certain differences

in the structure of their embryo. Thus plants with Exogenous
stems have an embryo with two cotyledons (figs. 16, c, c, and
18, c, c) ; those with Endogenous stems have but one cotyledon

in their embryo (fig. 19, c). Hence Exogenous stems are also

termed Dicotyledonous ; and Endogenous stems Monocotyledon-

ous. For reasons which we shall describe hereafter, the latter

terms are in some cases to be preferred to the former. In the

succeeding pages we shall use them indiscriminately. Acro-

genous stems are also sometimes termed Cryptogamous, because

they are only found in Flowerless plants. With these general

remarks on the internal structure of the three kinds of stems

we now proceed to describe them respectively in detail.

A. Exogenous or Dicotyledonous Stem.—All the trees

and large shrubs of this country, and with rare exceptions those

of temperate and cold climates, are exogenous in their growth.

In warm and tropical climates such plants occur associated with

those possessing endogenous and acrogenous structure ; but

Dicotyledonous plants are far the most abundant even in these

parts of the world.

In the embryo state, the Exogenous stem is entirely com-

posed of parenchyma. But as soon as growth commences, some

of its parenchymatous cells become developed into vessels and

wood-cells, so as to form the indefinite fibro-vascular bundles

which are characteristic of such a stem. These woody portions

(fig. 182, t) are at first separated from each other by large
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Fig. 182.

intervening spaces of parenchyma, but as growth proceeds they

continue to enlarge, while at the same time new fibro-vascular

elements are developed between them, so that they ulti-

mately form at the end of the first

year's growth a ring of vessels and

wood-cells round the central mass of

parenchyma, m, interrupted only at

certain points by projections of this

parenchyma in the form of radiating

lines, r. This ring is also surrounded

by an external layer, b, of parenchy-

matous and liber tissues, which is

connected with the central parenchy-

ma by the radiating lines, r, already

alluded to. The stem then presents

the following parts (fig. 182) : 1. A
central mass of parenchyma, m,

which is called the Medulla or Pith
;

2. An interrupted sheath of spiral ves-

sels, t, called the Medullary sheath
;

3. An interrupted ring of wood-

cells and vessels, forming the Wood
;

4. A layer of very delicate thin-

walled cells, the Cambium or Cam-
bium layer; 5. Eadiating lines, r, connecting the pith with

the cambium layer and bark, the Medullary rays ;
and 6. The

Bail; b, a mass of parenchyma surrounding the whole stem,

Fig. 183.

8...

Fig. 182. Transverse section of the
first year's stem of an Exogenous
or Dicotyledonous stem. m.Pith.
r. Medullary rays. t. Spiral

vessels forming the medullary
sheath on the outside of which
are the other elements of the

wood and the liber, b. Cellular

layers of the "bark.

Fig. 183. Transverse section from the centre to the circumference of the

stem of the Maple, three years old. m. Pith. t. Spiral vessels, v, v, v.

Pitted vessels. /, /, /. Wood-cells, c. Cambium or cambium layer, s.

Corky layer ; within which may be observed the other cortical layers,

marked I p I, p I, p I. mc. Newly furming bark. The figures 1, 2, 3, refer

to the three successive years' growth of the wood.

and containing in its interior liber-cells, &c, and invested on

its outer surface by the Epidermis.

The stems of plants which live more than one year, as those
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Fig. 184.

of trees and shrubs, at first resemble those which are herbaceous
or die yearly, except that the wood in such plants is generally

firmer and in larger proportion. As growth proceeds in the
second year, a new ring of wood is formed on the outside of

the one of the previous year {fig. 183, 2), while at the same
time a new fibrous layer is added to the inside of the bark, I.

These layers are developed out of the cells of the cambium
layer, already alluded to as being situated between the xylem
and the phloem of the indefinite fibro-vascular bundles which
form the stems of Exogenous plants (figs. 179, c, and 180, c).

The medullary rays (fig. 185, A, i, i), at the same time increase

by addition to their outside, and thus continue to keep up the

connexion between the pith and the bark. In succeeding

years we have in like manner new layers of wood and liber,

one of each, as a rule, for every year's growth (fig. 183, 3), while

the medullary rays also continue to grow
from within outwards. Each succeeding

year's growth is therefore essentially a re-

petition of that of the first year, except as

regards the pith and spiral vessels ; the former

of which does not increase in size after the

first year, and the latter are never repeated,

so that in old stems we have no more dis-

tinct regions than in those of the first year.

We have consequently in all Exogenous
stems the following parts, namely, pith,

medullary sheath, wood, medullary rays, cam-

bium layer, and bark—which we shall now
describe in the order in which they are placed.

1. Pith or Medulla (figs. 182, ??i,and 185,

B, a, a).—This consists essentially of paren-

chyma, and it forms a more or less cylin-

drical or angular column which is situated

commonly at, or towards, the centre of the

stem. As a general rule the pith is not

continued into the root, but it is always in

connexion directly with the terminal bud

of the stem, and also at first indirectly by

the medullary rays with all the lateral leaf-

buds ; as the latter, however, continue to develop, their con-

nexion with the central pith is cut off, as will be explained

hereafter in speaking of their structure and origin. The paren-

chyma of which the pith is composed is generally that kind

which is known as regidar (fig. 65), so that when a section is

made of it, and examined microscopically, it presents an hex-

agonal (figs. Gfi and 185, B, a, a) or polyhedral appearance.
°

In the earliest stages of the plant's existence the whole of it

consists of parenchyma ; and out of this tissue, by the different

tiation of special cells, the more elaborate spiral and other

Fig. 184. Young
branch of Walnut
(Jugla ns regia )ou t

Tertically to show
the discoid pith.
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vessels and wood-cells are developed. As, however, these

elements of the fibro-vascular bundles increase m number,

they encroach upon the parenchyma, and thus circumscribing

the central portion till it assumes the appearance of a central

continuous column or pith (fig. 182, m), tilling the interior of the

stem and «ivin°- off the medullary rays, r, as flattened plate- like

processes which connect the pith with the cellular layers of the

bark b That portion of the parenchyma which thus remains,

including the pith, medullary rays, and cellular layers of the

bark, is called the fundamental or ground tissue.

Instead of continuing to form an uninterrupted column, the

pith in after years, owing to the external parts growing rapidly,

becomes more or less broken up ; and even in many herbaceous

plants, such as the Hemlock and others, which grow with great

rapidity, it is almost entirely destroyed, at an early period of

the plant's life, merely remaining in the form of ragged portions

attached to the interior of the stem ; and thus large central air-

cavities or lacunas are formed. In some plants, such as the

Walnut (Jig. 184) and Jessamine, the pith is broken up regularly

into horizontal cavities separated only by thin discs of its sub-

stance. It is then termed discoid.

The diameter of the pith varies much in different plants.

Thus it is generally very small in hard-wooded plants, as in the

Ebony and Guaiacum ; while in soft-wooded plants, as the Elder

and Ricepaper Plant (
Tetrapanax (Aralia) papyri/era), it is large.

The diameter not only varies in different plants, but also in

different branches of the same plant ; but when once the ring of

wood of the first year is fully perfected, the pith which it sur-

rounds can no longer increase, and it accordingly remains of the

same diameter throughout the life of the plant.

The pith, as we have just seen, is essentially composed of

parenchyma. 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.

2. The Medullary Sheath (fig. 185, B, d) consists of spiral

vessels which are situated on the innermost part of the wedge

of wood which forms the first year's growth. These vessels do

not form a continuous sheath to the pith, but spaces are left be-

tween them, through which the medullary rays pass outwards

(fig. 182, t). As the spiral vessels are never repeated after the

first year's growth, the medullary sheath is consequently the

only part of the stem in which they normally occur.

3. Tlie Wood or Xylem.—This is situated between the pith

on its inside, and the bark on its outer surface (jig. 170, r),

and it is separated into wedge-shaped bundles by the passage

through it of the medullary rays, b. We have seen that in the

first year's growth of an exogenous stem the wood is deposited
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in the form of an interrupted ring immediately surrounding the

pith (fig. 182, t). That portion of the ring which is first developed

consists, as we have also seen, chiefly of spiral vessels (fiys. 182, f,

183, t, and 185, B, d), which form the medullary sheath.

On the outside of the medullary sheath, the ring of wood
forming the first year's growth (fig. 185, B, l) consists of woody
tissue, c, among which are distributed, more or less abundantly,

some vessels, b, chiefly of the kind called pitted in perennial

plants
;
although in herbaceous plants we have also annular and

Fia 185. Diagram showing the structure of an Exogenous stem three years

oid A Transverse section. B. Vertical section. The figures 1. 2. 3,

refer to the years of growth of the wood, and the letters mark stellar

parts in both sections! a, a. Medulla or pith. d. Spiral vessels, b, ,6.

pitted vessels c, c. c. Wood-cells, e. Cambium layer. /. Inner layer of™
9- Middle layer of bark. A. Outer layer of bark.

I, i. Medullary rays. After Carpenter.

other vessels. When the stem lasts more than one year a secoii d

ring of wood is formed, as we have seen, from the cells of the

cambium layer which are placed on the outside of the first ring.

This second ring (fig. 185, 2) resembles in every respect that of

S e first year, except that no medullary sheath is formed
;

it

cons^ts therefore entirely of woody tissue and pitted vessel

» h Tr> the third vcar of growth another zone of wood is

p'roduce Pi-ecisely resembling* the second (fig
:
185, „) and

J

he

same is the case with each succeeding annual ring as long as (he
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plant continues to live. It is in consequence of each succeeding

layer of wood being thus deposited on the outside of those of

the previous years, that these stems are called exogenous. In

the stems of the Coniferae and most other Gymnosperms, as those

of the Fir, Yew, and Cypress, the annual rings of wood which

are well marked (fiq. 186), instead of being formed of ordinary

woody tissue, and pitted vessels, consist essentially of wood-

cells, with large bordered pits (see pages 44 and 50).

The pitted vessels, which as we have seen form an essential

portion of the annual layers of the wood of all exogenous stems,

except those of the Gymnospermia, as mentioned above, are so

large in the Oak, Ash, and other plants, that they may readily

be^seen by the naked eye upon making a transverse section of

the wood of such trees ; and in all cases, upon examining under

the microscope a transverse slice of any common exogenous

stem, the pitted vessels may be at once distinguished from the

Fig. 186.
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Fig. 186. Transverse section of the stem of a Fir tliree years old. The
figures 1, 2, 3, refer to the annual layers of wood, la, la. Cavities contain-
ing oleo-resinous secretions (receptacles of secretion).

wood-cells by the larger size of their openings {figs. 183, v, v, b,

and 185, A, b, b, b).

But in those Gymnosperms where the wood is made up, as just

noticed, of disc-bearing woody tissue, or cells with large bordered
pits, though the openings of the cells are larger than those of

ordinary woody tissue, they will be observed to be nearly of the
same size, but at the same time those formed earliest in the
year in each ring are larger and have thinner walls than those
which have been formed at the end of the year (fig. 186). The
pitted vessels in ordinary trees are also commonly more abun-
dant on the inner part of each annual ring, the wood-cells
forming a compact layer on the outside (fig. 185, A, c, c, c). In|
such cases the limits of each ring are accurately defined. In
those trees which have the pitted vessels more or less diffused
throughout the wood-cells or woody tissue, as in the Lime and
Maple, the rings are by no means so evident, and can then

a 2
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only be distinguished by the smaller size of the wood-cells cm

the outside of each, which appearance is caused by their dimin-

ished growth towards the end of the season.

The distinction between the annual rings is always most

evident in trees growing in temperate and cold climates, where

there is a more or less lengthened winter in which no growth

takes place, followed by rapid vegetation afterwards in the

spring and other seasons. In the trees of tropical climates the

rings "are not so clearly defined, because there is no complete

season of repose in such regions, although to a certain extent

the dry season here leads to a cessation of growth, but the alter-

nation of the growing season and that of rest is not so well

marked as in colder climates. As alternations of growth and

seasons of repose may thus be shown to produce the appearance

of annual rings, we can readily understand that if a plant were

submitted to such influences several times in a single year it

would produce a corresponding number of rings ;
and this does

really occur in some plants of temperate climates, particularly

in those which are herbaceous, where growth is more rapid than

in hard-wooded perennial plants, so that the influence of such

alternations is more evident. In tropical clim ates the production

of two or more rings in a year is probably even more frequent

than in temperate regions. In other trees, again, we have only

one ring produced as the growth of several years, as in the

Oueasi and lastly, there are instances occurring m which no

annual rings are formed, but the wood forms a uniform mass

whatever be the age of the plant, as in certain species of Cacti.

Such appearances as the two latter are, however, totally inde-

pendent of climate, but are the characteristic peculiarities of

certain plants, and even of entire natural orders.

The annual layers of different trees vary much in thickness,

thus they are much broader in soft woods which grow rapidly,

than in those which are harder and of slower growth. 1he in-

fluence of different seasons, again, will cause even the same tree

to vary in this respect, the rings being broader in warm seasons

than in cold ones, and hence we find the trees as we approach the

poles have very narrow annual rings. The influence of soil and

other circumstances will also materially aflect the thickness of

the annual rings in the same tree. We find also that the same

rin* will vary in diameter at different parts, so that the pith,

instead of being in the centre of the wood, is more or less^eccen-

tric owing to the rings being thicker on one side than on the

othe This irregular thickness of the different parts of the

annual rings is owing to several causes, but the greater growth

rone side° is chiefly due to the fact of its being more exposed

to lio-lit and air than the other.

The annual rings also vary in thickness in the same tiee

according to the agi of that tree. Thus when a tree s in full

vigourTtVm fonn larger rings than when that period is past,
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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 aftei fifty

years ; in the Beech after thirty years ;
m the Spruce Fir after

forty : and in the Yew after sixty years.

bw-amcii and Omnium.-When the annual rings are first

formkiTthe walls of tbelr component wood-cells and vessels

are pervious to fluids, and very thin, and their cavities gorged

with sap, which they transmit upwards from the root to the

leaves As they increase in age, however, their walls become

so thickened by various deposits from the contained sap, that

their cavities are ultimately almost or entirely obliterated, and

they are thus rendered nearly or entirely impervious to fluids.

This change is especially evident in the wood of those trees m
which the°thickening layers are coloured, as m the Ebony,

Mahogany, Rosewood, and Guaiacum. Such coloured deposits

are generally most evident in tropical trees, although they

also°occur more or less in most of the trees of cold and tem-

perate regions. In some of the latter, however, as the Poplar

and the Willow, the whole of the wood is nearly colourless, and

exhibits no difference in this respect in the appearance of the

internal and external rings. The value of wood as timber

depends chiefly upon the nature of this incrusting matter, and

is commonly in proportion to its colour ; hence those woods,

as Ebony, Ironwood, and Mahogany, which are deeply coloured,

are far harder and more durable than white woods, such as the

Poplar and the Willow.

From the above characters presented by the wood according

to its age, we distinguish in it two parts : namely, an internal

portion, in which the wood-cells and vessels have thickened

walls, are impervious to fluids, hard in texture, of a dry nature,

and commonly more or less coloured, which is called the Dura-

men or Heart-wood ; and an outer portion, in which the wood-

cells and vessels have thin sides, are pervious to, and full of

sap, soft in texture, and pale or colourless, to which the name

of A Umrwwm or Sap-ioood is given.

Age of Dicotyledonous Trees.—As each ring of wood in an

Exogenous stem is produced annually, it should follow that by

counting the number of rings in a transverse section of a tree

presenting this structure, we ought to be able to ascertain its

age, and this is true with a few exceptions, when such trees are

natives of cold climates, because in these, as we have seen, the

annual rings are usually distinctly marked. In Dicotyledonous

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
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place, the rings are by no means so well denned ; second]}',

more than one ring may be formed in a year
;
thirdly, some

trees, as already noticed (page 84), such as Zamius and the species
of Cycas, only produce one ring as the growth of several years

;

fourthly, some plants, as certain species of Cacti, never form
annual rings, but the wood, whatever its age, only appears as a
uniform mass ; while lastly, in some, such as Guaiacum, the
rings are not only indistinct, but very irregular in their growth.

It is commonly stated that the age of a Dicotyledonous tree

may not only be ascertained by counting the annual rings in a

transverse section of its wood, but that the mere inspection of a

fragment of the wood of such a tree of which the diameter is

known, will also afford data by which the age may be ascertained.

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 number of rings

in that fragment, multiply this number by the quotient pre-

viously obtained. Thus, suppose the diameter of the fragment to

be two inches, and that of half the diameter of the wood twenty
inches

;
then, if there are eight rings in the fragment, by mul-

tiplying 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 thick-

ness of the rings 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

(page 84), that the rings are frequently much thicker on one

side than on the other, and the taking therefore of a piece from

either side indifferently would lead to very varying results. A
better way therefore to calculate the age of a tree by the inspec-

tion of a fragment, is to make two notches, or remove two pieces

from its two opposite sides, and then, having ascertained the

number of rings in each, take the mean of that number, and

proceed as in the former case. Thus, suppose two inches, as be-

fore, removed from the two opposite sides of a tree, and that in

one we have eight rings, and in the other twelve ;
we have ten

rings 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 rings in the

two notches, we get one hundred years as the age of the tree

under consideration. Such a rule in many cases will no doubt

furnish a result tolerably correct, but even this will frequently

lead to error, from the varying thickness of the annual rings

produced by a tree at different periods of its age.

It is probable that De Candolle and others, in calculating the

ages of different trees, have been led into error by not sufficiently

taking into account the variations in the growth of the annual

rings at different periods of their age, and their varying thick-

ness on the two sides of the tree; and, when we consider
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that some trees were estimated by De Candolle to be more than

5 000 years of age, we cannot but believe that such calculations

give an e^a-erated result. But, however erroneous they may

lTa\ e been, still there can be no doubt but that Dicotyledonous

trees do live to a great age ; in fact, when we consider that the

new r^s of wood are developed from the cambium cells which

are placed on the outside of the previous rings and that it is m
iTese new annual rings that all the active functions of the plant

are carried on, there can be, under ordinary circumstances no leal

Hmit to their 'age. Mohl believes that there is a limit to the age

of all such trees, arising from the increasing difficulty of convey-

ing the proper amount of nourishment to the growing point, as

the stem elongates from year to year. We cannot, however

attach much importance to this opinion, because some trees, as

the Sequoia (Wellingtonia) gigantea, exist m California as much

as 450 feet in height, and species of Eucalyptus may also be

found in Australia which have reached nearly or quite the same

1161

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 Montpellier .... 433 years.

Lime trees near Freiburg .... l^U
„ Neustadt . . . -800

L^ch .

" 576

Cedars, on Mount Lebanon . .
600—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

Sequoia, Yew, and Olive, may be added to the above list
;
thus,

it is probable that the former will live at least 3,000 years
;
and

it seems certain that the Yew will attain the age of 1,200 years,

and the Olive at least 800 years.
.

Size of Dicotyledonous Trees.—As there is no assignable limit

to the age of Dicotyledonous trees in consequence of their mode

of growth, so in like manner the same circumstance leads, m
many cases, to their attaining a great size. Thus the Sequoia

qigantea has been measured 116 feet in circumference at the

base ; the Chestnut tree (Castanea vesca) of Mount Etna is 180

feet in circumference ; a Plane tree (Platanus orientahs) near

Constantinople is 150 feet in circumference ; the Ceiba tree

(Bombax pentandrum) is said to be sometimes so large that it

takes fifteen men with their arms extended to embrace it
;
even

Oaks in this country have been known to measure more than

50 feet in circumference ; and many other remarkable examples

might be given of such trees attaining to an enormous size,

which circumstance is of itself also an evidence of their great age.

4. Camhium-hiyi-ror < 'omb'nnn(figs. i7'.>, <\ and 185, A, andB,

e).—On the outside of each annuaTring of wood, aswe have already
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seen, a layer of vitally active cells is placed, to which the name
of cambium-layer or cambium has been given. It is from these

cambium cells that the new layers of wood and phloem are

formed, and from the fact of the cambium-layer being situated

between the xylem and the phloem of the indefinite fibro-vas-

cular bundles of which Exogenous stems are composed, it follows

that the layers of increase to these parts of the bundle are in

continuity with the previous layers. The cells composing the

cambium-layer are of a very delicate nature, and consist of a

thin wall of cellulose, containing a nucleus, protoplasm, and
watery cell-sap ; in fact, they contain all the substances which
are present in young growing cells. These cells, from their be-

coming changed into the matured woody tissues and phloem, were

called cambium- cells, hence the origin of the names cambium and
ca,mbium-layer applied to this portion of the stem. This layer

is dormant during the winter, at which time the bark is firmly

attached to the wood beneath, but it is in full activity in the

spring, when it becomes charged with the materials necessary

for the development of new structures, and then the bark may
be readily separated from the wood beneath, but such separa-

tion can only be effected by the rupture of the cells of which it

is composed. The cambium layer is called "a formative or gene-

rating tissue., or meristem, because its component cells are capable,

of dividing and forming permanent tissue, or that in which the,

cells have ceased to divide, and have assumed their definite form.

5. Medullary Bays.—We have already seen that at first the

stem consists entirely of parenchyma, but that in a short time

fibro-vascular portions are developed, so that at the end of the

first year's growth, in consequence of the development of the

wood and phloem, this parenchyma becomes separated into two

regions—an internal or pith, and an external forming the cel-

lufar layers of the bark ; the separation, however, not being com-

plete, but the two being connected by tissue of the same nature

as themselves, to which the name of medullary rays has been

applied (figs. 176, b, and 182, r).

The cells forming these medullary rays, like those of the

pith, are part of the fundamental tissue of the stem (page 81) ;

but, unlike the cells of the pith, which remain of a more or

less rounded form, they differ from them in form, and become

much flattened in a radial direction (Jigs. 94, and 185, B, i, i),

owing to the pressure which the neighbouring wedges of the

wood have exerted upon them. As new rings of wood are

formed in successive years, fresh additions are made to the

ends of the medullary rays from the cambium, so that, how-

ever large the space between the pith and the cellular layers

of the bark ultimately becomes, the two are always kept m
connexion by their means. Besides the medullary rays which

thus extend throughout the entire thickness of the wood, others

are also commonly developed between them in each succeeding
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year which extend from the rings of those years respectively

to the bark ; these are called secondary medullary rays. In the

Cork" ak toth kinds may be well seen in a transverse section

(>!
Thfmeclullaiy'rays are composed of flattened six-sided cells,

Which are placed one above the other in one or more rows, like

e bricks in a wall, hence the tissue which they form is termed

wtri/om parenchyma (figs. 185, B * *,
It is a

variety of tabular parenchyma, as already noticed (page 48)

STtLue formed by the medullary rays - -t contmuou

from one end of the wood to the other, but the rays aie

moxe or less interrupted by . the passage between hem of

the nbro-vascular tissue forming the wood, so that they aie

Fig. 187. Fig. 188. Fig. 189.

Fid 187. Transverse section of a portion of the stem of the Cork-oak

(Quercus Suber), four years old. m. Pith. 1. Medullary ray of the first

year's growth. 2, 3, 4. Medullary rays of successive years, pc. Liber and

cellular envelope, s. Cork layers. Fig. 188. Surface of the stem of a

Dicotyledonous tree from which the bark has been removed. tig.

Vertical section of a branch of the common Maple, perpendicular to the

medullary rays. Jl,fi. Fibro-vascular tissue forming the wood. rm,vm.

Medullary rays.

split up vertically into a number of distinct portions (figs.

188 and 189, rm). This arrangement may be observed by

examining the surface of a stem from which the bark has

been removed (fig. 188), or still better by making thin sections

of the wood perpendicular to the rays,— that is, tangential to

the circumference of the stem (fig. 189). In some stems, such

as those of the species of Aristolochia, and also in many plants

of the natural order Menispermacete, and in other orders, the

medullary rays are very conspicuous, forming large plates

between the wedges of wood. In other plants, such as the Yew
and Birch, they are comparatively small. The medullary rays

constitute the silver grain of cabinet-makers and carpenters, as

it is to their presence that many woods, such as the Plane and

Sycamore, owe their peculiar lustre.

0. The Burl: or Cortex. — The bark is situated on the

outside of the stem, surrounding the wood, to which it is
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organically connected by means of the medullary rays and
cambium-layer (fig. 176, c, c). When the stem is first formed
the bark is entirely composed, like the pith, of parenchyma

;

but as soon as the wood begins to be developed on the
outside of the pith, certain cells which lie nearer the surface
of the stem make their appearance, which develop into liber-
cells and certain vessels (fig. 190, d). Externally to these
lie other parenchymatous cells, the inner ones of which form
the green layer of the bark, c, whilst the outer cells become
developed into the cork tissue, b, and these again are invested
by colourless cells forming the epidermis, a, so that the

Fig. 190.

^5/

bark, when fully formed,
consists of two distinct sys-

tems
;
namely, an internal

or fibro-vascular, and an ex-

ternal or parenchymatous.
Further, the parenchyma-
tous system, as just noticed,

also exhibits, in all plants

which are destined to live

for any period, a separation

into two portions ; and the

whole is covered externally

by the epidermis already
described ( fig. 190, a ).

The fully developed bark
accordingly presents three

distinct layers, in addition

to the epidermis, which is

common to it and the

other external parts of

plants. The three layers

proper to the bark are

called, proceeding from within outwards : 1. Liber, Inner Bark,

or Phloem (figs. 190, d, and 185, A, and B, /, /) ; 2. Cellular

Envelope, Green Layer, or Phellodenn (figs. 190, c, and 185,

g, g) ; and 3. Corky Layer, Suberous Layer, or Outer Bark (figs.

190, b, and 185, h, h).

a. 'Hie Liber, Inner Bark, or Phloem (figs. 190, d, and 185,

A, and B, /, /).—This is composed of true bast tissue, or, as it

is also called, woody tissue of the liber, as it consists of narrow

elongated cells with thickened and flexible walls
;
mixed with

parenchymatous (cambiform) tissue and sieve-tubes filled with

albuminous matters, and frequently laticiferous vessels. Tbe

phloem therefore belongs to the fibro-vascular system, and forms

the portion of the indefinite fibro-vascular bundles outside

the cambium (page 70). The portion formed of bast tissue is

sometimes termed hard bast, and the cambiform parenchyma and

sieve tubes together constitute what is then called the soft bast.

Fig. 190. Transverse section of a portion of

the bark of an Exogenous stem. a. Epi-

dermis, b: Corky layer, c. Cellular en-

velope, d. Liber or Phloem.
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The liber- cells of which it is essentially composed are either

placed side by side in a parallel direction, and thus form by
their union a continuous layer, as in the Horsechestnut tree

;

or far more frequently they present a wavy outline, and only

touch each other at certain points, so that numerous interspaces

are left between their sides, in which the medullary rays con-

necting the cellular layers of bark and the pith may be observed.

From this circumstance the inner bark when macerated in water

commonly presents a netted appearance, as may be especially

seen in that of the Lace-bark tree (Lagetta lintearia) of Jamaica,

and of other plants belonging to the same natural order.

b. The Cellular Enrelojje, Green Layer, or Phelloderm (Jig.

190, c, and 185, g, g).—This layer lies between the liber and
corky layer, and hence the name middle layer which is also applied

to it. It is connected on its inner surface with the medullary

rays. It consists of thin-sided, usually angular or prismatic,

parenchymatous cells (fig. 190, c), which are loosely connected,

and thus leave between their walls a number of interspaces.

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 also commonly
distinguished. It is also sometimes known under the name of

phelloderm. This layer and the next belong to the fundamental
tissue, and form together the parenchymatous system of the bark.

c. Corky or Suberous Layer ( figs. 190, b, and 185, /(., h).—
This is the outer layer of the bark, and is invested by the
epidermis (fig. 190, a). It has also received
the name of periderm ; this term is, however,
sometimes used in a general sense to indicate

the dead portion of the bark, or that which
has ceased to perform any active part in the
life of the plant ; which is commonly the case,

as we shall presently see, in a few years with
the two outer layers (see page 92). In this

sense the periderm may consist of the corky
layer alone, or of phelloderm chiefly, or of por-
tions of both, or even in some cases of a portion
of the phloem also. Those botanists who
adopt this nomenclature commonly apply the
term derm to the inner living portion of the
bark. Other botanists also use the term peri-

derm to indicate the inner portion of the corky
layer, and which consists of cells with thicker
walls and less elastic than true cork cells.

The corky layer consists of one or more
layers of tabular cells (fig. 190, b), elon-
gated more or less in a horizontal direction, and which in
moat cases ultimately become dried up and filled with air, and
form by their union a compact tissue, or one without inter-

Pig. 191.

Fig. 191. Brand] of a

species of Willow-
l, I. Lenticels. c, c.

Buds.
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spaces. 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. In some plants, as in the Cork-oak {jig.

187, s), this layer becomes excessively developed and forms the
substance called cork, and hence the name corky layer which
is commonly applied to it. Large developments of cork also

occur on some other trees, as various species of Elm.
On the young bark of most plants may be observed little

circular or somewhat oval brownish or whitish specks, which have
been called lenticels (fig. 191, I, I). They are formed of loosely

aggregated cork-cells, separated by intercellular spaces, and
serving, like stomata, to admit air to the living cortical tissues

beneath.
Growth of the Bark.—The bark, except the middle layer,

develops 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

strictly endogenous in its growth ; while the wood is exogenous.

Each layer of the bark also grows separately ; thus the liber by
the addition of new matter from the cambium-layer on its in-

side ; and the phelloderm and corky layer from a special meri-

stem, which is termed the cmj^camhium or pJuMogmi. This

phellogen is placed between the phelloderm and~corky layer, so

that it develops cork-cells on its outside and the cells of the

phelloderm on its inner surface. The formation of cork-cells,

however, is not always of the same character, and in some cases

it is very complex. When the soft tissues of a plant are wounded,

a callus of cork-cells is also commonly produced, and thus forms

a protection to the wounded tissues. But when wood is well

developed, and the plant wounded so deep as the cambium, cork

is not directly formed, but a cati^s of parenchymatous tissue is

produced from all the living cells bordering on the wound.

The two outer layers which together constitute the paren-

chymatous or cellular system of the bark generally cease growing

after a few years, and become dead structures on the surface of the

tree ; but the inner bark continues to grow throughout the life

of the individual, by the addition of a new layer annually on

its inner surface from the cambium. They are commonly so

thin when separated that they appear like the leaves of a book,

and hence the supposed origin of the term liber applied to the

inner bark. The name liber is, however, sometimes considered

to be derived from the inner bark of trees having been formerly

used for writing upon. In some trees, as in the Oak, these

layers may be readily observed up to a certain age ; but this dis-

tinction 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.
_ ,

The outer cellular layers of the bark, after a certain period in
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theirlife which varies in different plants, generally become cracked

vVr ms directions in consequence of the pressure which is

exerted upon them by the growth of the wood and bber be-

neath and thus assume a rugged appearance as in the Elm

and Cork-oak. In some trees, as the Beech, the bark, however,

always retains its smoothness, which circumstance arises, partly

from the small development of the parenchymatous layers, and

mr lv from their great distensibility. Other smooth-barked

stems, such as those of the Holly and Ivy owe their peculi-

arities in this respect to similar causes. When he bark has

thus become cracked and rugged, it is commonly thrown off m
large pieces, or in plates or layers of various sizes and appear-

ance The epidermis in all cases separates early, and is

replaced by cork-cells. By this separation and peeling oft of

portions of the bark, its thickness is continually diminished

This decaying and falling away of the outer layers of the old

bark does not in any way injure the tree ;
hence it is evident

that the old cellular layers of the bark, like the pith and inner

rings of the wood, have nothing to do with its life and growth after

a certain period. The new rings of wood, the cambium-layer,

and the recently formed liber, are the parts of an exogenous stem

which are alone concerned in its active development and lite.

Having now described the different parts which enter into

the structure of an Exogenous or Dicotyledonous stem, we will,

in conclusion, recapitulate them, and place them m a tabular

form :

—

1 Pith or Medulla, belonging to the parenchymatous system

2. Medullary Sheath, consisting of spiral

vessels. These belong to the
fibro-vascular sys-

tem, and together

form the wood
(xylem) properly

so called.

3. Wood, composed of interrupted rings,

one of which is developed annually

on the outside of the previous

rings, and consisting ordinarily in

perennial plants of wood-cells and

pitted vessels.

4 Medullary Bays, composed of muriform parenchyma con-

necting the pith and the parenchymatous layers of the bark.

5 Cambium-layer, consisting of vitally active or generating cells

containing protoplasm, &c, from which additions are made

annually to the wood and liber.

6. The Bark, composed of two systems—

1. Inner Bark, Phloem, or Liber, formed essentially of liber-

cells and sieve-tubes, and thus belonging to the fibro-

vascular system ; and increasing by the annual addition

of a new layer on its inner surface.
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2. Outer Bark, composed of parenchyma, and hence belong-
ing to the parenchymatous system, and consisting of—

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

b. Gorky Layer or Suberous Layer, composed of tabular
cells, forming a compact tissue, and giving the pecu-
liar hues to the young bark.

7. The Epidermis, investing the bark of young stems, and re-

placed after a certain age by the corky layer.

Fig. 192.

a J ! t( j o a a « «

Fig. 192. Diagram of a Monocotyledonous stem. A. Transverse section.

B. Vertical section, a, a. Parenchymatous tissue, h, b. Pitted vessels.

c. Wood and liber cells, d, d. Spiral vessels. (The letters mark similar

parts in both sections.) After Carpenter.

B. Endogenous or Monocotyledonous Stem.—In this

country we have no indigenous trees or large shrubs which ex-

hibit this mode of growth, although we have numerous herba-

ceous plants, such as Grasses, Rushes, and Sedges, which are

illustrations of endogenous structure. In our gardens, again,

we have various kinds of Lilies, Hyacinths, Tulips, and other

bulbous plants, which are also endogenous in their growth. But

it is in the warmer regions of the globe, and especially in the

tropics, where we find the most striking and characteristic illus-

tration's of such stems, and of all such the Palms are by far the

most remarkable.
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Internal Structure—When we make a transverse section of

a Palm stem, it presents, as we have seen (page 75), no such

separation of parts into pith, wood, medullary rays, and bark,

as we have described as existing in an exogenous stem
;
but the

fibro-vascular system is seen to consist of bundles {figs. 177, /,

and 192, A, b, c, d), which have no tendency to collect together

so as to form rings of wood as in exogenous stems, but are

arranged separately from one another in the mass of parenchy-

matous cells ( figs. 177, m, and 192, A, a, a), of which the ground

substance or fundamental tissue is composed. The whole is

covered externally by a fibrous and parenchymatous layer, which

is called the false bark or rind.{fig. 177, b) ;
because this is not

a distinct and parallel formation to the wood, as is the case with

the bark of exogenous stems, but is formed essentially by the

ends of the fibro-vascu-

lar bundles, as will be Tig. 193. Fig. 194.

presently noticed, and
cannot therefore be
separated from the mass
beneath (see page 96).

In annual or herba-

ceous monocotyledonous
stems the parenchyma
between the fibro-vas-

cular bundles is soft and
delicate ; but in trees

which grow to any
height, as Palms, the

cell-walls become thick-

ened and hardened, and
thus form the tissue

termed sclerenchyma,

which ultimately binds
the original separate

bundles into a solid

hardened mass resem-
bling wood.

Origin and Growth
I of the Fibro-vascular

Bundles. — The struc-

ture of the fibro-vascu-

lar bundles thus distri-

buted in the parenchy-
matous system has been already referred to under the name
of definite or closed (page 77) ; but we have still to describe their

origin and direction through the stem. It was formerly supposed
that these bundles, as they were successively developed, were
at first directed towards the centre of the stem, and continued
their course in the same direction down to its base as seen

Figs. 193 and 194. Diagrams showing the course
of the fibro-vascular bundles in a monocotyle-
donous stem, ir, 6, c, d. Fibro-vascular bundles.

Fig. 193. Exhibits the course of the bundles as

formerly supposed. Fig. 194. According to
Mohl's view, as now proved to be correct.

Fig. 195. Vertical section of the stem of

a Pa'm, showing(/») the fibro-vascular bundles
intersecting each other as they pass down-
wards.
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in fig. 193, a, b, c, d, the last-formed bundles being the most
internal, and gradually pushing towards the circumference those

which had previously been developed. Hence the origin of

the name endogenous or inside grower's, applied to these stems.

The researches of Mohl first showed that the above mode of

growth was not correct, but that the following is that which

really takes place :—the fibro-vascular bundles have their

origin in the punctum vegetationis of the stem, and are fully

developed with'its growth upwards and outwards into the leaves,

and downwards and outwards towards the circumference of the

stem. In other words, to render it more simple, the bundles

may be traced to the leaves, from which organs they are at first

directed towards the interior of the stem (fig. 194, a, b, c, d),

along which they descend generally for some distance, and then

gradually curve outwards again and terminate close to the

circumference, where they anastomose and thus form a net-

work with the ends of other bundles. When we make a vertical

section therefore of au endogenous stem, we find these fibro-

vascular bundles intersecting each other in various ways as shown

in Jig. 195.

When the fibro-vascular bundles thus pass from the stem into

the leaves at their upper ends, they are termed common bundles,

namely, common to both leaf and stem—those portions coniing

from, or continuous with, the leaves, being called leaf-traces.

The fibro-vascular bundles in their course down the stem

generally become more attenuated, which circumstance arises

from certain differences wliich take place in their structure as

they descend. Thus when they first originate they consist, as

we have seen (see page 77), of spiral, pitted, and other vessels,

mixed with parenchymatous and woody tissues (fig. 192, B,

b, c, d). In their descent they gradually lose their spiral and

other vessels, so that when they terminate close to the circum-

ference they consist chiefly of a net-work of liber-cells bound

together and covered by a more or less developed cortical

parenchyma. The rind or false bark (fig. 177, b) of endogenous

stems is thus chiefly formed of the ends of the fibro-vascular

bundles which originate in the leaves, and hence we see the

principal reason why this rind cannot be separated, as the bark

of exogenous stems, from the tissues beneath.

It follows from the mode of growth of the fibro-vascular

bundles, as indicated above, that the term endogenous, commonly

applied to such stems, is not altogether correct, as the bundles

are only endogenous for a portion of their course, terminating

as they do ultimately close to the circumference. On this account

the name endogenous has been generally discarded of late years

by botanists, who use instead that of monocotyledwious, a term, as

already noticed (page 78), which is derived from the fact that the

embryo of plants which possess such stems has but one cotyledon

In this volume we have employed both terms, and so long as that
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of endogenous is properly understood, it can lead to no confusion

in its application.

As the fibro-vascular bundles of an endogenous stem, in the

course of their successive development, are always directed at

first towards the centre, it must necessarily follow that those

previously formed will be gradually pushed outwards, for which
reason the outer part of a transverse section will always exhibit

a closer aggregation of bundles than the inside (figs. 177, /, and
192, A,b, c, d). 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 fibro-

vascular bundles, the constituents of which become, moreover,
more or less thickened in their interior, will be harder than the

Fig. 196. Fig. 197. Fig. 198.

Fig. 19G. The Dragon Tree of Teneriffe (Dracama Draco), now destroyed.

n'Jm Pr
lcoty leclou°us stern, with a woody twining plant around it.

1'ig. 198. Monocotyledonous stem encircled by a woody twiner.

upper. The rind in like manner, at the lower part, will become
harder, from the greater number of liber-cells which terminatem it. As endogenous stems increase in diameter, partly by the
formation of fibro-vascular bundles in their interior, and partly
by the general development of the parenchymatous tissue in
which they are placed, it follows that as soon as the rind has
become thus hardened by the liber-cells and other causes, it is
not capable of further distension, and the stem will conse-
quently become at length choked up by the bundles which con-
tinue to descend, and further growth is then impossible. It
is evident, therefore, that endogenous stems, unlike those of

H
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exogenous growth, cannot increase in diameter beyond a certain
limit, and that from the same causes also they cannot live beyuiid
a certain age.

Although, as a general rule, the stems of Palms and most
other Monocotyledons are thus limited in size and life, there
are some remarkable exceptions to this, as for instance in

Yuccas, and the Dracaenas or Dragon-trees (Jig. 190) ; in these

the rind is always
11 IG- 199

- soft and capable of

distension, and the
fibro-vascular bun-
dles, after having
reached it, are con-

tinued downwards as

fibrous layers be-

tween it and the
original fibro - vascu-

lar bundles, and thus
form a sort of wood
beneath, in success-

ive layers, somewhat
after the manner that

layers of wood are

produced by the cam-
bium layer of an exo-

genous stem. Such
endogenous stems,

'

like those of exoge-

nous growth, have
necessarily no limit

either to their size

or age.

It is in conse-

quence of the com-
paratively small in-

crease in diameter

which most endoge-

Fig.199. 1. TTnbranched stein of the Cocoa-nut Tnlm UOUS steins undergo
(Cocosnucifera), with, a tuft of leavesnt the summit, after they have ar-
2. Branched stem of Pandanua odoratissimut,with a ~ v „,i „4- „ ^Prfoin <>o-p

number of aerial roots arising from its lower part, r« 6tt at a certain ago,

and each branch terminated by a tuft of leaves, that twining plants
The figures are placed at the base to give some wnicn encircle them
idea of the height of the trees.

ft{ter ^ hajJ

arrived, do them no injury, frequently not even producing the

slightest swelling on their surface ; thus proving incontestably

that such stems do not increase in diameter after a certain age.

The effect of such twining plants is well seen in .fa. 198. If we

compare this figure with that of an exogenous stem {fig. 197),

with a woody twiner encircling it, we find a striking difference

;
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Fig. 200.

for here we observe extensive swellings produced, which show

the increase in the diameter of the stem after the twiner has

encircled it. Such a comparison shows, in a very striking and

conclusive manner, the characteristic peculiarities of the growth

of exogenous and endogenous stems.

Growth by Terminal Buds.—In Palms (fig. 199, l), and most

commonly in other Monocotyledons, there are no branches,

the stems of such plants having no power of forming lateral

buds, from which branches can alone be produced (see page

106). These plants, which frequently rise to the height of

150 feet or more, therefore grow simply by the development

of a terminal bud, which when it unfolds crowns the summit

with a tuft of leaves, which are commonly of great size.

Monocotyledonous stems are consequently exposed throughout

their whole length to, as far as

possible, the same influences as

regards their increase in dia-

meter, and we find accordingly,

that, as a rule, such stems are

almost uniformly cylindrical

from below upwards, being of

the same diameter throughout

(fig. 199, l), instead of conical,

as in trees of exogenous growth.

In such plants, therefore, the

destruction of the terminal bud
necessarily leads to their death,

as they are then deprived of all

further mode of increase. In
some monocotyledonous trees,

however, more than one bud is

developed ; thus in the Doum
Palm of Egypt two buds are

formed, so that the stem is forked

above (fig. 200) ; each branch
again develops two other buds Fig. 200. The Doum Palm of Egypt

at ih nnPY in likp manner and (.Hyphaine ihebaim), showing forked
at its apex m 11 ice manner, aim

stem and branches.
this mode of growth is continued

with the successive branches, which are therefore also forked

(false dichotomy). In other Monocotyledons we have lateral

buds formed as in those of Dicotyledons ; this is the case

in the Asparagus, the Screw Pine (fig. 199, 2), and the Dra-

caenas (fig. 190) ; and as the lower part of such stems receives

more fibro-vascular bundles than the upper, they are necessarily

larger in their diameter at their base, and thus these stems are

conical or taper upwards like those of Dicotyledons.

Anomalous Structure of Monocotyledonous 8tem,s.—Some
monocotyledonous steins present an anomalous structure

;

thus, in most Grasses the stem is hollow (fig. 201, cC), except
11 2
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at the nodes, b, where the leaves arise, at which parts solid

partitions are formed across the cavity, by which it is divided
into a number of separate portions. Such stems when exa-

mined at their first development present the usual endogenous
structure, but in consequence of their growth in diameter taking

place more rapidly than new matter can be deposited in their

interior,' the central tissue becomes ruptured, and they soon
become hollow.

In the stems of some other Monocotyledons we have a more
striking deviation from the ordinary structure. Thus the

species of Sarsaparilla and some allied plants have aerial stems

which are strictly endogenous in structure, and underground

stems which have the fibro-vascular bundles arranged in a ring

Fig. 201. Transverse section of the stem of the common Reed. a. Cavity

closed at the bottom by a partition, b. Annular scar indicating the

point (node) where the leaf was attached Fig. 202. Half of a trans-

verse section of the underground stem of a species of Snrsaparil'a.

a. Epidermal tissue, b, c, d. The cortical portion, e. Woody ring.

/. Central parenchyma.

( fig. 202, e), around a central parenchyma, /, like the wood about

tire pith of an exogenous stem : such fibro-vascular bundles have,

however, no cambium layer like that which forms the rings of

wood of an exogenous stem, and have consequently no power

of indefinite increase like them.

Age of Monocotyledonous Trees.—There is nothing in the

internal structure of endogenous stems by which we can ascer-

tain the age of monocotyledonous trees as in those of exo-

genous structure. It is supposed that the age of a Palm tree

is indicated by the annular scars {fig. 199, l) which are produced

on the external surface of its stem by the fall of the terminal

tufts of leaves ;
for, as one tuft only is commonly produced

annually, each ring marks a year's growth, and hence the number

of annular scars corresponds to the number of years the tree

has lived. Although it is true that in some few cases such a
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rule may enable us to ascertain the age of a Palm, and probably
also that of some other monocotyledonous trees, not the slightest

dependence can be placed upon it in any particular instance,

for there are frequently several rings produced on the stems of

monocotyledonous plants in one year, and these again often
disappear after having existed for a certain period. The best
means of ascertaining the age of Palms is by noting their

increase in height in any one year's growth, and then, as such
stems grow almost uniformly in successive years, by knowing
their height we can determine their age. This mode, however,
of calculating their age is very liable to error, and can be moreover
but of limited application from the absence of data to work upon

;

hence we must come to the conclusion that at present we possess
no trustworthy means of determining the age of Monocotyle-
dons.

C. Acrogeitous Stem, or the Stem of Cormophytes.—The
simplest form of stem presented by Cryptogamous plants is that
seen in Liverworts (Jig. 8), and in Mosses (Jiffs. 9 and 10). In
such a stem we have no vessels, but the whole is composed of
ordinary parenchyma, with occasionally a central cord of slightly
elongated cells with somewhat thickened walls. In the stems of
Club-mosses (Lycopodiacese) (Jig. 12), Selaginellas(£e/a</me#ctcece),
Pepperworts (Marsileacege), and Horsetails (JEquisetacece) (Jig. 13),
we have the simplest forms of acrogenous stems, and the com-
position of the fibro-vascular bundles, of which they are com-
posed, and their mode of growth, have been already described
(see page 78). The vessels found in the fibro-vascular bundles of
the Lycopodiaceas are commonly spiral, and in those of the
Equisetacese annular ; and as these bundles grow by additions to
their apex, the stems of Cormophytes are termed acrogenous.

In the Ferns (Filices) we have the acrogenous stem in the
highest state of development. The Ferns of this country are
comparatively but insignificant specimens of such plants, for in
them the stem merely runs along the surface of the ground, or
burrows beneath it, sending up its leaves, or fronds as they are
commonly called, into the air, which die down yearly (fig. 14).
In warm regions, and more especially in the tropics, we find such
plants much more highly developed. Here the stem rises into
the air to the height of sometimes as much as forty feet (Jig. 15),
and bears on its summit a tuft of fronds. In their general ap-
pearance externally these Tree-ferns have great resemblance to
monocotyledonous trees, not only in bearing their foliage like
them at the summit, but also in producing no lateral branches,
and being of uniform diameter from near their base to their apex.
The outside of the stem of a Fern is marked with a number
of scars, which have a more or less rhomboidal outline (Jig.
203). The surface of these scars presents little hardened
projections, c, or darker-coloured spots, which appearance is
produced by the rupture of some of the elements of the fibro-
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vascular bundles proceeding to the leaves, by the fall of which

organs the scars have been produced.

Internal Structure of Fern Stems.—Upon making a transverse

section of a Tree-fern it presents, as we have already briefly

noticed (see page 75), the following parts :—Thus in the centre,

when young, a parenchyma (fig. 178, m), the cells of which have

thin walls ; but in old stems this central parenchyma is destroyed,

so that the stem becomes hollow. Towards the outside of this

parenchyma, and just within the rind, we find the so-called

wood (fibro-vascular bundles), arranged in the form of irregular,

sinuous, or wavy plates, v, v, v. These masses of wood have

generally openings between them, by means of which the

parenchyma beneath the rind and that of the centre of the stem

communicate ; but in other cases these woody masses or plates

touch each other at their margins, and thus form a continuous

circle within the rind. These masses, as already noticed, consist

Fig. 203. Fig. 204.

Fig. 203. Ehizome of Male ^(Mpidium miir^as),m^ied.e^ê l7^
rhomboidal scars, winch present aark-ooloureapro]eotions,c.—-Fig. 204.

Vertical section of the dichotomous or forked stem of a Tree-fern.

of closed fibro-vascular bundles, the vessels of which are chiefly

scalariform in their character ; these are situated m the centre

of the bundles, where they may be readily distinguished by

their pale colour (fig. 178, v, v, v). External to them are

usually a few layers of parenchymatous cells, which contain

starch in the winter, and amongst which are situated some wide

sieve or lattice-cells. The whole is surrounded by a single

layer of cells, the walls of which are usually more or less hgnined

and dark-coloured, thus constituting the tissue termed ,1»
chyma, and forming what has been called the

^'"^J;
The tissues external to the fibro-vascular bundles constitute

collectively what has been termed the rind (fig. 1/8, e).

Growth by Terminal Buds.-W* have a ready stated that

Tree-ferns have no branches (fig. 15). This absence o bmd^
arises from their having, like Palms, no provision for lateral

buds he ce the cylindrical form of stem which is common to

them asX the stems generally of Monocotyledons. For the
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same reason, also, they are rarely of great diameter Some

Ferns however, become forked at their apex {fig. 204) ;
which

forking is produced by the division of the terminal bud into

two (true dichotomy), from each of which a branch is formed (see

page 109) But such branches are veiy different from those of

dicotyledonous stems, which are produced from lateral buds, for,

as they arise simply from the splitting of one bud into two, the

diameter of the two branches combined is only equal to that ot

the trunk, and in all cases where acrogenous stems branch, the

diameter of the branches combined is only equal to that of the

axis from whence they are derived. As acrogenous steins only

<*row by the development of a terminal bud, the destruction of

that bud necessarily leads to their death (page 106). There is

nothing in the internal structure or external appearance of such

stems by which we can ascertain their age.

2. Buds and Ramification.—We have already stated (page

14) that the presence of leaves and leaf-buds is the essential

characteristic by which a stem may be distinguished from a

root. The leaves will be treated of hereafter, but we have

now to allude to the parts of the stem from whence they arise,

and to describe the nature of leaf-buds, and the mode in which

branches are formed.

Leaves are always developed at regular points upon the

surface of the stem, which are called nodes (fig. 208, c, c, c), and

the intervals between them are termed internodes, d, d. Gene-

rally the arrangement of the tissue of the stem at the nodes is

somewhat different to that in the internodes ; thus at a node it

exhibits a more or less contracted or interrupted appearance,

which arises from a portion of its fibro-vascular tissue being given

off to enter into the structure of the leaf. This appearance

is most evident in those cases where the internodes are clearly

developed and especially if under such circumstances the leaf

or leaves which arise encircle the stem, as in the Bamboo and

other Grasses ; in such plants each leaf causes the formation of

a hardened ring externally (fig. 201, b), and thus produces the

appearance of a joint or articulation, and indeed, in some cases,

the stem does readily separate into distinct portions at
_
these

joints, as in the common Pink, in which case it is said to hejointed

or articulated.

A. Leaf-buds on Buds.—Under ordinary circumstances we
have developed in the axil of every leaf a little more or less

conical body called a leaf-bud, or simply a bud (fig. 205, a, a).

In like manner, the apex of a stem, as well as of all its main
branches and twigs which are capable of further elongation, is

also terminated by a similar bud (fig. 207). In a Dicotyledonous

plant each bud, whether lateral or terminal, is produced by an

elongation of the parenchymatous system of the stem or one of

its divisions, and consists at first of a minute conical central

parenchymatous mass (fig. 206, i), which is connected with the
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pith, a ; around this spiral and other vessels and wood cells are

soon developed, also in connexion with similar parts of the wood,

b, b ; and on the outside of these, in a parenchymatous mass

which ultimately becomes the bark, we have little cellular pro-

jections developed, which are the rudimentary leaves. As growth

proceeds these parts become more evident, and a little more or

less conical body is ultimately produced at the apex of the stem

or branch (Jig. 207); or laterally in the axil of the leaves, c, and

the formation of the bud is completed. In like manner the

buds of Monocotyledonous and Acrogenous plants are connected

Fig. 205. Fig. 206.

Fig. 205. Branch of Oak with alternate leaves and leaf-buds in their axils

a a Buds b b Leaves. Fig. 206. Vertical section throughithe end of

aWig of the Horsechestnut (JSscuZus Hippocastanum). before the bursting

of the bud. After Schleiden. «. The pith, b, b. The wood, c, c. The

bark d d. Scars of leaves of former years, e, e. The fibro-yascular

bundles of {hose leaves. /./. The axillary buds of

scales and flbro-vascular bundles, g. Terminal bud at.the twig ending m
a rudimentary flowering panicle, h, h. Scars formed by^ lal'ing ofllof

the lowest scales of the bud, and above these may be seen the closed

scales wfth the!? flbro-vascular bundles, i. Medullary mass leading from

the pith, a, into the axillary bud, s,/,/.

with both the parenchymatous and fibro-vascular systems of

their stems ; but in these plants, as we have seen, there are, as

a general rule, no lateral buds.

The buds of temperate and cold climates, which remain

dormant during the winter, and which are accordingly exposed

to all its rigours, have generally certain protective organs de-

veloped on their' outer surface in the form of modified leaves

(cataphvllary), which are commonly called scales (page 140).

These are usually of a hardened texture, and are sometimes
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covered with a resinous secretion, as in the Horsechestmit and
coverea wu.il

_ coating of soft hairs

oHown'a n somefews! Such scales, therefore, by inter-

pos n^ bet veen the tender rudimentary leaves of the bud and

the air a thick coating of matter which is a bad conductor of

heat and in oluble in water, protect them from the influence

of external circumstances, by which they would be otherwise

injured or even destroyed. Buds thus protected are Borates

tSmed scaly. In the buds of tropical regions, and those of

heibaceous plants growing in temperate climates which are not

Sus exposeS to the influence of a winter, such protective organs

would be unnecessary, and are accordingly absent, and hence all

Fig. 207. Fig. 208. Fig. 209.

Fin "07 A shoot one year old of the Horsechestnut, with terminal bud.

a' Scar produced by the falling off of the bud-scales ot the previous year

lb Scars caused by the falling off of the petioles of the leaves of the

present >°ear, with buds, c, in their axils. Fig. 208 Dmgram to illus-

trate tlie growth of the shoot from the bud. c, c, c. The nodes where the

leaves are situated, d, d. The internodes developed between them.

Fig 209. Shoot of the Lilac (Syringa vulgaris), showing suppression of

the terminal bud, and two lateral buds in its place (false dichotomy).

the leaves of these buds are nearly of the same character. Such

buds are called naked. In a few instances we find even that

the buds of perennial plants growing in cold climates, and

which are exposed during the winter, are naked like those of

tropical and herbaceous plants. Such is the case, for instance,

with the Alder Buckthorn (Rhamnus Frangula), and those of

some species of Viburnum.
These protective organs of the bud are commonly, as we have

just mentioned, termed scales, but they have also received the

name of tegmenta. That such scales are really only modified

leaves adapted for a special purpose, is proved not only by their

position with regard to the true leaves, but also from the gradual

transitional states, which may be frequently traced from them

to the ordinary leaves of the bud. These scales have only a
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temporary duration, falling off as soon as the growth of the bud
commences in the spring.

The bud thus contains all the elements of a stem or
branch

; in fact it is really the first stage in the development
of these parts, the axis being here so short that the rudimentary
leaves are closely packed together, and thus overlap one an-
other. When growth commences in the spring, or whenever
vegetation is reanimated, the internodes between the leaves be-
come developed {fig. 208, d, d, d), and these therefore become
separated from one another, c, c, c, and thus the stem or branch
increases in length, or a new branch is formed. In other words,
the leaves, which in a bud state overlap one another and sur-
round 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 the
joints of a telescope become separated from one another by
lengths of tube when it is drawn out. The branch, therefore,
like the bud from which it is formed, necessarily contains the
same parts as the axis upon which 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 by the development of tissue at

the point where the branch springs from the axis. But when
a branch becomes broken off close to the wood, and there are
no buds upon it to continue its growth, it becomes ultimately
enclosed by the successive annual layers of wood, and thus a
knot is formed.

From the above circumstauces it follows that a bud resembles
in its functions the embryo from which growth first commenced,
and it has accordingly been 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 a terminal

bud, 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 one another, and benefit the whole mass to which

they belong. In Dicotyledonous trees, which form lateral or

axillary buds, the destruction of a few branches is of no con-

sequence, as they are soon replaced ; but in Palms, and most

other monocotyledonous trees, and also in those of Cormophytcs,

which develop only from terminal buds, the destruction of these

under ordinary circumstances, as we have seen (pages 99 and

103), leads to their death.

The buds or similar parts, of which a tree, or other Dicotyle-

donous plant, may thus be shown to be made up, being thus

distinct individuals, as it were, in themselves, are also capable
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of being separated from their parents and attached tc
>
othermb-

SviduJs o
P
f the same, or -n o «^ WJ« ^o

branch with one or more bud upon it may b ^
the earth (fig. 230). lne operations u

_
ir

°
uinstance ; and

Layering depend for their success upon tins Xk parents and
in some plants buds naturally separate fiora their pare ,

Produce new individuals. These ope^ons a e o^^rnpo^
ance in horticulture, because all plants raisecioy

specific identity. , . ,
n

f developing
It sometimes happens that a leaf-bud, uisteaa

^
01 u i «,

as usual, so as to form a symmetrical leaf-bearing branch,

Fig. 210. Fig. 211. Fig. 212.

Fin no Branching spine of the Honey Locust (Gleditschia). Fig,,211.

Spine of a species of Thorn. Fig. 212. Leafy spines of the common Sloe.

comes arrested in its growth, and forms a hardened simple or

branched projection terminating in a more or less acute point,

and usually without leaves, as m Thorns (Jig. 211), We-

ditschia (fig. 210), and many other plants. Such an irregularly-

developed branch is called a spine or thorn. That the spines

are really modified branches is proved not only by their struc-

ture, which is exactly the same as the stem or branch upon

which they are placed, but also by their position in the axil of

leaves
;
by their sometimes bearing leaves, as in the Sloe (fig.

212) and Spiny Rest-harrow ; and by their being frequently

changed into ordinarv leaf-bearing branches by cultivation, as

in the Apple and Pear. Spines are sometimes confounded

with prickles, already described (page 06), but they are readily

distinguished from these by their structure and connexion

with the internal parts of the stem ; the prickles being merely
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formed of hardened parenchyma, arising immediately from, and
in connexion only with, the epidermal tissue and layer of cells

beneath.
Another irregularly developed branch is the tendril or cir-

rhus : this term is applied to a thread-like leafless branch, which
is twisted in a spiral direction, as in the Passion-flower (Jig. 213,

v, v). 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 may
be also observed in the Vine (Jig. 214, v, v, v), where they are

regarded by many botanists as the terminations of separate axes,

or as transformed terminal buds.

Fig. 213. Fig. 214.

Fig. 213. A portion of the stem of Passiflora guadrangularii. v, v. Tendrils.

Fig. 214. Part of the stem of the Vine, v, v, v. Tendrils.

Both spines and tendrils are occasionally produced from

leaves and some other organs of the plant ; these peculiarities

will be referred to hereafter, in the description of those organs

of which they are respectively modifications.

B. Ramification or Branching.—In the same way as

branches are produced from buds placed on the main axis or

stem, so in like manner from the axils of the leaves of these

branches other buds and branches are formed ;
these again will

form a third series, to which will succeed a fourth, fifth, and so

on. The main divisions of the stem are called branches, while

the smaller divisions of these are commonly termed twigs.

The general arrangement and modifications to which these are

liable are commonly described under the name of r<mijkation

or branching, which may bo defined as the lateral development
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are pruuuc
branchings called monopo^ftL lhib is,

SSSg; ie'^lrXt- of branching in the

although there ere some apparent exceptions But.when the

terminal bud or growing point bifurcates, and thus pioduces

Fig. 215.
Fig. 216.

Fin 215 Diagram of normal or true dichotomous branching, showing the
F
to teaSs equally developed in a^>»™%££%g^ft"
viding in succession in a similar way. -Fig. 216.^&a™°xJ^oa^
dichotomous branching. A. Bostrycoid or Helicoid dichotomy B

CicinalTr Scorpioid dichotomy. In A, the left-hand branches I, I, I, of

=uccessWe dichotomies are much more developed than the right, r, r, r, r.

In B the left-hand branches, I, I, and those of the right-hand, r, r, are

alternately more vigorous in their growth. After Sachs.

two shoots, so that the foot or podium bears two branches

arranged in a forked manner (fig. 215), the branching is termed

Mchotomous. This form is common in many of the Cryptogamia

(fiq. 204). , . ,

In dichotomous branching we have also two forms : one

which is termed true or normal dichotomy, m which the two

branches continue to develop equally in a forked manner—that

is each becomes the podium of a new dichotomy (fig. 215) ;
and

a second, in which one branch grows much more vigorously than

the other, when it is called sympodicd (fig. 216, A and B). In

this latter case, owing to the unequal growth of the branches,

the podia of successive bifurcations form an axis which is termed

the pseud-axis or sympodium, on which the weaker fork-branches

or bifurcations appear as lateral branches (fig. 216, A, r, r, r r,

and B r I T, I, r). This branching might at hrst sight be

confounded with the monopodial form, where we have a con-

tinuous axis giving off lateral branches ;
but it differs in the
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fact that here the apparent primary axis consists of a succession

of secondary axes.

In sympodial branching, again, the sympodium may be
either formed of the fork-branches of the same side (left or

right) of successive dichotomies (fig. 216, A, I, I, I) ; or it may
consist alternately of the left and right fork-branches or bifur-

cations (fig. 216, B, r, I, r). In the former case it is called

helicoid or bostrycoid dichotomy ; in the latter, scorpioid or cicinai

dichotomy. .

Of tlie monopodial branching there are also two forms, the

racemose and the cymose. In the first the primary axis continues

to develop upwards and gives off acropetally lateral branches

from axillary buds ; which also give off lateral branches in a

similar manner ; but in the second form the lateral axes at an

early age develop much more vigorously than the primary axis

and become more branched than it. It is in this way—that in

some plants, by the suppression of the terminal bud, and the

subsequent vigorous growth of the closely arranged lateral buds

forming two shoots apparently radiating from a common point,

as if caused by the division of the terminal bud, as in true

dichotomous branching—an apparent but false dichotomy is

produced, which is called a dichasium or false cyme. This sup-

pression of the terminal bud may occur naturally, as in the

Lilac (fig. 209), or accidentally from frost or other injury.

These modes of brandling will be again alluded to under the

head of Inflorescence, in which their more practical application

arises.

All lateral or axillary buds are called regular or normal, and

their arrangement in such cases is necessarily the same as that

of the leaves. Again, as branches are formed from buds thus

placed, it should follow that their arrangement should also cor-

respond to that of the leaves. This corresponding symmetry,

however, between the arrangement of the branches and that of

the leaves is interfered with from various causes. Thus, in the

first place, by many of the regular buds not being developed.

Secondly, by the development of other buds which arise irregu-

larly at various other points than the axils of leaves : these are

called, from their abnormal origin, adventitious. And, thirdly,

by the formation of accessory buds.

1 Non-development of the Regular Buds.—This frequently

takes place irregularly, and is then altogether owing to local or

special causes ;
thus, want of light, too much crowding, or bad

soil may cause many buds to become abortive, or to perish

after having acquired a slight development. In other instances,

however this non-development of the buds takes place in the

most regular manner ;
thus, in Firs, where the leaves are very

closely arranged in a spiral manner, the branches, instead of

presenting a similar arrangement, are placed in circles around

the axis, at distant intervals. This arises from the non-d^c-
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lopment of many of the buds of the leaves forming a spire

which is followed by the development of the buds m the axils of

other leaves successively ;
and as such leaves are thickly placed,

we are unable, after the development of the branches, to trace

clearly the turns of the spire, so that they appear to grow m a

CU
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Adventitious Buds.—These have been found on various

narts of the plant, as on the root, the woody part of the stem

the leaves, and other organs. Thus, when a tree is pollarded,

that is when the main branches and the apex of the trunk are

Fig. 217. Fig. 218.

Fig. 219.

Fig 217 Leaf of Bryoph'jUum cnlycinum with buds on its margins. Fig. 218.

End o£ the leaf of ilulaxis paludosa, with buds, b, b, on its margins.

cut off, the latter becomes so gorged with sap that a multitude

of adventitious buds are formed from which branches are deve-

loped. The branches thus produced by pollarding are, however,

to a certain extent, also caused by the development of regular

buds which had become latent from some cause having hitherto

interfered with their growth.

In every instance the adventitious buds, like the normal

ones, take their origin from parenchymatous tissue. Thus, if pro-

duced on the stem or branches, they come from

the ends of the medullary rays ; or when de-

veloped upon leaves, they may arise from their

margins, as in Malaxis pcdudosa (fig. 218, b, b),

and Bryophijlhimccdycinum (fig. 217) ; or from

their surface, as in Ornithogalum ihyrsoideum

(fig. 219, b, b, b). Leaves thus bearing buds

are called proliferous. Such buds are naturally

formed on the leaves of the above-named

plants, and occasionally on others ; but they

may also be produced artiticially on various

leaves, such as those of species of Gesnera,

Glajyima, and A chimenes, by the infliction of

wounds, and then afterwards placing them in

a moist soil, and exposing them to the other

influences which are favourable for the growth of buds. The
buds developed on the leaves, in such cases, ultimately form inde-

pendent plants, and this process is therefore constantly resorted

to by gardeners as a means of propagation. These adventitious

Fir/. 219. A portion

of the leaf of Or-

nithogalum thyr-

soidelim, showing
buds, b, b, b, on
its surface.
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buds differ from those commonly produced in the axils of leaves,

or at least from those which remain dormant during the winter,

in being smaller, and having no external protective organs or

scales.

Embryo-Buds.—In some trees the adventitious buds, instead

of being developed on the outside of the stem or branch, are

enclosed in the bark ; such have been called embryo-buds or

embryo-nodules. They may be readily observed in the bark of

certain trees, such as the Cork-oak, the Beech, and the Cedar of

Lebanon, in which they produce externally little swellings,

which, when examined, are found to be owing to the presence

of these nodules, which have a more or less irregular ovoid (fig.

220) or spheroidal form, and woody texture. Upon making a

transverse or vertical section of one of them (fig. 221), we

observe a central pith surrounded by a variable number of

concentric rings of wood according to its age, as m the wood

of ordinary trees, and traversed by medullary rays
;
in fact, it

has all the structural parts found in the branch or trunk

Fig. 220. Fro. 2?1.

Fia 220 Embryo-bud or embryo-nodule of the Cedar.- Fig. 221. A vertical

section o£ the same surrounded by the bark.

of a Dicotyledonous tree. In the course of their develop-

ment, these embryo-buds frequently reach the wood, with the

orowth of which they then become confounded, and thus form

what are called knobs. In other cases a number of nodules

meeting together on the surface form an excrescence, lhat such

nodules are analogous to buds is further proved by the fact of

their sometimes producing a short branch from their summit,

as in the Cedar of Lebanon and Olive. Those of the latter

plant, under the name of Uovili, are really employed for its

propagation.^
Bnds _The thh,d cause of irregularity in the

distribution and appearance of branches arises from the multi-

P cation of buds in the axils of leaves. Thus instead of one

bud we have in rare- cases two, three, or more, thus situatedS 2^2-224) ; such are called accessory buds. These buds

mav be either placed one above the other, or Bide by side.

Ss m certain Willows, Poplars, and Maples, we have three

SpSced side by ride (fig. 222, a), which frequently give rise



FASCIATED BRANCHES —EXTRA-AXILLARY BRANCHES. 113

to a corresponding number of branches. In some Aristolochias,

in Walnuts (Jig. 223, b), in the Tartarian Honeysuckle (.fa.

224 b) and other plants, the accessory buds are arranged one

above the other. Sometimes the uppermost bud alone develops

( lid 923 b), as in the Walnut, and thus the branch which is

formed arises above the axil of the leaf, in which case it is said

to be extra-axillary. In the Tartarian Honeysuckle {Jig. 224,

b) 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° as the Larch, and Ash, and frequently in herbace-

ous plants, these accessory buds, instead of forming separate

branches, become more or- less united, and the branches thus

Fig. 222. Fig. 223. Fig. 224.

Fig. 222. Branch of a species of Maple with three buds,

a, placed side by side. Fig. 223. A piece of a
branch of the Walnut-tree. p. The petiole having
in its axil a number of bud3 placed one above the
other, the uppermost, 6, most developed. Fig. 224.

A piece of a branch of the Tartarian Honeysuckle
(Loniceru /ar/arica), bearing a leaf,/, with numerous
buds, b, in its axil, placed above one another, the
lowermost being the most developed.

produced then assume a more or less flattened or thickened

appearance. Such abnormal branches are commonly called

fasciated. These branches may, however, be produced by a

single bud developing in an irregular manner.

Besides the above three principal sources of abnormal or

irregular development of the branches, some minor ones also

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 branch, which then appears to arise from above

the axil of the leaf ; or to the petiole, when it appears to arise

from below it. Other irregularities also occur, but they are of

little importance compared with those already mentioned.

3. Of the Forms and Kinds of Stem and Branches.—In

form the stem is usually more or less cylindrical, while in other
I
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cases it becomes angular, and in some plants, particularly in

those of certain natural orders, as the Cactacese, Orchidacea;,

Euphorbiaceee, &c, it assumes a variety of anomalous forms.

Thus in many epiphytical Orchids it becomes more or less

oval or rounded, and has received the name of Pseudobulb

(fig. 25G, b, b) ; in the Melon-cactus it is globular ; and in other

Cacti it is columnar, more or less flattened, or jointed. In the

Tortoise or Elephant's-foot Plant (Tedwiinaria elephamtipes), it

forms a large rough irregular mass.

Fig. 225. Fig. 226. Fig. 227.

Fig. 226. Twining stem of Honeysuckle.

In general, stems possess a firm texture, and can therefore

readily sustain themselves in an upright position ; but at other

times they are too weak to support themselves, and then either

trail along the ground, or attach themselves to some other plant

or neighbouring object. In such cases, if they trail on the

ground, they are said to be procumbent or prostrate ;
or if when

thus reclining they rise towards their extremity, they are decum-

bent; or if they rise obliquely from near the base, asceiuhmi.

But if, instead of resting on the ground, they take an erect

position and cling to neighbouring plants or other objects for

support, they are called climbing if they proceed in a more or less
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rectilineal direction, as in the Passion-flower (fig. 213), where they

adhere to other bodies by means of little twisted ramifications

called tendrils, r, v ; or in the Ivy, where they emit little aerial

roots from their sides, by which they cling to neighbouring

bodies (jig. 225, a, a). Or if such stems twist round other

bodies in a spiral manner they are said to be twining ;
and this

twining may take place either from right to left, as m some

Convofvuli {Jig. 227), French Bean, and Dodder ;
or from left

to right, as in the Honeysuckle {Jig. 226), Hop, and Black

Bryony or first in one direction and then in another, irregu-

larly, as in the White Bryony. The climbing and twining

stems of cold and temperate regions are generally herbaceous

or die annually, although we have exceptions in those of the

Ivy, Clematis, and Honeysuckle, which are woody. In tropical

climates these woody climbing and twining stems often occur ;

these are called Zianos or lianes, and they frequently ascend to

the tops of the loftiest trees, and then either descend to the

ground again, or pass to the branches of neighbouring trees.

° The stem has received many names according to its nature.

Thus it is called a cavMs in plants which are herbaceous, or die

down annually to the surface of the ground ; a trunk, as m
trees, where it is woody and perennial ; 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.

Herbs, Shrubs, and Trees.—From the nature, duration, and

mode of branching of stems, plants have been arranged from the

earliest periods in three divisions, called, respectively, Herbs,

Shrubs, and Trees. Thus, those plants which have stems that die

down annually to the surface of the ground are called herbs
;

while those with perennial aerial woody stems are denominated

trees or shrubs according to circumstances, as described below.

Herbs are also further characterised as annual, biennial, and

perennial. Thus they are annual when they only live through one

season, that is, between the spring and winter ;
biennial, when

they spring from seed in one season, and die in the second, after

producing flowers, fruit, and seed ; and perennial, when they ger-

minate from seed in one season, and continue to live through

a succession of years, and annually send up an herbaceous

stem. The term tree is applied if the branches are perennial

and arise from a trunk. When the branches are perennial and

proceed directly from, or near to, the surface of the ground, with-

out any trunk, or where this is very short, a shrub is formed ;

this when low and branched very much at the base, is denomi-

nated a bush. The term undershrub is also applied to a small shrub

which is intermediate in its characters between an ordinary

shrub and an herb ;
thus, when some of its branches generally

perish annually, while others are more or less permanent. All

the above kinds of stems are connected by intermediate links,

so that in many cases they are by no means well defined.
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If the terminal bud of a stem is continually developed, the

axis upon which it is placed is prolonged upwards from the

earth to its summit, giving off branches from its side, as in most

Firs ; such a stem has been termed excurrent. When the main

stem is arrested in its growth 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

different kinds of growth influence materially the general form

of trees. Thus, those with excurrent stems are usually more or

less conical or pyramidal ; while those with deliquescent stems

are rounded or spreading. The general appearance of trees also

depends upon the nature of the lateral branches, and upon the

angle which they make with the stem from which they arise.

Thus, if the branches are firm, and spring at an acute angle to

the stem, as in the Cypress and Lombardy Poplar, they are

erect, and the tree is more or less narrowed ; if they come off at

a right angle, the branches are spreading, as in the Oak and

Cedar ; if the angle is very obtuse, or if the branches bend

downwards from their origin, as in the Weeping Ash and Weep-

ing Elm, they are termed weepmg or pendulous ; or 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 differences in the general appearance

of trees. Thus, if the lower branches are the longest and be-

come shorter as they approach the top, the whole will take the

form of 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.

Kinds of Stem and Branches.—We have seen that the

stem (page 73), when first developed, always passes upwards,

while the root at the same time passes downwards. In many

instances this original direction of the stem is continued more or

less throughout its life, but in other plants the terminal bud

either acquires an irregular development, and the stem runs

along, or remains under, the surface of the ground
;
or it

perishes altogether at a very early period, and an axillary

branch takes its place, which also, by developing laterally, will

likewise continue near the surface of the ground, or burrow

beneath it. From these peculiarities in the direction and growth

of stems and branches, we have a number of modifications winch

we now proceed to describe. These are best treated of, m a

practical point of view, under two heads, namely, those which

are aerial, and those which are subterranean. W e can, however,

bv no means draw a distinct line between the modifications ot

stem which these two divisions respectively contain, as certain
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forms occasionally pass from one into the other, thus being both

subterranean and' aerial at different points, or at different

periods of their course. .

1. Aerial Modifications of the Stem and Branches.—01 these

the more important are the runner, the offset, the stolon, the

sucker, and the rhizome. _ . #

a. T/ie .Rwwwsr or Flagellum (fig. 228).—This is an elon-

Fig. 228.

Fig. 230.

Fig. 229.

Fig.MB. A portion of the common Strawberry plant, a'. An axis producing

a tuft of leaves at its extremity, the upper of which, r, are well developed

and green, and the lower rudimentary. From the axil of one of the latter

a second axis or runner, a", arises, bearing a rudimentary leaf, J', near the

middle, and a cluster of leaves, r, at its end. a,
1". A third axis produced

in a similar manner to the former. /,/. Roots or rootlets. Fiy. 229.

Offset of Sempetiioum. Fig. 230. riant showing the process of layering.

gated, slender, prostrate branch, a', sent off from the base of

the stem, and giving off at its extremity leaves, r, and roots, /,

and thus producing a new plant, which extends itself in a similar

manner. This is well seen in the common Strawberry.

b. The Offset (fig. 229).—This is a short, prostrate, more or
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less thickened branch, which produces at its apex small roots

and a tuft of leaves, and thus forms an independent plant, which

is capable of producing other offsets in a like manner. It is well

seen in the Houseleek. This differs very little from the ordinary

runner, except in being shorter, somewhat thicker, and its leaves

distinctly tufted.

c The Stolon.'—Thia is a branch given off above the surface

of the earth, but which curves or proceeds downwards towards

it and when it reaches a moist spot it sends rootlets into the

ground, and a stem upwards into the air, and being thus

capable of acquiring food independently of its parent, it ulti-

mately forms a new individual. The Currant, Gooseberry, and/fr

other plants, multiply in this way. All such plants are said tc^»

be stoloniferous. Gardeners imitate this natural formation of

new individuals when they lay down a branch into the earth,

from which a new plant is ultimately formed ;
this process is

technically called layering (fig. 230).

Fig. 231.
FlG

-
232,

Figs. 231 and 232. Suckers of species of Mentha.

d The Sucker (figs. 231 and 232).-This is a branch which

arises from the stem below the surface of the earth, and which,

after proceeding in a horizontal direction for a certain distance,

and Jvin
'
off lfttle roots or rootlets in its course, turns upwards

SSSSX and ultimatelyta«in«jfjg
thus producing suckers are said to be £oo* «™mPle

|
of this kind of stem are seen m the Rose, the

the Mint. The sucker can scarcely be said to dvffei in any

eseS particulars from the stolon, except ^ XTfiS
subterranean, and ultimately aerial ; whereas the stolon is hrst

^S^SZ£TSSS^ (figs. 233 and234).-Thisisa

• prolate tMckened stem or branch running along the surface c£

tbp around or more generally partly beneath it, and grun0 ou

^Xootsor rootteta from its lower side, and leaves and buds
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from its upper. These stems sometimes creep for a long distance

in this way, and have their upper surface then marked by scars

( fig 234, c, c), which are caused by the falling off of former

leaves or of aerial herbaceous branches or flower-stalks, by which

character they may be commonly distinguished, even when in a

dried state, from true roots. Such stems are found in the Ins,

Sweet-flaw, Ginger, Turmeric, Solomon's Seal, Fern, and many

other plants. In some cases these rhizomes are placed m a

vertical direction in the earth (erect rhizomes), and they then

bear a <*reat resemblance to roots, as in the Devil's-bit Scabious

(Scabiosa succisa), where such a rhizome is commonly known as

a pmmorseroot (fig. 272). The rhizome being generally, as we

have seen, partly beneath the surface of the ground, forms there-

fore a natural transition to the description of subterranean stems.

Fig. 233.

Fig. 234.

Fig. 233. A portion of the rhizome of a species of his. Fig. 234. A por-

tion of the rhizome of the Solomon's Seal (Polygonatum mulliflorum). b.

Remains of the flowering stem of the present year. V. Terminal bud.

c, e. Scars produced by the decay of the flowering stems of the two pre-

ceding years, r, r. Bootlets.

2. Subterranean Modifications of the Stem and Branches.—All

these modifications of the stem and branches were formerly con-

founded with roots, and they are still thus designated in common
language. They are distinguished, however, from roots, either

by the presence of buds, or by scales (cataphyllary leaves), or by

the presence of scars on their surface which are produced by the

falling off of former leaves or buds. The different kinds of aerial

stems^described above, when partially subterranean, may be also

distinguished in a similar manner from roots.

a. The Creeping Stem (fig. 235).—This kind of stem is called

in common language a creeping root. It is a slender branch

which runs along beneath the surface of the earth, emitting small

roots from its lower side, and buds from its upper, in the same

manner as the rhizome, and it is considered by many botanists

as a variety of that stem. The only differences existing between

the creeping stem as defined above and the rhizome, are its
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more slender form, its commonly greater length, and its

entirely subterranean course. The Sand Sedge (Carexarenaria)

(Jig. 235), and the Couch Grass (Triticnm repens), afford

good examples of this stem. In some instances such stems

serve important purposes in nature ; thus those of the Sand

Sedge or Carex, by spreading through the sand of the sea-

shore, and in this way binding it together, prevent it from being

washed away by the receding waves. Others, like those of the

Couch Grass, are the pest of the agriculturist, who finds it very

difficult to destroy such stems by cutting them into pieces, for

as every node is capable of developing a leaf-bud and roots,

each of the pieces into which they will then be divided may

become an independent individual ; and therefore such a

Fig. 235.

Fia 235 Creeping stem of the Sand Cares (Carex armaria). 1. Terminal

bud by which the stem continues to elongate. 2, 3, 4. Shoots produced

from former buds.

process, instead of destroying such plants, only serves the

purpose of still further multiplying them by placing the

separated parts under more favourable circumstances for

development. . .

b The Tuber (figs. 23G and 23V).—This is a subterranean

stem or branch, arrested in its growth, and excessively enlarged

by the deposition of starch or other nutritious substance m its

tissue. It has upon its surface a variable number of little

buds, or eyes as they are sometimes called, from which new

plants are ultimately formed. The presence of these buds

indicates its nature as a kind of stem. This stem-like nature

of the tuber is also clearly proved by the practice commonly

adopted for propagating potatoes, the -tuber being oat into

pieces, each piece containing one or more buds. \V hen these

Pieces are placed under favourable circumstances for develop-

ment, the buds are at first nourished by the matter which

surrounds them, and are thus enabled to put forth roots and
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obtain nourishment for themselves, and in this manner to form

SMSTSLta. The Potato (fig. 236) and Jerusalem

Sichoke (fiq. 237), are good illustrations of tubers. A case

was reported in tU Gardener's Chronicle of a Potato plant m
Xch the buds in the axils of the true leaves above ground

Fig. 23G.

Fig. 236. Tubers of the common Potato {Solunum tuberosum).

showed a tendency to form tubers, (.fa. 238), by
_
which their

analogy to stems was also clearly indicated. The stem-like

nature of the tuber is likewise corroborated by the common

experience of gardeners, who, by surrounding the lower part

Fig. 23; Fig. 23S.

Fig. 237. Tubers of the Jerusalem Artichoke (Beltant&u luberosm).—-

Fig. 238. A monstrous brauch or bud of the common Potato. 1-rom the

Gardener's Chronicle.

of the aerial stems of the Potato with earth, convert the

buried buds (which under usual circumstances would have pro-

duced ordinary branches) into tubers, and thus increase then-

number.
The tubercules of certain terrestrial Orchids and other plants
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(Jigs, 2G1-263), which are described by us as enlarged roots, are
considered by some botanists as tubers. The tuber, however,
as defined above, is well characterised, and, in practice at least,

should be distinguished from them.
c. The Bulb.—This is a shortened, usually subterranean

stem or branch, generally in the form of a rounded or flattened

plate or disc (figs. 239-241, a), which bears on its surface a
number of fleshy scales or cataphyllary leaves ; or it may be
considered as a subterranean bud of a scaly nature which sends

oft' roots or rootlets from below (fig. 241, b), and a flowering

stem upwards (fig. 239, p, and figs. 240 and 241, d). The scales

are generally more or less thickened by deposition of nutritive

matters ;
these, therefore, serve as reservoirs of nutriment for

the future use of the plant, just as in other cases the enlarged

stems and roots serve a similar purpose. The true bulb is only

Fig. 239

Fig. 239. Vertical section of the scaly bulb of the Lily. a. Shortened axis or

stem. b. Lateral bulb or clove, p. Flowering stem. c. Scales.——Fig.

240. Vertical section of the scaly bulb of the Lily. Fig. 241. Scaly bulb

of the Lily. a. Shortened axis or stem. 6. Fibrous roots, c. Scales, d.

Flowering stem. The letters refer to the same parts in the two latter

figures.

found in Monocotyledons, as in the Lily (figs. 240 and 241),

Onion (fig. 242), and Tulip. The scales of a bulb, like the

leaves of a branch, have the power of developing in their axils

nsw bulbs (fig. 239, b) ; these are called by gardeners cloves, and

their presence is an additional proof of the analogy of a bulb

to a branch or bud. .

There are two kinds of bulbs commonly distinguished by

botanists, namely, the tunicated (fig. 242), and the scaly (fig*.

240 and 241). The tunicated buto is well seen in the Onion (fig.

242) and Squill. In this kind of bulb the inner scales, which

are thick and fleshy, enclose each other in a concentric manner,

and are covered externally by thin and membranous ones,

which form a covering or tunic to them, and hence the name

Hrm-atcd or coated, which is applied to it. In the scaly, or noted.

bulb, as it is also called (figs. 240 and 241), there are no outer
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dry scales ; but it is entirely composed of thick, fleshy, more or

less flattened ones, which simply overlap one another.

The young bulbs (doves) (Jig. 239, b), winch are developed in

the axils of the scales of bulbs, either remain attached to the r

parent, which they then commonly destroy by absorbing all its

stoied-up nutriment ; or more commonly they become separated

in the course of growth, and form independent plants

In the axils of the leaves of certain plants such as some

sneciesof Lily (fa. 243, a, a), the Coralwort (Dentcma bulbifera)

and' pflewort (BarmnmhJFicaria), small conical or rounded

fleshy bodies are produced, which are of the nature of bulbs,

and are hence called aerial kfdbs from their position, or from

their smaller size bulbils or bulblets. They differ from ordinary

buds in their fleshy nature, and by spontaneously separating

Fig. 242.
Fig. 243.

Fia.U2. Tunicatedbulbof the Onion. Fig. 243. Stem of a species of Lily

(Lilium bulbiferum) bearing bulbils or bulblets, a, a, in the asflls of its

leaves.

from their parent, and producing new individuals when placed

under favourable circumstances ; and from true bulbs from their

small size and aerial position. These aerial bulbs are not con-

fined, as is the case with true bulbs, to Monocotyledons, as may be

seen by the examples given.
.

d. The Corm.—This form of stem, like the true bulb, is only

found in Monocotyledons, as, for example, the Colchicum (Jig.

246), and Crocus (Jigs. 244 and 245). It is an enlarged solid

subterranean stem, of a more or less rounded or oval figure, and

commonly covered externally by a few thin membranous scales

or cataphyllary leaves. By some botanists it is considered as

a kind of bulb, in which the stem is much enlarged, and the

scales reduced to thin membranes. Practically a corm may
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be distinguished from a bulb by its solid nature {fig. 245, a, b),

the bulb being formed of flattened imbricated or concentrically

Fig. 244. Fig. 245.

Fig. 246.

Fig 244 Conns of Cr ocus sativus. a, b. The new conns, arising from c, the

apex of the old or parent corm. Fig. 245. Vertical section of the former.

The letters refer to the same parts.

arranged scales. The corm is known to be a kind of stem by

producing from its surface one or more buds, in the form of

young corms, as in the Crocus (fig. 244, a, b),

where they proceed from the apex, c, and ulti-

mately destroy their parent by feeding upon

its accumulated nutriment. These new corms,

in a future year, also produce others near

their apex, and these by developing at the

expense of their parents also destroy them

in like manner, and these again form other

corms by which they are themselves destroyed.

In this manner the new corms, as they are

successively developed from the apex of the

old corms, come gradually nearer and nearer

to the surface of the earth.

In the Colchicum (fig. 246), the new corm

a'" is developed on one side of the old corm

near its base, instead of from the apex, as in

the Crocus. This also feeds upon its parent,

and ultimately destroys it, and is in like

manner destroyed the next year by its own

.
progeny. Thus, in taking up such a corm

commencement of carefully, we find (fig. 246), a, the shrivelled

the conn of next
c[)rm of last year . an(j rt

» that of the present
year

"

season, which, if cut vertically, sh< »ws a'", the

corm in a young condition for the next year. All corms like

bulbs, contain starch or other nutritious matters, which are

stored up for the future use of their offspring.

Fig. 246. Colchicum.
r. Roots or root-

lets. /. Leaf. a.

Shrivelled remains
of last year's corm.
a". Corm of the

present year
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Section 2. The Root or Descending Axis.

The root is defined as that part of the axis which at its first

development in the embryo takes an opposite direction to the

«tem SS the light and air, and hence called the descend-

ino
^

axis Scing the plant to the soil or to the substance upon

3BSS ffSSTS suspended in the water when the plant is

pW onthe surface of, or in, that medium. That part of the

roTwMch joins the stem is called the base, and the opposite

eXt
We ditmgufsh two varieties of roots, namely, the True or

Primary, and the Adventitious or Secondary.

Fig. 247.

<? /A J *i
pc

Fin 247 Root apex (Polygonum Fagopyrum), median longitudinal section.

'c Rudiment of a vessel, pc. Perioambium—the outside boundary of the

plerome or procambium. e. Dermatogen, between which and pc is the

periblem. A. Root-cap or pileorhiza. a. Apical cells. After De Bary.

1. True or Primary Root.—The true root, which, except in

rare cases, can only exist in Dicotyledons (page 134), is formed

at first by additions made within the extremity of the radicle

(fig. 248, a) 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
;
the mass

of cells thus formed becomes gradually differentiated into three

layers, an outer, inner, and intermediate. From the inner layer,
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which is termed the plerome or procambium {fig. 247), is subse-

quently developed the fibro-vascular portion of the root. >.

the cortical layers being formed from the intermediate layer or

peribhm, whilst the outer single layer of cells, known as the

dermatogen, e, in addition to giving rise to the epidermis, forms

the cap-shaped mass of tissue called the root-cap or pileorhiza,

h, by which the growing apex of the root is always clothed.

All roots {Jig. 248, a) and the branches of a root grow in length

in a similar manner to the radicle as above described ; hence

roots do not grow throughout their entire length like stems, but

only within their extremities, which are continually pushed

forward and renewed. Thus the apex of the root is always

clothed by a layer of denser tissue which is commonly known

Fig: 240.

Fig. 248.

Fiq. 248. Young root of the Maple, magnified, a. The part where growth

is taking place, b. The original extremity, c, c. Fibrils or root-hairs.

After Gray. Fitf. 249. Highly magnified vertical section of an Orchis

root. sp. The so-called spongiole. c, c. Parenchymatous cells, /v. Wood-

cells and vessels.

as the root-cap {Jiff. 248, b). All the branches of a root are

likewise terminated by a similar cap {fig. 250, ft, h). This cap

forms in fact a sort of protecting shield to the young extremities

of the root; and its external cells are commonly thrown ofl as new

cells are formed within them. (See also Development of Roots,

in Physiological Botany.) These cap-like coverings at the extre-

mities of the root were formerly regarded as special organs and

called spongioid or spongelets {fig. 249, sp), under the idea that

they absorbed fluid for the use of the plant, in the same manner

as a sponge sucks up water. But it will be seen from the above

description of the growth of roots that such structures have no

existence. Roots increase in diameter by the formation of annuaLj

layers of wood, much in the same manner as stems.

At tirst the elongating growing extremities of the root con-
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Fig. 250.

sist entirely of parenchymatous cells (figs. 248, a, and 249, c) ;

wood- cells and vessels (Jig. 249, fo), however, soon make their

appearance, and are constantly added to below by the new tissue

formed as the root continues to lengthen. When the root is fully

developed, these vessels and wood-cells generally form a central

mass of wood (Jigs. 249, fo, and 250, /), in which there is com-

monly no pith, andjm jnfidullary_sheath, but the medullary rays

exist asTh the stem. Roots, however, differ from stems in the i

arrangement of the parts of their fibro-vascular bundles. Thus

in roots, the phloem or liber portions alternate with the xylem or

woody portions, instead of being placed external to them as in
j

stems ; and some other minor differences also occur. Externally

there is a true bark or cortex (Jig. 250, r, r), which is also

covered when young by a modified epidermis -without stomata

(Jig. 128), and which, as we have seen, is sometimes called

epiblema (page 60). This epidermis is also furnished with hair-

like prolongations, which are termed root-hairs or fibrils (figs.

128, and 248, c, c). The latter are especially evident upon young

growing roots, and as these ad-

vance in age they perish, while

the tissue from which they were

prolonged becomes at the same
time harder and firmer, and is

converted gradually into cork-

tissue.

Roots have no leaves, and
normally no buds, hence they

have no provision for regular

ramification ; but they appear to

divide and subdivide according

to circumstances without any
definite order ; hence while the

branches of the stem have a

more or less symmetrical ar-

rangement, as already described,

those of the root are unsymme
trical

are also always developed endo-

genously (Jig. 250, n, n), thatis,

they are deep-seated, being de-

rived from the pericambium (fig.

247, pc) or outer layer of the

plerome or procambium. As they
increase inlength they ultimately

push through the tissues which are superficial to them, namely,
the cortical layers and epidermis of the main root, which are

therefore not continuous with the similar tissues of the branches

(fig. 250, r, r). The branches are thus merely repetitions of

the original axis from which they are developed, and grow,

The branches of the root &ff- 250. Longitudinal section of the
root of the common Bean (Fuba vul-

garis), magnified five times, r, i.

Cortex of the main root. /. Fibro-

vascular bundles, n, n, n, n. Lateral
roots in different stages, developing
from the pericambium and ultimately
bursting through the cortex, h, h.

Root-cap, or pileorhiza, of the lateral

roots. After Prantl.
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as already noticed, in a similar manner, and, like it, have

commonly neither buds nor leaves. To this latter character,

however, there are many exceptions, for although the root has

no power of forming regular buds, yet adventitious buds may
be developed, in the same manner as we have seen that under

certain circumstances they may be produced from any paren-

chymatous tissue (page 111). The power which the root thus

possesses of producing adventitious buds may be observed in

the Plum-tree, the Moutan Pieony, the Japan Anemone, and

many other plants. The latter plant especially exhibits this

tendency in a remarkable degree.

Distinctive Characters of Stems and Roots.—From the above

general description which has been given of the growth, struc-

ture, and characteristics of the true or primary root, we find

that the chief distinctive characters between it and the stem in

Dicotyledons may be summed up as follows :—1st. The ten-

dency of the root at its first formation to develop in an opposite

direction to the stem, and thus withdraw from the light and air.

2nd. By not growing throughout the entire length of its newly

formed parts like a stem, but only by additions just within its

apex, winch is covered by a root-cap or pileorhiza. 3rd. The root

under ordinary circumstances, when fully developed, has no pith

or medullary sheath. 4th. It has no true epidermis with stomata,

but in place of this an integument composed of cells without

stomata, to which the name of epiblema has been given. 5th.

It has no foliage leaves, or scales (cataphyllary leaves).
_
6th. It

has no regular buds, and has consequently no provision for a

regular ramification.

2 Adventitious ok, Secondary Roots.— 1 his name is ap-

plied to all roots which are not produced by the direct elonga-

tion of the radicle of the embryo ; because such roots, instead

of proceeding from a definite point as is the case with the true

or primary root, are, to a certain extent at least, accidental in

their origin, and dependent upon favourable external circum-

stances for their development. All branches of a true root,

except those originally produced from its apex, are of this nature,

as are also those of the different modifications of the stem, such

as the rhizome, runner, sucker, stolon, conn, bulb, &c.
;
those of

slips and cuttings of plants, &c. ;
and those of nearly all Mono-

cotyledons and of Acrogens or Cormophytes. In some plants

roots are also developed from the stem or branches of plants

in the air, and are hence called Aerial Boots. Such roots are

likewise necessarily of an adventitious mature.

The adventitious roots of Monocotyledons make their nrst

appearance as little more or less conical bodies formed by divi-

sion and subsequent growth of the cells constituting the

pericambium or outer layer of the plerome or procamb.um ;

these soon break through the tissue which envelops them, and

appear externally, at first as parenchymatous elongations, but
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ultimately having a similar structure to that of a monocotyle-

donous stem. Where they break through they are surrounded at

the base by a kind of sheath or collar called a coleorhiza (Jig. 251,

co). They also grow by additions within their extremities like

true roots, and are terminated like them by a .root-cap or pileo-

rhiza. In the adventitious aerial roots of the Screw-pine (Jig.

199, 2), and some other plants, the pileorhiza may be well seen in

the form of a cap-like covering at the extremity of each root

or branch of a root. The pileorhiza of a monocotyledonous root,

like that of a true root, is commonly thrown off as development

takes place behind it ; but in certain aquatic plants, as in the

Duckweed (Jig. 252), it is persistent, and appears in the form

of a long sheath over the end of the root ; and is continually

pushed onwards by the development of the cells within the apex.

Fig. 251. Fig. 252. Fig. 253.

Fig. 251. Germinating embryo of the Oat. r. Rootlets, each with a sheatli

(coleorhiza), co, at its base. c. Cotyledon, g. Young stem. Fig. 252.

Magnified plants o£ the Lesser Duckweed (Lemiia minor'), with the roots

covered by a long root-cap (pileorhiza ). Fig. 253. Lower part of the stem
and root of the common Stock. ?\The tap-root with its branches.^ c. The
base of the root or point of union between the stem and root which was
formerly termed the neck. t. The stem. /,/. Leaves. 6, 6. Buds in process

of development into branches.

The adventitious roots of Dicotyledons arise in a somewhat
: similar manner to those of Monocotyledons, making their first

i appearance as little conical bodies formed from the substance of

the pericambium, and ultimately breaking through the bark and
i appearing on the surface. They also grow by additions within
their extremities, and each is protected by a pileorhiza, and has
at its base a coleorhiza. They have under ordinary circum-

i stances a similar structure to that of true roots.

K
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Adventitious roots generally, like true roots, have no leaves

or buds, and when subterranean have no epidermis furnished

with stomata ; hence when derived from Dicotyledons, they are

distinguished from the stem by the same characters as that of

the true root. The adventitious roots of Monocotyledons and
of Corrnophytes have a similar structure to their respective

stems, as will be afterwards noticed. Aerial roots are, however,

from their exceptional position, frequently furnished with a true

epidermis and stomata, and are sometimes of a green colour

;

but in other respects they resemble ordinary adventitious roots.

The true or primary root, from its being formed by direct

elongation from the radicle, by additions made within its

extremity, generally continues to grow downwards for some

Fig. 254.

Of*
-A

Fig. 254. The Bauyan-tree (Ficus indica).

time at least, and hence forms a main trunk or axis from which

the branches are given off (Jig. 253, r). Such a root is termed

a tan-root, and may be commonly observed ra Dicotyledons.

On the contrary, the roots of Monocotyledons and Corrnophytes,

which are adventitious, are usually of nearly equal size, and

o-iven off in variable numbers from the radicle (Jig. 2ol, r).

Some adventitious roots, such as those called aerial, require a

more particular notice.
.

Aerial Roots.—The simplest forms of aerial roots are seen m
the Ivy (Jig. 225, a, a), and some other climbing plants. In

these plants they are essentially intended for mechanical support,

and not to obtain food : this they obtain by their ordinary roots

fixed in the soil. It is probable, however, that m the Ivy and

other climbing plants some food may be taken up by these roots.

In many other plants the aerial roots which are given oft by the
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stem or branches descend to the ground, and fixing themselves

there, not only act as mechanical supports, but also assist the

true root in obtaining food. Such roots are well seen in the

Screw-pine (fig. 199, 2), in the Banyan or Indian Fig-tree

(fig. 254), and in the Man-
grove-tree (fig. 255). In the

latter tree these aerial roots

frequently form the entire

support of the stem, both me-
chanically and otherwise, in

conseqiience of this decaying
at its lower part.

Epiphytes or Air-plants.—
In these plants none but aerial

roots are produced (fig. 2513,

a, a), and as these never reach
the soil they cannot obtain any
food from it, but must draw
their food entirely from the air

in which they are developed
;

hence the name of air-plants

which is applied to them. They
are also called epiphytes, be-
cause they commonly grow Fi9- 255 - The Mangrove-tree (Rhizophora

upon other plants. Most Or-
Mangle).

chids (fig. 256) and Tillandsias afford us illustrations of epiphy-
tical plants. The roots of such plants are commonly green, and
possess a true epidermis and stomata ; in which particulars, there-

Firj. 256. Orchidaceous plants, to show their mode of growth, a, a. Aerial
roots, b, b. Pseudobulbs.

fore, these aerial roots present exceptions, as already noticed, to
what is commonly observed in other roots. The aerial roots of
Orchids have also a layer of usually very delicate fibrous cells

k 2

Fig. 255.
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(page 45), placed over the true epidermis, to which the name of

root-sheath (vdamen radicum) has been applied by Schleiden,

who also calls such roots coated roots.

Besides these epiphytes, there is another very interesting class

of plants which are called mrasites : these we must now notice.

Parasites.—These are "plants which not only grow upon

others, but which, instead of sending their roots into the air

and deriving their food from it, as is the case with the epi-

phytes, send them into the tissues of the plants upon which

they grow, and obtain nutriment from them. The plant which

they thus penetrate and feed upon is termed their Jwst ;
and

their sucking roots are termed haustoria. The Mistletoe (Vw-

cum album), Brooin-rapes (Orobanche), Dodders (Cuscnta) (Jig.

Fig. 257.

Fig. 258.

Fiq. 257. Cuscuta or Dodder-plant.
"

pig, 258. Flower and flower-bud

of Rafflesia Arnoldi, a parasitic plant

of Sumatra.

257), and Babesia Arnoldi (fig.258), may be cited as examples

of such plants. These parasites are of various natures :
thus

some have green foliage, as the Mistletoe ;
while many others

Se na e or brownish, or possess other tints than green, as the

^oom rapes and Raffled The latter plant is especially m e -

estinS from its producing the largest flowers of any known

n ant
g 2£ the first flower which was discovered measured nine

K in circumference, and weighed fifteen pounds.
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they »roff ;
others, again, continue throughout their life to derive

a portion of their food by means of roots imbedded in the soil.

It will thus be seen that parasites differ from other plants in

the fact that they do not live like them entirely on inorganic

matters, but derive at least some of their food in an assimilated

state from the plants on which they grow. Thus, when green

like the Mistletoe, they obtain a portion of their food, like

ordinary plants, from the air ; but if of other colours than green,

all their food is derived by their roots from the plants on which

they grow. It must also necessarily happen that parasites, by

living°partially or entirely upon those plants on which they are

placed, frequently injure, and even destroy them, and in this

way great damage is done to Clover, Flax, and other crops in

this country and elsewhere.

Besides the parasites just described, there is also another

class of plants called saprophytes, which, whilst agreeing with

ordinary parasites in deriving their food from already formed

organic material, differ from this latter class in growing on dead

organic substances, and therefore assimilating such matter which

is in a state of decomposition or decay. Such plants as Mono-

trvpa Hypopithijs, Corallorhiza wmata, Epipogium Gmelini, and

Neottia Nidus-avis, together with the greater number of Fungi,

are examples of Saprophytes.

Duration of Roots.—Having now described the general

characters and structure of the true or primary root, and of the

adventitious or secondary root, we have in the next place to

allude to certain differences which roots present depending upon

their duration. Roots are thus divided into annual, biennial,

and 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. 259), 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 ripening 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, in consequence of their tissues becoming gorged with

nutritious matters stored up for the support of the plant during

its flowering and fruiting the succeeding season. The Carrot

{fig. 207), and Turnip {fig. 269), 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. 263),

and Orchis {figs. 201 and 2G2), the roots are the only portions
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of the plant which are thus perennial, their stems dying down
to the ground yearly. Perennial roots are either of woody
consistence, or more or less fleshy as in those of biennial plants.

In the case of fleshy roots such as the Dahlia and Orchis, the

individual roots are not in themselves perennial, but usually

perish annually ; but before doing so, they produce other roots

from some point or points of their substance
;
hence, while the

root as a whole is perennial, any particular portion may perish.

Woody roots are commonly perennial in themselves, and are

not renewed.
Roots of Dicotyledons, Monocotyledons, and Aceo-

gens.—We have already seen that the stem of Dicotyledons,

Monocotyledons, and Cormophytes, possesses certain character-

istic differences in its internal structure. The roots of such

plants in like manner possess similar distinctive struc-

tural characters, and also some others, which, although gene-

rally referred to previously, had better be briefly summed up

here.

1. The Boot of Dicotyledons.—The root of these plants is

formed, as we have seen (page 125), by the direct elongation

of the radicle of the embryo from the formation of new tissue

just within its apex. Such a mode of root-development has

been called exorhizal, and a root thus formed is called a trite

root.

It follows from this mode of development that Dicotyledons

have generally a tap-root (page 130) or descending axis {fig. 253,

r), from which branches are given off in various directions,

in the same manner as such plants have also an ascending axis

or stem, t, from which its 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, as m plants of

the Gourd tribe, and commonly in succulent plants, to a less

In its internal structure the fully developed root essentially

resembles the stem, except that, as already noticed (page 127),

it has no pith or medullary sheath : hence the fibro-vascular

tissue forms a central axis. This absence of pith and medullary

sheath is general in herbaceous Dicotyledons ;
but there are

some trees, as, for instance, the Walnut and Horsechestnut.

where the pith is prolonged downwards for some distance into

the
2°°T7(,e Root of Monocotyledons—In these plants the

radicle does not itself, except in rare cases, 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 radi-

cular extremity of the embryo, and become the roots (fig. 251,

r) ; and each of these roots is surrounded at its base, where it

pierces the integuments, with a kind of cellular collar, termed
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the coleorhiza, co. Such a mode of root-development has been

termed endarhizcd. The roots of Monocotyledons are therefore

to be regarded as adventitious or secowlary.

From their mode of development it rarely happens that the

plants of this class have tap-roots, but they have instead a

variable number of roots of nearly equal size {fig. *59), which

are accordingly often termed compound. There are, however,

exceptions to this, as for instance in the Dragon-tree (Jig. 1Jo)

which has a descending axis resembling the ordinary tap-root ot

DlC
lTrfal roots are much more common in Monocotyledons than

in Dicotyledons. We have already referred to them m the

Screw-pine (fig. 199, 2), and other plants of this class In

many Palms they are developed in great abundance towards the

base of the stem, by which this portion assumes a conical appear-

ance which is at once evident by the contrast it presents to the

otherwise cylindrical stem of such trees. In its internal struc-

Fig. 259.

Fig. 260.

Fig. 259. Fibrous roots of a Grass. Fig. 260. Coralline root.

ture the root of a Monocotyledon corresponds to that of the stem

in the same class of plants.

3. The Boot of Cormophytes or Acrogens—Such plants, as we

have seen (page 11), have no true seeds containing an embryo,

but are propagated by spores, from which roots are developed m
a very irregular manner ; and hence this mode of root-develop-

ment has been called heterorhized. Such roots are therefore all

adventitious ; and resemble those of Monocotyledons in being

compound. When the stem has become developed it soon also

gives origin to other aerial adventitious roots, by which such

plants are often chiefly supported. Hence aerial roots are very

common in Acrogenous plants, as they are in Monocotyledons ;

indeed, in Tree-ferns, as in many Palms, these roots are so

abundant at the base of the stem, that they sometimes double,

triple, or still further increase its normal thickness (fig. 15, ra),

and hence give to the lower part of such stems a conical form.
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The internal structure of the root of Acrogenous plants in all

essential characters resembles that of the stem in the same class

of plants.

Forms of Roots.—When a root divides at once into a

Fig. 202.

Fig 203. Fasciculated roots of the Dahlia. Fig. 2G4 Nodulose root of the

common Dropwort (Spii-wa FUipeniula ).

number of slender branches or rootlets, or if the primary root

is but little enlarged, and gives off from its sides a multitude ot

similar branches, it is called fibrous. Such roots occur commonly
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•„ «T,r,«nl nlanta and may be well seen in annual Grasses (fig.

m h bulbous pLts (Jigs. 241 and 242). Coralline

S'-Shia name is applied to a root which consists of a

number of succulent branches of nearly equal size, and arranged

Ske a piece of coral (fig. 260), as in GorallorUza vmxata

SierJated Boot.-When some of the divisions of a root

become enlarged so as to form more or ess rounded, oval or

ovokl expansions (fig. 261), the root is said to be tnberculated,

rd Leiden arg ment is called a tubercnle. Such a root occurs

£ various terfestrial Orchids, the Jalap plant, Ac. These

tubercules should not be confounded with tubers (page 120),

which have been already described as subterranean modifi-

Fig. 2G6. Fig. 267.

Fig. 265.

I

I

v 4

Fig. 265. Moniliform or beaded root. Firj. 266. Annulated root

of Ipecacuanha (Cephaelis Ipecacuanha). Fig. 267. Corneal

root of the common Carrot (Duucus Carota).

cations of the stem. The presence of buds on the latter at

once distinguishes them. In many Orchids, as for instance

Orchis maculata, the tubercules are divided at their extremities,

so that the whole somewhat resembles the human hand (fig.

262) ;
they are then said to be pctlmated, and the root is also

thus termed. Or when a number of tubercules arise from a

common point, as in the Dahlia (fig. 263), and Bird's-nest

Orchis (NeotUa Nidus-avis), the root is said to be fasciculated or

tufted.

When the branches of a root are expanded only at certain
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points, other terms are applied. Thus, when the branches are

enlarged irregularly towards the ends, as in the Common Drop-
wort, the root is nodulose (fig. 264) ; when the branches have
alternate contractions and expansions, so as to present a beaded
appearance, as in Pelargonium triste, the root is monilijorm,

necklace-shaped, or beaded (jig. 265) ; and when the root has a

number of ring-like expansions on its surface, as in Ipecacuanha,

it is cumulated (fig. 266).

The above forms of roots, with few exceptions, are those

which are commonly observed in plants which have no true tap-

root. Those which have now to be described owe their special

forms to modifications of the latter kind of root.

Fig. 268.

Conical Root.—When a tap-root is broad at its base, and

tapers towards the apex, it is termed conical. The roots of

Monkshood (Aconitum Napellus), Parsnip (Pastinaca sativa), and

Carrot (Daucus Carota) (fig. 267), are familiar examples of tins

form of root. Fusiform Boot.—This term is applied to a tap-

root which swells out a little below its base, and then tapers

upwards and downwards (Jig. 268). The common Badish,

and Beet (Beta vulgaris), may be taken as examples, tfaptform

Boot —This name is given to a root which is much swollen

at its base, and tapers below into a long point, the upper part

being of a somewhat globular form (fig. 269). It occurs m
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a variety of the common Radish-which is hence called the

Turnip-radish, in the common Turnip, and m some other plants.

When what would be otherwise a napiforui root becomes com-

pressed both at its base and apex so that it has no tapering ex-

tremity, it is sometimes termed placentiform (fig. 270). It occurs

in the Sow-bread (Cyclamen mropeeum).

Some botanists regard the roots of the Radish, the Turnip,

the Cyclamen, and others, as really enlarged stems. We have,

however, placed them here, in accordance with the more com-

monly accepted views of their nature and on account of

their importance in Practical Botany. The two next described

forms of roots are also more properly rhizomes, but it is conve-

nient to notice them here, and so long as their nature is under-

stood no confusion can arise.

Fig. 271. Fig. 272.

Fig. 271. Contorted root or rhizome of Bistort {Polygonum Bistorta).-

Fig. 272. PrEemorse root or vertical rliizome of the Devil's-bit Scabious

(Scabiom succisa).

Contorted or Twisted Root.—When a tap-root, instead of

proceeding in a more or less straight direction, becomes twisted,

as in the Bistort (fig. 271), the root is said to be contorted or

insisted. Prsemorse Boot.—When the main root ends abruptly,

so as to present the appearance of having been bitten off, it is

called abrupt, truncated, or prsemorse (fig. 272). We have a

good example of this form of root in the Devil's-bit Scabious,

which plant has received its common name from a superstitious

opinion connected with this peculiar bitten-off appearance of its

root.
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Section 3. The Leaf or Phyllome.

1. GENERAL DESCRIPTION AND PARTS OF THE LEAF.

The leaf may be defined as a lateral development of the

stem or branch. In the lowest leaf-bearing plants, as Mosses,

it consists entirely of parenchyma ; but in the higher classes

of plants the leaf usually contains, in addition to the paren-

chyma, a framework or skeleton, consisting of wood-cells or

liber-cells, or both, and vessels of different kinds, all of which
structures are in direct connexion with similar parts of the

stem or branch. We distinguish therefore, in such leaves, as

in the stem and branch, both a parenchymatous and a fibro-

vascular system—the former constituting the soft parts, and
the latter the hard parts, which act as a mechanical support to

the leaf, and, by their ramification, form, what are called veins

or nerves. The leaf is therefore an appendicular organ of the

stem, but it differs from the latter organ in the order of its

development ; for while in the stem or branch the apex is the

youngest part, the reverse is the case in the leaf, where the

apex is first formed and consequently the oldest, and is gradu-

ally pushed outwards by the formation of the other parts between

it and the stem.

The leaves are usually of a green colour and of a more or

less flattened nature ; but in the Stonecrop, Aloes, and many
other plants, they are thick and fleshy, when they are said to be

succulent. In other cases, as in the scales of the bud, the thin

membranous coverings of tunicated bulbs and corms, the fleshy

scales of bulbs, and the leaves of Broom-rapes, &c, they are

colourless, or of a yellowish or brownish colour, and of simple

structure
;
they are then termed scales or cataphyllary leaves,

the ordinary leaves being called foliage leaves.

The part of the stem or branch from which a leaf arises is

called a node, and the space between two nodes an internode.

The portion of the leaf next the stem is termed its base, the

opposite extremity the apex, and the lines connecting the base

and apex the margins. The leaf being commonly of a flattened

nature, has only two surfaces ; but when sneexdent it has

frequently more than two surfaces. The terms upper and

lower are applied to the two surfaces of ordinary leaves, because

in by far the greater number of plants such leaves are placed

horizontally, so that one surface is turned upwards, and the

other downwards. There are certain leaves, however, which

are placed vertically, as those of some species of Acacia and

Encahmtus, in which case the margins are turned upwards and

downwards instead of the surfaces. 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
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arilkmj to the leaf ;
or, if from the stem above or below the

S7« extra-axillary; or, as more generally described when

above supra-axillary ; if below, infra-axillary.

DunLn and Fall of the iea/.-The leaf varies as regards

its duration, and receives different names accordingly Thus

when it fal s off soon after its appearance, it is said to be

iTcious or caducous ; if it lasts throughout the season in

which it is developed, it is deciduous or annual - ov if beyond

Se season, or until new leaves are developed, so that the

plant
5

is never without leaves, it is persistent, evergreen, or

^Whet a leaf separates from the stem or branch, it either does

so by decaying 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, or branch, are

Fig. 273.

Fig. 274.

Fig. 273. Leaf and piece of the stem of Polygonum Hydropvper. / Lamina

or blade, p. Petiole, d. Sheath. Fig. 274. Leaf and portion of a

branch of Salix aurita. r. Branch, b. Bud. I. Lamina with the upper

portion removed, and attached by a petiole, p{ to
the stem. *, s. Caulinary

stipules.

sometimes called reliquise or induvise, and the stem or branch is

said to be induviate. When a leaf separates by an articulation, it

leaves a scar or cicatrix (Jig. 207, b, b).

Parts of the Leaf—The leaf in the highest state of develop-

ment consists of three distinct parts
;
namely, of an expanded

portion, which is usually more or less flattened (Jigs. 273 and

274, I), called the lamina, or blade ; of a narrower portion,

by which the lamina is connected with the stem, termed the

petiole or leaf-stalk (p); and of a third or stipular portion,

which is situated at the base of the petiole, and which either

exists in the form of a sheath (Jig. 273, d), encircling the stem,

or as two little leaf-like appendages on each side, which are

called stipules (Jig. 274, s, s).

These three portions are by no means always present, thougn
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Fig. 275.

such is frequently the case. Thus, the leaves of the Water
Pepper {fig. 273), and of the Trailing Sallow {fig. 274), may be
taken as illustrations of the most highly developed leaves,

namely, those in which all the parts are
found ; but in many plants one of these
parts is absent, and in some two, so that
the leaf is in such cases reduced to but two,
or one of its portions only. The petiole

and- the sheath or stipules are those parts

which are more commonly absent. When
the petiole is absent, the leaf is said to be
sessile {fig. 286) ; when the stipules are

absent, it is exstipulate {fig. 290). The
lamina or blade is that part which is most
generally present. The leaf is called

simple if there is but one blade {figs. 273
and 274), or compound if this is divided

into two or more separate parts {fig.

275). The lamina of the leaf is usually

that part also which is most developed,

which performs the most important func-

tions of the leaf, and which is also in ordi-

nary language known under the name of

leaf. It is the part, therefore, which will

come more particularly under our notice
;

but before we proceed to describe it and the other parts of the

leaf separately, it will be necessary for us to treat of the internal

structure of leaves, and of their insertion and arrangement.

Fig. 275. Compound leaf of

Robinia Pseud - acacia,

with spiny stipules at its

base.

2. THE INTERNAL STRUCTURE OP LEAVES.

Leaves with reference to their structure are divided into

aerial and submersed
;
by the former is to be understood those

that are developed and live entirely or partially in the air
;
by

the latter, those that are formed and dwell wholly immersed in

water.

1. Aerial Leaves.—In the lowest leaf-bearing plants, such

as Mosses, the leaves consist, as we have seen, simply of paren-

chymatous tissue, formed by the growing outwards of the

parenchyma of the circumference of the stem or branch ; while

in the majority of the higher plants they contain, in addition

to this parenchyma, a framework or skeleton formed of wood-

cells or liber-cells, or of both, and vessels of different kinds, all

of which are in direct connexion with corresponding parts of

the fibro-vascular system of the stem or branch. We distinguish

therefore, in such leaves, as in the stem and branch, both a

parenchymatous and a fibro-vascular system, the former consti-

tuting the soft parts or the parenchyma of the leaf ; the latter
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the hard parts, which by their ramification form what are called

the veins or nenes. . „, .

A The Petiole.—This when present consists of fibro-vasculai

tissue ( fiq. 276), surrounded by parenchyma, and the whole

covered by epidermis, which commonly contains a variable

number of stomata, and is frequently furnished with harrs and

other epidermal appendages. The parenchyma immediately

below the epidermis is sometimes specially modified and forms

the tissue known as collenchyma (fig. 95), which is one form

of what has been termed the hypoderma (see pages 48 and 145).

The fibro-vascular tissue varies in its nature m the leaves ot

the different classes of plants, being merely prolongations ot

that of the three kinds of stems already fully described.

Thus in Dicotyledons the fibro-vascular tissue (fig. 27b) com-

monly consists of spiral, and pitted, annular, or some other

vessels, and also of sieve-tubes, and

wood and liber-cells, that is, of the

same elements essentially as the wood

and liber—the spiral vessels and the

other structures belonging to the

xylem being placed above those of the

phloem or fiber.

B. The Lamina.—The whole of

the lemma is covered by the epider-

mis, which is furnished with stomata

the manner already described.

Fig. 276.

in

The stomata are, however, almost

confined to that portion of the epider-

mis which corresponds to the paren-

chyma of the leaf. The epidermis is

also frequently furnished with various

appendages, as Hairs, Glands, and

their several modifications. The epi-

dermis with its stomata and appen-

dages having been already fully de-

scribed under their respective heads,

it now remains only to allude to the

fibro-vascular and parenchymatous

systems of the lamina which are

situated between the epidermis of its

upper and lower surfaces.

1. Fibro-vascular System.—This is in direct connexion with

that of the stem or branch in the three great divisions of plants

respectively. We shall direct our attention more especially to

that of the leaves of Dicotyledons. The fibro-vascular system

of such plants in by far the majority of cases consists of an

upper layer which is in connexion with the fibro-vascular system

of the wood and petiole when present (fig. 276, t, /) ; and of a

lower which is continuous with the liber (I). The upper layer

Fig. 276. Fibro-vascular tissue

passing from a branch, 6, of

an herbaceous Dicotyledon
into the petiole, p, surrounded
by parenchyma, a. Articu-

lation between the petiole

and the branch from which it

arises, t, I. Spiral and annu-
lar vessels. /,/. Wood-cells.

I, I. Liber cells.
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therefore corresponds in its structure to the wood, and the lower
to the liber ; hence the former is composed of spiral and pitted

vessels in perennial plants, and of spiral and annular or some
other vessels in herbaceous plants (fif/. 276, f, t), and also in all

cases, of wood-cells, /, besides the above-named vessels ; while

the latter consists essentially of liber-cells, I, I, and sieve-tubes.

The ramifications of the fibro-vascular elements in the lamina of

the leaf form the veins or nerves, and will be described presently

under the head of venation (see page 157). The number and
size of the elements of the bundle diminish however as they

continue to ramify, so that the ultimate degrees of ramification

commonly consist of spiral vessels alone. The two layers of the

fibro-vascular system are usually readily seen in what are called

skeleton leaves. Thus the leaves lying in a damp ditch in the

winter will afford us good illustrations of these, and those which

have been artificially prepared by maceration for a sufficient

time in acidulated water, or in other ways.

Fig. 277.

Fig. 278.

Fin 277 Vertical section of a leaf of the Melon, highly magnified, cs. Epi-

dermal tissue of the upper surface furnished with hairs, p, ami stramta.

si ei. Epidermal tissue of the lower surface, with the hairs arising from

it pi. Three layers of parenchymatous cells below the epidermis of the

upper surface, pi. Parenchymatous cells below the epidermal tissue of

thelower surface, fv.fv. Fibro-vascular tissue forming the veins, m, m.

Cavities connected with the stomata. I, I. Cavities between the loose

spongiform parenchyma. Fig. 278. Vertical section of a leaf of the

White Lily highly magnified, showing the epidermis of both the upper

and lower surfaces, with the intervening parenchyma.

2. Parenchyma or Mesophyll—By this we understand the

parenchymatous tissue which is situated between the epidermis

of the upper and lower surfaces of the lamina (Jig. 277. ps, pi),

and which surrounds the ramification of the fibro-vascular

system or veins, fv, fv. The parenchymatous tissue which is
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immediately beneath the epidermis of the upper surface of the

leaMs Sometimes specially modified, as in the leaves o the

Conifers where its cells become elongated and scler enchyma-

tous when it constitutes a form of the hypodenna(see pages 48

Lid 143). The parenchyma varies in amount m different leaves

;

thus in ordinary leaves it is moderately developed and the

eav^s are then thin and flattened ;
while in other leaves it is

formed in large quantities, when they become thick and fleshy

and are termed mccdent. In ordinary flat leaves all the cells

composing the parenchyma are commonly green from containing

chlorophyll granules ; but in succulent leaves the cells in the

centre of the parenchyma are usually colourless.

The parenchyma also varies in the form and arrangement of

its component cells in different parts of the same leaf :
thus m

ordinary flat leaves we find beneath the epidermis of the upper

surface one (fig. 278), two, or three layers of closely packed

oblon* or somewhat elongated cells (fig. 277, pi), and forming

the tissue which has been termed palisade parenchyma. The

form and arrangement of the cells beneath the epidermis of the

lower surface are commonly entirely different ;
thus, here the

cells ( fin 278) are loosely connected and have numerous large

spaces between them
;
they are also frequently very irregular

in form, presenting commonly two or more projecting rays

which become united with similar projections of the cells next

them and thus leave numerous interspaces which communi-

cate freely with each other, and form a spongiform parenchyma

(fiq 124 c) These interspaces 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 performance

of its functions. .

Such is the general arrangement of the parenchyma m the

blades of aerial leaves, but it is subject to various modifications

in those of different plants. Thus in blades which have their

margins turned upwards and downwards instead of their sur-

faces, the arrangement of the parenchyma is similar beneath

the epidermis of both the surfaces ;
while in succulent blades

the parenchyma is composed of cells which are usually larger

than those in the blades of ordinary leaves, and closely com-

pacted, or with but few interspaces. In the floating leaves of

aquatic plants, again, the spongiform parenchyma is beneath

the epidermis of the upper surface of the blades, and the com-

pactly arranged cells next that of the under surface, the position

of the parts being here therefore completely reversed.

2. fSniMEK.sED Leaves.—The petiole when present in these

leaves is solely formed of parenchymatous cells, which are,

however, frequently elongated ;
and the blades are therefore

also necessarily entirely formed of parenchyma, the so-called
T.
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veins being composed simply of more or less elongated paren-
chymatous cells. The blades of such leaves are generally very
thin, only containing two or three layers of cells, so that all the

cells are nearly in contact with the water in which they are

placed. The cells are disposed very regularly and have no in-

terspaces, but all contain chlorophyll granules. In submersed
leaves, however, which are thickened, we find large cavities

Fig. 279.

Fig. 279. Vertical section of a leaf of a Potumogelon, highly magnified.

i i. Air cavities, r. Parenchymatous cells containing chlorophyll

granules.

which are very regular in their form and arrangement (Jig. 279,

i, i) ; these contain air, by which the specific gravity of the leaf

is diminished, and it is thus enabled to float in the water. Sub-

mersed leaves have no true epidermal layer, and no stomata,

both of which would be useless from their being always exposed

to similar hygrometric conditions.

3. INSERTION AND ARRANGEMENT OF LEAVES.

1. Inseetjon.—The point by which a leaf is attached to the

stem or branch is called its insertion. Leaves are inserted on

various parts of the stem and branches, and receive different

names accordingly. Thus the first leaves which are developed

are called cotyledons (Jig. 18, c, c) or i^wising leaves. The coty-

ledons are usually very different in their appearance from the

ordinary leaves which succeed them. The first leaves which

appear after the cotyledons are termed primordial (Jig. 18, d, d)
;

these, and the cotyledons, generally perish as soon as, or shortly

after, the development of the other ordinary leaves. Leaves

are called radical when they arise at, or below, the surface of

the ground, and thus apparently from the root, but really from

a shortened stem, or croum oj the root as it is commonly called.

Leaves are thus situated in what are termed acaulescent plants,

such as the Dandelion and Primrose. The leaves which arise

from the main stem are called caulive : those from the branches

ramal ; and the modified leaves arising from the base of, or

upon the flower-stalks, bracts or hAj^pkylJary^leavcs (Jigs. 23

and 24, b, b). .

When a leaf arises from the stem by means of a petiole it is

said to be stalked or petiolate (Jig. 274, p) ;
when the blade of a
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leaf is fixed to the petiole by a point more or less within its

margins, as in the Indian Cress (Jig. 280), and Castor-oil plant

(fig* 332), the leaf is termed peltate ; when the petiole is absent,

Fig. 281.

so that the blade arises directly from the stem, it is said to be

sessile (fig. 286) ; when a leaf is enlarged at its base and clasps

the stem from which it springs, it is amplexicaul, clasping, or em-

Fig. 282. Fig. 284.

Fi'j. 282. Sheathing leaf of a Grass. Fig. 283. Decurrent leaf of a species
of Thistle. Fig. 284. Perfoliate leaf of a species of Hare's-ear (Bupleu-
rum rotundifolium). Fig. 285. Connate leaves of a species of Honey-
suckle (Lonicem Cuprifolium).

bracing (fig. 281), as in Fool's Parsley ; or if it forms a complete
sheath around it, as in Grasses generally (figs. 282 and 374, g), it
is said to be sheathing. When a leaf is prolonged from its base,
so as to form a winged or leafy appendage, down the stem, as in

l 2
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Thistles, it is decurrent (fig. 283) ;
when the two sides of the

base of a leaTprojicT beyond the stem, and unite, as in the

Hare's-ear (fig. 284), it is said to be perfoliate, because the

stem then appears to pass through the blade ;
or when two

leaves placed at the same level on opposite sides of the stem

unite more or less by their bases, they are said to be cMwdz,

as in the Teasels and some species of Honeysuckle (fig. Ma).

2 Arrangement of Leaves on the Stem or Fhyllo-

taxis —The term phyllotctods is used in a general sense to

indicate the various modes in which leaves are arranged on the

stem or branches. The following are the more important

varieties. Thus, when only one leaf arises from a node, the

leaves as they succeed each other are placed alternately on

different sides of the stem, and are then said to be Mernate

( iia 289). When two leaves are produced at a node, they are

usually situated on opposite sides of the stem, in which case

Tig. 286.

Fig. 287.

Fia 286 Whorled leaves o£ a species of Galium. Fig. 287. Decussate

leaves of Pimelea decussata.

they are described as ojmsite (fig. 287) ;
or when three or more

leaves arise from the stem so as to be arranged around it at thel

same level in the form of a circle, they are called wlmlMsi onfo

whorled (fig. 286), and each circle is termed a verM or wftortj

When leaves are opposite, the pairs as they succeed each other
j

usually cross at right angles, in which case they are said to

, v- vn, Tcns/ate (fir,. 287), and the arrangement is called deewuafeon.

£aUaV « ûSnt 'Aoris succeed each other it also frequently

^haonens that a somewhat similar arrangement occurs
;
thus the

leaves of one whorl correspond to the interval*
i

of the whor

bSow it. There are, however, commonly great irregularities

in this respect, and in some cases the number of leaves m Uie

ucc ss ve^horls vary, by which their arrangement becomes

still more complicated. This is the case, for instance, in Lys*

machia vulgaris.
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Only one leaf can arise from the same point but it some-

times happens that, by the non-development of the mtemodes

ofTn Sary branch, all the leaves of that branch are brought

close Lether, in which case they form a tuft or fmiskifig-Cr

288)! ami the leaves are then said to be tufted or fascicled. Such

an Arrangement is well seen in the Barberry and Larch That

fesSd leaves are thus produced is rendered evuISnt by the

fact that in the young branches of the Larch the mternodes be-

come elongated Ind the leaves are then separated from each

°th

The laws which regulate the arrangement of leaves upon the

stem have of late years been carefully investigated
;
and when

Ve consider that all the organs of the plant which succeed the

leaves are formed on the same plan, and follow similar laws, the

determination of these laws must be considered to be a matter

of much importance. It has been supposed by some that the

Fig. 288. Fig. 289.

Fig. 288. Fascicled or tufted leaves of the

Larch. Fid. 289. A portion of a branch

oTThe Cherry-tree with six leaves, the

sixth of which is placed vertically over

the first. The right-hand figure is the

same branch magnified, the leaves

having been removed, and numbers
placed to indicate the points of their

insertion.

r

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, the regular arrange-

ments of the leaves in such plants is to be opposite or whorled

also ; and that when they become alternate, this arises from

the prolongation or extension of the nodes ; while in Mono-
cotyledons, on the contrary, which have normally but one

cotyledon, that the regular position of the leaves is alternate,

and that when they become opposite or whorled, this arises from

the non-development or shortening of the successive internodes.

The investigations, however, of Bonnet, nearly a century ago,

tended to prove that all leaves and their modifications have nor-

mally 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 or branch, so as to touch in succession the base of

the different leaves upon its surface, it would describe a spiral
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around it. He found also, that the relation of the leaves to one
another was constant, each being separated from the other by an
equal distance, so that if we started with any particular leaf and
waited until another leaf was reached which corresponded ver-

tically with it, and then proceeded to the leaf beyond this, we
should find that this would also correspond vertically with the

one next above that which we started from, and so on, each
successive leaf would be placed vertically over one of the leaves

below, but that in all cases in the same plant, the number of

leaves between the one started from, and that which corre-

sponded vertically with it, would be always the same. Thus if

we take a branch of the Apple or Cherry-tree (fig. 289), and
commence with any particular leaf which we will mark 1. and
then proceed upwards, connecting in our course the base of

each succeeding leaf by a line or piece of string, we shall find

that we shall pass the leaves marked 2, 3, 4, and 5, but that

when we reach the one marked 0, that this will correspond

vertically with the 1st ; and then proceeding further, that the

7th will be directly over the 2nd, the 8th over the 3rd, the 9th

over the 4th, the 10th over the 5th, and the 11th over the 6th

and 1st ; so that in all cases when the sixth leaf is reached,

including the one started from, a straight line might be drawn
from below upwards to it, and that consequently there were five

leaves thus necessary to complete the arrangement. Bonnet

also discovered other more complicated arrangements in wliich

more leaves were necessary for the purpose. His ideas were

little attended to at the time ; but of late years by the re-

searches of Schimper, Braun, Bravais, and others, his views

have been confirmed and considerably extended, and it has

been shown that the spiral arrangement is not only universal,

but that the laws which regulate it may be reduced to mathe-

matical precision, the formula? representing the relative position

of leaves in different plants varying, although always constant

for the same species. The examination of these laws further

than to show that the regular arrangement of leaves and their

modifications is in the form of a spiral around the stem, having at

present no very practical bearing in Botany, however interesting

they may be in a mathematical point of view', would be out of

place here ; we shall confine ourselves to the general discussion

of the subject, and as alternate leaves are those which will

enable us to do so with most facility, we shall allude to them

first.

1. Alternate Leaves.—H we refer again to the arrangement

of the leaves in the Cherry or Apple, we shall find that before

we arrive at the sixth leaf (fig. 289), which is over the first,

the string or line used to connect the base of the leaves will have

passed twice round the circumference of the branch. The point

where a leaf is thus found, which is placed in a straight line, or

perpendicularly over the first, shows the completion of a a rv 9
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or cvde and thus in the Cherry and Apple the cycle consists of

n v li e As the five leaves are equidistant from each other,

and as the line which connects them passes twice round the stem,

the Stance of one leaf from the other will beJ of its circum-

ference. The fraction f,
therefore, is the angular divergence, or

size of the arc interposed between the insertion of two succes-

sive leaves, or their distance from each other expressed m parts

of the circumference of the circle, that is § of 360 =144
,
the

numerator indicates the number of turns made m completing the

cycle, and the denominator the number of leaves contained in it

The successive leaves as they are produced on the stem a we

have seen, are also arranged in similar cycles. This anange-

Fig. -290.

Fig °90 Portion of a branch of the Lime-tree, with four leaves arrangedm
a'distichous or two-ranked manner. Fig. 291. Portion of a branch with

the base of the leaves of a species of Carex, showing the tristichous or three-

ranked arrangement. The numbers indicate the successive bases of the

leaves.

ment in cycles of five is by far the most common in Dicotyle-

dons. It is termed the quincuncial, pentastichous, or five-ranked

arrangement.

A second variety of arrangement in alternate leaves is that

which is called distichous or two-ranked. Here the second leaf

is above and directly opposite to the first (fig. 290), and the

third being in like manner opposite to the second, it is placed

vertically over the first, and thus completes the cycle, which

here consists of but two leaves ; the fourth leaf again is over the

second, and the fifth over the third and first, thus completing a

second cycle ; and so on with the successive leaves. Here one

turn completes the spiral, so that the angular divergence is i the

circumference of a circle, or 4 of 300° = 180°. This arrangement

is the normal one in all Grasses, and many other Monocotyle-

dons ; and the Lime-tree (fig. 290), and other Dicotyledons,

exhibit a similar arrangement.
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A third variety of arrangement in alternate leaves is the

tristichous or three-ranked (Jig. 291). Thus, if we start with any

leaf, ancfmark it No. 1, and then pass to 2, 3, and 4, we shall

find that we shall make one turn round the stem, and that the

fourth leaf is vertically over the first, and thus completes a cycle

composed of three leaves. In like manner, the fifth leaf will be

over the second, the sixth over the third, and the seventh over

the fourth and first, thus completing a second cycle ;
and so on

with the succeeding leaves. Here the angular divergence is

or one turn and three leaves, that is, ^ of 360° = 120°. This

arrangement is by far the more common one among Monocotyle-

dons, and may be considered as the most characteristic of that

class of plants, just as the pentastichous arrangement is of

Dicotyledons.

Fig. 292.

Fig. 293.

Fin 292. Pineapple fruit (Sorosis), surmounted by a crown of empty bract?,

Fig. 293. Cone or fruit of the Scotch Fir.

A fourth variety of Phyllotaxis in alternate leaves is the

octastichous or eight-ranked. Examples of this variety occur in

the Holly and Aconite. In this the ninth leaf is over the first,

the tenth over the second, the eleventh over the third, and so

on j thus taking eight leaves to complete the cycle
;
and, as

the spiral line here makes three turns round the stem, the

angular divergence will be f of the circumference, that is,
|
01

q^jqc _ 235
0

The above are the more common varieties of Phyllotaxis ;

hut a number of others also frequently occur, as _ .
..

£rC Other varieties met with are T , g, 9, t,> 5s) s7> *vc - •
'

s 5 JL 12 &c • as also others of a rarer occurrence.
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These become more complicated as the number of leaves, &c,

in the spire is increased ; but in those cases where the leaves,

&c, are so numerous as to be close to each other, as m the

Screw-pine, the Pineapple (fig. 292), and m the fruit of

Coniferous plants (fig. 293), the spiral arrangement is at once

6V1

Byplacing the fractions representing the angular divergence

in the different varieties of Phyllotaxis side by side in a line,

thus h |, f, £, If, ft &c. ; h |, |, % if,
we

see at once that a certain relation exists between them ;
tor the

numerator of each fraction is composed of the sum of the

numerators, and the denominator of the sum of the denomina-

tors of the two preceding fractions ; also in the first series, that

the numerator of each fraction is the denominator of the next

but one preceding. By applying this simple law therefore we

may continue the series of fractions representing the angular

divergence, &c, thus : §|, ffj, &c. It should be mentioned

with respect to the laws of Phyllotaxy, that they are frequently

interfered with by accidental causes which produce corresponding

interruptions of growth, so 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

commencing them, are called rectiserial ;
while those in which

the divergence is such that the circumference cannot be

divided by it into an exact number of equal parts, and thus no

leaf can be placed precisely in a straight line over any pre-

ceding leaf, but disposed in an infinite curve, are termed

curviserial. The first forms of arrangement are looked upon as

the normal ones ; the latter will show the impossibility of bring-

ing organic forms and arrangements, in all cases, under exact

mathematical laws.

We have thus endeavoured to show that when leaves are al-

ternate, the successive leaves form a spiral round the axis. The

spire may either turn from right to left, or from left to right.

In the majority of cases, the direction in both the stem and

branches is the same, and it is then said to be hornodromous^ ;

but instances also occasionally occur in which the direction is

different, when it is called heterodromons.

2. Opposite and Whorled Leaves.—We have already observed

with regard to these modifications of arrangement, that the suc-

cessive pairs, or whorls, of leaves, as they succeed each oiher

(page 148), are not commonly inserted immediately over the

preceding, but that the second pair (fig. 287), 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



154 PIIYLLOTAXIS IN DIFFERENT NATURAL ORDERS.

the third, and so on. This arrangement occurs in plants of the
Labiate and Olive orders, and is called decussation, as previously-

noticed. In some cases the succeeding pairs, or whorls, are not
thus placed directly over the intervals of those below, but a little

on one side, so that we shall have to pass to some higher pair or

whorl than the third, before we arrive at one which is placed

directly over the first. Such arrangements, therefore, clearly

show that the successive pairs and whorls of leaves are arranged

in a spiral manner with regard to each other. Opposite leaves

may be thus looked upon as produced by two spirals proceeding

up the stem simultaneously in two opposite directions ; and the

whorl as formed of as many spirals as there are component
leaves.

3. Phyllotaxis in different Natural Orders, &c.—The alterna-

tion or opposition of leaves is generally constant in the same
species, and even in some cases throughout entire natural orders.

Thus, the Borage order (Boraginaceee) have alternate leaves ; the

Pink order (Caryophyllacese), opposite ; the Labiate order (La-

biatm), opposite and decussate ; the Leguminous order (Legu-

minosee), alternate ; the Rose order (Rosacem), alternate, &c.

While the opposition or alternation of leaves may be thus shown

to be constant throughout entire natural orders, yet the change

from one arrangement to another may be sometimes seen upon

the same stem, as in the common Myrtle and Snapdragon.

Other opposite-leaved plants also often exhibit an alternate

arrangement at the extremities of their young branches when
these grow very rapidly. In other cases alternate leaves may
become opposite, or whorl ed, by the non-development of the

successive internodes by interruptions of growth; or, if the

whole of the internodes of a branch become non-developed, the

leaves become tufted or fascicled (fig. 288), as already noticed.

Generally, however, the relative position of leaves is so con-

stant in the same species that it forms one of its characteristic

distinctions.
• The arrangement of leaves probably influences, in some de-

gree at least, the form of the stem and branches. Thus, a cer-

tain amount of alternation commonly leads to a rounded form

of stem or branch ; an opposite or whorled arrangement, to an

angular stem or branch: for instance, the Labiate order of plants,

in which the leaves are opposite and decussate, have commonly

square stems and branches ; in the Nerium Oleander, where the

leaves on the young branches are placed in whorls of three, the

stem has three angles ; and in the species of Galium and Eubia,

which have whorled leaves, the stems and branches arc always

angular. M. Cagnat and others have also endeavoured to show

that the arrangement of the leaves has a direct influence upon

the forms of the wood, bark, and pith ;
either upon one of these

parts only, or sometimes upon them all ; but, although some

curious relations have been found to exist between the arrange-
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ment 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.

3. Arrangement of the Leaves in the Bud, or Verna-

tion.—Having now described the general arrangement of leaves

when in a fully formed and expanded state upon the stem or

branch, we have in the next place to allude to the different

modes in which they are disposed while in a rudimentary and

unexpanded condition in the bud. To these modifications the

general name oi Vernation (the spring state), or Prsefoliation has

been applied. Under this head we include :—1st, 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 one another. In the first place we
shall consider the modes in which each of the leaves considered

separately is disposed. We arrange these again in two divi-

Fig 294. Fig. 295. Fig. 296. Fig. 297. Fig. 298.

Fig. 294. Vertical section of a reclinate leaf. Fig. 295. Transverse section

of a conrluplicate leaf. Fig. 296. Transverse section of a plaited or pli-

cate leaf. Fig. 297. Vertical section of a circinate leaf. Fig. 298.

Transverse section of a convolute leaf. Fig. 299. Transverse section of

a revolute leaf. Fig. 300. Transverse section of an involute leaf.

sions :—1st, Those in which the leaf is simply bent or folded ;

and 2nd, Those where it is rolled. Of the first modification we
have three varieties :—Thus, 1st, the upper half of the leaf may
be bent upon the lower, so that the apex approaches the base

(fig. 294), as in the Tulip-tree, it is then said to be reclinate or

inflexed; 2nd, the right half may be folded upon the left, the

ends and midrib or axis of the leaf remaining immovable (fig.

295), 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 (fig. 296), as in the Sycamore, Currant, and Vine, when it

is jihdted or plicate. Of the second modification we have four

varieties :—1st, the apex may be rolled up on the axis of the

leaf towards the base, like a crosier (fig. 297), as in the Sundew
and Ferns, when it is circinate

;
2nd, the whole leaf may be
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rolled up from one margin into a single coil, with the other

margin exterior (Jig. 298), as in the Apricot and Banana, in

which case it is convolute
;
3rd, the two margins of the leaf may

both be rolled inwards on the upper surface of the leaf, towards

the midrib, which remains immovable (Jig. 300), as in the

Violet and Water-lily, when it is involute ; or, 4th, the two
margins may be rolled outwards or towards the midrib on the

lower surface of the leaf (Jig. 299), as in the Dock and Azalea,

in which case it is revolute.

We pass now to consider, secondly, the relation of the several

leaves of the same bud taken as a whole to one another. Of

this we have several varieties which may also be treated of in

two divisions :—1st, those in which the component leaves are

Jiat or slightly convex ; and 2nd, where they are bent or rolled.

Of the first division we shall describe three varieties :—1st, that

Fig. 301. Fig. 302. Fig. 303.

Fig. 304. Fig. 305. Fig. 306. Fig. 307.

Fin 301 Transverse section of a bud to show the leaves arranged in a val-

vate manner. Fig. 302. Transverse section of a bud to show imbricate

vernation Fig. 303. Transverse section of a bud to show twisted or

spiral vernation. Fig. 304. Transverse section of a bud to show indu-

Plicate vernation. Fig.305. Transverse section 0 a bud showing eqiii-

tknt vernation. Fici. 306 Transverse section of a bud showing obvo ute

vernation. Fig. 307. Transverse section of a bud showing supervolute

vernation.

in which the leaves are placed nearly in a circle or at the same

level, and in contact by their margins only, without overlapping

each other (fig. 301), when they are vahate ;
2nd, that in winch

the leaves are placed at different levels, and the outer succes-

sively overlap the inner to a greater or less extent by their mar-

dns (/iV/. 302), as in the Lilac, and in the outer scales of the

Sycamore', when they are said to be imbricate ;
and 3rd, if when

leaves are placed as in imbricate vernation, the margin of one

leaf overlaps that of another, while it, in its tun., is overlapped

bv a third ( fig. 303), the vernation is twisted or spiral. Of the

second division, viz. where the component leaves of the bud are
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bent or rolled, we shall describe four varieties :-lst, when in-

volute leaves are applied together in .a circle
.
without owr-

lappin* (fig. 304), they are said to be induplcate
;
2nd, it the

leases are condniHcate, and the outer successively embrace and

sit astride of those next within them as if on a saddle (fig.

305^8 in the Privet, and the leaves of the Iris at their base, they

are^ ; «h ; 3rd, if the half of one conduplicate leaf receives

h its old the half of another folded in the same manner (fig

306), as in the Sage, the vernation is half-extant ?^bvoluU

and 4th, when a convolute leaf encloses another which is rolled

up in a like manner (fig. 307), as in the Apricot, the vernation

18

The thus used in describing the different kinds of ver-

nation are also applied in like manner to the component parts

of the flower-bud, that is, so far as the floral envelopes are con-

cerned, under the collective name of seshmtton or proration.

We shall have therefore to refer to some of them again, together

with others, not found in the leaf-bud, when speaking of the

flower-bud.

4. LAMINA OB BLADE.

We have already seen that the leaf (figs. 273 and 274) in its

most hio-lily developed state consists of three parts
;
namely, ot

a lamina or blade, a petiole or stalk, and of a stvpulwr portion.

We have now to describe each of these portions m detail, com-

mencing with the lam ina or blade.
_ _

Venation or Nervation.—The term venation is applied

generally to indicate the various modes in which the veins are

distributed throughout the lamina. These veins have also been

called nerves, and their distribution nervation ;
but the latter

terms, by indicating an analogy which does not exist between

them and the nerves of animals, are better avoided
;
hence we

shall in future always use the terms veins and venation.

In some plants, as Mosses, and those living underwater, &c,

the leaves have no flbro-vascular skeleton, and consequently no

true veins, and are hence said to be veinless ;
while in succulent

plants the veins are hidden more or less from view, in consecpuence

of the great development of parenchyma, in which case the leaves

are termed hidden-veined.

In those leaves where the veins are well marked, they are

subject to various modifications of arrangement, the more im-

portant of which need only be mentioned here. Thus, when

there is but one large central vein, proceeding from the base to

the apex of the lamina, and from which all the other veins pro-

ceed, such a vein is called the midrib or costa (fig. 308) ;
or

when there are three or more large veins, which thus proceed

from the base to the apex (fig. 309), or to the margins (fig. 310),

of the lamina, the separate veins are then termed ribs. The
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divisions or primary branches of the midrib, or of the separate
ribs, are commonly called veins and their smaller ramifications
veinlets.

There are two marked modifications of venation. In the

Fig. 308. Fig. 310.

Fig. 308. Lrfaf of the Cherry with lamina, petiole, and stipules. The lamina
has serrate margins, and a large central vein or midrib is seen to proceed
from the petiole to the apex of the leaf, and to give off from its sides the
other veins (vinnately-veiited). Fig. 309. nibbed leaf of Cinnamon with
entire margins. Fig. 310. Leaf of the Melon with dentate margins.
The venation is said to be radiated or palmately-veined. Fig. 311. a.

Parallel venation of a grass; this variety of venation is commonly called

straight-veined, b. A variety of parallel venation sometimes termed
curve-veined, as seen in the Banana.

first modification the fibro-vascular tissue as it enters the lamina

is either continued as the midrib (fig. 308), or it divides into

two or more ribs {figs. 309 and 310) ; and from this midrib or

ribs other veins are given off ; and from thorn, in like manner,
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smaller ramifications or veinlets arise, which unite with one

another so as to form a kind of network. Or, in the second

modification, the fibro-vascular tissue is either continued as a

midrib from the base to the apex of the lamina, giving off from

its sides other veins, which run parallel to the margins, and

which are simply connected by unbranched veinlets (figs. 311,

b and 318) ; or it divides at once into several veins or ribs, which

proceed from the base to the apex (fig. 316), or margins (fig.

317) of the blade, more or less parallel to one another, and are

in like manner connected only by simple parallel unbranched

veinlets (fig. 311, a). The leaves which exhibit the first modi-
\

fication of venation are called reticulated or netted-veined leaves,
|

and occur universally in Dicotyledons ;
and those which present

the second modification are termed parallel-veined leaves, and \

are characteristic with some few exceptions of Monocotyledons.

These two modifications are also subject to certain variations,

some of which must now be noticed.

1. Varieties of Reticulated or Netted Venation.

There are two principal varieties of this kind of venation,

namely, the feather-veined or pinnately-veined, and the radiated

or palmately-veined.^

Fig. 312. Fig. 313. Fig. 314. Fig. 315.

Fig. 312. Feather-veined leaf of the Spanish Chestnut. Fig. 313. Feather-

veined leaf of the Oak. Its lobes are arranged in a pinuatifid manner.
F'uu 314. Leaf of the Dead-nettle. The venation is the true netted, audits

margins are serrate. Fig. 315. a. Linear leaf. b. Triple-ribbed leaf of

the common Sunflower.

A. Fcither-veined or Pinnately-veined.-—In this variety the

midrib either gives off lateral veins which proceed at once to
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the margins (figs. 312 and 313), and are connected by numerous
branching veinlets, as in the leaves of the Beech, Spanish
Chestnut, Holly, Oak ; or the midrib gives off branches from
its sides, which .proceed at first towards the margins, and then

curve towards the apex, terminating finally within the margins,

with which they are connected by small veins, as in the Dead-
nettle (Jig. 314), and Lilac. The latter modification of arrange-

ment is sometimes termed true netted venation.

B. Radiated or Palmately-veined.—This name is applied to a

leaf which possesses two or more ribs that arise from at or near

the base of the lamina, and diverge from one another towards

its margins, and are connected by branching veins, as in the

Melon (fig. 310) and Castor-oil plant (fig. 332). The ribbed

venation, as seen in the Cinnamon (fig. 309), is but a modification

of this variety, in which the ribs, instead of diverging from one

another, run in a curved manner from at or near the base of the

blade to the apex, towards which they converge, such ribs being

connected together by branching veins. If a ribbed leaf has

three ribs proceeding from the base, it is said to be three-ribbed

or tricostate ; if five, five-ribbed or quinquecostate ; if more than

five, many-ribbed or midticostaie. If the midrib of such a leaf

five's off on each side, a little above its base, another rib, it is

said to be triple-ribbed or triplicostate, as in the common Sun-

flower (fig. 315, b) ; or if two such ribs arise on each side of the

midrib, it is termed quintuple-ribbed or quinUqrticostate. These

ribbed leaves have frequently a great resemblance to parallel-

veined leaves, from which, however, they may be at once dis-

tinguished by their ribs being connected by branching veins.

2. Varieties of Parallel Venation.

The term parallel-veined is not strictly applicable in all cases,

for it frequently happens that the veins are radiated ; but from

the difficulty of finding a name which will comprise all the

modifications to which such leaves are liable, it must be under-

stood that we apply the term parallel-veined to all leaves in

which the main veins of the lamina are more or less parallel and

only connected by unbranched parallel veinlets.

There are certain characteristic variations of parallel vena-

tion. Thus, the main veins may either proceed in a somewhat

parallel direction from the base to the apex of the lamina, to

which point they converge more or less (fig. 310), as in the

ordinary ribbed variety of reticulated leaves already noticed,

and are connected by simple unbranched transverse veinlets
;

or they diverge from one another towards tlie circumference of

the blade (fig. 317), as in the radiated-veined variety of reti-

culated leaves, and are likewise united by cross-veinlets. The

leaves of Grasses, Lilies, and the common Flag, maybe taken
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as examples of the first variety ; and those of many Palms (fig.

317) of the second.
, .

Or the leaves may have a prominent midrib, as m the

feather-veined variety of reticulated venation, giving off from

its sides alono- its whole length other veins, which proceed par-

allel to each other in a straight or curved direction towards

and lose themselves in, the margins (figs. 318 and 311, b)
;
and

are connected, as in the last variety, by unbranched veinlets.

Fig. 317. Fig. 318.

Fig. 316.

Fig. 319.

Fig. 316. Leaf showing the variety of parallel venation usually, called

straight-veined ; the margins are entire. Fiq. 317. Straight-veined

variety of parallel venation, as seen in the leaf of the Fan Palm (Chamce-

rops). Firj. 318. Curve-veined variety of parallel venation, as seen in

the Banana. Fiq. 319. Forked venation of a Fern leaf {frond) ;
the

margins are crenate.

The Banana, the Plantain, and allied plants, furnish us with

examples of this variety. This latter variety is sometimes
distinguished as the curve-veined, the former being commonly
known as the straight-veined or parallel-veined.

Venation of the Leaves of Cormophytes.—Besides the above
varieties of reticulated and parallel venation as found in Dicoty-

ledons and Monocotyledons, the leaves (fronds) of Ferns, and
those of other Cormophytes which have veins, present us with a

third variety
;
thus, in these the primary venation may be feather-

veined or radiated-veined, but the whole of their principal veins

M
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Pig. 320.

either divide afterwards in a forked manner {fig. 319), or their

terminal ramifications are thus divided. Such a variety of vena-

tion has therefore been called Furcate or forked.

The leaves of these three great divisions of plants present us,

therefore, with three different varieties of venation : thus, those

of Dicotyledons are reticulated ; those of Monocotyledons parallel
;

and those of Cormophytes/or/ced. But the venation of Cormo-

phytes is not so generally characteristic as that of Dicotyledons

and Monocotyledons.
Composition.—Leaves are divided into simple and compound.

Thus a leaf is called simple if it has only one blade (figs. 308

and 309), however much this may be divided, so that the divi-

sions do not extend to the midrib (fig. 325), or petiole (figs.

331 and 332) ; or in some cases the divisions may even extend

to the midrib, or petiole, but the leaf is still called simple when
the parts info which the lamina is divided are attached by a

broad base, as in fig. 326. (See Incision, page 165.) A leaf is

termed compound, when the 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 or

branch from whence it arises (fig. 275). The separated portions

of a compound leaf are then called leaflets or

folioles ; and these may be either sessile (figs.

364-366), or have stalks (fig. 378), each of which

is then termed a petiolule, stalklet, or paHial

petiole, and the main axis which supports them,

the rachis or common petiole.

The leaflets of a compound leaf may be

generally at once distinguished from the sepa-

rate leaves of a branch, from the fact of their

being all situated in the same plane ;
there are,

however, to this character many exceptions.

Another mode of distinguishing a simple from

a compound leaf arises from the fact that a

simple leaf has never more than one articula-

tion, which is placed at the point where it joins

the stem ; but a compound leaf frequently pre-

sents two or more articulations : thus, besides

the common articulation to the stem, each of

the separate leaflets may be also articulated to

the common petiole. (See also page 180.) This

character frequently forms a good mark of dis-

tinction between simple and compound leaves,

for although it is quite true that many com-

pound leaves only present one articulation, and can then only be

distinguished from those simple leaves which are divided to

their midribs or petioles by the greater breadth of attachment

of the divisions in the latter instances ;
yet, if such leaflets are

rateiukted to the common petiole, their compound nature is

Fig. 320. Leaf of

Orange (Citrus

Aurantium). p.
•Winged petiole

articulated to the

lamina, I.
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at once evident. The presence of more than one articulation

is, therefore, positive proof as to the compound nature of a

leaf, but the absence of such articulation does not necessarily

prove it to be simple, as is sometimes stated. We thus look

upon the leaf of the common Orange, which consists of only a

single blade (jig. 320, I), as compound, because its petiole, p,

is not only articulated to the stem, but the blade is also articu-

lated to the petiole. There are, however, numerous instances

of leaves in a transitional state between simple and compound,

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.

1. Simple Leaves.—The modifications which simple leaves

present as regards their margins, figure or shape, form, and
other variations of their blades, are extremely numerous ; hence

we require a corresponding number of terms to define them.
These terms are also applied in a similar sense to describe like

modifications of the other compound organs of the plant which
possess a definite figure and form, as the parts of the calyx,

corolla, &c. ; and also to those of the stipules, and the leaflets

of a compound leaf. It is absolutely necessary therefore that

the student should become thoroughly acquainted at once with
the more important modifications to which the blades of leaves

are subject. It was thought by De Candoile that the figure of

the lamina depended upon the distribution and length of the
veins, and the extent of parenchyma which is developed between
them ; the general outline or figure being determined by the
former, and the condition of the margins by the latter. But
although these views have been proved to be incorrect in a
scientific point of view, still, if this be borne in mind, it is con-
venient, to say the least, to study the almost infinite modifica-
tions of the lamina of leaves with reference to his views, as it is

always found that there is a mutual adaptation between the
venation of the leaf and its general outline. We shall there-
fore describe the various modifications of the lamina to some
extent after this manner, and in doing so we shall divide our
subject into five heads as follows :— 1. Margins ; 2. Incision

;

3. Apex ; 4. General Outline ; 5. Form.
1. Margins.—We have already stated that the condition of

the margins is dependent upon the extent to which the paren-
chyma is developed between the veins of the lamina. Thus, if

the parenchyma completely fills up the interstices between the
vein3, so that the margins are perfectly even, or free from every
kind of irregularity, the leaf is entire (Jigs. 316 and 320), as in
those of the Orchis order. But when the parenchyma does not
reach the margins, but terminates at a short distance within them,
so that the margins are uneven, we have several modifications,
which are distinguished by characteristic terms. Thus, if the
margins present sharp indentations like the teeth of a saw, and

m 2
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all point to the apex, the leaf is serrate (figs. 314 and 348), as m
the common Dead-nettle ;

or, if similar teeth point towards the

base, the leaf is described as retroserrate ; if these teeth are

themselves serrate, it is biserrate (jigs. 321, b, and 337), as in the

Elm, and Nettle-leaved" Bell-flower ; or when the margins are

minutely serrate they are termed serrulate, as in Barosma serra-

Fig. 321.

a b c

Fig. 321. Diagram of the margins o£ leaves, a. Bicrenate. b. Biserrate.

c. Duplicato-dentate.

tifolia. When the teeth are sharp, but do not point in any

particular direction, and are separated by concavities, the leaf

is dentate or toothed (Jigs. 310 and 343), as in the Melon, and

the lower leaves of the Corn Bluebottle ; or when the teeth are

themselves divided in a similar manner, it is duplicato-dentate

(Jig. 321, c). When the teeth are rounded (Jigs. 319 and 349)

the leaf is crenate, as in the Horseradish, and Ground Ivy ;
or if

these teeth are themselves crenate it is bicrenate (Jig. 321, a)
;
or

when the leaf is minutely crenate it is said to be cremdated.

When the margins present alternately deep concavities and con-

vexities it is sinuated, as in some Oaks (fig. 322). This kind

of leaf is sometimes placed under the head of Incision ;
it may

Fig. 322. Fig. 323.

Fid 322. Sinuated leaf of the Oak. Fig. 323. Spiny leaf of the Holly (Ilex

Aquifolium), with wavy margins.

be regarded as an intermediate condition between a toothed leaf

and one that is pinnatitid (fig. 313). When the margins are slightly

sinuous or wavy, as in the Holly (Jig. 323), they are said to be

wavy or undulated ; or when the margins are very irregular,

being twisted and curled, as in the Garden Endive, Curled
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Dock, and Curled Mint, they are called crisped or curled (fig.

324).

'

2. Incision.—This term is employed when the margins of the

blades are more deeply divided than in the above instances, so

that the parenchyma only extends about midway or a less dis-

tance between them and the midrib, or petiole. The divisions

are then commonly called lobes. It is usual, however, to give

different names to these lobes, according to the depth of the

incisions by which they are produced
;
thus, if they reach to

about midway between the margins and midrib (fig. 313), ox-

petiole (fig. 331), they are properly called lobes, and the inter-

Fig. 324. Fig. 325. Fig. 326.

Fig. 324. Crisped or curled leaf of a species ol Mallow( Malta). Fig. 325.

Pinnatipartite leaf of a species of Valerian (Valeriana dioica). Fig.

326. Pinnatisected leaf of a species of Poppy (Papaver Argemone).

vals between them fissures, or in composition the term -fid is

used, and the leaf is also said to be -cleft : if nearly to the

base, or midrib (fig. 325), they are termed partitions, and the

leaf is -partite ; if quite down to the base, or midrib, they are

called segments (fig. 326), and the leaf is dissected, or in compo-
sition -sected. The segments of the latter differ from the leaf-

lets of compound leaves, as already noticed (see page 162), in

not being articulated ; and also in being united to the midrib,

or petiole, by a broad base.

In describing the above incised leaves we say that they are

bifid or two-deft, trifid or three-cleft, quinquefid or five-cleft,

teptemfid or seven-cleft, and m'tdtifid or many-cleft, according to

the number of their fissures ; or two-lobed, three-lobed, four-
fiobed, &c, from the number of their lobes. Or, a leaf is also

said to be tripartite or trisected., &c, in the same manner,
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according to the number of partitions, or segments. The above

terms are more especially used with palmately-veined simple

leaves.

The divisions of the lamina are, however, always arranged

in the direction of the principal veins. Thus, those of feather-

veined or pinnately-veined leaves are directed towards the

midrib (Jigs. 313, 325, and 326) ; while those of palmately or

radiated-veined leaves are directed towards the base of the

lamina (Jigs. 331 and 332). Hence, instead of using terms

indicating the number of lobes, partitions, and segments of the

lamina, others are generally employed that define the leaf more

Fig. 327. Fig. 328. Fig 329.

Fig. 330.

Fia 327 Pectinate or comb-shaped leaf. Fig. 328. Lyrate leal of the

common Turnip (Brassica Rapa). Fig. 320. Uuucinate leaf of the

ItaKn ^Taraxacum officinale). Fig. 330. Fiddle-shaped leaf of

Ruine.x pulcher.

accurately, which are derived from the mode of venation comr

bined with that of incision. Thus, if the lamina is feather-

veined, and the divisions consequently arranged m that manner,

the leaf is said to be pinnatifid (Jig. 313) as in the common

Oak ; or pwmaUpartite (fig. 325), as in Vah n„uo dwvn
,
V

pinnatisccted (fig. 326), as in Papaver Argemom, according to

their depth, as already described. If the divisions are t cm-

selves incised in a similar manner to the original division, f

he lamina itself, the leaf is said to be ''Ti^
partite, or bvpinnatwded. Or, if the sub-dms.ons of these
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are a«ain divided in a similar manner, tripinnatifid, tripinnaU-

partite, or tripitmatisected. Or, if the lamina is still further

divided, the leaf is said to be decomposed or laciniated.

Certain modifications of these varieties have also received

special names; thus, when a pinnately-veined leaf is deeply

divided, and the divisions are very close and narrow like the

teeth of a comb {fig. 327), it is said to be pectinate, as in the

Water Milfoil ; when the terminal lobe of a pinnately-veined

leaf is large and rounded, and the lateral lobes which are also

more or less rounded become gradually smaller towards the

base, it is lymttZ or lyre-shaped, as in the common Turnip {fig.

328) ; when the terminal lobe is triangular, and the other lobes

which are also more or less of the same shape have their points

directed downwards towards the base of the lamina, as in the

Fig. 331. Palmate leaf of a species of Passion-flower ( Passiflora ).

Fig. 332. Palruatifid leaf of the Castor-oil Plant {Ricinus communis).

Dandelion {fig. 329), the leaf is said to be runcinate ; or when
a lyrate leaf has but one deep recess on each side, so that it

resembles a violin in shape, it is termed panduriform or fiddle-

thaped, as in the Fiddle Dock {fig. 330).

The above terms are those which are employed to define

incised feather-veined leaves ; but when the blades are palmately-

veined and incised, other terms are used according to the degree
of division. In describing such leaves, the terms bifid, trifid,

guinquefid, &c, bipartite, tripartite, &c, bisected, trisected, &c,
are employed according to the number of their lobes, partitions,

or segments, as already noticed ; or the terms palmatifid,,

j> iltuatipn i tite, palmatiseeted, derived from the direction of the
veins, combined with that of incision, are used. Special names
are also applied to certain modifications of these palmately-
yeined leaves as with those which are pinnately-veined. Thus,
when the blade of such a leaf has five spreading lobes united at

Fig. 332.
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their base by a more or less broad expansion of parenchyma, so

that the whole has a resemblance to the palm of the band with

spreading fingers, the leaf is termed palmate, as in some species

of Passion-flower (fig. 331) ; or when there are more than five

lobes, the leaf is described as paknatifid or palmateVg-cleft, as

in the Castor-oil Plant (fig. 332). Some writers, however, use

Fig. 383.

Fig. 334.

Fig. 333. Dissected leaf of the Water Crowfoot (Ranunculus aqualilis).

the terms palmate and palmatifid indifferently to describe

either of the above modifications of incised leaves, but the

sense in which they are defined above is more precise, and

should alone be used. When the lobes are less spreading,

narrower, and somewhat deeper than in a true palmate leaf,

the leaf is digitate ; or when there are more than five lobes of

a similar character, as in the Bitter

Cassava, it is sometimes termed

diqitipartite, or even digitate

(though improperly so), by some

authors. When the lamina is

divided nearly to its base into

numerous narrow thread-like divi-

sions, as in the submersed leaves

of the Water Crowfoot (fig. 333),

the leaf is said to be dissected.

When the lateral lohes, partitions,

or segments, of what would be

otherwise a palmate leaf are them-

selves divided into two or more divisions (fig. 334), as in the

Stinking Hellebore and Sawomatum guttatum, so that the

whole bears some resemblance to a bird's foot, the leaf JB

termed pedatifid, pedatvparHte, or pedatisected, according to the

depth of the divisions. The term pedate is by some botanists

applied generally to these modifications of the palmate leaf, but

Fig. 334. Pectatipartite leaf.
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such a term ought properly to be reserved for a compound leaf

when the leaflets are arranged in a pedate manner (page 1*8).

Besides the above modifications of palmately-vemed leaves,

other variations also occur, in consequence of the lobes, parti-

tions, or segments of the lamina becoming themselves divided,

either in a°pinnately-veined or palmately-vemed manner, and

terms are used accordingly, the application of which will be at

once evident from what has been already stated.

3. Apex. — This varies much in the blades of different

leaves. Thus the apex is obtuse or blunt, when it is rounded

(Jigs. 344 and 346), as in the Primrose ; it is retuse when it is

obtuse, with a broad shallow notch in the middle, as in the

Red Whortleberry (Vaccinium Vitis-id&a) and the leaflets of

Logwood ; or when under the same circumstances the notch is

sharp, or nearly triangular, it is emarginate, as in some species

Fig. 335. Fig. 336.

Fig. 335. Leaflet of a species of Cassia. It is obovate in figure or outline,

somewhat oblique at the base, and emarginate at its apex. Fig. 336.

Branch of the Tulip-tree (Liriodendrun fulipifera) with flower and leaves.

The latter terminate abruptly, hence they are said to be truncate.

of Cassia (fig. 335), and in the common Box (Buxus semper-

virens). "When the lamina terminates very abruptly, as if it

had been cut across in a straight line, the apex is truncate, as

in the leaf of the Tulip-tree (fig. 336) ; or if under the same
circumstances the termination is ragged and irregular, as if it

had been bitten off, it is prsemorse, as in the leaf of Carryota

wrens. When the apex is sharp, so that the two margins form

an acute angle with each other (figs. 338 and 345), it is acute or

sharp-pointed ; when the point is very long, and tapering

(fig. 343), it is acuminate or taper-pointed, as in the leaf of

the "White Willow and common Reed ; or when it tapers

gradually into a rigid point, it is cuspidate, as in many Bubi.

When the apex, which is then commonly rounded, has a

short hard or softened point standing on it, it is mucronate

(fig. 342), as in the leaf of Statice mucronata and Lathyrus

pratensis.

4. General Outline or Figure.—By the general outline or
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shape of the lamina we mean the superficial aspect or figure
which is described by its margins. The development of veins
and parenchyma is usually nearly equal on the two sides of the
midrib or petiole, so that the lamina of the leaf is in most
instances nearly symmetrical and of some regular figure

; in

which case the leaf is said to be equal (figs. 343-346). When,

Fig. 337. Fig. 338. Fig. 339. Fig. 340.

Fig. 343. Fig. 344. Fig. 345. Fig. 34G.

F 337. Leaf of Elm, with its margins biscrrate, and the lamina unequal at

its base. Fig. 338. Unequal or oblique leaf of a species of Begonia.

Fig. 3S9. Linear leaf of Goose-grass (Galium Aparine). Fig. 340. Lance-

olate leaf. Fig. 341. Acerose or needle-shaped leaves of Juniper (Juni-

perns communis). Fig. 342. A cuneate and luucronatc-pointed Leaf.

Fig. 343. Cordate and acuminate leaf, with its margins dentate. Fig.

344. Oblong leaf of Bladder-Senna (Colulea arborescens). Fig. 345. Ovate

leaf, with its margins serrate. Fig. 346. Obovate leaf.

as occasionally happens, the lamina of the leaf is more de-

veloped on one side than on the other, the leaf is termed

unequal or oblique (figs. 335 and 337) ; this is remarkably the

case in the species of Begonia (fig. 338). Generally speaking,

the leaves with ribbed, parallel, or feather-veined venation,

are longer than broad; while those which are radiated or
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palmately-veined are more or less rounded, or broader than

l0ng
\Yhen the lamina of a leaf is nearly of the same breadth at

the base as near the apex, narrow, and with the two margins

parallel (figs. 315, a, and 339), the leaf is called hnear, as m
the Marsh Gentian (Gentiana Pneumonanthe) and most Grasses

;

when a linear leaf terminates in a sharp rigid point like a

needle, as in the common Juniper (Jig. 341), and many of our

Firs and Larches, it is acerose or needle-shaped. When the

blade of a leaf is very narrow and tapers from the base to a

very fine point, so that it resembles an awl in shape, as in the

common Furze (Ulex europseus), the leaf is subulate or aivl-

shaped. When the blade of a leaf is broadest at the centre,

three or more times as long as broad, and tapers perceptibly

Fig. 348. Fig. 349.

Fig. 347.

Fig.
350-

: 347. Spathulate leaf. Fig. 348. Oval

or elliptical leaf of Pear-tree (Pyrus com-

munis), with serrate margins. Fig. 349.

Benifoim leaf of Ground Iyy (Nepe/a Gle-

ehoma), with crenate margins. Fig, 350.

Trifoliate leaf with obcordate leaflets.

from the centre to both base and apex, as in the White Willow

(Salix alba), the leaf is lanceolcite (fig. 340) ; when it is longer

than broad, of about the same breadth at its base and apex,

and slightly acute at these points, it is oval or elliptical (fig.

348), as in the Lily of the- Valley (Convallaria majails) ;
or if

under the same circumstances it is obtuse or rounded at each

end (fig. 344), it is oblong. By many botanists, however, the

term oval is applied to a leaf which is only two or three times,

and oblong, to one which is four or more times, as long as

broad ; and in both cases either rounded or acute at the two

extremities. If the lamina of a leaf is more or less rounded at

the base and broader at this part than at the apex, so that the

whole is of the shape of an egg cut lengthwise, the leaf is ovate

or egg-shaped (fig. 345), as in the Lilac ; or if of the same figure,
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but with the apex broader than the base (fig. 34G), it is obovatr

or inversely egg-shaped. When the lamina is broad at the apex,
and abrupt-pointed, and tapers towards the base (fig. 342), as

in some Saxifrages, the leaf is cuneate or wedge-slutped ; or if

Fig. 351. Fio. 354.

Fig. 351. Lunate or crescent-shaped leaf. Fig. 352. Sagittate leaf.

Fig. 353. Hastate leaf. Fig. 354. A portion of the stem of the Woody
Nightshade (Solatium Dulcamara), bearing flowering stalk and an fturicu-

late leaf. Fig. 355. A sub-rotund or rounded leaf, with entire margins.

Fig. 350. Orbicular peltate leaf.

the apex is broad and rounded, and tapers down to the base

(Jig. 347), it is spat^^te, as in the Daisy. When the lamina is

broad and hollowed out at its base into two rounded lobes, and
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more or less pointed at the apex, so that it somewhat resembles

in shape the heart in a pack of cards, the leaf is cordate or

heart-shaped (fig. 343), as in the Black Bryony (Tamus com-

munis) ; or if of the same shape, but with the apex broader

than the base, and hollowed out into two rounded lobes, it is

qbcordate or inversely heart-shaped (fig. 350). When a leaf

resembles a cordate one generally in shape, but with its apex

rounded, and the whole blade usually shorter and broader

(fig. 349), it is reniform or kidney-shaped, as in the Asarabacca

(Asarum eurojxeum) ; when a leaf is reniform but with the

lobes at the base of the lamina pointed, so that it resembles

the form of a crescent (fig. 351), it is lunate or crescent-shaped,

as in Passiflora lunata. When the blade is broad and hollowed

out at its base into two acute lobes, and pointed at the apex, so

that it resembles the head of an arrow (fig. 352), the leaf is

soqittate or arrow-shaped, as in the Arrowhead (Sagittaria

sagitbifoUa) ; when the lobes of such a leaf are placed horizon-

tally, instead of passing downwards, it is hastate or halbert-

shaped (fig. 353), as in Sheep's Sorrel (Rumex Acetosella) ; or

when the lobes are entirely separated from the blade, as in the

upper leaves of the Woody Nightshade (Solanum Dulcamara),

it is aurieulate or hastate-auricled (fig. 354). When the blade is

perfectly round, the leaf is orbicular (fig. 356), a figure which

is scarcely or ever found ; but when it approaches to orbicular,

as in Pyrola rotundifolia, the leaf is subrotund or rounded

(fig. 355).

It frequently happens, that a leaf does not distinctly present

any of the above-described figurjes, but exhibits a combination

of two of them, in which case we use such terms as ovate-lance-

olate, linear-lanceolate, cordate-ovate, cordate-lanceolate, elliptico-

lanceolate, roundish-ovate, &c, the application of which will be

at once evident.

In many cases we find leaves of different figures on the same
plant ; under which circumstance the plant is said to be hetero-

phyllous. Thus, in the Hairbell (Gampa/rmla rotundifolia), the

radical leaves are cordate or reniform, and the cauline leaves

linear ; and this difference of outline between the radical and
stem leaves is by no means uncommon. In water plants, again,

where some of the leaves are submersed, while others float

on the water, or rise above it into the air, as in the Water
Crowfoot (Ranunculus aqiiatilis), and Arrowhead (Sagittaria

sagittifolia), the leaves thus differently situated frequently vary
in shape.

5. Form.—By this term we understand the solid configuration

of the lamina, that is, including its length, breadth, and thick-

ness. The terms used in defining the various forms are there-

fore especially applicable to thick or succulent leaves—namely,
those which are produced when the veins are connected by a
large development of parenchyma. Such leaves either assume
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some regular geometrical forms, as cylindrical, pyramidal,
conical, prismatic, &c, and receive corresponding names

; or
they approach in form to some well-known objects, and are
hence termed acicular, ensiform, acinaciform, dolabriform, clavate,

Unguiform, &c. The above terms need no further description.

In other instances, the lamina, instead of having its veins en-
tirely connected by parenchyma, is more or less hollowed out
in its centre, when the leaf 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 under the head of

Anomalous Forms of Leaves (page 185).

Besides the above described modifications which the blades

of leaves present in reference to their Margins, Incision, A j» sr.,

Outline, and Form, they also present numerous other variations

as regards their surface, texture, colour, &c. For an explanation

of these we must refer to the contents generally of this Manual

;

and more especially to that part which treats of the Appendages
of the Epidermis.

2. Compound Leaves.—We have already defined a com-
pound leaf (page 162). Its separate leaflets are subject to

similar modifications of their margins, incision, apex, outline,

form, texture, surface, colour, &c, as the blades of simple

leaves, and the same terms are accordingly used in describing

them. We have therefore only now to speak of compound
leaves as a whole, and the terms which are employed in

describing their special modifications. We divide them into

two heads, namely : 1. Pinnately or feather-veined ('(impound

Leaves ; and 2. Palmately or radiated-veined Compound Leaves.

1. Pinnately-veined Compound Leaves.—When a leaf present-
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ins this kind of venation is separated into distinct portions or

leaflets, it is termed pinnate (figs. 357-360) ;
and the leaflets are

then termed pinna'. The leaflets are arranged either in an

opposite or alternate manner along the sides of the rachis or

Fig. 359. FlG -
361 -

Fin. 359. Interruptedly pinnate leaf of the Potato (Solatium tuberosum).
Fig. 360. Lyrately pinnate leaf. Fig. 3G1. Bipinnate leaf of a species of
Gledilschiu. Fig. 362. A tripinnate leaf. Some of the leaflets are, how-
ever, only bipinnate.

common petiole in pairs, and according to their number the
leaf is said to be unijugate or one-paired, as in several species

of Lathyrus (fig. 385) ;
bijugate or two-paired

;
trijvgate or three-
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Fig. 363.

paired; and multijugate or many-paired (fig. 3571 Several
kinds of pinnate leaves have also been distinguished by special

names. Thus, when a pinnate leaf ends in a solitary leaflet

(fig. 357), as in the Rose and Elder, it is imparipinnate or %m-
equally-pinnate, or pinnate with an
odd leaflet ; it is equally or abruptly

pinnate, or paripinnate, when it ends
in a pair of leaflets or pinnae (fig.

358), as in some species of Cassia,

the Mastich plant (Pistacia Lentiscus),

Logwood (Hsematoxyloii campechia-

num), and Orobus tuberosus ; and it

is interruptedly pinnate (fig. 359)

when the leaflets are of different sizes,

so that small 'pinnae are regularly or

irregularly intermixed with larger

ones, as in the Potato (Solanum

tuberosum) and Silver Weed (Pot' n-

tilla anserina). Or, when the terminal

leaflet of a pinnate leaf is the largest,

and the rest gradually smaller as they

approach the base (fig. 360), it is

lyrately pinnate, as in the common
Turnip. This leaf and the true lyrate

(page 167 and fig. 328) are frequently

confounded together by botanists,

and the two kinds often run into one another, so that it is

by no means uncommon to find both varieties of leaf 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 ordinary pinnate leaf, it is said to be bipinnate (fig. 361)

;

the leaflets borne by the partial or secondary petioles are then

commonly termed pinnules. When the pinnules of a bipinnate

leaf become themselves pinnate, it is tripinnatc (fig. 362), as

in the Meadow Rue (Thalictrnm minus), and the common

Parsley ; it commonly happens, however, that in these leaves

the upper leaflets are less divided, as in fig. 362. If the division

extends beyond this, the leaf is decompound (fig. 363), as m
many Umbelliferous plants. .

2. Palmately-oeined Compound Leaves.—Such a leaf is formed

when the ribs of a palmately-veined leaf bear separate leaflets ;

and hence these leaves are readily distinguished from those ot

the pinnate kind by their leaflets coming off from the same

point, instead of, as in them, along the sides of a common

petiole. We distinguish several kinds of such leaves
;
thus, a

leaf is said to be binate, bifoliate, or tin {jugate, if it consists oi

Fig. 363. A decompound leaf.

only two leaflets springing from a common point (fig. 364), is
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in ZifiQphylhmi ; it is termite or trifoliate if it consists of three

leaflets arranged in a similar manner (figs. 350 and 365), as in

the genus Trifolium, which receives its name from this circum-

stance ; it is quadrinate or quadrifoliate if there are four leaflets

Fig. 366.

Fig. 364. A binate or bifoliate leaf. Fig. 365. Ternate or trifoliate leaf.
Fiij. 366. Quadrifoliate leaf of Marsilea guadrifolia. Fit/. 367. Quin-

ate or quinrniefoliate leaf. Fig. 368. Septenate leaf of the Horsechest-
liut r. /;„•»/«.« Hippocastanum). Fig. 369. Multifoliate leaf of a Lupin.

Fig. 370. A biternate leaf.

(fi;i. 300) ; it is qninate or quinquefoliate if there are five (fig.
307), as in Potentilla argentca and P. alba ; it is xcpicnutr or
septemfoliate, if there are seven (fig. 368), as in the Horse-

N
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chestnut and some Potentillas ; and it is WAlltifoliate if there are

more than seven (fig. 369), as in many species of the Lupin.

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 (page 168).

In speaking of palmately-veined compound leaves in a general

Fig. 371.

Fig. 371. Triternate leaf of Baneberry (Aetata).

sense they are also commonly, although improperly, termed

palmate ov digitate ; but when the leaflets of a palmately-vemed

leaf are arranged in a pedate manner, the leaf is properly termed

ped^(pag^e 168^.^^ compoimd leaveg may become still more

divided. Thus, if the common petiole divides at its apex into

three partial ones, each of which bears three leaflets (.^. 6,0),

as in the Masterwort (Imperatoria Ostruthi urn), the leaf is

termed bitemate ; or when the common petiole divides at its

anex into three partial ones, and these again divide into three

Sera each of which bears three leaflets, as in the Yellow

FuSory (Gorydalis lutea) and Epiwdmm, the leaf is trttcmot,

fS; or when such a leaf is still further divided, it is said

to be decompound.
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5. PETIOLE OR LEAF-STALK.

The petiole or leaf-stalk is that part which connects the
blade of the leaf with the stem or branch (Jigs. 273, p, and 274, p).
It is frequently absent, and the leaf is then said to be sessile

(fig. 286). It consists, as already described (page 143), of fibrcT-

vascular tissue (fig. 372, /«), surrounded by parenchmya pc, and
the whole covered by epidermis, which contains a variable number
of stomata, and is frequently furnished with hairs and other epi-
dermal appendages. The fibro-vascular tissue varies in its nature
in the leaves of Dicotyledons, Monocotyledons, and Cormophytes,
being in structure essentially the same in each case as that of the

Fig. 374.

Fig. 373.

Fig 372. Vertical section of a portion of the stem and the base of a leafshowing the passage of the fibro-vascular tissue,/,, into the petiole mmmParenchymatous tissue of the stem and petiole, c. Pulsus T'Articnlation between the leaf and stem. b. Leaf-bud in the axil of the petiole m.Pith.- Fig 373. A portion of a branch and leaf of the Sensitive Plantshowing pulTOius at the base of the petiole. Fig. 374 A portion of

three kinds of stem already fully described
;
thus, in Dicoty-

ledons, the fibro-vascular tissue (fig. 270), consists of spiral,
pitted, annular or some other vessels (see page 143), and sievetubes and wood and liber cells, that is, of the same elements
essentially as the wood and liber. The distribution of this fibro!vascular tissue m the lamina forms the veins, which have beenalready described under the head of Venation (page 157)Ihe petiole is either simple or undivided, as in all simple

N 2
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leaves and in those of a compound character in which the leaflets

aTsessUe or it is compound, as in the Rose when it divide-

Sto two or more portions, each of which bears a leaflet (fig. 3 , 8 ,

•+ Z more compound when the blade is further divided.

£ I of the petiole or the stalks of the leaflets are then

l^PMfsXfmt or partial petifUs; while the mam

™+inlp is termed the rachis or common petiole.

P
The petiole is frequently more or less contracted at the base
The petiole s ireq j

presence of an articulatim
Wherw rff 372 ff Leaves thus furnished with an articulated

SS fin away'fSm the stem after they have performed their

vascular tissue of^^ f^vWar tissue vary much in

arrangement of its ruptureci i

freauentiy form characters
different spedes^^^^^CSiuHiher after the
by which we may diatrnguish one P

g of thege scars

the Horsechestnut , generally arti-

Sensitive Plant. By m^ "f^V '

sent8 this characteristic ;

sidered trulyW^j^i/S divided, and apparently
consequently all leaves imwe

te articu

compound, but wlucli ^nave
distinctive character cannot,

lated, are considered simple, b c i a cusu

however, be well carried^.^^'^ n0 means constant

that the presence of an^u^°n^ient rounds for in-

even in simple leaves, we cause e nosuttc e ^
sisting upon this character ir, the ^^Ztive characters of

evidence of its compound nature JLM
this Manuai have been^SS^^*^ Compo8ition of Leaves '

of distinction between the three great on i

q{ inatonce8

the leaves of Moo^^^y ^Js an,l of Oonnophytes
articulated ; w^Je

thogrf Mono ) ^ ^ „ h

are non-articulated Hence^«
inateadof falling away and

they haveP^^^^SSay gradually upon then- re-

leaving a cicatrix as the *°™e
,\'

c^ ofwhich tl.ey thus give

spective plants, to the"h^^^SST

£

8tances, hi .wever, in

a ragged appearance. JJ^Tare notarticulated. asin theOak.

remain attached to their
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respective plants frequently for months, which thus form a strik-

ing contrast in their appearance to the surrounding trees, which

have lost their leaves in consequence of these being articulated.

On the lower surface of the petiole at its base, the parenchyma

cocumonly forms a more or less evident swelling (figs. 372, c, and

373) to which the name of mlsinus has been given. A some-

what similar swelling maybe also seen in many compound leaves

at the base of each partial petiole ; each of which is then termed

a struma. The compound pinnate leaves of the Sensitive Plant

afford a good illustration of the presence of both pulvinus and

S t X*U 111 £6

Forms of the Petiole.—The form of the petiole varies in

different leaves. It is usually rounded below, and flattened, or

more or less grooved above ; but in other cases it is cylindrical,

Fig. 376.

F'nj. 375. A portion of the stem with some leaves of Venus's Ply-trap
(Dioncea muscipula). I. Lamina fringed with hairs, and hence said to be
ciliated, p. Winged petiole. Fig. 376. Decurrent leaves of the Comtrey
(Symphytum officinale).

especially in the leaves of Monocotyledons ; while in other
plants of the same class, as in Grasses, it becomes widened
at its base, and surrounds the stem in the form of a sheath

(fig. 374, g). This sheath in all true Grasses terminates above
in a membranous appendage (fig. 374, lig), which is entire,

or divided into two symmetrical portions, or incised in various
ways ; to this the name of Ivgule has been given, and is now
supposed by most authorities to be analogous to the stipules.

In the Aspen (Popvlus tremula), the petiole is flattened in a
line at right angles to the blade, and is thus one of the causes of
the peculiar mobility of such leaves ; while 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
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Fig. 377.

of air cavities, as in Pordederia; such petioles by diminishing the
specific gravity of the plants in which they are found, enable them
to float readily in the water. At other times the petiole becomes
flattened at its base, and embraces the stem, in which case the leaf

is said to be am^xjjMM or clasping (Jig. 281) ; this commonly
occurs in Umbelliferous Plants. Frequently the petiole presents

at its two edges a leaf-like border called a uring, when it is said to

be winged ; as in the Orange (Jig. 320, p), Venus's Flytrap (Jig.

375, p), Sweet Pea (Jig. 385), and many other plants. In some
plants the winged expansion does not terminate at the base of

the petiole, but it is continued downwards along the stem ; in

which case the stem is also termed winged, and the leaf is said

to be decurrent (Jigs. 283 and 376). 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 (page 185).

Generally speaking, the

petiole is less developed than
the lamina ; it is also com-
monly shorter than it, and
is of sufficient thickness to

support it without bending.

When the petiole is very long

or thin, or when the lamina

is very heavy, and in other

cases, it becomes more or

less bent downwards towards

the earth, and no longer

supports the blade in a hori-

zontal direction.

6. STIPULES.

Stipules are small leafy

bodies situated at the base,

and usually on each side of

the petiole of simple (Jig. 274,

s, s), or compound (Jig. 377),

leaves. They have the same

structure as the blades of

leaves, and are liable to simi-

lar modifications as regards

margins, surface, &c. The

Fig. 377. A portion of the flowering stem of

the common Pea, with a pinnate leaf ter-

minated by a tendril, and having two
large stipules at its base, the lower mar-

gins of which are dentate.

venation, apex, incision, outline, .

stipules are often wanting, and the leaves are then said to be

exstvpulate; when present the leaves are sti ,ndote. Ihey are

often overlooked from their small size ; while m other cases

they are very large, as in the Pansy (Jig. 370), and in the common
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Pea {jig. 377). In the leaves of Lathyrus Aphaca, again (Jig.

380), there are no true blades, or leaflets, but the stipules, 8, s,

are here very large and perform all their functions. It some-

times happens that the leaflets of a compound leaf possess little

stipules of their own, as in the Bean and Bladder Nut ; to these

the name of stipels has been given, and the leaf is then termed

stipellate.

Stipules either remain attached as long as the lamina, when
they are said to be persistent ; or they fall off soon after its ex-

pansion, in which case they are deciduous. In the Beech, the Fig,

the Magnolia, &c, they form the tegmenta or protective coverings

of the buds, and fall off as these open (page 105).

Fig. 379.

Fifj. 3/8. A portion of a branch, r, of the common Rose (Rosa canina). a. A
prickle. 6. Bud in the axil of a compound leaf,/, with stalked leaflets, p.
Petiole, s,i. Adnate or adherent stipules. Fig. 379. Petiolate leaf of
Pansy ( Viola tricolor) with large caulinary stipules at its base.

Kinds of Stipules.—The stipules vary in their position with
regard to the petiole and to each other, and have received
different names accordingly. Thus, when they adhere to each
side of the base of the petiole, as in the Rose (fig. 378, s, s),
they are said to be adnate, adherent, or petiolar. When they
remain as little leafy expansions on each side of the base of the
petiole, but quite distinct from it, as in many Willows (Jig. 274,
», s), and the Pansy (Jig. 379), they are called caulinary. 'When
the stipules are large, it sometimes happens that they meet on
the opposite side of the stem or branch from which the leaf grows
and become united more or less by their outer margins, and thus
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form one stipule, as in the Astragalus, they are then said to be

synoehreate or opposite {fig. 380, s) ; if under similar circumstances

they cohere by their inner margins, as in Mdianihus annuus and

Houttuijnia cordata (fig. 381, s), they form a solitary stipule

which is placed in the axil of the leaf, and is accordingly termed

axillary ; and if such stipules cohere by both outer and inner

Fig. 381.

Fin 380 A portion of the stem, r, and leaf,/, of the Astragalus OnobrucMs.

T Synochreate or opposite stipule. fig. 381. A portion of the stem, r,

and leaf,/, of Howttuynia cordata. s. Axillary stipule.

margins so as to form a sheath which encircles the stem above

the insertion of the leaf (fig. 273 d), as m the Rhubarb, and

most other plants of the order Polygonaceas, they form what s

termed an ochrea or intrafoliaceous stipule.

All the alUve" kinds of stipules occur m plants with alternate

leaves, in which such appendages are far more common than in

Fig. 382.

f 1L3 >

ma 382 A portion of a branch, r, with two opposite leaves,/,/, of Cephal-

1 ig. P°
amnus occidentalis. s. Interpetiolar stipule.

those with opposite leaves. When the latter plants have stipules

these are generally situated in the intervals between the petioles

on each side, and are hence termed intc^ifV^terf^K
frequently happens that the opposing stipules of each leaf coheic

Se or less completely by their outer margins so as to fonn but

one interpetiolar stipule on each side of the stem (fig. 38/, s),

as i tlm case in the Cinchonas, the Coffee, and most other

phmts of the natural order Rubiace* bo . Inch they belong.
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Stipules, as we have already noticed, are not always present

in plants, but their presence or absence in any particular plant

is always constant, and although the appearance and arrange-

ment of them also vary in different plants, they are always uni-

form in those of the same species, and even, in some cases,

throughout entire natural orders, and thus they frequently

supply important distinctive characters in such plants and

orders. Thus the plants of the Loganiacese are distinguished

from those of the allied order Apocynaceae by possessing inter-

petiolar stipules ; and the plants of the Polygonaceas usually

from those of allied orders by intrafoliaceous stipules.

Stipules are very rare in Monocotyledons, except the ligule

is to be considered as analogous to them. The only orders

of Monocotyledons in which they undoubtedly occur are the

Naiadacese and Aracete. They are altogether absent in Cor-

mophytes.

We have already seen that the branches of a stem sometimes
acquire an irregular development, and take the form of Spines

or Tendrils (pages 107 and 108). In the same manner the parts

of a leaf may assume similar modifications, as well as some others

stdl more remarkable, which we now proceed to describe.

Fig. 383. A portion of a branch of the Barberry (Berleris vulgarii), bearing
spiny leaves. The upper leaf is composed entirely of hardened veins,

without any parenchyma between them. Fig. 384. A portion of a branch
of the Gooseberry (Ribes Grossularia). f,f. Scars of former leaves, with
buds in their axils, c. Spine produced from the pulvinus.

Spines of Leaves.—Any part of the leaf may exhibit a spiny
character owing to the non-development or diminution of paren-
chyma, and the hardening of the veins. Thus,—1st, in the
Holly (Jig. 323) and many Thistles (Jig. 283), the veins project

7. ANOMALOUS FORMS OF LEAVES.

Fig. 383 Fig. 384.
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beyond the blade, and become hard and spiny ; in some species

of Solatium the spines are situated on the surface of the lamina
;

while in the Barberry (jig. 383) the blade has little or no paren-

chyma produced between its veins, which are of a spiny cha-

racter, so that the whole lamina becomes spinous. Spines of

leaves may be readily distinguished from those already described

(page 107), which are modified branches, because in the latter

case they always arise from the axil of the leaf, instead of from

the leaf itself. Spines may be also readily distinguished from

prickles by their internal structure and the other characters al-

luded to when speaking of the spines of branches (p. 107). 2nd.

The petiole may assume a spiny character, either at its apex, as in

some species of Astragalus ; or at its base from the pulvinus (fig.

384, c), as in the Gooseberry. And, 3rd. The stipules may become

transformed into spines, as in Robinia Pseud-acacia (fig. 275).

Tendrils of Leaves.—Any part of the leaf may also become

Fig. 385. Jig. 387.

Fig. 386.

Fig. 385. Leaf of a species of Lathyrus, showing a winged petiole, with two

half-sagittate stipules at its base, and terminated by atendril. Fig. 386.

A portion of the stem of Lathyrus Aphaca, with stipules, s, s, and cirrhose

petiole, v. Fig. 387. A portion of the stem of Smiiax, bearing a petiolate

leaf, and two tendrils in place of stipules.

cirrhose or transformed into a tendril. Thus,— 1st. The midrib

of the blade of a simple leaf may project beyond the apex, and

form a tendril, as in Gloriosa superba ; or some of the leaflets of

a compound leaf may become transformed into branched tendrils

(Jigs 377 and 385), as in certain species of Lathyrus, and many

other Leo-uminosse. 2nd. The petiole may become cirrhose, as in

Lathyrus'Aphaca (fig. 386, v), and numerous other plants of the

Legu'minoste. And, 3rd. The stipules may assume the form of
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tendrils ; thus in many species of Smilax there are two tendrils,

.one on each side of the base of the petiole (Jig. 387), in place of

ithe ordinary stipules.

J'l, /,//(n/('s (,r Ph gllodia.— In the leaves of certain plants, as in

some Australian Acacias (Jigs. 388 and 389), certain species of

Eucalyptus, and of other plants, the parts forming the fibro-

i vascular tissue of the petiole, instead of remaining till they

ireach the blade before separating, begin to diverge as soon as

tthey leave the stem or branch and become connected by paren-

Fig. S89.

Fig. 388.

Fig. 388. Aphyllode of an Austra-
iian Acacia. Fig. 389. Leaf
of an Acacia (Acacia hetero-

phylla), the petiole of which as-

sumes the character of a phyl-
lode, and is terminated by a
bipinnate lamina. The venation
of the phyllode may be seen to
be parallel.

bhyma as in the ordinary blade of a leaf ; the petiole thus
'assumes the appearance of a lamina and then performs all its
Junctions. To such a petiole the name of phyllode has been
applied. In some cases, as in Acacia heterophylla, the phyl-

i ode is terminated by a true compound blade (Jig. 389), and "its
i.iature is thus clearly ascertained, but in most instances no

• uch blade is produced (Jig. 388). These phyllodes nay be
distinguished from true blades, not only by the occasional
•Droduction of a lamina as just mentioned, but also by other
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circumstances. Thus,—1st. By their venation, which is more or

less parallel (figs. 388 and 389) instead of reticulated, as is the

case generally in Dicotyledons, in which class of plants they alone

occur. 2nd. By their being placed nearly or quite in a vertical

direction—that is, turning their margins upwards and down-
wards instead of their surfaces. And 3rd. By their two sur-

faces resembling each other, whereas in true blades a manifest

difference is commonly observable between their upper and

lower surfaces.

Besides the true phyllodes thus described, there are some
others, as in certain species of Ranunculus, which do not present

such well-marked distinctive characters. In these phyllodes the

direction of the surfaces is horizontal as in true blades, and in

some other respects they resemble them
;
they have, however,

more or less parallel venation instead of reticulated, and, be-

longing to Dicotyledons, this character will suffice to distinguish

them, as it is now become the rule with most botanists to con-

sider all organs occupying the place of leaves among Dicotyledons,

which are not reticulated, as phyllodes.

Ascidia or Pitchers.— These are the most remarkable of all

the anomalous forms presented by leaves. They may be seen

Fig. 390. Fig. 391.

in the species of Nepenthes or Pitcher Plants (fig. 390), in the

species of Sarracenia or Side-saddle Plants (.fig. 391), and in

many others These curious organs may be either formed from

the petiole, or the blade of the leaf. Thus in the Sarracema

(fig 391), the pitcher appears to be produced by the folding
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inwards of the two margins of a phyllode, which unite below,

and form a hollow body or pitcher ; but they are still separate

•above, and thus indicate its origin. The origin of the pitcher

from the phyllode is, however, probably best seen m a species

of Heliawphora (fig. 392), in which the union of the margins

of the phyllode is even less evident than in the Sarracenia.

lln the Nepenthes (fig. 390) again, the petiole first expands into a

iphyllode, then assumes the appearance of a tendril, and ulti-

imately forms a pitcher, p ; this is closed above by a lid, I,

called an operculum, which is united to it by an articulation.

IThe lid is here commonly regarded as a remarkable transform

-

aation of the blade ; but some consider that the pitcher is

{formed out of the lamina, and that the operculum is the

-terminal lobe. This kind of pitcher is also looked upon by

others as a modification of such leaves as the Orange (fig.

320), and Venus's Fly-trap (fig. 375), in which the petiole, p,

lis 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 Nepienthes, and

rthe jointed blade would then be seen to be clearly analogous to

tthe operculum or lid of that plant. In another of these plants,

tthe Dischidia, the pitchers are considered to be formed by the

ffolding inwards and union of the margins of the blades.

General ViewofCht
8. LEAVES OF DICOTYLEDONS, MONOCOTYLEDONS, AND

COEMOPHYTES.

"We have already seen, in describing the structure and general

(characters of stems and roots, that these organs present well-

i marked distinctive characters in the above divisions of plants.
' The leaves of plants in the corresponding divisions, as we have

noticed generally in their description, also present certain marked
. differences, which may be summed up as follows :

—

1. Leaves of Dicotyledons.—In these the venation is

• reticulated in consequence of the veins branching in various

i directions and the divisions becoming united with one another,

so as to form a more or less angular network (fig. 314). But
in some plants, as Ranunculus Lingua and R. Flammula, the

so-called blades have parallel veins, and have been therefore

considered by some botanists as representing exceptions to the

ordinary reticulated venation of Dicotyledons ; but these, as we
have just seen (page 188), are not usually regarded as true blades,

but as phyllodes or transformed petioles, from which they only

essentially differ in being placed horizontally.

The leaves of Dicotyledons are also very commonly articu-

lated to the stem or branch, often compound, and variously in-

dented or incised at their margins. Stipules are also frequently

present.

2. Leaves of Monocotyledons.—In these the venation is
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commonly more or less parallel : either from base to apex

(Jig. 311, a) ; or they present one large central vein from which

veins are given off on each side, which proceed in a parallel

direction to the margins, as in the Banana (figs. 311, b, and

318). But the leaves generally of plants of the Natural Orders

Smilacese (fig. 387), Dioscoreaceae, Trilliacete, Roxburghiacese,

and Philesiaceae, as well as some in the order Araceaj, pre-

sent 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 Smilaceae and allied

orders, were therefore separated from other Monocotyledons

by Lindley, and placed in a class by themselves, called Dictyo-

'jl<! gens, from the Greek word signifying a net. But this clasThas

noiTbeen accepted by botanists, and is not therefore adopted in

this Manual. We have already noticed (page 100) that such

plants also present certain differences in the structure of their

subterranean stems from those of other Monocotyledons.

In Monocotyledons the leaves are also commonly not arti-

culated ; and the margins of their blades are usually entire or free

from toothings and incisions of every kind. They are also com-

monly simple, often sheathing at the base, and seldom have

stipules, unless the ligule (page 181) is to be considered as the

analogue of these organs.

3. Leaves of Cormophytes.—In these plants, when the

leaves have veins, these may be arranged? at first, in a pinnate

or palmate manner, but the whole of their principal veins either

divide afterwards in a forked manner, or their terminal ramifi-

cations are thus divided (fig. 319). The leaves of Ferns are

usually called fronds; this term being commonly applied to

leaves or leaf-like structures which, like those of Ferns, bear

the fructification.

Such leaves are usually not articulated ;
either sessile or

stalked
;
frequently toothed or incised in various ways ;

often

highly compound ; but never have stipules.

CHAPTER 4.

ORGANS OF REPRODUCTION IN THE PHANEROGAMIA.

Under the head of Organs of Reproduction we include the

Flower and its Appendages. They are called reproductive organs

because they have for their office the reproduction of plants by

the formation of seed. Plants with conspicuous organs of re-

production, as already noticed (page 11), are called PhcuM.ro*

aamous or Flowering ; while those in winch these parts are

concealed or obscure, are termed Cnjptogamons or Flowerkss.
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The parts of a flower (as will be particularly shown here-
after), are only leaves in a modified condition, or rather the ana-
logues of these organs, or, more properly, homologous formations
adapted for special purposes ; and hence a flower-bud is analo-
gous to a leaf-bud, and the flower itself to a branch the inter-
nodes 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 or anthotaxis 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 ex-
amine—1st, the Leaf from the axil of which the flower-bud
arises

;
2nd, the Stalk upon which the flower or flowers are

situated
; and 3rd, the Kinds of Inflorescence.

Fig. 393.

Fig. 393. Flowering stalk of the White Dead-nettle (Lamium album),
with leafy bracts and verticil lasters iu their axils.

1. THE BRACT.

We have just stated that flower-buds are analogous to leaf-
Ibuds

; and this analogy is still further proved by their occupy-
ing sinnlar situations to them ; thus they are placed either at the
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apex of the floral axis or branch, or laterally, and then commonly
in the axil of modified leaves. Flower-buds, therefore, like leaf-

buds, are terminal or axillary. In the latter case the modified
leaves from which they arise are called bracts or hypsaghyUarii
leaves. In strict language the term bract should be only applied
to the leaf from the axil of which a solitary flower or a floral axis

arises ; while all other leafy structures which are found upon
that axis between the bract and the flower properly so called,

should be termed bractlets or bracteoles (Jig. 404, b, b). These
two kinds of bracts are, however, but
rarely distinguished in practice, the term
bract being generally alone used for

either variety, and in this sense we shall

hereafter, as a general rule, apply it.

Bracts vary much in appearance,
some of them being large, of a green
colour, and in other respects resembling
the ordinary foliage leaves of the plant
upon which they are placed, as in the

Fig. 394.

Fig. 395. Fig. 396.

Fig. 394. Flowering stalk of the Pimpernel (Anagallis
arvensis). b, b. Solitary flowers arising from the
axil of the leafy bracts, a, a. Fig. 395. Calyx of

the Marsh-mallow (Althaea officinalis') surrounded
by an epicalyx or involucre. Fig. 396. Flower
of the Strawberry (Fragaria vesca), surrounded by
an epicalyx or involucre.

White Dead-nettle (Jig. 393) ; and in the Pimpernel (Jig. 394, a, a);

in which case they are called leafy bracts. Such bracts can only

be distinguished from the true leaves by their position with

regard to the flower-stalk or flower. In most cases, however,

bracts, although very commonly of a greenish colour, are smaller

than the foliage leaves ; and in many plants they may be known
from the ordinary leaves not only by their position, but also by
differences of colour, outline, texture, and other peculiarities.

Thus the bracts forming the cupule of the Oak are hard and
woody ; in the Hop they are membranous ; in certain plants

of the Aracese and Enphorbiacese coloured ; in the flower-heads

of the Composite scaly ; and other modifications also occur.
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Sometimes when the bracts are situated in a whorl imme-
diately below the calyx, it is difficult to determine whether they
should be considered as a part of the calyx or as true bracts

;

thus, in most flowers of the Mallow order (jig. 395), and many
of the Pink (fig. 474, b) and Rose orders (fig. 396), we have
a circle of leafy organs placed just below the calyx, to which the
term of epicalyx has been given by many botanists, but which
properly comes under the denomination of involucre (page 194).

Almost all inflorescences are furnished with bracts of some
kind or other ; it frequently happens, however, that some of

the bracts do not develop axillary flower-buds, just in the same
manner as it occasionally happens that the leaves do not produce
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 Clary (Salvia Horminum), and the common Pine-
apple (fig. 292), there are a number of bracts without flower-

buds placed at the apex of the inflorescence. Such bracts are
called empty. When bracts are absent altogether, as is usually
the case in the plants of the natural order Cruciferse, and those
of the Boraginacese, such plants are termed ebracteated ; when
bracts are present the inflorescence is said to be bracteated.

Arrangement and Duration of Bracts.—Bracts follow the same
laws of arrangement as true leaves, being opposite, alternate, or
whorled, in different plants. The bracts of the Pineapple fruit

(fig. 292), and those of Fir cones (figs. 293 and 420), show in a
marked manner a spiral arrangement.

Bracts vary in their duration ; thus when they fall imme-
diately, or soon after the flower-bud expands, they are said to be
deciduous ; or when they remain long united to the floral axis,

they are persistent. In some plants they persist and constitute
a part of the fruit; thus, in the Hazel-nut and Filbert they
form the husk (fig. 401), in the Acorn they constitute the cup

(fig. 400), and in the Hop- fruit (fig. 421), in the Fir-cones

(figs. 293 and 420), and Pineapple (fig. 292), they persist as
membranous, woody, fleshy, or scaly appendages.

Varieties of Bracts.—Bracts have received special names
according to their arrangement and other characters. Thus the
bracts of that kind of inflorescence called an Amentum or
Catkin (see page 202), as seen in the Willow (fig. 416), Oak,
Hazel (fig. 397), Birch, and other plants, are usually of a scaly
nature, and are termed squamae or scales ; or the bracts are
described as squamous or scaly. The bracts of the pistillate

flowers of the Hop (fig. 421) are of like character.
When a circle or whorl of bracts is placed around one flower,

as in the Marsh Mallow (fig. 395) and Strawberry (fig. 396) ; or
around a number of flowers, as in the Carrot (fig. 398) and most
other Umbelliferous plants, they form what is termed an invo-
lucre. In some Umbelliferous plants, as for instance the Carrot,

o
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Fill. 397. Staminate or male catkin of the Hazel (Corijlus A rellana), showing
a number of scaly bracts between the flowers. Fig. 398. Compound
umbel of the Carrot (Daucus Carota). a. General involucre. 6, b. Partial

involucres or involucels.

Fig. 399.
the base of each of the partial

umbels or umbellules, b, b ;

the former is then called the

general involucre ; and each of

the latter an involved or par-

tial involucre (see page 208).

In plants of the natural order

Composite, such as the [Mari-

gold {fig. 399), Artichoke,

Chamomile, and Daisy ; and
of some of the allied orders, a

somewhat similar arrangement

of bracts takes place, and the

name of involucre is also ap-

plied in these cases. In the

involucres of the Composite
there are frequently two or

three rows of bracts thus over-

lapping one another ; the con-

stituent bracts of these latter

involucres have been termed

phyllarics. Sometimes the

bracts of an involucre grow

together at their bases, and

form ultimately a sort of cup-shaped body surrounding the

fruit, as the cup of the Acorn {Jig. 410), and the husk of the

Fig. 399. Capitulum of Marygold [Calen-

dula), showing the flowers enclosed in

an involucre.
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When a bract is of large size and sheathing, and surrounds

one, or a number of flowers, so as to completely enclose them

when in a young state, as in the Iris, Narcissus, Snowflake (fig.

402), the common Arum or Cuckoo-pint (fig. 403), and Palms

(fig. 417), it is called a scathe. The spathe is generally found

surrounding the kind of "inflorescence called a spadix (page

203), as in the Arum (fig. 402), and Palm (fig. 417) ; and it

is also very common in other Monocotyledon?. The spathe

may be either green like an ordinary leaf , as in the Cuckuu-

C pint; or coloured, as \nM;ch^iaBcthiopica. In some Palms
°*

these spathes are of greaFIength, sometimes even as much as

twenty feet ; and as many as 200,000 flowers have been counted

in them. Sometimes the spa-
Fig 4Q

.

dix of a Palm branches (fig.

417), and then we frequently ^^^--^
7

find smaller spathes surround-

ing its divisions, which have

been named spathellse. Many

Fig. 404.

Fia 404 Receptacle of tlie Chamomile (Anlliemis nobilis), bearing tabu ar

flowers ( florets), a, a, and bracteoles, b, b : the latter are sometimes termed

Palei (The receptacle is here drawn much too large at the apex, it

should be conical iu form.) Fig. 405. Locusta or spikelet of the Oat

(Avena saliva), gl.gl. Glumes. i>s,pi. Paleoe or Pales, a. Awn arising from

the dorsum of the outer pale, ps. fs. An abortive flower.

botanists restrict the term spathe to the large enveloping bract

of the spadix, and call the other bracts of a like character,

which enclose only one or at most a few flowers, as frequently

found in Monocotyledons, spathaceons bracts.

Besides the bracts which surround the head of flowers of

the Composite and form an involucre, it frequently happens

that the individual flowers or florets (fig. 404, a, a) are also

provided with little bracts or bracteoles, (>, b, which are then

generally of a membranous nature, and colourless, as in the

Chamomile. These have received the name of paka\ but as

this term is applied to certain special bracts found in Grasses

(see below), they are better named scales, or by some other

term which expresses their texture and character?

The only other bracts which have received special names

are those found in plants of the Grass and Sedge orders. 1 hus
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the partial inflorescence of a Grass, which is termed a locusta or

mihetet (page 203), has at its base one or two bracts, which are

called ghtmes (fig. 405, gl, gl) ; while in the Cyperacese each

flower arises from the axil of one or two similar bracts. In the

Grasses we also find that each flower has two other bracts (fig.

405, ps, pi), which are commonly called pales or palese ; and
also frequently at the base of the ovary there are two or more
little scales, also of the nature of bracts, which are usually

termed squamulee, glumellulcs, or lodiculee (fig. 601, sp).

2. THE PEDUNCLE OR FLOWER STALK.

The term peduncle is applied to the stalk of a solitary flower,

whether axillary (fig. 394, b, b), or terminal (fig. 402), or to a
floral axis which bears a number of sessile flowers (figs. 413 and
414) ; or if the floral axis branches and each branch bears a
flower (figs. 422 and 423), 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. 424) is

applied to the whole, with the exception of the stalks imme-
diately supporting the flowers, which are in all cases called
pedicels. When the floral axis is thus branched, it is better to
speak of the main axis as the primary axis (fig. 424, a'), its

divisions as the secondary axes a", and their divisions as the
tertiary axes a"', &c.

Kinds of Peduncle.—Under certain circumstances pedun-
cles and pedicels have received special names. Thus, when a

, Fig. 406. Fig. 407.

Fig. 40G. Hypanthodium of the
1

Pig (Ficus C'arica), showing
pear:shaped fleshy receptacle
hearing flowers on its inner
surface. Fig. 407. Coen-
anthium of a species of Dor-
slenia.

Peduncle is elongated, and gives off from its sides sessile flowers
(figs. 413 and 414), or branches bearing flowers (figs. 422-424),
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it is called the rachis..ov axis ; but if, instead of being elongated,

it becomes more or less dilated, and usually bearing numerous

flowers, it is termed the receptacle- This, receptacle varies very

much in form
;
thus, it is flattened in the Cotton Thistle (Jig.

427), conical in the Chamomile, concave and fleshy in the

Dorstenia (fig. 407), pear-shaped and hollowed out in the Fig

(fig. 406) ; or it assumes a variety of other intermediate forms.

The peculiar receptacle of the Dorstenia is sometimes termed a

casnanthium ; and that of the Fig a hypanthodium ; or both kinds

are sometimes characterised by the latter name.

It should be observed, that the term receptacle is also applied

by some botanists to the extremity of the peduncle or pedicel,

upon which the parts of the flower are placed, whether enlarged

or not, and whether bearing one or a number of flowers (see

Thalamus).
When plants which have no aerial stem bear flowers, the

peduncle necessarily arises at, or under, the ground, in which

case it is called a scape or radical peduncle (fig. 402), as in the

Spring Snowflake, Tulip, Hyacinth, Primrose, and Cowslip.

The scape may either bear one flower as in the Tulip, or several

flowers as in the Hyacinth.

Forms of Peduncle.—In form the peduncle is generally more

or less cylindrical, but besides the departure from this ordinary

appearance as exhibited by the receptacle just described, an

its modifications, it frequently assumes other forms. Ihus, :

may become more or less compressed, or grooved in vanoi

ways, or excessively enlarged during the ripening of the fruii

as in the Cashew-nut ; or it may assume a spiral character, a

Fig. 408. Fig. 409.
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in the Vallimeria (Jig. 408) ; or become spiny, or transformed

into a tendril ; or it may be hollowed out at its apex, so

as to form a cup-shaped body, to which the lower part of the

calyx is attached, as in Eschscholtzia ; or other modifications

may occur.

In some cases the peduncle or pedicel becomes flattened and
assumes the form of a plryllode, in which case it is termed

moliaceous or phylloid ; or it is called a phulloclade or cladode .

Examples of this occur in the Butcher's Broom (Jig. 409),

where the flowers arise from its surface ; and in Xylophylla, in

which the flowers are attached to its margins. Sometimes the

peduncle, or several peduncles united, assume an irregular

flattened appearance, somewhat resembling the fasciated branch

Fig. 410. Fig. 411.

Fig. 410. Peduncle of the Lime-tree (Tilia europasa) attached to the bract,
l>. Fig. 411. Branch of Woody Nightshade (SoUtnum Dulcamara), with
extra-axillary peduncle, and auriculate leaf.

already described (page 113), and bear numerous flowers in a
sort of crest at their extremities, as in the Cockscomb ; and
in the Cauliflower, where the united fleshy branches of the
peduncle form a rounded mass bearing on its upper part abor-
tive flowers.

Insertion.—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 (page 113) in consequence of adhesions of
various kinds taking place between them and the stem and
other parts. In like manner the peduncle may become extra-
omUwry by contracting adhesions. Thus, in the Lime-tree (fig.
410), the peduncle adheres to the midrib of the bract, b, for
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some distance, and then becomes free ;
while in many Solan-

acete, as in the Woody Nightshade (Jig. 411), the peduncle also

becomes extra-axillary by forming adhesions to the stem or

branch in various ways.

Duration.—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 staminate

or male flowers of a catkin
;
they are deciduous, when they fall

off after the fruit has ripened, as in the Cherry
;
they are

persistent, if they remain after the ripening of the fruit and

dispersion of the seed, as in the Dandelion ; and they are said

to be excrescent, if they enlarge or continue to grow during the

ripening of the fruit, as in the Cashew-nut.

3. KINDS OF INFLORESCENCE.

The term inflorescence or anthotaxis is used in a general sense

to indicate the arrangement of the flowers upon the floral axis

or peduncle, in the same way as the term phyllotaxis is used m a

o-eneral sense to indicate the various modes in which the leaves

are arranged on the stem or branches, and that of vernation for the

arrangement of the component rudimentary leaves of leaf-buds.

As flowers are variously arranged upon the floral axis, we have a

number of different kinds of inflorescence, 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

for entire genera, and even natural orders, and hence their dis-

crimination is of much practical importance. All the regular

kinds may be arranged in two divisions : and if the general cha-

racters upon which they depend are understood, their several

modifications will be readily intelligible. These two are usually

called Inde&mL* or Indeterminate, and Definite or Ddemmate

Inflorescence. The former is also sometimes termed Botryoid

or Botryose ; and the latter Terminal or Cymose Inflorescence.

In the former, the primary floral axis is terminated by a growing

point, analogous to the terminal leaf-bud of a stem or branch ;

hence such an axis has the power of either growing m an

upward direction, in the same manner as the terminal leaf-bud

of a stem or branch has the power of elongating, and thus

adding to its length ; or of dilating more or less horizontally

There is consequently no necessary limit to the growth of such

an axis, and hence the name of Indeterminate or Indefinite

which is applied to it. Such an axis as it continues to grow

upwards develops on its sides other flower-buds, from which

Sowers are produced, and these, like the buds of a stem or branch

are commonly situated in the axil of leaves which are here called

Ws^as we have seen. All the flowers therefore of an Indefinite

Inflorescence must be necessarily lateral or oxtMary and hence

this inflorescence is also termed cmllmy. The general characters
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of Indefinite, Indeterminate, or Axillary Inflorescence, depend
therefore upon the indefinite growth of the primary axis

; while
the secondary, tertiary, and other axes which are developed
from it, are 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 Definite, Deter-
minate, or Terminal, applied to it. Each of these primary
divisions presents us with several modifications, which we now
proceed to describe.

1. Indefinite, Indeterminate, or Axillary Inflores-
cence.—The simplest kind of inflorescence in this class is that
presented by such plants as the Pimpernel (fig. 394), in which
solitary flowers, b, b, are deve-
loped in the axils of what are
commonly regarded as the or-

dinary foliage leaves of the
plant, a, a, although properly
leafy bracts, the primary axis
continuing to elongate in an
upward direction and bearing
other leaves and flowers

; the
flowers are then said to be
solitary and axillary. When
such flowers are arranged in
whorls round the stem, as in
the common Mare's Tail, each
flower being axillary to a leafy bract (fig. 412), they are said to
be whorled.

When a number of flowers instead of a single one are de-
veloped nponanelongated, shortened, or dilated, peduncle placed
at the extremity of a branch, or in the axil of a bract, a number
of kinds of inflorescence arise. All these depend upon the extent
to which the floral axis branches, the mode in which the branch-
ing takes place, the comparative lengths of the flower-stalks
and other 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.

In all kinds of indefinite inflorescence it will be found that
the flower-buds always open in succession from the base to the
apex if the axis is elongated (figs. 414 and 422), hence these
inflorescences have been also called acropetal or ascending

; or
from the circumference towards the centre if the axis is short-
ened or dilated (fig. 428), therefore such forms are also called
centripetal. This acropetal or centripetal order of expansion
necessarily arises from the mode of development of such kinds
of inflorescence

; thus, the flower-buds situated at the base of an

Fig. 412. Whorled leafy bracts and
solitary axillary flowers of Mare'sTail
(Hippiiris vulgaris).
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Fig. 413. Fig. 414.

elongated axis are those that are first formed and consequently
the oldest

;
for 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
the apex, or acropetally. In the same way the flower-buds situated

at the circumference of a shortened
or ddated axis are first formed, and
those nearest the centre or growing
point last, and therefore their ex-
pansion will proceed from the cir-

cumference to the centre, or cen-
tnpetally.

A. Kinds of Indefinite or In-
determinate Inflorescence with an
Elongated Primary Axis.—These
are as follows :

—

a. The Spike.—This is a kind
of inflorescence in which the ped-
uncle is elongated and bears sessile

flowers, or flowers in which the
pedicels are very short, so as not
to be clearly distinguishable. Ex-
amples of it may be seen in the
Rib-grass (fig. 413), and Vervain

(fig. 414). In this kind of inflores-

cence it will be observed that the
flowers at the lower part of the
spike have passed into fruit (fig.

414), while those near the middle
are in full flower, and those at the
top are still undeveloped. Such an
inflorescence exhibits therefore, in a

marked degree, the acropetal order
of expansion.

There are five other kinds of

indefinite inflorescence which are
simply modifications of the spike. These are the Amentum or

Catkin, the Spadix, the Locusta, the Cone, and the Strobile.

b. Tlie Amentum or Catkin.—This is a kind of spike which
usually bears barren flowers—that is, only staminate (fig. 415),

or only pistillate (fig. 416) ones. The flowers of an amentum
are also usually separated from one another by scaly bracts, and
the whole inflorescence (at least .as regards the staminate cat-

kins) commonly falls ofl' in one piece, soon after the process of

flowering. The bracts have sometimes one, or at other times

several flowers in their axils. All plants with this kind of

Fill. 413. Spike of a species of

Rib-grass (Plan/ago). Fig.
414. Spike of Vervain {Ver-
bena).



Sl'ADIX.—LOCDSTA. CONE. 203

inflorescence are called amentaceous or amentiferous. Our trees

afl'ord numerous examples, as the Oak, Willow, Birch, and
Poplar.

c. The Spadix is a spike with a succulent peduncle, in

which the individual flowers have no special bracts, but the

whole inflorescence enclosed in that variety of bract which is

called a spathe. This is well seen in the Cuckoo-pint (fig.

403). Sometimes the spadix branches, as in Palms (fig. 417),

in which case it is called compound or branching. The term
spadix is also usually applied to a succulent spike, whether
enveloped in a spathe or not, as in the Sweet Flag (Acorus
Calamus).

Fig. 415. Fig. 416.

d. The Locusta or Spikelet.—This name is given to the
partial inflorescence of Grasses (fig. 405), and of plants of the
Sedge Order. In grasses it is a spike with a few flowers, and
these destitute of a true calyx and corolla, their plJfee being
occupied by faleee or pales (fig. 405, ps, pi), and the whole in-
florescence surrounded at the base by one or two empty bracts
(glumes), gl, gl . These spikelets may be either arranged sessile on
the elongated peduncle or rachis (fig. 418), as in Wheat, or they
may be placed on a more or less branched axis, as in the Oat (fig.
41 9). The spikelets of plants of the Sedge Order present certain
peculiarities, but they are essentially of the same nature as those
of Grasses. •

e. The Cone.—This is a kind of spike, found in plants of the
order Conifer;?, as the Larch, Pine, and Fir (figs. 293 and 420).
It is composed of a collection of imbricated scales or open carpels
arising from the axils of bracts, and bearing two or more naked
ovules at their base (fig. 17, ov).
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The cone is sometimes regarded as the fruit or p8eudacarp

of a single flower, and not an inflorescence or collection of

flowers as here described. Some, again, do not distinguish

between a cone and a strobile, but put the two inflorescences

together under the common name of cone or strobiius, which

thev define as a collection of persistent woody or membranous

scales or bracts, each of which bears a pistillate flower at its

ba8e
'

Fig. 417. Fig. 418. Fig. 419.

Fit, 417 Branched spadix of a Palm (Chamwrops), enveloped in a spathe.

« 418 Inflorescence of Wheat (Ti-Uicum vulgare), consisting of

numVrousseUespikeletsarrangeaonanelon

Fig. 419. Branched or panicled arrangement of the spiielets ot tnc uas

(Arena, saliva).

f The Strobile.—This is a kind of spike formed of persistent

membranous bracts or scales, each of which bears at its base a

nistillate flower. It is seen in the Hop {fig.
P

All the kinds of indefinite inflorescence at present described

owe their essential characters to the flowers being^«P?n ?°

elongated axis. We now pass to describe others, in which the

more or less branched, and the flowers consequently

situated upon stalks. The simplest of these
,
,. tjj*""*^.

g. The Raceme. -This name is applied to that form of mtt res

cence in which the elongated peduncle or racms bears flowers
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placed on pedicels of nearly equal length {fig. 422). It only

differs from the spike in the flowers being distinctly stalked

instead of sessile or nearly so. Examples occur in the Currant,

Mignonette, Hyacinth, Laburnum, Barberry, and Fumitory.

Fig. 420.

Fig. 420. Cone of Hemlock Spruce (Finns canadensis). Fig. 421. Strobile
of the Hop (Humulus Lupulus). Fig. 422. Raceme of a species of Cherry
(Prunus Padus).

h. Tlie Corymb.—When the pedicels, instead of being of
nearly equal lengths on the rachis, as in the raceme, are of differ-

ent lengths (Jig. 423), viz. those, a" a", at the base of the
primary axis, a', longer than those towards and at the apex, so
that the whole form a level, or nearly level top, the inflorescence
is termed a corymb. Examples may be seen in some species of
Prunv.s (Jig. 423). When the stalks or secondary axes of a
corymb (Jig. 424, a") instead of bearing flowers immediately,
divide and form tertiary, a'" a'", or other axes, upon which the
flowers are then placed, it is termed compound or branching, as
in some species of Pyrus. This may also be called a panicled
corymb (see Panicle), to distinguish it from the former or simple
corymb, which is then termed a racemose corymb. 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.
In several species of Juncus and Luzula, the pedicels of the

lower flowers are so long that they are elevated above the upper
ones, in which case the inflorescence is sometimes distinguished
by the term anthela.
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i. The Panicle.—This is a sort of compound raceme, that is

to say, a raceme in which the secondary axes, instead of pro-

Fig. 424.

Win 423 Simple corymb of a species of Prunus (Cerasus). a .
Primary

axis bearing bracts, 6, b, from the axis of which pedicel* a", of, arise.

!^>to 424 Compound or branching corymb of the Wild Service tree

(Pyrustovminalis). a'. Primary axis, a", a". Secondary axes, a'", a" .

Tertiary axes. 6, b, b. Bracts.

Fig. 425

Fig. 425. Panicle.

dncing flowers directly, branch, and form tertmiy axes c, the

ultimate subdivisions of which bear the flowers U£*®-J*
amples occur in the Yucca gloriosa, and m the general ai range
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ment of the partial inflorescences of the Oat (fig. 419). When
the panicle is much branched and the flowers placed on short

pedicels, so that the whole inflorescence forms a compact cluster

of a somewhat pyramidal form, as in the Lilac and Vine, it is

sometimes termed a j^j-ursvs or thyrse (fig. 426).

B. Kinds of IndejvnieTnfiorescence with a Shortened or Dilated

Primary Axis.—Of these we distinguish two varieties :—the
Capitulum or Anthodium, and the Umbel.

a. The CapihUum, Anthodium,, or Head.—This inflorescence

was formerly called a Compound Flower; and its involucre a
Common Calyx. Its constituent flowers from their small size are

commonly termed florets. This inflorescence is usually formed

Fig. 426.

Fig. 427.

. Fig'. 426. Thyrsus of Vine (Vitti vinifera). Fig. 427. Capitulum of Cotton
Uw jfrtJ^Wwii Thistle (Onopordum Acanthium).

by a number of sessile florets crowded together on a receptacle,
and the whole surrounded by an involucre (fig. 399) ; but in some
cases the florets are but few in number, and in other capitula the
involucre is absent. The receptacle, as we have seen (page 198),
may be either flattened, as in the Cotton Thistle (fig. 427) ; or
slightly convex, as in the Dandelion ; or conical, as in the
Chamomile

; or globular, as in the American Button-bush
;

or elliptical, &c.
,
by which a variety of forms is given to the

different capitula.

This kind of indefinite inflorescence, as well as all others
in this division 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. 428), where the outer
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Horets are fully expanded, those within them less so, and those

in the centre in an unexpanded condition. Here therefore the

order of expansion is towards the centre—that is, centrvpetaJly.

The capitulum is the universal form of inflorescence in plants of

the natural orders Compositse and Dipsacacese ; and is also found,

more or less, in some orders allied to these. Capitula of a less

marked character are also to be seen in other orders ; as in the

species of Clover (Trifolium), and many Proteaceous plants ;

in these, however, the involucre is always absent.

The arrangement of the flowers in the Fig (fig. 406) and

Dorstenia (fig. 407) also closely resembles that of an ordinary

capitulum, and such arrangements are sometimes regarded as

special varieties of the capitulum ;
but the involucre is in these

Fig. 428.

Fig. 429.

Fig. 428. Capitulum of

Scabious (Scabiosa ).

The outermost florets

may be observed to be

more expanded than

the inner. Fig. 429.

Simple umbel o£ a
species of Allium.

inflorescences always absent, and the flowers are developed cen-

t^^ffugTCas m thl glomerule (page 216) to which kind of in-

florescence they therefore more properly belong.

b Z umbel.-When the primary axis ib shortened an

o-i ves off from its apex a number of secondary axes or pedicels f

neaidy equal length, each bearing a flower and the whole -

™Pd like the ribs of an umbrella, an umbel is formed (Jig. 429 i,

ranged like t ie no
u Wh the seo0ndary axes them-

Xs d v?de anTform'eriary axes, which are also arranged m

l^ti&SV^X b\ funned by the div&iona of this,
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partial umbels or nmbellules. When the base of the general
umbel is surrounded by a whorl of bracts (fig. 398, a) they
constitute a general involucre ; and if other bracts, b, b, are ar-
ranged in a similar manner around the partial umbels, each of
these whorls of bracts forms an invalucel or partial involucre.
These varieties of arrangement have been already alluded to
when speaking of bracts (page 195).

Fig. 430. Fig. 431.

Fig. 430 Compound umbel of Fennel, <r. General umbel. 6, b b Partialumbels or umbellules.—^. 431. Portion of the floral axis of a species of

«SbrST }' terminaled ^ a solital-y flo^er, below whioh

t \ 1

?
EF?riT

f '
Determinate, or Terminal Inflorescence.

In all kinds of definite inflorescence the primary axis, as wehave seen, page 201, is arrested in its growth at an early age by
.
the development of a terminal flower-bud, and if the axis bearsmo other flower this is called a solitary terminal flower, and is

i the simplest form of this variety of inflorescence. Examples of
.this may be seen m the Stemless Gentian (fig. 431), and in theWood Anemone (Anemone nemorosa). When other flowers arejproduced on such an axis, they must necessarily arise from axil-lary flower-buds placed below the terminal flower-bud

; and ifthese form secondary axes (fig. 432, a"), each axis will in like.manner be arrested m its growth by a terminal flower-bud f"sand if other axes a'" are developed from the secondary ones,'tthese also must be axillary, and will be arrested in a similar

TaTk?cCT3/'Vnd theSe
xJ
aXeS ™? also f0™ ot̂ r axe

is Jtlu JT *f
80 T Hence this mode of inflorescence

ZrZI
'

(

\
etf™Hat\ ov termmal, in contradistinction to theormer or indefinite mode of inflorescence already described, where'the primary axis elongates indefinitely unless stopped by some

r e 'ular in

8

,ST infloresoences* most common andregular in plants with opposite or whorled leaves, but they also

p
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occur in those which have alternate leaves, as for instance in the

species of Ranunculus (fig. 432). In definite inflorescences the

flower-buds necessarily follow a different order of expansion from

those of indefinite inflorescences, because in them the terminal

flower is the first developed and
Fig. 432. consequently the oldest (Jig.

432,/'), and other flower-buds

are produced in succession

from the apex to the base, if

the axis be elongated, f" f" ;

or if shortened or dilated, from

the centre to the circumfer-

ence. The uppermost flower-

bnd of the elongated primary

axis (fig. 432, /'), and the

central one of the shortened

or dilated axis will accord-

ingly open first ; and the ex-

pansion of the other flower-

buds will proceed in succession

downwards, or towards the

circumference, according to

the character of the primary

axis. Such an order of expan-

sion is called centrifugal or

regressive. Hence while the

indefinite kinds of inflores-

cences are characterised by

an acropetal, progressive, or

centripetal order of expan-

se 43" A plant of' Manuncuiu. buibosus. sion ;
those of definite inflor-

a' a 1 Primary axis terminated by a fully escences are regressive or ccn-

expanded flower,/', a". Secondary axis ,

which is also terminated by a flower,/', irijugav.
TMer-

not so fully developed as/, a". Tertiary Kinds of Definite 01 VeW
axis terminated by a flower-bud,/'", which TO ;nft(e In florescence. — lne
is less developed than/' and/ .

kinds of definite inflorescence

are also termed cymose, as the general name of cyme is applied

S all such inflorescences. But some are also distinguished by

•Pl
ial

XXST-This term is applied generally to a definite

inflorescenc^hich is more or less branched, the whole being

• or more or less spreading, as inthe Chickweed (,rw

;
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cyme, and then in the centre of each of its divisions, and thence
proceeding in an outward direction ; and as the central flower of

Fig. 433.

Fig. 433. Cyme of Laurnstinus {Viburnum Tinus).

Fig. 434. Dichasi.il cyme or Dicliasium of a species of Chickweed (C'emirtum).
«'. Primary axis terminated by a flower, a", a". Secondary axes, two in
number, arising from the axils of opposite bracts, b, b, and terminated also
by flowers. «"', a'", a'", a'". Tertiary axes, four in number, arising from
bracts, b, and bearing other bracts, b, from which the quaternary axes,
eight in number, arise, «"", a"", a"". The flowers are more developed on
the primary axis than on the other axes ; thus the one terminating that
axis la in the state of fruit ; the flowers of the axes of a" and «"' are also
in fruit, but lees developed than that of «', whilein the axes a"" the flowers
only are expanded. Fig. 435. Dichasial cyme or Dicliasium of the Cen-
taury (Enjlhrcea Centauriutn). a', a", a'", a"". Floral axes. /',/",/"',
/"". Flowers terminating those axes respectively. The flowers will be
observed to be most developed in proportion to their age ; thus/' is in
the state of fruit,/",/", expanded, /"',/"', J'", and the othersstill in bud.
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each cluster corresponds to the apex of a branch, the expansion

of the whole is centrifugal. By attention to tins order of ex-

pansion such cymes may be always distinguished from indefinite

kinds of inflorescence, such as the umbel or corymb, to which

otherwise they bear in many cases a great resemblance In the

duckweed {fig. 434), and many other plants, the formation of the

secondary, tertiary, 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 order of

expansion may be well observed.

Fig. 437.

Fig. 436.

Fin 436. Spiked cyme of Sedum. This is re-

garded by Sachs as a form of monochasial,

uniparous, or unilateral cyme—Fig. 437.

Bacemose cyme of a species of Campanula,

a' Primary axis terminated by a flower,/,

which is already withering, a", a,a .

Secondary axes, each ending m a flower,

J",J",f"-

The above cymes are sometimes characterised according to

the number of their branches : thus they are chchotovious, as m

t e common Centaury (fig.^^^^^^
terminated bv a flower /', at the base of which are two bracts,

STwhii develop in i

?
d
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110), but only apparently so, in consequence of the greater

development of the lateral branches as compared with that of

the terminal one.

Such cymes are also frequently characterised as corymbose,

or umbellate, from their resemblance, except in the order of

the expansion of their flowers, to the true corymb, or umbel
;

or as globose, linear, &c, according to their general form.

Again, when a definite inflorescence does not assume a more
or less corymbose or umbellate form, as in the ordinary cyme
just described, it is also best characterised by terms derived

from the kind of indefinite inflorescence to which it bears

a resemblance. Thus, when a cyme has sessile flowers, or

nearly so, as in the Sedum (Jig. 436), it may be described as a

spiked cyme ; when it has its flowers on pedicels of nearly equal

length, as in the Campanula (jig. 437), as a racemose cyme ; or

when it assumes the form of a panicle, as in the Privet (jig.

438), as a panicled cyme. These latter terms, however, although
in many cases very characteristic, are but little employed.
These forms of cymes are readily distinguished from the true

racemes and other kinds of indefinite inflorescence, by the
terminal flowers opening first, and the others expanding in

: succession towards the base, or in a centrifugal manner : while
: in the true raceme, and the other kinds of indefinite inflores-

i cence, the flowers open first at the base and last at the apex, or
i centripetally.

Besides the ordinary cyme and its varieties now mentioned,
l other kinds of cymose inflorescences have also received particular
i names, as the Helicoid or Scorpioid Cyme, the Fascicle, the Glome-
. rule, and the VerticMaster : these we must now briefly describe.

b. Helicoid or Scorpioid Cyme.—This is a kind of cyme in
' which the flowers are only developed on one side, and in which
i the upper extremity is more or less coiled up in a circinate

i manner, so as frequently to resemble a snail, or the tail of a
I scorpion ; hence the names helicoid and scorpioid by which such
;a cyme is distinguished. This kind of cyme is especially deve-
1 loped in plants of the Boraginacea3, as the Forget-me-not (jig.

•439), and the Comfrey (jig. 440). In these plants the bracts
: are alternate ; but such a cyme may also occur in plants with
i opposite bracts, and the manner in which it is most commonly
1 believed to be formed in the two cases, is as follows :—Thus,
in plants in which the bracts are opposite, it arises by the

i regular non-development of the axes on one side, while those
on the other side are as regularly produced. This will be

t readily explained by a reference to the diagram (fig. 441).
IHere a represents the flower which terminates the primary
axis

; at the base of this flower are two bracts, only one of
iwhich develops a secondary axis b, which is in like manner
tterminated by a flower, at the base of which are also two
i bracts, only one of which, (i.e. that on the same side with the
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first) produces a tertiary axis c, also terminated by a flower

with two bracts at its base, one of which gives origin to another

FUj. 440. Helicoid cyme of Comfrcy {Symphytum officinale).
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axis, d, placed in a similar manner, and so on. The place of

the axis which is undeveloped at each ramification is indicated

by a dotted line. In consequence of this one-sided (or as it is

called seciiud) manner in which the successive axes are pro-

duced, the direction of the inflorescence is constantly drawn to

one side at the formation of each axis, and that in proportion

to the size of the angle formed by it with the axis from which
it springs, and thus when the angle is large, and many flowers

are produced in succession, the upper extremity becomes com-
pletely coiled up in a circinate manner (fig. 441). In plants

with alternate bracts, the helicoid cyme arises from the primary
axis (Jig. 442, l) being terminated by a flower, and giving off

below it from the uppermost bract a secondary axis 2, which

Fig. 441. Fig. 442.

3

Fig. 441. Diagram to illustrate the formation of a helicoid or scorpioid cyme
in a plant with opposite bracts, a. Flower terminating the primary axis.
b. Secondary axis. c. Tertiary axis. d. Quaternary axis. Each axis is
terminated by a flower. The dotted lines represent the position of the
undeveloped axes. Fig. 442. Diagram to illustrate the formation of a
helicoid or scorpioid cyme in a plant with alternate bracts. The figures
represent the respective axes, and the dotted lines below the flowers the
position of the bracts.

also terminates in a flower, and gives off below it in like
manner from the same side as the former a third axis 3, which
likewise terminates in a flower, and so on as seen by the figures.
The place of the bracts is indicated by the dotted lines below
the flowers.

The terms helicoid and scorpioid are thus used by us in-
differently to indicate the same form of unilateral, monochasial,
or uniparous cyme. This is the sense in which we have em-
ployed them in previous editions of this Manual, and in which
we follow De Candolle, Le Maout, Decaisne, Hooker, and many
other botanists. We are still induced to do so, because their
nature is at present by no means well defined, and from the
synonymy being best understood and practically exemplified in
Descriptive Botany, at least in this country. But many Conti-
nental botanists distinguish two kinds of uniparous cymes,
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under the respective names of helicoid cyme or bostryx, and
scorpioid cyme or cicinnns. Thus in what is termed the helicoid

cyme, the successive lateral branches always arise from the
same side,—that is, either right or left of the main axis (see

page 110, and fig. 216, a), as in Hemerocallis while in the
scorpioid cyme the successive lateral axes are developed alter-

nately right and left of the main axis (see page 110, and fig.

216, b), as in the Rock Rose (Helianthemum), and Sundew
(Drosera).

Both helicoid and scorpioid cymes have been commonly re-

garded as sympodial inflorescences ; and to consist of a series of

single-flowered axes, all of which are developed on one side as in

the former, or alternately on opposite sides as in the latter. The
investigations, however, in recent years of Kraus, George Hen-
slow, Goebel, and other botanists, seem to prove that the scor-

pioid cyme is not a sympodial development, but amonopodial or

indefinite kind of inflorescence, or, in other words, a unilateral

raceme.
Practically, the helicoid or scorpioid cyme, in the sense as de-

fined by us above, may be distinguished from the ordinary raceme,

at least when the biacts are developed, as follows :— thus, in the

raceme, the flowers always arise from the axil of the bracts,

while in the cyme they are placed opposite to the bracts (fig.

442), or, at all events, more or less extra-axillary. But in those

cases where the bracts are abortive, as in most plants of the

Boraginacete, its discrimination from the raceme is often difficult,

or even impossible, and its nature can only be ascertained by

comparison with allied plants.

Other views of the nature of these cymes have been also

entertained by botanists
;
thus, Kaufmann and Warming believe

that bracteate scorpioid cymes arise from repeated dichotomy

of the apex of an axillary bud. The further discussion of

this subject, however, would be out of place in an elementary

manual, and therefore for more detailed particulars we must

refer our readers to Sachs's 'Text-Book of Botany,' and to an

article in 'Trimen's Journal of Botany,' for January 1881, on
' The History of the Scorpioid Cyme,' by Sydney H. Vines.

c. The Fascicle or Contracted Cyme.—This name is applied to

a cyme which is rather crowded with flowers placed on short

pedicels of nearly equal length, and arising from about the same

point, so that the whole forms a flattened top, as in the Sweet

William and some other plants of the Pink order to which it

belongs.

dL isJi iM.aJuL d - The Glomende.—This is a cyme which consists of a tew

r*!^uWsessile flowers, or of those where the pedicels are very short.

\ collected into a rounded head or short spike. Examples may he

seen in many Labiate plants, in species of Nettle, and in the B< x

(fig. 443). „ . .

'

e. The Verticillaster—This kind of cyme is seen in the
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White Dead-nettle (fig. 393), and commonly in other plants of
the Labiate order to which it belongs. In it the flowers appear
at first sight to be arranged in whorls around the axis, but upon
examination it will be seen that in each apparent whorl there
are two clusters or glomerules axillary to two leafy bracts, the
central flowers of which open first, and hence the mode of ex-
pansion is centrifugal. To these false whorls, thus formed of
two axillary glomerules, the term verticillaster is frequently
applied

; but this variety of inflorescence is sometimes regarded
as a contracted form of the dichasium.

We have now finished our description of the different kinds
of regular inflorescence, and from what we have already stated,

Fig. 443.

Fig. 443. Inflorescence of the Box •

(Biurus sempervirens). Fig.
444. Mixed inflorescence of a
species of Senecio.

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
axil of bracts. But besides the above regular kinds of inflor-
escence all of which are comprehended under the two divisions
of indefinite and definite as now described, there is a third

^•
8
L°
n
l

ch consists in a combination of these two forms to
which the term mixed inflorescence has been accordingly given
,y 3. Mixed Inflorescence.—This kind of inflorescence is bv
i no means uncommon. It is usually formed by the general in-
florescence developing in one way, and the partial or individual
inflorescences m another. Thus in plants of the natmal order
Cgmpositre Cft/. 444), the terminal capitulum is the first to ex-

I
panel, and the capitula, as a whole, are therefore developed in
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a centrifugal manner ; while the individual capitula open, as we

have seen (page 208), their florets from the circumference to the

centre, or centripetally ;
hence, here the general inflorescence

is definite, and each partial inflorescence indefinite. In Labiate,

plants we have a directly reverse arrangement for here the in-

dividual verticillasters open their flowers centnfugally {fig.

but the general inflorescence is centripetal; hence the general

inflorescence is here indefinite, while each partial inflorescence is

definite.

Section 2. Of the Parts or the Flower ;
and their

Arrangement in the Flower-bud.

In common language, the idea of a flower is reftricted tô hat

portion in which its bright colours reside ;
but botanicallj, we

understand by the flower, the union of all the organs which con-

SbSe to the^ormationof the seed We have already s ated

that the parts of the flower are only leaves m a modified condi-

tion or mther, the analogues of those organs, or more properly

homologous formations adapted for special.purposes ,
and that

hence a flower-bud is to be considered as the analogue of a leaf-

bud a^d the flower itself of a branch the mternodes of which

are sHghtly developed, so that all its parts are placed m
nearly the fame plane. The detailed examination of this theo-

retical notion of a flower will be reserved till we have finished

tit description of its different parts or organs, when we shall be

better ab e to understand it, as well as other matters connected

titn its symmetry, and the various modifications to which it is

liable. (-See General Morphology.)

1. PARTS OF THE FLOWER.

The parts of a flower have been already treated of in a general

or
P
Vspp pa2e 17 ) But before describing them in detail

Tnmst tSorfhel'irrangement in the flower-bud-that is,

of aestivation.

2 AESTIVATION OR PRJEFLORATION.

or praifloration.
,, _____ tion and the terms employed

aenerally the same as those of vernation, a u .
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ponent parts of the calyx and corolla, because the stamens and
carpels, from their peculiar forms, can give us no such arrange-
ments of their parts as are exhibited by the more or less

flattened floral envelopes.

In describing the modifications of aestivation, we have, as in

the case of vernation, to include : 1st, the disposition of each of

the component parts of the floral envelopes, considered inde-
pendently of the others ; and 2nd, the relation of the several
members of either of the floral envelopes taken as a whole in
respect to one another. With regard to the disposition of each
of the component parts of the floral envelopes considered inde-
pendently of the others, the same terms are used as in similar
modifications of vernation (page 156), with the addition of the
crumbled or corrugated form, which is not found in the parts of
The leaf-bud. This latter variety may be seen in the petals of the
Poppy (Papaver), and Rock Rose (Helicmthemum)

; and it derives
its name from the parts being irregularly contracted into wrinkled
folds.

With respect to the relation of the several members of either
of the floral envelopes taken as a whole to one another, various

Fig. 445. Fig. 446. Fig. 447. Fig. 448.

Fig. 445. Diagram to illustrate valvate aestivation. Fig. 446. Diagram to
illustrate inrluplicate activation. Fig. 447. Diagram' to illustrate redu-
plicate aestivation. Fig. 448. Diagram to illustrate contorted or twisted
aestivation.

modifications occur, all of which may be arranged in two divisions:
namely, the Circular, and the Imbricated or Spiral Estivation.
The former includes all those varieties in which the component
parts of the whorl are placed in a circle, and in nearly the same
plane

: and the latter those where they are placed at slightly
different levels in a more or less spiral manner, and overlap one
another.

1. Varieties of Circidar Estivation.—We distinguish three
well-marked varieties of circular aestivation, i.e. the valvate, in-
duplicate, and reduplicate. The valvate (Jig. 445) may be seen in
the calyx of the Lime, and in that of Guazwma uhnifolia ; in this
variety the component parts are flat or nearly so, and in contact
by their margins throughout their whole length without any
overlapping. This variety of aestivation may be generally dis-
tinguished, even when the flowers are expanded, by the margins
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of its component parts being slightly thickened, or at all events

not thinner than the rest of the organ :
whereas m allvanet.es

of imbricated or spiral estivation, the overlapping margins are

usually thinner, as may be well seen in the sepals of the species

of Geranium. When the component sepals, or petals, instead ol

being flattened, are folded inwards at the points where they

come in contact {jig. 446), the aestivation is mduphcate as in

the petals of Ghamma tdmifolia, and in the sepals of some

suedes of Clematis. When the margins are turned outwards

under the same circumstances (jig. 447), the estivation is re-

locate, as in the sepals of the Hollyhock "^Jjf
some other Malvaceous plants ; and in the petals of the Potato

When the parts of a whorl are placed at the same height, or

apparently so, as in the ordinary forms of circular estivation

andTe margin of each part is directed obliquely inwards, and

i?overlapped by the part adjacent on that side, while the other

margin covers the corresponding margin of the adjommg part

on tl e other side, so that the whole presents a more or less

?wis edtppearanc'e (fig. 448), the -tivatio** cc«-
twisted. It occurs very frequently m ^^^^^V^
rare in the calyx. Examples may be seen m the corolla ot tne

Sollvhock and other Malvaceous plants ;
in that of the common

c;+ Tnhn's Wort (Hypericum) ; m the Periwinkle v Mica;,

Z^ m^Jot^%^ the order Apocynacee, to which

£ plantYelongs. Twisted estivationL™gJ»£g^
^tthis^vSty S-JE&S c^onS organs

become
1^, they may be variously pMted « £g£

«

»

^^^^ -

PlaT Varieties oj Imbricated or Spiral JEstivation.-We distin-

The ivuevmlrxmU est vation as seen tor
component

common variety. When the parts,
,

0I

J f^ calvx
V
oi

ping, completely/"^j^^tf5^°L-WaW
some botanists ;

but

nica, the estivation i« ter™e" "^» °y
the contorted variety

this term is now more frequently ajmlie 1 to ™
b] d
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lapping 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 quincuncial
( fig. 450). Familiar

examples of this form are afforded by the corolla of the Rose,

and the cafyx of the Bindweed (Calystegia sepium). In this

kind of testivation the spiral arrangement of the parts is well

seen, and is indicated in the diagram (fig. 450) by a dotted

line. The spiral cycle thus formed, which is the normal
one in pentamerous or quinary flowers (those with the parts

in fives), and which occurs in the majority of Dicotyledons,

corresponds to the f,
pentastichous, or Jive-ranked arrangement

of leaves. When in a quincuncial arrangement the second part

of the cycle becomes wholly internal instead of being external,

the regularity of the quincunx is interrupted, and a variety of

aestivation occurs to which the name cochlear has been given

Fig. 449. Fig. 450. Fig. 451. Fig. 452.

Fig. 449. Diagram to illustrate imbricate aestivation. The figure;^, 2, 3, 4,
5, show that the successive parts are' arranged in a spiral manner^

—

Fig.
450. Diagram to illustrate quincuncial aestivation. 1 and 2 are external,
4 and 5 internal, and 3 is partly external and partly internal. Fig. 451.
Diagram to illustrate cochlear aestivation-. The part marked 2 in the
preceding diagram is here wholly internal instead of external as in the 4
quincuncial arrangement. The dotted line marked 2 indicates its normal
position in the true quincuncial variety of aestivation. Fig. 452. Diagram
to illustrate vexillary aestivation. 1 and 2 form the alae or wings, 3 and
5 the carina or keel, 4 the vexillum. (See Papilionaceous Corolla.)

(fig. 451). Familiar examples of this are afforded by the Snap-
dragon (Antirrhinum majus), and other allied plants. Another
marked modification of imbricated aestivation occurs in the
corolla of the Pea and other allied plants, where the superior
petal 4, which is generally the largest, and called the vexillum

,

is folded over the others which are arranged face to face (Jig.
452). This kind of {estivation is commonly termed vexillary.

It frequently happens that the calyx and corolla exhibit
(

different kinds of aestivation. Thus, in Guazuma ulmifolia the \

calyx is valvate
; and the corolla induplicate. In Malvaceous

plants the calyx is valvate or some form of circular {estivation
;

and the corolla hvisted. In these two examples the different
varieties of {estivation, as exhibited by the two floral envelopes,
may be considered to belong to the same class of {estivation, i.e.

the circular. But instances also frequently occur where the
calyx and corolla present different modifications, and which
belong to both classes

;
thus, in the Corn Cockle (Githago segetum),
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the species of St. John's Wort (Hypericum), the Geranium,
and in many other plants, the calyx is quincuucial or imbricate

;

and the corolla twisted.

The kinds of asstivation above described ai-e always constant

in the same individual, and frequently throughout entire, genera,

and even natural orders ; hence they are of great importance in

Systematic Botany. For a similar reason they are also of much
value in Structural Botany, by the assistance they commonly
afford in enabling us to ascertain the relative succession and

position of the parts of the flower on the axis.

The term anthesis is sometimes used to indicate the period at

which the flower-bud opens.

Besides the definite and constant relations which the parts

of the floral envelopes have to one another in the flower-bud,

they have also a definite 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 organs in a whorl, one will be superior,

one inferior, and two lateral, as in the petals of the Wallflower

(fig. 25, p, p). If there are five we have two arrangements.

Thus, in the calyx of the order Leguminosse, two sepals are

superior, two lateral, and one inferior ; while in the corolla one

petal is superior, two inferior, and two lateral (figs. 452 and

477). But in plants of the order Bosacese we have a precisely

reverse position exhibited by the parts of the two floral enve-

lopes ;
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. 476).

The same definite relation with respect to the axis also

holds good in many cases in the staminal and carpellary whorls,

by which important distinctive characters are frequently ob-

tained, as will be seen afterwards when treating of Systematic

Botany.

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 the

foliage leaves, by which character, as well as by their position and

more delicate texture, they may, in most cases, be distinguished

from the petals. There are numerous instances, however,

especially when the number of petals is much increased, in

Section 3. The Floral Envelopes.

1. THE CALYX.
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so that it is difficult or almost impossible to say, in many cases,
where the calyx ends and the corolla begins. The White
Water-lily (fig. 453) affords a familiar and good illustration of
this. In some plants, again, the green colour disappears, and
the calyx becomes coloured with the same tints as the corolla,
or with some other bright hues. In such cases it is said to be
petaloid, 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, Lark-
spur, and Monkshood may be mentioned as affording fami-
liar examples of a petaloid calyx amongst Dicotyledons. In
Monocotyledons generally, as in the Lily, Iris, Tulip, Crocus,
and Squill (fig. 28), as we have mentioned (page 17), the

Fig. 458.

Fig. 453. Flower of the White Water-lily (Nymphcea alba) reduced in size
After Jussieu. c, c, c, c. The four sepals, p, p, p. p. Petals, e. Stamens
lhe parts on the right show the gradual transition from the calyx, c to
the petals,/;, and from these organs to the stamens, e. The stamens from
1 to 5 are gradually more distinctive.

two floral envelopes are usually coloured, although rarely green,
and m other respects so closely resemble each other, that
we then use the collective name of perianth to indicate the
two whorls taken together. When there is but one whorl of

:
floral envelopes, as in the Goosefoot (fig. 29), it is customary
with some botanists to call this the calyx, whether it is coloured

! ?r Sreen i
li ifi so termed in this volume. Other botanists,

i however, under such circumstances, call the whorl that is

|
present a perianth. Those, again, who use the term perianth
nn this sense also sometimes apply it, in all cases, to flowers
^whether of Monocotyledons or Dicotyledons, when the true
! floral enve opes are all coloured as in the Lily, or all green as
in the Dock. The term is also sometimes employed in a general
sense as synonymous with the floral envelopes:

In their structure, venation, and characters generally, the
sepals resemble the foliage leaves, and are covered like them with
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epidermis ; this is also frequently furnished on the lower or

outer surface with stomata. and also occasionally with hairs,

glands, or other appendages. From the duration of the sepals

being usually more transitory than that of the foliage leaves, the

veins which form their skeleton chiefly consist of spiral vessels,

and are commonly arranged like those of the leaves in the two
classes of plants respectively—that is, reticulated in Dicotyle-

dons, and parallel in Monocotyledons.

The sepals also exhibit various characters as regards their

figure, margins, apax, &c, although they are by no means so

liable to the numerous variations in these particulars as the

blades of foliage leaves exhibit. The terms used in defining

these modifications are applied in the same sense as with the

blades of leaves.

Sepals are almost without exception destitute of a stalk, or,

in other words, they are sessile upon the thalamus. They are

also generally entire at their margins, although exceptions to

this latter character occasionally occur : thus, in the Peeony and

Rose Xfigt. 454, cf, and 470, of), the sepals are incised ;
in many

species of Dock they are toothed (fig. 455, ci) ; in Chamxhvu nun

Fig. 454.

Fig. 457. Fig. 451. Vertical section of the flower of the
Rose, r, r. Concave thalamus, upon which
nre placed several carpels, o, o, each of which
is furnished with a style and stigma, J. e, e.

Stamens, cl. Tube of the calyx, cf. cf. Free
portions of the calyx divided at their margins.

Fig. 455. Calyx of Rumex uticnlm, after

Jussieu. ce. Outer divisions of the calyx

which are entire, ci. Inner divisions with
hooked teeth at their margins, g. Swelling
on one of the inner divisions. Fig. 456.

Flower of Strawberry (Fragaria ) with a regu-

lar polysepalous calyx surrounded by a whorl
of leafy organs, to which the name of cpicalyx

or involucre is applied. Fig. 457. Flower of

Monkshood (Aconitnni NapeUus), with an irre-

gular polysepalous calyx. The upper sepal is

petaloid, and hooded or helmet-shaped.
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pkvmosum each sepal is divided into five deep lobes or partitions
;

and in Passiflora fcetida the sepals are first pinnatisected, and
then each segment pimiatifid.

In their direction, the sepals are either erect or turned up-
wards

; cormivent or turned inwards; divergent or patulous, when
spreading outwards ; or reflexed, when their extremities are
turned downwards.

The sepals may be either distinct from each other, as in the
Poppy, Buttercup, Wallflower, and Strawberry (fig. 456) ; or
more or less united into one body (figs. 458-60), as in the
Pimpernel (fig. 458), Campion ( fig. 459), and Henbane (fig.
461). In the former case, the calyx is usually termed polysepa-
lons, polyphyllous, or dialysepalous ; in the latter it is commonly
called monosepalous. But this latter term is incorrect, as it indi-
cates literally one sepal ; and hence many botanists use instead
the more correct term of gamosepalous calyx, which simply im-
plies that the sepals are united. The terms polysepalous and
monosepalous, however, from being in more general use, will be
ordinarily employed in this volume.

1. Polysepalous, Polyphyllous, or Dialysepalous Calyx.
A polysepalous calyx may consist of two or more parts, the
number being indicated by the prefix of Greek numerals

;

as disepalous for a calyx composed of two distinct sepals, tri-

sepcdous for one with three, tetrasepcdous if it have four, penta-
sepolous if five, hexasepalous if six, heptasepcdous if seven, and
so on.

A polysepalous calyx is called regular. if it consist of sepals
of equal size and like figure or form, and arranged in a sym-
metrical manner, as in the species of Ranunculus (fig. 432),
and Strawberry (fig. 456) ; and it is said to be irreqnlar when
th ese conditions are not complied with as in the Monkshood
(fig. 457).

2. Monosepalous or Gamosepalous Calyx.—When the
sepals are united so as to form a monosepalous calyx, various
terms are used to indicate the different degrees of union. Thus,
the .union may only take place near the base, as in the Pimpernel

i (fig. 458), when the calyx is said to be partite ; or it may take

|

place to about the middle, as in the Centaury (fig. 459), when
i it is cleft or fissured ; or the sepals may be united almost to the
i top, as in the Campion (fig. 460), when it is toothed ; or if the
i union is quite complete, it is entire. The number of partitions,
:
fissures, or teeth, is indicated by the same prefixes as those
previously referred to as being used in describing analogous
divisions in the lamina of a leaf ; thus a monosepalous calyx
twhere the divisions are five, would be described as five-partite
or qwmquepartite, five-cleft or qumquefid, five-toothed or qninque-
dentate, according to the depth of the divisions. In like man-
mer the terms tripartite, trifid, or tridentate would indicate that
<such a calyx was three-p>artite, three-cleft, or three-toothed, and

Q
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so on. The number of divisions in the majority of cases

corresponds to that of the component sepals of which the calyx

is formed ;
although exceptions to this rule sometimes occur,

as for instance in those cases where the divisions are themselves

Fig. 458. Fig. 459. Fig. 4G0.

Fig 458. Partite inferior calyx of the Pimpernel (Anagallis). Fig. 459.

Cleft or fissured calyx of tie Centaury (Frythraa). Fig. 460. Dentate

or toothed calyx of Campion {Lychnis).

divided into others. A little care in the examination will,

however, generally enable the observer to recognise the primary

from the secondary divisions. When a monosepalous calyx is

entire, the number of sepals can then be ascertained by the

Fig. 461. Fig. 403.

Fig. 462.

Fin 401. TJrceolatc calyx of the Henbane (Byo-

scyamus). Fig. 402. Bilabiate calyx.of the

Dead-nettle (Lamium).—-F,g. 463 Vertical

section of the flower of the Myrtle (M£M
communis), col. Tube of the calyx adherent

to the ovary, o. s. Stamens.

venation, as the principal veins from winch the othsr. fiwg

or faux {figs. 4G0-462).
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Fig. 4G4 Fig. 4G5. Fig. 46G.

If the union between the sepals is unequal, or the parts are

of different sizes, or of irregular figures or forms, the calyx is

said to be irregular (jig. 402) ;
if, on the contrary, the parts are

alike in figure and form, of the same size, and united so as

to form a symmetrical body, it is tegular (fig. 461). Some
varieties of the irregular and also of the regular calyx have

received special names. Thus in the Dead-nettle (fig. 462),

the irregular calyx is said to be labiate, bilabiate, or 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 monosepalous calyx a number are distinguished under the

names of tubular, bell-shaped or r,a,m,pa.nula,te, urceolate (fig.

461), conical, globose, &c. The application of these terms will

be also shown when speaking of the corolla, in which similar

forms occur, and in which they are usually more evident.

The tube of a monosepalous calyx, or of that of a perianth

(the parts of which, like the sepals, are frequently united to

a varying extent), sometimes
adheres more or less to the

ovary, as in the Iris, Goose-
berry, Currant, Myrtle (fig.

463, cal), in all the plants of

the order Composite, and in

those allied to it (figs. 464-466),

and in numerous other plants.

When this takes place, the
calyx is said to be adherent,

or, because it appears to arise

from the summit of the ovary,

: it is termed superior ; the

ovary in such a case is then
described as inferior. When
tthe calyx is free, or quite

distinct from the walls of the
i. ovary, as in the Pimpernel

{(fig. 458), Wallflower, Poppy,
aand Buttercup, it is said to

Ibe free, non-adherent, or in~

fferior ; and the ovary is then
ttermecl superior.

When the calyx or perianth is thus adherent to the ovary,
its limb presents various modifications : thus in the Iris,

COrocus, and Orchids, it is petaloid ; in the Quince, foliaceous
'<

'fig. 473) ; in the Sunflower (fig. 466), and Chamomile, it is

•membranous ; in the Madder (fig. 464), it exists only in the form
Df a circular rim

; while in the Ox-eye it is altogether absent
fig. 465). In the two latter cases the calyx is commonly
Uescribed as obsolete. In many plants of the order Composite
,nd the allied orders Dipsacace;u and Valerianaceie, the limb

Q 2

FU/.4G4. Calyx of the Madder (Rubin), ad-
herent to the ovary, with its limb reduced
to a mere rim. Fig. 465. One of the
tubular florets of the Ox-eye(C/i>-ysunlhe-
mum). The calyx is completely united to
the ovary and presents no appearance of
a limb. Fig. 466. One of the tubular
florets of the Sunflower (Helinnlhus). The
limb of the adherent calyx is mem-
branous.
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Fig. 407. Fig. 4G8.

of the calyx is only developed in the form of a circle or tuft of

bristles, hairs, or feathery processes, to which the name of

pappus is given, and the calyx under such circumstances is said

to be pappose. The pappus is further described as feathery or

plumose, and sim-

ple or pilose ; thus

it is feathery, as

in the Valerian

{fig. 4G7), when
each of its divi-

sions is cover-

ed on the sides

by little hair-like

projections ar-

ranged like the

barbs of a feather ;

and pilose, when
the divisions have
no marked pro-

j ections from their

sides, as in the

Dandelion and
Scabious {fig.

4G8). The pap-

pus is also described as sessile when it arises immediately

from the tube of the adherent calyx, and thus apparently from

the top of the ovary or fruit, as in the Valerian {fig. 467) ;

and stalked or stipitate, if it is raised above the ovary or fruit,

on a stalk, as in the Dandelion and Scabious {fig. 4G8).

Appendages of the Calyx.—The calyx, whether mono-

sepalous or polysepalous, is subject to various other rrregu-

Fio. 409.

Fig. 469. Flower of

the Indian Cress
(Trojirolum). c.

Spurred ca'.vx.

Fill. 47H. Ca-

lyx of Hibiscus

surrounded by
an ppicalyi or

involucre.

Fig. 467. Fruit of the Valerian surmounted by a feathery

sessile pappus. FigAG8. Fruit of Scabious surmounted

by a stalked pilose pappus.

larities besides those already alluded to, which arise from the

expansion or growing outwards of one or more of the sepals

or the tube of a monosepalous calyx into appendages or pro-

cesses of different kinds. Thus in the Monkshood {fig. 4o, ),
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the superior sepal is prolonged upwards into a sort of hood or

helmet-shaped process, in which case it is said to be hooded,

ltd,net-shaped, or galeatc. In the Wallflower {fig. 25, c), and

other plants of tlie_Crucifer;e, the two lateral sepals are ex-

panded on one side at the base into little sacs, when they are

termed gibbous or saccate. If the calyx has one or more^
tubular prolongations downwards, it is said to be spiirredrC**-^ 1

Only one spur may be present, as in the Indian Cress (fig.

469, c), where the spur is formed by three sepals ; or in the

Larkspur, where it is formed by one ; or each of the sepals

may be spurred. In the Pelargonium, the spur instead of

being free from the pedicel, as in the above instances, is

united to it.

On the outside of the calyx of some flowers, as in those of

many plants of the Mallow (fig. 470), Pink (fig. 474, b), and
Rose orders (fig. 456), there is placed a whorl of leaf-like organs

which is considered by some botanists as an outer calyx, and to

which the name of epicalyx or calycidus has been accordingly

given ; but this outer whorl is evidently of the same nature as

the involucre already noticed (see page 193), and has been so

described in this volume.
Duration of the Calyx.—The duration of the calyx varies

in different flowers. Thus it is caducous or fugacious, when it

Fig. 471. Fig. 472. Fig. 473.

Fig. 471. Flower of the Poppy, showing a caducous calyx. Fig. 472. Accres-
cent calyx o£ the Winter Cherry (PhysalU Alkekemji). Fig. 473. Ver-
tical section o£ the fruit of the Quince (Pyrus Oydonia), showing the
tube of the calyx adherent to the matured carpels, and forming a part of
the pericarp ; the free portion or limb being foliaceous.

falls off as the flower expands, as in the Poppy (fig. 471). In
the Eschscholtzia the calyx, which is caducous, separates from
the hollow thalamus to which it is articulated, 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
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here the part which is left behind after the separation of the

upper portion evidently belongs to the calyx, instead of to the

thalamus, as in the former instance. In these two latter cases

the calyx is said to be calyptrate or opwcuhdc When the

calyx falls off about the same time as the corolla, as m the

Crowfoot or Buttercup, it is then called deciduous. In other

cases the calyx remains after the flowering is over, as m the

Henbane (fig. 461), and Mallow ; when it is described as per-

sistent When the calyx is adherent or superior it is neces-

sarily persistent, and forms a part of the fruit, as m the Quince

(fa 473), Apple, Pear, Gooseberry, Melon, and Cucumber

When it is persistent and assumes a shrivelled or withered

appearance, as in the species of Campanula is m^o^t
ot if it is persistent, and continues to grow after the nowermg

so'as to form a bladdery expansion round the ruit as m the

Winter Cherry, and other species of Physahs {fig. 47^), it is

termed accrescent.

2. THE COROLLA.

The corolla is the inner envelope of the flower. It^consists

of one or more whorls of leafy organs called petals. In a com-

i Va fiMW ( tfrr ?5 v) it is situated between the calyx and

and 'is gene ally to be distinguished from the former,
aiKlioacium aua D j

00loured nature and more deli-

fat tai ffl is but one whorl of floral envelopes

afwe have al o before noticed (page 17), this is to ^ considered

« i«lvT and the flower is then termed apetaloid or mono-

SideS Th corolla is usually the most showy and con-
cMamyaeous x

at ^ common iangUage is

Sfit In rare cases, however, it is green like

Iwalvx as in certain Cobras and some Asclepiaclaceous plants.

wSetnre the petals resemble the BeJ»ln and leaves, being

hairs occasionally and on the inner whorl
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Wallflower and Pink (fig. 475) ; the narrow portion is then termed
the unguis or claw, o, and the expanded portion the limb, I, and
the petal is said to be umgmcjdate or clawed. In this particular,

petals must be considered to resemble the leaves more than the
sepals do, as the latter organs are almost without exception
sessile, or destitute of claws.

The outline of the petals, like those of the sepals and leaves,

is subject to great variation. Thus, they may be linear, oblong,

lanceolate, elliptic, ovate, cordate, &c. The application of these
terms having been already fully explained when speaking of
leaves, need not be further alluded to. The condition of their

margins also, the mode in which they are divided, and their

Fig. 474. Fig. 475.

Fig. 474. The flower of a species of Pink {Diant litis), b. Bracts, forming an
epicalyx or inyolucre. c. Calyx, p, p. Petals, the limbs of which'are
fringed at their margins, e. Stamens. Fig. 475. One of the petals of
the same flower, o. Claw or unguis. I. Limb, which is fringed at the
margins.

terminations, 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, serrate

;
cleft, partite,

sected
;

acute, emarginate, ' &c. The petals are not however
liable to any further division than that of the primary one

; thus,
although sometimes pinnatifid, or pinnatipartite, &c, they are
never bvpirmatifid, or bipinnatipartite. One term is occasionally
used in describing the condition of the margins which has not
been alluded to when speaking of the leaves ; thus the petals are
said to be fimbriated or fringed, as in some species of Dianthus
(figs. 474 and 475, 1), when they present long thread-like processes
at their margins.

Again, the petals may be either flat, as is usually the case,
Or concave, tubvlar, boat-shaped, Arc. These terms sufficiently
explain their meaning

; but a few anomalous forms of petals
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Trill be described hereafter (page 237). In texture the petals

are commonly soft and delicate, but they sometimes differ widely

from this, and become thick and fleshy, as m the Stapduui

;
or

dry and membranous, as in the Heaths; or stift and hard, as

in Jit/Ionia. , , • ±

In describing their direction, we use the terms erect, cowwm rti,

diverqent, patulous, or rejiexed, in the same sense as already

described when speaking of similar conditions of the sepals (page

225
The petals also, like the sepals, may be either distinct or

more or less united into one body In the former «je, the

corolla is said to be pohjpetalous or dialypetalous (figsJ'^'O >

in the latter monopetalous or gamopetalous {figs. 47«-4J0). ^
same objection applies to the use of the term monopetalous

as to that of monosepalous already mentioned (page 22o), but

we shall continue to employ it from its being the one more

"Tp^Ilo.s ok Dialypetalous CoKOLLA.-The number

of petals which enter into the composition of the corolla is mdi-

Fig. 476.

Tig. 477.

m . 476. Mower of the Rose. b. Bract H Tube ofte^-
If.

Divisions of the calyx, p, p. P, P,P . ySlhun. a. Ala; or

of the Sweet Pea (Lathyrus odoratus). c. Calj x. <-• >
txiuu

-wings, car. Carina or keel.

when the petals 1

"l t (v.
" Some ie"
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will now proceed to describe under the two divisions of regular

and irregular.

A. Bvyidar Pohjpetalous Corollas.—Of these we may mention

three forms, viz. the cruciform or cruciate ; the caryophgllaceous
;

and the rosaceous.

1. Cruciform or Cruciate.—This corolla gives the name to the

natural order Cruciferx ; but it also occurs elsewhere. It con-

sists of four petals, usually with claws, as in the "Wallflower {fig.

25, p), and Stock ; but sometimes without claws, as in the Celan-

dine, and the whole arranged in the form of a cross.

2. Caryophyllaceous.—This consists of five petals, with long

claws enclosed in the tube of the calyx, and with their limbs

commonly placed at right angles to the claws, as in the Campion,

Single Pink (figs. 474 and 475), and Carnation.

'6. Bosaceous.—This is composed of five petals, without, or

with veiy short claws, and spreading in a regular manner, as in

the Strawberry (fig. 456), and, Single Rose (fig. 476).

B. Irregular Pohjpetalous Corollas.—There are many anoma-

lous forms of irregular polypetalous corollas to which no particular

names are applied. There is one form, however, which is of much
importance, namely, the Papilionaceous.

This derives its name from the fancied resemblance which it

bears to a butterfly. It is composed of five petals (fig. 452), one

of which is superior or posterior, and commonly larger than the

others, and termed the vexillum or standard (fig. 477, y) ;
two

inferior or anterior, which are usually more or less united and

form a somewhat boat-shaped cavity, car, called the keel or carina;

and two lateral, a, called the tuings or alse.

2. Monopetalous or Gamopetalous Corolla.—When the

petals unite so as to form a monopetalous corolla, various terms

are used as in the case of the monosepalous calyx t^o indicate

the degrees of adhesion ; thus the corolla may be partite, cleft,

toothed, or entire, the terms being employed in the same sense

as with the calyx (see page 225). The part also where union

has taken place is in like manner called the tube, t, the free

portion, the limb, I, and the orifice of the tube, the throat or faux

(fig. 478).

The monopetalous corolla, like the monosepalous calyx, is
x

regular when its parts are of the same size, and of like figure

or form, and united so as to form a symmetrical body (figs.

478-483) ; or if these conditions are not complied with it is

irregular (figs. 484-495). Some varieties of both regular and
irregular monopetalous corollas have received special names, as

follows :

—

A. Regular Monopetalous Corollas.—Of these we may describe

the following :

—

1. Tubular, where the form is nearly cylindrical throughout,

the liinb not spreading ; as in Spigelia (fig. 478), and in the
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central florets of many Composite, as the_ Ox-eye (Chrysanthe-

mum), and Sunflower (Helianthus) (fig. 406).

2. Campanulate or bell-shaped, when the corolla is rounded at

the base, and gradually enlarged upwards to the summit, so as

to resemble a bell in form, as in the Harebell (fig. 470).

Fig. 47* Fig. 479. Fig. 480.

Fig. 478. Flower of Spigelia marylandica

c. Calyx, f. Tubular corolla. I. Limb of

the corolla. J. Summit of the style and
stigmas. Fig. 479. Flower of the Hare-

bell (Campanula rotundifolia), showing a

campanulate corolla. Fig. 480. Flower

of the Tobacco PI ant (JYicoliam Tabacum),

with infundibuliform corolla.

3 Infundibuliform or funnel-shaped, where the form of the

corolla is that of an inverted cone, like a funnel, as in the

Tobacco (fig. 480). / Mm**

Fig. 481.

Fig. 482.

Flower of the Forget-me-not (JQwoHi jwlwfrli). »
r. Scales projecting from its throat.

Rotate corolla.

4 Eypocratmform or salver-shaped (fig. 481), whence tube

is long andHarrow, and the limb placed at right angles to it, as

in the Primrose.
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5 Rotate or wheel-shaped, when the tube is short, and the

limb at right angles to it, as in the Forget-me-not (fig. 482) and

Bittersweet (Solamm Dulcamara).
.

G. Urceolate or urn-shaped, when the corolla is swollen m
the middle, and contracted at both the base and apex, as m the

Purple Heath (Jig. 483), and Bdberry (Vaccimum Myrtillus).

Fig 483. Fig. 484. Fig. 485.

lc%kA <~"X I old

Fig. 483. Flower of a species of Heath (Erica), c. Calyx, within which is

an arceolate corolla, I, I. Fig. 484. Bingent or gaping corolla of the
Dead-nettle (Laniium album), showing the entire upper lip. Fig. 485.

Back view of the flower of a species of Teucrium, showing the bifid upper
lip of the corolla.

B. Irregular Monopetalous Corollas.—Of these we shall de-

scribe the following :

—

1. Labiate, bilabiate, or lipped.—When the parts of a corolla

are so united that the limb is divided into two portions which
are placed superiorly and inferiorly, the upper portion overhang-

Fig. 486. Flower of the Bosemary (Rosmarinus) with upper lip divided.

Fig. 487. Front view of the labiate corolla of Galeobdolon, with trifid lower
lip.

ing the lower, and each portion so arranged as not to close the
orifice of the tube, thus resembling in some degree the lips

and open mouth of an animal (figs. 484-487), the corolla is

termed labiate, bilabiate, or lipped. The upper lip is composed
of two petals, which are either completely united, as in the
White Dead-nettle (fig. 484), or more or less divided, as in the

Fig. 486. Fig. 487.
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Rosemarv (fiq. 486) and Germander (Temrwm)(J^. 485)
;

and

Sxe owex
y
Hp of three petals, which are also,^

the Rosemary (fy. 486), or bind as m some species of La moon,

t tfilT^&idolL (fig. 487) When a ab»te

its upper hp much arched, as in the White Dead-neJgW^gJ;
it is frequently termed regent or g~ The labiate coioUa

aives the name to the natural order Labiatie, rn the plants

film" to which it is of almost universal occurrence It is

found a s°o in certain plants belonging to some other order^

2. Personate or MM.-Thisiovm of ^JJ^J*g
labiate in being divided into two hps but^ f^^tloS
the lower lip being approximated

^ ^ bo

the orifice of the tube or throat. This closin oi
J-

„

caused by a projection of the lower hp called thepalat^

W

corolla, which is but a slight modification of the personate,

sometimes termed calceolate.

Fig. 488. Fig. 489.
Fig. 490.

Fig. -138. Personate corolla of the Snapdragon^Antir-

rhinum). I. Lower lip. «. Upper hp. '<• -

} ^
base __/.',-,/. 489. Personate corolla of the loml-

Tx\MnaL), spurred at tote-*^
Ligulate corolla of a Composite nowei, with hve

teeth at its apex.

3. Ligulate or Strap-shaped.-U what

tubular corolla is partly ^^^idSBfSl s<3led^S
flattened like

.
^strapabove (j% • 490 anc

L

4 )1) ^ £ ^
or atrqp-dwped. 1 his kmc or cm i

•>

constitu-

ting the number of its component petals (fig. 4JU).
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Besides the above described forms of regular and irregular

monopetalous corollas, others also occur some of which are but

slight modifications of these, and arise from irregularities that

are produced in certain parts in the progress of their development.

Thus in the Foxglove (Jig. 492), the general appearance of the

corolla is somewhat bell-shaped, but it is longer than tins form,

Fig. 491. Fin. 492

Fig. 493.

Fig. 491. Ligulate corolla of the Ox-eye (ChrysantTie-

m „m). Fig. 492. Dipritalifonn or glove-shaped

corolla of the Foxglove (Digitalis purpurea ) Fig.

493. Irregular rotate corolla of Speedwell ( Veronica ).

and slightly irregular, and as it has been supposed to resemble

the finger of a glove, it has received the name of digitalijorm

or glove-shaped. In the Speedwell (Jig. 493), the corolla is nearly

rotate, but the divisions are of unequal size and shape, hence

it may be described as irregularly rotate ; and in the Red
Valerian the corolla is irregularly salver-shaped (Jig. 495).

Appendages of the Corolla.—The corolla, like the calyx,

whether polypetalous or monopetalous, is subject to various irre-

gularities, arising from the expansion or growing outwards of

one or more of the petals, or the tube of a monopetalous corolla,

into processes or appendages of different kinds. Thus in the

Snapdragon (Jig. 488, b) and Valerian (Jig. 494), the lower part

of the tube of the corolla becomes dilated on one side, so as to

form a little bag or sac ; it is then termed saccate or gibbous,

this term being used in the same sense as previously described

(see page 229) when speaking of the calyx. At other times,

one or more of the petals, or the tube of a monopetalous corolla,

becomes prolonged downwards and forms a spur, in which case

the petal or corolla is described as spurred or calcarate. Ex-
amples of spurred petals or corollas may be seen in the Hearts-

ease, Columbine (Jig. 497), Toadflax (Jig. 480), and Red Valerian
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( Ha 495). Only one spur may be present, as in the Heartsease,

or each of the petals may be spurred, as m the Oolumhme (fig.

497) The Yellow Toadflax, which usually only produces one

Fig. 494. Fig. 495.

Fig. 494. Flower of a species

of Valerian ( Valeriana), c.

Calyx, adherent to the

ovary. /. Limb of the calyx

rolled inwards. The corolla

has a projection towards its

base, and is hence said to

be gibbous. Fig. 495.

Flower of the Ked Valerian

(Cenlranthus). The corolla

is irregularly salver-shaped

and spurred at its base.

termed by Lmnams O^p* ^ h tl from irre.

S SZSArf (*V>, the two

Fig. 490.
Fig. 497.

„t t-h a MniiVchood C4rnm7«m), with nu-

Ftg.m. A portion of the **^£&£SS3* horn-shaped petals

merous stamens below
; Combine (Aguil.yia vulgar) wit*

above. f*'*" 1,
,

each of its petals spurred.
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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 (Jig. 453, p), in which
case it is called multiple. "When the corolla is composed of but

Fig. 500.

Fig. 498. Petal of a Crowfoot with a nectariferous scale at its base. Fig.
499. One of the petals of Mignonette (Reseda). Fig. 500. A petal of the
Grass of Parnassus (Painassia palustris) bearing a fringed scale at its base.

one whorl, its parts in a regular arrangement alternate with the
sepals, although cases sometimes occur in which they are opposite
to them. The cause of these different arrangements will be
explained hereafter, under the head of the Symmetry of the
Flower.

Fro. 501. Fig. 502.

F Ig. 601. A petal of a species of Lychnis, o. Claw. I. Limb. a. Scaly ap-
pendages. Fig. 502. Flower of the Daffodil ( Narcissus Pseudo-narcissus)
The cup or bell-shaped process towards the centre is termed a corona.

On the inner surface of the petals of many flowers we may
frequently observe appendages of different kinds in the form of
scales or hair-like processes of various natures. These are com-
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monlv situated at the junction of the claw and limb (Jig. 501, «)

;

or at the base of the petals (Jigs. 498 and 500). Such appendages

may be well seen in the Mignonette (.fa 499), Crowfoot (fig

498) Lychnis (fig. 501, a), and Grass of Parnassus (Jty. 500).

Shnilarscales maybe also frequently noticed in monopetalous

corollas near the throat, as m many Boraginaceousi

plants tor

instance, the Comfrey, Borage, Forget-me-not (fig 482
: , )

and

also in the Dodder, and many other plants. Sometimes these

scales become more or less united and form a cup-shaped process

ast tS perianth of the Daffodil (fig. 502) and other species o

Narcissus ; to this the term corona is commonly applied, and tne

foro la is then said to be crowned. By many bo amsts, how-

ever, this latter term is applied whenever the scales or appen-

dices are arranged in the form of. a ring on the inside of the

corolla whether united or distinct. The beautiful fringes on

the corolla of the Passion-flower are of a similar nature.
_

The origin of these scales is by no means clearly ascertained ;

by sonie botanists they are supposed to be derived^from the

pltals, by others to be abort ve stamens ;
bat ^e n°w

more commonly regarded as hgules (see page 182) developed

Zthe wtals Formerly many of these appendages were de-

^tpX of the calyx, but it is almost always more fug.-

and the species of Campanula (fig. 437), wlien it

marcescent.

Section 4. The Essential Organs of Reproduction.

The essential organs of reproduction are the-^of^

diteovUscrual (fig. 518); when^J^^^ffSZ
( figs. 415 and 410). ine nowci «u

contains

itaminate or stamimferous (figs. 415 and - >0 )
.

only a stamen or stamens ;
and carpellai y, >

^

ferons, when it has only a carpel or carpels (fig.
41b).
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Fig. 503.

flower possesses neither andrcecium nor gynoecium, as is some-

times the case with the outer florets of the capitula of the Com-
positie, it is said to be neuter. When the flowers are unisexual

both staminate and pistillate flowers may-

be borne upon the same plant, as in the

Hazel, Oak, Cuckoo-pint (Jig. 403), and the

species of Carex, in which case the plant is

H stated to be monoecious f or upon different

plants of the same species, as in the Willows

(Jiffs. 415 and 416), when the plant is said to
°^ be dioecious^ In some cases, as in many Palms

and in the Pellitory (Parietaria), staminate,
' pistillate, and hermaphrodite flowers are situ-

ated Upon the same individual, and then the

plant is called polygamous. CL^-L^

Like the sepals and petals, the stamens
and carpels are considered as homologous
with leaves, but they generally present much
less resemblance to these organs than the
component parts of the floral envelopes.

Their true nature is shown, however, by
their occasional conversion into leaves, and
by other circumstances, which will be de-

scribed hereafter when treating of the General
Morphology of the Flower.

1. THE ANDRCECIUM.

Fig. 503. Unisexual
staminate flowers of a
species of Carex. The
filaments are long
and capillary, and
the anthers pendu-
lous and innate.The andrcecium, or male system of

Flowering Plants, is the whorl or whorls of

organs which, in a complete floiver, is situated between the
corolla (fig. 522) or perianth (fig. 28) on the outside, and the
gynoecium on the inside ; or it is placed between the calyx
and gyncechun when the corolla is absent (fig. 29), as in
monochlamydeous flowers ; or in achlamydeous flowers, it is

either outside the gynoecium (fig. 30) when those flowers are
bisexual, or it stands alone (fig. 34) when the flowers are uni-
sexual and staminate. It is composed of one or more parts
termed Stamens. Each stamen consists generally of a thread-
like portion or stalk, called the filament (fig. 27, /), which is

analogous to the petiole of the leaf ; and of a little bag or case,
a, which is the representative of the blade, called the anther,
and which contains a powdery, or more rarely waxy, matter,
termed the pollen, p. The only essential part of the stamen,
however, is the anther with its contained pollen ; but in rare
cases the pollen is absent, and as the stamen cannot then perform
its special functions, it is said to be abortive or sterile (Jig.
517, Is) ; in other cases it is termed fertile. It not unfrequently
happens that flowers contain sterile filaments, that is, filaments

R
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without anthers, in which case these structures are termed

staminodes. These commonly preserve a flattened appearance

as in the flowers of the species of CW When, as is rarely

the case, the filament is absent, as m the Cuckoo-pint (Jig. oU4),

the anther is described as sessile.

1 The Filament.—In its structure the filament consists,

1st, of a central usually unbranched bundle of spiral vessels

;

and 2nd, of parenchymatous tissue which sur-

Fig. 504. rounds the bundle of spiral vessels, and which

is itself covered by thin epidermal tissue. I he

epidermis occasionally presents stomata and

hairs ; and these hairs are sometimes coloured,

as in the Spiderwort and Dark Mullein. Ihe

structure of the filament is thus seen to beW strictly analogous to that of the petiole of a

m. 504. stamen leaf, which presents a similar disposition of its

bf the Cuckoo- component parts.
pint (Arum ma- Tlie filament varies in form, length, colour,

culatum), con- narHonlars • a few of the more lin-
sisting simply of and other parUCUldXb ,

cv 1C "

an anther which portant modifications of winch will be now
is sessile upon , , .

a. ttal— ^f^L-U its uame implies, the filament is

usually fouud iu the lorm ot a little thread-like or 05 mdnc.l

prolong*hg^ taper.» *j£g«««*

club when it is clavate or dub-shaped, as m IhalMtrum, or w

n.W pases it is flattened at the base, the lest oi un in
m otner caseb m

. nsin Tama/riXQalivca
ment assuming its ordinary^^f0™^ 0

.'

he whole of

Sometimes, again, the filament is jjg^
508), or/orW as in Grmibe(M 509)

, ^ u is

appendages as m the Borage OfcK^ ™

said to be m «»,l,c«l«l,-. t f Vlyh , te^h. of tie filament

ienffft, (Wm-r, P "
'

)^^10 n and plants

varies much. Thus, in the ^J^gX^SSlBi
generally of the order Boraginacese tflj. oil;,
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very short ; in the Primrose (fig. 543), and commonly in the

Primulacese, a similar condition also occurs. In the Fuchsia,

Lily, Grasses (Jig. 505), and Sedges (Jig. 503), the filaments are

usually very long.

In colou r the filaments are generally Avhite, but at other times

they assume vivid tints like the corolla or perianth ; thus in the,

Spiderwort they are blue, in various species of Ranunculus
and of CEnothera yellow, in some Poppies black, in Fuchsia
red, &c.

In direction the filaments, and consequently the stamens,
are either erect, incwvcil, recurved, p&ndulgus, «fcc. ; these terms
being used in their ordinary acceptation. When the filaments are

all turned towards one side of the flower, as in the Horsechest-

Fig. 505. Fig. 506. Fig. 507. Fig. 508.

Fi,j . a0o. A locusta of Wheat
( Triticum sativum ), consisting of several flowers,

the stamens of which have very long capillary filaments, and versatile pen-Oulous anthers. The anthers are notched or forked at each extremity, andthus resemble somewhat the letter x inform. Fiq 506. Three of thestamens of Tamarix galUea,with their filaments flattened at the base and
united with each other. Fig.607. Pistil of a species of Campanula, with
a solitary stamen arising from the summit of the ovary. The filament
is flattened. Fig. 508. Dilated toothed filament of a species of Allium.

nut and Amaryllis, they are said to be BecUnate. Generally
;
speaking, their direction is nearly the same from one end of the
filament to the other, but in some cases the original direction is
departed from m a remarkable manner, and the upper part of
the filament forms an angle more or less obtuse with the lower

:
m which case it is termed geniculate, as in Muhernia. This
appearance sometimes arises from the presence of an articulation

.;

at the point where the angle is produced, as in Euphorbia (Jig.
01^, a). In such a case, or whenever an articulation exists on

|the apparent filament, this is not to be considered as a true
Wament, but to consist in reality of a flower-stalk supporting a
single .stamen. The flower here, therefore, is reduced to a,
Single stamen, all the parts except it being abortive. This is

R 2
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proved by the occasional production in some allied plants of one

or more whorls of the floral envelopes at the point where the

joint is situated. In the Pellitory (Parietaria), the filament

assumes a spiral direction.

Duration.—The filament usually falls off from the thalamus

after the influence of the pollen has been communicated to the

Fig. 509. Fig. 510. Fig. 511.

Fig. 513.

Fin 509 Gvnoecium and andrcecium of Crambe. The longer

filaments' are forked. Fig. 510. A stamen of the Borage

(Boraqo officinalis), f. Filament. «. Curved appendagc to

the filament. /. Anther. Fig. 511. Corolla of MyosoUs

or Forget-me-not, laid open. There are five stamens with

very short filaments attached to the corolla and included

within its tube. Fig. 512. Male flower of Euph^bm con-

listing of a solitary stamen, b. without any floral enve opes sum uuding

it hence it is said to be naked or achlamydeous. The anther is two-

obed, and the connective very small a. Articulation, »>''^,n
?

the

point of union of the true filament and peduncle,;).—W "IS. .

*

ran*

verse section of a young anther of Mottia ptcta. Fft.ni fcehleiden. a.

b^V of the anther to which the connective is attached, n. B. The two

Mta of the ant l er a. Vascular bundle of the connective, b. lpiderina

partition.

carnel oris deciduous ; but in rare cases, as in the species of

S'panula, the filament is persistent, and reimuns attached to

flip ovarv in a withered condition.

S AKTHBB.-It8Porfe.-The different parts of winch

the anther is composed may be best seen by making a trans-

vte^ectln as slmwn in Z 513. Thus here we observe^ ,

parallel hl„>*, B, li, separated by a. port , -n. A. a

to which the filament is attached. Eaeli lobe is divided
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into two cavities, d, d, d, d, by a septum which passes from the

connective to the walls of the anther. The cavities thus formed

in the lobes of the anther are called cells or loculi. All anthers

in an early stage of development possess four loculi, and this

Fig. 514. Fig. 515. Fig. 517.

Fig. 514. Four-celled anther of the Flowering Rush (Bulomus umbellatus).
a. Filament bearing an entire anther, b. Section of the anther with its
four cells. Fig. 515. Androecium of Milkwort ( Polygala), with eight one-
celled anthers dehiscing at their apex. Fig. 51G. One of the stamens of
the Lady's Mantle (AlclwmilUi). The anther is one-celled, and dehisces
transversely. Fig. 517. Stamen of the Sage (Sah-ia). f. Filament, c.

Connective bearing at one end a cell, //, containing pollen, when it is
said to be fertile ; and at the other end a cell, Is, without pollen, in
which case it is sterile. Fig. 518. The Essential Organs of Repro-
duction of the Vine ( VitU vim/era), a. Anther, c. Furrow in its face
which Is turned towards the pistil or gyncecium. 6. Suture or line of de-
hiscence. The anther is introrse. Fig. 519. The perianth cut open,
showing the Btamens, of the Meadow Saffron ( Cokhicum autumnale), with
the faces of their anthers turned towards the floral envelopes, and hence
termed cxtrorse.

is considered the normal state. When a fully-developed anther
exhibits a similar structure, as in the Flowering Rush, it is four-
celled or rpiadrilocnlar (Jigs. 514, b, and 537, I) ; or when, as is far
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more commonly the case, the' partitions separating the two loculi

of each anther-lobe become absorbed, it is two-celled or b'docular

(fig 53G) In rare cases, the anther is unilocular or one-celled,

as in the Mallow (fig. 535), Milkwort (fig. 515), and Lady's

Mantle (fig. 516) : this arises either from the abortion of one lobe

of the anther, and the absorption of the septum between the two

cells of the lobe that is left ; or by the destruction of the partition

wall of the two lobes as well as of the septa between the cells 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 which bears an anther lobe (fig. 517), in which case there

appear to be two unilocular or one-celled anthers. When tins

occurs one lobe only, //, contains pollen ; the other, Is, is sterile

That surface of the anther to which the connective is attached

is called the back (fig. 513, a), and the opposite surface, b, b, is

the face The latter always presents a more or less grooved ap-

pearance (figs. 513 and 518, c), indicating the point of junction

of the two lobes. Each lobe also commonly presents a more or

less evident furrow {fig. 518, b), indicating the point at which the

mature anther will open to discharge the pollen ;
this furrow is

termed the suture. By these furrows the face of the anther may

be generally distinguished from the back, which is commonly

smooth (fiq. 513, a), and has moreover the filament attached to

it The face is generally turned towards the gyncecium or centre

of the flower, as in the Water-lily (fig. 522), Vine (fig ol8),

and Tulip (fig. 523), in which case the anther is ^^°Tf>
but in some instances, as in the Iris, and Meadow Saffron (fig.

519) the face is directed towards the petals or circumference ot

the flower, when the anther is said to be extrorse

Its Development and iSWwe.-When first formed the an-

ther consists of parenchymatous cells of about the same size

and form ; but ultimately each lobe presents two centra
I

masses

of cells which are termed parent or mother-cells, from bemg de-

voted to the formation of the pollen (fig. 520, on), and over which

we have three distinct layers of cells. The inner one, ^,-th-it

is the layer immediately enclosing each central mass, is called he

S&kJLi or tapetum ; it is formed of but a single.row of deli-

cate cells which appear to contain nitrogenous matter, and sup-

posed to be concerned in the nourishment of the pollen-cells m

thek early growth. This layer commonly disappears as the

pollen becomes matured, but it is persistent in those anthers

wl ic have porous dehiscence. The layer, ct, immediately ou^

side the Indothecium, is termed the mesotheennn. It is a per-

manent la™, and consists of one or more rows of cells, some of

w ich except in the case of anthersW^SSrH
aniral reticulated, or annularly arranged fibres lne tima <>r

SSndW ce, is of an epidermal nature, with ^U-maxkej

cuticle?!and is called the exothecwm, and upon winch stomata aie

frequently found.
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The anther in its mature form presents therefore, in nearly

all cases, but two coats, as shown in Jigs. 513 and 521, that is, an
exothecium (jig. 521, ce), or outer coat; and an endotliecium, cf,

or inner coat, which corresponds in structure to the mesothecium
of the immature anther. The connective, as a general rule, has

a similar structure to the filament. Each lobe of the anther, as

already noticed, is divided at an early age into two cavities, by
the septum (fig. 513), which extends from the connective to the

suture. This septum, which forms the placentoid of Chatin, is

usually more or less destroyed when the pollen is matured, but
generally traces of it may be seen in the form of cellular projec-

tions from the connective, by which each cell of the anther is

Fig. 521.

Fig. 520. Vertical section of

a loculus or cell of a young
anther of the Melon, ce.

Epidermal layer constitut-

ing the exothecium or
outer coyeiiug of the an-
ther, ci. The parenchyma-
tous cells forming the meso-
thecium. cm, cm. The two
central masses of cells

which are placed in each
half or lobe of the anther,
in which the pollen is

formed, and hence they are
termed parent or mother cells. These cells are surrounded by a special
layer of cells, cl, forming the endotliecium or tapetum. Prom Le Maout.
Fig. 521. Horizontal section of a portion of the wall of a mature anther of

Cobcea scandem at the time of dehiscence. It is composed of an external
epidermal layer, ce, forming the exothecium, and an internal layer o£
fibrous cells, cf, which is commonly termed the endothecium, and which
is the mesothecium of the iinniature anther.

partly subdivided. To these processes the name of placentoids
was given by M. Chatin, under the impression that they assisted
in the nourishment of the pollen.

We have already shown that the floral envelopes are homo-
logous with leaves, representing them as they do in all their
essential characters (pages 224 and 230). We have now to ex-
amine the stamen with the view of ascertaining whether its parts
have in like manner any resemblance to those of the leaf. We
have no difficulty in recognising the filament as the homologue
of the petiole, as in its form, position, and structure it is essen-
tially the same (page 242). The connective of the anther, again,
is clearly analogous to the midrib of the blade, and hence we
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readily see that the two lobes of the anther correspond to the

two halves of the lamina folded upon themselves ;
in fact, if we

take the blade of a leaf and fold it in the above manner, and then

make a transverse section, it will present a great resemblance to

the section of the anther already described {fig. 513). We may
therefore conclude : that the anther corresponds generally to the

lamina of the leaf, the connective to the midrib, the outer surface

to the epidermis of its lower side, and the septa to the epidermis

of the two halves of the upper surface of the lamina united and

considerably thickened. The pollen corresponds to the paren-

chyma situated between the epidermis of the upper and lower

surfaces of the lamina of the leaf.

Fig. 522. Fig. 523.

Fiq 522 A portion of the flower of the White Water-lily (Xymphira alba\

consisting of a gyncecium inTested by a large fleshy disk which is pro-

longed from thethalaraus. The pistil is surrounded by some stamens wlncn

havepetaloid filaments and adnate introrse anthers; and by two petals.

Fig. 523. Gyncecium and androeciuni of the Tulip. The stamens e»

and ce have introrse anthers, which dehisce longitudinally.

A ttachment of the Filament to the Anther—The mode in which

the anther is attached to the filament varies in different plants,

but it is always constant in the same individual, and frequently

throughout entire natural orders, and hence the characters

afforded by such differences are important m practical botany.

There are three modes of attachment which are distinguished

by special names. Thus : 1st, the anther is said to be adiwtc'<*

dorsifixed when its back is attached throughout its whole length

to" the filament, or to its continuation called the connective, as

in the Magnolia {fig. 526), and Water-lily {fig. 522); 2nd,

is innate or basifixd when the filament is only attached to its

base, and firmly adherent, as in the species of Carex{fig. o(W) ,

an l 3rd, 'it is versatile, when the filament is only attached by a

point to about the middle of the back of the connective so that

the anther swings upon it, as in Grasses generally {fig- oUo),

and in the Lily, Evening Primrose, and Meadow Sattron.

anSc^-The relations of the anther to the ft amen as

well as its lobes to each other, are much influenced by the ap-
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pearance and size of the connective. Thus in all aclnate anthers

the connective is large, and. the lobes generally more or less

parallel to each other throughout their whole length (fig. 52G).

In other cases the connective is very small, or altogether want-

ing, as in species of Euphorbia (fig. 524), so that the lobes of

the anther are then immediately in contact at their base. In

the Lime the connective completely separates the two lobes of

the anther (fig. 525). In the Sage (fig. 517) and other species

of Salvia, the connective forms a long stalk-like body placed

horizontally on the top of the filament, one end of which bears

Fig. 524. Fig. 525. Fig. 526. Fig. 527. Fig. 528.

Fig. 524. A male naked flower of a species' of Euphorbia, showing
the two lobes of the anther, and the almost total absence of the
connective. Fig. 525. A stamen of the Lime (Tilia), showing
the large connective separating the lobes of the anther. Fig.
526. An inside view of a stamen of Magnolia glauca, showing the
adnate anther and prolonged connective. Fig. 527. Two sta-

mens of the Heartsease ( Viola tricolor'). The connective of one of

them is prolonged downwards in the form of a spur. Fig. 528.

Sagittate anther lobes of the Oleander (Nerium Oleander), and
1he prolonged feathery connective. N

an anther lobe, If, containing pollen, the other merely a peta-
loid plate or abortive anther lobe, I s ; it'is then said to be dis-

f/ractile . Sometimes the connective is prolonged beyond the
lobes of the anther ; either as a little rounded or tapering
expansion, as in the Magnolia (fig. 526), or as a long feathery
process, as in the Oleander (fig. 528), or in various other ways.
At other times, again, it is prolonged downwards and backwards
as a kind of spur, as in the Heartsease (fig. 527). Anthers with
such appendages are termed a/ppendiculate.

Forms of the Anther Lobes and of the Anther.—The lobes of the
anther assume a variety of forms. Thus in Mercurial is annua
(fig. 530), they are somewhat rounded

;
very frequently they are

more or less oval, as in the Almond and Lime
(fig. 525) ; in the

A calypha they are linear (fig. 529) ; in the Gourd tribe (fig. 531)
linear and Mvums ; in the Solanum (fig. 539) four-sided ; and
at other times pointed, or prolonged in various ways. These
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and other forms which they assume, combined with those of the

connective, determine that of the anther, which may be oval,

oblong, &c. ; or bifurcate or forked as in Vaccinium uliginosum

Fig. 529. Fig. 530. Fig. 531.

Fig. 529. A stamen of a species of Acahjpha in a young state. /. Filament.

I. Linear anther lobes. Fig. 530. A stamen of MercurialU annua, f.

Filament, c. Connective. I, I. Rounded anther lobes dehiscing longitu-

dinally. Fig. 531. The linear and sinuous anther lobes, /, attached to

the filament,/ of the common Bryony {Bryonia dioica ). The above figures

are from Jussieu.

{fig. 533), or quadrifurcede {fig. 534) as in Gualtheria procumbent,

or sagittate {fig. 528) as in the Oleander, or cordate-sagittate as

in the common Wallflower {figs. 26 and 27). In the Grasses the

Fig. 532. Fig. 53-i.

Fin 532. Appendiculate anther attached to filament,/, of the Finc-leavcd

Senth (Jtoiai einerea). a. Appendage. J. Lobes, r. lateral short sUt

where dehiscence takes place. Fig. 533. Bifurcate anther of 1 ammum
uligtnosum attached to filament./. /.Anther lobes, a Appendages. p.

Points of the anther lobes where dehiscence takes plnce.-—-tig. 5i4.

Quadrifurcate anther of OuaVheria procumbent, attached to filament, J.

L Anther lobes. The above figures arc from Jussieu.

anthers are forked at each extremity {Jig. 505), so as to resemble

somewhat the letter a> in form.

The lobes of the anther also, like the connective, frequentlj

present appendages of various kinds. Thus in the hru-a a nara
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they have a flattened leafy body at their base {fig. 532, a) ; at

other times the surface of the anther presents projections in the

form of pointed bodies (fig. 533, a), as in Vaccinium uliginosum,

or warts, &c. Such anthers, like those which present appendages

from the connective, are termed appendicidate.

Colour of the Anther.—The anther when young is of a greenish

hue, but when fully matured it is generally yellow. There are

however many exceptions to this : thus it is dark purple or black

in many Poppies, orange in EschscJioltma, purple in the Tulip,

red in the Peach, etc.

Dehiscence of the Anther.—When the anthers are perfectly ripe

they open and discharge their contained pollen (figs. 27, a, and

535) ; this act is called the dehiscence of the anther. Dehiscence

commonly takes place in the line of the sutures (fig. 518, 6), and
at the period when the flower is fully expanded, and the pistil

consequently sufficiently 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, as is usually the case, or rarely with the

inner.

Dehiscence is produced, partly by the development and growth
of the pollen in the lobes of the anther pressing upon their

coats and causing an absorption of their tissue ; and partly by the

special action of the fibrous cells which form the lining of the

anther (fig. 521, cf) ; and it takes place commonly at the sutures,

because at these parts the endothecium is altogether wanting,

and the exothecium is also usually very thin, so that they are

the weakest points of the anther-walls.

The dehiscence of the anther may take place in four different

ways, which are respectively called : 1. Longitudinal ; 2. 2™^:
verse; 3. Porous '^A. Valvular. Aa-\-(rai*u

1. LongituWnalor Sutured.-—This, the usual mode of dehis-

cence, consists in the opening of each anther-lobe from the base
to the apex in a longitudinal direction along the line of suture,

as in the Vine (fig. 518, b), the Wallflower (fig. 27, a), and Tulip

(fig. 523).

2. Transverse.—This kind of dehiscence mostly occurs in

unilocular anthers, as in those of Alchemilla (fig. 516), Lemna,
and Lavandula. It consists in the splitting open of the anther
transversely or in a horizontal direction, that is, from the con-
nective to the side. It sometimes happens that by the enlarge-
ment of the connective the loculus of a one-celled anther is placed
horizontally instead of vertically, in which case the dehiscence
when it takes place in the line of the suture would be apparently
transverse, although really longitudinal. An example of this
kind of dehiscence is afforded by the Mallow (fig. 535), and
other plants belonging to the natural order Malvaceae In
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practical botany such anthers, like the former, are said to dehisce
transversely.

3. Porous or Apical.—This is a mere modification of longi-

tudinal dehiscence. It is formed by the splitting down of the

Fig. 535.

Fig. 535. Stamen of the Mallow (Malm), the anther of which has an appa-

rently transverse dehiscence. Fig. 536. Two-celled anther of the l'tirola

rotundifolia, suspended from the filament,/. I. Loculi, each opening by

a pore, p. Fig- 537. Quadrilocular anther of Poranthera, attached to

filament,/. I. Loculi, each opening by a pore, p. Fit/. 538. Anther of

Tetruthecu juncea, opening by a single pore at the apex. These figures are

from Jussieu. Fig. 539. Anther lobes of a species of Solatium, each

opening by a pore at the apex.

anther lobes being arrested at an early period so as only to pro-

duce pores or short slits. In such anthers there is commonly

no trace of the sutures to be seen externally. The pores or slits

Fig. 5-10.

Fig. 540. Anther of

Barberry (Bcrbeiis

vulgaris), opening
by two valves.

Fig, ML Stamen of

n species of Laurus.

f. Filament, with
two glands, g, g, at

its base. /, /. Lo-

culi, of which there

lire four. v. Valves.

may be either situated at the apex, as in the species of Sola-

vum (/if/. 539) and Milkwort (fia. 515) ; or laterally, as m the

Heaths '(fiy. 532, r). There may be either two pores, as is
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usually the case (fig. 536, p), or four as in Poranthera (Jig. 537, p),
or many as in the Mistletoe, or only one as in Tetratheca juncea

(fig. 538).

4. Valvular or Opercular.—This name is applied when the

whole or portions of the face of the anther open like trap-doors,

which are attached at the top and turn back as if on a hinge. In
the Barberry (fig. 540) there are but two such valves or lids

;

while in plants belonging to the Laurel order there are two or

four such lids (fig. 541, v), according as the anthers have two
or four cells.

The Stamens generally, or the Andrcecittm.—Before de-
scribing the pollen which is contained within the anther, it will

be better to take a general view of the stamens as regards their

relations to one another, and to the other whorls of the flower.

We shall consider this part of our subject under four heads,
namely :—1. Number ; 2. Insertion or Position ; 3. Union

;

4. Relative Length.

1. Number.—The number of stamens is subject to great
variation, and several terms are in common use to indicate such
modifications. In the first place, certain names are applied to

define the number of the stamens when compared in this re-

spect with the component parts of the floral envelopes. Thus
when the stamens are equal in number to the sepals and petals,

the flower is said to be isostemenous, as in the Primrose
; and if

they are unequal, as in the Valerians (figs. 494 and 495), the
flower is anisostemenous. Or, when greater accmacy is required,
in the latter case, we say cfyrfostemenous, if the stamens are
double the number, as in the Stonecrop

;
meiostemenons, if fewer

in number, as in the Lilac ; and polystcmenous, if more than
double, as in the Rose.

Secondly, the flower receives different names according to
the actual number of stamens it contains, without reference to
the number of parts in the outer whorls. This number is

indicated by the Greek numerals prefixed to the word androus,
which means male, in reference to the function of the stamen.
Thus, a flower having one stamen is monandrous, two diandrous,
three triandrous, four tetrandrous, and so on. We shall have
to refer to these terms again when treating of the Linnsean
system of classification, as many of the classes in that system
are determined by the number of stamens contained in the
flower.

2. Insertion or Position.—When the stamens are free from
the calyx and pistil, and arise from the thalamus below the
latter organ, as in the Poppy (fig. 32) and Crowfoot (fig. 542),
they are said to be hyjoogyncms, which signifies under the' female
or pistil ; this is the normal position of the stamens. When
the stamens are attached to the corolla, as in the Primrose
(fig. 543), they are egipetalous. When the stamens adhere to
the calyx more or less, so that their position becomes somewhat
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lateral to the pistil instead of below it, as in the Cherry (fig.

544), they, as well as the corolla, are said to be parnjijaw*.

Whe'n the calyx is adherent to the ovary so that it appears to

Fig. 54-1.Fig. 543.

Fig. 542.

m 542. Apocarpous pistil of the Crowfoot (Ranunculus), with t«o stamen,

arising from the thalamus below it, or hypogynons. -} Iff. 543. Vertical

section of a flower of the Primrose (Primula), showing epipetalous stamens.

The pistil in the ceutre has an ovary with a free central placenta oue stjle

ami a capitate stigma. Fig. 544. Vertical section of the flower of the

Cherry, showing the perigynous stamens surrounding the pistil.

rise from its apex, the intermediate stamens and petals or corolla

are also necessarily placed on the summit, and are said to be

epicjynous, as in the species of Campanula {fig. 545), and Ivy.

Fig. 545. Fig. 54G. Fig. 547.

t^e'ccntre'is'formea by the union of the stameiis ami rtylc— Fi-, S.7

The pistil and stamens of Blrthwort (Arutolochia). 11 e )v.»o i».een

below, and the stamens above united into a column with the stjle.

It sometimes happens that the stamens not only adhere to the

ovary or lower part of the pistil, as in the epigynous form of

Sion, but the upper part of the stamen or stamens Mid
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pistil become completely united also, and thus form a column
in the centre of the flower, as in the Orchis {fig. 540), and Birth-
wort {fig. 547) ; this column is then termed the gynostemium,
and the flowers are said to be gynandrous.

3. Union or Cohesion.—When the stamens are perfectly free

and separate from each other, as in the Vine {fig. 518), they are
said to be free or distinct ; when united, as in the Mallow {fig.

549), they are coherent or connate.

AMien the stamens cohere, the union may take place either
by their anthers, or by their filaments, or by both anthers and
filaments. When the anthers unite, the stamens are termed
smgenesious or synantherous {fig. 548). This union occurs in

Fig! 548. Fig. 549. Fig. 550.

Fig.54S. Syngenesious anthers of a species of Thistle (Carduun). Fig. 549.
Monadelphous stamens of a species of Mallow {Malm). Fig. 550. Mona-
delphous stamens of Wood Sorrel (Oxalis ). forming a tube round the pistil.

Fiij. 551. Male flower of Jatio/i/m Curcas. c. Calyx, p. Corolla, c.

Stamens united by their filaments into a tube, a, which occupies the centre
of the flower, as there is no pistil.

all the Composite, the Lobelia, and in some other plants.
When the anthers thus unite the filaments are commonly,
though not always, distinct. When union occurs between the
stamens, however, it is more common to see the filaments
united, and the anthers free. This union by the filaments may
take place in one or more bundles, the number being indicated
by a Greek numeral prefixed to the word adelj&ous, which
signifies brotherhood. Thus, when all the filaments unite to-
gether and form one bundle, as in the Mallow {fig. 549), and
Wood Sorrel {fig. 550), the stamens are said to be nmnadrlphous.
When such a 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 Wood Sorrel {fig. 550) ; but when the
pistil is absent, and the flower therefore incomplete, the united
filaments form a more or less central column, as in Jatropha
Curcas {fig. 551, a). When the filaments unite so as to form
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two bundles, the stamens are termed diadef^ihmis, as in the I

'

{fig. 552), Milkwort (fig. 515), and Fumitory ; in which ease the

number of filaments in each bundle may be equal as in the Milk-

wort (fig. 515) and Fumitory ; or unequal as in the Sweet Pea

(fig. 552), where there are ten stamens, the filaments of nine of

them being united to form one bundle, while the other filament

remains free. When the stamens are united by their filaments

into three bundles, they are triadelphons, as in most species

of St. John's Wort (fig. 554) ; and when in more than three,

polyadelphous, as in the Orange (fig. 553). The term polyadel-

phous is applied by many botanists, in all cases, where there are

more than two bundles of stamens ; it was used in this latter

sense by Linnteus.

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. 549) and Wood Sorrel

Fig. 553.

Fig. 552.

Fig 552. Diadelphous stamens of the Sweet Pea {Lathyrm ^"Tn.'Xi
™irnflh» the simme pistil. There are ten stamens, nine of winch are united

anZne free— 553. Flower of the Orange divested of its corolla,

to show the polyadelphous stamens.

(Ha 550) • or the union may only take place at the base, as in

[SSakx galUca (fig. 506). The bundle or ^ndle^agam,

mav be either unbranched, as m the Mallow (fig.
o49) ox

branched as in the Milkwort (jig. 515) and Castor-Oil Plant

(la 555) When the union takes place so as to form a tube or

Sumn,L term androphore has been applied to such a column,

as in the Mallow (fig. 549) and Wood Sorrel (fig. 5o0).

A RdaUve Lm&.—There are two separate subjects to be

treatecl o Eef aiLly. 1st, the relative length of the stamensS respect to the corolla ; and 2nd, their length with respect

as to extend beyond it, as in the Valerians (figs. 495 and 556),

fchey arc exseiied orprotnidvng.
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Secondly, the relative length of the stamens with respect to

each other presents several peculiarities, some of which are im-
portant in Descriptive Botany. Thus, sometimes all the stamens

Fig. 551. Fig. 555. Fig. 556.

Fig. 554. The pistil, a, of Hypericum cegyptiacum, surrounded by the stamens,
e, e, which are united by their filaments,/,/, into three bundles. Fig.
555. One of the branched bundles of stamens of the Castor-oil Plant ( Ri-
cinus communis), f. United filaments. Fig. 556. Flower of a species
of Valerian ( Valeriana), showing the stamens prolonged beyond the tube
of the corolla, or exserted. The corolla is gibbous at the base.

of the flower are nearly of the same length ; while at other times
they are very unequal. This inequality may be altogether ir-

Fig. 557. Fig. 558. Fig. 559.

Fig. 557. One of the bundles of stamens of Luhea panieulaia, the inner sta-
mens on the right are longer than the others and are provided with
anthers : the shorter stamens are generally sterile. Fig 558 Tetra-
dynanious stamens of the Wallflower (Cheinmthm Cheiri) Fig 550
Didynamons stamens of the Foxglove {Digitalis purpurea)

regular again, following no definite rule, or take place in a defi-
nite and regular manner

;
thus, when the flowers are polysteme-

nous, the stamens nearest the centre may be longer than those

s
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at the circumference, as in Luhea paniculata (fig. 557) ; or the

reverse may be the case, as in many of the Rosaceje. In the

case of diplosteuienous flowers, as with the Willow Herb (Epila-

bium), the stamens alternating with the petals are almost always

longer than those opposite to them. When the stamens are of

unequal length in the same flower, or in different flowers of the

same species, as in the Primrose, they are said to be dimorphic,

and will be afterwards alluded to in speaking of fertilisation.

When there is a definite relation existing between the long

and short stamens with respect to number, certain names are

applied to indicate such forms of regularity. Thus in the Wall-

flower (figs. 26 and 558), and Cruciferous plants generally, there

are six stamens to the flower, of which four are long and ar-

ranged in pairs opposite to each other, and alternating with two

solitary shorter ones ; to such an arrangement we apply the term

tetradynammis. When there are but four stamens, of which

two are long and two short, as in Labiate plants generally (figs.

485 and 487), and in the Foxglove (fig. 559), and most other

Scrophulariaceous plants, they are said to be didynamous.

The Pollen.—The pollen consists of microscopic cells, which

correspond to the microspores of the higher Cryptogams. It has

also been stated, that the pollen was formed in certain cells de-

veloped originally in the centre of the parenchyma of the lobes

of the young anther (fig. 520, cm) ; also that these cells were

enclosed in a special covering of their own, cl, and that in the

course of growth they pressed upon the coats of the anther, so

as to cause their more or less complete absorption, and finally

assisted in promoting the dehiscence of the anther (page 251).

We have now more particularly to describe the mode of forma-

tion and the structure of the pollen.
„ , ,

Formation of the Pollen.—The formation of the pollen may be

described as follows :—The large cells (fig. 520, cm), which are

developed in the parenchyma of the young anther, and which

are destined for its formation, are called parent ov mother cells ;

these are surrounded in the earlier stages of development by a

single stratum of thin-walled cells forming an internal epithelial

layer or tapetnm, cl, which, however, becomes subsequently

pressed upon and absorbed. Usually these parent cells remain

connected to one another, but in some instances, and more espe-

cially in Monocotyledons, they become isolated and float free m
a more or less viscid material occupying the cavity of the anther.

As development proceeds the nucleus of each parent cell ciis-

mnearu and in its place four new nuclei are ultimately formed

(% mX (See 'Karyokinesis 'in Physiology .) Then fo lows

an infolding of the protoplasm, or, according to Mold, of the

primordial utricle, a, b, c, by which the mother-cell la either

divided at once into four parts; or first into two, and BUbse-

quenVly each of these again divided into two others The four

S thus formed become each surrounded by a cellulose nu n,-
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brane which is in direct connexion with the cellulose coat of the

mother-cell ; and thus constitute what are known as the ' special

mother-cells.' Finally, each protoplasmic mass of the special

mother-cells separates from the cell-wall and secretes around
itself a membrane, so that ultimately we have four perfect cells,

d, which constitute the true pollen-cells, formed in each parent

cell.

As these pollen-cells progress in development, and increase

in size, they distend the wall of the mother-cell, and ultimately

cause its absorption ; and subsequently, by their continued

growth, the walls of the special mother-cells are generally ab-

sorbed also, by which the pollen-cells are set free in the cells of

the anther. Sometimes the membrane of the special mother-

Fig. 560. Fig. 561. Fig. 562.

a b

Fig. 560. Formation of the pollen in the Hollyhock (AltJirm r-osea). After
Mohl and Henfrey. a shows four nuclei in the parent cell, and four eepta
commencing to be formed. The primordial utricle and cell-contents are
contracted by the action of alcohol, b. The development of the septa more
advanced, c. The primordial utricle removed from the parent or mother
cell, but not yet completely divided into four parts, d. The division of
the parent or mother cell into four parts completed, and each part con-
taining one pollen-cell. Fig. 561. Pollen of Ii\ga anomala. Fig. 562.
Pollen of Periploca grceca. After Jussieu. Fig. 563. Mass of spherical
pollen-cells from a species of Acacia.

cells is not completely absorbed, in which case the pollen-cell3
of the mother-cell are more or less connected, and form a com-
pound body consisting of four pollen-cells, as in Periploca grseca

(fig. 502) ; or if the membranes of two or more united mother-
cells are also incompletely absorbed, we may have a mass con-
sisting of eight pollen-cells, as in Inga anomala (fig. 561) ; or
of some multiple of four, as in many species of Acacia (fig. 563).
In the Onagracere, the pollen-cells are loosely connected by long
viscid filaments or threads, which seem in this case to be wholly
derived from a secretion left by the imperfect solution of the
mother-cells ; while in the Orchidace;e the pollen-cells cohere
in a remarkable degree and form pollen-masses which are com-

s 2
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monly of a waxy nature, to which the name of pollinia has been

given (Jig. 564, p). In the Asclepiadaceaj somewliat similar

masses occur (fig. 565, p, and b) ; but in the latter, the whole

surface of each pollen-mass is invested by a special cellular

covering. By a careful examination of these pollinia we find

that they are formed of compound masses agglutinated together,

and when separated, each of these masses is found to consist of

four pollen-cells. In the pollinia of the Orchidacete we also

find other peculiarities ; thus each is prolonged downwards in

the form of a stalk called the caudicle (fig. 564, c), which adheres

commonly at the period of dehiscence to one or two little

glandular masses called retinacula (figs. 566, a, and 564, r, r),

Fig. 564. Fig. 565. Fig. 5G6.

Fid 564 Pollinia, p, of a species of Orchis with their caudicles, c, adhering

to the retinacula, r, r. Fig. 5G5. Pistil of a species of Asclepias, with

the pollinia, p, adhering to the stigma, s. b. Pollen-masses separated.

Fig, 566. Upper part of the flower of an Orchis, showing the polhuia

adhering to the stigma by the retinacula, o.

which are placed on the upper surface of a little projection of

the stigma or style, called the rostellnm, which is situated at the

base of the anther.

Structure of the Pollen.—We must now more particularly

describe the structure of the pollen-cell, or pollen-grain as it is

more frequently called. We shall treat of it under three heads,

viz . Its Wall or Coats ; 2. Its Contents ;
and 3. Its Form

an
\

lZ

Wall or Coats of the Pollen-Cell—When mature the wall of

the pollen-cell generally consists of two membranes : an internal

or intine, and an external or gggflfi. In rare cases the outer

coatl^ears to consist of two, or even three layers ;
while in

Zostera, ZannicheUia, and some other submersed aquatic plants,

there is but one membrane, which is of a similar nature to the

intine.
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The intine is the first formed layer, and appears to be of the

same nature and appearance in all pollen-cells. It is usually

smooth, very delicate, and transparent, and is composed of pure

cellulose. It is generally applied so as to form a complete lining

to the extine, except perhaps in those cases where the latter

presents various processes, as in Oenothera, when Henfrey be-

lieves that the intine does not extend into them in the mature
pollen.

The £%tiri& is a hard thick resisting layer, forming a kind of

cuticle over the intine or proper cell-coat. While the intine

usually presents a similar appearance in the pollen of different

plants, the extine is liable to great variation ; thus it is some-
times smooth, at others marked with little granular processes

(fig. 73), or spiny protuberances (fig. 567), or reticulations (fig.

571). The nature of these markings is always the same for the

pollen of any particular species or variety of plant, but varies

much in that of different plants. The extine is generally

Fig. 567. Fig. 568. Fig. 569. Fig. 570.

Fig. 567. Pollen of Hollyhock (Alfhcea rosea).- Fig. 868. Elliptical pollen
ol Milkwort (Polygala). e. Extine. /. Slits. Fig. 5G9. The same pollen
viewed from above. Fig. 570. Pollen-cell of Dactylis glomera/a. After

covered by a viscid or oily secretion, which is commonly sup-

posed to be derived from matter remaining from the solution

or absorption of the walls of the parent-cells. The colour of

pollen-cells also resides in the extine. In by far the majority
of cases the pollen-cells are yellow, but various other colours are
also occasionally found ; thus they are red in species of Ver-
bascrnn, blue in some species 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 either pores (fig. 570), or slits (figs. 568, /,
and 569, /), or both pores and slits, and which vary in number
and arrangement in different plants. At the spots where these
slits or pores are found, it is generally considered that the extine
is absent ; but some botanists believe that the outer membrane
always exists, but that it is much thinner at these points than
elsewhere. In the greater number of Monocotyledons there is

but one slit ; while three is a common number in Dicotyledons.
Sometimes there are six, rarely four, still more rarely two, and
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in some cases we find twelve or more slits. These slits are gene-
rally straight (Jig. 5G8, /), but in Mimulus moschututs they are

curved ; and other still more complex arrangements occasionally

occur.

The pores, like the slits, also vary as to their number. Thus
we commonly find one in Monocotyledons, as in the Grasses

;

Fig. 571. Fig. 572. Fig. 573.

Fig.- 574.

Fig. 571. Pollen of the Passion-flower ( Pauiflora), before bursting. o,o,o.

Lid-like processes. Fig. 572. Pollen of the Gourd, at the period of

bursting. o,o, Lid-like processes of the extine protruded by the projec-

tions, t, t, of the iutine. From Jussieu. Fig. 573. Trigonal pollen of the

Evening Primrose (CEnothera biennis).

and three in Dicotyledons. Sometimes again the pores are

very numerous, in which case they are either irregularly dis-

tributed, or arranged in a more or less

regular manner. The pores, also, may
be either simple, or provided with little

lid-like processes, as in the Passion-

flower (Jig. 571, o, o, o), and Gourd (Jig.

572). These processes (Jig. 572, o, o)

are pushed off by corresponding pro-

jections of the intine, t, t, when the

pollen bursts, or when it falls upon the

stigma for the purpose of fertilising the

ovules ; hence such pollen-cells have

been termed operculate.

The pollen of all Angiosperms is

usually regarded as a simple cell as

above described, but in Gymnosperms
Fig. 574. Pollen of Spruce Fir the pollen is not a simple cell, but it

(Pintu exceUa), consisting contains other small cells, which adhere
of a central cell and two /. •, • . i u™.,,*
lateral cells, n, which are to the inside of its internal membrane
simply vesicular protru- cl0se to the point where the external

The"gStfcfi membrane presents a slit. These minute

which forms the pollen- cells are termed daughter-cells. I lie

tube. q. Lowermost ceil (or recent investigations of Elfving have
fissure, according to Stras- , , ,

• _ °i i„.„t
burger), of the male pro- also shown that in some cases, at least,

thallium in contact with the ^]le polleil-Cell of Angiosperms is not
intine. After Schacht.

^cellular as generally regarded, but

that before it escapes from the anther there is formed m it a

mass of very small cells, which appear to be functionless, while
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the large cell produces the pollen-tube. (See ' Reproduction of

Gymnospermia,' in Physiological Botany.)
2. Contents of the Pollen-cells.—The matter contained within

the coat or coats of the pollen-cell is called the fovilla. This

consists of a dense, coarsely-granular protoplasm, in which are

suspended very small starch granules, and what appear to be
oil globules. As the pollen- cell approaches to maturity, the fovilla

becomes more concentrated, and contains less fluid matter, and
more granules. Some of these granules are not more than
about 30^00 °f an mcn ul diameter, while the largest are about

40W or 5060 °f an inch. They vary also in form, some being
spherical, others oblong, and others more or less cylindrical

with somewhat tapering extremities. When water is applied to
the granular contents they become opaque. When viewed under
a high magnifying power, the starch granules at certain periods
(especially at the period of the dehiscence of the pollen), exhibit

a veiy active tremulous motion, moving to and fro in various
directions and appearing as if repelled by each other. This is

simply molecular motion, analogous to that of all other very
minute particles when suspended in a liquid. The fovilla is

without doubt the essential part of the pollen- cell, but the office

it performs will be explained hereafter.

3. Forms and Sizes of Pollen-cells.—Pollen-cells are found of

various forms. The most common forms appear to be the
spherical (figs. 73 and 567), and oval (fig. 568) ; in other cases
they are polyhedral, as in Chicory (Cichorium Intybus) ' and
Sonchus palustris, or triangular with the angles rounded and
enlarged (trigonal), as in the Evening Primrose (CEnothera
biennis) and plants commonly of the order Onagraceae (fig. 573),
or cubical as in Basella alba, or cylindrical as in- TradescanUa
mrgmica, while in Zostera they are threadlike or of the form
of a lengthened tube or cylinder, and other forms also occur.
It should also be noticed that the form of the pollen is materi-
ally influenced according as it is dry or moist. Thus the pollen-
cells of the Purple Loosestrife (Lythrum Salicaria) and some
species of Passion-flower are oval when dry, but when placed in
water they swell and become nearly globular : this arises from
osmotic action taking place between the thickened fovilla and the
water, by which some of the latter is absorbed, and the pollen-

- cells consequently distended. Again, when spherical pollen- cells
are exposed to the air for some time they frequently assume a
more or less oval form. In size, pollen-cells vary from about
355 t° TD5o.°f an mch in diameter ; their size, however, like their
form, is liable to vary according as they are examined in a dry
state or in water.

We have already stated that when the pollen-cells are placed
in water they become distended in consequence of osmotic action
taking place between their thickened contents and the sur-
rounding fluid. If this action be continued by allowing the
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pollen-cells to remain in the liquid, they must necessarily burst

at some point or other, and allow their contents to escape Under

these circumstances, as the intine is very extensible while the

extine is firm and resisting, it will be found that the former will

form little projections through the pores or slits of the latter, bo

as to produce little blister-like swellings on its surface (.fa. 575).

Ultimately, however, as absorption of fluid by endosmose still

goes on, the intine will itself burst and discharge the contents

of the pollen-cell in the form of a jet {jig- 575). These changes

will take place more rapidly if a little sulphuric or nitric acid be

first added to the water.

When the pollen is thrown upon the stigma in the process

of pollination {fig. 577, stig), the above described action be-

comes materially modified. In this case the pollen-cell does not

Fig. 57/

Fig. 575. Fig. 576.

„. D„, Io„ nf +hP nherrv discharging its fovilla through an opening in

the tissue of the style, slijl.

burst but its intine protrudes through one or more of the pores

i ;a nf tho extine in the form of a delicate tube {figs. 576 and

KSg£taL pe^gedownward, & the interior of the every.

(S
°p!X»o" Duncan to proved that the pollen-tube ienct,



THE DISK.— STTLOPODIUM. 265

'transverse inflexions of the tubular cell-wall of the pollen-

tube exist every now and then ;' so that then 'the pollen-tube

is really a tube formed by elongated cells' ; and hence having

as many cavities as cells. In Dicotyledons, however, the pollen-

tube appears to be in all cases unicellular, and, therefore, to have

one continuous cavity.

2. THE DISK.

The term disk is variously understood by botanists : thus,

by some it is used as synonymous with thalamus, receptacle, or

torus (see page 292) ; by others, it is understood to include all

abnormal or irregular bodies of whatever form or character which

are situated on the thalamus between the androecium and gynce-

cium ; by others, again, it is defined as that part of the thalamus

which is situated between the calyx and the gynoecium, and

which forms a support to the corolla and andrceciuni ; while

others, again, define the disk as the portion of the thalamus

situated between the calyx and gynoecium, when that part

assumes an enlarged or irregular appearance ; and lastly, the

term disk is understood to include all bodies of whatever form

which are situated on the thalamus between the calyx and
gynoecium, or upon or in connexion with either of these organs,

but which cannot be properly referred to them. It is applied

in the latter sense in this volume.
Although the disk is not an essential organ of the flower, it

is best treated of in this place, as it is most commonly placed

between the andrcecium and gynoecium, and therefore comes next
in order 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 androecium ; this appears to be proved not
only from its parts occasionally alternating with the stamens, as

in Cfesnera, but also from the circumstance of portions of it when
highly developed becoming occasionally changed into them. It

is frequently of a nectariferous nature, and hence was treated of

by Linmeus and many succeeding botanists under the head of

Nectaries. We have already referred to nectaries under Glands
(page 71) and Corolla (page 240).

The disk is developed in a variety of forms
;
thus,- in the

Orange and R\ie (Jig. 579), it forms a fleshy ring surrounding
the base of the pistil ; in the Tree Pa^ony (fig. 580), it occurs
as a dark red cup-shaped expansion covering nearly the whole,
of the pistil except the stigmas ; in the Rose and Cherry (fig.

544), it forma a sort of waxy lining to the tube of the calyx ;

and in Umbelliferous plants the disk constitutes a swelling on
the top of the ovaries adhering to the styles (fig. 578, d) ; this
latter form of disk has been termed the *t yljijf<(\liiim.-. In other
cases the disk is reduced to little separate glandular bodies, as
in Cruciferous plants (Jig. 20, gl) ; or to scales, as in the Stone-
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crop (fig. 581), and Vine (fig. 518) ; or to various petaloid

expansions, as in the Columbine.

When the disk is situated under the ovary, as in the Orange

Fig. 578. Fig. 579.

Via 578 Flower of the Fennel (Fcmiculum capiUaceum). The ovary is
;

sur-

mnnntPd bv a disk d Fig. 579. Flower o£ the Bue (Ru/a graneoleps).

The surrounded byaW in the form of a fleshy hypogynous ring,

on the outside of which the stamens are inserted.

and Bue (fiq. 579), it is termed hypogynous ;
when it is attached

to the caly'x: as in the Rose and Cherry (fig. 544 ,
it

.

vperigyntnu ;

or when on the summit of the ovary, as in Umbelliferous plants

Fig. 580.
Fig. 581.

Fig 580. Pistil of the Tree Pa.ony (/W. f^^^^tUof
invested by a large ™V:^^^^°*

t v̂cU,in ^^le ofS«»«e^ Sytodytay be noticed. The pistu

is compound and apocarpous.

under the head of the Andrcecium.

3. THE GYNCECIUM OB, PISTIL.

We now arrive at the consideration of the last^rga* ot to*

flower, namely, the gynoaciumf^S^^S^Sai
or pistil as it is frequent y caUed, am , n ,,ea

flower, the andrcecium and floral
.
en™°P*£

& £ envelopes
arouncl it when they are present (fig. 26) ,

tlie noiai
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Fig. 582.

Fig. 584.

alone in the ordinary pistillate flower ; or it stands alone when
the flower is pistillate and naked (fig. 35). The gynoecium

consists of one or more modified leaves called carpels which are

either distinct from each other, as in the Stonecrop (fig. 581)

;

or combined into one body, as in the

Primrose (fig. 582) and Tobacco (fig. 584).

When there is but one carpel as in the

Pea (fig. 603), Broom (fig. 583), and
Leguminous plants generally, the pistil is

said to be simple ; when there is more
than one, whether distinct from each other,

as in the Stonecrop (fig. 581), or com-
bined into one body, as in the Tobacco

(fig. 584), and Primrose (fig. 582), it is

described as compound. Before proceed-

ing to examine the gynoecium or pistil

generally, it is necessary to describe the
parts, nature, and structure of the carpel,

of one or more of which organs it is com-
posed.

The Ca^pex.—This name is derived
from a Greek word signifying the fruit,

because the pistil forms, as will be after-

wards explained, the essential part of that
organ. Each carpel, as we have already
noticed (page 19), consists, 1st, of a hol-

low inferior part arising from the thala-

mus, called the ovary (fig. 585, o), con-
taining in its interior one or more little

somewhat roundish or oval bodies called
ovules, ov, and which are attached to a
projection on the walls termed the pla-
centa, p. 2nd, of a stigma or space of
variable size, composed of loose parenchy-
matous tissue without epidermis ; this

stigma is either placed directly on the
ovary, in which case it is said to be sessile,

as in the Barberry (fig. 585, st) ; or it is

elevated on a stalk prolonged from the
ovary, called the style, as in the Broom
(fig. 583, 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 stamen.
The terms ovary, style, and stigma are ap-
plied in precisely the same sense when speaking of a compound
pistil in which the parts are completely united (figs. 32, 582, and
584), as with the simple carpel. The simple ovary (page 279)
has two sutures, one of which corresponds to the union of

Fig. 582. Pistil of Prim-
rose (Primulavulyaii* ),

composed of several

united carpels, and
hence termed com-
pound and syncarpous.
There is but one style,

which is surmounted by
a capitate stigma.
Fig. 583. Simple pistil

of Broom, o. Ovary, s.

Style. /. Stigma.
Fig. 584. Compound
syncarpous pistil of

Tobacco (Nicotiana Tu-
bucum). I. Thalamus.
o. Ovary, s. Style, (j.

Capitate stigma.
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the margins of the lamina of the carpellary leaf out of which

it is formed, and which is turned towards the axis of the plant
;

and another, which corresponds to the midrib of the lamina,

is directed towards the floral envelopes or to the circumference

of the flower ; the former is called the ventral suture (fig.

586, vs), the latter the dorsal, els. (See also page 300).

Fig. 585. Fig. 586.

Fig. 585. Vertical section of the ovary of the Barberry (Beibeiis vulgaris),

on the outside of which are seen a stamen dehiscing by two valves and a

petal, o. Ovary, ov. Ovules attached to a projection called the placenta,

p. st. Sessile stigma. Fig. 586. Vertical section of the flower of the

RBony (Pieonia). ds. Dorsal suture of the ovary, vs. Ventral suture.

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 the appearance it

sometimes presents in double or cultivated flowers
;
and by tra-

cing its development. Thus, in a double flower of the Cherry

the carpels do not present a distinct ovary, style, and stigma, as

is the normal condition of the solitary carpel in the single flower

(fid 590); but they either become flattened into green expan-

sions each of which resembles the blade of a leaf (fig. 58/), or

into organs intermediate in their nature between carpels and

leaves as represented by the figures 588 and o89. Here the

lower portion (fig. 589, 0, representing the blade of the leaf

is clearly analogous to the ovary of a complete carpel, and the

prolonged portion, s, to the style and stigma. The carpel of

the sincde-flowering Cherry being thus convertible into a leaf,

affords at once conclusive evidence of its being an analogous

StTn
TTcond proof of the nature of the carpels is afforded by

tracing their development. Thus when first examined they ap-

pear on the thalamus as little slightly concave bod les of a green

colour like young leaves (fig. 591, car) in a short time t y be

come more and more concave (fig. 592) ^f^^foS
margins of the concavity in each unito (fig. 593), and thus torni
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a hollow portion or ovary, in which the ovules soon make their

appearance. This gradual transition of little leafy organs into

carpels may be well seen in the Flowering Rush.

Fig. 589. Fig. 590.

Figs. 587-589. Carpellary leaves from the double flowers of the Cherry-tree
in different stages of development. I. Lamina, p. Midrib, s. Prolonged
portion corresponding to the style and stigma of a perfectly formed
carpel. Fig. 590. Carpel from the single flower of the Cherry, o. Ovary.
/. Style, s. Stigma.

We have thus in the first place shown that carpels become
sometimes transformed into leaves, or into organs intermediate
in their characters between carpels and leaves, in the flowers of
cultivated plants

; and secondly, that they make their first

Fig. 591. Fig. 592. Fig. 593.

ca r

/ty. 591. Young flower-bud of the Flowering Hush (Butomus umbelWut).
The carpels, ear, are still concave on the inside, and resemble small leaves.—Fig. 592. The carpels m a more advanced state, but the folded mar-
gins still separated by a slit. Fig. 593. The same carpels in a perfect
condition. 1

appearance in the form of little organs resembling 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 blade of the leaf, it presents, as might have been expected,
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Fig. 594.

Fig. 594. Vertical
section of the
carpel of the Ap-
ricot, ov. Ovule,
which is enclosed
in an ovary, ep.

Epidermis, form-
ing the external

coat of the ovary.
me. Middle layer.

end. Inner coat

tc. Style with a
canal in its cen-

tre, st. Stigma.

which is similarly placed.

an analogous structure. Thus it consists of parenchyma, which
is often much developed, and through which the vascular bundles

composed of spiral and other vessels ramify, and either converge

towards the base of the style, or terminate at the upper part of

the ovary when the style is absent. The whole is covered ex-

ternally by a layer of epidermis (Jig.

594, 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,

end, which is called by Schleiden

epithelium ; it corresponds to the

epidermis of the upper surface of

the blade of the leaf. The epidermis

on the outside of the ovary corre-

sponds to that of the lower surface

of the blade, and like it is frequently

clothed with stomata, and sometimes
with hairs. The parenchyma, me,

between the inner lining of the ovary

and epidermis, corresponds to the

general parenchyma of the lamina,

Where the margins of the blade of

the carpellary leaf" meet and unite at the ventral suture (fig.

586, us), a layer of parenchymatous tissue is developed, which

forms a more or less projecting line in the cavity of the ovary,

called the placenta (fig. 585, p), to which the ovule or ovules

are attached (fig. 628, pi). This placenta is essentially double,

the two halves being developed from the two contiguous

margins of the blade of the carpellary leaf.

The style has been considered by some botanists as a pro-

longation of the midrib of the blade (fig. 589, p, s), but from

the arrangement of its tissue it is to be regarded rather as a pro-

longation of its apex, the margins of which have been rolled

inwards and united. It consists of a cylindrical process of

parenchyma, traversed by vascular tissue, which is so arranged

as to form a sort of sheath at its circumference (fig. 596, v, v, v),

and is a continuation of that of the ovary ; it proceeds upwards

without branching towards the apex of the style, but always

terminates 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 (fig. 596), or vertical section {Jig.

594) of the style, we find it is not a solid body as we might

have supposed, but that it in rarely traversed by a very narrow

canal (figs. 594 tc, and 596, p), which communicates below with

the cavity of the ovary, and above with the stigma. Tins canal

is either always entirely open, or more or less obstructed, as in

Orchids (Jig. 595, can), or far more commonly filled up by a
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number of variously formed very loosely aggregated cells {fig.

596, p). The walls of the canal also, in all cases, are formed of

a loose papillose parenchyma. This canal may be considered as

a prolongation of the cavity of the ovary, in an upward direc-

tion, consequently the loose tissue by which it is surrounded is

to be regarded as corresponding to the epidermis of the upper
surface of the lamina of the leaf, merely modified to adapt it-

self to the peculiar conditions under which it is placed. At the

period of fertilisation, these cells, as well as those of the stigma,

and canal of the style generally, secrete a peculiar viscid sac-

charine fluid, which is sometimes called the stigmatic fluid (see

Nectariferous Glands, page 71). Hence at this period the centre

of the style is filled with very loose humid tissue, to which the

Fig. 595. Fig. 59fi.

Fig. 595. Vertical section of the flower of Epipaclis latifolia. a. One of the
divisions of the perianth, c. Stamen, e. Ovules, x. Stigma, can. Canal
leading from the stigma to the interior of the ovary. Prom Schleiden.
Fig. 596. Transverse section of the style of the Crown Imperial (FrlHHdria
imperialis). p. Canal in its centre lined by projecting papillre. v, v, v.

Vascular bundles corresponding to the three styles of which this com-
pound style is composed. From Jussieu.

name of conducting tissue has been given, because from its loose
nature and nourishing properties it serves to conduct (as it were)
the pollen-tubes (page 264) down the style (fig. 577, tp) to the
placenta and ovules, as will be explained hereafter in Physio-
logical Botany.

The Stigma.—The tissue of the stigma is analogous to that
found in the interior of the style, and just described under the
name of conducting tissue ; in fact, it seems to be nothing more
than an expansion of this tissue externally. It may be either
on one side of the style (figs. 600 and 602), or at its apex (fig.
597, s), or on both sides (fig. 598, ss), the position depending
upon the point or points where the conducting tissue or canal ter-

minates. Its tissue is usually elongated into papillae (fig. 597, s),

hair-like (fig. 599, s), or feathery processes (fig. 601). It is

never covered by epidermis. By means of the corresponding
conducting tissue of the style it is in direct continuity with the
placenta. At the period of fertilisation, as just noticed, it be-
comes moistened by a viscid fluid which renders the surface
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more or less sticky, and thus admirably adapted to retain the

pTlLn wSch is thrown upon it in various way8 in the process

of pollination (page 20).

Fig. 597. Fig. 598. Fig. 599.

Fig. 600. Fig. G01.

double stigma. Fig. 601. fistu oi w ue.ii- k
tu style3 or stigmas

by three stamens, and two squamulte, sp. 1 wo leatuery u» s

arise from the top of the ovary.

The Gyncecium ob Pistil.-Having now described the parts

nature anlXcture of thecarpel, we are in a position to examine

n ^ comprehensive manner the gyncecium or pistil generally,

which is made up of one or more of ^ch carped

When the gyncecium is formed of but one carpei, *B
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to the function it performs in the process of fertilisation ; and
the flower receives corresponding names accordingly. In a

syncarpous pistil, the number of the styles, or of the stigmas if

the styles are absent, is also denned in a similar way. Thus, a

flower with one carpel, style, or stigma, is monogynous, with two
digynous, with three trigynous, and so on. These terms will be

more particularly referred to when we treat of the Linnaean

System of Classification, as most of the Orders of that arrange-

ment are determined by the number of carpels, styles, or

stigmas, in the flower.

Fig. 602.

Fig. 603.

Fig. 602. Pistil of Dianthus Caryophyllus
on a stalk, g, called the gynophore,
below which is the peduncle. On the
top of the ovary are two styles, the
face of each of which is traversed by
a continuous stigmatic surface.
Fig. 603. Pistil of Laihi/itis odomtus.
o. Ovary, c. Persistent calyx. On
the top of the ovary is the style
and stigma, s/ig.

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 the sepals or petals, they are opposite or alternate
with them ; it is rare, however, to find the carpels corresponding
in number to the sepals or petals, they are generally fewer, or
more numerous. The carpels may be either arranged in one
whorl, as in the Stonecrop {fig. 581) ; or in several whorls
alternating with each other, and then either at about the same
level, or, as is more generally the case, at different heights upon
the thalamus so as to form a more or less spiral arrangement.
When an apocarpous pistil is thus found with several rows of
carpels, the thalamus, instead of being a nearly flattened top,
as is usually the case when the number of carpels is small, fre-
quently assumes other forms

;
thus, in the Magnolia and Tulip-

tree, it becomes cylindrical {fig. 604); in the Raspberry {fig.

606, /,), and Ranimcul/us {fig. 542), conical ; in the Strawberry
{fig. 605), hemispherical ; while in the Rose {fig. 464, r, r), it

becomes hollowed out like a cup, or urn, and has the carpels
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arranged upon its inner surface. These modifications of the

thalamus, together with some others, will be more particularly

Fig. 604. Fig. 005. Fig. 006.

Fia 604 Central part of the flower of the Tulip-tree {Lirioii(ndronluhpifera).

The thalamus, a, is more or less cylindrical, c, c. Carpels, e, e. Stamens.

Win 605 Section of the flower of the Strawberry. The thalamus is nearly

hemispherical, and bears a number of separate carpels on its upper por-

ti0D,——Fig. 606. Section of the ripe pistil of the Easpberry, showing the

conical thalamus, I.

Fig. 607

referred to hereafter under the head of Thalamus (page 292).

These varying conditions of the thalamus necessarily

lead to corresponding alterations in the mutual

relation of the different whorls of carpels which

compose an apocarpous pistil, and modify very

materially the appearance of different flowers.

2. Syncarpous Pistil—We have already seen, m
speaking of the floral envelopes and andrcecium,

that the different parts of which these whorls are

respectively composed may be distinct from each

other, or more or less united. From the position

of the carpels with respect to one another, and

Fig. 607. APo- from their nature, they are more frequently united

carpous pistil
t]ian any 0ther parts of the flower. This union

sltf
Ph

e?e may take place either partially, or entirely, and it

(Adonis).
' may commence at the summit, or at the base ot the

carpels. Thus in the former case, as in Xantlwxylon fraxme urn

( fig. 608), the carpels are united by their stigmas only
;
in Vic-

tainus Fraxinella (fig. 624) the upper parts of their styles are

united; while in the Labiate (fig. 600, *), and most Bora ginace*

( fid 010, d), the whole of the styles are united In all the

above cases the ovaries are distinct ; and m many Borogma.ee,,

the stigmas also ; but in all Labiate the stigmas 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 then

lower portions or ovaries, and this union may also take place to
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various extents. Thus, in the "Rue (fig. 611, ov), the union

only takes place at the base of the ovaries, the upper parts

remaining distinct, in which case the ovary is commonly

describecf as lobed. In Dianthus (fig. 002) the ovaries are

completely united, the styles being distinct ; while in the

Primrose (fig. 582), 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 resulting from their union is

called a compound ovary.

Fm. 608. Fig. 609. Fig. 610. Fig. 611.

Fig. 608. Pistil of Xantho.rylon fraxineum supported on a gynophore, g.

The oTaries, o, and styles are distinct, but the stigmas, 3, are united.

Fi'l. 609. Pistil of HoreUound (Marrubimn vulyare), a Labiate plant. Its

ovaries, ov, are distinct, the styles, s, being united, and the stigmas

distinct. Fig. 610. Pistil of Myosotis, a Boraginaceous Plant. ov. Dis-

tinct OTaries. d. Styles united. Fig. 611. Mower of the Rue {Ruta
graveolens), showing the ovaries, ov, united at their bases.

Compound Ovary.—The compound ovary formed as just

stated may either have as many cavities separated by partitions

as there are component ovaries ; or it may only have one cavity.

These differences have an important influence upon the attach-

ment of the ovules, as will be afterwards seen when speaking
of placentation. It is necessary for us, therefore, to explain at

once the causes which lead to these differences. Thus if we
have three carpels placed side by side (fig. 612, a), each of

these possesses a single cavity corresponding to its ovary, so
that if we make a transverse section of the whole, b, we neces-
sarily have three cavities, each of which is separated from those
adjoining by two walls, one being formed by the side of its own
•nary, and the other by that of the one next to it. But if

these three carpels, instead of being distinct, are united by
their ovaries (fig. 013, a), so. as to form a compound ovary, the
latter must necessarily also have as many cavities as there are
component carpels, b, and each cavity must be separated from
those adjoining by a wall which is called a ilisnipimcn-t ov part i-

tion. Each dissepiment must be also composed of the united
T 2
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sides of the two adjoining ovaries, and is consequently double,

one half being formed by one of the sides of its own ovary, the

other by that of the adjoining ovary.

In the normal arrangement of the parts of the ovary, it

must necessarily happen that the styles, (when they are dis-

tinct), must alternate with the

Fig. 613. dissepiments, for as the former

are prolongations of the apices of

the blades of the carpellary

leaves, while the latter are formed

by the union of their margins,

the dissepiments must have the

same relation to the styles as the

sides of the blade of a leaf have

to its apex ; that is, they must

be placed right and left of them,,

or alternate.

The cavities of the compound

ovary are called cells or locuUT

and such an ovary as that just

described would be therefore

termed three-celled or triloculare

as it is formed of three united

ovaries ; or if formed of the

united ovaries of two, four, five,

or many carpels, it would be de-

scribed respectively as two-celled

or Macular, four-celled or quadri-

locular, five-celled or quinquelocu-

lar, and many-celled or mnltilocu-

in, A« all dissepiments are spurious or false which are not

formed bfth S ' vails of adjoining ovaries, it must neces-
iormed by tne u ^ nQ true dl88epime t

,

^XZeXl^in^ normal circumstances, undo-

CU%ZrZ
d
vvecec\mS observations it must also follow that

acompounclovaiy ^cdi ^ und ova, v ,

wfCa r oid ovary is composed, however of

toimec .
vvnen u

placed in succession one over the
several whorls of ovaries Pla^ ™^ true dissepiments may

spurious except those which are formett Dy

by which the ovary acquires an irregulai

Fig G12 a. Diagram of three carpels

piaced side by side, but not united.

6 A transverse section of the ova-

ries of the same. Fig. 613. a.

Diagram of three carpels united

by their ovaries, the styles and

stigmas being free. 6. A trans-

verse section of the ovaries of the

same.

character. These
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false dissepiments commonly arise from projections of the

placentas inwards; or by corresponding growths from some

other parts of the -walls of the ovaries. Some of these are

horizontal, and are called idhraamaba. as m the Cassia Fistula

(tiq 614), where the ovary, after fertilisation, is divided by

a number of transverse dissepiments, which are projections

from its walls. Others are vertical, as in Cruciferous plants,

where the dissepiment, called a rephim (fig. 615, cl), is formed

from the placentas. Also, in JJaium Stramonium, where the I

ovary is formed of two carpels, and is hence normally two-

1

celled ; but instead of thus being bilocular, it is four-celled

below (fig. 616) from the formation of a spurious vertical dis-

sepiment, but towards the apex it is two-celled (fig. 617), the

Fig. 614. Fig 615. Fig. 616. Fig. 617.

Fig. 614. Vertical section of a portion of the mature
ovary of Cassia Fistula, showing a number of trans-

verse spurious dissepiments (pJiragmata). Fig.

615. Vertical section of the ovary of the Wallflower.

oo. Ovules, each attached by a stalk to the placenta,

cn. cl. Vertical spurious dissepiment called the re-

plum. Fiy, 616. Transverse section of the lower

part of the ovary of the Thorn-apple (Datura Stra-

monium), showing that the ovary is here four-celled.

Fig. 617. Transverse section of the same ovary

at its upper part, showing that it is here two-celled.

dissepiment not being complete throughout, and thus the true

nature of the ovary is there indicated. In the Gourd tribe

(fig. 721), also, spurious dissepiments appear to be formed in the

ovary in a vertical direction by projections from the placentas.

In the Flax, again (fig. 618, b), spurious incomplete vertical dis-

sepiments are formed in the ovary by projections from the dorsal

sutures. In the ovary of the Astragalus (fig. 619), a spurious

dissepiment is also formed by a folding inwards of the doisal

suture
; while in Oxytropis and Phaca (fig. 620), a spurious

incomplete dissepiment is produced in the ovary of each by
a folding inwards of the ventral suture. Various other exam-
ples 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, wo
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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, Phaca, and Oxytropis are all examples

o.f such formations in simple ovaries.

Fig. 618. Fig. G19. Fig. C20.

Fig. 618. Transverse section of the ovary of the Flax (Lin urn wri/atissimum ),

showing five complete and true dissepiments, a, and five incomplete

spurious dissepiments, 6. Fig. 619. Transverse section of the mature

ovary- of Astragalus, showing spurious dissepiment proceeding from the

• dorsal suture. Fig. 620. Transverse section of the mature ovary of

Phaca.

We have now to consider the formation of the compound

ovary which presents but one cavity, instead of two .or more, as in

that just alluded to. Such an ovary is formed either by the

union of the contiguous margins of the flattened open ovaries

Fig. 622. Fig. 023.

2>lae

plao

Fig. 621.

Fin. 621. Transverse section of the one-celled ovary of Mignonette (£MNto).

C. The lower flattened portion or ovary of one of the three carpels of «1 eh

it is formed, pi, One of the tlvree parietal placentas.—Fig. 62.. 1 rans-

verse section of the-one-celled ovary of an Orchis, c. The lower por
,
m

or ovary of one of the three carpels of which I -is f"™«l.*hglitl} infW to 1.

pi. One of the three parietal placentas. ''f^V"''/"''^,"
'of the ovary of a species of Poppy, ov. Ovule, plat, / 1^
which in the young ovary nearly meet in the centre, and thus tin ovary

Idn.ost £an*3d, butas the ovary progresses in development

it is only one-celled.

of the carpels of which it is composed, as in the Mignonette

(fig. 621) and Cactus (fig. 031) ; or by the union of carpeh
i

the

ovaries of which are only partially folded inwards bo that all

their cavities communicate in the centre and hone, such a

compound ovary is really unilocular, as m the Orchis (Jig. <>--)•

and Poppy (fig- 023).
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Having now described the parts, nature, and structure of

the carpel, and of the gyncecium or pistil generally, we proceed

in the next place to allude separately to the constituent parts of

the carpel, both in a free and combined state, namely, the ovary,

style, and stigma.

1. The Oyaky.—The ovary, as already mentioned (page

275) is called compound when it is composed of two or more
ovaries combined together

;
or, on the contrary, it is svmple

when it constitutes the lower part of a simple pistil {fig. oSS^o),

or of one of the carpels of an apocarpous pistil (fig. 581). It

should be noticed, therefore, that the terms simple pistil and
simple ovary are not in all cases synonymous terms

;
thus, a

pistil is only said to be simple (figs. 583 and 003), when it is

Fig. 624. Pistil of Dictamnus Fraxinella. The ovary is supported on a gyno-
pliore, g, and is superior. Fig. 625. Vertical section of the flower of
a Saxifrage, showing the ovary partially adherent to the calyx.- Fig.
626. Compound irregular mature ovary of Antirrhinum.

formed of but one carpel, the terms pistil and carpel being then
mutually convertible ; but an ovary is simple, as just noticed,

whether it forms part of a simple pistil, as in Leguminous
plants generally (fig. 003), or of one of the carpels of an
apocarpous pistil, as in the Stonecrop (fig. 581). An ovary is

also said to be monomerous when it is formed of only one
carpel ; or dimerous, trimerous, tetrameo'ous or polymervim when
it is formed by the coherence of two, three, four, or many
carpels.

Generally speaking, the ovary is sessile upon the thalamus,
the carpellary leaves out of which it is formed having no stalks.

In rare cases, however, the ovary is more or less elevated above
the outer whorls, when it is said to be stalked or stipitate, as in
the Dictammia (fig. 024, g), and Dicmthus (fig. 002, g) ; this a
stalk lias received the name of gynophorij. We shall refer to the f ?• ' fYl

Fig. 624.
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The ovary, whether simple or compound, may be either ad-

herent to the calyx or free from it (see page 227). In the former

case, as in the Myrtle {fig. 463), it is inferior or adherent, and

the calyx is superior ; in the latter, as in JJictamnus (fig. 024), it

is superior or free, and the calyx is inferior. In some flowers

the ovary is but partially adherent to the calyx, as in the species

of Saxifrage (fig. 625), in which case it is sometimes termed

half-adherent or half-inferior ; and the calyx is then said to be

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.

I

The student must be careful not to confound the inferior

ovary, as now described, with the apparently inferior ovaries of

such flowers as the Rose (fig. 454), where the thalamus, r, r, is

concave and attached to the tube of the calyx, ct, and bears a

number of carpels, o, o, on its inner walls. A transverse section

will at once show the difference
;
thus, in the Rose, we should

then find a single cavity open at its summit, and its walls covered

with distinct carpels ;
whereas, on the contrary, a true adherent

ovary would show, under the same condition, one or more cells

< containing ovules. The ovaries of the Rose are therefore

superior or free.
_

Schleiden contends that the ovary is not always formed ot

carpels, but sometimes also of the stem, and at other times of

the two combined. His views are not however 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

manner as it occasionally, under similar circumstances, forms a

part of the calyx, as already noticed in Eschscholtzia. (See page

229 )

The ovary varies much in form and in the character of its

surface : when simple it is generally more or less irregular in

form but when compound, it is commonly regular. Exceptions

to the regularity of compound ovaries may be seen in the Antir-

rhinum (fig. 626), and in other instances. In form, the com-

pound ovary is generally more or less spheroidal, or ovate, lhe

outer surface may be either perfectly even or uniform, thus

showing no trace of its internal divisions ;
or it may be marked

bv furrows extending from its base to the origin of the style

and corresponding to the points of union of its constituent

ovaries When these furrows are deep, the ovary assumes a lobed

appearance, and is described as one, two three, fomr, five, or

mLy-lobcd according to the number of its lobes. Sometimes

we find, in addition to the furrows which correspond to the

points of union of the ovaries, others of a more superficial

character which correspond to the dorsal sutures A
t

the

latter points, however, it is more common to find slight projec-
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tions, which then give a somewhat angular appearance to the

°Va
The epidermis covering the surface of the ovary may be either

perfectly smooth, or furnished in various ways with different

kinds of hairs ; or it may assume a glandular appearance, in

these cases the same terms are used as in describing similar

conditions of the surface of the leaves, or of the other organs

°f

menthe ovary is compound, the number of carpels of which

it is composed may be ascertained in one or more of the follow-

ins ways. Thus, when the styles (fig. 464), or stigmas (fig 32),

remain distinct, the number of these generally corresponds to the

number of carpels. It does, however, occasionally happen, as m
Euphorbia (fig. 627), that the styles are themselves divided, in

which case they would of course indicate a greater number or

carpels than are actually present ; we must then resort to other

modes of ascertaining this point, such, for instance, as the fur-

Fig. 627. Fig. 628.

Fig. 627. Pistillate flower of a species of Euphorbia, with three forked styles.

Fig. 628. Vertical section of the flower of the Stonecrop. pi. Placenta

of one of the ovaries arising from the ventral suture.

rows or lobes on the external surface of the ovary ;
or the

number of partitions or loculi which it contains, as these com-

monly correspond in number to the carpels of which that ovary

is composed. The mode of venation may in some cases also

form a guide in the determination ; while in others the manner
in which the ovules are attached must be taken into considera-

tion. We now pass to the examination of the latter point.

j'l.ir, „i,,i:,,,,. The term placenta is commonly applied to the

more or less marked projection occurring in the cavity of the ovary

(figs. 585, p, and 628, pi), to which the ovule or ovules are

attached. The placentas are variously distributed in the ovaries

of different plants, but their arrangement is always the same for

that of any particular species, and frequently throughout entire

genera, or even natural orders ; hence their accurate discrimi-

nation is of great practical importance (see page 286). The
term placentafion is used to indicate the manner in which the

placentas are distributed. The placenta is called by Schleiden

the spermoplwre.
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1. Kinds of Placentation.—In the simple ovary the placenta
is always situated at the ventral suture or that point which
corresponds to the union of the two margins of the blade of
the carpellary leaf (figs. 585, 586, and 628), out of which it is

formed
;
such a placenta is therefore usually termed rnargirud^ r

or sometimes axile from its being turned towards the axis ofThe :
-

plant. The latter term is better reserved for the placentation
of certain compound ovaries, as described below.

In compound ovaries we have three kinds of placentation
;

namely, axile or central, 'parietal, and free central. The axile or
central occurs in all compound many-celled ovaries, because in
these each of the ovaries of the component carpels is placed in
a similar position to that of the simple ovary (figs. 612 and 613),
and hence the placentas situated at their ventral sutures will be
arranged in the centre or axis, as in the Lily (fig. 629), and
Campanula (fig. 630). By many botanists this mode of placen-

Fig. 629. Fig. 630.

Fig. 629. Transverse section of the compound ovary of the Lily. The ovary

is three-celled (trilocular). The placentas, pi, are axile or central.

Fig. 630. Transverse section of the ovary of a species of Campanula. The
ovary is five-celled or quinquelocular, and the placentation, axile or

central. Fig. 631. Transverse section of the ovary of aspeciesof Cactus.

The ovary is one-celled and the placentation parietal.

tation is called central, and the term axile is restricted to the

form of placentation where the placenta is supposed to be a

prolongation of the axis. This will be afterwards alluded to

(page 285).

In a compound one-celled ovary there are two forms of pla-

centation, namely, the parietal, and the free-central. The pla-

centation is termed parietal, when the ovules are attached to

placentas either placed directly on the inner wall of the ovary,

as in the Mignonette (fig. 621, pi), and Cactus (fig. 631) ;
or upon

incomplete dissepiments formed, as already noticed, by the par-

tially infolded ovaries, as in the species of Orchis (fig. 622, pi)

and Poppy (fig. 623, plac). In parietal placentation, the number

of placentas corresponds to the number of carpels of which the

ovary is formed. When the placentas are not attached to the

inner wall of the ovary, but are situated in the centre of the

cavity and perfectly unconnected with the wall, they form what
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is called a free central placenta, as in the Caryophyllacese (figs.

033 pi and G34, p), and the Primulace.se (fig. 635, pi).

Besides the regular kinds of placentation just described, it

sometimes happens that the ovules are placed more or less

Fig. 633. Fig. 634.

Fii 632 Transverse section of the young ovary of Campion (.Lychnis), show-

in" five partitions proceeding from the walls of the ovary to the placentas

in°the centre ; these partitions are destroyed by the growth of the ovary,

so that the placentation is ultimately free. Fiy.m. Vertical section ol

Cerustium kirsutum (CaryophyUacece). o. Ovary, p. Free central pla-

centa, g. Ovules, s. Styles and stigmas. Fig. 634. Transverse section

of the same with the two portions or sections separated, o. Ovary, p.

Placenta, g. Ovules, a. Styles and stigmas. Prom Jussieu.

irregularly in the cavity of the ovary. Thus, in the Flowering

Rush (fig. 636), they cover the whole inner surface of the ovary

Fig. 635. Fig 636.

Fig. 63"). Vertical section of the pistil of Cyclamen fpiimulacem), s. Sepals.

pi. Free central placenta, st. Style, stig. Stigma. Fig. 636. Vertical

section of the flower of the Flowering Rush ( Butomus umbellatus), showing
the inner surface of the ovaries covered all over with ovules.

except the midrib ; in which case the placentation is sometimes
described as Hvpeijkia]j£ Other irregularities also occur : thus, in j# £
the Nymph sea, they are attached all over the dissepiments ; in
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Cabomba, they arise from the dorsal suture ; and in the Broom-
rapes (Orobanche), from placentas placed within the margins of
the ventral suture.

2. Origin of the Placenta.—It is generally believed that the
placenta is, in most cases at least, a cellular growth developed
from the confluent margins of the carpels, or, more strictly

speaking, from the confluent margins of the blades of the
carpellary leaves. In some cases the placenta extends along
the whole line of union of the carpel {jig. 628, pi), or it may be
confined to its base or apex. Each placenta is therefore to be
considered as composed of two halves, one half being formed by
each margin of the carpel. Thus in simple ovaries the placenta

is developed by a single carpel ; in compound many-celled ovaries

the placentas are in like manner formed from the contiguous

margins of each individual carpel of which it is composed ; while
in compound one-celled ovaries presenting parietal placentation,

each placenta is formed from the contiguous margins of two
carpels, and is hence produced by two adjoining carpels.

That the placentas are really developed in the above forms

of placentation from the margins of the carpels seems to be
proved in various ways. Thus, in the first place, the placentas

always correspond in regular kinds of placentation to the points

of union of the margins of the carpel or carpels, and hence

would naturally be considered as formed from them ; and
secondly, we frequently find, that in monstrosities or abnor-

mal growths where the carpel is developed in a more or less

flattened condition, a placenta bearing ovules is formed upon
each of its margins. The productions 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. 217), and Malaxis paludosa (fig. 218), already referred to.

The formation of the placentas from the margins of the carpels

in axile and parietal placentation may be considered, therefore,

as capable of being proved by direct observation, and from

analogy to what occurs in certain ordinary leaves.

But in reference to the origin of the free central placenta

two different views are entertained. Thus it was formerly

supposed that this also was a development from the margins of

the carpels. It was thought that the carpels of which the

compound ovary was formed originally met in the centre and

developed placentas from their margins in the same manner as

in ordinary axile placentation, but that subsequently the walls

of the ovary grew more rapidly than the dissepiments, so that

the connexion between them was soon destroyed ;
and that

from this cause, and also from the great subsequent develop-

ment of the placenta, the septa ultimately became almost or

quite broken up, so that the placenta was left free in the cavity

of the ovary. This theory is strengthened by the fact, that in

several of the Caryophyllacece we often find dissepiments in the
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youn» ovary ( fig. 632) ; and even traces of these at the lower

part of the mature ovary ; hence it may be concluded that these

are the remains of dissepiments which have become ruptured

on account of the unequal development of the parts of the

ovary. In the Primrose, however, and many other plants,

which have a free central placenta, no traces of dissepiments

can be found at any period of the growth of the ovary.

Duchartre, and others also, who have traced the development

of the ovary in the Primulacese, state that the placenta is free

in the centre from its earliest appearance ; that it is originally

a little papilla on the apex of the thalamus, and that the walls

of the future ovary grow up perfectly free, and ultimately

enclose it. The formation of such a free central placenta can-

not therefore be well explained upon the marginal theory, as

the carpels have never had any connexion with it except at

their bases. Hence this kind of placentation has been supposed

by many botanists not to be formed from the carpels at all, but

to be a prolongation of the axis, which bears ovules, instead of

buds as is the case with branches. 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 this name, as already noticed (page 282), having

been already applied to another kind of placentation, the adop-

tion of such a term cannot but lead to much confusion. The
free central placenta of Primula can only be explained on the

marginal or carpellary theory of the formation of placentas, by
supposing, either that the placentas are only produced at the

base of the carpels, and subsequently elongate and enlarge ; or

that they are formed by a whorl of placentas developed sepa-

rately from the carpels by a process of chorisis (see Chorisis), and
that these afterwards become united in the centre of the ovary.

Scldeiden, indeed, and some other botanists regard the

placenta in all cases as a development from the axis of the

plant. The axde and free central placentation are readily to be

explained by it, but the formation of the parietal placenta is by
no means so clear. It is supposed in the latter case that the

axis ramifies in the cavity of the ovary, and that the branches

curve directly from their origin towards the side, and become
blended with the margins of the two adjoining carpels on their

inner side, and form parietal placentas bearing ovules as lateral

buds. Schleiden thinks that the formation of the ovule in the

Yew, where it terminates a branch, and is naked, is incom-
patible with the marginal theory. He also believes that the

formation of the ovules generally in the Ooniferse supports his

views of placentation. He regards the ovules in these plants

as being given off from the axis of the cone, which he calls

a placenta, and the scales, or bracts, which are situated between
them, he maintains are open carpellary leaves. Schleiden also

states, that no satisfactory explanation can be given by the
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Fig. 637.

Fig. 637. Vertical section of

the flower of Armeria. The
ovary is seen to contain only
a single ovule suspended
from a funiculus or stalk.

The ovule is here said to be
xeclinate.

advocates of the marginal theory of placentation of the forma-

tion of the ovule and placenta in Armaria, 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 sus-

pends the ovule free in the centre of

the cavity (fig. 637). He accordingly

concludes, that the ovule and placenta

are developments of the axis. Many
other arguments in favour of the uni-

versal applicability of the axial theory

in the formation of the placenta have
been brought forward by Schleiden

and other botanists, but their further

discussion would be out of place here.

From all that has now been stated,

we may draw the following conclusions,

namely :—that no one theory suffi-

ciently 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 placenta-

tion is best explained upon the marginal

theory ; and that the formation of the

free central placenta of the Primulacese, Santalacese, and some

other plants, can only be satisfactorily explained by considering

the placenta as a production of the axis.

In a practical point of view, the mode of production of the

placenta is of little importance. The accurate discrimination of

the different kinds is, however, of much value in Descriptive

Botany, by affording us constant, and hence important characters

for distinguishing plants. Some natural orders exhibit more

than one variety of placentation, and cannot be therefore distin-

guished by any particular kind ;
hence, in such orders, the pla-

centation can only be applied in obtaining good characteristics

of the genera. In the majority of instances, however, we find

one kind of placentation occurring throughout all the plants of a

particular natural order. Thus, the Scrophulariacere, Ericaceaj,

and Campanulaceiw present us with axile placentation
;
the

Papaveracere, Violaceaj, and Cruciferte with parietal
;
and the

Caryophyllacefe, Santalacete, and Primulacete, with free central

placentation. , ; . .
,

2 The Style.—We have already described (page 2(0) the

general nature and structure of the style in speaking of the

carpel. There are, however, certain other matters connected

with it still to be alluded to.
.

The style usually arises from the geometrical summit ot

the ovary, of which it is a continuation in an upward direction,
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as in the Primrose ( fig. 582) : it is then termed apicilar or apical.

In other eases, 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 lateral as in the Strawberry (Jig. 638), or basilar

as in Alchemilld (Jig. 639). In the two latter cases, therefore,

the geometrical and organic apices of the ovary do not correspond,

as the point of origin of the style always determines the latter.

The style is generally directly continuous with the ovary,

which gradually tapers upwards to it, as in Digitalis, in which
case it is more or less persistent, and then it forms a more or

less evident 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

Fig. 638. One of the carpels of the Strawberry with a lateral style.

Fig. 639. Carpel of Alchemilla with a basilar style. The stigma is capitate.
Fit/. 040. The carpophore, c, of a species of Geranium, with the rolled-

back carpels, car.

the style always falls off after the process of fertilisation is com-
pleted, in which case it is said to be deciduous, and has no con-
nexion with the fruit.

When the style is basilar or lateral, and the ovary to which
it is attached more or less imbedded in the thalamus, it fre-
quently appears to spring from the latter part ; such an arrange-
ment is called a gipwhase, and the ovary is said to be Qvnobasic .

Thus in the Labiatie (Jig. 600), and Boraginacere (Jig. 610),"ihe
ovaries 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 confounded with that of

Fig. 040.
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the ovaries and styles of the species of Geranium {jig. 640), 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 thalamus is termed a carpophore. (See

Thalamus, page 294.) T^TlC e

We have already stated (page 281), that when the styles of a

syncarpous pistil are distinct, they usually correspond to the

number of carpels of which that pistil is composed. It some-

times happens, however, that the style of each carpel bifurcates

or becomes forked, as- in some Euphorbiaceae, either once {figs.

627 and 642), or twice {fig. 641) ; in which case the apparent

number of the styles above is then double or quadruple that of

the carpels.

Fro. 641. Fig 642.

Fig 641. Female flower of one of the EuphorUacecc c. Calyx. p,p. Petals.

^^^^^
o^munis), belonging to the EuphorMacese. The styles in tins

case are once-forked.

When two or more styles are united into one body, this is

termed a compound style. This adhesion may take place either

entirely as in the Primrose {fig. 582), when the style is impro-

perly termed simple (undivided or entire would be a better term)

;

oi the union is more or less incomplete as we proceed towards its

apex and corresponding terms are used accordingly. These

terms are similar to those previously mentioned in^ describing

the deSees of division of the other parts of the plant
:
thus the

s vie is slid to be cleft, when the union between the component

Ses extends to at least midway between their base and apex

aS the style is said to be bifid, trifid, quadnfid, qnmquefid, ox

mulUHd according as it is two, three, four, five or many-deft. If

E?SM5£J the component styles does not extend to mid-
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way between their base and apex, the style is partite, and is de-

scribed as bipartite, tripartite, quadripartite, &c, according to

the number of partitions.

Form and Surface of the Style.—In form the style is gene-

rally more or less cylindrical ; and either tapering from the base

to the apex, as is more frequently the case, or becoming en-

larged as it proceeds upwards. At other times the style is fili-

form, or more or less thickened, or angular ; and rarely thin,

coloured, and flattened like a petal, as in the species of Canna

and Iris (Jig. 643), when it is said to be getaloid .

The surface of the style may be either smootTi, or covered in

various ways with glands or hairs. These hairs when situated

on the style frequently serve the purpose of collecting the pollen

Fig. 643.

Fig. 643. Pistil of a species of IrU. o. Ovary, sly. Petaloid styles, stig.

Stigmas. Fig. 644. Upper part of the style and stigma of Leschenaullia
formosa. t. Style, s. Stigma, i. Indusium. Fig. 645. Upper part of
the style, /, of a Composite plant, dividing into two branches, which are
covered above by collecting hairs, pc. i. True stigma.

as it is discharged from the anther, and are hence termed col-

lecting hairs. The collecting hairs on the style of the species of
Campanula (figs. 158 and 159) are retractile

;
they have been

already described under the head of Hairs (page 68). In the
Compositse the surface of the style is also more or less covered
with stiff collecting hairs (fig. 645, pc), and as the style is de-
veloped later than the stamens, it is at first shorter than these
organs

; but as growth proceeds, it breaks through the adhering
anthers, and thus the hairs on its surface come in contact with
the pollen and become covered with it. In some of the allied
orders to the Composite*;, the hairs form a little ring below the
* u
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stigma {fig. 644, i), to which the term of indusium has been

given
3. The Stigma.—The stigma has been already described

(page 271), 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

Ihe structure of the stigma, it must be regarded, like the

placenta, as double, one half being formed by each margin of

the carpellary leaf, and hence each simple pistil or carpel has

necessarily two stigmas, the normal positions of which are lateral.

In many Rosacea}, as in the Rose, the stigma is notched on the

side corresponding to that from which the placenta arises, which

is another proof of its double nature.

The stigmas of a syncarpous pistil are generally opposite to

the cells, and alternate with the dissepiments, but it sometimes

happens, as in the Poppy (fig. 32, sti), that half the stigma of

one carpel unites with a similar half of that of the adjoining

carpel, and thus it becomes alternate with the cells, and oppo-

site to the dissepiments, which are here, however, imperfect

The term stigma is only properly applied to that portion of

the style which is destitute of epidermis, and which secretes the

striatic fluid (page 271); but it is often improperly given to

mere divisions of the style. Thus in the species of Ins (fig.

643), the three petaloid portions of the style, sty, are by some

botanists termed petaloid stigmas ; whereas the stigma, stig, is

properly confined to a little transverse space near the apex of

each division. In many plants of the natural order Legumi-

nous, such as Lathyrns (fig. 603, stig), 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 divides above into two branches (fig. 609), 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

° £

Weft already seen that the stigma may be separated from

the ovary by the style (figs, 582 to 584) ; or the latter organ

may be absent, in which case the stigma is said to be hm^ u
in the Barberry (fig. 585, st) and Poppy (fig. 32 di),T* Orchis

the stigma is sessile on the gynostemium ( fig. 59o, x), and

appears as a little cup-shaped viscid space just below the attach-

ment of the pollen-masses.

In a syncarpous pistil the stigmas may be either united to-

gether as hi the Primrose (fig. 582), or^^^^
mda ( tin 507); in the latter case, instead of looking upon tnes«

ZJA*** as so many distinct stigmas, it is usual to describe

thorn as if they were portions of but one ;
thus we speak of the

in* to the number and character of its divisions. Thus the



MODIFICATIONS OF THE STIGMA. 291

term lube is usually applied when the divisions are thick, as in

the Lily (Jig. 646) and Melon (Jig. 647) ; or when these are

flattened and somewhat strap-shaped, as in the Compositse (Jig.

648), the stigma is Jissured or clejt ; or when flattened into

Fig. 646. Fig. 647 Fig. 6-18.

Fiij. 646. Pistil of a Lily, with one style and a
trilobate stigma. Fig. 647. Lobe'd stigma
of the Melon. Fiy. 648. Pistil of a species
of Chrysanthemum, with one style and a
bifid stigma, the divisions with hairs at
their extremities.

plates or bands they are termed lamellee, as in the Bignonia (fig.
649) and Mimulus. The number of these divisions in the
majority of instances corresponds to the number of carpels of

Fig. 649. Fig. 650.

Firj. 649. Stigma, .t, attached to style, /, of Bignonia arborea. In the left-
hand figure the lamella! are separate, In the otlier applied closely to
each other. Fig. C50. Flower of a species of Jtumej; showing fringed
stigmas, pi.

6

which the pistil is composed ; and if the latter organ is many-
celled, the number of cells will generally correspond also to the
divisions of the stigma. Thus the five-cleft stigma of some
Campanulas indicates that there are five cells to the'ovary, and

u 2
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that the pistil is formed of five carpels. In the Graminacere

(fiq 601) and Composite (figs. 645 and 648), however, we have

a bifid stigma, and but one cell in the ovary; but this arises

from the non-development in the ovary of one of the two carpels

of which the pistil in the plants of these orders is formed.

The lobes assume different appearances : thus, they may be

smooth, or thick and fleshy as in the Melon (fig. 647), or fea-

thery as in many Grasses (fig. 601), or fringed or lacimate as in

the Rumex (fig. 650, pi).

Fig. 651. Fig. 652. Fig. C53.

Ma 651 s Peltate or shield-shaped stignia surmounting the style t, of
_
a

1 ig. b»i. m 652 pistii of Daphne, o. Ovary, st. Style.

T°Tr?L Fia 65S PistU of'Pansy ( Viola tricolor), cat. Remains of

ca?yr1rdwy lty!fsurmounted^y an irregular hooded stigma.

When the stigmas are united, the number of parts in the

compound stigma is usually indicated by radiating fur™ or

hooves When the stigmas unite and form a compound body

upon the top of the style, which is larger than it, tins compoundS , or head is said to be capitate; and this head may be

eSr globular as in Daphne (fig. 652 sUg), «
as in the Primrose {jig. 582), or polyhedral, or ^uVshaped m

peltate or shield-shaped as m.the ff^S\ stomal
Poppy (fig. 32, sti). In the Violet (fig. 653), the stigma pie

sents an irregular hooded appearance.

4. THE THALAMUS.

The extremity of the peduncle or pedicel, or any part of
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2C5). To prevent confusion, therefore, it would be far better

to limit the terms receptacle and torus to their special applica-

tions ; and to employ the term thalamus only as denned above,

and as it is used in this work.

In the majority of plants the thalamus is a little flattened

surface or point, and accordingly presents nothing remarkable ;

Fig. 654. Fig. 655.

Fig. 654. thai. Thalamus of NelunMum. carp. Carpels. Fig. 655. Mon-
strous development of the fiower of the Hose, showing the axis prolonged
beyond the flower and bearing foliage leaves. Fig. 656. Flower of a
species of (Jyiw iiilropxin, belonging to the Capparidaeese. col. Calyx, cor.
Corolla, thai. Prolonged thalamus or gynophore, supporting the stamens,
It, and ovary, oo.

but in other plants it becomes much enlarged, and then assumes
a variety of appearances, and thus modifies to a considerable
extent the form of the flower. Most of these forms of the
thalamus have been already referred to (page 273), when de-
scribing the apocarpous pistil, but it will be more convenient for
reference, &c, if we now speak again of these and all other



294 CARPOPHORE GYNOPHORE.—THE FRUIT.

essential modifications. In the species of Magnolia, Lirioden-

dron, and plants of the order Magnoliaeeaj generally, the

thalamus is cylindrical (Jig. 604, a) ; in plants also of the order

Anonacere, it usually acquires a somewhat similar form ; in the

Raspberry (fig. 606, I), and species of Ranunculus (fig. 542) it

is conical ; in the Strawberry (fig. 605) hemispherical ; in

Nelumbium (fig. 654, thai) it is a large tabular expansion, in which
there are a number of cavities containing the separate carpels.

In the Rose it forms a concavity upon which the carpels are placed

(fig. 454, r, r).

In the Primulaceoe, Santalacese, and in all cases where the

placenta is free from the wall of the ovary from its earliest

appearance, the thalamus becomes prolonged into the cavity of

the ovary and forms the placenta (fig. 635). At other times the

thalamus becomes prolonged beyond the ovary, as in the Gera-

niaceae and Umbelliferne ; this prolongation is termed a carpoplwre.

In the species of Geranium (fig. 640, c), this carpophore forms

a long beak-like process to which the carpels, car, are attached,

and from which they separate when the fruit is ripe. In many
cultivated flowers, as in the Rose, the thalamus will frequently

acquire a monstrous development, and become extended beyond

the flower into a branch bearing foliage leaves (fig. 655). To this

prolongation of the axis beyond the flower the term median pro-

lification is usually applied.

In some plants the thalamus becomes prolonged beyond

the calyx, and forms a stalk to the ovary, to which the term

gynophore has been applied ; and upon this stalk the stamens

are also commonly placed, and in some cases the petals as well.

Examples of this may be seen in some of the Capparidaceaj

(fig. 656, thai) ; in the Pink (fig. 602, gr), Dictamnus (fig.

624, g), and Xanthoxylon (fig. 608, g). This prolongation or

stalk of the ovary is by some considered to be formed by the

union of the petioles of the carpellary leaves of which that ovary

is composed.

Section 5, The Farm.

We have already seen that the ovaiy has in its interior one

or more little oval or roundish bodies called ovules, which ulti-

mately by fertilisation from the pollen become the seeds (page

19) ; their description, therefore, in a regular arrangement,

should follow that of the ovary. It is, however, far more con-

venient to examine, in the first place, the nature and general

characters of the fruit, as this is composed essentially of the

mature ovary or ovaries, and its description comes therefore

naturally at the present time, when the details connected with

the ovary are fresh in our memories. Such an arrangement has,

also, the further advantage of enabling us to describe the seed
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immediately after the ovule, as these two organs are, in like

manner, only different conditions of one body.

Nature of the Fruit.—After the process of fertilisation

has been effected, important changes take place in the pistil and
surrounding organs of the flower, the result of which is the

formation of the fruit. The fruit consists essentially of the

mature ovary or ovaries, containing the fertilised ovule or

ovules, which are then termed seeds. The styles and stig-

mas mostly disappear, but the remains of

the style frequently exist in the form of Fig. 657.

a little point on the fruit, which is then

commonly described as apicilar. Some
traces indeed of the style may be usually

observed, by which we are enabled to dis-

tinguish small fruits from seeds ; thus the

fruits of the species of Ranunculus, those

of Labiate plants, the Boraginacete, Umbel-
liferfe, and others, may be in this way
commonly known from seeds. Generally

speaking, however, the style forms but a

very small portion of the fruit, the greater

part of it, together with the stigma, dying
away soon after the process of fertilisation

has been effected ; but in some cases the
style is not only persistent but continues to

grow, and it then forms a lengthened ap-

pendage to the fruit, as in the Traveller's-

joy (fig. 657), and in the Pasque-flower

(fig. 700). The style in these two cases is

also hairy, and hence the fruit is called

caudate or tailed.

Although the fruit may thus be de-
scribed as consisting essentially of the
mature ovary or ovaries, other parts of the
flower are also frequently present, and en-
ter into its composition. Thus, in those cases where the calyx
is adherent to the ovary, as in the Apple, Quince (fig. 473),
Pear, Melon, and Gooseberry, it necessarily forms a part of the
fruit ; in the Rose the concave thalamus (fig. 454, r, r), which
bears the carpels on its inner surface, and the adherent calyx-
tube, ct, become a portion of the fruit ; in the Strawberry (fig.
661), the fruit consists of the succulent hemispherical thalamus,
bearing the carpels on its convex surface ; in the Acorn (fig,
4O0), Hazel-nut (fig. 401), and Filbert, it consists of pistil,

calyx, and bracts, combined together
; while in the Pineapple

(jig. 292), it is formed of the ovaries, floral envelopes, and
bracts of several flowers ; in the Fig also (fig. 406) we have
a fruit produced by a number of separate flowers enclosed in a
hollow fleshy receptacle. These examples, and a number of

Fig. G57. Fruit of the Tra-
veller's-joy (Clematis
Vilalba). This fruit is

called an AcUfenium

;

it is caudate or tailed.
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others might be alluded to, will show, that although the fruit

consists essentially of the mature ovary or ovaries, enclosing the

fertilised ovules or seeds, yet the term is also applied to what-

ever is combined with the ovary, so as to form a covering to

the seed or seeds. All fruits which are not formed entirely

out of the fertilised pistil, but which consist in part of other

portions of the flower, peduncle, or other parts, are now com-

monly termed spurious fruits or psmdomrps. <

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 structure. This is the case generally,

and we find the fruit therefore consisting of the same parts as

the ovary, only in a modified condition
;
thus, the walls of the

ovary commonly alter in texture, and either become dry, mem-
branous, coriaceous, woody, &c.

;
or, on the contrary, more or

less pulpy, fleshy, &c.

At other times more important changes take place during the

ripening of the ovary, which disguise the real structure of the

fruit. These changes either arise from the addition, abortion,

or alteration of parts. Thus, 1st. The addition of parts is com-

monly produced by the formation of the spurious dissepiments

already alluded to. In Datura Stramonium, for instance, we

have a two-celled ovary converted into an imperfectly four-celled

fruit by the formation of a spurious vertical dissepiment (figs.

616 and 617) ; this dissepiment appears to be formed by the pro-

jection of the placentas on the two sides which meet and be-

come united to corresponding projections from the dorsal sutures.

In Cassia Fistula, again (fig. 614), and some other fruits of a

similar nature, we have a one-celled ovary converted into a

many-celled fruit by the formation of a number of transverse

dissepiments. In Pretrea zanguebarica, a one-celled ovary is

converted into a six-celled fruit (fig. 658), by an extension and

doubling inwards of the placenta. In Trilndus ia-rcstns the

ovary is five-celled ; but as it approaches to maturity, each cell

(figs 659 and 660) becomes divided into as many divisions as there

are seeds contained within it, in consequence of a corresponding

number of projections from its walls. Other examples of the

formation of spurious dissepiments producing changes in the ovary

have been already mentioned when speaking of these processes

(see pages 277 and 278).

2nd Other alterations are produced by the abortion or ob-

literation of parts, as the ovary ripens. Thus the ovary of the

Oak and Hazel consists of three cells, each of which contains

two ovules, but the fruit has only one cell and one seed, so that

in the course of development live 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, Horsechestnut, Elm, and many otnei
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plants, similar changes are produced in the matured ovary by the.

abortion or obliteration of certain parts.

3rd. Other changes are caused in the ovary as it proceeds to

maturity, in consequence of the alteration of parts, as, for in-

stance, from a great development of succulent parenchyma. Thus,

as already noticed, the thalamus of the Strawberry (fig. 605)

becomes enlarged and succulent, and forms what is commonly

termed the fruit, but the real fruit consists of the small dry

carpels which are scattered over its surface (fig. 661). The pulp

of the Guava, Gooseberry, Tomato, and some other fruits, m
which the seeds are imbedded, appears to be produced from the

placentas ; and that of the Orange is of a similar nature.

Fig. 658. Fig. 659. Fig. 661.

Fig. 658. Transverse section of the fruit of the Pretrea zanguelarica. From
Lindley. Fig. 659. A vertical section of a cell of the ovary of Tribuhis

terresiiis. o, o, o. Ovules, c. Projections from the wall which are com-

mencing to separate the ovules. Fig. 660. A vertical section of a cell of

the mature ovary or fruit of the same, in which the partitions, c, com-

pletely separate the seeds, g. Fig. 661. Fruit of the Strawberry.

From the above examples it will be evident that, although

the fruit consists essentially of the mature ovary or ovaries, yet

that in the progress of the latter 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 impor-

tant to examine that of the ovary, and trace its development up

to the fruit.

General Characters of the Fruit.—The structure of the

fruit resembling in all important particulars that of the ovary,

the modifications which it presents, as to composition, position,

etc., are described by similar terms. Thus we may have simple

and compoowid fruits, as also apocarpous and syncarpons ones.

Simple fruits, like simple ovaries, are normally one-ceiled or
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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 (page 27 G).

The fruit, like the ovary, necessarily possesses a placenta,
to which the seeds are attached ; and the same terms are
used in describing the different kinds of placentation, as with
those of the ovary ; these kinds are usually more evident in
the fruit.

The fruit, again, is described as superior or inferior, in the
same sense as these terms are used in speaking of the ovary.
Thus a fruit is inferior, when it is formed from an inferior ovary,
in which case the calyx necessarily enters into its composition,
as in the Melon, Apple, Pear, and Quince (fig. 473) ; or it is

superior, as in the Poppy (fig. 32) and Pea (fig. 668), 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, hence in those ovaries where the style is lateral or basilar,

as in many Rosaceae (figs. 638 and 639), Labiate (fig. 609), and
Boraginacete (fig. 610), the organic apex of the fruit will be also

thus situated, so that the geometrical and organic apices will

then be very different.

Composition of the Fruit.—The fruit when perfectly formed
consists of two parts

;
namely, the pericarp, and the seed or

seeds contained within it. In the majority of cases the peri-

carp withers, and the fruit does not ripen, when the seeds are

abortive. But there are many exceptions to this
;
thus, many

Oranges and Grapes produce no seeds, but the pericarp is never-

theless fully developed ; and in the Bananas, Plantains, and
Bread-fruit, the pericarps develop most extensively, and become
best adapted for food, when the seeds are chiefly or entirely

abortive. Generally speaking, however, the development of the

seeds and pericarp proceeds together after the process of ferti-

lisation has been effected, and then only perfect fruit can be

formed ; for although in common language we apply the term
fruit in those instances where no seeds are produced, yet strictly

speaking such are not fully formed fruits, but only enlarged and
swollen pericarps.

Having now alluded to the seeds as a component part of the

perfect fruit, we must leave their particular examination till

we have become acquainted with the structure of the ovules, and

now proceed, therefore, to the description of the pericarp.

Pericarp.—In the majority of fruits the pericarp consists

simply of the walls of the ovary in a modified state ; but, when
the calyx is adherent, it necessarily presents a more complicated

structure. The pericarp exhibits three layers or regions (fig.

695), an external, called the epicarp or exocarp, ep ; a middle,

the mesocarp, mt ; and an inner, the endocarp, en. The middle
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layer, being frequently of a fleshy or succulent nature, is also

then termed the sa/rcoearp ; while the inner layer, from its hard-

ness in some fruits, is likewise called the stone, putamen, or

pyrene. When the pericarp consists simply of the matured

walls of the ovary, its three parts correspond to the three paren-

chymatous layers of the lamina of the carpellary leaf : thus, the

epicarp represents the epidermis of the under surface, or that

on the outer surface of the ovary ; the mesocarp corresponds

to the general parenchyma of the lamina, or of that of the

ovary ; and the endocarp to the epidermis of the upper surface,

or to the inner lining of the ovary. When the calyx is com-
pletely united to the ovary, the relation of parts must necessarily

differ, and probably somewhat vary according to circumstances.

Thus, in the Apple, which we may take as an illustration of an
inferior fruit, the epicarp corresponds to the epidermis of the

under surface of the calyx ; the mesocarp to the rest of the

calyx, and the whole of the ovary except the inner lining, which
corresponds to the endocarp. The parenchyma of the fruit,

like that of the ovary and the blade of a leaf, is traversed by
fibro-vascular tissue.

Fig. 662.

Fig. G62. Foliaoeous bladdery legume of the Bladder Senna (Colit/ea

a rborescens).

In some cases the pericarp clearly indicates its analogy to the
blade by remaining in a condition not very dissimilar to that

part of a leaf folded inwards and united by its margins, as in

the Bladder Senna (Jig. 662) ; such a fruit is described aafolia-
ceous or leafy. Generally speaking, however, one or more of the
layers of the pericarp become more developed, by which its re-

semblance to the lamina of a leaf is rendered much less evident.
The epicarp usually retains an epidermal appearance, suffering

but little change, except in becoming slightly thickened. The
endocarp is more liable to alteration, and frequently differs

much in appearance from the corresponding part of the blade
of a leaf or ovary

;
thus, its cells sometimes become hardened

by thickening layers in its interior and form a stony shell

surrounding the seed, which is commonly called the putam.en.
The mesocarp is however the layer which commonly presents the
greatest development, and differs most in appearance and tex-
ture from the general parenchyma of the lamina of a leaf.

The above remarks will be rendered more intelligible by
being illustrated by a few examples taken from well-known
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fruits. Thus in the Peach, Apricot, Cherry, Plum, and most
other drupaceous fruits (page 311), the separable skin is the

epicarp ; the pulpy part, which i3 eaten, the mesocarp or sarco-

carp ; and the stone enclosing the seed, the endocarp or puta-

men. In the Almond, the seed is enveloped by a thin woody
shell, constituting the endocarp, which is itself surrounded by a

thin green layer, formed of the combined mesocarp and epicarp.

In the Apple and Pear, the skin is the epicarp ; the fleshy part,

which is eaten, the mesocarp or sarcocarp ; and the core con-

taining 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 paper-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 commonly termed the nut, is the endocarp ;
and

the green covering of this, called the husk, consists of the meso-

carp and epicarp combined. In the Orange, the outer separable

rind is composed of the mesocarp arid epicarp ; and the thin

membranous partitions which divide the pulp into separate

portions form the endocarp ; the edible pulp itself is a develop-

ment of succulent parenchyma from the inner lining of the ovary,

or probably from the placentas only. In the above fruits, and

numerous others might be quoted, the different layers of the

pericarp are more or less evident ; but in some fruits, as in the

Nut, these layers become so blended, that it is difficult, if not

impossible, to distinguish them. The examples of fruits now

mentioned, together with those previously alluded to, will show

in a striking manner the very varying nature and origin of the

parts which are commonly eaten.

Sutures.—In describing the structure of the carpel, we found

that the ovary presented two sutures (page 267) ;
one of which

(fig. 586, vs), called the ventral suture, corresponded to the union

of the margins of the lamina of the carpellary leaf, and was con-

sequently turned towards the axis or centre of the flower ;
and

the other, ds, termed the dorsal suture, corresponding to the

midrib of the lamina, which was directed towards its circum-

ference. The simple fruit being formed, in most cases, essenti-

ally of the mature ovary, also presents two sutures, which are

distinguished by similar names. These, like those of the ovary,

may be frequently distinguished externally, either by a more or

less projecting line, or by a slight furrow ;
thusm the Peach {fi<j.

693), Cherry, Plum, and Apricot, the ventral suture is very evi-

dent although the dorsal suture has become nearly eftaced ;

while in the Bladder Senna (fig. 662), Pea, and other fruits of

the Leguminosrc, both dorsal and ventral sutures are clearly

visible externally. . . . .

in a compound ovary with two or more cells, in which tlie

placentation is axile, it must be evident, of course, that the dorsal
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sutures can alone be observed externally, as the ventral sutures

of the component ovaries are turned towards, and meet in the

axis of the flower, and are hence removed from view
;

it follows

also that the number of dorsal sutures will necessarily correspond

to the number of component ovaries of which such an ovary is

formed In a fruit presenting similar characters, we find of

course a similar disposition of the sutures. When an ovary, on

the contrary, is formed of the blades of two or more carpellary

leaves the margins of which are not inflected, or only partially

so and therefore one-celled, and the placentation parietal or free

central both ventral and dorsal sutures may be observed exter-

nally alternating with each other. The fruit, which is formed

in a similar manner, necessarily presents a similar alternation of

the sutures on its external surface

.

Dehiscence.—The pericarp at varying periods, but commonly

when the fruit is ripe, either opens, so as to allow the seed or

seeds to escape ; or it remains closed, and the seeds can then

only become free by its rupture or decay. In the former case

the fruit is said to be dehiscent ; in the latter, indehiscent. Those

fruits, such as the Nut, Cherry, Apricot, Plum, and Date, which

have very hard or fleshy pericarps, are usually indehiscent.

Dehiscent fruits open in various ways :—1st. By splitting

longitudinallv in the line of one or both of the sutures ; or at

the°junction "of the component carpels only ;
or at these points

as well as at the dorsal sutures. In all the above 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

numerous. Thus in fruits formed of a single carpel, which only

open by the ventral or dorsal suture, there will be only one valve

(figs. 666 and 667), corresponding to the one carpel ; but if the

carpels open by both sutures (fig. 668), there will be two valves.

In fruits formed of compound ovaries composed of several cells,

the valves will be equal in number to the component carpels, if

the dehiscence only takes place by the dorsal suture (figs. 672-

674), or in the line of union of the component ovaries (figs. 669-

671) ; or they will be double the number, if the dehiscence takes

place' by both these parts. In compound one-celled fruits, the

valves will be equal in number to the component carpels, if the

dehiscence occurs only by the ventral (fig. 680) or dorsal sutures

681) ; or double the number, if by both sutures. When there

is a distinct axis left after the separation of the valves, this is

called the columella (fig. 675, a). According to the number of

valves, the fruit is described as one-valved, two-valved, three-

valved, or many-valved.

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
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irregular manner by little pores. We have thus three kinds or
classes of dehiscence, which are called respectively :—1. Valvu-
lar ; 2. Transverse or Cireumscissile

; and 3. Porous.
1. Valvular Dehiscence.—This may be either partial or

complete
; thus, in Diauthus (Jig. 604), Lychnis (fig. 663),

and many other Caryophyllaceous plants, the dehiscence only

Fig. 663. Fig. 664. Fig. 665.

Fig. 663. Fruit of Lychnis. Fig. 664. Fruit of DianlAus. Fig. 665. Fruit
of Mignonette (Reseda). Fig. 666. Follicle of Columbine ( Aquilegia),
dehiscing by ventral suture. Fig. 667. Follicles of Magnolia glauca,
each dehiscing by its dorsal suture. The seeds are suspended from the
fruits by long stalks or funiculi. Fig. 668. Legume of the Pea which
has opened by both dorsal and ventral sutures ; hence it is t\vo-valv<>d.

c. Calyx, ep. Epicarp. pi. Placenta, ov. Seeds attached to the placenta by
a funiculus or stalk, /. en. Eudocarp.

•»

takes place at the upjier part of the fruit, which then appears

toothed, the number of teeth corresponding to that of the valves

in complete dehiscence. A somewhat similar mode of partial

dehiscence occurs in certain Saxifrages, and in the Mignonette

(fig. GG5); 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. At other times the separation
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of the fruit into valves is more or less complete, so that the

nature of the dehiscence is at once evident. There are various

modifications of these complete forms of valvular dehiscence.

Thus, in fruits which are formed of but one carpel, the dehis-

cence may take place by the ventral suture only, as in the

Columbine {fig. 666), and Aconite {fig. 698) ; or by the dorsal

suture only, as in some Magnolias {fig. 667) ; or by both dorsal

and ventral sutures, as in the Pea {fig. 668), Bean, and many
other Leguminous plants. This form of dehiscence is commonly
known as sutured.

In compound fruits having two or more cells, and therefore

with axile or central placentation, there are three principal

kinds of dehiscence, which are called respectively, septicidal,

loculicidcd, and septifragal.

A. Septicidal Dehiscence.—In this the fruit is separated into

its component ovaries or carpels, by a division taking place

between the two halves of each dissepiment {figs. 669-671). Ex-
amples may be seen in Colehicnm and Rhodddcndron. Here
each valve corresponds to a carpel, and the valves are said to
have their margins turned inwards. In this dehiscence the pla-
centas with the seeds attached are either carried away with the
valves {fig. 670), as in Colchicum ; or the valves break away*
from the placentas, which remain united and form a .central
column {fig. 671).

B. Loculicidcd Dehiscence.—This is said to occur when each
carpel opens by its dorsal suture, or through the back of the
cells, the dissepiments remaining undivided {figs. 672-674).
Here each valve is composed of the united halves of two
adjoining carpels, and the valves are said to bear the dissepi-
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ments in the middle. Examples may be seen in the Iris {fig.

712) and Hibiscus {fig. 672). As in septicidal dehiscence, the

valves may either carry the placentas and seeds with them {fig.

673), as in the Hibiscus and Iris ; or they may break away from

the placentas, and leave them united in the form of a central

column {fig. 674) ; or each carpel may simply open at its dorsal

suture, and the valves bearing the dissepiments may remain

attached to the placentas.

In some forms of septicidal dehiscence the carpels separate

without opening, as in Scrojjhularia, in which case they may

Fig. 672. Fig. 673. Fig. 674. Fig. 676.

Fia 672 Capsule of a species of Hibiscus, dehiscing loculicidally. v r
.
r.

Valves, c. Dissepiments, fir.
Seeds.—Fig. 673. Diagram of loculloidal

dehiscence, in which the valves carry the placentas with them. FHi.

674 Diagram of loculicidal dehiscence, in which the valves have sepa-

rated from the placentas which remain as a central column withthe seeds

attached

—

Fig. 675. Fruit of the Castor-oil Plant {Ricinus communis), de-

hiscing in a septicidal manner, c, e, c. Carpels, a. Columella, id. Dorsa

Xre where each carpel ultimately opens. Fig. 676. Fruit of a spec,

ftoim. c. Persistent calyx, a. Axis or carpophore horn winch the

ovaries, o, o, with their styles, t, t, are separating, s. Stomas.

afterwards open by their dorsal sutures that is, in a bea&SM

manner In other cases, the axis is prolonged in the form of a

cXmel a or carpophore, as in the Mallow and Castor-oil Plant

(T&-5, a), and in the Geraniaceae {fig. 676, a), and Umbel-

®m (fohr), and the carpels which are united to it also

senamte without their ovaries opening. .The ovaries of suchS frequently open afterwards by their dorsal sutures {fig.S sd) When such carpels separate with a certain amount of

elasticity from the axis to which they are attached, as in some

tSSaoea they have been called cocci {fig. 675, c, c, .
.

B^ome botSists, all carpels which thus separate from the axia
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in a septicidal manner are termed cocci, and the fruit is described

as dicoccous, tricoccous, &c, according to their number. In cer-

tain fruits, such as those of the Linum catharticum, the ovaries

open first 'by their dorsal suture, and then separate from each

other in a septicidal manner.

Some botanists call all fruits, the carpels of which separate

from each other without opening—schizocarps ;
and term their

component carpels cocci if there are more than two, or if only-

two in number, as in the Umbelliferfe,

—

mericarps.

C. Septifragal Dehiscence.—In this form of dehiscence the

carpels open by their dorsal sutures, as in loculicidal dehiscence,

and at the same time the dissepiments separate from the walls

Fig. 677. Fig. G79.

Fig. 877. Capsule of Cedrela angustifolin, showing septifragal dehiscence.
v. v, v. Valves, a. Axis bearing the dissepiments, c, c, and seeds, g.

Fig. 678. Diagram illustrating septifragal dehiscence, Fig, 679. Capsule
of Datura Stramonium, showing septifragal dehiscence.

and remain united to each other and to the axis {figs. 677 and
678), which in this case is generally more or less prolonged.
Here each valve is composed of the two halves of adjoining
ovaries. This form of dehiscence may be seen in Datura
St,'amoninm (fig. 679), and Cedrela (fig. 677). The placentas
bearing the seeds are here attached to the axis, a, between
the dissepiments, c, c. a-^a^t ( '«n.^iw-rvp-T\.

In compound fruits 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 with parietal pla-

x
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centation, the dehiscence may take place either through the

confluent margins or sutures of the adjoining carpels, so that

each placenta is divided into its two lamellae, as in the species of

Gentian (fig. 680), in which case the dehiscence is analogous to

the septicidal form, and each valve, therefore, represents one of

the component carpels of the fruit ; or the dehiscence may take

place through the dorsal sutures, as in the Heartsease (fig. 081),

in which case it is analogous to the loculicidal form of dehis-

cence, and each valve is composed of the adjoining halves of

two carpels. These forms may be readily distinguished by the

varying attachment of the placentas and seeds in the two cases
;

thus, in the former instance, each valve will bear the placentas

and 'seeds on its two margins (fig. 630), and the valves are said

Fig. 680. Fig. 681. Fig. 682. Fig. 683.

Fig. 680. One-celled fruit of a species of Gentian

dehiscing in a septicidal manner.

—

-Fig. 681.

One-celled fruit of Heartsease {Viola tricolor),

dehiscing in a loculicidal manner. Fig. 682.

Fruit or siliqua of the Wallflower, showing the

separation of two valves from the replum.—-—

Fig 683. Fruit (cei-atium) of Celandine (Chehdo-

nium mains), with the valves separating from

the placentas.

to be placentiferous at their borders ; in the latter, the placenta

and seeds will be attached to the centre of each valve (fig.

681) and the valves are then said to be placenhferom Ml then

middle. It sometimes happens, as in the fruit of the Chdi-

donmm (fig. 683), and Wallflower (fig. 682), that the placentas

bearino- the seeds remain undivided, and the valves break away

from them, so that they are left attached to a frame or replum

Inimpound fruits with a free central plantation, the

same forms of dehiscence occur as in those with parietal pla-

centation, but here it is difficult in many cases to speakSS« to the nature of the dehiscence rom the absence

RedsTor dissepiments upon the valves. The means usually

adopted in such cases is to count the number of the valves and
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compare their position with the sepals or divisions of the calyx.

Thus, as the different whorls of the flower in a regular arrange-

ment alternate with one another, the component carpels of the
fruit should alternate with the divisions or sepals of the calyx.

If the fruit therefore separates into as many portions as there
are parts or sepals to the calyx, and if these valves are then
placed alternate to them, they represent the component carpels,

and the dehiscence is consequently analogous to the septicidal

form
;

if, on the contrary, the valves are equal and opposite to

the sepals or 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
which 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 varieties of valvular dehiscence, the separa-
tion may either take place from above downwards, which is by
far the more usual form (Jigs. 669, 672, 677, and 679) ; or occa-
sionally from below upwards, as in the Celandine

(fig. 683), and
universally in Cruciferous plants (fig. 682).

2. Transverse or Circumscissile Dehiscence.—In this
kind of dehiscence the opening takes place by a transverse
fissure through the pericarp across the sutures,

so that the upper part is separated from the
lower like the lid of a jar or box, as in
Hyoscyamus (fig. 684) and Anagallis (fig.

709). Sometimes the dehiscence only takes
place half round the fruit, as in Jeffersonia,
in which case the lid remains attached to the
pericarp on one side, as by a hinge. The
fruits which present transverse dehiscence Fi

^e n̂e fj}'
ifc

.

of

may be supposed to be formed either of car- nm) 'with trengl
pellary leaves in which the laminse are articu- Terse dehiscence,

lated to the petioles, as in the Orange (fig. 3* g£
ozU), and which become separated at the 316).

points of articulation, so that the united
petioles form the lower part of the fruit, and the united laminae
the upper

; or they may result from the prolongation and hollow-
ing out of the thalamus, and the articulation of the carpellary
leaves to its circumference, so that in the dehiscence the
lower part of the fruit is formed by the concave thalamus, and
the upper part by the carpellary leaves ; thus resembling the
separation of the calyx in Eschsclioltzia (page 229) from the
thalamus.

In the Monkey-pot (fig. 685), the lower part of the ovary is
adherent to the tube of the calyx, and the upper portion is
free

;
and when dehiscence takes place, it does so in a transverse

manner and at the part where the upper free portion joins the
x 2
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Fig. 685.

lower adherent one, so that it would appear as if the adherence

of the calyx had some effect in this case in producing the

transverse dehiscence. Such fruits are sometimes called oper-

culate, a term which is also applied by other botanists to all

forms of transverse dehiscence in

Fig C8C. which the upper portion of the peri-

carp separates from the lower in the

form of a lid or operculum.

Transverse dehiscence may also

occur in fruits which are formed by

a single ovary or carpel, as well as

in the compound ones mentioned

above. Thus, the legumes of Coro-

nilla, Hedysarum (fig. 686), Orni-

thopus, &c, separate when ripe into

as many portions as there are seeds.

The separation taking place in these

cases has been supposed to be ef-

fected by a process called solubility.

Some botanists regard such legumes

as formed of folded pinnate carpel-

lary leaves analogous to the ordinary

pinnate leaves of the same plants, the divisions taking place at

the points of union of the different pairs of pinnae:

3 Porous Dehiscence.—This is an irregular kind of dehis-

cence, in which the fruits open by little pores or slits formed in

Fig. G85. Pyxis of

the Monkey-pot
(Lecythis ollaria).

Fig. 686. Lo-
mentuni of a

species of Hedy-

sarum separating
transversely into

one-seeded por-

tions.

Fig. 687. Fig. 688.

Fig. 687. immature fruit of a &l?^oALWt
at the sides, c, c. Persistent caljx »lU" °"

fl
, pruit of a species of

80 as to form a part of the pericarp.-— Fig. 688. MUM a 1

Campanula dehiscing by pores at its base.
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Poppy, in which a number of pores are placed beneath the

peltate disc to which the stigmas are attached ; in the Antirrhi-

num (fig. C26), where there are two or three orifices, one of

which is situated near the summit of the upper cell or ovary,

and the other (one or two) in the lower ; and in various species

of Campanula (figs. 687, t, t, and 688). In the latter the calyx

is adherent to the ovary, and the pores, which 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 number of cells in the ovary, and
are either situated at the sides (fig. 687, t, t), or towards the

base (fig. 688).

Kixds of Fruit.—A number of different kinds of fruit

have been distinguished and named, and several classifications

of the same have been proposed at various times, but at present

there is little accordance amongst botanists upon this subject.

This is much to be regretted, as there can be no doubt that

a strictly definite phraseology of fruits, founded essentially

upon the structure and position of the ovary, would be of great

value in Descriptive Botany. The difficulties attending this

subject have been also much increased by the same names
having been given by authors to totally distinct kinds of fruits,

and even to different classes of fruits. In a work like the
present it would be impossible to describe all the kinds of

fruits which have received names. At the same time, the
subject is of too much importance to be hastily disposed of,

and as much space as possible will be therefore devoted to its

consideration. The classification here adopted is founded upon
that given many years since in Lindley's Introduction to Botany,
from which, however, it differs in some important particulars.

We have taken the gynoecium as our guide, and have accord-
ingly used the terms when applied to fruits in precisely the
same sense as previously defined in its description.

The leading divisions of the classification here adopted are as

follow :

—

1. Fruits formed by a Single Flower.
a. Sinrple Fruits.

b. Apocarpous Fruits.

c. Syncarpous Fruits.

2. Fruits formed by the combination of Several Flowers.

1. Fruits formed by a Single Flower.

a. Simple Fruits.—By a simple fruit, we mean one which in

formed of a single mature carpel or ovary, and only one produced
by a single flower. By some botanists this term is used to
signify all fruits, of whatever nature, which are the produce of
a single flower

; thus including the simple, apocarpous, and
syncarpoua fruits of our classification. We describe four kinds
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of simple fruits :—namely, the Legume, the Lomentum, the

Drupe, and the Utricle.

1. Legume or Pod.—This is a superior, one-celled, one or

many-seeded fruit, dehiscing by both ventral and dorsal sutures,

so as to form two valves, and bearing its seed or seeds on the

ventral suture. Examples occur in the Pea (Jig. 068), Bean,

Clover, and most plants of the order Leguminosse, which has

derived its name from this circumstance. The legume assumes

a variety of forms, but it is generally more or less convex on

its two surfaces and nearly straight ; at other times, however, it

becomes spirally contorted so as to resemble a screw (Jig. 691), or

a snail twisted, as in some species of Medicago (Jig. 090) ; or it is

coiled up like a caterpillar, as in Scorpinrus sulcata (Jig. 689) ;

Fig. 689. Fig. 691. Fig. 692.

Fig. 690.

Fin 689. Coiled-up legume of Scorpiurui sulcata. Fig. 690. Snail-like

-Fig. 691. Spiral or screw-like legume of
legume of Medicago orbicvlala. F
Lucerne {Medicago). Fig. 692. LLomcutum of a species of Acacia.

or curved like a worm, as in Gcesalpinia 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 (Jig. 619), and Phaca (Jig. 020), it

is two-celled, in consequence of the formation of a spurious

dissepiment, which in the first plant proceeds from the dorsal

suture, and in the latter from the ventral. (See page 2.77.)

At other times a number of spurious horizontal dissepiments

are formed, by which the legume becomes divided into as many

cells as there are seeds, as in tW Fislj^iju, 014). Another

irregularity also occurs in the latter plant, the legume being

here indehiscent, but the two sutures are clearly marked ex-

ternally Other indehiscent legumes are also met with, as in

Ararhis and Pterocarjm, in which there is sometimes no

evident mark of the sutures externally ; such legumes will,

however, frequently split into two valves like those of a pea,
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if a little pressure be applied as in the ordinary process of

shelling peas.

2. The Lomentum.—This is a kind of legume which is con-

tracted in a moniliform manner between each seed, as in Hedy-

scvrum (Jig. 686), Omithopus, and Acacia Sophora
(
jig. 692). It

is sometimes called a lomentaceous legume. This fruit, together

with the legume, characterise the plants of the Leguminosas.

When the lomentum is ripe, it commonly separates into as many
pieces as there are contractions on its surface (fig. 686), or it

remains entire (fig. 692) ;. in the latter case the seeds are sepa-

rately 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, having a fleshy or pulpy sarcocarp, a

hard or bony endocarp or pyrene, and the pericarp altogether

separable into its component parts, namely, of epicarp, sarco-

Fig. 693. Fig. 694.

Fig. G93. Drupe of the Peach. Fig. 694. The same cut vertically.

carp, and endocarp. The Drupe is sometimes called a stone-

fruit. Examples occur in the Peach (figs. 693 and 694), Apricot,
Plum, Cherry (fig. 695), and Olive. In the Almond, the fruit

presents all the characters of the drupe, except that here the
sarcocarp is of a toughish texture, instead of being succulent.
Many fruits, such as the Walnut and Cocoa-nut, are sometimes
termed drupes, but improperly so, as they are in reality com-
pound, or formed originally from two or more carpels or ovaries,
besides presenting other characters differing from simple fruits.

(See Tryrna, page 318, and Glans, page 319.) A number of
drupes aggregated together on a common thalamus form collec-
tively a kind of Eterio (see Et;ekio). Any fruit which resembles
the drupe in its general characters is frequently termed drupa-
ceous or drupe-like.

4. The Utricle is a superior, one-celled, one or few-seeded
fruit, with a thin, membranous, loose pericarp, not adhering to
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the seed
;
generally indehiscent, but rarely opening in a trans-

verse manner. Examples of this kind of fruit may be seen m
Amaranthus and Chenopodium (fig. 690).

Fig. 695 Fig. 096.

Fig. 695. Vertical section of the drupe of the Cherry, ep. Epicarp. en.Tv-

docarp. mMIesocarp. g. Seed with embryo— Fig. 696. Utricular fruit

of Chenopodium, surrounded by the persistent calyx.

b Apocarpous Fruits.— Under this name we include those

fruits which are formed of a single mature carpel or ovary, but of

which two or more are produced by a single flower. The simple

fruits just described are frequently placed by botanists under this

head, together with those to which we are now about to allude.

ApocarpSus fruits are also sometimes called multiple, and this

latter term is again applied by others to J086.^^.^
the produce of several flowers. We extinguish three kinds

of Apocarpous fruits -.-The Follicle, the Achamium, and the

1 The Follicle.-This is a superior, one-celled one- or many-

seeded fruit, dehiscing by one suture only, which is commonly

Fig. 697. Fig. 698. Fig. 699.

Fia 697 Follicles of the Columbine (Aqvttegia\-—Fjf>- M\ Fa-
ncies of the Aconite (Acomtum). Fig. 609. Follicles of the

PtBony (/
J«om'«).

the ventral, and is consequently one-valved (fig. 666). By the

atter chnmcter it is known at once from the legume which

opens, as we have seen, by two sutures, and is hvo-valved
;
in
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other respects the two fruits are alike. In Magnolia glauca (Jig.

007), and some other species of Magnolia, the follicle opens by
the dorsal suture instead of the ventral. Examples of the follicle

occur in the Columbine (Jig. 697), Hellebore^ Larkspur, and <'

Aconite (Jig. 698), in all of which plants the fruit is composed
of three or more follicles placed in a whorled maimer on the

thalamus ; in the Asclepias, Periwinkle, and Pasony (Jig. 699),

where each flower generally forms two follicles ; and in the Lirio-

dendron and Magnolia (Jig. 667), where the follicles are nume-
rous, and arranged in a spiral manner on a more or less elongated
thalamus. It rarely happens that a flower produces but a single

follicle
;
this, however, sometimes occurs in the Paeony and in

other plants. The two follicles of Asclepias are more or less

united at their bases, and the seeds, instead of remaining attached
to the ventral suture, as is the case in the true follicle, lie loose

in the cavity of the fruit. This double fruit has therefore by
some botanists received the distinctive name of Conceptacidum.

2. The Achsenium or

Achene is a superior, one- Fig. 700. Fig. 701.

celled, one-seeded fruit,

with a dry indehiscent
pericarp, which is separ-

able from the seed, al-

though closely applied to

it. Linnaeus mistook
some of these achaenia for

seeds, and called the
plants producing them
gymnospermous (naked-
seeded). Such fruits may
be, however, generally
distinguished from seeds
by presenting on some
point of their surface the
remains of the style.

This style is in some cases

very evident, as in the
Clematis (Jig. 657), and
Anemone (Jig. 700). Ex-
amples may be seen in the Clematis and Anemone, as just
noticed, and in the plants of the orders Labiatas and Bora-
ginacese (Jig. 701). In rare cases we find a flower producing
but a single achamium.

3. The Utserio.
—
"When the acluenia borne by a single flower

are so numerous that they form more than a single whorl or
series, they constitute collectively an etserio. Examples may be
seen in the species of Ranunculus and Adonis where the achsenia
are placed upon a convex thalamus of a dry nature ; and in the
Strawberry (Jig. 702), where they are situated upon a fleshy

Fig. 700. Vertical section

of an achfeniiim of the
Pasque-flower (Ane-
mone Pulsatilla). The
fruit is said to be tailed

in this instance in con-
sequence of being sur-

mounted by a feathery
style.— Fig. 701.

Achsenia of Bugloss
(Lycojjsis).
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Fig. 702. Fig. 708.

thalamus. Hence, in the Strawberry, the so-called seeds are in

reality so many separate achaenia, while the part to which the

Strawberry owes its value as a fruit is the succulent thalamus.

In the fruit of the Rose the achaenia, instead of being placed

upon an elevated thalamus, as in the ordinary etaerio, are situ-

ated upon a concave thalamus, to which the calyx is attached

( fig. 454, r, r). This modification of the ordinary etaerio has been

made a separate fruit by some botanists, to which the name of

Cyuarrhodum has been given. A similar kind of fruit also occurs

in Calycanthus.

In the Raspberry (fig.

703) and Bramble,we have

a kind of etaerio formed of

a number of little drupes,

or drupels as these small

drupes are sometimes

termed, crowded together

upon a dry thalamus. The
etaerio and its modifica-

tions are placed by Lind-

ley under a class of fruits

called by him aggregate

fruits, the characters of

more than a single series

Fiq. 702. Fruit of the Strawberry- Fig. 703.

Fruit (etaerio) of the Raspberry (Rubus Id<xus).

which are ' Ovaria strictly simple ;
.

produced by each flower.' The term aggregate is also by some

botanists applied to fruits which are the produce of several

nmra
Syncarpotjs j,^^— jjnder this head we include aUfnrits

which are formed by the more or less complete combination of tvo

or more mature carpels or ovaries, and where only one fnut u

produced by a single flower. In the two former classes the fruits

are formed of simple ovaries ; in this class from ovaries of a

more or less compound nature. In describing these fruits we

shall follow generally the classification of Lmdley. Ihus, m
the first place, we arrange them from their superior or inferior

character in two divisions ; and each of these divisions is again

separated Into others, derived from the dry or fleshy nature of

the pericarp, and its dehiscent or mdehiscent character.

Division 1. Superior Syncarpous Fruits.

a. WITH A DRY INDEHISCENT PERICARP.

1 The Caryopsis is a superior, one-celled, one-seeded, ind*

hiscent fruit, with a thin dry membranous££^9^
and insenarablv united with the seed (figs. <04 and <0o). um
fruit vsSS the achcnium, but it is distinguished by the

c^plete union which exists between the pericarp and the Beed.
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It is, moreover, generally considered as being of a compound
nature, from the presence of two or more styles and stigmas

on the ovary {fig. 601). It is found in the Oat, Maize, Rye,
Wheat, Barley, and generally in the Grass order. These fruits,

like the achrenia, are commonly called seeds, but their true

nature is at once evident when they are examined in their early

state.

2. Tlie Samara is a superior, two- or more celled fruit, each

cell being dry, indehiscent, one- or few-seeded, and having its

pericarp extended into a winged expansion. Examples may be
found in the Maple (fig. 706), Ash. and Elm. By some botanists

each winged portion of such a fruit is called a samara, and thus

such fruits as the Maple are considered to be formed of two
united samaras. <Ty a^r€

Fig. 704. Fig. 705. Fig. 70G.

3. The Career^ is a superior, many-celled fruit, each cell
being dry, indehiscent, and one- or few-seeded, and all the
cells more or less cohering by their united styles to a central
axis. The common Mallow (fig. 707) is a good"example of this
fruit.

4. The AmpUswrca is a 'superior, many-celled, indehiscent,
many-seeded fruit, indurated or woody externally, pulpy in-
ternally.' Examples, Omphalocarpus, AdansovAa, Crescentia,
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b. WITH A DRY DEHISCENT PERICARP.

1. Hie Capsule is a superior, one or more celled, many-seeded,

dry dehiscent fruit. The dehiscence may either take place

by valves, as in Colchicum (Jig. 669) and Datura (fig. 679) ;
or

by pores, as in the Poppy and Antirrhinum (fig. 626) ;
or

transversely, as in the Pimpernel (fig. 709) and Henbane (fig-

Fig. 708. Tig. 709.

Fig. 710.

Fig. 708. Spiral capsule of a species of Helideres.
.

FiV\^;2]3*?a
Pimpernel {Anagallu). Fig. 710. Capsule of a species of SciophuUou,,

dehiscing in a septicidal manner.

C84) ; or only partially, as in Mignonette (fig. 665) JJJwftw

(fiq 664), and Lychnis (fig. 663), When the capsule dehisces

diversely the fruit has received the distinctive name of Pyx*.

Fig. 711. Fig. 712.

Fig. 711. Fruit of Bandboxes iMSF^SffiS^^Xr&^^^^^ oIth ° IrU
'
opening

in a looulloldal manner.

The capsule is either one-celled as in the
r

Mignonette (fig. 665)

Heartsease (fig. 681), and Gentian (^. 680 ^^taJS
as in the ScropMdana (fig. 710) ,

oi tnree ™
assumeB

in Colchicum (fig. 609), and Datura (fig. 079). It .isaunes
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Fig. 713. Fig. 714.

various forms, some of which are remarkable, as in Helicteres

(Jig. 708), where it is composed of five carpels twisted spirally

together, and Tllicinm animtum. where the carpels are arranged

in a stellate manner. The capsule is a very common fruit, and
is found almost universally in many natural orders, as Papaver-
aceje, Caryophyllacere, Primulacepe, Scrophulariaceae, Liliaceas,

Gentianacese, &c, etc.

When a capsule consists of three or more carpels, which
separate from the axis, and burst with elasticity {cocci) (page

304), as in Ricinus (jig. 675) and Hura crepitans (fig. 711), it has
been termed a Regma.

When a fruit resembles the ordinary capsule in every respect,

except that it is inferior, as in the species of Iris (fig. 712) and
Campanula (figs. 687 and 688), it has received the name of

Diploteqia . (See Diplotegia, page

319. ) In the natural orders we
shall describe such a fruit as cap-

sular.

2. The Siliqua is a superior, one-

or two-celled, many-seeded, long,

narrow fruit, dehiscing by two valves

separating from below upwards, and
leaving the seeds attached to two
parietal placentas, which are com-
monly connected together by a

spurious vertical dissepiment, called

& replum (fig. 713). The placentas

are here opposite to the lobes of the

stigma, instead of alternate, as is the

case in all fruits which are regular

in structure. When the replum
extends entirely across the cavity,

the fruit is two-celled ; if only par-

tially, it is one- celled. Examples of

this fruit occur in the Wallflower (fig.

713), Stock, Cabbage, and a large

number of other Cruciferae. When a fruit possesses the general
characters of the siliqua, but with the lobes of the stigma alter-

nate to instead of opposite the placentas, as in Chelidonium (fig.
683), it has been named a Ceratium or a siliquseform capsule.

The siliqua is sometimes contracted in the spaces between
each seed, like the lomentum (page 311), in which case it is

indehiscent, as in Raphanus sativus, and is then called a
lomentaceous siliqua.

3. The Silicula.—This fruit resembles the siliqua in every
respect except as to its length ; and in usually containing fewer
seeds. Thus the siliqua may be described as long and narrow,
the sdicula as broad and short. Examples occur in the Shep-
herd's Purse (fig. 714) and Scurvy-grass. C\/t* c'<V-c i <^

Fig. 713. Fruit or
siliqua of the
Wallflower show-
ing the separa-
tion of the two
valves from the
replum. Fig.
714. Silicula of
Shepherd's Purse
(Thlaspi).
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The siliqua and silicula are only found in plants of the order

Cruciferaj. Both fruits are occasionally one-seeded, and inde-

hiscent.

C. WITH A FLESHY INDEHLSCENT PERICARP.

1. Tlie Hesperidium is a superior, many-celled, few-seeded,

indehiscent fruit, consisting of a separable pericarp, formed of

the epicarp and mesocarp combined together (fig. 715, p, e), and

having an endocarp, d, projecting internally in the form of mem-
branous partitions, which divide the pulp into a number of por-

tions or cells, which are easily separated from each other. This

pulp, as already noticed (page 300), is either a development of

succulent parenchyma from the inner lining of the ovary gene-

rally, or from the placentas only. The seeds, s, s, are imbedded

Fig. 715. Fig. 716.

Fin 715 Transverse section of the fruit of the Orange (CUrus Auranlium).

« Em'carp. e. Mesocarp. d. Endocarp. s,s. Seeds. Fig. 71G. Abnormal

development of the fruit of the Orange, in which the carpels, <x, and ci,

are more or less distinct instead of being united.

in the pulp, and attached to the inner angle of each of the por-

tions into which the fruit is divided. The fruits of the Orange,

Lemon Lime, and Shaddock are examples of the hesperidium.

Tt is bv no means uncommon to find the carpels of tins fruit m
a more or less separated state (fig. 716), and we have then pro-

duced what are called 'horned oranges,' 'fingered citrons dec,

and the fruit becomes somewhat apocarpous instead of entirely

syncarpous.^
^ ^ superior, one-celled, one-seeded, indehis-

cent 'fruit, having a separable fleshy or leathery rind, consisting

of enicarp and mesocarp, and a hard two-valved endocarp, from

the inner lining of which spurious dissepiments extend so as to

divide the seed into deep lobes. It differs but little from the

ordinary drupe, except in being formed from an originally com-

pound ovary. Example, the Walnut. "f^waTvar.
'

3

The Nucnlanium.-Thia fruit, of which the Grape (fig.

720^ may be taken as an example, does not differ in any impor-

tant characters from the berry, except in being superior. (&<

.

Berry.) & '
'

< - '
'

' .- nVw ck |ryiUU Wv &£°
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Division 2. Inferior Syncarpous Fruits.

Fig. 717. Cremooarp or
fruit of Angelica.

a. WITH A DRY IJs'DEHISCENT PERICARP.
J

1. TJie Cremocarp is an inferior, dry, indehiscent, two-celled,

two-seeded fruit. The two cells or halves of which this fruit is

composed are joined face to face to a common axis or carpophore,
from which they separate when ripe, but to which they always
remain attached by a slender cord which suspends them (Jig.

717). Each half-fruit is termed a hemicarp or mericarp, and
the inner face the commissure. Each por-
tion of the fruit resembles an achyenium, Fig- ^17.

except in being inferior ; hence the name
diachsenium has been given to this fruit.

Examples of the cremocarp as above denned
are found universally in the plants of the
order Umbellifer£e, but in no other order.

By Lindley, the definition of cremocarp is

extended so as to include fruits of a similar

nature, but which contain more than two
cells, as, for instance, those of Aralia.

2. Tlie Cypsela.—This differs in nothing
essential from the achrenium, except in
being inferior and of a compound nature
(see page 292). It occurs in all plants of the
order Compositse. When the calyx is pappose
it remains attached to the fruit, as in Salsafy and Dandelion.

3. The Glans or Nut is an inferior, dry, hard, indehiscent,
one-celled, one or two-seeded fruit, produced from an ovary of
two or more cells, with one or more ovules in each cell, all of
which become abortive in the progress of growth except one or
two (page 296). The three layers constituting the pericarp of
the nut are firmly coherent and undistinguishable, and the
whole is more or less enclosed by a cupule. The Acorn (Jig. sweeT chsst
400), and the Hazel-nut (fig. 401), may be taken as examples! B!f c,^r

l'r

By some botanists the fruit of the Cocoa-nut Palm is called a
nut, but this differs in being superior, and in its pericarp
presenting a distinction into epicarp, mesocarp, and endocarp.
(See Drupe, page 311.) Such a fruit is better described as nut-
iike.

b. .
WITH A DRY DEHISCENT PERICARP.a<j->(<rUj

1. Dyplotegia.—This is the only kind of inferior fruit which
presents a dry dehiscent pericarp. It has already been stated

'

under the head of Capsule (page 317), that the diplotegia differs
in nothing from it, except in being inferior. The species of Iris
(fig. 712) and Campanula (figs. 687 and 688) are examples i .'f

this fruit. The diplotegia may open either by pores (fig. 688),

•3 f^oif|^C *
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valves (fig. 712), or transversely (fig. 685) like the ordinary

capsule. In the latter case, as with the true capsule with

transverse dehiscence, the fruit is called a Pyxis.

C. WITH A FLKSHY INDEHISCENT PERICARP.

1. The Bacca or Berry is an inferior, indehiscent, one- or

more celled, many-seeded, pulpy fruit (figs. 718 and 719). The

pulp is produced from the placentas, which are parietal (fig. 718,

nl) and have the seeds, s, s, at first attached to them ;
but these

become ultimately separated and lie loose in the pulp, ^ Exam-

ples may be found in the Gooseberry and Currant. We have

already stated (page 318), that the fruit of the Grape is called

a Nuculanium (fig. 720), and that it differs m nothing essential

from the berry, except in being superior. The name baccate or

berried is applied by many botanists to any fruit of a pulpy nature

and will sometimes be used in this sense in our description of

the natural orders.

Fig. 718. Fig. 719. FlG -

<

21 -

Fig. 718. Transversesection of * berry of the gooseberry

Sing processes, », from the circumference t, to the centre, and thus

causing the fruit to be spuriously three-celled.

2 The Peno is an inferior, one-celled or spuriously three-

CuiurKte*,,
721), many-seeded, fleshy or pulpy fruit The seeds

diw^^are attached to parietal placentas, and are imbedded in pulp,

^M^^t they Sever become loose as is the case in the berry
;
and

Ctacvnfk hence this fruit is readily distinguished from it

fche
_atuEeof

c > .T • Thpro lias been much discussion with regard to tlit i.umeoi

S£&r\he i ei o By some botanists the placentas are PcondtfedH

ttXt axile
1

; ami thffruit normally three-celled, as is formed of three



POME—BALAUSTA. ANTHOCARPOTJS FRUITS. 321

ovaries or carpels ; while by others the placentas are regarded

as parietal, and the fruit normally one-celled, as defined above.

Those who adopt the first view believe that each placenta sends

outwards a process towards the walls of the fruit, and that

these processes ultimately reach the walls and then become bent

inwards and bear the seeds on the curved portions. If these

processes remain, the fruit is three -celled
;

if, on the contrary,

they become absorbed, it is only one-celled, and the placentas

are spuriously parietal. According to the view here adopted,

the placentas are parietal and 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,

the fruit is one-celled. This fruit is illustrated by the Melon,

Gourd, Cucumber, Elaterium, and other Cucurbitaceee. The
fruit of the Papaw-tree resembles a pepo generally, except in

being superior.

3. Hie Pome is an Fig. 723.

inferior, indehiscent, pIG< 722.

two or more celled, few
seeded, fleshy fruit

;

the endocarp of which
is papery, cartilagin-

ous, or bony, and sur-

rounded by a fleshy

mass consisting of me-
socai'p and epicarp,

which is generally con-

sidered to be formed
by the cohesion of the

general parenchyma of

the ovary with the tube
of the calyx. Some botanists, however, regard the fleshy portion

as consisting of the enlarged end of the flower-stalk, in which the

true carpels are imbedded. Examples may be seen in the Apple

(fig. 722), Pear, Quince (fig. 473), Medlar, and Hawthorn.
4. Tiie Balausta is an inferior, many-celled, many-seeded,

indehiscent fruit, with a tough pericarp. It is formed of two rows
of carpels, one row being placed above the other, and surrounded

by the calyx ; the seeds being attached irregularly to the walls or

centre. The Pomegranate fruit (fig. 723), is the only example.

Fig. 722. Vertical section of the pome or fruit of the
Apple (Purus Mains'). Fig. 723. Vertical section

.

of the balausta or fruit of the Pomegranate.

2. Fruits formed by the Combination of Several
Flowers.

These fruits have been termed Anthocarpous, as they
consist not only of the mature carpels of several flowers

united, but also usually of the bracts and floral envelopes in

combination with them, that is to say, the whole inflorescence

is blended to form the fruit. They have been also called

Y
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Multiple, Aggregate, and Collective fruits, and the two former
terms have also been applied in a different sense, as mentioned
under the head of Apocarpous fruits (pages 312 and 314). Some
botanists also term them Infrutescences or Confluent fruits.

Such fruits have been likewise termed polythalamic, to distinguish

them from fruits formed by single flowers, which are called

monothalamic. The following have received distinctive names :

—

1. The Cone is a more or less elongated fruit, composed of a

number of indurated scales, each of which bears one or more
naked seeds (fig. 730) on its inner surface. This fruit is seen

in the Scotch Fir (fig. 724), Larch, Hemlock Spruce (fig.

420), and a great many other plants of the order Coniferse ;

which derives its name from this circumstance. All plants also

of the Cycas family which possess fruit have one of a similar

structure, but here the seeds are more numerous and placed on

the borders of the scales. There are two views as to the nature

of the indurated scales : thus, by some botanists they are regarded

as carpels spread open, each representing a female flower
;
by

Fig. 724.

Fig. 725

„ t „;f fhe <Vnt,ok Fir Fiq. 725. Galbulus or fruit of

*W%2S2&gS£-S?^ 7#s^^r^lt

IgL™ Q = tracts They certainly more resemble the latter
others, as bracts iney j ^ le

ma
t fruit is but a modification of the Cone ;

somewhat corneal and n
and inthe .lumper

fSfSw Ii tffieXEales become fleshy, and arc u,u<3
(fig. 72o).

^
n t^^ so that it somewhat resembles at nrst

together into one mass, so uu
examining the

a^radLSg^wiU be observed corresponding
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to the three fleshy scales of which the fruit is formed, and which

are here but imperfectly united.

No other kind of fruits except the Cone and Galbulus are

found in the natural orders Coniferae and Cycadacete.

In the Yew (Taxus baccata) (Jig. 727) and other plants

belonging to the Taxaceas, an order closely allied to the Coni-

fers: and Cycadacese, the so-called fruit is in reality not a fruit

at all, as it consists simply, as demonstrated by Sir Joseph

Hooker, of a naked seed, surrounded, except at the apex, by

a fleshy cup or aril. This so-called fruit has been termed a
tph'ilerocarpium. Properly speaking, even if regarded as a

fruit, 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 Lindley's arrangement, and because, like the two
preceding fruits, its essential character consists in its naked
seed. Some other fruits are, however, included by Lindley and
others with this under the name of Sphalerocarpium.

The Cone must be carefully distinguished from Cone-like

fruits, such as those of the Magnolia (Jig. 667) and Liriodendron.

The latter are not collective fruits at all, but they consist of

the mature carpels or follicles of a single flower, placed upon
an elongated thalamus.

3. The Strobilus or Strobile.—The fruit of the Hop (Humidus
Lupulus) (Jig. 421) is by some botanists considered as a kind of

Cone with membranous scales, to which the name of Strobilus

or Strobile has been given ; but the strobile differs essentially

from the cone, in having its seed distinctly enclosed in a carpel

placed at the base of each scale. We distinguish this fruit,

therefore, as a distinct kind,
Fig. 728. Fig. 729.under the above name. It

should also be noticed that the
term Strobilus is frecpuently

employed as synonymous with
Cone.

4. The Sorosis is a collective

fruit, formed of a number of

separate flowers firmly coherent
into a fleshy or pulpy mass with
the floral axis upon which they
are situated. Examples of this

may be seen in the Pineapple

(fig. 292), where each square
portion represents a flower ; and
the whole is surmounted by a
crown of empty bracts. The Bread-fruit and Jack-fruit are
other examples of the sorosis. The Mulberry (Jig. 728) may
be also cited as another well-known fruit, which presents an
example of the sorosis. At first sight, the Mulberry appears
to resemble the Raspberry (Jig. 729), Blackberry, and other

y 2

Fig. 728. Sorosis or fruit of the Mul-
berry (Morus nigra). Fig. 729.

Fruit (etierio) of the Baspberry (Riibwi

Idwus).
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fruits of the genus Rubus, but in origin and structure the latter

are totally different. Thus, as already noticed in speaking of

the Etffirio (page 314), the Raspberry, and other fruits of the

genus Rubus, consist of a number of drupes or fleshy achsema

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 de-

rived 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

'the fruit is produced by one flower only.

4 The Syconus is a collective fruit, formed of an enlarged

and more or less succulent receptacle, which bears a number of

separate flowers. The Fig (fig. 406) is an example of a syconus

In this the flowers are almost entirely enclosed by the enlarged

hollow, pear-shaped receptacle, and what are commonly calied

seeds are in reality one-seeded fruits resembling achsema The

Dorstcnia (fig. 407) is another example of the syconus, although

it differs a good deal from that of the Fig m its general appear-

ance ; thus the receptacle is less succulent, and only slightly

concave except at its margins, so that the separate fruits are here

^AllthTmore' important fruits which have been named and

'described by botanists have now been alluded to but m
practice only a few are in common use-such as the Legume,

Srupe, Achene, Follicle, Caryopsis Siliqua, Sihcula, Capsule

Nut Pome, Berry, and Cone. This has arisen, partly horn

tire\ame names "Saving been given by different botanists 0

totally distinct kinds of fruits ;
and part y from botan sts m

nW cases preferring to describe a particular fruit according to

lie special characters it presents. It is, however, much to be

S^ffihLt a comprehensive arrangement of accurate y-named

and well-defined fruits should not be generally adopted, as it

"niJt be doubted that, if such were the case *
=
wouldLbe

attended with much advantage, and save a good deal of unne

cessary description and repetition.

Section 6. The Ovule and Seed.

Having now described the nature, structure, and general

characters of the gynoecium or unimpregnated pistil and theX mature pistfl, we pass to the description o the bodie

contained respectively within them namely, the Ovule oi

hSilised body, and the Seed or fertilised Ovule.

. 1. THE OVULE.

mi i^ ; Q o omill somewhat rounded or oval, pulpy
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Fig. 730.

it is said to be sessile (figs. 33, o, o, and 633, g) ;
or indirectly

by a stalk called the funiculus or funicle (figs. 615, ov, and

(537), when it is described as stalked. The point of attachment

of the ovule to the placenta if sessile, or to the funiculus when

stalked, is termed the hilum. These terms are applied to the

seed in the same sense as to the ovule. The ovule has been com-

pared to a bud, and has been called the seed-bud by Schleiden

and others.
.

The ovules are commonly enclosed m an ovary (fig. 3d, o, o),

but all plants of the Coniferse, Cycadaceae, and allied orders

are exceptions to this ;
thus in the Cyca-

daceaa they are situated on the margins

of leaves in a peculiarly metamorphosed

condition, and in the Coniferte at the

base of indurated bracts or open carpel-

lary leaves (fig. 730, ov). Such ovules

are therefore termed naked, and as the

seeds of these plants are also naked, such

plants are called (fynvnospermoiis ; while

those plants in which the ovules are dis-

tinctly enclosed in an ovary, are said to

be Angiospermous. It should be noticed,

however, that there are some plants in

which the seeds become partially naked

in the course of the development of the

ovary into the fruit, as in the Mignonette

(fig. 665), Leontice, and Cuphea, in which

cases they are sometimes termed semi-

nude. True Oymnospermous plants, or those in which the

ovules are naked from their earliest formation, should be care-

fully distinguished from those with seminude ovules, as the

former character is always associated with important structural

peculiarities in the plants themselves, as we have already noticed

in treating of the stem and other organs. Other important

differences will also be described hereafter, and more especially

in the Physiological part of this volume, under the head of

Reproduction of Gymnospermia.
Number and Position of the Ovules.— a. Number.—The

number of ovules in the ovary, or in each of its cells, varies

in different plants. Thus in the Polygonacese, Composite;,

Thymelaceaj, and Dipsacaceaj, the ovary contains but a solitary

ovule ; in the Umbelliferas and Araliaceas, there is but one

ovule in each cell. When there is more than one ovule in the

ovary, or in each of its cells, the number may be either few

and easily counted, when the ovules are said to be definite,

as in JEscnlus (fig. 735),—and the ovary or cell is then described

as h'wmdcde, triovulate, quadriovulate, quinqueovidale, &c. ;
or,

the ovules may be very numerous, when they are said to be

mulUovuUtte or indefinite, as in the Pansy (fig. 33, ov).

Fig. 730. Bract orcarpellar
leaf, sc, of a species c

Pinus, bearing two naked
ovules, on, at its base.

mic. Micropyle or fora-

men.
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Fig. 731.

b. Position.—The position of the ovules with regard to the

cavity or cell 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 or cell and be directed

towards the summit, as in Com-
positse and Polygonacese (fig.

731) , when it is said to be erect
;

or it may be inserted at the sum-
mit of the ovary and be turned

downwards, as in Hippuris (fig.

732) , in which case it is inverse or

pendulous ; or if it is attached a

little above the base, and directed

obliquely upwards, as in Parie-

taria (fig. 733), it is ascending ; or

, *«: if, on the contrary, it arises a
Fia 731. Vertical section of the frmt > . . , . •" ., , •

of a species oi Rumex {Polygonacew). little below the Summit, and IS

2>. Enlarged calyx surrounding the directed obliquely downwards, as

SaSSSSJ^fi^ffi in the Mezereon c^- ?4> alK
!Apricot, it is suspended ; or it

from the side of the ovary, with-

out turning upwards or down-

wards, as in urassula, it is hori-

zontal or peltate. In some plants, as in Armeria (fig. 637), the

ovule is suspended from the end of a long funiculus arising

tion of the ovule in the ovary is

also described as erect and ortho-

tropous. The embryo is inverted

or antitropous.

Fig. 732. Fig. 733. Fig. 734. Fig. 735.

Fia 732. Vertical section of the ovary of the Mare's Tail ( lhppun, ,7-

gam. o. Ovule, which is inverse or pendulous, and anataopous. t.J tea

of the style. /. Funiculus. r.Baphe, e. Ohalaza. , 33 Vertical

s ction of the ovary of the Pellitory iParietarta

ascending ovule. The letters have the same references as m the last figure.

f^Cm Vertical section of the ovary of the Mezereon I Daphm M n -

^7oontainSg a solitary suspended ovule. The letters "fer^ before

TTrom Jussieu Fia. 735. Vertical section of a cell ot the o\ ai J ol ft spe-KSL containing two ovules, o.o, one of which is ascending and

the other Suspended, m, m. The micropyle or foramen m the two ovules.

i. Base of the style. From Jussidu.

from the base of the ovary ; such an ovule is frequently termed

reclinate.
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In the above cases the position of the ovule is in general

constant, and hence this character is frequently of much impor-

tance in distinguishing genera, and even natural orders. Thus,

in the Composite the solitary ovule is always erect ; while in the

allied orders, the Valerianacepe and Dipsacaceas, it is suspended

or pendulous ;—the two latter terms are frequently used in-

differently by botanists. In the Polygonaeeae {fig. 731), the

ovule is also always solitary and erect ; and in the Thymelacea3

{fig. 734), it is suspended. In other natural orders we find the

position varying in different genera, although generally constant

in the same
;
thus, in the Rosaceae, the genera Gewm, Alche-

milla, and others, have an ascending ovule, while those of

Poterivm, Sanguisorba, &c, have it suspended, and in Potentilla

both ascending and suspended ovules are found. In the

Eanunculacefe 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 cell has two
ovules, these may be either placed side by side at the same level

and have the same direction, as in Nuttallia, when they are said

to be collateral ; or they may be placed at different heights, and
then they may either follow the same direction, when they are

superposed, or one ovule may be ascending and the other sus-

pended, as in JEsculus (fig. 735). The position of the ovules in

those cases where they are in definite numbers, is also usually

constant and regular, and similar terms are employed ; but
when the number of ovules in the ovary or cell is indefinite, the
relations are less constant, and depend in a great measure upon
the shape of the cell and the size of the placentas. Thus in the
long ovaries of many of the Leguminosse and Cruciferse (fig. 615),
the ovules are superposed, and by not crowding each other they
wdl all be turned in the same direction

;
while, on the contrary,

if the ovules are numerous, and developed in a small space, they
will necessarily press against each other, and acquire irregular
forms and varying positions, according to the direction of the
pressure. In describing these varying positions the same terms
are used as those referred to when speaking of the relations of

the solitary ovule. These terms are also applied in the same
sense to the relations of the seed in the pericarp.

Development and Structure of the Ovule.—The ovule
first appears on the placenta as a little conical cellular projection,
which gradually enlarges and ultimately acquires a more or less

rounded or oval form, which is sessile or stalked, and is termed the
"» 'JlMor nucleus (fig. 738), and which maybe regarded as corre-
sponding to the mei-iasporangi'i irtk of some of the vascular Crypto-
gams (page 369). This nucellus is at first perfectly uniform in
texture and appearance, presenting no cavities except those of
the ordinary parenchymatous cells of which it is composed, and
having no integuments or coats ; but as development proceeds
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Fig. 736. Fig. 737.

a special cavity is formed at or near its apex {fig. 739, c), in

which the embryo or rudimentary future plant is developed

after fertilisation ; hence this cavity is called the embryo-sac. It

is analogous to the megaspore (page 370) of cryptogatuous plants.

In rare cases, as in the Mistletoe, two or three embryo-sacs are

formed. This sac is produced by the special development of

one of the cells lying near the centre of the nucellus, which as it

continues to increase in size presses upon the surrounding

parenchymatous cells, and thus occasions their more or. less com-

plete absorption. This sac sometimes causes the almost entire

absorption of the nucellus, and even projects beyond it, either

through the opening in its coats afterwards to be described,

called the micropyle {figs. 742, e, and 743, m), or through its

sides in various directions, by which one or more saccate pro-

cesses are formed. More usually, however, the tissue of the

nucellus is not entirely absorbed, but a variable proportion is

left surrounding the embryo-
sac. The sac contains at first

an abundance of watery cell-

sap and protoplasm, in which,

before fertilisation takes place,

there are usually three rounded
or oval large nucleated cells

formed at its apex, which have

been termed the germinal or

embryonic vesicles {fig. 737, b).

Different views have been
entertained of the structure

of these germinal vesicles.

But they are now universally

regarded, as simply nucleated

masses of protoplasm, or, in

other words, primordial r<I!,<,

as will be afterwards fully"

explained when treating of the

Reproduction of the Angio-

spermia. Less frequently one,

three, or more of these cells make their appearance. Sometimes

the germinal vesicles are considerably elongated, being attached

to the wall of the embryo-sac by the narrower end, and projecting

by their free rounded extremity into the cavity of the sac.

The two upper of these germinal vesicles {fig. 736) have been

termed the symrguke, s, s ; and the third, which is placed

somewhat laterally lower down, is the oosphsre or ovum-ceU, e,

which ultimately becomes the embryo, as will be explained

hereafter (see Reproduction of the Phanerogamia). Besides

these germinal vesicles, the embryo-sac usually contains, before

fertilisation has been accomplished, two or more small nucleated

cells which have been called antipodal cells {Jiy. lot, c), frc

Fig. 736. Apex of the embryo-sac in the

ovule of Polygonum divarkatim. s, s.

Synergidse. e. Oosphere. Fig, 737.

The internal parts of the ovule a short

time before fertilisation, a. Inner coat

of the ovule, s. Embryo-sac. b. Ger-

minal vesicles, c. One of the antipodal

cells. (After Hofmeister.)

com
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beinc commonly situated at the opposite end of the sac to the

germinal vesicles, that is, at its base. These cells have a cell-

wall formed of cellulose ; but their purport is unknown, and

their existence is temporary, as they disappear after fertilisation.

Some ovules, as those of the Mistletoe (fig. 739), consist simply

of the nucellus, n, and embryo-sac, c, as above described, in which

case the nucellus is termed naked (fig. 738) ; but in almost all

plants it becomes enclosed in one or two coats. Thus, in the

Walnut there is but one coat, which appears at first as a little

circular process around its base ; this gradually increases in size,

and by growing upwards ultimately forms a sheath or cellular

coat to the nucellus, which it entirely closes except at the apex,

where a small opening may be always observed (fig. 740, end).

The coat thus formed, where there is but one, is called the in-

tegumentum simplex, s ; and the orifice, end, at the apex of the

nucellus, n, is termed the micropyle or foramen. Besides the

Fig. 738. Fig. 739. Fig. 740. Fig. 741.

Fig. 738. Ovule of the Mistletoe (Viscum album), consisting of a naked
nucellus. Fig. 739. The same ovule cut vertically to show the embryo-
sac, e, in the nucellus, n. Fig. 740. Ovule of the Walnut (Jughins regia ).

n. Projecting end of the nucellus. s. Coat covering the nucellus except
at the foramen, end. Fig. Til. Ovule of a species of Polygonum, f. End
of ovule where it is attached to the placenta, p. Primine. s. Secundine.
ex. Exostome. end. Endostome. n. Projecting end of the nucellus.

Walnut, there is only one coat formed in the Composite, Cam-
panulacese, Lobeliaceae, and some other orders.

In most plants, however, the ovule has two coats, in which
case we observe two circular or annular processes around the
base of the nucellus, the inner one being first developed ; these
processes continue to grow upwards as before described, until

they also ultimately form two sheaths or coats, which entirely
enclose the nucellus except at its apex (fig. 741). The inner
coat is at first seen to project beyond the outer, but the latter

ultimately reaches and encloses it. The inner coat is usually
termed the secundine (figs. 741, s, and 742, c), and the outer the
primine

; but some botanists, following the order of development
of the coats, term the inner coat the primine, and the outer the
secundine, thus reversing the order of names as above mentioned.
Others, to prevent confusion, more properly term the inner coat
or secundine, the integumentum internum ; and the outer coat,
or primine, the integumentum externum. The orifice left at
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the apex of the nucellus, as in the former instance where only

one coat is present

Fig. 742

Fig. 742. Section of an
ovule (diagrammatic).
a. Nucellus. b. Embryo-
sac, c. Inner coat. d.

Outer coat. e. Micro-
pyle. /. Chalaza. g.

Funiculus or funic! e.

is called the foramen or micropyle. The
openings in the two coats commonly cor-

respond to each other, but it is sometimes
found convenient to distinguish them by
distinct names ;

thus, that of the outer is

called the exostome (fig. 741, ex) ; that of

the inner, endostome, end. In some plants,

as in Welwitschia, the primine appears as

a prolonged tubular body beyond the apex
of the ovule, in which case it closely re-

sembles a style.

The nucellus and its coat or coats are

intimately connected at one point by a

cellulo-vascular cord or layer, called the

chcdaza (figs. 743, ch, and 744, ch) ; but at

the other parts of the ovule they are more

or less distinct. This chalaza is the point

where the vessels pass from the placenta,

or when the ovule is stalked from the funiculus, into the ovule,

for the purpose of affording nourishment to it ; it is generally

indicated by being coloured, and of a denser texture than the

tissue by which it is surrounded. The chalaza is by some con-

sidered 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

nucellus. Through the micropyle the influence of the pollen

is conveyed to the embryo-sac, as will be hereafter fully

described.

The development and structure of the ovules as described

above refer only to those of the Angiospermia ;
those of the

Gymnospermia present some very striking differences, which

will be described hereafter, when speaking of their repro-

duction.

Relation of the Hilum, Chalaza, and Micropyle to one

another.—When an ovule is first developed, the point of union

of its coats and nucellus, called the chalaza, is at the base or

hilum, close to the placenta or funiculus ;
in which case a

straight line would pass from the micropyle through the axis of

the nucellus and its coats to the hilum. In rare instances this

relation of parts is preserved throughout its development, as

in the Polygonaceaa (fig. 743) ; when the ovule is termed ortho-

tropons, atropous, or straight. In such an ovule, therefore, the

micropyle, m, would be situated at its geometrical apex, or at

the end farthest removed from the hilum, in which case the

organic apex would correspond to the geometrical apex
;
while

the chalaza, ch, would be placed at the base of the ovule or

hll

T'gerierally happens, however, that the ovule, instead of
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being straight as in the above instance, becomes more or less

curved, or even altogether inverted. Thus in the Wallflower

(Jig. 744), and other plants of the order to which it belongs, as

well as in the Caryophyllacefe and many other plants, the apex

of the ovule becomes gradually turned downwards towards its

base, and is ultimately placed close to it, so that the whole

Fig. 743. Fig. 744.

Fig. 743. Vertical section of the orthotropous ovule of Polygonum, ch.

Chalaza. prim. Primine. sec. Secundiue. n. Nucellus. s. Embryo-sac.
m. Micropyle. Fig. 744. Vertical section of a campylotropous ovule
of Wallflower (Cheiranthus). /.Funiculus, ch. Chalaza. d. Primine. s.

Secundine. n. Nucellus. mic. Micropyle.

ovule is bent upon itself, and a line drawn from the micropyle,

mic, through the axis of the nucellus, n, and its coats, would
describe a curve ; hence such ovules are called campylotropmis_ or
curved. In these ovules, the chalaza, ch, and TnTum correspond
as in orthotropous ones, but the micropyle, mic, instead of being
at the geometrical apex of the ovule, is brought down close to

Fig. 745. The campylotropons ovule of the Mallow In its different stages of
development. From Le Maout. In a the curvature is commencing, In b
it is more evident, in c still more marked, and in d it is completed. /.
Funiculus, p. Primine. a. Secundine. n. End of nucellus. ex. Exostome.
end. Endostome.

the hilum or base. The progressive development of the campylc-1

tropow ovule is well seen in the Mallow, as represented in figure
745, a, b, c, d. This kind of ovule appears to be formed by one
side developing more extensively than the other, by which the
micropyle is pushed round to the base.

In a third class of ovules the relative positions of parts is
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exactly the reverse of that of orthotropous ones—hence such are

called anatro])ous_ or inverted ovules. This arises from the adhe-

rence of the funiculus to the outer coat of the ovule, so that

during its development the base of the nucellus is pushed up

and completely inverted, so that the chalaza (fig. 746, ch) is

removed from the hilum, h, to the geometrical apex of the

ovule ; the micropyle, /, being at the same time turned towards

the hilum, h. In anatropous ovules a connexion is always

maintained between the chalaza and the hilum by means of a

vascular cord or ridge called the miM (fig. 746, r), which is the

elongated funiculus adherent to the ovule. This raphe or cord

of nutritive vessels passing from the placenta or funiculus, and

which by its expansion forms the chalaza, is generally situated

in anatropous ovules on the side which is turned towards the

Fig. 746.

Fig. 747.

Fir, 746 Tertioal section of the anatropous ovule of the Dandelion, ft.

Hilum /. Micropyle or foramen, n. Nucellus. s. Base of the nucellus.

eft Chalaza. r. Raphe. Fig.Ul. Longitudinal section of the ampln-

teopous or transverse ovule of Lemna trisulca. /. £™lus. »•

Nucellus. p. Primine. sec. Secundiue. s. Embryo-sac. ch. Lhalaza. r.

Eaphe. m. Micropyle. From Schleiden.

placenta or funiculus. Anatropous ovules are very common ;

examples may be found in the Dandelion (Jig. 74b), Apple, and

CUC
Be2des the three kinds of ovules mentioned above there is

another hind more rarely met with which is intermediate between

orthotropous and anatropous, to which the name of amphtmj*, *

has been given. In this ovule, which is also called fce\«M i

or transverse, the hilum, /, is on one side, and the ™pyle m,

and chalaza, ch, are placed transversely to it (fig. ,±t), and

therefore parallel to the placenta. In this case the hilum is

connected to the chalaza by a short raphe, r.

The further development of the ovule will be described

hereafter under the head of Reproduction of the Phanerogamia.
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Fig. 748.

2. THE SEED.

Nature and General Characters of the Seed as com-

pared with the Ovule.—The 'seed is the fertilised ovule.

Like the ovule, it is either attached directly to the placenta, in

which case it is described as sessile ;
or by means of a stalk,

called the funiculus or funicle (figs. 668, /, and 748, /), when it is

said to be stalked ; its point of attachment

is also termed the Ulum. The position

of this hilum may be commonly seen on

seeds which have separated from the funi-

culus or placenta, by the presence of a scar,

or in a difference of colour to the sur-

rounding integument. The hilum varies

much in size, being sometimes very minute,

while in other cases it extends for some

distance over the surface of the outer coat

of the seed, as in the Horsechestnut and

Calabar Bean. The centre of the hilum,

through which the nourishing vessels pass,

has been called the omphalodium. The

hilum, as in the ovule, indicates the base

of the seed, while the apex is represented

by the chalaza. This chalaza (fig. 748, ch)

is generally more evident in the seed than

in the ovule, and is frequently of a differ-

ent colour to the other parts. It is well

seen in the Orange, and commonly in all

anatropous seeds, in which case also the

raphe may be generally noticed forming

a projection on the face of the seed.

The micropyle also, although smaller and less distinct than

in the ovule, owing to a contraction of the surrounding parts,

may be frequently observed on the seed (fig. 748, m)
;

its

detection 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 terms oHhotropous, campylotropous, anatropous, &c,

are applied to seeds in the same sense as to ovules
;
consequently

the hilum, chalaza, and micropyle have the same relations to

one another in the seed as in the ovule. Thus the hilum and

chalaza are contiguous to each other in an orthotropous seed,

and the micropyle is removed to the opposite end
;
in a campy-

lotropous seed the hilum and chalaza are also near to each

other, and the micropyle is brought round so as to approach

the hilum ; in an anatropous seed the chalaza is removed from

Fig. 748. The seed of a
Pea, with its integu-
ments removed on one
side. pi. Placenta. /.

Funiculus, rap. Raphe.
ch. Chalaza: m. Micro-
pyle. te. Testa or epi-

sperm. e. Endopleura
or tegmen. The part
within the endopleura
is commonly called the
nuc 1 eus of the seed, and
is formed of cotyle-

dons, c, gemmule or
plumule, (7, radicle, r,

and I stalk or tigellum
between the plumule
and radicle.
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the hilum and placed at the opposite end, while the micropyle

and hilum correspond to each other ; while in amphitropous

seeds, the chalaza and micropyle are both removed from the

hilum, and placed transversely to it.

Almost all seeds, like ovules, are more or less enclosed in a

pericarp, the only real exceptions to this law being in Gymnosper-

mous plants, as already referred to (page 325) under the head of

the Ovule ; and hence the division of Phanerogamous plants, as

already noticed, into the Gymnospermia and the Angiospermia.

The means of distinguishing small fruits from seeds have been

also already described. (See pages 295 and 313.)

In describing the position of the seed in the fruit, the same

terms are used as already mentioned (page 326) under the head

of the Ovule. Thus a seed may be erect, inverse, pendulous,

suspended, ascending, &c. The number of seeds contained in

the fruit or pericarp is also subject to variation, and corre-

sponding terms are employed accordingly ;
thus we say the

fruit or pericarp is monospermous, bispermous, trispermous,

quadrispermous, quinquespermous, mtdtispermous, &c. ; or one-

seeded, two-seeded, three-seeded, four-seeded, Jive-seeded, many-

seeded, &c.
.

Having now alluded to those characters, &c. , which the seed

possesses in common with the ovule, we pass to the considera-

tion of its special characteristics.

Forms op Seeds.—Seeds vary much in form, and, in de-

scribing these variations, similar terms are employed to those

used in like modifications of the other organs of the plant.

Fig. 749. Fig. 750. Fig. 751. Fig. 752.

Thus, a seed may be rounded, as in the Nasturtium (jig. 749) ;
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1. The Integuments or Coats.—There are two seed-coats

or integuments. These have been variously named by botanists

;

the terms employed in this volume, and those most frequently

used, are testa or episperm for the outer coat ; and tegmen or

endopleura for the inner.

a. Testa, Episperm, or Outer Coat (fig. 748, te).—This integu-

ment may be either formed of the primine of the ovule only, or,

as is more frequently the case, by the combined primine and
secundine. The testa is generally composed of ordinary paren-
chymatous cells ; but in some seeds, as in those of Acanthodium,
we have in addition a coating of hair-like cells containing spiral

fibres (see page 65). These cells are pressed closely to the
surface of the seed by a layer of mucilage ; hence if such seeds

be moistened with water, the mucilage which confines them
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 fibres which
they contain then becoming uncoiled, extend to a considerable
distance from the testa. The seeds of Collomia (see page 45)
and many other Polemoniaceous plants, &c. , exhibit this curious
structure, and form beautiful microscopic objects.

Colour, Texture, and Surface of the Testa.—In colour, the
testa is more generally of a brown or somewhat similar hue, as
in the Almond, but it frequently assumes other colours

;
thus,

in some Poppies it is whitish or yellowish, in others black,
in Indian Shot (Carina) and P;sony also somewhat black, in
the Arnatto and Barricarri (Adenanthera) red, in French Beans
and the seeds of the Castor-oil plant beautifully mottled,
and various other tints may be observed in the seeds of different
plants.

The testa also varies in texture, being either of a soft nature,
or fleshy and succulent, or more or less spongy, or membranous,
or coriaceous, or when the interior of its cell-walls is much thick-
ened, 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, as in Adenanthera ; or wrinkled, as in Nigella

;

striated, as in Tobacco ; marked with ridges and furrows, as in
Delphinium (fig. 751) ; netted, as in Nasturtium (fig. 749) ;

alveolate or pitted, as in the Poppy (fig. 750) ; tuberculated, as
in duckweed (fig. 752) ;

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 the various species of
Gossypium where they constitute the material of so much value
called Cotton (see page 07), and in the Silk-cotton tree (Bom-
bax)

; or they may be confined to certain points of the surface,
as in the Willow (fig. 750), Asclepias (fig. 755), and Epilobinm
(fig. 701). In the latter cases the-tufts of hairs, thus confined to
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certain points of the testa, constitute what is called a coma, and

the seed is said to be comose.

Other seeds, again, have winged appendages of various

kinds ;
thus, in the Sandwort (fig. 754), the testa is prolonged,

so as to form a flattened margin to the seed, which is then de-

Fig. 753.

Fig. 754. Fig. 755. Fig. 756.

Fig. 753. Seed of a species of Pinus, with a winged ap-

pendage, w. Fig. 754. Marginate or bordered seed of

Sandwoi-t (Arenaria). Fig. 755. Comose oval seed of

Asclepias. Fig. 75G. Comose seed of a species of Willow
(Salix).

scribed as marginate or bordered ; while in the seeds of the Pinus

(fig. 753, w), Catalpa, Bignonia, Swietenia, Morinqa, &c, the

testa forms wings, and the seed is said to be winged. These

winged seeds must be carefully distinguished from samaroid

fruits, such as the Ash, Elm, and Maple (fig. 706), where the

wing is an expansion of

the pericarp instead of

the testa. In like man-
ner, hairy seeds should

not be confounded with

pappose fruits, such as

those of the Composite?,

Dipsacacese (fig. 468), and
Valerianacea? (fig. 467),

where the hairy processes

belong to the calyx.

Beneath the testa, in

anatropous seeds (jigs.

757, R, and 748, rap), and

the modification of these

termed amphitropous, the

raphe or vascular cord

connecting the hilum with the chalaza is found. 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

Fig. 757. Young ana-
tropous seed of the

White Water - Lily

(Nymphcea alba) cut

vertically, F. Funi-

culus. A, A. Gelati-

nous aril. T. Integu-

ments of the seed.

N.Nue'eus. n.Raplie.

(•/(.Chalaza. M.Micro-
pyle. S. Embryo-sac.

35. Rudimentary em-
bryo.
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of the seed is smooth, and no evidence is afforded externally of

its position. .

The testa is also usually marked externally by a scar indi-

cating the hilum or point by which it is attached to the funi-

culus or placenta. The micropyle, as already noticed (page 333),

may be also sometimes seen on the surface of the testa, as in the

Pea (fig. 748, m) ; but in those cases where no micropyle can be

detected externally, its position can only be ascertained by dissec-

tion, when it will be indicated by the termination of the radicle ;

this'being directed, as already alluded to (page 333), towards the

micropyle. In some seeds, as in the Asparagus, the situation of

the micropyle is marked by a small hardened point, which sepa-

rates like a little lid at the period of germination: this has been

termed the embryotegia.

On removing the testa, we observe the raphe, which fre- /

quently ramifies over the inner coat, and where it terminates it

constitutes the chalaza (fig. 757, eh, and 774, eh). The structure

and general appearances of these different parts have been already

described. (See page 333.)

b. Tegmen, Endopleura, or Internal Coat (fig. 748, e).—The I

inner membrane or coat of the seed is essentially parenchy-/

matous like the outer. This integument usually appears to/

originate either from the substance of the nucellus or front

the secundine of the ovule ; but sometimes in other ways. Inl

many cases, however, it seems to be altogether wanting, which

probably arises from its complete incorporation or adherence

to the testa. Sometimes the embryo-sac in the ripe seed

remains distinct from the albumen of the nucleus (fig. 762),

and remains in the form of a bag or sac which envelopes

the embryo, as in the Nymphfeacess, Piperaceaj, and Zingi-

beracefe. To this distinct membrane the name of vitellus has

been given.

When clearly distinguishable the tegmen is generally of a

soft and delicate nature, although sometimes it is of a fleshy

character either entirely or in part. It is usi'ally of a whitish

colour, and more or less transparent. This layer is closely ap-

plied 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 and Betel-

nut (fig. 763, 2>)- (See Albumen, page 341.) The testa may
either accompany the tegmen in its windings

;
or, as more fre-

quently happens, especially when the nucleus is curved, the tegmen
alone follows the windings of the nucleus, the testa remaining in

an almost even condition.

Arillus,—Besides the two integuments described above as

those that are usually found in all seeds, we occasionally find

on the surface of some seeds an additional integument, which is

generally of a partial nature (fig. 757, a, a), and to which the

z
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name of arillus or aril has been given. No trace of this structure
|

is present in the ovule till after the process of fertilisation has
taken place. Two kinds of aril have been described, which 1

have been respectively called the true arillus, and the false
arillus or arillode. These have an entirely different origin

;

thus, the true arillus arises in a somewhat similar manner to
the coats of the ovule already described (page 329), that is to

say, it makes its first appearance around the hilum in the form
of an annular process derived from the placenta or funiculus,

and gradually proceeds upwards, so as to produce a more or less

complete additional covering to the seed, on the outside of the
testa. This arillus is well seen in the Nymphcea (Jig. 757, a, a).

But the false arillus or arillode arises from the micropyle, and
seems to be a development or expansion of the exostome,
which gradually extends itself more or less over the testa to

which it forms a covering, and after thus coating the seed, it

Fig. 758.

Fig. 758. Progressive development of the arillode in the seed of the Spindle-

tree (Euomjmus), a. Arillode. /. Funiculus. 1, represents the youngest

seed ; 2 and 3, the progressive development of the arillode
; 4, the oldest

and fully developed seed.

may be even bent back again so as to enclose the micropyle.

The gradual development of the arillode in the seed of the

Spindle-tree is well shown in fig. 758. In the Nutmeg, the 1

arillus originates from both the hilum and the micropyle ; it 5

forms a scarlet covering to the testa, and is commonly known
in commerce when dried and preserved, under the name of

mace. According to Miers, the arillode in the Spindle-tree is

produced from the funiculus and not from the exostome, in

which case it would necessarily be an arillus, and not an arillode

as commonly described. In practical Botany both the true

arillus and arillode are commonly designated under the general

term of aril.
,

Caruncul.es or Strophioles.—Thn&e are small irregular protu-

berances which are found on various parts of the testa. They

are always developed, like the arillus and arillode, subsequent

to fertilisation, and are accordingly not found in the ovule. In

the Milkwort (fig. 759) they are situated at the base or hilum

of the seed ; in the Asarabacca (fig. 700) and Violet on the side,
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in a line with the raphe ; while in the Spurge they are placed

at the micropyle. Some writers consider these caruncules as

forms of the aril, of which they then distinguish four varieties,

namely :—1. The true arillus, as in Nymphcea (fig. 757, A, a)
;

2. The arillode or micropylar arillus, as in Euonxjmus (fig. 758);

3. The raphian arillus, as in Asarum (fig. 760); and 4. The
chalazal arillus, as in Epilobium (fig. 701), where the tuft of

hairs at one end of the seed is regarded as an aril. Other

writers again partially adopt these views, and define the carun-

cules as little protuberances growing from the raphe, and
therefore originating independently of the funiculus or micro-

pyle ; hence the caruncules of Milkwort and Spurge would be

regarded as true or false arils accoi'ding to their respective origins,

and the appendages of Asarabacca and Violet would be true

caruncules. Other botanists again, instead of using the two terms
strophioles and caruncules as synonymous with each other, apply

Fig. 759. Fro. 761.

Fig. 759. Ovoid seed of Milkwort (Polyqala), with a caruncule at its base
or hilum. Fiij. 760. Seed o£ Asarabacca (Asarum), with a caruncule on
the side, which is called by some a raphian arillus. Fig. 7G1. Section
of the comose seed of Epilobium. The tuft of hairy processes is some-
times called a chalazal arillus.

the former term only when the processes proceed from the hilum,
and the latter to those coming from the micropyle. Altogether,
there is a great difference of opinion among botanists, as to the
application of the terms caruncules and strophioles ; but in this

country they are more commonly understood in the sense in
which we have first defined them.

2. The Nucleus or Kernel (figs. 36, emb, alb, and 757, n).

In order to understand the structure of the body of the seed, or,

as it is commonly termed, the nucleus, we must briefly narrate
the changes which the nucellus of the ovule undergoes after the
process of fertilisation has been effected. We have already
stated, that at an early period before impregnation has taken
place, a quantity of protoplasmic matter of a semi-fluid nature
is present in the embryo-sac. Very soon after fertilisation has
been accomplished in the Angiospermia, frequently even before

z 2
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Fig. 762.

any change is apparent in the oosphere, a number of cells are

produced by free cell-formation (see Cell-development) in the

protoplasm of the embryo-sac around the embryo. These cells,

which contain nutritive matters of various kinds, especially

designed for the nourishment of the embryo developed in the

sac, form what is usually termed endosperm. In the Gymno-

spermia the endosperm is formed before fertilisation. The cells

existing outside the embryo-sac, or those of the nucellus gene-

rally, also become filled with starch and other nutritive material

in rudimentary seeds, and form what has been called the peri-

sperm. ....
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 pro-

duces the destruction, not only of the paren-

chymatous tissue within the embryo-sac, as

well as the sac itself, but also of that of the

nucleus, and it then fills the whole interior of

the seed, and is coated directly by the integu-

ments. But at other times the embryo does

not develop to any such degree ;
in which case

it is separated from the integuments by a mass

of parenchymatous tissue of varying thickness

which may be derived from that of the nucleus

itself, or from both that of the nucleus and

embryo-sac according to the extent to which

the embryo has developed. To the tissue which

thus remains and forms a solid mass round the

embryo, the name of albumen has been com-

, but as the nature of this substance is different

from that called by chemists vegetable albumen, it is now often

designated as the perisperm or endosperm according to its origin

as described above. Both endosperm and perisperm may be seen

in the Nymphma (figs. 757 and 762). The general name of albu-

men will be alone generally employed in future in this volume,

as it is the one best understood, and so long as we recollect its

origin and nature, the adoption of such a name can lead to no

COn
From the above considerations it will bo evident that the

nucleus of the seed may either consist of the embryo alone a,

in the Bean and Pea (fig. 748); or of the embryo enclosed m
albumen, as in the Poppy (^gr. 775), Pansy (fig. i 74, ol), Oat

(fig. 705 a), and Nymphm (fig. *62). * e haye two parte,

therefore, to describe as constituents of the nucleus, namel)

,

the albumen and the embryo.

Fit/. 762. Vertical

section of the seed

ol the White Wa-
ter-lily, showing
the embryo en-

closed in the re-

mains of the em-
bryo-sac or vitel-

lus, and on the

outside of this

the albumen sur-

rounded by the
integuments.

monly applied
;
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a. Albumen, Endosperm, Perisperm.—Those seeds which have

the embryo surrounded by albumen, that is, by either endo-

sperm or perisperm, or both, are said to be albuminous ; while

those in which it is absent are exalbuminous. The amount of

albumen will in all cases, as described above, be necessarily in

inverse proportion to the size of the embryo.

The cells of the albumen contain various substances, such as

starch, albuminoids, oily matters, &c, and thus act as reservoirs

of nutriment for the use of the embryo during the process of

germination. The varying contents of the cells, together with

certain differences in the consistence of their walls, cause the

albumen to assume different appearances in ripe seeds, and thus

frequently to afford good characteristic marks of different seeds.

Thus, the albumen is described as mealy, starchy, or farinaceous

,

when its cells are filled with starch-granules, as in the Oat and
other Cereal grains ; it is said to be fleshy, as in the Barberry

and Heartsease, when its walls are soft and thick ; or when its

cells contain oil-globules, as in the Poppy and Cocoa-nut, it is

oily ; or when the cells are soft, and chiefly formed of mucilage,

as in the Mallow, it is mucilaginous ; and when the cells are

thickened by layers of a hardened nature, so that they become
of a horny consistence, as in the seeds of the Vegetable Ivory

Palm and Coffee plant, the albumen is described as horny.

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 also presents a uniform ap-

pearance throughout, as in the seeds of the Vegetable Ivory
Palm ; but at other times it is more or less separated into dis-

Fig. 763 Fig. 7C4.

Fig. 7(i3. Vertical section of the
fruit of the Betel-nut Palm
(A rem Catechu), c. Remains
of perianth. /. Pericarp, p.
Humiliated albumen of the seed.

e. Embryo. Fig. 764. Embryo
of the Lime-tree (Tiliti euro-
p'ln). c, c. Cotyledons, each
with five lobes arranged in a
pa'.mate manner, r. Radicle.

tinct compartments by the folding inwards of the tegmen as

already described ( see page 337). In the latter case the albu-

men is said to be ruminated, as in the Nutmeg and Betel-nut OT Clpgca
(fig. 763, p).

b. The Embryo is the rudimentary plant, and is therefore

necessarily present in all true seeds ; it is the fertilised oospherc
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Fig. 765.

of the embryo-sac. The embryo being the rudimentary plant,

it is necessarily the most important part of the seed, and it con-

tains within itself, in an undeveloped state, all the essential

parts of which a plant is ultimately composed. Thus we dis-

tinguish, as already noticed in the first chapter, three parts in

the embryo ;
namely, a radicle, plumule or gemmule, and one or

more cotyledons. These parts may be readily recognised in

many seeds ; thus in the embryo of the Lime (fig. 704), the

lower portion, r, is the radicle or portion from which the root is

developed ; the two expanded lobed bodies above, c, c, are the

cotyledons ; and between these the plumule or gemmule is

placed. In the Pea, again (fig. 16), the two fleshy lobes, c, cT

are the cotyledons, between which there is situated a little axis,

t (Ugellum), the upper part or bud-like portion of which is the

plumule, n, and the lower part, r, the radicle.

These parts are still better observed when the

embryo has begun to develop in the process

of germination ; thus in. fig. 18, which repre-

sents the French Bean in that condition, r is

the radicle from which the roots are being

given off below, the cotyledons are marked

c, c, and the plumule is seen coming off from

between the cotyledons, and forming a direct

continuation of the axis from which the root

is developed below. The jjgellum ovhypoco-

tyledonary axis is generally a mere point, but

at other times it forms a short stalk (figs. 16,

and 748, t). Plants which thus possess two

cotyledons in their embryo are called Dicoty-

ledonous. But there are plants in which, as

already noticed, there is commonly but one

cotyledon present (figs. 705, c, and 765, c),

and which are, accordingly, termed Monocoty-

ledonous. In rare instances, however, a mo-

nocotyledonous embryo has more than one

cotyledon, and then the second cotyledon

alternates with the first, instead of being

opposite to it, as is invariably the case with

the two cotyledons of Dicotyledonous plants.

By the difference thus presented in the em-

bryos of Flowering Plants, as already described

in the first chapter, these plants are divided into two great

classes, called respectively Dicotyledones and Monocotyledones.

(a) The Monocotylcdonous Embryo.—The parts of the mono-

cotyledonous embryo are in general by no means so apparent

as those of the dicotyledonous. Thus the embryo at first sight,

externally, usually appears to be a solid undivided body of a

cylindrical or somewhat club-shaped form, as m Imfioclnn (fig.

767) ; but if this be more carefully examined, a little slit, or

Fir/. 705. Germina-
ting embryo o£ the

Oat. r. Bootlets

coming through
sheaths, co. c. Co-

tyledon, ij. Young
stem.
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chink, will be observed on one side near the base ; and if a ver-

tical section be made parallel to this slit, a small conical projec-

tion will be noticed, which corresponds to the plumule : and

now, by making a horizontal section, the cotyledon will be

noticed to be folded round the plumule, which it had thus

almost entirely removed from view, only leaving a little slit

corresponding to the union of the margins of the cotyledon ; and
which slit thus became an external indication of the presence of

the plumule. In fact, the position of the cotyledon thus rolled

round the plumule is analogous to the sheaths of the leaves in

most Monocotyledonous plants, which thus, in

a similar manner, enclose the young growing
parts of the stem.

In other monocotyledonous embryos the

different parts are more manifest
;

thus, in

many Grasses, as, for instance, the Oat {fig.

705), the cotyledon, c, only partially encloses

the plumule, g, and radicle, r ; and thus these

parts may be readily observed in a hollow space

on its surface (fig. 704).

We have already stated (page 342) that a

monocotyledonous embryo has occasionally

more than one cotyledon, in which case the
cotyledons are always alternate, and hence such
embryos are readily distinguished from those
of Dicotyledonous plants, where the cotyledons
are always opposite to each other if there are
but two (fig. 773), or whorled (fig. 772, c)

when they are more numerous (page 344).

The inferior extremity of the radicle is

usually rounded (fig. 767, r), and it is through
this point that the rootlets, r, burst in germina-
tion (fig. 705). The radicle is usually much
shorter than the cotyledon, and generally
thicker and denser in its nature ; but in some
embryos it is as long, or even longer, in which
case the embryo is called macropodous.

(b) Tlie Dicoiyledonous Embryo.—These embryos vary very
much in form : most frequently they are more or less oval, as in
the Bean and Almond (fig. 708), where the embryo consists of
two nearly equal cotyledons, c, between which is enclosed a
small axis or tigeUum, t, the upper part of which, g, is the plu-
rtmle, and the lower, r, the radicle. The tigellum upon ger-
mination appears as a little stalk (fig. 18, t), supporting the
cotyledons, and hence it is also termed the hypocotyledonary
axis (see page 342).

In by far the majority of cases the two cotyledons are nearly
f equal size, as in the Pea (fig. 1G, c, c) ; but in some embryos,

as in Trapa, some Hireeas, &c. (fig. 769, c', c), they are very

Fig. 766. Fig.7C7.

Fig. 766. Vertical
section of a mature
carpel of a species

of Ti-iglochin. p.
Pericarp, s. Stigma.
g. Seerl. r. Raphe.
/.Funiculus. c.Cha-
laza.—Fig. 767. Em-
bryo of Triglochln.

v. Radicle. /. S:it

corresponding to

the plumule, c.

Cotyledon. From
Jussieu.
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unequal. Again, while the cotyledons usually form the greater

part of the embryo (fig. 16, c, c) ; in other instances, as inPekea

butyrusa (fig. 771, c), they form but a small portion. In Cwrapa

(fig. 770), again, the two cotyledons become united more or less

Fig. 7fi8. Fig. 771.

Fig. 772. Fig. 773.

Fig 768 The embryo of the Almond (Primus Amygdalus), from which

one of the cotyledons has been removed, c. The cotyledon which has

been left r. Radicle, g. Plumule, t. Tigellum. c'. Scar left by the

removal of the other cotyledon. Fig. 769. Vertical section of the

embryo of a species of Hiraiu. c>. Large cotyledon, c. Small cotyledon.

a Plumule, r. Radicle. Fig. 770. Vertical section of the embryo of

Carapa guictnensis, showing the almost complete union of the cotyledons,

the line c only dividing them. r. Radicle, g. Plumule. Fig. 771. The

embryo'of Pekea bulyrosa. I. Large tigellum. c. Rudimentary cotyledons.

completely into one body, so that the embryo appears to be

monocotyledonous ; but its nature is readily ascertained by the

different position of the plumule in the two cases
;
thus, in the

monocotyledonous embryo the

plumule is situated just below

the surface (fig. 705, g) ; but here

(fig. 770), the plumule, g, is in the

axis of the cotyledons.

The cotyledons are sometimes

altogether absent, as in Ouacuta.

At other times their number is

increased, and this may either

occur as an irregular character,

or as a regular condition, as in

.

many Conifer* (fig. 772, c), where

The embryo of Gera- we frequently find six, nine, or
Mum moiie. c. Coty- fifteen cotyledons ; hence
ledons, each of which cy

, ,
J

,

is somewhat lobed, such embryos have been termed
and furnished with a poliicatiiletloiiuiif;. It seems, how-
petiole, p. r. Radicle. ^ ^ appearance of a

larger number of cotyledons than is usual in Dicotyledonous

plants, arises from the normal number becoming divided down

to their base into segments. In all cases where the number

of cotyledons is thus increased, they are arranged in a whorl

(fig. 772, c).

Fig. 772. The so-called

polycotyledbnousem-
bryo of a species of

Finns beginning to

germinate, c. Cotyle-

dons, r. Radicle.

Tigellum.—Fig. 773.
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The cotyledons are usually thick and fleshy, as those of the

Bean and Almond (fig. 768), in which case they are termed

fleshy ; at other times they are thin and leaf-like, as m the Lame

( flq 764 c, c), when they are said to be foliaceous. Ihe tolia-

ceous cotyledons are frequently provided with veins, andstomata

may be also sometimes observed on their epidermis ;
but these

structures are rarely to be found in fleshy cotyledons. Fleshy

cotyledons serve a similar purpose to the albumen, by acting as

reservoirs of nutritious matters for the use of the young plant

during germination ;
hence, when the albumen is absent, the

cotvledons are generally proportionately increased in size.

The cotyledons are commonly sessile, and their margins are

usually entire, but exceptions occur to both these characters ;

thus, in Geranium molle (fig. 773, p), they are petiolate
;
while

in the Lime (fig. 774, c, c) they are distinctly lobed ;
and m the

Geranium (fig. 773, c), they are also somewhat divided or lobed

at their ends.
. . .

The cotyledons also vary in their relative positions to each

other Generally they are placed parallel, or face to face, as m
the Almond (fiq. 768), Pea (fig. 16), and Bean ; but they fre-

quently depart widely from such a relation, and assume others

analogous to those already described in speaking of the verna-

tion of leaves and the ajstivat-.on of the floral envelopes. Thus

each of the cotyledons may be either reclinate, concluplicaie, con-

volute, or circinate. These are the commoner conditions, and

in such instances both cotyledons are either folded or rolled in

the same direction, so that they appear to form but one body ;

or in rare cases they are folded in opposite directions, and be-

come equitant or obvolute ; or other still more complicated

arrangements may occur.

Fig. 774. Fig. 775. Fig. 776.

Fig. 771. Vertical section of the seed of the Pansy or Heartsease, h. Hilum.

pi. Embryo with its radicle, r, and cotyledons, co. ch. Chalaza. id.

Albumen, ra. Raphe. The embryo is ereot or homotropous. -Fig. 775.

Vertical section of the seed of the Poppy, with the embryo slightly

curved in the axis of albumen. -FigJIG. Vertical section of the seed of

Bunicu, showing its spiral embryo.

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
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or less continuous in a straight line with the cotyledon?, as in
the Pansy {fig. 774, r)

;
if, on the contrary, the embryo is

curved, the radicle will be curved also (fig. 775), and sometimes
the curvature is so great that a spiral is formed, as in Bumas
(fig- 776). In the latter case, where the direction of the coty-

ledons and radicle is different,

the latter may form an acute,

obtuse, or right angle to them
;

or be folded back to such an
extent as to lie parallel to the
cotyledons, in which case the
radicle may be either applied to

their margins, as in the Wall-

flower (fig. 778, 7*), when the coty-

ledons are said to be accumbent
;

or against the back of one of them,
as in Isatis (fig. 777, ?'), when they
are termed vncumbent.

Having now described the

general characters of the mono-
cotyledon ous' 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 cell 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. 705, a) we have a large deposit of albumen and but

a small embryo, while in the Nettle (fig. 779) the embryo is large

and the albumen very small. The embryo may be either external

to the albumen (figs. 705 and 782), and thus in contact with the

integuments, as in Grasses, in which case it is described as ex-

ternal ; or it may be surrounded by the albumen on all sides,

except on its radicular extremity, as in the Pansy or Heartsease

(fig. 774), when it is internal. Sometimes the end of the radicle,

as in the Conifera3, 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

direction as the axis of the seed, as in Heartsease (fig. 774, jJ) ;

or when this condition is not complied with, it is abaxUe or

eccentric, as in Rumcx (fig. 780j pi). In the latter case, the

embryo is frequently altogether on the outside of the albumen,

and directly below the integuments, as in Mwabilis Jalapa

(fig. 781, ej and Lychnis (fig. 782, emb), when it is described as

pcripherical.

We have already observed, that the radicle as a general

Fig.777. Fig. 778.

Fig. 777. Embryo of the Woad
(Isfilis tinct&ria), 1. Undivided.
2. Horizontal section, c. Cotyle-
dons, r. Radicle. Fig. 778.

Embryo of the Wallflower (Cheir-

anthus Cheiri). 1. Undivided. 2.

Horizontal section, r. Badicle. c.

Cotyledons.
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character is turned towards the micropyle (Jig. 780, r), in which

case it is said to be homoblastic ; and the cotyledonary extremity

is then directed to the chalaza, ch. Some apparent excepts ns

to these relative positions occur in the Euphorbiacere, and a few

other plants, when the radicle is described as cnantioblastic ;

but such are merely accidental deviations arising from certain

trifling irregularities in the course of the development of the

parts of the seed.
Fic4. 780.

Fig. 779. Vertical section of the fruit of the Nettle, containing a single

seed. (. Integuments of the seed. pi. Placenta, r. Radicle. */. Stigma.

-^FUj. 780. Vertical section of the fruit and solitary erect orthotropous

seed of the Dock (Rumex). ov. Pericarp, mic. Micropyle. pi. Embryo
which is inverted or antitropous, and turned towards one side of the albu-

men, a/6, ch. Chalaza. r. Radicle. Fig. 781. Vertical section of the
carpel of MiraMlis Jalcipa, containing one seed. a. Pericarp, s. Style.

e. Peripherical embryo with its radicle, r, and cotyledons, c. p. Albu-
men. I. Integuments of the seed. Fig. 782. Vertical section of the seed

of Lychnis dioica. (e. Integuments, imb. Embryo on the outside of the
albumen, a/6. The embryo is amphitropous.

"While the relation of the radicle and cotyledonary portion is

thus seen to be generally constant, it must necessarily happen
from the varying relation which the hilum bears to the micro-
pyle and chalaza, that its relation to the radicle and coty-

ledonary portion of the embryo must also vary in like manner.
Thus in an orthotropous seed, as Riimex (fig. 780), the chalaza
and hilum coincide with each other, and the radicle is then
turned towards the apex of the seed, and the cotyledonary
portion to the chalaza and hilum ; in this case the embryo is

said to be antitropous or inverted (figs. 731 and 780). In an
anatropous seed, as Heartsease (fig. 774), where the micropyle
is contiguous to the hilum, h, and the chalaza, ch, at the
opposite extremity, the radicle, r, will point towards the hilum
or base of the seed, and then the embryo is said to be erect or
hornotropous. In a campylotropous seed, where the chalaza and
micropyle are both near to the hilum, as in Lychnis (fig. 782),
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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 lastly 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 (see page 334), which we found might be either erect,

inverse, suspended, pendulous, ascending, or horizontal, in the

same sense as previously mentioned when speaking of the ovule

(page 326). But as regards the radicle this is said to be
superior or ascending, as in the Nettle (fig. 779, r) and Bumex

(fig. 780, r), when it is directed towards the apex of the cell or

pericarp
;

inferior or descending when it points to the base
;

centripetal if turned inwards towards the axis or centre ;
and

centrifugal when it is turned towards the sides. The above

relations of the embryo to the other parts of the seed and to

the cavity or cell in which it is placed, are sometimes of much
practical importance.

Section 7. Theoretical Structure or General Morphology

of the Flower.

Having now taken a comprehensive 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

common type,—the leaf. The germ of this theory originated

with LinniBus, but the merit of having first brought it forward

in a complete form is due to the poet Goethe, who, as far back

as 1790, published a treatise ' On the Metamorphoses of Plants.'

The appearance of Goethe's treatise at once drew the attention

of botanists to this subject, and it is now universally admitted

that all the organs of the flower are formed upon the same plan

as the leaf, or, in other words, that they are homologous parts,

and that they owe their differences to special causes connected

with the functions which they have severally to perform.

Thus the leaf, being designed to elaborate nutriment for the

support of the plant, has a form, structure, and colour which

are adapted for that purpose ;
while the parts of the flower,

being designed for the purpose of reproduction, have a structure

and appearance which enable them to perform their several

functions. , „ a
It was formerly said that the parts of the flower were

metamorphosed leaves, but this is stating the question too

broadly, because they have never been leaves
;
they are to be

J
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considered only as homologous parts to leaves, or parts of the

same fundamental nature, that is, as well stated by Lindley,

' constructed of the same elements arranged upon a common
plan, and varying in their manner of development, not on

account of any original difference in structure, but on account

of special, local, and predisposing causes : of this plan the leaf

is taken as the type, because it is the organ which is most

usually the result of the development of those elements,— is

that to which the other organs generally revert, when from any

accidental disturbing cause they do not sustain the appearance

to which they were originally predisposed,—and, moreover,

is that in which we have the most complete type of organisa-

tion,' and, we may add, is that which can always be distinctly

traced by insensible gradations of structure into all the other

parts.

Having first defined the general nature of the doctrine of

Morphology, or that doctrine which investigates the various

alterations of form, and other characters, which the different

parts of plants undergo in order to adapt them to the several

purposes for which they were designed, we shall then proceed

to prove that all the parts of a flower are homologous with

leaves. In doing so, we shall examine the several organs

of reproduction, both as they exist in a natural condition, and
in an abnormal state, commencing with the bract, and then

proceeding in a regular manner with the different whorls

of the flower, according to their arrangement from without

inwards.

In the first place, it is evident that the bract is closely allied

to the leaf, from its structure, form, colour, and from the

ordinary development of one or more buds in its axil. But in

order to be perfectly convinced of this analogy, let anyone
examine the Foxglove, the Lilac, or the Pteony, and then it

will be seen that all stages of transition occur between leaves

and bracts, so that it will be impossible to doubt their being
homologous parts.

That the sepals are homologous with leaves is proved, not
only by their colour and other characters, but also by the fact,

that many flowers exhibit in a natural condition a gradual
transition between sepals and bracts, and the latter, as already
noticed, are readily referable to the leaf as the type. Thus, in

the Camellia the transition 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. 395) and
Strawberry (fig. 396), again, the five sepals in the flowers of
the two plants respectively alternate with five bracts ; and the
difficulty of distinguishing them is so great, that some botanists
call both sets of organs by the name of sepals. In many
flowers in a natural condition, therefore, there is a striking
resemblance between sepals and leaves ; and this analogy is at
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Fro. 783.

Fig. 783. Monstrous Primrose

with the sepa'.s converted into

true leaves. From Lindley.

once proved to demonstration by the fact, that in monstrous
flowers of the Rose, Clover, Primrose (Jig. 783), and other

plants, 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 sepals, yet in their flat-

tened character and general structure

they are essentially the same ; and-

their analogy to leaves is also proved
in many natural flowers by the gra-

dual transitions exhibited between
them and the sepals. This is remark-
ably the case in the White Water-lily

(fig. 453) ; also in the Magnolia and
Calycauthus, where the flowers pre-

sent several whorls of floral envelopes,

which so resemble one another in their general appearance and

colour, that it is next to impossible to say where the sepals end

and the petals begin. In many other instances, also, there is no

other way of distinguishing between the parts of the calyx and

those of the corolla than by their different positions,—the calyx

being the outer series, the corolla the inner. The analogy

between petals and leaves is still further shown by the fact, that

the former are occasionally gresn, as in certain species of Cobxa,

in a variety of Ranunculus, and in one of Campanula rapuncu-

hicles ; and also from their being occasionally converted, either

entirely or partially, into leaves. We therefore conclude that

petals like sepals and bracts are homologous with leaves.

The stamen is, of all organs, the one which has the least re-

semblance to the leaf. In describing the structure of the stamen

we have shown (page 24V), however, that the different parts of

the leaf may be clearly recognised in those of the stamen. We
rind, moreover, that in many plants the petals become gradually

transformed into stamens. This is remarkably the case in the

White Water-lily (fig. 453) ; thus in the flowers of this plant

the inner series of petals gradually become narrower, and the

upper extremity of each petal exhibits at first two little swell-

ings which in those placed still more internally, become true

anthers containing pollen. From the fact that the stamens can

thus be shown to be merely modified petals, while the latter

have been already proved to be modified leaves, it must neces-

sarilv 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 increased by the conversion of stamens into petals
;

hence the number of the latter increases as the former decreases.
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Thus, if a double 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.

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 type with them.

If we now pass to the carpel, we find that transitional states

between the stamen and carpel are unknown in the normal con-

dition of flowers, the difference in the functions performed by
them respectively being so opposite, that it necessarily leads to

corresponding differences in structure. We must, therefore,

look to monstrosities, or deviations from ordinary structure, for

examples of such conditions. Even these are by no means com-
mon. Such may, however, be occasionally found in the House-
leek, some Poppies, and in other plants. In a paper, 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 Papaver bracteatum.
In this case, several whorls of bodies, intermediate in their

nature between stamens and carpels, were found between the
true andrcecium and gynoecium. The outer whorls of the in-

termediate bodies differed from the ordinary stamens, in their
colour, in being of a more fleshy nature, and in being enlarged
at their upper extremity and inner surface into rudimentary
stigmas ; in other respects they resembled the stamens, and
possessed well-marked anthers containing pollen. The whorls
next in succession gradually lost their anthers, became more
fleshy, bore evident stigmas, and on their inner surfaces, which
were slightly concave, they had 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
within 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, that the latter are, like the former, homologous
organs with leaves. The analogy of the carpel to the leaf is,

however, constantly shown in cultivated flowers, even in a more
striking manner than the stamen is thus proved to be a modified
condition of that organ. Thus in many double flowers, as Butter-
cups and Roses, the carpels, as well as the stamens, become
transformed into petals. It is by no means rare, again, to find
the carpels transformed into true leaves in cultivated Roses, etc.
A similar condition also occurs in the Double Cherry (figs. 587-
589), and has been already fully described when speaking of the
carpel

;
in which place we have also shown the analogy" of the
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Fig. 784.

carpel with the leaf, by tracing its development from a little

concave body but slightly differing in appearance from a leaf,

up to its mature condition as a closed cavity, containing one or

more ovules (see page 268). We have, therefore, as regards Ihe

carpel, the most conclusive evidence of its being formed upon a

common type with the leaf, and that it is consequently homo-

logous with it.

The carpel being thus shown to be homologous with the 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 state.

Further proof 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 some-

times bear whorls of true leaves. In other

cases the axis becomes prolonged beyond

the flower, as in certain species of Epaeris,

and frequently in cultivated Roses (fig.

655), or beyond the fruit (fig. 784), and

becomes a true branch bearing leaves. To

this elongation of the axis the term median

prpUUcation is usually applied.

Various other examples might be ad-

duced of the transformation of the floral

organs into more or less perfect leaves.

Thus, in the common White Clover, the

parts of the flower are not unfrequently

found in a leaf-like state. A similar con-

dition has also been observed in monstrous

Strawberry flowers. In fact, no one can

walk into a garden, and examine culti-

vated flowers, without finding numerous

instances of transitional states occurring

between the different organs of the flower,

all of which necessarily go to prove their

common origin.

When a sepal becomes a petal, or a

petal a stamen, or a stamen a carpel, the

changes which take place are said to be

owing to ascending or direct metamorphosis.

But when a carpel becomes a stamen, or a stamen a petal, or a

petal a sepal, or if any of these organs become transformed into

a leaf, this is called retrograde or descending metamorphosis.

We have thus proved by the most conclusive facts, that a

U

the organs of the flower are formed upon a common type with

the leaf, and differ only in their special development, or, m
other words, that they are homologous parts Hence a no* er-

bud is analogous to a leaf-bud, as we have already stated (page

Fill. "84. A monstrous
or abnormally devel-

oped Pear, showing the

axis prolonged beyond
the fruit, and bearing

true or foliage leaves.
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218), and the flower itself to a branch the internodes of which
are but slightly developed, so that all its parts are situated in

nearly the same plane
; and, as flower-buds are thus analogous

to leaf-buds, their parts are also necessarily subject to similar

laws of development and arrangement, 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

now be described, together with the various causes which inter-

fere to prevent or disguise it.

Section 8. Symmetry of the Flower.

The term symmetry has been variously understood by differ-

ent botanists. As properly applied, a symmetrical flower is one
in which each whorl of organs has an equal number of parts ; or
where the parts of one whorl are multiples of those of another.
Thus, in some species of Crassula (fig, 785), we have a syni-

Fig. 785. Fig. 786.

Fig. 785. Flower of Crassula rubens. c, c. Sepals, p, p. Petals, e, e, e.

Stamens, o, o. Carpels, at the base of each of which is seen a scale, a, a.
Fiy. 786. Flower of a Sedum.

metrical flower composed of five sepals, five petals, five stamens,
and five carpels ; in Sedum (fig. 786) 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 partially divided into two by a spurious dis-
sepiment (fig. 618) ; in the Circsea (fig. 787) we have two organs
in each whorl ; in the Rue (figs. 611 and 579) we have four or
five sepals, four or five petals, eight or ten stamens, and a four-
or five-lobed pistil ; and in the Iris there are three organs in
each whorl. All the above are therefore symmetrical flowers.
When the number of parts in each whorl does not correspond,
or when the parts of a whorl are not multiples of one another,
the flower is nonsymmetrical, as in Verbena, where the calyx and
corolla have five parts in each whorl, and the androecium and
gynoecium only four.
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A symmetrical flower in which the number of parts in each

whorl is the same, as in Crassula (fig. 785), is said to be isomerous,

or when the number is unequal, as in the Rue (figs. 579 and Oil)

and Seclum (fig. 786), the flower is oMisomerous. 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

the whorls, as in Circeea (fig. 787), the flower is dimerous, and

the symmetry is said to be binary or two-membered. This may
be considered either as answering to the disticlwus or two-ranked

arrangement of leaves (see page 151) ; each whorl forming a

cycle composed of two organs, the internodes between them not

being developed ; or to successive pairs of opposite leaves de-

cussating with each other. This arrangement is thus marked,

. When there are three parts in a whorl, as in the Squill

(fig. 28), 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 (page 152), each whorl form-

ing a cycle of three organs, the internodes between them not

Fig. 787. Fig.

Fig. 787. Diagram of the flower of Oirccea Fig. 788. Diagram of the flower

of Staphylea piivnata.

being developed ; or to successive whorls of three organs in

each. When there are four parts in a whorl, as frequently m
the Rue (ji?. 579), the flower is tetramerous, and the symmetry,

which is marked J/, is quaternary or tetragonal ;
the successive

whorls in such a flower may be compared directly with whorls

of leaves each consisting of four organs; or indirectly with

opposite decussating leaves combined in pairs, the internodes

not being developed. When there are five parts in a whorl, as m

Crassula rubens (fiq. 785), the flower is said to bepeivtaim rous,

and the symmetry, which is marked thus, quvnary or pen-fo-

qonal. Such a flower may be considered as answering to the

nentastichous arrangement of leaves (page 150) with the inter-

nodes undeveloped ; or to be composed of successive whorls of

five leaves, the internodes between each whorl being almost un-

developed, or very short.

Of the above arrangements, the pentamerous is most common

among Dicotyledons, although the tetramerous is also by no
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means rare ; while the trimerous is generally found in Mono-
cotyledons.

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 correspond
in such particulars, while the parts of the gynoecium are unequal
to them ; as in Staphylea pinnata (Jig. 788), where the three

outer whorls are pentamerous, while the pistil is dimerous. The
gyncecium 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 Cruciferse,

where there are four sepals, four petals, six stamens, and two
carpels (Jigs. 25 and 26), and the whole so arranged that the flower
may be separated into two equal parts.

Various other terms are used in describing flowers, which will

be best alluded to here, although some have been previously
noticed. Thus a flower is said to be complete, when the four
whorls—calyx, corolla, androecium and gynoecium—are present,
as in the Rue (Jig. 611) ; where one or more of the whorls is

absent, the flower is incomplete (Jigs. 29 and 30). When the parts
of each whorl are uniform in size and shape, as in the Rue (Jigs.

579 and 611), the flower is regular ; under other circumstances
it is irregular, as in the Pea (Jigs. 452 and 477). In a normal
arrangement of the parts of the flower, the successive whorls
alternate with each other, as shown in Jigs. 785 and 787 ; thus
here, the sepals alternate with the petals, the petals with the
stamens, and the stamens with the carpels.
A perfectly normal and typical flower should possess a calyx,

corolla, andrcecium, and gynoecium, each of which should be
so arranged that its parts form but a single whorl ; the different
whorls should consist of an equal number of members ; the parts
of successive whorls should alternate with one another ; and
the organs of each should be uniform in size and shape, and
distinct from each other and from the surrounding whorls. This
normal and typical flower is, however, liable to various altera-
tions, arising from several disturbing causes, which modify and
disguise one or more of their typical characters. Some of
these causes have been already alluded to in the description of
the different organs of the flower, but it will be necessary for
us to investigate them more fully here, and classify for syste-
matic study. All the more important deviations 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

A A 2
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more of the floral circles ; or increase in the number of parts of

a whorl.

3rd. The suppression or abortion of one or more whorls
;
or

of one or more parts of a whorl.

4th. Irregularity produced by unequal growth, or unequal

decree of union of the members of the same whorl ; or by ab-

normal development of the thalamus or axis of the flower.

That part of Botany which has for its object the investigation

of the various deviations from normal structure, both in the

flower and other parts of the plant, is called Teratology.

1. The changes due to union or adhesion of parts.—We
arrange these in two divisions : one of which- is characterised

by the more or less complete union of the members of the same

whorl ; and the other by the adhesion of the different whorls.

The first is frequently termed coalescence, cohesion, or concrescence ;

and the latter adnation or adhesion.

a Coalescence, Cohesion, or Concrescence.—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 monose-

valons or qamosepalous ; in the corolla, when it is monopetalous

or qamopetalous ; in the filaments, when it gives rise to wona-

delphons, cliaclelphous, and polyadelphous stamens ;
in the anthers,

when they are syngenesious or synantherous ;
and m the pistil,

when the carpels are syncarpous
,

b Adnation or Adhesion of the different whorls is also oj no

means uncommon. Thus the calyx may be united to the corolla,

or to the andrcecium, or to both ; or all these whorls may be

united with the ovary. These different adhesions have been

already explained, under the terms perigynous, epigynous (page

254) as regards the stamens ; and superior (page 22/) as applied

to the calyx Again, the stamens may be united to the corolla,

when they are said to be epvpetalous (page 263) I
or to the pistil,

when the term gynandrons is used (page 255). All the changes

due to union or adhesion of parts have been fully described in

treating of the different whorls of the flower.

2 Addition or Multiplication of Parts.-TIiis may be also

considered under two heads :-lst. The addition of one or more

entire whorls in one or more of the floral circles I
and My,

the increase in the number of the parts of the whorl, which is

u ui said to be due to the multiplication by division of

anv or all of the organs of a whorl. The former is commonly

£ed augmentation ; the latter chorisk, dedupltcatim, or ««-

Ul>i
7'Auamentation.-The increase in the number of whorls may

occur n7rfo more of the floral circles. Thus the Barberry

rSTw©? has two whorls of sepals, two of petals and two of

farnens this flower, therefore, we have an addition of one

i! f nr«ns to each of the three external floral circles. In

trtfi^to™™**". of additional whorls of stamens
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ffig. 791). In the Magnolia order generally, the increase is

chiefly remarkable in the carpels (Jig. 604, c, c). In Nympluea

(Jig. 790), the petals and stamens are greatly increased in number.

In many of the Ranunculacese, as Clematis (Jig. 792), 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
junono the stamens. When the increase is not excessive, the

number of the organs so increased is a multiple of the normal

Fig. 789. Fig. 790.

Fig. 789. Diagram of the flower of the Barberry (Berberis).-

Diagram of the flower of Nymphcea.
790.

number of parts in each whorl ; thus in the Barberry (Jig. 789)

the normal number is three, and that of the sepals, petals, and
stamens, six, so that in each of these whorls we have double the

normal number. When the addition of parts extends to beyond
three or four whorls, this correspondence in number is liable to

much variation ; and when the addition is very great, as in the

stamens of the species of Clematis (Jig. 792), and the carpels of

Liriodendron (Jig. 604, c, c), it cannot be well determined, and
the symmetry is then disguised or destroyed ; which is also the
case if the whorls are crowded together.

b. Chorisis or Dedwplication.—This is generally looked upon
by botanists as another means of multiplication of the parts of a
flower. It consists in the division or splitting of an organ in

the course of its development, by which two or more organs are
produced in the place of one. Chorisis differs from augmenta-
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tion in the fact, that it not only increases the number of parts,

but also interferes with their regular alternation ; for augment-
ation does not necessarily interfere with alternation, it only
obscures it when the number of additional parts is excessive, or

when the whorls are crowded together.

Chorisis may take place in two ways, either transversely,

when the increased parts are placed one before the other, which
is called 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 fre-

quent occurrence ; thus the petals of Lychnis (Jig. 501, a) 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 (Jig. 498). The formation of these scales is supposed

by many to be due to the chorisis or unlining of an inner por-

tion of the petal from the outer. Other botanists consider these

appendages as abortive stamens, or glands (see page 240). Each

petal of Pamassia (Jig. 500) has at its base a petal-like append-

age divided into a number of parts, somewhat resembling sterile

stamens ; this is also stated to be produced by transverse cho-

risis.

In plants of the orders Rhamnacefe (Jig. 793), and others,

the stamens are placed opposite to the petals, hence they are

supposed by many botanists to be produced

Fig. 793. by chorisis from the corolla ; but others

explain this opposition of parts by sup-

posing the suppression of an intermediate

whorl (see page 360). Transverse chorisis

is also frequently to be found in the

androecium, but it is less frequent in the

gynoecium. Examples of transverse chorisis

in the gyncecium are furnished, however, by

Crassula (Jig. 785), where each carpel has

Fig. 793. Diagram of at its base on the outside a little greenish

scal
f>

«> a
:
which is su^osed by 8011,0 <n

ai-ticus). be due to it.

It will be observed, that in the above

cases of transverse chorisis, the parts which are produced do

not resemble those from which they arise, and this appears to

be a universal law in this form of chorisis.

Collateral Chorisis.—We have a good example of this form in

the Stock, Wallflower, and other plants of the order Crucifera .

In these flowers, the two floral envelopes are each composed

of four organs alternating with one another (Jig. 794). Y\ itlun

these we find six stamens, instead of four, as should be the

case in a symmetrical flower ; of these two are placed opposite

to the lateral sepals and alternate with the adjacent petal-,
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while the other four are placed in pairs opposite the anterior

and posterior sepals ; we have here, therefore, four stamens

instead of two, which results from the collateral chorisis of those

two. In some Cruciferte, as Streptanthw (Jig. 795), we have a

strono- confirmation of this view presented to us in the fact that,

in place of the two stamens, as commonly observed, we have a

single filament forked at the top, and each division bearing an

anther, which would seem to arise from the process of chorisis

Fig. 794. Diaeram of the flower of the common Wallflower. Fig. 795.

Flower of a species of Streptanthus, with the floral envelopes removed,
showing a forked stamen in place of the two anterior stamens. From
Gray. Fig. 796. Diagram of the flower of the Fumitory.

being arrested in its progress. The flowers of the Fumitory are

abo generally considered to afford another example of collateral

chorisis. In these we have two sepals (fig. 796), four petals in

two rows, and six stamens, two of which are perfect, and four

more or less imperfect ; the latter are said to arise from colla-

teral chorisis, one stamen here being divided into three parts.

Other examples of this form are by some considered to be af-

forded by the flowers of many species of Hypericum (fig. 554,

f, f) ; in which 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 com-
pound 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 (fig. 374,
Ug), as that appendage occupies the same position as regards the
leaf as the scales of Lychnis (fig. 501, a) and other plants do to
the petals (see page 239).

Lindley held 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 simpli-

Fig. 795.
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city of vegetable structure, that in the same flower the multipli-
cation of organs should arise from two wholly different causes

;

viz. , alternation at one time, and unlining at another.
' 3. As it is 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 un-
lining 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 probability and sound philosophy

.

' 4. The examination of the gradual development of flowers,

the only irrefragable proof of the real nature of final structure,

does not in any degree show that the supposed process of unlin-

ing has a real existence.'

According to Lindley's view, therefore, whenever the organs

of adjacent whorls are opposite to each other instead of alter-

nate, this is supposed to arise from the suppression of a whorl
which should be normally situated between the two that are

present.

3. Suppression or Abortion.— The suppression or abortion

of parts may either refer to entire whorls ; or to one or more
parts 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, androecium, and gyncecium. When a whorl is

suppressed, therefore, the flower necessarily becomes incomplete.

This suppression may either take place in the floral envelopes
;

or in the essential organs.

Sometimes one whorl of the floral envelopes is suppressed, as

in Chenopodinm {fig. 29), in which case the flower is apetalwts

or monochlamydeous ; sometimes both whorls are suppressed,

as in the common Ash (fig. 30), when the flower is naked or

achlamydeous.
When a whorl of the essential organs is suppressed, the

flower is imperfect, as it then by itself cannot form seed. The

androecium or gyncecium may be thus suppressed, in either of

which cases the flower is unisexual ; or both androecium and

gyncecium may be suppressed, as in certain florets of some of

the Composite, &c, when the flower is neuter. When the

stamens are abortive, the flower is termed pistillate (fig. 35) ;

or when the pistil is absent, staminate (figs. 34 and 503).

The terms monatdous, dioicious, and polygamous, which have

reference to this point, have been already sufficiently explained

(see page 241).

Some botanists, as already noticed (page 358), consider that

when the organs of adjacent whorls are opposite to each other

instead of alternate, such an arrangement of parts arises from

the suppression of an intermediate whorl ; but this view is
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manifestly insufficient to account for such a circumstance in all

cases. Thus in the Rhamnacete (fig. 793), the stamens are

opposite to the petals, and frequently united to them at the

base, and we cannot but regard them as produced by transverse

chorisis from the petals. In some cases, therefore, we regard

the opposition of the parts of contiguous whorls to be due to

suppression, and in others to chorisis.

b. Suppression of one or more Organs of a Whorl.—This is a

very common cause of deviation from normal structure ; we can

here only bring forward a few examples.

This suppression of parts is most frequent in the gynoecium.

Thus in the Cruciferae (fig. 794), we have four sepals, four

petals, six stamens, and two carpels ; here two carpels are sup-

pressed. In the Heartsease (fig. 797), we have a pentamerous

Fig. 797. Fig. 798. Fig. 799.

Fig. 797. Diagram of the flower of the Heartsease. Fig. 798. Diagram
of a Legumiuous flower. Fig. 799. Diagram of the flower of Impatieru
parviflom,

flower, so far as the calyx, corolla, and andrcecium are con-
cerned, but only three carpels, two carpels being here suppressed

;

in Leguminous plants (fig. 798), we have five sepals, five petals,

ten stamens, and only one carpel, four of the latter being here
abortive ; in plants of the order Compositse the calyx, corolla,

and androecium have each commonly five organs, but only one,
or, according to some botanists, two carpels.

In seme species of Impatiens (fig. 799), we have five carpels,
five stamens, and five petals, but only three sepals ; here two
sepals are suppressed ; in Tropseolum pentaphylhm (fig. 800),
there are five sepals, and but two petals, three of the latter

organs being here abortive. In the Labiatse and Scrophulariaceas
one of the stamens is commonly suppressed, and sometimes
three ; thus in the Lamium we have five parts to the calyx
and corolla, but only four stamens ; and in the Salvia we have
also five parts to the calyx and corolla, but only two perfect
stamens.

The abortion of whorls and parts of a whorl is well illus-

trated by plants of the Euphorbiaceaj, and the following diagram
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from Jussieu will show this fact in a remarkable manner {fig.
801). Thus, in No. 1 we have a flower consisting of but two
whorls, the petals and carpels being suppressed; in No. 2, while
the same whorls are present, one of the stamens is absent ; in

No. 3 two stamens are abortive ; in No. 4 the calyx is suppressed,
and one stamen, the place of the calyx being occupied by three
bracts ; while in No. 5 the place of the calyx is occupied by
two bracts, and there is only one stamen present ; this of itself

constitutes the flower, which is thus reduced to its simplest

condition.
Fig. 801.

» i

Q) & ij 4- L
Fig. 800. Diagram of the flower of Tropatolum peniaphyl-

lum. Fig. 801. Diagram of flowers of Eupkorbia-
ceous plants becoming more and more simple. After
Jussieu.

1. Staminate flower of Tragia cannabina.

2. „ „ Tragia volubilis.

3. „ „ Anlhostema senegalense.

4. „ „ Adenopellis colliguaya.

5. „ „ Euphorbia.

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 Serophularia

the fifth stamen is reduced to a scale ; in the TJmbellifera? the

limb of the calyx is commonly abortive, while in the Composite

it is either abortive (fig. 465), membranous (fig. 466), or re-

duced to a pappose form. Many of the so-called nectaries of

flowers are merely transformed stamens. In unisexual flowers

such as Tamus, the stamens are frequently present as little

scales. In cultivated semi-double flowers, such transformations

are very common ; thus we frequently And the stamens and

carpels partially transformed into petals ; or when the flowers

are entirely double, all the parts of the androecium and gyncecium

are thus converted into petals.

4. Irregularity.—This may be produced by three different

caAlses—namely, unequal growth of the members of a whorl ;

unequal degree of union ; and abnormal development of the

thalamus or axis of the flower. The first two causes cannot

well be separated, and will be, therefore, treated of under one

head.
.

a. Unequal Growth and Unequal Degree of Union of the

Members of a Whorl—From these causes such whorls become

irregular, and we have produced what are called irregular flowers.

These irregular forms have been already treated of in describing

the different floral organs. All the examples of irregular forms

Fig. 800.
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of calyx and corolla, therefore, which have been alluded to

under their respective heads, will afford good illustrations. The

stamens of plants belonging to the sub-order Papilionaceae of

the Leguminosa? will afford numerous examples of unequal

union in the staminal whorl ; and other illustrations will be

found under the heads of the Androecium and Gynoecium.

b. Abnormal Develo2iment of the Thalamus or Axis of the

Flower.—The irregular forms of flowers due to this cause have

been also alluded to when describing the thalamus. Thus the

flowers of the species of Nelumbium {fig. 654), Liriodendron

(fig. 604), Strawberry (fig. 605), Raspberry (fig. 606), Ranun-
culus (fig. 542), Eosa (fig. 454), Dianthus (fig. 602), G-ynan-

dropsis (fig. 656), and Geranium (fig. 640), will furnish examples

of this form of irregularity.*

#

CHAPTER 5.

REPRODUCTIVE ORGANS OF THE CRTPTOGAMIA OR FLOWERLESS
PLANTS.

The nutritive organs of the Cryptogamia have been already

briefly alluded to in the chapter on the General Morphology of

the Plant, and in our descriptions of the stem, root, leaf, and
other parts. But their reproductive organs have, at present,

been only very generally referred to, hence we now proceed to

describe them as fully as our space will allow.

The reproductive organs of the Cryptogamia differ widely
from those of the Phanerogamia

;
for, in the first place, they

have no flowers properly so called—that is to say, they have no
true androecium or gynoecium, the presence of which is essential

to our notion of a flower ; and hence such plants are termed
Floiverless. But although these plants have no flowers, and
therefore no true stamens or carpels, they have organs which
perform analogous purposes to them, and to which the names of

Antheridia, Pistillidia, Archegonia, and many others, have been
applied. As these organs are, however, more or less concealed or
obscure, Flowerless plants have been also called Gryptogamous,
which signifies, hterally, concealed sexes. The term asexual,

which was formerly applied, has now been proved to be generally
incorrect.

Secondly, as Cryptogamous plants, or Cryptogams as they
are commonly called, have no flowers, they do not produce
true seeds or parts containing a rudimentary plant or embryo

;

* For full details relating to the General Morphology and Symmetry of
the Flower, reference may be made to Masters's ' Vegetable Teratologv,'
and to Sachs's ' Text Book of Botany.'
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but instead of seeds, they form reproductive bodies called
spores, which in most cases consist of one cell, or rarely, two
or more, with commonly one or two coats, and enclosing
granular and other matters. The term spore is, however,
used in a very varied sense, as our sketch of the Reproductive
Organs of the Cryptogamia will show. As used above, it is

intended to apply *to asexual reproductive cells. A spore having
no embryo can have no cotyledonary body, which is an essential

part of the embryo, consequently flowerless plants have also

been called Acotyledonous. In germination again, as the spores
have no rudimentary stem or root, they have commonly no de-

finite growth, but this takes place by an indifferent extension of

one or both of their membranes. But some exceptions are.

afforded to this latter peculiarity by certain sporea which have
on their outer membrane certain spots or pores, through which,
in germination, little threads are protruded from an extension

of their inner membrane. This is exactly analogous to the pro-

duction of the tubes from pollen-cells
;
indeed, in their general

structure, spores (especially those of the Fungi, which exhibit

the above growth) have a striking similarity to pollen-cells. It

should be noticed, however, that spores, although so similar

in structure to pollen, perform essentially different functions.

The threads which are thus produced by the germination of

spores may either reproduce the plant directly, or give rise to

an intermediate body of varying form, called the proihattium or

prothallus (Jigs. 806 and 809), from which the fructiferous or

fruit-bearing frond or stem ultimately springs.

Such are a few of the chief distinctive characters of the re-

productive organs of Cryptogamous plants. The nature of these

organs in the different orders of flowerless plants is, however,

so remarkable, that, in order to become acquainted with them,

it will be necessary for us to describe the peculiarities of each

separately.

The Cryptogamia have been arranged, as already noticed (see

page 11), in two great divisions, called Cormophytes and Thallo

phytes, under which heads we shall therefore give a sketch of

the reproductive organs of the different natural orders or groups

which are comprised respectively within them.

Section 1. Reproductive Organs of Cormophytes.

Cormophytes, or, as they have been also termed, Acrogens,

have been divided into several sub-divisions, which are com-

monly called Natural Orders or Orders: these are the FiMces,

Equisetacem, Lycopodiaceee, Selarjinellaceiv, Marsileacea'., Musci,

and the HepaUcacess. These orders are differently arranged and

defined by botanists ; but as our object is only to give a general

sketch of their reproductive organs, we have adopted the above
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arrangement as perhaps, upon the whole, the simplest, and from

its being the one most commonly in use, at least in practical

Botany. . , ,

1 Filices or Ferns.—The fructification of these plants con-

sists of little somewhat rounded cases, called sporangia, capsules,

or fhecse (fig. 802, sp), containing spores in their interior, and

sprincinc commonly from the veins on the under surface or

back of their leaves or fronds (Jigs. 802 and 803) ;
or, in some

few instances, as in Acrostichum, from their upper surface
;
and

in others, as in Hymenophyllum, from the margins. The

sporangia are arranged in little heaps called sori, which vary

much in form (Jigs. 802, sp, and 803, s) ; these are either naked,

as in Polypodium (fig. 802), or covered by a thin membranous

layer continuous with the epidermis, which is called the indusium

Fig. 802. Fig. 803. Fig. 804.

Fig. 802. A portion of a frond of the common Polypody {Polypodium vul-

ga>v), showing two sori springing from its veins. The sori are naked,

and consist of a number of sporangia or capsules, sp, in which the spores

are contained. Fig. 803. Portion of a frond of the Male-fern {Aspidium
Filix-mas), with two sori, s, s, covered by an indusium. Fig. 804.

Portion of a frond of the Royal or Flowering-fern (Osmunda regalie),

with its sporangia or capsules arranged in a spiked maimer on a branched
rachis.

or involucre, as in Aspidium Filix-mas (fig. 803). Sometimes the

sporangia are so densely compacted that no intervening paren-

chyma can be distinguished—the latter being destroyed by the

excessive development of the former ; in which case, instead of

being collected in sori on the back of the fronds, they appear as

little bodies arranged in a spiked manner on a simple or

branched rachis, as in Osmunda (fig. 804).

The sporangium or capsule is a little cellular bag or case (fig.

805, s), usually stalked, p, and more or less completely sur-

rounded 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 contained spores. In some Ferns the ring is im-
perfect, and in others it is altogether wanting ; hence Ferns
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provided with a ring are called annulate, while those in which it

is absent are said to be exannulate.

The spores, tvhieh are all of one kind (isosporous or homo-

sporous), are usually somewhat angular in form, and have two

Fig. 805. Fig. 80C.

Fig. 805. Sporangia or capsules of a Fern {Marginalia

verrucosa), s. Sporangium supported on a stalk, p,

and surrounded by a ring or annulus, which is a

continuation of the stalk. One sporangium is repre-

sented as burst on its side, and the contained spores

in the act of being scattered. Fig. 806. Under sur-

face of the prothallium of a Pern, showing archegouia

ar, antheridia an, and root hairs A. After Berg and
Schmidt.

coats like pollen-cells; and like them, also, the outer coat,

which has a yellowish or brownish colour, is either smooth or

furnished with little points, streaks, ridges, or reticulations.

In germination the inner coat is

first protruded in the form of an
elongated tube through an aper-

ture in the outer coat, which ultim -

ately bursts, and the tubular pro-

longation, by cell-division, forms

a thin flat green parenchymatous

expansion, called a prothtittium

{fig. 80G), from which one or

more root-hairs are commonly
produced in its earliest stage (fig.

80G, h). On the under surface

of this body (fig. 80G, ar, am) there

are soon produced two different

structures, called antheridia and

archegonia, which represent re-

spectively the andrcecium and

gyneecium of flowering plants
;

hence the prothallia are monoe-

cious. The antheridia are cellular bodies (fig. 807) containing

other minute cells called spei-m-celh, se, or mother-cells, in each

of which is developed a little spiral cdiated filament, sp, termed

Fig. 807. Side view of an antheridium
containing a number of sperm-cells

or mother-cells, se. sp. Antherozoids

escaping from the antheridium

after having burst the sperin-cells.
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the antherozoid, which performs the same function as the pollen

of flowering plants. The archegonia (fig. 808) are little cellular

papilla} of a somewhat oval form, with a canal in their centre

leading to a cavity which has been called the embryo-sac, and in

which, before impregnation, is a cell termed the germ-cell or

Fig. 8C8. Fig. 809.

Fi'j. 808. Vertical section of an archegonium,
passing through the canal and embryo-sac.
After Henfrey. Fig. 809. Protnallium, p, p,
of Adianium Capillus-Veneris seen from below,
showing the Fern-plant developed from the fer-

tilised germ-cell of the archegoniiun. 6. First
frond, it,' w." Roots, h. Root-hairs. After
Sachs.

P

gemi-corpuscle. Impregnation takes place by the contact of the
antherozoids with the germ-corpuscle, and from the development
of this, after fertilisation, ultimately the plant with fronds bear-
ing sporangia is produced (fig. 809).

The Ferns are thus seen to exhibit in their growth two
generations : in the first of which the spore produces a thalloid
expansion, with antheridia and archegonia—the prothallium or ?c ,

sexual generation ; and in the second, a new plant resembling
the one from which the spore was originally derived—the asexual
or non-sexual generation (sporophsm) or Fern proper. Thus, y I'e

Ferns exhibit an instance of what has been called alternation of
generations.

In some rare cases, as in Pteris cretica, no archegonia are
produced, although the antheridia are fully developed. The
Fern proper then arises from the prothallium in a simply vege-
tative manner ; this is known- as apogamy.

2. Equisetace/e or Horsetails.—In these plants the fully
developed fructification, found usually in the early spring, is

borne in cone like or club-shaped masses at the termination of
the stem-like branches (fig. 13). Each mass is composed of a
number of peltate stalked scales, on the under surface of which
numerous spore-cases, called sporangia, or capsules, are arranged
(fig. 810). These capsules, when ripe, open by a longitudinal
fissure on their inner surface, and thus set free the contained
spores.



368 REPRODUCTIVE ORGANS OF LYCOPODIACE^E.

The spores, which are all of one kind, present a very curious

structure
;
they are little rounded or somewhat oval bodies, with

three coats, the outer of which ultimately splits up, so as

to form four elastic filaments, which are attached at one end
to the smooth inner coats of the spore, and terminated at the

other by a club-shaped expansion (figs. 811 and 812). These

Fig. 810. Fig. 811. Fig. 812.

Fig. 810. Peltate stalked scale of a species of Horsetail (Equisetum), bear-

ing on its lower surface a number of sporangia or capsules. Fig. 811.

Spore of a Horsetail furnished with four elaters, which are wound round

it. The elaters are terminated by a club-shaped expansion. Fig.

812. The same spore in a dry state, showing the elaters in an uncoiled

condition.

spiral elastic filaments, which are called elaters, are at first

wound round the spore (fig. 811), but they ultimately uncoil

(fig. 812), and thus appear to assist in the dehiscence of the

sporangium, and in the dispersion of the spore to which they

are attached.

When these spores germinate, a little pouch-like process pro-

trudes from their surface by an elongation of their membrane ;

this ultimately forms a green lobed flattened expansion, the

prothallium, which differs however from that of the Ferns in

usually being furnished only with antheridia or archegonia—the

prothallia therefore are said to be dioecious, instead of monoecious

as ordinarily in Ferns.

The male and female prothallia moreover differ somewhat in

size, the former being the smaller of the two. As in Ferns also,

from the germ- cell of the archegonium after impregnation by

the antherozoids, a new plant is ultimately produced resembling

in every respect that of the parent plant from which the spores

were derived. As is the case in Ferns, therefore, we have in

the Equisetacese also an instance of alternation of generations.

3. Lycopobiace^: or Club-Mosses.—The sporangia or cap-

sules in the plants of this order are placed, like those of the

Selao-inellaceaj, in the axils or at the base of the leaves or scales,

on short stalks. The leaves (fig. 12) thus bearing the sporangia

or fructification are frequently collected together into a kind

of seftte, cone, or spike, while at other times they are scattered

alono- the stem. The spores, like those of the Filices and

EqmsetaceEe, are of one kind only, in which they differ from

the Selao-inellacefe, to which in other respects they are closely

allied, the two orders until lately being placed together under

the common name of Lycopodiaceee.
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The sporangia are somewhat reniform, two-valved cases

closely resembling the antheridium or micros2iorangium of the

Selaginellaceie, and containing a number of spores, the smaller

of which ultimately contain antherozoids (see SelaginellaceEe).

But little is known of the early development of the spores, but

they ultimately produce large prothallia, with root-hairs like the

Filices, and like them these prothallia are monoecious, bearing

antheridia and archegonia on their upper surface, and from the

sexual action of which new plants are formed. Hence the

Lycopodiacete, like the Filices and Equisetaceao, also exhibit an
example of alternation of (fenerations.

4. SELAGrNELLA.cE/E or Selaginellas.—The sporangia or

capsules in the plants of this order are situated in the axils or at

Fig 813. Fig. 814. Fig. 815.

Fig. 816.

Fig. 813. Scale or leaf of Selnginella npoda, with macrosporangium in its

axil. Fig. 814. Antheridium or microsporangium of the above, placed
in the axil of a leaf or scale. After Henfrey.- -Fig. 815. Microsporan-
gium of a species of Selaginella. It is two-valved, and contains a number
of small spores or microspores. Fig. 816. Macrosporangium or mega-
sporangium of a speoies of Selaginella. This is a two-valved, four-lobed sac,

and contains four large spores which are commonly called macrospores.

the base of the leaves (Jigs. 813 and 814). The leaves thus
bearing the fructification are frequently collected together into
a kind of cone or spike, while at other times they are scattered
along the stem. The spores, like those of the Marsileacese, ore

of hvo kinds Qieterosporous), and are enclosed in separate cases.

These cases are variously named ; the names which would corre-
spond to those commonly used in describing the Marsileacere
would be sporangia and antheridia ; but the former are also
more frequently called megasporangia or macrosporangia (Jig*.

813 and 810), and the latter microsporangia (fgs. 814 and 815).
The contents of the former are generally termed large spores,

tmgaspores, or macrospwes (Jig. 816) ; and those of the latter
smoM spores or microspores (Jig. 815).

The megasporangia or macrosporangia are usrally two-valved
B B
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cases (fig. 816) with four lobes, each of which contains one large

spore (macrospore) ; but in some cases they are 4-valved. The

microspores or mej/aspores are in number 2, 4, or 8.

The antheridia or microsporangia are somewhat reniforni two-

valved cases (fig. 815), containing a large number of small spores

(microspores), in which antherozoids are ultimately produced.

The large spores are considered by Hofmeister and others as

the analogues of the ovules. The antheridia or microsporangia

are therefore to be considered as the male organs, and the

macrosporangia as the female.
' In germination, the large spore produces a prothallium in its

interior, thus resembling the Marsileacete. In this archegonia

are soon developed, and ultimately a new plant is produced by

fertilisation taking place by means of the antherozoids.

An order called Isoetaceae, which includes the species of

Isoetes, is sometimes placed next to the Selaginellacese. It has

essentially the same characters, except as regards its nutritive

organs
5. Marsileaceje ok, Pepperworts.—In the plants of this

order the fructification is placed at the base of the leaf-stalks.

It consists usually of a two-valved stalked

sporocarp (fig. 817, s), which is generally

many-celled, or sometimes only one-celled.

The contents of the sporocarps, and the mode

in which they are arranged, vary, however, 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.

817, s). The valves are held together by a

gelatinous ring, which is at first connected

with the stalk of the sporocarp, but when

the latter organ bursts, the ring becomes de-

tached from the stalk at one end, straightens,

and appears as a long gelatinous cord pro-

truding from the sporocarp (fig. 817, p), and

bearing on its sides somewhat oblong spikes

of fructification, /. These spikes are at first

enveloped in a membrane, and are composed ol

two distinct organs, called antheridia or m-«5i'o-

sporangia ; and macrosporangia, megaspomngia

or sporangia. These organs are attached to

a sort of placenta, the antheridia being on one side, and the

BV°TSZra^£
T

ov female organ contains but one spore

caiiSt «-Tr 2

Fig. 817. Fructifica-

tion of a species o£

Marsilea. s. Two-
valved sporocarp.

p. Peduncle. /.

Fructification.
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' this cavity is gradually filled up with cellular tissue, constituting

a conical prothallium confluent with the nucleus. A single

archegonium is formed in the centre, the orifice of which corre-
sponds with the apex of the prothallium.' Fertilisation takes
place by means of the antherozoids of the microspores.

The antheridia or male organs contain a number of small
cells (fig. 818), which ultimately develop long spiral anthero-
zoids. These small cells are called pollen spores, small spores, or
microspores.

In Pilularia the fructification consists of stalked, pill- shaped,
hairy sporocarps. The interior of each sporocarp is divided
usually into four cells (fig. 819), and when ripe it opens by four
valves. In the interior of each cell there is a mucilaginous pro-
cess or placenta attached to the walls, upon which are placed
numerous antheridia and sporangia, as in Marsilea. The struc-
ture of these antheridia and sporangia resembles in all essential

Fig. 818. Fig. 820.

Fig. 819.

Fig. 813. Antheridium of a species of Marsilea containing microspores. After
Le Alaout. Fig. 819. Transverse section of the sporocarp or spore fruit
of Pilularia globuliferu. After Henfrey. Firj. 820. Vertical section of
the sporocarp of Salcinia, showing sporangia in one cavity, h, and anthe-
ridia in the other cavity, a.

particulars those of Marsilea. In fact, the only difference
between the fructification of Marsilea and Pilularia is the more
complicated nature of the sporocarps in Marsilea.

L 7
h
f

fructification of Salvinia (Jig. 820) appears to resemble
that of Marsilea and Pilularia, except that the antheridia, a,
and sporangia, b, are here contained in separate sacs, and are
attached to a sort of central cellular placenta. In germination,
also, the prothallium of Satomia differs from that of Marsilea
and of Pilularia, in producing several archegonia, instead of
only one, as is the case with them. From these causes the
Alarsi eaceie are frequently divided into two orders, namely
j^arsileacea; and Salviniacere, the former including the generaJunta /•(((and Marsilea, and the latter those of Salvinia and

rh
,

e common name of Rhizocarpete is also frequently
applied to the two combined orders.

b u 2
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In reviewing the fructification of the Marsileacea?, we find

that it differs from the Filices, Equisetaceae, and Lycopodiaceas

in producing two distinct hinds of spores, and in the prothallium

not forming a distinct expansion on the outside of the spore, as

is the case with them, but being confluent with the spore.

These characters show that the Marsileaceaj are closely allied

to the Selaginellacere.

6. Musci ok Mosses.—The reproductive organs of this order

are of two kinds, which are called antheridia (Jig. 821), and

archegonia or pistillidia (Jig. 822). These are surrounded by

leaves, called perichsetial (Jig. 824,/), which are usually of a

different form and arrangement to those of the stem
;
and m

some Mosses they have, in addition to the perichaitial leaves,

another covering formed of three or six small leaves, of a very

different appearance to them, termed periyonial, and constituting

collectively a perigone. The antheridia are regarded as the male

organs, and the archegonia or pistillidia as the female.

Fig. 82! Fig. 822.

Fig. 821. Antheridium, a, of

the Hair-moss (Polytii-

chum), containing a num-
ber of cells, c, in each of

which there is a single an-

theiozoid. p. Parapkyses,

suvrounding the antheri-

dimn. l''ig- 822. Arche-

gonium or pistillidium of a

Moss surrounded by pava-

physes.

The antheridia and archegonia sometimes occur m the same

nerio-one in which case such Mosses have been termed herma-

vhrodite.' More frequently, however, they are in diflerent pen-

gones, and then both kinds of reproductive organs may occur

on the same plant, or on separate plants (Jigs. 9 and 10) ,
in the

former case we apply the term monoecious, m the.latter

The antheridium or male organ is a somewhat eUiptical, more

or less rounded or elongated cellular sac (Jig. 821 a) which is

filled at maturity with a number of minute cells, c, termed

spel cdls or mother-cells ; in each of which there is a singleS antherozoid. The antheridium opens by an irregular

perforation at its apex, and thus discharges the sperm-cells with£ antherozoids
P
Among the antheridia there are genera^

to be found slender cellular jointed threads (Jig. 821, p), caiiea

which are probably nothing m0
.

r
? fJmnHon

antheridia, as they appear to perform no special function.

The a -chcqoma, like the antheridia, are also usually Bar

rounded by filamentous cellular bodies, called paraphyses, which
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appear to be in this case abortive arcliegonia (fig. 822). The
archegonium or female organ is a flask-shaped cellular body with

a long neck, the whole somewhat resembling an ovary with its

style and stigma (Jig. 822). 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 arche-

gonium is called the epigone. This germ-cell appears to be

fertilised, as in Ferns, by the antherozoids passing down the

canal until they reach it. In the case of Mosses, however, the

fertilised germ-cell does not directly develop a new plant like

its parent, but after fertilisation has taken place, the germ-cell

becomes gradually developed into a somewhat conical or more

Fig. 823. Fig. 824. Fig. 825. Fig. 826.

Fig. 823. Coscinoclon pulvinalus. sp. Sporangium
enclosed in the calyptra. t. Seta or stalk.

v. Vaginule. From Henfrey. Fig. 824.

The Hygrometrie Cord-moss (Funaria hygro-

metrica). f. Perichajtial leaves, p. Stalks
or setae, each o£ which supports a sporan-
gium, u, covered by a calyptra, c. Fig. 825.

Sporangium of the Extinguisher-moss (Eti-

calypta vulgaris) before dehiscence, u. Spo-
rangium covered by a transparent calyptra,

c, and supported on a seta, .s. Beneath the
calyptra is seen the lid or operculum, o.

Fig. 826. The sporangium, it, of fig. 825 after
dehiscence. The calyptra c, and operculum o,

being removed, the peristome, p, may be seen.

or less oval body (fig. 823, sp) elevated on a stalk, t, and as it

grows upwards it bursts the epigone, and carries one portion of

it upwards as a kind of hood (fig. 824, c), while the other por-

tion remains below as a sort of sheath (fig. 823, v), round the
stalk. The central portion, formed by the development of the

embryonal cell, is called the sporangium (figs. 824, n, and 825
n) ; the stalk the seta (figs. 824, p, and 825, s) ; the hood the
calyptra (figs. 824, c, and 825, c) ; and the sheath at the base the
vaginule (fig. 823, v).

The sporangium, or capsule; as it is also termed, when fully

formed, is a hollow urn-like case (figs. 827 and 828, u), the centre
'if which is usually occupied by a cellular axis, called the colu-

mella (fig. 829), and the space between this axis and the walls
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of the sporangium is filled with free spores, which are small

cells with two coats and markings resembling those of pollen-

cells. The sporangium is either indehiscent ; or it opens by
four vertical slits so as to form four valves, as in the sub-order

Andrceese ; or more commonly by a transverse slit close to its

apex, like fruits with circumscissile dehiscence, by which a

kind of lid is produced, called the operculum {jigs. 826, o, and

827) ; which is either persistent or deciduous. The sporangium

is sometimes much dilated at the base, where it joins the seta
;

this swelling is called an apophysis, or, if it only occurs on one

side, a struma.

The wall of the sporangium is commonly described as con-

sisting of three cellular layers, the outer of which forms the

operculum., just described, and the inner two layers the peristome.

Fig. 827. Fig. 828. Fig. 829

Fin 827. Pottia Iruncata, Snowing the separation of the operculum from

the sporangium. From Henfrey. Firj. 828. Sporangium, », of the

Hair-moss, deprived of its calvptra and operculum, p. Peristome. e.JBpi-

phra°Tna or tympanum. Fig. 829. Transverse section of a sporangium

of the Hair-moss, showing the columella surrounded by free spores.

At the dehiscence of the sporangium the stoma or mouth is

entire, smooth, or unfurnished with any processes (Jig. 827); or

it is surrounded by one or two fringes of teeth, called collectively

the peristome (fig. 826, p), which, as just stated, are formed from

the two inner layers of the wall of the sporangium. These teeth

are always four or some multiple of that number. Sometimes a

membrane from the inner wall is stretched across the mouth ot

the sporangium, and forms what has been called the eptphrugm*

or tympamim (fig. 828, e). When the mouth is naked, the

Mosses in which such a sporangium is found are called gymw-

domous or naked-mouthed ; when the mouth is surrounded by a

sino-le row of teeth, they are said to be aphpenstoxrm^', or,

when with two rows, they are diplopenstorrwus. The different

appearances presented by the teeth, as well as their number

and degree of cohesion, form important distinctive characteis
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in the different genera of Mosses. The operculum, as already

stated, is formed by a projection of the outer layer of the wall

of the sporangium. At the point where the operculum separates

an elastic ring or 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 ultimately produces a kind of pro-

thallium in the form of a green cellular branched mass, some-
what like a Conferva. This is called the Protonema, and upon
its threads are subsequently developed leafy shoots, upon which
archegonia and antheridia are afterwards developed. In Mosses,
therefore, we have another instance of alternation of generations.

7. Hepaticacejs or Liverworts.-—The reproductive organs
of Liverworts are of two kinds like those of Mosses, to which
this order is closely allied

;
they are called antheridia, and

Fig. 830. A portion of the thalliis or thalloid stem of Marehantiapolymorpha.
r. Receptacle, supported on a stalk, s. In the upper surface of the recep-
tacle the antheridia are imbedded. Fig. 831. Antheridium of Mar-
chanlia, discharging its small cellular contents (sperm-cells).

archegonia or pisUllidia, and both kinds may be found on the
same plant, or on different plants ; hence these plants are
either monoecious or dioecious.

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 species of Jungermannia

;

in other plants they occur in the substance of the frond or thal-
loid expansion, as in Riccia and Fimhriaria ; and in others, asm ManhanHa, they are found imbedded in the upper surface
of peltate or discoid-stalked receptacles (Jig. 830, r). The an-
il" ndia are small, generally shortly stalked, cellular sacs, of an
oval (fig. 831) or somewhat tiask-sliaped form, in which are

Fig. 830. Fra. 831.
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contained a number of small sperm-cells ; and their walls are

usually formed of a double layer of cells. When ripe the an-

theridium bursts and discharges its contents ; the sperm-cells

also burst, and each emits a single antherozoid, in the form of a

spiral thread with two or three coils, somewhat like those of

Cham (fig. 857).

The archegonia or female organs, like the antheridia, are

differently arranged in different genera ; thus in Riccia they are

imbedded in the substance of the frond, while in Jungermannia

and Marchantia (fig. 832) they are imbedded in the under sur-

Fjg. 832. Fig. 8331 Fig. 834.

Fig. 832. A portion of the tliallns orthalloid stem

of Marchantia polymorplm. r. Eeceptacle sup-

ported on a stalk, s. On the under surface of

the receptacle the archegonia are imbedded.

Fig. 833. Archegonium of Marchantia.

6. Perigone, open at its apex and surrounding

an inner cellular case or epigone, c, c. Para-

physes. Fig. 834. Elaters, e, of Marchantia.

s, s. Spores.

face of the receptacles, r, which are elevated above the thallus

on stalks, s. They are usually small flask-shaped bodies each of

which consists of a cellular case or epigone (fig. 83d), having a

canal in its upper elongated portion which leads to a cavity, at

he bottomYwhich I single free cell called the F^orc,
bryonal cell, is developed. The germ-cell is doubtless fertilised

as in Ferns and Mosses, by the passage of the
>
antheroio.d*

.

do

the canal until they come in contact with it. The fully-deyel;
,]
»ed

archegonia, like those of Mosses, have also at times an additional

covering surrounding the epigone, called the prtfMM, which

frequently grows up so as to form a sort of cup-shaped covering
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(Jiq 833, b). At the base of the perigone, a number of cellular

filaments, perichietial leaves, or paraphyses, are also occasionally

to be found (Jig. 833, c, c).
, ,

'

. , ri , +

4s in the case of Mosses, the fertilised germ-cell does not

directly develop a new plant like its parent, but after fertilisa-

tion the germ-cell enlarges and bursts through the epigone, and

forms a sporangium or capsule ; the epigone either remaining as

a sort of sheath round the base of the sporangium, which is

called the vaginule, or its upper part is carried upwards as a sort

of hood or styloid calyptra.

The sporangia vary much in different genera. In Marchan-

tia they are formed of two layers of cells : one external, called

the cortical or peripheral layer; and one internal, in which the

spores, &c, are developed. The cells of the cortical layer

exhibit spiral fibres, like the cells constituting the inner lining

of the anthers in Flowering Plants. The cells forming the

internal layer are thus described by Henfrey :— 'At an early

period the cells of the internal mass present the appearance of a

large number of filaments radiating from the centre of the spo-

rangium 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 (Jig. 834, e)

characteristic of this genus r
containing a double spiral fibre, the

two fibres, however, coalescing into one at the ends. The thicker

filaments become subdivided by cross partitions, and break up

into scpiarish free cells, which are the parent cells of the spores,

four of which are produced in each.' The sporangia in this

genus are situated on the under side of the receptacle (Jig.

832, r), and vary in form ;
they burst by valves.

In Jungemumnia the sporangia are elevated upon stalks

arising out of a vaginule
;
they are more or less oval in form,

and open by four valves which spread in a cross-like form
;
they

contain spore-cells and elaters with a single spiral filament (Jig. 8).

In Anthuceros the sporangia open by two valves, and have a

central axis or columella
;
they are of an elongated, tubular, or

conical form, and are situated on a short stalk, and contain

spore-cells and elaters, but the latter have no spiral fibres in

their interior, and are much simpler in their structure than those

just described as found in Marchantia. In Biccia the sporangia

are imbedded in the substance of the frond, and have neither

elaters nor columella. They have no regular dehiscence.

The spores have usually two coats, like pollen-cells ; and the

outer coat also frequently presents markings of different kinds;

but in Marchantia the spores Lave but one coat. They mostly

germinate without any well-marked intermediate prothallium,

although some produce a kind of prothallium in the form of a

confervoid mass or protonema, like a Moss (see page 375).
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Section 2. Reproductive Organs of Thallophytes.

The Thallophytes may be divided into four large groups,
called respectively, Fungi, Lichenes, Characese, and Algae, in
each of which again several subordinate divisions have been
made. The general characters of the larger groups will be de-
scribed hereafter in Systematic Botany. At present we have
only to examine then reproductive organs, and of these even
we can only give a generaL sketch ; but for fuller information on
this subject the student is more especially referred to Sachs's
' Text Book of Botany,' as printed at the Clarendon Press of
the University of Oxford.

1. Fungi or Mushrooms.—To give a detailed description
of the various modes of reproduction occurring in the different

sub-divisions of this order would be beyond the scope of this

volume, and we will therefore simply choose a few examples as

types of the different methods by which reproduction may take
place. For this purpose we will adopt the classification proposed
by De Bary, according to which the Fungi are divided into the

following groups, viz. :— (i) Phycomycetes, (ii) Hypodermioe,
(iii) Basidiomycetes, (iv) Ascomycetes, after which we shall give

a short notice of the Bacteria, which are now generally regarded

as an order of the Fungi, called Schizomycetes.

(i) Fhycomycetes.—As an example of this group we will

briefly describe the life history of Cystopus candidus, a fungus

which is commonly found growing upon Cruciferous plants. It

resembles closely in its morphological phenomena Vaucheria (the

life history of which is described under ' Alga?,' page 394), not

only in respect to its unicellular mycelium, but also in its forma-

tion of oogonia and antheridia.

On examining a plant infested by Cystopus, it will be seen

that the greatly elongated one-celled branched mycelium of the

fungus (jig. 835, a), is interwoven, as it were, among the cells

of its host, and draws nourishment from the latter by means

of little rounded projections or bladders, known as lumstoria,

which penetrate the cell-walls of the host-plant. After vege-

tating for some time in this manner, erect branches grow out

beyond the surface of the epidermis, from which conidia are

formed by a process of budding. (The term conidia, when used

by us, indicates in all cases reproductive cells which are thus

produced asexually.) From these conidia, when moistened with

dew, rain, &c, zoospores are formed, and these settling down

upon a similar plant will, under favourable circumstances, again

develop the Cystopus mycelium.

But Cystopus can also produce zoospores by means of a sexual

process, which takes place in the interior of its host. The ends

of certain filaments of the mycelium swell up, forming oogonia

(fig. 835, A, or/, og); whilst two club-shaped bodies, the anthe-
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tidia (Jig. 835, b, an), are formed by branches which arise from

near the base of the oogonium. In the course of its develop-

ment, the oogonium becomes of a more or less spherical form,

and at its base a septum is formed separating it from the general

cavity of the Cystopus mycelium, whilst the greater part of the

protoplasm contained in the oogonium arranges itself so as to

form a rounded mass known as the oosphere (Jig. 835, B, os).

Fig. 835.

Fig. 835. A. Branched mycelium of Cystopus with young oogonia, Off, off.

B. Portion of mycelium bearing oogonium, 017, with the oosphere, os ;

and antheridium, an. c. Mature oogonium, with os, the oospore. D.

Mature oospore. K, F. Formation of swarm-spores or zoospores, G, from
the oospores, i, i. Protruded endospore. After De Bary.

When fertilisation is about to take place, one or other of the
antheridia comes in contact with the oogonium (Jig. 835, b, an),
and subsequently the protoplasm of the antheridium reaches
that of the oogonium by penetrating the membrane of the latter

(Jig. 835, b). An oospore is thus formed (Jig. 835, c, os), which
becomes surrounded by a rough dark brown coat or exospore,

and contains numerous starch granules (Jig. 835, d). After
lying dormant during the winter, the protoplasm of the oospore
becomes divided into numerous segments, the whole being
covered by a thin membrane known as the endospore (fig. 835 e,

i, and f, i) ; and from each of the little segments of protoplasm
is formed a zoospore or swarm -spore (fig. 835, g). The endospore
ultimately forces itself like a bladder (fig. 835, e, i, f, i) through
the exospore, and then bursting, the zoospores, a, are set free,
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Fig. 836.

each of which, like those from the conidia, may settle down and

produce a new Cystopus mycelium.

(ii) Hypodermics.—Puccinia graminis, which we will take as

the type of this group, is remarkable not only in showing a dis-

tinct alternation of generations, but also in the fact that each

generation is developed upon a different host, and thus affording

a good example of what has been called hetercecism, or changing

from host to host during different changes of development.

Thus in the spring, the fungus (fig. 83G) may be seen in one

phase of its existence growing on the Barberry (BerberU vulgaris),

whilst in the summer, upon certain Grasses fungous growths

(Jigs. 837 and 838) may be seen which have been developed from

spores formed whilst the Puccinia was inhabiting the Barberry,

and which in fact constitute the second generation.

If a section be made
through one of the yellowish

swellings seen on the leaf of

a Barberry plant which is

affected by the fungus, the

whole tissue of the leaf at

the spot in question will be

found to be permeated by
the mycelium of the Puc-

cinia, whilst two kinds of

fructification may be noticed,

one on either side of the

leaf. On the upper surface

(fig. 836, o) are somewhat
rounded spaces, termed
spermogonia, sp, full of very

delicate hair-like bodies,

and from the floor of the

cavity very small spore-like

structures, the spei-matia,

are formed. On the under

surface are the much larger

sccidium Jntits or sccidia,

a, a. These consist of

closely packed vertical

hyphae, from which, by a

process of continuous budding, a great number of conidia-like

spores are detached. It is by the germination of these spores

and their growth on Grasses, that what are known as the urcdo-

Jruits are produced.

These uredo-fruits consist of a dense mycelium (fig. sh),

interwoven among the cells of the Grass leaf, from which

vertical branches shoot upwards bearing at their extremities

oval granular spores, the uredospores, w. These uredospores,

germinating in other Grasses, again produce tiredo-finnta, and

Fta. 83G. Section through leaf of the Bar-

berry infested with Puccinia graminu. o.

Epidermis of upper surface of leaf. sp.

Spermogonia. p, p. Layers of cells (peri-

dium), surrounding, a, a, the aicidiu

fruits. After Sachs.



HYPODERMIC.—BASIDIOMTCETES. 381

this process may be carried on throughout the summer. But

towards autumn some of the older uredo-fruits produce what

are known as the teleutospores (figs. 837, t, and 838, t, t). Ihese

are two-celled, somewhat elongated spores, which, germinating

upon the Barberry leaf, give rise to the secidium fruits which

we have already described.

It will be noticed that as yet no sexual process has been

discovered to occur during the life history of Puccmia. Should

such be hereafter demonstrated, it will probably be found that

the fecidia are formed in consequence of the fertilisation ot

female organs by the spermatia.

Fig. 837. Fig. 838.

Fia 837 Part of a layer of uredospores. sh. Hyphffi or mycelium ramifyiug

among the cells of a leaf of the Couch Grass, ur Uredospores. t A
teleutospore. Fiq. 838. e. Epidermal, and 6, inner layer of cells -of the

infested leaf, t, t. Teleutospores. After De Bary.

(iii) Basidiomycetes.—As an example of this group we will

briefly describe what is known of the life history of the common

Mushroom (Agaricus campestris). That which is ordinarily known

as the Mushroom is in reality the receptacle (fig. 6), fructifica-

tion, or spore-producing structure, growing from a mycelium, my,

which is vegetating underneath the surface of the ground or

other substance upon which the fungus may be growing. The

receptacle, in the case which we are considering, consists of two

parts (fig. 839, a), viz. :—the cap or pileus, p, and the stalk

or stipe, st. The former may be regarded as the essential part of

the receptacle, the spores being produced on its under surface,

whilst the stalk simply serves the purpose of raising the cap

some distance above the ground.
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In the earlier stages of development the young receptacle
consists of small, somewhat pear-shaped bodies {Jig. 839, b),

made up of a dense mass of hyphal tissue continuous with that
of the mycelium, m. As growth proceeds in these bodies, an
annular air cavity is formed near the upper part, the roof of
which forms the under side of the pileus, and, growing rapidly in a
transverse direction, ultimately becomes covered by a number
of closely set vertical folds placed in a radiating direction from
the centre to the margin ; these are the lameUse, or gills, and
collectively constitute the hymenium {fig. 6, b), upon which the

spores are produced in a manner to be presently described.

The growth of the cap gradually causes the floor of the cavity,

Fig. 839.

Fic/.BZ'd. A. Vertical section of thecomrnou Mushroom (AgaricuscampesUiu),
my. Mycelium, col. Remains of volva. si. Stipe, an. Annulus. h. Hy-
menium with its gills or lamella?, la. p. The pileus. B. m. Mycelium
of Agaricus, bearing numerous youug receptacles iu different stages of

development. After Sachs.

known as the veil or indusium, to give way from the margin, so

that it comes at last to hang from the stalk in the form of a

fringe or cmnulus {figs. G, c, and 839, a, an).

In some species of Agaricus, as the present, the whole plant

is entirely enclosed at first in a kind of veil or covering {fig, 0),

called the volva, which ultimately becomes ruptured, and free

from the tissue forming the membrane on the upper surface of

the pileus ; but its remains may be seen at the base of the stalk

(fig. 839, a, vol).

If a transverse section of one of the lamella? of a mature

hymenium be made, it will be seen to consist of cells, greatly

elongated in the centre, constituting the tr<tm« {jig. 840, t),

but being smaller and more or less rounded towards the peri-

phery, where they form what is known as the svb-hymenial layer,



BASIDIOMYCETES.—AGARICUS.

sh. Placed upon .and derived from this layer are the densely

crowded club-shaped cells known respectively as the basidia, s',

»" s"', s"", or paraphyses, q, according as they produce spores

or remain sterile.

From each basidium, in this species, two spores are pro-

duced, the process of their development being as follows :—On
the free rounded surface of the basidial cell there first appear

two little processes, s', which quickly become swollen at their

extremitie.3, s". The swelling in each instance increases, and
finally a protoplasmic cell is produced, s"\ which becomes

separated from the little stalk, s"", and forms a spore. The

Fig. 840.

Fig. 8-10. Transverse section of a lamella of themature hymenium of Agart-
<•".» cumpestris. t. Trama. sh. Snb-hymenial layer, q. Paraphyses. s', s",
<"'. Basiilia in different stages of development, showing formation of

spores, s"". Basidium after the spores have fallen off. After Sachs.

spores, thus formed, when placed under favourable circum-
stances are capable of producing the mycelium, or dense net-
work of hyphse, from which again the fructification or receptacle
is developed. Judging from analogy, we would have expected
the fructification to be the result of a sexual process taking place
in the mycelium, thus giving rise to an alternation of genera-
tions, but from the latest researches on the subject this does
not seem to be the case.

(iv) Ascomycetea.—From this division of Fungi two examples
may be selected for description.

The first which we will consider is Claviceps purpurea, or the
'Ergot Fungus. If we trace the development of this Fungus
upon the ovary of the affected Grass (Rye being the one more
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commonly selected), we find that it first produces what is known
as the spliacelia (Jig. 842). On examining a section of an ovary

in this condition, it is seen to be almost completely surrounded

by a dense mass of hyphal tissue, which also penetrates more or

less into its interior, and gradually, in fact almost entirely,

takes the place of the proper structure of the ovary—this being

more particularly the case towards the base of the organ.

Fig. 841.

sph

Fig. 842.

Fig 841. Young solerotium, c, of Claviceps growing up and supplanting the

old sphacelia, sph. Fig. 842. Section through the junction of the

sphacelia with the solerotium of Claviceps, showing formation of couidia.

Fig. 843. Fig. 844.

cu q i n -| i u„„ „t «,„ Wn.shanert solerotium of Claviceps purpurea or

&e Emot Sgus ta ug four stalked receptacles.— «... S44 Em*
Uulim\f sect™a receptacle of the same, magnified, .bowing the pen-

theoia. After Tulasne.

From the free ends of the outer hyphse great numbers of

conidia (fig. 842) are produced by budding, which *PP^ to

have the power of again producing sphacelia moth r G .uws.

Finally, the hyphal tissue becomes much more dense, this A
place gradually from the base to the apex, until the schiotmm
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i fig. 8-11) or ergot, which is ultimately (Jig. 843) a somewhat
horn-shaped body of a dark purple colour, is formed.

After remaining dormant during the winter, the Ergot or
Sclerotium produces spores (from which the sphacelia can again
be formed) in the following manner. Stalked receptacles (Jig.

843) grow up from the tissue of the Ergot, in which are deve-
loped a number of perithecia (fig. 844). These perithecia are
somewhat flask-shaped cavities (fig. 845), which are filled with
asoi ; the latter containing long slender spores (fig. 846), termed
ascospores, which again, by germinating on the Kye or allied

Grasses, give rise to the sphacelia.

Pe~iza, our second example of the Ascomycetes, is a genus
of Fungi containing a great number of species, many of which

Fig. 845. Fig. 846.

the long slender ascospores. After Tulasne.

are very common, and may be seen growing upon the dead
trunks of trees, &c. Peziza is recognised as a small disc-

shaped body, slightly cupped on the upper surface and of a

reddish-purple colour. On close examination it is found that
this structure (which is in fact the fructification) is growing
from, and continuous with, a mycelium vegetating under the
surface of the wood, &c, upon which the Fungus is situated.

On examining a vertical section under the microscope, it is seen
to consist of numbers of elongated cells closely packed side by
Bide. Of these the greater number are very narrow and some-
what club-shaped at the extremities, whilst the others are
broader (Jig. 847, ci-J) and each contains eight oval spores in a
greater or less state of development. These latter cells are
known as the asci (the spores they produce being termed asco-

C 0
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spores) ; whilst the former very narrow elongated cells are sterile

branchlets, which are known as the paraphijses. The ascotrporeu

are produced by the process of free cell-formation.

That which we have been describing, however, is merely one
phase of the life-history of Peziza, as this is one of the Fungi in

which a clearly marked alternation of generations exists. Thus
at a certain period of the year there appear on the Peziza myce-
lium branches directed vertically upwards, which, after branch-
ing and rebranching, produce structures by means of which a

sexual process takes place. These consist of antlieridia (Jig.

848, i), and what may be termed oogonia, a, the latter being

Fig. 847. Fig. 813.

Fig. 847. sh. Sub-hynienial layer of the mycelium or hyphte of Petiza con-

vexula. a, b, c, d, e,f. Successive stages of development of the a?ci and

ascospores intermixed with slender paraphyses. After Sachs. Fig. SIS.

h, h. Mycelium or hyphaj of Peziza confliiens. a. Oogonium with hooked

process,/, i. Antheridium. After Tiilasne.

ovoid vesicles placed at the extremities of the branchlets ; whilst

the former is an elongated club-shaped body rising from below

the base of the oogonium. The antheridium, i, finally unites

with the oogonium, a, through the interposition of a hook-shaped

process, /, on the latter, and as a result of the fertilisation a

number of hyphre, h, h, shoot up from the base of the oogonium,

which ultimately develop so as to form the fructification which

we have already examined.

Bacteria.—A very large and important group of organisms is

that of the Bacteria. Where these should be placed is still some-

what a matter of doubt ; but they are more commonly arranged

among the Fungi, forming the order Schizomycetes of the group

Protomycetes. Cohn includes them amongst the Algaa, though

they differ materially from Algte in the fact that they will not live

in clean water, but require decomposable substances for their
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nutrition ; in this, and in that they do not contain chlorophyll,

they resemble Fungi, and should doubtless be considered as
Fungi, unless, indeed, they belong to the lowest group of animals,
viz., Monads, as is maintained by some observers. Whether all

Bacteria have an envelope of

cellulose is questionable, for as

their structure cannot be made
out except under the highest
powers of the microscope, what
appears to be cellulose may
really be nothing more than a
halo produced by improper il-

lumination, indifferent staining,

and other causes. The forms of

Bacteria vary considerably, some
being small spherical bodies,

which may exist singly, or in

chains, or in masses, Micrococci (Jig. 850, 5, 6, and 7) ; others are
somewhat oval in form, Bacteria (Jig. 850, 2) ; others, again, rod-
shaped, Bacilli (Jig. 849) ; while some have the form of a cork-
screw of one or more turns, Spirilla (Jig. 850, 3 and 4), &c. Most
of the Bacteria are motile, the source of movement in many forms

Fig. 850.

Fig. 849.

I
Fig. 849. Bacilli, showing development

from spores. After Klein.

Fig. 850.

1. Saroinse.

2. Bacteria.
3. Spirilla.

4. Spirillum, show-
ing flagella.

j Micrococci in
strings, singly
and in groups.
After Cohu
and Sachs.

being flagella, generally one at each end (Jig. 850, 4), while in
others the cause of movement has not yet been discovered.
Bacteria may be divided according to their morphology or their
physiology, some producing coloured secretions, chromogenous,
although they themselves are colourless ; others causing fermen-
tation, zymogenous ; while others are most probably the cause
of disease, pathogenous. It is this last group which has been
creating so much interest lately in connexion with phthisis,
cholera, hydrophobia, anthrax, &c. The methods of reproduc-
tion are fission, and in some cases the production of spores,
though both methods are most probably agamogenic.
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2. Lichenes or Lichens.—Of late years Lichens have been

regarded by many botanists as, in reality, Ascoinycetous Fungi,

parasitic upon Algae. But as the recent researches of Orombie

and others have shown that this view of their nature is highly

improbable, and as moreover Lichens present so many charac-

teristics peculiar to themselves, we shall describe them and

their modes of reproduction under a separate head. According

to the view that Lichens are species of Fungi, parasitic upon

Algte, the chlorophyll-containing cells or gonidia {Jigs. 853,

Fig. S51. Fig. 853.

Fia 851 Thallus of Opegrapha aira, showing linear apothecin, termed

iU-ellte Fig. 852. Portion of the thallus of Parmelia panetim, with

vouug'round apotheeia, up, and spei-mogonia, sp. After Heufrcy.- tig.

853 Section of the thallus through an apothecmm of Oetraria islamite:

as Asoi, tlvree of which contain ascospores. par. Pnrapnyses. gon.

Gonidia. After Berg and Schmidt.

am and 855, gon), found within the substance of their thal-

lus and which' used formerly to be regarded as special asexual

reproductive organs, are in reality Algro upon which the

Fundus is parasitic. Thus the thallus of a Lichen is a com-

pound structure, consisting of two elements, thefimgai and the

^The reproductive organs of Lichens are of three kinds :—(1)

Apotheeia ; (2) Spermogonia ; and (3) Pycnidia.

The apotheeia are of various forms, and have received different

names accordingly; the more usual are the round {fig. 852, ap)

and linear {fig. 851); the latter are commonly termed IweUKk
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The apothecia may be either sessile or stalked ; the stalk, when
present, is termed the podetium. The apothecium is either com-

posed of two parts, called the thalamium and excipulum, or, of

the former only ; when the latter is found, it 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 spore-cases called

asci (fig. 853, as), surrounded by thread-like or somewhat club-

shaped filaments, called paraphyses, par, which are usually re-

garded as abortive asci ; the asci and the paraphyses are placed

perpendicularly upon the hypothecium. The apothecia are fre-

quently of a different colour from the surrounding thallus ; this

is due either to the paraphyses or the excipulum. Each of the

asci, as, generally contains eight spores, but in some cases only

four, and in others sixteen ; thus the spores are commonly a

multiple of two, and the number is always constant for each

species. In rare cases the asci have a large number of spores,

and are hence said to be polysporous. The spores themselves

are usually termed ascospores. Some of these spores are of a very

complex structure, being divided into two, four, or many cells.

They are frequently coloured, and form beautiful objects under

the microscope.

In a very few genera of Lichens, as Abrothallus and Scutula,

certain structures have been discovered by Tulasne, called stylo-

spores. 'They consist of isolated spores borne upon shortish

simple stalks. They are produced in conceptacles to which is

applied the name of pycnidia.'

The spermogonia were first discovered by Tulasne, but they

have now been 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. 852, sp) ; but rarely, they
are quite free and above the thallus. The spermogonium varies

in form, and has one or more cavities, with a small orifice at the

top termed the ostiole or pore (fig. 854, os), with which all the

cavities communicate. The spermogonium, when mature, has
its interior filled with a number of bodies called spermatia {figs.

854, s, and 855, s), raised on stalks, termed sterigmata or sp> r-

matophores (figs. 854, sp, and 855, sp). The form of the sper-

matophores 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 cylindroid
or globular cells (fig. 855, s})) ; or the branches are reduced to

two or three elongated cells. The spermatia, (fig. 855, s), are
terminal on the spermatophores, and consist of exceedingly
minute bodies, ordinarily linear, very thin, short or longish,
straight or curved, without appendages, and motionless, and lie
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in a mucilage of extreme transparency. The spermatia are
commonly regarded as the analogues of the spermatozoids pro-
duced in the antheridia of the higher Cryptogams.' When the
spermogonium is mature, the spermatia (fig. 854, s), are dis-

charged through the pore or ostiole, as, in vast numbers.

Fig. 854.

Fig. 854. Vertical section of a spermogo-
nium of Cladonia rmvjiferina. sp. Sper-
mntophores. os. Ostiole or pore, from
•which the spermatia, s, are escaping.

Fig. 855. Highly magnified frag-

ment from the wall of a spermogonium
of Parmelia panelina. sp. Articulated
sterigmata or spermatophores. s. Sper-

matia. gon. Gonidia. After Henfrey.

Fig. 855.

Lichens may also be reproduced in a vegetative manner by
means of little detached portions of the thallus known as soredia.

These are regarded by those who maintain the compound nature

of Lichens as consisting of some of the Algre, through which the

Lichen derives its nutrition, connected and intermingled with a

weft of fine fungal hyphse. Such a soredium when placed under

favourable conditions is capable of growing into a Lichen of the

same nature as that from which it derived its origin.

3. ChakacEjE or Charas.—By many botanists the Charas

are classed among the Algre, but as they present in their structure

and mode of reproduction many points of difference from the

latter, we have placed them in a separate group immediately

preceding them. They may be regarded as a link connecting

the AlgEe with Cormophytes.

The reproductive organs are of two kinds, both of which

grow at the base of the branches, and either on the same or on

different branches of the same plant, or on different plants.

These organs are called respectively, globules and nucules.

The globule (fig. 85G, a), which is regarded as an antheridium,

or male organ, is a globular body, usually placed immediately

below the nucule, s, but occasionally by its side. Of a green
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colour whilst young, it turns to a deep brick-red as it becomes
mature. It consists of eight valves, or, as they have been
termed, shield-cells, each of which is a flattened triangular

cell, curved so as to present a convexity to the outer surface

of the globule, and having its margins crenate or toothed,

so as to dovetail, as it were, with the adjoining shield-cells.

From the centre of each shield an oblong cell (Jig. 858, c), the
manubrium, is given off in a pex'pendicular direction. The

Fig. 856. Fig. 857.

Fig. 858.

Fi'i. S56. A. Portion of the axis of Charafra-
gUis. s. Nucule or pistillidiurn. a. Globuie or
antheridium. b. Internode. c. Crown or co-
rona of nucule, /3. Abortive leaves. p',p",p",
Sterile leaflets. B. si: nucule, and a, globule,
both in an early stage of development, w.
Nodal cell of leaf. u. Union cell between it

and basal node of globule. I. Cavity of in-
ternode of leaf. br. Cells of leaf covered with
cortex. After Sachs. Fir/. 857. A portion
of a filament,./!/, of fig. 858, in the cells of
which the antherozoids are developed ; with
a 2-ciliated antherozoid by its side.
Fig. 858. A globule cut in half to show the
oblong cells or manubria, c, and the septate
filaments,//. After Henfrey.

eight cells from the eight shields converge in the centre of the
globule. A ninth cell of a similar form, but larger than the
others, also penetrates into the centre of the globule between
the four lower shield-cells ; this is the stalk which fixes the
globule to the branch upon which it is placed. At the central
end of each manubrium is a rounded cell, which supports in
turn four other smaller cells, and from each of these latter four
confervoid filaments are given off {fig. 858, fil), in each cell of
which is produced a single spiral antherozoid {fig. 857), which
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Fig. 859. Fig. 800.

Fig. 859. Nncnle or archegonium
of C/utra. a. Apices of the
spirallj' wound cells.

Vertical section of a nucule.

is furnished with two very long ciliie of excessive fineness.
These antherozoids 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.

The nucnle is regarded as a pistillidium, archegonium, or
female organ. It is an oval sessile body, situated in the axil of

a branch {fig. 856, s) ; it consists of a central cell with a double
coat (fig. 860), surrounded by five cells, which are wound

spirally round it, and terminating
above in five or ten smaller cells the
ends of which remain free (fig. 859,
a), and thus form a kind of crown
at the apex of the nucule (figs. 856
a, c, and 859, a). At an early stage

of growth the cells are separated

from each other, and a canal is thus

left between them extending from
the crown towards the central cell.

This canal is supposed to form a
passage, by means of which the an-

therozoids reach the central cell of

the nucule, by which its contained

oosphere is fertilised. Ultimately

the nucule drops off from its parent, remains at rest until the

following season, and when it germinates first produces a single

axial row of cells, forming a pro-embryo or pro-thallus from

which the leaf-bearing sexual plant ultimately grows.

4. Alg^: or Seaweeds.—This order of plants, like the Fungi,

comprises a very large number of species, which vary exceed-

ingly in form, size, colour, and other peculiarities. They are

all either inhabitants of

Fig. 861. water salt or fresh, or live

on moist surfaces ; and
may be microscopic plants,

or growths of enormous
size. Adopting no special

classification of the Alga;,

we will simply describe the

processes of reproduction

occurring in certain ex-

amples as types of the

rest.

Nostoc, a very common
Alga, is found living some-

times in water, though more frequently on the damp surfaces

„f trees, stones, &c. It consists of a,
jd y-like substance ...

which are imbedded moniliform threads of cells 861), th<

different filaments being interwoven with one another, The

greater number of the constituent cells contain chlorophyll

;

Fig. 861, Filaments from a Xostoc colony.

After Luerssen.
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but usually there are also placed at definite distances from one

another larger colourless cells, which are not, like the others,

capable of division, and are ordinarily known as heterocysts

(Jig 861). By means of the growth and subsequent division of

the smaller cells, the Nostoc colony may become increased in

size and new colonies also at certain times become formed in

the 'following manner. By means of the imbibition of water

the jelly of the old colony swells up and allows the Nostoc fila-

ments or rows of cells to become free. Each cell subsequently

crows rapidly in a transverse direction till the appearance is

presented by each filament of a number of disc-like bodies

placed side by side. Cell-division next takes place in a direc-

tion parallel to the axis of the filament, so that a number

Fig. 862. ^ Fig. 863.

of septate thread-like bodies are produced, which, joining by
their ends, grow so as to ultimately produce a new Nostoc colony.

At the same time the heterocysts are developed from cells which

previously differed in no apparent respect from the rest, and the

jelly-like envelope of the colony becomes also gradually formed.

Spirogyra, our next example of this order of plants, is one

in which the process of reproduction known as conjugation

very commonly takes place. Spvrogyra is an Alga which may
be found in great quantities in most ponds towards the end

of summer, and is one of the prettiest objects which can bo

Fiq. 862. Two filaments of Spirogyra about

to conjugate ; eacli cell is seen to con-

tain chlorophyll arranged in spiral

bands with grains of starch, oil glo-

bules, and a central nucleus, surrounded

by protoplasmic threads which extend

to the cell-wall, a, b, c. Lateral pro-

trusions of the cell-walls of adjoining

cells. After Sachs. Fig. 863. A. Fila-

ments of Spirogyra conjugating, a. For-

mation of zygospore. b. Formed zy-

gospore. B. A filament in which are

young zygospores, c, and which contain

drops of oil. After Sachs.
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examined under the microscope. Seen with the naked eye, it con-
sists of a mass of long, very slender green threads or filaments,
which float in the water where they are growing. Examined
with the microscope, each filament is seen to be more or less
cylindrical, and composed of a great number of similar cells
placed end to end {fig. 862). The chlorophyll is arranged in
the parietal layer of protoplasm of the cell in a definite spiral
manner

;
the name of some of the species being determined by

the number of such spirals in a single cell. Each cell is capable
of growth and division, and by this means the bulk of the entire
plant is increased.

When conjugation is about to take place, two filaments ap-
proach each other, and from the sides of contiguous cells {fig.
862, a, b, c), protrusions of the wall occur which meet in the
centre. The protruding ends of the wall then intervening
between the cavities of the two conjugating cells next become
absorbed {fig. 863, a, a), and the protoplasm of one cell separates
itself from its cell-wall, and gradually travels into the other cell,

where it becomes intimately mixed with the protoplasm existing
there ; the whole mass then becomes of a somewhat oval shape,
surrounds itself with a cell-wall, b, and in fact constitutes what
is called a zygospore. Later on its colour changes from green
to that of a deep red, and after remaining dormant during the
winter the zygospore germinates at the beginning of spring,

and so gives rise to a new Spirogyra plant.

Yaucheria, which we will now consider, exhibits true sexual
reproduction, in addition to the formation of asexual spores.

An irregular kind of alternation of generations exists in this

genus, inasmuch as asexual spores are usually produced by a
certain number of successive generations, the sexual process only
taking place in generations separated by a considerable interval

from one another. At the same time it must be noticed that

asexual spores may be formed in the same plant as that in which
sexual reproduction takes place.

Vaucheria may be found growing either in water or on moist

surfaces. Its thallns consists of one very elongated and greatly

branched cell, attached to some fixed object by means of a por-

tion of its thallus, which is much branched and perfectly trans-

parent {fig. 864, d, w). The other, or non-transparent portion

of the cell contains protoplasm, chlorophyll grains, and fre-

quently numbers of small oil globules. The asexual spores are

formed in various ways in the different species, the more com-

mon method being that in which a small branch becomes sepa-

rated from the parent cell by division, the protoplasm thus shut

off secreting a cell-wall round itself, and thus forming a Bpore,

which ultimately germinating gives rise to a new vmicheria

thallus. (M. C. Cooke and Bates have described the main

filaments or threads as much divided off by septa into cells

at the period of fructification : and Cooke believes, from this
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circumstance and others, that zoogonidia may be produced in

Vaneheria in cells divided off for that purpose.)

Zoospores or Zoogonidia are also not unfrequently formed as

follows :—The contents of the branch, -which has swollen into

a sporangium, contract, and escape as a primordial cell, or one

without a cell-wall, from a fissure at the apex (Jig. 864, A, sp).

This primordial cell is densely covered by short cilia, and is

termed a zoospore or zoogonidium, which at first rapidly rotates ;

but it soon comes to rest, when the cilia disappear, and a

cellulose wall is produced (jig. 864, b). This spore then ger-

minates by putting out one (fig. 864, c) or two tubes ; or it forms

on the other side, at the same time, a branched root-like organ

(Jig. 864, d, w).

Fig. 864.

Fig. 864. A. sp. Newly formed zoospore or zoogonidium of Vaucheria sessilis

escaping. B. Zoospore at rest after having lost its cilia, c. First stage of

germination. D. Filament of Vaucheria sessilis producing oogonia, og, og,

and antheridium, A. «>. Hyaline root-like process, forming a sort of

mycelium, sq. Zoospore, which by germinating has formed the filament.

After Sachs.

"When sexual reproduction takes place, short branches of

the thallus or filament, which are in close proximity to each
other, become transformed into antheridia, h, and oogonia, og,

99 (fig- 864, d). The branch which is to form the antheridium
is longer than that which forms the oogonium, and gener-
ally becomes more or less curved, and a division is made about
halfway from its base. The protoplasm in the upper part
becomes differentiated into antherozoids, which by means of the
bursting of the antheridium become free at the same time as
the rupture of the oogonium takes place.

The oogonia (fig. 864, d, og, og), of which there are fre-

quently two near to each other, are somewhat ovoid
;
they differ

from the antheridia in containing a good deal of chlorophyll,
and are separated from the cavity of the thallus or filament by
a septum situated at their base. The green and granular con-
tents finally collect in the centre of the oogonium, and colourless



396 REPRODUCTIVE ORGANS OF ALG.E.—FUCUS.

protoplasm is to be seen at its end ; the cell-wall then opens at
this point, and the contents at the same time retract from the
cell-wall and what is termed the oosphere is formed. The anthe-
ridium opens at the same time as the oogonium, and the anthe-
rozoids escape, reach the oosphere, mix with it, and then dis-

appear ; and the oosphere is transformed into an oospore. The
oospore thus formed acquires a distinct cell-wall of its own, and
its colour also changes to a reddish hue. By the germination of

the oospore, a new Vaucheria thallus may be formed.
Fucus.—This genus includes numerous species, which form

the various plants commonly known as Seaweeds. The thallus

{fig. 5) is usually long, very much branched, and of a greenish

brown colour. In structure, it is made up at the surface of

closely packed small cells, but towards the interior the cells are

more elongated, and joined end to end, so as to form filaments

Fig. 865.

Fig. 805. Vertical section of a female conceptacle of Fuctts vaiculosua con-

taining oogonia and paraphyses. After Thuret.

which are interwoven amongst one another (fig. 865). The walls

of the constituent cells are peculiar in consisting of two parts,

an inner firm layer, and an outer one which is generally more

or less swollen by imbibition of water. (See page 73.)

Reproduction is effected by a sexual process, which takes

place in the following way :—Numerous little cavities, known

as conceptacles, appear sunk in the surface of large swollen recep-

tacles (fig. 5, t, f), on the ends of the longer forked branches oJ

the Fucus, and in these are contained the aniheruha, or <»></ a
;

or both of these organs, together with abortive filaments or

paraphyses. Some species, as Funis platycarpus, are monoecious,

i.e. contain both antheridia and oogonia in the same eonceptaclej

but in others, as Fucus vesiculosus, either only anthcruha or
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oogonia conceptacles are produced in the same plant
;
such

species therefore are dioecious.
_

Taking Fucus veskulosus as an example of the dioecious

species, on making a section through a female conceptacle, its

cavity is found to be of a more or less spherical form, and

marked off from the loose tissue of the interior of the thallus

by a thin layer of denser tissue resembling, and in fact being a

continuation of, that of the surface, which may be called the

epidermal layer {fig. 865). Springing from all parts of the wall

of the conceptacle are slender jointed filaments, the paraphyses.

Amongst these paraphyses are the oogonia, which are produced

from certain cells of the lining, or epidermal layer of cells.

The anthcridia in the monoecious species, as Fucus platy'car-

pus, are developed in the same conceptacle as the oogonia
;
and

Fig. 86G. Fig. 8G7. Fig. 8G8.

Fig. 866. Antheridia. rt, a, on the branched hairs of the ma'e conceptacle.

After Thuret. Fig. 867. Oogonium with the oospheres fully separated,

and disengaging themselves from their coverings. After Thuret. Fig.

868. An oosphere without a cellulose coat being fertilised by antherozoids

so a3 to form an oospore.

in dioecious species in separate conceptacles, then termed male

conceptacles. These anthcridia (fig. 866) are somewhat elliptical

bodies, a, a, formed on branched hair-like cells. When mature
the antheridium becomes a bright red colour, and contains a

number of small antherozoids (fig. 868), each of which is fur-

nished with a pair of cilia.

The oogonia are globular bodies borne upon a short one-

celled stalk, in which are produced eight oospheres by means
of the division of the contained protoplasm (fin. 867). These,
which are at first angular, become rounded off, and are ulti-

mately set free by the bursting of the oogonium membrane.
The antherozoids, which escape almost simultaneously with the

oospheres, gather round the latter and appear to become finally

blended with their substance (fig. 868). The oospore thus
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formed secretes around itself a cell-wall and very soon begins to
germinate. Growth and division proceed, and so a new Fucus
thallus is built up.

GEdogonium.—The thallus of (Edugoninm consists of a long,
unbranched row of cells ; and each cell is nucleated, and con-
tains chlorophyll granules imbedded in the parietal protoplasmic

layer. Reproduction is

Fig. 8G9. effected either asexually
by means of zoospores ; or
in a sexual manner by
antheridia and oogonia.

The former are produced
by means of the bursting
of a cell and the conse-

quent escape of the cell

contents in the form of

an ovate mass with a tuft

of fine cilia at the more
pointed extremity.

In the latter case the

aniherozoids are formed in

special cells, and either

on the same filament as

the oogonia (fig. 869, a,

n, og) ; which is then

termed a sexual filament
;

or on another filament

(fig. 869, c, z, z), then
called a male filament.

The antherozoids resemble

the zoospores or zoogoni-

dia, but are smaller. The
oogonia (fig. 869, a, og, og)

are oval bodies containing

a great deal of chlorophyll,

and are formed by the

enlargement of any of

the individual cells of the

filament. The contained

protoplasmic mass, or oo-

sphcre, may be fertilised

in two different ways.

Either the oosphere is

directly fertilised by con-

tact with the antherozoids

Fig. 869. A. Middle part of a sexual filament

of Qldogouium ciliatum. og. og. Oogonia
fertilised by the dwarf male plants, m, m,
developed from zoospores formed in the

cells, n ( autheridrum), at the upper part of

the filament, n. Bipe oospore, c. Piece

of male filament of a species of (Edogonium,
with production of antherozoids, z, z. D.

The four swarm-sporeB resulting from an
oospore. E. Swarm-spore at rest. After

l'ringsheim.

above described (fig. 869,

c, z, z); or by means of an antherozoid produced from a peculiar

form of swarm-spore known as an anirospore (fig. 869, A, n).

The androspore, which is produced from cells resembling those
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of the antheridia, becomes attached to the oogonium, forming

what is known as a dwarf male plant {fig. 869, a, m, m), and
subsequently discharges its protoplasm in the form of an anther-

ozoid, by which the oosphere may be fertilised, and become
transformed into an oospore.

In either case the oospore after a short period of rest gives

rise to four swarm-spores {fig. 869, d), each of which {fig. 869,

e) subsequently grows into a swarm-spore-producing plant, so

that in CEdogonium we hare another example of alternation of

generations, similar to that which occurs in Vaucheria (page

394), viz., one in which a series of generations consists of the

swarm-spore-producing plant, whilst at more or less regular in-

tervals a sexual generation takes place. It should be noted
however that zoospores may be also produced in the same indi-

vidual plant as that in which the sexual process takes place.



BOOK II.

SYSTEMATIC BOTANY, OB THE CLASSIFICATION

OF PLANTS.

CHAPTER 1.

GENERAL PRINCIPLES OF CLASSIFICATION.

Section 1.—Species, Genera, Orders, and Classes.

Our attention has been hitherto directed to the examination of

the structure and forms of the various organs and parts ot

plants In doing so, we cannot but have noticed the almost

infinite varieties of forms which have thus been presented to

us and also at the same time observed that, notwithstanding

such variations, there are some striking resemblances in the

structure of the organs of certain plants, by which a close

relationship is thus clearly indicated between them It is the

object of Systematic Botany to take notice of such relation-

ships, and thus to bring plants together which are allied m
their forms and structure, and to separate those that are unlike ,

and in this way to take a comprehensive view of the whole

Vegetable Kingdom. In its extended sense Systematic Botany

has for its object the naming, describing, and arranging of plants

fn such a manner, that we may readily ascertain their names

and at the same time get an insight into their affinities and

g6n
lftCptSnt time there are at least 120,000 species of

plants known to exist on the earth. It is absolutely necessary

ClS for the purpose of study, or in order to obtain any

satisfactory knowledge of such a vast number of plants

Uiat we shonld arrange them according to some definite and

fixed ndesTbut before^ proceed to describe the systems ha

Sve been devised at various times for their arrangement, it

will be necessary to define the principal terms which are m

"Tfito-^Eto species we understand a collection

of indilSuals whS resemble Lh other more nearly than they
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resemble any other plants, and which, taking Flowering Plants

Z XsLtions, can be reproduced by seed ;
so that we may

from analogy infer that they have all been derived originally

from one common stock. Thus, if we walk into a field of Beans,

Peas or Clover, we observe thousands of individuals, which al-

5ToA differing to a certain extent in size, and m 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 one another

in all their important parts, constitute our first idea of a species
;

and that idea is at once confirmed if, by taking the seeds of such

plants and sowing them, we obtain other plants exactly resem-

bling those from which such seeds have been derived Species

are however, under special conditions, liable to variations, and

we have then formed what are termed varieties and races.

a Varieties, or Sub-species.-It has just been observed that

if the seed of a species be sown, it will reproduce its parent or,

in other words, produce a plant resembling its parent m all its

important parts. But this will only happen, when the new in-

dividual has been exposed to similar influences of soil, neat,

b>ht, moisture, and other conditions, as its parent
;
and hence

we find that variations in such particulars will lead to certain

peculiarities in form, colour, size, and other minor characters,

m plants raised from the seeds of the same species. In this

manner we have produced what are termed varieties.
.

In some

cases such variations are merely transient, and the individuals

presenting such peculiarities will in time return to their original

specific type, or perish altogether ; while in other instances they

are permanent and continue throughout the life of the indi-

vidual, the whole plant being, as it were, impregnated 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 page 107), as is the

case with many of our fruit trees and flowers. But even these

varieties 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 upon the character of the soil in which it is

placed, and the other external conditions to which it is exposed.

Thus, if we sow the seeds of a number of different varieties of

Apples, the fruit subsequently 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 varieties have been originally derived.

Hence a variety differs essentially from a species in the fact

that it cannot be propagated by seed.

b. Races.—Besides the varieties just alluded to there are

D D
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others, which are called permanent varieties or races, because

their peculiarities can be transmitted by seed. Familiar ex-

amples of such races are afforded by our Cereal grains, as Wheat,
Oats, and Barley ; and also by our culinary vegetables, as Peas,

Lettuces, Radishes, Cabbages, Cauliflowers, and Broccoli. How
such races of plants have originated, it is impossible to say with

any certainty. In the first case they 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 type, or to $£>prt, as it is termed. By further

cultivation under the care of the gardener, such variations are

after a time rendered permanent, and can be propagated by seed,

These so-called permanent varieties, however, if left to them-

selves, or if sown in poor soil, will soon lose their peculiarities,

and either perish, or return to their original specific type ; it will

be seen, therefore, that races present well-marked characters

by which they are distinguished from true species. Hence,

although our cereal grains and culinary vegetables have become

permanent varieties by ages of cultivation and by the skill of

the cultivator, they can only be made to continue in that state

by a resort to the same means, for if left to themselves they

would, as just observed, either perish or revert to their origi-

nal 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 hybridisation. The varieties thus formed, which

are called hybrids and cross-breeds, are, however, rarely trans-

mitted by seed—although, in some instances, such is the case

for a few generations—but they gradually revert to one or the

other parent stock. (See Hybridisation.)

We have now seen that species, under certain circumstances,

are liable to variations, but that all such varieties have a ten-

dency to revert to their original specific type. Hence, in a

practical point of view, species must be considered as permanent!

productions of Nature, which are capable of varying wit Inn

certain limits, but in no cases capable of being altered so as toj

assume the characters of another species. 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.
*

* The aliove views as to the origin nnd nature of species and varieties

must be understood, ns we have stated above, in a practical point of view,

although until the last tew years they were, ID every sense almost un>-

rsallv entertain,,] by naturalists ;
but they are opposed to those now tar

generally adopted, and which were first developed in Darwin s greatvc
more
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In practice it is important that we should distinguish

varieties from true species, for nothing is so calculated to lead

fco 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 m a wild state, and which

can be perpetuated by seed. Great uncertainty still prevails m
our systematic works as to what is a species and what is a

variety ; and hence we find different authors, who have written

on British and other plants, estimate the number of species

contained in such genera as Rosa, Bnbus, Saxtfraga, Hieracium,

SaMx, Smilax, and others, very differently.

9 Genera —The most superficial observer of plants win

have noticed that certain species are more nearly allied to each

other than to other species. Thus, the different 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 each other in general structure and appearance
J

more than they resemble any other species. Thus, the various

kinds of Brambles constitute one genus, the Roses another, the

Willows, Heaths, Clovers, and Oaks form also, in like 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 is defined as a collection of species which resemble each

other in the structure and general characters of their organs of

reproduction. It is not necessary, however, that a genus should

contain a number of species, for, if a single species presents

peculiarities of a marked kind, it may of itself constitute a

genus. ,

It frequently happens that two or more species of a genus

have a more striking resemblance to each other in certain im-

portant characters than to other species of the same genus, in

which case they are grouped together into what is termed a sub-

genus, and further subdivisions of more nearly allied species,

such as sections, sub-sections, &c, may be made.

3. Orders or Natural Orders.—If we regard collections of

genera from the same point of view as we have just done

those of species,—that is, as to their close resemblances,—

work ' On the Origin of Species,' and in other volume* by the same gifted

observer. This author contends that species, so far from being immutable,

are liable to change of almost any extent—in fact, that plants, by the

operation of causes acting over a long period of time, may become soaltered,

tint they preserve Bcarcely any apparent resemblance to those from which

thev were oriinuallv derived.
' b D D 2
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we shall find that some of them also resemble each other more

than they do other genera. Thus, Mustards, Turnips, Radishes,

and Cabbages have a strong common resemblance, while they

are unlike Strawberries 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 Natural

Orders
;
hence, while genera are collections of related species,

orders are collections of allied genera. Thus, Turnips, Radishes,

and Cabbages, all belong to different genera, but they agree in

their general- structure, and are hence included m the order

Crueiferse ; while Strawberries, Brambles, Roses, Apples, and

Plums, are all different genera, but from the general resem-

blance they bear to each other in their structure, they are placed

in one order, called Rosacea. Again : Oaks, Beeches, and Hazels

are different genera, but they belong to one order
;
also the

Pines and Cedars are different genera, but as the fruit of them

all is a cone, they are grouped together in one order, which is

termed the Coniferee. , ... , .

We find also that certain genera of an order, like certain

species of a genus, have a more striking resemblance to each

other than to other genera of the same order ;
hence such are

orouped together into what are called Sub-orders, lluis the

Chicory, Dandelion, Sow-thistle, Lettuce, Thistle, Burdock, and

Chamomile, all belong to the same order but there is a greater

resemblance in the Chicory, Dandelion, Sow-thistle and Lettuce

to each other than to the remaining genera. Hence, while all

the above genera belong to the order Composite, they are at the

same time placed in two different sub-orders. Thus, one sub-

order, called the Ligtdiflom, includes the Chicory Dandeho ,

Sow-thistle, and Lettuce ; and the other sub-order the Tubrth-

fiorx, that of the Thistle, Burdock, and Chamomile. In like

manner, while we find the Plum, Strawberry, Raspberry Rose

and Apple, all belonging to the same order Bm^**»<*
them nave more resemblance to each other than to others

Thus the Plum has a drupaceous fruit, and is therefore placed m

^distinct sub-order, which is called Drupace* ;
^trawbenj

Hvroberrv and Rose are much more like each othei than tnej

fre t the Plum or Apple, hence they are

called Rosex ;
while the Apple, from the character of its fruit,

is nlaced in a sub-order termed Pomex.

W is also found convenient to subdivide sub-orders into

Trill sTlibZ &c., by collecting together into groups cer

ta n very nearly allied genera, but it is not necessary for us to

mustrate such divisions further, as the principles upon which

thev depend have been now sufficiently treated 01.

4 Classes -By a class, we understand a group of orders

possessTng some very important structural characters in common.
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Thus we have the classes Monocotyledones and Dicotyledones,

which possess certain distinctive characters in their respective

em
TheCWs are also divided into Sub-classes, Series, Cohorts

or Alliances, and other divisions, in the same manner as the

orders "enera, and species are subdivided ;
but as the names of

such divisions vary in different systems, and are all more or less

artificial, it is not necessary for us, in this place, to dwell upon

them further The classes themselves, in different systems are

also generally arranged in more comprehensive groups, which

have°been variously named Sub-kingdoms, Groups, Divisions

Beqions, Sub-dkisions, &c. But as these are also of different

extent and variously defined by botanists, we must refer to the

several systems for particulars respecting them.

The following table will include all the more important

groups we have alluded to ; those in more general use being

indicated by capitals.

1. Sub-kingdoms or Divisions.

Sub-divisions.

2. Classes.
Sub-classes.

Series.

Cohorts or Alliances.

3. Orders.
Sub-orders.

Tribes.

Sub-tribes.

4. Genera.
Sub-genera.

Sections.

5. Species.
Varieties.

Races.

Section 2. Characters, Nomenclature, Abbreviations,

and Symbols.

Descriptive Botany is the art of describing plants in tech-

nical language, so that they may be readily recognised when met

with by those to whom they were previously unknown, who pos-

sess a knowledge of the technical names of the different parts

and organs of plants and of their various modifications. This

subject is too extensive to be treated of here ;
reference must

be made to special treatises for this purpose ;
but it is necessary

for us to refer briefly to the Characters, Nomenclature, Abbre-

viations, and Symbols of Plants.

1. Characters.—By the term character, we mean a list of
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all the points by which any particular variety, species, sub-genus,

genus, sub-tribe, tribe, sub-order, order, sub-class, or class, &c, is

distinguished from another. We have also two kinds of characters,

which are called respectively essential and natural. By an essen-

tial 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 com-

plete description of a given species, genus, order, class, &c.,

including an account of every organ from the root upwards,

through the stem, leaves, flowers, fruit, and seed, bucli cha-

racters are necessarily of great length, and are not required tor

general diagnosis, although of great value when a complete

history of a plant or group is required. Those characters, again,

which refer to a species are called specific, and are taken gene-

rally from all the organs and parts of the plant, and relate

chiefly to their form, shape, surface, division, colour, dimension

and duration ;
or, in other words, to characters of a superficial

nature, and without reference to their internal structure. lie

characters of a genus are called generic, and are taken from the

organs of reproduction. The characters of an order are termed

ordinal, and are derived from the general structure of the plants

in such groups, more especially of the organs of reproduction.

While the characters of a class, &c, as already mentioned, are

derived from certain important structural peculiarities which

the plants of such divisions exhibit. The essential character of

a genus, when indicated in Latin, is put in the nominative case,

while that of a species is placed in the ablative.

2. Nomenclature.-It is the object of nomenclature to lay

down rules for naming the various kinds of plants and the dif-

ferent groups into which they are arranged in our ibj stems of

classification ; in the same manner as it is ftao^JJ*
nology to find names for the different organs of plants, and the

modifications which those organs present.
a~v \ x ,,a

a. Speeies.-The names of the species are variously derived

Thus the species of the genus Vxola, as shown by Gray the

following paragraphs, exhibit the origin of many such names.

' Spedti? names 'sometimes distinguish the country which
,

a

plant inhabits : for example, VioU cwaderws, the Canadian

Violet - or the station where it naturally grows, as J wUx

JSw., which is found in swamps and Kola
gJJJJ

fields - or they express some obvious character of species,

TvioU rosJataMev* the corolla bears a rcinarkal, ong

spur, Viola tricolor, which has to-coloured Aower

Ldifolia, with rounded leaves, Viola " ' • ; '

1

.

, .

leaves, Viola pedata, with pedately-parted kajes,
^gJJJJJ

h,folia where the leaves are compared to those of a J rimrose,

VMa asonfor^ where they are likened to those oi isa

Viola pubescens, which is hairy throughout, &c. Frequenuj
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the species bears the name of its discoverer or describer, as

Viola Mnhlenbergii, Viola Nuttalln, &c.
> _

Specific names are written after the generic, as indicated

above in the different species of the genus Viola and these

together constitute the proper appellation of a plant, m the

same way as the surnames and Christian names designate the

members of a family. The specific names should also m all

cases be adjectives, or substantives used adjectively ;
m the

former case they should agree in gender and case with the name

of the <*enus. Thus when a species is named after its discoverer

or describer, it is usually placed in the genitive case, as Viola

Mnhlenbergii and V. NuUalUi ; but when such names are merely

given in honour of botanists who have had nothing to do with

their discovery or description, the specific names are generally

put in the adjective form, as Carex Hookeriana, Veronica

Lindleyana : such a rule is, however, frequently departed from.

Sometimes the specific name is a noun, m which case it does

not necessarily agree with the genus in gender; such specific

names are often old generic ones, as Dictamnus Fraxinella, Wins

dotinm, Lythrwm Salicaria, Rhus Coriaria, Dianthus Armeria

Rhamwus Frdngula. In such cases the specific name should

begin with a capital letter : a similar rule should also be adopted

when it is derived from a person ; but in all other instances it is

better that the specific name should begin with a small letter.

The specific name was called by Linnaeus the trivial name ;
thus,

in the particular kind of Violet called Viola palustris, Viola is

the generic, and palustris the specific or trivial name.

b. Genera.—The names of the genera are substantives, in

accordance with the rule laid clown by Linnseus as follows :

—
Every species shall have a particular name, compounded of a

substantive and an adjective, whereof the former indicates the

genus, and the latter the species. This has already been re-

ferred to under the head of Species. The names of the genera

are derived in various ways : thus, either from the name of some

eminent botanist, as Linnrea after Linnseus, Smithia after Smith,

Hookeria after Hooker, Jussisea after Jussieu, Toumefortia after

Tournefort, Lindleyana after Lindley ; or from some peculiarity

of structure or habit of the plants comprised in them, and from

various other circumstances. Thus, Crassnla is derived from

the genus comprising plants with succulent or thickened leaves ;

Sagittaria, from its arrow-shaped leaves
;
Armaria, from grow-

ing in sandy places
;
Lithospermum, from its fruits (which were

formerly regarded as seeds) having a stony hardness
;
Campa-

nula, from its corolla being in the form of a bell ;
Lactuca, from

its milky juice ; and so on. Others, again, have derived their

generic names from supposed medicinal properties, such as Scro-

phularia, from its former use in scrofula ;
Pulmonaria, from its

employment in pulmonary disease, &c.

c. Orders.—The names of the orders in the Artificial
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System of Linnaeus are chiefly derived from the various charac-

ters of the gynoecium and fruit. Those of Natural Systems are

usually taken from some well-known genus which is included

in any particular order, and which may be regarded as the type

of that order. Thus, the genus Ranunculus gives the name

Rammculacea to the order to which it belongs ; the genera

Papa.ver, Mcdva, Hypericum, Geranium, Rosa, Lilium, Orchis,

and Iris, in like manner, give names respectively to the orders

Papareracese, Malvaceee, Hypericaceee, Oeraniaceat, Rosacea;, Mi-
acex, Orchidacese, and Iridacex. At other times the names of the

orders are derived from some characteristic feature which the

plants included in them present. Thus, the order Cruciferx is

so named because its plants have cruciate corollas ; the order

Leguminosm comprises plants whose fruit is a legume ;
the

Umbelliferee are umbel-bearing plants ; the Labiatee have a

labiate corolla ; the Conifer-ee are cone-bearing plants ;
and so on.

d. Glasses.—The names of the classes are derived from

some important and permanent characters which the plants

comprised in them possess, relating either to their structure or

mode of development. Such names vary, however, according

to the views of different systematic botanists. Those which

have been more commonly used in this country are, Acotyledones,

Monocotyledones, and Dicotyledoncs—terms which are derived

from the structure and characters of the reproductive bodies

in the three classes respectively. Others, also in common use,

are derived from the mode of development and structure of the

stem : such are Exogens, Endogens, and Acrogens The above

names are used especially in Natural Systems of Classification ;

while the names of classes in the Artificial System of Lannseus

are derived chiefly from the number and other characters pre-

sented by the andrcecium.

e Sub-kingdoms, Divisions, d-c—The names of these are

generally derived from the presence or otherwise of evident

flowers or reproductive organs, as those of Phanerogams and

Cryptoqamia. The names of Cotyledoues and Acotykdom*. in-

dicating the presence or absence of an embryo, have been

also in common use. Others, again, have been employed,

having reference to their elementary structure, as VaseuUires

and Cellulares ;
or to the presence or .absence of a stem, as

Cormophyta and Tludlophyta. The other sub-divisions aic

variously named according to the views of different botanists.

3. Abbreviations and Symbols.-Ii is usual m botanical

works to use certain abbreviations and symbols. A few ot the

more important need alone be mentioned here.

a. Abbreviations.-^ names of authors, when of more than

one syllable, are commonly abbreviated by writing the first

letter or svllable, &c., as follows :

—

LorS. means Linnams : Jim. s the abbivv.afcoi
,

fo

Jussieu: DO. or De Cand. for De Candolle; Br. for Brown,
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Hindi, for Lindley ; Rich, for Richard
;
Willd. for Willdenow ;

iMvuk. for Hooker ; With, for Withering ; Eudl. for Endlicher
;

I Bub. for Babington ; Berk, for Berkley, etc., &c.

It is common to put such abridged names after that of the

.genus or species which has been described by them respectively.

Thus Eriocaulon, L. indicates that the genus Eriocaulon was

r first described by Linnreus
;
Miltonia, Lindl. is the genus Mil-

t ionia as denned by Lindley
;
Nuphm pumila, DC. is the species

l of Nuphar defined by De Candolle, &c, &c.

Other abbreviations in common use are Bad. for root ; Caul.

i for stem ; Fl. for flower ; Col. for calyx ; Cor. for corolla ;
Fer.

i for perianth ; Fr. for fruit ; Orel, for order ; Gen. for genus
; Sp.

I or Spec, for species ; Var. for variety ; Hob. for habitat ; Herb.

! for herbarium, etc. Again

—

V. v. c. (Vidi vivam cultam) indicates that the author has seen

a living cultivated plant as described by him.

V. v. s. (Vidi vivam spontaneam) indicates that the author has

seen a living wild plant.

Y. s. c. (Vidi siccam cultam) 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.

b. Symbols.—The mere important symbols are as follow :—

0> 0> 0i or -^j signifies an annual plant.

O ©> ©j or means a biennial plant.

1/, A, or P, signifies a perennial.
J? or Sh. means a shrub.

T signifies a tree.

( twining to the right
; ) twining to the left.

S a staminate flower.

5 a pistillate flower.

§ an hermaphrodite flower.

Z - J a monoecious plant.

S : ? a dioecious species.

§ ?> $ a polygamous species.

O — 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.

0 || || ||
Cotyledons three times folded, radicle dorsal.

1 The note of interrogation is used to indicate doubt or uncer-
tainty as to the genus, species, locality, &c.

! The note of exclamation indicates certainty in the above par-
ticulars.

* The asterisk indicates that a good description is to be found
at the reference to which it is appended.
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CHAPTER 2.

SYSTEMS OF CLASSIFICATION.

We have already stated that Systematic Botany has for its object
the naming, describing, and arranging of plants in such a man-
ner that we may readily ascertain their names, and at the same
time get an insight into their affinities and general properties.
Every system that has been devised for the arrangement of

plants does not, however, comprise all the above points : for,

while some systems are of value simply for affording us a ready
means of ascertaining their names : others not only do this, but
at the same time give us a knowledge of their affinities and pro-
perties. 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 object of Systematic
Botany. The great aim of the botanist, therefore should be the
development of a true Natural System ; but in past times,

Artificial Systems, more particularly that of Linmeus, have
been of great value. Linnaeus himself never devised his system
with any expectation.or desire of its serving more than a tem-
porary purpose, or as an introduction to the Natural System,

when the materials for its formation had been obtained.

In both artificial and natural systems, the lower divisions

—

namely, the genera and species—are the same, the difference

between the systems consisting in the manner in which these

divisions are grouped into orders, classes, and other higher

groups. Thus in the Linnasan and other artificial systems, one,

or, at most, a few characters are arbitrarily selected, and all the

plants in the Vegetable Kingdom are distributed under classes

and orders according to the correspondence or difference of the

several genera in such respects, no regard being had to any

other characters. The plants in the classes and orders of an

artificial system have, therefore, no necessary agreement with

each other except in the characters selected for convenience as

the types of those divisions respectively. Hence such a system

may be compared to a dictionary, in which words are arranged,

for convenience of reference, in an alphabetical order, adjacent

words having no necessary agreement with each other, except

in commencing with the same letter. In the Natural System,

on the contrary, all the characters of the genera are taken into

consideration, and those are grouped together into orders which

correspond in the greatest number of important characters ;
and

the orders are again united, upon the same principles, into
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Lups of a higher order, namely, the classes and other divi-

fions While it must be evident, therefore, that all the know-

Ed*e' we necessarily gain by an artificial system is the name of

an unknown plant f on the other hand, by the natural system,

we learn not only the name, but also its relations to the p ants

L which it is surrounded, and hence 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 Lmnsean System

and find that such a plant is the Menyanthes tnfduita, this

name is the whole amount of the knowledge we have gamed;

but by turnin- to the Natural System instead, and finding that

our plant belongs to the order Gentianaeex, we ascertain at once

from its affinities that it must have the tonic and other proper-

ties which are possessed by the plants generally of that order,

and at the same time, we also learn that it accords m its struc-

ture with the same plants ; and hence, by knowing the name ot

a plant by the Natural System, we may 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 Gentianacese, but this arises from the present im-

perfection of our systems, and can only be remedied as our

knowledge of plants extends ; even a system, devised as per-

fectly as
n
possible one day, may be deficient the next, m conse-

quence of new plants being discovered which might compel us to

alter our views, for at present the Floras of many regions of the

globe are imperfectly known, and those of others almost entirely

unknown . Sufficient, however, is now known of plants to enable

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, therefore, 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 kinds of systems respectively, we

proceed in the next place to describe the special characters

upon which such systems are founded, commencing with those

of an artificial nature, which, however, will be only treated of

very briefly.

Section 1. Artificial Systems of Classification.

The first artificial system of any importance, of which we have

any particular record, is that of Oasalpinus, which was promul-

gated in 1583. Only 1520 plants were then known ;
and these

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



m
Eh

02

o
I—

I

EH

«

EH

Ph
O

I—

I

sa

l-H

P

EH

8

43 W

i ^ » i

£ 3 5 S » eo 5 r 3 ii o

HPHEhPhR

a p
-<J r4)

h pH o
3 O

*2

C5 £
cc 3

5g

=5.3 .1

1 111
43 CO

o— ~

re

wo

a >?

< p
o a
S Ho —
o oPP

& o

^ tfi l-f S
d r»^< £ «Ha . ^ „

H c < —EBOgS
».a g =>SBbbS

" - £ -
X 33

cs c - <• — S H °
H 3*« 3o _r
en 43 w 3 " r_ — S

tn <

u = ~ s H I

55 <; 5-2
5 ro -

s - o 5
3 8 g a S a S

1

G ~J - e g .a ja J

S 6 P

3
CJ <

- -

-d «<J • <J <1 M J

W r-i <M r

gPHHOPHoPRPi=<P-i
H N M ^ >Q CD !> CO C5 O ^-

I CM CO

-—I

9

ft
(H

PH
R

'A

P

«
H
W

w
hi
a
n
<i

-
o

a a a

"g1

: ;5 5
c: p a

13

3

p-5 g

S a

to 5

S 2 . S g «0 cc -y c; S

1 .« g a s a g
. „ t/3 r- C
a i 3 ii s

"
>^ 5 ^WWW

5 ~ - S s o



R

<

a

4
0<!

I 3

3
a) a,
.3 o

3 3
O O

a

O
Ph



4H ARTIFICIAL SYSTEMS OF CLASSIFICATION.

1670. He divided plants into eighteen classes, which were con-
structed according to the nature of the flower and fruit, and the
external appearance of the plants. The systems of Hermann and
others were also constructed upon somewhat similar principles,

while that of Camellus was framed from the characters presented
by the valves of the pericarp, and their number. In the system
of Bivinus, which was promulgated in the year 1690, plants were
divided into eighteen classes ; these were founded entirely upon
the corolla—its regularity or irregularity, and the number of its

parts being taken into consideration. The system of Christian

Knaut was but a slight alteration of that of Rivinus. That of

Tournefort, which was promulgated about the year 1C95, was for

a considerable time the favourite system of all botanists. About
8,000 species of plants were then known, which were distributed

by Tournefort into twenty-two classes. He first arranged plants

in two divisions, one of which comprised herbs and vmder-shrubs,

and the other trees and shrubs ; and each of these divisions was

then divided into classes, which were chiefly characterised ac-

cording to the form of the corolla. Many other systems were

devised which were simply alterations of the foregoing, 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 position of the stamens. All the above

systems were, without doubt, useful in their day, and paved the

way for the more comprehensive one of Linnreus, which we now
proceed to notice.

Lintst^ean System.—This celebrated system was first pro-

mulgated by Linnreus in his ' Systema Naturne,' published in

the year 1735 ; and although it was somewhat altered by subse-

quent botanists, the Linnsean System, in all its essential charac-

ters, was that devised by Linmeus himself ; and although non-

superseded by natural systems, it will be advisable for us to give

a general sketch of its principal characteristics.

The classes and orders in the Linnsean System are taken ex-

clusively from the essential organs of reproduction, the sexual

natdre of which Linnseus had clearly established : hence this

artificial scheme is commonly termed the Sexual System.

The table (pp. 412 and 413) of the Classes and Orders of the

Linnajan System will show at a glance their distinctive cha-

racteristics so far as the Phanerogamia are concerned ;
but the

Cryptogamia have been arranged according to the Natural

System.

Section 2. Natural Systems of Classification.

The object of all natural systems, as already noticed (page

411), is to group together those plants which correspond in the

greatest number of important characters, and to separate those

that are unlike. The mode in which this has been attempted
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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 ; but it must be evident to those

who desire to arrange plants according to their natural affini-

ties, that those systems of classification will be the 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.

Taking these principles as our guide, we should regard the

organs of "reproduction as of the highest importance, and we find

accordingly 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 Phsenogamous, and the latter Cryptogamous. The former

are also reproduced by true seeds containing an embryo, whilst

the latter are reproduced by spores in which we have no such

structure as an embryo ; hence these characters are of the first

importance.

Next in importance comes the presence or absence of an
ovary, as such a difference is accompanied by essential structural

and functional peculiarities, and we have thus the two great

divisions of Angiospermons and Gymnospermous plants.

Next in value is the structure of the embryo itself, as it con-

tains within itself in a rudimentary condition all the essential

organs of a. plant. Hence as the embryo varies in the number
of its cotyledons, cotyledonous plants are further divided into

two classes—those possessing one cotyledon being called Mono-
cotyledonous, and those with two, Dicotyledonous.

Next in importance is the presence or absence of a stem,

giving the names of Cormophytes and Thallophytes ; whilst in

those with stems the internal structure and development pre-

sents us with well-marked and important characters.

The characters founded upon the position and relation of

the stamens and carpels to each other, as also to the floral en-

velopes ; as well as the presence or absence of one or both of

the floral envelopes, and* the union or otherwise of their con-
stituent parts, although not of the highest importance, are of

much value in the subordinate divisions.

The leaf also is of some importance as regards its venation :

thus, in Cormophytes the leaves or fronds have commonly a
forked venation ; those of Monocotyledonous plants are parallel-

veined
; while those of Dicotyledonous plants are net-veined or

reticulated. Again, stemless plants have no true leaves, but
produce a flattened cellular expansion or thallus, which has no
true veins.

Such are the general principles which should be attended to
by those who arrange plants according to their natural affinities

;

but it must be borne in mind, that even in the best devised
natural systems there must be (at least at present) much that is
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artificial, so that all that we mean by a Natural System is, that

it expresses, as far as is possible only, the arrangement of plants

according to their natural affinities. (See page 411.) This imper-

fection of our natural systems necessarily arises from our incom-

plete knowledge of existing plants ; for .as our acquaintance with

new species is becoming every day extended, our views are liable

to be modified or changed, and even supposing plants he ever

so naturally arranged, we should be still unable to place them
in a linear series, for Different groups touch each other at

several different points, and must be considered as alliances con-

nected with certain great centres. We find also that it is by no

means easy to fix the limits of groups. There are constantly

aberrant orders, genera, and species, which form links between

the groups, and occupy a sort of intermediate territory. In

this, as in all departments of natural science, there are no sud-

den and abrupt changes, but a gradual transition from one

series to another. Hence exact and rigid definitions cannot be

carried out. In every natural system there must be a certain

latitude given to the characters of the groups, and allowances

must be made for constant anomalies, in so far as man's defini-

tions are concerned.'

Natural Systems.—We now proceed to give an abstract of

the more important natural systems. The first attempt at

arranging plants according to their natural affinities was by

our celebrated countryman, John Ray, 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 represented

at the present day by such natural orders as the Fungi, Musci,

Filices, Conifers}, Labiataj, Compositor, Umbellifera;, and Legu-

nni

Next in order was the scheme propounded by the celebrated

author of the most perfect artificial system ever devised for the

arrangement of plants, namely, Linnanis, who, about the y.-ar

1751 drew up a sketch of the natural affinities of plants under

the name of Fragments. Many of the divisions thus prepared by

Linnreus are identical with natural orders as at present defined,

among which we mav mention Orchidere, Grannna Composite

(nearly), Uinbellatte, Asperifoliaj, Papilionacea?, Filices, Musci,

and Fungi.
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Jussieu's Natural System.—To Antoine Laurent de Jussieu,

however belongs the great merit of having first devised a com-

prehensive natural system. His method was first made known

in the year 1789. It was founded upon the systems of Kay and

Tournefort, to which he made some important additions, more

especially in considering the position of the stamens with respect

to the ovary. The following table, which requires no explana-

tion, represents his arrangement.

Acotyledons

Monocotyledons

/Apetake

I Stamens hypogynous.

j
Stamens perigynous.

( Stamens epigynous.

( Stamens epigynous.
-, Stamens perigynous.

(Stamens hypogynous.

Corolla hypogynous.
Corolla perigynous.

Monopetahe

Corolla epigynous.

3

Class.

1. Acotyledones.

2. Monohypogynte.
3. Monoperigynse.

4. Monoepigynse.

5. Epistaminese.

6. Peristaminese.

7. Hypostamineae.

8. Hypocorollse.

9. Pericorollae.

10. Epicorollie Syn-
autherse (anthers

coherent).

11. Epicorollte Coris-

antherse (anthers

distinct).

12. Epipetake.

13. Hypopetalse.

14. Peripetake.

15. Diclines.

f
Petals epigynous.

Polypetalas \ Petals hypogynous.
(Petals perigynous.

\Diclines irregulares

Under these fifteen classes Jussieu arranged 100 natural

orders or families. This was the first natural arrangement in

which an attempt was made to assign characters to natural

orders, but so admirably were these drawn up, that they have

formed the basis of all succeeding systematists. Indeed, the

limits of a great many of Jussieu's natural orders are identical

with those of the present day.

De Candolle's Natural System.—The next system of note

after that of Jussieu, was that of Augustin Pyramus de Candolle,

which was first promulgated in 1813. This system, modified,

however, in some important particulars, is that which is most
in use at the present day, and which, generally, in its essential

divisions, we shall adopt in this volume. In the first place, De
Candolle divided plants into two great divisions or sub-king-

doms, called Vasculares or Cotyledon eje, and Cellulares or

Acotyledonese, the characters of which are as follows :

—

Division 1. Vasculares, or Cotyledonem ; that is, plants possessing

both cellular ("parenchymatous) tissue and vessels
;

and having an embryo with one or more cotyledons.

E E
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Division 2. Cellulares, or Acotyledonex ; that is, plants composed
of cellular (parenchymatous) tissue only ; and
whose embryo is not furnished with cotyledons.

The former division was again divided into two classes, called

Exogenfe or Dicotyledoneae, and Endogeme or Monocotyledonea-,

the essential characters of which may be thus stated :

—

Class 1. Exogenm, or Dieotyledonex ; 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 cotyle-

dons.

Class 2. Endogenx, or Monocotyledonex ; that is, plants whose

vessels are arranged in bundles, the youngest being

in the middle of the trunk ; and having an embryo

with solitary or alternate cotyledons.

These classes were again divided into sub-classes or groups.

Thus, under the Dicotyledonere were placed four groups, named

Thalaminorre, Calyciflorte, Corollinora, and Monochlamydeaj.

Under the Monocotyledonea two groups were placed, called

Phanerogamfe and Cryptogamse. The latter group, which in-

cluded the higher Cryptogamia, was placed under Monocotyle-

donete from a mistaken idea that the plants included in it pos-

sessed an embryo of a somewhat analogous character to that of

monocotyledonous plants. The Acotyledonere were also divided

into two groups, called Folioste and Aphyllae.

The following is a tabular view of De Candolle s system.

Sub-kingdom 1. Vasculares, or Cotyledo>f..e.

Class 1. Exogenx, or Dieotyledonex.

(Petals distinct, inserted with

Sub-class 1. Tlmlamiflorx \
the stamens on the tha-

( lamus.

Petals distinct or more on

less united, and inserted on

the calyx.

Petals united, and inserted on

the thalamus.

Having only a single circle of

floral envelopes, or none.

2. Ccdyciflorx

3. Gorolliflorse.

4. Monochlamydex

Class 2. Endogenx, or Monocotyledonea:.

(Fructification visible, regu-

Sub-class 1. Phanerogam ;r
) 1;u

.

Fructification hidden, un-

known, or irregular.2. Cryptogamx
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Sub-kingdom 2. Cellulares, or Acotyledonejg.

., „ ,. (Having leaf-like expansions,
Sub-class 1. Fohosse

\ and known sexes

2. Aphyllee
Having no leaf-like expan-

sions, and no known sexes.

Under these sub-classes De Candolle arranged 161 Natural

Orders. The enumeration of these is unnecessary in an ele-

mentary volume ; we shall content ourselves with mentioning a

few only, as examples of the different groups. Thus, as exam-

ples of 'ThalamWoree—Cruciferae, Caryophylleae, and Malvaceae

;

of Cah/cWoree—Rosaceae, Umbelliferae, and Compositae ; of Gorol-

ft/?orc<e—Convolvulaceae, Solaneae, and Labiatae ;
of Moncchla-

m ydem—Polygoneffi, Urticese, and Aruentaceae ;
of Phanerogams

—Orchidere, Iridea?, and Gramineae ; of Cryptogams—Filices,

Equisetaceas, and Lycopodineae ; of Folioscp—Musci and Hepa-

tica? ; and of Aphyllee—Lichenes, Fungi, and Algae.

In this system it will be observed that De Candolle adopted

, the primary divisions of .Tussieu, but he reversed the order of

their arrangement ; for instead of commencing with Acotyle-

dons, and passing through Monocotyledons to Dicotyledons, he

began with the latter, and proceeded by the Monocotyledons to

Acotyledons.

Since the appearance of De Candolle's system numerous

other arrangements have been proposed by botanists, as those

of Agardh, Perleb, Dumortier, Bartling, Lindley, Schultz,

Endlicher, and many others. As all these systems, with the

exception of those of Lindley and Endlicher, were 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
further. But the latter having been used in important syste-

matic works, it will be advisable for us to give a general sketch

of their leading characters.

Exdlicher's Natural System.—The system of Endlicher is

adopted in his ' Genera Plantarum,' published between the years

1836-1840. The following is a sketch of this system. He first

divided plants into two great divisions, which he denominated
Regions, and named Thallophyta and Cormophyta. These were
again divided into Sections and Cohorts, as follows :

—

Region 1. Thaxlophyta. Plants with no opposition of stem

and root ; with no vessels and no sexual organs
;

and with germinating spores lengthening in all

directions.

Section 1. Protophyta. Plants developed without soil ; draw-

ing nourishment from the element in which
they grow ; and having a vague fructification

;

as in Algae and Lichenes

.

E E 2
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Section 2. Hysterophyta. Plants formed on languid or decay-
ing organisms ; nourished from a matrix ; all the
organs developing at once, and perishing in a]
definite manner ; as in Fungi.

Region 2. Cormophyta. Plants with stem and root in opposite
directions

; spiral vessels and sexual organs distinct

in the more perfect.

Section 3. Acrobrya. Stem growing at the point only, the
lower part being unchanged, and only used for

conveying fluids.

Cohort 1. Anophyta. Having no spiral vessels ; both sexes

perfect
;
spores free in spore-cases. Examples,

Hepaticse and Musci.
Cohort 2. Protophyta. Having vascular bundles more or

less perfect ; male sex absent. Spores free

in one- or many-celled spore-cases. Examples,
Filices and Equisetaceee.

Cohort 3. Hysterophyta. Having perfect sexual organs
;

seeds without an embryo, polysporous
;
para-

sitic. Example, Phizantheye.

Section 4. Amphibrya. Stem growing at the circumference.

Examples, Gramineae, Liliaceas, Iridaeese, Orchi-

dacese, and Palmacese.

Section 5. Acramphibrya. Stem growing at both the apex

and circumference.

Cohort 1. Gymnospermee. Ovules naked, receiving impreg-

nation immediately by the micropyle ; as in

Coniferse.

Cohort 2. Apetalse. Calyx absent, rudimentary, or simple,

calycine or coloured, fiee or united to the

ovary. Examples, Cupuliferte, Urticacero,

and Polygoneae.

Cohort 3. Gamopetalse. Both floral envelopes present, the

outer calycine, the inner corolline, the latter

being monopetalous
;
rarely abortive. Exam-

ples, Composite, Labiata?, Scrophularinese,

and Ericacere.

Cohort 4. Dialypetalee. Both floral envelopes present, the

outer being monosepalous or polysepalous,

free or united to the ovary, calycine or some-

times corolline ; the inner being corolline with

distinct petals, or rarely cohering by means of

the base of the stamens, and with an epigy-

nous, perigynous, or hypogynous insertion ;

rarely abortive. Examples, Umbellifera*, Pa-

nunculacere, Cruciferaj, Caryophylleor, Rosa-

cea^ and Legumincsfe.
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Under these divisions Endlicher included 277 Natural Orders.

After Jussieu, he commenced with the simplest plants and gra-

dually proceeded to the more complicated, placing those oi the

Lefuminosre at the highest point of the series.
_

Lutoley's Natural System.—To Lindley especially belongs

the merit of having been the first botanist who made any serious

attempt to introduce a natural arrangement of plants into

use in this country. The first system proposed by him m 1830

was but a slight modification of that of De Candolle. No attempt

was made in this system to form minor groups or divisions ot

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). These primary divisions

were aeain divided into Sub-classes, Cohorts, and Nixus or

groups of nearly allied Natural Orders. In 1838, Lindley again

altered his arrangement so far as regarded Exogens ;
and finally,

in the year 1845, further modified his views, and proposed the

following scheme, which was that adopted by him in his great

work on ' The Vegetable Kingdom.'

LINDLEY'S NATURAL SYSTEM.

1. Asexual, or Flowbrless Plants.

Stem and leaves undistinguishable . Class 1. Thallogens.

Stem and leaves distinguishable . . Class 2. Acrogens.

2. Sexual, or 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, perma-

nent ; wood of the stem always

confused .... Class 4. Endogens.

Leaves net-veined, deciduous
;

wood of the stem, when peren-

nial, arranged in a circle with

a central pith . . . Class 5. Dictyogens.

Wood of stem youngest at the circum-

ference, always concentric ; co-

tyledons 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 Exorjens, or those with unisexual flowers,

and without any customary tendency to form

hermaphrodite flowers.
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Sub-class 2. JJijpogijnous Exogens, or those with hermaphrodite

or polygamous flowers ; and stamens entirely

free from the calyx and corolla.

Sub-class 3. Perigynqus 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 grow-

ing to the side either of the calyx or corolla
;

ovary inferior, or nearly so.

Neither of the other classes are divided into sub-classes, but

of Endogens four sections are distinguished thus :—

1. Flowers glumaceous (that is to say, composed of bracts not

collected in true whorls, but consisting of imbricated

colourless or herbaceous scales).

2. Flowers petaloid, or furnished with a true calyx or corolla, or

with both, or absolutely naked ; unisexual (that is, having

sexes altogether in different flowers, without half-formed

rudiments of the absent sexes being present).

3. Flowers furnished with a true calyx and corolla ;
adherent to

the ovary ;
hermaphrodite.

4. Flowers furnished with a true calyx and corolla, free from

the ovary ;
hermaphrodite.

Under the above classes Lindley includes 303 Natural

Orders, which are arranged in fifty-six groups subordinate to

the sections, sub-classes, and classes, and which are termed

Alliances.

Bbntham and Hooker's System.—The essential features

of this system for the arrangement of the Phanerogamia, winch

is adopted in their great work, 'Genera Plantarum,' are as

follow :

—

Division I. Phanerogamia.

Sub-division 1. Angiospermia.

Class 1. Dicotyledones.

Sub-claSS 1. PoLYPETALiE.

Series 1. Thalamiflora;.

2. Disciflorie.

3. Calyciflorse.

Sub-class 2. Gamopetalje or Monopetal.e.

Series 1. Infene or Epigynse,

2. Superas.

3. Dicarpise.

Sub-class 3. Monochlamyde/e or Incomplete.

Series 1, Curvembryre.

2. Multiovulatre aquaticie.
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Series 3. Multiovulatse terrestres.

4. Micrembryse.

5. Daphnales.

6. Achlamydosporefe.

7. Unisexuales.

8. Orclines anomali.

Class 2. Monocotyledones.

Series 1. Microspernue.

2. Epigynse.

3. Coronariese.

4. Calycinte.

5. Nudiflorte.

6. Apocarpte.

7. Glumacete.

Sub-division 2. Gymnospermia.

The series in the above system in the sub-classes Polypetala

and Gamopetal.e are further divided into Cohorts as follows :-

Sub-class 1. Polypetala.

Series 1. Thalamiflorte.

Cohort 1. Ranales.

2. Parietales.

3. Polygalineae.

4. Caryophyllinese.

5. Guttiferales.

6. Malvales.

Series 2. Disciflorse.

Cohort 1. Geraniales.

2. Olacales.

3. Celastrales.

4. Sapindales.

Series 3. Calyciflorre.

Cohort 1. Rosales.

2. Myrtales.

3. Passiflorales.

4. Ficoidales.

5. Umbellales.

Sub-class 2. Gamopetal.e.

Series 1. Infer* or Epigynre.

Cohort 1. Rubiales.

2. Asterales.

3. Campanales.

Series 2. Supers.
Cohort ] . Ericales.

2. Primulales.

3. Ebenales.
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Series 3. Dicarpice or Bicarpellatte.

Cohort 1. Gentianales.

2. Polemoniales.

3. ' Personales.

4. Lamiales.

No division of the series, is made in ' Genera Plantarum ;

'

but in the English translation of Le Maout and Decaisne's

' Traite General de Botanique,' which was edited by Sir. J. D.

Hooker, the sub-class Monochlanrydere and the class Mono-

cotyledones are divided as follows :

—
Sub-claSS 3. MONOCHLAMYDEiE.

Division 1. Ovary superior (Superse).

Cohort 1. Chenopodiales.

2. Laurales.

3. Daphnales.
4. Urticales.

5. Amentales.

6. Euphorbiales.

7. Piperales.

8. Nepenthales.

Division 2. Ovary inferior (Infers).

Cohort 1. Asarales.

2. Qnernales.

3. Santalales.

Class 2. Monocotyleclones.

Division 1. Ovary inferior (Inferee).

Cohort 1. Hydrales.

2. Araomales.

3. Orchidales.

4. Taccales.

5. Narcissales.

6. Dioscoa*ales.

Division 2. Ovary superior (Superx).

Sub-division 1. Ovary apocarpous (Apocarpse).

Cohort 1. Triurales.

2. Potamales.

Sub-division 2. Ovary syncarpous (Syncarpse).

Cohort 1. Pabnales.

2. Arales.

3. Liliales.

4. Pontederales.

5. Commelynales.

G. Restiales.

7. Glmnales.
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For full particular, in reference to this system
,£&JJ™

'Traite General de Botanique,' edited by Sir J. D. looker.

Manual,' and in the chapter describing the Arrangement,

Characters &c, of the Natural Orders.
,C

Xides L 'above systems, others are much -Bed -
-prmmv as those of A. Braun and Caruel of the Chanel

o

£m?a ! IndXse of Sachs and others of the Cryptogamia.

Natural System adopted in this Manual -The natural

aran ™ adopted in this volume, which s founded so far

J™he Phanerogamia are concerned, upon the systems of De

Candolle and Bentham and Hooker -that of De Candolle being

^^jYetelbleKmgdom is first divided into two sub-king-

doms, namely:—Phanerogamia or Flowering Plants; and Crypto-

gamia or Flowerless Plants.

Sub-kingdom 1. Phanerogamia or Flowering P[ants.— inis

includes plants which have evident flowers -
and which are

reproduced by seeds containing an embryo with one or more

^ub-Sngdom 2. Cryptogamia or Flowerless Plants.—This

includes those plants which have no flowers ;
and which are re-

produced by minute bodies termed spores, which have no embryo.

Sub-kingdom I. Phanerogamia or Flowering Plants.

These are divided as follows :

—

Division I. Angiospermia, in which the ovules are distinctly

enclosed in an ovary ; and are fertdised indirectly

by the action of the pollen on the stigma.

Endosperm formed after fertilisation. It is

divided thus :

—

Class 1. Dicotyledones, in which the embryo is dicotyle-

donous ; the germination exorhizal ; the stem ex-

ogenous ; the leaves with a reticulated venation ;

and the flowers commonly with a quinary or qua-

ternary arrangement. In this class we have three

sub-classes.

Sub-class 1. Polypetalte, with usually bisexual flowers,

which are commonly furnished with a calyx

and corolla, and the latter composed of dis-

tinct petals. This is divided into three

series as follows :

—

Series 1. Tlialamiflorie, that is, plants, the flowers of

which have usually the calyx, corolla, and

stamens distinct from one another ;
ovary

superior ; and the stamens hypogynous.



6 NATUBAL SYSTEM OF THIS MANUAL.

Series 2. Disciflorte.—Thalamus furnished with a disk,

which is hypogynous or adnate to the calyx
or ovary ; or bearing a series of glands

;

stamens arising from the disk and either

hypogynous or perigynous
;
ovary superior,

placentation usually axile.

Series 3. Calycifloras.—Calyx usually gamosepalous; petals

arising from the calyx or from a perigynous
disk ; stamens perigynous or epigynous,
ovary superior or inferior.

Sub-class 2. Gamopetaljs or Cokolliflor^:, with usually

bisexual flowers
;
calyx commonly gamosepal-

ous ; corolla gamopetalous ; stamens inserted

on the corolla or ovary, or rarely separate

from the corolla, and arising directly from the
thalamus

;
ovary superior or inferior. Of this

sub-class we have three series, as follows :

—

Series 1. Inferse, or Mpigynse, in which the calyx is ad-

herent and the ovary consequently inferior
;

stamens epigynous.

Series 2. Superx, in which the calyx is inferior ; the

stamens inserted on the corolla, or rarely

on the thalamus
;
ovary superior (except in

Vacciniacegs), and usually more than 2-

celled.

Series 3. Dicarpiee or Bicarpclkitee, in which the ovary is

usually superior, and composed of 2 carpels,

or rarely 1-3
; stamens inserted on the corolla.

Sub-class 3. Monochlamyde^ or Incomplete.—Flowers
either have a calyx only (monochlamydeous),

or without both calyx and corolla (achlamy-

deous) ; often unisexual. Of this sub-class

we have two series, thus :

—

Series 1. Snperse, in which the ovary is superior.

Series 2. Inferee or Epigynx, in which the ovary is inferior.

Class 2. Monoootyledones, in which the embryo is monoco-

tyledonous ; the germination endorhizal ; the stem

endogenous ; the leaves usually with a parallel

venation ; and the flowers with a ternary arrange-

ment. This class may be divided into two sub-

classes as follows :

—

Sub-class 1. Pctaloidecv.—Leaves with a parallel venation,

or rarely reticulated, permanent or occa-

sionally deciduous; floral envelopes (perianth)

verticillate and usually coloured, rarely green

or scaly, and sometimes absent. This sub-

class may be divided into two series :—
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Series 1 In ferse or Epigyna, in which the ovary is inferior,
Series 1. ^^j^,^ as in some Bromeliwe*

and Hajmadoracere. Perianth usually in two

whorls and both coloured.
.

Series 2. Supers, in which the ovary is superior. Of

this Ave have two sub-series.

Sub-series 1. Apocarpx, in which the gynceciuni »
usually apocarpous, or rarely of one

carpel (simple).

Sub-series 2. Syncarpm, where the gyncecium is syn-

carpous, or in some Palms apocarpous.

Sub-class 2. Ghtmacea.-Leaves parallel-veined, permanent

;

nowers glumaceous, that is, having no proper

perianth, but imbricate bracts instead.

"Division II Qwmonamia, in which the ovules are naked or
Division ll. bjm

^^ ^^ fertlll8ed chrectly

by the action of the pollen. Endosperm formed

before fertilisation.

Sub-kingdom II. ' Cryptogamia or Flowerless Plants are
bUB KINGDOM

ti^se ^j^^ haye proper flowers> that

is, having no floral envelopes, stamens, or

carpels, and which are reproduced by

minute bodies termed spores, which have

no embryo. This may be divided as fol-

lows :

—

Division I. CbrmopAyto—H*atB with commonly roots stems,

and leaves, and with vascular tissue ;
or the latter

is imperfect or entirely absent. This may be

divided thus :

—

Class 1. Vasculares or Vascular Cryptogams or those

containing evident vascular tissue. Of this we

have two sub-classes as follows :

—

Sub-class 1. Isosporia, producing spores of one kind only,

from which prothallia free from the spores

are developed, and containing both antheridia

and archegonia.

Sub-class 2. Heterosporia, producing spores of two kinds,

namely, megaspores or macrospores, and micro-

spores. The megaspores develop a prothallium

which remains attached to the spores, and

which produces archegonia (female prothal-

lium) ; and the microspores form a small

rudimentary prothallium also confluent with

the spores, which produces only antherozoids

(male prothallium).

Class 2. MrscTNE.K, or Cormoi-hytal Cryptogams without

vascular tissue, or in which the latter is imperfect.
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Division II. Thallophyta.—Plants without any distinction of

roots, stems, and leaves, and which are entirely

composed of parenchymatous tissue. This divi-

sion has been variously divided by botanists
;

but as their arrangement at present is very

transitional, reference must be made for full

particulars to special treatises.

The following is a tabular arrangement of the above system :

—

Sub-kingdom I. Phanerogamia or Flowering Plants.

Division 1. Angiospermia.

Class 1. Dicotyledones.

Sub-class 1. Polypetalaj.

Series 1. Thalamiflorte.

2. Discinorae.

3. Calyciflorae.

Sub-class 2. Gamopetalae or Corolliflorse.

Series 1. Inferas or Epigyna?.

2. Superae

3. Dicarpife or Bicarpellatse.

Sub-class 3. Monochlamydeae or Incompletae.

Series 1. Supei'se.

2. Inferse or Epigynae.

Class 2. Monocotyledones.

Sub-class 1. Petaloideae.

Series 1. Inferce or Epigynae.

2. Superae.

1. Apocarpne.

2. Syncarpae.

Sub-class 2. Glumaceae.

Division 2. Gymnospermia.

Sub kingdom II. Cryptogamia or Flowerless Plants.

Division 1 . Cormophyta.

Class 1. Vasculares.

Sub-class 1. Isosporia.

2. Heterosporia.

Class 2. Muscineae.

Division 2. Thallophyta.
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CHAPTER 3.

ARRANGEMENT, CHARACTERS, DISTRIBUTION, PROPERTIES

AND USES OF THE NATURAL ORDERS.

H wing now given a general sketch of the more important

Natural Systems-especially of that one which we propose to

Ev in this volume-and described the characters of its divi-

sions, we proceed to the description of the various natural orders

arranged under those divisions. Our attention will be chiefly

directed to the principal orders, and especial importance will be

given to their diagnostic characters,-or those only which are

necessary for their distinction. In our notice of the
>
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, De

Candolle, and Bentham and Hooker, take an opposite course,

and proceed from the most highly developed plants to the sim-

plest We have adopted the latter plan here, because the more

highly developed plants are much better known than those of

lower organisation, and are of more general interest to the

maj 01 ity of our readers.

Sub-kingdom I.

PHANEROGAMIA OR FLOWERING- PLANTS.

Division I. ANGIOSPERMIA.

Class I. DlCOTYLEDONES.

Sub-class I. Polypetalce.

Series 1. Thalamiflorae.

Cohort 1. Females.—Gyncecium apocarpous, or very rarely

syncarpous, or simple. Seeds usually albuminous.

Order 1. Ranunoulace^:, the Buttercup Order. —
Character.—Herbs, or rarely climbing shrubs, with a watery,

colourless, usually acrid juice. Leaves alternate or opposite,

generally much divided (figs. 333, 334, and 371), or sometimes

entire, with usually dilated and amplexicaul petioles. Stipules

generally absent, but rarely present, and then adnate. Inflor-

escence definite (fig. 432) or indefinite. Calyx of 3 -6, usually 5

(fig. 870) distinct sepals, regular (figs. 432 and 870) or irregular

(fig. 457), green or rarely petaloid, deciduous or.very rarely

persistent ; aestivation generally imbricate (fig. 870), sometimes

valvate (fig. 792) or induplicate. Corolla of 3 15, usually 5
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(Jig. 870) distinct petals, regular (Jig. 870; or irregular (fuj. 496)

;

aestivation imbricate (jig. 870), sometimes absent (fig. 792).

Stamens numerous (figs. 792 and 870), or very rarely few,

hypogynous (figs. 542 and 871, e ) ; anthers adnate (fig. 872),

bursting longitudinally. Carpels generally numerous (figs. 542

and 871, p), or rarely few or only 1, usually distinct and one-celled

(fig. 875, o), or very rarely united so as to form a compound
many-celled ovary

;
ovary with one (fig. 875, g) or many ovules

;

ovules anatropous, attached to the ventral suture (fig. 875) ;

styles simple (fig. 871, p). Fruit various, either consisting of

a number of dry achenes, or of one or more whorls of follicles

(fig. 873), which are sometimes united below, or sometimes

Fig. 870. Fig. 871. Fig. 872.

Fig 870. Diagram o£ the flower of a species of Ranunculus. Fig. B71.

Vertical section of -the flower of Ranunculus acris. c. Calyx, pe. Petals.

e Stamens p Carpels. Fig. 872. Actuate anther of a llanuncu'aceous

plant Fiq.'873. Numerous follicles of Trollius europmus. Fig. 874.

Vertical section of the seed of the Monkshood (Aconilum). sp. Covennire

of the seed. emb. Embryo, alb. Albumen. Fig. 875. Vertical section

of a carpel of Ranunculus acris. o. Ovary, g. Ovule, s. Stigma.

there is only one follicle; or very rarely the fruit is baccate,

with one or more seeds. Seeds solitary or numerous, when

solitary, erect or pendulous ;
embryo minute (fig. 874, emb), at

the base of homogeneous horny albumen, alb.

Diagnosis.—Herbs or rarely shrubs, with a colourless, watery,

and usually acrid juice. Sepals, petals, and stamens distinct,

hvpoo-ynous. Corolla with an imbricate aestivation. Stamens

usually numerous; anthers adnate, bursting longitudinally.

Carpels, except in a very few instances, more cr less distinct.
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: Seeds with a minute embryo, and homogeneous horny albumen,

1 aDaS2S of the Order and Illustrative Genera.-The order may

' be divided into five tribes as follows :—

•Tribe 1. Clematidese. Calyx valvate (fig. 792) or induplicate.

Fruit consisting of a number of achenes. Seed pendulous.

Illustrative Genus:— Clematis, Linn.

Tribe * Anemone®. Calyx imbricate, usually coloured, iruit

consisting of a number of achenes. Seed pendulous, Illus-

trative Genus .-—Anemone, Holler.

Tribe 3 Ranuncnleas. Calyx imbricate (fig. 8/0). Fruit con-

sisting of a number of achenes. Seed erect. Illustrative

Genus:—Ranunculus, Linn.
_

Tribe 4 Hellebore®. Calyx imbricate. Petals irregular or none.

Fruit consisting of one or more whorls of many-seeded follicles

( tiq 873), which are sometimes united below ; or rarely baccate.

Illustrative Genera :—Aconitum, Linn.
;
Cimicifuga, Elliott.

Tribe 5. Feeoniese. Calyx imbricate. Fruit consisting of from

2-5 follicles, which are more or less surrounded at the base

by a cup-shaped disk (fig. 580). Illustrative Genus :—Pseonia,

Linn.

Distribution and Numbers.—These plants occur chiefly in cold

damp climates, and are almost unknown in the tropics, except

on mountains. The order includes about 600 species.

Properties and Uses—The plants of this order generally

abound in an acrid principle, which in some is even vesicant.

This acridity is, however, very volatile, so that in most cases it

is dissipated by drying, or by infusing them in boiling, or even

sometimes in cold water ; it varies also in different parts of the

same plant, and even in the same parts at different seasons.

Some plants contain in addition a narcotic principle ; and when

these principles are in excess they are virulent poisons. Gene-

rally the plants of this order are to be regarded with suspicion,

although some are simply bitter and tonic.

Aconitum.—Some species of this genus are very virulent poisons. The

Sried root of Aconitnm ferox, which is known as Nepal or Indian aconite,

las been usually considered to be the sole source of the celebrated Indian

dni" and poison, ' Bikh ' or 'Bish'but this is also obtained indifferently

from A. NapeUus, A. uncinatum, A. pahnatum, and probably others.

—

Acnnitii'm NapeUus, a European species, commonly called Monkshood, is the

Ifficial plant of the British Pharmacopoeia. The leaves, flowering tops, and

more especially the latter), are poisonous, but when used in proper

loses thev are sedative, anodyne, and diuretic. Several fatal cases of

poisoning have occurred from the root having been mistaken for Horse-

radish. The other European species are almost inert. The properties of

ti,.. above species are especially due to at least two powerful alkaloids, called

ttctmitine and pseud-aennitine. The official acontiine isa mixture of these

alkaloids, and probablv others, in varying proportions, and lias been much

used externally in neuralgia and chronic rheumatism, and also occasionally

internally in rheumatism and other diseases, but if is a dangerous remedy
for internal use. The fresh leaves and flowering tops, the dried root, and
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aconitine, are official in the British Pharmacopoeia. Other species have;

siDiilar properties, as, for instance, the species yielding Japanese aconite

roots or tubers, now supposed to be A. Fischer!. These roots contain a

very powerful alkaloid named japaconitine. It is said to exceed in poisonous

properties both aconitine and pseud-aconitine. The Aconitum ferox contains

the largest amount of alkaloids of any known species. The root or rhizome

of Aconitum heterophyllum has no poisonous properties ; it is official in the

Pharmacopoeia of India, and has a reputation in India as a tonic and

antiperiodie medicine. It is know in the Indian bazaars as Atis or Atees.

Actcea spicata, Baneberry.—The rhizome of this plant, as shown by the

author, is a frequent adulteration in this country of Black Hellebore rhizome.

The same adulteration has also been noticed on the Continent, and in

America. The fruits are poisonous. (See Cimicifuga).

Cimicifuga.—The rhizome with the attached rootlets of Cimicifuga (Aetata)

racemQsa' has been long used in the United States as a remedy in acute

rheumatism, chorea, and various anomalous forms of nervous diseases. It

has been introduced into this country, and employed with some success in

similar diseases ; and is now official in the British Pharmacopoeia. In the

form of a tincture it is also reputed to be a valuable external application

for reducing inflammation ;
indeed, in such cases, it is said to be far more

efficacious than tincture of arnica. It is the source of the eclectic remedy

known in the United States as cimicifugin.

Clematis erecta and C. Flammula.—The leaves of these plants have been

used as rubefacients and vesicants. Some other species possess analogous

Vr°P
Cnptis'.—The root of Coptis trifoliata, Goldthread, 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, commonly known in India as Coptis or

Tita root, is found in the bazaars of India ; and is official in the Pharma-

copoeia of Indin . It is also known under the name ot Mishuu Bitter or

Mahmira. It is intensely and powerfully bitter, and is a valuable tome.

Both these drugs contain berberine.

Delphinium Staphij. agria.—The seeds of this plant were formerly em-

ployed for their emetic, purgative, and anthelmintic properties; but their

violent action has led to their internal disuse. They are commonly known

under the name of Stavesacre seeds. They contain an alkaloid, called

dehhinine Thev are, however, still much used externally in various skifl

diseases, and are now official in the British Pharmacopoeia ;
thev arc also

emploved externallv for destroying vermin. Delphiuiue has also been used

externallvin neuralgia and rheumatism.—D. Consolidum.— lha root ami

seeds contain delphinine, and have similar properties to Stavesacre seeds.

Helleborus— The rhizome and rootlets of Helltborus officinalis constituted

the Black Hellebore of the ancients, which was much used by them as *

drastic hydragogue pwgative.-JTe/fe&oru* niger is the Black Hellebore of

Present time; it is still occasionally employed in tins country and e se-

where, and possesses similar properties to the former (see Actwa).-ll,lk-

borus viridis and H.fcetidus are also of a like nature, and may be Used as

cfi dent substitutes ; indeed that of H. viridis is more powerful m Us a, ., on

Hudntstis canadensis.-^ rhizome ami rootlets, under the names 0

YelKoo and Golden Seal, are used in the United States for their tome

,,r« .erties ; and arc also reputed to exercise an especial influence over mucou*

Kces Their action is due to the presence of berbenne and a
t
peculiar

allfa Oidca I
"\ludrastine. The drug used by the eclectic practitioners,,,

the United State* under (he name of hydrastine is obtainedfronl it Hrdra^

tin is also.used1 bv the Indians of the Western States of North America to

' '»«aSa-S
eS; were formerly employed instead of pepper.

They «e regarded in India as carminative. It is supposed that these
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weeds, or those of another species used by the Atghans for flavouring curries,

Warn the Black Cummin of Scripture (Isaiah xxviu. 25, 27).

Ra7uncuL.-R. sceleratus and R. Flammula are very acrid, which pro-

perty is also possessed to a certain extent by many other species -fl.

i
FiJaria has thickened roots which contain a good deal of starch; hence

t thpv have beeu used as food.
. ,

Xanthorrhiza apiifilia.-The root has a pure bitter taste, and possesses

meU marked tonic properties. It is also used by the Indians m the southern

parts of the United States as a yellow dye. It contains berbenne as a con-

!Stit

ManV plants of the order are commonly cultivated in our gardens
;
as

various species of Clematis, Anemone, Ranunculus Eranthis (Winter Aco-

AllT Helkborus (Christmas Kose), Aquitegia (Columbine), Delphinium

tlAsvS AconUum (Monkshood , 2Wa (Prcony). Pvoma Moutan or

MoutoS officinalis is the Tree Pasony of China which is remarkable tor its

: ver" largfshowv flowers, and for the number of its blossoms : thus, Fortune

, mentions a plant in the neighbourhood of Shanghai which yearly produced

1 from 300 to 100 flowers.

Order 2 Dilleniaceje, the Dillenia Order. — Character.

-Trees, shrubs, or rarely herbs. Leaves usually alternate, v.ery

rarely opposite, generally exstipulate. Sepals 5, persistent, in

two rows. Petals 5, deciduous, hypogynous, imbricate. Stamens

numerous, hypogynous. Carpels 2-5, rarely 1, more or less

distinct Fruit formed of from 2—5 distinct or adherent carpels,

rarely I. Seeds numerous, or 2 or 1 by abortion, anatropous,

arillate ; albumen homogeneous, fleshy
;
embryo minute.

Diagnosis.—Stipides absent, except in rare cases, bepalg

and petals 5 each, hypogynous ; the former persistent in two

rows, the latter with an imbricate aestivation. Carpels more

or less distinct. Seeds numerous, arillate ;
albumen fleshy,

homogeneous.
Distribution and Numbers.—The plants of this order occur

chiefly in Australia, India, and equinoctial America ;
a few species

have been also found in equinoctial Africa ; none occur m Europe.

Illustrative Genera .-—Dillenia, Linn.
;
Candollea, Labill. There

are nearly 200 species belonging to this order.

Properties and Uses.—These plants have generally astringent

properties
;
they have been used as vulneraries, and for tanning

in Brazil.

Dillenia.—-The voung calvces of some species have an acid taste and are

employed as an ingredient of curries in seme parts of India. Some species

of Dillenia grow to a large size, and form hard durable timber.

Most of the Indian species belonging to the genus Dillenia are remark-

able not onlv for their evergreen foliage, but also for the beauty of their

lowers. They are sometimes cultivated as stove or greenhouse plants in

this country.

Order 3. Calycanthace;e, the Calycanthus Order.—Dia-

gnosis.—These are shrubby plants resembling the Rosacea;, but

they differ in having opposite leaves, which are always simple,

entire, and exstipulate ; in their«sepals and petals being numer-

ous, and similar in appearance ; in having stamens whose anthers

are adnate, and turned outwards ; and by having convolute

F F
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cotyledons. Tltey are placed here in accordance with the viev.s of I
Bentham and Hooker.

Distribution and Numbers.—They are natives of Japan and ;

North America. Illustrative Genera:— Calycanthus, Chimo-
nanthus. These are the only 2 genera, which include 6 species. *

Properties and Uses. —The flowers generally are fragrant and
j

aromatic ; and the bark of Calycanthus floridus, Carolina All-

spice, is sometimes used in the United States as a substitute for

Cinnamon bark.

Order 4. Magnoliace^e, the Magnolia Order.—C h a r a c t e r

.

—Trees or shrubs, with alternate leathery leaves {fig. 336), and with

usually large convolute stipules which enclose the leaf-bud and fall

off as it expands. Sepals usually three to six, deciduous. Petals

three or more, hypogynous, in two or more rows. Stamens

numerous, hypogynous (fig. 604, e). Carpels several, one-celled,

often arranged upon an elongated thalamus (fig. 604, c). Fruit

consisting of numerous dry or succulent, dehiscent (fig. 667)

or indehiscent carpels, which are distinct or united at the base.

Seeds anatropous, with or without an aril, solitary or several,

often suspended from the fruit by a long funiculus (fig. 667)

;

embryo minute ; albumen fleshy, homogeneous.
Diagnosis.—Trees or shrubs. Leaves alternate, leathery.

Stipules usually present, and then large and enveloping the leaf-

bud, deciduous. Sepals and petals with a ternary arrangement

of their parts, hypogynous, the former deciduous, the latter

with an imbricate aestivation. Carpels distinct or coherent at

the base. Albumen homogeneous.
Division of the Order.—The order may be divided into two

tribes :

—

Tribe 1. Magnoliese.—Carpels distinct, arranged upon an

elongated thalamus in a cone-like manner (fig. 604, e). Leaves

not dotted or scarcely so. Illustrative Genera

:

—Liriodendron,

Linn. ;
Magnolia, Linn.

Tribe 2. Wintereee.—Carpels united at the base, and forming

but one whorl. Leaves dotted and often exstipulate. Illustra-

tive Genera :—Drimys, Forst.; Illicium, Linn.

Distribution and Numbers.—The majority of the plants of

this order are found in North America. Some also occur in the

West Indies, Japan, China, India, South America, Australia,

and New Zealand. None have been found in Africa or any of

the adjoining islands, or in Europe. The order contains about

170 species.

Properties and Uses.—These plants are chiefly remarkable

for bitter, tonic, and aromatic properties.

Drimys Winteri.—The bark, which was formerly known under the name

of Winter's Bark, has tonic, aromatic, antiscorbutic, and stimulanl proper-

ties. It was often confounded with Canella Hark, which has been termed

Spurious Winter's Bark. It was formerly much employed in this country,

hut a! present it is very rarely or ever used. The Winters Bark as

now found iu commerce, is commonly obtained from Cmnamodendron
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tiortScosum (see Cinnamodendron), a native of Jamaica.-Z>W^S grana-

'^P^^.f^CP
A
r

S
e

Se-The whole plant, particularly the fruit,

lhv o^rofth Euro,SsSSS by the Chinese as an aromatic and carminative, and

I ;< i ^ ce A large portion of the Oil of Anise of commerce is now de-
iaIso as a spice, a «„t v

f - t f which it is obtained, areSrsS^ -wasKsnss sr

SrSSSSS™!. fa,te .ml «d»r of the f^ 1*££
i rhov are termed SA/W, s/uAmi, or shikimi fruits ;

and the recent ouserv<1

^f Sldotas have shown that tl-y are poisonous as well as

i the oil which is obtained by expression from the seeds, lhis oil is useu in

Tanan u a cheap lighting material and for lubricating purposes.
.

'
J V

LiZd^dronSpifA Tulip-tree.-The bark possesses bitter and tonic

^la^olia.-M. glauca, Swamp Sassafras
;

or Beaver^
tonic and aromatic, somewhat resembhng that of C nchona.m it ac ron.

•

The unripe fruits of other species, as Magnolia Frazen and M. acuminata,

*l££E S£S:-The flowers of this plant, which is a native of

India vield a fragrant oil. (See Cananga, p. 4dl>.;
. ... .

^S«««(ica.-Tk fruit is used in New Holland as a substitute

f°r

The'nlants of this order are also remarkable for the fragrance and beauty

of thefr floors and foliage ; hence they are favourite objects of ctd ure m
tnis coantrv, either as hardy plants, such as several Magnolias and the

'

Tulip-treefor as stove and greenhouse plants, such as species of llhcium.

Order 5. ScmzANDRACEiE, the Schizandra Order.-Char a c-

ter -Trailing shrubs. Leaves alternate, exstipukte, simple, often

dotted. Flowers unisexual. Calyx and corolla with a ternary

arrangement of their parts, hypogynous, imbricate. Barren

Howe?-.-Stamens numerous, monadelphous or distinct, hypo-

gynous ; anthers 2-celled, extrorse, with a thickened connective.

Anile flower -.-Carpels numerous, 1-celled, distinct or united ;

omdes 2, pendulous. Fruits numerous, collected into a cluster,

baccate. Seeds with abundant homogeneous fleshy albumen ;

embryo very minute. This order is made a tribe ofMagnohacese

by Bentham and Hooker. . .

IHaanom.—Trailing shrubs. Leaves alternate exstipulate,

simple. Flowers unisexual. Sepals and petals imbricate.

Stamens numerous, hypogynous. Ovules pendulous
;
embryo

very minute, with abundant homogeneous albumen.

Distribution and Numbers.—This small order only contains

12 species. These species occur in India, Japan, and the

southern parts of the United States. Illustrative Genera .•—Schi-

zandra, L. C. Rich. ;
Hortonia, Wight.

' F F 2
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Properties and Uses.—The plants of this order are insipid

and mucilaginous. Some have edible fruits.

Order 6. Anonaceje, the Custard-apple Order.—Character.
—Trees or shmbs. Leaves alternate, simple, exstipulate. Calyx of

three sepals, generally united at the base, persistent. Corolla of six

petals, in two whorls, leathery; aestivation usually valvate, hypo-

1

gynous, rarely united, or more rarely altogether absent. Stamem I

usually numerous, and inserted on a large hypogynous thalamus
;

connective enlarged, 4-angled ; anthers adnate. Carpels usually

numerous, distinct or united, or very rarely solitary, with one or
j

more anatropous ovules. Fruit composed of a number of dry or

succulent carpels, which are distinct, or united so as to form a

fleshy mass ; or rarely simple. Seeds one or more, anatropous ;

embryo minute ; albumen ruminated.

Diagnosis.—Trees or shrubs. Leaves alternate. No stipules.

Calyx of 3 sepals, persistent. Petals 6, in two rows, hypo-

gynous, usually valvate. Anthers adnate, with an enlarged 4-

cornered connective. Albumen ruminated.

Distribution 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. Illustrative Genera :
—

Xylopia, Linn.
;
Anona, Linn. ;

Monodora, Dunal. There are

nearly 400 species in this order.

Properties and Uses.—Generally aromatic and fragrant in all

their parts. Some have edible fruits, which are much esteemed.

Anona squamosa and A. muricata yield the agreeable succulent fruits of

the East and West Indies, called Custard-apples : the fruit of A. squamosa ls

called Sweet-sop: that of A. muricata, Sour sop. They are now frequently

imported into this country. Other species are also esteemed for their fruits,

as Anona reticulata, which yields the netted Custard-apple, and A. ChervnolvA

which produces the Cherimover of Peru. Another species, namely, A.

vahstris, is the source of West Indian Cork-wood, so called from its elasticity

and lightness ; the fruit is termed the Alligator Pear, but in consequence

of the presence of a narcotic principle it is not eaten. This must not be con-

founded with the true Avocado or Alligator Pear, which is m much repute

in the West Indies, and is derived from Perse.a grattssima. CSee Persia.)

Ccelocline ( Unona) polycarpa, DC—The Berberine or Yellow-dye tree

of Soudan.—The bark of this tree yields a beautiful yellow colour, whicn 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 m the treatg

ment of indolent ulcers, and chronic leprous sores of the extremities, it

contains berberme, to which its medicinal virtues are probably due.

Cananqa ( Unona) odoruta.—The flowers yield a very fragrant oil, whicH

is known 'under the names of llang-ilmig. Alangnilan. Oleum Unonm,KM

Oleum Anonw. According to Guibourt, the oil known as Macassar 0, s

Cocoa-nut oil digested with the flowers of Mchelia Champa™ (see McAefcffl

n 435') and Cananga odorata, coloured yellow by means of turmeric.
1

Duquetia qnitaiensis.—According In Schombur.gk the strong elas .c wocj

called Lance-wood, chiefly used by coachmakers, is furnished by this plana

which is a native of Guiana. . „,„
Monodora MyrUtka, the Calabash Nutmeg, has somewhal s.mila a «

matic qualities to the true Nutmeg of commerce. These nutmegs arc also

commonly known as Jamaica or American nutmegs.
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Uvaria febrifuga.-The fruit of this species is supposed to be the one

mchtl^edVafebrifuge by the Indiana on the Orinoco 5
according to

Martin* however, that is obtained from the Xylopiagrandxflorz.

X lo, , -X aromrtfica (Habzelia vthiopica), DC, is commonly known

,* pffxkiopicum. The dried fruit is used by the African negroes on ac-

, , t sthnulant and carminative effects, and also_ as a condiment_
X pia undulata has nearly similar properties.-^.- glabra j

,elds the

liitt. r wood of the West Indies, which has tonic properties. The hints ot

Kffi, are used as a febrifuge throughout the valley of the Orinoco.

Order 7 Menispermace.e, the Moon-seed Order.—Cha r a c-

lt er —Climbing or trailing shrubs. 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 arrangement

,of their parts, generally in two whorls, imbricate or valvate

\Stamens usually distinct, sometimes monadelphous. Carpus

rrudimentary or wanting. Fertile flower -.-Sepals and petals

vusually resembling those of the barren flower. Stamens imper-

fectly developed, or wanting. Carpels usually 3 sometimes b

commonly supported on a gynophore, distinct, 1-celled, each

c containing one curved ovule. Fruits drupaceous, curved around

aa central placental process, 1-celled. Seeds 1 m 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 in-

wards of the inner 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 arrangement, hypogynous.

(Carpels distinct. Fruits 1-celled, curved. Seed solitary,

curved ;
embryo curved ; albumen absent, or usually small m

amount', and then either homogeneous or somewhat ruminated.

Miers remarks, ' that there is probably no family so com-

1
pletely heteromorphous as the Menispermacere, or which pre-

sents such extreme and aberrant features at variance with its

l normal structure.' Hence there is great difficulty m drawing

up a satisfactory diagnosis of this order.

Distribution and Numbers.—The plants of this order are

1 chiefly found in the forests of the tropical parts of Asia and

America. None occur in Europe. Illustrative Genera :—Jateo-

rhiza, Miers
;
Menispermum, Tonrn. There are, according to

Lindley, about 300 species included in this order ;
but some

other botanists much reduce this number.

Properties and Uses.—These plants 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.

Anamirta paniculala.—T\w fruit of this plant, which is known as Cnccu-

lus indicw, is poisonous. It has been extensively employed tor a lons$

period as a poison lor taking fish and game, which it stupefies* It is also
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reputed to be used to a great extent (chiefly by publicans) to impart a
bitter taste to malt liquor, and to increase its intoxicating effects ; but it

must be admitted that we have no very satisfactory evidence on this point.

The average annual imports of Coccvlus indicus from India are about .00.000

lbs., a quantity, it is said, sufficient to drug 120,000 tuns of beer. It has
been also employed externally to destroy vermin, and for the cure of some
skin diseases. It owes its active properties to a poisonous neutral principle

contained in the seed, called picrntnxin. The pericarp also contains two
isomeric alkaloids in minute quantity, which have been named nienispermine

and paramenispermine, of which but little is known.
Ufwndrodendrnn tomenfnsvm.—The root of this plant, which is a native

of Brazil, as shown by Hanbury, is the original Pareira brava, and is the
drug on which its reputation was founded. It is official in the British

Pharmacopoeia. (See Cissampelos.) The stem possesses similar but less

powerful properties ; it is, however, frequently mixed with the root. Pareira
root contains an alkaloid which has been named cissampeline or pelosine,

but which Fliickiger has proved to be identical with beberine, the active

principle of Bebeeru bark. (See Neciandra.)

Cissampelos.— C. Pareira was official in the British Pharmacopoeia as the

botanical source of Pareira root. It possesses tonic and diuretic proper-

ties. The true Pareira root of commerce is not, however, derived from
Cissampelos Pareira, but from Chondrodendron tnmentosnm, as noticed

above in referring to that plant. Other spurious kinds of Pareira brava

are derived from Abuta rvfescens, which yields White Pareira brava ; from

Abiita amara, Yellow Pareira brava ; and also from other Menispermaceous
plants.

Coscininm fenestration.—The wood and bark of the stem possess tunic

and stomachic properties. The stems have been imported into this country

from Cevlon, and sold as true Calumba root ; they contain much berberine.

Jateorhiza.—Jateorhiza Calumha is now official in the British Pharma-
copoeia as the botanical source of Calumba root, so well known as a valuable

stomachic and tonic. The tonic and stomachic properties of Calumba root

are especially due to a peculiar neutral principle, called cahimbin. It also

contains berberine and calumbic acid, to the presence of which its properties

are also, to some extent at least, due.

31enispemium canndense, Yellow Parilla or Moonseed.—The root yields

the eclectic remedy called menispermin, which is reputed to be alterative,

tonic, laxative, diuretic, and stimulant ; and to be especially useful in

syphilitic, cutaneous, and rheumatic affections. This root has also been sold

in the United States under the name of Texas Sarsaparilla.

Tinospnra cordifolia.—The root and stems are official in the Pharma-

copoeia of India, and are known under the name of Gulaucha
;
they possess

well-marked tonic, antiperiodic, and diuretic properties.

Order 8. Bekberipace.e, the Barberry Order.— Character.
—Shrubs or herbaceous perennial plants. Leaves alternate (fig.

383), compound, usually 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. The stem is generally free from hairs and other appen-

dages of a similar character, but it is often spiny (fig. 383).

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 0, deciduous, in two whorls (fig. 876). Petals

equal to the sepals in number and opposite to them, or twice as

many, hypogynous. Stamens hypogynous (fig. 878), equal to
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the petals in number, and opposite to them (fig. 876) ; anthers

2-celled, each opening by a valve from the bottom to the top

(figs. 540 and 585), except in Podophyllum where they dehisce

longitudinally. Carpels solitary, 1-celled (figs. 877 and 878) ;

style somewhat lateral (fig. 877) ;
stigma orbicular (fig. 878) ;

cvules anatropous, attached to a marginal placenta (figs. 877
and 878). Fruit baccate, or dry and capsular. Seeds (fig. 879)

usually with a minute embryo ; albumen between fleshy and
horny.

Fig. 876. • Fig. 877.

Diagnosis.—Leaves alternate, very often spiny. Sepals 3,

4, or G, deciduous. Petals hypogynous, and opposite to the
sepals when equal to them in number. Stamens definite,

hypogynous, opposite to the petals ; anthers 2-celled, each
opening by a recurved valve, except in Podophyllum where they
dehisce longitudinally. Carpel solitary

;
placenta marginal

;

ovules anatropous. Seeds with albumen.
Distribution and Numbers.—They are found in the temperate

parts of Europe, America, and Asia, and are very common
in the mountainous parts of the North of India. Illustral ive

Umera:—Berberis, Linn.
;
Epimedium, Li/ivn.

;
Leontice, Linn.

The order includes about 100 species.

Properties and Uses.— These plants are generally acid,

astringent, and bitter ; but some are purgative. Their acid
properties are due to the presence of oxalic acid.

Berberis vulgarii, the common Barberry.—The fruita of this and otlirr

Ipecies areaciaand astringent, and forma refreshing preserve.' Its bark
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and stem are very astringent, and are occasionally used by dyers in the pre-

paration of a yellow dye. The common Barberry bark is sometimes employed

to adulterate" Pomegranate root-bark. It is sa'id to be tonic in small doses,

and cathartic in large ones. It owes its properties more especially to berbe-

rine. The root-bark of B. Lycium, B. asiatica, and B. aristata. forms Indian

Barberry bark. This bark, which is official in the Pharmacopoeia of India,

possesses tonic, anti-periodic, and diaphoretic properties; and its extract,

under the name of Rusot, is employed in India as a local application in

ophthalmia and other affections of the eyes. The properties of Indian

Barberry bark are especially due to the presence of the alkaloid berbe-

rin e.
.

Caidophyllum thalictroides, Blue Cohosh—The root (rhizome) has a repu-

tation among the eclectic practitioners in the United States in certain

uterine affections. It is regarded as a stimulating tonic and slight narc otic.

The eclectic remedv termed caulophyllin which is obtained from it. is

reputed to be antispasmodic, alterative, tonic, diuretic, and vermifuge.

Jeffersonia diphylla.—The root (rhizome) is popularly known as rheuma-

tism-root in the United States, from its reputed value in rheumatism. It is

commonly said to resemble senega root in its action, and to possess emetic,

tonic, and expectorant properties.

Podophyllum peltatum, May-apple.—The rhizome and rootlets possess

hvdragogue cathartic properties, owing especially to the presence of a resin,

which is frequently termed incorrectly podophyllin. The rruzome is official

in the British Pharmacopoeia as the source of the official Resin of Podophyl-

lum, which is now largely used as a cholagogue, &c, in this country.

Order 9. Larjdizabai,ace^:, the Lardizabala Order.—C h a ra c-

ter.—Shrubs of a twining habit. Leaves alternate, exstipulate,

compound. Flowers unisexual. Barrenflower -.—Calyx and corolla

with a ternary arrangement of their parts, each in one or two

whorls, deciduous. Stamens 6, opposite the petals, usually

monadelphous, sometimes distinct. Rudimentary carpels 2 or 6.

Fertile flower :—Calyx and corolla as before, but larger, hypogy-

nous 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 large quantity of homogeneous albumen. IMS

order is placed in Berberidaeex by Bentham and Hooka; and bt/

Baillon : and by Be Canclotle in Menispermacen:

Diagnosis.—Twining shrubs. Leaves alternate, exstipulate,

compound. Unisexual flowers. Carpels distinct, superior.

Seeds parietal, imbedded ;
embryo usually muiute, with abun-

dant homogeneous albumen.

Distribution and Numbers.—There are about 15 species be-

longing to this order. According to Lindley, two genera in-

habit the cooler parts of South America ; one is a tropical form,

and the remainder are from the temperate parts of China.

Illustrative Genera.—Stauntoma DC. ;
Lardizabala, '>;'< <

e
Properties and Vses.-The plants of this order appear to bj

without any active properties. Some have edible fruits. 0 *

have been introduced into our greenhouses as eveigieen

climbers.
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Order 10. Cabombace-E, the Water-shield Order.—C h a r a c t e r.

^Aqvatir plants, with floating peltate leaves. Sepals and petals

3 or 4, alternating with each other. Stamens definite or numer-

ous. 'Thalamus flattened, small. Carpels 2 or more, distinct.

Fruit indehiscent. 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 Nymphseacese and Nelumbiacese. The plants be-

longing to the Cabombaceae are distinguished from the Nym-
Ihseacese, by having distinct carpels, marginal placentas, 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 embryo, and their abundant albumen. Both

Cabomhaceee and Nelumbiaceee are included in Nymphseacese by

Bentham and Hooker.

Distribution and Numbers.—There are but 3 species belonging

to this order. They occur in America, Australia, and India.

Illustrative Genera:—Cabomba, Aubl. ; and Brasenia, Pursh, are

the only genera.

Properties and Uses.—They have no important properties.

Brasenia (Hydropeltis) purpurea is said to be nutritious.

Order 11. Nymphjeace^e, the Water-lily Order.—Charac-
ter.

—

Aquatic perennial herbs. Leaves usually floating, peltate

or cordate. Flowers solitary, large and showy. Sepals inferior,

Fig. 880. Fig. 881. Fig. 882.

Fig. 880. Flower of Yellow Water-lily (Nuptor
luteum). Fig. SSI. Ovary of Naphar with
numerous radiating stigmas. Fig. 882.

Vertical section of tlic seed of Nymphoea
alba, showing the embryo enclosed in a

vitellus, and on the outside of albumen.

usually 4 (fir). 453, c, c, c, c), or rarely 5 (fig. 880), persistent,

generally petaloid on their inside. Petals numerous (fig. 453,

li Pi P> P\ deciduous, often passing by gradual transition into

the stamens (fig. 453, p, e), in the same way as the sepals pass

into the petals ; inserted on a fleshy disk-like expansion of the

thalamus below the stamens (fig. 522), Stamens numerous,
placed upon the thalamus

;
filaments petaloid (fig. 453, e, l, 2,

3, 4,.r>); anthers adnate. Thalamus large, forming a disk-like

expansion more or loss surrounding the ovary, and having



442 NELUMBIACEjE.

inserted upon it the petals and stamens (fig. 522). Carpels

numerous, united so as to form a compound ovary (fig. 809)

;

ovanj many-celled (fig. 790) ;
styles absent

;
stigmas radiating on

the top (figs. 522 and 881), and alternate with the dissepiments,

ifymiindehiscent, many-celled. Seedsnumerous, attached all over

the spongy dissepiments ;
embnjo minute, enclosed in a separate sac

or vitellus, and on the outside of farinaceous albumen (fig. 882).

Diagnosis.—Aquatic perennial herbs with cordate or peltate

usually floating leaves. Thalamus large, and forming a disk-

like expansion more or less surrounding the ovary, and having

inserted upon it the petals and stamens. Sepals inferior, per-

sistent
;
petals numerous ; stamens numerous, with petaloid

hlaments and adnate anthers
;
carpels united so as to form a

compound many-celled ovary
;
stigmas radiating on the top, and

alternate with the dissepiments ; ovules numerous, and attached

all over the dissepiments. Embryo minute, on the outside of

farinaceous albumen, enclosed in a vitellus.

Distribution and Numbers.—The plants of this order are

chiefly found in quiet waters, throughout the whole of the

northern hemisphere
;
they are, generally speaking, rare in

the southern hemisphere. Illustrative Genera .-—Victoria, Lindl. ;

Nymphsea, Linn. There are about 40 species.

Properties and Uses.—These plants have bitter and astringent

properties. They have been also considered as 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 are used for food

in some countries.

Victoria Regia.—This plant is a native of Equatorial America, and h

been introduced into this countrv, where it has excited much interest. Lot h o

account of the beauty and size of its flowers, and its enormous and singular!

constructed leaves. The flowers when fully expanded are more (ban a too

in diameter ; and the leaves, which are turned up at their margins, vary

from four to eight feet in diameter. The plant is commonly known in tins

countrv as the" Victoria Water-lily, and in South America under the name

of Water-maize, as the seeds arc there used for food, for which purpose tnej

are commonly roasted with Maize or Indian Corn. The rhizomes also con*

tain a large quantity of starch.

Order 12. Nblumbiacb^;, the Water-bean Order.—Charac-

ter —Agnatic herbs. Leaves peltate, rising above the water.

Mowers large and showy. Sepals 4 or 5. Petals numerous in

several whorls. Stamens numerous, in several whorls >JW
ments petaloid. Thalamus very large (fig. 654, ^.flattened

at the top, and excavated so as to present a number of cavitu s

each of which contains a single carpel (fig. 654, carp).

consisting of the ripened nut-like carpels, which are half-buried

in the cavities of the thalamus. Seed solitary, or rarely - :
w t h-

out albumen; embryo large, enclosed m a membrane with M
fleshy cotyledons, and a much-developed plumule. Ihts ordi i

.
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i as ice have already stated, is included in Nymph&acete hy Bentham
and Hooker.

Diagnosis.—Aquatic herbs with peltate leaves. Thalamus
i very large, flattened at the top, and excavated so as to present

!& number of cavities. Carpels distinct, and partially imbedded
: in the large honeycombed thalamus. Fruit of numerous, usually
1-seeded, nut-like bodies. Albumen none

;
plumule very large.

Distribution and Numbers.—These beautiful water plants

r&re natives of stagnant or quiet waters of temperate and tropical

i regions in the northern hemisphere
;
they are most abundant in

i the East Indies. Illustrative Genus

:

—There is but 1 genus,
Xdumbium ; which includes 3 species.

Properties and Uses.—The nut-like fruits of all the species

are edible, as well as their rhizomes, which contain starch like

I those of Nymphreaceous plants.

Kelumbiiim speciosum.—The fruit of this plant is commonly considered to

1 have been the Egyptian Bean of Pythagoras ; and the flower the sacred
I Lotus so often represented on the monuments of Egypt and India. The
; plant, however, is no longer found in Egypt, but it is common in India.
I The leaves and peduncles contain a large number of spiral vessels ;

these, 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.'

Cohort 2. Parietcdes.—Gyncecium syncarpous
;
placentation

parietal, or very rarely axile.

Order 1. SarraceniacEzE, the Side-saddle-flower Order.

—

1 Character.

—

Perennial herbs, growing in boggy places, with
: radical hollow leaves, which are pitcher- or trumpet-shaped (figs.
391 and 392). Sepals 4—6, usually 5, persistent, imbricate.

i Petals 5, hypogynous, sometimes absent. Stamens numerous,
' hypogynous

; anthers adnate, 2-celled. Carpels 3— 5, united so
as to form a compound 3—5-celled ovary ; ovules numerous ;

I
placentas axile

;
style simple and truncate, or expanded at its

I top into a large shield-like angular process with one stigma
t beneath each of its angles. Capside 3—5-celled, dehiscing
1 loculicidally. Seeds numerous, attached to large axile pla-
centas ; (dbnmen abundant.

Diagnosis.—Perennial boggy plants, with pitcher ortrumpet-
i shaped leaves. Calyx permanent, imbricate. Carpels united
I so as to form a compound ovary, and a 3—5-celled dehiscing
• fruit, with large axile placentas

; albumen abundant.
Distribution and Numbers.—There are 8 species, of which 6

I are confined to the bogs of North America, 1 occurs in Guiana,
• the other species is found in California. Illustrative Genera :
- —Sarracenia, Heliamphora.

Properties and Uses.—The pitchers are lined by glandular
hairy appendages

; these secrete a peculiar digestive fluid which
dissolves any insects that find their way into them. The solu-
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tion thus formed is ultimately absorbed, and appears to be
necessary for the healthy condition of these plants.

Sarracenia.—The rhizome, rootlets, and leaves of Sarracenia purpura}

were formerly vaunted as a specific in small-pox, but from extensive trials

in the hospitals of this and other countries, they have been found to be

entirely useless.— S. variolaris and S. Jiava are reputed to be diuretic and
mildly' purgative, and useful in dyspepsia, headache, &c. The properties,

however, of all the species seem to be unimportant.

Order 2. Papaverace^;, the Poppy Order.—Character.—
Herbs or shrubs, usually with a milky juice (white or coloured).

Leaves alternate, exstipulate. Sepals usually 2 (fig. 883) or

rarely 3, caducous (fig. 471). Petals 4 (figs. 883 and 884), or

rarely 6, or some multiple of 4, or very rarely wanting
;
usually

crumpled in testivation (fig. 883), hypogynous. Stamens gene-

rally numerous (Jigs. 883 and 884), hypogynous (figs. 32 and

Fig. 883. Fig. 884. Fig. 885.

Fig. 883. Diagram of the flower of the Poppy, with two sepals, four *

crumpled petals, numerous stamens, aud a compound one-celled

ovary with several parietal placentas projecting into Its interior

so as to nearly divide it into several cells. Fig. 884. Flower of

Celandine (Chelidonium majua). sti. Two stigmas on the apex of a

lengthened or pod-like ovary. Fig. 885. Siliquarfomi or pod-
y

shaped capsule {cerulium) of Celandine. |,

884) ; anthers 2-celled, innate (fig. 32). Ovary 1-celled, with

2 or more (figs. 623 and 883) parietal placentas, which project

more or les? from the walls into its cavity, and in Komiusyd

actually adhere in the axis
;
styles absent (fig. 32) or very short

;

stigmas 2 (Jig. 884, sti), or many (Jig. 32, sti), alternate with

the placentas, and opposite the imperfect dissepiments ;
when

numerous, they form a star like process on the top of the ovary

(fin 32); ovules numerous (fig. 023). Fruit 1-celled, and either

pod-shaped with 2 parietal placentas (Jig. 885), or capsular

with several placentas ;
dehiscing by valves (fig. 885) or pores,

or sometimes indehiscent. Seeds usually numerous ;
embryo ffl

fleshy-oily albumen (fig. 775).

LHagnom.—Usually herbs with a milky juice. Leaves alter-

nate and exstipulate. Peduncles 1-flowered ;
flowers regular

and symmetrical. Calyx and corolla with a binary or ternary



PAPAYERACEME. 445

arrangement of their parts, deciduous, hypogynous. Stamens

numerous, hypogynous ; anthers 2-celled, innate. Ovary com-

pound, 1-celled, with parietal placentas, stigmas alternate to the

placentas. Fruit 1-celled, except in Bomneya. Seeds numerous,

albuminous.
Distribution and Numbers. —Nearly two-thirds ot 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. Illus-

trative
0
Genera :—Papaver, Linn.

;
Chelidonium, Linn. The

order includes above 130 species.

Fropei-ties and Uses.—The plants of this order are in almost

all cases characterised by well-marked narcotic properties.

Some are acrid, while others are purgative. In a medicinal

point of view, this order must be regarded as the most impor-

tant in the Vegetable Kingdom, from its yielding Opium, un-

doubtedly the most valuable drug of the Materia Medica.

Arpemnne mexicanrt, Mexican or Gamboge Thistle—The seeds have

nareotico-acrid properties. An oil may be obtained from tbem by expres-

sion, which possesses aperient and other properties, and has been recom-

mended as a remedv in cholera. In the West Indies, the seeds are also

used as a substitute for Ipecacuanha. In the East Indies, the oil is likewise

emploved as an external application in certain skin diseases.

Chelidonium majus, Celandine.—The Celandine is a native of this country,

growing especially in the neighbourhood of towns and villages. It has an

oninu'e-colonred jnice of a poisonous nature, which is a popular external

application for the cure of warts, and has been used successfully in opa-

cities of the cornea. It has been also administered internally, and is reputed

aperient, diuretic, and stimulant.

Papaver.—P. snmnifervm, Opium Poppy.—Opium is the juice obtained

by incisions from the unripe capsules of this plant, inspissated by sponta-

neous evaporation. It has been known from early times, having been

alluded to by Hippocrates, Diagoras, and Dioscorides. Various kinds of

opium have been descri lied under the names of Turkey, Smyrna, or Asia

Minor, Egyptian, Persian, European, Indian, Chinese, and others. Opium
which is produced in Asia Minor is that most commonly used in this country,

and is alone official for all the preparations of the British Pharmacopoeia,

except the alkaloids which may be obtained from other kinds of opium. Its

consumption is largelv on the increase
;
thus, in 1839, the quantity im-

ported into Great Britain was 41,000 pounds, and in 1852, 114,000 pounds,

and it is very much greater at the present time. Thus the average annual

exports of opium from Smyrna alone are now probably more than 300,000

pounds. But India is the" great opium producing country, for here the

quantity of opium produced annually is nearly 12,000,000 pounds. Of
this enormous quantity at least 8,000,000 pounds are exported to and
consumed in China, representing a market value of about as many pounds
sterling. Opium is also now largely produced in China. Opium possesses

in a marked degree tie narcotic properties of the plants of the order from
which it is obtained. In large doses it is a narcotic poison. It is also

regarded as soporific, anodyne, and antispasmodic. Its narcotic properties

are chiefly due to a peculiar alkaloid called morphine, which is combined
with meconic acid. Its properties are also due, to some extent at least, to
other peculiar principles which it contains, as codeine, narcvtine, narceine,

thebuine, meconine, and a number of others, the, properties of which are
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but little known. The alkaloids codeine and morphine in the form of some of

its salts, and. meconicacid; are official in the British Pharmacopoeia, While the

juice obtained from the unripe pericarp has been proved to possess such active-

properties, the seeds are bland and wholesome. They yield by expression

an oil which is much used on the Continent and in this country, as a sub-

stitute for olive oil and for other purposes. It is one of the oils employed for

the purpose of adulterating olive oil. The cake left after the oil has been

extracted may be used for fattening cattle. The dark-coloured seeds are

known as Maio seeds, and are largely eaten by birds. They are also used as

a medicine for them.

—

Papaver Rhasas, the common Red or Corn Poppy, In-

scarlet or red petals, as its name implies. A syrup prepared from the

fresh petals (which are official in the British Pharmacopoeia) is used as a

colouring ingredient by the medical practitioner. The fresh petals are also

supposed to possess slight narcotic properties.

Sanguinaria canadensis, Puccoon.—The rhizome and rootlets of this

plant, which is a native of North America, contain a red juice, from which

circumstance it is commonly termed Blood-root. This so-called root is used

internally in large doses as an emetic and purgative, and in smaller doses

as a stimulant, diaphoretic, and expectorant. It is also said by Eberle to

exercise a sedative influence on the' heart, as certain as that of Digitalis.

When applied externally, it has been stated to have well-marked escharotic

properties, and has been used, combined with chloride of zinc, as an external

application for the destruction of cancerous growths ; but from trials m this

countrv it has been proved valueless for such a purpose.

Manv o-enera belonging to this order are commonly cultivated in our

gardens^ as Pupuver, Argemone, Ecemeria, Platystemon, Eschscholtzin, &c.

Order 3. Ftjmamace.'E, the Fumitory Order.—Character.

—Smooth herbs with a watery juice. Leaves alternate, much

divided, exstipulate. Sepals 2 (fig. 886), deciduous. Petals 4,

Fig. 886

Fia 88G. Diagram of the flower of CoryMU, with two sepals, four pet:, -

in two whorls, six stamens in two bundles, anda one-oeUed ovary with two

parietal placentas. Fig. 887. Vertical section of the flower of Hy^coum.

i Fid. 888. Upper or posterior petal of GorydalU, spurred at the base,

ami a bundle of three stamens. Fig. 889. Vertical section of the seed

of Fumarla.

cruciate, very irregular, in two whorls (fig. 886) ;
one

'

or both of

the outer petals being gibbous or spurred (figs. 886 and 8SS), ana

the two inner frequently united at the apex. Stamens hypo-

gynous, usually 6, diadelphous, the two bundles being opposite the
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outer petals, and containing an equal number of stamens (fig.
886), the middle stamen of each bundle having a 2-celled anther
(fig. S86), the two outer with 1-celled anthers (fig. 886) ; in rare
cases there are four stamens, which are then distinct and oppo-
site the petals. Ovary superior (fig. 887), 1-celled, with parietal
placentas (figs. 886 and 887) ;

style short, or long and filiform
;

stigma obtuse or lobed ; ovules amphitropous. Fruit indehis-
cent and 1- or 2-seeded, or two-valved and dehiscent, or a
succulent indehiscent pod-like fruit ; in the two latter cases
containing a number of seeds. Seeds shining, crested

;
embryo

abaxial, minute (fig. 889) ; albumen fleshy. This order is in-
cluded in Papaveracese by Bentham and Hooker.

Diagnosis.—Smooth herbs, with a watery juice, and alternate
exstipulate much-divided leaves. Flowers very irregular and
unsyumietrical, 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
; ovules amphitropous. Embryo minute ab-

axial, in fleshy albumen.
Distribution and Members.—The plants of this order prin-

cipally occur in thickets and waste places in the temperate
latitudes of the northern hemisphere. Illustrative Genera:—
Dicentra, Borkh.

; Fumaria, Toum. There are about 110
species.

Properties and Uses.—These plants possess slightly bitter,
acrid, astringent, diaphoretic, emmenagogue, and aperient pro-
perties. The rhizomes or tubers of Dicentra (Gorydalis) formosa
are the source of corydalin, which is used by the eclectic prac-
titioners in the United States of America in syphilis, scrofula,
(See.

;
but the properties of this and other plants of the order

appear to be unimportant. Some species are cultivated in our
gardens and greenhouses. The most important of these is
Dicentra (Dielytra) spectabilis, which has very showy flowers
but, like all other plants of the order, it is scentless.

Order 4. Cruciper^, the Cruciferous Order.—Char act er
—Herbs, or very rarely shrubby plants. Leaves alternate,
exstipulate. Flowers usually yellow or white, rarely purple, orsome mixture of these colours

; inflorescence racemose (fig 891)or corymbose
;
usually ebracteated. Sepals 4 (fig. 890) deci-

duous ;
sestuMtwn imbricate or rarely valvate. Petals 4 ( figs

Mi/'
89°)' hyP°gynous > arranged in the form or a

Maltese cross, alternate with the sepals, deciduous. Stamens 6,tetradynamous
(fig. 892, ec), hypogynous. Thalamus furnishedwith small green glands (fig. 892, gl) placed between the sta-mens Ovary superior (fig. 892), with two parietal placentas

«S: i c
Ud 893)

'
1 "celled

'
or more usually 2-celled (fig. 890)

(H^nr
f°rmatl0

7

n of a 8PU"o«a dissepiment called the replmk

on tw! '

i
generally numerous, arranged alternatelyon two parietal placentas so as to form a single row, amphitro-
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pous or campylotropous ;
style none (Jig. 892), or very short

;

stigmas 2 (Jig. 893), opposite the placentas. Fruit a silicma (Jigs.

682 and 893), or silicula (Jigs. 714, 894, and 895), 1- or 2-celled,

1- or many-seeded. Seeds stalked, generally pendulous (Ji/js.

893 and 894) ;
embryo with the radicle variously folded upon the

cotyledons (Jigs. 776, 777, 778, 896, and 897) ; albumen none.

Diagnosis.—Generally ebracteated herbs. Inflorescence in-

definite ; racemose or corymbose. Sepals and petals 4, deciduous,

regular, the latter cruciate. Stamens tetradynamous. Ovary

with two parietal placentas
;
stigmas 2. Fruit a siliqua or silicula.

Seeds stalked, without albumen, and with the radicle variously

folded upon the cotyledons. No other order is likely to be con-

founded with this if ordinary care be taken, as tetradynamous sta-

mens only occur here, except in a very few plants belonging to the

order Capparidacese.

Fig. 890. Fig- 891.

Division of the Order and Illustrative Genera.—This large and

trulv natural order has been divided into sub-orders according

to the nature of the fruit, and also as to the mode in which the

embrvo is folded. The latter is the most natural arrangement.

The sub-orders founded on the nature of the fruit are as

follows :

—

Sub-order 1. StfigW-Fruit a silio.ua (Jig. 682) opening by

valves longitudinally. Illustrative Genera .—Cheiranthus,

TA/nm Brassica, Linn. ... , ,

Sub orde'r B. Stticulosse laUseptx.-Fruit a silicula opening by

valves ; the replum in its broader diameter (Jig. 89o). I

u-nlivc Genus :—Cochlearia, Luni.

SubSld«:3 Siliculosx angustiscptx.-Frmt a silicula opening
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by valves ; the repluni in its narrower diameter {fig. 894).

Illustrative Genera:—Capsella, Mcench
;
Iberis, Linn.

Sub-order 4. Nucumentaceie.—Fruit an indehiscent silicula
;

often 1-celled, owing to the absence of the replum. Illustra-

tive Genus:—Isatis, Linn.

Fig. 892. Fig. 893. Fig. 894.

Fig. 895. Fig. 896. Fig. 897.

Fig. 892. Essential organs of the Wallflower (Cheiranthus Cheiri). r. Tha-
lamus, gl. Glands, ec. Tetradynamous stamens, sli. Stigmas. Fig. 893.
An unripe siliqua of the Wallflower, with one of the valves removed to
show the replum, and the stalked pendulous seeds. Fig. 894. The sili-

cula of Shepherd's Purse {Capsella Bursa-pastoris) in the act of dehiscing,
showing the stalked pendulous seeds. Fig. 895. Silicula of the Scurvy-
grass (Cochlearia officinalis) in the act of dehiscing. Fig. 896. The em-
bryo o£ JSunias orie.ntalis. Fig. 897. The embryo of the Cabbage plant
( ISrussica oleracea). 1. Undivided. 2. Horizontal section, r. Radicle.
c. Cotyledons.

Sub-order 5. Septulatgg.—The valves of the fruit opening lon-
gitudinally and bearing transverse septa in their interior.
There are no examples among British plants.

Sub-order <>. Lomentacese.—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.
Illustrative Genera:—Cakile, Gaert.

; Raphanus, Linn.
Q G
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The arrangement of Bentham and Hooker is essentially the

same as the above.

The sub-orders founded on the mode in which the embryo is

folded are as follows :

—

Sub-order 1. PlenrorUzem ( O = ) (fuJ- 778). —Cotyledons

accumbent, flat ; radicle lateral. Illustrative Genera :—Cheir-

anthus, Linn. ;
Arabis, Linn.

,

Sub-order 2. Notorhizex ( O II ) (fig- 777).—Cotyledons in-

cumbent, flat ; radicle dorsal. Illustrative Genera :—Hesperis,

Linn. ;
Isatis, Linn.

Sub-order 3. Orihoplocem ( O > ) (fid- 897).—Cotyledons con-

duplicate, longitudinally folded in the middle ;
radicle dorsal,

within the fold. Illustrative Genera :—Brassica, Linn.
;
Raph-

anus, Linn. ^ .

Sub-order 4. Spirolobex ( O II II ) (fi9>- 776 and ^.-Cotyle-

dons twice folded, linear, incumbent. Illustrative
_

Germs:—

Bunias, Linn. There are no examples among British plants.

Sub-order 5. Diplecolobex ( O II II II
).-Cotyledons thrice

folded, linear, incumbent. Illustrative Genera :—Senebiera,

DC. ;
Subularia, Linn.

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. °The order includes about 1,600 species

Properties and Uses.-This order is generally characterised

by antiscorbutic and pungent properties frequently combined

with acridity; it is one of the most natural m the Vegetable

Kingdom, and does not contain a single poisonous plant. Ine

seeds frequently contain a fixed oil. Many of our commonest

culinary vegetables are derived from this order.

wild m the <™?"^*%1b full grown, and its branches have become dry

ovuleawr,

if£3 to have tot b£rf S^SStaS Eve to salute the birth of the

Easter.' In Palestine it is termed Kb f Mia y
(

.
»

commonly
Brassica.—This genus 00nt^?£MVE Re « i the common

cultivated as food for man and Sf^™^^between 7i,v,.«.«.v,

.

Tumip; .and the jKS&bfC some H isderived from
campestrts and ^•««Pa 01

•

, i r.,,' r„i„ or Colza seeds,from which may
B. Zdmpestrii.-*.^Wgf^^&a , ii whirl, is much employed
be expressed a large quantitj ol Wantt nxeolc

expression of the

for burning and other I'^l"'^-,,^ .', of Oil-cake. The

^S.^^SSfcf^*« -A- WUd Cabbage,
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•

is supposed to be the original species from which have been derived, by cul-

tivation, all the varieties of Cabbages, Kohl-Rabi, Greens, Broccoli* and
Cauliflowers. The Kohl-Rabi is produced by the stem enlarging above the
ground into a fleshy knob, resembling a turnip. Broccoli and Cauliflowers

are deformed inflorescences.

—

B. nigra and B. alba were formerly placed
under the genus Sinapis, L. ; but this genus is now commonly included
in Brassica. The seeds of these two species are in common ttse in medicine
and for culinary purposes, and the seedlings are also employed as salads ; those
of the former are dark-coloured, and are known as Black Mustard seeds ; those
of the latter have a yellowish colour, and are termed White Mustard seeds

—

both kinds are official. Flour of mustard, so extensively used as a condi-
ment, is prepared from a mixture of commonly two parts of powdered Black
and three of White Mustard seeds : the proportions, however, used by diffe-

rent manufacturers vary. Both the Black and White Mustard seeds contain
a large quantity of fixed oil, which is readily obtained by submitting them
to pressure ; this expressed oil is called fixed oil of mustard. It is remark-
able that we do not find ready formed in either Black or White Mustard
seeds the pungent acrid principle or principles for which mustard is especially
distinguished. But when Black Mustard seeds are distilled with water, they
yield a very acrid and pungent volatile oil, on which their virtues essen-
tially depend. The elements of this oil exist in the seed, in the forms of
myronate ofpotash or sinigrin and myrosin. These substances, when mixed
through the medium of water, cause the formation of the volatile oil of
mustard, which is official in the British Pharmacopoeia. But the active pro-
perties of White Mustard 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 other-
wise ; but they are owing to a fixed acrid oily principle, which is developed
under the influence of water, by the action of myrosin, one of its constitu-
ents, on a crystalline principle which it also contains, called sinalbin or
sulpho-sinapisin. Flour of mustard is given internally as a stimulant,
diuretic, and emetic ; and externally applied, it is irritant, rubefacient, &c.
The volatile oil is a powerful vesicant. White Mustard seeds are also taken
in an entire state as a stimulant in dyspepsia. The seeds of Sinapis juncea,
a native of India, possess similar properties to those of Black and White
Mustard seeds ; they are official in the Pharmacopoeia of India, under the
name of Sinapis indica.

Camelina sativa, Gold of Pleasure.—The seeds are stated to be valuable
as food for cattle. They contain a large quantity of oil.

Cardamine pratensis, Cuckoo flower.—The flowers were formerly much
used for their stimulant and diaphoretic properties, and have long been a
popular remedy for epilepsy in children.

Cnchlearia.— C. Armoracia (Armoracia rusticana).—The root is the
common Horseradish, so much used as a condiment. Several fatal cases of
poisoning have occurred from the substitution of Aconite or Monkshood
mot for that (if Horseradish, which it is supposed to resemble. Fresh Horse-
radish root is official in the British Pharmacopoeia ; it is used in medical
practice—externally, as an irritant, rubefacient, and vesicant, and internally
.'is a stimulant, diuretic, and masticatory. Its virtues depend upon the for-
mation of a Bmal] quantity of volatile oil", under the influence of water, from
the Mipp.wd presence of the same principles as those contained in Black
Mustard seeds. (See Brassica.)— C. officinalis, Scurvy-grass, was long

;i med for its anti-scorbutic properties.
Cramhe maritima, Sea-kale.—The stem and leaf-stalks of this plant, by

cultivation under diminished light, form a much esteemed vegetable. In
the wil.l state the plant possesses a good deal of acridity, but this is almost
entirely removed by cultivation as above.

Isatii tinctoria, Woad.—This plant yields a dark-blue dye, which was
formerly much used in this country and other parts of Europe, but it is

G Ci 2
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now rarely or ever employed, having been superseded by Indigo. In China

also, a blue dye is obtained from the fruits of Isatis indigotica.

Lepidium sativum, Garden Cress.—This is well known as a pungent

salad ; it is commonly used for that purpose mixed with the seedlings of

the Mustard plants.

Nasturtium officinale.—-This plant is the common Watercress, so well

known as an excellent and wholesome salad. It has been highly spoken

of as a remedial agent in the treatment of cachectic diseases. According

to Mulder, it contains iodine.

Raphanus sativus.—This is the common Radish, so much employed as a

salad, &c. The siliques of Raphanus candatus, when about half-grown, are

good as a boiled vegetable ; and in a still younger state they form an agree-

able salad, having a mild radish-like flavour.

Sinapis—This genus is now commonly included in that ot Brassica

(which see). „ ,

Many plants of the order are favourite objects of culture in our gardens,

such as the Stock (Matthiola), Wallflower (Cheiranthus Limn), Candy-

tuft (Iberis umbellata), Honesty (Lunaria biennis), &c.

Order 5. Cappae,idace2E, the Caper Order.—Ch a r a c t e r.—
Herbs, shrubs, or rarely trees. Leaves alternate, exstipulate, or

rarely with spiny stipulate appendages. Sepals 4 (fig. 606, eat),

sometimes cohering more or less ; eestivation imbricate or valvate,

equal or unequal. Petals usually 4 (fig. 656, cor) cruciate,

imbricate, generally unequal and unguiculate, rarely 8, or some-

times none. Stamens numerous or definite, if 6, very rarely

tetradynamous, placed usually upon a prolonged thalamus or

stalk by which they are raised above the calyx and corolla (Jig.

656, st). Ovary (fig. 656, ov) placed on a gynophore or sessile,

1-celled
;
placentas 2 or more, parietal

;
style filiform or wanting ;

ovules amphitropous or campylotropous. Fruit 1-celled, usually

many-seeded, very rarely 1-seeded, either pod-shaped and de-

hiscent, or baccate and indehiscent. Seeds generally reniform,

without albumen ;
embryo curved

;
cotyledons leafy.

Diagnosis. -Herbs, shrubs, or trees, with alternate eaves.

Sepals and petals 4 each, the latter cruciate and generally un-

equal. Stamens usually numerous, very rarely tetradynamous,

commonly inserted on a stalk which raises^ ab^e
d̂

and corolla. Ovary 1-celled, placentas parietal. Fruit e ns

cent or indehiscent, 1-celled. Seeds generally reniform ,
embij o

^tJZ^tkT^der and Illustrative Genera,-The order has

been divided, according to the nature of the fruit, as follows .-

Sub-order 1. Oleomem.-Frmt capsular and dehiscent. Ittus-

trative Genera .—Gynandropsis, DO ;
Cleome DC.

Sub-order 2. Oapparm.-Fruit baccate and indehiscent. Illus-

trative Genera:-Cadaba, Forsk. ;
Cappans, Linn.

Distribution and Mers.-The plants of jta order are

found in tropical and sub-tropical regions of the globe in

Africa "hey are especially abundant. The common Caper ((*
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pans spinosa), which inhabits rocky places in the south of Europe,

is the only European species, and also that one which is found

farthest north. The order contains about 360 species.

Properties and Uses.—In their properties these plants re-

semble in many respects the Crucifera;, being generally pun-

gent, stimulant, and antiscorbutic. Others are aperient, diuretic,

and anthelmintic. In some plants the pungent principle is

highly concentrated, or probably is in itself deleterious, so that

those in which it is found are very poisonous.

Cadaba indica.—The root is reputed to be 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

employed in the south of Europe, C. Fontanesii in Barbary, and C. wgyptiaca

in Egypt. C. legyptiaca is stated to be the Hyssop of Scripture. Capers
are stimulant, antiscorbutic, and aperient. The fruit of C. coriacea has been
lately recommended as a valuable remedy in epilepsy, and generally for

nervous and hysterical affections.— C. Sadada has a small fruit which pos-

sesses an acrid peppery taste, and is an important article of food in some
parts of Africa. The fruit of one species, said to be allied to C. pulcherrima,
and which is found in the neighbourhood of Carthagena, is extremely
poisonous.

Cleome.—Some species are very pungent, and are used as condiments
like our mustard.

Crateeva religinsa is commonly employed amongst the natives in India
as a stomachic and tonic. The root of C. gynandra, the Garlic Pear, is said
to be vesicant.

Gynandropsis pentaphylla, a native of India, is reputed to be antispas-
modic. The bruised leaves are rubefacient, and even vesicant ; and its

seeds are used as a substitute for mustard, and, like mustard seeds, contain
a fixed oil.

Pnlanisia.—Some species of this genus are also employed like mustard.
The root of P. icnsandra is used internally as a vermifuge, and external])- as
a rubefacient, &c.

Order 6. Resedace^e, the Mignonette Order.—Character.—Herbs, or rarely small shrubs. Leaves alternate, entire or
divided, exstipulate, or with minute glandular stipules. Calyx
with from 4—7 divisions. Petals 2—7, entire or with a deeply
lobed or fringed limb (Jig. 499), unequal. Disk fleshy, large,

hypogynous, one-sided. Stamens definite, inserted on the disk.
Ovary sessile, 1-celled (fig. 621) ; ovides amphitropous or cam-
pylotropous

;
placentas (fig. 621, pi) parietal

;
stigmas 3, sessile.

Fruit usually opening at the apex long before the -seeds are
ripe (fig. 621), 1-celled. Seeds usually numerous, reniform

;

embryo curved, 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, with pari-
etal placentation

;
stigmas 3, sessile. Fruit usually opening'

at the apex before the seeds are ripe. Seeds generally numer-
ous, reniform, exalbuminous.

Distribution and Numbers. — They are chiefly natives of
Europe and the adjoining parts of Africa and Asia. A few
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occur in the north of India, Cape of Good Hope, and California.

Illustrative Genera

:

—Reseda, Linn.
;
Astrocarpus, Neck. There

are about 45 species in this order.

Properties and Uses.—But little is known of their properties.

The plants are generally somewhat acrid, and were formerly
supposed to be sedative.

Reseda.—Reseda odorata is the Mignonette plant, which is so much
esteemed for the fragrance of its flowers.

—

Reseda luienla, a common plant
in this country, and known under the name of Weld, yields a yellow dye.

Order 7. Cistace^:, the Rock-rose Order.—Character.

—

Shrubs or herbs, often viscid. Leaves opposite or alternate, entire,

stipulate or exstipulate. Flowers showy. Sepals usually 5 (fig.

898), sometimes 3, persistent, unequal ; aestivation of the three

inner twisted. Petals usually 5 (fig. 898), very rarely 3, cadu-

cous, hypogynous, frequently corrugated in the bud, and twisted

in a reverse way to that of the sepals. Stamens (fig. 898) dis-

tinct, hypogynous, definite or indefinite. Ovary 1- (fig. 898) or

Fig. 898.

Fig. 898. Diagram of the flower of a species of Relianthemnm. Fi<j. >'.>?.

Section of the seed of a species of Cistus, the pointed end beiug its apex.

many-celled from parietal septa ; ovules orthotropous;
\

style single;

stigma simple. Fruit capsular, usually 1-celled, with 3—5, or

rarely 10 valves ; or imperfectly 3—5—10-celled
;
placentas pa-

rietal (fig. 898). Seeds definite or numerous, albuminous (fig.

899) ;
embryo (fig. 899) curved or spiral, with the radicle remote

from the hilum.

Diagnosis.—Leaves entire. Sepals and petals with a ternary

or quinary arrangement, twisted in aestivation ; the former per-

sistent, the latter caducous. Stamens hypogynous, distinct.

Ovary with parietal placentas and orthotropous ovules
;
style

single ;
stigma simple. Fruit capsular. Seeds with mealy

albumen ;
embryo inverted, curved or spiral.

Distribution and Numbers.—These plants are most abundant

in the south of Europe and the north of Africa. Some few

are found in other parts of the globe. Wmbrainm ^'<''''< •

—
Cistus, Town. ;

Helianthemum, Town. There are about 200

species.
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Properties and Uses.—These plants have generally resinous

and balsamic properties. Some are regarded as stimulant, ex-

pectorant, and emmenagogue.

Cistus creticus—The fragrant resinous substance called Ladanurn or

Labdanmn is obtained from" this plant in the Levant, and also from C.

ladaniferus, C. laurifolius, and C. salvifolius. Ladanurn was formerly used

as a stimulant and expectorant ; and is still employed by the lurks as a

perfume, and for fumigation.

Order 8. Yiolace.e, the Violet Order.— Character.

—

Herbs or shrubs. Leaves simple, stipulate (fig. 379), with an in-

volute vernation, alternate or sometimes opposite. Sepals 5 (fig.

797), persistent, imbricate, usually prolonged at the base. Petals

5 (fig. 797), hypogynous, equal or unequal, one usually spurred.

Stamens equal in number to the petals (fig. 797), and usually

alternate with them, or rarely opposite, inserted on a hypo-

gynous disk, often unequal ; anthers 2-celled, sometimes united

Fig. 900.

Fig. 900. Essential organs of the Pansy ( Viola tricolor), st. Obliquely hooded
stigma, a. TJnlted anthers, two having long spurred appendages at the
base. Fig. 901. Vertical section of the seed.

(fig. 900), introrse
;
filaments short and broad (fi,g. 900), and

elongated, so as to project beyond the anthers (fig. 527) ; when
the flowers are irregular, two of the anthers are spurred at the

base (figs. 527 and 900). Ovary 1-celled (fig. 33), with 3 pari-

etal placentas (fig. 797) ;
style single, usually declinate (fig. 33)

;

stigma capitate, oblique, hooded (fig. 900, st) ; omdes usually
numerous (fig. 33, o, o). Fruit capsular, 3-valved, dehiscence
loculicidal

;
placentas parietal, on the middle of the valves (fig.

681). Seeds usually numerous (fig. 681), sometimes definite
;

embryo straight, erect, in the axis of fleshy albumen (fig. 901).

Diagnosis.—Herbs or shrubs. Leaves simple, stipulate, and
with involute vernation. Sepals, petals, and stamens 5 each,

hypogynous. Stamens all perfect ; anthers introrse with the
filaments prolonged beyond them, and sometimes having spur-
like appendages below. Ovary 1-celled, with 3 parietal pla-

centas
; style and stigma single. Fruit 1-celled, dehiscing by
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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 Illustrative Genera.-—The order has
been divided as follows :

—

Sub-order 1. Violese.—Having irregular flowers and appendaged
anthers. Illustrative Genera

:

—Viola, Linn.
;
Ionidium, Vent.

Sub-order 2. Alsodese.—With regular flowers, and anthers not
furnished with spurred appendages. Illustrative Genera:—
Alsodeia, Thouars

;
Pentaloba, Lour.

Distribution and Numbers.—The herbaceous plants of the

sub-order Violese are chiefly natives of Europe, Siberia, and
North America ; the shrubby mostly of South America. The
Alsodeae are exclusively natives of South America, Africa, and
Malacca. There are about 300 species belonging to the order.

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 reputed to be 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. (See Cephae'lis.)

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 herbaceous European species.

Ionidium.—The root of /. Ipecacuanha, Woody Ipecacuanha, is the False

Ipecacuanha of Brazil ; it is employed as an emetic in that region. Other

species of Ionidium, as I. parviflorum, I. Itubu, and others, possess similar

properties. The roots of 1. parviflorum {I. microphyllnm, Humb.) constitute

the Cuchunchully de Cuenca, which is much used in Venezuela as a remedy

for elephantiasis.

Viola.—The flowers of V. odorata, the March or Sweet Violet, have been

alwavs highly esteemed for their fragrance. An infusion or syrup of the

petals is a useful chemical test, as its violet or purplish colour is turned

red bv acids, and green by alkalies. The syrup is employed partly on

account of its colour and odour, but chiefly as a laxative for very young

children. The flowers were formerly regarded as anodyne. The roots,

stems, and seeds have been also regarded as emetic and purgative. Tiny

contain violine, a principle which, as just stated, is closely analogous to, it

not identical with, emetine.— V. pedata, a native of North America, possi ssea

similar properties to V. odorata.— Viola canina,tt\c Dog Violet, is said to he

efficacious in certain cutaneous diseases.— Viola tricolor, a common indigenous

plant, is the species from which all our cultivated varieties of Pansics or

Heartsease have been derived. The Violets generally have been used on

the Continent as demulcent expectorants.

Order 9. Sauvagesiace^:, the Sauvagesia Order.—Charac-

ter.—This order is by some botanists considered as merely a

sub-order of Violacere. It is distinguished by the flowers of its

species having either 5 perfect stamens alternate with 6 Btenle

ones, or numerous stamens. If there arc only 5 stamens, these

are also opposite the petals ; the anthers are likewise extrorse,
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and have no appendages. The fruit also bursts septicidally,

and hence each valve bears the placentas at its margins.

Distribution and Numbers.—They are natives chiefly of South

America and the West Indies, illustrative Genera :—Sauva-
gesia, Linn. ;

Lavradia, Velloz. There are about 15 species.

Properties and Uses.—But little is known of the properties

of the plants in this order. 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.

Order 10. Cajtellace^e, the Canella Order.

—

Diagnosis.—
By some authors this small order is placed in Clusiacete ; it

is, however, at once distinguished from the Clusiacere, by its

general appearance ; alternate leaves
;
longitudinal dehiscence

of anthers ; absence of disk
;
presence of a style ; and albu-

minous seeds. It is placed here in accordance with the views

of Bentham and Hooker.
Distribution and Numbers. —This order contains but 2

genera and 3 species. They are natives of the West Indies

and continent of America.
Properties and Uses.—These plants have aromatic, stimulant,

and tonic properties
;
being closely allied in these respects to

the Magnokaceae.

Canella alba, the Laurel -leaved Canella or Wild Cinnamon.—The inner

bark of this plant is the official Canella of the British Pharmacopoeia. It

has been confounded, as already noticed, with Winter's Bark, and hence

has been called Spurious Winter's Bark. (See Drimys.) 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, to the presence of

which its properties are, in a great measure, due ; it also contains a peculiar

bitter principle.

Cinnamodendron.— C. axillare, a native of Brazil, and C. corticosum, a
native of Jamaica, &c, have aromatic barks, which possess similar pro-

perties to the bark of Canella alba.— C. corticosum yields the so-called

Wiuter's Bark, as now commonly found in commerce. (See Drimys.)

Order 11. Bixacej;, the Arnatto Order.—Character.

—

Shrubs or small trees. Leaves alternate, exstipulate, usually

entire and leathery, and very often dotted. Flowers poly-

petalous or apetalous
;
usually hermaphrodite, but sometimes

unisexual. Sepals 4—7, somewhat united at the base. Petals

hypogynous, distinct, equal in number to the sepals and alter-

nate with them, or sometimes absent ; sometimes with scales

at the base. Stamens hypogynous, of the same number as the
petals, or some multiple of them. Ovary 1- or more celled,

sessile or slightly stalked
;
placentas 2 or more, parietal, some-

times branched so as to form a network over the inner surface
of the ovary and fruit. Fruit 1-celled, dehiscent or indehiscent,
having a thin pulp in its centre. Seeds numerous, usually
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enveloped in a covering formed by the withered pulp ; albumen
fleshy-oily

;
embryo straight, axial ; radicle turned to the hilum.

The Pangiacese of some authors are included in this order, in

accordance with the views of Bentham and Hooker.
Diagnosis.—Shrubs or small trees, with alternate exstipulate

leaves. Flowers polypetalous or apetalous, rarely unisexual

;

petals hypogynous, sometimes with scales at the base. Stamens
hypogynous, equal in number to the petals or some multiple of

them. Fruit dehiscent or indehiscent
;

placentas parietal.

Seeds numerous, albuminous
;
embryo axial, straight ; radicle

towards the hilum.

Distribution and Numbers.—The plants of this order are

almost confined to the hottest parts of the East and West
Indies, and Africa. Illustrative Genera

:

—Bixa, Linn. ; Pan-
gium, Humph. There are over 100 species.

Properties and Uses.—Many plants of the order are feebly

bitter and astringent, and have been used as stomachics ; others

are alterative, tonic, and emetic. The fruits of Oucoba and of

some of the Flacourtias are edible and wholesome ; but those of

some other plants are poisonous. It is said, however, that by
boiling, and maceration afterwards in cold water, the poisonous

properties may, in some cases, be got rid of, as in the seeds of

Pangium edule, the kernels of which are then used as a condi-

ment, and for mixing in curries. But even these, according to

Horsfield, act as a cathartic upon those unaccustomed to their

use. The seeds of some species are employed as dyemg and

colouring agents.

Bixa Orellana.—The seeds of this plant are covered by a reddish pulp,

from which Arnatto or Annatto is made. This is used as a red dye, and for

colouring cheese, chocolate, butter, &c. The seeds are said to be cordial,

astringent, and febrifugal.

Cochlospermum Gnssypium.—According to Eoyle, the trunk of this plant

yields the gum Kuteera, which in the North-western Provinces of India is

used as a substitute for Tragacanth.

Gynocardiaodorata.—Tlvi seeds, which are official in the Pharmacopoeia

of India, are known under the names of Chaulmugra, Chaulmogra, or

Chaulmoogra. They yield by expression a fixed oil in which their proper-

ties essentially reside. The oil and seeds have long been employed in-

ternally with success in India, in leprosy, scrofula, skin diseases, and in

rheumatism ; and the oil has also been of late years used with some sueeess

in this couutrv in similar diseases. The oil and seeds, in the form of an

ointment, have also been much employed as a local stimulant in various

skin diseases, etc.
, „ _

ffudnocarpvs.—The seeds of H. Wightiana and of H. venenata, both

of which species were formerly confounded together under the mime oi

JJ inebrians, also yield fixed oils, which have similar properties, and are

used both externally and internallv in similar cases to the seeds and oil ot

Chaulmugra. The fruit of JET. vmenatus is poisonous, and is employed in

Ceylon for poisoning fish.—if. anthelmintica is held in high esteem by the

Chinese as a remedy ID skin diseases.

Order 12. Pittosporace^e, the Pittosporum Order.—Cha-

racter. —Trees or shrubs, with simple alternate exstipulate leaves.
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Mowers regular. Sepals and petals 4 or 5, hypogynous, imbricate,

deciduous. Stamens 5, hypogynous, alternate with the petals
;

anthers 2-celled. Ovary superior
;
style single ;

stigmas equal in

number to the placentas, which are 2 or more, and either axile

or parietal ; ovules anatropous, horizontal or ascending. Fruit

baccate, or a loculicidal capsule. Seeds numerous, with a minute

embryo in copious fleshy albumen.

Distribution and Numbers.—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.

Illustrative Genera

:

—Pittosporum, Soland. ;
Cheiranthera, Cun-

ningham. The order includes about 80 species.

Properties and Uses.—These plants are chiefly remarkable

for their resinous properties. Some have edible fruits, as cer-

tain species of Billardiera. A few are cultivated in this country

on account of their flowers, as Sollya, Billardiera, &c.

Order 13. Tremandeace^., the Porewort Order.—Charac-
ter.—Heath-like shrubs, with usually glandular hairs. Leaves

exstipulate, alternate or whorled. Flowers axillary, solitary,

pedicellate. Sepals 4 or 5, equal, slightly coherent, deciduous,

and with a valvate aestivation. Petals corresponding in number
to the sepals, deciduous, and with an involute aestivation. (Sta-

mens distinct, hypogynous, 8—10, 2 being placed before each

petal ; anthers 2- or 4-celled, with porous dehiscence (fig. 537).

Ovary 2-celled ; ovules 1—3 in each cell, pendulous
;
style 1 or 2 ;

stigmas 1—2. Fruit 2-celled, a capsule with loculicidal dehis-

cence. Seeds pendulous, hooked at the chalazal end
;
embryo

straight, in the axis of fleshy albumen ; radicle next the hilum.

Distribution and Numbers.—All are natives of New Holland.

Illustrative Genera:— Tetratheca, Smith; Tremandra, Ii. Br.

The order includes about 16 species.

Properties and Uses.—Altogether unknown.

Cohort 3. Polygalinese.—Gynoecium syncarpous
;
ovary usually

2-3-celled
;
placentation generally axile, or very rarely parietal.

Orderl. Polygalace^e, the Milkwort Order.—Character.—Shrubs or herbs. Leaves alternate (fig. 902) or opposite,

exstipulate, and usually simple. Pedicels bracteate. Flowers
irregular, unsymmetrical (figs. 902 and 903), and arranged in a
somewhat papilionaceous manner ; but here the wings are derived
from the calyx, whereas in the Leguminosre they belong to the
corolla. Sepals 5 (fig. 903, ,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, usually petaloid (fig. 902),
and form, the wings to the flower. Petals hypogynous, usually

3, more or less united, of which 1, forming the keel, is larger
than the rest, and placed at the anterior part of the flower ; the
keel is either naked, crested, or 3-lobed ; the other 2 petals
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are posterior, and alternate with the wings and posterior sepal
of the calyx, and are often united to the keel ; sometimes
there are five petals {fig. 903), and then the 2 additional ones,
pr, pr, are of small size, and alternate with the wings and
anterior sepals. Stamens hypogynous, 8 (figs. 903, e, and 907),
usually combined into a tube, unequal, the tube split on the
side next to the posterior sepal (fig. 907) ; anthers clavate,
innate, usually 1-celled (fig. 907), rarely 2-celled, opening by a

Fig. 902. Fig. 903. Fig. .904. Fig. 905.

Fig. 907. Fig. 90G.

Fig. 902. A portion of the stem of the common
Milkwort {Polygala vulgarW),vAth simple alter-

nate exstipulate leaves, and irregular flowers.

Fig. 903. Diagram of the flower of the

same. i. Sepals, ps, ps, ps. Posterior and
anterior large petals, pi; pr. Lateral petals.

e. Stamens, c. Carpels. Fig. 904. Gynceciuni

of the same. or. Ovary, sttil. Style, stig.

Stigma. Fig. 905. Fruitwith one cell opened.

per. Pericarp, gr. Seed. r. Caruucula. Fig.

906. Section of seed. te. Testa, ar. Caruucula.

at. Albumen, pi. Embryo. Fig. 907. Audrce-

cium of the same, with oue-cclled anthers

dehiscing at their apex.

pore at their apex, or rarely by valves. Ovarii (Jigs. 90S, <\ and

904, ov) 2—3-celled, one cell being frequently abortive ;
ovules

solitary or twin, suspended ;
style simple (fig. 904, styl), curved,

sometimes hooded at the apex
;

stigma simple (./!;/. 904. *//./).

Fruit (fig. 905) varying in its nature and texture, indehiscent or

opening in a loculicidal manner, occasionally winged. Seeds

pendulous (fig. 905, gr), smooth or hairy, with a carunculenext

the hilum (figs. 905, r, and 90G, ar)
;
embryo straight or nearly
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so, in copious fleshy albumen, and with the radicle towards the

hiium ( fig. 916, pi). (See Krameria).

Diagnosis (excluding Krameria).—Herbs or shrubs, with

simple exstipulate leaves. Flowers irregular, unsymmetrical.

Sepals and petals imbricate, not commonly corresponding in

number, and usually arranged in a somewhat papilionaceous

manner ; odd petal anterior ; odd sepal posterior. Stamens

8, liy.pogynous, usually combined ; anthers generally 1-celled,

with porous dehiscence. Fruit flattened, usually 2-celled and

2-seeded. Seeds with abundant fleshy albumen, and with a

caruncule next the hilum.

Distribution and Numbers.—Some genera of the order are

found in almost every part of the globe. The individual genera

are, however, generally confined to particular regions, with the

exception of the genus Polygala, which is very widely distributed,

being found in almost every description of station, and in both

warm and temperate regions. Illustrative Genera:—Polygala,

Linn.
;
Monnina, Ruiz et Pavon

;
Soulamea, Lam. There are

over 500 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. Some are

emetic, purgative, diuretic, sudorific, or expectorant. The
roots of the different species of Krameria are very astringent

from the presence of tannic acid
;
they are commonly known

under the name of Bhatany roots. A few species have edible

fruits, and others abound in a saponaceous principle.

Krameria.—(The species of this genus are sometimes separated from the

Polygalacere and placed in an order by themselves termed Krameriacea?.

They are distinguished by their flowers not presenting a papilionaceous

arrangement ; in their stamens being 1, 3, or 4, and distinct ; in their ovary
being 1-celled, or incompletely 2-celled ; and in their exalbuminous seeds).

The root of Krameria triandra, a native of Peru, which is known as Peru-
vian, Payta, or Red Bhatany ; and the root of another species, K. tnmen-

tnsa, St. Hil. (K. Ixina, var. granatensis, Triana), a native of New Granada
and Brazil, which is termed Savanilla, New Granada, or Violet Rhatany,
are official in the British Pharmacopoeia. A third kind of Rhatany, which
is said t" lie derived from A", argentea, is imported from Para ; it is known
as Brazilian or Para Rhatany, or from its colour Brown Bhatany. Other
species of Krameria also yield roots similar to Rhatany, but they are not
usually found in commerce ; and Holmes has recently described a very
astringent runt which has appeared in the London market as Rhatany, and
imported from Guayaquil, which he believes is obtained from a genus
nearly allied to Krameria. Rhatany root is used in medicine as an astrin-

gent, and is well adapted for all those diseases which require the employ-
ment 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.

Monnina polystachya and M. salicifolia.—The bark of the root of these
plants is especially remarkable lor the presence of a saponaceous principle

;

it is used in Peru as a substitute for soap, and for cleaning and polishing
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silver. It is moreover reputed to be a valuable medicine in diarrhoea and
similar diseases. The leaves are also reputed to be expectorant.

Polygala.—Many species of this genus have bitter properties, as P. aniara,

P. rubella, P. vulgaris, and P. major
;
they have been used as tonics, stimu-

lants, diaphoretics, &e.

—

Polygala Senega, Senega root.—The root of this

species was first introduced into medicine as an antidote to the bites ofsnakes.

Various other species of Polygala have been reputed to possess similar pro-

perties, but they are generally regarded as altogether useless in such cases,

Senega root is official in the British Pharmacopoeia ; it is used in large doses

as an emetic and cathartic ; and in moderate doses as a sialagogue, expecto-

rant, diaphoretic, diuretic, and emmenagogue. Its principal virtues are

due to the presence of a very acrid substance, which has been called Senegin

or Polygalic Acid : it is said to be a glucoside, and is in the form of a white

amorphous powder.

—

P. sanguinea and P. purpurea, in North America ; P.
Serpentaria at the Cape ; P. Chamsebuxus, in Europe ; P. crotalarioides

and P. telephioides, in the Himalayas, and other species, are said to possess

somewhat similar properties ; and one species, P. venenosa, a native of Java,

has the acrid principle in so concentrated a state as to render it poisonous.

—

P. tinctoria, an Arabian species, is used for dyeing.

Soulamea amara, a native of Malacca, is intensely bitter, and is regarded

as a valuable febrifuge ; it is also a medicine which has been employed with

very great success in cholera and pleurisy.

Order 2. VochtsiacEjE, the Vochysia Order.—Character.

—

Trees or shrubs, with entire usually opposite leaves, which are

furnished at the base with glands or stipules. Flowers very

irregular and unsymmetrical. Sepals 4—5, united at the base,

very unequal, the upper one spurred ; aestivation imbricate.

Petals, 1, 2, 3, or 5, unequal, inserted upon the calyx ; sesUvatwn

imbricate. Stamens 1 to 5, usually opposite 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 axile

;
style and stigma 1. Fruit usually

capsular, 3-cornered, 3-celled, with loculicidal dehiscence ; or

rarely indehiscent and 1-celled. (Seeds usually winged, without

albumen, erect.

This order is, on account of its calycifloral character, fre-

quently placed near Combretacese, but it is readily distinguished

from it by its superior or nearly superior ovary. Lindley con-

siders it most nearly allied to the Violacem and the Polygalacese

—hence we place it here.

Distribution and Numbers.—Natives of equinoctial America.

Illustrative Genera .-—Vochysia, Juss. ;
Salvertia, St. Hil. There

are about 50 species.

Properties and Uses.—Generally unimportant, although some

are said to form useful timber.

Order 3. Frankbniace.e, the Frankenia Order.—C har a o

-

ter —Herbs or undershrubs, much branched, with small opposite

exstipulate leaves, and sessile flowers. Calyx tubular, furrowed,

persistent. Petals unguiculatc, 4 6, hypogynous. Sta u 4

or more, hypogynous, distinct, or connate at the base. Ovary

superior, 1-celled, with parietal placentas. Fruit capsular, 1-
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celled, enclosed in the calyx, and dehiscing in a septicidal

manner. Seeds numerous, minute ;
embryo straight, erect, in

the middle of mealy albumen.
Distribution and Numbers.—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. Illustrative Genera

:

—Frankenia, Linn. ;

Beatsonia, Boxb. There are about 24 species.

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.

Cohort 4. Caryophyllinese. — Gyncecium syncarpous
;

ovary

ultimately 1-celled, with free central placentation, or very

rarely parietal.

Order 1 . CaeyophyllACEiE, the Pink Order.—Character.—
Serbs. Stems swollen at the nodes. Leaves opposite, entire,

exstipulate, or with small membranous stipules, often connate

at their base. Inflorescence cymose (fig. 434). Floioers gene-

rally hermaphrodite, or rarely unisexual. Sepals 4 or 5 (fig.

908), distinct or united into a tube (fig. 460), persistent.

Petals equal in number to the sepals (fig. 908), hypogynous,
unguiculate (fig. 475, o), often deeply divided (fig. 474, p),
sometimes absent, frequently raised above the calyx on a stalk

(fig. 909). Stamens equal in number to the sepals, and then
either alternate or opposite to them, or usually twice as numerous

(figs. 908 and 910), or rarely fewer, frequently attached with
the petals on a stalk above the calyx (fig. 909) ; filaments gene-

rally distinct (fig. 910), or sometimes united at the base, subu-
late ; anthers innate. Ovary sessile (fig. 910), or supported
with the petals and stamens on a short gynophore (figs. 602,

g, and 909), generally 1-celled, and with a free central placenta

(figs. 633 and 634), or rarely 2—5-celled (figs. 632 and 908)

;

styles 2 (fig. 602) to 5 (figs. 633, s, and 634, s), papillose on
their inner surface (fig. 602), and hence should be properly
regarded as stigmas ; ovules few or numerous (figs. 633 and
634, g), amphitropous. Fruit a 1-celled capsule, opening by
2—5 valves, or by 4—10 teeth at the apex (figs. 663 and 911),
and having a free central placenta (figs. 633 and 634, p), or
rarely 2—5-celled with a loculicidal dehiscence, and with the
placentas slightly attached to the dissepiments. Seeds usually
numerous, rarely few

;
embryo curved round the albumen (figs.

782 and 912), which is of a mealy character, or rarely straight.

Diagnosis.—Herbaceous plants with the stems swollen at the
nodes, and opposite entire exstipulate leaves : or rarely with
small membranous stipules. Inflorescence cymose. Flowers
usually hermaphrodite. Sepals, petals, and stamens with a
quaternary or quinary arrangement, the petals sometimes
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absent. Calyx persistent. Stamens hypogynous ; anthers in-

nate. Ovary commonly 1-celled, styles 2—5. Capsule 1-celled,

or rarely 2—5-celled
;
placenta usually free central, or in the

2—5-celled fruit slightly attached to the dissepiments. Seeds
with the embryo curved round mealy albumen ; or rarely

straight.

Division of the Order and Illustrative Genera.—The order has

been divided into four tribes or sub-orders as follow :

—

Tribe 1. Alsinese.—Sepals distinct, and opposite the stamens

when the latter are equal to them in number. Styles free {fig.

Fig. 908. Fig. 909.

Fig. 910. Fig. 911. Fig. 912.

Fig . 908. Diagram of the flower of^^«Sfft^J^^
tiCal

-pfnfX/°/ann—3to 9&. Capsuie of a species of Dianthus, dehiscing

mrtiaUv o va yu7a7n— so as to form four teeth at the a
I;
ex—

§S«§!TeSS of the seed of OUekweed (atftarfa media).

910) Stipules none, or small and membranous. Ehistratwe

Genera --Alsine, Wahlenb,, Stellaria, L,nn; Spergul*
,
i»

TrihP 2 SiZeneffi —Sepals cohering into a tube (.fa. 460), and
Tl
oppositfSe stameSs when the

&
latter are equal to the,, in

number. No stipules. Illustrative Qemra :- Dianthus,

TribS
5 KScf^Sepals distinct or nearly so, and alter-

nate with he stamens when the latter are equal to them

hi number If the stamens are fewer than the sepals the3

a eZn alteimate with the carpels No shpides. UMrtm
Genera:-MollugO, Linn. ;

Ccelanthum, h. Mey.
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Tribe 4. Polycarpeee.—Sepals distinct. Ovary sessile. Styles

connate at the base. Stipules membranous. Illustrative

Genus

:

—Polycarpon, Linn.

Distribution and Numbers.—They are natives chiefly of tem-
perate and cold climates. When found in tropical regions they

are generally on the sides and summits of mountains, commonly
reaching the limits of eternal snow. The order contains nearly

1,100 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 parti-

cularly with Vaccaria vulgaris. Saponaria officinalis has been
used in syphilis ; it contains a peculiar principle called saponin.

This principle has also been found in species of Lychnis, Silene,

Cucnhalus ; and more especially in Gypsophila Struthium, to

which latter plant it communicates well-marked saponaceous
properties : hence it is commonly termed Eg}'ptian Soap-root.
The other species in which saponin is found also possess, to

some extent, similar properties. Saponin is reputed to be
poisonous in its nature.

Some of the plants have showy flowers, as the species of

Diantkus, Silene, and Lychnis : but they are generally insig-

nificant weeds. Diauthus barbatus is the Sweet-William of our
gardens

; D. pUvma/rhis is the parent of all the cultivated
varieties of the common Pink ; and L). Caryophyllus, the
Clove Pink, is the origin of the Carnation and its cultivated
varieties, which are commonly known as Picotees, Bizarres,
and Flakes.

The three following Orders have been variously placed by
botanists, but they are closely allied to Caryophyllacete, and we
put them here following Bentham and Hooker, except that the
Scleranthacere are included by them in Paronychiacere.

Order 2. Paronychiace;e, the Knotwort Order.—Cha-
racter.

—

Herbs or shrubs, with entire, simple, alternate or
opposite leaves, and membranous stipules. Flowers minute.
Sepalsd, or rarely 3 or 4, distinct or more or less united. ' 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 funicnlus arising from the base of the fruit ; albumen
farinaceous

; embryo curved.
Distribiition ami Numbers.—Natives chiefly of barren places

in the south of Europe and the north of Africa. Illustrative

H H
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Genera:—Illecebrum, Linn.
;
Corrigiola, Linn. There are about

100 species.

Properties and Uses.—Slightly astringent.

Paronychia.—The flowers and leaves of Paronychia argentea and P. nivea

are used in the preparation of a kind of tea in France, which is employed
as a remedy for persons suffering from oppression of the chest, or from any
difficulty of digestion. It is known as The Arabe or Sanguinaire.

Order 3. Scleranthaceje, the Scleranthus Order.

—

Diagnosis

&c.—This is a small order of inconspicuous herbs, generally

considered as a sub-order of Paronychiacese, but from which

its plants are distinguished by the want of stipules
;
by being

apetalous
;
by the tube of their calyx becoming hardened and

covering the fruit, which is solitary and 1-celled ; and by their

stamens being evidently perigynous. They are valueless weeds

found in barren places in the temperate regions of the globe.

There are about 14 species, of which two species belonging to

the genus Scleranthus are natives of Britain. Their uses are

unknown.

Order 4. Portulacace2E, the Purslane Order.—Character.
—Succulent herbs or shrubs, with entire exstipulate leaves.

Flowers unsymmetrical. Sepals 2, or rarely more, united at the

base. Petals usually 5, distinct or united. Stamens perigynous

or hypogynous, varying in number, sometimes opposite to the

petals
;
filaments distinct ; anthers 2-celled, versatile. Ovary

superior, or rarely partially adherent. Fruit capsular, usually

dehiscing transversely, or by valves ; sometimes indehiscent ;

placenta free central. Seeds numerous or solitary ;
embryo curved

round farinaceous albumen.
Distribution and Numbers—Natives of waste dry places in

various parts of the world, but chiefly at the Cape of Good

Hope and in South America. Illustrative Genera :—Portulaca,
Town, ;

Claytonia, Linn. There are about 190 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 cooling and

antiscorbutic properties. Many of the plants have large showy

flowers.

Order 5. Tamaricace/E, the Tamarisk Order.—Character.

Shrubs or herbs, with alternate entire scale-like leaves, and

spiked or racemose powers. Calyx 4—5-partite, imbricate, per-

sistent. Petals distinct, and attached to the calyx, withering,

imbricate. Stamens hypogynous ; anthers mtrorse. Ovar

superior, 1-celled, with 3 distinct styles. Fruit 1-celled, with

3 parietal or basal placentas, and dehiscing loculicidally by d

valves. (Seeds numerous, comose, without albumen, and having

a straight embryo, with the radicle towards the liilum.

Distribution and Numbers.—The plants of this order usually

grow by the sea- side, or sometimes on the margins of rivers or
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lakes. They are most abundant in the basin of the Mediter-
ranean, and are altogether confined to the northern hemisphere
of the Old World. Illustrative Genera:—Taniarix, Linn.

;

Myricaria, Desv. There are about 40 species.
Properties and Uses.—The bark of these plants is astringent,

slightly bitter, and tonic. The ashes of some species of Tamarix
contain much sidphate of soda.

Tamarix.— T. mannifera produces a saccharine substance, which is
known under the name of Mount Sinai Manna. This is considered bv
Ehrenberg as an exudation produced by a species of Coccus, which inhabits
this plant.— T. gallka, T. orientalis, and some other species of Tamarix. are
liable to the attack of insects, which produce galls on their surface. These
galls are astringent, and are sometimes used in medicine, and as dveing
agents where astringent substances are required.

Cohort 5. GuUiferales—Calyx with imbricate aestivation. Sta-
mens generally numerous. Gyncecium syncarpous. Seeds
usually exalbuminous.

Order 1. Elatinacb^e, the Water-pepper Order. —Cha-
racter.—Little annual marsh plants, with hollow creeping
stems, and opposite leaves with interpetiolar membranous

Fig. 913. Fig. 914. Fig, 915.

Fig. 913. Diagram of the flower of n species of St. John's Wort (Hyperi-
cum). Pig. 914. Vertical section of the flower of the same. Fia. 915
Vertical section of the seed.

stipules. Flowers small and axillary. Sepals and petals 3—5,
the latter, as well as the stamens, being distinct and hypogy-
nous. Ovary superior

; styles 3—5
;

stigmas capitate. Fruit
capsular, 3—5-celled, placentation axile ; dehiscence loculicidal.
Seeds numerous, exalbuminous

; embryo straight. This order
has been variously placed, but it appears to be most nearly
related to Hypericace;e, although in some respects resembling
the Alsinere in Caryophyllaceae.

Distribution and Numbers.—The plants of this small order
are scattered all over the world. Illustrative Genera :—Elatine,
Linn. - Merimea, Oamb, Lindley enumerates 22 species.

Properties and, Uses.—They are generally considered acrid,
hence the English name of the order.

H II 2
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Order 2. Hypericace^e, the St. John's Wort Order.—C h a-

racter.

—

Herbs, shrubs, or trees. Leaves opposite or very rarely

alternate, exstipulate, simple, entire, often dotted and bordered

with black glands. Flowers regular. Sepals 4 or 5 (fig. 913), per-

sistent, unequal, distinct or united at the base, imbricate. Petals

(fig. 913) equal in number to the sepals, hypogynous, unequal-

sided (fig. 914), frequently bordered with black glands ;
a>sti ra-

tion twisted. Stamens usually numerous, rarely few, hypogynous

(fig. 914), mostly polyadelphous (fig. 554), or rarely distinct,

or monadelphous, sometimes having glands alternating with the

bundles of stamens ;
filaments filiform ; anthers 2-celled, with

longitudinal dehiscence. Ovary 1-celled, formed of from 3—5

carpels, which are partially inflected so as to project into the

cavity ; or 3— 5-celled by the union of the dissepiments in the

centre '(fig. 913) ;
styles equal in number to the carpels

;
stigma*

usually capitate or 'truncate, rarely 2-lobed. Fruit capsular,

usually 3—5-celled, sometimes 1-celled; placentas axile or

parietal, dehiscence septicidal. Seeds minute, numerous ;
embryo

straight or curved, exalbuminous (fig. 915).

Diagnosis.—Leaves entire, often dotted, exstipulate. b lowers

regular. Sepals and petals hypogynous, with a quaternary or

quinary distribution ; the former with an imbricate sestivation ;

the latter unequal-sided, commonly marked with black glands,

and having a twisted jestivation. Stamens hypogynous, usually

numerous and polyadelphous, rarely few, and then distinct or

monadelphous ;
anthers 2-celled, opening longitudinally. Styles

several. Fruit 1-celled, or 3-5-celled. Seeds numerous, ex-

albuminous. '

Distribution and Numbers.—The plants are generally dis-

tributed over the globe, inhabiting both temperate and hot

regions, and almost all varieties of soil. IllustrativeJenera:-

Hypericum, Linn. Vismia, Veil. There are about 280 species

Properties and Uses.-They abound usually in a resinous

vellow iuice, which is frequently purgative, as m Vvmia

gZZenlis and V. miwcmtM Other plants of the order a,

Hypericum perforatum and H. Arufrosiemwn, have tonic and

astringent properties, and Cratoxylon Eormchuchn is sbghtly

astringent and diuretic.

Order 3. ReatjmuriacezE, the Reaumuria Order.-This small

order was first instituted by Ehrenberg. The plants belonging

to it do not differ in any essential characters from Hypericacea*,

except that they have "a pair of appendages at the base of the

petafs ami shaggy seeds with a small quantity of mealy albumen.

Bentham and Hooker refer them to^marwacex.

Distribution and Nvmbm.—Natives of the coast ot t e

MecU erranean and the salt plains of Northern Asia. WuMratne

Genus —Reaumuria, Eassdq. There are 4 species.

Properties and Uscs.-They contain much saline matter. A
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decoction of the leaves of Reaamuria vermiculata is used inter-

nally ; and the bruised leaves as an external application for the

cure of scabies.

Order 4. Guttifer^e or Ciusiace^:, the Gamboge or Man-
gosteen Order.—Character.

—

Trees or shrubs, sometimes para-

sitical, with a resinous juice. Leaves (Jig. 916) coriaceous, entire,

simple, opposite, exstipulate. Flowers usually perfect, sometimes
unisexual by abortion. Sepals 2, 4, 5, 6, or 8, imbricate, usually

persistent, frequently unequal and petaloid. Petals hypogy-
nous, equal in number to (fig. 916), or a multiple of, the sepals,

sometimes passing by imperceptible gradations into them. Sta-

mens usually numerous, rarely few, hypogynous, distinct, mona-
delphous, or polyadelphous ; anthers adnate, not beaked, in-

trorse or extrorse, opening by a pore or transverse slit, 2 -celled,

or sometimes 1-celled. Disk fleshy, or rarely with five lobes.

Ovary superior, 1- or many-celled
;
style absent

;
stigmas peltate

or radiate (fig. 916) ;
placentas axile. Fruit dehiscent or inde-

hiscent, 1- or many-celled. Seeds solitary or numerous, fre-

quently arillate, without albumen
;
embryo large, straight, with

minute cotyledons.

Diagnosis.—Trees or shrubs with a resinous juice, and with
opposite, simple, coriaceous, exstipulate leaves. Sepals and
petals usually having a

binary arrangement of their Fig. 916.

parts ; the former imbricate

and frequently unequal ; the
latter equal and hypogy-
nous. Stamens almost al-

ways numerous ; anthers
adnate, without a beak,

opening by a pore or trans-

versely. Disk fleshy or
lobed. Ovary superior, with
sessile radiate stigmas, and
axile placentas. Seeds ex-

albummous
;
cotyledons mi-

nute. Fig. 916. Flowering stem and fruit of the

Distribution and Num- Mangosteen plant (Gardnia, Mangostanti).

bers.—Exclusively tropical,

and especially occurring in moist situations. The larger pro-
portion are natives of South America, but a few occur in
Madagascar and the African continent. Illustrative Genera

:

- Clusia, Linn.
;

Garcinia, Linn. There are about 250
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
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flavour. The seeds of some are oily, and other plants of the
order are good timber-trees.

Cahphyllum.— C. Calaha is reputed to yield the resinous substance known
ns East Indian Tacamahaca. This is useful as an application to indolent
ulcers.— C. Inophyllum and C. brasiliense also yield similar resins. From
the seeds of C. Inophyllum an oil is likewise obtained by expression ; this is

the Bitter Oil or Weandee of Indian commerce. It is in great repute
throughout the East Indies and Polynesia as a liniment in rheumatism,
pains in the joints, and bruises. The timber of the same plant is also

applied to several useful purposes.— C. angustifolium, the Piney tree, fur-

nishes valuable timber.

Calysaccion longifotium.—The dried flower-buds of this tree constitute-,

with those of Mesua ferrea, the Nag-hesar or Nag-hassar of the Indian
bazaars. (See Mesua.)

Clusia.— Clusia fiava, 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. fiava is called in Jamaica the Balsam-tree. In Nevis and St. Kitt's the

thr.ee species are known indifferently under the names of Fat Pork, Monkey
Apple, and Mountain or Wild Mango. The flowers of C. insignia also yield

a resinous substance in Brazil.

Garcinia.—The official and well-known gum-resin Gamboge has been
shown by Hanbury to be the produce of Garcinia Morella, var. pedicellate,

now termed G. Hanburii ; it is official in the British Pharmacopoeia. Com-
mercial Gamboge is obtained principally from Siam ; it is the only kind

used in Europe. Siam Gamboge occurs in two forms :— 1st, in the form of

cylinders, which are either solid or more or less hollow, and commonly
known as pipe or roll Gamboge

;
and, 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 purga-

tive. It is also an anthelmintic. It was the basis of the once celebrated

nostrum, termed Morrison's pills. In over-doses it acts as an acrid poison.

Gamboge likewise forms a valuable water-colour, and hence is much used in

painting; it is also employed to give a colour to the lacquer-varnish for

brass-work, &c. In India^ a gum-resin resembling Siam Gamboge, and

identical with it in its properties, is obtained from G. pictoria. It is only

found in irregular masses. Good Gamboge is also obtained in Travancore

from G. travancorica.

The Mangosteen, which is reputed to be the most delicious of all fruits,

is obtained from G. Mangostana, a native of Malacca. This plant has

produced fruit in stoves in this country. The rind is astringent, and bas

beeu substituted, as first noticed by the" author, in this country, for Indian

Bael (see JEgle Marmelos). It lias been employed with greai advantage in

India in chronic diarrhoea, and in advanced stages of dysentery.

—

G. coram,

G. Kydiana, and (J. pedunculata, also yield fruits of a similar character to

the Mangosteen, although very inferior to it. The seeds of G. in, lira
(
pur-

purea), upon being boiled in water, yield a concrete oil, called Kokum

Butter or Concrete Oil of Mangosteen. 'it is useful in chapped bands. &c,

and might be employed in the preparation of suppositories, and for other

pharmaceutical purposes. The fruit has an agreeable acid flavour, and is

used in India for various purposes.

Mammea americana.—-The fruit is highly esteemed in the West Indies

and South America. It is known under the names of the Mammec Apple

and the 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.

Mesua. The species of (his genus are remarkable for their very bard

timber. Lindley remarks, ' thai the root and bark of these plants are bitter,
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aromatic, and powerfully sudorific ; their leaves mucilaginous ; their unripe

fruit aromatic, acrid, and purgative.' The flower-buds of Mesua ferrea

occur in the bazaars of India, with those of Calysaccion longifolvum (see

Calysacdon), under the name of Nag-kassar
;
they are highly esteemed

fur their fragrance, and are also used in Bengal, as well as the leaves of

the same plant, as antidotes to snake-poisons. Nag-kassar is also much
employed for dyeing silks. Nag-kassar was imported into England a few
rears since. The flower-buds are about the size of peppercorns, of a cinnamon-
browu colour, and have a very fragrant odour somewhat resembling that of

violets.

Ptntadesma butyracea.—The fruit of this plant yields a fatty matter,

hence it is called the Butter or Tallow Tree of Sierra Leone.

Order 5. Ternstrcemiace^: or Camelliace/e, the Tea
Order.—Character.

—

Trees or shrubs. Leaves leathery, alter-

nate, usually exstipulate, and sometimes dotted. Floivers regu-

lar, and generally very showy, rarely polygamous. Sepals 5

or 7, coriaceous, imbricate, deciduous. Petals 5, 6, or 9, often

united at the base, imbricate. Stamens hypogynous, numerous,
distinct or united by their filaments into one or several bundles

;

anthers 2-celled, versatile or adnate. Ovary superior, many-
celled

;
styles filiform, 3—7. Fruit capsular, 2—7-celled

;
pla-

centas axile ; dehiscence various. Seeds few, sometimes arillate
;

cdhiiwen 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 exstipu-
late leathery leaves. Sepals and petals imbricate in Eestiva-

tion, 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 and Numbers.—These plants, 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 species only occurs in Africa. There are no
European species, although a few are cultivated in Europe.
Illustrative Genera :—Ternstrcemia, Mut.

;
Camellia, Linn. The

order, as defined above, following Lindley, contains about 130
species.

Properties and Uses.— Generally speaking, we know but little

of the properties of the plants of this order ; but some, as those
from which China Tea is prepared, are moderately stimulant,
astringent, and slightly soothing and sedative.

Camelliaox T/iea (see Then).—Numerous varieties of Camelliajapomca,
jffhich is a large tree in its native country, are cultivated in our green-
nouses, and are celebrated for the beauty of' their flowers .•mil foliage.' The
1 1 C. oleifera yield by expression a good salad oil.— C. Sasanqua has
fragrant flowers, which arc said to be used in some districts to give flavour
and odour to Chinese Tea.

Freziera theoidei.—'Yhe leaves of this shrub arc used as a kind of tea in
Panama.
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Gordonia.—The bark is astringent, and is therefore useful in tanning,

for which purpose it is sometimes employed in the United States.

Kielmeyera speciosa.—The leaves of this plant, which is a native of Brazil,

contain much mucilage, and are used on that account for fomentations.

Thea or Camellia.—The genus Then is now more generally regarded as

not really distinct from that of Camellia, and hence the species of the two
genera are frequently included under one genus, which is named bv botanists

either Camellia or Thea. Formerly it was supposed that China Tea, which
is so extensively used as a beverage in this and many other countries, was
prepared from the leaves of three species, two being natives of China, namely,

Thea Bohea and T. viridis ; and another, a native of Assam, Thetiassdmica.

Nearly all botanists are, however, now agreed that these three supposed

species are only varieties of one, which is termed Thea chinensis or Camellia

Thea. It was also formerly supposed that Black and Green Teas were the

produce of distinct plants ; but Fortune, Ball, and others have proved that

both Black and Green Teas may be made indifferently from the same plant,

the differences between such teas depending essentially upon their mode of

preparation. Thus, Green Teas are prepared by drying the leaves as quickly

as possible after they are gathered ; and then slightly heating them ; after

which they are rolled separately or in small heaps, and then dried as quickly

as possible ; wrhile Black Teas are made from the leaves, which, after being

gathered, are exposed to the air for some time, and then, after having been

tossed about, are placed in heaps, where they undergo a kind of fermentation

;

after which they are exposed to a fire for a short time ; then rolled in masses

to get rid of the moisture and to give them a twisted character ; then they

are again exposed to the air, and subsequently exposed for a second time in

a shallow pan to the heat of a charcoal fire, rolled again, and exposed to the

air and finally dried slowly over a fire. Thus, Green Tea consists of the

leaves quickly dried after gathering, so that their colour and other proper-

ties are in a" great measure preserved ; while Black Tea is composed of

the leaves dried some time after being gathered, and after they have

undergone a kind of fermentation, by whicli their original green colour is

changed to black, and other important changes produced. A great part

of the Green Tea which is exported from China, and consumed in this

country, and in other parts of Europe and America, is coloured artificially

with a mixture of prussian blue, turmeric, and gypsum. Several varieties

of Black and Green Teas are known in commerce. Thus of the former we

have Bohea, Congou, Souchong, Pekoe, Caper, &c. : of the latter. Hyson,

Hyson-Skin, Twankay, Gunpowder, &c. 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 (Hive
( Olea

jragrans). Other teas are scented with the dried flowers of Cldorantkus

inconspicuus, Aglaia odorata, &c.

The cultivation of the Tea-plant is now being carried on with .meat

success in India. Thus, in 1882 no less than 60,000,000 lbs. of l'ca were ex-

ported, and its cultivation is largely increasing. A large quantity oi lea

is also at the present time produced in Japan and Java. China, however, is

the " reat tea-producing country : in that part of the world, nearly 4,000,000

acres of ground are devoted to it alone. and the total annual produce, at the

present time, is probably not less than. 600 millions of pounds. In the I mted

Kingdom thi' consumption of Tea has very much increased of late years.

Thus in 1840, it was onlv 50,000,000 lbs., while at the present timeit amounts

to about 140,000,000 lbs. Tea owes its chief properties to the presenceio| a

volatile oil, tannic acid, and more especially the alkaloid, called tin,,,,

Theine is identical with caffeine, the alkaloid contained m Coftec, and is official

under that name in the 'British Pharmacopoeia, and guaratune the alkaloid

of Guarann, and is closely allied io theobiomine the alkaloid o) cocoa-seeds.

(See Coffea, Faullinia, ami Theobroma.) Tea-leaves also coutaiu about
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0 per cent, of gluten, but this is scarcely extracted in any amount by the

ordinary mode of making Tea. It has been stated that Tea, besides its well-

known stimulating and "soothing effects, is indirectly nutritive—that is to

say, the theine it contains has the effect of preventing the waste and decay

nt' the body, and anv substance that does this necessarily saves food, and is

thus' indirectly nutritive; but Dr. Edward Smith has shown that, on the

contrary, Tea" increases the bodily waste. As a nervine stimulant, tea—_or,

still better, its alkaloid theine or caffeine and its salts—may be taken with

much advantage in headache and neuralgia, and in other affections caused

by exhaustion of the system from depression of nerve power.

Order 6. MARCGRAAViAt'EiE, the Marcgraavia Order.

—

Dia-

gnosis.—This is a small order which is generally regarded as

allied to Clusiaceas and Hypericacea;. The species belonging to it

are chiefly distinguished from Clusiaceae^ by their unsymmetri-

cal 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 Hypericaceee chiefly by their unsymmetrical

flowers, equal-sided petals, distinct stamens, and sessile stigmas.

They are sometimes placed as a tribe of Ternstroemiacete.

Distribution and Numbers.— Generally natives of equinoctial

America. Illustrative Genera:—Ruyschia, Jacq.; Marcgraavia,

Flum. There are 26 species.

Properties and Uses.—Scarcely anything is known of their

properties. Marcgraavia umbellata is reputed to be diuretic and
antisyphilitic.

Order*?. Rhizobolace^e, the Souari-nut Order.—Character.
—Large trees. Leaves opposite, coriaceous, digitate, exstipulate,

with an articulated stalk. Sepals 5 or 6, more or less united,

imbricate. Petals 5 to 8, unequal. Stamens very numerous,
slightly monadelphous, in two whorls, the inner shorter and
often abortive, inserted with the petals on an hypogynous disk;

anthers 2-celled, with longitudinal dehiscence. 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 con-

sisting of several combined indehiscent 1-seeded nuts. Seed

renifoim, exalbuminous, with the funiculus expanded so as to

form a spongy excrescence ; radicle very large, forming nearly
the whole of the nucleus

;
cotyledons very small {fig. 771, c).

This order is frequently incorporated with the Ternstrcemiacete.

Diagnosis.—Large trees, with opposite digitate exstipulate
leaves, with an articulated stalk. Flowers regular, hypogynous.
Petals equal-sided, and inserted with the numerous stamens on
an hypogynous disk. Styles very short. Seed solitary, exalbu-
minous, with a very large radicle, and two very small cotyledons.

Distribution and Numbers.—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. Illustrative

Genns :—Caryocar, Linn.
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Properties and Uses.—Some of the trees are valuable for
their timber, others yield edible mits, and some an excellent
oil.

Caryocar.— C. butyrosum (Pekea tuberculosa or butymsa).—This tree is

much esteemed for its timber, which is used in shipbuilding and for other
purposes. The separated portions of the fruit constitute the Souari, Surahwa,
or Suwarrow-nuts of commerce, the kernels of which are probably the most
agreeable of all the nut kind. They are occasionally imported into this

country. An excellent edible oil may be also extracted from them.

—

C.

nucifera also yields Souari-nuts. A concrete oil is obtained in Brazil, from
C. brasilicnsc.

OrderS. Dipterace-<e, the Sumatra Camphor Order.—Cha-
racter.—Large trees with a resinous juice. Leaves alternate,

involute, feather-veined, with large convolute deciduous stipules.

Calyx 5-lobed, tubular, unequal, persistent, imbricate, ulti-

mately enlarged into winglike expansions. Petals 5, hypogy-
nous, often coherent at the base ; aestivation twisted. Stamens
numerous, hypogynous, distinct or united in an irregular

manner by their filaments so as to become somewhat poly-

adelphous ; anthers innate, 2-celled, subulate, prolonged above

or beaked. Ovary superior, 3-celled ; ovules pendulous
;
style

and stigma simple. Fruit 1-celled, dehiscent or indehiscent,

surrounded by the enlarged permanent calyx. Seed! solitary,

exalbuminous ; radicle superior.

Distribution and Numbers. — 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 Endlicher and others, has been separated from the

Dipteracete, and placed in an order by itself under the name of

Lophiraceae. The chief characters of distinction are, its 1-celled

ovary with numerous ovules on a free central placenta, and its

inferior radicle.) Illustrative Genera

:

—Dipterocarpus, G&rtn.;

Dryobalanops, Gcirtn. There are about 50 species belonging to

this order.

Properties and Uses.—These plants form very large and hand-

some trees, which abound in an oleo-resinous juice. To the

presence of this they owe their peculiar properties.

Dipterocarpus.—The trunks of D. Iwvis, and other species, natives of the

East Indies, yield by incision an oleo-resinous substance, called Wood Oil

or Gurjuu Balsam.
'

In its properties Wood Oil resemble s Copaiba, and is

largely employed for similar purposes in India, where it is official; it is

also in use in England as a substitute for, or as an adulterant of, thai drug.

Wood Oil is also used in India for painting bouses. &c
Uryobalamom aromalica or Camplwra.—This is a large tree, a native 01

Sumatra and Borneo. From its stem, a liquid called Liquid Camphor or

Camphor Oil, and a crystalline solid substance named Sumatra or Borneo

Camphor, are derived. The Liquid Camphoris obtained by making deep

incisions into the tree. It is a hydrocarbon, and has an odour resembhng

a mixture of Cajuput oil, camphor, and cardamoms. It has been used in

the preparation of scented soap. The Solid Sumatra Camphor is found m
fissures and cavities in the interior of the trunks of the full-grown trees, and
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cau 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 12 lbs. have been removed. This camphor resembles in its

properties the ordinary official or Laurel Camphor (see Ginnamomvm Cam-
pliora). It is not, however, a commercial article in this country, or in

Europe, because it is so highly esteemed by the Chinese, that the)- will give

from eighty to a hundred times more money for it than that which they

obtain for their own camphor, which is the kind we employ, and which is

more valued by us. Thus the first quality is valued at about 10?. a pound.

It is sometimes termed Barns Camphor. It is regarded as especially

valuable for embalming the dead.

Hopea odorata.—This plant yields a fragrant resin, which, when pow-
dered, is a popular styptic amongst the Burmese.

Shorea robusta is a valuable timber-tree ; it is a native of India, and its

wood is there extensively used under the name of Sal. A colourless, yellow-
i ish or brownish resin, called Dammar in Bengal, is also obtained from this

plant. It forms a substitute for the ordinary resins of the Coniferaj in the

1 making of plasters.

Valeria indica.—This plant yields an oleo-resinous substance which is

km>wn in India under the name of White Dammar or Piney Besin. It is

used as a varnish, and for making candles. The substance called Piney
Sallow, or Vegetable Butter of Canara, is a concrete oil obtained from
the fruits of this plant. It has been employed in India as a local appli-

cation in rheumatism, &c, and some has been lately imported into this

1 country.

Vatica Tumbvgaia is said to yield a portion of the Black Dammar of

. India. (See Canarium.')

Order 9. Chlenace^, the Sarcolsena Order.—Character.—Trees or shrubs. Leaves entire, alternate, with large deciduous
1 convolute stipules. Floivers regular, unsymmetrical, furnished
t with an involucre : the involucre surrounding 1—2 flowers, and
persistent. Sepals 3, imbricate. Petals 5, convolute, sometimes
united at the base. Stamens generally very numerous, rarely

i but 10, monadelphous ; anthers roundish, 2-celled. Ovary 3-

. celled
;
style 1 ;

stigma trifid. Fruit capsular, 3-celled or rarely
1 1-celled

;
placentas axile. Seeds solitary or nuriierous, suspended ;

embryo in the axis of fleshy albumen
;
cohjledons leafy ; radicle

i superior.

Diagnosis.—Readily distinguished among the Thalamiflora."
1 by their alternate simple stipulate leaves ; and involucrate
flowers, which are regular and unsymmetrical. The calyx is

also imbricate, the stamens monadelphous, and the seed has
abundant albumen.

Distribution and Numbers.—There are but 8 species included
in this order, all of which are natives of Madagascar. Illustra-
Hvi Genus:—Sarcolaena, Thouars.

Properties and, Uses.—Altogether unknown.

1 Cohort 6. Malvales.—Calyx with valvate aestivation. Stamens
usually numerous. Placentation axile or sutural.

Order 1. Malvaceae, the Mallow Order.—Character.

—

Werbs, shrubs, or trees. Leaves alternate, often downy, more or
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less divided in a palmate manner (fig. 324), stipulate. Flowers

regular, usually axillary, and often surrounded by an involucre

or epicalyx (figs. 470 and 917). Sepals usually 5 (figs. 470 and

917), rarely 3 or 4, more or less united (fig. 470) ; with valvate

or some form of circular estivation (fig. 917). Petals hypogy-

nous, equal in number to the divisions of the calyx (fig. 917),

with a twisted aestivation, either attached to the column formed

by the united stamens (fig. 918) or free. Stamens hypogynous,

numerous, monadelphous (figs. 549 and 918) ; anthers 1-celled,

Fig. 917

Fig. 919.
Fig. 920.

Fia 917 Dia<rani of the flower of a species of lluha. The three external

Hues rep e^Tbraets, which together form u epicalyx or .nvolucrc
;

_

-

m 918 Vertical section of the flower of a Mallow.—/,</.919. 1 fetil of

inf same surrounded by the inferior calyx and involucre.—/ £ • - •

Horizontal section of the fruit of Malta sylveitrU. a. Axis, pi. Placenta,

I. An empty cell. c. Embryo with twisted cotyledons.

reniform, with transverse dehiscence>(fig. 535). Ovary

consisting of several carpels (figs. 917 and 919), winch arc ether

apocarpous (fig. 919), or united so as to form a compound ojary

with as -many cells as there are carpels ;
placentas attached to

the ventral sutures when the carpels arc apocarpous (fig. WW
/J), or axile when the ovary is compound ;

styles SJ-J^^j
LVpels in number (fig. 919), united or dl^c^' ,^
carcerule, that is, consisting of a number of 1-celled, indehiscenl



MALVACEAE, 477

(fiqs 707 and 920), 1- or many-seeded carpels; or a capsule with

loculicidal ( fig. 072) or septicidal dehiscence, and numerous

seeds -Seeds sometimes hairy ; albumen none or in small

quantity ;
embryo curved ;

cotyledons much twisted (fig. 920, c).

Diagnosis. — Leayes alternate, palmately-veined, simple,

stipulate. Flowers regular. Calyx with valvate or some form

of circular estivation. Petals twisted in estivation. Stamens

lypogynous, numerous ;
anthers 1-celled, reniform, dehiscing

transversely ; filaments united so as to form a column. Carpels

distinct or united. Seeds with very little or no albumen;

embrvo curved ;
cotyledons twisted.

Division of the Order and Illustrative Genera.—This order

may be divided into three tribes as follows :

—

Tribe 1. Malveee.—Flowers furnished with an involucre or epi-

calyx ( fig. 917)- Fruit consisting of separate carpels (apo-

carpous) (figs: 707 and 920). Illustrative Genera ;—Malva,
Linn.

;
Althaea, Linn.

Tribe 2. Eibiscetz. —Flowers furnished with an involucre (fig.

470). Fruit formed of united carpels (syncarpous) (fig. 072).

Illustrative Genera .-—Hibiscus, Linn.
;
Gossypium, Linn.

Tribe 3. Sidese.—Flowers without an involucre. Fruit apo-

carpous or syncarpous. Illustrative Genus

:

—Sida, Linn.

Distribution and Numbers.—These plants are chiefly natives

of the tropics and the warmer parts of temperate regions. They

diminish gradually as we approach the north, and are altogether

absent inlhe frigid zone. There are more than 1,000 species.

Properties and Uses.—~No plant of this order possesses any

deleterious properties. The order is generally characterised by

mucilaginous and demulcent qualities. From the liber of many
speciesltrong and tough fibres are obtained, and the hairs cover-

ing the seeds of certain species constitute cotton.

Abutihm escukntum, Beneao de Deos, furnishes an article of diet, the boiled

flowers being used in Brazil as a vegetable.

Althma —The root and leaves of A. officinalis, the Marsh-mallow plant,

abound in mucilage, particularly the root, and hence all preparations from

these parts are demulcent, and useful in diseases of the mucous membranes,

&e. An emollient cataplasm is also occasionally prepared from the boiled

foot. In France Marsh-mallow is iu much greater request than in this

country. A favourite preparation there is the Pate de Guimauve, which is

a kind of lozenge made with the mucilage of Althaea root, gum-arabic,

bugai ami white of egg.

—

Althxa rosea, the Hollyhock of our gardens, has

similar properties. From the leaves a blue colouring mailer resembling

indigo is obtained. Strong fibres have been also procured from the bark,

and used in the manufacture of good cordage.

Gnmyphim.—Several species and varieties of this genus furnish coll on,

which is the hairy covering of their seeds. (See page 67.) There appear,

however, to he three species more especially from which our commercial

cotton is obtained, namely, G.herbaceum, G. barbadense, and G. peruvianum.

1. Gnssyphim herliareum", which is supposed by Masters to be a cultivated

variety of G. Stocksii, a native of Sindh, yields the common Indian cottons,
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as Dacca, Behar, Nankin, &c. Nankin Cotton is remarkable for its

yellowish-brown colour, which 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 the best long-staple cotton of com-
merce. Thus from it the much-esteemed Sea-Island Cotton is obtained,

as also the New Orleans, Georgian, and other cottons derived from tlie

United States. It also yields the Bourbon cotton of India. 3. G.peruvianun%
or acuminatum, probably a variety of the latter, furnishes the South
American varieties of cotton, as Pernambuco, Peruvian, Brazilian Cotton,

&c. Another species, Gossypinm arboreum, is the Tree-Cotton of India,

which yields a variety of a very fine, soft, and silky nature. This is used

by the natives of India for making turbans. The amount of cotton employed
for manufacturing purposes in this and other countries is enormous, although
the supply was much interfered with by the late American civil war : hence,

since that period, the cultivation in the East Indies, Africa, &c, of the plants

yielding it has been much extended, and large supplies are now obtained from

the East Indies, Egypt, &c. The amount of cotton, however, produced in the

United States during the year 1881 exceeded 7,000,000 bales. The increase

in the consumption of cotton in this country may be at once judged of by the

following statement. In 1800, the amount of cotton imported was 50,0 1 0,732

lbs. : in 1810, it had increased to 132,488,935 lbs. ; in 1820, to 151,072,655

lbs. ; in 1830, to 263,961,452 lbs. ; in 1840, to 592,488,000 lbs. ; and in 1850,

to about 772,000,000 lbs. This latter amount is equivalent to about

2,600,000 bales, each of which averages 336 lbs. in weight, making alto-

gether about 340,000 tons. It has been computed that the value of this in

a raw state is about 80,000,000/., 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 2,000 cotton factories, using a motive power equivalent to that

of 90,000 horses, and employing 350,000 human beings. The above inte-

resting statistical record will exhibit in a prominent manner the immense

importance of cotton to the inhabitants of this country. From 18.")0 up to

the time of the American war the consumption of cotton enormously in-

creased ; it then materially decreased, but at the present time the quantity

consumed in this country alone is probably not less than 1,500,000.000 lbs.

;

and by the whole manufacturing world about double this quantity.

Cotton is official in the British Pharmacopoeia for the purpose of prepar-

ing gun-cotton (Pyroxylin), from which collodion and flexible collodion are

directed to be made. Collodion is a valuable local application to wounds,

&c, and in burns, skin diseases, erysipelas, &c. Cotton in itself is also a

useful application to burns and inflamed surfaces. It acts by excluding

the air, and by keeping the affected parts at a uniform temperature. The

seeds of the Cotton-plants, after the cotton has been obtained from them,

upon being submitted to pressure, yield a fixed oil, which may be employed

for burning in lamps, and for other purposes. From 80,000 to 100,000 tons

are imported annually. The oil has been largely used in place of olive oil

for edible purposes, and for making soap. Thecakelefl after the expression

of the oil is employed for feeding cattle. A decoction of cotton seeds haa

been employed in the United States as a remedy in intermittent fevers.

Cotton-root bark isalso regarded in the United States of America as an ex-

cellent emmenagogue.
, * * ,

Hibiscus—-The unripe fruit of Hibiscus (Abelmoschvs) esculentus, knows

in the East and West Indies under the name of Okra, Gonibo, Bendikaij

&e , is used, on account of the abundance of the mucilage it contains, to

thicken soups. &c, and in Western Africa in various ways ,n the prepara-

tion of native dishes. K also possesses valuable emollient and demulcent

properties, and may be employed in all cases where such remedies are
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required. It is official in the Pharmacopoeia of India. The roasted seeds
have been used as a substitute for coffee. The seeds also yield by expres-
sion an oil which may be employed for edible and other purposes like olive

oil. The fibre of the stems is also valuable for paper-making, and a patent
has been taken out in France for this purpose, and the plant has been
introduced into Algeria. The paper prepared from it is called banda paper.—Abelnwsclius mnschatus derives its specific name from the musky odour
of its seeds, which are regarded as cordial and stomachic, and are sometimes
mixed with coffee by the Arabs. They are also employed as a perfume.
The powdered seeds steeped in rum are used in the West Indies as a
remedy against the bites of serpents.

—

H. cannabinus yields the valuable
fibre known under the name of Sunnee or Brown Indian Hemp, which is

commonly used in India as a substitute for true Hemp. It is sometimes
termed Sunn Hemp, but improperly so, as the true Sunn Hemp is derived
from Crotalaria juncea, a plant of the order Legnminosse. (See Crotalaria.)
From the seeds a fixed oil is obtained by expression.

—

Hibiscus arboreus, a
native of the West Indies, is also remarkable for the tenacity of its inner
bark, and it is said by some authors that the whips formerly used by the
slave-drivers were manufactured from its fibres. (See Lagetia.)—Hibiscus
Pnsa-sinensis has astringent petals, which are used by the Chinese to
blacken their eyebrows and the leather of their shoes. The expressed
fresh juice of these petals is said to form a good substitute for litmus : and
an infusion of the petals has also been reputed useful as a demulcent
refrigerant drink in fevers. Various other species of Hibiscus, as H.
striatus, H. tiliaceus, &c, also yield valuable fibres, useful for textile fabrics,
or for paper-making.

Malachra capitata.—The leaves are reputed to be anthelmintic, and are
employed for such a purpose in Panama.

Malm.—Malva sylvestris, the common Mallow, has similar, although
very inferior, properties to the Marsh-mallow. (See Althaea.) Its bark also
yields strong fibres.

—

Malva Alcea.—The petals of this plant have astrin-
gent properties, and yield a black dye.

Pari.liv.rn datum.—The material known as Cuba Bast, now largely used
by gardeners for tying up plants, &c, is prepared from the liber of this
tree. Cuba Bast is also employed for tying up the bundles of Havannah
cigars.

Pavnnia diuretica derives its specific name from its supposed diuretic
property, for which purpose it is used in Brazil.

Sida.—Sida micrantha and other species supply fibres useful in the
manufacture of cordage, &c. Eocket-sticks are also obtained from the
stems of micrantha.— Sida cordifolia and <S. mauritiana have demulcent
and emollient properties.— 5. lanceolata has a very bitter root, which is
reputed to be a valuable stomachic, The roots of S. retusa and other
species are held in esteem by the natives of India for the treatment of
rheumatism.

Many plants of the order have showv flowers, and are cultivated in our
gardens and stoves

;
tor example, the A'ltheea rosea (Hollyhock), Abutilon,

Hibiscus, Sida, &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.

Order 2. Stekc itliace .e, the Silk-cotton Order.—Charac-
ter.— 2Yees or shrubs, sometimes climbing. Leaves alternate,
simple or compound, with deciduous stipules. Flowers usually
perfect, sometimes by abortion unisexual, regular or irregular,
often surrounded by an involucre. Calyx and corolla resem-
bling the Malvacote, always, however, having five parts ; but
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the petals are sometimes absent. Stamens usually united by

their filaments into a column, and indefinite, or rarely few and

distinct ; anthers usually 2-celled, or rarely 1-celled. Carpels 3

or 5, either distinct or united so as to form a compound ovary,

sessile or stalked, or rarely more numerous or solitary
;
styles

equal in number to the carpels, distinct or united; ovules usually

definite, sometimes indefinite. Fruit either composed of a

number of follicles, or capsular (fig. 708), or rarely baccate.

Seeds with fleshy-oily albumen or none
;
embryo straight or

curved
;
cotyledons either plicate or rolled round the plumule.

The order Byttneriacefe of some botanists is here included

in Sterculiacese.

Diagnosis.—The plants of this order are at once known

among the Thalamiflorae by their valvate 5-partite calyx
;

twisted corolla consisting of 5 distinct petals ; numerous perfect

stamens united by their filaments into a column ;
and usually by

their 2-celled anthers. The character presented by the anthers

should be particularly noticed, as that alone, in most cases, at

once distinguishes them from the Malvaceae, which in many

other respects they closely resemble ;
indeed the Sterculiaee;e

have been combined with the Malvaceae. It should, however,

also be observed, that the flowers of some of the Sterculiacefe

are unisexual by abortion.

Distribution and Numbers.—Natives chiefly of the tropics or

of very warm regions ; but some of the species are found scat-

tered in almost every quarter of the globe, except Europe.

Illustrative Genera :—Sterculia, Linn. ;
Hehcteres, Linn.

;
Theo-

broma, Linn. There are more than 500 species belonging to

this order. . . ....
Properties and Uses—In their properties the plants of this

order resemble the Malvaceae : thus, they are generally mucila-

ginous, demulcent, and emollient ; some have a hairy covering

to their seeds ; and others yield useful liber-fibres .
The cottony

covering of their seeds, and the fibres yielded by certain plants

of this order, are not, however, to be compared in importance

to the similar products of the Malvaceae Some plants are

reputed to be diuretic, emetic, or purgative.

Adansonia.-A. diqitata, the Baobab-trec.-Thc fruit, connuonlv known

„s Mo"bread or Ethiopian Sour-gourd, has ite seeds surrounded by a

hr,T anli.vof a starchv pulp with an acid flavour much resembhng

.Jnn, of War Its acid nature is said to be due to malate oj potassium.

T„ , ns whole son! and agreeable article of food. When mixed with

wa tor it s nsed as an and drink, whirl, is regarded as a specificsin putni

Z nest le dial lovers. It is also employed in Egypt in dysentery. A)

nals of t
• possess emollient and demulcent properties, Its powdered

emiloS by certain African tribes, living where the tree ,s common, in the
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manufacture of various 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 several thousand years. One tree of this species

has been found to have a trunk from 90 to 100 feet in circumference. Their

hollowed trunks are used by the natives in some districts of Africa as burial-

places for such of their dead as are believed to have communion with evil

spirits.

—

A. Gregorii.—The fruit of this tree, which is a native of Xorth
Australia, where it is known as Sour-gourd and Cream-of-tartar tree, has

similar properties to that of A. digitata. This genus is sometimes placed in

Malcacese.
Bombax.—B. Ceiba, the Silk-Cotton tree of South America, and B. pen-

tandncm. the Silk-Cotton tree of India, are both remarkable for their size

and height. The seeds of these plants are covered by long silky hairs ; hence

their common name. But these hairs cannot be spun like those of ordinary

cotton, chiefly on account of the smoothness and consequent want of adhesion

between their sides, and are therefore useless for manufacturing purposes.

They are employed, however, in many parts of the world, for stuffing

cushions, &c. The bark of B. pentandrum is reputed to be emetic. This

genus is sometimes referred to Malvacese.

Chorisia.— C. spedosa has its seeds covered with silky hairs, which are

used for stuffing cushions, &c. This material is termed Vegetable Silk.

The bark of C. crispiflora is employed for making cordage in Brazil.

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. ft

has, however, a strong smell, which renders it disagreeable at first, but this

quality is soon forgotten after the palate has become familiar with it. This
genus is sometimes referred to Malvacese.

ErioHendron Samauma, a native of South America, is remarkable for its

great height. Its trunk frequently overtops all the surrounding trees before,

it gives off a single branch. The hairy covering of the seeds of various
species of Eriodendron is employed for stuffing cushions and similar pur-
poses.

Guazuma.—The. fruit of G. ulmifolia contains a sweetish mucilaginous
agreeable pulp, which is eaten in Brazil, and the young bark possesses

mucilaginous properties.

Ochroma Lagopus, a West Indian tree, has an antisyphilitic bark, and a
spongy wood, which is sometimes used as a substitute for cork.

Salmalia.—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

I as both emetic and purgative.
Sterculia.—The seeds of Sterculia (Cola) acuminata, and probably of

other species, constitute the Kola-nuts of tropical West Africa, and* the
Guru-nuts of Soudan. They are largely used in various parts of Africa as
food and medicine, and are also commonhy stated to be employed to sweeten
water which has become more or less putrid. Their use, however, as a puri
tier of water is denied by Dr. Daniell. They have been used of recent years
in this country and elsewhere, as a stimulant tonic, and as a remedy in
chronic diarrhoea, cardiac affections, and cachexia. These properties are

i especially due to the presence of theine
;
they also contain tannic acid. It

i is said that these nuts have the power of staying, for even a prolonged
:
period, the cravings of hunger, and of enabling those who eat tbem to en-
dure continued labour without fatigue, resembling in these respects coca-
feaves. The seeds of other species of Sterculia are also eaten in different
parts of the globe. This is the case with 6'. Chica, and <S. lasiantha in
Brazil ; and S. nobilis in Asia.

—

Sterculia Trayucantha, a native of Sierra
Leone, receives its specific name from yielding a gum resembling Traga-
canth. It is termed African Tragaeanth, and has been stated by Dr.

I I
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Fliickiger to be a good substitute for the official Tragacanth. (See Astra-

galus.)— S. urens, a native of Coromandel, yields a gum of a similar

nature, which is called Gum Kutteera. (See also Cochlospermum.) 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, 5. villosa and S. guttata yield fibres

from which ropes of excellent quality and cloth are made.

Theubroma Cacao, the Cacao or* Cocoa-tree. This tree, by far the most

important plant of the order, is a native of Demerara and Mexico, and it is

extensively cultivated in the West Indies, Central America, Mauritius, &c.

From its seeds Cacao or Cocoa, and Chocolate are prepared. In the manu-

facture of Chocolate, the seeds are first roasted, then divested of their husks

and ground, and afterwards triturated in a mortar with an equal quantity

of sugar, to which some vanilla or cinnamon is added for flavouring, and

a small quantity of Arnatto as a colouring agent. All the finer qualities

are thus prepared, but the flavouring of the inferior kinds is sometimes pro-

duced bv adding Sassafras nuts, cloves, or some other aromatic. Chocolate

derives its name from the Indian term chocolat. Cocoa is either prepared

bv 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 covimon 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 state of Cocoa. The husks of the Cocoa

seeds are also sometimes used by the poorer classes of Italy and Ireland in

the preparation 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

are not so stimulating as Tea and Coffee, but they disagree with many

persons on account of their fatty nature. The generic name, TJieobroma,

was given to this tree by Linna;us, signifying ' food of the gods,' to mark his

opinion of the nutritious and agreeable nature of the beverages prepared

from its seeds ; but Belzoni, a traveller of the sixteenth century, regarded

them in a very different light, for he declared that Cocoa was a drink ' fitter

for a pig than for a man.' Cocoa seeds owe their properties chiefly to a.

peculiar alkaloid, named theobromine, which resembles theme the alka old

contained in China Tea (see Thea), &c, and to a concrete oil or fat called

Butter of Cocoa, which constitutes about half their weight. It has been

computed that Cocoa and Chocolate form the common unfermentcd beverages

of about fiftv million persons in Spain, Italy, France, and Central America,

and that the consumption of Cocoa in these countries annually is over

100 000 000 lbs. Cocoa is also now largely used in Britain ;
and its use Has

much increased of late years. Thus the consumption in 1820 was
,
only about

276,000 lbs. ; in 1866 It was 4,583,124 lbs.; in 18,3 over 8,000 000 lis

and it is now estimated to exceed 10,000,000 lbs. annually. From the

null) which surrounds the seeds a peculiar kind of spirit is distiUed.

The concrete oil is official in the British Pharmacopoeia. It enters into

the composition of the suppositories ordered in that volume. In i sell it

possesses emollient properties. It is especially valuable from not readily

becoming rancid by exposure to the air.

Order 3. TiLiACEiE, the Lime-tree or Linden Order —
Character.—Trees, shrubs, or rarely herbs. Leaves simple,

alternate (fig. 290), with deciduous stipules. Sepals 4 or o

( fin. 921), distinct or united, valvate in (estivation (Jig. wij,

deciduous. Petals equal in number to the sepals (fig. 921),

entire or divided, or rarely wanting, imbricate. Stamena Hypo-
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gynous (figs. 923 and 924), usually numerous (figs. 921-923),
distinct (fig. 923) or polyadelphous (fig. 557) ; anthers 2-celled

(figs. 525 and 922), opening longitudinally, or by pores at the
apex. Disk glandular, hypogynous. Carpels 2—10, which are
generally united so as to form a compound many-celled ovary
(fig. 921), sometimes distinct

;
placentas axile (fig. 921); style

1 (figs. 922 and 923) ;
stigmas equal in number to the carpels.

Frwit dry or pulpy, sometimes samaroid, usually many-celled,
or rarely 1-celled by abortion. Seeds solitary or numerous ; em-
bryo erect, straight, in the axis of fleshy albumen

;
cotyledons

flat and leafy (fig. 764, c, c) ; radicle next the hilum.
Diagnosis. —This order resembles, in many respects, the

Fig. 921. Fig. 923.

Fig. 921. Diagram of the flower of the
Lime. Fig. 922. Vertical section
of the flower of the same ( Tilia euro-
pcva). Fig. 923. Peduncle of the
Lime, bearing two flower-buds and
a fully expanded flower.

Malvaceae and Sterculiacete. It may be at once distinguished
from them by having a glandular disk, and by the stamens not
being monadelphous ; and from the Malvace«; also, by the
anthers being 2-celled. From all other Thalamiflorte the plants
of this order may be known by their alternate simple stipulate
leaves

;
valvate {estivation of calyx, which is also deciduous

;

lloral envelopes in 4 or 5 divisions
; stamens either distinct or

polyadelphous; anthers 2-celled; hypogynous glandular disk;
many-celled fruit with axile placentas; and embryo erect,
straight, in the axis of fleshy albumen.

Division of the Order and Illustrative Genera.—The order has
been divided into two tribes, aa follows :—

I i 2
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Tribe 1. TiUese.—Corolla with entire petals, or wanting; anthers

dehiscing longitudinally. Illustrative Genera

:

—Corchorus,

Linn.
;

Tilia, Linn.

Tribe 2. El&ocarpeee.—Petals divided, anthers opening by pores

at the apex. Illustrative Genera

:

—Elseocarpus, Linn.
;

Vallea, Mut.

Distribution and Numbers.—A few are found in the northern

parts of the world, where they form large trees ; but the plants

of this order are chiefly tropical, and are there found as herbs,

shrubs, or trees. There are about 350 species.

Properties and Uses.—In their properties the Tiliacefe re-

semble the Malvaceae. They are altogether innocuous, and are

generally mucilaginous, emollient, and demulcent. Many of

them also yield fibres, which are much used for manufacturing

purposes. Some are valuable timber-trees, and some have

edible fruits.

Aristotelia.—A. Maqui has an edible fruit, and from it a kind of wine

is also made in Chili, which is given in fevers of a malignant type. The

fibres of the bark and the wood have been used in the manufacture of

musical instruments. In New Zealand the fruits of A. racemosa, the Mako
Mako, are also eaten.

Corclwrus.—The fibres obtained from the bark of Corchorus capsularis,

the Jute Plant, are commonly known under the name of Jute or Jute-hemp.

This fibre is very valuable and is now imported in enormous quantities 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, and is likewise

employed as a substitute for hair, and in the manufacture of chignons. &c.

It does not appear to be well adapted for sailcloth or cordage, because it

will not bear exposure to wet. The imports in 1875 were over 500,000,000

lbs., the value of which was 2,362,226/., of which only about 80,000,000 lbs.

were exported. In India it is used cbiefly for the purpose of making the

coarse canvas called Gunny, which is the" material employed there for the

bags, &c, in use for packing raw produce.

—

Corchorus olitorius, commonly

called Jew's Mallow, is used in some parts of the world as a pot-herb ;
it is

also one of the sources of Jute. In Panama, the leaves of C. mompoxensis

are infused in boiling water, and the infusion is then taken as a substitute

Elseocarpus.—E. ( Ganitrns) serratus—-The fruits are commonly known

under the name of Molucca Berries. When the fruit is divested oi its pulp,

the endocarp, which is bard and bony, and beautifully furrowed, is used fot

making necklaces. These are frequently brought as presents from India,

and are also to be purchased in this country. The fruits oi some species oi

Elceocanms are eaten, while others are used in the preparation of Indian

curries The. bark of E. Einau (dentatus) affords an excellent dye. varying

in colour from brown to puce or nearly black. It is employed in New

Zealand for dyeing the garments of the natives. It is also useful as B

tanning agent. , « . .

,

Grewia,— G. mpida, G. asiatica, and other species, have pleasant acid

fruits, and are used in the East for making Sherbet.—G. elaettca affords

valuable timber.— G. polygama is regarded in Queensland as a very valuable

remedy in dysentery. The seeds are also employed in the preparation ot .i

sub-acid drink.
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Lukea grandiflora.—The bark is astringent, and is employed in Brazil
for tanning leather. The wood of other species is used for various purposes
in Brazil, as for making soles to boots, musket-stocks, &c.

Tilia europiea, Common Lime or Linden Tree.—The inner bark is em-
ployed in the northern parts of Europe, more particularly in Russia, in the
manufacture of mats, which are commonly known as Russian, Bast, or Bass
mats. This Bast is one of the 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 pro-
perties. The wood of this and other species of 1 ilia is very white and
smooth, and is employed for various purposes, as for carving, wainscoting, &c.

Triumfetta.—Several species of this genus have astringent and mucila-
ginous leaves and fruits, and are employed in Brazil for making injections,
which are reputed to be useful in gonorrhoea.

Vallea cordifolia.—The leaves are used for the purpose of dyeing yellow.

Artificial Analysis of the Orders in the Sub-class

Folypetalgs.

Series 1. Thalamtflor/E.

1. Flowers with more than 20 stamens.

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 Nehimbiaceie.

Carpels not immersed in a thalamus.
Embryo in a vitellus.... CaJjambacese.

Embryo naked, very minute.
Sseds arillate..... Dilleniacew.

Seeds exarillate. Albumen fleshy

and homogeneous.
Flowers hermaphrodite . . Rannnculaceie.
Flowers unisexual . . . Sc/iizandraceie.

Seeds usually exarillate. Albumen
ruminate AnonacetB.

2. Stamens united in one or more parcels.

Calyx much imbricate.

Seeds smooth Hypcricacew.
Seeds shaggy ..... Reaumuriacem.

1 1. Carpels wholly combined (at least as to the ovaries), with more than
one placenta} or with a free central placenta.

Placentas parietal, in distinct lines.

Anthers versatile. Juice watery . . Capparidacem.
Anthers innate. Juice milky . . Papaveraceaj.

Placentas parietal, spread over the lining

of the fruit ...... Bixacem.
Placentas covering the dissepiments . Nymphsaaceee.
Placentas in the axis.

Stigma large, broad, and petaloid . Sarvaceniaceee,
Stigma simple. Calyx much imbricate.

Leaves compound .... Btiizobolacew.
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B.

Leaves simple.

Petals equal in number to the sepals.

Seeds few Guttiferm.
Seeds numerous. Petals flat . Mar'cgraaviaceie.

Seeds numerous. Petals crumpled Cistaceie.

Petals not equal in number to the
sepals. Styles not perfectly com-
bined Ternstrcemiaeex.

Placenta free central .... 1'ortulacacete.

Leaves with stipules.

a. Carpels more or less distinct {at least as to

the styles).

Carpels numerous Magnoliaceas.

b. Carpels wholly combined {at least as to the

ovaries'), with more than one placenta.

Placentas parietal Bixacese.

Placentas in the axis.

Calyx with an imbricate aestivation.

Flowers involucrate .... Chleenaceie.

Flowers not involucrate . . . Cistaceee.

Calyx with a valvate aestivation.

Stamens monadelphous. Anthers 2-

celled. Sterculiacese.

Stamens monadelphous. Anthers 1-

celled 3Ia!vaceee.

Stamens monadelphous. Calyx irre-

gular, and enlarged in the fruit . Bipterace.ee.

Stamens quite distinct . . . TUiacese.

2. Flowers with less than 20 stamens.

A. Leaves without stipules.

a. Carpels more or less distinct, or solitary.

Anthers with recurved valves . . . Berberidacese.

Anthers with longitudinal dehiscence.

Albumen abundant, embryo minute.

Flowers unisexual. Seeds usually nu-

merous Lardizabalacete,

Flowers perfect.

Embryo in a vitellus . . . Cabombaceee.

Embryo not in a vitellus.

Albumen homogeneous.
Sepals 2 Fumariacem.

Sepals more than 2 . . . Ranuncidacees.

Albumen ruminate. Shrubs . Anonaeeie.

Albumen in small quantity, or alto-

nether wanting.

Flowers unisexual .... Menispermncea.

Flowers perfect Calycanthacex.

b. Carpels wholly combined {at least as to the

ovaries).

Placenta parietal.

Stamens tetradynamous . . • Cructferm.

Stamens not tetradynamous,

Large hypogynous disk.

Flowers tetramerous. Fruit closed

at the apex Capparidaeew.
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Flowers not tetrnmerous. Unripe
'

fruit usually open at the apex . Resedacees.

Small hypogynous disk, or none.

Albumen abundant.
Flowers irregular . . . Fumariaceie.

Flowers regular. Sap milky. Fruit

without central pulp . . Papaveraceee.

Fruit with central pulp, or fleshy.

Sap watery .... Bixaceee.

Albumen in small quantity, or want-
ing.

Calyx tubular, furrowed . . Franheniaceae.

Placentas covering the dissepiments . Nympheeacese.
Placentas axile or free central.

Styles distinct to the base.

Calyx much imbricate.

Seeds smooth. Petals unequal-sided,

without appendages . . . Hypei-icaceee.

Seeds shaggy. Petals unequal-sided,
usually with appendages at the

base Reaumuriaceee.
Calyx slightly imbricate.

Petals not twisted in aestivation.

Ovary with a free central placenta Caryophyllaceec.
Styles more or less combined.
Calyx much imbricate, in an irre-

gular broken whorl.
Flowers symmetrical . . . Guttiferse.

Flowers unsymmetrical, papilion-

aceous ..... Pulygalacew.
Calyx but little imbricate, in a com-

plete whorl.
Carpels 4 or more.
Ovary 1-celled, with a free central

placenta Portulacaecie.
Carpels less than 4.

Seeds comose .... Tainaricaceee.
Seeds not comose.

Ovules pendulous. Petals twisted
in aestivation. . . . Canellacess.

Ovules ascending or horizontal.
Petals imbricate in aestivation Pittosporacew.

Calyx valvate, or but very slightly
imbricate.

Anthers opening by pores . . Tremandracem.

Leaves with stipules.

a. Carpels distinct, or solitary.

Anthers with recurved valves. Carpel
solitary Berheridacew,

b. Carpels wholly comhined (at least as to the

^varies), with more placentas than one.

Placentas parietal.

Leaves with involute vernation. Anthers
crested, and turned inwards . . . Violaceie.

Stamens opposite to the petals. Anthers
naked, and turned outwards. . . Sanvagesiucew.
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Placentas in the axis.

Styles distinct to the base.

Calyx much imbricate, in an irregular

broken whorl.

Petals small, sessile .... Elatinaceae.

Calyx but little imbricate, in a com-
plete whorl.

Petals minute Pnronychiaceee.

Calyx valvate Tiliaceie.

Styles more or less combined.
Calyx much imbricate, in an irregular

broken whorl.

Flowers surrounded by an involucre . Chlienaceie.

Calyx but little imbricate, in a com-
" plete whorl.

Sepal spurred Vochysiaceee.

Calyx valvate.

Stamens united by their filaments into

a column. Sterculiaceee.

Stamens not united into a column . Tiliaceee.

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 Thalamiflorse is to have

dichlamvdeous flowers and polvpetalous corollas, yet exceptions do occur

occasionally to both these characters. Thus, we find apetalous genera and

species in 'Rammculacem, Magnoliaceee, Berberidacese, Sarraceniacew, Meai-

spermaceie, Papaveracete, Cruciferee, Canellacew, Bixacew, Tiolaceie, Caryo-

phyllacete, Paronychiaceee, Sclerantliacese, Malvaceae, Stercuhaeeie, and

Tiliaceie. „ .

Again, in the orders Anonacex. Pittosporacex, Polygalacetc, Portulacacex,

Tamaricaceee, Ternstrcemiacex, Rutacex, and Dipteracex, we find some

monopetalous species and genera.

In Dilhniaceee, Papaveracex, Capparidaceie, Resedaceie, liolacex, Lani»-

phi/llacex, Portulacaceie, Malvacex, and Sterculiacete, some of the spe< lea

have stamens more or less perigynous instead of hypogynous. Again, in

some orders, as in certain Ranunculacese, Calycanthaceie. Anon

Nymphxacex. Portulacaceie, Capparidaceie, Polygalacex, Bi.vacex
}

Jem-

stramiacex, Vochysiaceee, Tiliaceie, and Bipteracex, the calyx is more or

less superior.

Series 2. Disciflorte.

Cohort 1. Geraniales.—Calyx generally imbricate, or rarely

valvate. Gynoecium usually syncarpous, or sometimes

apocarpous ; ovules suspended ;
raphe ventral. Seeds albu-

minous or exalburninous.

Order 1. LiNACE.dE,the Flax Order.—Character —77, rfej

or rarely shrubs. Leaves alternate, opposite, or rarely va-

cillate, simple, entire, exstipulate, or rarely stipulate. Inflor-

escence cymose. Flowers regular (Jig. 924) symmetrica ,

generally very showy. Calyx imbricate with 3, 4, or 6 sepals

( fia. 924), persistent. Petals 4-5 (Jig. 924), unguiculate, i erj

deciduous, twisted in aestivation. Stamew i-b^&i at the

base so as to form an hypogynous ring (Jig. 92o), from wnioH
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proceed 5 tooth-like processes (stamiiwdes) which alternate with
the fertile stamens, and are opposite to the petals (Jig. 925).

Dish none or glandular. Ovary compound (Jigs. 618 and 924),

its cells usually corresponding in number to the sepals
;
styles

3—5
;
stigmas capitate (Jigs. 925 and 926). Fruit a septicidal

capsule, each cell more or less perfectly divided into two by a
spurious dissepiment proceeding from the dorsal suture (Jig.

618, b), and having a single seed in each division. Seed com-
pressed, with or without albumen

;
embryo straight, with the

radicle towards the hilum.
Diagnosis.—Herbs or very rarely shrubs, with simple entire

leaves, which are usually exstipulate. Flowers regular, sym-
metrical. Sepals, petals, and stamens 3—5 each ; the sepals

Fig. 924. Fig. 925. Fig. 926.

stamens surrounding the pistil. FUj. 92G. Pistil of the same, with
distinct styles and capitate stigmas.

persistent and imbricate ; the petals fugacious and twisted in

sestivation ; and the fertile stamens united at their base, and
having little tooth-like staminodes alternating with them. Ovary
3—5-celled, styles distinct, stigmas capitate. Fruit a septicidal

capsule, each cell more or less divided by a spurious dissepiment,
and each division containing one seed. Seeds compressed, with
or without albumen, and having a straight embryo.

The plants of the order Erythroxylacese of some botanists,

which, following Bentham and Hooker, we include in this

order, are exceptional in the petals having at their base two
scales, in their drupaceous fruit, and woody stem.

Distribution and Numbers.—Chiefly natives of the south of

Europe, Brazil, and some other parts of South America, West
Indies, and the north of Africa, but more or less distributed
over most regions of the globe. Illustrative Genera :—Linuin,
Li mi.

; Radiola, Qmelin. There are about 160 species.
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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 of the plants are bitter and
purgative ; and some are stimulant and sedative. Others are

tonic, and some are used for dyeing red.

Erythroxi/on.—Some species of Erythroxylon nre tonic, others purgative,

and a few stimulant and sedative. The wood of E. hypericifolium and the

bark of E. suberosum are red, and are used in the preparation of dyes of that

colour. The wood of others has a similar reddish appearance, and from t his

common colour of the wood the name of the genus is derived. But by far the

more important plant of this genus is the following :

—

E. Coca. Ihe dried

leaves of this plant, under the name of Coca or Cuca, are commonly used

mixed with a little lime, or wood ashes formed of the burnt stems of

Chenopodium Quinoa, Cecrnpia peltata, or other plants, by the natives of

Peru and some other parts of South America, as a masticatory.
_
The

Peruvian Indians have always ascribed to coca the most extraordinary

virtues. Thus, thev 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 the Rio Negro) in his cheek, will go two or

three davs without food, and without feeling any desire to sleep. Von

Tschudi, "Markham, Stevenson, Dr. Scherzer, and others have also given

somewhat similar testimony as to the effects of coca. But Weddell speaks

far less highlv of its virtues". He states that it does not satisfy the appetite,

but merelv enables 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 difflcultv of respiration which is generally experienced in

ascending long and steep mountains. Its excessive use has been stated to

be verv injurious bv producing analogous effects to those occasioned by the

immoderate consumption of opium and fermented liquors ;
but Tschudi .-ays

that its moderate use is rather beneficial than otherwise. Chnstison has

also testified to its value, from experiments made on himself and others, in

removing and preventing fatigue. He states that by its use ' hunger and

thirst are suspended ; but eventually appetite and digestion are unaffected.

It was computed by Johnston some time since, that the annual consumption

of coca was 30,000,000 lbs., and that its chewing was indulged in by about

10,000,000 of the human race. In Bolivia alone 15,000,000 lbs. of coca are

produced annually. The constituent thus said to give rise to the peculiar

stimulating, hung"er-allaving, and narcotic effects of coca seems essentially

to be the alkaloid cocaine. It also contains a peculiar form of tannic acid,

termed coca-tannic acid. Coca leaves and hydrochlorate of cocamc have D.OW

been made official in the British Pharmacopoeia ; the former have been used

as a nervine stimulant like tea and coffee, and also as a remedy in insomnia

and otherwise. Cocaine itself in the form of the official hydrochlorate and

other salts has been used most extensively and with very beneftaalefiecra

as a local anaesthetic in operations on the eye"and in other cases. «

Linum.—.The libcr-fibrcs of Linum usitatissimum, when prepared inl a

particular way, constitute flax, of which linen fabrics are made. In 187»,

2,194,000 cwt. of flax were imported into this country. Linen, when scrap ...

forms lint, which is so much used for surgical dressings ;
and the short fibres

of flax which are separated in the course of its preparation, constitute tow,

which is much employed in pharmacy, surgeiy, and for oUierpurpo^lhe

seeds of this plant, which is commonly known as the I lax Plant, are tern .

Flaxseed, Linseed, or Lintseed ;
they contain much muclage. and a fixed

oil. The oil may be rcadilv obtained from the seeds by expression
;

the
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amount depending upon the quality ot the seed, and the mode adopted for its

expression, and varying from about 20 to 30 per cent. Linseed oil is

especially remarkable for drying readily when applied to the surface of any
body exposed to the air, and thus forming a hard transparent varnish.

. This peculiarity is much accelerated if the oil be previously boiled, either
alone, or with some preparations of lead. The cake left after the expression
of the oil is known as Oil-cake, and is employed as food for cattle ; and
when powdered, it is frequently sold as Linseed Meal, but the official Lin-

I
seed Meal is simply Linseed powdered ; hence it contains the oil, which is

not present in the former. Linseed Meal which thus contains the oil is to
be preferred when in a fresh state. An infusion of Linseed is employed
medicinally for its demulcent and emollient properties. The oil is exten-

I sively used in the arts, &c. ; and is a valuable application to burnt or scalded
parts, either alone, or combined with an equal quantity of Lime-water ; this

I mixture is commonly known under the name of Carron-oil, a name derived
i from its having been extensively employed in the Carron Iron-foundrv.

—

' The seeds, linseed meal, and linseed oil are all official in the British Pharma-
i copoeia.

—

Linum catharticum, popularly termed Purging Flax, is a common
i indigenous plant. It possesses active purgative properties, and might be
i much more employed as a medicine than is the case at present.

—

Linum
• selaginnides, a Peruvian species, is reputed to be bitter and aperient.

Sethia.—S. indica is in great repute in Ceylon as a vermifuge for
i children. The leaves are dried, powdered, and given mixed with "boiled
! rice.— S. acuminata is also used in a similar way for the same purpose. It
: is known in Ceylon as Matura Worm Medicine."

Order 2. Malpighiace^e, the Malpighia Order.— Charac-
ter.

—

Trees or shrubs, often climbing. Leaves usually opposite
l or whorled, rarely alternate

;
stipules generally short and

i deciduous, sometimes large and interpetiolar ; the leaves are
occasionally furnished with hairs, which are fixed by their

i middle, that is, peltate (fig. 168). Flowers perfect or polygamous.
' Calyx 5-partite, persistent, frecpaently with glands at the base
of one or all of the divisions ; eestivation imbricate or rarely
valvate. Petals 5, hypogynous, unguiculate ; eestivation con-

v volute. Stamens usually 10, monadelphous or distinct ; connective
I fleshy and elongated beyond the anther-lobes. Ovary generally
. consisting 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 either drupaceous,

s-samaroid, or a woody nut. Seed solitary, exalbuminous ; em-
bryo straight or variously curved.

Diagnosis.—Trees or shrubs, with simple stipulate leaves.
FFlowers perfect or polygamous. Calyx and corolla with 5 parts

;

i the sepals having usually large glands at the base, and imbricate
• or very rarely valvate in estivation

; the petals unguiculate,
without appendages, hypogynous, convolute. Stamens usually
PCLO, sometimes 15, with a fleshy prolonged connective. Ovary
-generally composed of 3 carpels, or in any case not corresponding
::in number, or being any power of the three outer whorls ; ovules
•solitary, pendulous from long stalks. Seeds exalbuminous,
usually with a convolute embryo.

Distribution and Numbers.—They are almost exclusively
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ZYGOPIIYLLACEjE.

natives of tropical regions. Illustrative Genera

:

—Malpighia,

Plum.
;

Byrsonima, Rich. ; Nitraria. There are about 580

species.

Properties and Uses.—An astringent property appears to be

most general in the plants of this order. Some have edible

fruits ; and the seeds of others are reputed to be poisonous.

Bunchosia armeniaca, a native of Peru, is stated to have poisonous seeds.

Byrsonima.—Some species have edible fruits. The Byrsonimas are, how-

ever, principally remarkable for their astringency. Thus the fruit of B.spicata

(
Bois-ian) is used in dysentery ; the bark of B. crassifolia is employed in-

ternally as an antidote to the bite of the rattlesnake, and for other purposes

where astringent medicines are desirable. The bark of other species is also

in use for tanning in Brazil. American Alcornoque bark, which is im-

ported into this country for the use of the tanner, is said to be the produce

of B. laurifoha, B. rhopal&folia, and B. coccolobmfolia.

Malpighia glabra and M. punicifolia have edible fruits, which are used

in the West Indies, as a dessert, under the name of Barbados Cherries.

Nitraria.—This genus is by some put into an order by itself called Xitra-

riacere. According to Munby, N. tridentata is the true Lotus-tree of the

ancients. (See also Zizyphus.) It is a native of the desert of Soussa, near

Tunis, and its fruit is of a somewhat intoxicating nature.—N. Billardieri, a

native of Australia, has an edible fruit.

Order 3. Humiriace^s, the Humirium Order.—Character.
—Trees or shrubs with a balsamic juice. Leaves alternate,

simple, coriaceous, exstipulate. Calyx 5-partite, imbricate.

Petals 5, imbricate. Stamens hypogynous, 20 or more, mona-

delphous ;
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-lobed. Fruit drupaceous, 5-celled, or fewer-celled by

abortion. Seed with a narrow embryo lying in fleshy albumen,

orthotropous.
Distribution and Numbers.—Natives of tropical America.

Illustrative Genera :— Humirium, Mart.; Vantanea, Aubll

There are 18 species.

Properties and Uses.—A balsamic yellow oily liquid, callefl

Balsam of Umiri, is obtained from the incised stem of ii« m irvu m

foribunclum ; this is reputed to resemble Copaiba in its proper-

ties The bark is used by the Brazilians as a perfume. Otnea

species are also said to yield useful balsamic liquids. The so-

called balsamic liquid found in plants of this order is probably

not a true balsam, but an oleo-resin resembling Wood Oil and

Copaiba.

Order 4. Zygophyllaceje, the Bean-caper or Guaiacum

Order —C haracter.—Herbs, shrubs, or trees. Leaves:

opposite,

stipulate, without dots, usually imparipiniiate or rarely simple.

Flowers perfect, regular, and symmetrical. < alyx 4- or 5-partita

convolute. Petals unguiculate, 4 or 5, imbricate, hypogynous.

Stamens 8-10, hypogynous, usually arising from the backJ
small scales

;
filaments dilated at the base. Ovary 4-o-celled,
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: surrounded by glands or a toothed disk; style simple ; ovules 2 or

i more in each cell {figs. 659 and 660) ;
placentas axile. Fruit

, capsular, dehiscing in a loculicidal manner, or separating into

i cocci, 4- or 5-celled, and presenting externally as many angles
or winged expansions as cells

;
rarely indehiscent. Seeds few

;

albumen in small quantity, or rarely absent ; radicle superior
;

cotyledons foliaceous.

Diagnosis.—Herbs, shrubs, or trees, with opposite stipulate
• dotless leaves. Calyx and corolla with a quaternary or
i quinary arrangement ; the former convolute in estivation, the
i latter with unguiculate petals and imbricate. Stamens 8—10,
I hypogynous, usually arising from the back of scales. Ovary 4—5-
i celled

;
style simple. Fruit 4- or 5-celled. Seeds few, with

1 little or no albumen ; radicle supeiior
;
cotyledons foliaceous.

Distribution and Numbers.—They are generally distributed
i throughout the warm regions of the globe, but chiefly beyond
the tropics. Illustrative Genera

:

—Zygophyllum, Linn. ; Guai-
; acum, Plum. There are about 100 species. Melianthus is by
: some botanists separated from the ZygophyllaceEe, and taken as
i the type of a new order, to which the name Melianthete has
1 been applied.

Properties and Uses.—Some of the plants are resinous, and
\
possess stimulant, alterative, and diaphoretic properties

; others
sare anthelmintic. The wood of the arborescent species is

remarkable for its hardness and durability.

Guaiacum.—The heart-wood, and the resin obtained from the stem of
i G. officinale and G. sanctum are official in the British Pharmacopoeia ; thev
i are commonly known as Guaiacum Wood, and Guaiacum Resin. The resin
i is generally procured by burning logs of the wood much incised in the mid-
dle, and catching the resin as it flows from the central incised portion in a
calabash or some other suitable vessel placed below it. It also exudes to some
extent spontaneously, and especially so when the tree is cut or wounded in
lany way. Both the wood and resinare used as stimulants, diaphoretics, and
alteratives, chiefly in gout and rheumatism, but also in syphilitic and various
cutaneous affections. The wood is known in commerce as Lignum Vitre.
It is remarkable for its hardness, toughness, and durabilitv, which qualities

r render it very valuable for many purposes. The leaves are also used in the
Wot Indies, on account of their detersive qualities, for scouring and whiten-

i ing floors.

—

G. sanctum has similar medicinal properties to the above, and
yields an analogous resin. A portion of the resin of commerce and also of
tin- wood is obtained from this species

; hence, as alreadv noticed, this plant
IIS likewise official in the British Pharmacopoeia.

Larrea mexicana.—This plant is remarkable for having an odour resem-
bling creasotc : hence it is commonly known as the Creasote Plant. The
Mexicans are said to use an infusion of the leaves for bathing in with good
effect in rheumatic affections.

Melianthus major.—The flowers of this species contain a large amount of
^saccharine matter, which is used for food by the natives of the Cape of
bood Mope, where the plant abounds.

Prganum Ifanwda—ln India the seeds are reputed to be stimulant, em-
menagogue, and anthelmintic. In Turkey thev arc used as a spice, and also
nn the preparation of red dyes ; these dves are, however, not of a verv uer-
imaneut nature.
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Tribulus.— T. terrestris is a prickly plant, which is abundant in dry bar-

ren places in the East. It is considered to be the Thistle mentioned in Matt,
vii. 16, and Ileb. vi. 8. The fruit of T. lanuginosus is much esteemed in

Southern India as a diuretic.

Zygophylhtm Fabagn, Bean-caper.—It derives its common name from
the circumstance of its flower-buds being used in some parts of the world as

a substitute for Capers. It is also reputed to possess anthelmintic properties,

Order 5. Geraniace^, the Crane's-bill Order.—C haraeter.

—

Herbs or shrubs, with swollen usually articulated joints (nodes).

Leaves simple, opposite or alternate, with membranous stipules.

Floivers regular or irregular. Sepals 5 (Jig. 927), inferior, per-

sistent, more or less unequal ; aestivation imbricate. Petals 5

(fig. 927), or rarely 4 from abortion, unguiculate, hypogynous
or perigvnous ; aestivation twisted (fig. 927). Stamens usually

twice (fig. 928) as many as the petals, (some are, however,

frecpuently abortive), hypogynous, and generally united at the

base (fig. 928), the alternate ones shorter and occasionally

barren. Disk inconspicuous or glandular. Carpels 5, arranged

Fig. 92 Fig. 928. Fig. 929.

Fig. 930.

Fig. 927. A portion of the flowering stem of Geranium sylvalicum. -Fig,

928. The andrcecium and gyncEciuni of the same. Fig. 929. The pistil,

partially matured, surrounded by the persistent calyx. Fig. 930.

Transverse section of the seed.

around an elongated axis or carpophore (fig. 929) ;
styiM

corresponding in number to the carpels, and adhering to the

carpophore. Fruit consisting of five 1-seeded carpels, which

ultimately separate from the carpophore from below upwards

by the curling up of the styles, which remain adherent at the

summit (fig. 640). Seeds without albumen ;
cotyledons foha-

ceous, convolute (fig. 930).

Diagnosis.—Herbs or shrubs, with simple leaves, membranous

stipules, and swollen joints. Sepals 5, imbricate Petal?

twisted in aestivation. Stamens hypogynous, generally united

at the base. Fruit consisting of 5 carpels attached by means of

their styles to an elongated axis or carpophore, from winch they

separate when ripe from below upwards by the curling up of
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the styles, and ultimately dehisce. Seeds 1 in each carpel,
exalbuniinous

;
embryo with foliaceous convolute cotyledons.

Distribution and Numbers.—Some are distributed over
various parts of the world, but they abound at the Cape of
Good Hope. Examples of the Genera:—Erodium, L'Heritier

;

Geranium, Linn.
; Pelargonium, L'Heritier. There are nearly

550 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

;

and others for the agreeable odours of their leaves and flowers,
which render them useful in perfumery.

Erodium.—The species are reputed to be astringent.

—

E. moschatum is
remarkable for its musky odour.

Geranium.—The root of G. maculatum is a powerful astringent, for which
reason it is much used in North America, where it is called Alum-root. It
contains much tannic acid, and forms a good substitute for kino and
catechu.— G. parviflorum produces edible tubercular roots, which are known
in Van Diemen's Land under the name of Native Carrots.

Pelargonium.—The species of this genus are favourite objects of culture
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 the fresh tubercular roots of P. triste are
eaten at the Cape of Good Hope. From the leaves and flowers of Pelar-
gonium roseum, P. odoratissimum, and P. Radnla, and some other species or
varieties of Pelargonium, essential oils may be obtained bv distillation with
water. The latter species yields the true German Geranium Oil or Oil of
Rose-leaved Geranium, as well as the French Geranium or 1 Palma-rosaj

'

Oil
;
and the two first-named species vield the so-called Algerian Rose Oil

Both these oils, but especially the former, are used in perfumery. These"
true essential oils of Geranium must not be confounded with the so-called
Geranium Oil of India, which is the produce of an Indian Grass, Andropoqon
pachnodes, Trin. {A. schcenantfius, Linn.). (See Andropogon.) This latter
oil is that used in Turkey for mixing with Otto of Roses. (See Rosa.)—P
capitatum, or Rose-leaved Geranium, has been cultivated to some extent in
this country, and the oil obtained from it is said to be equal to those
imported under the name of Geranium oils.

Order 6
.

Balsaminace;e, the Balsam Order.—C h a r a c t e r.—Herbaceous plants with succulent stems and a watery juice!
Leaves alternate or opposite, simple, exstipulate. Flotoer's
hypogynous, very irregular. Sepals 3 (fig. 799)—5, very irre-
gular, deciduous, with an imbricate estivation, the odd one
spurred (fig. 799). Petals 5 (fig. 799), or more usually 4, 1
being abortive, distinct or irregularly united, deciduous, alter-
nate with the sepals; aestivation convolute. Stamens 5 (fig
799), alternate with the petals, and somewhat united. Disk
none. Ovary composed of 5 carpels, united so as to form a
5-celled compound body (fig. 799); 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. 931) ;

placentas axde
; sometimes
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succulent and indehiscent. Seeds solitary or numerous, sus-
pended, exalbuminous

;
embryo straight.

Diagnosis.—Succulent herbaceous plants,
Fig. 931. with simple exstipulate leaves. Stems con-

tinuous and not separable at the nodes.
Flowers hypogynous, very irregular. Sepals
3—5 ;

petals usually 4 ; both irregular and
deciduous ; aestivation of sepals imbricate,

that of the petals convolute. Stamens 5.

Ovary 5-celled
;
style simple. Fruit 5 celled,

usually bursting with elasticity, without a

beak. Seeds suspended, exalbuminous. This
order is by some botanists, as Bentham and
Hooker, included in Geraniaceae.

Distribidion and Numbers.—A few are

Fig 931 Capsule of
scattered over the globe ; but they are chiefly

Touch-me-not (/m- natives of the Indies, growing generally in
pitliens noli-me-tan- damp shady places and where the tempera-
owe), with recurved . i j. nt ± ±- n t
coi!ed-up valves. tnre is moderate. Illustrative Genus:—1m-

patiens, Linn. There are about 110 species.

Properties and Uses.—They are said by De Candolle to be
diuretic, but their properties are generally unimportant.

Order 7. Vivianiace^e, the Viviania Order.

—

Diagnosis.

—These plants are readily known among the Disciflorae by their

exstipulate leaves, regular flowers, valvate 10-ribbed calyx, per-

manent withering twisted petals, 10 hypogynous stamens with

distinct filaments, 2-celled anthers with longitudinal dehiscence,

superior 3-celled ovary, 3-celled capsule with loculicidal dehis-

cence and albuminous seeds with a curved embryo and radicle

next the hilum. This order is included by Bentluim and Hooker

in Geraniacew.

Distribution and Numbers.—They inhabit Chili and South

Brazil. Illustrative Genera:— Caesarea, Cambess. ;
Viviania,

Willd. There are 15 species.

Properties and Uses.—Unimportant.

Order 8. Trop;eolace.e, the Indian Cress Order.—Charac-
ter—Smooth twining or trailing herbaceous plants, with an acrid

juice. Leaves alternate, exstipulate. Flowers irregular. SepaU

3_5 (fig. 800), the upper one spurred ; valvate or very slightly

imbricate in aestivation. Petals (fig. 800) 3-5, hypogynous,

more or less unequal ; (estivation convolute. Stamens (Jig. 800)

(i—10, somewhat perigynous, distinct ; anthers 2-celled. Disk

none. Ovary of 3 (Jig. 800) or 5 carpels, each of which contains

one pendulous ovule ;
style 1 ;

stigmas 3 or 5. Fruit indehiscent,

usually consisting of 3 carpels arranged round a common axis,

from which they ultimately separate, each carpel containing one

seed. Seed large, exalbuminous ;
embryo large ; radicle next the
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hilum. TJds order is included in Geraniacea by Bentham and
Hooker.

DishUmt ion and Numbers.— Chiefly natives of South Ame-
rica. Illustrative Genera ;— TropEeolum, Linn.; Chymocarpus,
-Don. There are about 40 species.

Bmperties and Uses.—Generally acrid, pungent, and anti-
scorbutic,' resembling the Cruciferte. The unripe fruit of
Iropseohim majus, which is commonly known as Indian Cress
or Lrarclen Nasturtium, is frequently pickled, and employed by
housekeepers as a substitute for Capers. Most of the Tro-
pxolums have tubercular roots, some of which are edible, as
1. tuberosum.

Order 9. Lijinanthace^e, the Limnanthes Order.—Diagnosis.-i ins is a small order of plants included by Lindley in the
lropajolaceae, with which it agrees in its general characters

; but
it is distinguished from that order by having regular flowers

;

more evidently pengynous stamens; and erect ovules. It is
placed in Geramaceee by Bentham and Hooker

Fig. 932. Fig. 933. Fig. 934.

Fig. 932. Diagram of the flower of Oxalis Fin tm v d ,.k„ .

the flower of the same.—Fig. £fVertS"selLIoffi
°f

m ^Jbution and Numbers.- Natives of North AmericaIttustrative Genus^-Limnanthes, B. Br. There are 3 spe™ es

wSS&SL Um"In tllese they— ble the c™s-
Order 10. Oxalidace.e, the Wood- sorrel Order—Character-Serbs ov rarely shrubs or trees, generally with an acid i n iceleaves alternate or rarely opposite, usually compound or o t

SSS£ Sfc fnT
rally^ «^ exsti nila .B"wns regular and symmetrical. ,SV««fe 5 C 4a m9\ ^^T^r*"^ so

,rwhat ^aiffib :
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Stamens double the number of

vith each other, the inner row longer than the outer (^,. 550
K K
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and 933) and opposite to the petals, commonly somewhat mona-
delphous {fig. 550); anthers 2-celled, innate. Disk none. Ocary
superior ( Jig. 933) ,

3—5-celled, with as many distinct styles as
there arc cells

;
stigmas capitate or somewhat bifid. Fruit

usually capsular and 3—5-celled and 5—10-valved, occasionally
drupaceous and indehiscent; placentas axile (fij. 933). Sects

few ; sometimes provided with a fleshy integument, which bursts
with elasticity when the fruit is ripe, and expels the seeds

;

embryo (fig. 934) 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 separ-

able at the nodes. Flowers hypogynoas, regular, symmetrical.

Sepals, petals, and stamens with a quinar}' distribution ; the

sepals persistent and imbricate ; the petals twisted in {estivation
;

the stamens commonly somewhat monadelphous, with 2-celled

innate anthers. Disk absent. Styles filiform, distinct. Fruit
3—5-celled, without a beak. Seeds few, with abundant albumen,
a straight embryo, long radicle turned towards the hilum, and
flat cotyledons. This order is closely allied to the Geraniaceae, to

which it is referred by Bentham and Hooker.

Distribution and Numbers.—These plants are generally dis-

tributed throughout both the hot and temperate regions of the

globe ; the shrubby species are, however, confined to the

former. They are most abundant at the Cape of Good Hope
and in tropical America. Illustrative Genera:—Oxalis, Linn.;

Averrhoa, Linn. There are about 330 species.

Properties and Uses.—Chiefly remarkable for their acid jnice,

which is clue to the presence of binoxalate of potassium. They

usually possess refrigerant properties. The fruits of some are

eaten by the natives in the East Indies, but they are too acid

to be generally acceptable to Europeans.

Averrhoa Bilimbi and A. Caramhola yield acid fruits, known respectively

under the names of Blimbing and Carambole. They are eaten by tlr

natives in the East Indies, but are too acidulous for Europeans, who nev
-

theless use them for pickles.

Oxalis— 0. Acetosella, Common Wood-Sorrel, is a common indigenous

p'ant 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 drink in

fevers. The leaves, taken ns a salad, arc antiscorbutic— O. enn-tta. a p ant

which is called Arrncacha, together with others, as O. Deppe: 0. esotlenta,

&c, have edible tubers, which are used as substitutes for potatoes m some

districts.— 0. anthelmintica, the Mitcbamitcho of Abyssinia, has very aend

tubers. These are much employed for their anthelmintic properties in (hat

country, being frequently preferred to Kousso (Magenta abyssinica), ^

plant belonging to the Hosacere, and which is also largely used in Abyssuut

for a similar purpose. (See Hagenia abyssinica.)

Order 11. Rdtace^:, the Rue Order.—Character.— T»v<«,

shrubs, or rarely herbs. Leaves exstipulate, simple or compound,
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dotted. Floioers perfect (jigs. 579 and 935) or polygamous,
regular. Calyx having 3—5 segments (fig. 935), imbricate.
Petals equal in number to the divisions of the calyx (figs. 611
and 935) or wanting, rarely combined so as to form a mono-
petalous corolla ; sesttvation usually twisted, rarely valvate.
Stamens distinct (jigs. 579 and 611), or more or less united into
one or several bundles (fig. 935), equal in number to or twice
(figs. 579 and 611) as many as the petals, or some multiple of
them, or rarely fewer by abortion. Disk annular or cup-shaped,
glandular, hypogynous (figs. 597 and 937). Ovary sessile (fig.
611), or raised on a gynophore (figs. 608, g, and 624, g) ; 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 (fig. 936) or divided

Fig. 935

Fig. 935. Diagram of the flower of the Orange {Citrus Aurantiuni).
t iff. 936. Vertical section of the pistil, showing a portion of the disk at
its base, and a solitary hypogynous stamen. Fig. 937. Pistil of the
Orange, with disk at its base, and the calyx : the petals and stamens have
been removed. Fig. 938. Vertical section of the seed of the Common
Hue {Rittti giaL-eolens).

towards the base (fig. 608) ; ovules 2, 4, or rarely more, in each
ccell. Fruit capsular, its carpels either united or more or less
distinct, or succulent and indehiscent, and in Aurantieee forming
an hesperidium

(fig. 715). Seeds solitary or in pairs ; albumen
present or absent

; radicle superior (fig. 938).
Diagnosis.—Leaves exstipulate, dotted. Flowers perfect

or polygamous. Calyx and corolla with a ternary, quaternary,
or quinary dutribution of their parts; the former with an im-
bricate estivation, the latter twisted or valvate, and sometimes
wanting. Stamens equal in number, or twice as many as the
petals, or some multiple of them, or fewer. Ovary of from 2—5
carpels, separate or combined, either sessile and surrounded at
one has,, by a fleshy and glandular disk, or elevated upon a
gynophore

;
ovules sessile. Fruit capsular or succulent. Em-

bryo with a superior radicle. Albumen present or absent.
K K 2
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Division of the Order and Illustrative Genera.—The Rutace:e

have been variously divided, and Benthairj and Hooker have

largely extended the order by including the orders Aurantiacere

and Xanthoxylacese of former botanists, which arrangement is

here adopted. As thus extended, they have divided it into the

following tribes :— Cuspariene, Rutea3, DiosmeaB, Boroniea?,

Xanthoxylere, Toddaliea?, and Aurantieas. Ilia si rutin G<nvra :

—Ruta, Town. ;
Barosma, Willd.

;
Xanthoxylon, Kunth. ;

Toddalia, Jnss.
;
Citrus, Linn.

The Xanthoxylere are especially distinguished by their poly-

gamous flowers ; and the Aurantiese by the blade of their leaves

being articulated to the petiole (Jig. 320), their deciduous im-

bricate petals (Jig. 935), and their peculiar fruit Qiesperidinm)

(fig- 715).

Distribution and Numbers.—The Rutese are found chiefly in

the southern part of the temperate zone and in Northern Asia ;

the genera Diosma, Barosma, &c, abound at the Cape of Good
Hope ; other genera are found in Australia

;
and some in

equinoctial America. Xanthoxylese are mostly American;

Aurantieas usually East Indian. There are about 620 species.

Properties and Uses.—The Rutere are generally characterised

by a powerful penetrating odour, and bitter taste. In medicine

they are employed as antispasmodics, tonics, febrifuges, diure-

tics, &C. The Xanthoylece are almost universally characterised

by pungent and aromatic properties, and sometimes by bitter-

ness. In medicine, they have been employed as stimulants,

sudorifics, febrifuges, tonics, sialogogues, and emmenagogues.

The Aurantiea) abound in glands containing essential oils,

which render them fragrant ; hence such oils are useful in

perfumery, and for flavouring, and 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 saccha-

rine taste ; and the wood is always hard, and of a compact

nature.

Adenandru frugrans.—Ths. leaves are sometimes used to adulterate

BU
°jEo/e Marmelos, Indian Bael.—The half-ripe fruit is a favourite

remedv in India as a demulcent and astringent in diarrhoea and dysentcrfl

In a dried state it is ofheial in the British Pharmacopoeia, hut it appears

in this condition to he far less active than when fresh. Man-osteen rind

pulp ...

possesses, moreover, laxative properties.

twill-is.—(Wee Bursoraroi«.) N
Barosmu. -the leaves of several species, which are commonly known as

Buchu leaves, are used in medicine tor their aromatic stimulant anti

spasmodic, and diuretic properties
;
they seem also to have a spec.ru in
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fhienee over the urinary organs. The plants yielding them are. natives of
the Cape of Good Hope. They owe their properties essentially to a power-
fully scented volatile oil. They also contain abundance of mucilage, and,
according to Landerer, a peculiar bitter principle called barosmin or diosmin,
but of this nothing definite is known. The official species of the British
Pharmacopoeia are B. betulina, B. cremdata, and B. serratifolia.

Casimiroa edulis.—The fruit is said by Seemann to be delicious, and also

to produce a soporific effect.

Citrus.—This is by far the most important genus of the order ; the fruits

yielded by the different species and varieties being highly valued for dessert
and other purposes. The Orange, Lemon, Lime, Shaddock, Pompelmoose,
Forbidden Fruit, Kumquat, and Citron, are all well-known, although the
species from which they are derived are not in all cases well-defined.

—

Citrus Aurantium, Kisso.—The fruit is the Common or Sweet Orange.
Of this there are a great many varieties ; the most important of which are
the Common or China Orange, the Blood Red or Malta Orange, and the St.
Michael's Orange. Other varieties are sometimes imported, as the Noble or
Mandarin Orange and the Tangerine Orange. The Orange-tree is remark-
able for the enormous number of fruits it is capable of yielding

;
thus, one

tree will sometimes produce as many as 20,000 oranges. The small unripe
fruits of this species, as well as those of the Bitter Orange, form what arc
called Orange-berries ; these are used for flavouring Curacoa, and when
polished by a lathe, they constitute the ordinary issue peas of the pharmacies.
The leaves and young shoots of the Sweet Orange, as well as those of the
Bitter Orange, by distillation with water, yield a volatile oil, which is

called Oil of Orange-leaf or Essence de petit grain ; that obtained from the-
Bitter Orange is considered to be of the finest quality. A similar oil may
be also distilled from orange-berries. From the rind of the ripe fruit a fra-
grant oil is procured, which is known as Essence de Portugal or Essential
Oil of Sweet Orange. The flowers of tins species, as well as those of the
Bitter Orange, yield Oil of Neroli ; that from the latter is preferred. The
distilled water of the flowers of these two species, after the oil is removed,
constitutes the Acjua JVaphte or Orange-flower Water of commerce, which
isofficial in the British Pharmacopoeia. It is to the presence of Oil of Xeroli
that the odour of Eau de Cologne is more particularly due. The rind of the
Sweet Orange is an aromatic stimulant and tonic ; its juice is also very
extensively used as a refreshing and agreeable beverage at table, and also
medicinally as a refrigerant.— Citrus Bigaradia of Duhamel or Citrus vul-
garis of Kisso, is the official Bitter or Seville Orange. The leaves, flowers,
and unripe fruits of this species yield, by distillation or otherwise, similar
essential oils to those obtained from analogous parts of the Sweet Orange.
(See above.) Orange-flower Water is generally prepared from the flowers 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 are used like them for
making issue peas, and for flavouring Curacoa. The rind of the ripe fruit
yields a volatile oil, called Essential Oil of Bitter Orange or Essence de
Bigarade. The chief use of the Bitter Orange is in the making of marmalade.
Ine nucl is also employed in medicine as a tonic and stomachic, and is more
valuable in these respects than that of the Sweet Orange. It is likewise used
tor flavouring Curacoa and other substances; and in the preparation of
candied orange-peel.— Citrus Limonum of Risso is the Lemon tree. Of the
trait we have several varieties

; the more important of which are,—the Wax
Lemi a, the Imperial Lemon, and the Gaeta Lemon

;
they are chiefly imported

!""! s "' ,l
.

v an(i Spain, the latter being the most esteemed. Both the rind andMe juice are employed in medicine, and for other purposes; the former as a.

stomachic and carminative, and for flavouring! the latter as an agreeable
ana refreshing beverage,and also for its refrigerant and antiscorbutic effects.
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The juice contains a large quantity of citric acid. Candied Lemon-peel is em-
ployed in confectionery, and as a "dessert. The concentrated juice of Lemons,

as well as that of the Lime, is imported in enormous quantities, and used in

the preparation of the official citric acid. The rind contains a large quantity

of essential oil, which is generally obtained from it by expression by what

is termed the sponge or ecuelle process, or sometimes by distillation ; it is

( ommonly known as Essential Oil or Essence of Lemon. The best is ob-

tained by the first process, and it is distinguished as Essence de Citron an

2este, the latter being termed Essence de Citron distillee. This oil is princi-

pally used as a flavouring agent in confectionery, and in medicine, and also

iu perfumery.— Citrus Limetta, DC, or C. Bergamia, Risso et Poit, is the

source of the" Lime fruit. This is sometimes imported into this country in a

preserved state, and in that condition it forms a most agreeable dessert, its

juice is also imported and largely employed with that of Lemons in the

preparation of citric acid, as already noticed. Both the fruit of C. Limomim

and C. Bergamia are official in the British Pharmacopoeia as the source of

citric acid, and the fruit of the Lemon-tree is also official for its rind and

juice. The Bergamot Orange is obtained from C. Bergamia var. vulgaris

of Risso. From the full-grown, but still unripe and greenish fruits of this

variety, either by expression or distillation, the essential oil, called Oil or

Essence of Bergamot, which is largely used in perfumery, is obtained.—

Citrus Medica.—The fruit of this is the Citron, or the Cedrut of the French.

This is supposed to he the Hebrew Tappuacb, which is translated in our

version of the Old Testament as Apple-tree and Apples. The rind of this

fruit is commonly imported into this country in a preserved state, and is

used in confectionery. Its pulp is less acid and juicy than the Lemon, but

it may be employed, as well as that of the Lime, for similar purposes.

Essence or Essential Oil of Cedrat is obtained from the nearly ripe truit by

the sponge or ecuelle process. It is chiefly used in perfumery. I he Citron,

Lime and Lemon are distinguished from Oranges by having a more closely

adherent rind, by their more lengthened form, and by the possession ot a

more or less prominent protuberance at their apex. Besides the above

fruits obtained from the genus Citrus, we have also the Shaddock, from

C decumana; and the Kumquat of China, from C iapomca. I be lor-

bidden Fruit and the Pompelmoose also, both of which, .-is sold in the

Loudon markets, are varieties of the Shaddock,—the former being the

smallest fruits, and the latter those of the largest size.

Caokia punctata.—This plant produces the Wampee-fruit, which is much

esteemed in the islands of the Indian Archipelago, and m (. lima.

Correa alba, and other species.—The leaves are sometimes employed as a

substitute for tea in Australia.

Dictamnns Fraxinella, False Dittany.-1 he root was formerly much

used in medicine, and reputed to possess aromatic tonic, diuretic, anti-

spasmodic, and emmenagogue properties, but it is now rarely it ever

employed. The plant contains such a large amount ot volatile oil as to

render, it is said, the atmosphere around it inflammable in hoi weather j

we have, however, never found this to he the ease.

Esenbeckia febrifuge, a native of South Amer.ca, has a febrifugal baric]

Which is used in Brazil as a substitute for Peruvian Bark. As stated by

Maisch. it is sometimes substituted for the offic.al Augustura Bark in the

United States, and lias also been met with in France.

Evodia glauca.-lhv hark is extensively used by the Japanese, both

medicinally and for dyeing'purposes. „„* T{rfi. a kind of
Feronia elephantum.-TluB is a large tree, a native of India A kind ot

trum exudes from its stem which closely resembles Cum Arabic. I

v n.'k-aves have an Anise like odour, and are used by he na hye practij

£3 Of India tor their stomachic and cam native elleets. he urn

fruit is said to resemble that of Indian Bael in its prcpert.es, and has been
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substituted for it in this country ; the ripe fruit is stated to be antiscorbutic.

This fruit is commonly known under the name of the Elephant or Wood-
apple.

Galipea Cusparia.—This species is the source of Cusparia or Angustura
Bark, which is official in the British Pharmacopoeia. '1 his bark is imported
directly or indirectly from South America. It is used in medicine as a
stimulant tonic and febrifuge, in small doses ; while in large doses it is

somewhat emetic and purgative. It has fallen into disrepute on the Con-
tinent, in consequence of the substitution for it formerly of the poisonous

bark of Strychnos Nux-vomica. At one time, indeed, the substitution was
so common that the importation of Angustura Bark into Austria was pro-

hibited, and the whole of it then found in that empire was ordered to be
destroyed. At the present time such a substitution is never met with
although it occurred in Dublin about thirty years ago.

Murraya (Bergera) Kordgii,—The bark, root, and leaves of this plant are
employed by the native practitioners in India for their tonic and stomachic
properties.

Pilocarpus pennatifolius.—The leaves of this plant, which is a native of

Brazil, are the source of the drug known under the name of Jaborandi.
Jaborandi is now official in the British Pharmacopoeia. It is an energetic
diaphoretic and sialogogue. It owes its properties to a peculiar alkaloid
named pilocarpine, the nitrate of which is official in the British Pharma-
copoeia.

—

P. Selloanus, an allied species or variety of the above, is also stated
to afford Jaborandi. This name Jaborandi is likewise applied in South
America to several other plants of very different affinities. A species of
pepper, Piper Jaborandi, is especially so designated.

Pteleu.—The root-bark is much employed by the eclectic practitioners in
the United States of America as a tonic in remittent and intermittent
fevers. The fruit is very bitter and aromatic, and has been used as a
substitute for Hops, while the young green shoots are reputed to possess
anthelmintic properties.

Ruta.—R. graveolens, Common Rue.—This plant, which is a native of
Europe, has a very powerful disagreeable peculiar odour, which it owes to
the presence of a volatile oil, which is official in the British Pharma-
copoeia. Its taste is bitter and nauseous. It is used in medicine as an anti-
spasmodic, anthelmintic, emmenagogue, stimulant, and carminative. It has
been regarded for ages as most beneficial in warding off contagion, and in
keeping off noxious insects. This plant is said to be the Peganon of the
New Testament (Luke xi. 42).

—

Ruta montana possesses very acrid proper-
ties ; so much so, indeed, as to blister the hands of those who gather it.

Ticorea febrifuga, a native of South America, has a febrifugal bark
which is used in some districts as a substitute for Peruvian Bark.

Toddalia aculeata.—The bark of the root is official in the Pharmacopoeia
of India. It possesses aromatic tonic, stimulant, and anti periodic properties,
and was formerly known in Europe under the name of Lopez root, and usetl
as a remedy in diarrhoea.

Xanthoxylon (Zanthoxylum).—The species of this genus possess in a
remarkable degree pungent and aromatic properties ; hence they are popu-
larly termed Peppers in their native countries. In America they are
commonly known, from their prickly bark, under the name of Prickly AsL
fhe h int of X. piperitum is employed by the Chinese and Japanese as a
condiment, and as an antidote against ail poisons. It is generally termed
in commerce Japanese Pepper. The aromatic pungent properties appear to
Be confined to the pericarp.

—

X. alatum yields an analogous pepper to the
|bove

?
and Stenhouse bus described two peculiar principles which he obtained

from it. viz. an oil and a stearoptene : I he former is a pun' hydrocarbon, to
whirl, (i„. aromatic odour of the pepper is due, and to which he has given
the name of Xantluxylene ; the latter is a crystalline solid body consisting
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of carbon, oxygen, and hydrogen, but devoid of nitrogen when pure, and

which he bus called Xanthoryline. It is probable that it also contains a

resinous substance, to which its pungency is due. The fruits of X. hostile

and X. Budrunga have similar properties. The seeds and fruits of the

former are sometimes employed in India for the purpose of stupefying fish.

The seeds of X. Budrunga are aromatic and fragrant, like Lemon-peel;

and the unripe fruits and seeds of X. Rhetsa have a taste like that of orange-

peel. The root of X. nitidum is used as a sudorific, stimulant, febrifuge,

and emmenagogue by the Chinese. The bark of X.fraxineum is official in

the United States Pharmacopoeia under the name of Prickly Ash Bark. It

is chiefly used as a remedy in chronic rheumatism. It is also a popular

remedy "as a masticatorv in toothache; hence the plant is also known

under "the name of the Toothache Shrub. The bark contains berberine. Tb
barks of other species, as those of X. Llava-Herculis, Linn., and of X. caro-

linianum of Lamarck, possess somewhat similar properties to the bark of

A", fraxineum.

Order 12. SiMARUBACEiE, the Quassia Order.—Char acter.

—

Shrubs or trees. Leaves without dots, alternate, compound or

sometimes simple, exstipulate. Flowers regular and symme-

trical, axillary, or terminal, perfect or unisexual by abortion.

Calyx imbricate, in 4 or 5 divisions. Fetals equal in number

to the divisions of the calyx, with an imbricate aestivation,

sometimes united into a tube. Stamens twice as many as the

petals, the filaments usually with a scale at their back ;
antlwri

with longitudinal dehiscence. Dish conspicuous, hypogynous.

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 usually consisting of 4 or o

indehiscent, 1-seeded, drupaceous carpels, arranged around a

common axis, or capsular or samaroid. Seed with a membranous

integument, exalbuminous ; radicle superior, retracted within

thick cotyledons.

Distribution and Numbers.— With the exception of one

plant, which is a native of Nepaul, they are all found m the

tropical parts of India, America, and Africa. IUmtratim

Genera .—Quassia, Linn. ;
Simaruba, Aubl. There are about oO

&VeC
pVoperties and Uses,—A bitter principle is the most remark-

able characteristic of the order; hence many of them are tonic

and febrifugal.

Ailanthus.-The bark of A. exceha,is regarded

febrifuge. It may be used as a substitute tor Quassia. 11- bark of A.

IS -hen Used, yields an^WK^eTv"
i« employed in dysentery, and as racense m the East Indies. J tu u ayes i

a,V the favourite food of the silk moth {Bombyx Cynthm),

The root is largely used in China as a remedy m dysentery.

Brucea quLlides, a native of the Himalayas, has a very bun, root,

whi0h forms af^j^^S^^M of Africa, has ed.ble

.«A?S?^fflrfW«Sfi Dika or Udika bread
I

is ggflfl

Sffof species oilrvingia arc edible, and are termed \\ ,1-1 Mangoes ...

tropical Africa.
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Picriena excels i yields our official Quassia Wood. (See Quassia.) It

is much used as a tonic, febrifuge, and stomachic, and also possesses an-

thelmintic properties. An infusion of Quassia sweetened with sugar acts

as a powe rful narcotic poison on flies and other insects ; hence it is used

as a fly-poison. Like other pure bitters, its infusion may be also employed
to preserve animal matters from decay. It is largely used by brewers as a
substitute for hops. It owes its active properties chiefly to the presence of

an intensely bitter crystalline substance called Quassine. In Jamaica this

plant is known under the name of Bitter Ash or Bitter Wood. The wood
was much used a few years since in the manufacture of small goblets,

which were sold under the name of bitter cups.

Quassia amara.—The wood is intensely bitter. It is a native of Surinam,
and was formerly much used as a febrifuge and tonic ; the flowers are

also stomachic. It is the original Quassia of the shops, but it is no longer

imported into this country ; that now sold under the name of Quassia
being derived from Picrwna excelsa, a native of Jamaica : hence the

latter may be called Jamaica Quassia, and the former Surinam Quassia.

It is, however, still official in some of the Continental pharmacopoeias. (See
Picriena.')

Sam ttlera indica.—The bark is used in parts of India as a febrifuge
;

the oil from the seeds is largely emploj'ed in rheumatism ; and the leaves

externally in erysipelas. Both bark and seeds contain a principle, which
has been termed samaderine.

Simaba Cedron.—The seeds are highly esteemed throughout Central
America, where they are employed for their febrifugal properties, and are

thought to be a specific against the bites of venomous snakes and other
noxious animals. They have been used in this country for the latter pur-
pose but without any sensible effect. The active principle has been named
cedrine.

Simaruba (Simarouba) amara is a native of Northern Brazil and Guiana,
and some of the West Indian islands. In Jamaica and the West Indies
generally its place is taken by the closely allied species S. glauca, which is

known under the name of Mountain Damson. This latter plant has often
\»-> n confounded with tf. amara. The bark of the root of S. amara is

official in the United States Pharmacopoeia. It possesses tonic properties,
and has been used in diarrhoea, dysentery, &c. It contains Quassine, the
same principle which has been found in Quassia wood

Order 13. Ochnace^:, the Ochna Order.—Character.

—

[ nder-shrubs 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, imbricate. Stamens
equal in number to the sepals and opposite to them, or twice as
many, or more numerous

; filaments persistent, inserted on an
hypogynous fleshy disk; anthers 2-celled, with longitudinal or
porous dehiscence. Carpels sessile, corresponding in number to
the petals, inserted on a large fleshy disk, which becomes larger
as the carpels grow ; ovides 1 in each carpel. Fruit consisting
of several indehiscent, somewhat drupaceous, 1-seeded carpels.
Bleed exalbuminous or nearly so

;
embryo straight ; radicle towards

the hilum.

Distribution and Numbers.—Natives chiefly of the tropical
parts of India, Africa, and America. Illustrative Genera:—
Uomphia, Schreb.

;
Ochna, Schreb. There are about 80 species.
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Properties and Uses.—The plants are generally remarkable

for their bitterness. Some have been employed as tonics and

astringents ;
others, as Gomphia panijiora, yield oil, which is

used in Biazil for salads. In their properties generally, the

Ochnacete much resemble the Simarubacese.

Order 14. Burserace;e or Amyridace;e, the Myrrh Order.

—Character.— Trees or shrubs, abounding in a fragrant gum-

resinous or resinous juice. Leaves compound, alternate or oppo-

site, frequently dotted and stipulate. Flowers perfect, or rarely

unisexual. Calyx persistent, with 2—5 divisions. Petals 3—5,

arising from the calyx below the disk ; eestimhon valvate, or

occasionally imbricate. Stamens twice as many as the petals,

perilous. Bisk perigynous. Ovary 1-5-celled, superior,

sessile, placed in or upon the disk ; ovides in pairs, attached to_a

placenta at the apex of the cell, anatropous. Fruit dry, 1—o-

celled ;
epicarp often splitting in a valvular manner. Seeds

exalbuminous ; radicle superior, turned towards the hilum.

Distribution and Numbers.—They have been only found in

the tropical regions of America, Africa, and India. MuMim
Genera .--Boswellia, Boxb. ;

Balsamodendron, Kunth, There .

are about 60 species. ,

Properties and Uses.-The plants of the order appear to be

almost universally characterised by an abundance of fragrant

resinous or gum-resinous j uice. Some are considered poisonous

;

others bitter, purgative, or anthelmintic; and a few furnish

useful timber.

Amvr's.-A. htxandra and A. Plumieri have been stated to yield a por-

tion of the Elemi of commerce, but there is no proof whatever of such being

C^A elemifera, of Royle, yields Mexican or Vera Cruz Elemi.-A

for the different kinds of Myrrh,

investigations it would appear certain a lb ^oft >

o
a ^

the pl0
S
duce of D. Myrrha ;

that kind kn . Aral,.an >

derived from the same or a nearly alljed
;

"\ h(,,. ies vioM
Mvrrh or Bissa 1361 from probably B. Kata/,K mt

.
i Xrrho"ftm1

similar products.. The botanica source of the SJ
or

;
>

in,:,,.,, in ^
ancients and wWchentere, mt

,

h. ^^P^VUodem times has beed

S^^rtSiS^& is Srded as tonic, stimulant,^
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pectorant, and antispasmodic, when taken internally ; and as an external

application it is astringent and stimulant. The substance called Balm of
Gilt id or Btdm of Mecca, and which is supposed to be the Balm of the Old

Testament, is procured from B. Opobalsamum. The gum-resin known as

Indian Bdellium or False Myrrh (the Bdellium of Scripture), is derived from

B. Mukul and B. pubescens. This Bdellium is the Googul of the Indian

Materia Medica, and the Mokul of the Persians. It is very similar to Myrrh.
The resinous substance known as opaque Bdellium is derived from B. Play-

fairii. a native of Somali-land. African Bdellium is derived from B. afi i-

canum. The inner bark of B. pubescens peels off in thin white layers like

that of Boswellia papyrifera. (See below.)

Boswellia.—The gum-resin known under the name of Olibanum is

obtained from species of this genus. The name Olibanum appears to be

derived from the Greek AifWoy. It is the Lebonah of the Hebrews, the

Incense or Frankincense of the Bible, and the Lubdn of the Arabs. Oliba •

num or Frankincense is now principally obtained from Arabia and the

Somali country in Africa. Three species of Boswellia, natives of the Somali
country, have been described by Birdwood, who has named them, B.
Carterii, B. Bhau-Dajiana, and B. Frereana. The former is the true

Frankincense or Luban-tree ; but a similar product is obtained from B.
Bhau-Dajiana, which is probably only a variety of B. Carterii.—B. Fre-

reana is the Yegaar-tree of the Somalis, and affords Lubau Maitee, a very
fragrant resin, which is chiefly employed in the East as a masticatory. The
two first species are the principal botanical sources of the Arabian or African
Olibanum of commerce. The kind known as East Indian Olibanum is

derived from B. thurifera (serrata). It is the Salai-tree of India, where its

resin is much used for incense. Olibanum is chiefly used for fumigation,
and in the preparation of incense. It is also regarded as a remedial agent
in bronchitis and in chronic pulmonary affections.

—

B. papyrifera, a native
of Abyssinia, also yields a fragrant gum-resin. This tree is likewise remark-
able on account of its inner bark, which peels off in thin white layers, which
may be used as paper.

Bursera gummifera and B. acuminata yield fragrant resinous substances
—that from the former is termed Chibou or Cachibou resin ; that from the
latter, Resin of Carana.

Canarium.— C. commune is the plant referred to in the British Pharma-
copoeia as the reputed source of Manila Elemi, which is the only kind now
found in commerce. Other authorities, however, refer it to C". album and
Idea Abilo (see Idea). But at present we have no trustworthy data as to
its botanical source. Elemi is used as an external stimulant application to
indolent ulcers, &c. The kernels of C. commune, known as Java Almonds,
also yield by expression a bland oil, which resembles almond oil in its pro-
perties.— C. balsumiferum of Ceylon, and C. album, a native of the Philip-
pine Islands, also yield fragrant resinous substances resembling Elemi.

—

C. edule yields African Elemi.— U. striatum is the principal, if not the only,
source of the Black Dammar of Southern India. It is said to be a good
substitute for Burgundy Pitch. This resin is also sometimes stated to be
Obtained from Vatica Tumbugaia, a tree of the order Dipteracea;. (See
Vatica.')

Elaphrium.—E. tomentosum produces one of the resinous substances
called Taeamahac.

—

E. graveolens, a uative of Mexico, is reputed to be. the
BOurce of a wood sometimes imported under the name of Mexican Lign-aloe
Wood, and also of a volatile oil obtained from it. This must not be con-
founded with the true Lign aloes of the Bible. (Sec Ale< xylon.)

Idea.—I. Icicariba and other S] ies of [cica, yield Brazilian Elemi.

—

I. Abilo, Blanco.— Flttckiger and Hanbury regard this plant as the source of
Manila Elemi (see Canarium). Other species produce somewhat analogous
fragrant resins, as I, Carana, the source of American Balm of Gilead

;
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I. heterophylla, the plant yielding Balsam of Aeouchi ; /. heptaphylla, &c—
1. altissima furnishes the" Cedar-wood of Guiana, of which there arc several

varieties. It is chiefly used for making canoes.

Order 15. MeliacetE, the Melia Order.—Character.—Trees

or shrubs. Leaves alternate or rarely somewhat opposite, sim-

ple or pinnate, exstipulate. Flowers occasionally unisexual by

abortion. Calyx 3- 4- or 5-partite. Petals equal in number to

the divisions of the calyx, hypogynous, sometimes united at the

base ;
imbricate or valvate. Stamens twice as many as the

petals, monadelphous ; anthers sessile, placed within the orifice

of the tube formed by the united filaments. Disk hypogynous,

sometimes large and cup-like. Ovary compound, usually 2- 3-

4- or 5-celled, rarely 10- or 12-celled
;
style 1 ;

stigmas separate

or combined ;
ovules 1, 2, or rarely 4, in each cell. Fruit

baccate, drupaceous, or capsular, in the latter case opening

loculicidaUv ;
many-celled, or by abortion 1-celled. heeds tew,

not winged, arillate or exarillate ;
albumen fleshy or usually

absent : embryo generally with leafy cotyledons.

Diagnosis.—This order is very nearly allied to Cedrelacete,

and by some botanists the latter order is included m it. It is

chiefly distinguished from Cedrelacefe by having more com-

pletely monadelphous stamens ;
by the possession of fewer seeds

;

and in those seeds being without wings.

Distribution and Numbers.—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. Illustrative Genera .-—Melia, JAnw. Aglaia, Low.;

There are about 150 species.

Properties and Uses.—These plants are generally remarkable

for bitter, tonic, and astringent properties Others are power-

ful purgatives and emetics, as Guarea AubleUr, G-M^o^,
G.L-gans, G. spiciflora, and some species of Tncluha ;

these all

require much caution in their administration, and m some cases

are reputed poisonous. A few species have edible fruits. The

seeds of some yield fixed oils by expression.

Aglaia o^ratu.-The flowers are used to give a perfume to certain

Vari
c!im^

f

-Tbe seeds of C. guineensis, an African species, yield by ex-

7n Mtl oil called Kondah or TaUicOOnab, which is purgative and

;;:s^s analogous ^.pcrti,,. The bark orthese species poshes febnfagal

'""T^'/l This is a -enus of plants inhabiting the East Indian Archi-

pel ago. They" yielt 1 fru ifs whichU much.esteemed, and known under the

£g of Ungsat.Wh,
Ay«-Aver and Bejettan

bark
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poultice to indolent ulcers, &c. The leaves have been also recommended

as a valuable remedy in the premonitory and progressive stages of small-

pox. The seeds yield a bitter oil, which is a favourite native remedy in

India as an anthelmintic, and as an external application in rheumatism,

&c. Roth the bark and leaves are official in the Pharmacopoeia of India.

J/. Azedarach.—The root-bark of this tree is official in the United States

Pharmacopoeia ; it is regarded as an anthelmintic. The fresh bark is the

most active.

Milnea edulis produces an agreeable fruit.

Xylocarpus Granatum.—The bark possesses astringent and tonic pro-

pert es. and is employed as a remedy by the Malays in diarrhoea, cholera, &c.

Order 16. Cedrelace.e, the Mahogany Order.—Character.
—Trees. Leaves alternate, pinnate, exstipulate. Calyx 4—5-cleft,

imbricate. Petals hypogynous, of the same number as the divisions

of the calyx, imbricate. Stamens twice 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 ; ovxdes 4 or more, in two rows, anatropous
;

style and stigma simple. Fruit capsular (fig. 677), dehiscence

usually septifragal (fig. 678). Seeds (fig. 677, g) flat, winged,

attached to axile placentas ; albumen thin or none
;
embryo

straight, erect, with the radicle next the hilum. Tliis order is

now frequently incorporated with Meliacese. (See Meliacepe.)

Distribution and Numbers.—Chiefly natives of the tropical

parts of America and India
;
they are very rare in Africa. Illus-

trative Genera:—Swietenia, Linn. ; Soymida, Adr. Juss. There
are about 25 species.

Properties and Uses.—The plants of this order have fragrant,

aromatic, tonic, astringent, and febrifugal properties, and many
of thein are valuable timber-trees.

Cedrela.—The bark of the plants of this genus is generally fragrant.

—

C.

febrifuga, C. Tomia, and other species have febrifugal and astringent barks
;

they have been used as substitutes for Cinchona.— C. odorata is the source
of Jamaica or Honduras Cedar.

—

C. Toona furnishes a wood resembling
mahogany, which is much used in the East Indies, and is occasionally im-
ported into this country. It is termed Toon, Tunga, Poma, or Jeea wood

;

and i.s said to be one of the woods known as Chittagong wood.— C. australis
produces the Red Cedar of Australia.

Chlomxyhn.—The leaves of this genus are dotted, and yield by distilla-

tion an essential oil.— C. Swietenia is the source of East Indian Satin-wood,
which is sometimes imported into this country for the use of cabinet-makers.
It is also employed for making the backs of hair and clothes-brushes, and
by the turner.

Oxlr.ya xanthoxyla furnishes the Yellow-wood of Queensland.
Snymida febrifuga, the Rohuno or Red-wood Tree.—The bark, which

is official in the Pharmacopoeia of India, is commonly known under the name
of Rohun Hark, and is regarded as tonic, febrifugal, and astringent. In the
Bengal bazaars, the bark of Strychnos Nux-vomica is also known under the
native name of Rohun, and this has led to its occasional substitution for
Soymida bark (see Strychnos). It is much employed in the East Indus in
intermittent fevers, diarrhoea, and dysentery.
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Swietenia Mahagmi 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

properties.

Order 17. Chaillettace.e, the Chailletia Order.—Charac-
ter.

—

Trees or shrubs. Leaves alternate, entire, stipulate. Calyx

inferior, with 5 sepals ; aestivation induplicate. Stamens 10,

perigynous, in two alternate whorls, the outer petaloid and

sterile ; but the latter whorl more resembles a corolla. Ovary

superior, 2—3-celled, with twin suspended ovules. Fruit dry,

1—3 celled. Seeds exalbuminous. This order has been variously

p'aced, but is more commonly referred here.

Distribution and Numbers.—Natives of tropical regions.

Illustrative Genera, .-—Chailletia, DC. ;
Stephanopodium, Pbpp.

There are about 10 species.

Properties and Uses. — Unimportant. The fruit of Chail-

letia toxicaria, a native of Sierra Leone, is commonly called

Ratsbane on account of its poisonous nature.

Cohort 2. Olacales.—Calyx imbricate. Gynoecium syncarpous

;

ovules suspended
;
raphe dorsal. Seeds albuminous.

Order I. Olacace2E, the Olax Order.—Character.—Trees

or shrubs, with alternate simple entire exstipulate leaves. Flo i
<

<
<

small, regular, axillary. Calyx minute, monosepalous, generally

enlarging so as to cover the fruit ; aestivation imbricate. 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 dish ; anthers 2-celled,

bursting longitudinally. Ovary free, often imbedded in the disk
;

omdes suspended from a free central placenta. Fruit drupaceous.

Seed without integuments, solitary; embryo minute; albumen

fleshy. _ .
,

DistribntionandNumbers.—'Nutivesof tropical or sub-tropical

regions. Illustrative Genera ;—Olax, Linn, ;
Liriosma, Pbpp,

The number of species is doubtful.

Properties and Uses—Some have fragrant flowers. Tne

fruit of Ximenia americana is eaten in Senegal. The leaves of

Olax zeylanica are used by the Cingalese in their curries, &c,

and the wood in putrid fevers. The wood of Heistena coccinea

is considered by some to furnish the Partridge-wood of cabinet-

makers. (See Guettarda.)

Order 2. Icacinace/E, the Icacina Order.—Diagnosis.—This

is an order of plants consisting of evergreen trees and shrubs,

and formerly included in the order Olacacese ;
but, as shown

bvMiers, they are clearly distinguished from that order, as

follows •—' They differ most essentially m the calyx being

always small, persistent, and unchanged, and never increasing

with the growth of the fruit ; the stamens being always alternate
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with the petals, not opposite ; the petals and stamens are never

fixed on the margin of the conspicuous cup-shaped dish ; 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 com-
pletely unilocular at the summit, and plurilocular at base, with

free central placentation. In Icacinacefe the ovules are sus-

pended 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 usiral integuments.'

Distribution and Numbers.— ' They are natives of tropical or

sub-tropical countries
;

chiefly the East Indies, Africa, and
South America, a single species being found each in New
Holland, Norfolk Island, and New Zealand.' Illustrative

Genera:—Icacina, Adr. Juss.
;
Sarcostigma, W. et A. There

are about 70 species.

Properties and Uses.—Unknown.

Order 3. Cyb,illace.e, the Cyrilla Order.

—

Diagnosis.—Ever-
green shrubs, wi'h alternate exstipulate leaves, nearly related

to Olacaceee, but chiefly distinguished by thair imbiicate petals,

which are altogether free from any hairiness on their inside
;

and by the stamens being all fertile, and, if equal ia number to

the petals, alternate with them.
Distribution and Numbers.—They are all natives of North or

Tropical America. Illustrative Genera

:

—Cyrilla, Mylocaryum.
There are 6 species.

Propierties and Uses.—Unknown.

Order 4. Phytocrenace/e, the Phytocrene Order.

—

Dia-
gnosis.— This order has been variously placed by botanists, but is

referred here by Bentham and Hooker. Formerly it was incorpo-
rated with the Artocarpacefe, but their seeds have a large quan-
tity of albumen, which at once distinguishes them from that
order. The plants belonging to it, all of which belong to the
frenus Phytocrene, Wall., are climbing shrubs, natives of the
East Indies, with diclilamydeous unisexual flowers, and seeds
with a large quantity of albumen. Their wood has also a very
peculiar structure. They yield a large quantity of watery juice
when wounded, hence they are termed Water-vines, or ' Plant-
fountains.' In Martaban this juice is drunk by the natives.

Order 5. Aquifoliace^: or Ilicaoe.e, the Holly Order.

—

Character.—Evergreen trees or shrubs. Learns (Jig. 323)
coriaceous, simple, exstipulate or with minute stipules. Floxoers
small, axillary, sometimes unisexual. Sepals distinct, 4— 6,
imbricate. Corolla, 4—6- partite, imbricate. Stamens equal in
number to the divisions of the corolla and alternate with its

segments; aidhers 2-celled, adnate, opening longitudinally.
IHsk none. Ovary superior, 2—0- or more celled, with one
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suspended ovule in each cell
;
placentas axile. Fruit fleshy,

indehiscent. Seed suspended; embryo small, at the base of a

large quantity of fleshy albumen; radicle superior.

Distribution and Numbers. — They are widely although

sparingly scattered over the globe. Only one species, the

common Holly, is found in Europe. Illustrative Genera .-—Ilex,

Linn.
;
Prinos, Linn. There are about 115 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 a kind of

Tea.

Ilex—The leaves and bark of I. Aquifulium, 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 inlaving. A decoction of the leaves of /. vomitoria constitutes

the Black drink of the Cree Indians. The dried leaves and youngtwigs

of varaguayeiisis, the Brazilian or Paraguay Holly, and other species or

varieties, are extensively emploved in South America as Tea. under the

name of Mate' or Paragu'av T
t
ea.

'

It is remarkable that Mate contain Theme,

the alkaloid alreadv noticed as existing in China Tea, &c. (See Then.
\
iage

472.) Like China Tea it also contains a volatile oil, tannic acid, and gluten ;

its properties are therefore somewhaVsimilar. but it is more exciting, ami

when taken to excess produces a kind of intoxication. In Brazil a kind ol

Mate', called Gongonha, is also prepared from /. Gongonha and Ltheezans^

Mate' tea is generaUv used in Brazil, Paraguay, Peru, Uruguay, Chili, ami

other parts of South America. The consumption of Mate in the various

South American Republics is from 20 to 40 millions of pounds annually.

From the great astringencv of the fresh leaves of /. paraguayensts, I. Onn-

qonlia, and other species, thev are used by the dyers in Brazil. The unripe

fruits of /. 3Iacoucoua contain much tannic acid, and are employed in

dveing cotton.
. , . ,. . XT„.i,

" Prhws qi.tbcr.—The leaves of this plant, which is a native ot Ho n

America, are used as a substitute for China Tea. This is known under the

name of Appalachian Tea. (See Viburnum.) The bark of P-™*'?"?

called Black Alder Bark or Winter Berry, is employed in the Lnited istates

in the form of a decoction, as a tonic and astringent.

Cohort 3. Celastrales.—Calyx imbricate or valvate. Gyncecium

syncarpous ; ovules erect ;
raphe ventral. Seeds usually

albuminous ; radicle inferior. Nearly always trees or shrubs.

Order 1. Celastrace.e, the Spindle-tree Order. — Charac-

ter. —Shrubs or small trees. Lea.ves simple, generally alternate,

or rarely opposite, with small deciduous stipules, bepals 4—o.

imbricate Petals with imbricate .estivation, equal in number

to the sepals, inserted on a large disk ;
sometimes wanting.

Stamens as many as the petals and alternate with them insert ed

on the disk ; anthers innate. Disk- large, flat, expanded. Ovary

sessile, superior, surrounded by the disk, 2-o-celled each cell

with 2 ovules ; amies erect, with a short stalk. Fruit superior,

2-5-celled, either drupaceous and indehiscent, or capsular wit h

loculicidal dehiscence. Seeds with (fig. 758) or without an aril

,
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alhm.ien fleshy; embryo straight; radicle short, inferior; coty-

ledons flat.

Diagnosis.— Shrubby plants, with simple leaves and small

deciduous stipules. Flowers small, regular, and perfect ; or

rarely unisexual by abortion. Sepals and petals 4—5, imbricate

in aestivation. Stamens equal in number to, and alternate with,

the petals, and inserted with them on a large flat expanded disk.

Ovary superior, sessile, surrounded by the disk. Fruit superior,

2—5-cellecl. Seeds albuminous; embryo straight ; radicle inferior.

Distribution and Numbers.—Chiefly natives of the warmer
parts of Asia, North America, and Europe

;
they are also plenti-

: ful at the Cape of Good Hope. Generally speaking, the plants

of the order are far more abundant out of the tropics than
iin them. Illustrative Genera:—Euonymus, Linn.; Celastrus,

Kit nth. There are about 280 species.

Properties and Uses.—Chiefly remarkable for the presence of

an acrid principle. The seeds of some contain oil.

Ca'ha edulis.—The young slender shoots, with the attached leaves, con-

|
stitute the Arabian drug called Kat, Khat, or Cafta. This is largely

chewed by the Arabs, and is said to pWluce great hilarity of spirits and an
: agreeable state of wakefulness. A decoction is also made from it, and used
as a beverage like our tea; its effects are described as being somewhat

•similar to those produced by strong green tea, but the excitement of a more
i pleasing nature. By some writers the term Kat is applied to the drug in its

i unprepared state, and Cafta to a preparation made from it. The leaves and
yyountr shoots of C. spinosa are also said to be used in the preparation of Kat.

Celastrus.—The seeds of C. paniculatus yield an oil of a powerfully stimu-
lating nature, which is sometimes used as a medicine in India under the
nam.' of ' Oleum nigrum.'

—

C. scandens and C. sentgalensis have purgative
iand emetic barks.

Elmodendron Kubu.—The drupaceous fruits of this species are eaten at
t the Cape of Good Hope.

Evonymus.—E. europmts is the common Spindle-tree of our hedges. The
'wood is used to make skewers, spindles, &c. In France, charcoal is said to
be prepared from the wood, and used in the manufacture of gunpowder

;

while the young shoots in a charred condition form a kind of drawing-
[ipeneil. The seeds are reputed to be purgative and emetic, and are also said
t'to be poisonous to sheep ; those of some other species have similar pro-

|
3. The bark of E. tingens has a beautiful yellow colour on its inside,

"Which may l ie used as a dye.

—

E. atrnpurpureiis. Wakoo.—The bark, chiefly
of tin- root, of this plant, and also, to some extent, of that of E. americanus
ari- used in the United States of America in the preparation of what has
been termed euonymin. This is reputed to possess tonic, hydragogue,
cathartic, diuretic, alterative, and anti-periodic properties. It has been
used with some success in this country as an hepatic stimulant.

Oiih-r 2. Hippocrateace.'E, the Hippocratea Order.—Cha-
racter.

—

Shrubs, with opposite simple leaves, and small deci-
duous stipules. Flowers small, regular, and unsymmetrical.
SV/mis and petals 5, hypogynous, imbricate, the former per-
sistent. Stamens •">, hypogynous, monadelphous ; anthers with
transverse dehiscence. Disk conspicuous, Ouary .3-celled

;

placentas axile
;

style 1. Fruit baccate, or consisting of

L L
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3 samaroid carpels. Seeds definite, exalbuminouB
;

emlmjo

straight- radicle inferior. This order is referred to Celastra

ly S2E£f2?W -^ey aWd pnncipaUy in

South America; some are also found m Africa and the East

Indies. Illustrative Genera .-Hippocratea, Urm. ;
Tontelea,

. /Iii7>{ There are about 86 species.

JW^L cmd Uses.-Very little is known generally of the

^wiTfi order. The fruit of several Brazilian species of

tontelea ia edible, and in Sierra Leone that of T pyriformu is de-
iWtetea is

'

eaiDie, m ocratea conwsa yields nuts of an oily
scribed as veiy Peasant, ^PP0

^ b k o{ fcofcooria «ylanica is

i^s^^ssa^ »*«*««* -

*

0,-der 3 Stackhousiace^, the Stackhousia Order -C ha-
,

a n?pr i7erL or rarely sM>s, with simple, entire alternate,

r a c t e l . -t> eros oi i j >

it] it t mflated.

There are about 20 species.

Parties and Uses.—Unknown.

alternate or rarely opposite
mii8exTial. CM *

small, usually perfect (Jig. 7 Jd) o
-
w

„

93) ^ fleshy ,

4-5 'cleft, with a valvate^skvafaon ^M). ^ tQ ^
lining the tube °^%^93ft5 Srted into its throat,

SdTo^
(fig. 793 superior or half supc oi i

dry and

or 4-celled; ovules one m each cell, erecj J

capsular, or fleshy and nideJ» b̂ut fh£VSnLtime. W ant-

^^^Sl trees0^,^^
small regular usually^^XVoSwS a disk. Petals

4_5.parted, valvate, with the tube ow
number to the

and slunens distinct, P-^^^lanting, but, wlud

divisions of the calyx ;
the pUau -

i

j superior,

present, opposite to the stamens. Ih ary moi
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surrounded by a fleshy disk. Fruit 2- 3- or 4-celled, with one

erect seed in each cell. Seed usually albuminous, without an anl.

Distention and jVwnbers.-Generally distributed over the

alobe except in the very coldest regions. Elustmtwe (*enera :—

lizyphus, T 7. . ;
Ehamnus, Jnss. There are about 400 species

Properties and Uses.-Some of the plants 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.

Ceanothus amerieanus.-The young snoots are astringents and in New

Jersev the leaves are dried and used as a substitute for China tea
;
form-

be what is commonly known as New Jersey Tea.
'

Viscaria febrifuge..—The root is used in Brazil as a febrifuge and tome.

Gouania domingeruns is reputed to possess stomachic properties.

Hovenia duleis.-The peduncles of this plant become ultimately enlarged

and succulent, and are much esteemed in China, where they are eaten as a

I Rhamnus.—This genus is by far the most important in the order. Thus,

R catharticus, commonly called Buckthorn, produces a fruit the fresh juice

bf which has been used for ages as a hydragogue cathartic ;
but it is rarely

emnloved at the present day, on account of its violent and unpleasant opera-

tion except in veterinary practice. The pigment known as sap-green, the

vert di vessie of the French, is prepared by evaporating to dryness the fresh

Lice of Buckthorn berries previously mixed with lime. Ihe bark of R
Wranmda, the Black Alder, has long been employed in Germany, Holland,

and some other parts of Europe, as a laxative, and is now official in the

British Pharmacopoeia. The bark of the young trunks and larger branches

t regarded as the most active, and more especially so after having been

kept for a vear or more. A greenish or yellowish-green dye is made from

the leaves.' The wood under the name of ' Dogwood ' is largely used in

the manufacture of the finer kinds of gunpowder. The bark of R. Pursh-

fcnus has also been much employed of late years in the United States

of America, and in this country more recently, as a purgative in large

loses and as a tonic aud stomachic in small doses. It is known under

tin name of Cascara Sagrada, and is obtained from California
;

it is

now official in the British Pharmacopoeia. The unripe fruits ot R. mfec-

'torius are known in commerce under the name ot French berries (Graines

%'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 1'nsian berries ate the produce of one species, the R. mfec-

torius, and that the only difference between them is iu size—those called

French or Avignon berries being smaller, and not of such good quality as

the Persian berries, which are obtained from Asiatic Turkey and Persia.

These berries produce a beautiful yellow colour, which is used for dyemg

morocco leather, and bv calico printers.—R. saxatilis produces a fruit, which

mav tie also employed for dveing yellow. In Abyssinia, the leaves of R,

paucijinrus, and the' fruit of R. Sluddo, both of which possess bitter proper-

ties, are employed as a substitute lor hops m the preparation.il beer, from

If. ataternus a 'blue dye mai In- prepared. The Chinese green dye.(Lo-kao),

known here as Chinese Green Indigo, and now much used in Europe, is

prepaid from H. chlorophorus {ghboms') and ]{. ulilis.

Sigeretia theezans is a native of China, where its leaves arc used as a

substitute for tea by the poorer inhabitants.

Ventihgo Maderaspatana, Pupli.—The bark of the root is used in India

in the production of orange anil other dyes.

Zizijphits.—Many species of this genus have edible fruits. Thus, the
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species, Z. sinensts, vie ds the finuts

G™^fcX-Z. bot«« haa also an
sionally to be met with m C< vcnt ^n en jaariml.

eeneraUv believed

ff S^^"thfS££ and ft m wMc^S Sphagi received

ae

nte
L
°StSN^ever>e Lotus of ft.—J s^osed to be

the Bmn« <Wdentaia. (See ^VzfrarmO The 1 -e r <>
im

Tsfw«H¥=Isr *"-
placed on our Saviour's head was made from Z. SPu,u-U» wti.

Order 5 Vitace^, the Vine Order.-Charact er.-Usually

the joints swollen and separable from each other'^m
„le fa 214) or compound, opposite below, alternate a e,

limb o-enerallv obsolete, reuus ± oi u, »«

>J\t the base LLation induplicate ;
inserted on a Ad

h it %erJ4et^e longitudrnally t^f
Ovaru superior, surrounded by a.disk 2-o-cellea, usul

>
>

above. Flowers small green regular. Petals an

corresponding m number, 4 or o
Estivation of

petals both inserted on an JjW0™ longitudinally,

petals induplicate ;
anthers versage, £P™™f |^ si le

^Sr;^^ order are

Distribution and Ivumbers.-The plants o t ^
found in warm and tropical regions of the globe

j£ of Europe, The common Grnp ^ - J^iivatoa

especially the latter of the p ants o«^d|r ^ fl
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Ampelopaia hederacea, Virginian Creeper.—The juice of the leaves and

other parts is said to possess poisonous properties.

Cissus.—The leaves aud fruits of some species, as C setosa, C. cord ita,

&c, are acrid. A blue dye is obtained in Brazil from the leaves and fruit,

of C. tinctoria.

Vitis vinifera.—This very valuable plant, which is commonly known as

the Grape Vine, has followed 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 300. The fruits,

under the name of Grapes, are too well known to need any particular

description. They have been in use for more than 4,000 years for the

making of wine, 'vinegar, brandy, and other fermented liquors. Grapes

possess refrigerant properties, and are hence useful in febrile and inflamma-

tory affections. Grapes when dried are called raisins, which are largely

used at dessert and for culinary purposes. They are also official in the

British Pharmacopoeia under the"name of Uvte. Of raisins we have several

commercial varieties, the more important of which are Valentias, Muscatels,

and Sultanas. The Muscatels, or Raisins of the Sun, are considered the

finest. The Sultanas are remarkable for the absence of seeds. Raisins pos-

sess demulcent and slightly refrigerant properties, but they are principally

employed in medicine for flavouring purposes. Besides the above kinds,

there "is also a small seedless 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 chiefly obtained from Zante and the other

Ionian Islands. The leaves aud tendrils of the Vine are astringent, and

have been used in diarrhoea ; and the sap has been employed in France in

chronic ophthalmia.— Vitis vulpina, V. Labrusca, and other species or

varieties, which grow wild in North America, yield fruits which are known
as the Muscadine aud Fox-grapes. These are similar, although very

inferior in their properties, to those of the common Grape.

Cohort 4. Sapindales.—Calyx imbricate. Gynceciimi usually

syncarpous, or rarely apocarpous ; ovules generally ascend-

ing, with the raphe ventral. Seeds nearly always exalbu-

minous. Trees or shrubs, rarely herbs.

Order 1. Sat-ia'daci^e, the Soapwort Order.—Character.—

•

Usually large trees or twining shrubs, or rarely climbing herbs.

Leaves generally compound (Jig. 308), or rarely simple, alternate

or sometimes opposite, often dotted, stipulate or exstipulate.

Mowers
< figs. 989 and 940) mostly perfect and unsymmetrical,

sometimes polygamous. Sepals 4—5 (Jig. 939), either distinct

or united at the base, imbricate. Fetals 4—5 (Jig. 939),
rarely 0, hypogynous, alternate with the sepals, imbricate,
naked or furnished with an appendage on the inside. Stamens
8—10, rarely 5—6—7 (Jig. 939), or very rarely 20, inserted
into the disk or into the thalamus

;
jUament-s distinct or slightly

monadelphous ; anthers introrse, bursting longitudinally. Disk
fleshy or glandular, hypogynous or perigynous. Ovary usually
3-celled (jig. 939), rarely 2- or 4-celled, each cell containing 1,

2 {Jig. 735), 3, or rarely more ovules
;
style undivided or 2—3-

cleft. Fruit either flesh}' and indehiscent ; or capsular, with
2—3 valves. Seeds usually arillate, exalbuminous

;
embryo

rarely straight, usually curved (Jig. 941) or twisted in a spiral
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direction ;
cotyledons sometimes very large ;

radicle next the

^Diaqnosis —Flowers unsymmetrical, hypogynous. Sepals

and petals 4-5, imbricate, the latter commonly with an ap-

pendage. Stamens never agreeing in number with the sepals and

peta^ inserted on a fleshy or glandular disk or upon the thala-

mus ;
anthers bursting longitudinally. Fruit usually consisting

of 3 carpels. Seeds commonly 2, sometimes 1 or 3, or very rarely

more, exalbuminous, usually arillate and without wings
;
embryo

almost always curved or spirally twisted.

Fig. 939. Fig. 940.

Fig. 941.

Fig. 939. Diagram of the flower of the Horsechestnut l****-B&o-
iaslanum).-—ng.9iQ. Vertical section of the flower. Fig. 911. Ver-

tical section of the seed.

Division of the Order and Illustrative Genera .--This order

has been divided by Lindley into 4 sub-orders, as follows :—

Stib-order 1. Sapmdese.—Leaves alternate. Ovules usually

solitary. Emblyo generally curved or sometimes straight.

JOwtatf* Genera :-SaPiMus ;
Linn.; Nephekm>.

Sub-order 2. Hmpocastanem.—Leaves opposite. Ovules - in a

ceU of which oAe is ascending, and the other suspended (fig

735 . Embryo curved (fig. 941), with a small radicle and

large fleshy consolidated cotyledons. Illwtrahve Genw.-

iEsculus, Linn. 9 nr ^ ill 1
Sub-order 3. Dodonese. -Leaves alternate. Ovu es 2 oi d m a

cell Embryo spiral. Illustrative Genera .-t-Dodonaea, L J

Ophiocaryon, Schomb.

Sub-order 4. MeZiosmeas.-Leaves alternate. F owers very

gular. Stamens 5, 3 of .vhich are abortive a d onls .2, ttiere

fore fertile Ovules 2 in each cell, suspended. *ruitdrupa

ceous Embryo folded up. mustrative tonus :
Mehosn a

XL Sam and Hoofcer include ifelto, » hi A.

order Sabiacex.
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the globe. There are no native plants of this order in Europe.

The
=

Horsechestnut, now so well known in this country, is only

naturalised among us. There are nearly 400 species.

Properties and Uses.—One of the most prominent characteris-

tics of the plants of tins order is the presence of a saponaceous

principle, from which its common name is derived. Many are

poisonous in all their parts ; but it is more frequently the case

that, while the root, leaves, and branches are dangerous, the

poisonous juice becomes so diffused throughout their succulent

fruits as to render them innocuous, or, in several instances,

even valuable articles of dessert. It sometimes happens, as in

the Litchi and Longan fruits, that while the pericarp is whole-

some, the seeds are dangerous. Some plants of the order are

astringent and aromatic ; others are diaphoretic, diuretic, and
aperient ; and some are valuable timber trees.

JEsculus.—The bark of JEsculus Hippocastanum, the Horsechestnut, 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

1<>u^ employed as an excellent food for sheep in Switzerland, and have been

also recommended as a substitute for Coffee. They contain a saponaceous

principle like the fruits of certain species of Sapindus. They also contain a

large quantity of starch, and are much used in France, instead of potatoes

and cereals, as a source of that substance. In some parts of Holstein also,

this starch, which is there very carefully prepared, has been used for many
years for household purposes, being much preferred to that obtained from
Wheat, rice, or potatoes. The seeds are said to yield by expression a tixed

oil, which has been introduced under the name of Oil of Horsechestnut, as an
external application in rheumatism, &c. Nothing, however, is known of the

extraction of the oil from these seeds, and its source from them is scarcely

probable. The roots, leaves, and fruits of the JEsculus oliiotensis, the Buck-
lye or American Horsechestnut, are generally regarded as poisonous, both
to man and animals.

Curdiaspermum Halicacabum.—The root is described as diuretic, diapho-

retic, and aperient. Its leaves, when boiled, are eaten as a vegetable in the

Moluccas.

Cupania (Blighia) sapida.—The distilled water of the flowers is used by
negro women as a cosmetic. The succulent slightly acid aril of the seeds
is eaten, and much esteemed in the West Indies and elsewhere. The fruit in

which the seeds are contained is commonly known under the name of the

Akee-fruit. A decoction of these has been used in diarrhoea.

Dodonaa.—Some of the species of this genus arc aromatic. The wood
of D. dinica is carminative. Others arc reputed to be slightly purgative and
febrifugal.

Nephelium.—This genus yields the delicious fruits of China and the
Indian Archipelago, known under the names of Litchi, Longan, and Rambu-
fcan. Nephelium LMchi produces the Litchi; N. Longan, the Longan ; and
N. Rambutan or N. lappaceum, the Rambutau fruit. The Litchi fruits are
frequently imported into this country; and rarely also, the Longan. It should
be noticed that the seeds of all these fruits arc very bitter, and are probably
poisonous.

Paullima.—The seeds of Paullinia sorbilis, Guarana, are used in Brazil
in the preparation of a kind of food which is known as Guarana bread,
Brazilian Cocoa, or simply as Guarana. Guarana is also there used as a.

remedy in many diseases. Guarana bread is prepared by taking the dried
seeds deprived of their aril, aud pounding and kneading' them into a mass,
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which is afterwards made into oblong or rounded cakes. These cakes are

used in the same manner as we use cocoa and chocolate—that is, they are

mixed with water, and the. mixture sweetened and drunk. This beverage
is largely consumed in Brazil, both on account of its nutritive qualities,

and for its stomachic, febrifugal, and reputed aphrodisiac effects. It contains

a bitter crystalline principle called Guaranine, which appears to be idei

with theine (see Tliea, p. 472), the active principle of tea and coffee, and hence
Guarana has a somewhat similar effect upon the system to that produced by

these two beverages. Guarana has been lately highly recommended for

use in this country and elsewhere as a remedy in nervous headache. Its

action is probably similar to tea, over which it seems to possess no advantages.

It has also been recommended as a remedy in neuralgia, diarrhoea, and other

diseases. In many species of Pavllinia, the narcotic property, which is. but

slightly marked in P. snrbilis, is very evident. Thus, the leaves, bark, and
fruit of P. pinnata are very dangerous, and are used in the preparation ol 8

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.—The fruits of Sapindus Saponaria, as well as those of S.

ineequalis and others, contain a saponaceous principle, so that when mixed
with water they produce 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 con-

tain a nariotico-acrid principle, as the pounded fruits, when thrown into

water in which fish are contained, will produce upon them a kind of intoxi-

cation. The pericarp of S. senegalensis is eaten, but the seeds act as a

narcotico-acrid poison. The fruits of Sapindus esculentus and others are also

edible.

SchmideUa serrata has an astringent root, which has been used in India

for diarrhoea.

The fruits of many plants belonging to this order, besides those already

named, are edible, as "those of Pierardia sativa and P. dulcis, producing the

Kambeh and Choopa of Malacca ; and Hedycarpus malayamis producing the

Tampui. Schmidelia edulis, in Brazil ; Melicncca bijuga, in the West Indies

and Brazil ;
Pappea capensis, at the Cape of Good Hope, &c, also yield

edible fruits.

Order 2. Acerace^e, the Maple Order.—Character.— Trees.

Leaves opposite, simple, without stipules ; venation usually ra-

diate, rarely pinnate. Flowers often polygamous, racemose or

corymbose, regular. Calyx with an imbricate aestivation, usually

5-partite, occasionally 4- or 9-partite. Petals imbricate, with-

out appendages at their base, corresponding in number to the

divisions of the calyx, or altogether absent. Stamens usually 8,

inserted on a,fleshy hypogynous disk, or rarely the disk is absent.

Ovary superior, 2-lobed, 2-celled ;
stigmas 2 ;

ovules in pairs.

Fruit a samara, 2-celled (Jig. 70(5). Seeds 1 or 2 in each coll,

ascending, without an aril, exalbuminous ;
embryo curved, with

leafy wrinkled cotyledons, and an inferior radicle. This order w

placed by Bcntham and Hooker in Sapindacese, tribe Acermem.

Diagnosis.—Trees with opposite simple exstipulate leaves.

Flowers often polygamous, and usually regular. Sepals and

petals imbricate, the latter without any appendages on their in-

side. Stamens hypogynous, usually on a fleshy disk
;
anthers

bursting longitudinally; ovary superior, 2-colled. *ruit a
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samara, 2-celled, each cell containing 1 or 2 seeds. Seeds as-

cending, without an aril, exalbuminous
;
embryo curved, with

an inferior radicle.

Distribution and Numbers.—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. Illustrative Genera :— Acer, Linn.
;

Negundo,
Mtinch. There are about 50 species.

Properties and Uses.—These plants are chiefly remarkable for

their saccharine sap. Their light and handsome timber is also

much used in turnery, for certain parts of musical instruments,

and for other purposes ; and their bark is astringent, and is

employed in different districts by the dyer in the production of

yellow, reddish-brown, and blue colours.

Acer.—A. saccharinum is the Sugar Maple. The Maple Sugar of America
is obtained from this tree by making perforations into its trunk at the

commencement of spring, and boiling down the saccharine sap which then
exudes to the crystallising point. A few years since nearly 50 millions of

pounds of Maple (Sugar were annually produced in North America, but the

cpiantity is diminishing yearly in consequence of the destruction of the

native forests.

—

A. dasycarpum and other species also yield sugar. The bark
of A. saccharinum has been also used in America in the production of a blue
dye, and as an ingredient in the manufacture of ink.

—

A. campestre and A.
Pseudo-platan us are common trees in Britain, and afford useful timber ; the
latter is generally 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 (see Platanus), but their venation is

different. Its wood is also used for making charcoal.

Order 3. Staphyxeace^e, the Bladder-nut Order.—Charac-
ter.

—

Shrubs, with opposite or rarely alternate pinnate leaves,

which are furnished with deciduous stipules and stipels.

Flowers symmetrical. Calyx 5-partite (fig. 788), coloured, im-
bricate. Petals 5 (fig. 788), alternate with the divisions of the
calyx, imbricate. Stamens 5 (fig. 788), alternate with the petals,

and inserted with them on a large disk. Ovary superior, com-
posed of 2 (fig. 788) or 3 carpels, which are more or less

distinct ; ovules numerous
;
styles 2 or 3, united at the base.

Fruit fleshy or membranous. Seeds ascending, with a bony
testa

;
embryo straight ; albumen little or none. This order is

now frequently placed in Sapindacese.
Distribution and Numbers.—They are scattered irregularly

over the globe. Illustrative Genus

:

—Staphylea, Linn. There
are about 14 species.

Properties and Uses.—The bark of some species is bitter and
astringent, as that of Euscaphis staphyleoides. Others have oily
and somewhat purgative seeds, as Staphylea pinnata, &c.

Order 4. Sabiace/E, the Sabia Order.

—

Diagnosis.—This is a
small order of plants, containing but 2 genera, and 9 species,
which were formerly placed as doubtful genera of the Anacardi-
acere; but theSabiaceie differ essentially from the Anacardiacea?,
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Fig. 942.

in their stamens being opposite to the petals ; in their distinct

carpels ; and in their solitary ovules being directly attached to

the ventral suture. Miers and Bluuie regard the Sabiacese as

related to Menispermacece and Lardizabalaceaj. Bentham and
Hooker include the Meliosmem of the Sapindaceee in this order.

Distribution, Properties, and Uses.—Natives of the East

Indies. Their properties are altogether unknown.

Order 5. Anacakdiace^e, the Cashew-nut Order.—Charac-
ter.

—

Trees or shrubs, with alternate, simple or compound, dot-

less, exstipulate leaves, and a milky acrid or resinous juice.

Flowers regular, small, and frequently unisexual. Calyx per-

sistent (fig. 942), with usually 5, or sometimes 3, 4, or 7 lobes.

Petals equal in number to the divisions of the calyx, perigy-

nous, imbricate ; sometimes absent. Stamens alternate with

the petals, and of the same number, or twice as many, or

even more numerous
;

perigynous, and united at the base if

there is no disk, but if this is present then distinct and in-

serted upon it. Di>h annular and hypogynous, or wanting. Oon .j

usually single, 1 -celled, generally superior, or very rarely in-

ferior
;

styles 1, 3, 4, or none ;
stigmas the same number as

the styles ; ovxdes solitary, attached

to a long funiculus which arises

from the base of the cell. Fruit

(fig. 942) indehiscent, drupaceous,

or nut-like. Seed without albu-

men.
Distribution and Numbers.—

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. Il-

lustrative Genera :—Pistacia, Linn. ;

Anacardium, Bottb. There are

about 110 species.

Properties and Uses. — They

abound in a resinous, somewhat

crummy, acrid, or milky juice, which is occasionally very poison-

Sus, and sometimes becomes black in drying The fruits and

seeds of some species are, however, held in high estimation and

are largely eaten in different parts of the world. Many plants of

this order furnish varnishes.

Anacardium occidevtale, the Cashew-nut, is remarkable for its enlarged

fleshySmcle, which is eaten as a fruit; ami itsju.ro, when enm ,1

pr duels n kind of wine in the West Indies; and ... Bombay and Otherplacrf

/spirit is also distilled from it. Each peduncle boars a smal 1
dm- - >h.«, 1

,„ ike fruit the pericarp of which is very acrid, but the seed is edible. U.x

tot I ho acridity is destroyed, and the seed then possesses a

fine flavour? The acrid principle, which is of an oily nature, possesses pouer-

Fig 942. Flowering branch of the

Rhus Cotimis, or Wig-tree, with

one branch bearing fruit, and the

others covered with hair-like ap-

pendages and sterile.
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ful rubefacient and vesicant properties. The Cashew-tree also yields a large

supply of a kind of gum, which is however but little used.

Holigama longifolia.—The fruits of this species and those of Semecarpus

Anacardium, furnish the black varnish of Sylhet, which is much used in

India. (See Semecarpus.)

Mangifera hutica.—The fruit of this plant is the Mango, which is so

highly esteemed in tropical countries. Several varieties are cultivated :

these differ very much in the size and flavour of their fruits. The kernel

of the seed is employed in Brazil and in India as an anthelmintic.

Melanorrhcea usitatissima furnishes the Black Varnish of the Burmese.

It is employed in the arts, and also as an anthelmintic.

Odina Wodier has an astringent bark, which has been used in India.

It also yields an astringent gum.
Pistacia.—P. Lentiscus is the source of the concrete resin, which is

official in the British Pharmacopoeia, called mastic or mastich. It is obtained

from the stem by incision. Mastich, when dissolved in spirit of wine or oil

of turpentine, forms a good varnish, which was formerly much employed in

this country, but of late years the place of mastich for this purpose has
been supplied in a great degree by Dammar and other less expensive
re>ins. It is used in the East as a masticatory ; and also to some extent
for fumigation, and in the manufacture of confections and cordials.

It is also employed in this country by dentists as a temporary stopping
for teeth, when dissolved in alcohol or ether, for the relief of toothache
and other purposes. It possesses stimulant and diuretic properties, but
is rarely employed in medicine. It is exclusively collected, and from
male plants only, in the island of Scio, where this plant is much
cultivated.

—

P. Terebintlius is the source of the liquid oleo-resin called Chian
Turpentine. It is obtained from the stem by incision, in the same way as
mastich. Chian Turpentine 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 Coniferse, and was formerly employed for

similar purposes; but its use in medicine had become nearly "obsolete

until it was recommended recently as being almost a specific in the
treatment of uterine cancer, for which purpose it has been extensively
employed, but without any evident success. It is used in Greece and
the Levant in the manufacture of cordials. Chian Turpentine, as its name
indicates, is obtained from the island of Scio.

—

Pistacia vera produces the
fruit known as Pistachio or Pistacia nut, the kernels of which are of a
green colour, and have an agreeable flavour. They are highly esteemed by
the Turks and Greeks, and are occasionally imported into" this country.
They are either eaten raw, or after having been fried, with pepper and suit.—P. EMnjuk and P. cabulica yield concrete resins resembling mastich.
This kind of mastich is imported into India from Cabul ; and rarely
Into Europe under the name of Bombay or East Indian Mastich. Curiously
Shaped galls of a slightly astringent terebiuthinate taste are also obtained
from P. Khinjuk, which enter into the native Materia Medica of India
under the name of Gul-i-pista.—P. atlantiva also yields a concrete resin,
which is used in place of mastich by the Arab tribes'of Northern Africa.

Rhus, the Sumach.—Several species of this genus have more or less
poisonous properties. They have generally a milky juice, which becomes
Hack on exposure to the air ; and the emanations from some of them excite
violent erysipelatous inflammation upon certain individuals when brought
within their influence.—R. Toxicodendron is the Poison-oak of North
America. The leaves contain a peculiar acrid principle, to which their
medicinal properties appear to be due. They have been thought to be useful
to old paralytic .•uses and in chronic rheumatism.

—

R. venenata is the
roison-ash "r Poison-elder, and, like the two former, has very poisonous
properties. The above plants, in a fresh state, ought to be very carcfullv
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handled, ns their juices frequently cause violent erysipelatous inflammation.
The bark of Ti. Coriaria is a powerful astringent, and is used in tanning;
other species have similar properties. The fruit is acidulous, and is eaten

by the Turks. The leaves, when dried and powdered, constitute the material

called Shumac or Sumach, which has been employed in tanning and dyeing

for ages. The wood of R. Cotinus is known in commerce as Young Fustic

or Zante Fustic. It is used for dyeing, and produces a rich yellow colour.

This must not be confounded with Old Fustic, which is derived from an
entirely different plant (see Madura tinctoria).—R. Metopium, a native of

Jamaica, furnishes the Hog-gum of that island : this is said to have astrin-

gent, diuretic, and purgative properties when given internally, and to act

as a vulnerary when applied to wounds, &c. From the fruits of R. succe-

danea, and probably other species, Japanese Wax is obtained, which is now
largely used in this country for candles, &c. On the branches of this plant

in India, peculiar horn-like galls are found, which possess astringent pro-

perties.

Semecarpus Anacardium is the source of the Marking-nut. These fruits

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 Holigarna

longifidia (as before noticed) furnish the black varnish of Sylhet, which is

used in the Kast Indies for varnishing lacquer work and for marking linen,

hence their common name. The black thick juice of this plant has power-

fully caustic properties, and is in use by the natives of the East Indies as a

vesicant. Its employment, however, has frequently led to serious conse-

quences, and should be condemned as dangerous.

Spondias.—S. purpurea, S. Mombin, anA other species, have edible fruits,

called Hog-plums in Brazil and the West Indies. The fruit of N. cytherea

or S. dulcis, a native of the Society Islands, is said to rival the Pineapple in

flavour and fragrance.

Stagmaria vemicifiua (Rhus vcmicifera) is the source of a valuable hard

black varnish, known in the Indian Archipelago under the name of Japan

Lacquer.

Order 6. Coriariace;e, the Coriaria Order.—Diagnosis.—

This name is given to an order which includes but 1 genus, and

8 species. Its affinities are by no means understood ;
but it

appears to be most nearly related to Ochnaceas, with which it

agrees in having its carpels distinct, and placed on an enlarged

disk ; but it is distinguished from that order by its opposite

leaves ; sometimes polygamous flowers ;
persistent fleshy petals ;

absence of style ; and long linear distinct stigmas.

Distribution.—Natives of the South of Europe, Chili, 1 eru,

New Zealand, and Nepaul.

Properties and Uses.—The plants of this order are generally

to be regarded with suspicion, as they have sometimes produced

poisonous effects. The fruits of some, however, are edible, as

Coriaria nepalensis, a native of the north of India, and those
s

ot

C. sarmentosa, a native of New Zealand ;
in the latter case the

pericarp is alone eaten, the seeds being poisonous. The fruits

of G. rnyrtifolia and C. ruscifolia are very poisonous ;
these

plants have 'been employed by dyers in the production of a b acK

dye The leaves of the former species have been also used on

the Continent to adulterate Senna ;
this is a most serious adulte-

ration, as these leaves are poisonous. They owe their poisonous

properties to a glucoside called coria-myrUn. They may be ai
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once distinguished from Senna leaflets by their two sides being

equal and symmetrical at the base, those of Senna being unequal.

Chemically they are also known from Senna by their infusion

producing a very abundant blue precipitate on the addition of

persulphate of iron.

Order 7. Moringace.e, the Ben-nut Order.— Character.
Trees with bi- or tri-pinnate leaves, and thin deciduous

stipules. Flowers white, irregular. Sepals and petals 5 each

;

the former deciduous, petaloid, and furnished with a fleshy

disk ; aestivation imbricate. Stamens 8 or 10, placed on the

disk lining the tube of the calyx in two whorls, the outer of

which is sometimes sterile ; anthers 1-celled. Ovary stalked,

superior, 1-celled, with 3 parietal placentas. Fruit long, pod-

shaped, capsular, 1-celled, 3-valved, with loculicidal dehiscence.

Seeds numerous, without albumen.
Distribution and Numbers.—Natives of the East Indies and

Arabia. There is only one genus (Moringa, Burm.), and 4
species

.

Properties and Uses.—Pungent and slightly aromatic proper-

ties more or less prevail in plants of the order, hence they have
been employed as stimulants.

Moringa pterygosperma.—The root resembles that of Horseradish in its

tn>tf and odour, and has been used internally as a stimulant and diuretic,

and locally, when fresh, as a rubefacient and vesicant. A kind of gum
somewhat resembling Tragacanth exudes from the bark when wounded.
Its seeds are called in France Fois Queaiques and Chicot, and in England
Ben-nuts. They yield a fixed oil called Oil of Ben, which is occasioually

psed by painters, and also by perfumers and watchmakers. The wood has
been supposed, but on no trustworthy authority, to be the lignum nephriticum
of the old Materia Medica writers.

Artificial Analysis of the Orders in the Sub-class

Polypetalee.

Series 2. Disci FLOiiiE.

1. Flowers with more than 20 stamens.

A. Leaves with stipules.

Carpels more or less distinct, (at least as to

the styles), or solitary, superior or parti-

ally inferior Anacardiucex.
Carpels wholly combined, (at least as to the

ovaries), superior Humiriaceie.

2. Flowebs with less than 20 stamens.

A. Leaves without stipules.

a. Carpels more or less distinct, or solitary.

Leaves without dot-;.

Albumen abundant .... Zygophyllacem.
Albumen absent Anacardiacem.

Leaves dotted Burseracea,
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b. Carpels wholly combined, (at least as to their

ovaries).

Styles distinct to the base.

Calyx valvate

Calyx imbricate .

Stvles more or less combined.

Calyx valvate or united, or but very
" slightly imbricate.

Stamens hypogynous.

Calyx generally enlarging with

the fruit . . • •

Calvx not enlargingwiththe fruit.

Stamens opposite to the petals,

isomerous .

Stamens alternate with the

petals, isomerous.

Leaves compound
Leaves simple

Stamens more or less perigynous.

Flowers irregular, ovules sus-

pended
Flowers regular, ovules erect

Calyx imbricate.

Fruit gvnobasic.

Stamens arising from scales

Stamens not arising from scales.

Styles wholly combined.

Flowers perfect .

Flowers polygamous .

Stvles divided at the apex.

Flowers irregular, fruit usu-

ally with elastic valves .

Fruit not gynobasic.

Calvx much imbricate, m an vx-

*
regular broken whorl.

Petals with appendages at

their base. Leaves alternate

Petals without appendages at

their base. Leaves opposite

Calyx but little imbricate, in a
" complete whorl.

Carpels 4 or more.

Seeds winged
Seeds wingless.

Stamens united into a

long tube .
•

Stamens distinct, or nearly

so.

Leaves dotted.

Seeds amygdaloid •

Leaves without dots.

Seeds erect

Carpels less than t.

petals imbricate.

Ovules suspended .

Ovules erect

Vmaniaeece.
Linaceee.

Olacaceee.

Rhamiiucew.

Burseraceie.

Icacinuctce.

Tropteolacem.

Limnuiithaeea:.

Simurubucese.

Rntaceie.

Xanthoxylese of
Rutacete.

Balsanunacese.

Sapiadaceie.

Aceracete.

Cedrelacea.:

Meliucex.

Aurantiex of Rutacex

Celastracem.

Cyrtilacm.
Cehstractx.
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B. Leaves with stipules.

a. Carpels distinct, or solitary.

Carpels several...... Coriari:icew.

b. Carpels wholly combined, (at least as to their

ovaries'), with more placentas than one.

Placentas parietal Moringacese.
Placentas in the axis.

Styles distinct to the base.

Petals conspicuous, stalked . . Malpigliiaceee.

Styles more or less combined, fruit

gynobnsic.

Gynobase fleshy .... Ochnaceee.
Gynobase dry.

Leaves regularly opposite . . Zygophyllacese.
Leaves more or less alternate.

Fruit beaked .... Geraniacete.
Fruit not beaked . . . Oxalidaceee.

Styles more or less combined, fruit

not gynobnsic.
Calyx much imbricate, in an irre-

gular broken whorl.
Flowers not surrounded by an in-

volucre . . .
*

. . Sapindaceee.
Calyx but little imbricate, in a com

plete whorl.
Stamens 3, sepals and petals penta-
merous Hippocrateacew.

Stamens more than 3.

Calyx glandular.

P'etals without appendages . Malpigliiaceee.
Calyx not glandular.
Leaves simple.

Petals united by their claws
into a tube" . . . Stackhousiaceee.

Leaves compound.
Petals distinct . . . Staphyleacex.

Calyx valvate.

Stamens opposite to the petals,
isomerous.

Seeds one in each cell . . . Rhamiviceee.
Stamens opposite to the petals if

isomerous, anthers versatile,
seeds two in each cell . . Vilacem.

Stamens twice as many as the
petals Bui'seraceee.

The following exceptions may be noted to the characters usually distinc-
tive of the Diseiflora. Thus we have apetalous species in Zygophyllacese,
Geraniaceie, Balsaminacew, Butaceie, Simarubaceee, Burseraceee, Olacaceee,
pelartraceeB, Rhamnacese, Sapindxcem, Anucurdiacew, and some others.

'

Gamopetaloua corollas are foundin Humiriaceee, Rutacew, Balsaminacm,
wleliaceee, and Stackhousiaceee.

Again, in Geraniaceee, Balsaminaceee, Tropmolacew, Oxalidacete, Acer-
Uceee, Anacardiaceee, Malpigliiaceee, Linacece, &c.,the disk is small, or entirely
<>r partially absent. The ovary is more or less inferior in some O'acacew
an.

I
Rhamnacea

j and the placentation is parietal instead of axile in some
UcluuiceiB and in Moringacete.
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Series 3. Calyciflorse.

Cohort 1. Rosales.—Stamens perigynous or epigynons. Gynoe-

cium generally simple or apocarpous, or rarely syncarpous
;

ovary superior or inferior ;
placentation usually marginal or

axile
;
styles generally solitary or distinct, or rarely united

;

seeds albuminous or exalbuminous.

Order 1. Connarace^e, the Connarus Order.—Character.

Trees or shrubs. Leaves alternate, without dots, compound,

and generally exstipulate. Flowers usually perfect, or rarely

unisexual. Calyx 5-partite, inferior, imbricate or valvate in

estivation. Petals 5, inserted on the calyx, imbricate or valvate.

Stamens 10, usually monadelphous, nearly or quite hypogynous.

Carpels 1 or more ; ovules 2, sessile, collateral, ascending, ortho-

tropous. Fruit follicular. Seeds with or without albumen,

arillate or exarillate ; radicle superior, at the extremity most

remote from the hilum.

Distribution and Numbers. —Natives of the tropics and most

common in tropical America. Illustrative Genera .-—Connarus,

Omphalobium. There are about 42 species.

Properties and Uses.—Some have oily seeds ; others, as certain

species of Omphalobium, have edible arils. The zebra-wood of

the cabinet makers is said by Schomburgk to be furnished by

Omphalobium Lamberti, a very large Guiana tree. (See (ruet-

tarda.) . , ... ,

Order 2 LegttmikoS/E, the Leguminous Order.—0 h a r a c t e r.

Herbs shrubs, or trees. Leaves alternate, stipulate, usuallv

compound (figs. 275, 377, and 380). Calyx (Jigs. 943 s and

944 c) monosepalous, inferior, more or less deeply divided into

five parts, the odd division being anterior (fig. 943, s). 1 eWi

usuallv 5 ( fig. 943), or sometimes by abortion 4, 3, 2, 1, or rarely

none inserted into the base of the calyx, equal or unequal, often

papilionaceous (fig. 944), the odd petal, if any, posterior (.fig.

943 ps). Stamens definite (figs. 943 and 945), or indefinite,

usually perigynous, or rarely hypogynous distinct or united

into 1 2 (tim. 552 and 945), or rarely 3 bundles Onn,,

£perior, usuaUy formed of 1 carpel (figs. 603 and 943), although

rarely of 2 or 5 ; 1-celled with 1, 2, or many ovules
;
style and

liigmi simple (.fas. G03 and 945). Fnut usually a tajme fig*.

6C8 and G89-691), or sometimes a, lomentum (Jigs. QSb and WM
or rarely a drupe -Seeds 1 or more, sometimes anllate, attached

to the upper or ventral suture (fig. 94(5) ;
albumen usually

absent; embryo (fig. 10) straight, or with the radicle folded

upon the cotyledons ;
cotyledons leafy or fleshy, and either

^^^S^bs, shrubs, or trees. Leaves nearly always

alter v te and stipulate, and usually compound. Flo* ei a regular

o •
i 0 , la Calyx inferior, 5-partite ;

odd division antemrJ

Pe a 5 and then unequal or equal ;
or fewer by abortion, or
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none, perigynous ; odd one, when present, posterior. Stamens
distinct, or muted into one or more bundles. Ovary superior,

simple, 1-celled
;

style simple, proceeding from the ventral

suture. Fruit usually a legume, or sometimes a lomentum, and
rarely a drupe. Seeds 1 or more, rarely with, or usually without

Fig. 943. Fig. 944. Fig. 946.

Fig. 946.

Fig. 943. Diagram of the flower of the Garden Pea (Pisum sativum), s.

Anterior sepal, ps. Superior petal, pi, pi. Inferior petals, pi, pi. Lateral
petals, et. Stamens, c. Carpel Fig. 944. The flower of the same. et.

Standard or vexillum. ai. Wings or alae. car. Carina or keel enclosing
the essential organs, c. Calyx. Fig. 945. The essential organs of the
same surrounded by the calyx c. es. Bundle of nine stamens, el. Solitary
stamen, st. Style and stigma. Fig. 946. Legume of the same, with one
valve removed.

albumen. This order may be generally distinguished by having
2>oj)ilionaceous corollas or leguminous fruit.

Dimsion of the Order and Illustrative Genera.—The order has
been divided into three sub-orders as follows :

—

Sub-order 1. Papilionace^e.—Petals arranged so as to form a
papilionaceous corolla (fig. 944), imbricate in aestivation, and
the upper or odd petal exterior to the lateral petals. Illus-
trative Genera:—Ulex, Linn.

;
Trifolium, Linn.

;
Vicia, Linn.

;

Ornithopus, Linn.
Sub-order 2. C^esalpinie^:.—Petals not arranged in a papi-

lionaceous manner, imbricate in aestivation, and the upper
or odd petal with its margins inside the lateral petals. Illus-
trative Genera :—Caesalpinia, Linn.

;
Cassia, Linn. There are

no British plants in this sub-order.
Sub-order 3. Mimosejs. —Petals equal, valvate in aestivation.

Pollen compound. Illustrative Genera : — Mimosa, Linn.
;

Acacia, Willd. There are no British plants in this sub-order.

Distribution and Numbers.—This is a very extensive order,
and has some representatives in almost every part of the world.
A considerable number of the genera are, however, confined
within certain geographical limits, while others have a very wide
range. As a general rule the Papilumacese are universally dis-
tributed, although most abundant in warm regions ; while the

M M
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Caisalpiniese and Mimoseas are most common in the tropics ; but
many of the latter are also to be found in Australia. There are
about 7,000 species in this order.

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 amongst the gayest-coloured and most graceful plants of

every region ; or their applicability to a thousand useful pur-

poses. The Cercis, which renders the gardens of Turkey re-

splendent with its myriads of purple flowers ; the Acacia, not

less valued for its airy foliage and elegant blossoms, than for its

hard and durable wood ; the Braziletto, Logwood, and 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

qualities of the order from a general point of view ; viz. , that upon

the whole it must be considered poisonous, and that those

species which are used for food by man or animals are excep-

tions to the general rule ; the deleterious juices of the order not

being in such instances sufficiently concentrated to prove in-

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 this order, we shall arrange

them alphabetically under their respective sub-orders.

Sub-order 1. Papit.ionacE/R.—Tn this sub-order we have included a

number of plants which vield nutritious food for man or other animals, suclj

as Peas (Pisum). Broad-beans {Faba), Kidney-beans, Scarlet-runners and

Haricots ( Phtiseohs), Lentils {Lens), Pigeon-peas {Cajanus, &c). The

seeds of the above plants, and many others, are commonly known tinder the

name of pulse, and do not need any detailed description. 'I he tubercular

roots of Dolichos tuberosus and D.bulbosus, Lathyrus tuberosus. and othet

plants are eaten in the same wav as potatoes. Lucerne and Medick {MedU

crwo), Melilot {Mebhtus), Clover {Trifolium), Tares and Vetches (AVr-/m,

Vicia) Sainfoin {Onobrychis), and many others which are common t. <Mer

the seeds of Anugyris fatida, the seeds ot the Calabar 15ean (1 h™<>;>» a

venenosum), and also the seeds of the Bitter Vetch (Ervum Lrvd,a), ti e

iuicc of Cnronilla varia, the leaves of some Gomptiolobtums, the leaves ana

young branches of Tephrasm toxicaria, the bark of the root of Pisad.a

"Erylhrina, and the parts or products of some other plants.
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Abrus precatorius—The seeds are used as beads for making rosaries,

necklaces, &c. hence their common name of prayer-beads. They are also

employed' in India as a standard of weight by Hindoo jewellers and drug-

gists under the name of Betti or Rati. Each seed is estimated as equal to

2^- "rains. They are of a scarlet colour, with a black mark on one side,

and are poisonous when introduced in wounds or under the skin of animals,

but innocuous when eaten. Under the name of Jequirity seeds, they have

been used by the ophthalmic surgeon for the cure of granular lids. The roots

resemble those of the Liquorice plant, and are used as a substitute for them ;

hence the names of Wild Liquorice and Indian Liquorice, by which this

plant is known. This root is official in the Pharmacopoeia of India.

JEschynomene.—The stems of JEsc/iynomene aspera furnish the Sola or

Shula of India. These stems are remarkably light and spongy, and are

therefore used for making floats and buoys for fishermen, for the manufac-

ture of very light hats, and for other purposes where elasticity and lightness

are necessa'rv. A fibre called Duchai Hemp is obtained from jEschynomene

cannabina. ;

Alhagi Maurorum, Camel's Thorn.—This plant and other species related

to it, natives of Persia and Afghanistan, secrete a kind of manna. This

substance is obtained by simply shaking the branches. It is highly esteemed

by the Afghans as a food for "cattle. In some parts of the East it is also

used as food for man, and as a laxative. It has been supposed to be the

manna upon which the Israelites were fed in the wilderness, but such an

idea is undoubtedly incorrect. (See Lecanora).

Andira.—The bark of Andira inermis, known as Cabbage Bark or Worm
Bark, was formerly much used as an anthelmintic. It possesses cathartic,

emetic, and narcotic properties. In large doses it is poisonous.

—

Andira

anthelmintica also possesses vermifuge properties. The powder known as

Araroba. and which has been largely used of late years in many skin diseases

under the name of Goa Powder, is also derived from a species of Andira,

which has been named A. Araroba. It is official in the British Pharma-

copceia under the name of ' Chrysarobin.'

—

A. retusa also yields a bark

with similar properties to that of A. inermis ; it is known under the name
of Surinam Bark.

Arachis hypogcea.—This plant is remarkable for ripening its legumes

under the surface of the ground, hence it is commonly known as the Ground
Nut. The seeds are used as food in various parts of the world, and are occa-

sionally roasted and served up, in the same manner as Chestnuts, as an
article of dessert in this country. In the United States the roasted seeds

are employed as a substitute for coffee, in the preparation of a kind of cho-

colate, and for other purposes. Tuson has recommended ground-nut cake for

the feeding of cattle. It is sometimes used for adulterating the more expensive

feeding cakes in this country and elsewhere. The seeds yield by expression

a fixed oil which is official in the Pharmacopoeia of India; it is employed
very extensively in India for cooking, &c, where it is called Katchung oil.

The oil is also occasionally imported, or it is obtained here by expression

from the seeds. It is known commonly as ground-nut or earth-nut oil. It is

a very liquid oil, and is accordingly employed for watches and other delicate

machinery ; also for burning and other purposes. It forms a good and cheap
ffubstit ute for olive oil.

Astragalus.—A. gnmmifer and some other species of Astragalus furnish

the official Tragacanth of the British Pharmacopoeia, or, as it is commonly
termed

—

gum dragon. It is used by manufacturers for stiffening crape, &c.

;

tad in medicine for its demulcent and emollient properties, and as a vehicle
for the exhibition of more active substances. Tragacanth exudes naturally,
or more especially from wounds made in the stems of the above plants.

The gum known as Sarcocnlla, 'which is imported into Bombay from the
Persian port of Bushire, is also considered by Dymock to be derived from a

si M 2
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species of Astragalus, or from one nearly allied to that genus. The seeds

of A. bmticus are used as a substitute for coffee in some parts of Germany.
Baptisia tinctoria.—This plant is the Wild Indigo of the United States.

!

Its receives its common name from yielding a blue dye resembling indigo,

although it is of far inferior quality to that substance. The roots and other

parts are reputed to be emetic and' purgative. The eclectic remedy known
as baptisiu is obtained from this plant.

Bowdichia virgilioides.—The bark of this plant, with that of one or more

species of Byrsonima (Malpighiacete), is said to form the American Alcor-

noco or Alcornoque Bark of commerce. (See Byrsonima.) It is used by the

tanners.

—

B. major, Mart.—The root bark of this plant, which is a native

of Brazil, is in great repute in rheumatism, syphilis, &c, but more especially

in psoriasis and other skin diseases. A kind of gum resembling Senegal

gum in appearance also exudes from the stem, and is useful in diarrhoea.

Butea.—B. frondosa, a native of India, yields an astringent substance

called Butea gum or Bengal Kino, which resembles the official Kino in its

properties. (See Pterocarpus.) It is official in the Pharmacopoeia of India ;

it is used in diarrhoea and similar diseases, and also for tanning, Scc.—B.

stiperba and B. parviflora also yield a similar astringent substance. The

dried flowers of B. frondosa, 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 been im-

ported into this country. The" fibres of the inner bark of B. frondosa are

known under the name of Pulas cordage. The seeds of the same plant are

also highly esteemed as a vermifuge in India ; and from these seeds the oil

known in India as moodooga oil, which is also regarded as an anthelmintic,

is obtained. The substance known as stick-lac is also derived from this tree.

It is produced on the young twigs by the puncture of a species of Coccus.

Stick-lac is used in the preparation of"sealing-wax, and in dyeing, &c.

Castanospermum australe.—The seeds when roasted are said to resemble

in flavour the chestnut, but thev are very inferior to it. The plant is a

native of Moreton Bay, in Queensland, hence the seeds are called Moreton

Bav Chestnuts. .

'Cicer arietinum, Chick Pea; Bengal Gram.—The seeds are very largely

used in India as food for cattle, &c. An acid liquid exudes from the

hairs of the stem, and other parts; it is employed as a refrigerant by

the natives of India.
, j

Clitoria ternatea.—Jhe seeds of this Indian climber have been used with

success as a purgative.
. , . .

Colutea arborescens, Bladder-senna.—The leaflets have been emplovefl

on the Continent to adulterate Alexandrian Senna. They are at once dis-

tinguished from Senna leaflets by their regularity at the base.

"Coronilla Emerus has cathartic leaves. They have been used to adulterate

Senna on the Continent. They form the Sene Sauvage, or Wild Senna, of

^cfotolaria iuncea is an Indian plant which furnishes a coarse fibre called

Su^Ln, Skunum, Taag, Bengal^Pj^J^^c
îned
olia.

another Indian plant, now sometimes regarttea as ouiy a vnru-iy m y,.juncm,

is I be source from whence Jubhulpore Hemp is(derived.

C„clopia.-'Y\K leaves of some species of this genus are used as substi^

tutes for China Tea at the Cape of Good Hope under the names ot [["'"P- " e -

Cape Tea,
"
ml Busk Tea. According to Henry C. G reenish and ot hers, t hesi

spec esan. probablv Clonalfolia. C.galeoides, C.gc,,istoidcs, nwl CMachyPodAmCV^ »COPar!us(Sarotkamnus scoparius) is the Common Broom. TM

seeds and tops in small doses are diuretic and laxative, and in large doses
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purgative and emetic ; the fresh and dried tops are official in the British

Pharmacopoeia.— Cytisus junceus, the Spanish Broom, has similar properties.

The fibre has also been used from an early period in many parts of Southern

Europe for the manufacture of a coarse kind of cloth for home use ; it has

been lately much employed in Italy, and a patent has been taken out for

preparing the fibre.

Dalbergia.—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 Sissum. East Indian Rosewood, or Black Wood, is obtained from D.
latifolia. According to Dr. Allemao, of Brazil, the best Rosewood of com-
merce is derived from D. nigra, a native of Brazil ; and other qualities from
species of Machmrium. (See Triptolomsea.)

Dipteryx.—The seeds of D, odorata, a native of Guiana, have a very
powerful and agreeable odour, which is due to the presence of coumarin.

They are used for scenting snuff and in perfumery, and are commonly
known under the name of Tonquin or Tonka Beans. Coumarin is also

present in other plants of this sub-order, as in the seeds and flowers of

dlelilotus officinal-s and M. cseridea. Fragrant seeds are also obtained from
1). eboi'usis. They are the Eboe nuts of the Mosquito Coast

;
they yield a

fatty oil.

Flemingia.—The glands of the young legumes of F. rhodocarpa, Baker,
a native of Arabia and East Tropical Africa, form the dye known at Aden
under the names of Warns or Wurrus. This, which is in the form of a
powder, has long been known and used as a dye for silk, for which
purpose it is commonly mixed with alum, carbonate of soda, &c, when
it produces a deep, durable, beautiful orange or flame colour. In its

medicinal activity it is said to resemble Kamala (see 3Iallotus), with which
it was formerly confounded.

Genista tinctoria, the Dyer's Broom, yields a good yellow dye, or when
mixed with Woad {Isatis tinctoria'), a green. (See Jsatis.)

Geoffroya vermifuga, G. spinulosa, and other species, possess barks which
have similar properties to those from the species of Andira. (See Andira.)

Glycyrrhiza.—The fresh and dried roots and underground stems of
G. glabra, the common Liquorice plant, are official in the British Pharma-
copoeia

;
these, as well as those of other species or varieties, particularly

G. glabra var. glandulif"era and G. echinata, possess a remarkably sweet taste,

which is especially due to the presence of a peculiar glucoside'to which the
name of glycyrrliizin or glycion has been given. Extract of liquorice root is

imported in very large quantities into this country under the name of
ttqvorkejuice, or Spanish, or Italian, juice, from the countries whence it is

obtained. The Spanish juice is prepared from G. glabra ; the Italian from
G. echinata. The root and 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, Pontefract lozenges, Spanish jidee, Solazzi
juice, &c.

Indigofera tinctoria, I. aerulea, and some other species, when subjected
to ,i peculiar process, yield commercial indigo, one of the most important of
dyeing materials. Sulphate of Indigo has been introduced into the Appendix
"' the British Pharmacopoeia as a test agent. Indigo is very poisonous,
although in proper doses it has been employed in epilepsy and amenorrhoea,
but its value in such diseases rests on no very trustworthy evidence.

Lent escu/enta.—The seeds are commonly known under the name of
/.mills, which have been esteemed from the earliest periods on account of
their value ns an article of food.

Maehmrium,—M-.firmum, M. legale, and probably other species, are said
to be the source of the inferior k'inds of Rosewood. (Sec Dalberqia and
Triptolomieu.)
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Meliloius officinalis.-The flowers and seeds of this and other species

possess a peculiar fragrance, which is due to the presence ot coumarm.

TheTare used to give flavour to the < Schabzieger/ a hard cheese used tor

gla^S
' „ ThP hiirs covering the legumes of M. pruriens, a native of

thefa^rWetS

affections. It is also employed in perfumer:
,«^re

Toluifera
gating pastilles Balsam of Peru

. »^ZtlTottie Stl of San 4x1-
JSakamum, var ) a native of the ^^oaso

balgam wWch exudes

moved. Balsam of Peru has sinntar pit>pei heat^g^"^' in com.

far less frequently employed Balsam of Pen^™f^ Balsanl . Two
merce under the names of Sonsonate or St Salvador ^wc whUe
other medicinal products are also derived rom

^-™££tatar of the fruit

Balsam, which is obtained^r'WJ^^^^ntS Balsam, which

and seeds ; and Balsamito or Essence or Tmctiire^oi \ irg n
n

^
is made by digesting the fruit ^i2iZfsSoSomWUbiA peculiar crystalline su¥an^ia*

p̂

en/™ a
BaWm,towhichhehas^

*fMsas^ the Highlandsof

Scotland, and in Holland. ,
f tl j plant llfive

Pkysoitigma vensnosum, Calabar B«»n.-lhe se a
rf 0)d

been known for some years ^J^va^^*™" Th ftre

Calabar, from their use m thatjMimtry te trial by or e ^
poisonous, acting as a P"W^^%i^C*«^ are official

Calabar Beans and their active alkataidjf^K extract, or some othej

in the British aF»«S°^^2^5vSa as a local appUcatiol

suitable preparation, have been exteM
';

e
{ J.

i]s &c have also been

to the eye to cause contraction of the pupi 1. i hc^r np vmls affections

administered internally"^ffi&n?"*. de80ribed M

•^sss5^«Ksrcjrh a — H
Paraguay tea.
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appear to yield similar products.—Red Sandal or Red Sanders Wood, which

is official in the British Pharmacopoeia, is obtained from P. santalinus. It

is used in medicine as a colouring agent, and also by the dyer for the produc-

tion of red and scarlet dyes. It contains a peculiar colouring matter called

Santalin or Santalic acid.—P. dalbergioides is said to yield the Andaman
Red Wood. It is a valuable timber tree, and is also useful as a dyeing

material. The bark of P. flavus is used in China for dyeing yellow.

—

P.

Draco is one of the plants from which the Dragon's Blood of commerce is

obtained. This is sometimes, but improperly, called Gum Dragon. The

true Gum Dragon of the shops is yielded by species of Astragalus. (See

Astragalus.)—P. angnlensis is said to supply the wood exported from Gaboon

which is the 1 Santal rouge d'Afrique ' of the French, or Barwood of English

commerce. (See Baphia.)

Robinia Pseud-acacia is the North American Locust-tree. It is fre-

quently cultivated in Britain on account of its flowers and its hard and

durable wood.
Snja hispida.—The seeds are largely used in China, Japan. India, &c, in

the preparation of the sauce called by the Japanese Sooja, and by us known
as Soy. The seeds are also consumed* in immense quantities by the Japanese

as a vegetable.

Sophora japonica.—The dried flower-buds are extensively used in China

for dyeing yellow. They are known under the name of Wai-fa.

Tephrosia apollinea and T. toxicariu are used in Africa for the prepara-

tion of a blue dye resembling indigo. Several species of Tephrosia, parti-

cularly T. toxicaria, are employed as fish poisons. They stupefy the fish,

which are then readily taken by the hand. It has been thought by some
that T. toxicaria would act on the human system like Digitalis, and hence

might be used as a substitute for it in those parts of the world where that

plant is not a native. The leaflets of T. apollinea have been employed
in Egypt to adulterate Alexandrian Senna. They may be readily dis-

tinguished from Senna leaflets by their silky or silvery appearance, and by
being equal-sided at the base.

Trigonella Famum-grsecum.—The powdered seeds of this plant are used
in veterinary medicine under the name of Fenugreek. They are also em-
ployed as an ingredient of curry powder ; and for flavouring, &c. the so-

calied concentrated cattle foods. In India the}' are largely used by the

natives both as food and medicine ; whilst the fresh plant is consumed as a
vegetable.

Triptolomtza.—The true Rosewood of cabinet-makers, which is imported
from Brazil, has been generally regarded as the produce of one or more
species of this genus, but this is now said to be derived from a species of

l)att>ergia, &c. (See Dalbergia.)

Vaandzea.—The seeds of this plant resemble those of the Arachis hypogiea
in being edible. They are boiled and eaten as peas. Their native name in

Surinam is Gohbe.
Sub-order 2. C<esat.piniE/F..—The plants of this sub-order are princi-

pally remarkable for their purgative properties. Many important dye-
woods and several tanning substances are also obtained from plants belong-
ing to it. The fruits of some again are edible, and none possess any evident
poisonous properties.

Baphia nitida, a native of Sierra Leone and other parts of Africa, is said
by BOme to furnish the dye-wood known under the name of Barwood or
Camwood. This wocd produces a brilliant red colour. (See Pterocarpns
angotensis.)

Bauhinia.—B. Vahlii,B. racemosa, and B. parviflora furnish fibres which
are used in making ropes.

—

B.relnsa produces a kind of gum.

—

B. variegzta
has an astringent bark, which is used in medicine, and for tanning and
dyeing leather. The buds and dried flowers of B. tomentosu. are also astrin-
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gent, and are employed in dysentery, &c. Other species of Bauhinia are

used' in Brazil for their mucilaginous properties.

Ceesalpinia—The twisted legumes of C. coriaria are powerfully astrin-

gent • thev are extensively used in tanning under the name of Dim-dim

or Libi-dibi. The legumes of C. Papains employed for a similar purpose,
,

but they are very inferior to them; they are called Pi-pi. rhe powdered

legumes of C. coriaria have been used with some success in India as an as-

tringent and antiperiodic— C. Sappan furnishes the Sappan, Book urn, 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 im-

ported from Singapore, and employed for dyeing yellow. Sappan wood is

also a useful astringent, somewhat resembling Logwood m its effects.—C.

echmata furnishes Nicaragua, Lima, or Peach-wood, which u very^exten-

sively used in dyeing red and peach-colours.— C. crista is the plant from

which Brazil-wood is obtained. It is employed for dyeing yellow rose-

colour and red.—C. brasiliensis furnishes another dyewood, called Brazil, tm-

wood, 'which produces fine red and orange colours. The exact species fur-

nishing the above three dyewoods cannot, however, be said to have been

^W-TSSes of this genus are frequently characterised by purga-

tive properties. The leaflets of several species furnish the different varieties

of Senna The kind, known commonly as Alexandrian Senna, is obtained

tomCacutifolia of Delile. This variety is that which is generaUv most

esteemed in this country; but it was formerly much adulterated with the

leave? frmts, &c, of other plants. The Common East Indian, Arabian

MochaX Blmbay Senna is derived from G. angustifo«a, YM ^mnvdfy

Senna is furnished by the same plant cultivated in Southern

above three varieties are those generally used m England ;
but the Alex

aSan and T"nniveUv kinds are alone official in the British Pharmacopoeia.

The Italian and Jamaica kinds of Senna are both ^ed from C.olo^
American Senna, which was formerly official m the United States Pharma

conozia is obtained from C. marilandica.— Cassia Fistula.— Ike tru t, wmcn

Sed into a number of cells by spurious dissepiments contains a black. sh-

brown viscid pulp with a sweetish taste, which possesses axat.ve and purga-

tive nrnne ties This pulp is official in the British Pharmacopoeia Ihe

root said to be
P
purgative.-G brasiliana ( C.

grandis) has a large*

Wer and nmgher fruit, which also possesses purgative properties.

Rmmonfy used in veterinary medicine, and is knownas Hor* Cum.
- T, f- t

~f c moschata is the Small American Cassia ot tne i rt "^'

nimacLrS It Occasionally imported '^^^^^1
to the two former, but is more astringent. Ihe bark of c

-
°''r' f

perties. . .

, der tne nnmes of Carols
Ceratoma SUiqua.—'l he i lpett mt is km « i.

Locust, and St. John's Bread Its pulp has a - > ThVo,roh ]Jn
posed lo have been lb. food of St. n t

ed .(ate. and upwards d
contains about 63 per cent, o ugai

% ,
. ,

•

, ,, s . ,„/,, ftbout 1
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that the small seeds cf this plant formed the original carat weight of

jewellers.

Codarium (Dialium) acutifnlium and C. obtudfolivm yield fruits which

are known under the names of Brown and Velvet Tamarinds. They are

both natives of Sierra Leone. The pulp of both species is eaten, and has an

agreeable taste.

Copaifera.—Several species of this genus, as C. Langsdorfii, C. officinalis,

C. guianensis, C. coriacea, &c, yield the oleo-resin commonly known under

the name of Balsam of Copaiba" ; but it is improperly so called, as it contains

neither benzoic nor cinnamic acids, the presence of at least one of which sub-

stances is necessary to constitute a true balsam. Copaiba is obtained by

boring or cutting deeply into the trunks of these trees. Copaiba is said in

the British Pharmacopoeia to be derived from C. Langsdorjii and other

species of Copaifera.— C. pubiflora, and probably C. bracteata also, furnish

the Purple Heart or Purple Wood of Guiana, which is largely employed for

making musket-ramrods, &c.

—

C. Guibourtiana or Guibourtia copalhfera, is

the principal, if not the sole, source of the copal resin of Sierra Leone.

Dr. Welwitsch has, however, expressed his belief that all West African

copal, and probably all gum resin exported under this name from Tropical

Africa, may be looked upon as a fossil resin, produced in times past by trees

which at present are either entirely extinct, or exist only in a dwarfed

posterity. (See Hymensea and Trachylobium.)

Dialium indicum yields a fruit called the Tamarind Plum, the pulp of

which has an agreeable, slightly acidulous taste, somewhat resembling that

of the common Tamarind. (See Codarium.)

GuUandina Bonducella, the Nicker Tree.—The seeds are very bitter, and
possess tonic and antiperiodic properties. They are official in the Pharma-
copoeia of India, and have been employed with success in intermittent fevers,

&c. The seeds are also used for necklaces, rosaries, &c. The bark of the

root likewise possesses bitter and tonic properties.

Hmmatoxylon campechianum.—The heart-wood is employed in dyeing,

and as an astringent and tonic in medicine. It is commonly known under
the name of Logwood; and is official in the British Pharmacopoeia. It

contains a crystalline colouring principle called hematoxylin, to which its

pre perties are essentially due.

Hymenma.—H. Conrbaril, the West Indian Locust-tree, is supposed to

furnish Cum Anime or East Indian Copal, but upon no reliable authority.

Some of the East Indian Copal is, however, probably obtained from H. ver-

rucosa. Mexican Copal is also supposed to be derived from a species of
Hymenma. (See Copaifera and Trachylobium.) The inner bark of H.
Courbaril is reputed 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 from the liquor obtained by boiling them and the pulp in

water, and subsequently allowed to undergo fermentation, an intoxicating
beverage is procured. This tree grows to a large size, and its timber, under
the name of Locust-wood, is used by ship-carpenters.

Mora excelsa.—This plant, which is a large tree, a native of Guiana,
furnishes the Mora Wood employed largely for ship-building. The bark is

astringent, and useful for tanning.
Parhinsonia aculeata.— Useful fibres are obtained from the stems of this,

plant. //Vv .Tm*mc* Doyiocctl <'t* Cnt n- <-J**<- » r-n<itLi£Zr* , /'' ft.

Poinciana pulcherrima,—The roots are said to be tonic, and the leaves to
have purgative properties.

Swartzia tomentosa, the Bully-tree, a native of Guiana, yields a hard
ami durable wood, culled Beefwood.

Tamarindut indica.—-The fruit is the well-knownTamarind. It contains
an agreeable, acidulous, sweet, reddish-l rown pulp, which, when preserved
in sugar, or in its pure state, is employed medicinally in the preparation
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of cooling laxative drinks, and in other ways. The preserved pulp is official

in the British Pharmacopoeia.

Trachylobium.—Sir John Kirk has shown that T. mossambicense is the

botanical source of the kind of Zanzibar Copal known as ' Sandarusi-m'ti,'

Tree Copal. He also believes that the Copal known in the English market

as ' Anime',' the most valuable of all, and which ' is now dug ' from the soil,

is the produce of extinct forests, but probably derived originally from the

same species of Trachylobium. Sir Joseph Hooker exhibited specimen:- of

Fossil Copal at a meeting some years since of the Linnean Society, from

T. Hornemannianum. This and other kinds of Copal are used in the pre-

paration of varnishes. Brazilian Copal is said by some to be derived from

T. Martianum and several species of Hymenma, but on no reliable authority.

The origin of the kind of Copal known as Angola Copal is at present unde-

termined. It has been referred to T. 31artianum, but this tree has never

been found in Africa. (See Hymeneea and Copaifera.)

Sub-order 3. Mimose.e.—The plants of this sub-order are chiefly re-

markable for vielding gum and astringent substances. Some few are

reputed to be poisonous, as Acacia varians, the root of a Brazilian species of

Mimosa, the leaves and branches of Frosopis utilijiora, the bark of Erythro-

phlceum quineense, &c. .

Acacia.—Various species of this genus yield gum, to which the common

name of Gum Arabic is applied ; but this is a misnomer, as very little gum

is collected in. and none is exported from, Arabia. It is official in the British

Pharmacopoeia under the name of Gum Acacia, and is said to be obtained

from Acacia Senegal (A. Verek), and other species of Acacia. I he more

important varieties now known in the London market are as follows

:

Kordofan, Picked Turkev, or White Sennaar Gum, which is derived from A.

Senegal ( Verek) ;
Senegal Gum, also from A Senegal ;

Siiakm Gum, Talca,

or Talha Gum, from A. stenocarpa and A. Seyal Delile, yar.

Morocco. Mogadore,or Brown Barbary Gum, from A. arabica,\\ illd.
;
Cape

Gum, principally from A. horrid* {A. capensis)- East India Gum, from Ji

arab ca, and other species; and Australian or Wattle Gum from
,

vanou

species, as A. pycnantha, A. decurrens, A. dealbaa and A. homalophylla

but the botanical sources of some of these commercia varieties cannot as

be said to have been definitely determined. The extract prep*
*j

duramen or inner wood of Acacia Catechu furnishes a k °dof Catechuoi

Cutch, which is commonly known as Black Catechu
;

it « » po«M|
astringent substance, containing much tannic acid, and largely emploved

the nrocesses of tanning and dveing, and also to some extent in Hiedi. IMS

iGambier.) The'dried legumes of A. nihUca are imported

under2nlSi Nib-nib, or Bablah, and are also used by tannerj

on account of their astringent properties.
_

The bark of A. arahca po|e^

aSg substance, and is frequently Imported on that.accour.t into >

rountrv The bark is also sometimes imported undei the name 01 Acaou

dtobl. woSd,.t . dull rrf rfout »««'
J 'i

'

r « ,l,o

bablv correct.
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Adenanthera pavonina, a native of India, &c, produces a dye-wood, called

Red Sandal-wood. This must not be confounded with the official Red
Sandal-wood already alluded to as being derived from Pterocarpus santalinus.

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.

Erythrophlceum 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. It is also used for

poisoning arrows. It is also known under the names of Sassy, Casca, Cassa,

and Mancona Bark. It has been lately recommended as a remedial agent,

but the experiments of Dr. Lauder Brunton have been unattended with

marked residts. In its action it has been said to resemble that of digitalin

and picrotoxin combined.
Prosvpis.—The legumes of P. pallida and some other species are very

astringent, and have been employed in tanning under the name of Algarobilla.

The legumes of P. dulcis and other species or varieties found in South

America, &c, have a sweetish taste resembling the Carob Beans (Ceratonia

Siliqua), and like them are used as food for cattle, under the name of

Algorobo ; and a drink called Chica is also prepared from them. The name
of Chica was at first given to a fermented liquor of the Maize, but is now
commonly applied in South America to several fermented drinks. The
legumes of P. pubescens, under the name of Mosquit or Screw Bean, are

largely used for feeding cattle in Arizona. A gum also exudes from the

stems* resembling Gum Arabic ; it is employed in Texas and Arizona
medicinally, and for technical purposes.

Order 3. Rosacea, the Rose Order.—Character.

—

Trees,

shrubs, or herbs. Leaves simple (Jig. 308) or compound (Jig. 378),
alternate (Jig. 289), usually stipulate (Jigs. 308 and 378).

Fig. 047. Di.ifrram of the flower of a species of Hose, with five sepals, five

petals, numerous stamens, and many distinct carpels. Fig. 948. Vertical
section of the flower.

Flowers regular, generally hermaphrodite (Jigs. 947—950), or
rarely unisexual. Thalamus more or less convex (Jig. 605),
elongated (Jig. 600, I), or concave (Jig. 948). Calyx monosepa-
lous (Jigs. 476, ct, and 948), with a disk either lining the tube or

Fig. 947. Fig. 948.
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surrounding the orifice, 4- or 5-lobed, when 5 the odd lobe pos-

terior {fig. 947), sometimes surrounded by a whorl of bracts

forming an involucre or epicalyx {fig. 456). Petals 5, distinct,

( fig. 476, p, and 947), perigynous ; or rarely none {fig. 952).

Stamens definite {fig. 952) or numerous, perigynous {figs. 948

—950) ; anthers {fig. 951) 2-celled, dehiscing longitudinally.

Fig. 949. Fig. 950.

Fig. 951. Fig. 952. Fig. 953. Fig. 954. Fig. 955-

Fit, 949 Vertical section of the flower of the Peach (£™^fm»^"£mM —Fte. 950. Vertical section of the flower of the Quince
P
r 'dnnia) --Fig 951. Two-celled anther with part of the filament of a

of a spedes of Rose.-—Xfe 955. Vertical section of the OTWJ.o.of a

species of fluiuj, with the ovule, ov.

Carmls I {fig. 952), 2, 5, or numerous {jigs. 947 and 948), with

1-celltd ova? es {figs. 952 and 955), usually apocarpous and

LnPrior (Has 947 and 948), or sometimes more or less combined

S SevenS the tube of the calyx, and thus becoming

Jnfenor {fi<,
SbS) ;

styles basilar (*i 639 and 952), lateral
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638), or terminal (fig. 949) ; ovules 1 (fig. 955\ or few (fig. 950).

Fruit various: either a drupe (figs. 693—695), an achajnium, a

follicle, a dry or succulent etasrio (figs. 661 and 703), a cynar-

rhodum, or a pome (Jigs. 473 and 722). Seeds 1 (figs. 953 and

954) or few (fig. 473), exalbuminous
;
embryo straight.

Diagnosis.—Trees, shrubs, or herbs, with alternate leaves.

Flowers regular. Calyx 4—5-lobed ; when 5, the odd lobe pos-

terior. Petals 5, perigynous, or rarelynone. Stamens perigynous,

distinct ; anthers 2-celled. Carpels one or more, usually distinct

or sometimes united; generally superior or occasionally more or

less inferior. Seeds 1 or few, exalbuminous
;
embryo straight.

Division of the Order and Illustrative Genera.—The order

Bosacese, as above defined, may be divided into five sub-orders,

which are by some botanists considered as distinct orders.

They are characterised as follows :

—

Sub-order 1. Chrysobalane.*:.—Trees or shrubs, with simple

leaves and free stipules. Carpel solitary, cohering more or

less on one side with the tube of the calyx ; ovules 2 ;
style

basilar. Fruit a drupe. Seed erect ; radicle inferior. Illustra-

tive Genus:—Chrysobalanus, Linn. There are no British

plants in this sub-order.

Sub-order 2. Drupace^e.—Trees or shrubs, with simple leaves

and free stipules. Calyx deciduous. Carpel solitary, not ad-

herent to the calyx
;
style terminal. Fruit a drupe. Seed

suspended (fig. 953). Illustrative Genus

:

—Prunus, Linn.
Sub order 3. Bose,e.—Shrubs or herbs, with simple or compound

leaves and adherent stipules. Carpels 1 or more, superior,

not united to the flower-tube, distinct or sometimes more or
less coherent

;
styles lateral or nearly terminal. Fruit either

an etserio, cynarrhodum, or consisting of several follicles.

Seed usually suspended (fig. 955), or rarely ascending ; radicle

superior. Illustrative Genera

:

—Bosa, Linn. ; Bubus, Linn.
Sub-order 4. SanguisorbEjE or Poterie^;.—Herbs or under-

shrubs. Flowers often unisexual. Petals frequently absent.

Carpels 1—3 ;
style terminal or basilar (fig. 952). Fruit an

acha?nium enclosed in the flower-tube, which is often in-

durated. Seed solitary, suspended, erect, or ascending.
Illustrative Genera

:

—Alchemilla, Linn.
;
Poterium, Linn.

Sub-order 5. Pome.e.—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 flower-tube, and
thus becoming inferior

;
styles terminal (fig. 950). Fruit a

pome, 1—5-celled or rarely spuriously 10-celled (figs. 473 and
722). Seeds erect or ascending. Illustrative Genera

:

—Pyrus,
Linn.

; Crataegus, Linn.

Distribution and Numbers.—The Chrysobalanese are princi-

pally natives of the tropical parts of America and Africa. The
Drupacew are almost exclusively found in the cold and tern-
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perate regions of the northern hemisphere. The Eoseae and

Sanguisorbew are also chiefly natives of cold and temperate

climates, although a few are found within the tropics. The

Pomem occur only in the cold and temperate regions of the

northern hemisphere. The order Rosacea? comprises about

1,000 species, of which about one-half belong to the sub-order

R°
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 the Drupacex and Pomese, when moistened with water, yield

hydrocyanic acid ; hence the parts of such plants are sometimes

poisonous. All other Rosacese are entirely devoid of poisonous

properties.

Sub-order 1. Chrysobalankm.—Many plants of this sub-order produce

^XTX=.-S fruit of C. Icaco is edible It is know* m «J

West Inches under the name of the Cocoa-plum. Tbe f™ ot" »

also eaten in Sierra Leone. The root, bark, and leaves of C Icaco are

emnloved in Brazil as a remedy in diarrhoea and similar diseases.
emV
ZLrium.-P. excehuJ yields an edible frmtJ^p^^p*

Sierra Leone under the name of the Rough-skinned or Gray Plum, lie

Ssrf P.mmpestre and P.montanum are likewise reputed to resemble

the
s1ibTd

d
er

n
2

fia

DRuPACE,B.-This sub-order is remarkable from the parts

c.U«l Plum., Gr«»gaSt», «><1 >.»>»•>»• Wtao dntf, »'« "
'

»Ph^i^^
Se sorneto used for adulterating the black var^/^J",*^
mixture consisting of the eaves of P ^!a

t
^*0

|r%
0*

ttoXrd8 of the

or F. vesca, in the proportion of one third of
Amygdlllus

latter, have been used as a substitute ferCh.M ca i ,«»

£

{Amyqaalns communis) is the Ata^^^^^^te be names
monly distinguished, from the ^ of which arc

of P.amyqdalus, var. tf«/«s, and P. ^ definite botanical

official in the British Pharmacopoeia. ^.^^"£2?^ canaol

characters distinguishing: the Sweet and Bitta'Atorad^trea»,

«

therefore, in spite of the different qualities of n «g 1
|

• >

kn „ NVU

even as varieties. ^^^J^^^kSSL The Almond]
as Sweet Almonds ; and those of •M^^rKStaa • it is alxo extensively

tree isa native of Morocco, Syria. 1
of ;,s seeds.

cultivated in the southern parts ^ Btuwpe fcrgBSaKBC Alm„ ni,s

yield by expression W
called am Iin,a2

They also contain«8^^^X^«£££m of the oil, when dried

synnptasc or emu?«m. ' he cakelefl are wu
owder. Hitler Almonds

feAStfrw^fiS-- —
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the emulsin acts as a kind of ferment upon the amygdalin, and the result is

the formation of a volatile oil containing hydrocyanic acid, 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. Bitter Almonds 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.

—

Primus
(Amygdalus) persica is the Peach-tree of our gardens, and a variety of

the same species produces the Nectarine. The flowers have been employed
as a vermifuge, and the leaves for flavouring, and also as a vermifuge. The
kernels may be used for the same purposes as the Bitter Almond. All these
parts, as well as the bark, possess poisonous properties owing to the forma-
tion of hydrocyanic acid.

The following plants are considered by some botanists to constitute a
distinct genus, which is termed Cerasus, but the species comprised in it are
now far more commonly included under Prunus. Several species or varieties
produce the fruits called Cherries : thus, P. virginiana of Miller is the Wild
Black Cherry of the United States ; P. avium, the Wild Cherry ; P. Padus,
the Bird Cherry ; and P. Virginiana of Linnaeus, the Choke Cherry or Choke-
berry. The latter is one of the fruits used commonly for mixing with
Pemmican. (See Amelanchier.) The leaves, bark, and fruit of the. Prunus
Lauro-cerasus, the Common Laurel or Cherry-laurel, are poisonous. Their
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 in all

cases where the use of hydrocyanic acid is indicated. *
It is, however, very

liable to vary in strength. "
It is official in the British Pharmacopoeia,

and is prepared by the distillation of the fresh leaves with water. The
bark of P. virginiana of Miller (Primus serolina. Ehrh.) is official in the
United States Pharmacopoeia, and is much valued as a remedial agent. It.
is regarded as tonic, calmative of nervous irritability, and as an arterial
sedative. The kernels of P. nccideutalis and other species are used for
flavouring liqueurs, as Noyau, Cherry-brandy, Maraschino, &c. A gummy
exudation somewhat resembling tragacantli takes place more or less from
the stems of the different species of Prunus.

Sub-order 3. Kose.e.—The Rosea? are chiefly remarkable for their
astringent properties. Many yield edible fruits, and some verv agreeable
perfumes.

Agrimonia Eupatoria has been used as a vermifuge and astringent.
Fragaria elatior, F. vesca, and other species or varieties of Fragaria,

furnish the different kinds of Strawberries.
Geum urbanum and G. rivale are reputed to possess aromatic, tonic, and

astringent properties.

Uulenia trifoliata and G. stipulacea.—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. Thev are commonly known under the
names of Indian Physic and American Ipecacuanha.

Hagenia abyssinica (Brayera ant/w/mintica) is a native of Abvssinia.
I he flowers and tops, under the name of Cusso or Kousso, have been long
employed by the Abyssiniana tor their anthelmintic properties. Thev have
been also used of late years in this and other countries for a similar purpose,
and are said to be effectual in destroying tape-worms. Cusso is official in
the British Pharmacopoeia.

Potentil/,1 TormentUla.—The rhizome and rootlets possess astringent and
tome properties. They are used in the Orkney and Feroe Islands to tan
"••'Her; and in Lapland in the preparation of a red dve. Some other species
possess analogous properties.

"
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Quillaia saponaria.—The bark of this and other species contains a large

amount of saponine. It is employed in some parts of America as a substitute

for soap. It has been much used in this country as a detergent in cases

nf srnrtiness and baldness. ...... ,

RoT-The various species and varieties of this genus are well known

*«. Thp hpautv of their flowers and for their delicious odours. The fruits

fwhiJh are /ommonly known under the name of hip*) of R caruna the

Do- rose, and of other allied species or vaneties, are employed in medicine

fo^theTr refrigerant and astringent properties; they are official in the

British Pharmacopoeia. The fresh and dried petals of the unexpanded flowers

of R aallica const tute the official Red-rose petals of the British Pharmaco-

n^ia Thev are used in medicine as a mild astringent and tonic, and on

r/onnt oflieir colour. The petals of R. centifolia, the Hundred-leaved or

n , , L v^f nnd of some of ts varieties
;and allied species, are remarkable

f Sri Rose-water is prepared by distilling the fresh petals
for their fragrance Kose i ^ ho* been added. The petals of

»*k ^nL arioso employed in medicine as a mild laxative; the fresh,

MWexSded petl a^cia! in the British Pharmacopoeia The vola-
fuUy

:
expanaeu peu ^ ^ ig now almost lnj

sl tlv Sned Z Cmelia on the southern slopes of the Balkan

'

f „ t is also largelv produced in India, and to some extent m
mountains It is also mig

1 .

f^ ^ consumed
other parts but the otto ot^ Th • cultivated for this pur-
in the conntries .*h^nce it « obtamed. ^ commerci j 0tto of

C.SoSnedV distiUation, and, according to Heber, it requires 20 000
Rose is 0

^f.
nS",7

nf Rose enual in weight to that of a rupee. In Turkey,
roses to^ °"°^J^Mffi 0f r0Ses are said to yield by careful d s-

5,000 pounds (^eiman weisnij
froni Smyrna and Constantinople.

rarev or ev r^p'ure when imported into this country.

It is commoiuy ataSated with spermaceti and a volatile o, 1 which is

^£££2*^^*r In'ia

f
or the express purpose

teratingOtoJ^Jfc**^^ edible fruits , thus, the fruit
B«6«s.-Several species

f th&t
J
oi K fruticosus, the Blackberry ;

of Rubus ldmus
f .^%

R
eXrry^ and that of R. Chamsemorus, the Cloud-

that oi ^^^^thHoot of R. villains and R. canadensis is mucti

the Um^ed States lnmrmacopcBia
T , rQots of these plfmd

Spir*a.-S.fiipe»d tJa andJ ^^Meadow-sweet from the ira-

have tonic properties. S. Ulnu.« « c
c„„W(m„. Seomann

s:f!:si2atsr?s^ *. j i

^'
fub'Sefr SANGUisoKBE^.-The plants of this sub-order have gene-.j

^j^ssi^^^^^ iQM Masub8ti

i
for tea. . ... , ,

T
, , Mantle or Parslev Piert, is astringent

^^ewittsX xepuS
L
tote cKie, and was'formeriy thought to

and tonic. It is also repuwu
&rea*-*ftme.

be useful in graveLud stone
. border yield edible fruits,

Sub-order 6. 1 *
.

, frequently obtained.

and fnnn their seeds^ ! > V nu?t known in Ruperts Land, &cJ

-H
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fruits in good condition have occasionally been imported into this country
from Japan and South America.

Mespilus germanica yields the fruit called the Medlar, of which there are
several varieties.

Pyrus.—Some species of this genus produce edible fruits.

—

Pyrus Malus
and its varieties produce the different kinds of Apples.

—

P. communis is the
Pear-tree, so well known for its fruit. The wood is also sometimes used by
wood-engravers instead of Box.

—

P. (hjdonia (Cydonia vulgaris) is 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. The seeds contain much
mucilage, which is nutritive, emollient, and demulcent.

—

P. Aucuparia is

the Mountain Ash or Rowan-tree. Its flowers, root, and bark yield hydro-
cyanic acid, and therefore possess, in a slight degree, sedative properties.

—

P. Aria is the Beam-tree, the timber of which is used for axle-trees and
other purposes.

—

P. dnmestica is the common Service-tree, and P. torminalis
the Wild Service-tree.

Order 4. Saxifragace^e, the Saxifrage Order.—Charac-
ter.

—

Herbs with alternate leaves, which are entire or lobed (Jig.

Fig. 956. Fig. 957.

Fig. 956. Saxt/raga tridaetylites. The leaves are trifld and wedge-shaped,
and the flowers arranged hi a racemose cyme. Fig. 957. Vertical section
of the flower. Fig. 958. Vertical section of the seed.

95G), stipulate or exstipulate. Calyx of 4 or 5 sepals, which are
more or less united at the base (jig. 625), inferior or more or
less superior (Jigs. 025 and 957). Petals 4 or 5, perigynous
imbricate, alternate with the lobes of the calyx (Jig. 957), some-
times wanting. Stamens 5—10, perigynous (Jiq. 957) or hypo-
gynous

;
anthers 2-celled, with longitudinal dehiscence. Disk

N N
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usually evident, either existing in the form of 5 scaly processes,

or annular and notched, hypogynous or perigynouB. Ovary

superior or more or less inferior (jigs. 025 and 957), usually

composed of two carpels, united below, but more or less distinct

towards the apex ;
1- or 2-celled ;

styles equal in numoer to the

carpels, distinct, diverging Fruit capsular, 1-2-celled usually

membranous. Seeds small , numerous ;
embryo (fig. 958) m the

axis of fleshy albumen, and with the radicle towards the hilum.

DiaqnosL-KeTbs with alternate leaves. Flowers unsym-

metrical. Calyx inferior or generally more or less superior,

r-5 partite. Stamens perigynous or hypogynous. Ovary

superior or more or less inferior, composed of 2 carpels umted

7Z base, and diverging at the apex; styles distmct, e,ua

in number to the carpels. Fruit capsular, 1-2-celled. beeus

numerous small, with fleshy albumen.

ieXm and Hooker include the succeeding orders, Fraw>

acem Fscalloniacem, Philadelphacem, Hydrangeacex, Henshv^

Zt cZniace*, and Bibesiace*, in the oner

arranae the whole in the following sub-orders : 1. bcixifragem.

T Francoex 3 . Escallonieee. 4. FhUadelphex or Hydrate*.

5
- 2Son6

;^5=-.--They are exclusively^^

the northern parts of the world, where they chiefly inhabit

niouXinous districts, and sometimes grow aB^ ^sl6^Q

feet above the level of the sea. ^^^^^^
TUm Heuchera, Linn. There are about species.

properties in the United States under the name of Alum-root.

tag in its action between salicm and qmnme.

M_ « FEAHCOiCBJ!, the Francos Order—Character.—

SteSeiILITZ™ e»t,pnl.te. fl*.^ ™£H

of fleshy albumen.
Wotivea of Chili. Illustrative

J2Z2^£tt$&- »~ - »• -»
genera i

toy ^f^°%^XZ,„ ore reputed to he cooling

in dysentery.
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Order 6. Escalloniace.e, the Escallonia Order.— Ch ar act er.
—Evergreen shrubs, with alternate exstipulate glandular leaves
and axillary showy flowers. Calyx superior, 5-toothed, imbricate
in aestivation. Petals 5, alternate with the divisions of the calyx,
perigynous, or rarely hypogynous. Stamens 5, alternate with
the petals, perigynous, or rarely hypogynous. Ooary inferior,
2—5-celled, crowned by a cone-shaped disk

;
placentas axile

;
style

simple
;
stigmas 2—5-lobed. Fruit capsular or baccate, crowned

by the persistent style and calyx. Seeds very numerous, minute
;

embryo small, in a mass of oily albumen.
Distribution and Numbers.—They are chiefly natives of the

mountains of South America. Illustrative Genera

:

—Escallonia,
Mutis

;
Itea, Linn.

; Brexia, Thouars. There are above 66 species.
Properties and Uses.—Unknown.
Brexia.—This genus lias been made the type of a distinct

order, named Brexiacete ; but Bentham and Hooker place it

near the genus Escallonia.

Order*!. PHiLADELPHACEiE, the Syringa Order.—Charac-
ter.

—

Shrubs. Leaves opposite, simple, deciduous, exstipulate.
Calyx superior, persistent, 4—10-lobed, with a valvate ,-Bstiva-
tion. Petals equal in number to the divisions of the calyx,
and alternate with them. Stamens numerous, epigynous.'
Ovary inferior

; styles united or distinct
;
stigmas several. Cap-

side half-inferior, 4—10-celled, placentas axile. Seeds nume-
rous, with fleshy albumen.

Distribution and Numbers.—Natives of the South of Europe,
North America, Japan, and India. Illustrative Genera :—Phila-
delphus, Linn.

;
Deutzia, Thunb. There are about 25 species.

Properties and Uses.—Oi little importance.

Deutzia.—The leaves of some species of Deutzia, especially those of D
scabra, are covered with beautiful scales

; hence, from their roughness thev
are used in Japan for polishing purposes. D. gracilis, a greenhouse plant,
is extensively grown for our flower markets.

Philadetjihus coronarius is commonlv cultivated in our shrubberies It
is a native of the South of Europe. It is generally known as the Svringn,
or Mock Orange, from its flowers somewhat resembling those of the Orangem appearance and odour. This odour is due to the presence of a volatile oil
wnicn may be readily obtained from them by distillation with water The
leaves have a flavour and odour resembling the Cucumber.

Order 8. Hydrangeace,e, the Hydrangea Order.—Diagnosis.
ibis order is frequently regarded as a sub-order of Saxifra-

gacefe with, which it agrees in many important particulars;
out it differs in its plants being of a shrubby nature; in their
naving opposite leaves, which are always exstipulate; in their
™!v

?™ c
f^

x
>
in their tendency to a polygamous structure, as

exniDitecl in the possession of radiant staminal flowers; and in
naving frequently more than 2 carpels, with a corresponding
increase in the number of styles and cells to the ovary.

X N 2
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—

BIBESIACEjE.

Distribution and Numbers.—Natives chiefly of the temperate

regions of Asia and America. About one-half of the species
]

are natives of China and Japan. Illustrative Genera:—
Hydrangea, DC. ;

Bauera, Sm. There are about 45 species.

Properties and Uses.—Unimportant:

Hydrangea.—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 root of //. arborescent, under the

name of Leven Bark or Wild Hydrangea, is largely employed in the United

States in calculous complaints.

Order 9. Hensloviace^e, the Henslovia Order.

—

Diagnosis.—
This is a small order of tropical plants containing but 1 genus,

and 3 or 4 species, which is considered by Lindley to be nearly

allied to Hydrangeacese ; but distinguished by their tree-like

habit, their styles being united into a cylinder, and in the total

absence of albumen. Illustrative Genus .-—Henslovia, Wall.

Properties and Uses.—Unknown.

Order 10. Cctnoniace^:, the Cunonia Order.—Diagnosis.—

Nearly allied to Saxifragacese, but differing from them in being

trees or shrubs, with opposite or whorled leaves, and large m-

terpetiolar stipules. The latter character will also distinguish

them readily from Hydrangeacere, which are exstipulate. They

are also known from the latter order by their calyx not being

Distribution and Numbers.—Natives of South America, the

Cape, the East Tndies, and Australia. Illustrative Genera:—

Weinmannia, Linn. ;
Cunonia, Linn. There are about 100

^pT^erties and Uses.—Astringent. Some have been used for

tanning ; others exude a gummy secretion.

Order 11. Ribesiace;e, the Currant Order.—Characte r.—

Slirubs with (fiq. 384) or without spines or prickles. Leavei

alternate, simple, lobed, radiate-veined Flowers axillary race-

mose, perfect or rarely unisexual. Calyx superior, 4-5-lobed.

Petals 4-5, minute, inserted on the calyx. Stamens 4-5, peril

gynous, alternate with the petals. Ovary in erior ^celled w. h

2 parietal placentas (fin. 718, pi). Fruit a berry (figs. J 18 and

719) -Seeds numerous ;
embryo minute, in horny albumen.

Distribution and Numbers. -Natives of the temperate regions

of Europe, Asia, and North America. Illustrative Genera J
Ribes, LiU. ;

Polyosma, .Br. These are the only genera;

which include about 100 species.

Properties and Uses.-Some are showy garden plants as R.bes

fuchsio des, R. sanguineum, B. aureum, R coccinewm ;
bu ithj

are chiefly remarkable for their agreeable acid fruits Thus

Uie r3 Ribes Grossularia is the Gooseberry ;
R. rubrum and

itavSS yield both Red and White Currants ;
and R. nynril

is the Black Currant.
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Order 12. Crassulace.e, the Houseleek Order.— Charac-
ter.

—

Succulent herbs or shrubs. Leaves entire or pinnatifid,

exstipulate. Flowers usually cymose (fig. 436), symmetrical

{figs. 785 and 78G). Calyx generally composed of 5 sepals, but
varying in number from 3—20, more or less united at the base,

inferior (fig. 785, c), persistent. Petals equal in number to the

divisions of the calyx (fig. 785, p), with which they are alter-

nate, either distinct or united, and inserted into the bottom of

the calyx ; aestivation imbricate. Stamens inserted with the
petals (fig. 785, e), either equal to them in number and alter-

nate with them (fig. 785) ; or twice as many (fig. 786), and then
forming 2 whorls, one of which is composed of longer stamens
than the other, the longer stamens being placed alternate to the
petals, and the shorter stamens opposite to them ; anthers

adnate, 2-celled, with longitudinal dehiscence. Carpels equal in
number to the petals and opposite to them (fig. 785, o), each
having frequently a scale on the outside at the base (fig. 785, a),

distinct or more or less united
;

styles distinct. Fruit either
consisting of a whorl of follicles, or a capsule with loculicidal

dehiscence. Seeds very small, variable in number
;
embryo in

the axis of fleshy albumen, with the radicle towards the hilum.
Diagnosis.—Succulent herbs or low shrubs. Leaves exstipu-

late. Flowers perfectly symmetrical, the sepals, petals, and
carpels being equal in number, and the stamens being also
equal to them, or twice as many. Petals and stamens almost
or quite hypogynous. Corolla monopetalous or polypetalous.
Carpels opposite the petals. Fruit either apocarpous and
follicular, or a many-celled capsule with loculicidal dehiscence.
Seeds small

;
embryo in the axis of fleshy albumen.

Division of the Order and Illustrative Genera:—The order
may be divided as follows :

—

Sub-order 1. Crassule^:.—Fruit consisting of a whorl of fol-
licles. Crassula, Haw.

;
Sedum, Linn.

Sub-order 2. DIamorphe^;,—Fruit a many-celled capsule with
loculicidal dehiscence. Diamorpha, Nutt.

;
Penthorum, Linn.

Distribution and Numbers.—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 about 450 species.

Properties and Uses. —Astringent, refrigerant, and acrid pro-
perties are found in the plants of this order, but none are of
much importance.

Cotyledon.— C. Umbilicus.—This plant, which is a common native, more
especially m the West of England, has long been in use as a popularremedy
in hysteria, and as an external application to destroy corns and warts ft

, "
'" : " n fr'^iently used „f | t ,|,. years as a remedy Cor epilepsy.— C.

ortnculata, n native of the Cape of Good Eope, is employed in similar eases.
Wiodtnla esculenta is eaten by the GreenlanderB.
Sedum.—S. acre is the common yellow Biting Stonecrop of our walls,
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and, as its name implies, is of an acrid nature. It is also reputed to possess

emetic and purgative properties.

—

Sedum Telephium is astringent Lind ej

says that, in Ireland, the leaves of Sedam dmyphyttum, rubbed among oats,

are regarded as a certain cure fur worms in horses.

Order 13. Droserace^:, the Sundew Order.—Character.

Herbaceous plants growing in boggy or marshy places, fre-

quently glandular. Leaves alternate, fringed at their margins (Jig.

375), and with a circinate vernation. Inflorescence scorpioid.

Sepals and petals 5, hypogynous, equal, imbricate, persistent.

Stamens as many as the petals and alternate with them, or twice,

thrice, or four times as many, distinct, withering, hypogynous
;

anthers innate or versatile, extrorse. Ovary superior, 1-celled,

with parietal placentation, superior ;
styles 3—5, distinct or con-

nected at the base ; ovules numerous, anatropous. Fruit capsu-

lar 1-celled, bursting by 3 or 5 valves, which bear the placentas

in their middle or at their base ; hence the dehiscence is locu-

licidal. Seeds numerous, with or without an aril ;
embryo minute,

at the base of abundant fleshy albumen.

Diagnosis.—Bog or marsh herbs, with alternate exstipulate

leaves and a circinate vernation. Inflorescence scorpioid.

Flowers regular and symmetrical, hypogynous, with a quinary

arrangement of their parts, which are also persistent and im-

bricate. Anthers extrorse. Placentas parietal. Fruit capsular,

1-celled, with loculicidal dehiscence. Seeds numerous ;
embryo

small, at the base of copious fleshy albumen.

Distribution and Numbers.—-These plants are found in almost

all parts of the world with the exception of the Arctic regions.

Examples of the Genera :—Drosera, Linn. ;
Dionsea, Ellis. 1 here

are about 110 species in this order.

Properties and Uses.-They possess slightly acid and acnd

properties. Drosera rotundifolia and D. longifolm appear to

have been very early employed as a remedy for consumption, but

have now fallen into disuse. Some of the Droseras are said o

be poisonous to cattle, but there is no satisfactory proof of such

being the case. It has been supposed that certain specie oj

Drofera would yield valuable dyes, because they , «

brilliant purple stain to the paper upon which they are driedl

and also from the circumstance of their yielding a yellow coloui

when treated with ammonia. The plants of the order are ho -

ever chiefly interesting from the peculiar irritabihtj of the

! an Is on their leaves! Thus, the Sundews (Droseras) aie

fi in
"
d with beautiful stalked glands which close more or led

in different species when insects abght upon them
;
?MeW

ant known as Venus's Flytrap (Dio^a musapnU
'

;

\ native of North America, has two-lobed leaves each of *hicn

fs furnished on its upper surface with three stifl glands, whichJ

when^ouched, cause the two halves of the lea to colkps*anj

enclose the object touching them. The glands in these p a s

sectte a viscid acid digestive fluid, so that insects which ahgh
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on them are unable to escape, and become ultimately dissolved

and absorbed for their nourishment. The acid present in this

fluid is said to be citric.

Order 14. Hahamelidace^e, the Witch-hazel Order.—Cha-
racter.—Small trees or shrubs, with alternate simple leaves and
deciduous stipules. Flowers in globular heads or spicate, perfect

or unisexual, polygamous or monoecious. Calyx superior, 4- or

5-lobed. Petals 4 or 5, with an involute, valvate, or circinate

festivation, or altogether wanting. Stamens 8, half of which are

scale-like, sterile, and placed opposite to the petals, and half

fertile and alternate with them ; or numerous. Ovary inferior,

2-celled ; ovules solitary or numerous
;
styles 2. Fruit capsular,

2-celled, with 1 seed in each cell ; seed albuminous.

Distribution and Numbers.—Natives of North America, Asia,

and Africa. Illustrative Genera:—Hamamelis, Linn.
;
Liquid-

ambar, Linn. There are about 25 species.

Properties and Uses.—Chiefly remarkable for their fragrant

balsamic properties. Some have acrid bitter barks ; and the

leaves and bark of others are astringent.

Hamamelis virgimca, Witch Hazel, yields oily edible seeds. Its bark
possesses powerful astringent properties, and has been much used in the

United States and in this country for checking excessive mucous discharges
and haamorrhages.

Liquidambar (A/tingia).—This genus was formerly placed in an order,

of which it was the only representative, termed Liquidambaraceaj or
Altingiaceie.

—

L. orientalis is the source of the balsam named Liquid
Stnrax, which, when purified, forms the official Prepared Storax ofthe British
Pharmacopoeia. (See Styrax.) This plant is a native of Asia Minor. The
storax is obtained from the inner bark, which is afterwards used by the
Turks for the purpose of fumigation. This bark is the Cortex Thymiamatis
or Storax Bark of pharmacologists.

—

L. styraciflua, a native of the United
States and Central America, yields by incision, or from natural fissures, a
balsamic resin called Sweet Gum, Liquidambar, or Copalm Balsam.—L.
Altingiana, a native of the Indian Archipelago and Assam, yields a similar
fragrant balsam. In their effects and uses, both Liquid Storax and Liquid-
ambar resemble other balsamic substances, as the Balsams of Peru and
tFolu, Benzoin, &c.

—

L. formosana of Hance also yields a resin, which is

fragrant when heated.

Order 15. BRUNiACEiE, the Brunia Order.—Character.

—

Heath-like shrubs, with small imbricate, rigid, entire, exstipulate
leaves. Calyx usually superior, or sometimes nearly inferior,

imbricate. Petals and stamens 5, inserted on the calyx, the petals
alternate with the divisions of the calyx and valvate ; anthers
2-celled, extrorse, bursting longitudinally. Ovary superior or
half -inferior, 1—3-celled, with 1 or 2 suspended anatropous
ovules in each cell

;
style simple or bifid. Fruit crowned

by the remains of the calyx and a disk, 1—2-celled, in the first
case indehiscent, in the latter dehiscent. Seeds with a minute
embryo, in fleshy albumen.

Distribution and Numbers.—Natives of the Cape of Good
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Hope, except one Madagascar species. Illustrative Genera:—

Brunia, Linn.
;
Ophiria, Linn. There are about 60 species.

Properties and Uses.—Unknown.

Order 16. Haloragaoe^i, the Mare's-tail Order.—Diagnosis.

Herbs or shrubs, generally aquatic. Flowers small (Ju/. 412),

frequently incomplete and unisexual. They are nearly allied to

OnagraceEe, and, in fact, are merely a degeneration or imperfect

form of that order. They are known from it by their mmute

calyx, the limb of which is frequently obsolete ; and by having

solitary pendulous seeds, which have fleshy albumen.

Distribution and Numbers.—They are found in all parts of

the world. Illustrative Genera :—Hippuris, Linn.
;

Trapa,

Linn. There are about 70 species.

Properties and Uses. —Of little importance except for their

edible seeds.

Trapa—This is .a genus of floating aquatic plants, remarkable for their

horned fruit and large amygdaloid seeds with unequal cotykdons I lie

seeds are edible ; those of Trapa natans are called Clmtaigne <Than by the

French, and Jesuit's Nuts at Venice. In some parts of Southern Europe

thev are ground, and made into a kind of bread.- T. btcorrmns called hng

bv the Chinese, and its seeds are highly esteemed by them.— T. bispmnsa is

the Singhara Nut ; its seeds are largely consumed in Cashmere and some

other parts of India.

Order 17. Callitrichaceje, the Starwort Order.—Charac-

ter—Small aquatic herbs. Leaves opposite, entire, simple.

Flowers minute, axillary, solitary, unisexual, achlamydeous.

Male ftoweroi 1—2 stamens ; anthers remforin Female Jtower

with a 4-cornered, 4-celled ovary, with 1 pendulous ovule m
each cell. Fruit indehiscent, 4-celled. Seeds 4, pendulous, with

fleshy albumen ;
embryo inverted, with a very long superior

Distribution.—Natives of freshwater pools in Europe and

North America. Callitriche is the only genus ;
this includes

several varieties or species.

Properties and Uses.—Unknown.

Cohort 2. MyHales.-Gyncecinm syncarpous usually with an

undivided style; ovary inferior or

calyx-tube ;
placentation generally axile. Seeds exalbu

minous. Leaves nearly always simple.

Order 1. Bhizophobaoe^, the Mangrove Order.-Chara
oj

ter.-2Vo.es (Jig. 255) or shrubs. Leaves simple, opposite, dot ess

oi rarelv dotted, with deciduous interpetiolar stipules Caly*

Snerior 4-12-lobed, with a valvate aestivation, the lobes

Sffi, united so a's to form a calyptra. Petals ansing from

heS alternate with its lobes and equal to them in numbed

toeTon the calyx, twice or thrice as many as its lobes, or
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still more numerous. Ovary inferior, 2- 3- or 4-celled, each cell

with 2 or more ovules. Fruit indehiscent, 1-celled, 1-seeded,

crowned by the calyx. Seed pendulous, exalbuminous, usually

germinating while the fruit is still attached to the tree.

Distribution and Numbers.—Natives of muddy sea-shores

in tropical regions. Illustrative Genera :—Rhizophora, Lam.
;

Bruguiera, Lam. There are about 20 species.

Properties and Uses.—Generally remarkable for their astrin-

gent properties, whence they are used for dyeing and tanning
;

they are also used medicinally for their febrifugal and tonic

properties.

Rhizophora 31angle—The Mangrove-tree—The bark is sometimes im-

ported into this country as a tanning material, but it is not much used.

The fruit is sweet and edible, and its juice when fermented forms a kind of

vine.

Order 2. Combretace^;, the Myrobalans Order.—Charac-

ter.

—

Trees or shrubs. Leaves alternate or opposite, exstipu-

late, entire, without dots. Flowers perfect or unisexual. Calyx

superior, with a 4—5-lobed deciduous limb. Petals equal in

number to, and alternate with, the lcbes of the calyx ;
often

absent. Stamens inserted with the petals on the calyx, gene-

rally twice as numerous as its lobes, or thrice as many, or

sometimes equal to them in number ; anthers 2-celled, with

lopgitudinal or valvular dehiscence. Ovary inferior, 1-celled,

with 2—4 ovules
;
style and stigma simple. Fruit indehiscent,

1-seeded. Seed pendulous, exalbuminous; cotyledons lealy,

convolute or plaited.

Distribution and Numbers.—Exclusively natives of the tro-

pical parts of America, Africa, and Asia.

—

Illustrative Genera :—
Terminalia, Linn.

;
Combretum, Lbffl. There are about 200

species.

Properties and Uses.—The order is chiefly remarkable for the

presence of an astringent principle ; hence the bark of some
species, and the fruits and flowers of others, are employed in

tanning and dyeing. Some yield excellent timber.

Combretum butyrosum, a native of South-eastern Africa, produces a kind

of vegetable butter, which is called Chiquito by the Oaffres, by whom it is

nsed to dress their victuals.

Quixqualis indica.—The seeds are in repute in the Moluccas for their

anthelmintic properties.

Terminalia.—The fruits of several species are largely imported into this

country under the name of Myrobalans or Myrabolams. The principal

kinds of myrobalans arc the Cftebulic and the Belleric ; the first is obtained
from T. Chtbulu, and the latter from T. bellerica. Myrobalans are princi-

pally used by calico printers for the. production of 0 black colour which is

very permanent. They are also employed by the tanner. The belleric

myrobabms have been" also called Bastard Myrobalans and Bedda Nuts.
The flowers Of '/'. Chebula are used as a dye in Travancore, and the ripe

fruit is said to be an efficient purgative. The pulp of the fruit of Emblio
Myrobalans {Terminalia Embltca) is also said to be laxative, and useful in
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Fig. 959.

habitual constipation. The seeds of T. bellerica are eaten by the natives of

some parts of the East Indies, but they possess intoxicating properties, and

have produced symptoms of narcotic poisoning. The seeds of T. Catappa

yield about fifty"per cent, of an oil which is said to resemble almond oil in

its properties, *The seeds are edible, resembling almonds in shape, and are

hence called Country Almonds in India. The seeds of T. citri?iu are pur-

gative.— T. Benzoin has a milky juice, which upon drying forms a fragrant

and resinous substance resembling benzoin in its properties. (See Styrax

Benzoin.')

Order 3. Myrtace^:, the Myrtle Order.—Character.—Trees \

or shrubs. Leaves opposite or alternate, entire, exstipulate (fig.

959). usually dotted, and having a vein running just within their

margins. Calyx superior (fig. 463),

4- or 5-cleft, valvate, sometimes

separating in the form of a cap.

Petals 4—5 (fig. 959), imbricate,

rarely absent. Stamens usually 8

—10, or numerous (figs. 463 and

959), or rarely 4—5
;
filament*

distinct or polyadelphous. Ovary

inferior (fig. 463), 1—6-celled ;

style and stigma simple (figs. 463

and 959) ;
placentas axile (fig.

463), or very rarely parietal.

Fruit dry or succulent, dehiscent

or indehi>cent. /Seeds without

albumen, usually numerous.

Division of the Order and Illus-

trative Genera.—The order may
be divided into two tribes as

follows :

—

Tribe 1. Leptospermese. — Fruit

capsular. Illustrative Genera:

—Melaleuca, Leptospermum.

Tribe 2. Myrtex.—Fruit baccate. Illustrative Genera :—

Punica, Linn. ;
Myrtus, Tourn.

Distribution and JVumbers.-Natives of the tropics and of the

warmer parts of the temperate zones. Myrtus communis thj

common Myrtle, is the most northern species of the order.

This plant, although now naturalised in the South of Europe,«d

originally a native of Persia. There are about 1,320 species

belonging to this order. „ ,

pLyerti.es and Uses.-These plants are generally remarkable

for aromatic and pungent properties, winch are due to,tM

presence of volatile oils. Many of these ode have been used

medicine as stimulants, aromatics, carminatives, diaphoretic s,
or

antispasmodics : and also in perfumery. The dried flo* e -
m

and unripe fruits of some species are in common use as spices.

Fig. 959. Flowering branch of the

common Myrtle (Jlyrtus com-

munis).
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Other plants of the order are astringent, and a few secrete a

saccharine matter. The fruits of some having a sweetish acidu-

lous taste are edible. Many are valuable timber trees.

Eucalyptus.—E. resinifera, the Iron Bark-tree, a native of Australia

and Van Diemen's Land, yields an astringent, very resinous substance,

called Australian or Botany Bay Kino. E. rostrata, E. cormybosa, and

other species, also yield an astringent substance resembling in appearance

and properties the' official kino. It is known as Ked Gum or Eucalyptus

Gum. It is soluble in water, but the so-called Australian Kino is but little

soluble in that liquid. The leaves of E. mannifera, E. viminalis, and

probablv other species natives of Australia, spontaneously exude a saccharine

substance resembling manna, which is therefore commonly termed Austra-

lian Manna. As this exudes, it hardens, and drops from the leaves on to

the ground in pieces, which are sometimes as large as an almond. The

products of the Eucalypti being frequently of a gummy nature, they are

called Gum-trees in Australia.

—

E. Globulus.—Various preparations of the

leaves and bark of this tree have been lately introduced, and recommended

as valuable remedies in intermittent fevers, and so many medical prac-

titioners have borne testimony to their value in such cases, that, allowing

for exaggeration, their use must be, to some extent at least, beneficial ;
but

their antiperiodic properties are very inferior to those of the cinchona barks,

none of the alkaloids of which, as proved by Broughton, they contain. The
leaves and bark have also been recommended as useful in many other ways.

Thus the leaves of this species, as well as those of E. amygdalinus, and

others, yield by distillation a volatile oil, those of E. amygdalinus yielding

more oil than any other species. Oil of Eucalyptus is official in the British

Pharmacopoeia ; it is a powerful antiseptic, and likewise rubefacient. It is

also used in perfumery, &c. The timber of E. Globulus, and many other

species, is very valuable owing to its solidity, hardness, durability, &c, and
also from the great length of the planks that may be obtained from it. The
bark of it, and other species, is also useful for tanning and dyeing ; and
the ashes of the wood are also remarkable for the large proportion of potash

they contain. But important as are the products obtainable from E. Globu-

lus, it has been brought more especially into notice on account of the

influence that plantations of this very rapid-growing tree exert in improving
miasmatic climates by destroying the paludal miasm which causes fever in

malarious districts, and by draining the ground, from which circumstance

it has been called the fever-destroying tree. The bark of certain species

separates in fibrous layers, which has occasioned them to be called Stringy-

bark trees or Stringy-bark Gum-trees. These trees are sometimes of a

prodigious height—350 feet or sometimes even 450 feet, and 100 feet in

circumference, the trunks being destitute of branches to a height of from
1 01 1 ti * 200 feet.

—

E. cocci/era appears to be the mcst hardy species for growth
in this country. It grows well in Earl Annesley's garden, County Down,
Ireland. The bark of E. obliqua and several other species is said by Baron
Mueller to be useful for making good packing and printing paper. Good
writing paper may also be made from the bark of E. obliqua.

Eugenia,—Eugenia caryophyllata (Caryopliyllus uromatievs') is the Clove-
tree.—The dried flower-buda constitute the doves of commerce, which are so

well known as a spice, and in medicine, for their aromatic, stimulant, and
carminative properties. These properties are essentially due to the presence
of a volatile oil. Both Cloves and the Volatile Oil of Cloves are official in
Ho- British Pharmacopoeia. The dried unripe fruits arc called mother cloves

;

they are used in China and other countries as a spice, and are occasionally
imported into this country ; but tin y are very interior to the official cloves.

The dried flower-stalks are also sometimes used as a spice instead of Cloves.
They are commonly known as Clove Stalks, and by the French as Griffes



556 MYRTACEyE.

de Girofle.— The Rose-apples of the East, which are much esteemed as

dessert fruits, are the produce of various species of Eugenia ; the most im-

portant are E. malaccensis and E.Jambos. In Brazil, the fruit of E. cauli-

flma, the Jahuticaba, is also much esteemed. The leaves of E. Ugni are

used in Chili as a substitute for Paraguay Tea. The plant has been intro-

duced into this country on account of its fruit, but not with any great success.

Glaphyria nitida is called by the Malays the Tree of Long Life. It is

also known as the Tea plant, from its leaves being used as tea at Bencoolen.

Leptospennum. —The leaves of L. scoparium and L. Tliea are employed

in Australia as a substitute for China tea.

Melaleuca minor (M. Cajuputi).—The leaves when allowed to stand so

as to undergo a species of fermentation, and then distilled with water,

yield a volatile oil of a very limpid nature and light green colour, called

6ajuput Oil, which is official in'the British Pharmacopoeia. This was formerly

much employed as a remedy in cholera, but without any evident success.

It has been used internally as a diffusible stimulant, antispasmodic, and

diaphoretic ; and externally, when mixed with olive oil, or dissolved in rec-

tified spirit, as a stimulant embrocation in rheumatism, neuralgia, &c. This

oil has the property of dissolving caoutchouc. In Australia, the leaves of

M. scoparia and M. genistifotia are used as substitutes for China tea.

Metrosideros.—M. scandens, the Alia 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.

Myrtus communis, the Common Myrtle.—The dried flower-buds and the

unripe fruits were used as spices by the ancients, and are still so employed

in Tuscanv. By distillation with water, the flowers form a very agree-

able perfume, known in France as Eau d'Ange. The leaves of M. Chekan,

under the name of Chekan,"have long been used in Chili as an aromatic

astringent, and have recentlv been found in commerce.

Pimenta.—Pimenta officinalis (Eugenia Pimenta) is the Common All-

spice—The dried unripe'full-grown fruits are our- official Pimento. It is also

known as Jamaica Pepper, or more commonly as Allspice (from its flavour

combining that of Cinnamon. Cloves, and Nutmegs). 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, which is also official in the British Pharma-
/! _ j_. «„ tp .„.„ M uTtiyfin twris is commonly known

source of the

lannacopceia.

Bay-rum' is em'ploved as a perfume, in faintness and various nervous affec-

tions, &c, and also in the preparation of hair-washes.

Psidium.—Various species or varieties of this genus yield excellent dessert

fruits, which are commonlv known under the name of Guavas. Of this fruit

the natives of the West Indies make several kinds of preserves, as Guava

icily, sieved Guava, Quake-pear, and Marmalade. The more import ant

are P.pyriferum and P. pomiferum. The bark of these plants a so DOS-

scsses astringent properties. Both plants are found frequently in tropical

C0U
p,w?0'ffl Granatnm, the Pomegranate, is the rimnwn of the Bible, and

the rooman of the Arabs. This plant is by some botanists regarded as the

tvpe of a distinct order, which is named Granatc.-v, win e by Benlham and

Weaker it is placed in Lythracm. We, However, retain . as an anomalous

eenus of the Mvrtaceaj, as its affinities are commonly regarded as mo i

nearly allied to the plants of (his order. The leaves, the flowers, and he

ftuit weTaL used bv the ancients for. their astringent properties, and t e

nice of the fruit in' the preparation of cooling drinks on account of itt

„i,l„lo„s taste. The Howes and fruit are still emploj e l m the Bast. 1
tie

tiowerrarelhe Salaustion of lb, ancients, whence their common nameS ihmrs. The rind of the fruit, and the bark oi the root, are the
balaustina Jloivers
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parts now commonlv used as medicinal agents in this country but the latter

s aloue official in the British Pharmacopoeia. These are employed tor their

astringent properties, and the latter is also commonly regarded as a valuable

anthelmintic; the fresh bark is preferred by some, but apparently without

anv good reason. The astringent properties are principally due to tannic

acid but also partly to gallic acid. The bark ot the root has also been

recently proved bv tanret to contain a volatile alkaloid which is evidently

it. important anthelmintic principle; this he has named peUetierine lhe

sulphate of peUetierine and tannate of pelletierine have been found very

efficient remedies for tapeworm.

Sizygium Jamholanum.--The bark is employed in the East Indies as a

useful astringent in chronic diarrhoea and dysentery.

Order 4. Lecythidace;e, the Brazil-nut Order.—C h a r a c t e r.

Laro-e trees, with alternate dotless leaves, and small deciduous

stipules. Floiuers large and showy. Calyx superior. Petals 6,

imbricate, distinct, or sometimes united at the base. Stamens

numerous, epigynous ; some of them cohering so as to form a

unilateral petaloid hooded body. Ovary inferior, 2—6-celled

;

placentas axile. Fruit woody, either indehi scent or opening m
a circumscissile manner (fig. 685). Seeds several, large, and with-

out albumen. This order is referred to Myrtacese by Bentham

and Hooker.
. . .

Distribution and Numbers.—Principally natives of Uuiana

and Brazil, and also occasionally of other hot regions of South

America. Illustrative Genera :— Lecythis, Loffl. ;
Bertholletia,

Humb. et Bonpl. There are about 40 species.

Properties and Uses.—These plants are chiefly remarkable

for their large woody fruits, the pericarps of which are used as

drinking-vessels and for other purposes. Their seeds are fre-

quently edible.

Bertholletia excelsa, Berg. (B. nobilis, Miers), the Brazil-nut Tree.—The

steels constitute the edible nuts known as the Brazil, Juvia, Castanha, or

Para Nuts. As many as 100,000 bushels are annually imported into this

country from Brazil." An oil is obtained by expression from these seeds

which 'is used by artists and watchmakers. The laminated inner bark is

valuable for caulking ships and barges.

Lecythis—The seeds of L. Ollaria are large and edible, and are termed

Sapucaya nuts. They are now commonly sold in our fruit shops, and are

generally thought to be superior in flavour to the ordinary Brazil nuts. The

bark of this plant may be separated into thin papery layers, which are used

bv the Indians as wrappers for their cigarettes. The fruits of this and other

species have been called Monkey-pots on account of their peculiar form.

Order 5. Barringtoniace^:, the Barringtonia Order.

—

Dia-

gnosis.—This is a small order of plants frequently placed among
the MyrtaceiB, but Lindley considered them as quite distinct

from that order in the following particulars : namely, the presence

of a large quantity of albumen in their seeds, and in their

having alternate dotless and often serrated leaves. Thomson has,

however, proved that the seeds are exalbuminous, so that the

characters separating them from Myrtacese are very slight in-

deed. But another character of distinction is to be found in
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the restivation of the calyx in the two orders ; thus in that of
Myrtacese it is valvate, while in Barringtoniaceie it is imbricate.

Distribution and Numbers.—Natives of tropical regions in
all parts of the world. Illustrative Genera:— Barringtonia,
Forsk.

;
Gustavia, Linn.

Properties and Uses.—The bark of Stravadium racemosum is

reputed to be febrifugal, and the root bitter, aperient, and acrid.

The fruit of Careya arborea is eaten, while that of Gustavia
brasiliana is emetic, and produces an intoxicating effect upon
fish. Generally the plants of the order should be regarded as

somewhat dangerous.

Order 6. Cham^elauciaceJ? , the Fringe-myrtle Order.—
Diagnosis.—This is a small order of shrubby plants with ever-

green dotted leaves, and nearly allied to Myrtacese, but dis-

tinguished from them by their Heath-like aspect, their more
or less fringed scaly or bristly calyx-tube, and by their 1-celled

ovary. From Lecythidacese they are at once known by their

habit, their dotted exstipulate leaves, and 1-celled ovary.

Distribution and Numbers.—Exclusively natives of Australia.

Illustrative Genera:— Chamcelaucium, Desf. ;
Darwinia, Eudg.

There are above 50 species.

Properties and Uses.-—Unknown.

Order 7. BELVisiACEiE, the Belvisia Order.—Character.

—

Shrubs. Leaves alternate, exstipulate, with a leathery texture.

Calyx superior, coriaceous, 5-partite, with a valvate sestiva-

tion. Corolla consisting of three distinct whorls of united petals.

Stamens 20, somewhat polyadelphous. Disk fleshy, and forming

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 flat, pentagonal. Fruit a soft rounded berry

crowned by the calyx. Seeds large, kidney-shaped, exalbuminous.

Distribution and Numbers.—Natives of tropical Africa and

Brazil. Illustrative Genera:— Asteranthos, Desf. ;
Napoleona,

Palis. These are the only genera
;
they include 4 species.

'Properties and Uses.—Nothing is known of the uses of these

plants except that the pulp of their fruits is edible, and the

pericarp contains much tannic acid. They might, therefore,

probably be used as astringents.

Order 8. Melastomaceje, the Melastoma Order.— Charac-

ter.—Trees, shrubs, or herbs. Leaves opposite, and almost always

with several large curved ribs, and dotless. Flowers showy.

Calyx 4- 5- or 6-lobed, more or less adherent to the ovary, im-

bricate. Petals equal in number to the divisions of the calyx,

twisted in restivation. Stamens equal in number to. or twice as

many as, the petals ;
filaments curved downwards in aestivation :

anthers long, 2-cellcd, curiously beaked, usually dehiscing by

two pores at the apex, or sometimes longitudinally; in ;vstiva-
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tion lying in spaces between the ovary and sides of the calyx.

Ovary more or less adherent, many-celled
;
placentation axile.

Fruit either dry, distinct from the calyx, and dehiscent ; or
succulent, united to the calyx, and indehiscent. Seeds very
numerous, minute, exalbnminous.

Distribution and Numbers.—They are principally natives of

tropical regions, but a few are also extra-tropical, being found
in North America, China, Australia, and also in the northern
provinces of India. Illustrative Genera:— Melastoma, Juss.

;

Medinilla, Gaud. There are about 2,000 species.

Properties and Uses.—The prevailing character of these plants
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. Generally speaking, the plants of this order
possess but little interest in a medicinal or economic point of

Fig. 960.

Fig. 960. Vertical section of the flower of the Purple Loosestrife (Lythmm
Salicaria). Fig. 961. Calyx of the same.

_ew, but none are unwholesome. A number of species are culti-
ated in this country on account of the beauty of their flowers.

Melastoma.—The leaves of 31. theezans are user! as a substitute for tea,
which has been especially commended by Bonpland.

Meniecyhm.—The leaves of Memecylon tinctorium are used in some parts
of India for dyeing yellow, &c.

Order 9. Lythrace^e, the Loosestrife Order.—Character.
^Herbs or rarely shrubs, frequently 4-sided. Leaves opposite or
rarely alternate, entire, and exstipulate. Flowers regular or
irregular. Calyx {fig. 961) persistent, ribbed, tubular below, the
lobes with a valvate estivation, sometimes with intermediate teeth
\f-g- 961). Petals inserted between the lobes of the calyx and
alternate with them (fig. 960), occasionally wanting, deciduous
btamens perigynous, inserted below the petals (fig. 960\ to
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which they are equal in number, or twice as many, or even
more numerous ; anthers adnate, 2-celled, opening longitudinally.

Ooary superior (Jig. 960), 1- 2- or 6-celled ; ovides numerous or
rarely few

;
style 1, filiform (Jig. 960) ;

stigma capitate or rarely
2-lobed-. Fruit capsular, membranous, dehiscent, surrounded
by the non-adherent calyx-tube. Seeds numerous, with or with-
out wings, exalbuminous

;
placentation axile (Jig. 960) ;

embryo
straight, with flat leafy cotyledons, and the radicle towards the
hilum.

Diagnosis.—Herbs or shrubs, with entire exstipulate usually

opposite leaves. Calyx tubular, ribbed, persistent, bearing the
deciduous petals and stamens ; the latter being inserted below the

petals. Anthers 2-celled, adnate, bursting longitudinally. Ovary
superior, with axile placentation

;
style 1. Fruit membranous,

dehiscent, surrounded by the non-adherent calyx-tube. Seeds
numerous, exalbuminous.

Distribution and Numbers.—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 Salicaria, has been hitherto found in Australia.

Illustrative Genera

:

—Lythrum, Linn.
;
Lawsonia, Linn. There

are about 250 species.

Properties and Uses.—These plants are chiefly remarkable

for the possession of an astringent principle, and for their value

in dyeing.

Ammannia vesicatnria.—The leaves are very acrid ; they are much used

in India by the natives as a vesicant, but their action is slow, and they

cause great pain.

Grislea tnmentosa.—In India the flowers are employed for dyeing, mixed

with species of Morinda. (See Morinda.)

Lagerstrdmia Regime has narcotic seeds, and its leaves and bark are

reputed to be purgative and hydragogue.

Lawsonia inermis (L. alba).—The leaves and young twigs of this shrub

form the Henna, Henne, or Alkanna of Egypt and other countries. Henna

is used bv the women in the East to dye the tips of their lingers, (heir

finger- and toe-nails, palms of the hand, and soles of the feet, of a reddish-

orange colour. The men also use it for colouring their beards. It is like-

wise "employed for dyeing skins and morocco leather reddish-yellow, and by

the Arabs, Persians, &c, for dyeing their horses' tails and manes. The

leaves are also used to some extent as an astringent.

Lythrum Salicaria, Purple Loosestrife, is a common British plant, an|

is said to be useful as an astringent in diarrhoea, &c. Other species probably

possess similar properties.

Order 10. Onagkace;e, the Evening Primrose Order.—

Character.

—

Eerbs or shrubs. Leaves alternate or opposite,

simple, exstipulate, without dots. Calyx (Jig. 9G2) superior;

tubular, with the limb usually 4-lobed, or sometimes 2-lobed

(Jig. 787); in testivation valvate ; or rarely the limb is absent.

Petals usually large and showy, generally regular and equal in

number to the divisions of the calyx (Jig. 787), twisted in
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Fig. 962.

aestivation, and inserted into the throat of the calyx (fig. 962) ;

rarely absent. Stamens (figs. 787 and 962) 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. 573 and 576). Ovary in-
ferior (fig. 962), 2—4-celled; placentas a'xile

;

style 1, filiform
;
stigma lobed or capitate. Fruit

capsular, or succulent and incleh'iscent, 2—4-celled.
Seeds numerous, without albumen

; embryo
straight.

Diagnosis.—Herbs or shrubs, with simple ex-
stipulate dotless leaves. Calyx superior, 2—4-
lobed, valvate in aestivation. Petals usually
equal in number to the lobes of the calyx, with
a twisted aestivation, or rarely absent. Stamens
few, inserted into the throat of the calyx with
the petals. Ovary inferior, 2—4-celled

; style
simple

;
stigma lobed or capitate. Fruit dehiscent

or indehiscent. Seeds numerous, without albu-
men.

Distribution and Numbers.—Chiefly natives
of the temperate part3 of North America and
Europe

;
many are also found in India, but they

are rare in Africa, except at the Cape. Illustra-
tive Genera:— CEnothera, Linn.

; Circasa, Tourn
There are about 300 species.

Properties and Uses. — Generally the plants
are harmless and possess mucilaginous properties.
The roots of CEnothera biennis and other species of the same
genus are edible. The fruits of many Fuchsias are somewhat
acid and good to eat. Some species of Jussieea are astringent.

Cohort 3. Passiflorales.—Gyncecium syncarpous
; ovary usually

1-celled, or sometimes spuriously 3-celled
; placentation

parietal; ovules numerous. Seeds albuminous or exalbu-
mmous. Leaves simple.

Order 1. Samydace/e, the Samyda Order.—C h a r a c t e r —
Irees or shrubs. Leaves alternate, simple, evergreen, stipu-
late, usually with round or linear transparent glands. Calyx
interior, 4—5-partite. Petals absent. Stamens perigynous 2
|,

or 4 times as many as the divisions of the calyx
; filamentsunited, some of them frequently sterile

; anthers 2-celled. Ovary
Bttpenor, 1-celled; style 1, filiform

; placentas parietal, bearingnumerous ovules. Fruit capsular, leathery, 1-celled. Seedsnumerous anllate, with oily or fleshy albumen
; embryo largeDMutvm and Numbers. -Exclusively tropical, and princi-pa

y American. IUustrative Genera.--Samyda, Link. CaLarS,
*>(ic<l. inere are above 100 species.

O 0

Fig. 962. Vertical
section of the
flower of a
species of Wil-
low-herb (Epi-
lobium).
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Properties and Uses.—Of little importance. They are com-
monly bitter and astringent.

Casearia.— C. ulmifolia, a native of Brazil, is there highly esteemed as a

remedy against snake-bites. Some species of Casearia have febrifugal pro-

perties, and others are said to be poisonous.— C. escidentah&s purgative rout-.

Order 2. Homaliace^:, the Homalium Order.—Character.
Trees or shrubs, with alternate leaves. Calyx superior, funnel-

shaped, with from 5—15 divisions. Petals equal in number to,

and alternate with, the divisions of the calyx. Stamens oppo-

site to the petals and inserted on them, either distinct or in

bundles of 3 or 6. Ovary inferior, 1-celled
;
placentas parietal

;

ovules numerous ;
styles 3—5. Fruit a capsule or berry. Seeds

small; embryo in the axis of a little fleshy albumen. This

order is included in Samydacese by Bentliam and Hooker.

Distribution and Numbers.—They are natives of the tropical

parts of India, Africa, and America. Illustrative Genera:—
Homahum, Jacq.

;
Trimeria, Earv. There are about 36

species.

Properties and Uses.—Some species of Homalium are astrin-

gent, but nothing is known of the properties of the other

genera.

Order 3. Loasace^e, the Chili Nettle Order.—Character.—
Herbaceous plants, with stiff hairs or stinging glands. Leaves

exstipulate. Ccdyx superior, 4- or 5-parted, persistent. Petals

5 or 10, in 2 whorls, often hooded. Stamens numerous, in

several whorls, either distinct or united in bundles. Ovary

inferior, 1-celled, with several parietal placentas, or 1 axile

placenta ;
style 1 ; ovules anatropous. Fruit capsular or succu-

lent. Seeds with a loose testa, and having an embryo lying hi

the axis of fleshy albumen.

Distribution and Numbers.—They are all natives of North

and South America. Illustrative Genera

:

—Bartonia, Mueld.}

Loasa, Adans. There are about 70 species.

Properties and Uses.—Some of the species are remarkable

for their stinging glands ; hence their common name of Chili

Nettles. Several species are cultivated on account of the beauts

of their flowers. A Mexican species, Mentzclia hinpida, is re-

puted to possess a purgative root.

Order 4. Turnerace.e, the Turnera Order.—Character.—

Herbaceous or somewhat shrubby plants. Leaves alternate,

exstipulate, hairy. Flowers axillary. Calyx inferior, 5-lobed,

imbricate in aestivation. Petals 5, equal, twisted in aestivation!

without a corona, perigynous, deciduous. Starru ns 5, alternate

with the petals, perigynous ;
filaments distinct. Orarij 1-celled,

superior, with 3 parietal placentas; styles 3, more or less muted

at the base, forked or branched above. Fruit capsular, 1-celled,
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3-valvecl, partially dehiscing in a loculiciclal manner. Seeds
with a caruncule on one side, and a slightly curved embryo in
the midst of fleshy albumen.

Distribution and Numbers.—Natives exclusively of South
America and the West Indies. Illustrative Genera

:

—Turnera,
Plum.

; Piriqueta, Aubl. There are about 60 species.

Properties and Uses.—Some are said to be astringent, others
tonic and expectorant, and a few aromatic.

Turnera.—The drug known in the United States under the name of
' Damiana

' is principally derived, according to Holmes, from a species of
Turnera, and probably T. microphylla. The source of another variety of
Damiana, used in America, is, however, said to be Aplopappus discoideus,
DC, a plant of the order Composite. (See Aplopappus.) Damiana is a
nervine tonic, and is reputed to be a powerful aphrodisiac, but on no sufficient
authority.

Order 5. Passiflorace;e, the Passion-flower Order.—Cha-
racter.

—

Herbs or shrubs, usually climbing by tendrils (fig.
213), or rarely trees. Leaves alternate, with foliaceous or rarely
minute stipules. Flowers perfect or very rarely unisexual.
Sejmls 5, united below into a tube, the throat of which bears a
number of filamentous processes, and thus forming a kind of
corona

;
petals 5, inserted into the throat of the calyx on the

outside of the filamentous processes, with an imbricate testiva-
tion

; sometimes wanting. Stamens usually 5, monadelphous or
rarely numerous, attached to, and raised above the calyx by,
the stalk of the ovary. Ovary stalked, superior, 1 -celled

;

styles 3, clavate
; placentas parietal. Fruit 1-celled, stalked,

generally succulent. Seeds numerous, arillate
;
embryo in thin

fleshy albumen.
Distribution and Numbers.—They are chiefly found in tropical

America, but a few also occur in North America and the East
Indies, and several in Africa. Illustrative Genera :—Passiflora,
Juss.

; Tacsonia, Juss. There are about 214 species.
Properties and Uses.—Several have edible fruits, and others

are said to be bitter and astringent, narcotic, emmena»offue, or
diaphoretic.

°

Parnpsis eibdis has an edible fruit. It is a native of Madagascar.
Passiflora.—The fruits of several species of this genus are eaten under

the name of Granadillas. The root of P. quadranciularis is said to be nar-
cotic. I he flowers of P. rubra are also narcotic. Other species are reputed
to be anthelmintic, emmenagogue, expectorant, emetic, carminative, &c

lacsoma.—The pulpy fruits of T. speciosa, T. mollissima, T. tripartita.and others, are edible.

Order 6. Male.su krbiacevE, the Crownwort Order.—Diag-
nosis.— This is a small order of herbaceous or somewhat shrubby
Plants, resembling Passifloraceas, in which it is included by Ben-
tHam ami Hooker, but differing in never being climbers ; 'in thewant of stipules

;
m the filamentous processes of the flowers oftnat order being reduced to a short membranous ring or coronet

o o 2
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in tins; in the insertion of the styles at the back instead of

the apex of the ovary ; and in the seeds not being arillate.

Distribution and Numbers.—They are all natives of Chili and

Peru. Illustrative Genera :—Malesherbia, B. et P. ;
Gynopleura,

Cav. These are the only genera
;
they include 5 species.

Properties and Uses. —Altogether unknown.

Order 7. PapayaceiE , the Papaw Order.—Character.—

Trees or shrubs, sometimes with an acrid milky juice. Lea m s

alternate, on long stalks, lobed. Flowers unisexual, or rarely

perfect Calyx inferior, minute, 5-toothed. Corolla monope-

talous, and usually without scales or filamentous corona m the

female flowers, 5-lobed. The male flower has a few stamens

inserted on the corolla. The female flower has a 1-celled superior

ovary with 3—5 parietal placentas. Fruit succulent or dehis-

cent. '/Seeds numerous, albuminous, with the radicle towards the

hilum It is included in Passifloracex by Bentham and Hooker.

Distribution and Numbers.—Natives of South America and

the warmer parts of the Old World. Illustrative Genera .—

Carica, Linn. ;
Modecca, Linn. There are about 26 species.

Properties and Uses.—Generally unimportant ;
but the acrid

milkv juice is said to be poisonous in some species
;
and m others

emmenagogue. The seeds of some species are also emmena-

gogue.

Carica -The acrid milkv juice of Carica digitata is said to be a deadly

noison The iuice of the unripe fruits and the powdered seeds of Carica

Pavana the Papaw-tree, are powerful anthelmintics ; the former being the

mofeTctive and certain in its action. The fruit, however, when cooked,

h eaten The"powdered seeds have also a great reputation m Southern

TndTa for their powerful emmenagogue properties, and it .s well known that

7 !il Z ra a certain stage by pregnant women it is exceedingly

districts as a substitute for soap.

Order 8. Cuctobitaob*, the Gourd Order.-Charact er.-

Eerb\ generally of a succulent nature, and either prostrate or

cSrnl by means of tendrils. Leaves succulent alternate,STradiate venation {fig. 310), more or less scabrous, ex-

l pulate Molls uniseS (figs 003 and 964), ,-oncBCXousor

perigynous. Male flower .—Stamem usually 5, epipttalous
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(Jig. 964, st), and alternate with the segments of the corolla,

either distinct or monadelphous, or more frequently triadelphous

(fig. 964, st) in such a way that two of the bundles contain each
2 stamens, and the other but 1 stamen

;
rarely there are but 2

or 3 stamens present ; anthers 2-celled, usually long and sinuous

Ftg. 963.

Fig. 963. Female or pistillate flower of the Cucumber (Cncumis sativus). co.
Calyx adherent to the ovary ; the limb is seen above, with five divisions."
p. Corolla. *. Stigmas. Fig. 964. Male or staminate flower of the same',
the floral envelopes of which have been divided in a longitudinal manner!
From Jussieu. c. Calyx, p. Corolla, st. Stamens.- Fig. 965. Pepo of
the Squirting Cucumber {Ecballium offlcinarum), discharging its seeds
and juice.

(fig. 531, I), or sometimes straight. Female flower

:

—Ovary in-
ferior (fig. 963), 1-celled, or generally spuriously 3-celled from
the projection inwards of the placentas; placentas parietal,
usually 3, or rarely 2; ovules indefinite or sometimes solitary;
style short (fig. 963); stigmas thickened (figs. 647 and 963, s),

papillose, lobed (fig. 647) or fringed. Fruit a pepo (figs. 721
and 965), or rarely a succulent berry. Seeds more or less
flattened, usually with a leathery or horny testa, which is
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enveloped in a succulent or membranous covering, generally

numerous or rarely solitary; embryo flat, without albumen;

cotyledons leafy ; radicle towards the hilum.

Diagnosis.—Herbs, usually of a succulent nature, prostrate

or climbing. Leaves rough, alternate, radiate-veined, exstipu-

late. Flowers unisexual. Calyx 5-toothed or obsolete, superior

in the female flowers. Corolla perigynous. Male flower with

usually 5 stamens, which are distinct, monadelphous, or tria-

delphous, and epipetalous
;
rarely there are but 2 or 3 stamens ;

anthers long and usually sinuous or sometimes straight. Female

flower:—Ovary inferior, with parietal placentas; style short;

stigmas more or less dilated. Fruit succulent. Seeds flat,

generally numerous, exalbuminous, cotyledons leafy.

Division of the Order and Illustrative Genera.—This order

has been divided into three sub-orders as follows :

—

Sub-order 1. NhastdirobEjE. —Anthers not sinuous. Placentas

projecting so as to meet in the centre of the fruit. Seeds

numerous. Illustrative Genera ;—Telfairia, Hook. ;
FeuiUaea,

Linn. „

Sub-order 2. Cucurbiteje.—Anthers sinuous {Jig. 531, I). Pla-

centas projecting so as to meet in the centre of the fruit

(Jig. 721, pi). Seeds numerous. Illustrative Genera .-—Bryonia,

Linn. ;
Ecballium, L. C. Bich.

Sub-order b. Siceje.—Placentas not projecting. Seed solitary,

pendulous. Illustrative Genera ;—Sicyos, Linn. ;
Sechium,

P. Br.

The Cucurbitacete have been divided by Bentham and

Hooker as follows :

—

Series 1. Plagiospebme^. —Ovules horizontal. Illustrative

Genus .-—Bryonia, Linn.

Series 2. OrthospermEjE.—Ovules erect or ascendmg. must) a-

tive Genus .-—Trianosperma, Ton: et Gr.

Series 3. Cremosperme/e. —Ovules pendulous. Illustrative

Genera .-—Sicyos, Linn. ;
Sechium, P. Br.

Distribution and Numbers. -Natives principally of hot cli-

mates in almost every part of the world, but esPec^y^"";
dant in the East Indies. One species only occurs in the Butisli

Islands, Bryonia dioica. There are about 300 species.

Properties and Uses.-An acrid bitter purgative property la

the ch ef characteristic of the plants of this order
;

this is

possessed more or less by all parts of the plant, but it * <«-

neciallv evident in the pulp surrounding the seeds: the seeds

Et elves are, however,
1

usually harmless. In some phints th»

acridity is so concentrated that they become poisonous vh.l

SoE cases, and especially from cultivation it .u» doused

that their fruit becomes edible. As a general rule, the plants oi

this order should be regarded with suspicion.
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Bryonia dioica.—The fresh root is sold by herbalists under the names of

White" Bryony and Mandrake root ; but the true Mandrake root is derived
from Mandrugora officinalis. (See 3fandragora.) In the form of a tincture,

in small doses it is said to be useful in pleurisy ; but in large doses it acts as

a hydragogue cathartic, and in excessive 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, B. americana, and B.
africana have similar properties. The root of B. epigsea is employed by the

natives in India as an alterative in syphilis, and other affections. It is also

reputed to be a powerful remedy in snake bites.

Citrullus Colocynthis, 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 (2 Kings iv. 39). The pulp of this fruit, which is

commonly known as the Bitter Apple or Colocynth, is, in proper doses, a
valuable hydragogue cathartic, but in excessive doses it is an irritant poison.

It owes its properties to a bitter glucoside called colocynthin. Two kinds
are known in commerce, viz. : Peeled Colocynth, which is chiefly imported
from Spain and Syria ; and Mogador or Unpeeled Colocynth, which is

obtained from Mogador. The former is the best kind, and is official in the
British Pharmacopoeia. It is commonly known as Turkey Colocynth, but
that imported from France and Spain is sometimes distinguished as French
and Spanish Colocynth. Mogador Colocynth is principally used by phar-
macists for their show-bottles. The seeds possess the purgative property to

a slight extent, but the pulp is by far the more active part of the fruit.

In parts of Africa, more especially in the Sahara, the seeds form an article

of food.

Cucumis.—The fruit of Cucnmis sativus is the Cucumber ; that of C.
Melo is the Melon.— C. trigonus and C. Hardwickii, both of which are
natives of the East Indies, are reputed to be purgative, like the true official

colocynth.

Cucurbita.—The fruits of several species or varieties are used as articles

of food. Thus the fruit of C. Citrullus is the Water-melon ; that of C. Pepo
the White Gourd or Pumpkin ; that of C. Melopepo the Squash : and that of
C. ovifera succada is the Vegetable Marrow. The fruit of some other species
or varieties of Cucurbita are also eaten. The seeds of the Pumpkin are said
to possess valuable anthelmintic properties in cases of tape-worm ; the ex-
pressed oil is also reputed to be equally effectual. By some the fresh seeds
are preferred. The seeds of the so-called C. maxima,'Duch., or Red Gourd,
have similar properties ; this plant is, however, only another form of C. Pepo,
and in Bentley and Trimen's ' Medicinal Plants ' both plants are treated of
under C. Pepo. The seeds of the Water-melon and other species also possess
diuretic properties. An oil called Eguse by the inhabitants of Yorruba in
Africa, and which is largely used by them "for dietetic purposes, and also as
a medicine, is supposed to be derived from one or more species of Cucurbita.
This <>il is also well adapted for burning, and for the lubrication of machinery.

Ecbullium officinarum {Momordica Elaterium) is commonly called the
Squirting Cucumber, from the fruit separating when ripe from the stalk,
ami expelling its seeds and juice with much violence {fig. 965). The
sediment from the juice of the nearly ripe fruit, when dried, constitutes
the official Elaterium of the British Pharmacopoeia. In doses of from T

L to £
of a grain, when pure, it is a powerful hydragogue cathartic. It owes its

properties to a white crystalline extremely bitter principle called Elaterin,
which is also official in the British Pharmacopoeia. In improper doses
elaterium is an irritant poison.

Feuillwa cordifolia has intensely bitter seeds, which arc violently pur-
gative and emetic; thus forming a striking exception to the generally
harmless properties o!' Cucurbitaceous seeds. The fruit is reputed. to act, as
an antidote to poisoning by strychnine. (See Strychnos.)

Lagenaria vulgaris is commonly called the But'tlc Gourd, from its hard
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pericarp being used as a receptacle for containing fluid. The seeds are

purgative.

Luffa.—L.pwgans and L. drastica.—The fruit of these plants is violently

purgative. It is commonly called American Colocynth. The fruit of oilier

species has similar properties. The fruit of Luffa fcelida is termed the

Sponge Gourd, as its pericarp mainly consists of a mass of fibres entangled

together ; it is employed for cleaning guns and other analogous purposes.

The dried fibrous part of the pericarp of Luffa veyyptiaca is used in bath-

rooms by Egyptian ladies to produce smoothness of the skin ; it is com-
monly known as the Towel Gourd. These prepared pericarps may now be

commonly met with in this country under the name of ' Loofahs.' An in-

fusion of the fresh stalks and leaves of Luffa amara, an Indian species, is

said to be useful in affections of the spleen. It possesses bitter tonic and
diuretic properties.

Sechium edule.—The green fruit is commonly eaten in hot countries. It

is called Chocho or Chacha.
Telfuiria pedata (Jotliffia africana).—The seeds yield by expression a

very good oil, resembling that obtained from Olives. They have a flavour

like" almonds, and are eaten in Africa. They have been imported into this

country on account of their oil.

Trianosperma (Bryonia) ficifolia is the source of the celebrated remedy

known by the natives of the Argentine Republic as tayuru, and in Brazil

as Leroy vegetal. It is said to possess powerful emetic and cathartic

properties.

Trichnsanthes anguinea is the Snake Gourd.—The fruits of this and some

other species are eaten in India mixed with curries ; but others are reputed

to possess poisonous properties.

Order 9. Begoniace^;, the "Begonia Order.—Character.

—

Herbs, or low succulent shrubs. Leaves alternate, very unequal-

sided at the base (fig. 338), with large membranous stipules.

Flowers unisexual, monoecious. Calyx coloured. Male flower

with 4 sepals, 2 of which are smaller than the others, and decus-

sating with, and placed internal to them. Stamens numerous,

distinct or united by their filaments into a column; wnthers 2-

celled, clavate, with longitudinal dehiscence, clustered. Female

flower with 5 or 8 sepals. Ovary inferior, winged, 3-celled, from

three large projecting placentas meeting in the axis
;
stigmas 3,

sessile, 2-lobed. Fruit winged, capsular. Seeds numerous, with

a thin reticulated testa, and without albumen.

Distribution and Numbers.—Natives chiefly of India, South

America, and the West Indies. Illustrative Genera .-—Begonia,

Linn. ;
Diploclinium, Lindl. There are above 100 species.

Properties and Uses.—They are generally reputed to possess

astringent and bitter properties, and occasionally to be purgative.

Some species of Begonia, as B. malaharica and B. tuberosa, are

used as pot-herbs. The species of Begonia are much cultivate. 1

for the beauty of their flowers and leaves, and from their

unequal-sided leaves, very characteristic of this genus, they arc

commonly termed Elephant's Ears.

Order 10. Datiscace.k, the Datisca Order.—Character-

less, or in the case of Tetrameles a large tree. Leaves alter-

nate, cxstipulate. Flowers diclinous, apetalous. Male flower
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with a 3—4-cleft calyx. Stamens 3—7; anthers 2-celled, linear,

bursting longitudinally. Female floiver with a superior 3—4-

toothed calyx, and a 1-celled ovary, with 3—4 polyspermous
parietal placentas. Fruit dry, opening at the apex. Seeds
without albumen, minute, numerous. This order is commonly
placed among the Monochlamydese ; but its affinities' are clearly

with Begoniaceee and Oucurbitaceae, and hence it is placed here.

Distribution and Numbers.—They are widely distributed over
the globe. Illustrative Genera

:

—Datisca, Linn.
; Tetrameles,

B. Br. The above are the only genera : there are 4 species.

Properties and Uses.—Of little importance. Useful fibres
might probably be obtained from the plants of this order.

Datisca cannabina is bitter and purgative. The root is employed in
Cashmere as a yellow dye.

Cohort 4. Ficoidales.—Stamens generally numerous, epigynous
or perigynous. Gynoecium syncarpous

; ovary 1- or many-
celled. Seeds albuminous or exalbuminous. Leaves simple
when present, and exstipulate. Stem usually fleshy.

Order 1. Cactace^e, the Cactus Order.—Character.—Suc-
culent plants, which are usually spiny and leafless. Stems fleshy,
globular, columnar, flattened, or 3- or more angled, and alto-

gether presenting a peculiar and irregular appearance. Flowers
solitary, sessile. Sepals and petals imbricate, usually numerous,
in several whorls {fig. 907), and scarcely distinguishable from
each other, or rarely 4-merous ; adherent to the ovary (fig. 966).
Stamens numerous (figs. 960 and 967), with long filaments and
versatile anthers. Ovary inferior (fig. 966), fleshy, 1-celled, with

Fig. 966. Fig. 967.



570 MESEMBKYANTHACEjE.

parietal placentas (fig. 631) ;
style 1 ;

stigmas several. Fruit

succulent. Seeds numerous, parietal or imbedded in the pulp,

without albumen.
Distribution and Numbers.—Natives almost exclusively of

the tropical regions of America. Illustrative Genera:—Melo-
cactus, C. Banhin

;
Mammillaria, Haw. There are about 800

supposed species.

Properties and Uses.—The fruit of many species is some-

what acid and agreeable, and is useful in febrile complaints.

The fleshy stems of the Melon Cactus (Melocactus) are eaten by
cattle on account of their juice in the dry districts of South

America. Many species of Cereus, JSpyphyllum, &c, are culti-

vated on account of their showy flowers. Some species of Cereus,

as C. grandiflorus and 0. nycticallns, open their flowers at

night
;
they are remarkable for their size, some being as much

as 1 foot in diameter.

Opuntia.—O. vulgaris—The fruit of this plant is the Prickly Pear,

which is much eaten in America and the South of Europe, and is now com-

monly imported into this country, and used as a dessert fruit. It is not,

however, much esteemed. The fruit of 0. Tuna is of a carmine colour, and

has been employed as a water-colour.— 0. cochinillifera, the Nopal Plant, is

cultivated in Mexico, Teneriffe, &c, for the nourishment of the Cochineal

Insect (Coccus Cacti) ; the dried female forming the Cochineal of commerce.

Pertskia aculeata.—The fruit of this plant is the Barbados Gooseberry.

Order 2. Mesembbyanthace^: or FicoidEjE, the Ice-plant

Order.—Character.—Succulent herbs or shrubs, with opposite

or alternate, simple, exstipulate leaves. Calyx 3—8-partite,

either free or partially adherent to the ovary. Petals either

numerous and showy, or altogether absent. Stamens perigy-

nous or epigynous, distinct, numerous or definite. Ovary infe-

rior 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 nume-

rous or rarely solitary, amphitropous or anatropous. Fruit

usually capsular and many-celled, 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 solitary ;
embryo curved or spiral, on the outside of

mealy albumen. .

Diagnosis.—Succulentherbsor slirubs, withsnnpleexstipulatc

leaves.
"
Sepals definite, generally more or less adherent to the

ovary Petals very numerous or absent. Stamens perigynous

or nearly epigynous. Ovary inferior or nearly superior
;
styles

distinct; placentas axile, free central, or parietal. Fruit cap-

sular or indehiscent. Seeds with a curved or spiral embryo on

the outside of mealy albumen.
A1. m

Division of the Order and Illustrative Genera, -The Mesem-

bryanthaceaa'may be divided into three sub-orders as follows :-

Sub-order 1. Mhskmukvantjie e.—Leaves opposite. Petals nu-



UMBELLIFERjE. 571

merous, conspicuous. Stamens numerous. Fruit capsular,

dehiscent. — Illustrative Genera : — Mesembryantkeuium,

Linn.
;
Lewisia, Pursh.

Sub-order 2. Tetragonie^;.—Iieaves alternate. Petals absent.

Stamens definite. Fruit woody and indehiscent.

—

Illustrative

Genera

:

—Tetragonia, Linn.
;
Aizoon, Linn.

Sub-order 3. Sesuvie^e.—Leaves alternate. Petals absent. Sta-

mens definite. Fruit capsular, with transverse dehiscence.

—

Illustrative Genera :—Sesuvium, Linn.
;
Cypselea, Turp.

The two last sub-orders are sometimes placed in an order by

themselves, called Tctragoniacese, which is distinguished from

the Mesembryanthace;e by having alternate leaves, no petals,

and definite stamens. The plants comprehended in the above

three sub-orders are, however, so nearly allied, that we have,

following Bentham and Hooker, placed them in one order as above.

~T}ie tribe Molluginese of Carijophyllaceee is also placed in this order

by Bentham and Hooker.

Distribution and Numbers.—Natives exclusively of warm
and tropical regions. A large number are found at the Cape of

Good Hope. There are about 450 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.

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 ratine amere of the Canadian Voya-
geurs ; it forms a very agreeable and wholesome food when cooked.

Mesembryanthemum.—M. crystallinum is the Ice-plant. It is so called

from its surface being studded with little pa pi Use (see page 69) of an ice-

like appearance. Its juice is reputed to be diuretic. The ashes of this

species, as weU as those of M. copticum, M. nodifiorum, and others, contain

much soda.

—

M. geniculifionim is employed as a pot-herb in Africa, and its

seeds are edible.

—

M. edule is called the Hottentot's Fig ; its leaves are eaten.

The fruit of M. tequilaterale (Pig-faces or Canagong) is eaten in Australia.

Tetragonia expansa is used in New Zealand as a substitute for spinach.

It has been cultivated in Europe, and employed for the same purpose under
the name of New Zealand Spinach. It has been highly recommended for

cultivation in this country. Its flavour is very similar to ordinary spinach.

Cohort 5. Umbelloles.—Stamens few, epigynous. Gynoecium
syncarpous

;
ovary inferior ; ovules solitary, pendulous

;

styles surrounded at the base by an epigynous disk, generally

distinct, or sometimes united. Seeds albuminous. Leaves
exstipulate.

Order 1. Umbellifer/e, the Umbelliferous Order.—Cha-
racter.

—

Herbs, shrubs, or very rarely small trees, with usually
hollow or rarely solid stems. Leaves alternate, generally am-
plexicaul (fig. 281), usually compound (fig. 303), or sometimes
simple, and always exstipulate. Flowers generally in umbels,
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which are usually compound {figs. 398, 430, and 968), or some-
times simple, and rarely the flowers are capitate, with (fig.

398, a) or without (fig. 430) an involucre ; the partial umbels or

umbellules also, with (fig. 968, b) or without (fig. 430, b) an
involucel. Calyx superior, the limb entire, in the form of a

ring, or 5-toothed, or obsolete. Petals 5 (fig. 578), usually

inflexed at the point, often unecpial in size, inserted on the

Fig. 9G8. Fig. 9G9.

Fig. 971.

Fig. 970.

Fig. 968. a. General umbel o£ Fool's Parsley (.Elliusa Cimapium) in fruit.

b. One of the umbellules, showing the 3-leaved unilateral pendulous ni-

yoluoel Fig. 969. A side view of the ripe fruit of Hemlock (Conium

maculntum). Fig. 970. Transverse section of the fruit of the same.

Fig 971. Vertical section of one of the halves (mericarps) of the same

fruit The letters refer to the same parts in the three last figures, a.

Ridges, b. Channels. (/.Albumen. /.Embryo. Remains of the styles.

h. Axis. i. Prolonged axis or carpophore.

calyx outside the disk which crowns the ovary; tnti*

imbricate, or rarely valvate or induplicate. Stamens 5, mserl ed

with the petals and alternate with them (fig. 578), incurved m
estivation. Ovary inferior (fig. 578), crowned by a double,

fleshy disk (stylopod) (fig. 578, d), 2-celled, with a solitary

pendulous ovule in each cell; styles 2: stigmas simple. Frmt

called a cremocarp or diachawium (figs. 717 and 969), consisting

of 2 carpels (mericarps) adhering by their face (comvmmre) tq
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a common axis (carpophore), which is undivided (fig. 971, h)

or forked (fig. 717), from which they ultimately separate

and become pendulous (fig. 717); each mericarp (figs. 969

and 970) an indehiscent 1-seeded body, traversed on its dorsal

surface by ridges, a, of which there are usually 5 ;
but some-

times there are 4 others, alternating with them, in which case

the former are termed primary, and the latter secondary ridges

;

the spaces between the ridges are called channels (vallecula;),

b, in which are frequently oily receptacles called vittae (fig.

175). Seed pendulous (fig. 971) ;
embryo minute, /, at the base

of abundant horny albumen, d ; radicle pointing towards the

hilum.
Diagnosis. —Herbs or shrubs. Stems generally hollow;

leaves alternate, usually compound and amplexicaul, or some-

times simple, and always exstipulate. Flowers almost always

arranged in a more or less umbellate manner, or rarely capitate.

Calyx superior. Petals and stamens 5, inserted on the outside

of a double fleshy epigynous disk. Ovary inferior, 2-celled,

with a solitary pendulous ovule in each cell
;
styles 2. Fruit

consisting of two indehiscent carpels, which separate when ripe

from a common axis or carpophore. Seeds pendulous, one in

each carpel, with a minute embryo at the base of abundant

homy albumen.
Division of the Order and Illustrative Genera:—The order

has been divided into three sub-orders from the appearance of

the albumen, but these are by no means well defined. They
are as follow :

—

Sub-order 1. Orthosperme.e.—Albumen flat on its face. Illus-

trative Genera:— Hydrocotyle, Linn.; CEnanthe, Linn.;

Heracleum, Linn.

Sub-order 2. Campylosperme^e.—Albumen rolled inwards at

the margins, and presenting a vertical furrow on its face.

Illustrative Genera:— Anthriscus, Boffm. ;
Cheerophyllum,

Linn.
;
Conium, Linn.

Sub-order 3. CcelospermEjE.—Albumen with the base and apex

curved inwards on its face. Illustrative Genera

:

—Ormosci-

adium, Boiss.
;
Coriandrum, Linn.

By Bentham and Hooker this order has been divided as

follows :

—

Series 1. Heterosc'IADIEvE.—Umbels generally simple or very
irregularly compound, or the flowers are capitate. Vitta;

none or obscure. Illustrative Genera

:

—Hydrocotyle, Linn.
;

Astrantia, Linn.
;
Eryngium, Linn.

Series 2. HaplozygiEjE.—Umbels compound (fig. 430). Primary
ridges of fruit alone conspicuous (figs. 969 and 970). Vittae

usually obvious. Illustrative Genera:— Conium, Linn.;
Myrrhis, Scop.; Fceniculum, Adanson.
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Series 3. Diplozygie^e.—Umbels usually compound (Jig. 398).

Fruit with primary and secondary ridges generally well

marked. Illustrative Genera :— Caucalis, Linn.
;

Daucus,
Linn.

Distribution and Nvombers.—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 un-
common. There are about 1,400 species.

Properties and Uses.— Extremely variable: thus, some are

edible ; others aromatic and carminative, and, in some cases,

stimulant and tonic, from the presence of a volatile oil ; some,
again, contain a narcotico-acrid juice, which renders them more
or less poisonous ; while others are antispasmodic and stimulant

from the presence of a more or less foetid £<um-resin, which is

essentially composed of gum, resin, and volatile oil. This oil

in the case of Asafoetida contains sulphur.

1. Esculent Um belli fer^e.

Anthriscvs.—Two species of this perms are cultivated.

—

A. Cerefolium,

Chervil, the leaves of which are used for flavouring soups, salads, &c. ; and

A. bulbosus, Parsnip Chervil, for its edible roots.

Apium gravenkns. Celery.—By cultivation with the absence of light, the

stems and petioles become succulent and develop but little aromatic oil, and

are then edible.

Anesorhiza copensis is eaten at the Cape of Good Hope.
Arracacha escttlenta, Arracacha, a native of New Granada, has large

esculent roots.

Bunium.—B.fcexuosum and B. Bulbncastanum have roundish tubercular

roots, which are edible : they are known under the name of Earth-nuts or

Pig-nuts.

—

B. ferulafolium, "a native of Greece, has also edible tuberculesj

which are termed Tnpana.
Carum Gairdneri.—The roots of this plant are much eaten by the

Indians of the Pacific coast of North America, either raw or boiled with

other substances.

Crithmum mariiimum, 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.

Fceniculnm.—F. capillaceum (F. vulgare) is the common Fennel, which]

when cultivated, is so well known as a 'pot-herb and garnishing substance,

—F. capensis is a Cape esculent.

Ferula—The roots of several species of this genus are eaten in Oregon

and some other parts of North America.

Haloscias scoticum is the Scottish Lovage,

Helosciadium caHfornicum.—The roots are said by M. Geyer to be very

delicious; they are eaten bv the Saptoria Indians in Oregon.

(Enanthe pimm'nelloides'ia said by Lindley to have wholesome roots, Imt

the species of (Enanthe are generally very poisonous. (See Poisonous

Umhelliferie.)
. , ...

Pastinaca sativa, the Parsnip.—The roots of the cultivated plant are the

parts eaten. .

Petroselinnm sativum is the Common Parsley ot our gardens. An

oily liquid, which has been named apiol, may be obtained from Uie
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traits : it has been reputed of value in intermittent fevers, and as an
emmenagogue.

Prangos pabular ia.—The herb is used as sheep food in Tartary and the

adjoining countries, and has been introduced as a forage plant into this

country. The prevalent idea that its use corrects the tendency to rot in

sheep is erroneous.

Stum Sisarum is commonly known under the name of Skirret. It is

sometimes cultivated for its edible roots.

Smymium Olusatnim, Alexanders.—This plant was formerly cultivated

like Celery.

2. Aromatic, Carminative, Stimulant, and Tonic Umbellifer.e.

Peucedanum (Anetlttim) grayeo/e/is, the Dill ; Caritm Carni, the Caraway
;

Coriandrum sativum, the Coriander ; Cuminum Cymhium, the Cummin
;

Daucus Carota, the Carrot ; Famicu/um capillaceum ( vulgare), the Fennel ;

Faniculum Panmnrium, an Indian species
;
Pimpinella Anisum, the Anise

;

and Ptychotis (Caritm) Ajowan, the Ajwain or Omum, a native of Egypt,
Persia, Afghanistan, &c, and much cultivated in India. 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 either inthevittse, or their pericarps generally. Some are also

employed as condiments, and for flavouring liqueurs. They are too well
known to need any detailed description. The fruits of Leoisiicum officinale,

Lovage, have somewhat similar properties. The fruits of Peucedanmn
graveolens, Carum Carui, Coriandrum sativum, Pimpinella Anisum, and
Fceniculum capillaceum, as also their volatile oils, except that of Fennel, are
official in the British Pharmacopoeia.

Archangelica officinalis, Angelica.—The root and fruits are pungent
aromatic stimulants and mild tonics. They are principally used in the
preparation of gin, 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. The petioles were formerly blanched
and eaten like Celery.

Daucus Carota var. sativa.—The roots are used in the form of a poultice,
on account of their moderately stimulant properties.

Ertjngium campestre and E. marithnum, Eryngo, have sweet aromatic
roots, possessing tonic properties.

Ferula (Euryangium) Sumbul.—The root, which is official in the British
Pharmacopoeia, is imported into this country, by way of Russia, from
Turkestan and Bucharia. It is also official in "the Pharmacopoeia of India.
It is commonly known as Sttmbul-root, and also, from its strong musky
smell, as Musk-root. It is a nervine stimulant, and antispasmodic.

Hydrocotyle asiatica.—The leaves, particularly when in a fresh state,
are employed in India both internally and externally, in leprosy, secondary
syphilis, &c. They are official in the Pharmacopoeia 6f India. As a remedial
agent in leprosy they excited much attention some years since in the Island
of Mauritius, under the name of Bevilacqua.

Meum.—M. athamanticum, Bald-money or Mew, and M. Mutellina, have
aromatic tonic roots.

Selinum palustre.—Thc root has long been popularly used in some pro-
vinces of Russia as a remedy in epilepsy. It has also been employed in
hooping-cough, and other nervous affections; but when tried in regular
practice its use has not been attended with any marked success.

3. Poisonous Umbhi.lifer/E.

The poisonous properties of these plants are due to the presence of a
oarcotico-acrid juice, and seem to varv according to the nature of the soil
and climate, for Sir Robert Christisou hns noticed that certain species which
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are generally regarded ns poisonous are quite harmless when obtained from

certain localities near Edinburgh. This is a very important point, and one

which requires further investigation. Should it prove to be true in all cases,

it would probably .account in a great degree for the varying strength of the

official preparations of Hemlock, which is commonly believed to arise from

their careless preparation ; and also for the different opinions entertained

as to the poisonous or non-poisonous properties of some other species of

Umbelliferous plants.

jEthusa Cynapium, Fool's Parsley, is a very common indigenous plant,

and is usually regarded as possessing poisonous properties; but this is

altogether contrary to the experience of Dr. John Harley. Ficinius and

Walz have, however, both isolated alkaloids : the first a crystallisable, very

poisonous substance; the latter a liquid alkaloid, resembling, it is said,

conine and nicotine. The leaves have been mistaken and eaten for those of

Parslev.
CEnanthe.—CEnanthe crocata, Hemlock Dropwort or Dejid-tongue,

CEnanthe Phellandrhim, Fine-leaved Water Dropwort, CEnanthe fistidosa,

and some other species, are very poisonous. The roots of CEnanthe pimpi-

nelloides, as already noticed, are said, however, to be wholesome. (See

Esculent Umbelliferii!.) All the above species are indigenous.

Cicuta.— C. virosa, Water Hemlock or Cowbane, is another indigenous

plant of a highly poisonous nature. Its poisonous principle has been termed

cicutoxin.— C. maculata, a native of America, has also very poisonous roots,

which from having been mistaken for those of other harmless Umbelliferm,

have not unfrequently led to fatal results. The latter plant has been used

as a remedv in nervous and sick headaches.

Conium maculatum, Hemlock.—This plant is indigenous ; the fresh leaves

and voung branches and the fully developed green fruit are official in the

British Pharmacopoeia. In proper doses hemlock is extensively employed

in medicine to relieve pain, relax spasm, and compose nervous irritation

in general. It owes its properties chiefly to the presence of a colourless oily

liquid alkaloid with a penetrating mouse-like odour, to which the name of

Conine or coniine has been given. In improper doses Hemlock is a powerful

poison and fatal accidents have arisen from its having been mistaken for

other harmless Umbelliferous plants. Conine is said to be useful in acute

mania : and Hydrobromate of Conine has been used successfully in spasmodic

affections.

4. Umbelliferm yielding fcetid Gum-Resins.

The most important of these gum-resins are, Asafoetida, Ammoniacum,

and Galbanum ; all of which are official in the Britisli Pharmacopoeia.

Onoponax and Sagapemtm are others, but they are now scarcely ever used

in this country Thev all possess antispasmodic .-111(1 more or less stimu-

lant properties ; this is especially the case with Asafoetida, which is also

extensively used as a condiment in Persia, India, and other parts of the

East in the same way as garlic and other allied plants are employe,! in

Europe Ammoniacum and Galbanum also possess expectorant properties,

more particularly the former, and both are used externally in the form of

plasters to promote the absorption of tumours and chrome swellings 0)

the joints. The plants yielding these gum-resins arc not in all cue*

known, but thev are exclusively natives ot Persia, Afghanistan, Thibet,

and the adjacent regions, except (he one yielding Opoponax, which is

found in the South of Europe, and in Syria. These gum-res, ns art

chiefly imported into Ibis country from India, although sometimes from

the Levant Thev are commonly seen in two forms-that is, in roundish

or irregular tears'; or in masses formed by more or less amalgamated

Ammoniacum is yielded by Dorema Ammoniacum, Don, and probably
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other species. It exudes from the stem seemingly to some extent spon-

taneous' v. but principally in consequence of punctures produced by innumer-

able beetles when the plant has attained perfection. It appears to be solely

collected in Persia. The root of D. Ammnniarum is used in India in the.

Parsee fire-temples as incense, and is imported from Persia under the name

of Boi. This root is the source of the Indian Sumbul-root of Pereira.

isafeetida.—This is obtained bv incision from the hvina; roots of Ferula

Narthex, Boiss.. F. Scorodosma, Benth. et Hook. fil.. and probably other

species as F nlliacea, in Thibet. Afghanistan, and Persia. We have, how-

ever, no positive evidence of F. Narthex having been found except in Thibet.

The fruit is also sometimes emploved in India under the name of Anfudan.

Galbanum.—This e;um-resin is" principally derived from Ferula galhani-

flua, Boiss. et Buhse ; but also from F. rubricaulis, Boiss., and probably

'from F. Schatr, Boszczow, and other species.

Opoponax appears to be obtained from incisions into the living root of

Opoponax Chironhnn, which was formerly called Pastinaca Opnponax.

Sagapenum.—Nothing positive is known with respect to the plant yielding

this substance. It has been supposed to be derived from the root of Ferula

pcrsica, or some other species of Ferula.

Thapsia garganica is said to be the Silphium plant of the ancients. 1 he

tmm-resin from' which the blistering property has been removed has been

highlv recommended as a remedv in pulmonary affections, more especially

in phthisis. The Silphium plant" is, however, sometimes stated to be the

Karthex Silphium, Oersted.

Order 2. Araliace,e, the Ivy Order.—Char act e r.

—

Trees,

shrubs, or herbs. Leaves alternate, exstipulate (fig. 225).

Floiveh generally in umbels or capitate, usually perfect (fig. 972)

or rarely unisexual. Calyx'more or less superior (fig. 972), entire

or toothed. Petals (fig. 972), 2, 4, 5,

10, deciduous, almost always valvate in

festivation or rarely imbricate, generally

distinct or rarely monopetalous ; occa-

sionally wanting. Stamens correspond-

ing in number to the petals and alternate

with them (fig. 972), or twice as many,
inserted on the outside of a disk which
crowns the ovary ; anthers introrse,

versatile (fig. 972), with longitudinal

dehiscence. Ovary (fig. 972) more or

less inferior, usually with more than 2
cells, or very rarely 1-celled, crowned
by a disk, each cell with a solitary ^.972. Flower of the com-
pendulous anatropous ovule; styles as mon Ivy (Hedera, Helix).

many as the cells, sometimes united
;

ptigmas simple. Fruit usually 3- or more celled, succulent or

dry, each cell with 1 pendulous seed, with fleshy albumen.

Diagnosis.—Closely allied to Umbellifera?, from which it may
be generally distinguished by the valvate festivation of the

corolla; and by the fruit being usually 3- or more celled, the
carpels of which do not separate when ripe from a carpophore.
There is also a greater tendency among Araliaceaj to form a
woody stem than in Umbellifera?.

p p

Fig. 972.
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Distribution and Numbers.—These plants are universally

distributed, being found in tropical, sub-tropical, temperate,

and the coldest regions. Illustrative Genera:—Panax, Linn.
;

Hedera, Linn. The order includes about 300 species.

Properties and Uses.—It must be regarded as a somewhat
remarkable fact that, nearly allied as the Araliacese are to the

TJmbelliferse, they never possess to any degree the poisonous

properties which are frequently found in plants of that order.

The Araliacese are generally stimulant, aromatic, diaphoretic,

and somewhat tonic.

Aralia.—A. nvdicaulis is a native of North America, where its roots are

nsed popularly as an alterative and stimu'ant diaphoretic in rheumatic affec-

tions ; they are commonly known under the name of False, Wild, or American

Sarsaparilla, and are sometimes forwarded to this country. Under the

name of Rabbit roots they have been also used as a remedy in syphilis by

the Crees, in North America. The bark of A. spin' sa, called Angelica or

Toothache Tut in North America, is used as a stimulant diaphoretic.

—

A.
racemnsa, A. spinosa, and A. hispida yield aromatic gum-resins.

—

A. edidis

is used in China as a diaphoretic. Its young shoots and roots are also eaten

as a vegetable in China and Japan.

Gimnera scabra is remarkable for its enormous leaves, which are some-,

times as much as eight feet in diameter ; the. fleshy petioles resemble those

of the Rhubarbs in appearance, and are eaten. Its roots are astringent.

This genus is placed by Beniham and Hooker under Haloragacete.

Hedera Helix, the Ivy, is reputed to be diaphoretic, and its berries are

emetic and purgative. It contains a peculiar acid called htdericacid, which

is supposed to be a glucoside.

Helwinqia.—-This genus, which contains but one species, H. ruscifoha,

has been sometimes made a distinct order called Helwingiaceaj. The leaves

are used in Japan as a vegetable.

Panax.—P. Ginseng.—The root of this plant, which is a native of Nor-

thern Asia, constibutes. Ginseng, which is so highly prized by the Chinese as

a stimulant and aphrodisiac, that they will sometimes give for it its weight

in gold. The name Ginseng signifies"' Wonder of the World.'

—

P. quinque-

folium is a native of North America. Its root is known under the name of

American Ginseng. It has similar properties to the preceding.

—

P. Pseudo-

Ginsenq, a native of India, also appears to have analogous properties.—

P. fruticostcm, P. cochleaium, and P. Anisum have aromatic properties.
"

Tetrapanax (Aralia) papyriferum.—From the pith of this plant, a native

of the island of Formosa, the rice paper, which is used by the Chinese for

making artificial flowers, &c, is prepared.

Order 3. Cornace.^, the Dogwood Order.—Character.—

Shrubs, trees, or rarely herbs. Leaves simple, opposite or very

rarely alternate, exstipulate. Flowers perfect or rarely uni-

sexual, arranged 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 ; aestivation valvate. Stamens 4, inserted with the petals

and alternate to them. Ooary inferior, surmounted by a disk,

usually 2-celled ; ovule pendulous, solitary, anatropous
;

styU

and stigma simple. Fruit drupaceous, crowned with the

remains of the calyx. Seed pendulous; embryo in the axts ot

fleshy albumen.
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Diagnosis.—Trees, shrubs, or rarely herbs, with simple ex-

stipulate, and (with but one exception) opposite leaves. Flowers
perfect, or sometimes unisexual. Calyx superior, 4-lobed. Co-
rolla with 4 petals, and a valvate estivation. Stamens 4, alternate

with the petals. Ovary inferior, surmounted by a disk, 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 and Numbers.—Natives of the temperate parts

of Europe, Asia, and America. Illustrative Genera:—Cornus,
Linn.; Aucuba, Ttinnb. There are above 70 species.

Properties and Uses.—The plants of this order are chiefly

remarkable for tonic, febrifugal, and astringent properties.

Cornus.—The bark of the root of C.florida is official in the United States
Pharmacopoeia, and is used as a substitute for Peruvian bark in the treat-
ment of intermittent and remittent fevers. It is there commonly known
under the name of Dogwood Bark. The barks of C. circinata and C. sericea

are also official in the United States Pharmacopceia, and have similar pro-
perties to the former. The fruit of C. mascula, the Cornelian Cherry, is

astringent, a property also possessed by the leaves and flowers. The fruit,

called Kraniu, is much esteemed by the Turks on account of its agreeable
acid flavour. They use the juice in their sherbets and for other purposes.
The fruits of C. suecica are used by the Esquimaux for food ; and in the
Highlands of Scotland they are reputed to possess tonic properties, the plant
yielding -them being there termed lus-a-chrasis,ov plant of gluttony, in allu-
sion to the supposed effect of the fruits in increasing the appetite. The seeds
of C. sanguined, the common Dogwood of our hedges, yie\d a fixed oil, which
lias been used for burning in lamps. Charcoal for the manufacture of gun-
powder is also prepared from the wood. The fresh twigs of C. floridn or
other species are much used in the United States and in the West' Indies to
rub on the teeth for the purpose of whitening them.

Order 4. Garryace/E, the Garrya Order.—Character.

—

Evergreen shrubs. Leaves opposite, exstipulate. Flowers uni-
sexual, apetalous, amentaceous. Male flower with 4 sepals, and
stamens alternating with them. Female flowe r with a superior
2-toothed calyx, and 1—3-celled ovary with 2 styles, and 2
pendulous stalked ovules. Fruit indehiscent, baccate, 2-seeded.
Seeds with a very minute embryo in abundant albumen. By
Bentham and Hooker this order is included in Cornaceee.

Distribution and Numbers.—Natives of the temperate parts
pf North America, or of the West Indies. Illustrative Genera

:

—
Garrya, Dougl.

;
Fadgenia, Endl. These are the only genera

;

they include 6 species.

Properties and Uses.—But little is known of the properties
of these plants; but Garrya Fremontii, a native of California,
is known as the Quinine Bush from its leaves being used in
fevers and ague.

Order 5. Alangiace^e, the Alangium Order.—Character.

—

!
Trees or shrubs. Leaves alternate, entire, exstipulate, without

n>2
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dots. Calyx superior, 5-10-toothed. Petals 5-10, linear, reflexed.

Stamens equal in number to, or twice or four times as numerous

as, the petals ; anthers adnate. Ovary inferior, 1—2-celled
;

style simple ; ovule solitary, pendulous. Fruit drupaceous,

more or less united to the calyx, 1-celled. Seed solitary, pen-

dulous, with fleshy albumen, and large fiat leafy cotyledons.

Distribution and Numbers. —Natives of various parts of the

East Indies and the United States. Illustrative Genera:—

Alangium, Lam.
;
Nyssa, Linn. There are about 8 species.

By Bentham and Honker they are included in Cornacese.

Properties and Uses—Of little importance. Some species

of J langium are said to be purgative and aromatic ;
and their

succulent fruits are also edible. The fruit of Nyssa capitata or

N. candicans is used occasionally as a substitute for Lime fruit,

whence it is called the Ogechee Lime.

Artificial Analysis of the Orders in the Sub class

Polypetalee.

Series 3. Calyciflor^:.

1. Flowers with more than 20 stamens.

A. Ovary wholly superior.

a. Leaves without stipules.

1. Carpels more or less distinct, {at least as to

the sti/les) ; or solitary.

Stamen's distinctly perigynous. Ovules

suspended, erect, or ascending .

2. Carpels wholly combined, (at least as to the

ovaries).

Sepals more than 2, united into a tuhe.

Ovary with axile placentas .

b. Leaves with stipules.

1. Carpels more or less distinct, (at least as to

the styles); or solitary.

Calyx with the odd 1<>1>o inferior. Stamens

somewhat hypogynous

.

Calvx with the odd iobc superior. Stamens

distinctly perigynous .

2. Carpels wholly combined, (at least as to the

ovaries).
.

Leaves with circinate vernation, rla-

centns parietal

B. Ovary inferior, oiypartially so.

a. Leaves without stipules.

1. Placentas parietal.

Petals definite in number, distinct from

the calyx . . • • •

Petals indefinite in number, graduaJly

paesing into the sepals .

Rosacea}.

Lythracex.

Leguminosiv.

Rosacea!.

Droscrucea;.

I.oas icete.

Cactacew.
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2. Placentas in the axis.

Leaves with transparent dots.

Ovary 1-celled

Ovary with more than one cell

Leaves without dots.

Petals very numerous ....
Petals definite in number.

Petals narrow and strap-shaped
Petals roundish and concave.

Styles united ....
Styles distinct ....

b. Leaves with stipules.

1. Carpels more or less distinct, or solitary ,

2. Carpels wholly combined {at least as to the

ovaries).

Leaves opposite

Leaves alternate.

Placentas axile . . ...
Placentas parietal ....

Cliimeelanciacem.

3Iyrtacese.

Mesembryanthaceee.

Alangiacece.

Barringtoniacess.

Philadelphxcese.

Rosacese.

Hhizophoraceee.

Lecylhidacex.

Hom.diaceee.

2. Flowers with less than 20 stamens.

. Ovary wholly superior,

a. Leaves without stipules.

1. Carpels more or less distinct, or solitary.

Carpels with hypogynous scales.

Each carpel having one scale .

Each carpel having two scales .

Carpels without hypogynous scales.

Carpels solitary, or all but one imperfect.
Leaves without dots.

Ovules collateral, ascending, sessile .

2. Carpels wholly combined, {at least by their

ovaries).

Placentas parietal.

Flowers with a ring or crown.
Flowers unisexual •

Flowers hermaphrodite
Flowers without a ring or crown .

Placentas in the axis.

Styles distinct to the base.

Carpels each with one hypogynous
scale ......

Carpels without hypogynous scales .

Styles more or less combined.
Calyx imbricate. Ovules suspended .

Calyx valvate.

Leaves simple. Calyx tubular

I). Leaves with stipules.

1. Carpels distinct, or solitary.

Fruit leguminous ; odd lobe of the calyx
inferior

Fruit not leguminous ; odd lobe of the calyx
superior

Crassulaceee.

Francoacece.

Connaracew.

Papayacem.
Malesherbia.ce.8B,

Tarneracese.

Crassidaceie.

Saxifragacess.

Bruniaceee.

Ljythracem.

Legu minosm.

Rosacea.
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2. Carpels wholly combined, (at least by tin ir

ovaries').

Placentas parietal.

Flowers with a ring of appendages

Placentas in the axis.

Styles distinct to the base.

Petals conspicuous.

Leaves opposite ....
Leaves alternate ....

Ovary inferior, or partially so.

. Leaves without stipules, or with cirrhose

appendages.

Placentas parietal.

Flowers completely unisexual. Monopeta-

lous . . . . • •

Flowers hermaphrodite or polygamous. Pe-

tals distinct

Placentas in the axis.

Flowers in umbels, or capitate.

Styles two . . ...
Styles three or more

Flowers not in umbels,

Carpel solitary.

Petals strap-shaped, reflexed .

Petals oblong.

Cotyledons convolute .

Cotyledons flat ....
Carpels two or more, divaricating at the

apex.
Leaves alternate. Herbs .

Leaves opposite. Shrubs . . _
•

Carpels two or more, not divaricating,

combined.
Calyx valvate, or the limb obsolete.

Stamens alternate with the petals if

isomerous.
Albumen none. Ovules horizon-

tal or ascending

Albumen present. Ovules pen-

dulous

Albumen abundant. Flowers

conspicuous .

Calvx not valvate.

Stamens doubled downwards. An-

thers with appendages, Leaves

ribbed •

Stamens only curved. Anthers short.

Leaves dotted .

Leaves not dotted.

Seeds very numerous, minute .

Seeds few'

b. Leaves with stipules.

1 licentas parietal.

Stipules cirrhose. MonopetalOU8

Stipules deciduous. Petals distinct .

Pussifioraeese.

Cnnoniacea;.

Soxifragacese.

Cvcurbitacew.

Ribesiacem.

Umbelliferm.
Araliuceoe.

Alangiaceie.

Combretaeew. *
Haloragacex.

Sa.rifragacete.

Hydrangeaceee.

Onagraceie.

Haloragacae.

Caniaeea.'.

3IeIastomacem

nfyrtaceie.

J'Jsealloniaceie.

Jiruniacese.

Cudirbitacrte.

Hotnatuuus,
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Placentas in the axis.

Stamens if equal to the petals, alternate

with them.
Leaves opposite ..... Rhizophnraceee.

Leaves alternate..... Humumeliduceee

Although it generally happens that the Calyci florae have dichlamydeous
flowers, polypetalous corollas, and perigynous or epigynous stamens, yet
many exceptions occur, which should be particularly noted by the student.

Thus, we tind apetalous plants in the Leguminnsw, Rosaceee, Saxifragaceee,

Cunnniactas, Crassulacex, Hamamelidiceie, Haloragacete, Cullitrich'-iceas,

Rhizophoracem, Combretaceee, Samydacex, Loasacem, Datiscaceie, Mesembry-
antliacese, Araliacew, Garryaceee, Myrtaceve, Lythraceos, Onugraceie, Paxsi-

moraeeae. Monopetalous corollas occur in Papayacew, CucurlfitOceae, Bel-

visiaceee, Cntssulacess, Droseraceee, Bruniacese, Melastomaceie, Turneraceee,

Cnctacex, I.ecythidaceie, Araliacex. In some Calyciflprse, again, the
stamens are wholly or in part hypogynous or nearly so, as in Connuracete,
Leguminoste, Saxifragaceie, Crassulacete, Francoaceie.

Unisexual flowers always occur as a rule in Callitrichacex, Papayacew,
Gwryacex, and Cucurbitacew, and sometimes in Rosuceie, Hydrangeaceise,

PansifioracesSy Ribesiaceai, Halurctgacese, Combretucew, Cornacece, Hamamdi-
dacex, and Araitacese.

Sub-class II. Gamopetalee or Corolliflorse

.

Series 1. Inferae or Epigynse.

Cohort 1. Rubiales.—Stamens epipetalous and alternate with
the lobes of the corolla. Ovary 1- or more celled, but
usually 2-celled ; cells of the ovary 1—many-ovuled. Seeds
albuminous. Leaves generally opposite.

The orders placed in this series of the Corolliflorfe were
included by De Candolle in the Calyciflorse ; the Corolliflorse
being restricted by him to those monopetalous orders in which
the ovary was superior, and which are placed in our arrange-
ment in the two series Supene and Dicarpias. But the simplest
arrangement for the student is to consider the Monopetalous
Corolla as the essential mark of the Gamopetalae or Corollifloras,
and in accordance with this view we have this series of the
Gamopetalse, called Inferaj or Epigynas. It should be noticed,
however, that some monopetalous plants occur in certain orders
of the Polypetalw, as indicated in our artificial analyses of the
three series of that sub-class.

Order 1. Caprifoliace^e, the Honeysuckle Order.—Cha-
racter.—Small trees, shrubs, or rarely herbs. Leaves opposite
(fig. 285), usually exstipulate. Calyx superior (fig. 973), 4—5-
cleft. Corolla monopetalous (fig. 974), 4—5-cleft, tubular or
rotate, regular (fig. 974) or irregular, rarely polypetalous.
Stamens (jig. 974)4—5, inserted on the corolla, and alternate
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with its lobes. Ovary inferior (fig. 973), 1—6-celled, often with

1 ovule in one cell, and several in the others, pendulous or

suspended ;
style filiform or absent

;
stigmas 1—3 (figs. 073 and

974) or 5. Fruit indehiscent, 1- or more celled, dry or succu-

lent, and crowned by the persistent calycine lobes. Seeds

solitary or numerous ;
embryo small (fig. 975), in fleshy

albumen.
Diagnosis.—Small trees, shrubs, or rarely herbs, with opposite

usually exstipulate leaves. Calyx superior, 4—5-cleft, persist-

ent. Corolla monopetalous, and bearing commonly as many

Fig. 973. Tig. 974. Fig. 975.

Fia 973 Pistil of the common Elder (Sumlucus nigra) surronndea" by

a superior 5-lobed calyx. Fig. 974. Entire flower of the same.

Fig. 975. Vertical section of the seed.

stamens as it has lobes, to which they are alternate
;
regular

or irregular. Ovary inferior, 1—6-celled. Fruit indehiscent.

Seeds with fleshy albumen.

Distribution and Numbers.—Chiefly natives of the northern

parts of Europe, Asia, and America. They are rare m the

southern hemisphere. Illustrative Genera:—Lomcera, iwjk!

Viburnum, Linn. ;
Sambucus, Linn. There are about llU

Spf

Properties and Uses.—The plants of this order have fre-

ouently showy flowers, which are also commonly sweet-scented;

hence many are cultivated in our gardens and shrubberies, as

Honeysuckles, which are species of Capnfolwm, andLonnera ;

Guelder Roses (Viburnum species), Laurustinus (' unvrrnvm

Tinus), Snowberry (Symphoricarpns racemosus), &c. borne are

emetic and purgative ; others astringent, sudorific, or diureticj

and some are acrid. A case o poisoning by the berries o

common Honeysuckle has also been recently reported Bi th

paSt (a little boy) recovered ; the symptoms resembled thosd

caused by belladonna.

Slfimhucus niara the common Elder.-Several parts of this plant have
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ointment, and in the preparation of the official Elder-flower Water. The
inner bark, buds, and leaves have more or less purgative and emetic

_
pro-

perties. The fruit is also mildly aperient and diuretic. It is extensively

used fur the purpose of adulterating Port-wine, and in the manufacture of

Elder Wine. The wood is also employed for making skewers, &c, and

the pith in electrical experiments. The flowers of <i>. canadensis have

similar properties to those of S. nigra, and are official in the United States

Pharmacopoeia.
Triosteum perfoliatum is a mild purgative and emetic. Its roastedseeds

have been used as a substitute for coffee.

Viburnum.— V. Lantana, the Mealy Guelder Eose, 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. cassinoides. The leaves of this plant, mixed with those of Frinos glaber,

are employed in North America as a substitute for Tea, under the name of

Appalachian Tea (see Prinos). The black fruits of the Himalaya species

are edible and agreeable.

Order 2. Rubiace^:, the Madder Order.—Character.

—

Trees, shrubs, or herbs. Stevis rounded or angular. Leaves simple,

entire, and either opposite and with interpetiolar stipules (Jig.

382), or whorled and exstipulate (fig. 286). (Although practi-

cally we speak of whorled exstipulate leaves, the whorls of apparent

Fig. 976. Fig. 977. Fig. 978. Fig. 979.

Fig. 076. Diagram of the flower of the Madder (Rubia tinctorum). Fig.
977. Pistil of the Madder, with its ovary adherent to the calyx, cal.
si. Styles and stigmas. Fig. 978. Pistil of the Goose-grass or Cleavers
( Galium Aparine) adherent to the calyx, 6, by its ovary, st. Styles.
Fig. 979. Vertical section of the fruit and seeds of the same. a. Albumen,
c. Embryo, pi. Placenta.

leaves are in reality partly formed of leaves and partly of stipules
which resemble the trite leaves in appearance. ) Inflorescence cymose.
Calyx superior (figs. 977, cal, and 978, b), with the limb 4—6-
toothed or entire, or obsolete. Corolla, epigynous, monopetalous,
regular, tubular or rotate, with its lobes corresponding in
number to the teeth of the calyx when the latter is divided

;

sestivation valvate (fig. 976). Stamens inserted upon the corolla
and equal in number to, and alternate with, its lobes (fig. 976).
Ovary inferior (figs. 977 and 978), crowned by a disk, usually
2-celled (fig. 976) or sometimes more; style 1 or 2 (figs. 977 and
978, st)

;
stigma simple or divided. Fruit inferior, 2-celled or

rarely more, dry or succulent, indehiscent or separating into
two or more dry cocci. Seeds 1 (fig. 979), 2, or more, in each
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cell ; when few they are erect or ascending, or when numerous,
then attached to axile placentas

;
embryo small, in horny albu-

men (Jig. 979, a).

Diagnosis.—Trees, shrubs, or herbs, with opposite simple

entire leaves, interpetiolar stipules, and rounded stems ; or with

whorled exstipulate leaves, and angular stems. Calyx superior.

Corolla regular, epigynous, with its lobes valvate. 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, with an epigynous disk ; ovules

anatropous. Fruit inferior. Seeds 1 or more in each cell, with

horny albumen.
Division of the Order and Elustrative Genera.—This order was

separated by Lindley into two orders, the Cinchonacex and the

Gaiiacese or Stellatee, an arrangement formerly adopted by us,

but now abandoned as not in accordance with the more generally

accepted views of botanists. The Gaiiacese of Lindley were

more especially distinguished from the Cinchonaceas by their

whorled exstipulate leaves and angular stems. The order

Rubiacete is now divided by Hooker and Bentham into three

series, each of which is again divided into sub-series and tribes.

The Galiacete of Lindley are natives of the northern parts of

the northern hemisphere, and the mountains of the southern
;

while the Cinchonacese are almost exclusively natives of tropical

and warm regions. There are about 3,000 species in the

Rubiaceaa as defined above. Illustrative Genera: — Galium,

Linn. ;
Cinchona, Linn.

;
Ixora, Linn.

Properties and Uses—The properties of the plants of this

extensive order are very important to man, furnishing him with

many valuable medicinal agents, as well as substances useful in

the arts and domestic economy. Thus many possess tonic,

febrifugal, astringent, emetic, or purgative properties ;
some

are diuretic and emmenagogue ; a few are valuable dyeing

and tanning agents ; and others have edible fruits and seeds.

Some are reputed to possess intoxicating, and in rare cases even

poisonous, properties. Various species are also cultivated m
our stoves on account of the beauty and fragrance of their

flowers.

Cephaelh Ipecacuanha.-Tha root of this plant, which is a native of

Brazil and New Granada, is termed annulatvd Ipecacuanha. In iirazil, tins,

as well as other emetic roots, are known under the same name, Poaya. the

Ipecacuanha plant has become somewhat, scarce in Brazil, but is now being

cultivated in India, but hitherto not will, much success. It is the official

Ipecacuanha of the British, Indian, and United States Pharmacopoeias. I

contains an alkaloid called emetine, to which its propert.es are prinoipaUj

due 'ipecacuanha possesses emetic and purgative properties in largo

doses, and in small doses it is expectorant and diaphoretic. It is also

Seda
Sii0«a.-The plants of this genus. are natives exclusively of^inter-

tropical valleys of the Andes, and principally on the eastern lace ol tin I 01
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dilleras, growing commonly at heights varying from about 4,000 to nearly

12,000 feet above the level of the sea. The Cinchona region extends from
Santa Cruz de la Sierra, in Bolivia, about 19° S. lat., through Peru and
Columbia, nearly to Caracas, in about 10° of N. lat. The Cinchonas are
small shrubs, or large forest trees, with opposite evergreen leaves, and com-
monly showy flowers. The bark of several species and varieties is extensively
imported into this country, under the names of Cinchona, Peruvian, or
Jesuits' Bark. Some few years since, in consequence of the great destruction

of Cinchona trees in South America, and from no care being taken to

replace them, it was feared that in a short time our supply of this most
valuable bark would have seriously fallen off, or even entirely failed ; but,

thanks to the energetic labours of Messrs. Markham, Spruce, Mclvor, Wilson,
and others, the more valuable species have been transported to India, Jamaica,
Java, and elsewhere, and are now cultivated in these countries (more especi-

ally in India and Java) over large areas, with great success, so that we
need no longer fear any deficiency of supply in future years. A large
number of commercial varieties of Cinchona barks have been described by
Pereira, Weddell, Howard, and others, for a description of which we must
refer to works on Materia Medica. About fifteen species of Cinchona are
known to yield commercial barks, and of these, four are especially men-
tioned in the British Pharmacopoeia ; which are the only ones we have space
to refer to here. They are C. Calisaya, Weddell ; C. officinalis, Linn. ; C.
succirubra, Pavon ; and C. lancijolia, Mutis. Of these species, the first

three respectively yield the formerly official Yellow Cinchona Bark, Pale
Cinchona Bark, and Red Cinchona Bark, and from the latter species is

derived the bark which is commonly known as Coquetta Bark. In the
British Pharmacopoeia of 1885, Red Cinchona Bark, from cultivated plants,
is alone official for the ordinary preparations of that volume, but auy kind
of Cinchona Bark may be used for the preparation of the official salts of
the alkaloids. Several alkaloids have been described as constituents of the
different kinds of Cinchona barks in varying proportions ; but by far the
more important are Quinine, Cinchonine, and Cinchonidine. Some salts of
all of these are now official in the British Pharmacopoeia, and although
those of quinine are generally regarded as the most valuable of them all,

they are all more or less used in medicine, and possess, in an eminent
degree, anti periodic, febrifugal and tonic properties. The barks themselves,
in addition to such properties, are also somewhat astringent, and in some
cases have been found to be efficacious as topical astringents and antiseptics.

Cnffea arabica, the Coffee Plant.—The seeds of this plant, when roasted,
are used in the preparation of that most valuable unfermented beverage

—

coffee. When roasted, coffee essentially consists of the albumen of the seed.
Coffee owes its properties chiefly to the presence of caffeine, which is identical
with theine (see Thea, p. 472), and to a volatile oil'. About 40 millions of
pounds are annually consumed in this country, and the consumption for the
whole world has been estimated at about 1,200 millions of pounds. Caffeine
and its Citrate are official in the British Pharmacopoeia, as already noticed
under the head of Thea. In Sumatra and some of the adjoining islands, an
infusion of the roasted leaves is used as a substitute for Tea, under the name
of Coffee-Tea. The leaf contains similar ingredients to the seeds, and pos-
sesses therefore analogous properties. Medicinally, coffee has been also used
with frequently beneficial effects as a nervine stimulant and astringent. In
its effects and uses it closely resembles tea, but its astringent action is
muc h less. Besides C. arabica, the seeds of other species have similar pro-
perties; thus, C.mauritiana of Bourbon and Mauritius, C. zanguebarica of
Mozambique, and especially C.liberica.a. native of the West Coast of Africa.
'1 Ins last -perils is now largely cultivated, and becoming a verv impor-
tant source of coffee; it bids fair to supplant C. arabica in many tropical
countries. It is a larger and more robust plant, and flourishes at a lower
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elevation ; and the seeds are larger and of a finer flavour. It affords the

kind of coffee known as Liberian or Monrovian.

Coprosma.—The fruits of C. microphyllu and other species arc eaten in

Australia, where they are called Native Currants. In New Zealand the

leaves of C. fostidiss'ima are used by the priests to disc-over the will of the

gods.
Galium— G. Aparine, Goose grass or Cleavers.—The inspissated juice

or extract of this plant has been used with success in lepra and some other

cutaneous diseases. Its roasted seeds have been employed as a substitute

for coffee. The extracts of G. rigidum and G. Mollugo have been used with

beneficial results in epilepsy.

Gardenia—From the fruits of G . grandiflora, G.florida, and G.radjcans

beautiful yellow dves are prepared, which are extensively employed in China

and Japan.— G. lucida and G. gummifera, natives of India, yield a resinous

exudation, which is said to be antispasmodic.

Genipa.—The fruit of some species is edible ; 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. The

fruits of G. brasiliensis also furnish a violet dye.

Guettarda speciosa —This plant is said by some to furnish the Zebra-

wood of cabinet makers, but, according to Schomburgk, this is obtained

from Ompkalobium Lamberti, a native of Guiana. (See Omphalobium.\

7hrtuise-wood is also sometimes considered to be derived from a variety of

G. speciosa. . , _ _,

Morinda—The roots of M. mtrifolia and M. tinctoria are used in India

and some other parts of Asia for dveing red. They have been occasionally

imported into this countrv, under the names of Madder, Munjeet.and Chay-

root : but such names are improperly applied to them. (See Oldenlandm

and Rubia.) The flowers of species of Morinda are also employed in India

for dveing, mixed with those of Grislea tomentosa. (See Grislea.)

Oldenkindia umbellata--The root is occasionally imported from India

under the name of Chay or Che root. (See Morinda.) It is employed to

dye red, purple, and orange-brown. The colouring matter is confined to

the>

F^lic'urea densiflora, a native of Bolivia, &c, is stated to yield the bark

now known in commerce as ' Coto Bark,' and which is reputed to be a valu-

able remedy in diarrhoea, rheumatism, gout, &e. It is said to owe its active

properties to a peculiar crystalline substance named cptotn. > othing certain,

however, is known of the botanical source of Coto Bark. Moreover, other

barks under the same name are now found in commerce, one ot wnicn i»

termed Paracoto Bark. . ,

Psiichotria.—The root of P. emetica is called Hack or large striated Ipeca-

cuanha. It is occasionally imported, but not used in this country. ^ would

appear that there are two spurious kinds of Ipecacuanha^Tvhicli have been

described under the name of S/riaicd.-,nc being derived from this ,1a t,

but the botanical source of the other, which is known as smaU stnatat

Ipecacuanha, is undetermined, although doubtless from one nearly ,
h..

to it-according to Planchon, a species of lU-hardso,, ,,. Both of these

kinds possess emetic properties like the roots of Cephadis Tpecactupiho and

Sardsonia scabra, but they are far less active. They contain emeto*.

The roasted seeds of P. herbacea have been used as a substitute tor coffee.

y°S.-Fromthe barks of R. pedunculata, A'. Purdwna, an. pro -a

other species, which are known in commerce as Cuprea barks sabs
.

,fq -

nin „ an
P
deinchoninemaybe obtained, and afco the

P

eo
r̂ "^t JheSh

and homoqumine. The barks of species of Semym are official in tn< Bntisn

Pharmacopoeia as a source of the salts o/quinmeand cmchonine.

Jihha-dsoma seabra.-TW root is emcUe. It eontains the »™eactr*

principle (namely, emetine) as that of. he official annulate* Ipecacmnlta wot,
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from Cephaelis Ipecacuanha, but it is not so active. It is commonly known
as undulated, white, or amylaceous Ipecacuanha. It is not used in this

countrv.
,

Eu'bia. R. tinctorum.—The dried root is known under the name of

Madder, and is one of the most important of vegetable dyes. It is largely

cultivated in France, Holland, and other countries. In France it is known
under the name of Garance. In the Levant, if. peregrina is also cultivated,

and yields Levant Madder ; the roots are also called Turkey- roots in com-

merce. Madder is imported in two forms, namely, entire, and in a ground

state. There are four kinds of Dutch Madder, known respectively as crop

(the best), ambro, gamene, and mull (the worst). In the living state, madder-

root only contains* a yellow colouring principle, called rubian ; but no fewer

than five colouring matters have been obtained from the root of commerce,

called respectively madder purple (purpurin), red {alizarin), orange, yellow,

and brown ; it would appear, therefore, that these latter must be all derived

from the single yellow colouring principle. Alizarin is by far the most

valuable of these colouring substances. Besides its use as a dyeing material,

Madder was long employed in medicine as a tonic and diuretic, and was
also regarded asa valuable emmenagogue ; its virtues, however, as a medi-

cine are very trifling, and it is no longer employed by the medical practi-

tioner. Besides the roots of R. tinctorum and R. peregrina, those of other

species are likewise 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, Sec, and are occasionally imported into this country under
the name of munjeet. The roots of R. Relbnun are also employed in Chili

for dyeing.
Sarcocephalus esculentus (Cephalina esculenta).—The fruit is the Sierra,

Leone Peach. The bark is said to have astringent, tonic, and febrifugal

properties.

Uncaria Gambia:—An extract prepared from the leaves and young
shoots of this plant constitutes the kind of Catechu which is known in com-
merce as Gambir, Gambler, Pale Catechu, and Terra Japon'ica, and by
druggists as Catechu, in square cakes; it is official in the British Pharma-
copoeia, and Pharmacopoeia of India. Catechu is one of the most powerful
of astringents, and is extensively employed in tanning and dyeing, and also

in medicine ; it is also largely consumed in the East, as it forms one of the

ingredients in the famed masticatory called Betel.— U. acida, probably
only a variety of the preceding, also appears to yield a portion of the Gam-
bier of commerce.

Cohort 2. Asterales.—Stamens epipetalous and alternate with
the lobes of the corolla when equal to them in number.
Ovary 1-celled ; ovule solitary. Fruit dry and indehiscent.

Seeds usually exalbuminous, but sometimes albuminous.
Leaves exstipulate.

Order 1. VALERiANACEiE, the Valerian Order.—Charac-
ter.

—

Herbs. Leaves opposite, exstipulate. Flowers cymose,
hermaphrodite {figs. 494 and 495) or rarely unisexual.
< '"lij.r superior (figs. 494, c, and 980, c«), with the limb obsolete,

membranous, or pappose. Corolla epigynous, monopetalous
494 and 495), tubular, imbricate, 3—6-lobed, regular or

irregular, sometimes spurred at the base (fig. 495). Stamens
1—5, distinct, fewer than the lobes of the corolla, and inserted
in its tube (figs. 494 and 495). Ovary inferior (fig. 980), with
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Fig. 980.

1 fertile cell, and usually 2 abortive or empty ones. Fruit dry

and indehiscent, frequently pappose (fig. 467). Seed solitary,

suspended, exalbuminous ; radicle superior.

Distribution and Numbers.—Chiefly na-

tives of the temperate parts of Europe,

Asia, and America
;
they are rare in Africa.

Illustrative Genera : — Centranthus, DC. ;

Valeriana, Linn. There are about 190

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 agree-

able by Europeans.

Nardnstacliys Jatamansi is commonly regarded

as the Nardus indjcus, the true Spikenard of the

ancients. It is the Nard of the Hebrews, and the

Nardos of the Greeks. It is much esteemed in India

both as a perfume and as a remedial agent in epilepsy

and listeria. In some districts, as Leh, its chief use

is for incense.

Valerianella ol'doria.—-The young leaves are occa-

sionally used as a salad both on the Continent and

in England. In France they are known under the

name of Mdche, and in England by that of Lamb's 'Lettuce.

Valeriana.-The. rhizome and rootlets of V. officmahs form the official

Valerian of the British Pharmacopoeia. Valerian is much employed as a

nervine tonic, stimulant, and antispasmodic. The roots of I'. Dwscond.s,

V Phu V. celtica, V. Hardwickii, V. sitchensis, and other species, have

similar 'properties. V. sitchensis is most esteemed in Russia.

Order 2 Dipsace;e, the Teazel Order.—Character.—Herbs

or undershrubs. Leaves opposite or verticillate, exstipulate.

Flowers in dense heads (capitula) (fig. 428), surrounded by an

involucre. Calyx (fig. 982) superior, with a membranous or

pappose limb, and surrounded by an mvolucel. Corolla (fig.

982) tubular, epigynous, moiiopetalous, the limb 4-o-lobed,

generally irregular (figs. 428 and 982), and with an imbricate

IXSn. flELnT? epipetalcms (fig. 982)

;

anthers^drstinc .

Ovarii inferior (fig. 982), 1-celled ;
ovule solitary (fig. 982),

p2lous; styloid fgma simple

and surmounted by the pappose calyx
. (figs. 408 and

J
981).

Seed with fleshy albumen ;
embryo straight pradicle superior

DiSributiol and Numbers.-Chiefly natives of the South of

Europe and of North and South Africa. A few species are

S* country. Illustrative
;

.-Dipsacus, Tourn. :

Scabiosa, Linn. There are about 170 species.

Properties and E7se.,-Some are reputed to possess

and febrifugal properties, but as remedial agents they aie alto-

Fig. 980. Vertical

section of the
ovary, &c, of

the Red Valerian
(Centranthus ru-

ber), ctt. Calyx.

co. Corolla, sty.

Style, oo. Ovule.
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gether unimportant. Dipsacus Fidlonum is, however, an im-
portant economical species.

Dipsacus Fullonum, Fuller's Teazel.—The dried capitula are used bv
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 in-
struments. In 1860 no less than 20,000,000 teazels were imported into this
country from France.

Scabiosa succisa is called the Devil's-bit Scabious, on account of its
abruptly terminated rhizome or root. It is said to be astringent, and to
yield a green dye. The inflorescence sometimes develops in an umbellate
manner, as in a specimen described by the author in the Pharmaceutical
Journal, ser. i. 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.

Order 3. Calycerace.e, the Calycera Order.—Charac-
ter.

—

Herbs. Leaves alternate, exstipulate. Mowers in capitula,
surrounded by an involucre. Calyx superior, irregular, 5-lobed.'
Corolla epigynous, monopetalous

; regular, valvate, 5-lobed.
Stamens 5, epipetalous

; filaments monadelphous
; anthers par-

tially united. Ovary inferior, 1-celled ; ovule solitary, pendulous.
Frint indehiscent. Heed solitary, pendulous, with fleshy albu-
men

; radicle superior.

Diagnosis.—These plants hold an intermediate position be-
tween Dipsacese and Composite, being distinguished from the
former by their alternate leaves, absence of involucel to their
individual florets, valvate {estivation of corolla, monadelphous
filaments, and partially united anthers ; and from the Compositem their anthers being only partially united, and in their pendu-
lous albuminous seed, and superior radicle.

DistHhiMon and Numbers.—Exclusively natives of South
America, especially the cooler parts. Illustrative Genera:—

Fig. 981. Fig. <J82.

Fir,. 981. Fruit of Scabiosa. purpurea,
surmounted by the pappose calyx.
Fig. 982. One of the central florets of
the capituluni of Scabiosa purpurea,
with the ovary, ifeo., cut vertically,
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Oalycera, Cavan. ;
Leucocarpus, Don. There are about 20

species.

Properties and Uses.—Unknown.

Order 4. Composite, the Composite Order.—Character.

Herbs or shrubs. Leaves alternate or opposite, exstipulate.

Flowers (florets) hermaphrodite {figs. 983-985), unisexual {fig.

491) or neuter, arranged in capitula {figs. 427 and 444), which

are commonly surrounded by an involucre formed of a number of

imbricate bracts {phyllaries) {fig. 399); the separate florets are

Fig. 980. Fig. 984. Fig. 985. Fig. 986.

m 983. Labiate floret of ^r^irfwtbeooS.flS'
calyx, t. Tube of the corolla

\

3-^^l^0^g ^. Vertical

e. Tube formed by the united anthers. *. htigmtu. / v-

section of the floret of Aftr ™ ,™"
v ". «./ Tube

erect ovule «. Pappose limb of Ito agb ^fof the Chicory

the pappose limb of the caljx. 2>. i""-'"^

above figures are from Jussieu.

also frequently furnished with membranous or scale-likeJa^J

in the latter case it is entire,^^"^SSSI^^SS!
into bristles, or simple, branched, or eat^ > ^

C

J s:;

( fia 984, a). CWZa epigynous, monrntoloM U^s. wo

tubular fV 405), lignlate (./to. 985), or bilabiate (fig. 983), 4

£o£,S a Valvate estivation, teen, (*. 983-98o, c)
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5 or rarely 4, inserted on the corolla, and alternate with its

divisions
; filaments distinct or nionadelphous ; anthers united

into a tube (syngenesious or synantherous) (fig. 548), which is

perforated by the style and stigmas (fig. 985). Ovary inferior,

1-celled, with 1 erect ovule (fig. 984, o)
;

style 1, undivided
below, and commonly bifid above (fig. 987) ;

stigmas 2, one being
usually placed on the inner surface or margins of each division
of the style (figs. 983, s, 985, s, and 987). Fruit a cypsela, dry,
indehiscent, 1-celled, crowned by the limb of the calyx, which
is often pappose (fig. 986). Seed (fig. 986, e) solitary, erect,
exalbuminous ; radicle inferior.

Diagnosis. — Herbs or shrubs, with exstipulate leaves.
Flowers (called florets) arranged in capitula, which are

Fig. 987.

Fig. 987. Styles and stigmas of Composite Flowers to illustrate De Can-
ilolle's tribes, after Heyland and Lindley. 1. Albe.vlinia en/thropnppa
(VernomefE). 2. AnUochceta mikinioides (Eupatoriese). 3. lilumea sene-
cioules (Asteroidete). 4. Mendezia. bicolor (Senecioideaj). 5. Lipochwla
umMlata (Senecioideaa). 6. Aplota.vis ivpalensis (Cynarere). 7. Leuco-
merit tpectabilis (Mutisiea?). 8. Leiiceria tenuis ( Nassauviea?).

commonly surrounded by an involucre. Capitula developed
successively in a centrifugal manner. Calyx superior, its limb

i abortive, or membranous , or pappose. Corolla epigynous, mono-
petalous, 4—5-toothed, with a valvate .-estivation. Stamens
epipetalous, equal in number to the divisions of the corolla
(generally 5), and alternate with them; anthers syngenesious
Uvary inferior, 1-celled, with 1 erect ovule, and having but one
coat

;
style simple, bifid above, with stigmatic branches. Fruit

1-celled, dry, indehiscent. Seed solitary, erect, exalbuminous :

radicle inferior.

Division of the Order and Illustrative Genera.— This, order has
jjeen variously divided by authors. By Linmcus, the plants of
ins class Syngenesia, division Polygamia (which corresponded to

Q Q
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the Natural Order Coinpositfe as above denned), were arranged

in five orders, under the names of Polygamia ai-gvalix, P. svper-

flua, P. frustranea, P. necessaria, and P. segregata. The cha-

racters of these have been already stated at page 41 2. Jussieu

separated the Compositse into three sub-orders as follows :—1.

Corymbiferse, the plants of which have either all tubular (floscu-

lovJ) and perfect florets ; or those of the disk (centre) tubular

and perfect, and those of the ray (circumference) tubular and

pistilliferous, or ligulate (radiant). 2. Cynarocepho.Ue, the florets

of which are all tubular and perfect ; or those in the centre

perfect, and those of the ray neuter. And 3. Cichoracese, having

all the florets ligulate and perfect. A fourth sub-order was

afterwards added, called Labiatiflorm, which includes those

plants the florets of which were bilabiate, and which were un-

known to Jussieu. The arrangement most frequently adopted

at the present day is that of De Candolle ; this was founded on

that of Lessing. It is as follows :

—

Sub-order 1. Tubulifloe^e.—Florets all tubular and perfect

;

or those of the centre (disk) are tubular, and alone perfect,

while those of the circumference (ray) are tubular or ligulate,

and pistillate or neuter; juice watery. This sub-order in-

cludes the Corymbiferse and Cynarocephalse of Jussieu. It

has been divided into five tribes as follows :

—

Tribe 1. Vemoniem.—Style cylindrical ; its arms generally long

and subulate, sometimes short and blunt, always covered

all over with bristles (fig. 987, i). Illustrative Genera:—

Yernonia, Schreh.
;
Elephantopus, Linn.

Tribe 2. Eupatoriex. —Style cylindrical; its arms long and

somewhat clavate, with a papillose surface on the outside near

the end (fig. 987, 2). Illustrative Genera :—Eupatonum,
Town. ;

Tussilago, Town.
Tribe 3. Asteroidese.—Style cylindrical ; its arms linear. Hat

on the outside, equally and finely downy on the inside (fig.

987, 3). Illustrative Genera :—Erigeron, Linn. ;
Bellis, Linn.

Tribe 4. Senecioideai..—Style cylindrical, its arms linear, fringed

at the point, generally truncate, but sometimes extend*

beyond the fringe into a short cone or appendage of some kilffl

(fig. 987, 4 and 5). Illustrative Genera :—Anthemis, L%mm
Senecio, Linn.

The above four tribes correspond to the sub-order Corymbifene

of Jussieu ; the next or fifth tribe to the Qynaxocephalre of tlie,

same author.

Tribe 5. Gynarese.— Style thickened above, and often with 8

bunch or fringe of hairs at the enlarged portion ;
its branches

united or free (fig. 987, 0). Illustrative Genera .--Arctium?

Linn. ;
Centaurea, Linn.

Sub-order 2. Labiatifloe.e. - Florets with bilabiate corollas,
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perfect or unisexual. Juice watery. Of this sub-order we
have two tribes :

—

Tribe 6. Mutisieee.—Style cylindrical or somewhat swollen
;

its arms usually blunt or truncate, very convex on the outside,

and either covered at the upper part by a fine uniform hairi-

ness, or absolutely free from hairs (Jig. 987, 7). Illustrative

Genera :—Mutisia, Linn. fit. ;
Printzia, Cass.

Tribe 7. Nassauviese.—Style never swollen ; its arms long, linear,

truncate, and fringed only at the point (fig. 987, 8). Illus-

trative Genera

:

—Nassauvia, Jass.
;
Trixis, B. Br.

Sub-order 3. Ligxjliflor^:.—Florets all ligulate and perfect.

Juice milky. This corresponds to the Cichoracese of Jussieu.

Tribe 8. Cichorex.— Style cylindrical at the upper part ; its

arms somewhat obtuse, and equally pubescent. Illustrative

Genera :—Cichorium, Linn.
;
Taraxacum, Sailer. Of these

sub-orders the Liguliflorpe is the best defined.

By Bentham and Hooker the Compositse are divided into
thirteen tribes.

Distribution and Numbers.—Universally distributed ; but the
Tubuliflorse are most abundant in hot climates, and the Ligu-
liflorre in cold. The Labiatiflone are almost entirely confined
to the extra-tropical regions 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 occasionally become shrubby, or even
in some cases arborescent. Some years since there were about
9,500 species according to M. Lasegue, who remarks ' that they
have steadily continued to constitute about one-tenth of all de-
scribed plants in proportion as our knowledge of species has
advanced. Thus Linnseus had 785 Composites out of 8,500

I species; in ]809 the proportion was, 2,800 to 27,000; De
1 Candolle described 8,523 in the year 1838, which was again
I a tenth

;
and now (1845) that the estimate of species has risen

' to 95,000, Composite plants amount to 9,500.' Lindley cal-
l culated the order to contain about 9,000 species ; but Bentham
i and Hooker have reduced it to about 1,000 genera and 8,000
• species.

Properties awl Uses.—The properties of the Cornpositfe are
very 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,
i and diaphoretic properties. Others are acrid stimulants, and
" the Liguliflor;c commonly abound in a bitter-tasted milky juice,
• which is sometimes narcotic.

Sub-order 1. Timui.iFi.on.F..—The plants of this sub-order are chieflV
I remarkable for their bitter, tonic, ami aromatic properties ; which are due

Q<j2
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to the presence of a bitter principle, and a volatile oil. Some are esculent

vegetables.

Achillsea Millefolium, Yarrow or Milfoil, was formerly extolled as an

excellent vulnerary and styptic. It is regarded in the United St.it<-~ of

America, where the leaves and flowering tops are official, as tonic, stimulant,

sudorific, and antispasmodic. In the form of a warm infusion they are a 30

emetic. According to Linnaeus, this plant was employed in his time in

Sweden to increase the intoxicating properties of beer. Formerly it had a

high reputation as a vulnerary ; hence its name of Nose-bleed.

—

A. moschata

is known in Switzerland as ' Forest Lady's Herb,' and has been used there

for centuries as a stomachic tonic. It is also termed ' Iva.'

Anacyclus.—A. Pyrethrum, Pellitory of Spain.—The root is official in

the British Pharmacopoeia ; .it is employed as an energetic local irritant

and sialagogue, in toothache, relaxation of the uvula, &c.

—

A. officmarum

of Hayne, German Pellitory, has similar properties. The root is commonly

used in Germany.
Anthemis nobilis, Chamomile or Camomile.—This plant is extensively

cultivated for the sake of its flower- heads, which are official in tlx- British

Pharmacopoeia, and much "employed internally for their stimulant, tome,

and antispasmodic properties ; and also externally for fomentations. '1 hese

properties are due to a bitter principle (anthemic acid), and a volatile oil.

The flowers constitute the Roman or True Chamomiles of the Materia

Medica. The oil of Chamomile is also much used as a remedy in flatulence,

and as an addition to purgative pills to prevent their griping action. It

is official in the British Pharmacopoeia.—A. Cotula, Mayweed, has similar

properties, but its disagreeable odour is an obstacle to its more general use.

Aplopappus discoideus, DC , is said to be the source of a kind of Bamiana,

a drug used in the United States and elsewhere as an aphrodisiac. (See

TurneraJ)
. . .

Aplotaxis Lappa (Aiccklandia Costus).—The root of this plant, wnicfi is

a native of Cashmere, is said by Falconer to be the Costus of the ancii nts^

It is chiefly used as a perfume.'and for burning as incense. It is also em-

ployed by the Chinese as an aphrodisiac.

A rctium Lappa.—The root is employed in the United States in gouty,

rheumatic, scrofulous, and other affections, and is reputed to be aperient,

diuretic, and diaphoretic.

Arnica montana. Mountain Arnica, Mountain Tobacco, or Leonard s-

bnne, is an acrid stimulant. The flowers and rhizome have been employed

in typhoid fevers, amaurosis, paralysis, &c. It is termed on the Continent

Panacea lapsorum, from the power it possesses of absorbing tumours and

destroying the effects of bruises, when applied externally. Arnica rhizome

and rootlets are official in the British Pharmacopoeia.
_

Artemisia.—A. Absinthium.—The dried herb, or the flowering tops, under

the name of Wormwood, is used as an aromatic bitter tome, and as an

anthelmintic. The tops and leaves are official in the United States 1
uar-

macopoeia. Thev are also employed in the preparation of some liqueurs;

particularly of one now very largely consumed in France under the named
' absinthe,'' the excessive use" of which is attended with such injurious etteci*

that they have been designated under the name of absmthism. Althougn

doubtless these effects are mainly due to the alcohol which it contains I ».•>

appear to be also in some degree attributable to a volatile oil which tM

wormwood contains.—A. chinensis.—According to Lindley, the

Japanese moxas are prepared from the cottony or woolly covering «' ™

produ
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Wormseed. It comes to England by way of Russia. The official part is

the dried unexpended flower-heads. Santonica owes its properties essentially

to the presence of a crystalline neutral principle called santonin, which is

also official in the British Pharmacopoeia. Both santonica and santonin are
valuable anthelmintics. Another kind of wormseed, very inferior to the

|bove, has beeu described by pharmacologists under the name of Barbary
Wormseed. Wormseed is also known by the names of Semen Santonici,

Semen Contra, Semen Cynie, &C.
Berthelotia lanceolata or indicri, a native of India, has aperient leaves,

which are said to be a good substitute for the official senna.

Blumea grandis or balsamifera, a common weed in the Tenasserim pro-
vinces of the Burman Empire, yields a kind of camphor. It is also in use
in China. It is known as Blumea or Ngai Camphor. In China it is used in

mediciue, and for perfuming the finer kinds of Chinese ink.

Calendula officinalis, the Marigold, has yellow florets, which are some-
times employed to adulterate saffron. A strong tincture of the flowers, ap-
plied externally to wounds, is said to have a similar effect to that of Arnica.

Carduus, the Thistle.—Some species of this genus, particularly C. bene-
dietus, hive been used as tonics and febrifuges.

Cartliamus.— C. tinctorius, Saffiower 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. Saffiower is sometimes used to adulterate hay saffron. The substance
called cake saffron is prepared from it and mucilage. (See Crocus.) The
fruits, which are commonly called seeds, yield by expression a large quan-
tity of oil, which is known in India under the* name of Koosum Oil. It

is nsed principally for burning. The fruits are also purgative, and arc
employed in dropsy. The fruits of C. persicus also yield a useful oil.

Cynura.— C. Scolymvs.—The young succulent receptacles of this plant
are used for food, under the name of Artichokes. The edible Cardoons are
the blanched stalks"of the inner leaves of Cynara Cardunculus.

Erigeran, Fleabane,—The leaves and tops of E. heterophyllum and E.
miladetphicum are official in the United States Pharmacopoeia. Fleabane
possesses diuretic properties, and is much used in gravel and other nephritic
complaints. The leaves and tops of E. canadense, Canadian Fleabane, are
likewise official in the United States Pharmacopoeia, and are reputed to lie

t'lnic. astringent, and diuretic. The oil which is obtained from them is also
esteemed as an internal remedy in uterine and other hemorrhages.

Eupatorium.—E. ylutinosnm.—The leaves of this plant constitute one of
the substances known as Matico in South America, the different kinds
of which are employed as styptics. The official matico of this country is,

However, derived from Piper angustifblium {Artanthe elongata), a plant of
the Nat. Ord, Piperacea?. (See Fiper).—E. ayapana and E. perfoliatum
have been employed as antidotes to the bites of venomous reptiles. Thev
are reputed to possess stimulant, tonic, and diaphoretic properties. The
leaves and flowering tops of E. perfoliatum, Thoroughwort, are official in
the United States Pharmacopoeia. Other species, such as E. purpureum or
Gravel Root, E. teucrifalium, E. ageratoides, E. aromaticum, E. incarnatum,
A. cannabinum, and E. nervoSum, have also been regarded in the United
States and elsewhere as of medicinal value.

Grindelia robusta and G. squarrosa, Gum Plants or Rosin Weeds.—The
dried stems, leaves, and unexpended flower-heads of these plants, which are
nativ.-s of California, are reputed to form a remedy of very great value in
asthma, when given internally ; and when applied externally in the form of
nn infusion or decoction, a marvellous effect is said to be produced in the
euie of the cutaneous eruptions caused bv emanations from the Bluis
Toxicodendron, or poison-oak. They are "official in the United States
fnarmacopcBia, Tliey are also said to be verv useful in hooping-coughs
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catarrhs, and bronchitis. Other species, such as G. kirmta, appear to have

similar properties, and are frequently substituted for the former in com-

liiGrcG.

Guizntia oleifera is extensively cultivated in India for its seeds, which

are known in commerce under the name of Niger seeds. These yield a thin

oil, useful in painting, and for burning, and other pui poses, which is known

in India as Ram-til, Kola-til, Noog, &c.
_
It may be used for the same pur-

poses in pharmacv as sesamum oil and olive oil.

Helianthus.—H. tuberosus.—The tubers are much eaten under the name

of Jerusalem Artichokes. The dried fruits have been employed as a substi-

tute for coffee.—H. annuus is the common Sunflower. The pith contains

nitrate of potassium, and is therefore sometimes used in the preparation of

moxas in Europe. The fruits have been lately employed as an ingredient in

a kind of soap called Sunflower Soap. They yield by expression a fixed oil

which is used largely for food in Hungary and Russia, while the oil-cake

furnishes an excellent food for cattle.

Inula Helenium, Elecampane—The root is an aromatic tome, expec-

torant and diaphoretic. It has been employed in chronic catarrh, and in

dyspepsia. It was also formerly much used in this country as the basis of a

favourite sweetmeat. _ m _ , .

Liatris odm-atissima, Wild Vanilla or Deer's Tongue.—The leaves of

this plant, which is abundant in the southern United States, are used

largelv to give flavour to tobacco and cigars. They would be probably

very useful in perfumerv. Thev owe their properties to coumarin. Other

species, more especially L.spicata, yield the root known as Button Snakeroot,

which is reputed to be stimulant, diuretic, and expectorant.

Madia—The seeds of M. satioa, a native of Chili, yield by pressure a

lar"-e amount of fixed oil, which is edible, and the commoner kinds have also

been used for illumination. The plant is now cultivated in Asia Minor,

Algeria, and the warmer parts of France and Germany. The oil has also,

the valuable propertv of not congealing at 19° below zero of Reaumur, hence

it is a valuable lubricating agent for delicate machinery.

Matricaria Chamomilla has similar properties to the true Chamomile.

The flower-heads are the Flores Chamomilhe of German pharmacologists
j

they are usually distinguished as Common or German Chamomiles.

Mihania.—M. Guaco has been much used as an antidote to the bit. s o?

venomous serpents in South America. It appears to me by tar the mosS

efficacious of all the plants known under the name of Guaco, for reliably

testimony has shown that when promptly and properly administered it tsa

cure for the bites of the most venomous snakes. Guaco has also been niglir*

spoken of as a remedv for gout and rheumatism.

Notonia.—The freshlv gathered stems of N. {,randiftora
and 3. corymi

bosa are reputed in India to be preventive of hydrophobia. <

Pyrethrum.-The insect powders of commerce are the powdered flowert

heads of several species of this genus. Thus those of P. carneum and

roseum yield Persian Insect Powder ; but the most energetic msec ede d

the Dalmatian Insect Powder, which ts derived from P. ™*™*f° ,

.

SantoHna ctemxeyparissus, Lavender Cotton has^ had a reputaH

as a vermifuge in the case of small worms. Its twigs, which have .. strong

andsom3 agreeable odour, have also been used for placing mwardrobt „

&C-'^;i^f/aS»m , a native of North America, is known as the

•Polar Plant' or ' Compass Plant,' because -the leaves are said to present

thei face TurXmly north and south- Sir J. looker states that n

veiling by rail any alteration in the direction of the road becomes vistbl

at once by the altered appearance erf the leaves oi th- Compass Plant
.

J

Tanaveium vulgare, the common Tansy, possesses tonic and antnelnunHj

properties.
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Tussilago Farfura, Coltsfoot.—This plant is used as a popular remedy in

chronic coughs and other pulmonary complaints.

Verwmia anthelminlica.—The seeds are employed in the East Indies as

an anthelmintic.

Xanthium spinosum.—The powdered leaves, &c., of this plant are said

to be a most efficient remedy in hydrophobia ; but they have been found

useless when employed by regular practitioners.

Sub-order 2. Labiatifloh^e.—There are no very important plants

known to belong- to this sub-order; but some have been reputed to possess

aromatic, mucilaginous, purgative, and tonic properties

Perezia fndicosa.—The root is much esteemed in Mexico as an agreeable

and energetic purgative ; its native name is ' raiz del pipitzahuac' An acid

of a brilliant golden yellow colour, called pipitzahoic acid, has been obtained

from it ; it is known popularly as ' vegetable gold.'

Piiatzia aromatica.—The leaves are sometimes employed at the Cape
of Good Hope as a substitute for tea.

Sub-order 8. Ligumflor.cE.—The plants of this sub-order generally

contain a milky juice, which commonly possesses alterative, aperient, diu-

retic, or narcotic properties. The roots of some are used as esculent vege-
tables ; and other species, by cultivation with diminished light, become
edible as salads.

Cichorium.— C. Intybus, Chicory.—The Chicory plant is indigenous in

this and many other parts of Europe. It is also extensively cultivated

for the sake of its roots, which when roasted and powdered arc used as

a substitute for, or more frequently as an addition to, ground coffee. Above
100 millions of pounds are annually consumed in Europe. In 1865, the
consumption in Great Britain alone was about 13 millions of pounds ; and
it is now calculated that in' proportion to that of coffee it is nearly 40 per

cent. It does not, however, possess in any degree the peculiar exciting,

soothing, and hunger-staying properties of coffee, and its extensive employ-
ment is much to be deprecated, as it is not unfrequently attended with in-

jurious effects. The fresh root has been employed in medicine, and is reputed
to have somewhat similar properties to that of Dandelion. A blue dye
may be prepared from the leaves.— Cichorium Endivia is the Endive plant,

the blanched leaves of which are used as a salad.

Lactuca.—L. sativa is the garden or common Lettuce. It is largely
cultivated for use as a salad. As a medicine it possesses to a slight extent
sedative, anodyne, and antispasmodic properties.

—

Lactuca virosa, the Wild
Lettuce, possesses much more evident anodyne and antispasmodic properties
than the common Lettuce. The inspissated juice of both L. siitiva and
L. virosa forms Lactucarium or Lettuce Opium, which is employed for
its narcotic properties. L. virosa yields the best and the largest quan-
tity of Lactucarium. L. virosa is official in the British Pharmacopoeia.
Other species of Lactuca, as L. Scariola and L.allissima, possess similar
properties.

Scorzonera.— S. hispanica has esculent roots, which are known under the
name of Scorzonera, and are much esteemed. The roots of S. delicio&a are
also much valued in Sicily, where this plant is a native.

Taraxacum officinale (Taraxacum dens leonis) is the common Dande-
lion. The rout, which is official in the British Pharmacopoeia, is very ex-
tensively employed as a medicinal agent. It is commonly regarded as
possessing aperient, diuretic, and alterative properties. It contains a bitter
Crystalline principle, called Taraxacin, to which it seems principally to one,
it j properties. When roasted,it has sometimes been employed as an' addition
to coffee, in the same manner as Chicory root. The leaves, when very
young and grown in the dark, are sometimes used on the Coutineutasa
salad.

Tragopogon porrifolius.—The roots are eaten under the name of Salsify,
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and although a very useful vegetable, they are inferior to Seorzonera. In

America it is called"the Oyster Plant, as the roots when cooked are thought

to have the taste of oysters.

Cohort 3. Oa/mpcmales. Stamens epigynous, usually free from

the corolla. Ovary generally 2—6-celled, with numerous
ovules in each cell. Fruit capsular. Seeds albuminous.

Mostly herbs, or rarely shrubs. Leaves nearly always

alternate
;
exstipulate.

Order 1. Stylidiaceje, the Stylewort Order.—C haracter.—
Herbs or under-shrubs, not milky. Leaves exstipulate. Calyx

superior, with from 2 to 6 divisions, persistent. Corolla with

from 5 to 6 divisions ; estivation imbricate. Stamens 2, gynan-

drous. Ovary 2-celled, or rarely 1-celled
;
style forming a column

with the filaments ;
stigma without an indusium. Fruit cap-

sular. Seeds albuminous.

Distribution and Numbers.—They are chiefly found in the

swamps of Australia. Illustrative Genera :—Stylidium, Swartz

;

Forstera, Linn. fil. There are about 120 species.

Properties and Uses.—Unknown.

Order 2. Goodeniaceje, the Goodenia Order.—Charac-

ter.

—

Serbs, or rarely shrubs, not milky. Leaves exstipulate.

Flowers never collected into heads. Calyx generally superior,

with from 3—5 divisions, occasionally inferior. Corolla irre-

gular, 5-parted ; eestivation induplicate. Stamens 5 ;
filaments

distinct ; anthers distinct or united. Ovary 1, 2, or rarely

4-celled
;
placenta free central

;
style 1 (fig. 644, t)

;
digma

surrounded by a hairy ring or somewhat cup-shaped expansion

of the upper part of the style termed an indus'mm (fig. 644, ?).

Fruit capsular, drupaceous, or nut-like. Seeds with fleshy

albumen. ....
Distribution and Numbers.—These plants are principally

natives of Australia and the islands of the Southern Ocean ;
rarely

of India, Africa, and South America. Elustrative Genera:—

Goodenia, Sm. ;
Leschenaultia, E. Br. There are about 200

SP£
^Properties and Uses. -Unimportant. Many are cultivated

for the beauty of their flowers.

Brunoma.—T\m genus -of Australian plants, consisting of t wo Bpecies, is

sometimes made tike tvpe of a distinct order, termed Brunomaceie; h,t

Benthnmaml Hooker refer them here. Their principal distinctive characters

are the superior ovary, exalbuminous seeds, and capitulate inflorescence^

They have no known uses. . . , . .,

Icmwla Taocada has a soft and spongy pith, wh.ch is used by^the

Malays to make artificial flowers, and for other purposes. Its young;leaveS

are also eaten as a potherb. Other species of Scvvola are reputed to be

emollient.

OrderS. Campanulace^., the Harebell Order -Character.

Herbaceous plants or undershrubs, with a milky juice. Leavu
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i early always alternate, exstipulate. Flowers scattered, or
rarely in capitula. Calyx superior (Jig. 990), persistent (Jigs.

687 and 688). Corolla monopetalous, regular (Jigs. 437, b", and
479), marcescent (Jigs. 437, b', and 688) ; aestivation valvate (Jig.

988). Stamens equal in number to, and alternate with, the
lobes of the corolla (Jig. 988) ; anthers 2-celled, distinct or partly
united. Ovary inferior (Jig. 990), 2- or more celled (Jig. 988)

;

style undivided (Jig. 507), hairy
;
stigma naked. Fruit dry, cap-

sular, dehiscing by lateral orifices (Jig. 687, t, t, and 688) or by
valves at the apex

;
placentas axile (Jigs. 630,^Z, and 988). Seeds

numerous, with fleshy albumen (Jig. 989).
Distribution and Numbers.—Chiefly natives of the temperate

parts of the northern hemisphere ; a good many are, however,
found in the southern hemisphere, especially at the Cape of

Fig. 988. Fig. 989. Fig. 990.

F
HL

9S
o=„
D'^gr?!

11
?
f the flower of Rarapions (Compmrnla Rvpuncnlus).

Fi<j. 989. Vertical section of the seed. Fig. 990. Vertical section of the
flower.

Good Hope A few species only are tropical. '

Illustrative
genera :—Phyteuma, Linn.

; Campanula, Linn. There are
about 550 species.

Properties and Uses.—The milky juice which these plants
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 Campa-
nula Lapunculus, which are commonly known under the name
ot Kampions

;
those of Cyphia glandulijera, in Abyssinia ; and

those of Cyphia chgitata by the Hottentots, &c. Some species
ot Hpeculana have been used in salads. One species, Campanula
Banco, u reputed to be a valuable tonic, and others are said to
be anti-syphilitic. The order, however, does not contain a
single plant of any particular importance, either in a medicinal
or economic point of view.

Order 4. Lobeliace*:, the Lobelia Order.—Character

—

merbs or shrubs, with a milky juice. Leaves alternate, exstipu-

lt or*
s,1Penor Corolla monopetalous, irregular, val-

W«e. hkmens 5; anthers syngenesious (Jig. 992). Ovary
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Fia. 991. Stigma of Lobelia syphilitica.

1 Fig. 992. The essential organs ot

the above, with the calyx.

inferior, 1—3-celled
;
placentas axile or parietal

;
style 1 ;

siigmd

surrounded by a fringe of hairs (fig. 991). Fruit capsular, de-

hiscing at the apex. Seeds nu-

merous, albuminous. Tlds ord< r

is espiecially distinguislwd from
the Campanulacese by its irre-

gular corollas and sywjenesious

anthers. It is made a tribe of

the Campanulacese by Bentham
and Hooker.

Distribution and Numbers.—
They are chiefly natives of

tropical and sub-tropical regions

;

but a few occur in temperate and

cold climates. Illustrative Ge-

nera :— Clintonia, Doug. ;
Lo-

belia, Linn. There are about

400 species.

Properties and Uses.— The

milky juice with which these

plants abound is commonly of

a very acrid nature, hence the

species of this order should be regarded with suspicion. Indeed,

some as Lobelia inflata, Twpa Fe.uillxi, &c, act as narcotico-

acrid' poisons ; and that of Isotoma longifiora is vesicant, and

when taken internally it causes such violent purgation as to

result in death.

Lobelia—L. ivtlata, Indian Tobacco.—This species is a native of North

America The flowering herb and seeds have been extensively employed,

esneciabv in the United States, for their sedative, antispasmodic, emetic, and

f™n?orant Properties. Lobe ia resembles tobacco in its action
;
the dm d

^CSerb°s official in the British Pharmacopoeia. Several fatal cases

of noSraina have occurred in the United States, and m tins countrj .
from

itsSS se The seeds may be distinguished under the microscope bj

ttHeculiariv reticulated character. The root of L. syphilitica poss,

eSnSative, and diuretic properties, and, as its specific name ,m,w-.

fnins beendeputed to be efficacious in svphilis.-L. uren* has blistering

'^^}^Z-renS is used in Pern as an emetic and purgafave and

its

1

employment has been suggested in this country as a substitute lor

Ipecacuanha.

Series 2. Superre.

Cohort 1. Ericales. - Stamens generally hypogynous (except

in Vaccimacea.), and twice the number of the lobes of the

corolla or equal in number and alternate with the lobes

Ovary with usually more than 2 cells
;
plantation generally

axile ;
style undivided.

Order 1. Vaccinias, the Cranberry Order.-^haracter.

SUubs or small trees. Leaves alternate, undivided, exstrpu

Se C2jx superior. Corolla 4-0-lobcd ;
^t^Uon imbneate.
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Fig. 993. Fig. 994.

Stamens distinct, epigynous, twice as many as the lobes of the
corolla ; anthers (Jig. 533) appendiculate, with porous dehis-
cence. Ovary, 4—10-celled

;
style and stigma simple. Fruit

succulent. Seeds with fleshy albumen.
Distribution and Numbers.—Chiefly natives of the temperate

regions of the globe. Illustrative Genera:—Vaccinium, Thi-
baudia. There are about 200 species.

Properties and Uses.—They are chiefly remarkable for
their astringent leaves and bark, and for their edible sub-acid
fruits.

0.11/coccus paiustris ( Vaccinium O.rycnccua).—The fruit of this plant is

the Cranberry of Great Britain. It is used in making tarts and for other
purposes.

—

0. macrocarpus yields the American Cranberry, of which large
quantities are imported into this country.

Vaccinium.—The fruits of several species are edible, thus :— V. Myrtillus
yields the Bilberry ; V. uliyinnsum, the Bog or Black Whortleberry ; and
V. Vitis-Idasa, the Red Whortleberry or Cowberry. (See also Oxycoccus.)
The fruit of V. uliginosum is reputed to be narcotic, and is said to be
employed for making beer, &c, heady. When exposed to fermentation, it-

produces a kind of wine.

Order 2. Ericace.b, the Heath Order.— Character.

—

Shrubs or small trees. Leaves entire, evergreen, opposite, whorled
or alternate, exstipulate. Calyx
4—5-cleft, inferior (Jig. 483, c),

persistent. Corolla hypogynous,
monopetalous (Jigs. 478 and 993),
4—5-cleft, or rarely distinct ; eesti-

vation imbricate. Stamens hypo-
gynous (Jigs. 993 and 994), as many,
or twice as many, as the divisions
of' the corolla

; anthers 2 celled

(Jig. 534), opening by pores or
slits (Jig. 532, ?), appendiculate
(Jig. 532, a). Ovary 4—5-celled,
with numerous ovules, surrounded
by a disk or scales

; placentas
axile

;
style 1 (Jigs. 993 and 994)

;

stigma simple or lobed. Fruit
capsular or rarely baccate. Seeds
numerous, small, anatropous

;

embrgo minute in the axis of
fleshy albumen.

Diagnosis.— Shrubs or small
trues. Leaves entire, evergreen, exstipulate. Calyx and
porolla 4 5-merous. Calyx inferior. Corolla hypogynous,
Pionopetalous, or rarely polypetalous. Stamens hypogynous;
•anthers 2-celled, appendiculate, dehiscing by pores or slits
(vary 4— 5-celled

;
style 1 ; placentas axile. Fruit capsular, or

very rarely baccate. Seeds small, anatropous, numerous, with
fleshy albumen.

Fir/. 093. Vertical section of the
flower of a species of H eath f Ericu ).

Fig. 991. Essential organs of
the same. The stamens are seen to
be hypogynous.
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Division of the Order and Illustrative Genera.—The order may

be divided into five tribes as follows :

—

Tribe 1. Arbutesz.—Corolla deciduous. Fruit baccate. Him-

trative Genus

:

—Arbutus, Linn.

Tribe 2. Andrdmedese.—Buds usually clothed with scales.

Corolla deciduous. Fruit capsular, loculicidal. Illustrative

Genus :—Andromeda, Linn.

Tribe 3. Ericese.—Buds naked. Corolla persistent. Fruit

capsular, usually loculicidal, or rarely septicidal. Illustrative

Genera .-—Erica, Linn.
;
Calluna, Salisb.

Tribe 4. Rhodorex.—Buds scaly, cone-like. Corolla deciduous.

Fruit capsular, septicidal. Illustrative Genera:— Azalea,

Linn.
;
Phyllodoce, Salisb.

Tribe 5, Pyrolese.—Herbs or somewhat shrubby plants. Corolla

polypetalous, or the petals united at the base, deciduous.

Fruit capsular, loculicidal. Illustrative Genera :—Pyrola,

Town.
;
Chimaphila, Pursh.

Distribution and Numbers.—They are very abundant at the

Cape of Good Hope, and are also more or less generally diffused

in Europe, Norjjh and South America, and Asia. There are

over 900 species. , . a
Properties and Uses—The plants of this order are chiefly re-

markable for astringent properties ;
others are tome and diuretic

;

and some are narcotic, and even poisonous. This is especially

the case with Kalmia latifolia, Rhododendron chrysanthvm, An-

dromeda floribunda, and Azalea pontica. The fruits of many

are edible. The species of Erica, Rhododendron, Kalmia Ar.aku,

&c are largely cultivated in this country on account ot the

beauty of their flowers. The three latter genera are commonly

called American Plants. Such plants are not, however, confined

to America, as the name would imply.

Andromeda floribunda.-Th\s shrub, which is a native of North America,

is no sonous So recently as 18G6 a number of sheep were poisoned bj

treaKLDWo, Um-Ursl the Bearberry.-The leaves arc astringent,

^SS^^t&i Pharmacopeia. Combined with astnug. >-
and are

^S^S^^SSlS^ * Poisonous properties g the

bees feSnfon th flowers of this plant. The poisonous honey ™*to*A

S^xSK inhis account of the < Retreat of the fen rbousand, was oi a

^aSpka unMlata, Winter-green, ^j^^^&fiSS !

diS

~a.-From the roots of E, arbors, which; grows to n lar*
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on the hills of the Maremmn, the so-called briar-root or briar-wood pipes

are made. The pipes known as pipes de bruyere are also made from the
roots.

Gualtheria procumbens, Partridge Berry.—The leaves are\official in the
United States Pharmacopoeia. They possess aromatic, astringent, and
stimulant properties, which they owe to the presence of a volatile oil and
tannic acid. 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 certain
parts of North America, as a substitute for China tea, under the name of
Mountain or Salvador Tea. The fruits, known as Partridge Berries or
Deer Berries, are much relished by some persons.— G. leucocaipa and G.
punctata.—From the leaves of these two species, both of which are natives
of Java, Dr. de Vrij obtained an oil, which he found to be identical with
the American Winter-green Oil.

Kulmia latifolia, a common plant in the United States, is reputed to be
narcotic and poisonous. The leaves, under the name of ' Mountain Laurel,'
are said to be a valuable remedy in obstinate diarrhoea. They have also
been used in syphilis and skin diseases. They contain a large amount of
tannic acid.

Ledum.—An infusion of the leaves of L. palustre and L. latifoliun is

employed in North America as a substitute for China tea, under the name of
Labrador Tea or James's Tea. It possesses narcotic properties. This plant
has also been recommended as a powerful insecticide.

Rhododendron.—The flowers of R. arboreutn are used by the hill people
of India in the preparation of a jelly. The powdered leaves of R. campanu-
latum are employed as snuff in certain parts of India. Tift brown pulverulent
substance found on the petioles of some Rhododendrons and Kalmias is also
in use in the United States of America as a substitute for snuff.

—

R. clirys-

ant/tum, a Siberian plant, possesses very marked narcotic properties.

Order '6. MoNOTROPACEiE, the Fir-rape Order.—Character.
Saprophytes with scale-like leaves. Sepals more or leas distinct,

4—5, inferior. Petals 4—5, distinct or united. Stamens twice
as many as the petals, hypogynous ; anthers 2-celled, with
longitudinal dehiscence . Ocary superior, 4—5-celled at the base,
1-celled with 5 parietal placentas at the apex. Fruit capsular,
with loculicidal dehiscence. Seeds numerous, with a loose testa

;

embryo minute, at the apex of fleshy albumen. This order is

referred to JEricacese by Beutham and Hooker. It is closely allied
to the Pyrolese.

Distribution and Numbers.—They are found growing on Firs
chiefly, in the cool parts of Europe, Asia, and North America.
Illustrative Genus ;—Monotropa, Nutt. There are about 10
species.

Properties and Uses.—Unimportant.

Order 4. Epacridace.e, the Epacris Order.—Character.

—

Shrubs, or small trees. Leaves alternate or rarely opposite,
simple, with parallel or radiating veins. Calyx and corolla in-
ferior, usually 5-partite, or rarely 4-partite. Stamens equal in
number to the divisions of the corolla, or rarely fewer, hypo-
gynous or adherent to the corolla ; anthers 1-celled, without
appendages, opening longitudinally. Ovary superior, many- oi-
l-celled

;
style simple. Fruit fleshy or capsular. Seeds with a

farm skin, albuminous.
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Distribution and Numbers. — Natives of Australia, the

Indian Archipelago, and the South Sea Islands, where they

are very abundant. Illustrative Genera

:

—Astroloma, R. Br.
;

Epacris, Smith. There are about 350 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 species are edible, as those of Astro-

loma humifusum, the Tasmanian Cranberry
;
Leucopogon Rkkei,

the Native Currant of Australia ; Lissanthe sapida, and others.

Cohort 2. Primidales.—Stamens generally epipetalous
;
equal

in number to, and opposite, the lobes of the corolla or

separate petals. Ovary 1-celled, with a free central placenta

and numerous ovules ; or with a solitary ovule suspended

from a long funiculus arising from the centre of the cell at

the base.

Order 1 . Plumbaginace^:, the Thrift Order.—C h a r a c t e r.

Herbs or undershrubs. Leaves entire, alternate or radical, ex-

stipulate. Floivers regular (fig. 995). Calyx tubular, plaited,

persistent, 5-partite (fig. 995). Corolla (fig. 995) membranous,

5-partite or of 9 petals, or rarely absent. Stamens (figs. 99o

Fig. 996.

Fig. 995.

Fig. 995. Diagram of the

flower of a species of

l'lwtibaqo. Fig. 996.

Essential organs of the

same.

which they are attached

. hypogynous and opposite

this is monopetalous (fig-

995); ovnlc solitary, sus-

from the base of the cell

sometimes 3 or 4. Frw

VS^'SWi* valvei atJ^^*"*'

and 990) 5, opposite the petals, to

when the corolla is polypetalous, and

to the divisions of the corolla when

995) Ovarii 1-celled (figs. 637 and

pended from a long funiculus arising

(fig. 037) ;
styles (fig. 996) usually o,

UUIDUUU, c i
,

embryo straight ; albumen mealy, and
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Distribution and Numbers.—Chiefly found growing on the
sea-shore and in salt marshes in various parts of the globe, but
by far the greater number inhabit temperate regions. Illustra-

tive Genera:—Armeria, Willd.
;
Plumbago, Town. There are

about 250 species.

Properties and Uses—Of little importance, but acridity and
astringency appear to be the most remarkable properties of the
plants of this order. «<•

Armeria vulgaris. Common Thrift.—The dried flowers are commonly
reputed to be diuretic.

Plumbago.—The roots of several species are acrid and vesicant when
fresh, as those of P. europeea, Toothwort, P. zeylanica, P. scandens, and
P. rosea.—P. toxicaria is used as a poison in Mozambique.

Statice caroliniaua is called Marsh Rosemary in the United States, where
its root is official and is much employed as an "active astringent. The root
of S. latifolia has similar astringent properties to S. caroliniaua, and has
been used in Russia and Spain as a tannins; agent. The roots of S.
mucronata are said by Holmes to constitute the drug known in Morocco as
Tafrifa, which is supposed to possess nervine properties. The roots, termed
' Baycum ' and ' Graycuru,' and described by Symes and Holmes, are very
astringent, and appear to be derived from species of Statice ; the latter,
according to Holmes, from S. brasiliensis.

Order 2. Primulace/e, the Primrose Order.—Character.
Herbs. Leaves (Jig. 394) cauline, and then simple, opposite,

Fig. 997.

Fig. 997. Flower of the Pimpernel (Anagattis amends),
c. Calyx, p. Petals, s. Stamens. Fir/. 998. Vertical
section of the flower of the same. pi. Free central
placenta, s. Style and capitate stigma. fig. 999
Vertical section of the seed of Primula elatior. I In-
teguments, p. Albumen. <?. Embryo, h. Hilum

whorled, or rarely alternate, exstipulate
; or radical. Flowers

regular, perfect (figs, 481 and 997). Calyx generally 5-cleft (fig4o8), or rarely 4—9-cleft, persistent, inferior (fig. 998) or semi-
superior in Samolus. Corolla (figs. 481, p, and 997, p) usually
5- or rarely 4—9-cleft, very rarely absent, or rarely of distinct
petals. Stamens (fig. 997, s) equal in number to the segments
of the corolla or separate petals, and opposite lo them, or in
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apetalous flowers hypogynous and alternating with the divisions

of the calyx. Ovary superior (Jigs. 458 and 998), or rarely

partly inferior, 1-celled (Jig. 998) ;
placenta free central

(Jigs. 635, pi, and 998, pi); style 1 (Jigs. 458 and 998); stigma

capitate (figs. 582 and 458). Fruit a capsule, dehiscing

transversely' and forming a pyxis (fig. 709), or in a valvular

manner. Seeds numerous, with fleshy or horny albumen (Jig.

999, p) ;
embryo placed transversely to the hilum (fig. 999, e).

Diagnosis.—Herbs with simple, exstipulate, cauline or radical

leaves, 'and regular perfect flowers. Stamens equal in number

to the lobes of the corolla or separate petals and opposite to

them. Ovary superior, 1-celled, with a free central placenta

;

style 1; stigma capitate. Fruit capsular, with transverse or

longitudinal dehiscence. Seeds numerous, with albumen, and

the embryo parallel to the hilum.
_ t

Distribution and Numbers.—These plants principally inhabit

cold and temperate regions in the northern parts of the globe.

They are rare in the tropics, where they are only found on the

sea-shore or in mountainous districts. Illustrative Genera:—
Primula, Linn. ;

Anagallis, Tourn. ;
Glaux, Tourn.

;
Samolus,

Town. There are about 250 species.

Properties and Uses.—Of no particular importance except

for the beauty of their flowers. The flowers of the Cowslip

(Primula veris) are sedative and diaphoretic, and are sometimes

employed in the manufacture of a soporihc wine. The roots of

Cyclamens are acrid, especially those of Cyclamen liedera-Jolmm,

wliich have been used as a drastic purgative and emmenagojue.

The Cyclamens are commonly known under the name ot bow-

breads, from their being eaten by wild boars in Sicily.

Order 3 Myrsinace;e, the Myrsine Order.—Character.—

Trees or shrubby plants. Leaves coriaceous, smooth, exstipu-

late Flowers small, perfect or unisexual. Calyx and corolla

4-5-nartite. Stamens usually corresponding m number to the

divisions of the corolla and opposite to them, but sometimes

there are also 5 sterile petaloid alternate ones ;
anthers dehiscing

longitudinally. Ovary superior or nearly so, l-«ged; with a

free° central placenta, in which the ovules are imbedded. Fruit

fl„0w 1 2 or many ; albumen abundant, horny.

thesouthernhemisphere. Illustrative Gener«,-Myrsme, I

Thuonhrista Linn. There are above 300 species.

Pro^Sel a d Uses.-Oi little importance. The fruits and

seeefs of o ne species are pungent ; and the seeds of others are

said b rSmtive. The fruit of Myrme a/mana is used by

h ^bpsnS mixed with barley as food or the* asses and

mulct^ The seeds of TheophroftaJvssw are used in St.

Domingo in the manufacture of a kind of bread.

j^u.-Hu, genus, of which there are five species, is considered l.v

ft qCteras.
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some writers to form a distinct order, the ^Egicerace.e. These inhabit

sen-shores in tropical regions, and their seeds germinate while the fruits are

still attached to the plant, and send their roots down into the mud, like

Mangroves. The genus JEgiceras. Gitrtn., differs from Myrsinacere in its

anthers dehiscing transversely ; in having follicular fruit ; and in the seeds

being without albumen. Benthum and Hooker combine it with Myrsinacese
;

and hence it is so placed here.

Cohort 3. Ebenahs.— Stamens epipetalous, equal in number to,

and opposite, the lobes of the corolla or separate petals ; or

more numerous. Ovary more than 1-celled
;
placentation

axile. Fruit heshy. Seeds 1 or few, large. Trees or shrubs ;

leaves alternate.

Order 1. Sapotace^e, the Sapota Order.—Character.—

•

. Trees or shrubs, often having a milky juice. Leaves alternate,

: simple, entire, coriaceous, exstipulate. Flowers small, herma-

]
phrodite. Calyx inferior, usually with 5, or sometimes with

• 4—8 divisions, persistent. Corolla with as many divisions as
i the calyx, or twice or thrice as many. Stamens definite, in a
I single row, half of them sterile and alternating with the fertile

i ones, the latter being opposite to the segments of the corolla

;

(h'tliers commonly extrorse. Ovary 4—12-celled, with a solitary

I anatropous ovule in each cell
;

style 1. Fruit fleshy. Seeds
1 large, with a shining bony testa

;
embryo large, usually in albu-

i men, and with a short radicle.

Distribution and Numbers.—Natives chiefly of the tropical

[
parts of Asia, Africa, and America. Illustrative Genera

:

—
1 Chrysophyllum, Linn.

;
Isonandra, Wight

;
Bassia, Kbnig.

There are about 220 species.

Properties and Uses.—Many species yield edible fruits ; others
s are valuable timber trees. The seeds of several contain a fatty
oil. Some have bitter astringent febrifugal barks, and the milky

j
juices of others yield a substance analogous in its general cha-

rracters to caoutchouc or india-rubber.

Achras.—Several species of this genus yield dessert fruits; thus the
frin r of A. Sapota is the Sapodilla Plum ; that of A. mammosa, the Marma-

ilade.

—

Achras Sapota has also a febrifugal bark, and diuretic anil aperient
* seeds. Its wood is called Bully-tree Wood or Black Bullv. This has a
t greenish colour, and is very hard. It is imported, and used for ship-
building, and other purposes. (See fllimnsops.) The bark of several other
species has been also employed as a substitute for Cinchona.

- / rgania Sideroxylon.—From the seeds of this species a valuable oil may
be obtained.

Bassia.—The ripe kernels of B. latifolia and those of B. longifolia, the
Elloopa-trce, yield fatty oils which are 'much employed in India, fin- lamps,
culinary purposes, and for soap-making; .mil externally in cutaneous affec-
h ""-- 1 he flowers of B. longifolia, under the name of Elloopa, liave been
imported into London. These flowers are used as food,.and also yield an
Alcoholic spirit, which is in much repute in some parts of India. The
wood of js. longifolia and others is hard and durable, and the bark and
leaves are used in medicine. From the seeds of B. butyraceu a concrete oil

11 II
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is .also obtained in India. It is known under the name, of Fulwa Butter.

It is highly esteemed as an external application in rheumatism and other

affections.

Butyrospermum.—B. Parliii.—This species, which is a native of Wesfc-

tropical Africa, is the source of Shea or Galam butter.

Chrysophyllum.—-The fruit of C. Cainito is known under the name of

Star-apple. It is much esteemed in the West Indies. Other species of

Chrysophyllum also yield edible fruits.

—

C. Buranhem, C. glycyphlceum, or

Lucuma glycyphlceum, yields an astringent bark called Monesia bark, which

has been much employed in France and Germany in diarrhoea and similar

affections. It contains a principle called monesin, which is analogous to

saponin. Monesin has been also employed as a medicinal agent. This plant

is also the source of the gum or gum-resin known in New York as Chicle.

It has also been called Mexican Gum and Rubber Juice. It has been chiefly

used for mixing with rubber for insulating telegraph wires.

Dichopsis (Isonandra) Gutta, the Gutta Percha or Taban-tree.—This

is a native of Singapore, Borneo, Sumatra, and other eastern islands. The

inspissated juice of this, and probably other species of Isonandra, and of

other allied genera, as Chrysophyllum, Sideroxylon, Bassia, Payena. Mimu-

sops, Isonandra, and Imbricaria, constitutes the valuable substance called

Gutta Percha. The Gutta Percha tree is now extinct in Singapore, m con-

sequence of the destruction of the trees in order to obtain the juice. The

annual importation of Gutta Percha into this country is more than GO.000

cwt The best Gutta Percha is obtained from Dichopsis Gutta. and the

second best variety is derived from a tree called ' Gatah Sundek,' m Perak,

which Dr. Trimen believes to be a species of Payena. Gutta Percha is <>m-

cial in the British Pharmacopoeia. * <. ,

Lucuma.—Several species yield edible fruits. The plant alluded to a I » ve

under the name of Chrysophyllum Buranhem is now also termed Lucuma

qlucuphlceum. (See Chrysophyllum.)

Mimnsops.—The fruit of several species is employed as a dessert :
that

of M, Elenai is the Surinam Medlar. The bark of M. Ehng, also possesses

astringent and tonic properties ; and in Southern India the fragrant nectar

distilled from the flowers is used as a perfume, and as a stimulant medicine*

The fruit of 31. Kaki is also much eaten in India. The seeds oi some -i> cies

(Achras ov Sapota Mulled), a native of Guiana and Central America,

yie'ds a substance resembling Gutta Percha m its properties. It is known

as Bcdatas.

Order 2 Ebenace^;, the Ebony Order.^Character.—

Trees or shrubs without milky juice. Leaves alternate, entire,

coriaceous, exstipulate. Flowers polygamous. ( \,h,x ^-.-pa^

tite, inferior, persistent. Corolla 3-7-partite. Stamens equsd

in number to the lobes of the corolla, or twice or four tunes as

many, epipetalous or hypogynous ; anthers 2-celled intone,

opening longitudinally. Ovary 3-12-celled, each cell *ith 1

or 2 ovules suspended from the apex; style usually having as

many divisions as there are cells to the ovary. Frrut fleshy.

Seeds largo, albuminous ; radicle superior.

Dilution and Numbers.-They are mostly natives d

tropical India, but a few occur m colder regions. IUh>t,
.

<

«

Genera :—Royena, Linn.; Diospyros, Lmn. Iherc are nearly

200 species.
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Properties and Uses.—Many of the trees of this order are
remarkable for the hardness of their wood, which is commonly
known under the names of Ebony and Ironwood. Many species
have edible fruits, and some have astringent barks.

Diospyros.—Many species of this genus have hard and dark-coloured
£eart-wo< ids. which form the different kinds ofEbony : thus, from D. reticulata
is obtained Mauritius Ebony, the best kind ; from B. Melanoxylon, a native
6f the Coromandel Coast, that which is commonly known as Black Ebonv •

from I). Ebenaster, the Bastard Ebony of Ceylon, from D. Ebenum the
best Ceylon Ebony

; and D. hh-suta of Ceylon, and other species, also yield
inferior kinds of Ebony. Coromandel or Calamander Wood, a beautifully
variegated furniture wood, is also procured from Ceylon, and is obtained
from D. qusesita and D. oppositifolia. The fruit of"_D. Kahi is eaten in

I China. India, and Japan. It is 'known in Japan under the name of the
Keg-fig. It is the Ka/ti of the Chinese. The plant fruits freely in this
country in a conservatory or orchard house.—The fruit of D. virginiana
the Persimmon or Virginian Date Plum, is sweet and edible when ripe'

ially after a frost, but it is very austere in an unripe state ; hence it
ia frequently employed in that condition in the United States, where it is
official, as an astringent. In the Southern States an indelible ink is also
made from the unripe fruit. The bark has been likewise used as a febri-
fuge and astringent.

—

D. Lotos, a native of Europe, has edible fruit. The
bark of B. Melanoxylon possesses tonic and astringent properties. The
fresh fruit of D. Embryopteris is powerfully astringent, and is official on
that account in the Pharmacopoeia of India. The ripe fruit is edible. The
TCjUce of the fruit is also employed in Bengal for various useful purposes
fne raw fruit of D. mollis yields a black dve.

Royena hirsuta var. riyida, a Cape shrub, has an edible fruit.

Order 3. Styhace^, the Storax Order.—0 h a r a c t e r. —Trees
"Ov shrubs. Leaves simple, alternate, exstipulate. Mowers
axillary, hermaphrodite. Calyx inferior or partially superior,

I 4—5-partite or almost entire, persistent. Corolla of from 5—10
petals, either united at the base or distinct

; aestivation imbricate
or somewhat valvate. Stamens equal in number to the petals
or twice or thrice as many, more or less united at the base
Wthers 2-celled, roundish or linear. Ovary superior or par-
tially inferior

;
style simple. Fruit drupaceous, always more

or less fleshy. Seeds 1 usually in each cell, sometimes more
embryo in the midst of abundant fleshy albumen, with aW
radicle. °

Miers divides the Styraceee into two orders, called Symplo-
and Styracacese, -the former of which is distinguished by

its partially inferior ovary, imbricate estivation of corolla and
roundish anthers; the latter having a superior ovary, valvate
estivation of corolla, and linear anthers.

Distribution and Numbers.—-These plants are sparingly dis-
tributed m warm and tropical regions

; but a few are found in
told climates. Illustrative Genera .--Symplocos, Jacq.

;
StyraxHovm. Miers enumerates about 120 species.

f^Pertiesand tfes.-These plants are principally remark-ble for yielding stimulant balsamic resins. Some yield dyein"igents, but these are of little importance. * °

R R 2
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Stiirax —The species of this genus frequently yield stimulant balsamic

resins!— S." Benzoin, the Benjamin tree, is the principal, but.probably not

the only source of the concrete balsamic resin which is official m the Britisn

Pharmacopoeia under the name of Benzoin. It is commonly, but improperly,

called Gum Benjamin. This is usually obtained after making incisions in

rhe bark Two kinds are distinguished in commerce under the respective

name's of Siam and Sumatra Benzoin. The former is most esteemed m
Enoland Benzoin is used in medicine as a stimulant expectorant, it

is however, chiefly employed in the preparation of the official benzoic

acid - and on account of its agreeable odour when heated it is a common

in-re'd erit in the incense so largely used in Catholic churches. It ui also a

•on t i uent in aromatic or fumigating pastilles, and m court or black st.ck-

\Z plaster. In Brazil and elsewhere, other spec.es ot Styrax yield similar

balsamic resins.-S. officinale, native of Greece, the Levant, and Asia Minor,

wasZg suppo ed by many to be the source of Liquid Storax ;
but Haul ,ury

proved thatWe it was the source of the original and classical Storax,

this had in modern times wholly disappeared from commerce, an that our

Liquid Storax is the produce of L>qu,dambar onentahs of Miller. (See

T inuidambar ) Storax has similar medicinal properties to Benzoin.
9Woc^-The leaves of S. Ahlonia are slightly astringent. They

have been employed as a tea in New Granada, under the name o Santa Fe

Tea The leave's of S. tinctoria (Sweet-leaf or Horse-sugar) a natne ot

Sth America, have a sweet taste, and are eaten by cattle. 1 hey are^
used in dyeing yellow. This plant has a hitter and aromatic root. Tht

kave^of other species are also employed in NepaulI
for dyeing yeUow. he

baToi'sracemnsa is likewise used in India as a dyeing material and as -a

mordant. It is known under the name of Lotur bark.

Series 3. Dicarpiee or Bicarpellatse.

Cohort 1. Gentianales. -Corolla regular. Stamens generally

epipetalous, and equal in number to, and alternate with,

the lobes of the corolla, or rarely fewer Leaves usual y

opposite and entire ; or rarely compound, and very rarely

alternate.

Order 1. Oleace.e, the Olive Order.-Charact er.-Tre«

or shrubs. Leaves opposite, simple or pinnate, exstipulate (A'

.

%8) Flowers usually perfect, or rarely unisexual Calyx per-

f£n+ 4. 8-cleft (fiq. 1000), sometimes obsolete W-
mlrior mh' Corolla regular, 4-8-cleft (fig. 1000) .

ofTdi-ffi Petals (Jig. 1001), or absent (Ju, 30
;

^jrfum

valvate (fig.
1000) or imbricate, ffi'^gf^fc foSfc

1001) rarely 4. Ovary superior (.fig. 100^), z-ceiiu yv- *

with 1^4 erect, or 2 'suspended ovules m each cell (fig 1002^

dehiscent or indehiscent, often 1-seeded beed, Mtu

Sundant fleshy albumen, or the albumen is small in quantity,

seed.
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Distribution and Numbers.—The plants of this order are

principally natives of temperate and warm regions, but some

also occur within the tropics. Illustrative Genera:—Olea, Linn.

;

Ligustrum, Toum.; Fraxinus, Town.; Jasminum, Linn. There

are about 250 species.

Properties and Uses.—The barks of many plants of this order

are tonic and febrifugal. The mild purgative called Manna is

obtained from a species of Ash. The pericarp of the common
Olive yields the well-known Olive Oil Other species are re-

markable for the hardness of their wood. The plants of the

Jasniinere have generally fragrant flowers. The volatile oil of

Jasmine, winch is used in perfumery, is chiefly obtained by
distillation from the flowers of Jasminum officinale and J. grandi-

florum. The fragrant flowers of J. Sambac are used as votive

Fig. 1001.

Fig. 1000. Diagram of the flower of the Lilac (Syringa vulgaris). Fig.

1001. Flower of the Manna Ash {Fraxinus Omits), with 4-cleft calyx;
corolla with 4 distinct petals; 2 stamens ; and 2 carpels. Fig. 10U2.

Vertical section of the calyx and pistil of the Privet {Ligustrum vulgare).

offerings in India
;
they are also said to have much power in

arresting the secretion of milk. The leaves and roots of some
species of Jasminum are reputed bitter, and have been employed
for various purposes, but generally speaking this tribe contains

no active medicinal plants. The flowers of Nyctanthes a/rbor-

wistis are employed in India for dyeing yellow.

Fraxinus,—F. excelsiqr, the common Ash, has a febrifugal bark. The
leaves are reputed to possess cathartic properties. This plant also yields a small
quantity of Manna, especially when grown in a warm climate, but no
commercial Manna is obtained from it. The wood possesses much strength
Bud elasticity combined with lightness, hence it is commonly used fur

ladders, poles, and agricultural implements. The sweet concrete exudation
Known as Manna is obtained by making transverse incisions into the stent

0i Fraxinus Ornus; hence this plant is official in tin 1 British Pharmacopoeia
as the source of Manna. It is a native of the South oi Europe and Asia
Minor, but commercially our supplies of Manna are now entirely derived
from Sicily, where the tree-; are cultivated for that purpose. Manna is a
mild agreeable laxative. It owes its properties essentially to mannite, and
also, probably, to Bome extent, to a peculiar resin — Fraxinus chinensis \«
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the tree upon which the insect (Coccus Pe-la) producing the White Wax of

China feeds.

Oka.—Oka europtea, the Olive.—The ripe fruit has a very fleshy peri-

carp ; this yields bv expression the fixed oil, known as Olive Oil, Salad I >il,

and Sweet Oil, which is so largely used for dietetical purposes, in the arts,

and in medicine ; it is official in the British Pharmacopoeia. In medicine,

it is principally employed externally, either by itself, or in combination with

other substances. When administered internally, it is nutrient, emollient

demulcent, and laxative. The olicesused as a dessert are ordinarily prepari «1

by first soaking the green unripe fruits in water to deprive them of a portion

of their bitterness, and then preserving them in a solution of salt slightly

aromatised. The leaves and bark of the Olive-tree have been highly ext. illed

by some writers for their tonic and febrifugal qualities. The febrifugal

properties of the bark are said to be due to a peculiar principle which has

been named oliverin. The substance called olive gum 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 used for cabinet work. The flowers of Oleafragrans are employed in

China to give odour and flavour to a particular kind of tea.

Syringa vulgaris, the Lilac, has a tonic and febrifugal bark.

Order] 2. Saivadorace.se, the Salvadora Order—Charac-

ter. — Shrubs or small trees. Leaves opposite, entire, leathery,

exstipulate. Flowers small, panicled. Calyx of 4 sepals. Corolla

4-partite, membranous. .Stamens 4. Ovary 1—2-celled
;
stigma

sessile. Fruit fleshy, 1-celled, with a solitary erect seed. Seed

exalbuminous. .

Distribution and Numbers.—-Natives of India, Syria, and

North Africa. Illustrative Genera .-—Salvadora, Linn. ;
Monetia,

Properties and Uses.-—Some are acrid and stimulant. The

only plant of importance is Salvadora pemca, supposed by

Royle to be the Mustard-tree of the Bible. The fruit of this is

edible, and resembles the garden Cress in taste. The bark of

the root is acrid, and is employed as a blistering agent in India.

The leaves are reputed to be purgative.

Order 3. Apocynace;e, the Dog-bane Order.—Character.—

Trees or shrubs, usually milky and acrid. Leaves entire, com-

monly opposite, but occasionally whorled or scattered exstipulate

talus inferior, 5-partite (fig. 1004), persistent. CoroWx (fa. 1004)

5-lobed ;
estivation contorted. Stamens (fig. 1004) 5, alternate

with the lobes of the corolla
;
filaments distinct ;

anthers united

to the stigma (fig. 1003), 2-celled (fig. 528) ;
pollen granular.

Ovary composed of 2 carpels, which are generally merely

contact, but sometimes united so as to form a 2-celled (JM

1004) or more rarely a 1-celled ovary
;
styles 2 or 1 (Jigs. B»y, r,

and 1003) ;
stigma 1, expanded at the base and apex, and conj

tracted in the middle, so as to resemble in form an hour-glass oi

dumb-bell (fig. 599, s) ;
ovules numerous. 1-nnt ™nwtmg of I

or 2 follicles, or a capsule, drupe, or berry. Seeds usually itH

albumen, or rarely exalbuminous, often comose.

Distribution and Numbers. -Natrvea principally of the
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tropics, but a few occur in northern regions. Vinca is the only
Britishgenus. Illustrative Genera:—Allamanda, Linn.

;
Urceola,

Buxb.
;
Apocynum, Town. There are about 600 species.

Properties and Uses.—The plants of this order are gene-
rally to be suspected, as many of them are intensely poisonous,
although the fruits of a few species are edible. Some are dras-
tic purgatives, and in others the bark is tonic and febrifugal.

India-rubber or Caoutchouc, now commonly known in commerce
as Rubber, is obtained from the milky juice of several species.

Fig. 1003. Fig. 1004.

Alstonia scholaris, a native of India and the Philippine Islands, has a
bitter, tonic, and astringent bark, which is much esteemed as a remedy in
chronic diarrhoea and dysentery. It is official in the Pharmacopoeia of India,
and is known as Alstonia bark or Dita bark. It is also regarded as*a valu-
able antiperiodic and tonic. There has been obtained from it an uncrystal-
Esable substance called ditain, which, administered in the same doses as
quinine, is said to be an excellent tonic. Recent experiments have proved,
however, that ditain is not an alkaloid but a compound substance from which
an alkaloid termed ditamine maybe obtained. More recent investigations
|lso show that Cortex Alstonim is not derived from the same plant as
that yielding Dita bark, but from A. speatabilis, a native of Timor, the
Moluccas, and the eastern parts of Java. It is known in Java as 'poele','
and is much used in fevers. It contains a peculiar alkaloid which has been
named alstonine or alstonamine. It also contains ditamine. According to
Hesse, Australian Alstonia Bark, which is derived from A. constricta, con-
tain* at least four alkaloids, which he has named alstonine (Morogeiuiie),
Wprphyrine, porphyrosine, and alstonidine.

Ali/xia stellata has an aromatic bark, which is analogous iu its properties
to that of Canella and Winter's Bark.

Apocynum.—The roots of A. cannabinum and A. androssemifolium are
emetic, diuretic, diaphoretic, and purgative ; that of the former, under the
name of American Indian Hemp, is said to be very useful in Brinht's disease
and dropsy. The fibre known as Colorado Hemp or Canadian Hemp, which
ffiay be used in the manufacture of the liner kinds of paper, is obtained from
A. cannabinum,

Aspidosperma Quebracho yields White Quebracho Bark, which has been
highly recommended as a febrifuge and antiperiodic. It is also useful
hi dyspnoea. It contains a crystalline alkaloid, which has been termed
aspidosptrmiiie. The investigations of Dr. VVulfsberg indicate that aspido-
ffpermine is identical with the alkaloid paytine, described by Hesse in 1870,
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which he derived from a bark known as White Pay to. Bark, the source of

which is now thought to be a species of Aspidosperm i. More recent investi-

gations of O. Hesse have however proved to him that pxytine and aspidn-

spermine are quite distinct. Hesse has also found another alkaloid, which

he has named quebrachine. The bark known as Red Quebracho Bark is

derived from Loxopterigium Lorentzii or Quebrachia Lorentz'd of Grisebach,

a plant of the order Anacardiaeese.

—

A. excels^, a native of Guiana, is re-

markable for its fluted trunk ; this is employed for making paddles Other

spurious Quebracho barks are also known in commerce, one being Copalchi

liark, from Crnton pseudo- China. {The genus Aspidosperma is sometimes

placed in the B 'gnoniacese.)

Carissa.— Carissa Carandas bears an edible fruit, which is eaten in the

East Indies, where it is used as a substitute for Red Currant jelly. The

fruits of C. edulis and C. tomentosa are also eaten in Abyssinia.

Geissosptrmum leeve ( G. Vellosii), yields the bark which is employed

medicinally in Brazil as a febrifuge and antiperiodic. The tree is known

under the name of Pao-Pereira.

Hancornia speciosa bears a delicious fruit, which is much esteemed by

the Brazilians. It is termed Mangalea or Mangava. The milky j uice when

hardened forms a kind of India-rubber. Collins says that Pernambuco

Rubber is probablv derived from this species. This rubber is now imported

in large quantities* from Pernambuco and Ceara. It is of good quality.

Landolphia.—L. owariensis, L.florida, and other species, yield African

Rubber. . . ..1

Plumieria—The flowers of P. alba and other species, natives of the

West Indies and some- parts of South America, have a delicious odour
;
and

it is said that the perfume known as ' Frangipani ' is distilled from them.

—P. rubra is called Red Jasmine in the West Indies.
#

Roupellia grata, a native of Sierra Leone, yields an edible fruit called

Cream Fruit. _ „ _ ,

Tabernmnontana utilis, the Hya-Hya, or Cow-tree of Demerara, has a

milkv nutritious juice. , . ,.

fanghiaia venenifera, the Madagascar Poison-nut.—The seeds oi this

plant are amongst the most deadly of poisons. It is said that one not larger

than an almond will destroy twenty persons. It was formerly used as an

ordeal in Madagascar. _ „ , . . , J
Thevetia neriifolia.-Th? bark of this West Indian shrub is reputed to

possess valuable antiperiodic properties.
V

Urceola elastica is one of the principal plants of the order yielding Indiaj

rubber. According to Collins it yields Borneo Rubber, and probablv- cti*

India-rubber imported into Singapore, although some ol tins is obtained

from Ficus elastica. (See Ficus.) . ,

Vahea gummifera, a native of Madagascar and other species, y.eWj

kind of rubber. This kind is much valued in France, where it is sometime!

It is called Couessi Bark. The seeds have similar properties. Both tffl

bark ami seeds are much used in India. From W. tinctoria a Wue dye ro-

scmblin" Tnuigo is obtained. The wood ol W. coccinea and W. molUssmi

are also°employed in India for palanquins, and by turners.

Order 4. Asclepjadace^e, the Asclepias Order.—Charact
eg

-Shrubs or herbs, commonly milky, frequently twining, and

sometimes succulent. Leaves entire, opposxte or „horledo

rarely scattered, exstipulate. Flowers regular {fig. 1005M

Sand corolla 5-partite (Jig. 1005); ****** c>f the bt

imbricate or rarely valvate; the calyx persistent (fig.
he

McXldZJ. Stamens 5 (fig- 1005), alternate with the
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lobes of the corolla
; filaments usually combined so as to form

a tube round the pistil (Jig. 100(3), or sometimes distinct

;

anthers frequently surrounded by horn-like appendages of the
filaments (jigs. 1006, a, and 1007, p) ;

'pollen when the anther
dehisces, cohering in masses (Jig. 565, 6) and sticking to five
processes of the stigma (fig. 565, p) by twos, or fours, or singly.'

Ovary superior (fig. 1006), formed of 2 carpels, which are more
or less adherent below, but distinct above; styles 2; stigmas
united and expanded into a fleshy 5-comered head, the pollen-
masses adhering to gelatinous processes arising from its angles
(figs. 565, s, and 1006). Fruit consisting of 2 follicles, or 1 by
abortion. Seeds numerous, generally comose (fig. 755), with
thin albumen.

Diagnosis.—This order is at once distinguished amongst the
Dicarphe by its curiously formed stigma and adhering pollen-
masses.

Fig. 1006. Fig. 1007.

•Fig. 1005.

Fit/. 1005. Diagram of the flower of Asclepias nivea. Fig. 1006. Flower of
a species of Asclepias, with the stamens united and forming a tube round
the pistil, p. Corolla, a. Appendages of the stamens. Fig. 1007. One
of the stamens of the same removed. /.Filament, a. Anther, p. Horn-
like appendage of the filament.

Distribution and Numbers.—They are chiefly tropical plants,
abounding in southern Africa, India, and equinoctial America.
Illustrative Genera :—Hemidesmus, B. Br.

;
Asclepias, Linn.

;

-Hoya, B. Br.
; Stapelia, Linn. There are about 1,000 species.

Properties and Uses.—The plants of this order are chiefly
remarkable for their bitter acrid juice, which renders them
stimulant, emetic, purgative, and diaphoretic. Several species
are reputed to be antidotes to snake-bites. Some species yield
Caoutchouc; but no important commercial kind of Rubber is
obtained from them. The parts of some are edible, as the roots
ot Uom.phoca.rpus peduncnlatus, and the tubers of Ceropeqia Via-
ftaldiana, &c.

J

Aackpiag.—The root of A. Curasszvica is employed in some of the West
raaian islands as an emetic, hence it is termed Bastard Ipecacuanha. From
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the stems of A. iinacissima, Jetee or Tongoose fibres are obtained. The root

of A. tubtrosa, the Butterfly-weed or Pleurisy-root, is employed in the

United States as a diaphoretic and expectorant.—A. lacwrnata, »wamP
Silk-weed, is used in North America as an anthelmintic, and in asthma aud

rheumatism: it has also been lately recommended as a good diuretic.

Calotropis.-^The dried root bark of C. giguntea and C. proctra forms

Mudur bark, which is official in the Pharmacopoeia ol India, and has been

much employed in cutaneous affections. It has been also used as a substitute

for Ipecacuanha. It contains a bitter principle. According to lioyle
,
Ak

or Mudar fibres are obtained from this bark. I he bark of the root of

C1
. Hamiltonii possesses similar properties, and is said to yield Fercura fibres.

Oynanchum.—The expressed juice of C. monspeliacum mixed with other

purgative substances constitutes what has been termed French or MortpeUier

Scammovy.— C. ovalifolium yields caoutchouc at Penang.

Gouolobus (Wura^o.-Cundurango or Condurango Bark lias.been

introduced into this country and elsewhere as a specific antadofe
i

to
i

cancer,

but extensive trials have shown that it is as useless as a remedial agent

as any of the reputed cancer cures that have preceded it. It is official in

the German Pharmacopoeia.
r , ,,•_„„ ;ia

Gvmnema.-G. lactiferum is tne Cow-plant of Ceylon. It derives te

common name from producing a juice resembling milk m colon.
-
andconsis-

tency. The leaves when boiled are administered to nurses under the idea

that they increase the secretion of milk.- G. sg vestre, a
r^%™Jern

India, has the singular property when chewed of destroying tlie powe Of

tasting sugar for twenty-four hours, without in any other waj interrennb

Wit
S=St.-Theroots.are known unto theJ-J-Jg

or Country SarsapariUa, and as Nunnan root. They were ongniolh

u

ported under the name of Smilax aspera from an erroneous idea ortheir

origin. They resemble SarsapariUa in their properties, and are largely

uscdhi India
7
as a substitute for it. Hemidesmus is official in the Bnt.sh

Pharmacopoeia and in the Pharmacopoeia of India.
t„Aian

mX1.-M. Unctoria, a native of Silhet, F^akmoof indigo.

-31. tenacssima has very tenacious fibres, which are used for bow -strings

b7Sr^rT^^^^-^e leaves have been much em-

Ipecacuanha. They are official in the Pharmacopoeia of India, lne i

hi.s similar properties.

Order 5. Loganiace.*, the Strychnos Order.-Charact ,

,J
Shrubs, herbs, or trees. Leaves opposite, ^^P^*8^
latter, however, sometimes exist only in the form of a n sea

line or ridge. Calyx (fig. 478, c inferior, 4-o-partite. CoroU*

ffif %l tl) regular 4-5- or 10-cleft ; estivation valvate, con-

&d Sa?riS -Stamens epipetalous, usually equal

S i iuritimes unequal, to the lobes of the corolla!

Sto 2 celled. Ovary 2- 3- or 4-celled; styU^ belo

and with as many divisions ^^^S^^p^
ovary ;

siiqma simple {Jig- 4 ' 8 ' V'
hh c«ipsu».ii ,

pEto wile, ultimately detached. Seeds usually peHate so ne

times winged, with fleshy or cartilaginous albumen, llw

is by no means well defined. ^Hvbb of tropical
Distribution and Numbcrs.-Kezvly all natives ol tropic
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regions. Illustrative Genera:— Spigelia, Linn.; Strychnos,

Linn. There are about 200 species.

Properties and Uses.—These plants are almost universally

poisonous, acting on the nervous system and producing frightful

convulsions. Several have been used in medicine in torpid

or paralytic conditions of the muscular system, and for their

valuable tonic, anthelmintic, and other properties, but they
require much caution in their employment, and can generally be
only given in very small doses.

Gehemium nitidum or G. sempervirens, Yellow Jasmine.—The dried
rhizome and rootlets are official in the British and United t-tates Phttrma-
copceins, and are regarded as of especial value in neuralgic pains of the face
and jaws. Gelsemium is evidently a remedy of great power, and is now
largely employed in intermittent, remittent, typhoid, and other fevers, in
rheumatism, various obscure nervous diseases, and other affections. The
active principle, termed gelseminine, exercises a sedative action on the
nervous system, and is said to correspond in its action very closely to conium.
It is very poisonous.

Spigelia.— S. marylaadica, Carolina Pink, Wormseed, Perennial Worm-
grass. The root and leaves of this plant are much employed in the United
States as anthelmintics, and the rhizome and rootlets are "there official. In
large 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 in fjuiana and the West Indies.

Strychnos.—This genus contains some of the most poisonous plants that
are known.

—

S. Ignatii.— 'I his plant yields the seeds known as St. Ignatius's
Beans ; these come to us from the Philippine Islands, and are official in the
United States Pharmacopoeia. They are intensely bitter, and contain the
alkaloid Strychnine in even larger proportions "than Nux-vomica seeds.
Their effects are similar to them; they are largely used by homoeopathic
practitioners. They are also much employed in India in native practice.

—

N. Nux-vamica, the Koochla tree, produces Nux-vomica seeds, so well known
ror their powerfully pois< mi ius effects. These seeds owe their virulent properties
t<> tin- presence of the alkaloids strychnine and brucine, but more especially to
[he former, brucine possessing, it is said, only ^th the activity of strychnine.
It is stated by some authors, but upon what authority we know not, and it

seems altogether improbable, that the fruit of Feuilleea cordifolia is an anti-
dote to this poison. (See Feitillwa.) Both the seeds and the alkaloid strych-
nine are official in the British Pharmacopoeia, and in proper doses they are
employed as stimulants of the nervous system in paralysis and as valuable
Emics. Nux-vomica seeds are imported from Coromandel, Ceylon, and other
garts of India. In consequence of the enormous quantities which have been
ot late yens brought to this country, it was thought that they were em-
gloyed in the manufacture of bitter ale on account" of their intense bitter-
ness, but this lias been satisfactorily disproved. A large quantity of both
BUX-vomica seeds and strychnine are emploved bv gamekeepers, and others,
to destroy vermin; and both the seeds and strychnine are also largelv
export,.,

|
to Australia, where they arc extensively" employed for destroying

tli'- aative dog (dingo), and vermin. The large importation of the seeds
""" tma country is therefore satisfactorily accounted for, and need give rise
'o no further misgivings as to their improper use. The bark of S. Nux-

but
vomica is also very poisonous, owing to the presence of brucine chiefly ; but
K also contains traces of strychnine. As already noticed, it was formerly
substituted lor cusparia or anguslura bark (see p. 503), hence it is likewiseKnown asfatse angustura bark. This hark is also frequently sold in Calcutta
naer the name of Rohun, from which circumstance it has been substituted
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for the febrifugal bark of Soymida febrifuga, the Rohuna tree (see p. 509).

The leaves and wood are also employed medicinally in India. I lie juice ot

Struchnns Tieute is the Java poison called Upas Tieuti. It owes its poi-

sonous properties to Strychnine. This poison must not be confounded with

the true Upas, which is derived from a species of Antvirts. (See Annans.)

The recent investigations of Planchon have shown that the celebrated

arrow-poison which is prepared by various Indian tribes in the northern

parts of South America, and known as Ifourali, Uran, ot Curare, is essen-

tially prepared from species of Strychnos. Planchon has also proved tJut

different species are employed in its preparation in different districts. Thus

in the region of the upper Amazon, S. Castebwam is used ;
in the upper

Orinoco legion a species closely allied to R toxtjSFa is the essential
_

ele-

ment of the Curare; in British Guiana S. toxifera is also principally used

Tt th^ is associated with 8. cogens and 8.

kind the Curare of upper French Guiana, is prepared from a new species

name IB Crevzuxii. Ourare has been employed in tetanus, but w.t, no

vcrv satisfactory results, and also n chorea and hydrophobia li e wood of

8. colubrina and S. ligmtrina, natives respectively of Malabar and Java,

«

employed as an antidote to the bites of poisonous snakes, hence it is termed

Lllnum colubnnum or Snake-wood. Several other kinds of wood a how-

ever known in Asia under the same name. Lignum colubrmum has been

:Lo emplo\ ed ,s a remedy in intermittent fevers and for other purposes.^
contains strychnine, and therefore requires much cantion n its

bark of S. pseudo-Quina is extensively employed in Brazil as a substitute

for Cinchona Bark.lt contains neither strychnine nor

of noisonous properties. It is frequently erroneously called Lopalcln Oar*

L SIBb source of this lark). The dried
Xa^ttalfflE

torum are devoid of poisonous properties. They are^g^g^J^^SS
to clear muddy water, hence the name of Clearmg-nutsM

annlied to them. Their efficacy is due to the presence of albumen nun

S^whicb act as fining agents in a similar manner to analogou^ agent*

employed for beer and wine. These seeds are also reputed to.be emet£

The null) of the fruit of S. potatorum is edible, as is also that otS& and som£ other species ;
and, according to Roxburgh,

that of 8. Nux-wmica is likewise greedily eaten by birds.

Order 6. Gentianace*:, the Gentian Order.-C h a r a c
t e

r
-

Herb or rarely shrubs, usually smooth. Leaves generally simple,

entire' opposite, sessile, and strongly ribbed ;
rarely alternate

ot staged or compound; always eistipulate. Flowers(Jig. 431)

War sohtary ami terminal, or in di-tri-chotomous cymes(MX 6S2Sri«, Persistent, usually with 5 division?, oi•

occg

vT Ji+h d. r. 8 or 10 Corolla withering-persistent, its

cl frequently turned

of the axis. Fruit

with septicidal tie-

1 ;^a^ tieshy and indehiscent. Seeds mmierous

680), small ;
embryo minute, in the ax.s of fle hj all.» •
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or in cymes. Calyx and corolla persistent, with an equal number
of lobes. Stamens alternate to the lobes of the corolla, and

equal to them in number. Ovary superior, 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 small, numerous, with a minute embryo in

the axis of fleshy albumen.

Division of the Order and Illustrative Genera.—The order may
be divided into two sub-orders as follows :

—

Sub-order 1. Gentiane.£.—Leaves opposite, corolla imbricate-

twisted. Hlvstratim Genera:—Gentiana, Linn.
;
Chlora, Linn.

Sub-order 2. Menyanthes.—Leaves alternate, corolla indupli-

cate. Ulustr. Genera :—Menyanthes, Tourn.; Villarsia, Vent.

Distribution and Numbers.—They are found in nearly all

parts of the world, inhabiting both the coldest and hottest

regions. There are upwards of 500 species.

Properties and Uses.—A bitter principle almost universally

pervades the plants of this order ; hence many of them are tonic,

stomachic, and febrifugal.

Eri/thrwa Centauriwm, the common Centaury, is an indigenous plant

possessing- similar properties to Gentian. It was till lately official in our

pharmacopoeias. Other species have similar properties.

Exacum.—Various species, as E. bicnlor, E. pedunculatum, and others,

natives of the East Indies, possess the tonic and stomachic properties of

Gentian, and may be substituted for it.

Frasera carnlinensis.—The root of this plant, which is a native of the

United States, is commonly known as American Calumba. It has much
less bitterness than Gentian root ; and hence, though similar in properties,

it is less powerful. It has been sold for Calumba in France, and is some-
times termed false Calumba.

Gentiana lutea.—This plant is a native of the mountains of central and
southern Europe. Its root is our official Gentian, so well known for its

bitter tonic properties. The roots of other species of Gentian are frequently
found mixed with it in commerce, as those of G. purpurea, G. punctata,

and G. pannonica; but this admixture is of little consequence, as they all

possess similar properties. Powdered gentian is sometimes used to give
flavour, &<;., to cattle foods. From Gentian root, the Swiss and Tyrolese
prepare a spirit which is much prized by them as a stomachic. The root of
G. Catesbeei, a native of the United States, has similar properties to, though
l{ 98 powerful than, those of G. lutea.

Menyanthes trifnliata, Buck-bean, Bog-bean, or Marsh Trefoil.—The
leaves and rhizome are tunic and astringent, and in large doses cathartic and
emetic The plant has been employed in Lapland, and some parts of Germany,
as a substitute for hops. It was till lately official in our pharmacopoeias.

Ophelia (Agathotes) Chimin, the Chiretta or Chirayta. —The dried plant
possesses great bitterness. Chiretta is used by the natives of India as

in is employed in Europe. It is also in use as a tonic. &c, in this

country, and is official in the British Pharmacopoeia. Other species, natives
of the Bast Indies, have similar properties, but arc less valuable. One of these,
namely, 0. angustifolia, is now often substituted in this country for the
genuine drug, as was lirst noticed by the author.

Sabbatia angular'.s. American Centaury,—The dried herb is employed in
the United States on account of its tonic and febrifugal properties!
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—

DIAPENSIACEjE.—STTLBACEjE.

Cohort 2. Polemoniales. —Corolla regular or nearly so. Stamens

epipetalous, equal in number to, and alternate with, the

lobes of the corolla. Leaves alternate or rarely opposite,

usually simple and entire, or sometimes lobed, and rarely

compound ;
always exstipulate.

Order 1. Po lemoniace;e, the Phlox Order.—Character.

—

Herbs. Leaves opposite or alternate, simple or compound,

exstipulate. Calyx inferior, 5-partite, persistent, generally

regular. Corolla 5-lobed, with contorted or occasionally im-

bricate estivation. 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

;
pla-

centas axile. /Seeds few or many ;
embryo straight, in the axis of

copious horny albumen ;
cotyledons elliptical, foliaceous.

Distribution and Numbers.—They abound most in the tem-

perate parts of North and South America ; but are far less

abundant in Europe and Asia, and altogether unknown in

tropical countries. Illustrative Genera .-—Phlox Linn; Pole-

nionium, Toum ;
Cobs-a, Gav. There are above 100 species.

Properties and Uses.—Of no importance except for the pretti-

ness of their flowers. The seeds of Gollomia and some other

plants of this order have their testa covered with hair-like cells

containing spiral fibres ; these fibres in Gollomia expand in coils

when the seeds are moistened. (See pages 45 and 330.,,

Orders 2 and 3. Diapen.siace,e 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 Waniacete. The Diapensiacere are sometimes regarded,

however, as being near to the Ericaceae ;
while others refer

them to Convolvulacese. They have clearly annuities with both

Polemoniacese and Hydrophyllacese, and hence are placed here.

There are but 2 genera, and 2 species, the uses of winch are

unknown They are natives of North America and Northern

Europe J-The Stilbaceaj, of which there are 3 genera and ,

species, without any known uses, are natives of the Cape of

Good Hope.

Order 4. Hydbophyllace^, the Hydrophyllum Order —
Character.-Ker&s, bushes, or small trees. Leaves usually

ha i v lobed, and alternate. Flowers either solitary, stalked

and axillary ; or numerous and arranged in a scorpioulal

manner Calyx persistent, 5-partite. Coram regular, o-cleft

Snen equal in number to, and alternate with, the segments of

ti rCorolla. Ovary 1-2-celled, with two parietal placentas

.

styles mi stigmas 2 ; ovnles2 or many. Frvit capsular 2-valved;

2 or 1-celled. Seeds netted ;
albumen hard abundant.

msM uton and Numhers. -Chiefly natives of the northorn

and n o t southern parts of the American continent. Illustrate



HTDROPHYLLACEjE.—BORAGHNACEjE. 623

Genera

:

—Hydrophyllum, Town. ;
Nemophila, Bart. There

are about 80 species.

Properties and Uses.—Unimportant, except as showy garden

plants.

Eriodfctyon californicum, Benth., has a reputation among the Spaniards

and Indians of California as a remedy for consumption ; and is hence known
as the Consumptive weed. It has been recommended in the United States

as a remedy for pulmonary and bronchial affections.

Order 5. Boragln'ace.e, the Borage Order.—Character.

—

Herbs or rarely shrubs, with more or less rounded, usually rough
and hairy stems. Leaves (Jig. 440) alternate, entire, or rarely

sinuated, usually rough, exstipulate. Inflorescence scorpioid

(figs. 439— 442). Flowers regular, symmetrical (jig. 1009).

Calyx (Jigs. 1008 and 1009) persistent, inferior, 4— 5-partite,

or -lobed. Corolla (Jigs. 482, p, and 1009) regular or nearly

so, 4—5-partite, usually with scales in its throat (Jig. 482, r)
;

aestivation imbricate. Stamens (Jig. 1009) equal in number

Fir;. 1008. Fir;. 1009.

Fig. 1008. Vertical sec-

tion of the fruit of a
species of ilyosolis. Two
achasuia fire seen, and
two have been remi >vecl.

Fi(i. 1009. Diagram
of the flower of the
Comfrey (Symphytum
officinale).

to the lobes of the corolla and alternate with them. Ovary
superior, and composed of two carpels, each of which is 2-

lobed and 2-celled (Jig. 1009), with a solitary pendulous ovule
in each cell

;
style 1 (Jig. 610, d), basilar

;
stigma simple or bifid.

Wruit consisting of from 2—4 distinct achsenia, placed at the
bottom of the persistent calyx (Jigs. 701 and 1008). Seeds ex-
albuminous

;
embryo straight, with a superior radicle.

Diagnosis. —Herbs with rounded, usually rough stems, and
alternate exstipulate leaves. Inflorescence scorpioid. Flowers
regular and perfect. Calyx, corolla, and stamens equal in
number, the latter being alternate with the divisions of the
Corolla. Ovary superior, deeply 4-lobed, with one ovule in each
pbe

; style 1, basilar. Fruit composed of 2—4 achsenia placed
at the bottom of the persistent calyx. Seeds exalbuminous.

Distribution and Numbers.—Chiefly natives of temperate
Regions in the northern hemisphere. Illustrative Genera:—
Echnira, Linn.

;
Borago, Tourn.

; Cynoglossum, Linn. There
are nearly 700 species.

Properties and Uses.—The plants of this order are chiefly
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remarkable for their mucilaginous properties ;
hence they are

mostly harmless, and possess little value as medicinal agents.

Some species have roots of a reddish colour, which renders them

useful as dyeing agents.

Anchvsa (Atkanna) tinctoria, Alkanet, has a
t

dark blood-red root
;

this

is chiefly employed to give colour to oils, &c, which are used m perfumery,

nnd for "dveinn- woods and other purposes.
.

Solalo officinalis, Borage—The root is mucilaginous and emollient.

The l?e7b imparts coolness to beverages in which it is steeped owing to its

]

C°nt
lSl-The broCleaves, stems, and flowers of species of Eckium

are emploved in India as an alterative, tonic, demulcent, and diuretic

ThPV are sold in the Indian bazaars under the name of Gouzahum.

maritime* is called the Oyster plant, from its leaves having

1116 £££$ZS. officinale. Comfrey, is reputed to be V^erarv The

vouSvelTnd shoots are sometimes eaten as a vegetable. I t is said to form
j oung leaves mu

contains much starch and mucilagi-
a good^^te ranMfc^ and laid on cn iic0 to about the thick-

IZ 7TlroZ ^ tms
a
lrexcellent bandage for broken limbs.

I a*£rriZm has been recommended for cultivation in tins country as

food ftfpig™ " has long been used as a forage plant ,n Circassia and

in Kussia.

Order 6. Ehketiace^, the Ehretia Order.-Diagnosis.-These

nlants resemble the Boraginacete in most of their characters but

K differ hi having their carpels so completely united as to form

a *
y
or more celled ovary ; in their terminal sty e ;

and drupaceous

Wt They are usually characterised also by the presence of

a mall quantity of albumen in their seeds, but his is some-

times absent By many authors, as Bentham and Hooker, theSi are made a sub-order of the Boragmoxem^Siad Numoers.-CUefLj
^
tropical planis.

trative Genera .-Ehretia, Linn.; Hehotropium, Lun, There

are about 300 species.

Properties and Uses.—Lmmportant.

titioners as an alterative
od ag f , Penlvinn

Order 7. Cokdiace^, the Cordia O^r^^JKi6'^
~tW alternate-^Xo^

eoroHd 5-merous
; «J^ntoS the corolla; antteri

Stonen* 5, alternate with the egg»«
J pendul0'us ovule

versatile. .0«*TJIS^t8^^^. ^-celled,
in each cell ;

d«,ma ^cleft JJW I

?f(Ce)(rrtS axilel

I^AfA -d ;^ none
|
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cotyledons plaited longitudinally. TJiis order is combined by

Beiitham and Hooker with Boraginacem.

Distribution and Numbers.—Natives almost exclusively of

tropical regions. Illustrative Genera

:

—Cordia, Plum.
;
Varronia,

DC. There are above 180 species.

Properties and Uses.—The fruits of many species are edible, as

those of Cordia Myxa and C. latifolia, which are called Sebestens

or Sebesten plums, and are eaten by the natives, and others, in

India ; those of Cordia abyssinica, Wanzey or Vanzey, which are

esteemed by the Abyssinians ; and the succulent fruits of Var-
,

roniarotundifolia, which are used to fatten cattle and poultry.

The bark of C. Myxa is reputed to be a mild tonic and astringent.

Some species, as Cordia Rwm/phii and Cordia Gerascanthus, yield

useful and ornamental timber. The wood of Cordia Myxa is

said to be that from which the Egyptians constructed their

mummy-cases. (See also Ficus. ) Anacuhuite Wood, a substance

imported into this country a few years since, and recommended
as a tonic, &c, is derived from Cordia Boissieri.

Order 8. Nolanace;e, the Nolana Order.— Character.

—

Herbs or shrubs. Leaves alternate, exstipulate. Inflorescence

straight. Calyx 5-partite, persistent, with a valvate aestivation.

Corolla regular, with a plaited aestivation. Stamens 5, opposite

to the lobes of the calyx . Ovary composed of from 5—20 carpels,

either distinct or more or less combined into several bundles
;

style on a fleshy disk, simple
;
stigma simple. Fruit composed

of 5 or more separate or more or less combined achsenia, which
are enclosed in the persistent calyx. Seed with a little albu-

men
;
embryo curved ; radicle inferior. This order is combined

by Bentham and Hooker with Convolmdaceee ; and by others it has

been referred to Boraginacese.

Distribution and Numbers—Natives exclusively of South
America, especially of Chili. Illustrative Genera

:

—Nolana,
Linn

;
Alona, Lindl. There are about 36 species.

Properties and Uses.—Unknown.

Order 9. CoNVOLVULACEiE, the Convolvulus Order.—Cha-
racter.

—

Herbs or shrubs, generally twining {fig. 227) or trailing,

or sometimes erect, and frequently milky. Leaves {fig. 227) or
scales alternate, exstipulate ; sometimes leafless and parasitic

(fig. 257). Calyx inferior, with 5 deep divisions, much imbri-
cate {figs. 1010 and 1011), persistent. Corolla {figs. 1010 and
1011) 5-partite or 5-plaited, regular, deciduous, sometimes with
scales in its tube {fig. 1013); aestivation twisted, plaited or imbri-
cate. Stamens 5, alternate with the lobes of the corolla {fig.
1011). Disk annular, hypogynous. Ovary {fig. 1011) 2- 3- or
4-celled, or the carpels are more or less distinct

;
styles 1 or 2,

usually 2-fid ; omdes 1—2 in each cell or carpel, erect. Fruit
capsular, 1—4-celled, with septifragal dehiscence, or bursting
transversely at the base. Embryo {fig. 1012) large, curved or

s s
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coiled in a small quantity of mucilaginous albumen, with

foliaceous crumpled cotyledons ; or in Cuscuta the embryo (Jig.

1014) is filiform, spiral, and the cotyledons scarcely perceptible
;

radicle inferior.

Diagnosis.—Generally twining or trailing milky herbs, with

alternate exstipulate leaves ; or parasitic and leafless. Calyx of

5 imbricate sepals, inferior. Corolla regular, 5-plaited or 5-

lobed. Stamens 5, alternate with the lobes of the corolla.

Ovary 2—4-celled. Fruit 2—4-celled, capsular, septifragal.

Embryo curved, coiled, or spiral, in albumen ; radicle inferior.

Fig. 1010.

Fm. 1011.

Fig. 1013.

Fig. 1012.
Fig. 1014.

Fia 1010. Flower of Great Bindweed (Convolvulus sepium).—-Fia. 1011.

Diagram of the same flower, showing two bracts on the outside o he

„„i v- fin 1012. Vertical section of the seed of the same. Fig. 1013.

Corolla of Dodder (CuscuJa) laid open to show fire cpipetalous stamens

and the scales in its tube. Fig. 1014. Spiral embryo of a species of

Cuscuta.

Distribution and Numbers.—They are chiefly found in the

plains and valleys of hot and tropical regions. A few occur m
temperate climates, but they are altogether absent m the eldest

latitudes Illustrative Genera:—Convolvulus, Linn,; Iponi.ea,

Linn. ;
Cuscuta, Linn. There are about 750 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 unpottant medicinal plants, ihc pur-
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gative property of the juice is essentially due to the presence of

peculiar glucosides. In the roots of other species this purgative

principle is either absent or in but small quantity, and starch

or sugar predominates, which renders them edible. The seeds

of some species are also purgative. The Cuscuteas are leafless

parasites, which often do great damage in clover- and flax-fields

&c. by destroying the plants from which they draw their nour-

ishment.

Convolvulus, Bindweed.—From the incised living root of C. Scammonia,

a native of Asia Minor and Syria, the purgative gran-resin called Scammony
is obtained. This Scammony as also Scammony Root, and Scammony Resin,

are official in the British Pharmacopoeia. The best and greater part of the

Scammony of English commerce is imported from Smyrna. The roots of

manv other species also possess in a certain degree purgative properties; as

those of our native species, Convolvulus ( Calystegia) sepium, C. arvensis, and
C. Soldanella, It is said that Convolvulus dissectus yields hydrocyanic acid

when distilled with water. It is one of the plants used for flavouring Noyau.
Ipomcea.—Ipomcea Purga (Exogonium Put-get) is a native of Mexico, near

Chicanquiaco. Its tubercular roots constitute the true Jalap of the Materia

Medica, so well known as a purgative ; these properties are especially due
to the glucoside convolvulin. Jalap is official in the British Pharmacopoeia.

The roots of /. orizabensis are sometimes found intermixed with true

jalap. This spurious jalap is known in Mexico as male jalap, and in Eng-
lish commerce as woody jalap ox jalap wood, and on the Continent as light

or fusiform jalap. It possesses similar, although somewhat less powerful
properties to those of true jalap ; these properties are due to the glucoside

jalupin. The roots of /. Turpethum, Turpeth, were formerly much used as a

purgative. The large roots of /. macrorhiza contain much farinaceous matter,

and are eaten by the inhabitants of the States of Georgia and Carolina.

—

pandurata is the Mechameck of the Indians of North America ; its roots

are said to be purgative and somewhat diuretic. Tampico jalap, now fre-

quently employed as a substitute for true jalap, is derived from Ipomoiu
simulans. It appears to be nearly, if not quite, as powerful as the official

kind.

—

Ipomcea (Pkarbitis) Nil. The seeds are official in the Pharmacopoeia
of India, under the name of Kaladana. They possess similar medicinal
properties to our official jalap, but are not quite so active.

—

Ipomasa
(Batatas) edulis. The tubercular root of this plant constitutes the Sweet-
Potato, which is so largely used for food in many tropical countries.

Rhidorrhiza.—From the species of this genus, natives of the Canary
Islands, the volatile oil called Oil of Rhodium is commonly said to be ob-
tained

; but at the present time the so-called oil of Rhodium of commerce is

a mixture compounded according to the taste of the vendor and the pocket of
the buyer. The powdered wood is also used for snuff, and for fumigation.

Order 10. Solanace/e, the Solanum Order.—Character.

—

Merbs, or rarely shrubs, or trees, with a colourless juice. Leaves
alternate, often in pairs. Inflorescence axillary, or frequently
extra-axillary (Jig. 354). Flowers isomerous (Jig. 1015). Calyx
(Jig. 1015) with 5 or rarely 4 divisions, usually persistent, often
growing during the ripening of the fruit (accrescent). Corolla
(Jig. 1015) regular or somewhat irregular, 5- or rarely 4-partite

;

aestivation valvate, induplicate, plaited, or imbricate. Stamens
equal in number to the lobes of the corolla, with which they
are alternate (Jigs. 1015 and 1019) ; anthers 2-celled, sometimes
connate above, with longitudinal or porous dehiscence (Jigs.

s s 2
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539 and 1016). Ovary superior (figs. 1016 and 1018), usually

2-celled, in which case the cells are placed anterior and posterior

(fig. 1619), rarely_3—5-celled ;
style undivided (figs, 1016 and

10i8) ;
stigma simple or 2-lobed. Fruit capsular or baccate, 2-

Fig. 101G.

Fig. 1015.

Fig. 1015. Diagram of the flower of the Potato (Solatium tuberosum).

Fig. 1016. Tertical section of the same. c. Calyx, p, p. Corolla, o. Ovary.

Stameus. s. Style and stigma. Fig. 1017. Vertical section of trie

seed of Solanum Dulcamara.
closing the curved embryo.

Fig. 1018.

te. Testa, eh. Chalaza. alb. Albumen, en-

Fig. 1019.

Fig. 1018. Vertical section of

the flower of Tobacco (A'ico-

ffolia Tabacum). AVlOHf.
Diagram of the flower of the

same.

or more celled. Seeds numerous, albuminous (fig. 1017, alb);

ZZyo straight, or usually curved in a more or less annular or

^^^HerSor rarely shrubs or trees, with alternate

leaves' and a colourless juice. Flowers isomerous. Calyx and



SOLANACEJG. 629

corolla with 5, or rarely 4 divisions. Corolla regular or very

slightly irregular ; estivation valvate, imbricate, plaited, or

induplicate. Stamens equal in number to the lobes of the

corolla, with which they are alternate ; anthers 2-celled, with

porous or longitudinal dehiscence. Ovary superior, with axile

placentation, usually 2-celled, the cells being then placed

anterior and posterior ; or rarely more celled. Fruit dehiscent

or indehiscent, 2- or more celled. Seeds numerous, albuminous.

In some former editions of this Manual, following the views

of Miers, we adopted his new order, Atropacese ; but as this

arrangement has not been generally adopted, we have now, in

accordance with most authorities, combined the latter order

with the Solanacese ; but on account of the more important

medicinal value of the Atropacese of Miers, we retain this order

as a sub-order, and divide the Solanacese as follows :

—

Sub-order 1. Solane^e.—^Estivation of the corolla valvate or

induplicate. Stamens equal in number to the lobes of the

corolla. Illustrative Genera:— Oestrum, Linn.; Solanum,

Linn.

Sub-order 2. Atrope^.—^Estivation of the corolla imbricate,

or some modification of imbricate. Stamens equal in number
to the lobes of the corolla, one occasionally sterile. Illus-

trative Genera:—Atropa, Linn.
;
Lycium, Linn.

Distribution and Numbers—They are scattered over various

parts of the globe except the polar circles, but are most abun-
dant in tropical regions. This order, as defined above, contains

about 1,120 species.

Sub-order 1. Solane^e.—Properties and Uses.—The plants of

this sub-order frequently possess narcotic properties from the

presence of the alkaloid Solanine, but not by any means to

the same extent as those of the Atropese. Fatal cases of

poisoning have, however, occurred from their improper use.

Some are pungent and stimulant owing to the presence of an
acrid oleo-resin ; others contain a bitter tonic principle ; and
a few have edible fruits, leaves, or tubers. It has been stated

that the juice of the Solanese does not produce dilatation of

the pupil of the eye, as is the case with that of many plants

of the Atropese ; but this is not strictly correct.

Capsicum.—The species of this genus are remarkable for the presence of
an oleo-resinous liquid, named capsicin, in their fruits, which renders them
hot, pungent, and stimulating. This oleo-resin has been proved by Thresh
to contain a very minute proportion of a crystalline substance called

capsaicin, which he has shown to be the real active principle of capsicum
fruits. The various species of Capsicum are generally supposed to have been
originally natives of some warm part of the Americau continent, from
whence they have become distributed over the world. There arc several
species and varieties of Capsicum in common use, one of which is official in

Hi-' i <r i t i ~l i Pharmacopoeia, namely, the C.fastigiatum of Blume. The fruits
<'l this are sometimes sold as Cldllies ; but this name is more commonly
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applied in England to the fruits of C. annuum ; hence they are better dis-

tinguished as Guinea Pepper. These fruits are less than an inch in length,

and are the most pungent of all Capsicum fruits. Cayenne Pepper is the

powdered fruit of probably several species or varieties of Capsicum, but

principally of C. fastigiatum. The fruits of C. annuum are frequently two

or more inches in length. Hungarian Red Pepper {paprika) is obtained

from a variety of C. annuum with a small pointed fruit. It is highly es- I

teemed, and i"s said to be much used in the preparation of Cayenne Pepper.

Other varieties or species of Capsicum in use in different parts of the world

are, the C. cerasiforme (Cherry Pepper or Round Chilli), C. grossum (Bell

Pepper), C.frntescens (Spice Pepper), C. baccatum (Bird Pepper), C. Mr,:-

gonvm (Bonnet Pepper). The general name of Pod Pepper is sometimes

applied to the fruits of the species and varieties of Capsicum.

Lycopersicum escu'entum.—This plant produces the fruits called Love-

apples or Tomatoes, so much employed in the preparation of sauces, and for

other purposes. . . .

Physalis.—P. peruviana has an edible fruit which is known as the

Peruvian Winter Cherrv.

—

P. Alkekengi, Winter Cherry, and some other

species, are diuretic—Physalis ( Withania) somnifera, as its name implies,

is reputed to possess narcotic properties.

Punneeria ( Withania) coaqulans.—The dried fruit is employed in India

as a carminative and stomachic, and also as a substitute for rennet in making

cll66SG &C •

Solanuvi.—The Common Potato, which is so largely used for food in

temperate climates, is the tuber of S. tuberosum. Other species, as Maglia,

S. Commersoni, S. Jamesii, and other species or varieties, are now being

experimentally cultivated in England, the United States, and France and

promise good "results. The object is to obtain a plant suitable for moist air

and soil," the S. tuberosum being best adapted for dry air and soil. A
decoction of the stem and leaves has been used as an alterative in cutaneous

diseases, and an extract has been also employed as a narcotic and anti-

spasmodic. The leaves when roasted have been used with success for

thickening mordants in dyeing. The medicinal properties of the l atato

plant are chiefly due to the presence of a small quantity of an alkaloid

[ailed solanine, which has narcotic properties So anine does no produce

dilatation of the pupil like the alkaloids of the Atropea; ;
and hence the

reason why the juice of the Solanea, generally d.ffers in
,

that of the Atropea3. Solanine has been detected in all par s of the I otato

plant, but in the tuber all traces of it are entirely removed by the processes

o boi ing and preparing potatoes for the table. Starch ^ largely obbuned

, potatoes, and used for food under the name «JW*™™
Bright'* nutritious farina, &c. It is employed to a great ext ... t in tM

preparation of Dextrine or British gum which is used .n the «M
Substitute for gum, size, and paste.—Solanum Du'camara, Woody N.gWS

shade or BitteWeet. 'The dried young branches
,
possgs

diaphoretic properties, and are employed as an alterative n cutaneous

d »ea e «n/ n other 'cases. They also possess slight narcotic propertUj

i na to the presence of solanine. The fruits are in rare cases even

Sous, for one or more fatal cases of poisoning by then, have been

receded.-!, datum. Black Nightshade, also possesses alter, t.ve an 1 ..
-

"tie properties. The fruit is said to be edible ;
but r snchbe

th
.

.

its use for food requires caution, as solanine has been found m it. in . lie

Ma r t us however, this herb as well as S. oleraceum are common pofl

hi b a 'are h.rgelv consumed. The fruits of several spcc.es of Solan**

a fal aten in
B
vaVious parts of the world, as those

°f/6^£^
Mehngena), in France, &c. ; those of S. nam d ^u t

o
<

>

..

.

•

those of I laciniatum in Australia, where they «re te n ed
Kangaro|

annles- those of 6'. muricatum and S. nemnretue m cm,'>»'<»* >'•

SrohoX'^um and 8. repan,lu,n in the Kij. Islands. H.oseot the hrst
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species ( S. esciilentum) are much esteemed in France under the name of

Aubergines or Brinjals. They are about the size and form of a goose's egg

and commonly of a purple colour, and are used as a vegetable. The white

fruits of a variety of the same plant are known as Egg-apples. The leaves

of 5. oleraceum and S. anthropophagorum are likewise eaten by the Fijians.

—S. marginatum has astringent properties, and is employed in Abyssinia

in the process of tanning.— S. Pseudoquina is much employed in Brazil as a

tonic and febrifuge. Several spesies of Solanum are also reputed to have
diuretic properties, as S. mammosum, S. paniculatum, and others. The
flowers and leaves of S. cernuum are sudorific, and have been employed in

gonorrhoea, syphilis, &c.

Sub-order 2. Atrope^e.—Properties and Uses.—Many of the

plants have powerful narcotic properties from the presence

of peculiar and active alkaloids ; hence several are very
poisonous. The juice of numerous species will produce
dilatation of the pupil of the eye. (See Properties and Uses

of the Solaneae, page 629.)

Atropa Belladonna, Deadly Nightshade, is a powerful poison ; the root,

leaves, and young branches are official in the British Pharmacopoeia. It

is employed internally as an anodyne and antispasmodic, and externally
for dilating the pupil of the eye. John Harley regards it as a valuable
remedy in scarlatina. It owes its activity to a peculiar alkaloid called

atropine, which is frequently employed to produce dilatation of the pupil,

and for other purposes. Atropine is a most powerful poison. It is official,

together with Sulphate of Atropine, in the British Pharmacopoeia.
Datura.—D. Stramonium.—A narcotic property is possessed by all parts

of this plant, and is especially developed in the seeds, which are* official in

the British Pharmacopoeia. Its medicinal effects resemble those of Atropa
Belladonna. It is employed as an anodyne and antispasmodic. In
spasmodic asthma, smoking the herb, or inhalation from its infusion in warm
water, lias frequently given great relief, but its use requires much caution,
as it has in some instances produced fatal results. A strong decoction of
the leaves is used in Cochin China as a remedy for hydrophobia, in which
Qisease it is reputed to be very efficacious. Stramonium owes its principal
activity to the presence of a narcotic alkaloid called daturine, which much
resembles and is probably identical with atropine, the alkaloid of Atropa
Belladonna. Recent investigations appear to show that it is also identical
with duboi.iine and hyoscyamine (see Duboisia). Daturine is a powerful
poison, aud strongly dilates the pupil.

—

D. alba, D. Tatula, D.fastuosa,
iiinl other species or varieties, have similar properties to D. Stramonium.
In India D. alba is frequently used by the natives for criminal purposes, the

ssional poisoners from this drug being called Dhatureeas. The fruit of
JJ. sanguineu, the Bed Thorn Apple, is in use among the Indians of the
Andes, and in Central America, for the preparation of narcotic drinks

;
these,

it ia believed, produce a peculiar excitement, and enable those who partake
ot them to have communication with the spirits of their ancestors.

Duboisia myoporoides.—This plant, which is a native of New Caledonia
in'' parts of Australia, is closely allied to Belladonna in its properties,

•'"hI contains a closely allied alkaloid which has been named duboisine. It is

bow .-aid that this alkaloid, hyoscyamine, and daturine, are of the same
nature (.see Datura). It is commonly used medicinally in the form of Sul-
phate of Duboisine. The leaves, known as'Pitury,' and used as an Australian
substitute for Coca (see Erythroxylon), are Obtained from D. Ilopmoodii.
Ihcy an- -aid to contain an alkaloid analogous to nicotine.

Hyoscyumut niger, Henbane.—The whole herb possesses narcotic proper-
ties, and is employed medicinally as a narcotic, anodyne, and Soporific. Its
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activity is essentially due to the presence of the alkaloid hyoscyamine (see
j

Buboisia), which is a powerful poison resembling atropine and daturiue,

and like them causing dilatation of the pupil. Another powerful alkaloid,

named liyoscine, has also heeu found in Henbane. Two varieties of Henbane
\

are commonly cultivated, the Annual and the Biennial ; the latter is com-

monly regarded as the more active, and its leaves and young flowering

branches are official in the British Pharmacopoeia.—H. alius, a native of the

Mediterranean region, possesses the same properties as, and is probably of

equal value to, that of H. niger.—H. insanus, a native of Beluchistan, is

sometimes used for criminal purposes. It is said by Stocks to be a very

poisonous species. It is called Mountain Hemp.
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 root of Bryonia dioica, which is also sometimes

so named (see Bryonia). Mandrake is an acro-narcotic poison, and was

used bv the ancients as an anaesthetic. The plant is called Devil's-apple by

the Arabs. Mandrake is considered to be the Dudaiiu of Scripture.

Nicotiana.—The leaves of various species and varieties supply the

different kinds of Tobacco now in such general use in some form or other

in nearlv every part of the globe. Mr. Crawford estimated the total annual

production of tobacco over the whole globe in 1851 at 2,000,000 tons, which,

at the value of 2d. per pound, would amount to more than 37,000,000/. ster-

ling. The consumption of tobacco in this country has enormously increased

of late vears, and is still increasing. Thus in the year 1841 the quantity of

tobacco cleared for consumption in the United Kingdom amounted to 13} oz

per head of population. In the year 1851 the amount had increased to

1 lb. 0i oz. per head; in the vear 1861 to 1 lb. 3£ oz. ; in the yeai
:
1864 to

1 lb. 4 oz. ; and in the year 1865 to 1 lb. 5 oz. In 1874, 45,2o3 303 lbs. of

unmanufactured tobacco were retained for home consumption, and ot manu-

factured cigars and snuff nearly 1,280,154 lbs., or nearly• 1* lbs. per head ot

the population, and the dutv paid on this was nearly /,aU0,00O/. sterling.

The total annual production of tobacco over the whole globe at the present

time is probablv not less than 3,000,000 tons. Tobacco owes its principal

properties to the presence of an alkaloid called mcotine, which is a most

energetic poison. Tobacco has been employed in medicine as a local stimu-

lant, and as a sedative, antispasmodic, emetic, laxative, and diuretic ;
and

the dried leaves of N. Tabacum are official in the British Pharmacopoeia.

The principal kinds of Tobacco are the American, Latakia, Cuba Manila,

and Havannah, from N. Tabacum; the Shiraz or Persian, trom 3 •/<''••;<™
;

the East Indian and Turkish, from N. rustrca- and Onnoko. from

N. latissima. The Tobacco plant has lately been culhvatcd expenmentallj

in this country, but we do not anticipate any very favourable results.

Tcopolia japonica -The root is used in Japan for similar purposes to

t^tlxMropa Belladonna in Europe and America. It has been imported

nto this country under the name of Japanese Belladonna root, and^escnbej

bv Holmes; it is said to contain solamne. The leaves o S. lurtdut affl

Stated by Waring to be equal, if not superior, to those of Belladonna mtheil

medicinal properties.

Cohort 3. reconciles.—Flowers generally anisomerous. Corolla

usually irregular. Stamens epipetalous ;
posterior stauien

nearly always suppressed, or appearing as a BtammodeJ

generally four and didynamous, or sometimes onlj twcj

Ovules usually numerous, or two superposed.

Order 1. Sorophulariace*, the Figwort Order -C h a r ac-

tcv.-Herbs, or rarely shrubby plants, with alternate, opposite,
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or whorled leaves; generally without, or very rarely with,

stipules ; sometimes parasitical on roots. Inflorescence axillary.

Fl<nvers(figs. 1020 and 1021) anisomerous, irregular. Calyx in-

ferior, persistent (fig. 710), 4—5-partite. Corolla more (figs.

488 and 489) or less (figs. 492 and 493) irregular, sometimes

gibbous (fig. 488) or spurred (fig. 489), 4— 5-partite ; aestivation

imbricate (fig. 1021). Stamens generally 4, and didynamous

(fig. 559), or sometimes 2 (fig. 1020), or rarely 5 or with a

rudimentary fifth ; anthers 1—2-celled. Ovary usually 2-celled

with axile placentation (fig. 1021), its component carpels being

placed anterior and posterior
;

style 1 (figs. 626 and 1020)

;

stigma undivided or 2-lobed. Fruit usually capsular, with

variable dehiscence (fig. 710), or rarely baccate, usually 2-celled.

Seeds generally numerous, small, albuminous; embryo straight

Fig. 1021.

Fig. 1020. Flower of a species of Speedwell (Veronica). Fid. 1021. Dia-

gram of the flower of the Great Snapdragon (Antirrhinum majus), with,

one bract below.

or slightly curved. (Hie above definition of the Scrophulariaceae

is in accordance with the views of Miers.)

Diagnosis.—Herbs, or rarely shrubs. Flowers irregular,

anisomerous. Inflorescence axillary. Calyx and corolla with

4 or 5 divisions. Corolla more or less irregular, aestivation im-

bricate. Stamens 4 and then didynamous, or sometimes 2, or

rarely 5, or with a rudimentary fifth or staininode ; anthers 1

—

2-celled. Ovary usually 2-celled, the cells placed anterior and
posterior, with axile placentation

;
style 1. Fruit capsular, or

rarely baccate. Seeds generally numerous, albuminous.

Distribution and Numbers.—The plants of this order are

found in all parts of the globe, Illustrative Genera

:

—Verbas-
cum, Linn.

;
Antirrhinum, Town.

;
Scrophularia, Linn. ; Vero-

nica, Tonrn. As above denned, there are about 1,700 species.

Properties and Uses.—The plants of this order must be
regarded with suspicion, as some are powerful poisons. Many
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are bitter, others astringent, some purgative, emetic, or diuretic,

and a few possess narcotic properties. A great many species

are cultivated in our gardens, &c, on account of the beauty of

their flowers.

Capraria bifolia is used in Central America as tea.

Digitalis purpurea, Foxglove.—This is by far the most important medi-
cinal plant in the order. The roots, leaves, and Beeds are the most active

parts, but the dried leaves onlv are official in the British Pharmacopoeia.
Foxglove is largely used as a diuretic in dropsies, and as a sedative of the

circulation in diseases of the heart, &c. In improper doses it i9 a deadly

poison. It owes its activity essentially to the presence of a powerfully

poisonous bitter principle, called Digitalin, which in proper doses is used in

medicine in the same cases as digitalis itself ; but it is a very variable sub-

stance, and therefore uncertain in its action. Digitalin is also reputed to

be a powerful anaphrodisiac. Oilier species of Digitalis have similar pro-

perties to those of D. purpurea, but they are not so active.

Gratiola officinalis, Hedge Hyssop, was formerly official in our pharma-
copoeias. It possesses purgative, emetic, and diuretic properties, and in

large doses is said to be an acrid poison.

Leptandra virginica.—The rhizome and rootlets are official in the United

States Pharmacopoeia. The dried rhizome and more especially the resinoid

powder, called leptandrin, which is obtained from it, are regarded as

excellent cholagogues, and are used largely in the United States and else-

where as substitutes for mercurials.

Lyperia crocera.—The flowers of this plant, which is a native of South

Africa, have been imported into this country from time to time, under the

name of African Saffron. They closely resemble true saffron in smell and

taste ; and have similar medicinal properties. The)- are also employed for

dveing
;
they yield a fine orange colour.

Scropkularia.—The fresh leaves of N. nodosa are sometimes used, in the

form of an ointment or fomentation, in skin diseases and indolent tumours,

&c. The leaves and roots of this species and of S. aquatica arc purgative

and emetic, and are supposed to be slightly narcotic.

Verltuscum.—The leaves of V. Thapsus, Great Mullein, have emollient,

demulcent, and slightly narcotic properties. A decoction of the leaves in

milk is frequentlv used as a domestic remedy on the Continent and in

Ireland in incipient phthisis. Smoking the dried leaves is also said to be

useful in allaving cough in phthisis. Its seeds and those of V. nigrum art

also stated to'be employed by poachers to stupefy fish in order that they

mav be readilv taken.
"
Veronica,—The leaves of V. officinalis have been used in this country,

and on the Continent, as a substitute for China Tea, hence the plant is some-

times called The de VEurope, They have also been considered diaphoretic,

diuretic, expectorant, tonic, &c, and were employed formerly in pectoral^

nephritic, and other complaints.

Order 2. OrobanchacEjE, the Broom-rape Order.—Cha-

racter.—Herbs of a more or less fleshy character, growing

parasitically on the roots of other plants. Stems with scale-like

leaves. Calyx, persistent, toothed. Corolla irregular, persis-

tent ; xsUvation imbricate. Stamens 4, didynamous ; antiu rj

1—2-celled. Ovary 1-celled ; its 2 component carpels being

placed right and left of the axis; jilaecnlas 2—4, parietal;

style 1 ;
stigma 2-lobed. Fruit a capsule. Seeds very numerous,

minute, with fleshy albumen and a very small rudimentary

embryo.
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Distribution and Numbers.—Principally natives of Europe,

Northern Asia, North America, and the Cape of Good Hope.
Illustrative. Genera:—Orobanche, Linn.

;
Lathrsea, Linn. There

are about 120 species.

Properties and Uses.—The presence of bitterness and astrin-

gency are the most marked properties of the plants of this order,

and some have been said to be escharotic ; but they are alto-

gether unimportant in a medicinal point of view.

Epiphegus.—The root of Epiphegus virginiana is called Caneer-root, from

its having been formerly used as an application to cancers. It formed an

ingredient in the once celebrated North American nostrum, called Martin's

Cancer Powder.

Order 3. Lentibtjlariace^:, the Butterwort Order.— Cha-
racter.

—

Herbs, growing in water, marshes, or wet places.

Leaves radical, entire or divided into thread-like filaments

bearing little pouches or air-receptacles. Flowers irregular,

bracteated. Calyx persistent, bilabiate. Corolla personate or

bilabiate, spurred. Stamens 2, included; anthers 1-celled.

Ovary 1-celled ;
style 1, short

;
stigma bilabiate

;
placenta free

central. Fruit a capsule, 1-celled. Seeds minute, numerous,
anatropous, exalbuniinous

;
embryo thick, straight, sometimes

undivided.

Distribution and Numbers.—Natives of all parts of the globe,

but more particularly of tropical regions. Illustrative Genera:—
Utricularia, Linn.

;
Pinguicula, Town. There are about 180

species.

Properties and Uses.—Of little importance. The leaves of

Winguicula and the pitchers of Utricularia have the property of

dissolving and absorbing insects, and other animal matters.

(See Physiological Botany.)

Pinguicula.—Pinguicula vulgaris is termed Butterwort, from the property
its loaves are said to possess of coagulating milk.

Order 4c. Columelliace^e, the Columellia Order.— Charac-
ter.—Evergreen shrubs or trees. Leaves opposite, exstipulate.

Wlowers unsymmetrical, yellow, terminal. Calyx superior, 5-

parted. Corolla epigynous, monopetalous, rotate, 5—8-partite,

imbricate. Stamens 2, epipetalous ; anthers sinuous, with longi-
tudinal dehiscence. Ovary inferior, 2-celled, surmounted by a
fleshy disk. Fruit capsular, 2-celled, many-seeded. Seeds with
fleshy albumen

;
embryo minute.

Distribution and Numbers.—Natives of Mexico and Peru.
It only contains the genus Columellia, Lour., which includes 3
species.

Properties and Uses.—Unknown.

Order 5. Gesnerace/e, the Gesnera Order.—Character.

—

Merbs, or soft-wooded shrubs. Leaves wrinkled, exstipulate,
generally opposite or whorled. Floivers irregular, showy. Calyx
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5-partite. Corolla 5-lobed, perigynous or hypogynous. Stamens

diandrous or didynamous with the rudiment of a fifth ; anthers

2-celled, frequently united. Ovary of 2 carpels, antero-posterior,

superior or half-inferior, 1- celled, surrounded by an annular

fleshy disk or by glands ;
style 1. Fruit capsular or succulent,

1-celled, with 2-lobed parietal placentas. Seeds numerous, with

or without albumen ;
embryo with minute cotyledons, and a long

radicle.

Division of the Order and Illustrative Genera.—The order

has been divided into two sub-orders or tribes as follows :

—

Sub-order 1. Gesnere^e.—Ovary partially adherent to the

calyx. Seeds albuminous. Illustrative Genera :—Gesnera,
Mart. ;

Gloxinia, Herit.

Sub-order 2. Cyrtandre,e.—Ovary not adherent to the calyx.

Seeds exalbuminous. Illustrative Genera ;—JSschynanthus,
Jack.

;
Cyrtandra, Forst.

Distribution and Numbers.—Chiefly natives of warm or

tropical regions. The Gesnereas are all American; the Cyrtandrese

are more scattered. There are about 300 species.

Properties and Uses.—Of little importance except for the

beauty of their flowers, which are common objects of cultivation

in this country. Some Gesnereaj have edible fruits.

Order 6. Crercentiack*:, the Crescentia Order.—Charac-

ter.—Small trees. Leaves simple, alternate or clustered, ex-

stipulate. Flowers irregular, growing out of old branches or

stems. Calyx free, entire at first, afterwards splitting irregularly.

Corolla somewhat bilabiate. Stamens 4, didynamous, with a

rudimentary fifth ; antliers 2-celled. Ovary surrounded by an

annular disk, 1-celled; placentas 2—4, parietal
;
style 1. Iru*

indehiscent, woody. Seeds large, numerous wingless, exal-

buminous; cotyledons large, amygdaloid; radicle short lias

order is made a tribe of Bignoniacex by Benthamand Hooker.

Distribution and Numbers.—Natives exclusively of tropical

regions. Illustrative Genera .-—Crescentia, Linn. ;
Parmentiera,

DC. There are about 36 species.

Properties and Uses. —Unimportant.

Crescentia.—The subacid pulp of the fruit of Crescentia Ov'ete, the Cala-

bash Tree eaten by the negroes in America, and its hard per.carp.s used

Z^ bottle's, forming 'floats, &. The fruit has been lately descnbed as a

""^S^STftS* of Parmentiera edulis under the name J
0£SSSSS^fJ£ by the Mexicans, and that of

^eedilv devoured by cattle in Panama. The latter resembles a candle in

form, and hence the tree bearing it is named the Candle-tree.

Order 7. Bignoniace*, the Bignonia Order.-Character

Trees or shrubs, which are often twining or climbing, or rareU

herbs. Leaves exstipulate, usually opposite. {!&™WJ*&
minal. Flowers irregular. Calyx entire or divided.
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4—5-lobecl. Stamens 2 or 4 ; anthers 2-celled. Ovary seated

in a disk, usually 2-celled ;
placentas axile

;
style 1. Fruit 2-

valved, capsular. Seeds numerous, sessile, large, winged, ex-

albuminous ;
embryo with large leafy cotyledons.

Distribution and Numbers.—Chiefly tropical plants. Illus-

trative Genera:—Bignonia, Linn.; Tecoma, Juss.; Jacaranda,

Juss. There are about 450 species.

Properties and Uses.—The chief interest of the plants of this

order lies in their beautiful flowers, although some are used

medicinally and in other ways.

Bignonia.—From the leaves of Bignonia Chica the Indians of South

America obtain a red dye called Chica or Carajuru, which is used for paint-

ing their bodips and arrows, and for other purposes. This Chica must not

be confounded with Chica or Maize Beer (see Zea Mays), and other Chicas

which are common drinks of the Indians in South America. An oil is ob-

tained in India from the wood of Bignonia xi/.ocarpa. It is reputed to be a

valuable external application in skin diseases.

Jacaranda.—The bark of Jacaranda baliamensis is employed as an
anthelmintic in Panama. The leaves of J. lancifolia are said to be useful

in urethral inflammation : it has been used in the form of an extract.

Sparattosperma.—The leaves of Sparattosperma leucantha, a Brazilian

species, have powerful diuretic properties.

Tecoma.—Some species of Tecoma have astringent properties. The wood
of several plants of the order is used in Brazil.

Order 8. Pedaxiace^:, the Pedalium Order. — Charac-
ter.—Glandular herbs. Leaves entire, exstipnlate. 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 glandular
disk, 1-celled, with two 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 and Numbers.—Chiefly tropical plants. Lllus-

trative Genera :—Pedalium, Linn.
;
Sesamum, Linn. There are

about 25 species.

Properties and Uses.—Chiefly remarkable for their oily seeds.

Pedalium Murex.—An infusion of the fresh leaves and stems has been
employed with success in India in dysuria and gonorrhoea. The fruit under
the name of Go/ieroo or Gokhru is also used in India as a remedy for impo-
tence, nocturnal seminal emissions, and incontinence of urine.

Sesamum indicum.—The seeds yield by expression a fixed oil which is

largely used in India, Japan, France, &c, where it is regarded as an efficient

BUbstitute for Olive Oil. It is also employed in the West Indies ; and iu
Egypt arid Ceylon it is used for cleansing the skin and hair. It is also said
I" be employed to adulterate Almond Oil. The Oil is known as Benne,
Sesame, Til, Teel, Gingili, or Gingelly Oil. This oil is also obtained from
8. oricntnle, and both this plant and that of iS. indicum are official in the
Pharmacopoeia of India, as its botanical source. Sesame' seeds arc also
largely used as food in India and Tropical Africa. The leaves of both
plants are likewise official in the Pharmacopoeia of India, and are employed
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in the form of an infusion, as a demulcent. In the United States they are
;

also sometimes used in the form of a poultice.

Order 9. Acanthace/e, the Acanthus Order.—Character.
—Herbs or shrubs. Leaves opposite or whorled, simple, exstipu- I

late, lowers irregular, bracteated, Calyx 4— 5-partite, or con-

sisting of 4—5 sepals, persistent, much imbricate ; sometimes

obsolete. Corolla more or less 2-lipped. Stamens 2 or 4, in

the latter case didynamous. Ovary seated in a disk, 2-celled
;

placentas parietal, although extended to the axis
;

style 1.

Fruit capsular, 2-celled, with a variable number of seeds in each

cell. -Seeds hanging by hard cup-shaped or hooked projections

of the placenta, without wings ; albumen none ;
cotyledons large

and fleshy ; radicle inferior.

Distribution and Numbers.— Chiefly tropical. Illustrative

Genera .-—Acanthus, Tourn. ;
Justicia, Nees. There are nearly

1,500 species.
_

Properties and Uses. —Generally unimportant ; but several

species are mucilaginous and bitter.

Acanthus.—The species of Acanthus have lobed and sinuated leaves, and

are said to have furnished the model of the Corinthian capital.

Androqraphis.—The dried stalks and root of Andrographis paniculate

are official in the Pharmacopoeia of India. They are known under the

name of Itariydt or creyat, and are held in high esteem in India tor their

bitter tonic and stomachic properties.
_ ,

Euellia —From Ruellia indigotica a blue dye is obtained in China.

Cohort 4. Lamiales.—Flowers generally anisomerous. Corolla

usually irregular. Stamens epipetalous
;
posterior stamen

commonly suppressed ;
usually four and didynamous, or

rarely only two. Carpels or cells each with 1 ovule or with

2 collateral ovules. Leaves always exstipulate.

Order 1. Selaginacejs, the Selago Order.—Character.—

Herbs or shmbs, 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 o-

partite. Stamen* 4, didynamous, or rarely 2 ;
anthers 1-ce led.

Ivary superior ;
style 1, filiform ; omle solitary, pwlukw

Fruit 2-celled, with 1 pendulous seed in each cell. Seed * itn a

little fleshy albumen ;
embryo with a superior radicle. In

Globvlaria there is but one carpel.

Distribution and Numbers.-ChieQy natives of the Cape oj

Good Hope The species of Globvlaria are, however, European

plants flinstrative Genera.r-Selago, Mm. ;
Globular.a, Lin*

There are about 120 species.

Properties and Uses.—Oi little importance.

rlnhnlaria—'n^ Glolmlarias are purgative and emetic. T]ie leaves of

Gloria AiypuL form .he mid Senna of Germany. In small doses they
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act as a tonic, anil in full doses as a safe, mild, and efficient purgative. Thev
have been sometimes employed on the Continent for the adulteration of the
official Senna ; and also, it is said, in the process of tanning. They contain
both tannic and gallic acids.

Order 2. Verbenace,e, the Vervain Order.—Character.—
Herbs, shrubs, or trees. Leaves opposite or alternate, exsti-

pulate. Calyx (Jig. 414) inferior, persistent, tubular. Corolla
irregular, usually more or less 2-lipped. Stamens 4, usually didy-
namous, or rarely equal ; or sometimes there are but 2 stamens

;

anthers 2-celled. Ovary (Jig. 1022) 2—4-celled
;
style 1, terminal

(Jig. 1022) ;
stigma undivided or bifid. Fruit dry or drupaceous,

composed of from 2—4 carpels, which when ripe usually separate
into as many 1-seeded achtenia. Seed erect or ascending, with
little or no albumen, and an inferior radicle.

Diagnosis.—Known at once from the Labiate by their more
united carpels and terminal style.

F , , 022
Distribution and Numbers.—They are found

both in temperate and tropical regions. Illus-
trative Genera

:

—Verbena, Linn.; Clerodendron,
Linn. There are above 660 species.

Properties and Uses.—Many of the plants are
slightly aromatic and bitter, but there are no
important medicinal plants included in this
order. Some are valuable timber trees ; other
species have fleshy fruits, which are edible ; and

Fig. 1022 Pistil the leaves of a few are used as substitutes for

(Ve^«nT
am China Tea

-
Many are cultivated in our gardens

for the beauty of their flowers or for their
fragrance, as the different species and varieties of Verbena, the
Aloysia citriodora, the Lemon-plant, &c.

Clerodendron.—The leaves of C. infortunatum, an Indian species, possess
tonic and antiperiodic properties.

Gmelina parvifolia and G. asiatica have demulcent properties.
Lantana pseudo-thea is used in the Brazils as tea, under the name of

Capilao da matto. Some species of Lantana have edible fruits.
Premna.—The inner bark of P. taitensis, which is known under the name

ot aro ' at Vanua Levu, is said to be one of the constituents of the remedy
now used under the name of 'Tonga' in certain forms of neuralgia. (See
also Rhaphidnphora.)

Stnchytarpha jamaicensis is reputed to be purgative, emmcnagogue, and
anthelmintic. It is used medicinally in Liberia, in the form of tea to pro-
duce abortion, and is there known under the name of ' Abortive Plant.' Its
l"a\ r s are sometimes employed in Austria as a substitute for, or to adulte-
rate, China tea

; this is known under the name of Brazilian Tea.
Tectona grandis, Indian Teak-tree or Indian Oak, is the source of the

very hard and durable wood known as East Indian Teak, which is much
employed in ship-building, &c.

Verbena. The roots and leaves of Verbena hastata are reputed to have
excellent sudorific properties.

, .,.V''
<f^rrSev

'' r!l1 sP ( '''i''s of this genus have acrid fruits, as those of V.
"V""«» V\ ild Pepper, V. Negundo, and V. Agnus-castus. The fresh leaves
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of the two former species are in great repute in India for their discutient

properties. They are also regarded as anodyne, diuretic, and emmenagogue.

Order 3. Myoporace.e, the Myopora Order.

—

Diagnosis.—
This order is sometimes regarded as a sub-order of the Ver-

benacefe, from which it only differs essentially in having two

seeds in each cell of the fruit, and by the embryo having a

superior radicle.

Distribution and Numbers.— Chiefly natives of the southern

hemisphere. Illustrative Genera:—Myoporum, Banks et Sol.
;

Avicennia, Linn. There are about 40 species.

Properties and Uses.—Unimportant. The bark of Avicennia

tomentosa, White Mangrove, and other species, is much used in

Brazil for tanning.

Order 4. Labiate, the Labiate Order.—Character.

—

Serbs (fig. 393) or shrubby plants, with usually square stems.

Leaves opposite (fig. 393) or whorled, commonly strong-scented,

entire or divided, exstipulate. Flowers generally in axillary

cymes, which are arranged in a somewhat whorled manner so as

to form what are called verticillasters (fig. 393). Calyx inferior,

Fig. 1023. Fig. 102-1.

Fia 1023 Diagram of the flower of the White Dead-nettle (Laminm album).
J '

pig 1024. Flower of the common Bugle (Ajuga replant).

persistent, either tubular, 5- or 10-toothed, and regular or

nearly so, or irregular and somewhat bilabiate, with 3—10

divisions ; the odd tooth or division always posterior (fig. 1023).

Corolla (figs. 484-487, and 1025) usually more or lew bilabiate,

with the upper Hp undivided (fig. 484) or bifid (Jig. 485) and

commonly more or less arched over the lower hp (fig. 484) or

sometimes nearly suppressed (fig. 1024) ; the lower hp 3-lobed

( fia 1024), with the odd lobe anterior (Jig. 1023) ;
or rarely the

corolla is nearly regular. Stamens usually 4, and then com-

monly didynamous^. 487, 1025, and 1026), or very rare y of

nearly equal length, or only two by abortion ;
anthers 2-celled,

or 1 -celled by abortion ; the filament or connective sometimes

forked, each branch then bearing a perfect cell, or the cell on

one side obsolete or sterile (fig. 1028). Ovary (figs. 009 and

1027) imbedded in the disk or thalamus, and formed of Uo

carpels, each of which has 2 deep lobes, with 1 erect ovule in
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each lobe
;
style 1, basilar (figs. 609 and 1027) ;

stigma biM,

(figs. 609 and 1027). Fruit composed of from 1—4 achsenia,

enclosed by the persistent calyx. -Seed erect, with little or no

albumen ;
embryo erect, with flat cotyledons ;

radicle inferior.

Diagnosis.—Herbs or shrubby plants, with opposite exstipu-

late leaves. Flowers irregular, unsymmetrical. Calyx persis-

tent. Corolla usually more or less bilabiate, with the odd lobe

anterior. Stamens usually 4 and then commonly didynamous,

or rarely of equal length ; or only 2 by abortion. Ovary deeply

4-lobed
;

style 1, basilar ;
stigma bifid. Fruit consisting of

Fig. 1025. Fig. 1028.

Fig. 102G.

Fig. 1025. Front view of the
flower of a species of Lamium.

^.1026. The corolla of tlie

Garden Sage (Salvia officinalis )

cut open. Fig. 1027. The co-
rolla of the Horehound (Ma.vru-
bium vulgare) cut open. Fig.
1028. Lobed ovary, style, and
bifid stigma of the Garden Sage
(Salvia officinalis).

from 1—4 achfenia, enclosed by the persistent calyx. Seed
erect, with little or no albumen ; radicle inferior.

Distribution and Numbers.—Chiefly natives of temperate
regions. Illustrative Genera .-—Mentha, Linn.

;
Salvia, Linn.

;

Origanum, Linn.
;
Lamium, Linn. There are nearly 2,600

species.

Properties and Uses.—The plants of this large order are
entirely free from any deleterious qualities. They abound in
volatile oil, and are therefore 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

T T
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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, such

as Tliymus vulgaris (Garden Thyme), Tliymus citriodorus (Lemon
Thyme), Salvia officinalis (Sage), Origanum vulgare (Marjoram),

Majorana hortcnsis (Sweet Marjoram), Satureia montana (Win-

ter Savory), Satvreia hortensis (Summer Savory). &c. The
fleshy underground stems of Stachys palustns and of a species

of Ocymum are edible.

Anisomehs malaharica is in great repute in Southern India as a remedy

in intermittent fevers, catarrhal affections, &c.

Hedeoma pulegioides, American Pennyroyal, is much used in the United

States (where the leaves and tops are official) as an emmenagogue, and also

occasionally as a stimulant and carminative.

Lavandula.—The flowers of L. vera. Common Lavender, yield by distil-

lation with water English Oil of Lavender, which is official in the British

Pharmacopoeia ; it is largely used in perfumery, and also in medicine as a

stimulant, stomachic, and carminative. The flowers and leaves are likewise

occasionally employed as a sternutatory. The flowers of L. spica, French

Lavender Vield Oil of Spike or Foreign Oil of Lavender, which has a much

less agreeable odour than the English Oil ; it is not employed medicinally,

but principally by painters and varnish-makers, and to adulterate English

Oil of Lavender.

—

L. Stozchas also yields by distillation an essential oil,

which is commonly distinguished as the True Oil of Spike.

Marrubium vulgare, Common Horehound, is much employed as a domestic

remedv in coughs, &c. The leaves and tops are official in the United States

Pharmacopoeia.
Melissa officinalis, Common Balm, possesses mild stimulant properties.

It is used as a diaphoretic in fevers, as an exhilarating drink in nervous

affections, and as an emmenagogue.
Mentha, Mint.—Several species are employed in medicine, and as sweet

herbs. The volatile oils of two species are official in the British Fharma-

eopoeia, namelv, of M. viridis, Spearmint, and of M. piperita. Peppermint.—

M Pulegium, Pennvroval, M. rotundifolia, M. aquntica, M. arvensis. and

others have similar properties. The stearopteue called menthol, which is

official in the British Pharmacopoeia, is said to be derived from M. arven-

sis vars. piperascens et qldbrata, and M. piperita. It has been largely used

as 'an external application for relieving neuralgia. It has also powerful

antiseptic properties ; and acts internally as a diftusible stimulant. All

the species and varieties arc more or less aromatic, stimulant, and carmi-

™U
Micromeria Tliea-sinensis is used in France as a substitute for China I

.

i.

Monarda—M. punctata, Horsemint, is used medicinally in the. United

States In its properties it resembles the ordinary mints, but it is more

stimulatine. This plant is also one of the sources of the official thymol. (Sec

TAyZ:v%aris.)-M.fistu'osa is said to be febrifugal Th, leaves o *
,liduma and'M. purpurea are used in North America as tea under the nanU

of Oswego Tea The flowers of 31. didyma contain a colouring principle like

cochineal, and have been used for the preparation of a kind of carmine.

Nepeia Cataria, Catmint.—The leaves and tops are used in the United

States and resemble the ordinary Mints in their properties.

Ocvmum -0. album is used in India as tea, which is known as Tools*

Tea —O sanctum. O. Basilieum, and other species, are reputed throughout

India to'possess st imulant, diaphoretic, and expectorant properties.

Oriaanum.-O. vulgare. Common or Wild Marjoram, has similai
-

pro

perties to the other labile plants. The herb is official in the Un.tcd States
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Pharmacopoeia. The dried leaves have been employed as a substitute for

China Tea. Hanbury first proved that the red volatile oil commonly sold

in the shops as Oleum Origani or 0(7 of Tliyme, is obtained by distillation

from Thymus vulgaris. This oil is imported from the South of France.

—

0. Dictamnus, Dittany of Crete, is said to have febrifugal properties. The
herb 0. Majorana (Majorana hortensis), Sweet Marjoram, possesses similar
properties, and was formerly official in this country. Several species of
Oriq mum are used by the cook for flavouring, as 0. vulgare, Common
Marjoram, 0. Majorana or Majorana hortensis, Sweet Marjoram, &c.

Pogostemon Patchouli, Pucha-Pat or Patchouly.—This plant is a native
of Silhet and the Malayan Peninsula. The dried tops are imported and
yield by distillation a strong-scented volatile oil, called Oil of Patchouli,
which has been much employed in perfumery. The coarsely powdered herb
is also used for making sachets,

Rosmarinus officinalis, Common Rosemary. The flowering tops contain
a volatile oil which imparts to them stimulant and carminative properties.
This oil is official in the British Pharmacopoeia. Rosemary is however
chiefly used in perfumery, and by the hairdresser. The flavour of Narbonne
honey is said to be due to the bees feeding on the flowers of this plant. The
dried leaves are sometimes used as a substitute for China Tea.

Salvia officinalis, Common or Garden Sage.—The leaves were formerly
much employed as tea. They are official in the United States Pharma-
copoeia. An infusion of Sage is frequently used in the United States as a
gargle in common sore-throat and when "the uvula is relaxed. It is also
stimulant, carminative, and anti-emetic. Sage is also employed by th 3 cook
as a flavouring agent, &c.

Satureia juliana, called in Sicily erva de ibbisi, is much used as a remedy
in intermittent fevers.— S. hortensis, Summer Savory, and <S. montana.
Winter Savory, are in common use by the cook for flavouring.

Scutellaria.—The substance termed scutellarin is obtained from S. laieri-
flora. It is said to be a nervine stimulant.

Thymus vulgaris, Common or Garden Thyms, vields bv distillation the
volatile oil known as Oil of Thyme, which "is official in the United Slates
Pharmacopoeia

; it is a powerful local stimulant. It is chief] used in
veterinary practice, ltis also employed for scenting S)aps. (See Origanum.)
The stearoptene obtained from oil of thyme, and known ns thymil, is a
powerful disinfectant, and is employed, like carbolic acid, for surgical
dressings. It is official in the British Pharmacopoeia, and is derived not
only from Thymus vulgaris,h\\t also from Monarda punctata, another Labiate
plant, and Carum Ajowan, of the order Umbelliferaj. This and other species
of TJiymwi are also emploved by the cook as flavouring agents, &c. (See
Properties and Uses, p. 642.)

Trichoslemma lanatum.—A decoction of the leaves of this plant, called
by the Mexicans Romero, is used to impart a black colour to the hair, and
to promote its growth.

Order 5. Plantaginace^e, the Ribwort Order.— Cha-
racter.— Herbs, generally without aerial stems (jig. 1029).
Leaves commonly ribbed and radical (fig. 1029). Flowers
usually spiked (fig. 413) and perfect (fig. 1030), or rarely
solitary, and sometimes unisexual. Calyx persistent, 4-partite,
imbricate

(fig. 1030). Corolla dry and membranous, persistent,
4-partite (fig. 1030). Stamens equal in number to the divisions
oi the corolla, and alternate with them (fig. 1030) ; filaments
lf>ng and slender ; anthers versatile. Ooary simple, but spuri-
ously 2- or sometimes 4-celled from the prolongation of processes
irom the placenta

;
style and stigma entire (fig. 1030), or the

tt2
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latter is rarely cleft. Capsule membranous, with transverse de-

hiscence
;
placenta free central. Seeds 1, 2, or more, with a

mucilaginous testa; embryo transverse, in fleshy albumen.

Distribution and Numbers.—They abound in cold or tem-

perate climates, but are more or less diffused over the globe.

Illustrative Genera ;—Littorella, Linn. ;
Plantago, Linn. There

are above 100 species.

Fig. 1029.

Fig. 1030.

Fig. 1029. Plant of a species of

Kib-grass (Plantago ), with ra-

dical leaves. Fig. 1030.

Flower of the same.

Properties and Uses. —Generally of little importance; but

some are demulcent, and others astringent.

Plan'ign.—The seeds of Plantago Ispaghula, P. amphxicaulis, P. ciliata,

P Psi/llium P. Cunops, and others, are demulcent, and may be used in the

preparation of mucilaginous demulcent drinks ; those of the first species are

official in the Pharmacopoeia of India, and are commonly there known by

the Persian name of Ispaghnl, or as Spogd seeds. The three first species

are natives of India, but the two latter are European. The leaves and

roots of P. lanceolata and some other species are slightly bitter and astrin-

gent.

Artificial Analysis of the Orders in the Series of the Sub-class

Gamopetalve or Corolliflor.e.

* * A few orders belonging to the Sub-class Polypetaloj, the flowers of which

*
are sometimes monopctalous, are also included in this analysis.

Series 1. Infers or Eimgyx.e.

1. Ovary inferior.

A. Carpel solitary.

a. Anthers united. _
,

Ovule solitary, pendulous .... Calyeeracav.

Ovule solitarV, erect Compos,!*.
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b. Anthers distinct.

Fruit with 1 perfect cell, and 2 rudimentary ones.

Seed exalbuminous
Fruit 1-celled, and without an)' rudimentary

one. Seed albuminous ....
B. Carpels more than one.

a. Anthers united.

Leaves alternate .....
b. Anthers distinct.

1. Stamens 2.

Filaments not united to the style

Filaments united to the style

2. Stamens more than 2.

Anthers opening by pores or slits

Anthers opening longitudinally.

Stigma with an indusium . .

Stigma without an indusium.

Leaves without stipules.

Stamens definite.

Leaves alternate. Corolla persistent

Leaves opposite. Stem round
Leaves verticillate. Stem square .

Stamens numerous ....
Leaves with stipules.

Stipules interpetiolar. Flowers herma-
phrodite

Stipules cirrhose. Flowers unisexual

Valerianaceae.

Dipsaceie.

Lvbeliacex.

Columelliacees.

Stylidiacew.

Vacciniaceas.

Goodeniacese.

Campaimlace.se.

Caprifoliaccai.

Rubiaceae.

Belvisiaceee.

Rubiacece.

Cucurbiticew.

Series 2 and 3. Sui'ER^E and Dicakpi^s or Bicarpellat.e.

2. Ovary superior.

Carpels more than one.

a. Anthers opening by pores or slits . . . Ericaceae.

lj. Anthers opening longitudinally.

1. Anthers 1-celled Epacridxceae.

2. Anthers 2-celled.

Plants with dotted leaves.... Rutaceie.

Parasitic brown scaly plants . . . Mbnotropaceae.

A. Flowers regular.

a. Oeury lobed.

Inflorescence scorpioidal. ^Estivation of corolla

imbricate Boragin-iceae.

Inflorescence straight. Corolla with a valvate
estivation. Leaves exstipulate . . . Nolanacese.

b. Ovary not lobed.

1 . Carpels more than three, distinct or combined.
Stamens equal in number to the petals and

opposite t hem.
Stems herbaceous. Style 1. Fruit a cap-

sule Primulacex.
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Stem woody. Style 1. Fruit fleshy, inde-

lriscent . . • • ^•
•

Stem herbaceous or woody, btyies j,

(rarely 3 or 4). Fruit membranous .

Stamens not opposite the petals if of the same

number.
Carpels distinct.

Seeds numerous
Seeds few . -. « * - -

Carpels combined. Ovary 2- or more celled.

Ovules erect or ascending.

^Estivation of the corolla plaited.

Fruit dry . •

^Estivation of the corolla imbricate.

Fruit fleshy . . •
•

Ovules pendulous or suspended, or rarely

partlv ascending.

Stamens twice or four times as many

as the lobes of the corolla, distinct.

Stamens equal in number to the lobes

of the corolla. Filaments distinct.

Anthers adnate • •
•

Stamens equal in number to the lobes

of the corolla. Filaments distinct.

Anthers versatile .

Some of the ovules occasionally as-

cending. Filaments more or less

cohering

2, Carpels three, combined so as to form a 3-

celled ovary.

Stem herbaceous. Disk hypogynous

Stem woody. No disk . . •
•

3. Carpels two, combined or more or less dis-

tinct.

Stamens 2 . * * ' *
'

Stamens 4 or more. Inflorescence scoi-

Fruit^c'apsule, 1-celled or imperfectly

2-celled ...*•*
Fruit drupaceous, 2- or more celled .

Stamens 4 or more. Inflorescence straiglit.

Leaves alternate.

Calyx in a broken whorl .

Calyx in a complete whorl.

Anthers united to the stigma

Anthers free from the stigma.

Placentas parietal

Placentas axile.

^Estivation of corolla valvate,

induplicate-valvate, or im-

bricate . •
•

Leaves opposite, whorled, or clustered.

Anthers united, to the stigma .

Anthers free from the stigma.

Leaves with stipules

Leaves without stipules.
.

Stigma shaped like an hour-glass

Estivation of corolla contorted

dfyrsinacex.

Plumbaginacex.

Crassulaceie.

Anonaceie.

Convolvulacex.

Sapotacex.

Ebenacese.

Aquifoliaccx.

Cordiacex.

Styracex.

Polemoniacex.

Diapensiacex.

Oleacex.

Hydrophyllacca

Ehretiacex.

Convolvulacex.

Asclepiaduccx.

Gentianacex.

Solanacex.

Asclepiadiiccx.

Loganiacex.

Apocynicex.
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Stigma not contracted in the

middle like an hour-glass.

iEstivationofcorollaimbricate.

Placentas parietal

Estivation of corolla valvatc.

Placentas axile .

4. Carpel solitary.

Stamens opposite the lobes of the corolla or

petals .......
Stamens alternate to the lobes of the corolla.

Fruit 1-celled. Stigma sessile .

Fruit spuriously 2- celled or rarely 4-celled.

Style capillary

B. Flowers irregular.

a. Ovary 4-/o6erf.......
b. Ocary not lobed.

1 . Carpel solitary ......
2. Carpels two.

Fruit hard or nut-like.

Anthers 1-celled

Anthers 2-celled. Ovules erect.

Corolla imbricate in a?stivation

Corolla valvate in a;stivation

Anthers 2-celled. Ovules pendulous
Fruit capsular or succulent.

Placentas parietal.

Leafless scaly brown root parasites

Leafy plants. Seeds with wings .

Leafy plants. Seeds without wings.

Fruit a capsule or baccate. Cotyledons
minute, radicle long . . . Gesneraceie.

Fruit bony or a capsule. Cotyledons
large, radicle short.... Pedaliacex.

Fruit woody with a pulpy interior.

Cotyledons large, radicle short . Crescentiacese.

Placentas axile.

Seeds without wings.
Albuminous . . . ... Scrnphulariacees.

Exalbuminous. Seeds attached to

hard placental processes . . Acanthacese.
Seeds winged. Exalbuminous . . Bignoniacem.

Placentas free central .... Lentibulariacem.

There are many exceptions to the characters above given of the Gamo-
petala; or Corolliflorai. Thus, among the Iut'crai or Epigynaj we sometimes
find polypetalous corollas in Caprifoliacese and Lobeliacem, and the ovary is

sometimes superior in Goodeniacem. In the Supers; and Diearpia;, poly-
petalous species are more or less found in Ericaceae, Monotropacese, Epacri-
Oai em, Styraceos, Oleactie, Primulacese, Myrsinaceos, and Plumbaginacees.

Again, among the Superte and Dicarpiaa we occasionally lind the ovary
inferior, or partly so, as in Ebenacew, Styraceos, Mgrsinacew, Primulacew,
and always in Gesneraceai and Vacciniaceip,.

In Oteacem and Primulacew, apetalous species sometimes occur; and
unisexual species are al.su occasionally found in Valerianaceae, Composites,
Ebenacew, Myrsiiiaceee, and Plantaginacew, and other exceptions have been
already noted.

Gentianacew.

Stilbucew.

Plumbaginacew.

Salvadoracese.

Plantaginacew.

Labiates.

Selaginacese.

Selaginacew.

Verbenacew.
Slilbaceie.

Myoporacew.

Orobanchacew.
Biguoniaceee.
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Sub-class III. Monochlamydese or Incomplete.

This sub-class is frequently arranged in two sub-divisions,

which are called, respectively, the Angiospermia and Gymno-
spermia ; but the plants of the latter group present such striking

differences in their characters from those of other Dicoty-

ledones, that they are now more generally placed in a division

by themselves, as is the case in this volume, at the end of the

Phanerogamia.
In this sub-class we follow in all essential particulars the

arrangement of the Orders and characters of the Cohorts, as

given by Sir Joseph Hooker in the English edition of Le Maout
and Decaisne's ' Traite General de Botanique,' instead of that

adopted by Bentham and Hooker in ' Genera Plantarum,' where

the following 'Series' are given instead of 'Cohorts':— 1.

Curvembryeae. 2. Multiovulatas aquaticaa. 3. Multiovulatai

terrestres. 4. Micrembryese. 5. Daphnales. 6. Achlamydo-

sporete. 7. Unisexuales. 8. Ordines anomali. For a full

description of the characters of these Series, and for lists of the

Orders grouped under them respectively, reference should be

made to ' Genera Plantarum.'

Series 1. Superae.

Cohort 1. Chenopodiales. — Flowers usually hermaphrodite,

or sometimes unisexual. Calyx green or coloured, generally

regular ; tube short or absent
;
segments imbricate in aesti-

vation. Ovary superior, generally simple, or rarely com-

pound ; ovule solitary, basal, or rarely 2 or more. Seeds

usually albuminous, or rarely exalbuminous
;
embryo gene-

rally curled or coiled. Usually herbs or shrubs, or very

rarely trees.

Order 1. Nyctaginace^e, the Marvel of Peru Order.—

Character.—Herbs, shrubs, or trees, with the stems usually

tumid at the joints. Leaves generally opposite and entire.

Flowers with an involucre. Calyx* tubular or funnel-shaped,

often coloured, plaited in aestivation, contracted towards the

middle, its base persistent and ultimately becoming indurated

and forming a spurious pericarp. Stamens 1 or many, hy-

pogynous. Ovary superior, 1-celled ; owde solitary ;
style 1

;

stigma 1. Fruit a utricle, enclosed by the hardened persistent

base of the calyx. Seed solitary; embryo coiled round mealy

albumen (Jig. 781), with foliaceous cotyledons, and an inferior

radicle.

* When there is hut one floral envelope in Dicotyledons, we call that the

cahix whatever be. its colour or ot her peculiarity, in which nomenclature

we follow the example of Lincllev. By most botanists, however, the term

perianth is employed in such cases, but wc use. that name only in speaking

of Monocotyledons. (See page 223.)
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Distribution and .Numbers.—Natives exclusively of warm
regions. Illustrative Genera :—Mirabilis, Linn.

;
Pisonia, Plum.

There are about 100 species.

Properties and Uses.—Chiefly remarkable for the presence of

a purgative property in their roots ; which is especially the case

with those of Mirabilis Jalapa and M. longifiora. M. dicho-

toma, Marvel of Peru, is commonly known by the name of the

Four-o'clock Plant, from opening its flowers in the afternoon.

Boerluxavia diffusa is said to possess expectorant properties.

Order 2. AharantacejE, the Amaranth Order.—Charac-

ter.

—

Herbs or shrubs. Leaves simple, exstipulate, opposite or

alternate. Flowers crowded, spiked or capitate, bracteated,

hermaphrodite or occasionally unisexual. Calyx of 3—5 sepals,

dry and scarious, inferior, persistent, often coloured, imbricate.

Stamens 5, hypogynous and opposite to the sepals, or a multiple

of that number; anthers 2- or 1-celled. Ovary free, 1-celled,

with 1 or more ovules
;

style 1 or none
;
stigma simple or

compound. Fruit a utricle or caryopsis, or sometimes baccate.

Seeds 1 or more, pendulous
;
embryo curved round mealy albu-

men ; radicle next the hilum.

Distribution and Numbers.—The plants of this order are

most abundant in tropical regions ; and are altogether unknown
in the coldest climates. Illustrative Genera:—Celosia, Idnn. ;

Amarantus, Linn. There are nearly 500 species.

Properties and Uses.—Unimportant. Amarantus spinosus and
other Indian species possess mucilaginous properties. Another
Indian species, Achyranthes aspera, is also reputed to be astrin-

gent and diuretic. Gomphrena officinalis and G. macrocephala.

are used in Brazil in intermittent fevers, diarrhoea, and some
other diseases. Some of the species have bright-coloured persis-

tent flowers, and are hence cultivated in our gardens, as Amaran-
tus caudatus, Love-lies-bleeding ; Amarantus hypochorulriacus,

Prince's-feathers ; Celosia cristata, Cockscomb ; and others.

Order 3. ChenofodiacEjE, the Goosefoot Order.—Charac-
ter.— Herbs or undershrubs, more or less succulent. Leaves

exstipulate, usually alternate, rarely opposite. Flowers minute,

greenish, usually ebracteated, hermaphrodite or unisexual.

Calyx persistent (fig. G96), usually divided nearly to the base

(fig. 29), imbricate. Stamens ecpial in number to the lobes

of the calyx and opposite to them (fig. 29), or rarely fewer,

hypogynous or inserted into the base of the lobes ; anthers 2-

celled. Ovary superior (fig. 29) or partly inferior, 1-celled,

with a single ovule attached to its base
;
style (fig. 29) usually

in 2—4 divisions, rarely simple. Fruit usually an achsenium or
utricle (fig. 690), or sometimes baccate. Seed solitary

;
embryo

coiled into a ring or spiral, with or without albumen ; radicle

towards the hilum.
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Diagnosis.—They are chiefly distinguished from the Nycta-

ginacese by their habit and commonly ebracteated flowers.

Distribution and Numbers.—More or less distributed over

the globe, but most abundant in extratropical regions. Illus-

trative Genera

:

—Salicornia, Tourn. ;
Beta, Tourn.

;
Salsola,

Linn. There are above 500 species.

Properties and Uses.—Several plants of this order inhabit

salt-marshes, and yield by combustion an ash called barilla, from

which carbonate of soda was formerly principally obtained; but

their use for this purpose has much fallen off of late years, in

consequence of soda being more readily extracted from other

sources. The plants which thus yield barilla principally

belong to the genera Salsola, Salicornia, Chenopodium, and

Atriplex. Many plants of the order are esculent, as Beet and

Mangel-Wurzel or Mangold Wurzel ; and some are used as pot-

herbs, as Spinach or Spinage (Spinacia oleracea), Garden Orache

or Mountain Spinach (Atriplex hortensis), and English Mercury

(Chenopodium Bonus-Henricus). The seeds of others are nutri-

tious ; and several contain volatile oil, which renders them

anthelmintic, antispasmodic, aromatic, carminative, or stimu-

lant.

Beta—The root of Beta vulqaris, the Common Beet, is used as a salad,

and as a vegetable. It is largely cultivated on the Continent and elsewhere

as a source of sugar. Two varieties of the Beet are commonly grown for

sugar ; namely, that which is known under the name of Betterave a i>ucre,

and the White or Silesian Beet (Beta Cicla) ; the latter being the most

tsteemed. In 1868 about 8,000,000 tons of Beet-root were grown, yielding

about 650,000 tons of sugar. Attempts have been made of late years to

-.row Beet in this country, and there can be little doubt but that there are

many districts in which "it might be cultivated with success. The grated

root or sugar cake, and the molasses, which are refuse substances obtained

in the manufacture of beet sugar, are also useful ; the former for feeding

cattle; and the latter, when mixed with water slightly ac.drdnted « U

sulphuric acid, and submitted to fermentation, vie ds from 24 to 80 Percent,

of spirit, which is said to be used to adulterate brandy like potato spmti

A variety of the Common Beet ( Beta vulgaris macrorluza) is usual v rega Kfe d

as the Mangel-Wurzel, so much employed as a food tor cattle ;
but some look

%^Sriflma as the source of b'otli the Mangel-Wurzel and the vanebei

of the Garden Beet.—B. maritima is sometimes used as a substitute t, .
:
pinacS

or greens The petioles and midribs of the leaves of the large U Int. r

sX Chard Beet, Beta Cycla var.,^.^^Tg^
French termed Poiree a carde ; it is eaten like Sea kale or Asparagus. i

Chenopodium.-The seeds of C. Quima contain starch granule^ fa

are remarkable for being the smallest hitherto noticed. These « >
art

known under the name of petty rice, and are a common article o ffoodg

Peru.-C. Bonus-Herricus, as already mentioned, may be used as a
•>; '

;

The fruits of C. anbrosmdes, Linn, var. ^thelmnt^m G^ - , ,
h nam

of American Worm-seed, are largely employed m the I " ' ' ^
; , ,

anthelmintic properties. They also possess to some extent .
U p. ,

m

qualities. The herb generally has similar properties. These effect*

,'„ the presence of a highly odorous volatile oil. Botf be
1 •

•

official in ihe United Slates Pharmacopoeia.-* .
Bottys is reputea u

|

somewhat similar properties, but is not so powerfu\.-C
'J\ (

! xil ,in

employed in Mexico and Columbia as tea, which is hence known as an s
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Tea.

—

C. Vulvaria or olidum, Stinking Goosefoot, is an indigenous plant.

It is a popular emmenagogue and antispasmodic.

Order 4. Basellaceje, the Basella Order.

—

Diagnosis.—
This is a small order of climbing herbs or shrubs closely allied

to Chenopodiacefe, but chiefly distinguished by its plants having
two rows of coloured sepals, and by their stamens being evi-

dently perigynous. There are about 12 species, all of which
are tropical plants. This is made a sub-order of Ghenopodiaceee
by Bentham and Hooker.

Properties and Uses.—Basella rubra and B. alba are used in
the East Indies as a substitute for Spinach. From the former
species a purple dye may be also obtained. The fleshy roots of
Ullucus tuberosus or Melloca tuberosa are largely used in Peru
and some of the adjoining countries as a substitute for the
Potato.

Order 5. Phytolaccace^e, the Phytolacca Order.—Cha-
racter.

—

Herbs or undershrubs. Leaves alternate, entire, ex-
stipulate. Flowers hermaphrodite or very rarely unisexual,
racemose. Calyx 4—5-partite. Stamens nearly or quite hypo-
gynous, 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

;
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 albumen ; radicle next the hilum.
Distribution and Numbers.—Natives principally of America,

India, and Africa. Illustrative Genera

:

—Giesekia, Linn.
; Phy-

tolacca, Tourn. There are about 80 species.
Properties and Uses.—An acrid principle is more or less dif-

fused throughout the plants of this order ; but this is frequently
destroyed by boiling in water. Some are emetic and purgative.

Giesekia pharnacenides—The fresh plant of this Indian species is reputed
to be a powerful anthelmintic in cases of taenia.

Gymstemnn.—This genus, from its unisexual flowers and twin suspended
ovules, &c, is sometimes regarded as the type of a distinct order, Gvroste-
monacea:, but it is placed here by Bentham and Hooker. It has no known
uses.

Phytolacca.—The roots and fruits of P. decandra. Poke or Pocan, are
employed in the United States for their emetic and purgative properties.
1 hey arc also reputed to be somewhat narcotic. The ripe fruits have been
used in chronic rheumatism and in syphilitic affections. A substance named
Vhytolaccin is prepared from the roots and seeds, and has similar properties.
Its young shoots boiled in water are eaten in the United States as Asparagus ;

Chose oi P. acinosa are also similarly eaten in the Himalayas. A species of
1 hytolacca, which has been named P. eleclrica. a native of Nicaragua, is
said to give a sensible shock, as from a galvanic battcrv, to anv person
attempting to gather a branch. It is also stated that the needle of the
compass is affected by proximity to it.
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Order 6. Petivebiace.e, the Petiveria Order.—Diagnosis, &c.

This is a small order of plants, which is included by some

botanists, as Bentham and Hooker, in Phytolaccaceas, with

which it agrees in many particulars. It is distinguished from

that order by having stipulate leaves, an ovary formed of a

single carpel, exalbuminous seeds, and a straight embryo with

convolute cotyledons. These plants are natives of tropical

America. There are about 12 species in this order.

Properties and Uses.—Most of the species are acrid, and

some have a strong alliaceous odour.

Petiveria.—Petiveria alliacea, Guinea-hen Weed, is reputed to be sudorific

and emmenagogue, and its roots are used in the West Indies as a remedy

for toothache. It is also commonly put into warm baths which are used to

restore the action of paralysed limbs.

Order 7. Polygonace/E, the Buckwheat Order.— Cha-

racter.—Herbs or rarely shrubs. Leaves alternate, simple com-

monly with ochreate stipules above the swollen joints {nodes) of

Fig. 1031.

Fig. 1032.

Fig. 1031. Flower of

a species of Polygo-

num. Fig. 1032.

Pistil of a species

of Rumex.

the stem (fig. 21, d), or rarely exstipulate. ^1^1)
( fia 1031), or sometimes unisexual. Calyx inferior {fig. W^,
of from 3-6sepals, more or less persistent, imbricate. Mam*«

few (fig. 1031), hypogynous or rarely P^^K0"*^
hiscing longitudinally. Ovary superior (fig. 1031) 1-ceIlea,

styles and sUgrms 2-3 (fig. 1031) ;
ovule solita^ "^P0^

Fruit usually a triangular nut, and commonly enveloped in the

fe sfstent 3yx. Seed solitary, erect.(fig. 780) ;
generally with

farinaceous albumen ;
embryo (fig 780 pi) antitropous.

Diagnosis.-V^lly herbs with ochreate stipules. L

simple, alternate. Calyx inferior persistent imbr cate.^ i
tamen

.Infinite Ovary l-celled ;
styles and stigmas 2-3. brmi

Sanguiar. K solitary,' erect, usually with mealy albumen,

rad£E'«^ ^..-Generally cbuused over
Jj

slobe and more particularly so m temperate regions.
. .

Hive Sm.-Rheum, LiL. ;

L™^> CoCC°UuU

TaZ Rumex Linn. There are about 500 species.

acid, astringent, or purgative properties. The acmuiou.
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racter is principally due to the presence of salts of oxalic acid.

The fruits and roots of several species are more or less nutritious.

Coccoloba uvifera, Seaside Grape.—From the leaves, wood, and bark
of this species a very astringent extract is obtained, which is commonly
known as Jamaica Kino. The fruit is acid and edible, but not much
esteemed.

Fagopyrum.—The fruits of F. escnlentum (Polygonum Fagopyrum), Com-
mon Buckwheat or Saracen Corn, of F. tataricum, and other species, are used
as a substitute for corn in the northern parts of Asia and Eastern Europe,
and also in Brittany and other parts of the world. The former species is

cultivated in Britain as food for pheasants. This plant when in flower pro-
duces an effect on many animals resembling intoxication, and a case has
been reported within the last few years in which many lambs were in this

way stupefied and ultimately killed by it.

Polygonum.—The rhizome of P. Bistorta, commonly called Bistort root,

is a powerful astringent, which property is due essentially to the pre-
sence of tannic acid. Starch is also one of its constituents,' hence it pos-
sesses, to some extent, nutritive properties, and is sometimes eaten, when
roasted, in Siberia. The young shoots and leaves have been used from an
early period in the North of England as a pBt-herb under the name of Pas-
sions, probably from the plant being in perfection raj such a purpose about
Eastertide. The roots of P. viviparum are also used as food by the Esqui-
maux. The leaves of P. Hydropiper are very acrid, hence the common name
of Water-pepper which is given to this plant. This species also yields a
yellow dye. From P. tinctorium a blue dye resembling indigo is obtained
in France, &c. The Chinese produce a blue dye from several species of
Polygonum.

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 these are largely used in medicine. "Various species
of Rhubarb are indigenous or cultivated in different parts of the world, but
until recently the botanical source of our official rhubarb root was unknown,
and cannot even now be said to have been absolutely determined. It seems,
however, almost certain that whilst the plant described by Baillon under
the name of Rheum officinale may yield some of it, that the source of the
best official rhubarb—namely, that which formerly came to us by way of
Kiachta, and commonly known as Russian Rhubarb—is derived from R. pal-
matum, a plant which is a uative of Tangut, in Kansu, the extreme north-
western province of China. In this province rhubarb is principally obtained
from wild plants, but also to some extent from cultivated ones. Rhubarb from
this species is also derived from the Chinese provinces of Szechucn and Shenai.
The rhubarb thus obtained from R. palmatum is chiefly exported bv way of
Shanghai, but also to a small extent from other ports, as Tientsin," Canton,
Amoy, and Foochow. In the British Pharmacopoeia the root is said to be
derived from R. palmatum, R. officinale, and probably other species. The
kind known as Indian or Himalayan Rhubarb is the produce of several
Species, but more especially of R. Moorcroftianum, R. australe, and R.
pmodi. English Rhubarb is chiefly derived from R. Rhaponticum, and is
now much used in (he hospitals of this country, and in America, but it is
not so active as I he official rhubarb, although probably equally efficacious
when given in sufficient doses. Some English rhubarb is also obtained from
R. officinale, which is now also cultivated in this country. The petioles of
R. Kibes are employed in the East for the preparation of sherbet. The
petioles of R. Rhaponticum and other species are used for tarts and puddings.
Their acidulous character is principally due to the presence of oxalic acTd.
I lie roofs of the species of Rheum contain abundance of calcium oxalate
crystals (conglomerate raphides). (See page 34.)
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Rumex.—Several species possesB acid properties owing to the presence of

a potassium salt of oxalic acid, commonly termed salt of sorrel, especially

R. acetosa, common Sorrel, R. Acetosellu, R. scutatvs, and R. Patientia.

Thev have been employed as pot herbs, and for salads.

—

R. acetosa is some-

times used medicinally for its refrigerant, diuretic, and antiscorbutic pro-

perties. The root of if. 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. The

substance known as rumicin is prepared from the root of Rumex crispus. It

is said to possess astringent, tonic, and antiscorbutic properties.

The two following orders have no close affinities to any other

orders, and are therefore not put in any cohort by Hooker, but

placed under the head of ' Orders of Dubious Affinities.'

Order 1. Batidace^e, the Batis Order.—This supposed dis-

tinct order only contains a single plant, the Batis maritima, a

succulent shrubby species, with opposite leaves, and unisexual

flowers arranged in amenta ; it is a native of the West Indies,

where it is occasionally used as an ingredient in pickles. Its

ashes also yield barilla. Some authors regard this genus as

belonging to Chenopodiaceas.

Order 2. Podostemace^e, the Podostemon Order.—

Character.—Aquatic herbs with the aspect of Mosses or

Liverworts. Leaves minute and densely imbricate, or finely

divided. Flowers minute, generally hermaphrodite, or very

rarely unisexual, spathaceous. Calyx absent, or of 3 sepals.

Stamens 1 or many, hypogynous ; wvthers 2-celled. Ovary

superior, 2—3-celled ;
stigmas 2—3 ; ovules ascending, numerous.

Fruit capsular, ribbed, with parietal or axile placentation. Seeds

numerous, exalbuminous, with a straight embryo.

Distribution and Numbers.—Principally natives of South

America. Illustrative Genera ;—Hydrostachys, Tlwuars; Podo-

stemon, L. C. R. There are about 120 species.

Properties and Uses.—Unimportant. Some species of Laas

are used for food on the Rio Negro, &c, in South America;

and other plants of the order are eaten by cattle and fish.

Cohort 2. Laurales.— Flowers unisexual or hermaphrodite.

Calyx green or coloured, generally regular. Ovary superior,

1-celled
;
stigma simple ; ovule solitary. Seeds albuminous

or exalbuminous ;
embryo straight.

Order 1. Monimiace/e, the Monimia Order.—Diagnosis.—

Trees or shrubs, with opposite exstipulate leaves Flowers

axillary, unisexual. The flowers generally resemble those of the

AtherospermaceEe, but they differ in always being im.sexual;

in the longitudinal dehiscence of their anthers ;
in the absence

of feathery styles to the fruit ; and in their ovules and seeds

being pendulous.
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Distribution and Numbers.—They are principally natives of
South America, but are found also in Australia, Java, Mada-
gascar, Mauritius, and New Zealand. Illustrative Genera:—
Monimia, Thouars ; Peumus, Pers. There are about 40
species.

Properties and Uses.—They are aromatic fragrant plants, but
their properties are of no great importance.

Peumus Boldus or Boldoa fragrans.—The leaves of this plant, which is

. a native of Chili, under the name of Boldo, have been recommended as
a remedy in diseases of the liver, but their use has not been attended with
any marked success in European practice. The fruits are edible.

Order 2. Atherospermace,e, the Plume Nutmeg Order.—
1 Character.

—

Trees, with opposite exstipulate leaves. Flowers
axillary, racemose, bracteated, unisexual or rarely perfect.
Calyx inferior, tubular, with several divisions. Male flowers
with numerous perigynous stamens ; anthers 2-celled, opening

1 by recurved valves. Female flower usually with abortive scaly
stamens. Carpels superior, numerous, distinct, each with a soli-
tary erect ovule

;
styles and stigmas as many as the carpels.

Fruit consisting of a number of achaenia crowned with the per-
sistent feathery styles, and enclosed in the tube of the calyx.

: Seeds erect, with a minute embryo at the base of fleshy albu-
i men. This order is combined with Monimiacex by Bentham and
j Soaker.

Distribution and Numbers.—Natives of Australia and Chili.
'There are but 3 genera: namely, Atherosperma, Labill., and
IDoryphora, Endl., from Australia; and Laurelia, Juss., from
(Chili. These include 4 species.

Properties and Uses. — They are fragrant plants. The
achsenia of Laurelia somewhat resemble common Nutmegs in

I their odour.

Atherosperma.—A decoction of the bark of Atherosperma moschata is
Stated by Backhouse to be used in some parts of Australia as a substitute
tor Lnina tea. This bark resembles sassafras in flavour and odour hence
it is commonly known under the name of Australian Sassafras

; it is occa-
sionally imported into this country. The decoction is likewise employed as
a diuretic and diaphoretic. The wood is also valuable as timber.

'

Order 3. Myristicace;e, the Nutmeg Order.— Character— Trees. Leaves alternate, exstipulate, entire, dotted, stalked'
leathery. Flmoers unisexual. Calyx inferior, leathery, 3—4-

cicleft
;
in the female flower, deciduous

; aestivation valvate.
'

Male
"flower with 3—12 stamens, or rarely more numerous

; filaments
I distinct or monadelphous

; anthers 2-celled, extrorse, distinct or
united, with longitudinal dehiscence. Female flower with 1 ormany superior distinct carpels, or rarely 2 ; each carpel with
II erect ovule. Fruit succulent. Seed arillate, with copious
"ily-fleshy ruminated albumen; embryo small, with an inferior
radicle.
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Distribution and Numbers.—Natives of tropical India and

America. Illustrative Genera

:

—Myristica, Linn.
;
Hyalostemma,

Wall. There are above 40 species.

Properties and Uses.—Aromatic properties are almost uni-

versally found in the plants of this order, and more especially

in their seeds. The bark and the pericarp are frequently

acrid.

Myristica.—The valuable and well-known spices called Nutmegs and

Mace are both derived from M. fragrant {M. officinalis'), the Nutmeg tree.

This tree is a native of the Moluccas and other Indian islands, &c, and it is now-

cultivated in the Banda Islands, also in the Philippines, Bencoolen, Penang

and Singapore, in Mauritius, the West India Islands, and South America.

At Peking and Singapore, whence formerly the best nutmegs were obtained,

its cultivation has declined of late years. The Nutmeg tree bears pear-

shaped fruits, commonlv about the size of an ordinary peach, with fleshy

pericarps ; each fruit contains a single seed, surrounded by a lacerated

envelope called an arillode, or commonly mace ;
this is scarlet when fresh, •

but usuallv becomes vellow when dried, as in the mace of commerce.

Beneath the arillode we find a hard shell, and within this the nucleus of

the seed invested closelv bv its inner coat, which also penetrates the sul>

stance of the albumen, and divides it into lobes {ruminated albumen).

This nucleus—that is, the dried seed divested of its hard shell and arillode—

is the commercial and official Nutmeg of the British Pharmacopoeia. I b|

pericarp is 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 somewhat narcotic properties.

In medicine thev are employed as stimulants, carminatives and flavouring

airents Nutmegs vield when distilled with water a volatile oil, which Hi

also official in the British Pharmacopoeia. Mace under like conditions also

vields a volatile oil of nearly similar properties. The substance known as

Expressed Oil of Mace. Butter of Nutmegs, or Expressed or Concrete Oil of

Nutmegs, is imported chiefly from Singapore, and is prepared by rcdunng

nutmegs to coarse powder, which after exposure to the vapour of hot w ater 8

submitted to pressure between heated plates. It consists of a small quantity

^{volatile oil mixed with several fatty bodies, foe most important of winch

k.Zub< this expressed oil is also official in the British Pharmaco-

nJa! The above Nutmegs are frequently termed the True, Round or

Official Nutmegs, to distinguish them from those of an inferior qual, y,

v uch arc derived from other species of Myristica &c. One of these inferior

nutmegs is found in commerce, and is called the Long or W .Id Nutmeg. It

ne7,Vrl in three conditions, namelv, without the hard shell and arillode, thenStaSi i
enclosed within the shell but divested of th«

Sde (Eng or Wild Nutmeg in the shell); and within the shell and

a ode (Wor Wild Nutmeg covered with Mace). These long nutmegs

f aid to « derived from Myristica fatua, and probably also, to sonio

extern from M. malabarica. Both the long nutmeg and Us mace are rag

Order 4. Laurace*., the Laurel Order. -Character -
Aromatic trees or shrubs (parasitic and twining in ( .rasj/ M-
Leaves simple, exstipulate, usually alternate, sometimes dotted
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^Cassytha has scales instead of foliage leaves). Flowers generally
hermaphrodite or sometimes unisexual (Jig. 1033). Calyx

[inferior (fig. 1033), deeply 4—6-c'eft,

c coloured, in two whorls, the limb some- Fig. 1033.

: times obsolete; aestivation imbricate.

iStamens perigynous, definite, some
always sterile

;
filaments distinct, the

inner ones commonly with glands at their

Ibase (fig. 541, g, g) ; anthers adnate, 2—4-

i celled, I, I, dehiscing by recurved valves,

celled,

Frmt
iv. Ovary superior (fig. 1033), 1

\'with 1 or 2 suspended ovules,

baccate or drupaceous. Seeds exalbumin
Fig. 1033. Vertical section

of the female flnver of
Lawns nobilis, the Swett
Bay.

(La.urus nobilis) in

ous
;
embryo with large cotyledons, and a

> superior radicle.

Distribution and Numbers.—They are

chiefly natives of tropical regions, but
a few occur in North America, and one
EEurope. Illustrative Genera:— Cinnamomum, Burm. ; Nec-
;tandra, Hottb.

;
Laurus, Town. There are above 450 species.

Properties and Uses.—The plants of this order are almost
universally characterised by the possession of aromatic pro-
perties, which ai*e due to the presence of volatile oils

;
many of

ithem are therefore employed as aromatic stimulants. Others
are narcotic ; some have sudorific properties ; and several are
tonic, stomachic, febrifugal, or astringent. A few have edible

ftfruits, and many yield valuable timber.

Acrodiclidium Camara yields the False Nutmeg which is called in Guiana
Ithe Ackawa or Camara Nutmeg. Its use is similar to that nf the other
rfalse nutmegs derived from plants of this order. (See Agalhoplujllvm and
Cryptocarya.~)

Agathophyllum aromat'icum yields a kind of False Nutmeg, which is the
("
'Clove-Nutmeg oj Madagascar or Ravensara Nut. It is used as a spice. (See
lAcrodiclidium

.

)

Cinnamomum.—Cinnamomum Camphora or Camphora officinarum, the
Camphor tree, is a native of China and Japan, and has been introduced into
Java. Commercial camphor is derived entirely from the island of Formosa
and Japan, the former being known as China or Formosa Camphor, and the
latter as Japan or Dutch Camphor. Camphor is procured in a crude stale
from the wood by a rude process of sublimation, and as thus ob-
tained is ten I crude camphor. It is expor ted to Europe, &c, in this
" Qditipn. where it is afterwards purified by subliming again, after which

ss it is called refined camphor, in which state it is official in the British
Pharmacopoeia. Camphor is a stearoptene or solid volatile oil. This kind of
jamphor is commonlv distinguished from other camphors by the name of
Laurel, Common, or Official Camphor (see Dryobalanops, p. 475). The oil of
samphor of commerce] formerly official in the United Stales Pharmacopoeia,
B the volatile oil which drains from the crude camphor which is stored ni

lore shipment. It is used externally in rheumatism, &c. In proper
loses, c imphor produces exhilarating and anodyne effects, l'..r which purposes
t is principally employed in medicine. In large doses it is narcotic and
poisonous. Cinnamon, which is so much employed as a condiment, and

u u
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medicinally ns a cordial, stimulant, tonic, astringent, carminative, anti-

spasmodic, and as an adjunct to other medicines, is the inner bark of C.

zeylanicum. The best comes from Ceylon. It owes its properties essentially

to the presence of a volatile oil. This volatile oil is the Oil of Cinnamon of

commerce. Both the bark and volatile oil are official in the British Phar-

macopoeia. A concrete fatty substance is obtained in Ceylon by expression

from the ripe fruits, which is called Cinnamon Suet; this is supposed by

Rovle to be the Comacum of Theophrastus. From the leaves of the Cinnamon

tree a volatile oil is also distilled in Ceylon. It has an analogous odour and

taste to that of oil of cloves. The Cinnamon tree is the Kinnemon or Kinman

of the Bible.— C. Cassia of Blume, yields Cassia lignea or the Cassia bark of

commerce which is obtained from China ; this possesses analogous pro-

perties to Cinnamon, and like it yields by distillation a volatile oil, called

Oil of Cassia, to the presence of which its qualities are essentially due.

Cassia buds of commerce, which are brought from China and occasionally

used as a condiment and in medicine, are the flower-buds of the same plant.

Cassia buds possess somewhat similar properties to Cassia bark. The Cassia

tree is the Kiddah or Cassia of the Bible. The inner bark of C. iners is very

similar in its nature to that of Cassia bark. The bark called Indian Clove

Bark is obtained from C. CulUawan. It possesses properties resembling those

of Cassia. Sintoc bark, which has analogous qualities, is the produce of C.

Sintoc.—C.nitidum (eucalyptoides) and C. Tamala were probably the sources

of the Folia Malabathri of the old pharmacologists, formerly so highly

esteemed for their stomachic and sudorific properties. The roots of C.parthe-

nnxyhn and C. glanduliferum resemble the official Sassafras in their effects.

The latter is the Sassafras of Nepal.

Cruptocarya moscliuta vields a kind of False or Wild Autmeg, which is

termed the Brazilian Nutmeg. (See also Acrodiclidium and Agathophyllum.)

Dicypellium caryophyllatum yields Brazilian Clove-Bark or Clove

Cassia Bark. It is occasionally imported, and used for mixing with other

^Taurus nobilis, the Sweet Bay, is said to be the Ezrach or Green Bay

Tree of the Bible. It is the classic Laurel which was used by the ancients

to make crowns for their heroes, hence it is frequently called the Victor's

Laurel The fruits, which were formerly official, arc commonly known under

the name of Bn v or Laurel berries. Bay berries are reputed to be aromatic,

stimulant, and 'narcotic, but they are very rarely used in medicine. By

distillation with water they yield a volatile oil. commonly known as the

Volatile Oil of Sweet Bay. The substance called Expressed Od of Bay or

Laurel fat is obtained from both the fresh and dry fruits by pressing them

after they have been boiled in water ; this substance is ot a green colour and

butvraccous consistence, and is a mixture of volatile o.l and fatty bodies,

like the expressed oil of nutmegs. Laurel leaves have somewhat similar

properties to the fruit. From their aromatic properties they are used by

the cook for flavouring. These leaves must not be confounded with those of

the Chcrrv Laurel, already noticed. (See PrunusJ

Mespihdaphne pretiosa. a native of Brazil, yields the aromatic bark allied

°"K52*Z3kT^ff^Bebeeru or Greenheart Tree of Guiana,

the WOOdtf which is very hard and durable, and has been employed m
I ,,-buildin" &0. Bebeeru or bibiru bark is obtained from this tree; it

has 1 enusel' in medicine as a substitute for the cinchona barks posscssm*

kc them, tonic, a.itipcriodic, febrifugal, and astnngent property li es

n iH rtie are due essentially to the presence of a peculiar alkaloul calledE Hi has nearly similar medicinal properties to qu.n.nc, and .8

eWToyedby iteetf and in the form of a sulphate, as an economical substi-

tuteZ sulpha^ of quinine. It is, however, very ...tenor ... .
s l>™l*rt«*

to p nin
'

B bee.,.' bark and sulphate of beberine are both official m the
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British Pharmacopoeia. The seeds of the Bebeeru tree contain starch; this
when mixed with an equal quantity of a decayed astringent wood, and a
similar proportion of cassava pulp, is made into a kind of bread, and used
as food by the Indians.

—

X. cymbarum of Ncps yields the substance, called
Brazilian Sassafras. The cotyledons of JV. Puchnrv major and minor are
imported from Brazil under the name of Sassafras Niits or Puchurim Beans ;

they are much esteemed as a flavouring for chocolate. Other species of
Nectandra. as N. sanguinea, N. exaltata, and N. leucantha, vield more or
less valuable timber.

Orend'iphne.—Several species of this genus vield valuable timber : thus
the Sweet-wood is the produce of 0. exaltata ; 'the Til of the Canaries, of
0. fastens; and the Sirabnlli of Demerara is derived from a species of
Oreodaphne or of some nearly allied genus.

Persea.—-The fruit of P. gratissima is in much repute in the West
Indies. It is commonly known as the Avocado or Alligator Pear.—
P. indica, a native of Madeira, yields a timber somewhat resembling
mahogany. °

Sassafras.—The root of & officinale is official in the British Pharma-
copoeia. Sassafras is employed medicinally in this country and elsewhere
as a stimulant, diaphoretic, and alterative. Prom it th'e Volatile Oil of
Sassafras is obtained. Sassafras pith is largely used in the United States
ot America, where it is official m the Pharmacopoeia, as a demulcent.

Cohort 3. Daphnales.— Flowers usually hermaphrodite, or
rarely unisexual. Calyx green or coloured, regular or
irregular, often tubular. Ovary superior. 1- or rarely 2-
celled

:
stigma simple

; ovule usually solitary, suspended or
ascending. Seeds generally exalbuminous, but sometimes
the albumen is present in small quantity

; embryo straight
Almost always trees or shrubs. Leaves exstipulate.

Order 1. Thymelactlss, the Mezereon Order.—Character
-Jrees shrubs, or very rarely herbs, with an acrid very tou«*h
Hark leaves entire, exstipulate. Flowers hermaphrodite ( fiq
igtf4), or rarely unisexual. Calyx inferior, regular ( fin 1034)'
coloured, tubular, 4—5-lobed

; assUvatirm imbricate. Stammspengynous (fy. 1034), twice as many as the divisions of thecalyx or equal m number to them, or fewer, in the two lattercases they are opposite to the lobes of the calyx
; anthers 2-

celled, bursting longitudinally. Ovary superior (fin 1034)ample, 1-celled, with a solitary suspended ovule (fin 734)'

S JZ and
,

n
+

utllke
-
or ^upaceous. Seed suspended

; albu-

"uirbr racbcle
" '

straight>
Wtt a

^\%tri!^0n
Znd N™**">r*-—They are found more or less

nftt cine" 5 ™H> but fa A"*^ »•a the Cape of Good Hope. Illustrative Genera:.—DaphneWmn.
; p1Inelea, Banks et Sol. There are about 300 species

«Pm TZ an? U™—^ Plants of this order are chieflyemark bl for the toughness and acridity of their bark. The

SrallvofZ^S^ i9 narC°tic
'

and that of the Phnt.,-neialiy of the order poisonous or suspicious
; but the seeds of

v u 2
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Fig. 1034. Vertical

section of the flow-

er of a species of

Daphne.

Inocarpus edulis are said to resemble Chestnuts in flavour when

roasted. Several species of Daphne, Pimclea, and other genera,

are handsome shrubby plants.

Daphne—The dried barks of T>. Mezereum, Meze-

reon, and D. Laurenla, Spurge Laurel, are official in the

British Pharmacopoeia. Both the root-bark and stem-

bark are authorised, but the former is generally re-

garded as the more powerful. Mezereon bark may be

used as a vesicatory, and also as a masticatory in

toothache. It is however principally employed as a

stimulant, diaphoretic, alterative, and diuretic. It owea

its properties essentially to an acrid resin. The fruit

V^-'J
1

/ is als0 verv acricl - The uark of D -
Gnidium, Spurge

Flax, is likewise official in the Paris Codex, and is

W sometimes substituted in this country for our official

bark, but it is not so active. The inner bark of D.

cannabina and other species is used in some parts of the

world for making paper, &c.

Edgtworthia papyri/era—The bark is used in Japan

for the manufacture of paper money.

Lagetta lintearia, Lace-bark Tree.—The bark possesses, in sonic degree,

similar properties to that of Mezereon. When macerated it may be

separated into thin laminae, the number of which depends upon the age of

the specimen ; these have a lace-like appearance, hence its common name

of lace bark. It possesses great strength, and may be used for making ropes,

&c. It was at one time emploved in the West Indies for making the slave

w hips. 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 of guana. tit
Passerina Ganpi.—'rhe bark is used in Japan for the manufacture 01

paper.

Order 2. Aquilariace^e, the Aquilaria Order.—Charac-

ter.

—

Trees with entire exstipulate leaves. Calyx tubular or

top-shaped, 4—5-lobed, imbricate, persistent. Stamens pengy

nous, 10, 8, or 5, opposite the lobes of the calyx when equal to

them in number; anthers 2-celled, opening longitudinally. Ovary

superior, usually 2-celled ; ovules 2, suspended ;
or rarely 1-cellea

with parietal placentation. Fruit generally 2-va yed, capsular,

sometimes succulent and indehiscent. Seeds usually 2, or rarer?

1 by abortion ;
exalbuminous. This order is sometimes inehu

in Tliymelacese. . , . .

Distribution and Numbers.—Natives exclusively of tropical

Asia. Illustrative Genera .--Aquilaria, Lam. ; Leucosmia, be»lh.

There are about 10 species. , J
Properties and Uses.—Some species yield a fragrant stimulant

resin.

Aquilaria {Aleoxylon).-l\xo substance called ^Aj^Jgffg
AloeLood, or Eagle-wood, is said to be the Ahalyn and

, !
,

Testament, and the Aloe or Aloes of the New. It ,s obta.nedftorn A
Agallochum,*m\ probably also from A. ovata It wr*™c*
high repute as a medicinal agent in Europe, but its u*e is now

,

olao*

II is said to be useful as a cordial, and as a remedy for gout and rh

matism.
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OrderS. El eagnace.e, the Oleaster Order.—Character.

—

Small trees or shmbs, with entire exstipulate usually very scurfy

{fig. 153) leaves. Flowers mostly unisexual or rarely perfect.

Male flowers amentaceous, bracteated. Sepals 2—4, distinct or
united. Stamens definite, perigynous. Female flowers with an
inferior tubular calyx, and a fleshy disk ; eestivation imbricate.
Ovarii superior, 1-celled, with a solitary ascending ovule. Fruit
enclosed in the succulent calyx, indehiscent. Seed solitary, as-

cending, with thin albumen
;
embryo straight, with an inferior

radicle. .

JOistribution and Numbers.—They are generally diffused
throughout the northern hemisphere, and rare in the southern.
Illustrative Genera:—Hippophae, Linn.

; Ekeagnus, Linn. There
. are about 30 species.

_
Properties and Uses.—Unimportant. The fruits of Flseagnus

m-ientalis are esteemed in Persia under the name of zinzeyd; and
• those of F. arborea, F. cwiferta, 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
have been employed in the preparation of a sauce for fish, but
their use recpaires caution from containing a narcotic principle.

Order 4. Proteaceje, the Protea Order.—Character.

—

shrubs or small trees. Leaves hard, dry, opposite or alternate,
exstipulate. Flowers usually hermaphrodite. Calyx inferior,
4-partite or of 4 sepals ; sestivation valvate. Stamens perigynous,
equal in number to the partitions of the calyx and opposite to
them

; anthers bursting longitudinally. Ovary simple, superior,
1 1-celled, with 1 or more ovules, ascending or suspended. Fruit
dehiscent or indehiscent. Seeds exalbuminous

;
embryo straight,

radicle generally inferior.

Distribution and Numbers.—Natives chiefly of Australia and
the Cape of Good Hope. Illustrative Genera /—Protea, Linn.;

i Banksia, Linn. fll. There are more than 600 species.
Properties and Uses.—They are chiefly remarkable for the

heauty or singularity of their flowers and their evergreen foliage.
But the fruits and seeds of some species are eaten; and the
wood is largely employed at the Cape and in Australia for buru-
mg, and occasionally for other purposes

;
thus, that of Protea

grandiflora is used at the Cape of Good Hope for waggon- wheels,
hence the plant is named Wagenboorn. The seeds of Macadamia
" ""folia, a native of Queensland, are edible.

1 Cohort 4. Urticales. — Flowers usually unisexual, or rarely
hermaphrodite Calyx green, usually regular, rarely absent,
btamens opposite the calyx-lobes or sepals. Ovary superior,
1-celled, or rarely 2-celled

; stigmas 1—2
; ovule solitary,'

nncropyle always superior. Seeds albuminous or exalbu-
minous

;
embryo generally straight. Leaves usually stipulate.
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Order 1. Urticaceje, the Nettle Order.—Character.

—

Herbs, shrubs, or trees, with a watery juice. Leaves opposite

or alternate, usually rough or with stinging glands (fig. 169) ;

stipulate or rarely exstipulate. Flowers small, unisexual (fig.

1035) or rarely hermaphrodite, scattered or arranged in heads

or catkins. Calyx inferior (fig. 1035, c), lobed, persistent.

Male flower -with, a few distinct stamens (fig. 1035, e, e), perigyn-

ous, opposite the divisions of the calyx, and. with a rudimentary

ovary (fig. 1035, pr) ;
filaments at first incurved. FemaleJlower

Fig. 1035. Fig. 1036.

Fit) 1035. Male flower of the Small Nettle (Ui-licn mens), e. Calyx. t,

e e Stamens, with 2-celled anthers, pr. Rudimentary ovary. Fig.

1036. Vertical section of the ovary of the female flower of the same. j/.

Wall of the ovary, s. Stigma, o. Ovule.

with a superior 1-celled ovary (figs. 733 and 1036) ;
ovule erect^

orthotropous (jigs. 733 and 1036). Fruit indehiscent, surrounded

by the persistent calyx. Seed solitary, erect {Jig. 779) ;
embryo

(jig. 779) straight, enclosed in albumen; and with a superior

Bentham and Hooker, in ' Genera Phntarum,' include the four

succeeding orders—Moracese, Cannabinaceee, Artocarpacex, and

TJlmacex—in Urticacex, as sub-orders.

Distribution and Numbers.—These plants are more or less

distributed over the world. Illustrative Genera:—XJrtica,, Tourn.;

Parietaria, Tourn. The order contains more than 300 species.

Properties and Uses.—Chiefly remarkable for yielding valu-

able fibres, and for the acrid stinging juice contained m then-

glands.

Tiahmeria.—Several species vield valuable fibres, as B. P«y« (Pooah

fibre) in Nepaul and Si&im, and S. speaiosa (Wild Rhea). I be most

Sated of them all. however, is B. nkea, from winch the fibres are oh-

ta n that are used in the. manufacture of the celebrated Chinese ,:rass-

doth and for other purposes. These fibres arc also now employed for textl e

fabrics &c. The Rhea librc of Assam, one of the strongest known fibres, is

^Z^SS-ftSe Wood Notae.-Tb.is is a native of the Alleghany
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mountains and some other parts of North America. It has been much
recommended for cultivation in Germany, &c, as a textile plant.

Parietaria officinalis, Wall Pellitory, is by many regarded as a valuable
diuretic and lithontriptic.

Urtica, Nettle.—The Nettles are well known from their stinging glands.
Some of the East Indian species, as U. crenulata. U. stimulans, and more
especially U. urentissima, produce very violent effects. Flagellation bv a
bunch of Nettles ( Urtica dioica or U. urens) was formerly employed in palsy,
and other cases.— U. baccifera is used as an aperient in the West Indies •

the root of U. pilulifcra is regarded as diuretic and astringent
; and an

infusion of the leaves of U. dioica, commonly known as Nettle Tea, is fre-
quently used in parts of this country as a purifier of the blood. Some Nettles,
as U. tuberosa, have edible tuberous roots; others yield useful fibres as'

Urtica heterophylta, Neilgherry Nettle, and U. tenacislima.

Order 2. MoracEjE, the Mulberry Order.—Character.
Trees or shrubs, with a milky juice. Leaves with large stipules.
Flowers unisexual, in heads, spikes, or catkins. Malefiotvers
with a 3—4-partite calyx {fig.

1037) or achlaniydeous. Stai- Fig. 1037.

(fig-

Fig. 1038.

Fit/. 1037. Male flower of the Black
Mulberry {Morns nigra). Fig.
1038. Vertical section of the ovary
of the female flower of the same.

mens 3—4, perigynous
1037) and opposite the seg-
ments of the calyx ; anthers
usually inflexed. Femaleflowers
with 3—5 sepals. Ovary supe-
rior, 1—2-celled. Fruit a so-

rosis (fig. 728) or syconus

(fig. 406). Seed solitary, pendu-
lous (fig. 1038) ;

embrijo hooked
(fig. 1038), in fleshy albumen,
and with a superior radicle.

Distribution and Numbers.—
I They are natives of both hemispheres, and occur in temperate
i and tropical climates. Illustrative Genera

:

—Morus, Town.
;

- Dorstenia, Plum. There are over 200 species.
Projierties 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

I Caoutchouc or India-rubber is obtained. The inner bark of
other species supplies fibres. Some possess stimulant, sudorific,
tonic, or astringent properties. Many yield edible fruits, while
:tne seeds generally of the plants of this order are wholesome.

Broussonetia papyrifera, the Paper Mulberrv, is so named from its inner
'
•irk being used in China, Japan, &c, for the manufacture of a kind of

paper. The Otaheitans, &c, also make a kind of cloth from it.

JJnrHtema.—'nu- rhizomes and rootlets of several species have been sun
l«wed to be antidotes to the bites of venomous reptiles, and also of many
Poisonous substances; thus,, of Conirayerva and D. brasilienm were

properties
m ^ thcir stimulnnt

>
touic

>
and diaphoretic

nnf^-"*'~
F

*
f,

Wa vif l ' ls the w,'"-I<nown fruit named the Fig. Figs arenutritive, emollient, demulcent, and laxative; they are official in the
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British Pharmacopoeia. The Fig tree is the Teenah of the Bihle.

—

F. nppn-

sitifulia and F. pnlycarpa, natives of the. East Indies, are said to possess

emetic properties.—/', etastica, a native of India, yields an inferior kind of

Iudia-ruhber. It is known in commerce as Assam rubber. It also yields

Java rubber. From other species a similar substance is obtained. The

mice of F. toxicaria and that of F. dssmona is a very powerful poison.—

F. Si/comnrus (Sycnmorus antiqunrum), the Sycamore Fig, is said by some

authors to have vielded the wood from which mummy-cases were made.

(See Cnrdia.) Kichard states that the Abyssinians eat the inner bark or

F panifica. The brown hairv covering of the leaves of F. lamophyUa is

used as a styptic at Singapore, &c.

—

F. doliaria is said to have vermifugal

ln
°Mactura.—The wood of M. fmctoria, a native of the West Indies and

South America, is of a golden-yellow colour, and is used m this country

and elsewhere as a dyeing agent. It is known as Fustic or Old Fustic

to distinguish it from Young Fustic, already noticed. (S<?R'>"!!-) 1 ne

fruit is edible.—M. aurantiaca is the source of the fruit called Osage Orange,

the juice of which is used by the native tribes in some districts of America

as a vellow war paint. , . .

Morus.—The fruit of 3Iorus niqra is our common Mulberry ;
thcjiuce

is official in the British Pharmacopoeia. Mulberries are well known as a

dessert fruit ; they are also employed medicinally for their refrigerant and

slightly laxative" properties, and likewise to give colour and rkn our to

medicines. The Svcamine tree of the Bible is supposed to be this plant.

The leaves of this'species, as well as those of Mr»s alba, White MulberrvJ

and others, are in common use as food lor silkworms. The roots ot botH

M. niqra and M. alba are said to be cathartic and anthelmintic.

Vrostigma Vogelii is the source of Liberian Rubber.

Order 3. Cannabinace;e, the Hemp Order.—Character.—

Rough herbs, erect or twining, with a watery pice L

opposite or alternate, simple or compound, stipulate often

glandular. Flowers small, unisexual, dioecious. Male floxvers

in racemes or panicles. Calyx scaly, imbricate. Stamens o op-

posite the sepals ;
filaments filiform. Female floxcers in spikes

or strobiles (fig. 421), each flower with 1 sepal surrounding the

ovary which is superior and 1-celled, and containing a sol

-

^pendulous campylotropous ovule Fruit dry, -deluscent

Seed solitary, pendulous, without albumen ;
embryo curved oJ

«nirallv coiled, with a superior radicle.

^MsmL and Wn6er,-Natives of the tempera e parte

of the northern hemisphere in Europe and Asia
f'£

a™
Genera:-Cannabis, IW. ;

Hamulus, Linn. These are the

only genera, and each contains but one species
mhmhu

Properties and Uses.-The plants of this order yield valuable

fibres, and possess narcotic, stomachic, and tonic properties.

Cannabis sativa, the Common Hemp.-The taFSj
obtained from this *£. » fSStfSffiZ^^kvnM
best hernpis produced m ltoly. M henu ^ ^
Stu-ciotHB. Tins ,ib-,. ^ ;;;i^ZZ^^^"u They

iSseTf^ p™c'
thc

-
v

•

vie,d about£

arc
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25 per cent, of .a fixed oil, which is employed 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 even by some botanists considered as a distinct variety, which has

been named C". sativa var. indica, Indian Hemp. This latter plant produces

less valuable fibres than the former, but it acquires marked narcotic proper-

t tea from producing a much larger quantity of a peculiar resin than is the case

with the plant of colder latitudes. The herb and resin are largely employed

in Asia, and some other parts of the world, for the purposes of intoxication,

and in medicine. The principal forms in which Indian Hemp is found are,

— Gunjah or Ganja, the dried tops after flowering of the female plant, con-

taining the resin
;
Bhang, Subjee, or Sidhee, the larger leaves and fruits

without the stalks ; and Churrus, the concrete resinous substance which

exudes spontaneously from the stem, leaves, and tops. The above forms are

in common use in India ; and another form called Hashish or Hashash is

largely employed in Arabia. The word ' assassin ' is said to be derived from
Imsliish, the Arabic word for hemp. Other preparations of Hemp are,

majoon, in use at Calcutta, mapouchari at Cairo, and the dawames of the

Arabs. Indian Hemp is also used for smoking. This plant is likewise

known under the name of Biamba in Western Africa, where it is employed
for intoxicating purposes under the names of maennie and makiah. In the

form of an extract or tincture, Indian Hemp has been employed medicinally

in this country and elsewhere. Pereira calls it an exhilarant, inebriant,

phantasmatic, hypnotic or soporific, and stupefacient or narcotic ; but as

obtained in this country, it varies so much in activity that its effects cannot
be depended upon with certainty, and it is consequently not much em-
ployed. The dried flowering or fruiting tops of the female plants grown in

India, and from which the resin has not been removed (gunjah or ganga),

are official in the British Pharmacopoeia. The resin is called cannabin,

and is usually regarded as the active principle of the plant. Recently,
however, a volatile alkaloid analogous to nicotine has been indicated as one
of the constituents of Indian Hemp. This has, however, since been shown
to ho incorrect. The presence of another alkaloid, possessing tetanising pro-

perties, and termed tetano-cannabiu by Dr. Hay, has also not been confirmed.
Hamulus Lupuius, the Hop.—The collective fruits of tins plant are

known under the name of strobiles (Jig. 421), or commonly hops, and when
dried are official in the British Pharmacopoeia. These fruits consist of scales

(bracts), and achajnia, the latter of which are surrounded b}' brownish-
yellow aromatic glands. These glands, which are usually termed lupulinic

glands, are the most active part of hops
;
they are also official in the Brit ish

Pharmacopoeia. They contain a volatile oil, and a bitter principle called
lupulin or lupulite, to the presence of which hops principally owe their pro-
perties. The bracts also appear to contain a very small proportion of lupulin,
arid are therefore not devoid altogether of active properties ; they also con-
tain tannic acid, and are therefore somewhat astringent. Hops are used
medicinally for their stomachic and tonic properties. They are also to some
pxtent narcotic, especially the odorous vapours from them ; hence a pillow
puffed with hops is occasionally employed to induce sleep. The chief use of
bops 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. In Belgium, &c, the young
Snoots of the, Hop are used as a vegetable, and when properly prepared for
the table they are said to make a most delicate dish.

Order 4. Artocarpace.k, the Bread-fruit Order.—Cha-
racter.— Trees or shrubs with a milky juice. Leaves alternate

. (fig. 1039), simple, with large convolute stipules. Flowers
unisexual, in dense heads (Jig. 1039, a, b, c) on a fleshy re-
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ceptacle. Male flowers {fig. 1039, b) achlamydeous. or with

a 2—4-lobed or 2 — 4-sepaled calyx. Stamens opposite the

lobes of the calyx or to the
I ig. 1039.

sepals ; anthers erect. Female

flowers arranged on a fleshy

receptacle of varying form

{Jig. 1039, a, c). Calys- infe-

rior, tubular, 2—4-cleft or

entire. Ovary superior, 1-

celled. Fruit commonly a

sorosis. Seed erect or pendu-

lous, with little or no albu-

men ;
embryo straight, with a

superior radicle.

Distribution and Numbers.

—Exclusively tropical plants.

Illustrative Genera :— Antiaris,

Leschen. ;
Artocarpus, Linn.

There are about 60 species.

Properties and Uses.—The

milky juice of several species

yields India-rubber. This juice

is in certain cases poisonous,

while in others it forms a nu-

tritious beverage. A few yield

valuable timber. The fruits of some are edible, and the seeds

generally of plants of this order are wholesome.

Antiaris.-A. toxical is the % S^jfifi"**
Java, but most of the stones related concermBg i^are

milky juice.is the po— prodm*. Ttaa V™*™"
a^_Antiari,

peculiar principle named by Pel ^Tvery ough mner bark, which >
saccidora, a native of the East Indies, MB a ve y S

u foUows ._, A
used for cordage, matting, &c Sacks,

ateo are ™
, k wanted.

branch is cut corresponding to the le°Sh^X3 the liber separatesfrom
It is soaked a little, and then beaten with . > >

< he! sep ^
the wood. This done, the sack f^med of the bark w

pulled down till the wood is sawed
. ^\ ! ,,,m „ 1„„lv used bo

[eft to form the bottom of the sack These sacKS are

carry rice, and other ntataooea. The , d> have a very
Bread_fnlit of „„.

Artocarpvs.—The fruit of A.tncisa is ^."'l-
,

,
„,• corn to the

Moluccas and islands of the Pacific. It upp >es t e
1
,ace ^.^

natives of those regions It is also used to S .... «
*g So ,uh

but is not so much veined there ft food and the bark

Sea Islands the juice is employed as
|
lu°> vU.Ms the Jak or Jack-

for making a coarse kind of cloth.-A .
wt<< t> Southern

fruit, which is largely used for food by th
^
^uves m ue. ^ £

i^ltK^i?^"^ dye the Buddhist pnests

& assess.Kssna «l—

Ftf7. 1039. Branch of the Bread-fruit

tree (Artocai-pus incisa). a, c. Heads

of female or pistillate flowers. 6. Head

of staminate or male flowers.
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has been also recommended as a source of India-rubber. The fibrous bark
of B. Namagua is used in Panama for sails, ropes, garments, &C.—B.
Aiibletii {Piratinera Guianensis), a native of British Guiana, is the source
of the beautiful fancy wood called Snake-wood, Leopard-wood, or Letter-
wood.

—

B. Alicastrum yields edible seeds, which are called Bread-nuts in
Jamaica. The wood, which somewhat resembles mahogany, is also there
used by cabinet makers.

Castilloa elastica.—This is the Cuacho tree of Darien, and, according to

Collins, this species and C. Markhumiana, yield all the varieties of India-
rubber obtained from Central America, Ecuador, New Granada, and the
West Indies ; and known commercially as West Indian, Carthagena,
Nicaragua, Honduras, Guayaquil, Guatemala, &c, rubbers. These are
chiefly exported from Carthagena to Great Britain and the United States.

Cecropia peltata is remarkable for its stems being hollow except at the
nodes, hence they are used for wind instruments. Cows are said to thrive
well on its leaves. Its cultivation has been recommended in Algeria as a
forage plant.

Cudrania.—The heart-wood of a species of this genus, which is a native
of East Tropical Africa, yields a light yellow colour somewhat between that
of cpuercitron bark and fustic, and may be used for dyeing.

Order 5. Ulmace^:, the Elm Order.—Character.

—

Trees
or shrubs, with a watery juice. Leaves alternate, simple, scabrous,
with deciduous stipules. Flowers hermaphrodite or unisexual, in
loose clusters. Calyx inferior, membranous, imbricate. Stamens
perigynous, definite ; anthers erect. Ovary superior, 1—2-

celled
;

styles or stigmas 2. Fruit indehiscent, samaroid or
drupaceous, 1—2-celled. Seeds solitary, pendulous, with little

or no albumen; embryo straight; cotyledons foliaceous; radicle
superior.

Division of the Order and Illustrative Genera:—This order
may be divided into two sub-orders or tribes as follows :

—

Sub-order 1. Celteee.—Ovary 1-celled, with drupaceous fruit.
Illustrative Genera

:

—Celtis, Toum.
; Mertensia, H. B. K.

Sub-order 2. Ulmeee.—Ovary 2-celled, with usually samaroid
fruit. Illustrative Genera

:

—Planera, Gmel.
;
Ulmus, Linn.

Distribviion and Numbers.—They are chiefly natives of the
northern regions of the world. There are about 60 species.

Properties and Uses.—Some are valuable timber trees. The
bark and fruit of others are bitter, tonic, and astringent ; and
a few possess aromatic properties.

Celtis.—The fruit of C. australis has a sweetish astringent taste, and has
been used in dysentery, &c. It has been regarded bv some writers as the
Lotus of the ancients. The fruits are still eaten in Spain and Greece. (See
also Nitraria and Zizyphus.) This plant is commonlv known uuder the
names of Nettle-tree and Sugar-berry.

—

C. orientals has aromatic properties.
Ulmus, Elm —The inner bark of Ulmus campestris, the common English

blm is regarded as demulcent, tonic, diuretic, and alterative; it has been
Bsed m some chronic skin diseases, but as a medicinal agent itis now nearly
obsolete, mid is no longer official in the British Pharmacopoeia. The dried
and powdered l ark has been mixed with meal in Norway to make bread in
times of scarcity. The wood of this species, na also that of U. montana, the
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Scotch or Wvch Elm, and others, is largely employed as timber, which is

valuable not onlv for its toughness, but because it is not readily acted upon

by water. The "inner bark of U. futea, the Slippery Elm or lied Elm. a

native of the United States, where it is official in the Pharmacopoeia, is

much used as a demulcent for both external and internal use. When

around it is said to form an excellent emollient poultice, like that ol un-

seed meal. It is also stated to have the property of preserving tatty sub-

stances from rancidity, when these are melted and kept in contact with it

for some time.

Cohort 5. Amentales.—Flowers unisexual, in ordinary amenta

or amentaceous heads. Calyx absent, or present and green,

or represented by 1 or more bristles, bracts, bracteoles, or

scales. Ovary superior, 1—2-celled. Seeds nearly always

exalbuminous. Trees or shrubs. Leaves alternate, simple,

and usually with deciduous or persistent stipules ;
or m

Casuarinacese there are no evident leaves.

Order 1. Betulace^, the Birch Order.- Character.—

Trees or shrubs. Leaves simple, alternate, with deciduous

stipules. Flowers small, unisexual, monoecious, amentaceous

with no true calyx, but in its place small scaly bracts, which m
some cases are arranged in a whorled manner. M™eflowrt

with 2 or 3 stamens opposite the bracts, female ftoweis with a

2-celled ovary, and 1 pendulous anatropous ovule>
in each ceu.

Fruit dry, thin, indehiscent, often winged, 1-2-celled 1-seede

without a cupule. Seed pendulous, exalbuminous

;

straight ; radicle superior. Bentham and Hooker include thu

order m Cupuliferx as the tribe Bettdese.

Distribution and Numlers.-Thej are V^^SSSm
the colder regions in the northern hemisphere. Ilhutoative

GeneTat-B^ Linn.; Alnus, Town. These are the only

venera ;
there are about 70 species.

t;mher°
Properties and Uses.-They are valuable for their timber,

and for their astringent, tonic, and febrifugal barks.

.Llnus-A.glutinosa, the common Alder.-Its wood ^valuable for the

pUefof bridges? and. in other cases^^^^Z^ n

damp earth is required. Its bark is
; *nd catkins have sinril

SXvaUtedforthe manufacture of gunpowder lb, bark oi A.

i8 used in Ramtschatka for making a
l^timber known as Norwaj

Betulc-B. aito, the common Birch, j
lelds the,t mbe _

n n

BrrU. The wood is also used for making charcoal
J

rom «.

MJ^
ets, and twigs of this species the oil *™" a ™U 1

"'ZZed li M
Oil Which gives the pec-Uiar odour teluiss,

,
leath ™scs. ,n,iv

also a high reputation ,u Russia, Poland, &*, in S*™[nJ^ ,,,,,, of sugar,

especially eczema. The sap contains in *e
"£hSP rf wine ; this is comj

hence ii is then used in the prepa.atio < k nd < •

fo
j

,„„„lv known as Birch wine, and is emjod - »
^ of North

those afflicted with stone or grave .-#•»».'
;

f 1 1
'

; , of R „„,„ Rnd /?.

America, is also valuable for ^^J^^'^^r^toi fromM
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Fig. 1040.

America for boats, shoe-soles, and other purposes. The bark of B Bkaju-
paltra is employed in India as'a kind of paper. The bark of B. lenta,

known in the United States as Sweet Birch or Cherry Birch, yields by
distillation a volatile oil, which is said to be
identical with that obtained from the leaves

of Gaultheria procumbens. (See Gaultheria,

page 605.)
*

Order 2. Platanacke, the Plane
Order.— Character.— Trees wit h a

watery juice. Leaves alternate, pal-

rnately-lobed, with deciduous sheath-

ing stipules {Jig. 1040). Flowers uni-

sexual, monoecious, in globular {Jig.

1040) amentaceous heads
;
achlamyde-

ous. Male flowers with 1 stamen and
a 2-celled linear anther. Female flowers

{Jig. 1040) consisting of a 1-celled ovary
and a thick style ; ovules 1—2, pendu-
lous. Fruits arranged in a compact
rounded head, consisting of clavate

achtenia with persistent styles. Seeds

1 or rarely 2, pendulous
;

embryo
straight, in very thin albumen, with
an inferior radicle.

Distribution and Numbers.—They
are natives principally of North Ame-
rica and the Levant. Platanus, Linn.,
is the only genus, of which there are
5 or 6 species.

Properties and Uses.—Of no par-
ticular importance, except that, from
their being large handsome trees, and
flourishing well in large towns, they
are commonly planted in our parks and
squares. The leaves closely resemble
in appearance those of the Sycamore
tree. The timber is sometimes used
by the cabinet-maker.

OrderS. Myricace.e, the Bog-myrtle Order.—Character.
Shrubs or small trees, with alternate, simple, resinous-dotted
leaves, which are usually exstipulate. Flowers unisexual, amenta-
ceous, monoecious or dioecious, both kinds of flowers in the
same or in different catkins. Male Jlowers achlamydeous

;

stamens definite Female flowers achlamydeous, with a 1-celled
sessile ovary, '2 styles, and 1 erect orthotropous ovule : fruit dru-
paceous; seed solitary, erect, without hairs; embryo without
albumen ; radicle superior.

Di8tribtition and Numbers.—Natives of the temperate parts
of Europe and North America, and of the tropical regions of

Fig. 10-10. Branch ofthe Plane
Tree (Platanus oHenlalU),
with amentaceous heads
of achlamydeous female
flowers.
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South America, India, and the Cape of Good Hope. IUustra,

Hoe Genera:—Myrioa, Linn.; Oomptonia, Batiks. There are

about 20 species.

Properties and Uses.—The plants of this order are chiefly re-

markable for aromatic and astringent properties.

Comptonia asphnifolia, Sweet Fern, is employed in the United States as

an astringent and tonic in diarrhoea. M„,n„ Tl,»
Mvrica.—M. cerifera, the Waxberry, Candleberry, or \\ ax Myrtle. The

bark of the root used in the United States as a stimulant astrin-

gent in diarrhoea and dvsentery and also in jaundice. The substance

temed rmricin is also deriVed from it, and is regarded as a good st.mu an

of the liver The fruits when boiled yield the kind of wax known as Ms rtle

W*x Other species of Myrica yield a somewhat similar waxy substance.

The fruit ofM sapida is eaten in Nepal. Its bark is an aromatic stimulant,

S EmployedIn some parts of India as a rubefacient and sternuatory.

^M. iV^/Stivated in Japan for its edible fruit, which is eaten both raw

and when cooked.

Order 4 Casuamnace^:, the Beef-wood Order —C h a r a c-

ter. -Trees with pendulous, jointed, striated branches, without

evident leaves, but sometimes having short toothed sheaths re-

presenting whorls of leaves, at the nodes. Flowers in bracteated

Kikes or heads, unisexual. Male flowers with 2 sepals united at

heir points, ami 2 alternating bracts- 1 stamen, and a 2-celled

ISer Female flowers in dense spikes or heads naked tu

each having 2 bracts ;
ovary 1-celled or rarely 2-celled, with 1-2

aLendmg Ivules, and 2 styles. FruUs^^J^^
collected together into a cone-shaped body hidden under the

th ckened bracts. Seeds exalbuminous ;
radicle superior.

DMution and Numbers. -These plants are principally

nativefS Australia. They are called Beef-woodJrees from the

™lmirof their timber somewhat resembling that or iaw peer.

Tn g'eraUppearancethey much resemble^^J**^
Linn., is the only genus ; it contains about

Properties and tfses.-The species of Casuanna 7*£™)
hard and heavy timber, and the bark of some is said to be tonic

and astringent.

Wm1 snec ies produce valuable timber, which IB cniefrfl

gent, and is in use in India.

Order 5. Salicace*, the Willow Order--Character -

TV s or stubs Leaves simple, alternate, deciduous * th peri

SroSciduous stipule, Flo^s J^^JS

centas.
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Fig. 1041. Fig. 1042.

minute, numerous, with long silky hairs (fig. 756) springing from
a funicle and covering the seed, exalbuminous

; embryo erect,
with an inferior radicle.

Distribution and Numbers. — Chiefly natives of cold and
temperate climates. Illustrative Genera : — Salix, Town. ;

Populus, Tourn. These are the only
genera ; there are about 250 species.

Properties and Uses.—Many species
are either valuable for their timber, or
for basket-work and other economic
purposes. The bark commonly pos-
sesses tonic, astringent, and febrifugal
properties. The hairs which invest the
seeds have been employed for stuffing
cushions, and for other purposes. The
buds of some species secrete an oleo-
.resinous substance of a stimulating
nature.

Populus, Poplar.—Several species have been
used for their timber. The bark is commonlv
fconic, astringent, and ftbrithgal owing to the Fig. 1041. Male flower of apresence of sahcru, which is official in the British species of Willow (Salir)
Pharmacopoeia. (See Salix.)

Salix—Several species are used for timber,
and for basket-work: and also for the mnun-
facture of charcoal. The timber is white : but
is wanting in strength and durability. Osiers
and Sallows are the shoots from pollard stumps
of different species, as S. viminalis, S. vitellina.

fee. A peculiar neutral principle, a glucoside, resembling the alkaloid
numine in its medicinal properties, called salicin, has been 'obtained from
the bark leaves or flowers of about twenty species of Sali.v. But thebarks of S. Russelhana, S. alba, S. Caprea, S. fragilis, S. pentandra, andV purpurea yield most of this principle. (See Populus.) As an anti-
period.c. salicin is far inferior to quinine. Latelv, however, salicin hasBeen given successfully in acute rheumatism. Salicylic acid, which mav
' btalned roni willow bark, and other vegetable substances, but isnow commonly prepared from carbolic acid, has recently, together withp si ts, but more espec.ally salicylate of soda, been extensively and suc-
cessfully used in rheumatism. Salicylic acid has also been employedwith success as an antiseptic, and in. various other wavs. Both salicin" .salicylic acid are official in the British Pharmacopoeia. The de-hction of willow bark has likewise been found beneficial as an application» tou and indolent ulcers, and in psoriasis and some other chronic skin

with two stamens, and a
single bract at their base.

Fia.1042. Female flower
of the same with bract at the
base, and a solitary stalked
ovary and style surmounted
by two stigmas.

lohort 6. Mvphorbwles.—Mowers usually unisexual, or very
rarely hermaphrodite, either with a calyx only, or with both
a calyx and corolla, or achlamydeous. Ovary superior1—many-celled, usually 2- celled

; ovules almost alwavs
suspended, 1—many in each cell, anatropous. Fruit gene-ra y capsular 1-many-celled. Seeds 1—many in each
cell oeeds albuminous, or very rarely exalbuminous, sus-pended, or very rarely ascending

; embryo straight
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Order 1. EuPHORBiACEiE, the Spurge Order.—Character.
—Trees, shrubs, or herbs, usually with an acrid milky juice.

Leaves alternate or opposite, simple (fig. 332) or rarely com-

pound, stipulate or exstipulate. Flowers unisexual (figs.

512, 551, 627, and 1043), monoecious (fig. 1043) or dioecious,

axillary or terminal, sometimes enclosed in a calyx-like invo-

lucre (fig. 1043, i); achlamydeous (fig. 627), or with a

lobed (figs 551, 641, c) inferior calyx having on its inside

glandular or scaly appendages (fig. 641, t, and 1043, &), or even

evident petals (figs. 551, p, and 641, j)), which are either dis-

tinct or united. Male fiowers consisting of 1 (figs. ol2 and

1043, fm) or more stamens (fig. 551, e), distinct or united into

one or more bundles (fig. 551, a) ;
anthers 2-celled. Female

Fig. ".043. Fig. 1044.

Fig. 1043. Monoecious head of flowers of a species of Euphorbia, i. Invo-

lucre a portion of which has been removed in front, y, g. Glands on the

divisions of the involucre. 6, b, Scales or bractlets at the base of the flowers.

fm fm Male flowers, each consisting of a stamen supported on a pedicel,

to which it is articulated, ff. Female flower, supported on a stalk. From

jussieu . Fig. 1044. Vertical section of the pericarp and seed of a carpel

(coccus') of a species of Euphorbia.

flowers with a superior ovary (figs. 641 and 642), which is either

elevated upon a stalk (Jig. 1043, ff) or sessile (figs. 611 and

642) 1- 2- 3- or many-celled
;

styles either absent or corre-

sponding in number to the cells of the ovary, entire or divided

( Has 627 641, and 642) ;
stigmas equal in number to the cells

of the ovary or, when the styles are divided, corresponding in

number to their divisions (figs. 627, 641, and 642)

;

- amies 1
or

o in each cell, suspended from the inner angle (fig. 1044),

Fruit either dry, and its component carpels then separating

from each other and from the axis (figs, bio and ,11) and

usually opening with elasticity ; or succulent and indeh.scen ,

BeSa I or 2 in each cell, suspended (fig. 1044), often caruncu-

late; embryo (fig. 1044) straight, in fleshy albumen, with

flattened cotyledons, and a superior radicle.

Diagnosis.— Herbs, shrubs, or trees, commonly with an

acrid milky juice. Flowers unisexual, monoecious or dioecious.
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Calyx absent, or present and inferior. Petals rarely present.
Male flowers with one or more stamens, distinct or united, and
2-celled anthers. Female flowers with a superior, sessile or
stalked, 1- or more celled ovary, and with 1 or 2 suspended
ovules in each cell. Fruit of 1, 2, 3, or many dry carpels,
which separate from the axis and from each other, and usually
open with elasticity

; or fleshy and indehiscent. Seeds sus-
pended

; embryo in fleshy albumen, straight, with flattened
cotyledons, and a superior radicle.

Distribution and Numbers.—They are more or less distri-
buted over the globe, and are especially abundant in equinoctial
America. Illustrative Genera:—Euphorbia, Linn.; Mercurialis
jLmn.; Ricinus, Town.

; Buxus, Town. There are above
2,500 species.

Pmperties and Uses. —These plants generally contain an
acrid poisonous principle or principles, which is found more or
less in all their parts. Some are very deadly poisons. But in
proper doses many are used medicinally as emetics, purgatives
diuretics, or rubefacients. A pure starch, which is largely em-
ployed for food, may be obtained from some plants of the order •

while India-rubber may be procured from the milky juice of
others A few are entirely devoid of any acrid or poisonous
principle, and are used medicinally as aromatic tonics Some
have edible roots

; others yield dyeing agents ; and several are
valuable on account of 'their wood.

0™7lyph? The expressed juice of the leaves possesses emetic andexpectorant properties. The root is purgative.
Aleurites triloba, the Candle-nut tree.—This plant is a native of the

.
Moluccas Coch.n China New Caledonia, &c. ; it 'yields a fruit callX theSancoulNut or Candle Nut. The seeds yield by expression an oil calledKekui ovKekum this is largely employed in some parts of the world, andhas been imported into London. It is used as an artist's oil. and has also beenrecommended as a purgative. It is said to resemble castor oil n s actronJ?* sta es that lts iUumjnating power is superior to that of Colzaon

,
but other observers say that its purgative power is verv feeble and that

yields GuSaf Ltifera, a native of Ceyt,

oil l"f'
l'n' sili,,"sis--T^ seeds yield hy expression a fixed oil. Both theOdand seeds possess active cathartic properties. The oil is also said toposa -> dn mg qualities superior to even that of boiled linseed oil. The juice«t the bark is used m Brazil for stupefving fish.

J

Bvxus.—B. sempervirens, the Box-tree, is valuable for its timber which"
h

u* by wood-engravers Its leaves are purgative.-!?! balZrS,tn< l u, key Box, also y ields valuable timber. The best is known as TurkevBoxwood, and is obtained from regions round the Black and C.aspiau Seas
7

Materia" T"
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Prti*ata thfi ™tnn >«* °' the
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b>' expression the official crntnn oil of the

ofS WlUCh 13 a,rve
!

ful W™g°S™ oarthartic in do esttrotn one-third to one minim It is also employed externallv as a rube-
1,1,1 counter-irritant. The seeds are used in India as purgative riSunder the name of Jamalgata pills. The seeds of C. RoxbnrXCcPava^

a nath-t^tvl^Vt" ?
Ur^7e P™P«««-G EluLia of Bennett'native of the Bahama Islands, yields the aromatic, bitter, and tonic bark

X X
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commonly known as Cascarilla bark, which is official in the British Pharma-
copoeia. It has an agreeable smell when burned, hence it is also used for

fumigation and as an ingredient in pastilles.

—

C. Pseudo-China yields the

Quilled Copalche bark of Pereira, and 0. tuberosum is probably the source

from whence Corky Copalche bark of the same author is obtained. Copalche

barks in their medicinal properties resemble Cascarilla. The aromatic tonic

bark known as Malambo bark is the produce of C. Malambo. It is a favourite

medicine in Columbia for diarrhoea, and as a vermifuge, and is likewise used

externallv in the form of an alcoholic tincture in rheumatism. It has beeo

also employed with good effect in intermittent and some other fevers. In

the United States it is reported to be used for adulterating ground spices.

C. laccifentm, a native of Ceylon, and C. Draco, a native of Mexico, yield

resins which are useful for making varnishes, &c. The spirituous liquor

known in the West Indies as Eau de Mantes, and useful in irregular

menstruation, is obtained from C. balsamiferum.

Crozophora tlnctoria, a native of the South of France, yields by expres-

sion a green juice, which becomes purplish under the combined action of

ammonia and the air. This purplish dye is known under the name of turnsole.

Elieococca or Dryandra Vemicia is a native of China and Japan. The

seeds vield bv expression a fatty oil (the Wood Oil "of China), which is

enorm'ouslv used in China for painting, and for preserving wood-work,

varnishing furniture, and in medicine. It is also largely exported from

Hankow. .

Euphorbia.—Some of these plants have succulent stems, much resembling

the Cactaceoj ; but their milky juice will, in most cases, at once distinguish

them. The acrid resin, commonly called gum euphorbium, the botanical

source of which has been referred to various species of Euphorbia, as

E canariensis, E. offir.inarum, E. antiquarian, and E. tetragona, has now

been traced to Euphorbia resinifera of Berg. This drug is a dangerous

acrid emetic and cathartic when taken internally, and externally it is a

powerful rubefacient ; its use medicinally is now solely confined to vetenj

narv practice. It is, however, very largely used as an ingredient in a kind

of paint emploved for the preservation of ships' bottoms. lire seeds of

E. Lathyris. Caper Spurge, are purgative, and yield by expression a very

active cathartic oil. Thev were formerly called Semina CatapuUw mwons.

This plant is called the Caper Spurge, from the use of its pickled fruits by

housekeepers as a substitute for ordinary capers. But their employment

for such a purpose is not altogether free from danger, although the process

of pickling would seem, in a great measure to destroy the acrid purgamt

nature which the fruit possesses in a fresh state, ihe root of

cuanha is commonly known as American Ipecacuanha, from itsin.se u
,

the

United States as an emetic. The root of E. corollata .
called Milk^ I n

the United States, has similar properties.-!?. ""'J „"Z
periana have very purgative qualities The root of E. nen'foluz . in greaj

repute in India as a remedy in snake-bites.—E. pdultfera a natne <g

Queensland &c, is reputed to be useful in asthma The acrid milky juicq

Te Ziluorum, I Nivulia, and E Tirucalli possesses cathartic «]
anthelmintic properties. Species of Euphorbia, as E »^. A.

JJj
and F dendroides are used n Greece to stupefy fish. Ihe milk> juice 01

E CaithuZZ'tZve of the Madras Presidency, yields a kind of Caoulf

Ch
°Fontainea Pancheri.-Vrom the seeds of this plant which is a native*

New California, a drastic oil may be extracted, which Dr. Haeckel says

closel v resembles croton oil in its properties.
. o„„,-.«uu».

Ifevea Cuavanensis (Siphonia elastica), Hcvea brasduns.s, If. ,S/»n«v« «,

and l.ro aU ft her species reives of Brazil and Guiana, are the sourc. of

Pa a
' „ lh rub or, the best commercial variety and the one mostly used m

1 coun rv The principal source is, hOWBVer, //. brasd,ens,s. Ihe com-
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mercial kind of rubber known as Maranham is also probably obtained from
one or more species of Hevea.

Hippomane Mancinella is the famous Manchineel tree. The juice is a
virulent poison. It would seem probable that the poisonous principle of
this plant is volatile, as it has been asserted that some persons have died
from simply sleeping under it. Seemann states, that if sea-water be applied
to the eyes when affected by the poison, it allays the inflammation in an
effectual manner.

Jatropha.—The seeds of J. purgans (Curcas purgans), and those of J.
multifidus (Curcas multifidtts), are called Physic Nuts. Thev vield bv
pressure fixed oils, and both the seeds and oils are drastic cathartics. The
seeds of J. multifidus under the name of Purguira or Purquira nuts are
largely exported from the Cape de Verd Island's. They are almost all 'sent
to Marseilles to be used in the manufacture of soap. The oil mar also
be used for burning, &c. ; it is known as Purguira Oil, and in English
commerce as Pulza Oil or Seed Oil. The oil of J. purgans is commonlv
distinguished as Oil of Wild Castor Seeds or Jatropha Oil, and is well
adapted for burning. It is said to be employed for adulterating East
Indian Croton oil. A decoction of the leaves is used by the natives"of the
Cape de Verd Islands to excite a secretion of milk. The seeds of J. gossv-
pifolia. Bastard French Physic Nut, also possess purgative properties.

Mallotus philippinensis (Rottlera tinctoria) .—The fruit of this plant is
covered by a red powder which consists of small glands and stellate hairs.
It is designated in the Indian bazaars, Kamala. Kamala is much employed
in India as an anthelmintic, and externally in certain cutaneous diseases.
The Arabs also use it in leprosy, &c. Kamala is official in the British
Pharmacopoeia, and is said to be especially useful for the expulsion of taenia.
But in this country its employment has not been attended with anv "Teat
mccess. Kamala has also been used externally in this country in herpetic
ringworm. Other kinds of Kamala have also been described possessing
similar properties, and which are also probablv derived from species of
Mallotus. (See also Ftemingia, page 533.)

Manihot utilissima (Jatropha Manihot), Bitter Cassava.— Cjssava Meal
which is Largely employed in making the Cassava Bread or Cakes, in com-
mon use by the inhabitants of tropical America as food, is obtained bv
grating the washed roots, and then subjecting the pulp to pressure and drvin'"-
it over a fire. The roots and expressed juice are virulent poisons, owinS
chiefly to the presence of hydrocyanic acid ; but their poisonous nature is
destroy. ,1 by washing and the application of heat. Cassava Starch, Tapioca
Meal or Brazdian Arrmvroot, and Tapioca, are also prepared from the
roots of Manihot utilissima : thus the fecula, which is deposited from the
fashed pulp after the juice has been expressed, when dried, constitutes
B«ava Starch; and Tapioca is prepared by submitting Cassava Starch
while moist to heat on hot plates. Tapioca is largely employed as a
cuetetical substance in this country and elsewhere. The sauce called Cass'i-
fflfep in the West Indies, &c ,

is the juice concentrated bv heat and flavouredmh aromatics.—Manihot Aipi, Sweet Cassava, has none of the poisonous
properties of t he preceding plant. It is now generally considered as a varietym Mamhot utdismma. '1 he root is a common article of food in the West
todies and some parts of South America. It is as mealv as a potato whenWed. Cassava meal and bread, as well as Cassava starch and Tapioca are
ajao prepared from the roots of this plant, which are distinguished as Sweettassava roots.—M. Glaziooii is the source of Ceara India-rubber.

Oldfieldta africana is the source of the valuable timber known as Africanuak or African Teak.

mhSZt
a
i

?a m'^T^S ' s 80metimeB employed in Guiana as a™>8titute lor black ink. The seed from which the embryo has been ex-tracted is said to be edible.
'
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Phvllanthus—Phyllanthus Emhlica (Emhlica qfficindU).—The fruits of

this iSn plant constitute EmUic Myrobalar*. (See Tenmnaha.) When

in a drv state thev are employed for tanning, and as an astringent m medi-

cine The fruits are likewise" used as a pickle, or preserved in sugar. 1 he

Wk is also astr u^nt, and the flowers are reputed to be refrigerant

aperient.-^ fcri and P. «WuaWa are employed as diuret.es in

Indi
il- • •„ f>.0 rWor Oil Plant, or Palma Christi.—The plant
R,cinus communis,^^^^^q^ is by some considered to

called Kikayon m the Bible and tatfM u
. ^ ^

refer to »^J^^^fffflS, Italy, and some other
cultiva ed m the Ea t a c , t ^^ ^ ^
mended as an ^^^^^'S^bS from the seeds, either
promote the secretion_of m.lk

or b decoction , or by the

bv expression^ or ^hont We a

aid of alcohol. The oil emiHoyea inl iu
,

D
obtained solely by

with few exceptions now m other ™ ™°
xt ;emelv acr i di and have

^eTdeaS^nt^produced death ; but tne ou ouu
sunposed to owe its purgative pro-

non-irritating purgative. ^ "J
" OT£ which is contained in both

perties to the presence of ome ^^g^^r has not been isolate!

the albumen and embryo, but at present tnis u
elatine capsule?, is

The so-called concentrated.castor od ^^1°"^ serious effects

generally adulterated withl croton oil and
^ Yib

P
cultivated in Algeria

^^SS&XrSiSSS ieaves. The oil has also been

being covered by a white sebaceous ^st^'
f

~
dleB) &c. The plant

found to be a pure vegetable tallow , it i ^useoi
syhatica, Queen's

fewaswssas ssaw -

- -

forms of dropsy, piles, &c.

order is closely allied to
' ^jg^J^iS'S is readily distin-

Bentham and Hooker ; but horn wnicn
fcW-f<n^

cmished by its flowers being~fac«
.

.

Indies. There are C species. Tire wood qt 6c p M^ ^ j|

ent, imbricate, hypogyn0"B^B
'

alSrn^e with, and equal if
petaloid combined. S «^tern

^
number to, the inner sepals or scales.

p { &e&] coniposed

on a disk, 2-9-celled
; J^jgS^ each nut/Ascending ;
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This order is variously placed by botanists. We put it near to

Euphorbiaceae in accordance with the views of Lindley.

Distribution and Numbers.—Mostly natives of Northern
Europe and North America. Illustrative Genera

:

—Empetrum,
Linn.; Corema, Don. There are 4 species.

Properties and Uses.—The leaves and fruit are generally
slightly acid. The berries of Empetrum nigrum, the Crowberry,
are eaten in the very cold parts of Europe, and are also em-
ployed in Greenland in the preparation of a fermented licpaor.

In Portugal, the berries of Corema are used in the preparation
of a beverage which is said to be useful in febrile complaints.

Order 4. Stilaglmace^e, the Stilago Order.—Character.—Trees or shrubs. Leaces alternate, simple, leathery, with
deciduous stipules. Flowers minute, unisexual, in scaly spikes.
Gal/yx 2—5-partite. Male flowers consisting of 2 or more
stamens on an enlarged thalamus ; anthers usually 2-lobed, with
a fleshy connective, and dehiscing transversely at the apex.
Female flowers with a superior 1—2-celled ovary, each cell with
2 suspended ovtdes. Fruit drupaceous. Seeds suspended, albu-
minous

;
embryo straight, with leafy cotyledons, and a superior

radicle. This order is made a tribe of Euphorbiaceee by Bentham
and Hooker.

Distribution and Numbers.—Natives of Madagascar and the
East Indies. Illustrative Genera :— Stilago, Linn.

;
Falconeria,

Boyle. There are about 20 species.

Properties and Uses. —Unimportant. The fruits of Antidesma
pubescens and Stilago Bunias are subacid and agreeable.

Order 5. Pen,eace.e, the Pensea Order.—Character.
Evergreen shrubs, with opposite, exstipulate, imbricate leaves.
Flowers hermaphrodite. Calyx inferior, bracteated, 4-lobed

;

eestivation 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 inde-
hiscent. Seeds varying in position, exalbuminous

;
embryo with

very minute cotyledons.
This order is sometimes placed near Proteacese, but it is espe-

cially distinguished from that order by its ^-celled ovaiy and 4-
celled fruit.

Distribution and Numbers.—They are only found at the Cape
of Good Hope. Illustrative Genera :—Pentea, Linn.; Geisso-
loma, Lindl. There are over 20 species.

Properties and Uses.—Unimportant.

Penwa.—The gum called Sarcocolla is commonly said to be derived from
rt,,a<i Sarcocolla, P. mucronata, and oilier species of Feiuea. It was for-
merly employed as an external application to wouijds and ulcers, under the
idea that it possessed the property of agglutinating the flesh, whence its
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name. It is imported into Bombay from the Persian port of Bushire ;

and Dymock thinks there can be little doubt that the Sarcocolln plant will

prove to be a species of Astragalus, or of some nearly allied genus.

(See Astragalus.)

Order 6. Lacistemace^e.—The Lacistema Order.—Charac-
ter.

—

Shrubs. Leaves simple, alternate, dotted, stipulate.

Flowers in axillary catkins, perfect or unisexual. Calyx inferior,

with several divisions, enclosed by a bract. Stamen 1, hypogy-

nous, with a 2-lobed connective, each lobe bearing 1 cell of the

anther, which bursts transversely. Ovary superior, seated in a

disk, 1-celled, with numerous ovules attached to parietal pla-

centas. Fruit capsular, 1-celled, 2—3-valved. /Seeds generally

2 or 3, arillate, suspended, with fleshy albumen.

Distribution., Numbers, and Properties.—N atives of woody

places in tropical America. Illustrative Genera :—There are

2 genera, namely, Lacistema, Sivartz, and Synzyganthera, R.

el P. , which contain 6 species. Their properties and uses are

unknown.

Cohort 7. Piperales.—Flowers hermaphrodite or unisexual,

generally arranged in a spike or a spadix. Calyx usually

absent, or when present rudimentary. Ovary superior,

generally 1-celled, 1-ovnled, or 3—4-celled with a few

ovules. Seed albuminous (except in Ceratophyllum) ;
em-

bryo usually minute.

Order 1. PiPERACEiE, the Pepper Order.—Character.—

Herbs or shrubs with jointed stems. Leaves opposite, whorled,

or alternate, and with or without stipules. Flowers spiked,

hermaphrodite or sometimes unisexual, achlamydeous, brac-

teated. 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 ;
em&ryd

in a distinct fleshy sac at the apex of the seed, and on the outside

of abundant albumen.
.

Distribution and Numbers.—Natives exclusively of tropical

regions, especially in America and the islands of the Indian

Archipelago. Illustrative Genus .—Piper, Linn, There are

above 600 species. . . „

Properties and Uses.-The plants of tins order are chiefly

remarkable for acrid, pungent, aromatic and stimulant pro-

perties. These qualities are principally found in thea fiuits

and are essentially due to the presence of an acrid volatile oil

and resin. Some are narcotic, and others are reputed to be

astringent and febrifugal.

P,V.,._The dried leaves of Piper anyusO folium (Artan*he ^f>gam

constitute theoS Matioo of the British Pharmacopeia. M»tH"ohM

Zt tnlmendod as a topi... application tor arros bxmorrha^ froj

wounds, &e. It has been also employed internalh as a Btj pt.c, but iw
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effects thus administered are very feeble. Its action appears to be more

especially mechanical, like lint, felt, &c. In Peru Matico 1S employed

for the *ame affections as Cubebs. It should be noticed that the name

Matico is applied by the inhabitants of Quito, &c, to Eupatonum glutmosum

(<ee Eupatorium).
"

Other plants are also similarly designated in different

parts of South America. The dried fruits of Piper aduncum and other

specie* are used in America as pepper; and its leaves, as first noticed by

the author, are frequently substituted in this country for those of Piper

angustifoHum. The fruits' of P. crocatum are employed for dyeing yellow.

The dried unripe fruits of Piper Cubeba (Cubeba officinalis) constitute

the official Cubebs of the British Pharmacopoeia. Cubebs are the produce

of Java and the adjoining islands. They are extensively employed m
affections of the genito-urinary organs, upon which they are generally

supposed to have a'specific effect. In the East they are used as a stomachic.

Their properties depend principally upon two resins, but also to some extent

upon the presence of a volatile oil. This oil is also official in the British

Pharmacopoeia. They are frequently distinguished by the name of Tail

Pepper, from the dried fruits having a short stalk attached to them. The

dried unripe fruits of Piper Clusii, African Cubebs or Black Pepper of

Western Africa, are employed by the negroes of Sierra Leone, &c, as a

condiment, and also in medicine. Their effects in genito-urinary affections

do not appear to resemble those of the official Cubebs. According to Sten-

house thev contain Piperine, and not the peculiar alkaloid of Cubebs, which

has been' termed Cubebine.—P. nigrum, Black Pepper. The dried unripe

fruits of this plant constitute the Black Pepper of the shops, and that which

is official in the British Pharmacopoeia. 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 used as condiments, and

niedicinallv as stimulants and correctives. They are also regarded as some-

what febrifugal. They contain an acrid resin and volatile oil, to which their

acrid, pungent, aromatic, and stimulant properties are essentially due ; and

Piperine which possesses to some extent febrifugal properties.

—

P. rnethy-

sticum or Piper trioicum, and probably other species, also produce good

pepper. The dried unripe spikes of fruit known in commerce as Long
Pepper are chiefly imported from Singapore and Calcutta, and are the pro-

duce of Piper officinarum or Chavica officinarum, and Piper longum or

Chavica Roxburghii. Long Pepper contains an acrid resin, a volatile oil,

and the crystalline alkaloid called Piperine. It resembles Black Pepper in

its effects, and is used in similar cases. It is chiefly employed for culinary

purposes. Dried slices of the root are in great repute among the natives of

India under the name of Peepla Mool, as a stomachic. The leaves of P.
Betle, Betel Pepper, and P. Siriboa are chewed by the Malays and other

Eastern races, mixed with slices of the Betel Nut (Areca Catechu), and a

little lime. Betel as thus prepared is considered to impart an ornamental
red hue to the lips and mouth, and an agreeable odour to the breath, and is

also -upposed to possess stimulant and narcotic properties, and to be a pre-

servative against dysentery. (See Areca.)—P. Jaborandi is one of the

plants yielding a kind of Jaborandi. (See Pilocarpus.)

Macrnpiper methysticum.—The large rhizome of this plant is known in

the South Sea Ishmrts under the name of Ava, where it is largely used in

the preparation of an intoxicating and narcotic liquor, called Ava or Cava.
It is also employed medicinally in chronic rheumatism, erysipelatous erup-

tions, and venereal affections. It has been lately tried successfully in France
as a remedy in gonorrhoea.

Order 2. Saururace^e, the Saururus Order.—Character.
—Marshy herbs. Leaves entire, alternate, stipulate. Flowers
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spiked, achlamydecms, hermaphrodite. Stamens 3—6, hypogy-
nous, persistent. Ovaries 3—4, usually more or less distinct, and
each with a solitary erect ovule, or sometimes united and with
a few ascending ovules. Fruit either consisting of 4 fleshy in-

dehiscent achaenia, or capsular and 3—4-celled. Seeds ascend-
ing, with a minute embryo in a fleshy sac on the outside of

hard mealy albumen. This order is included by Bentham and
Hooker in Pipe.racese, as the tribe Saururese.

Distribution and Numbers.— Natives of North America,
Northern India, and China. Illustrative Genera:—Saururus,

Linn.
;
Houttuynia, Thunb. There are about 7 species.

Properties and Uses.—They have acrid properties, and are

reputed to be emmenagogue. Some are also astringent.

Anemnpsis californica is known in California as ' Verba Mansa,' and an
infusion of its roots and the external application of these in powder are re-

garded as very valuable remedies in venereal sores. The powder is very

astringent and is also used as an application to cuts and sores.

Saururvs cernuus, a native of North America, is said to be a valuable

remedy in inflammatory affections of the genito-uriuary organs, and also

externally as a soothing discutient cataplasm.

Order 3. Chloranthace.e, the Chloranthus Order.—Cha-
racter.

—

Herbs or undershrubs with jointed stems, which are

tumid at the nodes. Leaves simple, opposite, sheathing, with

small interpetiolar stipules. Flowers in terminal spikes,

achlamydeous, with scaly bracts, hermaphrodite or unisexual.

Stamens 1, or more and united. Ovary 1-celled, with a solitary

pendulous ovule. Fruit drupaceous. Seed pendulous, with a

minute embryo (not enclosed in a distinct sac) at the apex of

fleshy albumen ; radicle inferior.

Distribution and Numbers.— Natives of tropical regions.

Illustrative Genera :—Hedyosinum, Swartz
;
Chloranthus, Swart:.

There are about 15 species.

Properties and Uses.—Aromatic stimulant properties are the

principal characteristics of the plants of this order.

Chloranthus.—The roots of C. officinalis and C. brachystachys have been

emploved in Java as a stimulant in malignant fevers, and for their antispas-

modic effects. The flowers of C. inconspicuus are used in China to perfume

tea. (See Thea.)

Order 4. Ceratophyllace-e, the Hornwort Order.—Cha-

racter.—Aquatic herbs. Leaves verticillate, very finely divided.

Flowers minute, axillary, sessile, monoecious. Calyx or rather

involucre of bracts, inferior, 8—12-partite. Malefower consist-

ing of 12—20 stamens ; anthers sessile, 2-celled. Femob- flmot <

with a superior 1-celled ovary, and 1 pendulous orthotropous

ovule. Fruit hard or nut-like, indehiscent. Seed exalbuminousj

pendulous; embryo with a large many-leaved plumule, and a

very short inferior radicle.

Distribution and Properties.—Natives of the northern hemU
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sphere. Ceratophyllum, Linn. , is the only genus. The proper-
fcies and vises of the species are unknown.

Cohort 8. Nepenthales.—Flowers unisexual, dioecious. Calyx 4-

partite, imbricate. Stamens monadelphous. Ovary superior,
3—4-celled. Ovules very numerous, attached to the sides of
the septa. Fruit a loculicidal capsule. Seeds very minute,
albuminous. Climbing plants. Leaves alternate, terminated
by pitchers.

Order 1. Nepenthace^e, the Pitcher-plant Order.—Cha-
racter.

—

Herbs or somewhat shrubby plants. Leaves alternate,
and when perfect terminated by a pitcher which is provided with
an articulated lamina {fig. 390). Flowers terminal, racemose,
unisexual, dioecious. Calyx inferior, with 4 divisions. Stamens
usually 16, united into a column; anthers 2-celled, extrorse.
Ovary superior, 4-angled, 4-celled. Fruit a capsule, 4-celled,
with loculicidal dehiscence. Seeds very minute, numerous,
albuminous

;
embyro with an inferior radicle.

Distribution, Numbers, and Properties.—Natives of swampy
ground in China and the East Indies. Nepenthes, Linn., is the
only genus

; it includes about 14 species. Their properties are
unknown ; but they are remarkable from their pitchers entrap-
ping and digesting insects and other animal matters, from the

i formation of a digestive ferment by their glands.

Series 2. Inferte or Epigynae.

(Cohort 1. Asarales.— Flowers hermaphrodite or unisexual.
Calyx usually coloured. Stamens epigynous in the herma-
phrodite flowers. Ovary inferior, 1— many-celled. Ovules
numerous. Fruit baccate or capsular. Seeds usually albu-
minous

;
embryo minute, and sometimes amorphous.

Order 1. Aristolochiace^e, the Birthwort Order.—Cha-
r ac t e r.—Herbs or climbing shrubs. Leaves alternate. Flowers
axillary, hermaphrodite (fig. 1045), dull-coloured, regular or
irregular. Calyx tubular, superior (fig. 1045), with a valvate
aestivation. Stamens 6—12, arising from the top of the ovarv,
and more or less attached to the style (fig. 1046); anthers
adnate, extrorse. Ovary inferior (fig. 1045), 3—6-celled with
numerous ovules

; style simple
; stigmas radiating (fig. 1046),

and corresponding in number to the cells of the ovary. Fruit
capsular or succulent, 3—6-celled. Seeds numerous, albuminous
Kfi'J- 104;); embryo very minute (fig. 1047).

Distribution and Numbers.—Sparingly distributed in several
parts of the world, but most common in tropical South America.
Jiustrahve Genera:—Asarum, Tourn.

; Aristolochia, Town.
• lnere are about 130 species.
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Fig. 1045. Fig. 1046.

Properties and Uses. —These plants contain a bitter principle

and a volatile oil, and generally possess tonic, stimulant, and

acrid properties. Many of the species are regarded in various

parts of the world as useful in curing the effects of snake-

bites.

Aristnlochia, Birthwort—Several species have been employed for cen-

turies in medicine, principally on account of their supposed emmenagogue

properties, and hence the name of Birthwort which is applied to the genu.

The roots of A. longa, A. rotunda, A. ClemaUtv, and others have been thus
ine toils ui ^ y ^ pogge8a stimulnnt an(i tonic pro-

perties. The powdered root of A. longa was an

ingredient in the once celebrated Duke of Port-

land- s powder for gout. Several of the species

have been reputed specifics for snake-bites, but

without any satisfactory proof'.—A. anguiada is

supposed by Lindlev to be the celebrated Guaco

of the Columbians.
' The juice of its root, as well

as that of manv other species, is said so to stupefy

snakes that thev may be handled and played

with.—A. Serpentaria, Virginian Snake-root.

The dried rhizome and rootlets are official, together

with the similar parts of A. reticulata, in the

British Pharmacopoeia, under the name of Serpen-

tarv Rhizome. Serpentarv rhizome was originally

introduced into this country and elsewhere as an

antidote to snake-bites, but it has no efficacy in

such cases. It is, however, a valuable stimulant,

tonic, and diaphoretic, and is especially usefu in

fevers of a low or tvphoid character. The allied

species, A. reticulata, is a native of the \Y estern

United States, and is also now official, as already

stated, in the British Pharmacopoeia. It yields

Texan or Bed River Snake-root, which has similar

properties to the ordinary Virginian Snake-root.

_i. indica is in high repute in India as a stimu-

lant, tonic, and emmenagogue.-^. bractenta is

regarded in India as an anthelmintic.-.*, re-

curvilabra is the source of the drug which is

highly esteemed by the Chinese, and known as

' Green Putchuk.' It is reputed to be a powerful

mirgative, emetic, and anthelmintic. It is prin-

cely employed as an antidote
[

against snake-

bites, and likewise as a remedy "for burns and indigestion. It is also largeh

used tor the purpose of making incense sticks.
nr0nerties It has

Amrum.-A europium, Asarabacca,V^^ ^Z^^ and

seat<*es^J&^&»^
diaphoretic, and aromatic stimulant.

Wallichii is regarded as an
Bragantia.-Tho juice, of the leaves of B H W » tomen,

antidote in snake-bites, but more especially ot those ot tlie coora.

tosa is used by the Japanese as an emmenagogue.

Order 2. Cytinace*, the Oistus-iape O^f-T^^l
-Root-parasites destitute of chlorophyll, and w th a ungog

texture. Flowers hermaphrodite or unisexual, and either soli

Fig. 1047.

.Ftp. 1045. Vertical section

of the flower of the com-
mon Birth \vort(Aristolo-

chia Ctemalitis). Fig.

1046. The gyncecium and
nndrcecium of the same.

Fig. 1047. Trans-

verse section of the seed.
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tary and sessile, or clustered at the end of a scaly stem. Calyx
tubular at the base, 3—6-partite. Anthers sessile, opening
longitudinally. Ovary 1-celled, inferior ; ovules very numer-
ous ;

placentas parietal. Fruit 1-celled, with numerous seeds
imbedded in pulp. Seeds with or without albumen

;
embryo

minute, amorphous or dicotyledonous. This and the next order
are frequently combined together in one order, Cytinacem.

Distribution and Numbers.—Parasitic on the roots of Cistus,
• 'id upon fleshy Euphorbiaceaj and other succulent plants.

They occur in the South of Europe and Africa. Illustrative

Genera:— Cytinus, Linn.; Hydnora, Thunb. There are about
7 species.

Properties and Uses.—Some have astringent properties, as
Cytinus Hypocistus. A kind of extract is made from this plant
iu the South of Europe, and used, under the name of Succus
Hupocistidis, in diarrhoea, and for arresting haemorrhage.

—

Hyd-
nora africana has a putrid-animal odour, but when Toasted it is

eaten by the native Africans at the Cape of Good Hope.

Order 3. Rafflesiace,e, the Rafflesia Order.— Charac-
ter.— Boot-parasites, devoid of chlorophyll, without evident
stems or leaves, and with a fungoid texture. These plants

. consist essentially of flowers (Jig. 258) sessile upon the branches
of trees, and surrounded by scaly bracts. The flowers are herma-
phrodite, or unisexual and dioecious. Calyx 5-partite (fig. 258),
tubular

; the throat surrounded by a number of thickened scaly
processes, which are either distinct from each other or united
into a ring. Anthers placed upon a column which adheres to
the calyx, 2 -celled ; and either distinct, and each opening by a
pore, or united into a many-celled body, and opening by a
common pore. Ovary 1-celled, inferior ; ovules very numerous

;

placentas parietal. Fruit indehiscent. Seeds very numerous,
with or Avithout albumen

;
embryo amorphous or dicotyledonous.

Thin order, as mentioned above, is sometimes included in Cytinaceee.
LHstribiition and Numbers.—Parasitic upon the stems of Cissi

in the East Indies, and on Leguminous plants in South America.
Illustrative Genera:— Rafflesia, B. Br.; Brugmansia, Blum.
There are about 1G species.

Properties and Uses.—Some have styptic and astringent pro-
perties. They are chiefly remarkable for their flowers^" some of
which are of gigantic size. (See page 132).

Cohort 2. Quemales.—Flowers unisexual ; male clustered or in
catkins

;
female solitary, clustered, or in catkins. Calyx

green, in the male flowers reduced to a scale, or lobed ; in
the female flowers 2—6-lobed or toothed. Ovary inferior,
1—6-celled. Ovule 1, erect, or 1 or more, pendulous. Fruit
usually 1-seeded. Seeds exalbuminous. Trees or shrubs.
Leaves simple or pinnate, alternate.
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Order 1. Juglajjdace^:, the Walnut Order.

—

Trees. Leaves

alternate, pinnate, exstipulate. Flowers unisexual (fig. 1048).

Male flowers in amenta {fig. 1048); with an irregular calyx, or

a simple scale. Female flowers solitary, or in small terminal

clusters, or amenta, without a cupule
;
calyx superior, regular,

3—5-lobed
;

ovary inferior, 2—4-celled at the base, 1-celled

above ; ovule solitary, erect, orthotropous. Fruit called a tryma

(page 318). Seed (fig. 1049) 2—4-lobed, exalbuininous
;
embryo

with sinuous oily cotyledons, and a short superior radicle.

Distribution and Numbers. — Chiefly natives of North

America, but a few are found in the East Indies, Persia, and

the Caucasus. Juglans regia, the Walnut tree, is a native of

Fig. 1048. Fig. 1049.

Fill. 1048. Stavninateamentum
of the Walnut tree (Juglant

regia) : the flowers are se-

parated bv scaly bracts.

Fig. 1019. Seed of the Wal-
nut tree.

the countries between Greece and Cashmere. IUiistrative

Genera.—Juglans, Linn.; Carya, Nutt. There are about 30

SP&
Properties and Uses. -Chiefly important for their valuable

timber, and for their oUy edible seeds.

Carya.-Carya alba is the common Hickory, valuable for its timber, and

for its edible seeds, which are known as Hickory *«t*.-C.ol,,*,..n,

yields an ol ve-shaped or somewhat elliptical seed resembling the alnut and

Su korv in flavour, which is known as the Pevcan Nut.
.

These nu s ave

11. finest flavour of any species of this genus ;
they also yield a fixed oil by

SesSSwhTchia palatable. Both Hickory and t>eccan nuts arc>oceasion-

allT mporte l into this country.-C. porcina v elds an cd.ble seed which s

termed the Pig or Hog Nut It is consumed by pigs, squirrels, &c. Its

woo l is regarded as superior to that of either of the other species of Carya.

/Za^-J.r%m,tho. Walnut, is valuable for its hard rich deep brown

beauXu? markel *ood. This is much employed in^S^Thl
work and' for (run stocks. The unripe fruit is also used for pick inf.. ine

^d o Ss^i^t is our well-known edible Walnut Tins >
leds by expres-

sion a useful fixed oil of a drvimr nature like Linseed oil. It mav t)i .

filoved forbuS in lamps aiul in cookery. The pericarp has had a repu-

ffi S aSe from the time of Hippocrates. The bark possesses
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cathartic properties.

—

J. nigra, the Black Walnut, a native of North
America, is also esteemed for its timber.

—

J. cinema, the White Walnut or
Butter-nut, is another useful timber tree. The inner bark of its root, which
is official in the United States Pharmacopoeia under the name of Butter-nut,
is employed as a mild purgative. When applied to the skin it also acts as
a rubefacient. The substance termed juglandin is obtained from this bark ;

it is regarded as a useful remedy in habitual constipation. The unripe fruit

is used for pickling ; and the ripe seed is edible like our common walnut.

Order 2. Corylace^: or Cupulifer^:, the Oak Order.

—

Character. — Trees or shrubs. Leaves (fig. 205) alternate,
usually feather-veined (figs. 312 and 313), simple, with decidu-
ous stipules. Flowers monoecious. Male flowers clustered or in
amenta (fig. 397), and with or without bracts ; stamens 5—20
(fig. 1050), inserted into the base of a membranous calyx, or of
scales or bracts. Femalefioivers solitary or amentaceous, and sur-
rounded by an involucre of bracts (fig. 1051), which ultimately
form a cupule (figs. 400 and 401) round the ovary and fruit

;

loewn/ inferior, surmounted by a rudimentary calyx, 3- (fig. 1052)
or more celled ; ovules 2 in each cell or solitary, pendulous or

Fig. 1C50. Fig. 1051. Fig. 1052.

Fig. 1050. Male flower of a species of Oak (Quercns). Fig. 1051. Female
flower of the same. Fig. 1052. Transverse section of the female flower.

peltate
;
stigmas almost sessile. Fruit a glans or nut (figs. 400

. and 401), 1-celled by abortion, more or less enclosed by the
I cupule. Seeds large, 1 or 2, exalbuminous

; cotyledons thick,
fleshy or farinaceous ; radicle superior,

Bentham and Hooker include the order Betulacesa in the
I Cupuliferse (see page 668), and divide the order as thus consti-
' tuted into three tribes as follows :—Tribe 1. Betulere. Tribe 2.
Corylese. Tribe 3. Quercinefe.

The Betuleae are at once distinguished by their superior
ovary, and the absence of a cupule from the two latter

; and the
( Coryleaa from the Quercineaj by the male flowers being achla-
r mydeous, and having one ovule in each cell of the ovary

; the
latter having a 3—7- lobed ovary, and 2 ovules in each cell.

Some authors, again, divide this order into two orders
Corylacere and Cupuliferse.

Distribution and Numbers.—They abound in the forests of
temperate regions. A few occur in the high lands of tropical
>and hot climates. Blustrative Genera:— Carpinus, Town

' Corylus, Tourn.
; Quercus, Town. There are nearly 300 species'
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Properties and Uses.—Most important on account of their

valuable timber. Many yield edible seeds, and some have

highly astringent barks and cupules.

Carpinus.— C. Betvhis, the Hornbeam, and C. americanus, are well known

for their timber, which is principally employed for making agricultural im-

plements, and for the cogs of mill wheels.

Castanea.—C. vulgaris ( vesca) is the Spanish Chestnut, which is much
cultivated for its timber, and for its edible fruits or nuts. These nuts are

principally imported from Spain, where they are largely employed as an

article of food by the agricultural classes.

—

C. americana, a native of the

United States, also yields a much smaller, but very sweet, kind of Chestnut,

which has been occasionally imported.

Corylus Avellana, the common Hazel, is the origin of the most anciently

used and most extensively consumed of all our edible nuts. There are

several varieties of the Hazel, as the White, Red, and Jerusalem Filberts ;

the Great and Clustered Cobs ; the Red Smyrna, the Black Spanish, the

Barcelona Nuts, &c. The importation of these alone into this country

is, on an average, 150.000 bushels a year. The oil which is obtained from

them by expression is occasionally employed by artists and watchmakers.

Good charcoal is also obtained from the branches of the Hazel.

Fagus.—F. si/lvatica, the Common Beech, is well known for its timber.

The fruits (Beech-mast) form a food for pigs. The fruit of F.ferrugiw a ia

eaten in North America. The seeds of some species yield by expression a

fixed oil. . .

Ostrya vulgaris (virginicn) possesses a very hard wood, which in America

has been called in consequence Iron-wood. It is also termed Lever-wood

from its being used for making levers.

Quercus.—The timber of several species of this genus is employed tor

ship-building, and other important purposes
;
namely, that of the Q. Robur,

the common British Oak, of which there are two varieties, which by some

are regarded as distinct species, and called Q. pedunculata and Q. sessih-

flora ; that of the Q. Cerris. Turkey or Adriatic Oak ; of the Q. alba W nte

"Oak • the Q. rubra, Red Oak ; the Black Oak (Q. tinctoria) ; the Q. Ilex;

and the Live Oak (Q. virens), and others. Many Japanese species also

yield valuable timber. The bark of several species is astringent, and largely

employed in tanning, &c. ; that of Quercus Robur var. pedunculata is most

esteemed The dried bark of the smaller branches and young stems of this

plant is official in the British Pharmacopoeia, and is employed in medicine

as an astringent and tonic. The fruits (acorns) of this and the other specieB

or varieties which are natives of this country have been also generally recom-

mended as food for cattle, but recent experience would seem to show t hat

they possess injurious properties. The outer bark of Quercus 6uber the

Cork Oak, constitutes the cork of commerce. '1 he bark obtained from t He

voum'er branches of the same tree is also imported into this country trom

Spain. It is commonly known as European Alcoruoque Bark, and is usea

for tanning purposes. " (See Bowdichki.) The inner hark of older stems is

also imported as cork-tree bark,and similarly employed.- Quercus ./»*.

The acorn-cups (cupules) of this species are imported trom the Levani

under The name of' Vatonia , the dried half-matured acorns ot the s,me

plant are. also imported under the name of Cnmata ;
and the very >ouM

These three articles arc valuable for heir tanmngH
wrties.-Quercus tinctoria, the Black Oak, has already been noticed as

»

va able timber tree. Its bark is called Quercitron B,rk
;

,t is used

tannin"- and in this country its inner portion is also employed <<»r h eing

yeUowf The bark of Quercus alba is official in the United States Pimm*
oopceia. where it is employed for its astringent, febrifugal, and tome

,

proper-

ties. The bark of Q. aquatiea, a North American species, and that ol Q,
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Ilex, a South European species, is also employed by tanners.— Quercus

sinensis, a. native of China, yields a dye.— Quercus coccifera, the Kermes
Oak. has its young branches attacked by a species of Coccus, by which little

reddish balls" are formed upon their surface, which were formerly much
used as a crimson dye. The young branches of Oak trees are especially

liable to be punctured by insects, by which the morbid excrescences com-

monly called galls are produced. The more important of these excrescences

form the Nut Galls of commerce; they are produced on the branches of

Quercus lusifanica, var. infectoria by the Cynips Gallse tinctorial. They
are alone official in the British Pharmacopoeia ; and are also extensively

employed in tanning, for the preparation of the official tannic and gallic

acids, for making ink, and for other purposes in the arts. They likewise

possess tonic, astringent, and antiperiodic properties. Pereira also regarded

them as a valuable antidote in poisoning by tartar emetic. The best Nut
Galls come from the Levant. Two kinds are commonly distinguished under
the names of blue and white galls. The dark-coloured galls, which are

imperforate, are the most valuable. The round smooth galls, now frequently

found on the lower branches of the Oaks in this country, although containing

tannic acid, are far less valuable than commercial nut-galls. These are

formed by the Cynips Kollari of Giraud. The large Galls known as Mecca
or Bussorah Galls, Dead Sea Apples, and Apples of Sodom, are said to be
produced on Q. lusitanica by Cynips insana The acorns of some species of

Quercus, as Q. Ballota, Q. Gramuntia, Q. JEsculus, and Q. Hindsii, are

edible; also those of Q. cornea in China, and of Q. cuspidata in Japan.

Cohort 3. Santalcdes.—Flowers hermaphrodite or unisexual.
Calyx usually conspicuous, coloured, valvate in restivation.

Stamens equal in number to, and opposite the lobes of, the
calyx. Ovary inferior, mostly 1-celled ; ovules 1 or more,
devoid of integuments. Fruit usually baccate or drupaceous.
Seed solitary, albuminous. Usually parasitic herbs or shrubs.
Leaves, when present, entire.

Order 1. Loranthace.e, the Mistletoe Order.— Character.—Parasitic shrubs, Leaves greenish, commonly opposite, ex-
stipulate. Flowers hermaphrodite, or unisexual and dioecious.

Cahj.c superior, with 4—8 divisions; (estivation valvate; some-
times absent. Stamens equal in number to, and opposite the
lobes of, the calyx. Ovary inferior, 1-celled, with 3 ovules,

suspended from a free-central placenta, or 1 erect and arising
from the base of the ovary. Fruit commonly succulent, 1-celled,
with a solitary seed

;
embryo in fleshy albumen, with the radicle

remote from the hilum.
Distribution and Numbers.—They are principally found in

the hotter parts of America and Asia. Three species are natives
of Europe, and a few occur in Africa and some other regions.
Illustrative Genera: — Myzodendron, Sol.

;
Viscum, Town.

;

Loranthus, Linn. There are above 400 sp>ecies.

Properties and Uses.—Unimportant. Some are astringent.

Loranthus tetrandus, a native of Chili, produces a black dye.
Viscum album is the common Mistletoe. It is parasitic cn many Ire s

in this country, as Willows, Thorns, Limes, Elms, Oaks, Firs, and especially
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the Annie tree. The Mistletoe of the Oak, which is very rare, was an ob-

ject of superstitious veneration by the Druids. The fruit has a ™c.dpulp

which is sometimes employed for making b.rd-hme. It is said that the

fruits when eaten produce severe poisoning symptoms, the effects resembling

those of alcoholic intoxication. Its bark has astringent
i

properties. The

plant is now out of use as a medicinal agent, but was formerly in grea

repute as an antispasmodic. The leaves of V. motwicum, a plant which 10

para^tk on StrycLs fc-«te,were found in India to possess similar

poisonous properties to that plant, from growing upon it, and to be useful in

like cases to it in medicine.

Order 2 Santaiace;e, the Sandal-wood Order. —Charac-

ter —Herbs shrubs, or trees. Leaves entire, alternate. Flowers

usually hermaphrodite. Calyx superior 4-5-cleft valvate in

estivation. Stamen* perigynous, equal in number to and

opposite the segments of, the calyx. Ovary 1-celled inferior

;

ovules 1—4, usually suspended; placenta free-central. Hrwt

indehiscent, 1-seeded. Seed with a quantity of fleshy albumen

;

embrvo straight, minute; radicle superior.
_

Distribution and Numbers. -Natives of various parts of the

world The species found in North America and Europe are

^conspicuous herbs; those of India, Australia, Ac., are trees

or shrubs The genus Thesium is partially parasitic on the roots

of other plants Illustrative Genera .--Thesium, Lmn. ;
Sanj

talum Linn. There are about 120 species.

Parties and Uses.-Some of these plants, as
.

Thesium are

slightly astringent; others have a fragrant wood; and a few

produce edible fruits and oily seeds.

Fnsanus acuminata (
Santalum cygtwrum)* the f™*™**^^

tralia The fruit is edible, and resembles Almonds m flavour. I his tree

also yields a kind of|-«v Sndt" T„e"wood called Sandal- wood

• ^JrlX^or its^ fragrance It is sometimes used as a perfume ;
but ,ts

'l^^MbX^ ™ the Chinese temples, and in India m the

SrZn7sepulchral rites, S^ZtrZ ffS^

produce the Sandal-wood ^^^-J^JSJi, »b,t from NeW

h^f^S%^^ant ZcLinatus) and 8.^ thai

from Western Australia. (See Fusanus.)

™fv liS. of ITwoS, which »e commonly unU«u4
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Stamens usually 3—5, or sometimes 1, in the former case more or

less united or distinct. Female flowers very minute, with a

tubular superior calyx, the limb either wanting or present and

bilabiate. Ovary inferior, usually 1-celled
;
styles 2 ;

ovule soli-

tary, pendulous. Fruit small, more or less compressed, in-

dehiscent. Seed solitary, albuminous, with a lateral undivided

or amorphous embryo.

Distribution and Numbers.—These plants are parasitical 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,

etc. Illustrative Genera

:

—Cynomorium, Michel
;
Balanophora,

Forst. There are, according to Sir Joseph Hooker, 37 species.

Properties and Uses.—Many are remarkable for their astrin-

gent properties ; others are edible, as Ombrophijtum, a native of

Peru, and Lophophytum of Bolivia ; and some secrete a kind of

wax.

Balanophora.—In the mountainous districts of Java the natives make
candles from a species of Balanophora, as follows :—The parasite is heated

in an iron pan, after which bamboo sticks covered with cotton are. dipped

into the melted mass, when the waxy substance of the plant adheres to

them. This so-called wax is, according to Dr. de Vrij, a mixture of at

least two resins and a vegetable fat.

Cynomorium coccineum is the Fungus melitensis of pharmacologists. It

has had a great reputation as a styptic.

Langsdorffia hypngwa.—This species yields so large a quantity of wax,
that candles are made of it in New Granada. The stems are also said to be

collected near Bogota, ' and sold under the name of Siejos, and used as candies

on saints' days.'

Artificial Analysis of the Orders in the Sub-class

MONOCHLAMYDEiE Or INCOMPLETE.

{Modifiedfrom Lindley.)

1. A c Ii 1 a m y d e o u s Flowers.

A. Leaves stipulate.

a. Flowers unisexual.

Ovary 1-celled.

Ovules numerous . ... Salicacete.

Ovules 1
—

'i.

Ovule erect Myricacem.
Ovule pendulous Ptatmaceie.

Ovary 2 or more celled.

Seeds few, not winged Euphorbiacex.

b. Flowers hermaphrodite.

Carpel solitary.

Ovule erect. Embryo in a vitcllus . . . Piperaeem.
Ovule suspended. Embryo naked . . . Chlorantltacece,

Carpels sr.veral.

Ovule erect. Embryo in a vitcllus . . . Saururacete.

Y Y
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B. Leaves exstipulate.

a. Flowers unisexual.

Ovules very numerous ....
Ovules solitary, or very few.

Flowers naked.
Ovary 1 -celled

Flowers in an involucre.

Anther-valves recurved

Anther-valves slit.

Embryo on the outside of the albumen

Embryo enclosed in the albumen

b. Flowers hermaphrodite.

Embryo in a vitellus

Embryo without a vitellus . . .

. Podostemaceee

. Myricacex.

. Atherospermaceiu.

. Monimiacex.

. Euphorbiacex.

Piperacex.

Podostemacex.

2. Monochlamy deous Flower

A. Ovary inferior, or partially so.

a. Leaves stipulate.

1. Flowers hermaphrodite

2. Flowers unisexual

b. Leaves exstipulate.

1 . Flowers hermaphrodite.

Ovary 3—6 celled. Ovules numerous

Ovary 1-celled. Ovules definite.

Ovules with a naked nucleus. Leaves opposite .

Ovules with a naked nucleus. Leaves alter-

nate
Ovules with a coated nucleus .

2. Flowers unisexual.

Amentaceous .

B. Ovary superior.

a. Leaves stipulate.

1, Flowers hermaphrodite.

a. Carpel solitary.

Stipules ochreate

Stipules distinct

b. Carpels more than one, combined.

Seeds exalbuminous.

Calyx imbricate

Seeds'albuminous.

Styles or stigmas

2. Flowers unisexual.

a. Carpel solitary.

Cells of anther perpendicular to the filament

Cells of anther parallel to the filament.

Embrvo straight.

Sap*watery. Stipules small.

buminous
Sap milky. Stipules large,

albuminous .

2. Leaves not dotted

Seeds albu-

Seeds cx-

A ristoloch iacex.

Corylacex.

Aristolochiacex.

Loranthaceee.

Santalacex.

Che>io]X>diacea.

Jtiglandacex.

Polygonacete.

Petiveriacex.

Ulni'icex.

Ulmacesa.

Stilaginacex.

Urticacca>.

Artocarpacex.



ANALYSIS OF THE ORDERS IN MONOCHLAMYDEjE. 691

Embryo hooked.

Sap" watery. Seeds without albumen
Sap milky. Seeds with albumen

b. Carpels more than one, combined.

Flowers amentaceous.
Seeds arillate.

Stamen 1

Stamens more than 1

Seeds not arillate

Flowers not amentaceous ....
b. Leaves exstipulate.

1. Flowers hermaphrodite.

a. Carpel solitary.

Anther-valves recurved .....
Anthers slit.

Leaves covered with scales ....
Leaves not scaly.

Calyx long or tubular.

Hardened at base .....
Not hardened in any part.

Stamens in the points of the sepals .

Stamens not in the points of the

sepals

Calyx short, not tubular, or but slightly so.

Flowers in involucels ....
Flowers not in involucels.

Calyx dry and coloured
Calyx herbaceous or succulent.

Stamens hypogyneus or nearly so .

Stamens perigynous

b. Carpels more than one, either distiuct or com-
bined.

Carpels distinct

Carpe's combined.
Seeds exalbuminous.
Calyx tubular.

Ovary 2-celled .

Ovary 4-celled .

Calyx tubular, or imperfect .

Seeds albuminous

2. Flowers unisexual.

a. Carpels solitary, or quite distinct.

Calyx tubular.

Anthers opening by recurved valves .

Anthers opening longitudinally .

Calyx not tubular.

Seeds exalbuminous. Embryo straight.
Leaves verticillate .

"

.

No evident leaves ....
Seeds albuminous.
Embryo curled round the albumen
Embryo straight.

b. Carpels more than one, combined.
Ovules indefinite.

Leaves with pitchers ....

Ca mabiiaieeie.

Jluruceee.

Lacisfemaceie.

Scepaceie.

JJetulacete.

Eupliorbiaceee.

Laurucess.

Elxagnacex.

Nyctoyinacex.

Proteaceas.

Tliymelacese.

Palyyntiaceie.

Amarantaceee.

CJi en )/>orliacex.

Busellacea.

Phytolaccacese.

Aqnilariacew.
Penwaceie.
Podtistemacete.

Pliytolaccaceie.

A the raspermcu tw

.

Myristicacess.

Ceratophyllacew.

Cusuarinacew

.

Chenopodiaceie.

jHoitimiaceas.

Nepenthaceie.

y y 2
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Ovules definite.

Fruit fleshy. Seeds ascending . . . Empetracae.

Fruit dry.' Seeds suspended . . . hu/jhorbiaceie.

Boot Parasites of Fungoid Texture (Rhizogens of Lindley).

A. Ovary inferior. Ovules solitary .... Bala.wplioracete.

B. Ovary superior. Ovules indefinite.
Cvtinacem

Anthers opening longitudinally .... Igtmacew.

Anthers opening by pores Raffles.acex.

Monochlamydeous or Achlamydeous flowers also occasionally,

or in some orders always, occur, as already noticed, in plants

belonging to the following orders of the Sub-classes Polypetal*

and Gamopetahe :

—

Sub-class 1. Polypetalse :—

Series 1 Thalamiflorse -.-Ranunculacem, Metutpermacue,

Papweracese, Flacourtiacem, Caryophyllacex Scleranthacese., 1 a-

ronydviacex, Stercvliacex, Byttneriacex, lUiacea.

Series 2 Disciflor* -.-Malpighmcem, Rutacem, GhmlletMceT,

Xanthoxylacex, Geramacex, Celastracex, Rhamnacex, and A im-

CCtr

SerS"3 Calyciflorffli-LesfttmwuwBB, Rosacea Lythrace^,

SaSLacex, cJioniacex, Begoniacex, Dahscacej,., Men-
ace! Passifloracex, Myrtacex, Onagracex Samydacex, Holoia-

aacex Combretacex, Hamamelidacex, and Aralncm.
9

Sub-class 2. Gamopetate -.-Oleacex and Pnmulactm.

ClaSS II. MONOCOTYLEDONES.

In the class Monocotyledones, as in the sub-class Monochk-

mvdL we follow in all essential particulars the arrangement

/tl^oTders and characters of the Cohorts as given by Sir
of the Ordeis ana cna ^ ^ ^ De -

respectively, in ' Genera Plantarum.

Sub-class I. Petaloidem.

Series 1. Infers or Epigynse.

n^ f 1 Hi/draZea. -Flowers regular, usually unisexual.
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Order 1. Hydrocharidace^e, the Hydrocharis or Frog-bit

Order.— Character.—Aquatic plants. Flowers spathaceous,

regular, unisexual or polygamous. Perianth superior, in 1 or 2

whorls, each composed of 3 pieces, the inner petaloid. Stamens

few or numerous. Ovary inferior, usually 1— 6-celled
;
placen-

tation parietal. Fruit indehiscent. Seeds numerous, exalbu-

minous.
Distribution, Numbers, and Properties.-—Inhabitants of fresh

water in Europe, North America, East Indies, and New Holland.

Rlustrative Genera

:

—Anacharis, Rich.
;
Vallisneria, Mich. There

are about 25 species. Their properties are unimportant.

Cohort 2. Amomales.—Flowers usually hermaphrodite and very
irregular (regular in Bromeliacese). Perianth inferior, ex-

cept in some Bromeliaceae. Stamens 6,1 or 5 with anthers,

the rest petaloid, or all antheriferous in Bromeliaceae.

Ovary usually 3-celled, with axileplacentation. Fruit baccate

or capsular. Seeds with farinaceous albumen
;
embryo dis-

tinct. Leaves usually large and pinnately-veined.

Order 1. ZiNGiBERACEiE or Scitamhstace^e, the Ginger Order.
—Character.—Aromatic herbs, with creeping rhizomes, and
broad simple, stalked, sheathing leaves, with parallel carved
veins springing from the midrib. Flowers arranged in a spiked
or racemose manner, and arising from among spathaceous mem-
branous bracts. Perianth superior, irregular, each whorl con-
sisting of 3 pieces. Stamens 6, in 2 whorls, all abortive except
the posterior one of the inner whorl ; anther 2-celled

; filament
not petaloid. Ovary inferior, 3-celled

;
placentas axile

;
style

filiform. Fruit 1—3-celled, capsular or baccate. Seeds numerous,
albuminous

;
embryo enclosed in a vitellus.

By Bentham and Hooker the two succeeding orders, Marantacese
and Miisacese, are included in Zingiberacese.

Distribution and Numbers.— Chiefly natives of tropical
regions. Illustrative Genera:— Zingiber, Gdrtn.

;
Curcuma,

Li, u),
;
Elettaria, Rheed. There are about 250 species.

Properties and Uses.—They are principally remarkable for the
stimulant aromatic properties possessed by their rhizomes and
seeds, owing to the presence of resins and volatile oils ; hence
several are used as condiments, and in medicine as aromatic
stimulants and stomachics. Some contain starch in large quan-
tities, which when extracted is employed for food.

Alpinia.—The rhizome known as the greater or Java Galangal root is

Derived from A. Galanga, Willd., a native of Java. The lesser or Chinese
Sralatigal haa Ijcen traced by Hance to a new species, which he has termed
A. officinarum. The lesser Galanga] is now the only kind known in Euro-
man commerce. It, is not used in this country ; but principally in Russia,
Where it is employed for flavouring the liqueur called nastoilta, and vinegar

;
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and also as a cattle medicine, a spice, and as a popular medicine. The

Tartars use it to prepare a kind of tea.-The source of the hght Golan rd

of Guibourt is altogether unknown. The Galangals have similar propert.es

to Ganger The ovoid China Cardamom is the fruit of A. alba
j

ite seeds are

^Zo^lTveial^pSs of this genus have aromatic and stimulant

seeds which are used as spices and medicinal agents m various parts ot he

world The onlv species which is employed in this country is the A.mele-

Z J'which yields the Grains of Paradise of the shops. It is a native of

rh, Western Coast of Africa. These seeds are much employed in Aft rm as

a si^e The common notion that they are very injurious is erroneous

ThTare principally employedin ^^«lS^
SXSraSSr?^ TZ'dTrl%L ThffrOits of A.j^m

similar Propertl
£
s

• _Th dried tubers or rMzomes of this plant consti-

tutc^hXm^oS^h^
6^«^a B^ss^

.

as a test. Turmeric is used as a condiment, as a test, and tor a% em }
euo .

is supposed to yield the so-called0^««^«^3S^
FiSXr eheS SaKumbet and Cassumunar are

the small or Malabar Cardamoms the seeds o™^ thb countij
British Pharmacopoeia and are i «««

'Gerties and also as flavouring

on account^ftheu^"£^^3^^ as a condiment and

agents. In the hast ina es uie
Cont incut. as Russia, Germany. &c.|

iiwaisSKSssssr^fssa » -

H

than the former.
_ Plant.—The so-called Ginger-root or

Zingiber.—Z. officinale, the Gmgei
?

*
T , rhizomes „ hen very

Ginger of the shops is t^hizome of t
I

s spec* ^ ^ .„„,

young, or the young shoots of the old rhiz ines are
.

found
.1

brmln this state Preserved Ginger The Ginger * t ^^
two states, one being called vArt W» « '

, i(1
•

lhl . rhizomes of

Mac/, ^er or co««jW ™e^ «p^P ^^ . (bis

about a year old, winch ^en dug up are w
^ r phamacopoeid

kindisgenerally preferred *^



MARANTACEiB.—MUSACB/B. 695

and stomachic internally, and externally as a rubefacient.

—

Z. Cassumunar

Is supposed by some to be the plant from which Cassumunar root is obtained.

(See Curcuma.)

Order 2. Marantace^e or Cannace.e, the Maranta Order.—
Character.

—

Herbaceous plants, without aromatic properties.

They have a close resemblance to the Zingiberaceas. Their

distinctive characters are, in their more irregular perianth ; in

one of the lateral stamens of the inner whorl being fertile, and
the other two abortive ; in the fertile stamen having a petaloid

filament, an entire or 2-lobed anther, one lobe of which is

sterile, and the anther therefore 1-celled ; in the style being

petaloid or swollen ; and in the embryo not being enclosed in a

vitellus.

Distribution and Numbers.—Exclusively natives of tropical'

regions. Illustrative Genera

:

—Maranta, Plum.
;
Canna, Linn.

There are about 160 species.

Properties and Uses.—The rhizomes of some species contain

starch, which when extracted is extensively used for food.

Canna.—One or more species of this genus yield ' Tous les mois,' a very
pure and useful starch, although little used in this country or elsewhere.

The exact species of Canna from which this starch is obtained is not posi-

tively known ; it is said to be C. edulis, but it is just as probable to be
derived also from C. glauca and C. Achiras. C. lutea is stated in the ' Bom-
bay Flora ' to yield ' Tous les mois.' C. indica and C. discolor also yield a
similar starch.— C. indica.—The seeds are commonly known under the name
of Indian Shot, from their black colour and hardness. These seeds and those
of other species are made use of as beads. The rhizomes or tubers of some
species are eaten as a vegetable

;
they contain much starch, which, as already

stated, resembles ' Tous les mois.'

Maranta.—M. arundinacea.—The rhizomes or tubers of this plant con-
tain a large quantity of starch, which, when extracted, constitutes West
Indian Arrowroot, one of the purest and best known of the starches used as
food. As this arrowroot is now obtained from M. arundinacea, which is

cultivated for that purpose in other parts of the world besides the West Indies,
it is best distinguished as Maranta Starch. It forms a very firm jell}', and
is perhaps the most palatable and digestible starch known. The best arrow-
loot is the Bermuda kind, but this is becoming more scarce every year.
The name Arrowroot is generally said to have been derived from the fact of
the bruised rhizomes of this plant having been employed by the native
Indians as an application to the poisoned wounds inflicted by arrows.
Others give, however, different derivations for this name. Thus T. Greenish
Believes that it is derived from the Indian word 1 ara-ruta,' a term signifying
' mealy root.' The name of arrowroot is now given to various other starches
Which are used as food in this country and elsewhere.

Order 3. Mtjsace^e, the Banana Order.—Character.

—

Mt rbac< mis plants, often of large size. Leaves large, with parallel
curved veins springing from the midribs {fig. 318), and long
sheathing petioles, which together form by their union a spu-
rious aerial stem. Flowers irregular, spathaceous. Perianth:
irregular, 6-partite, petaloid, superior, arranged in 2 whorls.
Btamens 6, inserted upon the divisions of the perianth, some
abortive; anthers 2 celled. Ovary inferior, 3-celled. Fruit
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capsular, dehiscing loculicidally, or succulent and indehiscent,

3-celled. /Seeds usually numerous, rarely 3, with mealy albumen

;

embryo not enclosed in a vitellus.

Distribution and Numbers.—Generally diffused throughout

tropical and sub-tropical regions. Illustrative Genera :—Musa,

Town. ;
Ravenala, Adans. There are about 20 species.

Properties and Uses.—The fruits of some species and varieties

form important articles of food in tropical regions. Others

yield valuable textile materials ; and the large leaves of many

are used for various purposes, such as to form a kind of cloth,

and as thatching for cottages, &c. The seeds and fruits of others

are used as dyeing agents in some countries.

Wusa —The fruits of some species, as those of M. paradisiaca, the Plan-

tain and M. sapientum, the Banana, of both of which there are numerous

varieties are well known as important articles of food in many trop.coj

Km? Thev owe their value in this respect, chiefly to the presence of

starch and sugar, but thev also contain some nitrogenous substances. Dr.

SWer states tit 'a new Plantain walk will yield 7 cwt of starch per a re

According to Humboldt, the produce of Bananas to that of Wheat is as 163

To 1 , and to that of Potatoes as 44 to 1. Some of the fine;^arietaes arj

also used as dessert fruits in this country and elsewhere The exposed

u'ice s in some parts made into a fermented liquor. The fibrous matenals

Sned f om the spurious stems and flower-stalks of the different sp^,.

of Musa may be used for textile fabrics and in paper-making, I he til r.

rrom MnZ ixMs constitute the Manila Hemp of commerce. I rem the

finer fibres of this plant the celebrated Indian muslins are manufactured.

The voun
"
shoots of the Banana and other species of Musa when boiled are

Paten Ta vegetable; and the large leaves are used for various domestij

Purposes. Thfyoun| leaves of the Banana and Plantain are also in common

use in India for dressing blistered surfaces.
-r,„,-»iw« tree

Eavenala speciosa has been called the Water-tree
>

and

on account of its large sheathing petioles storing up ^ater. Its seed*

edible.

Order 4. Bromeliace^, the Bromelia Order.-Charae-

ter -Herbs or somewhat xuoody plants, commonly epiphy u

a

Leaves persistent, crowded, channelled, rigid, sheaUmig^ r e

base, and frequently scurfy and with spiny™W ™*
showv Perianth regular, superior, or nearly oi quite interior

arranged in two whorls, the outer of which has its parts com!

monlfunited into a tube ; and the inner has its parts distmc .

mb^a^ Ind of a different colour to those
o
J the

>

outer
;

wh<
;

Stamens 6 ;
anthers introrse. Ovary 3-celled

;
style 1. * > 1

sS or indehiscent (fig. 292). Seed, numerous ;
; «n

Jr. o i m«t
,

,t the base of mealy albumen, with the radicle next the nmn .

&UDMutn and Numbers are ^§^£3
tropical regions of America, West Africa, and the East inmesj

They appeL to have been originally natives of Amej.c. and th|

adioining islands, but are now naturalised in West
r̂
"ca

?Q6 East Indies. Illustrative Genera .-Ananassa, Lxndl., Tu

lnnrlain Linn There are about 180 species.U
"p^^aJlUses.-They are chiefly important for yielding
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edible fruits and useful fibrous materials. Some are anthel-

mintic, and others contain colouring matters.

Ananassa sativu, the Pine-apple.—The fruit (sorosis) of this specips is

the well-known and delicious fruit called the Pine-apple. A large number
of these fruits are now imported into Britain, chiefly from the Bahama
Islands, but in flavour they are very inferior to those produced by cultiva-

tion 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 of Bromelia and Tillandsia, is known under the name of Pine-
apple fibre, and has been used for various textile fabrics, and for the manu-
facture of paper, cordage, &c.

Billbergia linctoria.—In Brazil a yellow colouring agent is obtained from
the roots of this plant.

Bromelia Pinguin possesses vermifuge properties. Its leaves 3'ield useful
fibres. The fibres of B. sylvestris under the name of Ixtle fibre or Mexican
Grass are used for brush-making, ropes, and textile fabrics, and would pro-
bably form a good paper material.

Tillandsia usnenides 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 Lichens in cold climates.
This article has been imported under the name of Spanish Moss, and em-
ployed for stuffing cushions, &c, mixed with horsehair. It has been also
used for stuffing birds, for packing, and for paper-making. About 10,000
bales are annually shipped from .New Orleans.

Cohort 3. Orchidales.—Flowers hermaphrodite and very irre-
gular. Perianth of 6, or rarely 3, segments. Stamens, 1,

2, or 3, confluent with the style (gynandrous). Ovary 1-

celled with parietal placentation, except in Apostasiacefe
where it is 3-celled with axile placentation. Fruit capsular.
Seeds very minute ; exalbuminous

;
embryo very obscure.

Order 1. Orchidace/e, the Orchis Order.—Character.—
Herbs or shrubs, terrestrial (Jigs. 261 and 262) or epiphytical (fiq.
256). Roots fibrous or tuberculated (Jigs. 262 and 26i) ; no true
stem or a pseudo-bulb (Jig. 256). Leaves entire (Jig. 316),
generally sheathing. Flowers irregular (Jigs. 546 and 1053),
solitary or numerous, with a single bract, hermaphrodite.
Perianth superior (figs. 546 and 1053), usually petaloid and
composed of six pieces (Jig. 1054), which are commonly arranged
m two whorls

; the outer whorl, s, si, si, formed of three pieces
fepah), more or less united below or distinct; one, s, being
anterior, or when the ovary is twisted posterior (Jigs. 546 and
1053), and two, si, si, lateral ; the inner ivhorl (Jig. 1054, pi, pi,
ps) usually consists of three pieces (petals), (or rarely of but
one), alternating with the pieces in the outer whorl ; one (the
fabellum or lip) (Jig. 1054, ps) posterior, or by the twisting of
the ovary anterior (Jig. 1053), usually longer and larger than the
other pieces, and altogether different to them in form (Jig. 1053),
often spurred (Jig. 546); sometimes the labellum exhibits a
division into three regions of which the lowest is then termed
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the hypochilium, the middle the mesochilium, and the upper the

epichilhim. Andrcecium united to the style (qynandrous) (Jigs.

546, 560, and 1053) and forming with it a central column (gyuo-

steminm) ; the column usually bearing 1 perfect anther and two
lateral abortive ones, or in Cypripedium two lateral perfect

anthers and one abortive anther in the centre. Pollen powdery,

or more or less collected into grains or waxy or mealy masses

(pollinia) (Jig. 564, p); the masses free, or attached by their

stalk, c (caudicle), to a gland or glands (retinacula) at the apex

(rostellum) of the stigma (Jig. 566, a). Ovary inferior, 1-celled,

with 3 parietal placentas (Jigs. 622 and 1054) bearing a number

Fig. 1053. Fig. 1054. Fig. 1055.

Fig. 105G.

Fig 1053. Front view of the flower of the Tway-blade (Listera orata),

showing the bifid labellum at the anterior part of the flower, and the

other five divisions of the perianth ; the essential organs of reproduction

forming a column (ovnostemium). Fig. 1054. Diagram of the flower of

an Orchid, s, si, si. The three outer divisions of the perianth ;
s being

anterior or inferior, si, si being lateral, pi, pi. The two lateral divisions

of the inner whorl of the perianth. ;«. The superior or posterior division

(labellum) of the inner whorl ; this by the twisting of the ovary becomes

ultimately inferior or anterior, e. The fertile stamen, with two anther

lobes c Transverse section of the ovary, with three parietal placentas.

Fig 1055. Fruit of an Orchid dehiscing by three valves, each valve

bearing a placenta and numerous very minute seeds. Fig. 1056. Seed

of an Orchid, with a loose reticulated testa.

of anatropous ovules
;

style united with the andrcecium and

forming with it a column or gynostemium (Jigs. 546 and WoiU

stiiima a viscid space in front of the column (fig. 566). Jfrw*

usually capsular, 3-valved (fig. 1055), the valves bear the

placentas in their middle, and separating when the fruit is

ripe from the central parts or midribs of the component carpels,

which are left as an open framework ; or rarely fleshy and m-

dehiscent. Seeds very minute and numerous, with a loose nettea

(fig. 1056) or rarely hard crustaceous testa, exalbuminous; embryo

a fleshy solid mass.



OKCHIDACEjE. 699

Diagnosis.—This order is readily known by its irregular

flowers
;
by the peculiar form which the labellum in many cases

assumes, so as to cause the flower to resemble some insect,

reptile, bird, or other living object
;
by its gynandrous stamens

;

its frequently more or less coherent pollen ; and by its 1-celled

inferior ovary with three parietal placentas.

Division of the Order.—This order has been divided by Lind-

I
ley and others into several tribes, the characters being derived
from the number and position of the anthers, the number and

: nature of the pollen-masses, and other characters ; but the
i description of these does not come within the scope of this

volume.

Distribution and Numbers.—They are more or less abundantly
i distributed in nearly every region of the globe, except in those
which have a very cold or dry climate. Some species are

1 terrestrial and occur chiefly in temperate regions ; others are
i epiphytical and are confined to hot climates. Illustrative Genera

:

Malaxis, Sivartz
;
Dendrobium, Swartz

;
Onciclium, Swartz

;

' Stanhopea, Frost
;

Orchis, Linn.
;
Cypripedium, Linn. The

i order contains about 5,000 species, 2,000 being in cultivation.
Properties and Uses.—These plants, which present so much

i interest from the singularity, beauty, and fragrance of their
: flowers, are of little importance in an economic or medicinal
! point of view. Some are aromatic and fragrant, and are used
i as flavouring agents, several possess nutritious roots, and a few
are antispasmodic and aphrodisiac.

Angrmcum fragrans.—The dried leaves nf this fragrant species are used
'.as a kind of'tea in the Mauritius ; it is commonly known as Faham or Bourbon
I tea. it has been introduced into London and Paris, but is not much es-
' teemed. This tea should lie prepared by boiling, and is recommended to be
taken with milk and rum. It is said to produce a soothing effect, but without

t causing sleeplessness.

Cypripedium pubescens.—The root is official in the United States Phar-
macopoeia. It is regarded as an antispasmodic, and is employed for similar
purposes as valerian, but is less powerful. In the Chicago 'Pharmacist ' for
18i 4. it is stated that C. pubescens and C. spectabile possess powerful poisonous
properties, the effects produced resembling the poisoning from Rhus Toxi-
cndendron and R. venenata ; but this seems improbable. From the rhizome
aftd rootlets of C. pubescens, and probably also of C. spectabi/e and C. humile,Me eclectic remedy termed cypripedin is obtained. This is regarded as a

title nervine stimulant, and useful in epilepsy, chorea, and other nervous
diseases.

Eulophia vera and E. campestris.—The, tubercules of these species are
«scd in some parts of India in the preparation of the nutritious substance
known by the names of Salep, Salop, and Saloon, which is there very highly
esteemed. (See Orchis.) ' 8 '

n ,

0r 'V"/'-~Th " dried tubercules of several species, as those of O. mascula,
J. lattfoba, O. Morio, and others, form European or Indigenous Salep ; that
prepared from O. mascula is said to be the best. Sale]) contains bassorin and
a tittle starch, and possesses similar properties to those of other amylaceous
substances. (See Eulophia.)

Sol,raba.~The fruit of a species of Sobralia, a native of Panama, is said
to yield a kind of Vanilla which is called Chica.
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Vanilla planifolia, V.aromatica, V.guianensis, V.palmarum, V.pompona,

and other species, are remarkable for their fragrant odoriferous fruits which

constitute the Vanilla of the shops. VaniUa is extensively used for flavour-

ing chocolate, and also in confectionery and perfumery. It has jeep a so

employed on the Continent as a medicinal agent in hysteria &c. It is alM

regarded as an aphrodisiac. The fruits of Y.planxfoha and V. aromahca

are commonly regarded as the most fragrant. (See also Sobralia.)

Order 2. Apostasiace^e, the Apostasia Order.— Charac-

ter —Herbs, with regular hermaphrodite flowers PenmM,

superior, regular, with 6 divisions. Stamens 2 or 3, united by

their filaments with the lower part of the style into a column ;

anthers sessile upon the column, 2 or 3. Ovary inferior, 3-celled

with axile placentation ; ovules numerous ;
style united below

with the filaments into a column, but prolonged above into a

filiform process. Capsule 3-celled, 3-valved. Seeds very

numerous. By Bentham and Hooker this order xs included m

Distribution and Numbers. -Natives of damp woods m
tropical India. Illustrative Genus .—Apostasia, Btu«*. ihere

are about 5 species. Their properties are altogether unknot n.

Cohort 4. ToccaZc8.-Flowers hermaphrodite regular. Periamh

6-lobed. Stamens 3 or 6, inserted on the tube of the jpen-

anth Ovary 1- or 3-celled
;
placentation usually parietal,

o? sometimes
y
axile. Fruit capsular or baccate. Seeds very

minute and exalbuminous, or larger and albuminous ;
embryo

very obscure.

Order 1. BtjrmanniacejE, the Burmannia Order.- C h a-

rJiev.-Herbaceous plants, without true leaves, or wrth tdtefl

radical ones. Jlows hermaphrodite regular Perwdh pet*

verSSS^t5^-They^p^sd
the tropical parts of Asia, Africa and America » 4

but some are reputed to be bitter and astringent.

Order 2. Taccace* ,
the Taoca ^^'^'j^Sl

enmal herbs, with fleshy roots Jogjoge
'

f)
())( tubu.

veins, radical, stalked. iVoHvrs hcrrna
g
^odlte i ^

lar, regular, 0-partite, Buper^'^^ASid filaments,

base of the divisions of the penantn, twui i
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incurved and 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 numerous, with

fleshy albumen.
Distribution and Numbers.—Natives of mountainous regions

in India, the Malayan Archipelago, the Philippines, Australia,
Polynesia, Madagascar, Guiana. According to Hance, there
are three genera

—

Tacca, Forst.
; Ataccia, J. S. Presl ; and

Wchizocapsa, Hance—which contain twelve or more species.
Properties and Uses.—The roots are bitter and acrid, but

when cultivated they become larger and lose in some degree
their acridity and bitterness, and contain much starch, which
when separated is used for food.

Tacca.—The roots of T. oceanica yield the starch known as Tacca
Starch or Tahiti Arrowroot. It may be employed as a substitute for Maranta
starch. Cakes made from this starch are eaten by the natives of Otaheite
and the other Society Islands, where this plant is commonly cultivated.
T. pinnatifida is by some considered to be identical with the former species.
Like it, the roots contain starch, which is used as food by the inhabitants of
China, Cochin China, Travancore, &c.

Cohort 5. Narcissales.—Flowers hermaphrodite, regular or irre-
gular. Perianth usually petaloid. Stamens 3 or 6, inserted
on the perianth or summit of the ovary. Ovary 3-celled •

placentation axile. Seeds with copious fleshy, cartilaginous'
or horny albumen

; embryo distinct. Leaves parallel-veined!

Order 1. Iridace;e, the Iris Order. —Character.—Herbs
usually with bulbs, corms (Jigs. 244 and 245), or rhizomes (fin
233). Leaves with parallel venation, generally equitant. Flowers
spathaceous (fig. 1057). Perianth superior (fig. 1060), petaloid
6-partite (fig. 1058), in two whorls, which are equal or nearly so
(fig. 1058), or unequal (figs. 1057 and 1060), in the size of their
segments

; or sometimes the parts are entirely distinct
; convo-

lute in estivation. Stamens 3, inserted on the outer segments
of the perianth (fig. 1058); anthers 2-celled, innate, extrorse
Ovary inferior (fig. 1060), 3-celled, with axile placentation ( fin
10o,); style 1 (figs. 1058 and 1059); stigmas 3, often petaloid
mis. 643, stuj, and 1060, s, s). Fruit capsular, 3-celled 3-
valyed, with locubcidal dehiscence (fig. 712). Seeds numerous
with horny or fleshy albumen (fig. 1061, p).

Diagnosis.—Herbs. Leaves with parallel veins. Flowers
on scapes, spathaceous. Perianth petaloid, superior, 6-partite
or rarely the parts are quite distinct, in 2 equal or unequal

r wnorLs. Stamens 3, distinct or monadelphous
; anthers innate

extrorse. Ovary 3-celled, with axile placentation, inferior'
£ru,t capsular, with loculicidal dehiscence, 3-celled, 3-valved'
Seeds numerous, albuminous.
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Distribution and Numbers.—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,

Fig. 1057. Fig. 1058.

Fig. 1060.

Fia. 1057. Diagram of the flower of a species of Iris, showing solitary

bract below, fix divisions to the perianth arranged in two whorls^three

stamens, and a three-celled ovary with ax.lc Placental™"•—
flower of the Spring Crocus (Crocus vermis) cut open to show the three

eTorse stamens attached to the outer segments o the permnth
?

.

1059. The three petaloid stigmas of the same with the end of the style

—-Fia. 1000. Vertical section of the flower of**W^
f
£*2£?

of the external and larger divisions of the perianth, a. One of theniternal

n ,d sma ler"livisions I. Tube formed by the union of the divisions ofS h Stamens, covered by the petaloid stigmas , , o In-

ferior ovary, with numerous ovules, g, attached to placenta.»
—Fia. 1061. Vertical section of the seed of the same. t. ^gumcnU
of the "seed. Albumen, e. Embryo, m. Micropyle. (From Jussieu.)

Illustrative Genera:-Iris, Linn. ;
Gladiolus, ZW»i.

;
Crocus,

TAmm There are about 560 species.

Properties and Uses—The rhizomes of several species posse*

acrid properties, which causes them to be purgative, emetic «fc

Some are poisonous, and a few have fragrant rhizomes. Others
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are employed as colouring agents, and some are commonly re-
garded as antispasmodic, carminative, &c. Many contain starch
in large quantities, but as this is usually combined with acridity,
they are not generally available for food, although some are
stated to be thus employed in Africa.

Crocus sativus, the Saffron Crocus.—This plant is the Karcnm of the
Bible. The dried stigmas with the end of the style (Jigs. 1058 and 1059)
constitute Hay Saffron, or when pressed together into a mass they form Cake
Saffron. The latter kind, however, is not now found in the shops in this
country ; the substance sold under that name being the compressed florets of
Carthamus tinctorius (see Carthamus). Saffron contains a colouring prin-
ciple called polychroite. Saffron is also said to be obtained in Greece of good
quality from C. Sellerium ; and the dried stigmas of other species, as C.
aureus, C. odorus, C. luteus, C. vernus, &c, are likewise employed to some
extent for obtaining saffron in other parts of the Continent, &c. Saffron is
much in request as a flavouring agent on the Continent and in the East
It was also formerly much used in this country for a similar purpose, but at
present is but little employed in this way except in Cornwall. It is official
in the British Pharmacopoeia, and is principally used as a colouring a«-ent
in this country, but also to some extent in certain nervous affections^and
as an emmenagogue. Bird-fanciers also use it, as they believe it assists the
moulting of birds.

Iris, Flower de Luce.—The rhizomes of several species are more or less
purgative and emetic. The so called Orris-root of the shops is in reality the
dried trimmed rhizomes of I.florentiiui, I. pallida, and I. germanica. These
rhizomes possess a violet odour, and are principally used 'in perfumery, and
also for imparting a pleasant odour to the breath ; and bv the French,
especially, for making issue-peas. The roasted seeds of l.~ Psend-acorus\
the Yellow Flag of this country, have been recommended as a substitute
for coffee, but they are altogether wanting in the important properties
which render that substance so valuable for the preparation of an un-
fermented beverage. The rhizome and rootlets of /. versicolor, Blue Fla°-
are official in the United States Pharmacopoeia ; and are regarded as purga-
tive, emetic, and diuretic. The resinous substance termed iridin or irisin
by the Eclectics in the United States is obtained from these rhizomes, and
from those of allied species ; it is regarded as possessing cathartic, alterative,
and diuretic properties.

Morsea (Homeria).—Some species of this genus, more especially that ofM. colhna, and of other Iridaceous plants known under the name of ' Tulp
'

at the Cape, have poisonous properties, and have been the cause of fatal re-
sults to cattle which have chanced to eat it. Tulp is also poisonous to human
beings.

Order 2. Amaeyllidace^e, the Amaryllis Order.—Charac-
ter.— Bulbous or fibrous-rooted plants, without any aerial stem,
or sometimes with a woody one. Leaves with parallel venation,'
and usually linear-ensiform, sometimes dry and harsh. Flowers
usually on scapes, and spathaceous (fig. 402). Perianth regular
or nearly so (figs. 402 and 1062), petaloid, superior (fig. 1064)
with six divisions, and with (figs. 502 and 1063, n) or without a
corona

(fig. 1064) ; aestivation imbricate or valvate. Stamens
b, inserted on the perianth (fig. 1063) or summit of the ovary
(fig. 1064) ; anthers 2-celled, introrse. Ovary inferior ( fia
1064), 3-celled (fig. 1062) ;

placentas axile. Fruit capsular^
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3-celled, 3-valved, with loculicidal dehiscence, and numerous

seeds ; or baccate, with 1—3 seeds. Seeds with fleshy or horny

albumen, sometimes carunculate ;
embryo with the radicle turned

to or remote from, the hilum (fig. 1065).

Diagnosis. —Leaves with parallel veins. Flowers spathaceous.

Perianth superior, petaloid, commonly regular, G-partite, fre-

quently with a corona. Stamens 6 ; anthers introrse. Ovary

inferior, 3-celled, with axile placentation. Fruit capsular, 3-

valved, with loculicidal dehiscence, or baccate. Seeds numerous,

albuminous.

Tig. 1002. Fig. 1003.

Fin 1062. Diagram of the flower of the Spring Snowflake £
num)i

with six divisions to the perianth arranged in two whorls
,

six

stamenTand a 3-celled ovarv with axile placentation.—-Fig. \0bi. The

pedanth of the Daffodil (Narcissus P*udo*arcUsiU) outopen in a ver-

tTcal rnanner. t. Tube bearing six stamens. (: Limb of the perianth.

n. Corona.

Distribution and Numbers. -Natives of many parte
i

of the

world but, like the Iridacese, most abundant at the Cape or

Good Hope. Illustrative Genera .—Galantlius, Linn ;
AmarylliBJ

Linn, ; Narcissus. Linn.
;
Agave, Linn. ;

Hypoxis, Linn, there

'
arep^^SCi

^,-Several plants of this order possess

po1Sonous qualities. This property is especial^ evidentJ
HxmanthJtoxicarius, the juice of which is useeLb£the Hotten-

tots to poison their arrow-heads. Some yield/
icellel^™

n
The uice of some few species is saccharine, and is employed m
the !Reparation of fermented liquors. Starch may he

:
obUuned

from certain species of Alstrozmerw Some are bitter and .no

matic. Medicinally, several have been used as emetics anfl

purgatives.

Am„ .^rica.a, the Am«ric,» Aloe, M«u-y, or »--J*gfiS^

and other species the useful librc knowu as Aloe lubre, I it« or rue uemp
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is obtained. It is employed 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 also obtained from pulque. To this spirit the name of mexical or

aguardiente de maguey has been given. The unfermented juice is called

Aguamiel or honeywater. It is regarded as useful for the prevention of scurvy.
'

Its roots are reputed to possess alterative and diuretic properties. The leaves
from the heart of A. Utahense and other species of Agave are cooked by the

Pah-Utes, and form a very nourishing and palatable food.

Alstrameria pallida and some other species have succulent roots contain-
ing much starch, which, when extracted, is used as a kind of Arrowroot iu
certain parts of South America.

Crinum asiaticum, var. toxicarium of Herbert.—The fresh root (or more
; properly bulb) is official in the Pharmacopoeia of India. It possesses emetic
and diaphoretic properties, and its therapeutic uses are said to be analogous
to those of Squill. The dried root has similar qualities, but it is not so

j

powerful in its action.

Curculigo.—The roots of Curculign orchioides are used in Travancore by
Ithe native doctors in gonorrhoea, menorrhagia, and other affections.

Narcissus Pseudo-narcissus.—From the bulbs of this plant A. W. Gerrard
has obtained a crystalline neutral principle and an amorphous alkaloid, the

latter of which he has named pseudo-narcissine. This alkaloid was found to

produce profuse salivation, vomiting, and slight diarrhoea, when given
hypodermically to warm-blooded animals.

Order 3. BLemodorace.*:, the Blood-root Order.—Charac-
ter.

—

Herbs or rarely shrubs, with fibrous roots. Leaves usually
sequitant, ensiform. Perianth more or less superior, tubular, (>-

partite, regular, the divisions usually scurfy or woolly on their
outside. Stamens 3 or G, when 3 they are opposite the inner
segments of the perianth ; anthers introrse. Ovary inferior, or
partially so, 3-celled. Fruit dehiscent or indehiscent, covered
oy the withered perianth. Seeds few or numerous, with carti-

laginous albumen, and radicle remote from the hilum.
Distribution and Numbers.—Natives of America, the Cape

>f Good Hope, and Australia. Illustrative Genera:—Hremo-
lorum, Smith

, Vellozia, Marl. There are about 50 species.

Properties and Uses.—The roots of some species are used as

Fig. 1IH14. Fig. 10(35.

I

z z
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dyeing agents in North America, others are edible, and a few
are bitter and astringent.

Aletris farinnsa is remarkable for its bitterness. It is reputed to posses',
tonic and stomachic properties.

Hmmndorum.—The roots of several species, as those of //. piiniculatum
and H. spicatum, when roasted, are eaten by the natives in some parts of
Australia. The root contains a red colouring matter.

Lachnanthes tinctoria has a blood-red root which is used for dyeing inS
North America.

Cohort 6. Dioscorales.—Flowers unisexual and dioecious, regular.

Perianth herbaceous. Stamens 6, inserted at the base of

the perianth-segments. Ovary 3-celled
;
placentation axile.

Fruit baccate or capsular. Seeds with abundant fleshy

albumen and a distinct included embryo. Climbing herbs
or small twining shrubs, with netted-veined leaves.

Order 1. Dioscoreace^e, the Yam Order.—Character.—
•]

Climbing herbs, or small shrubs, with twining steins rising from
tuberous rootstocks or tubers, placed above or under the ground.

Leaves net-veined, stalked. Flowers unisexual, dioecious, small,

bracteated. Male flower

:

—Perianth 6-cleft. Stamens 6, inserted

at the base of the perianth-segments. Femaleflower :
—Perianth

superior, 6- partite. Stamens sometimes present, but very short

and abortive. Ovary inferior, 3-celled
;
styles 3, distinct, or 1, and

then deeply trifid ; ovules 1—2 in each cell, suspended. Fruit

dehiscent and compressed, or fleshy and indehiscent, 1—3-celled.

Seeds albuminous
;
embryo small, in a cavity in the albumen.

Distribution and Numbers. —Chiefly tropical plants. Tamus
communis is, however found in Britain and other temperate

regions. Illustrative Genera ;—Tamus, Linn.
;
Dioscorea, Linn.

There are above 150 species.

Properties and Uses.—The plants generally contain an acrid

principle. The tuberous rootstocks of many species of Dioscorea

are, however, when boiled, used for food in tropical countries.

Dioscorea.—The tuberous rootstocks of several species, as those of 2).

alata, D. sativa, and D. aculeata, when boiled, are eaten in tropical countries,

as potatoes are in Europe. The Chinese Yam (Z>. Batatas) is now cultivated

in this country, and when properly boiled is esteemed by many as an escu-

lent. Some species of Dioscorea are very acrid even when boiled, and cannot

therefore be used for food. The rhizome of D. rillosa, the Wild Yam of the

United States, is regarded as a valuable remedy in Virginia in rheumatism,

and is hence commonly known as ' rheumatism root.' It has also been recom-

mended in bilious colic.

Tamus— T. communis, Common Black Bryony, has a large Heshy root

which when fresh possesses considerable acridity. It is sometimes used as

a« topical application to bruised parts to remove the marks. Taken inter-

nally, it acts as a diuretic, and also, it is said, as an emetic and cathartic.

The* young shoots of this species and those of T. crctica, when thoroughly

boiled, so that their acridity is destroyed, have been eaten like asparagus.

Testudinaria elepkantipes,a native' of the Cape of Good Hope, lias a very

peculiar tuberous stem, hence it has been called Elephant 's Foot or the lor-

toies plant ; the inner part of this stem is very mealy, and is used for tood

by the Hottentots
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Series 2. Superse.

Sub-series 1. Apocarpze.

Cohort 1. Triurdles.—Flowers unisexual. Perianth 6-lobed or

6-partite. Stamens 6. Carpels 1-ovuled. Seeds minute,
with very dense albumen and rudimentary embryo. Minute,
leafless, slender herbs.

Order 1. Tritjridace^:, the Triuris Order.— Diagnosis.—This
is a small order of plants allied to Naiadacere, but usually to be
distinguished by its rudimentary embryo. The flowers are,

also, sometimes perfect.

Distribution, Numbers, and Properties.—Exclusively found
in warm and tropical regions. Illustrative Genera:— Triuris,

Miers; Sciaphila, Blumc. There are 8 species. Their pro-
perties and uses are unknown.

Cohort 2. Potamales.—Flowers hermaphrodite or unisexual.
Perianth with usually 6 segments, or rarely 2 or 4, or absent.
Stamens 1, few, or numerous. Seeds exalbuminous

; embryo
conspicuous. Usually water plants.

Order 1. Butomace^e, the Butomus Order.—Character.

—

Aquatic plants with parallel-veined leaves, sometimes milky.
Floivers hermaphrodite (fig. 1066), showy. Perianth inferior,

i of six pieces, arranged in two whorls (fig. 1066), the inner being
coloured. Stamens few (fig. 1066) or numerous. Carpels 3—

6

(fig. 593) or more, more or less distinct; ovaries superior (fig.
1066) ; ovules numerous, ar-

Fig. 1066. Fi&. 1067.ranged all over the inner sur
i face of the ovaries (fig. 636).

Fruit many-seeded, separ-
ating more or less when ripe
into as many parts as there

i are component carpels. Seeds
without albumen (fig. 1067).
\Tliis order is included by
IBentham and Hooker in Alis-
imaceae.

Distribution and Num-
'bers.—A few plants of this

( >r<ler occur in tropical coun-
tries, but the greater number
ninhabit the northern parts
•of the world. Illustrative Genera:—Butomus, Tourn
imocharis, H. et B. There are 7 species.

Properties and Uses.— Of little importance. Butomus umbel-
latus, the Flowering Rush, possesses acrid and bitter properties,

Fig. 10GC. A flower of the Flowering Rush
(Butomus umbellatus), with an inferior
perianth arranged in two whorls, nine
stamens, and six carpels. Fig. 10G7.
Vertical section of the seed of the same.

Lim-
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and was at one time used in medicine. The roasted rhizomes
are edible.

Order 2. Alismacejs:, the Alisma Order.—Character.

—

Swamp or floating plants. Leaves narrow or with an expanded
lamina, parallel-veined. Flowers hermaphrodite (Jigs. 1068 and
1069) or very rarely unisexual. Perianth inferior, arranged in

two whorls, each consisting of three parts (fig. 1008) ; the
outer whorl herbaceous, the inner coloured. Stamens few
or numerous ; anthers introrse. Carpels distinct, several (fig.

1068) ; ovaries superior, 1-celled ; ovules solitary or 2 superposed

;

placentas axile or basal (fig. 1069). Fruit dry. /Seeds without
albumen

;
embryo undivided, curved.

Fig. 1068. Fig. 1009.

Fig. 1068. Flower of a species of Alisma, with an inferior perianth arranged

in two whorls each conustinir of three parts, six stamens, and numerous
separate carpels. Fig. 1069. Vertical section of the same flower.

Distribution and Numbers.—These plants are principally

found in the northern parts of the world. Illustrative Gen< ra :

Alisma, Juss. ;
Actinocarpus, R. Br. There are about 50 species.

Properties and Uses.—Of little importance. Many have

fleshy or mealy rhizomes, which are edible when cooked. Others

possess astringent properties. Alisma Plantago had formerly a

reputation as a remedy in hydrophobia.

Order 3. JuNCAGiNACEiE, the Arrow-grass Order.—Cha-

racter.

—

Herbs, growing in marshes. 'Leaves with parallel

veins. Flowers hermaphrodite, whitish or greenish. Fcriantf\

small, more or less scaly, inferior, in two whorls, each containing

three pieces. Stamens 6, perigynous, antliers usually extrorse.

Carpels 3—6, separate or more or less united ;
ovules 1—2.

Fruit dry, ultimately separating into as many parts as there are

carpels. Seeds attached to axile or basal placentas, exalbuminous ;

embryo straight, with a lateral cleft (figs. 766 and 777). This

order is included by Bentham and Hooker in Naiadacex.

Distribution and Numbers.—-The plants of this order are

found more or less in nearly all parts of the world, but are
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most abundant in temperate and cold regions. Illustrative

Genera

:

—Triglochin, Linn.
; Potamogeton, Linn. There are

about 50 species.

Properties and Uses.—Of little importance.

Ouvirandra fenestrate, a native of Madagascar, is commonly known
under the name of the Lattice-leaf plant, from its leaves resembling open
lattice-work. Its roots are of a fleshy farinaceous nature, and form an
article of food ; hence the name Ouvirandram by which the plant is known
i d Madagascar, the literal meaning of which is Water-yam.

Order 4. Naiadace^e, the Pondweed Order.- Character.
Aquatic plants with jointed cellular stems. Leaves with inter-
ipetiolar membranous stipules. Flowers small, unisexual (figs
1070 and 1071), monoecious or dioecious, solitary or in spikes.
Perianth either wanting, or present and composed of 2 or 4

Fig. 1070.

Fig. 1071. Fig. 1072.

Fig. 1073.

Fig 1070. Two flowers of the Horned Pondweed (ZannicMlia palustris) one
staminate, the other pistillate. Fig. 1071. The gyncecium of the same,
composed of four perfect carpels, and one imperfect. Fig. 1072 Vertical
section of one of the carpels. Fig. 1073. Vertical section of the fruitand seed. All magnified. After Lindley.

parts, which are then free and scale-like. Stamens 1 or few
ihypogynous

; pollen globose or tubular. Carpels 1 or more
n7?~n?

Ct
> rf

lth suPerior ovaries (fig. 1071) ; ovule solitary (fig.pL0/2). Fruit 1-celled, 1-seeded (fig. 1073). Seed exalbumi-
mous

; embryo with a lateral cleft.

_
Distribution.—They are widely distributed, but are chiefly

"unc in extra-tropical regions. Illustrative Genera Naias,
Willd.

; Zannichellia, Miciiel
; Zostera, Linn.

PropeHiesand Uses.—Theirproperties are of little importance.
Zostera marina, Sea-wrack, is in common use for packing, and for stilli-ng chairs, mattresses, &c, under the name of Alva {Ulva or Alga) manna.

*.has a so been recommended for paper-making, but it is a very unsuitable"material tor that purpose.



710 PALMACEJE.

Sub-series 2. Syncarpae.

Cohort 1. Falmdles.—Flowers unisexual or hermaphrodite,'

usually arranged on a branched spadix, and enclosed in a

spathe. Perianth 3-merous, in two whorls, commonly green,

but rarely coloured. Fruit indehiscent, 1- or rarely 2-seeded.

Seed albuminous. Shrubs or trees.

Order 1. Palmace;e, the Palm Order.—Character.—Trees

or shrubs, with simple unbranched (fig. 199, l), or rarely dicho-

tomously branched trunks (fig. 200). Leaves terminal (fig.

199 i), large, mostly compound, with sheathing stalks. Flowers

Fig. 1074. Fig. 107G. Fig. 1077.

Fig. 1075. Fig. 1078. Fig. 1079.

Fig. 1074. Diagram of a staminate flower of the Fan Palm (Cham&ropt),

with six divisions to the perianth, and six stamens. «p.l076. Diagram

of a pistillate flower of the same, with six divisions to the perianth, and

a 3-celled ovary. Fig. 1076. Hermaphrodite flower of the Blue Palmetto

(Chamwrops huttrix), with the perianth removed, ov. Carpels, si. Sta-

mens Fig. 1077. The same, with three of the stamens removed, so as

to exhibit more completely the three carpels composing the pistil.

Stamens, e. Carpels. Fig. 1078. Vertical section of the fruit of the

Cocoa-nut Palm (Cucai nucifera). a. The two outer layers or husk ot the

pericarp. 6. Endocarp or inner layer, c. Albumen, d. Cavity in the

albumen, e. Embryo. Fig. 107a. Vertical section of the seed of the

Pan Palm.

hermaphrodite (figs. 107G and 1077) or unisexual (figs. 1074 and

1075) arranged generally on a branched spadix (fi<j. 41, ),
wliion

is enclosed by a spathe. Perianth usually green, inferior m two

whorls, each of which is composed of three parts (figs. KM ana

1075). Stamens usually 6 (figs. 1074 and 1070), hypogynous or
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perigynous. Carpels 1—3 (figs. 1076 and 1077), generally united,
but sometimes distinct

;
ovary superior ; ovules solitary, or rarely

2. Fruit (Jig. 1078) nut-like, baccate, or drupaceous. Seeds with
a minute embryo (fig. 1078, e), in a pit of the albumen, d;
Mbumen fleshy or horny (fig. 1079), often ruminate (fig. 763, p).

Distribution and Numbers.—Most of the plants are tropical,
but a few occur in temperate regions. Illustrative Genera

:

—
Areca, Linn.

;
Chamterops, Linn.

; Attalea, Humb. ;
Cocos, Linn.

There are above 600 species.

Properties and Uses.—Of all orders of plants there is none,
with the exception of that of the Grasses, so valuable to man as
regards their dietetical and economic applications as that of the
Palm Order. These plants supply him with sugar, starch, oil,

wax, wine, resin, astringent matters, and also edible fruits and
seeds. Their terminal leaf-buds, when boiled, are eaten as a
vegetable. Their leaves are applied in various ways, as for
thatching, materials for writing upon, and in the manufacture
of hats, matting, &c. ; their wood is applied to many useful pur-
poses

; the fibres of their petioles and fruits supply materials
for cordage, cloth, and various other textile fabrics; and the
hard albumen of their seeds is applicable in many ways. But
in a medicinal point of view they are of very much less im-
portance

; indeed, they do not supply any important article of
the materia medica used in Europe, although in tropical
countries they are of more value, and in frequent use as medi-
cinal agents.

Areca.—A. Catechu, the Betel Nut Palm.—The seeds are known under
the name of Betel Nuts or Areca Nuts. In the South of India an extract
is made from these nuts, which is said to constitute the commercial variety
of Catechu known as Colombo or Cevlon Catechu, although it is doubtful
whether any Catechu is prepared in Ceylon. It is the Betel Nut Catechu
(it Pereira. In its properties and uses this Catechu resembles that obtained
from Acacia Catechu, and the official Catechu from Uncaria Gambier
(bee Uncuria.) Areca nuts are regarded as astringent, and valuable
therefore as a remedy in diarrhoea. The powdered seeds or nuts have been
long employed as an anthelmintic for dogs, and Areca was introduced into
the last British Pharmacopoeia, on account of its supposed efficacy in pro-
moting the expulsion of the tapeworm, and of the round worm in the human
Bubject, but has now been omitted from possessing little or no value in such

as a remedial agent. Charcoal prepared from the Areca nut is termed
Areca-iml charcoal, and is sometimes used in this country as a tooth-powder •

but it does not appear to have any value over that ofordinary charcoal. The
Betel Nut is one of the ingredients in the famed masticatory of the East
called Betel. (See Piper.) The dried expanded leaf stalks have been used
ID India as splints.—A. o/eracea is known as the West Indian Cabbage Palm
it, young terminal bud when boiled being eaten as a vegetable.

Aremja saccharifera or Saguerus saccharifer, the Areng or Gommutira m, supplies abundance of palm sugar in the Moluccas and Philippines
ttilm sugar is usually obtained by boiling the juice which flows out fromcms and many other Palms upon wounding their spathes and Burrounding
parts; it is commonly known in India by the name of Jaggery. The iuice(tockh)ot the Gommuti Palm, when fermented, produces an intoxicating
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liquid. In Sumatra it is termed neva, and a kind of spirit (arrtu-h) is distilled

from it in Batavia. From the. trunk of this Palm, when exhausted of its

saccharine juice, a good deal of our commercial Sago is obtained. A single

tree will vield from 180 to 200 pounds of Sago. (See also Metroxybm.)

The juice'of the fruit is very acrid. The stiff strong horsehair-like fibre

known under the name of Uommuti or Ejow fibre is derived from the leaf-

stalks of this palm.
Attalea.—A. funifera, Mart.—The fruits of this species are largely im-

ported ; thev constitute the Coquilla Nuts of commerce. They are also termed

Urucuri Nuts. Their pericarps are very hard, and form a useful material for

the handles of doors, drawers, sticks, umbrellas. &c. The pendulous fibres

of the petioles supplv the coarser variety of Piassaba, known in commerce

as Bahia Piassaba. the other and finer kind being derived from Leopoldinia

Piassaba. (See Leopoldinia.) This coarser kind is obtained from Bahia.

Other species of Attalea appear to vield similar fibres. From the seeds of

A. Cahouni, the Cahoun Palm, a fatty oil may be obtained. They have

been imported for this purpose. The seeds of A. Compta, the Pindova

Palm, are much esteemed in Brazil, and the leaves are also used for making

hats, &c. , . . . , . t, i

Bnrassus JiabeWformis, the Palmyra Palm.—From the juice of this Palm

toddv and arrack are procured in large quantities in India. Palmyra fibres

are also obtained from its leaves, and Palmyra wood from the trunk.

Calamus—Several kinds of walking-canes are obtained from species of

this genus, as C. Scipionum, the Malacca cane; C. Rntang and C. Rudentum,

Battan canes. Partridge canes and ' Penang lawyers' are also the produce

of undetermined species.— C. verus, C. viminalis, and other species, are like-

wise botanical sources of the canes now largely used for walking-sticks,

and for chair bottoms, couches, &c. About twenty millions are annually

imported, the value of which is probably not less than 40,000/. The fruit oi

C. Draco, and of probablv other species, is the chief source ot the astringent

resinous substance known as Dragon's Blood. (See also Pterocarpus Draco

and Dracsena Drucn.) . .

Carynta ureus.—From this palm sugar may be procured, and its juice

forms a kind of toddy or palm wine. From the trunks ot the old trees a

kind of Sago is obtained in Assam. '
.

Ceroxulon 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 New Granada. T .

C/iimwrops.— C. KumUis is the only Palm found wild in Europe. It sup-

plies fibres which have been used as a substitute for horsehair, and in Sicily

its different parts are applied to various purposes, as walking- canes, and tat

the making ot hats, baskets, &C. The leaves, under the name of Palmetto

leaves, have been imported and used for paper-making. Its young leaves at

buds are also eaten as cabbage. Palm wine or toddv is. ikew.se
>

eoUee«< d

from the spathes. The material employed for the Brazilian chip or grass

hats is obtained from C. argentea. '

™i„«m«
Cocos nucifera, the Cocoa-nut Palm. -This is perhaps the most valuable

Of all the Palms. An impure sugar, called Jaggery is argch obtained

from the juice which flows out who,, t heir

lrcsn nas oeen uscu in mm.. ........ ... - ..
, „,,

consumed in this country. From the albumen he concrete o, ^
Cocoa-nut oil or Cocoa-nut butterAB Obtained. t ».^™A"™P

JS3
for making candles and soap ; the imports into this countrj alone being
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nearly 100,000 tons annually. In India it is much esteemed as a pomatum ;

but its unpleasant odour, and the rancid character which it soon acquires,

prevent its use in this country for such a purpose. The oleine obtained by

pressure from the crude oil, and afterwards purified by alkalies, &c, has

been recommended as a substitute for cod-liver oil, but although its employ-

ment has been favourably reported upon by some physicians, it has not been

.enerallv approved. From the fibrous portion of the pericarp the strong

nbre called Coir or Cocoa-nut fibre is 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 Palm is very hard,

handsome, and durable, and is employed for several purposes under the name

of Porcupine Wood.
,

Copernicia cerifera, the Carnauba Palm, is a native of the Brazils. Un
the lower surface of its leaves wax is secreted, which is occasionally im-

ported under the name of Carnauba or Brazilian Wax. The root is said

to resemble Sarsaparilla in its medicinal properties, and has recently been

imported into this country.

C rypha umbraculifera, the Talipot Palm, yields a kind of Sago in

Cevlon, but this is not an article of commerce.
"

Elais guineensis and E. melcmococca, the Guinea Oil Palms.—The sarco-

carp of the drupaceous fruits of these Palms abounds in oil, which when

extracted is known as Palm Oil. This is a solid butter-like oil, of a rich

orange-vellow colour, and is extensively used in this country and elsewhere

in the manufacture of soap and candles, and for lubricating the wheels of

railway-carriages, &c. The imports amount to at least 50,000 tons annu-

ally. In Africa Palm Oil is used as food by the natives. The hard stony

putamen of the same fruits also yields a limpid oil. Palm wine or toddy is

likewise obtained from the wounded spathes of these Palms.

Euterpe.—E. nvmtaua is one of the Cabbage Palms. It is so called from

the circumstance of its young terminal leaf-bud being boiled and eaten as

a vegetable. From the' fruits of other species, as E. edulis and E. Assai,

pleasant beverages are prepared.

Byphmne thebaica, the Donm Palm of Egypt {fig. 200). The pericarp

of the fruit of this Palm resembles gingerbread ; hence this plant is some-

times known as the Gingerbread tree.

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 Piacava, Para Grass, or

Monkey Grass. They are chiefly used as a substitute for bristles by brush-

makers, and for making the stout brooms now commonly employed for

cleaning the streets, &c. Two kinds of Piassaba fibre are known in com-

merce—one, the finer variety, imported from Para, and therefore known in

commerce as Para Piassaba, which is derived from this plant ; and a

Coarser kind obtained from Attateu funifera. (Sec Attalea.) According
to Spruce, the pulp of the ripe fruit yields a delicious drink, resembling

cream in colour and taste.

Mauritia vinijera, the Muriti Palm, and M. flexuosa, yield a large

quantity of toddy.

Meirnxylnn (Sagus).—From the trunks of M. Sagu or 31. Iseve, and M.
flumphv,. the principal part of our Sago is obtained; from the former as

much as 800 pounds may be procured from a single plant. Sago is principally

imported into this country from Singapore. The average importation tor

Rome years has exceeded 4,000 tons. All the Sago consumed in this

Country is derived from these palms and Arenga saccharifera. (See Arenga
and Cyr.as.)

Phceni.v.—P. dactylifera. is the Date Palm. The fruits called dates are
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nutritioua, 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 used for dessert, but they are not so much esteemed

as they deserve." They have been lately employed as a food for cattle, but

at present their price is too high to allow of any great consumption for

such a purpose. They were also much used a few years since in the prepa-

ration of what was called 1 Date Coffee.' The Date Palm is the Palm
commonly referred to in Scripture. The juice (toddy) affords sugar,and an

intoxicating beverage termed lagbi is also sometimes obtained from it. The

leaves, the fibres obtained from the leaf stalks, the wood, and in fact nearly

every part of this palm, are applied to some useful purpose.

—

P. sylvestris,

the VYildDate Palm, is the plant from which the largest quantity of palm

sugar is obtained. It is a native of India, where it is said 130,000,000

pounds of sugar are annually extracted from it. Palm sugar resembles

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.

—

P. farinifera yields an inferior kind of Sago, which is used in

some parts of India.
.

Phytelephas macrocarpa.—The hard albumen of the seeds of this Palm

constitutes the Vegetable Ivory of commerce ; this is used extensively by the

turners ; but its principal consumption is for button-making. These seeds

are usually imported from Guayaquil. The fruits are supposed to present

some resemblance to negroes' heads, and are hence termed Cabeza del negro.

Rapliia Ruffia—The integument peeled from the young leaves of this

Palm is said to constitute the substance known as Manila Bast or Rajilna

Bast, which is used as a tving material by gardeners.

Seaforthia eleyans—Tlii s Palm produces the Moreton Bay Canes of com-

merce.

Cohort 2. Arales.—Flowers hermaphrodite or unisexual, ar-

ranged on a spadix, spike, or head, and with or without a

spathe ; or sunk in pits of a minute scale-like frond. Perianth

absent or scaly. Fruit a drupe or baccate. Seeds 1, few or

many, almost always albuminous ;
embryo minute, usually

straight. Herbs, often very large, or rarely trees.

Order 1. Pandanace^:, the Screw-pine Order.— Charac-

ter. —Palm-like trees {fig. 199, 2) or shrubs. Leaves amplexi-

caul, linear- lanceolate, and then imbricate, and spirally arranged

in 3 rows ; or pinnated or fan-shaped. Flowers unisexual or

polygamous, numerous, arranged on a simple or branched spadix.

with many spathaceous bracts. Perianth absent or scaly. -Sta-

mens numerous ; angers 2—4-celled. Ovaries 1-celled ;
ovvles

solitary or numerous, on parietal placentas. Fruit consisting ot

a number of 1-seeded fibrous drupaceous carpels, or baccate, ami

many-celled, and many-seeded. Embryo minute, imbedded at

the side near the base of fleshy albumen. By Baitham and

Booker this order is separated into two orders, the Pandanaccx

and the Cyclanthaceve. , .

Distribution and Numbers. —Exclusively tropical plants.

Illustrative Genera :—Pandanus, Linn.fil. ;
Carludovica, M. etr.

There arc about 75 species.

Properties and Uses.—None possess any very active properties.

Pandanus has edible seeds. The juice which flows from the
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wounded spadices of Nipa, when fermented, furnishes a kind

of wine. The fruit of Nipa fruticans is the Atap of India.

The young unexpanded leaves of Carludovica palmata furnish

the material employed in the manufacture of Panama hats.

Order 2. Typhace-*;, the Bulrush Order.—Character.

—

Herbs growing in watery places. Leaves rigid, linear, sessile,

parallel-veined. Flowers monoecious, arranged on a spadix, or

m heads, without a spathe. No true perianth, merely scales or

hairs. Male flower with 1—6 distinct or monadelphous stamens,

with long filaments, and innate anthers. Female flower a

solitary 1-celled carpel, with a single pendulous ovule. Fruit
indehiscent. Seed with mealy albumen

;
embryo axile ; radicle

next the hilum.

Distribution and Numbers.—A few are found in tropical and
warm climates, but they are most abundant in the northern
parts of the world. Illustrative Genera:— Typha, Linn.;
Sparganium, Linn. These are the only genera

;
they include

about 13 species.

Properties and Uses.—Unimportant.

Typha.—The young shoots of T. latifolia and T. angustifolia are some-
times boiled, and eaten like Asparagus ; their rhizomes are also edible ;

and 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.

Order 3. AroidacEyE, the Arum Order.—Character.

—

Herbs or shrubs, with commonly an acrid juice, and subtexTanean
tubers, corms (fig. 1080, b), or rhizomes. Leaves sheathing (fig.
1080, 1), usually net-veined, simple or rarely compound. Flowers
unisexual and monoecious, or hermaphrodite, arranged on a
spadix (figs. 403 and 1081) within a spathe (fig. 403), or the
spathe is absent. Perianth none (fig. 1081) or composed of
scales which are inferior. Male flower

:

—Stamens few or nu-
merous

; anthers extrorse, sessile (fig. 504) or upon very short
filaments. Female flower

:

—Ovary (fig. 1082) 1- or more celled,

superior. Fruit succulent (fig. 1080, c). Seeds pulpy, with
abundant mealy, horny, or fleshy albumen (fig. 1083), or rarely
exalbuminous

;
embryo various.

Diagnosis.—Flowers on a spadix, and with or without a true
spathe. Flowers naked, unisexual and monoecious ; or herma-
phrodite, and then frequently with a scaly inferior perianth.
Anthers extrorse. Fruit succulent.

Division of the Order and Illustrative Genera:—The order
may be divided into two sub-orders as follows :

—

Sub-order 1. Aroidese or Aracese.—Flowers unisexual, monoe-
cious. Spadix surrounded by a spathe. Perianth none.
Illustrative Genera:—Arum, Linn.

;
Caladium, Vent.

Sub-order 2. Awrex or Orontiese.—Flowers hermaphrodite.
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Spadix surrounded by a spathe or naked. Perianth absent,

or more generally present, and then scaly. Illustrative

Genera :—Acorus, Linn. ;
Orontium, Linn.

This order was divided by Lindley into two separate orders—

the Araceas and Acoracem—on account of the hermaphrodite

flowers of the latter. In accordance, however, with the more

general views of botanists, we make but one order, and place tU

two orders of Lindley as sub-orders.

DistributwnandNumbers.—Theyabowndmtropical countries,

but also occur in cold and temperate regions. There are about

250 species.

Fig. 1080. Fig. 1081.

Fig. 1082.

Fig. 1083.

Fig 1080. A plant of the Cuckoo-pint (.4 rum

maculutum) in fruit. 6. Conn. I. Lea*-

The remains of the spathe. c. Fruit. JJ9-

1081. The spadix of the same with the spatne

removed ; the flowers are all naked and uni-

sexual, a number of pistillate flowers or

ovaries being below ; above which are some

rudimentary ovaries, then a number of sessile

anthers and above these are BomeBtamlnodea

or abortive stamens. Fig. 1082. \ art oal

section of the ovary of the same. tW-

1083. Vertical section of the seed.

Properties and Uses.-The plants of this order are all more

or less acrid, and often highly poisonous. But th» «cndp n-

ch>le is frequently volatile, or decomposed by heat
,

hence
>

w

ry be in sich cases more or less destroyed by di•ymg o« ex-

no^tiff to heat the parts in which it is found. The best memoa

as the acrid matter is also commonly soluble in that Hum.
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Starch is usually associated with the acrid principle, and when
extracted, may be used for food like other starches. The under-

ground stems or corms of many species, when cooked, are eaten

in different parts of the world. Some are aromatic stimulants
;

others expectorant, antispasmodic, or diaphoretic.

Acorus Calamus, Sweet Flag.—The rhizome is an aromatic stimulant,

and is regarded by many as a valuable medicine in agues, and as a useful

adjunct to other stimulants and bitter tonics. It is official in the United

States and German Pharmacopoeias. It is reputed to be sometimes employed

by the rectifiers of gin. The candied rhizomes are employed by the Turks

as a preventive against contagion. In India the rhizome is occasionally

used as an insectifuge and insecticide, more especially in relation to fleas.

The volatile oil which may be obtained from it by distillation is employed
for scenting snuff, and in the preparation of aromatic vinegar.

Aritwma atrorubens. Dragon Root, Indian Turnip.—From the corm of

this plant a nutritious fecula is obtained in the United States. The corm
is also given internally as a stimulant, in rheumatism, and in bronchial

and other affections, and is likewise used extensively as an application to

aphthous affections in children.

Arum.—The underground stems or corms of some of the species of this

genus contain a large quantity of starch : thus those of A. macnlatum, Wake-
Robin, Cuckoo-pint, or Lords and Ladies, a common native of this country,

are the source of what has been called Portland Sago or Arrowroot ; a
peck of corms yielding about 3 lbs. of starch. But the preparation of this

starch is now, in a commercial point of view, given up. Formerly the
corms were also used medicinally as diuretics and expectorants. When
fresh, they act as an irritant poison.

—

A. campanulatum and A. indicum
produce edible corms.

Caladivm bicnlnr.—The corms of this and other species, when cooked, are
' edible. They are sometimes, but improperly, called ' Yams ' in tropical

countries. (See Dioscnrea.)

Calla pahtstris has acrid rhizomes, but by drying, washing, grinding,
and baking, these have been made into a kind of bread in Lapland.

Cohcasia.— C. esculenta and other species have large fleshy corms which
are much used in the West Indies, Madeira, &c, as food, under the names
of Yams (see Caladium bicnlor), Cocoes, or Eddoes.— C. himahnsis 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 also
eaten in the South Sea Islands under the name of Tara.

Dracontium.—The fresh roots of D. polypliyllum are in repute in Malabar
. for their antispasmodic properties.

Rhaph'dnphnra vitiensis, which is probably a variety of R. pertusa, is

said by Holmes to be the botanical source of the fibrous portion of the
remedy now known under the name of 'Tonga,' which is used as a remedy
in neuralgia. Its native name is ' Nai Yalu,' or ' Walu.' A. W. Gerrar'd
li is found tliis portion to contain a volatile alkaloid, which he has named
tnngine. The other constituent of Tonga is said to be the inner bark of
Premna tuitensis. (See Premna.)

Symplncarpus festidus, Skunk Cabbngc.—The root has a very foetid
< idour, especially when fresh. It is considered in the United State's as an
efficacious nervine stimulant, and has been used in spasmodic asthma, whoop-
in 4 -cough, catarrh in old people, and in other diseases. Its properties are
much impaired by keeping.

Order 4. LemnacEjE, the Duckweed Order.—Character.

—

Floating aquatic plants (Jig. 252), with lenticular or lobed leaves
or fronds. Floxvtrs 2 or 3, enclosed in a spathe (fig. 1084),
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monoecious, placed on the margin (fig. 252) or surface of the

frond, or in the axils of leaves. Perianth none. Male flower

with 1 {fig. 1080) or a few stamens, which are often mona-

delphous. Female flower consisting of a 1-celled ovary {fig.

1085), with 1 or more erect ovules. Fruit 1- or more seeded,

Fig. 1084. Fig. 1085.

Fia 1084 A monoecious bead of flowers of a species of Duckweed (Lemna

minor}' consisting of two male flowers, each of which is composed of a

solitary stamen with a quadrilocular anther ; and one pistillate flower m
the centre ; the whole surrounded by a spathe. Fig. 1085. Tertical

section of the pistil of the same.

membranous or baccate, indehiscent or sometimes dehiscent

Fmbryo straight, cleft, in the axis of fleshy albumen.

Distribution, Numbers, and Properties.—-They inhabit cool,

temperate, and tropical regions. Illustrative Genera :—Lemnajj

Linn. ;
Pistia, Linn. There are above 20 species. Their pro-

perties are unimportant.

Cohort 3. Liliales.—Flowers hermaphrodite or very rarely uni

sexual, in spikes, racemes, umbels, or panicles, or solitary
;
or

rarely capitate. Perianth in 6, or very rarely 4, 8, or 10

nearly similar distinct pieces, or united and commonly C-

lobed, regular or rarely irregular, usually all petaloid or

green or sometimes coriaceous or subglumaceous. Jinil.rY.'

immersed in copious albumen (not external to or in a lateral

cavity). Leaves usually parallel-veined, or very rarely net-

veined.

Order 1. Liliace/E, the Lily Order.—Character -Jfcrhs

(fia U2), shrubs {fig. 409), or trees (fig. 196) with bulbs

2 239-242), rhizomes (fig. 234), tubers, or hbrous roots,

ffi simple or' branched (fi,. 196). Leaves with parallel or

rSy reticulated veins, sessile or sheathing!,
sometimes succj

lent (Ha 1087, 0- Flown regular (figs. 28, 429, and 108bM

I? arranged or solitary. Perianth green or petaloid in-

ferior (figs. 28 and 1089), usually regular and 6-leaved (ju,s.

2J



LILIACE.E. 719

and 1086) or 6-partite (fig. 1087). Stamens 6 (Jigs. 28 and 1086),

or rarely more, or 3 in Buscus, inserted on the perianth (fig.

1089), or rarely on the thalamus ; anthers introrse (figs. 523 and

1089). Ovary superior (figs. 28, 523 and 1084), 3-celled, or very

rarely 4—6-celled, with numerous ovules on axile placentas (figs.

Fig. 1086.

Fig. 1088.

Fig. 1089.

Fig. 1091.

Fig. 1087

Fig. 1090.

Fig. 1030. Diagram of the flower of a species of Lily. .?. The three outer

divisions of the perianth, p. The three inner, e. The stamens, c. Three-
celled ovary. Fig. 1087. Raceme of flowers/, and portion of the succu-
lent leaf /.of a species of Aloe. Fig. 1088. Flower of the Crown Imperial
< Frilillaria imperialU) with half the perianth removed. Fig. 1089.

Vertical section of the flower of the Solomon's Seal (Polygonalurn multi-

florum). Fig. 1090. Transverse section of the ovary of the White Lily

(Idlium candldum). Fig. 1091. Vertical section of the seed of the
Crown Imperial.

1086 and 1089) ;
style 1 (figs. 28 and 1089), or very rarely 3 or

inure, or absent
;
stigma generally simple (fig. 28) or 3-lobed

(jig. 64(1). Frmt a loculicidal capsule, or succulent and inde-

hiscent, usually 3-celled. Seeds with fleshy albumen (Jig. 1091),
numerous.

Diagnosis.—Leaves with usually parallel straight veins, or
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succulent. Perianth inferior, generally 6-leaved or 6-partite,

and regular. Stamens 6, or rarely more, or 3 in Iiuscux
;

anthers introrse. Ovary superior, with axile placentation
;
style

1, usually undivided, or very rarely divided, and sometimes

absent. Fruit indehiscent or a loculicidal capsule. Seeds

numerous, albuminous.

Division of the Order and Illustrative Genera

:

—This order

has been divided by Baker into three tribes as follows :

—

Tribe 1. Liliese.—Anthers introrse (fig. 1089). Styles united

(fig. 646). Fruit a loculicidal capsule. Illustrative Genera

:

Lilium, Linn.
;
Tulipa, Linn.

;
Scilla, Linn.

Tribe 2. Colchiceas.—Anthers extrorse. Styles separate (fig.

1092). Fruit a septicidal capsule (fig. 669). This tribe forms

the order Melanthacese. or Colchicacese of this volume.

Tribe 3. Asparageee. — Fruit baccate. Illustrative Genera:—
Asparagus, Linn. ;

Convallaria, Linn.

By Bentham and Hooker this order has been divided into 20

tribes arranged in 3 series, and includes the Colchicacese, Smilacex,

and Philesiacene of this volume.

Distribution and Numbers.—They are widely distributed

throughout the temperate, warm, and tropical regions of the

globe. There are over 1,360 species.

Properties and Uses.—The plants of this order frequently

possess important properties, but there is no great uniformity

in them. Some are purgative ; others emetic, diuretic, dia-

phoretic, stimulant, acrid, &c. Several yield astringent sub-

stances, and many produce valuable fibres. The bulbs, young

shoots, roots, and seeds of others are highly esteemed, and

largely consumed as articles of food and condiments.

Allium.—The hulbs of several species of this semis are well known

dietetical articles, and are extensively used ns condiments under the names

of Onion, Garlic, Leek, &c. Garlic and Onion are also sometimes employed

in medicine ;
thus, extcrnallv applied, they are rubefacient, Sec, and inter-

nally administered thev are stimulant, expectorant, diuretic, and somewhat

anthelmintic. Garlic 'is still official in the United States Pharmacopoeia.

All the species yield an acrid volatile oil, containing sulphur as one of its

ingredients. Some species when cultivated in warm dry regions lose much

Of their acriditv and powerful taste, as the Portugal, Spanish, and Ivryptian

Onions —A. sativum is the common Garlic ; A. Cam. the Onion ; A. Jnrnnn,

the Leek; A. Schanoprasum, the Chive; A. Scorodoprasum, the Kocam-

bole ; A. ascalonicum, the Shallot. ,, 1M7n Tll _

Ahe —The species of this genus have succulent leaves (fig. 108/, I). I he

nureative drug Aloes is the inspissated juice obtained from the parallc

brownish-'Tcen vessels found beneath the epidermis of the leaves. Several

commercial varieties of Aloes are known, but the origin of some is not

accurately determined.-,!^ vulgar!, yields the land called Bartadoej

Aloes—A. Pern/i has been proved to be the principaj, if not the onh,

source of Socotrinc Aloes, and also of the kind commonly known as

Hepatic Aloes, for, as was first shown by Pereira, the difference between

UMMta.kinds may be readily accounted for by diference of preparation id

the two respectively. Socotrinc and Barhadocs Aloes are official in the British
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Pharmacopoeia.— Cape Aloes is yielded by A. spieata, A.ferox, and several

other species. Other commercial varieties of Aloes are known ns Natal

Aloes Indian Aloes, Aden or Black Aloes, Curacoa Aloes, &c. Their sources

Ire not accurately known. Aloes is used in small doses as a tonic, and in

larger doses as a purgative and emmenagogue. Aloes contains a crystalline,

fomciple termed aloin, to which its purgative properties are in a great

measure due. Aloin is official in the British Pharmacopoeia.

Asparagus.-—A. officinalis, Asparagus.—The young succulent shoots,

called turios, when boiled, are highly esteemed as an article of food. These

and the roots and flowering stems are sometimes employed as diuretics.

The juice of Asparagus has marked diuretic properties, and is deserving of

fiiore attention than it has of late years received. Asparagus is also popu-

larly employed as a lithontriptic. The roasted seeds have been used as a

substitute for coffee.
,

Asphodelus ramoxus, a native ofTurkestan, yields a tuber called Schirexcli,

which is employed as a diuretic and emmenagogue The Morocco drug

called Ablaluz is'also said by Leared and Holmes to be derived from this plant.

Camassia esculenta has edible bulbs, which are used by the North

American Indians under the name of Quamash. They are also known as

Biscuit-roots.

Convallaria majalis, Lily of the Valley.—All parts of this plant have

long had a reputation in Russia in the treatment of dropsy, and have bee i

much employed of late years in this country and elsewhere, and frequently

with good effect?, in organic diseases of the heart, &c. Convallaria appears

t.> resemble digitalis, more than that of any other substance, in its action,

But is not identical with it. Its properties seem to be principally du?

to a glucosidet, ermed convallamarin, but also to some extent to another

. glucoside

—

convalh.rin.

Dractena Draco, the Dragon Tree of Teneriffe (fig. 196), yields a red

resin resembling Dragon's Blood, but it is not now known in commerce. (See

Ca'amus and Pterocaipus.) The roots of J), terminalis, the Ti Plant, are

baked, and eaten largely by the inhabitants of the Sandwich Islands. A
fermented beverage is also obtained from the juice of this plant; and its

lea res are employed as fodder for cattle, and for clothing and other domestic

purposes.

Lilium.—The bulbs of some species, as those of L. tenuifolium, L. kamt-

tchaticum, and L. spectubile, are commonly eaten in Siberia.

Phormium tenax.—This plant is a native of New Zealand. The fibre

obtained from its leaves possesses great strength ; it is commonly known
under the name of New Zealand Flax. It is much used for twine and
cordage, and occasionally for linen, &c. It was recommended many years

ago for paper-making, but although a very strong paper may be prepared

from it, very little commercial progress has been made with this material.

Its root has been recommended as a substitute for Sarsaparilla ; and recently

it and the leaves have been stated to possess vulnerary properties.

Polygonatum officinale or vulgare.—The rhizomes of this, and probably

those of P. multiflorum, are sold in the herb shops under the name of Solo-

mon's Seal. They are employed as a popular application to remove the
i marks from bruised parts of the body.

Ruscus aculeatus, Butcher's Broom (fig. 409), has aperient and diuretic

coots, which were formerly much employed in visceral diseases. The roasted

seeds, have, been used as a substitute for coffee.

Sanseviera zeylanica and other species produce very strong and tough
fibres, which are known under the names of African Hemp and Bowstring

1 Hemp.
Trillium.—The root of T. erectum (pendulum), under the name of Beth

Root, is used in the United States, and is regarded as astringent, tonic, and
antiseptic. It is especially useful in menorrhagia.

3 A
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Urginea.— U. Scilla (Scilla maritima).—The bulb of this species is the

official Squill. It is a valuable medicine ; in small doses acting as an ex- 1

pectoraut and diuretic, and in larger doses as an emetic and cathartic. In

excessive doses it is a narcotico-acrid poison. Two active principles have

been known for some time as contained in Squill, one of which has been

reputed to possess expectorant and diuretic properties and not poisonous;

and the. other without anv value in medicine, but acting simply as an irri-

tant poison : the former has been called scillitin, the latter sculein. Merck

has more recently, however, found three principles, which lie terms scilli-

tnxin, scillipicrin, and scillin, and he infers that the medicinal activity of

Squill depends upon the two former.— U. ind'ea and some other species

appear to have similar properties to the official Squill.

Xanthnrrha-a—The species of this genus are commonly known in New
South Wales, where thev are natives, under the name of Grass-trees. Their :

tops afford fodder for cattle, and their young leaves and buds are eaten as a
j

vegetable. From X. arboreti, X. hastilis, and others, two resins are ob- ,

tamed ; one of which is known as the 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 hastilis. Both resins

exude spontaneouslv from the trunks of the trees, and both possess a fragrant

balsamic obour. They have been recommended for use in the preparation

of pastilles, and medicinally in those cases where t jlu and other balsams are

emploved. , . ,.
i

Yucca qlnrlosa and other species which are commonly known under the

name of Adam's Needle vield fibres, but these are little used. 1 he leaves

of Y.baccata, Y. brevifolia, Y. Whipple!, and Y. angustifoha, natives of

New Mexico, Arizona, and of South California, have been recommended

recently as a valuable material for paper manufacture.

Order 2. Colchicace^e or Melanthace.e.—The Colchicnm

Order.—Character.—Herbs, with bulbs, conns (figs. 246 and

10!)2), tubers, or fibrous roots. Flowers regular (Jigs. 1092 and

HW3), usually hermaphrodite, or rarely unisexual. Perianth

inferior, white, green, or purple (Jig. 1092), 6-partite or G-

leaved. Stamen* (i (Jigs. 519 and 1093) ; anthers extrorse (fig.

519). Ovarii superior or nearly so, 3-celled, with axde pla-

centation (fig. 1093^, style 3-partite (Jig. 1092); shgmas Z.

Fruit 3-celled (Jig. 1094), 3-valved, with usually septicidal de-

hiscence (Jig. 669). -Seeds numerous : embryo minute, m rieshy

albumen (fir/. 1095). T-;„„„„'a
By Bentham and Hooker the plants of tins order (see Lihacex)

are now placed, according to the views of Baker m tlie Mmcex.

ZWosis.-Herbs. Flowers regular, hermaphrodite or

rarely unisexual. Perianth inferior, 6-partite or (.-leaved.

Stamens G ; anthers extrorse. Ovary superior ;
style

Fruit a septicidal or very rarely a locuhculal capsule, 3-celled,

3-valved, membranous. Seeds numerous, albuminous.

Distribution and Numbers. -Generally diHused, but most

abundant in Europe, North America, and the northern partoj

Asia. Illustrative Genera:-Colclncum, Linn.
;
Tolieldia, HwU

sou There are about 150 species.

PriSL and [to.-The plants of this order are almosj

Mnivcrsally poisonous owing to the presence of poweiful a ke-

loids. But in proper doses several are valuable medicines, pos
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sessing emetic, purgative, diuretic, acrid, and narcotic proper-

ties.

Scheenocaulon officinale (Asagrsea officinalis).—This plant, a native of

Mexico, is the source of the official Cevadilla or Sabadilla, of the British

Pharmacopoeia. Cevadilla is principally employed as a source of the alka-

loid ceratrine, which appears to be contained only in the seeds ; these are

therefore alone official tor its preparation. The alkaloid is also official, but

as obtained by the Pharmacopoeia process it is not quite pure, but is prob-

ably a mixture of alkaloids. Veratrine has been used externally, as a rube-

facient, in rheumatism, gout, and neuralgic affections, and also internally

in similar affections in doses of one-twelfth to one-sixth of a grain. It is a
most powerful poison. Cevadilla seeds have been employed internally as au
anthelmintic. They are sometimes called lice seeds, because when powdered
and applied externally they destroy vermin.

Colchicum.— C. autumnale, Colchicum or Meadow Saffron.—Both the.

seeds and conns of this plant are official in the British, Indian, and United

Fig. 109i'. Fig. 1093.

Fig. 1094. Fig. 1095.

Fig. 1082. Flowering plant of the Colchicum or Meadow Saffron {Colchicum
qvtummleX Fi<j, 1093. Diagram of the flower of the same, with six
divisions to the perianth arranged in two whorls, six stamens, and a
3-celled ovary. Fig. 1094. Transverse section of the capsule. Fig.
1095. Vertical section of the seed.

States Pharmacopoeias. They are employed medicinallv in gout and rheu
matism ; but in improper doses they act as a narcotico-acrid poison. Thev
owe their properties essentially to a peculiar alkaloid, called colchicine,
which has been also used medicinally in similar diseases to colchicum. In
chronic rheumatism and in neuralgic affections of the joints, hypodermic
mixtions of colchicine have also been found useful. The once celebrated
Wench nostrum for gout, called Eau mtdicinalc cCRusson, owed its proper-
ties to Colchicum. The flowers and leaves, more especially the latter, are
prisonous to cattle, and hence this plant, which, moreover, "occupies a con-
siderable space, as it has large leaves, should be eradicated as far as possible

3 A 2
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from the pastures in which it is found. The Hermod u.lylx of the Greek
'

physicians and Arabians, and which were largely employed by them in <

diseases of the joints, have been shown by Planchon to have been the cornis

of C. varkgatum, the source also of the Hermodactyls of the present day.

Some other Hermodactyls hud a different origin.

Veratrum.—The rhizomes and rootlets of V. album are commonly known
as White Hellebore roots. They contain several bases, the more important

being the alkaloid veratrine, and another peculiar alkaloid termed jervine.

White Hellebore is a uarcotico-acrid poison. It has been employed as an
errhine, and for destroying vermin ; and internally as a purgative and ano-

dyne in gout, &c. The dried rhizome and rootlets of V. viride. Green Helle-

bore, are now much employed in the United States, and to some extent

e'sewhere, under the name of American Hellebore or Green Hellebore, as

an arterial sedative in inflammatory affections. John Harley describes its

action as occupying a position intermediate between colchicuin and digitalis.

Green Hellebore rhizome and rootlets are official in the British, Indian, and
United States Pharmacopoeias.

Order 3. Smilace.e, the Sar.^aparilla Order.—Charac-
ter.

—

Herbs or shrubs, more or less climbing (fig. 1090). Leaves

petiolate (fig. 1096), net-veined, articulated. Floa-ers regular,

unisexual and dicecious, or hermaphrodite. Perianth inferior,

0-partite, with all its divisions alike. Stamens 6, perigynous oa

rarely hypogynous ; anthers introrse. Ovary superior, 3- 5- of

Fig. 109G.

rarely 1-celled, with orthotropous ovules; stigmas 3. Fruit

baccato (fig. 109G), few or many-seeded. Seeds with a minute

embryo, iii hard albumen. This order, as we have already uotu-edt

is included in Liliaceoe by Bentham and Hooker.

Distribution and Numbers.—The species of this order are

scattered over various parts of the world, both in tropical and

temperate climates
;

they are, however, most abundant in

tropical America. Illustrative Genera:—Smilax, Linn.; Rip'>"

gonum, Forst. These are the only genera ;
there are probably



ROXBURGHIACHE.—PIIILESIACE/E.

—
JUNCACEjE. 725

about 120 species, but some botanists make the number con-

siderably more. „
Properties and Uses.—The plants of this order generally

possess alterative properties.

Ripoqomtm parvifiorum has similar properties to Sarsaparilla. (See

Smiiax.} It is a native of New Zealand, where it is much used as a reme-

^Smktx—The roots of several species or varieties of Smilax constitute

the Sarsaparilla of the Materia Medica, which is commonly regarded as

a valuable alterative. It is extensively employed in syphilis, various

cutaneous diseases, rheumatism, and many other affections. Several kinds

'

of Sarsaparilla are known, of which the most esteemed is that called

Jamaica Sarsaparilla, although it is not the produce of that island, but ot

Central America. It is obtained from S. officinalis. This kind is alone
f

Official in the British Pharmacopoeia. Other kinds of Sarsaparilla dis-

tinguished in commerce, are Mexican or Lean Vera Cruz, from S. medica
;

Li^on, Para, or Brazilian, from S. papyracea, and probably also from

S officinalis ;
Guatemala, from S. papyracea ;

Honduras, from also, I believe,

N 'papyracea ; and Guayaquil, from an unknown species. Several other

species of Smilax are likewise in use in different parts of the world as N.

aspera in the South of Europe, where its roots are termed Italian Sarsa-

parilla S. glabra's, lancifolia, S. ovalifolia, and S.prolifera in India;

S. glycvphylla in Australia, S. Macabucha in the Philippines, and S. anceps

in the Mauritius, &c— S. China is commonly regarded as the source of the

China Root of the Materia Medica; but others refer it to S.feroxoi Wallicli.

Several spurious China Roots are in use in America ;
their sources are

doubtful.

Order 4. Roxburghiace^:, the Roxburghia Order.—Ch a-

rac ter.—Twining shrubs with tuberous roots. Leaxes net- #

veined, leathery, broad. Mowers large and showy, solitary,

hermaphrodite. Perianth inferior, with 4 petaloid divisions.

Stamens 4, hypogynous, with enlarged connectives ;
anthers

introrse, apicilar. Ovary superior, 1-celled, with a basal pla-

centa
;
stigma sessile. Fruit 2-valved, 1-celled. (Seeds numer-

ous, in 2 stalked clusters, anatropous
;
embryo in the axis of

fleshy albumen.
Distribution, Numbers, and Properties.—They are natives of

the hotter parts of the East Indies. There is but one genus,

Roxburghia, Dryand., which includes 4 species. Their proper-

ties are unimportant.

Order 5. Philesiace.*:, the Philesia Order.

—

Diagnosis,

etc.—The plants of this order are closely allied to tjae Rox-

burghiaceJfi, from which, however, they are readily distinguished

by their hexamerous perianth and androecium, perigynous

stamens, parietal placentation, long style, and semi-anatropous

ovules. They are natives of Chili. There are 2 genera—
Philesia, Commers. ; and Lapageria, R. et P.—and 2 species. In

their properties they are said to resemble Sarsaparilla. (See

Smilax.) This order is included in Liliacem by Bentham and

Hooker.

Order G. JracACE.E, the Rush Order.—Character.—Sedge
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or grass-like herbs, rhizomatous or with tufted or fibrous roots.

Leaves with parallel veins, fistular or more or less flattened and
grooved. Jt lowers regular (fig. 1097). Perianth inferior, 6-

partite (fig. 1097), scale-like or coriaceous, greenish or brown,

persistent. Stamens 6 (fig. 1097), or rarely 3, perigynous ; anthers

introrse, 2-celled. Ovary superior (fig. 1097), 1—3-celled
;
style

1 (fig. 1097), stigmas 3 (fig. 1097) or 1. Fruit a loculicidal cap-

sule, 3-celled, 3-valved, and with 1 or many seeds in each cell

;

rarely 1-celled, 1-seeded, and indehiscent
;
embryo very minute,

in fleshy or horny albumen (fig. 1098) ; radicle inferior.

Distribution and Numbers.—A few are found in tropical

regions, but the mass of the order inhabit cold and temperate

climates. Illustrative Genera :— Juncus, DC. ;
Luzula, DC.

There are about 200 species.

Properties and Uses.—Their medicinal properties are unim-

portant, although some have a reputation as anthelmintics and

Fig. 1097. Pig. 1098.

Fid 1097 Flower of a species of Wood-rush (Luzula). having an inferior

fjeriauth with 6 divisions, G stamens, and a superior ovary with 1 style

and 3 stigmas. Fig. 1098. Vertical section of the seed of the same.

diuretics. The pale cellular tissue at the base of some of the

leaves of certain species is occasionally eaten. The chief use,

however, to which the plants of this order are applied, is in

making floor mats, and the bottoms of chairs, etc. lhe leases

of the species of Juncus are employed for these purposes. 1 he

internal cellular substance of the fistular leaves of June, which

is commonly called the pith, is employed for the wicks of

rush-lights. In China, a decoction of this cellular matter is also

much used as a cooling medicine in febrile aflections. It is

likewise employed in the manufacture of sun-hats, resembling

those made in India from uEschynomene aspera, but they are

not so durable as the Sola or Shola hats of Calcutta, (bee

jE&chynumene.)

Cohort 4. Pontederales. —Flowers hermaphrodite, in spikes,

panicles, or heads. Perianth of 2 segments or-0 m twj

whorls, ill petaloid. Style simple. Fruit capsular placen-

tation axile Seeds with abundant mealy or fleshy albumen .
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with the embryo immersed—that is, not external to, or in

a lateral cavity of the albumen. Marsh or water herbs.

Order 1. PoxtederacE-E, the Pontederia Order. — Cha-
racter.—Aquatic herbs. Leaves sheathing at the base, with
occasionally dilated petioles. Flowers hermaphrodite, irregular,

spathaceous. Perianth inferior, 6-partite, petaloid, tubular,

persistent, rolling inwards after flowering. Stamens 3 or 6,

inserted on the segments of the perianth ; anthers introrse.

Ovary superior
;

style 1
;
stigma simple. Fruit capsular, occa-

sionally somewhat adherent to the persistent perianth. Seeds

numerous, with mealy albumen.
Distribution, Numbers, and Properties.—They are natives of

the East Indies, Africa, and America. Illustrative Genera

:

—
Leptanthus, L. C. P.

;
Pontederia, Linn. There are above 30

species. Their properties are unimportant.

Order 2. Philydrace^e, the Water-wort Order. — Charac-
ter.

—

Herbs, with fibrous roots. Leaves equitant, ensiform,
sheathing. Flowers surrounded by a spathaceous persistent bract,

hermaphrodite. Perianth inferior, 3-partite, petaloid, the two
upper segments united so that it appears to consist of 2 segments.
Stamens 3, 2 of which are barren and petaloid, and all united to
the anterior lobe of the perianth

;
pollen united in masses of

four. Ovary superior, 3-celled, with axile placentas
;

style

simple
;
stigma capitate. Fruit a loculicidal capsule. Seeds

numerous, with an embryo in the axis of fleshy albumen.
Distribution, Numbers, and Properties.—They are natives of

China, Cochin China, and Australia. There are 2 genera
(Philydrum, Banks, and Hetajria, Endl.) and 2 species. Their
properties and uses are unknown.

Cohort 5. Commelynales.—Flowers hermaphrodite, in spikes,
panicles, heads, or solitary. Perianth regular or irregular,
of (i segments in two whorls, 3 outer green or sub-glumaceous,
3 inner petaloid. Fruit capsular

;
placentation parietal or

axile. Embryo outside the albumen, or in a distinct cavity
in its side.

Order 1. Commelynace.e, the Spiderwort Order.—Cha-
racter.— Herbs, with flattened, narrow, usually sheathing
/"M«.s. Perianth inferior, more or less . irregular, in six parts
arranged in two whorls ; the outer parts being green, persistent,
and opposite to the carpels ; the inner petaloid. Stamens

"i' (i, some generally abortive, hypogynous ; anthers 2-celled,
introrse. Ovary o-celled, superior

;
style 1. Capside 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 ami Numbers. They are chiefly natives of India,
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Africa, Australia, and the West Indies. JU/UMrative Geneva

:

—
Coinmelyna, DM.

;
Tradescantia, Linn. There are above 2G0

species.

Properties and Uses.—Their properties are unimportant.

The rhizomes of some species, as those of Coinmelyna twberom,

C. angusUfolia, and C. striata, contain much starch, and when
cooked are edible. Others have been reputed astringent and

vulnerary, and some einmenagogue, &c.

Order 2. Mayace^e, the Mayaca Order.— Diagnosis. —
Small Moss-like plants growing in damp places. They are

closely allied to Commelynacere, from which they differ in their

habit ; their 1-celled anthers ; their 1-celled ovary and capsule

with parietal placentas ; and in their carpels being alternate to

the outer segments of the perianth.

Distribution, Numbers, and Properties.—They are found in

America from Brazil to Virginia. Mayaca, Aubl., is the only

genus, of which there are 4 species. Their properties and uses

are unknown.

Order 3. Xyridace^;, the Xyris Order.—Character.—

Sedge-like herbs. Leaves radical, sheathing, ensiform or filiform.

Fbwers hermaphrodite, in scaly heads. Perianth inferior, 6-

partite, arranged in two whorls,—the outer sub-glumaceous or

scaly, distinct, and opposite the carpels ;
the inner petaloid,

regular, and united. Stamens 3, inserted into the base of the

outer lobes of the perianth, or sometimes 0; anthers 2-celled,

extrorse. Ovary superior, 1-celled, with parietal placentas.

Capsule 1-celled, 3-valved. Seeds numerous
;
embryo minute, in

fleshy or mealy albumen.

The genus Bapatea is sometimes made the type of a distinct

order—the Rapateaceae—which is placed in the cohort Pontederahs.

Distribution and Numbers. —Exclusively natives of tropical

and sub-tropical regions. Illnstratire Genera :—Xyris, Linn,
j

Rapatea, Aubl. There are about 70 species.

Properties and Uses.—Unimportant. The leaves and root|

of some species of Xyris have been employed in cutaneous

affections.

Cohort 6 Rest tales.—Flowers hermaphrodite or usually uni-

sexual. Perianth of 2— (i glumaceous or membranous seg-

ments in 1—2 whorls, or reduced to scales, or absent.

Stamens 1-0 ;
anthers 1- 2-celled. Ovary superior 1—33

celled, usually 3. Ovules solitary, pendulous in each cell,

orthotropous. Fruit capsular, rigid, or membranous, Seed*

albuminous. Embryo terminal, outside and at the end of

the albumen remote from the hilum.

The orders included in Restiales are placed by Benfham euii

Booker in their scries Glumacen: Theg form a connecting (tfli

betveci, the Glnmaceiv of this volume and the Petaloide*:
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Order 1. Eriocaulace.e, the Eriocaulon or Pipewort Order.
Character. — Aquatic or inarsh plants.

—

Leaves clustered,

linear, usually grass-like. Flowers minute, unisexual, in dense
heads, each flower arising from the axil of a membranous bract.

Perianth membranous, tubular, 2—3-toothed or lobed. Stamens
2—0 ; 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, at the end of

the albumen remote from the hilum.
Distribution, Numbers, and Properties.—Mostly natives of

tropical America, and the North of Australia. One species is

found in Britain

—

Eriocaulon septangulare, With. The order
contains about 200 species. Their properties are unimportant.

Order 2. Restiace^e, the Restio Order.—Character.—
fflerbs or undershrubs. Leaves simple and narrow, or entirely
absent. Stems stiff, either naked, or more commonly with slit

convolute leaf-sheaths. Flowers with glumaceous bracts, spiked
or aggregated, generally unisexual. No true perianth, its place
being visually supplied by 2—6 glum.es. Stamens 2—3, adherent
to the inner glumes, or the latter are sometimes absent ; anthers
generally 1-celled. Ovary 1—3-celled, with 1 pendulous ovule
in each cell. Fruit capsular or nut-like. Seed solitary, pendu-
lous, albuminous

;
embryo lenticular, terminal.

Distribution and Numbers.—Natives principally of South
Africa, South America, and Australia. Some are also found in
the tropical parts of Asia ; but none occur in Europe. Illus-
trative Genera:—Leptocarpus, R. Br.

;
Restio, Linn. There

are about 180 species.

Properties and Uses.— Unimportant. The wiry stems of
BOine species have been used for basket-making, &c, and for
thatching.

Orden 3. Desvauxiace/E, the Bristlewort Order. — Cha-
racter. —Small Sedge-like herbs, with setaceous sheathing
haves. Flowers glumaceous, enclosed in a terminal spathe.
Ghimes 1 or 2. Palcse none, or 1 or 2 scales parallel with the
glumes. Stamens 1 or very rarely 2 ; anthers 1-celled. Carpels
1—18, distinct or partially united, with 1 stigma and 1 pendu-
lous ovule in each ovary. Fruit composed of as many utricles
as there are carpels. Seeds albuminous

;
embryo lenticular,

terminal.

Distribution, Numbers, and Properties.— Natives of Australia
and the South Sea Islands. Illustrative Genera :—Desvauxia,
P. Br.; Aphelia, A'. Br. There are about 15 species. Their
properties and uses are unknown.
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Sub-class II. Glwmace&.

Cohort 1. Glumalcs.—Flowers hermaphrodite or unisexual, and

arranged in spikelets, or rarely solitary, in the axils of glumes.

No true perianth, but its place supplied by minute souk s,

hairs, or bristles, or these are absent. Stamens usually 1—3,

rarely more ; anthers 2-celled. Ovary superior, 1-celled,

with 1 erect or ascending ovule. Fruit a caryopsis. Seeds

with mealy or fleshy albumen. Embryo enclosed in the

base of the albumen, or outside at the base.

Order 1. Ctperace^:, the Sedge Order.—Character —
Grass-like or Rush-like, usually perennial herbs (Jig. 2do).

Stems solid, without joints or partitions, frequently angular

( ftq 1099). Leaves without ligules, and with entire or closed

sheaths round the stem (Jig. 1099). Flowers spiked, unWte,
hermaphrodite {Jig. 1102) or unisexual (Jigs. 1100 and 1101),

each arising from the axil of 1—3 bracts or glumes. (2 he Lower-

.

Fig. U01.

Fig. 1099.

1099 A portion of the angular stem of a specie ofH
%»'

wfth a closed sheath. FUj. 1100. Stamina*

flower of a species of Cares, a. Stamens, with long

filaments and pendulous innate anthers. <7. Glnnu-.

__Jpto 1101. Pistillate flower of a species of Can ; ,

consisting of a glume at the hose, and a pistil sur-

rounded by an urn-shaped tube (perig,,mum), u. si.

Style, terminated by three stigmas.

axils.) Pmantfi absent, orex istingini
hypogynouS

form of a tubeM K^n^ W ;o,vnon.M-.L: UO-_M,

scales or br.stles^g. llOA ' )-

_ ll02y anthers 2-celled, m-

^'CuM and U02V 0^ l-eelled, superior, (to. 1102)

Sh
(

fte^ ai^H ovule.' Pruii indehiscent, L-seede
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(Jig. 1103). Seed -with fleshy or mealy albumen (Jig. 1103, alb) :

embryo lenticular (Jigs. 1103, pi, and 1104), enclosed in the base

of the albumen (fig. 1103).

Diagnosis.— Grass-like or Rush-like herbs with solid and
usually angular stems. Leaves without ligules and with entire

sheaths. Stamens few, hypogynous ; anthers innate, 2-celled.

( (vary superior, 1-celled ; ovule solitary, erect, anatropous.

Fruit indehiscent, 1-celled, 1-seeded. Embryo enclosed in the

base of the albumen.
Distribution and Numbers.—Natives of all parts of the world,

and found especially in marshes, ditches, and about running

Fig. 1103. Fig. 1104.

Fig. 1102.

1

Fig. 1102. Hermaphrodite flower of a species of
Club-rush (Scirpits), the glume having been
removed. 6. Hypogynous seke or bristles form-
ing a kind of perianth, st. Hypogynous stamens
with 2-celled innate anthers, o. Ovaiy. s. Style.

stir/. Stigmas. Fig. 1103. Vertical section of
the fruit of a species of Carex. s. Pericarp, te.

Integuments of the seed. alb. Albumen, pi.

Embryo. Fig. 1104. Embryo of a species of
Carex removed from the albumen, a. Lateral
swelling, r. Kadicle. c. Cotyledon. /. Slit

corresponding to the plumule.

streams. Illustrative Genera:—Carex, Linn.
;
Cyperus, Linn. ;

Scirpus, Linn. There are about 2,000 species.
Pi•operties and Uses.—Although closely allied in their bota-

nical characters to the Graminaceee, the Cyperaceje are alto-
gether deficient in the nutritive and other qualities which render
the plants of the Graminacese so eminently serviceable to man and
other animals. Indeed the order generally is remarkable for
the absence of any important properties. Some of the plants
are slightly aromatic, stomachic, and diaphoretic, others de-
mulcent and alterative, and a few have been used for economic
purposes. The underground stems of certain species are edible
when roasted or boiled. Some of the species by spreading
and interlacing their subterranean stems through the sand of
tlit; sea-shore, and thus binding it together, prevent it from being
washed away by the receding waves, and in this way protect the
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neighbouring coast from encroachments of the sea. (See also

Properties and Uses of the Gruminacese.)

Carex.—The creeping stems of C. arenaria and some allied species have

been used medicinally as substitutes for sarsaparilla, under the name of

German Sarsaparilla.— C. hirta, C. prwcnx,nad others, are known in different

districts under the name of ' Carnation Grasses.' They have erroneously

been supposed to cause the disease termed ' Rot ' in sheep.

Cyperus.—The rhizomes, tubers, or corms of C. longus, C. rotundus, C.

pcrtenuis, and C. esculentus, have been employed in medicine, and regarded

as aromatic, tonic, diaphoretic, diuretic, and astringent. The conns or

tubers of C. esculentus are, under the name of Chtifa or Earth Almonds, used

for food in the South of Europe, more especially in Spain, and when roasted

have been proposed as a substitute for coffee and cocoa. They are known

liv the French as Souchet Comestible (Rush Nut ). Their chief use in hot

European climates is for making an orgeat, a refreshing acid drink in hot

weather. The boiled corms of C. bxdlmsus are also edible, and are said to

taste like potatoes.— C. textilis is used for making ropes, &c, in India.—C.

Uqetiformis is much used in China for making hats, matting, &c.

Erioplwrum.—The species of this genus are commonly known under the

name of Cotton-grasses, from their fruits being surrounded by cottony or

downy hairs. These hairs are sometimes used for stuffing cushions, &c.

'1 heir leaves are reputed to possess astringent properties.

Papyrus—P. nihtica or P. wgyptiacu. the Bulrush of the Is lie and the

Paper Keed of the ancients, is the true Papyrus of the Egyptians, and the

one commonlv grown in botanical gardens under that name is the Syrian

or Sicilian species (P. syriaca or P. siciliana). The plant is celebrated on

account of the soft cellular tissue contained in its stems having been in com-

mon use by the ancients for making a kind of paper. Thesesheets of papyrus

paper are'remarkable for their durability. The Papyrus was also used for

making ropes, boats, mats, &c. The Sicilian species, P. sictlmna, has like-

wise been employed for making paper.

—

P. corymboswt is extensively used

in India for the manufacture of the celebrated Indian matting.

Srirpus.—Various species of this genus, as S. lacustrw and laber-

nmnontana, &e., are much employed, like the true Pushes for matd

chai. -bottoms, baskets, &e., and also by coopers for filling up the .ntena s

in the seams of casks. They arc commonly known as Club-rushes or Bul-

rushes. The root of S. lacuslris was formerly used as an astringent and

diuretic.

Order 2. GraminacKjE, the Grass Order.— Character.—

Herbs, shrubs, or arborescent plants, with round, commonly

hollow {jig. 201), jointed stems. Learn alternate, wrtU

parallel veins and split sheaths {fig*. 374, a, and HOo), and w ith

a lioule at the base of the lamina (fig. 374 hg). J^wcrs her-

maphrodite or unisexual, arranged in spiked (fig. 418), pamcled

( fin 419), or racemose locustre ; or solitary. No true perumth,

its place being supplied by imbricate bracts, of which there are

commonly 2, called glumes, or rarely 1 j
theseglun.es are placed

at the base of the solitary flower, or at the base of each locu

(figs. 405 and 1100, gl, gl, and 1107, gc, g>). Occaswvahj

),Les are altogether "absent. Each flower » usually f -

nished with two other alternate bracts (pakxUfigs. 1"", pc,

(or sometimes the inner palea pi is wanting), the outer

Llea is frequently termed the jlower.nt, ghme-^d 2 orj

hyp -ynous scales (lodiadtv, sqnamuhv, or glumeWcs) (figs. 1100,
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Fig. 1105.

p, p, and 1108, p) ; these scales also are occasionally absent.

Stamens 1—0, usually 3 (figs. 1108-1110)
;
filaments capillary

( figs. 505 and llO'.l) ;
anthers 2-celled, versatile (figs. 500 and

001). Ovary superior (fig. 1108),

1-celled, with a solitary ascending

ovule
;
stigmas feathery or hairy (figs.

001 and 1108). Fruit a caryopsis

(figs. 704 and 705). Seed with mealy
albumen (fig. 704, a)

;
embryo lenti-

cular (fig. 1111), lying on one side of

the base of the albumen (fig. 705, c,

9, r).

Diagnosis.—Leaves alternate, with

split sheaths, and a ligule at the base

of the lamina. Flowers generally ar-

ranged in spikelets or locustie, or

rarely solitary. Flowers glumaceous
;

palete usually two in each flower.

Stamens hypogynous, few, usually

b, with capillary filaments, and ver-

satile anthers. Ovary superior, with
a solitary ascending ovule

;
stigmas

feathery or hairy. Fruit a caryopsis.

Seed with mealy albumen, with the

embryo on one side at the base.

Distribution and Numbers. —
Grasses are universally distributed

over the globe. In temperate and
cold climates they are herbaceous
and of moderate height, while in

tropical countries they become shrubby and arborescent, and
sometimes grow to the height of 50 or 00 feet. Grasses usually

grow together in large masses, and thus form the verdure of

great tracts of soil, and hence have been termed social plants.

Illustrative Genera

:

—Panicum, Linn.
;
Anthoxanthum, Linn,.

;

Phleum, Linn.
;
Agrostis, Linn.; Dactylis, Linn.

;
Bromus,

Linn. There are over 4,000 species.

Properties and Uses.—Of all the orders in the Vegetable
Kingdom this is the most important to man, as it affords the

various fruits, commonly known as Cereal Grains, which
supply the principal material of his daily bread in most coun-
tries of the world ; besides being eminently serviceable in other
respects, by supplying fodder for cattle, and yielding sugar and
other very useful products. It is a remarkable fact that the
native countries of our more important Cereals or Corn produc-
ing plants are altogether unknown. A few of the Grasses yield
fragrant volatile oils. Paper has long been made from the
Bamboo in India, China, and some other parts of the world

;

and straw is now largely employed for a like purpose in tins

Fig. 1 105. A portion of the stem
of the Oat's-tail Grass {Phleum
ji/aleiise), bearing a leaf with
parallel veins, and a split

sheath.
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country and elsewhere. Other Grasses have also, witiun the

last few years, been used to a great extent for making paper.

Almost all Grasses are wholesome, but one or more species

of Bromus have been erroneously reputed to be purgative,

Fig. HOG. Fig. 1107.

stignms ,,,.1109 Ono o the flo.ets of a spcc.cs ^
(Poa prrt^)'TZ^%;,7Z\— Fi,y 1 11 The embrvo of the Oat. ...

&i™&iU?™$^^* *
Slit Aponaing to the

jjlumule.
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Paspalum scrobiculatum, an Indian spec'es, is also said to be some-
times unwholesome. Stipa sibirica in Kashmir, Sti/pa inebrious
in Mongolia, and several of the Melicee oi South Africa, have like-

wise been recently described as deleterious Grasses. Further
experiments upon Lolvum and the other supposed deleterious
Grasses are desirable . Some of the species serve to bind together
the sand on the seashore, and thus prevent the encroachment of
the sea on the neighbouring coast. (See also Properties and
Uses of the Cyperacese .)

JEgihps ovata.—This grass has of late years become noted in conse-
quence of M. Esprit Fabre having stated that the varieties of cultivated
Wheat were derived from it and JEgihps cor data. This is not strictly correct,
however, for the plants grown by M. Fabre, and the grains of which ulti-
mately assumed the form of cultivated Wheat, were produced by hybridisa-
tion between a species of Triticum and JEgihps ovata, the result being the
formation of a variety of JEyilops, called JEgihps triticoides. The seeds of
this, by cultivation for about twelve years, are said to have produced a
grass like ordinary Wheat ; but it is not clear that prolonged cultivation
f>r a series of years has shown any tendency in JEgihps ovata towards
improyement.
A ndmpogon.—Several species of this genus are remarkable for their

agreeable odours. This fragrance is due to the presence of volatile oils, of
which several are used medicinally and in perfumery. These oils are com-
monly known under the general name of Grass Oils or Indian Grass Oils.
rhose which are distilled from the fresh plants of A. Nardus, Linn., A.
eitratus, DC., and A. pachnodes, Trin. (A. Schaznanthus, Linn.), are officialm the Pharmacopoeia of India.—-Andropogon citratus, Indian Lemon Grass,
l- the source of Lemon- Grass Oil, which is also termed Oil of Verbena and
Indian Melissa Oil. The plant yielding it is largely cultivated in Ceylon
and in the gardens of India. Lemon-Grass Oil is much employed in per-
fumery under the name of oil of verbena, from its odour resembling the Sweet
V erbena or Lemon Plant of our gardens. ( See Aloysia (Lippia) citriodora.)
It is spoken highly of in India as an external application in rheumatism,
Sc., and for internal use in cholera. It possesses stimulant, carminative
antispasmodic, and diaphoretic properties. The fresh leaves are sometimes
used a< a substitute for tea. and the centre of the stems for flavouring curries
gcc—Citronella Oiler Oilof Citronelleie the produce of Andropogon Nardus'.
It is employed in perfumery in England, &c, and in its medicinal properties
it closely resembles Lemon-Grass Oil.—^4. pachnodes is the source of the oil
known in India as Riisa ka-tel, or Rvsa Oil. It is also known as Oilof Gera-
nium, Oil of Ginger Grass, or sometimes as Grass Oil of Namvr'. Oil of
Geranium is extensively employed in Turkey to adulterate Otto or Attar of
Ko»p. (See Pelargonium and Rosa.) It has similar properties and uses to
the two preceding volatile oils.—A. muricatus has fragrant roots, which are
fcnown under the names of Cuseus or Vetti-ver. It is imported into this
count rv and elsewhere, and used for scenting baskets, drawers, &c. It is also
reputed in India to possess stimulant and diapiiorctic properties.—A laniaer
Besf., is the source of the drug known as Schcenanthns or Juncus odoratus.
(.oee also Jfolcits.)

Anthistiria.—A. ausfralis is the 'Kangaroo Grass' of Australia.—A
citutta is ,ui esteemed Indian fodder-grass.

Arundo Phragmites, the Common Reed.—The culms of this and son,,'
Otlier species are much used for thatching and other useful purposes

Avena sativa, the common O it.—A great number of varieties of this
>pee,...< ,re ,-„ltiv,t„I i„ the North of Europe, on account of the ..rains
Brmta), which are called Oats. These are extensively used as food for
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man and other animals. Oats deprived of their husk and coarsely ground

form Oatmeal. When divested of their husk and integuments they are

called Groats ; and these when crushed constitute Embden and Prepared

Groats. Oats are also employed for the production of alcohol.

Bambusa.—B. arundinacea, the Bamboo, and other species of Bambusa, J

are applied to many useful purposes in warm climates and elsewhere. Oood J

paper is made from' them in India, China, &c. The bamboo has beeu also 3

largely exported from the West Indies to America, &c. for the purpose of

being'manufactured into paper, and some of very good quality has been

made from it. The verv young shoots are boiled and eaten like Asparagus,

and are also used for "pickles and sweetmeats. Their hollow stems are 1

variouslv employed. In India and China the leaves are reputed to possess
J

emmenagogue properties. Sir Joseph Hooker says, that in some districts ' a

verv large kind of Bamboo is used for water-buckets, another tor quivers, :i

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, lhe young shoots I

of one or more are eaten ; and the seeds of another, either raw or <• ... <i. arr

made into a fermented drink. In China the Bamboo is used tor numerous

purposes—for water-pipes, fishing-rods, for making hats, shields, umbrellas,

soles of shoes, baskets, ropes, paper, sea ffolding-poles, trellis-work, sails, covers \

of boats, and katamarans.' The above extract will give some idea ol the

various uses to which the Bamboos are applied. A solid sihcmus matter is

commonly found in the hollow joints of the bamboo, to which the name ol

|
ra&us/iee/has been given. .

Coix lachryma is remarkable for its hard stony fruits, called Job s tears,

which are used for beads. They are also reputed to be diuretic.

Bactylis ctespitosa ( Festuca flabel'hides) is the celebrated Tussac O-nu* of

the Falkland Islands. It is an excellent fodder grass for cattle
i
and

.

horsesj

It is now grown to some extent in Shetland and some other parts of Britain

Eleusine.-E. coracana.-The grains of this plant const,tute one of tid

millets of India ; in Coromandel it is cal ed Natchnee. It is also cultivated

£ Japan as a com crop. In Sikkim a kind of beer, called murwa or mM*

beer, is prepared from the grains, and is in general use In the n. tu ts.
_

(bee

Panicnm and Holeus.)-E. Tocussa is an Abyssinian plant. Its grams are

used for food under the name of Tocussa.

Gyle, hi.- G. argent,:,,* is the elegant Pampas Grass, G. sacchan,,!, ,

i Brazilian snecies, contains much sugar. ,

Hdcus.-H. saceharatus, Sorghum saccharatu,,,, ^ Andropogon^c, A -

ratvm is the North China Sugar Cane or Sweet Sorgho It is calUvateffl

n China and other countries for the purpose of ^tojP<?
j

tSZv^i h- been highly recommended for cult yat.on
»<J

fmWfor cattle, but at present our know edge respecting t will not allow

of any positive inclusions upon its merits being arrived at. It is nowl

however extensively cultivated in the southern and central partsot ranee

S^dd'o^Sp^. Sorghum, Sorghum vulgare "f^XTifri^Z
which there are several varieties, is extensively cmtivate

1
n Atnia, mm

IZ for the sake of its grain, which >s known as EgJ .t.nn Cor
n

r

Wheat. Guinea Corn, Hurra, Turkish M^^^KatoU

or Long-eared Barley; If. vulgar, ere Bigg, \ •
.

g „ r

Barley
i\
M. hcxastichon, Six-rowed Barlej ;

and 11. ,
I
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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

cnuntrv. Malt is Barley which has been made to germinate by moisture

and heat, and afterwards dried, by which the vitality of the seed is

destroyed. Barley deprived of its husk constitutes Scotch, Hulled, or Pnt
Barley. When both husk and integuments are removed, and the seeds

rounded and polished, they form Pearl Barley, which is official in the British

Pharmacopoeia
;

this, when ground, is called Patent Barley.

Lygeum Spartum, a Spanish grass, yields the fibre known as alhardin,

which is frequently mistaken for Esparto. (See Stipa.) It is used like it

for paper-making.
Mnlinia ceerulea is said to be equal in value to Esparto Grass (see

Stipa) for paper-making. Its especial value resides in the tenacity of its

fibre, and the comparatively minute quantity of silica it contains.

Oryza sativa is the Rice plant, the grain of which is more extensively

used for food than that of any other cereal. Starch is also largely prepared
from rice ; it is official in the British Pharmacopoeia under the head of

Amylum, together with Wheat Starch and Maize Starch. From forty to

titty varieties of the Bice plant are known and cultivated in India alone
;

others have distinguished as many as 160 varieties. Eice 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 distilled 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 or Toddy."

Panicum.—P. miliaceumyieWs Indian Millet. The grain is called Warree
and Kadi-kane in the East Indies.

—

P. spectabile, a Brazilian species, grows
six or more feet in height. It is a favourite (odder 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 nutritions. It is termed Shamoola in the
Decean. Some of the Tartar tribes are said to prepare a kind of beer from
a species of Millet, which is called Bouza,Murwa, or Millet-beer, but this is

probably not obtained by them from a species of Panicum, but from a species
of Elensine. (See Elen sine.)

Paspalum.—P. exile yields the smallest known cereal grain. This grain
is known on the West Coast of Africa, where it is used as food, under the
name of Fundi or Funduniri. It is also commonlv called in Sierra Leone,
Millet.

—

P. scrnbiculatum also vields a kind of grain, known in India as
Menya or Kodro. A variety of this grass is reputed to be injurious to

Penicillaria spicata (Panicum spicatum) is called Caffre Corn. It yields
a serviceable grain, which is commonlv distinguished as African Millet.

Perinisetum dichntomnm.—The grains of this grass are known in some
parts nf Western Africa under the name of kasheia. They are used there as
food. i n Egypt and Arabia this grass is employed as'fodder for camels
and other animals, and also for thatching and other purposes.

Phalaris canadensis, Canary Grass, is cultivated for its grain, which is

employed as food for birds, under the name of Canarv seed. ' Its straw is

also valued as fodder for horses.
Poa aliyssinica is an Abyssinian corn plant, known under the name of

weft, The grains are sometimes emploved in the preparation of Bouza or
Millet beer. (See Eleusine and Panicum.)

Saccharum oJjUcinarum is the Common Sugar-cane, so extensively used
tor the preparation of Cane-sugar or Sucrose. Molasses is the drainiugs
Erom raw sugar; and treacle I he thick juice which lias drained from refined
»Ugar in the sugar-moulds. Caramel is burnt sugar. Sugar-candy, pulled

3 B
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sugar, barky-sugar, and hard-bake, are all familiar preparations of sugar.

Both molasses and treacle are capable of fermentation by yeast ; and then

yield by distillation rum. Refined sugar and treacle are official in the

British Pharmacopoeia.

Secale cereale, Common Rye, is much cultivated in the northern parts of

the world for its grain, which is extensively employed for making bread.

Rve bread retains its freshness for a much longer time than wheaten bread.

Quass or Rve 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.

Rve is subject to a disease called Ergot, produced by the attack of a fungus

(see Claviieps), when its grains assume an elongated and somewhat curved

form. The diseased grains are commonly known as Ergot of Rye or

Spurred Rve, 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 ; it is official in the British Pharmacopoeia.

Setaria.—S. germanica is the source of German Millet, and S. ilahca of

Italian Millet. The latter is also much used in India. The Millets are

largely used as food.
.

Stipa —S. tenacissima or Macrochloa tenacissima, yields the fibre known

under the name of Esparto or Alfa. (See Lygeum.) This has been of late

vears, verv extensivelv employed for paper-making. The imports of Esparto

are probablv over 150,000 tons annually. It is collected in Spain funis,

&c Esparto is also largelv used in Spain for making matting, card baskets,

&c' and has been so employed: since the time of the Phoenicians, who are

said to have used it extensively for like purposes.—The grain of S.ptnnata,

Feather Grass, is stated to be very nutritious.

Triticum.— T. sativum (vulgare) is the common Wheat.—A great many

varieties of Triticum are cultivated, as T. wstivum, Spring or Summer

Wheat; T. hybernnm, Winter Wheat; T. composition,
,

Egyptian \\ beat OB

Many-eared Wheat; T. polonicum, Polish Wheat and others -7. Spdtd

yielding the Spelt varieties, is a distinct species. The grains of the several

Varied of Triticum are commonly used in this and some other temperad

countries for making bread, and for their starch. Wheat starch is official id

the British Pharmacopoeia, together with Rice and Maize Starch under the

common name of « Amvlum.' Both ' Wheaten Flour' and Crumb ol Breaj

are also official. Various nutritious foods are also prepared from wheal

trains as Semolina, Soujee, Manna Croup, Veruncelh, Maccarou.
,
Cagl «"

oM?aiian Paste, &C-T. 'repens.-A decoction of the creeping stems haj

been used with success in mucous discharge from the bladder.

Zea Mags is the Indian Corn or Maize Plant. The grain is ex tins %ei\

used in warm countries. It is the most fattening ot all ^cereals, but
J

frequently produces diarrhoea. The roasted cobs or ears are sold in hid
j

as c' est" it similarly treated arc in this country. The immatu re ea > a r

M*» Bee Ts made from the grain, and is extensively used Maize stare-h ..

as official n the British Pharmacopoeia, under the name of Amj

RiceTnd Wheat Starch, In Western Afru,, a .avoun , ermei, ,, ,

.rage

is also prepared from Maize, called pitto or peto. 1 he silk) st> les aua^sug_m»

of this S'int have been recommended as of service in gravel and ncphnHj

WVl
Zizania aquatica yields a serviceable grain known as CanadaJKcej

of Ontario, the only province m which the plant glows to an;

extent.



ANALYSIS OF THE OEDEBS IN MONOCOTYLEDONES.

A rti ficial Analysis of the Orders in the Class

MONOCOTYLEDONES.

(Modified from Lindley.)

Sub-class I. Petaloideee.

1. Flowers with an evident Perianth.

A. Ovary inferior (lufene or Epigynw).
a. Flowers gynandrous.
Ovary 1-celled. Placentas parietal

.

Ovary 3-celled. Placentas axile

b. Flowers not gynandrous.

1. Veins of leaves diverging from the midrib,
and parallel to each other.

Embryo enclosed in a vitellus.

Anther 2-celled. Filament one, not pe-
taloid

Embryo not enclosed in a vitellus.

Anther 1-celled. Filament oue
Anther 2-celled. Filaments more than one.

2. Veins of leaves diverging from the base, and
parallel to the midrib.

Stamens 3.

Anthers extrorse ....
Anthers introrse .....

Stamens 6.

Anthers extrorse
Anthers introrse.

Leaves equitant
Leaves flat.

Fruit 1-celled .....
Fruit 3-celled.

Outer whorl of the perianth petaloid
Outer whorl of the perianth not pe-

taloid ....
Stamens more than 6 . . .

3. Veins of leaves reticulated.
Flowers unisexual

B. Ovary superior (Supers). Leaves parallel-
veined.

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 ...
Seeds attached to axile or basal placentas.

h lowers conspicuous. Embryo curved,
without a slit

Flowers inconspicuous. Embryo straight'
with a lateral slit ...

Carpels combined.

Orchidaceie.

Apostusiacex.

Zingileraceee.

Marantaceee.
Musacese.

Iridaceee.

Burmanni iccx.

Burmanniacese.

HjemodoracesB.

Taccaceie.

Amai yllida ca>.

Bromeliacese.

Hydrocharulaceos.

Dioscoreacew.

ButomaccK.

Alismacem.

Juncagirutceee..

3 it 2
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Inner whorl of the perianth different from

the outer. _ '
. _

Placentas axile. Anthers 2-celled. Cap-

sule 2—3-celled

Placentas parietal.

Anthers 2-celled, Capsule 1-ceed .

"

Anthers 1-celled. Capsule 1-celled .

The outer and inner whorls of the penanth

Flowws on a spadix. Embryo with a la-

teral slit . . • • : ' ...
'

Flowers not on a spadix. Embryo with-

out a slit

Outer whorl of the perianth petatoid, or the

whole petaloid when only one whorhs present.

Carpels more or less distinct.

Seeds solitary. Flowers on a spadix . .

Seeds numerous. Flowers not on a spadix.

Anthers extrorse

Anthers introrse. •«,»„+ «l
Perianth of 6 parts. Seeds without al-

Perknth of 2 parts'. Seeds with albumen

Carpels combined.

Flowers on a spadix

Flowers not on a spadix.

Perianth rolled inwards after flower-

Perifnth^frolled inwards after flow-

ering, conspicuous .

Ovary superior. Leaves net-veined.

a. Placentas basal

b. Placentas a.vile . : •

'

c. Placentas parietal.

Commelynacem.

Xyridacese.

Mayacese.

Aroidaceie.

Juncacese.

Pa 'mace&.

Colchicaceee.

Butomacem.
PhilydracUB.

Palmacem.

Pontederacem.

Liliacea.

Boxburghiacex.

Smilacem.
Phihsiaceee.

OK WITH A WHOKIjED SCALY PEIUAMH,
2. Flowers eitheb bisexual.

A. Flowers on a spadix.

a. Flowers bisexual.
^ _ Aroidacex.

Embryo cleft •"**'.. Pandanacex.
Embryo solid

b. Flowers unisexual.
_ Pandanacex.

Embryo solid • •
1

'
.

TTmhrvo cleft on one side.L
Swers with a true spathe. Fruit suc u-

lent. , „. . Aroidacem.
Anthers sessile, or ncaily so .

.

Flowers without a true spatta. 1 . ail arj

.

Anthers on long filaments

15. Flowers not arranged on an evident spad.x.

a. Flowers bisexual.
,

Juncaginacex.

Ovarv superior . Jlydr'ocltaridacem.

Ovary inferior

I) Flowers unisexual.

Ovules erect.
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Embryo perfect.

Seed without albumen
Seed with albumen .

Embryo rudimencary .

Ovules pendulous.

Carpel solitary.

Seed without albumen.
Pollen globose or tubular .

Seed with albumen
Carpels several, distinct.

Anthers 2- celled .

Anthers 1 celled .

Carpels several, combined.
Anthers 1-celled.

Stamens 2—3 ....
Stamen 1

Anthers 2-celled. Placentas axile.

Seeds with rows of hairs . . .

Seeds without rows of hairs

Anthers 2-celled. Placentas parietal

Naiadacex.
Pistiacese.

Triuridacex.

Naiadacex.
Restiacex.

Naiadacex.
Desvauxiacex.

Restiacex.

Desoauxiucex.

Eriocaulacece.

Restiacex.

Xyridacex.

Sub-class II. Ghimacece,

Stem solid. Leaf-sheaths not slit. Embryo ba-
silar, within the albumen .... Cyperacex.

Stem hollow. Leaf-sheaths slit. Embryo basilar,

outside the albumen Graminacex.

Division II. GYMNOSPERMIA.

Order 1. Conifers or Pinace^e, the Coniferous or Pine
Order.—Character.—Resinous trees or evergreen shrubs, with

Fig. 1112. Fig. 1113. Fig. 1114.

Fig, 1112. A ripe cone of the
Larch ( Finns (Allies) Larix),

Fig, 1113. A mat lire

carpel or scale of Che Scotch
Fir (Pinus tylveittis), with
two winged naked Beeds at
Its base, mic. Micropyle. cH.

Ohalaza. Fig. 1U4. A
scale of the Larch bearing
one naked winged seed ; the
Other seed lias been re-

moved.

branched continuous stems. Leaves linear," acicular (fig. 341)
<>r lanceolate, parallel-veined, fascicled (fig. 288) or imbricate
alternate. Flower* naked, monoecious or dioecious. Male flowers
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arranged in deciduous amenta. Stamens 1 or several, in the

latter" case monadelphous ;
anthers 1- or more celled, opening

longitudinally. Female flowers in cones {fig. 420), consisting

of flattened imbricate carpels or scales arising from the axil of

membranous bracts ; ovules naked, 2 (fig. 730) or more on the

upper surface of each carpel. Fruit a woody cone (figs 236

and 1112) or a galbulus (figs. 725 and 726). Seeds naked (figs.

1113 and 1114), with a hard crustaceous integument, albumi-

nous : cotyledons 2 or many (fig. 772).

Division o/ t/ie Order and Illustrative Genera .—This order has

been subdivided as follows :

—

Sub-order 1. Abietem. -Ovules inverted, with the micropyle

next the base of the carpel (figs . 730 and 1113). Pollen curved.

Illustrative Genera :—Pinus, Linn ;
Araucaria, Juss.

Sub-order 2. Ou-presses.—Ovules erect, with micropyle supe-

rior. Pollen spheroidal. Illustrative Genera .--Jumperus,

Linn.; Cupressus, Tourn.

The order Taxacese is now frequently included in the Coniferse,

forming the tribe or sub-order Taxex or TaxmexP
Tl-ibution and Numbers.-The plants of this order occur

in all parts of the world ; but they abound most in tempeiate

clLinates. There are about 250 species.
_

Properties and Uses.—They possess very important propert.es

Many supply valuable timber, and most of the species contain

an oleo-iesinous juice or turpentine, which is composed of a

volatile oil and resin.

large tree will maintain eighteen persons for a year. Both specie,

yield hard and dnrable timber^ M S:ln ,, r:l , i; .

Calhtris quadnualvis, the Aral
T^ee

> J lclu
f i"i , MnmtAar and is em-

floors and ceilings of their mosques.
Lebanon, and C. Deodar,,, tbe

Cedrus.— Cedrus Libam, the Cedar ot ^oanon.iuju
_ aremosl

Deodar, which "P*^ used in

^'l^^^^n skin diseases and as an applied to

ulcers, under to-S*a of Bome species is very durable. It

is
of the Bible was obtained Be - ol

Cupressus and ot^^^h
f

f|-awrie or Cowdie Tine of N,,v Zealand.
Dammara.—JJ. «' ••• " "»• im

,..,„„,. ftir m.,uiu..- masts and spars. A

hESEwa^'^ssS' """ ""

gum-resin, known as Indian dammar.
fl thevola.

I '^fetr otr^r i'Z'p.an,, havo * tad and

tile oi
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diuretic properties. The oil distilled in Britain from the unripe fruit is offi-

cial in the British Pharmacopoeia. Oil of Juniper is also used to flavour

the spirit known as Hollands
; turpentine being commonly employed for a

similar purpose for English Gin on account of its comparative cheapness.

Juniper wood has a reddish colour, and is used occasionally for veneers.

—

J.

O.rycedrus.—In France, a tarry oil, called Huile de Cade or Juniper Tar,

is obtained by dry distillation from the wood of tins plant ; it is principally

used in the form of an ointment for skin diseases, more especially in psoriasis

and eczema ; it is also employed in veterinary practice. The wood is veiy
durable.

—

J. bermudiana is the Red or Pencil Cedar, and J. virginiana, the

Virginian Red Cedar. The wood of these is employed for Cedar pencils
;

that of the former is considered the best. The tops or leaves of J. virginiana

are official in the United States Pharmacopoeia, where they are used for

similar purposes, and in like preparations to savine, but they are not so

effectual in their operation.

—

J. Sabina, the common Savine. The fresh and
dried tops and the oil obtained from the former are official in the British

Pharmacopoeia ; they have acrid, stimulant, diuretic, and emmenagogue
properties. In large doses they are irritant poisons, and have been frequently
taken to cause abortion. When locally applied in the form of the official

ointment, as a dressing to blisters and to issues and setons, they keep up and
promote the discharge.

Pinus.—Several species of this genus are valuable timber trees ; as P.
syivestris, the Scotch Fir, which yields the timber known as Dantzic or
Riga Fir, and Russian Deal ; P. IStrobus, the White Pine or Deal of the
Uuited States; P. mitis and P. australis, the Yellow Pine or Deal; P.
ngida, P. Lambertiana, &c, &c. The wood of these trees is used to an
enormous extent in this country, and elsewhere.

—

Pinus australis (palustris),
the Swamp Pine or Long-leaved Pine, furnishes by far the greater propor-
tion of the crude oleo-resiu known as turpentine which is consumed in the
United States, or sent from thence to other countries.

—

P. Tcedn, the Frank-
incense Pine, and P. Pinaster, the Cluster Pine, more especially the former,
are also sources from w hich we derive our supplies of turpentine. The con-
crete turpentine known as Galipot is also obtained from P. Pinaster ; but
the analogous concrete turpentine knowu as Terebinlhina, Thus America-
num, or Common Frankincense, and which is official in the British Pharma-
copoeia, is derived from P. australis and P. Tarda. The crude oleo-resin
turpentine yields by distillation the essential oil called oil of turpentine or
spirits or essence of turpentine, and yellow and black' resin. This oil is official

in the British Pharmacopoeia, and is said to be derived from P. australis,
P. Teeda, P. Pinaster, and P. syivestris.—Pinus syivestris, the Scotch Fir,
likewise produces some turpentine, and the wood of this and other species of
Pinus yields by destructive distillation the official Pix liquida or Tar, w hich
is commonly known as Wood Tar ; and Creasote, which is a product of the
distillation of Wood Tar. Tar is a useful application in some skin diseases.
Pitch or Black Pitch is another valuable product obtained from tar. 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, Forest-
woo], ,,r Fir-wool is prepared. It is used for stuffing cushions, &c. ; and is said
to be repulsive to vermin. &c. Various other articles of domestic utility are
•-.No manufactured from pine-wool. A volatile oil called Fir-wool Oil or Oil
Of Piin- Leaf is also obtained by distillation from these leaves; and is useful
in rheumatism, neuralgia, &c. It is official in the British Pharmacopoeia.
Paper of good quality is now made from the wood of this and some other
Species of /*;««» and Abies. (See Abies e.vcelsa.)—P. Pinea, the Stone Pine,
has edible seeds, which are used as a dessert under the name of pine-nuts.—P

.
Cembra, the Siberian Stone Pine, has also edible seeds. The young shoots

by distillation yield the so-called Carpathian Balsam.—/3
. Pumtiio, the

Mugho or Mountain Pine, produces by spontaneous exudation an oleo-resin
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called Hungarian Balsam.— Pima Gcrardiana, found in Thibet and

Afghanistan, has edible seeds.

—

P. longifolia, a Himalayan species, yields a

verv good turpentine.

'Tliefollowing plants are frequently placed in the genus Abies of lournelort

;

but more common/:/ they arc included in the genus Pinus.

Several species supplv valuable timber, as Abies (Pinus) excelsa, the

Norway Spruce, Abies (Pinus) alba, the White Spruce, A. {Pouts) tmujr

densis, the Hemlock Spruce, A. (Pinus) Larix, the Common Larch, &C—
Abies or Pinus excelsa, the Pinus Picea of Du Roi, yields by spontaneous

exudation a resinous substance which is the original Thus of the Materia

Medica This when melted and strained constitutes our official Burgundy

Bitch The official 'Thus' is described under Pinus australis. Good paper

has been made from the wood of this species. The leaf-buds are used on

the Continent in the preparation of a kind of beer, which is employed m
scorbutic and rheumatic complaints.—Abies or Pinus balsamea, the OanacUa n

Balsam or Balm of Gilead Fir, yields our official Canada Balsam.—^**

or Pinus canadensis, the Hemlock Spruce Fir, yields an oleo-resin resembling

Canada Balsam. This is official in the United States Pharmacopeia, and

is commonly known as Canada Pitch.-Abies or Pinus Picea of Linnams,

the Pinus 'Abies of Du Roi, the Silver Fir, yields Strasburg 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.—iliie« »»?™> tne

Black Spruce Fir. The young branches of this when takdm water

and the solution afterwards concentrated, yield Essence of Spruce, which

is employed in the preparation of Spruce
:
Beer -A. Larix

f
or Pinus Larix, the Larix europma of De Candolle, yields Larch or ? em«

urpentine, and'a kind of Manna, called Larch Manna or Manna de 1 na,,,;,

The bark is sometimes used in tanning. This bark,
*«!^*J*£***

layer, is official in the British Pharmacopoeia, and is regarded as st.mu an
,

astringent, and diuretic. It has been recommended to check profuse expec-

toration in chronic bronchitis, and for various forms of internal hemorrhage ;

bnt^isHtttensed.
ncc!dell talis are used to prepare a tinc-

ture winch is employed externally to remove warts, &c, and internally lor

worms, amenorrhea, &c.

Order 2. Taxace*:, the Yew Order. - Character. -
Trees or shrubs, with continuous branches. Leaves usually

narrow, rigid, and veinless ; sometimes broad, with foiked

Fig. 1115..
Fig. 11 Hi.

Fin. 1U5. Male flower of the

Common Yew (TaXUl buc-

cuta ), with numerous mo-
nadelphous stamens.

Fig. 1116. Vertical section

of 'the seeilof the same. nr.

The succulent cup-shaped

ss whioh Burrounda the

seed. pi. Embryo, nib. Al-

bumen, eh. Cba aza. mi.

Micropylc.

veins. Flowers unisexual, naked, bracteated Mah touafj

several together, each with one or several stamens, which*

n Jho latter case, are united (Jig. 1115) or distinct
;
unite*

bursting longitudiAally. Female Jiotvers solitary, and consisting
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of a single erect naked ovule, which is either terminal or placed

in the axil of a bract. Seed small, usually more or less sur-

rounded by a cup-shaped fleshy mass or aril (Jigs. 727 and

1116, ar), albuminous (Jig. 1116, alb)
;

embryo straight (Jig.

1116, pi). This order is now frequently included in the Coniferee,

forming the tribe or sub-order Taxese or Taxinew.

Distribution and Numbers.—Natives of the mountains of

tropical countries, and of temperate regions. Illustrative

Genera :—Taxus, Linn. Salisburia, Smith. There are about

50 species.

Properties and Uses.—In their general properties they re-

semble the Coniferce.

Dacrydium.—D. Franhlinii, the Huon Pine of Australia.—The wood is

valuable for ship-building. Other species, as D. taxifolium, the Kakaterro

of New Zealand, and D. cupressinum, the Dimon Pine, are also valuable

timber trees.

Podocarpus Totarra and some other New Zealand species are valuable

timber trees.

—

P. cupressina (imbricata), a' native of Java, yields a crystal-

line resin.

Taxus baccata, the common Yew, produces extremely durable and valu-

able timber. Its leaves and young branches act as a narcotico-acrid poison,

both to the human subject and other animals. But they would seem to be

most injurious to horses and cows
;
indeed, it is stated that sheep, deer, and

turkevs will crop Yew trees with impunity. But this is certainly incorrect

so far as sheep and deer at least, as these animals have been killed by eating

Yew leaves. It is also frequently said that animals may feed upon the

voting growing shoots without any injurious effect being produced, but that

"when these have been cut off, and left upon the ground for a short time,

they are then poisonous. This notion is, however, altogether erroneous, for

the' shoots are poisonous whether fresh or dried. Fatal cases of poisoning

have also occurred from eating the so-called fruit. (See page 328.) The
red succident cup of this fruit is, however, harmless, the contained seed alone

being poisonous. Yew leaves and the fruits, have been given medicinally

for their ommenagogue, sedative, and antispasmodic effects. According to

Dr. Taylor, ' Yew-tree tea ' is sometimes taken to cause abortion.

Order 3. Gnetace^e, the Jointed Fir Order.—Character.
Small trees or shrubs, with usually jointed stems and branches.

Leaves opposite, entire, net- or parallel-veined, or sometimes
small and scale-like. Flowers unisexual or rarely hermaphrodite,

in catkins or heads. Male flowers with a 1-leaved calyx ; anthers

2—3-celled, with porous dehiscence. Female floiver naked or

surrounded by 2 more or less combined scales ; ovules 1—2,

naked, pointed by a style-like process. Seed succulent
;
embryo

dicotyledonous, in the axis of fleshy albumen.
Distribution and Numbers.—These plants occur in both

tropical and temperate regions. There are 3 genera—Ephedra,
L'vrm.; Welwitschia, Beichb. ; and Gnetum, Linn.; and about
30 species.

Properties and Uses.—Unimportant. The seeds and leaves

of several species are eaten. Some Ephedras are astringent.

A new drug from Texas, known under the name of Cauutillo,
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has been lately recommended in cases of urethral inflammation,
and in renal diseases ; it is said to be derived from Ephedra
trifurcu.

Order 4. Cycadace^e, the Cycas Order.—Character.

—

Small Palm-like unbranched trees or shrubs, or occasionally

dichotomous, with their surface marked by the scars of fallen

leaves. Leaves clustered at the summit, pinnate, parallel-

veined, hard and woody ; leaflets sometimes circinate in verna-

tion. Flowers quite naked, unisexual, dioecious. Male flowers

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 embiyos con-

tained in fleshy or mealy albumen.
Distribution and Numbers.—Natives principally of the tem-

perate and tropical parts of America and Asia ; and occasionally

of the Cape of Good Hope, Madagascar, and Australia. Illus-

trative Genera :— Cycas, Linn.
;
Zamia, Lindl. There are about

50 species.

Properties and Uses.—The stems and seeds of the plants of

this order yield mucilage and starch.

Cycas.—From the stems of Cycas eircinalis and C. revnhita a starch may
be obtained. Of this a kind of sago is prepared ; that from C. revoluta is

said to constitute Japan Sago, which is esteemed as an article of food where

it is obtained. But this sago is not an article of European commerce, all

the sago imported into Europe being derived from species of Palms. ( See

Metro.rylon and Saguems.) The seeds of the above species are also edible.

Dion edule has large mealy seeds from which the Mexicans prepare a

kind of arrowroot.

Encephalartos.—Various species contain starch, and form what is called

Caffre-bread.

Zamia.—In the Bahamas and other West Indian islands, excellent

arrowroot is prepared from the starch obtained from the stems of Z. integri-

folia 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.

Florida arrowroot is also obtained from this plant.

Artificial Analysis of the Orders in the Gymnosfeumia.

1. Stem jointed, branched Gnetacete.

2. Stem not jointed.

Branched. Leaves simple.

CnrpelB collected in cones .... Coniferm.

Seed solitarv, usually surrounded by a suc-

culent coat Taxacesa.

Not branched, or dichotomous. Leaves pinnate Cycudacex.
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Fig. 1117.

Sub-kingdom II.

CEYPTOGAMIA OE FLOWEELESS PLANTS.

Division I. CORMOPHYTA.

Class I. Vasculae.es.

Sub-class I. Isosporia.

Order 1. Filices, the Fern Order.—Character.

—

Herbs

with rhizomatous stems (fig. 14) ; or arborescent plants with

cylindrical stems (fig. 15), usually unbranched, but sometimes

forked (fig. 204). Leaves, or fronds as they are commonly
called, arising irregularly from the rhizome

(fig. 14), or placed in tufts at the apex of

the stem or caudex (fig. 15) ; almost always

circinate in vernation (figs. 14, 15, and 297)

;

simple (fig. 1117, a) or compound (figs. 14

and 804). Fructification consisting of spo-

rangia or capsules (figs. 802 and 804),

collected in heaps (sori), which are placed

usually on the under surface (figs. 802, sp,

and 803, s) or at the margins of the fronds

(fig. 1117, b), or rarely on the upper sur-

face, or occasionally arranged in a spiked

manner on a simple or branched rachis (fig.

804) ; the sori are either naked (fig. 802,

sp) or covered by a membranous scale

Mndwsium) (fig. 803, s). Sporangia stalked

(fig. 805, s) or sessile (fig. 1117, b), and
either annulate (fig. 805) or exannulate

(fig. 1117, b). Spores enclosed in the spo-

rangia (fig. 805). (For further particulars

upon the fructification of Ferns, see pp.
3(55-367.)

Division of the Order and Illustrative

Genera.—This order has been variously
divided ; but the more common arrange-
ment is into three sub-orders, which are
frequently regarded as distinct orders.

These sub-orders are called Polypodies, Danreese, and Ophio-
glusse<e. Their characters are as follows :

—

Hub-order 1. Polypodies or Polypodiacese, the Polypody Sub-
order.—Fronds circinate in vernation. Sporangia more or less

annulate (fig. 805), usually collected in sori on the under
surface or at the margins of the fronds (figs. 802 and 803),

Fig. 1117. a. Barren and
fertile fronds of the
common Adder's-
tonguo (Ophioylossum.

vulgatum). b. Portion
of the fertile frond of

the same.with 2-valved
distinct, burst sporan-
gia or capsules on its

margins.
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or occasionally arranged in a spiked manner on a simple or

branched rachis {fig. 804). Illustrative Genera;—Polypodium,
Linn. ;

Aspidium, Swartz ;
Osmunda, Linn.

Sub-order 2. Laneeeee, Danseacem, or Marattiaceee, the Danwa
Sub-order.—Fronds circinate in vernation, and all fertile.

Sporangia arising from, or imbedded in, the under surface or

back of the fronds, more or less united, exannulate. Illus- I

trative Genera:—Damea, Smith; Marattia, Smith. There are

no British plants in this sub-order.

Sub-order 3. Ophioglossese or Ophioglossacex, the Adder's-tongue

Sub-order.— Fronds not circinate in vernation, barren or

fertile. Sporangia arranged in a spike-like form {fig. 1117, a)

on the margins of a contracted frond, distinct, 2-valved {fig.

1117, b), exannulate. Illustrative Genera :—Ophioglossum,

Linn.
;
"Botrychium, Swartz.

Distribution and Numbers.—The plants of this order are

more or less distributed over the globe, but they are most

abundant in moist temperate regions. In the northern hemi-

sphere they are herbaceous plants, but in the southern hemi-

sphere and in the tropics they are sometimes arborescent, having

stems occasionally as much as forty feet in height, and with

the general habit of Palms. There are upwards of 2,500

SPeC
jPro»creies and Uses.—Several species have farinaceous

rhizomes, which, when roasted or boiled, are used as articles

of food in some parts of the world, but generally only m times

of scarcity. The rhizomes of Fteris escidcnta, Diplazinm cscu-

lentum Nephrodium esculentum, and Marattia alata, are those

which are thus principally used. The leaves of several specie*

possess slightly bitter, astringent, and aromatic properties, and

those of others are mucilaginous. The rhizomes of some are

astringent and tonic, and a few possess well-marked anthelmintic

properties. The silky hairs found on the rhizomes and lower

portions of the caudex of some species have been used for

stuffing cushions, &c, and as mechanical styptics.

Acrostichum H.cacsaro.-lhe rhizome of this species co.^titutes the.

Middling Calaguala or Little Cord, which is used medicinal!) m 1 eroj

(Se^Si-The fronds and rhizomes of A. Capilhs-Veneris. True

Mniden-h ir, and those of A. pr.lutum, Canadian tfaaden-hair, ,.osse,«

n Vinous, bitter, slightly astringent, and aromatic proper ,,s, and a>

been employed as pectorals in catarrhs. '1 he latter plant is most esta U
Syr .P Of Capillaire is properly prepared, by adding to an infos on.

Maiden-hair s'omc sugar and orange-flower water
;
but ,t a

.

frequent

!

made by simply adding sugar to orange-flower water 1 he lrond^ of A

KLcLtonare reputed to have tonic properties ;
and various qualities

have hpen attributed to other species of Attumtum.lm
\, , rf/im" Th, dried rhizome with the persisted baseso the petiolesd

i„i/„ Filix-mas constitute the official Male Fern of the B tish ruu<

niacojpail This has been used from the earliest times as an anthelmintic

,

ia\'C

•d.
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it possesses most activity in a recent state. The rhizome of Aspidium mar-

nilah a native of the United States, is said to possess similar properties,

ffls official as well as the former in the United States Pharmacopeia.

The rhizome of Aspidium alhamanticum. under the names of Panna and Un-

comocLo, is also much esteemed by the Zulus as an anthelmintic. The fronds

T2 fragrans, possess aromatic and slightly bitter properties, and have been

used as a substitute for tea. ..1,1.x. j p

Cibotium —The silkv hairs covering the lower portion of the caudex of

C Baromet'z or Aspidium Barometz, the Scythian Lamb of old writers have

been imported under the name of Pahoe Kidang Tins has great reputation

in India as a stvptic, and has been used for a like purpose (see Cyatkea) in

Holland Germany, and other countries. It has also been employed for

stuffino- 'cushions; &c. It is obtained from Sumatra Analogous hairs

imported from the Sandwich Islands, under the name of Pulu may be em-

ployed for similar purposes as the preceding. Pulu is said to be derived

from three species of Cibotium, Viz. C. glaucvm, C. Chamisso,, and C. Men-

ziesii ; but other species also produce somewhat similar hairs.

Cvathea —From the caudex of C. Smiihn, a native of Sumatra, woolly

hairs are obtained, which are imported under the name of Peaghawar

Diambi • thev are used for similar purposes as Palme Kidmg and 1 ulu.

Ophioqhssum vulqatum, the Common Adder's-tongue, has been employed

as a vulnerary. In some parts of England it is used in the preparation of a

P°P
Osm«idaT^afts, the Flowering or Royal Fern.—In Westmorland and

some parts of Lancashire, this plant is known under the name of bog

onion ' The rhizomes when beaten, and macerated all night in cold spring-

water, are much esteemed as an application to bruises, sprains, &c.

Polvpodium.—The rhizomes of P. Calaguala, Genuine or Slender Cala-

guala : of P. crassifolium, Thick Calaguala or Deer's Tongue ; and those

of Acrostichum Huacsaro (see Acrostichum), are used medicinally m Peru,

and are said to possess sudorific, diuretic, febrifugal, and anti-venereal pro-

perties P. Phymatodes.—The fronds, under the names of ' Male Fern,' and
' Female Fern,' are employed in Siberia in nephritis, dysuria, and other

kidnev complaints. . .

PteHs aquilina, the Common Brake, is reputed to possess anthelmintic

properties.

Order 2. EQUlSETACEiE, the Horsetail Order.—Character.

Herbaceous plants with striated, hollow, jointed, simple or

verticillately branched, aerial siliceous erect shoots or stems,

arising from slender creeping persistent rhizomes. The joints

are surrounded by membranous toothed sheaths {fig. 13), which

are generally regarded as modified leaves. When branched,

the branches arise in a whorled manner from 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 erect shoots or

steins (Jig. 13). Each mass is composed of peltate scales bearing

the sporangia or capsules on their under surface (fig. 810),

each of which dehisces internally by a longitudinal fissure. Spores

surrounded by elastic club-shaped eiaters (figs. 811 and 812).

(See pages 367 and 368 for a more detailed account of the

fructification.)

Distribution and Numbers. — These plants are found in

marshy or watery places in most parts of the world. There is
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but one genus (Equisetnm, Linn.), which includes about 20

species, many of which are indigenous.

Properties and Uses.—Of little importance either in a medi-
cinal or economic point of view. They were formerly regarded

as slightly astringent, diuretic, and emmenagogue, but are

never employed in medicine at the present day. The rlrzomes

contain much of starchy matters in the winter months, and
might therefore, in case of need, be used as food, like those of

some Ferns. Silica is abundant in their epidermal tissues : this

is especially the case in Eguisetum hyemale, Rough Horsetail,

which is largely imported from Holland under the name of

Dutch Rushes, and employed by cabinet makers, ivory turners,

and others, for smoothiug the surfaces of their work.

Order 3. Lycopodiace^:, the Club-moss Order. — Charac-
ter.

—

Herbaceous plants, usually resembling Mosses, or rarely

shrubby, with creeping stems {Jig. 1118) or corms, and forked

ramification (Jig. 12). Leaves sessile, small, simple, imbricate

Fig. 1118

Fia 1118 Lycopodium inundatum, Marsh Club-moss. The stem is creeping,

awl bears numerous small sessili' Imbricate loaves.

(Jig. 1118). Sporangia situated in the axis of the leaves, or of

spicately or cone like arranged scales (Jig. 12), 1—3-celled,

compressed, often reniform, 2-valved
;
and containing numerous

spores of one kind only, which arc marked at the summit with

8 radiating lines. (See pages 368 aiid 369.)

Distribution and Numbers.— They are almost universally dis-
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fcributed, occurring in cold, temperate and warm climates. Illus-

trative Genera .-—Lycopodium, Linn. ;
Psilotum, Swart::. There

are about 100 species.
. .

Properties and Uses.—Many species contain an acrid principle.

In moderate doses they are frequently emetic and purgative, but

in large doses they occasionally produce poisonous effects. Some

are reputed to possess aphrodisiac properties. The spores of

several are inflammable.

Lycopodium.—L. clavatum,the common Club-moss, possesses well-marked

emetic and purgative properties, and is also reputed to be diuretic and em-

menagogue. The spores have been employed externally for their absorbent

Qualities, in erysipelas and various cutaneous affections; and when taken

internally they are said to be diuretic, sedative, and demulcent. These spores

are of a vellow colour, and are sometimes known as vegetable sulphur. Besides

their use medicinally, as just alluded to, they are occasionally 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 fire-

works, and for the production of artificial lightning at theatres, &c.

—

L.

Selago has similar medicinal properties, but it sometimes acts as a nar-

cotico-acrid poison. The spores are of a like inflammable nature to those

of L. cluvatum.—L. catharticum is said to be a powerful purgative.

Fig. 1119.

Fi'j. 1119. hottes lacu.it vis, Lake Quill-wort. The stem is small ami corm-

likc, aud bears its leavoa, which are lineur-cyliudrica!, iu tufts.
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Sub-class II. Heterosporia.

Order 1. Selaginellaceje, the Selaginella Order.— Cha-
racter.

—

Terrestrial or water }^lants (Jig. 1119), with branched
slender stems, or the stems are corm-like (Jig. 1119). Lea oes

sessile, small, and imbricate all round the stem or distichous,

or in the plants with corm-like stems tufted, Ion", and somewhat
linear (Jig. 1119). Sporangia of two forms, the larger called the

macrosporangium or megasporangium (Jig. 816), 2—4-valved,

and containing 2—8 large spores (macrospores or megaspores)
;

and the smaller or microspurangium (Jig. 815), resembling that

of the Lycopodiacese, and containing a number of small spores

(microspores). (See pages 369 and 370.) The species of Isoetes

are sometimes formed into a distinct order—the Isoe'tacese (seepage

370). They are here included in Selaginellacex.

Distribution and Numbers.—They are found in all temperate

and warm climates. There are 2 genera, and about 19® species.

Illustrative Genera:—Selaginella, Beauv.
;
Isoetes, Linn.

Properties and Uses.—Unimportant.

Order 2. Marsileace^e or Rhizocarpe^;, the Pepperwort

Order.— Character.

—

Aquatic herbs with small floating or

creeping stems (Jig. 1120), from which arise sessile (Jig. 1120) or

Fig. 1120.

Fia 1120 The Creeping Pillwort (Pilularta gUbuttftra). The stems are

creeping and bear numerous sessile leaves, which are c rc.nate in verna-

tion! The sporocarps are downy, and placed in the axils of the leaves.

stalked leaves (fig. 366). Leaves with ^"^S^S
1120). Fructification at the base of the leaves (.%. 1120), and

consisting of stalked valvular sporocarps (figs. 81 819, and

820) enclosing antheridia in which a number of small spores

(microspores) are contained (jig. 818), and sporangia (fig 820>,h),

both of which are either contained in the same cavity {fig. 81,)

or in separate sacs (fig. 820). (See pages 3,0 and 3, 1.)
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This order is frequently divided into two orders, namely,

Marsileaceee and Salviniacem.
_

Distribution and Numbers.—They are widely distributed, but

are most abundant in temperate regions. Illustrative Genera :—

Pilularia, Linn. ;
Marsilea, Linn. There are about 40 species.

Properties and TJses.—Oi little importance. Marsilea Ma-

cropus is known in Australia as the Nardoo plant. The sporo-

carps contain starchy matter ; these are pounded, and used in

the same way as flour.

Class II. MuSGTNEiE.

Order 1. Musci, the Moss Order.—Character.— Cellular

plants (figs. 9, 10, and 824), terrestrial or aquatic, with erect or

creeping stems, and usually spirally imbricate leaves (fig. 1121).

Reproductive organs of two kinds, called antheridia and arche-

gonia (see pages 372-375). which are either placed on the same

or on separate plants (Jigs. 9 and 10) ; hence these plants are

monoecious or dioecious. The antheridium (fig. 821) is a more

or less rounded, elliptic, or cylindrical sac, containing, when
mature, a number of minute cells (sperm-cells), each of which

encloses a spirally twisted filament (antherozo id). The arcJie-

goniumiB a flask-shaped body (fig. 822), which after fertili-

sation developes an urn-shaped sporangium (figs. 823 -825),

with usually a central columella (fig. 829) ; the space between

which and the walls of the sporangium being occupied by spores,

without any elaters among them. The sporangium or capsule is

commonly placed on a stalk (seta) (figs. 823, t, and 824,^), or

occasionally it is sessile (fig. 1121), and at first is covered by a

hood (calyptra) (figs. 824, c, and 825, <•), beneath which is a kind

Fig. 1121

Fig. 1121. A portion of Andrcea
rapes! 7-is, much magnified. The
stem is erect, with numerous
sma'l imbricate leaves, and a
terminal sporangium, which is

destitute of a seta. it. Sporan-
gium after dehiscence, showing
the 4 equal valves of which it

is comoosed connected at the
summit by the persistent oper-

culum. The valves are seen to

have dehisced vertically. (After
Hooker.)

3 o
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of lid (operculum) (figs. 826, o, and 827). The sporangium

usually opens when ripe in a transverse manner from the sepa-

ration of the operculum (figs. 826, o, and 827), or sometimes by

splitting vertically into four equal valves, which are connected

at the summit by the persistent operculum (fig. 1121, a) ; or

rarely it dehisces irregularly. At the dehiscence of the spor-

angium, its mouth (stoma) is seen to be either surrounded by a

peristome, consisting of one (aploperistomous) or two rows

{diploperistomous) of teeth (fig. 826, p) ; or the mouth is naked •

(gymnostomous).
Division of the Order and Illustrative Genera.—This order is 1

commonly divided into four sub-orders, which are frequently

regarded as separate orders, the principal distinctive characters

of which are as follow :

—

Sub-order 1. Spkagnaneas or Sphcigneee.—Bog-mosses. Sporan-

gium globular, surrounded at the base by the calyptra
;
the

columella does not reach to the apex of the capsule. The

only genus is Sphagnum, Dill, which is found on boggy

moors and in damp woods.

Sub-order 2. Andr&aceee or Andreeese.—Split-mosses.— Sporan-

gium splitting vertically into four valves, but remaining con-

nected at the summit. Illustrative Genus;—Andraea, Mr.

(fig. 1121).

Sub-order 3. Phascaceee or Phascem.—The sporangium does not

burst ; the spores escaping by the decay of the wall of the

sporangium. Illustrative Genus :—Phascum, Linn.

Sub order 4. Bryaceee or Bryese.— Urn-mosses. —Sporangium,

which is generally borne upon a seta of considerable length,

dehiscing transversely by the separation of the operculum

(figs. 826 and 827). Illustrative Genera :—Funaria, // < •' :

Polytrichum, Linn.

Distribution and Numbers.—They are generally diffused over

the globe, but most abundantly in temperate climates. Ihere

are about 1,250 species.

Properties and Uses.—Oi little importance either in a medi-

cinal or economic point of view. Some species are reputed to

possess astringent and diuretic properties, but none are employed

by the medical practitioner in this country. The species_ol

Sphagnum furnish food to the reindeer, and even to man in the

polar regions.

Order 2 Hepaticace.e, the Liverwort Order (see paces

375-377). -Character.— Small cellular plants, either with

a creeping stem bearing minute imbricate leaves ( A;/. 1122) oj

with a lobed thalloid expansion (figs. 830 and 832). B^ro

J to organs of two kinds, called mtheridta and ar<teaonu\

whS areiither on the same plant or ondMon»M
these plants are monoecious or ducctous. The anthendm are
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small, oval, globular, or flasked-shaped, cellular sacs (_/?</. 831),

situated in the axils of leaves, or immersed in the frond, or

imbedded in the upper surface of peltate or discoid stalked

receptacles {jig. 830, r). The archegonia (fig. 833) are usually

somewhat flask-shaped bodies, which are imbedded in the fronds,

or contained in receptacles (fig. 832, r) which are elevated on

stalks (fig. 832, s) above the thallus. Each, archegonium de-

velopes "after fertilisation a sporangium, which either bursts by-

valves (fig. 1123) or teeth, or by irregular fissures. The spor-

angium is usually without a columella, and contains spore3

mixed with elaters (fig. 834) ; or it is furnished with a thread-
like columella, and concains spores and no elaters, or the latter

are imperfect ; or it has neither elaters nor columella.
Division of the Order and Illustrative Genera.—This order

may be divided as follows :

—

Sub-order 1. Jungermanniacese or Jnngermanniex, Scale-
mosses.—Sporangia oval ; without a columella

;
splitting ver-

tically by 4 valves (fig. 1123). Spores mixed with elaters.

Illustrative Genera:—Blasia, Miclieli
;
Jungermannia, Dillen.

Sub-order 2. Anthocerotem. — Sporangia pod-shaped ; 1— 2-

valved ; with a filiform columella. Spores either mixed with
imperfect elaters, or these are absent. Illustrative Genera:—
Anthoceros, Micheli

; Monoclea, Hook.
Sub-order 3. Marchantiacese or Marchantiese, Liverworts. —

Sporangia without valves
;
bursting irregularly or by teeth ;

without a columella. Spores mixed with elaters (fig. 834).

^

Illustrative Genera

:

—Fimbriaria, Nees
;
Marchantia, March,.

Sub- order 4. Ricciacese or Bicciese, Crystal worts.—Sporangia
without valves

; bursting irregularly ; without a columella.

Fig. 1122. Fig. 1123.

B c 2
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Spores not mixed with elaters. Illustrative Genera:—Riccia,

Mich.
;
Splnsrocarpus, Mich.

These sub-orders are sometimes regarded as distinct orders.

Distribution and Numbers.—These plants are generally dis-

tributed over the globe, but they are most abundant in damp

shady places in tropical climates. There are about 700

species.

Properties and Uses.—Of no importance, although some have

been used in liver complaints, and other species, as Marchantia

hemispherica, have been employed, in the form of poultices, in

dropsy.

Division II. THALLOPHYTA.

Order 1. Fungi, the Mushroom Order.—Diagnosis. Plants

formed of hyphal tissue, producing their fructification in the

air ;
growing in or upon decaying organic matters (in which

ca=e they are termed saprophytes), or on living organisms (when

they are termed parasites), and nourished through their vegeta-

tive structure called the spawn or mycelium {jigs. 6, my, and

839 a, my). The Fungi, as here defined—that is, excludmi;

Licheiies, are also destitute of green colouring matter and

starch. Fructification various. (See pages 378-387, and figs.

835-850.) . .

Division of the Order.—For a notice of the groups into which

this order has been divided, see pages 378-387.

Distribution and Numbers.—-They abound m all parts of the

world except the very coldest, where their spawn would be

destroyed. Illustrative Genera :—Agaricus, Linn. ;
Sacclmro-

myces, Meyen
;

Botrytis, Mich.; Morchella, DilUn. ;
Tuber,

Mich Mucor, Mich. The number of species is roughly esti-

mated at over 4,000. There are about 800 British species.

Properties and Uses.—Fungi have very variable properties.

Some are medicinal, others edible, and numerous species are more

or less poisonous. Many deaths have occurred from poisonous

Fungi having been mistaken for edible ones
;
and, apart rroin

their botanical characters, science as yet affords no certain charac-

teristics by which they may be distinguished. Some general

characters, however, will enable us in most cases to do so: these

may be tabulated as follows :—

Edible Mushrooms.

1, Crow solitary in dry airy places.

2. Generally white or brownish.

H. Have a compaci brittle flesh.

4. When out do not change colour by exposure to the air.

6. Juice watery.

(i. Odour agreeable.

7. Taste nol bitter, acrid, salt, or astringent.
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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 brow-n, green, or blue tint, when cut and exposed to the air.

5. Juice often milky.

6. Odour commonly powerful and disagreeable.

7. Have an acrid, astringent, acid, salt, or bitter taste.

All Fungi should be avoided which insects will not touch,

those also which have scales or spots on their surface
;
and,

whatever may be their apparent properties, all those which
have ai*rived at their full development, or when they exhibit

any signs of change, should be used with caution. When there

is any doubt as to the qualities of the mushrooms, it is advisable

to cut them into slices, and macerate them in vinegar and water
for about an hour, then wash them in boiling water previous to

their being cooked. It has been proved that some injurious

Fungi lose their poisonous properties when thus treated. It is

quite true that, by following strictly the above rules, edible

species will not unfrequently be thrown away, but this is of little

comparative importance, as by so doing all injurious ones will

certainly be rejected. Probably the best tests given above are,

to avoid those which are milky, or which have a biting or acrid

taste, or those which have a powerful or disagreeable odour.
Colour will frequently fail us, for while some snowy-white Fungi
are poisonous, others, which are highly coloured, as, for instance,

Agaricus csesareus, are, according to Berkeley, at once the most
splendid and the best of the esculent Fungi.

Professor Schiff, of Florence, states that the poisonous
mushrooms have a common poison which he has termed mus-
ca/rme, and that its effects are counteracted either by atropine or
daturine ; and it is said that Italian apothecaries now keep these
alkaloids in the rural districts where the consumption of

poisonous Fungi is probable. But no confirmation of these
results has as yet been arrived at by other experimenters so far
as to prove that muscarine is thus widely distributed, but its

presence has been ascertained in Amanita muscaria, and it is

stated to be antagonistic to atropine. (See Amanita.)
The species or varieties of Fungi most commonly consumed

in this country are : the Common Mushroom (Agaricus (Psalliota)
campestris) and its varieties—those which are cultivated should
be preferred; Agaricus (Psalliota) arvensis, Agaricus (Marasmius)
oreadea, the Champignon, Morchclla esculenta, the Morel, Tuber
cibarkim, the Truffle, and several species of Boletus. Of all these
the best known in this country is the common Mushroom,
whether in its uncultivated or cultivated state ; and as other
Fungi are frequently mistaken for this, by which many deaths
have occurred, we may give one or two hints in reference to it

besides those given previously. Thus its spores are purple
;
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the gills are at first delicately pink, and afterwards purple
;

there is a permanent ring or collar round the stem ; and it must
not be sought in woods. Dr. Badham and others have proved
that much valuable food is thrown away in this country by the

rejection of edible Fungi. Dr. Badham enumerates no less than
thirty species of Fungi which are natives of Britain, and which
were eaten by himself and friends ; and in the first part of

Cooke's ' Handbook of British Fungi,' sixteen species belonging

to the genus Agaricus alone are stated to be esculent. In

France, Russia, Italy, Germany, and other countries, several

Fungi are also eaten which are regarded by us as poisonous. It

is difficult to account for these conflicting statements, but we
believe that the differences thus observed in the effects of

Fungi are due to variations of soil and climate, the conditions

under which they are grown, the different states, fresh, dried,

or preserved, in which they are eaten, manner of cooking,

and the peculiar idiosyncrasies of individuals who partake of

them. Even the common Mushroom is sometimes poisonous,

and in Italy, Hungary, and elsewhere, is generally avoided.

We consider, therefore, that, with our present knowledge, it is

better to abstain altogether from Fungi when there exists the

slightest doubt of their qualities.

From a chemical point of view the Fungi are remarkable for

the large proportion of water which enters into their composition,

by their containing much nitrogen, and being rich in phos-

phates.

Medicinally, Fungi have been regarded as aphrodisiac, nar-

cotic, tonic, astringent, emetic, purgative, &c. Ergot of rye

(see Secale cereale, page 738), which is used medicinally to excite

uterine contractions in labour, and for other purposes, is now

proved to be the sclerotium of Claviceps purpurea, Tulasne.

Wheat and a number of other grasses are also frequently

ergotised.

Fungi are often very destructive to living plants and ani-

mals by growing upon them. Thus, in plants, the diseases

known as blight, mildew, rust,>mut, vine-mildew, potato disease,

ergot, and others, are either caused from, or accelerated by, the

agency of Fungi. Many important communications attempting

to prove that Fungi are either the cause of, or the means of

propagating, various diseases in the human subject, have been

also made during the last few years, and it is now certain that

Fungi are associated with several cutaneous and other external

as well as internal diseases. In some cases of diphtheria

reported a few years since in the 'British Medical Journal by

Dr. N. W. Taylor, it is stated that the only apparent source

of the disease was the mouldiness of the walls caused by the

production of Coprinus domesticus and a form of Aspergillus.

Berkeley also informed Dr. Taylor, that when he was at Lille in

1838 at which time influenza was very fatal, it was supposed
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to arise from the spores of some species of Coprimes. The great

success of the antiseptic treatment, first introduced by Sir Joseph

Lister, and since carried out by him with such energy, skill,

and ability, is also due to its preventing the growths of such

Fungi as the Bacteria in the discharges of wounds, in which
otherwise they would cause putrefaction. The action of Fungi

in disease is now under investigation by accurate and dis-

criminating observers, and promises to throw much light on our

knowledge of the causes and propagation of various diseases

;

it is one replete with importance and interest, but which cannot

be entertained further in this volume.

In the same way various diseases of animals generally are

either caused, or accelerated, by the attacks of Fungi. Thus
the disease in the silkworm known under the name of mus-

cardine is produced by one or more species of Botrytis. Similar

diseases also occur in other animals. Caterpillars are frequently

attacked by species of Spliseria or Claviceps, in China, Australia,

New Zealand, and elsewhere, and ultimately destroyed. The
mucous membrane of birds is also commonly infested with
Fungi of various kinds.

In other ways, again, Fungi are often very destructive.

Thus the disease called Dry But, which frequently occurs in

wood, is especially caused by dampness, and the subsequent
development of the spores of such Fungi as those of Mendius
lacrymans and M. vastator, and Polyporus destructor. The
different kinds of Moulds which are found on bread, cheese,

preserves, fruits, paper, books, and various other substances,

are also Fungi of the species Mucor, Botrytis, Aspergillus, Peni-
cillium, Oidium, &c.

An interesting matter connected with the action of Fungi
on organic matters is also afforded by the process of fermentation,
which is now commonly regarded as being essentially caused by
Fungi. Thus, Pasteur has demonstrated that the fermentation
of saccharine fluids is due to the development in them of the
Yeast plant, and the butyric fermentation to the growth of

Bacteria

.

Agaricus.—Agaricus campestris, the Common Mushroom, and its varie-
ties— A. arvensis, A. oreades (the Champignon), A. deliciosus, A. riesareus

and A. procerus, &e.—are largely used for food in this and other parts of the
world. (See Properties and Uses of Fungi, page 757.) The subterranean
mycelium of various species of Agaricus, as that of A. oreades, A. prunulus,
A. Orcella, A. campestris, and others, and of allied genera, developes in
a radiating manner, and. by the remains acting subsequently as a manure,
causes the grass in our meadows, in such places, to grow in a very luxuriant
manner in rings, which are commonly called fairy rings.

Amanita {Agaricus) muscaria is a very poisonous species. It possesses
narcotic and intoxicating qualities, and' is much used in Kamtsehatka
and some other parts of the Kussian empire as a narcotic and intoxicating
agent. This fungus possesses the remarkable property of imparting its

intoxicating qualities to the fluid excretions of those who partake of it.

When steeped in milk, and other liquids, it acts as a poison to flies ; hence
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its specific name. It contains an uncrystallisable alkaloid named muscarine.

This closely resembles pilocarpine in its action when administered internally,

and it is stated to be antagonistic to atropine ; but it is remarkable that

when locally applied it dilates the pupil like atropine. (See page 757.)

Bacteria —The action of these -organisms in connexion with disease

has been already referred to. (See pages 387 and 759.)

Boletus edulis and several other species are edible.-^, eduhs is much

eStXt^r^^s).-The disease called Ergot which occur* in the

grains of Rye, Wheat and many other Grasses, is produced by C. Purpurea.

The official Ergot of the British Pharmacopoeia is the sclerotium of this

fundus produced between the pales, and replacing the grain of the commonSS" cereale ) Ergot is largely used in medicine to cause contraction

S^KStl ofUne parturition, or to prevent flooring after

del yery It is also employed for other purposes. In overdoses it acts as a

no son
7
a'nd sometimes causes death. Taken for a length o time, as ,n bread

Se\ith diseased Eye, it also acts as a poison.-C. Roberts,,, C. txnams,

TentZnlrrMza, and other species, frequently attack caterpillars m a living

state Si thev destroy as their mycelium develops.. The remains oi the

caterpiUai witftht developed fungus of C. sinensis is a highly esteemed

H&2£%£& lissirssr- *- ««,a™ to

MarhefuS the^name of Lvcoperdon Nuts. They are supposed to possess

SJSS^'ai^^ there under the name ofMogki, signing

ears of trees.
p„ ffbnlls_Wnen the Lvcoperdon giganteum is submitted

f^Lm1
tie'S ^airreSmmffieS an anasth, t£

igenl inXdo? efter' and chloroform. A similar property is also possessed

by some other species.
t of the Fun{rj which occur in

the disease called Drj Lot. IBM
^.jrMv cgtccmed edible fungus, which

< « » »*>'"^

si^&l^o^SKWSS S In -*

highly esteemed as » « ! k/T b I is the Tuckahoe

b/the Indians of theUni ed States N .
t Uaeru -

[n ^ Londori

ST readUybedistingmshe^

^SrueChinaBoo.^JXl^V- P* h 4
kinds of M-lds already
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Peronospora (Phytophthora) infestans is the fungus which causes the

potato disease. . ^
Polyporus.—P. destructor is one of the Fungi found in the Dry Kot ot

•wood. (See Merulius.) Thin slices of P. igniarius and P. fomeiilarius,

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, they form Black Amadou. Amadou has been sometimes

used to give support and pressure in certain surgical affections, and as a

moxa.

—

P. squamosus and P. betulinus, when pressed, sliced, and prepared

bv rubbing with pumice, &c, are used to make razor strops.

—

P. officinalis,

Larch or White Agaric, has been employed externally as an astringent ;
and

internally, to check perspiration, and a*s an emetic, cathartic, &c. It was

formerly" employed as an anthelmintic, but its action is frequently violent.

Larch Agaric is now imported from the northern part of Kussia, where

it grows" on the stems of Larix sibirica.—P. anthelminticus, a native

of Tavov in the Tenasserim provinces of Burmah, is known as Shan-mo

(Worm "Mush: oom), being there highly esteemed as an anthelmintic.

—

P.

( Boletus) Laricis canadensis, Canadian Agaric, is reputed to be a valuable

remedy in acute rheumatism.—A species of Polyporus, believed by Berkeley

to be P. Pini canadensis, Schweimtz, a native of Canada, is said to be a

tonic bitter, and is recommended as an application to wounds.

Puccinia graminis is the fungus which produces the Mildew of Wheat.

Saccharomyces (Torula).—The so-called Yeast plant is a mycelial form

of S. cerevisim ; and the so-called Vinegar plant is also a more developed

form of the mycelium of the same fungus. The ferment obtained in brewing-

beer is produced by Saccharomyces cereoisiw; it is official in the British

Pharmacopoeia.
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 ;

they are commonly preserved in oil. T. wstieum, T. cibarium, and T.

melanosporum are the more frequently used species.

Order 2. Lichenes, the Lichen Order.—Character.

—

Perennial plants, composed of hyphal tissue resembling that of

Fungi, but its constituent cells are firm and dry, and enclose

the cells known as gonidia {figs. 853, gon, and 855, gon), which
contain chlorophyll, and are now frequently regarded as minute

Algte, upon which an Ascomycetous Fungus is parasitic. (See

page 388.) The whole is arranged so as to form a foliaceous,

somewhat woody, scaly, crustaceous, or leprous thallus (Jigs. 851

and 852) ;
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. Beprod/Hction either vegetative by
means of soredia (see page 390) ; or by true fructification, con-

sisting of, (1) apoihecia, which are sessile or stalked, and gene-

rally of a rounded (fig. 852, ap) or linear form (fig. 851), and
composed of asci or thecal (fig. 853, as), enclosing 4, 8, or 16

spores
; (2) of spermogonia containing spermatid (figs. 852, sp,

and 854, sp) ; and (3) of, very rarely, pycnidia, enclosing stylu-

spores. (For detailed account of the fructification of Lichens,

see pages 388-390.)



762 LICHENES.

Distribution and Numbers.—Lichens are distributed over all

parts of the world. The pulverulent species ' are the first plants

that clothe the bare rocks of newly formed islands in the midst

of the ocean, foliaceous lichens, follow these, and then Mosses

and Liverworts.' Lichens also form a considerable proportion

of the vegetation of the polar regions and of mountain-tops.

Illustrative Genera :—Opegrapha, Pers.
;

Verrucaria, Pers.
;

Lecidea, Ach.; Cladonia, Hoffm.; Peltigera, Hoffm. ;
Usnea,

Hoffm. There are above 2,500 species.

Properties and Uses.—Several possess nutritive properties

from containing amylaceous substances, and such are also

emollient and demulcent: others contain bitter principles, which

render them tonic and astringent ; and many are important as

dyeing agents. A few possess aromatic properties. Some Lichens,

as species of Variolaria, contain a large amount of calcium

oxalate. None are known to be poisonous.

Ce'raria.— C. islandka, Iceland Moss.—This lichen contains about 70

per cent, of lichenin or lichen starch, and above 2 per cent, of a crystalline

bitter principle termed tetraric acid or cetrarin. It is official in the British

Pharmacopoeia, and is emploved as a nutritious food, and as a mild muci-

laginous tonic in catarrh, consumption, and other affections. When used

for food it should be previously- deprived of its bitterness : this may be dene

either bv heating it once or'twioe in water to near the boiling point ot

Fahrenheit, or, still better, by digesting it in a weak alkaline solution formed

by adding half an ounce of carbonate of potassium to about a gallon ot cold

water, and afterwards washing it with water.
.

Cladonia or Cenomyce.— C. rangiferina is the Reindeer Moss. It IB BO

termed from constituting the food, more especially in the winter mouths, »t

the Reindeer.— Cladonia (
Sajphophorus) pyxidata is commonly termed Cup-

moss ; this and other species have been employed as remedies in whooping-

C°US
Gvrophora ( Umbilicaria).—Several species, denominated tripe de roche,

possess nutritive qualities, and are used as food in the Arct regions

Franklin and his companions owed their preservation in 1SJ1, n a great

measure, to the use of these lichens as food. The Gyrophtras also possess

slight tonic properties owing to the presence of a bitter pnuciple.-G. pus-

tulata is one of the Lichens used in this country by the manufocfcurera oi

orchil and cudbear. (See Roccella and Lecanora.) It may be also made to

produce a brown colour. , . ,

P
Lecanora.-L. tartarea was formerly the principal lichen used in the

preparation of the dye called Cudbear ; but cudbear is now obtained not

on v from it, but also from a number of other Lichens as the specK* o

Roccella, &c. (Sec Roccella and Gyrophora).-L. Perella >
M

^ ^
dye. Two species of Lecanora, namely, L. esculenta and L.

important articles of food both to man and animals generally, al Persia,

Armenia, Tartary, &c. They appear in some seasons m such enormous

quantities, that in certain districts they cover the ground to the depth erf

several inches, and the natives believe they tall from heaven. L. "<" '''

salBO found in Algeria, Asia Minor, &C, and Dr. 0 or ke has en,poured

to prove that this lichen was the manna oj tin Hebrews,-that wnicliiea

them with regularity for forty years in the wilderness.
febrifuire

Parmeliu.—P. parietina was formerly regarded as a valuabl< worn u
.

astringent and to, ic. It contains a vellow crystal ine eotouring natter,

^cTisophanl U, which is identical with Oaf

Goa powder, Stc.-P. perlata is employed by .he manufacturers ol
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and cudbear. (See Roccella.) It is also reputed to possess diuretic pro-

pel ties.

Ptltigera.—Peltigera (Peltidea) canina and P. rufescens are known in the

herb shops of this country under the name of Ground Liverwort. This

was at one time official in the London Pharmacopoeia, and regarded as a

specific in hydrophobia.
Roccella, Orchella Weeds.

—

P. tinctnria, R.fuciformis, and R. hypomecha,

under the common name of Orchella Weed, are the species usually met with

in this country. Thev are imported from various parts of the world, as the

Canarv and Cape de Verd Islands, the Azores, Angola, Madagascar, Mauri-

tius. 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 the manufacture of the purple and red

colours called orchil and cudbear. In Holland, the blue colour called litmus

is also prepared from the same Lichens ; but the best kind is said to be made
from if. tinctnria. Other Lichens, as species of Lecanora, Gyrophora, Par-

mi V /. Variolaria, &c, are also sometimes employed in Britain and elsewhere

for the preparation of orchil, &c. (See these species.) Orchil and cudbear

are used for staining and dyeing purple and red colours, and also occasionally

as tests for acids and alkalies. Litmus is employed as a test for alkalies,

acids, and some salts with a basic reaction. It is official for this purpose in

the British Pharmacopoeia. A decoction of Orchella weed possesses muci-

laginous, emollient, and demulcent properties, and has been used in coughs,

catarrhs, &c.
Sticta pulmnnaria, Tree Lungwort, Oak-lungs. —This lichen possesses

tonic and nutritious properties, somewhat resembling in these respects

Cetraria islandica. In Siberia it is said to be used instead of hops for impart-

ing bitterness to beer. It is also employed in France, &c, for the production

of a brown dye.

Variolaria.— V. dealbata and V. orcina are used for the preparation of

Orchil in France.

Order 3. Charace^e, the Chara Order.

—

Diagnosis.— Water
plants, with a distinct axis branching in a whorled manner (fig.

Fig. 1124.

Fig. 1124. A small portion of a
species of Nitella, magnified.
The branches are arranged
in a whorled manner. The
contents of each cell exhibit
a kind of circulation. The
direction of this circulation
is indicated by the arrows.
The circulating matter does
not pass from cell to cell, but
is confined to that in which
it originates.

1124), and either transparent or coated with calcium carbonate.
Reproductive organs of two kinds arising at the base of the
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branches (Jig. 856, s, a), and either on the same or on different

branches of the same plant, or on separate plants. These

organs are termed globules or antheridia (figs. 856, a, and 808)

and nucules or carpogonia (figs. 856, s, 859, and 860). (See

paces 390-392 for a detailed account of their structure.)

°Distribution and Numbers.—These plants occur m stagnant

fresh or salt water in all parts of the globe ;
but they are most

abundant in temperate climates. Illustrative Genera:— 1 here

are two genera, Chara, Linn.; and Nitella, Agh. ;
and about 40

^Properties and Uses.—These plants during their decay give

off a very foetid odour, which is regarded as most injurious to

animal life. They have no known uses.

Order 4 Alg^e, the Sea-weed Order.—Diagnosis.—Paren- 1

chvmatous plants, growing in salt or fresh water or in moist

situations. The thallus is foliaceous and branched (Jig. 5), or

filamentous (figs. 861 and 862), or pulverulent Many Algae

are microscopic, and others are of large size. In colour they

are usually greenish, rose-coloured, or brownish They are

reproduced in various ways. (See pages 3M-6JJ.)

Division of the Order and Illustrative Genera.-The order s

commonly divided into three sub-orders, which are frequently

regarded as distinct natural orders ;
these are known under the

names of the Mdanosporea, Melanospermex, or lucoidex ;
Modo-

sporem, Bhodospermem, or Floridese ; and Chlorospoiev, (Moro-

svermex, or Coifervoider To these sub-orders or orders may be

aE two otlirs, called respectively the
f>£°™" «j

Volvocineee. Numerous other arrangements of the Alg.e have

been Proposed of late years, but as these must be regarded as

transitiomT we have retained the above-named sub-orders fromSS more generally used in this country in works treating

Sactica lv of theW ; and must refer those desiring detailed

SS^ m^Stei* to other arrangements to such works

a7Sachs' 'Text Book of Botany,' &c, and to special treatises oj

Jwroup of plants. Reference should also be made to pages

392-199Z thil Manual for a general notice of the,r.Reproduc , ve

Organs. Their distinctive characters may be briefly descubea
j

as follows :— .

Sub-order 1. Mdanosporex, Mdanospermex, Fueovhx
,

or

Brown-cohured ^.-Multicellular^CKfj
water forming a foliaceous or fllamentous thallus, and ot an

rWeeT or
8

olive-brown colour. MustraUve (

Bargassum, Humph.; Fucus Linn.
F1oridc .v or Ease*

-Co»mn», 1W.; Chomlru., flrwi Porphyry M-
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Sub-order 3. Chlorosporeee, Chlorospermese, Confervoideee, or

Green-coloured Algse.—Unicellular or multicellular Algas,

^rowing in fresh or salt water, or in moist situations
;

usuallv°of a bright green colour, or rarely red. Illustrative

Genera .-—Conferva, Plin. ;
Palmella, Agh.

;
Spirogyra, Link.

Sub-order 4. Diatomaceee.—The following diagnosis is modified

from Henfrey :—Microscopic unicellular plants, occurring

isolate or in groups of definite form, usually surrounded by a

Fig. 1125.

Fi ;. 1125. A species of Diatomaceous Alga (Diatoma maiinum) divided

into parts by merismatic or fissiparous cell-division. The parts are

3een to be striated.

gelatinous investment, the cells exhibiting more or less regular

geometrical outlines and enclosed by a membrane, striated

{fig. 1125) or granular, either simply tough and continuous

{fig. 1126), or impregnated with silex and separable into

valves {fig. 1125). Reproduction by spores formed after

conjugation of the cells which have previously lost or thrown
off their cellulose walls {fig. 1126), or by division {fig. 1125).

The Diatomaceee are as;ain divided into two sections or tribes.

1. Diatomem {fig. 1125). Natives of fresh, brackish, or salt

water, or of moist ground, of a brownish or olive colour,

Fig. 1126.

Fig. 11 2G. Two Desmidiaccous Algas (Docidium Ehrenbergii) after conjuga-

tion, with a resting or inactive spore between them. (After Ralfs.)

valvular, and invested by a siliceous membrane. Illustrative

Genera:—Diatoma, DC; Navicula, Bory. 2. Desmidiese

{fig. 1126). Found only in fresh water, of a green colour,

continuous, containing starch, and not invested by a siliceous

membrane. Illustrative Genera ;—Closterium, Nitzsch ; Des-
midium, Agli.
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Fig. 1127.

Fig. 1127. The Kevolving
Volvox (

Volvoxgtobalor).

The outer surface is cili-

ated.

Sub-order 5. Volvocineas (fig. 1127). 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 semi-

gelatinous envelope, the pairs of cilia

each belonging to a green corpuscle re- I

sembling the zoospore of a confervoid,

imbedded in the periphery of the com-

mon envelope. Reproduction by the

development of each corpuscle into a

new colony, the whole being set free
j

by the solution of the parent envelope,

or by conversion of the corpuscles into ;

encysted resting-spores like those of
|

ConfervEe;' or, sexually, by impregna-

tion taking place within the colony fr< >m

oogonia and antheridia.' Ilhistratiec

Genera:—Volvox, Lam.; Gonium, Lam The members of

this group were frequently regarded as Infusorial Animalcules,

but in all their essential characters they closely resemble the

Confervoideae ;
indeed, they are commonly placed m that

^BMbnkon and Numbers.—AlgEe are more or less distributed

throughout the globe, growing in salt or fresh water, or in

moist situations. Some species are found in the boiling springs

of Iceland, &c. ; others occur in mineral springs, and some in

chemical solutions. The waters of whatever temperature have

t ek own peculiar forms. It is impossible to estimate with any

degree of accuracy the number of species of Alga, but they may

be roughlv estimated at 2,500.

Properties and Uses.-Several species are employed for food

in different parts of the world ;
as, Lam%wma saccharmo

i

L,

diaitata, L. potatorum, &c; Alaria esadenta, ZWlea u du,S ssnm fpecies, Mdma edulis, Ofcondrw msp,ts and
'

.

omfoft/Alg»! to which he gave the name of frig.
To tM

IfsfewEta ofbS water Will l&A upon «»
olved in MW P»"f °! « th forming ten times more

SSetwZKt& StaS geline. in order therJ

tae,?o p™dncl . jell, of equal oon.isteney, ,t would be onH



ALG/E. 767

necessary to employ the tenth part of what is necessary when
isinglass is used. Jellies prepared from species of Gdidium,
Laurencia, etc., are much employed for food in China, Japan, &c.

The so-called Japanese isinglass consists of numerous Algae, but
more especially of Gelklium corneum, Gloiopeltis tenax, and
Endocladia vernicata. The edible birds' nests, so highly valued
for food in China, owe their properties probably in part to

certain species of Algte, but essentially to the secretions of the
swallows by which they are constructed.

In medicine the above-mentioned nutritious Algse may be
used for their emollient and demulcent properties. Several

species of Algre, particularly Fucus vesimlosus, have been also

employed 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 sodium, but this is now more cheaply obtained
from sea-salt. Iodine is, however, still prepared from kelp.*

Some Algaj have been reputed to possess vermifugal properties
;

none are known to be poisonous.

Several Algse are remarkable for imparting colours to water,
snow, &c. Thus, Protococcus atlanticus gives a red colour to
certain parts of the Atlantic ; P. nivalis contributes to commu-
nicate a red colour to snow ; and P. viridis, a green tint ; Uoli-
chospermum Thompsons imparts a green colour to some Irish and
Scotch lakes ; the red colour of the Red Sea is also in part
attributed to the presence of Trichodesmium erythrieum, &c. &c.
Dr. Robert Brown has also shown that the discoloration of the
Arctic Sea is due to Diatomese, but principally to Melosia
arctica, and that these form the brown-staining matter of the
' rotten ice' of northern navigators.

Alarm esculenta, Bladderlocks, Hen-ware, or Honey-ware, contains man-
rvte. It is employed for food in Ireland, Scotland", Iceland, and other
northern regions. Berkeley says that ' it is the best of all the esculent Alga?
when eaten raw.'

Chandrus ( Spheerocnccus).— C. crispus is the source of the so-called Carra-
geen or Irish Moss. It possesses nutritive, emollient, and demulcent pro-
perties, and may bo employed in the form of a decoction or jelly, in
pulmonary complaints and other affections. Bandoline otfixature, used for

ptiffenins the hair, and other purposes, is commonly prepared from Carra-
geen. The mucilage of carrageen is likewise much employed in the United
States as a size for paper, cotton goods, felt and straw hats, and for thicken-

* See two valuable communications by E. C. Stanford, in the 'Journal
of the Sociel\ nt AHs,' for a detailed account of a new process for preparing
iodine from kelp, and for a description of several other important products
Obtainable from Algae: and also a'Report on the Exhibits in the Paris
Exhibition of 187.S,' by Paul, Holmes, and Passmorc, in 'Pharmaceutical
Journal,' ser. iii. vol. ix. p. 303.
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ing the colours used in calico printing. Carrageen is also used in the United

SHt-os for finm"- beer, coffee, &c— C. mamtlbaua or Gtgartina mamxUosa

almost always occurs in the Carrageen Moss of commerce. Its properties

are similar —G. acicularis is another species also sometimes found mixed

m
%tr«mma utilh is used for food by the poorer inhabitants on the western

coast of South America

and

st 01 SOUtn America. _ . . _ ,

Fucus—Several species contain manntte, as F. vesiculous, F. nod»sut,

mrl F se'rratus These species are used in the preparation of kelp, and are

a£ coUecS for manure.-**, vesiculosa, Sea Wrack -Tins Alga « much

used in winter in certain islands of Scotland for feeding horses and cattle

BoUed in water and mixed with a little coarse meal or flour, it has been

nsed in Gothland for feeding hogs, hence the plan is there called smne-

Tho Pxnressed iuice has been given internally, and frictions of the

S^Ua^bleWoVed externally in glandular and scrofulous affections

A kind of wine prepared from this Alga has also been used with success in

^niilar dLeases The substance called Vegetable Ethiops, which has been

XwTse eSfved in such cases as the above, is a kind of charcoal produced

b tVe incTSion of this Alga in close vessels. The beneficial effects ,„

rhesTinXnces are principally due to the presence of a small quantity of

iodine ThU Alga lias also, of late years, been in some repute as remedy

fofobesitv but its value for such a purpose seems to be but trifling. It is

the essential constituent in the nostrum termed Anti-Fat

Shm^aZeum, as already noticed, is nutritive It is th* Algue de

Tn,Yn from which M. Paven first obtained gehse. (See page <G6.) It

ferns a favourite article of food in Japan, and other countries, and is also

ITln thP manufacture of a kind of glue, and for other purposes.
US GTalr^TSsMus spinosusfis the Jelly Plant of Australia. It

is e,3oyed foTfood and for making size, cement, &c. (See Chondrus and

Gracdaria.)
. . . __q iic1iemides ( Plocaria Candida), and G. confer-

Gracdana{noca>ia). ^ v
officia] in , he

V£de\Z™t*7lM L In most commercial specimens, .however, the
Pharmacopcen ot lMia

c j M is nutr i tlve, emollient.
principal ^^r^vinlSwd * the form of a decoction or jelly, as

and demulcent, and may De emp y
medicinallv, in pulmonary corn-

food for children ^

,

d
Xefaffections It is sometimes imported under the

^^±ar-^^SZT\JgB\7 employed in the Kast for making
same name. „.

Bot
^r

8P^»™
in̂ DUrDo,es, and for varnishing.— G, tenax may

nutritious jellies for »«JW ?pEa) Eelminthocorto,, is Corsican Moss,

be similarly^^g'^^X^r\nc\Va\\y as a vermifuge, but its pro-

(See io«ren«a.) It jas Deeii u _| .

o, M ,kod with soy

rSeSiX^'iT^em^ o^the Chinese ladies to give a

Sl
°TZ:; ^contains1^^^^ - «" *
HorrJkplwn are***«"cf"SiXfrnas of wholesome food,

fcrata^j^^ast.uw
Lamwana.—h. *a< ." ^ rt8 mix( ,i wlth those

of L. digitata, are eaten in bcot a
i
u

,
<vc.,

^
, :ilt ,„.,,,, aso contains n 1

m."Jf^ B potatorum iS

& s Au9fcralia
'

aa other sl ies Sl
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properties.

—

L. bullosa, L. digitata, and L. saccharina are used to a very

large extent for manure and for the preparation of kelp. The latter is also

frequently used as an hygrometer. L. digitata also contains much iodine.

Laurencia.—L. pinuatifida is remarkable for possessing pungent proper-

ties. It is called Pepper-dulse in Scotland, where it is occasionally eaten.

Berkeley Bays that L. obtusa forms the greater part of what is now sold in

the shops as Corsiean Moss. (See Gracilaria).—L. papilloma (Tanshwrii)

is extensively employed in China and Japan in the preparation of a gela-

tinous substance called Yanq-Tasi.

Xiistoc.—N. edide is eaten in China, &c. Other species are also edible.

(See Hormosiphon arcticus.}

Porphyra laciniata and P. vulgaris are employed in the preparation of a

kind of sauce or pickle, which is 'termed Slo/te, Slokan, or Laver.—P. vul-

garis is eaten in China as a relish to rice. It is termed Tsz-Tsai (purple

vegetable). It is also used for food by many of the Indians along the

Pacific coast, being cooked separately as greens, or with meat.

Ehndi/menia palmata is an article of food in Scotland, Ireland, Iceland,

&c. It is the Dulse of the Scotch, and the Dillesk of the Irish.

Sargassum.—S. bacciferum is the Gulf-weed of the Atlantic. This and

other species contain iodine, to the presence of which they owe their bene-

ficial effects in goitre, for which purpose stem-like pieces of 8. bacciferum

are much employed in South America under the name of Goitre-sticks.

Viva latissima is employed in the preparation of Green Laver. It is

very inferior to the laver prepared from species of Porphyra. Both these

lav'ers might be beneficial in scrofulous affections, &c, as they contain

iodine.

3 D



BOOK III.

PHYSIOLOGY OF PLANTS, OR PHYSIOLOGICAL
BOTANY.

Having now examined the structure, classification, properties

and uses of plants, we have still to consider them in a state of

§? or action, and 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 ; and the various processes which go on in

the plant and which are the necessary accompaniments of its

life are called its functions. The different vital actions are

naturallySeel into classes, called, respectively the functions

of the o^ans of nutrition, and the functions of the organs of

^production ; the former being those concerned in preserving

l?e life of the particular plant, and the lattei
,
in
™*»™f

sneoies Phvsiology includes the study of the lite or tne

who e plant when itfis termed general, and that of the particu-

lar organs, in which case it is called special ;
and each division

mayWrL divided into Physiological Chemistry, and Phy- .

^TnepSSateof our knowledge of -^connecte^
with the physiology of plants is»™J Â^£££^^^^^^^^^^
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CHAPTER 1.

SPECIAL PHYSIOLOGY OF THE ELEMENTARY STRUCTURES,
AND OF THE ORGANS OF NUTRITION.

Section. 1. Physiology of the Elementary Structures.

1. Functions of Parenchymatous Cells.—As the simplest
forms of Vegetable life, such as the Red Snow Plant (Proto-
coccus nivalis) (fig. 1), consist of a single cell of a parenchy-
matous nature, such a cell is necessarily capable of performing
all the actions appertaining to plant life. Parenchyma also
constitutes the whole structure of Thallophytes, as well as the
soft portions of all plants above them ; hence the physiology of
parenchymatous cells is of the first importance. The more im-
portant vital actions of these cells are : (1) Formation of new
cells

; (2) Absorption and transmission of fluids
; (3) Movements

in their contents ; and (4) Elaboration of their fluid contents,
and production of the various organic compounds of the plant.

(1) Formation of Cells (Cytogenesis).—All plants, as we have
seen (p. 21), in their earliest conditions, are composed of one or
more cells, hence all the organs which afterwards make their
appearance must be produced by the modification of such cells,

or by the formation of new ones.

The subject of cell-formation or cytogenesis has for many
years engaged the attention of able physiologists, and by their
united labours we have now arrived at tolerably definite con-
clusions upon the main points of the inquiry, although some
of the subordinate ones are still involved in obscurity.

New cells can only be formed from the thickened semi-fluid
matter called protoplasm

; hence cells can in no case he formed
without the influence of living organisms. The nature of pro-
toplasm has been already fully described. By various observers
this formative matter of cells has also been called organisable
matter, vegetable mucilage, cytoblastema, &c. The cell-wall or
membrane of cellulose takes no part in the formation of cells.

Each cell or elementary part consists of two kinds of matter,
,

or of matter in two states : the one termed by some germinal-'
matter, which is vitally active ; the other, form,ed material, which
is physiologically dead. The protoplasm, primordial utricle,
and nucleus of vegetable cells are of the first kind, and the cell-
wall—which Dr. Beale has shown to be not a necessary part of
the cell—the starch granules, &c, are examples of formed

3 d 2
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material. This latter may have very various appearances, whilst

germinal matter is always the same.

In vegetable tissues the formed material may be thick or

thin but has in every case been produced by germinal matter.

Nutrition is effected by the constant passage of nutrient matters

from without inwards through the formed material to the ger-

minal matter, whilst the direction of growth is usually from

within outwards, the new formed material being generally in-

terior to that of longer existence.

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 hist s

called Free Cell-formation or Original Cell-form.ahon ;
the second

Cell-division or Cell-multiplication, which is the usual mode of

arowth in the nutritive organs of plants.

A Free Cell-formation.-We may distinguish two modi-

fications of free cell-formation. 1. Free cell-formation from a

mmleus or cytoblast,; and, 2. Free cell-formation without the

Drevious formation of a nucleus.
P

a Free Cell-formation from a nucleus.-This mode was dis-

covered by Schleiden, who at first considered it to be the

onlv process of cell-formation that occurred in plants, bubae

quentTy he modified his views materially, not only as regarded

?he manner in which it took place, but also as

and admitted that it was only one principal mode of cell-toima

En The manner in which he describes it as taking place s as

* 1128 and 1129) :—A portion of the protoplasm

colled a more o" less rounded o'r somewhat oval form, with

a definedL outer border, thus forming the nucleus of the eel

upoir tlds a layer of protoplasm is depositee which^assumes the

form of a membrane, and expands so as to form * vesuue
,

on

X nntside of this a cellulose membrane is secreted ana tne
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nucleus cannot be regarded as essential ; but the portion of

protoplasm, which in such cases separates from the general mass,

must be capable of covering itself with a membrane and forming

a cell. This, according to Mohl, frequently occurs in the for-

mation of the spores of the Algte, &c.

Fin. 1128. Fig. 1129.

2

Fig. 1128. Cells from the embryo-
sac of Chamcedorea Schiedeana

in the act of formation, a. The
youngest part, consisting of

nuclei and protoplasm. 6.

Newly formed cells, c, d. Cells

still further developed, with
nuclei adhering to their sides.

(After Schleiden.) Fig. 1129.

2. The part of pj. 1128, a, more
highly magnified. 3. A nucleus
still more highly magnified. 4.

A nucleus with the ce',1 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

fig. 1128, d, in a higher degree
of development, the cell-walls

having already united. (After
Schleiden.)

In Flowering Plants free cell-formation has been generally
j

believed to occur in the embryo-sac, in which part, after im-
(

pregnation, the germinal vesicles, the antipodal cells, and the
|

cells of the endosperm thus originate. In Flowerless Plants

it is the mode by which the spores in the asci of Lichens, Algre,

and Fungi are developed.

In the ordinary course of vegetation, free cell-formation can
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only take place in the protoplasm contained in the interior of

cells forming parts of living tissues.

B. Cell-division.— This mode of cell-formation has been
also called by authors merismaUc or fissiparous cell-formation.

Cell-division can oidy take place in cells in which the contained
protoplasm is in an active state, as in the cells of the meristem,

a name given to that kind of parenchyma the constituent cells

of which are capable of multiplying by division (see page 88).

It may be treated of under two heads : namely (1) Cdlrdivisvm

'Without absorption of the walls of the parent cell ; and (2) Cell-

division with absolution of the walls of the parent cell, and the

setting free of the new cells.

a. Cell-division without absorption of the walls of the jpwreni

cell.—This mode of cell-formation was first observed by Mohl,

whose opinions were afterwards ably supported by Henfrey and
Mitscherlich. According to these physiologists (and their

observations have now been confirmed in all essential particulars

by subsequent observers), this process is the one by which all

the vegetating or growing parts of plants, whether Flowering

or Flowerless, are produced and increased ;— all increase in

the mass of the different organs is therefore due to its agency.

The manner in which it takes place is as follows :—the proto-

plasm of the cell, or, according to Mohl and Henfrey, the

primordial utricle, becomes gradually constricted on the sides

Fig. 1130.

I

Fid 1130 a Cell of Cot\ferra glomerata, with the cell-contents constricted

by the hail-completed septum, b. A half-completed septum m winch a

considerable deposition of cellulose has already taken place, e. A septum

in course of development, after the action of an acid, which has caused

contraction both of the primordial utricle (b), and the cell-contents (n >.

d. Complete septum split into two lamollie by the action of an acid.

(After Mohl and Henfrey.)

so as ultimately to form a sort of hour-glass contraction, and

thus to divide the original contents into two distinct portions

(fiq. 1130 a, b, c, d). Each portion of the protoplasm or of the

primordial utricle then secretes a layer of cellulose over its

whole surface; and where this is in contact with the originai

wall of the primary cell it forms a new layer interior to it
:
but

where away from the wall, at the new septum, a distinct oell-

wall, so that the partition is double. The original cell thus

becomes divided into two, and forms two cells, each of which
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may grow and divide in a similar way, and thus by the con-

tinued growth and division in like manner, of successive cells,

all increase in the mass of the different parts and organs is due.

This method of division is now often spoken of as direct, in con-

tradistinction to the indirect method described further on (see

p. 778). (It should be noticed that the primordial utricle of

Mohl here referred to differs from that defined at page 26 of

this Manual. Thus, according to the views adopted in this

volume, the primordial utricle is characterised as the thin layer

of protoplasm enclosing the watery cell-sap, and which lines

the cell-wall after the cell has grown too large to be filled by

protoplasm alone ; while Mohl regards it as a more or less

thickened layer of protoplasm, having the appearance of a

membrane lining the cellulose wall, and enclosing the ordinary

protoplasmic contents of the cell.)

Cell-division is best observed in water-plants of a low grade of

organisation, and in hairs. In very simple plants also, such as

Pcdmella, in which the newly formed cells separate and become
independent plants, the process of division is well seen ; but in

the higher plants, where they remain permanently united to form

tissues of greater or less solidity, it is demonstrated with difficulty.

In this mode of cell-formation, it is by no means evident

what function the nucleus performs. That in some cases it 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 presence of a

nucleus. In the higher

orders of plants, however,

the original nucleus of

the cell appears to under-

go subdivision into two
halves, as is the case with

the other contents, so that

a nucleus is thus formed
for each new cell into

which the parent cell has

been divided. But in

other cases, sepaiate nu-
clei are formed for the

secondary cells, instead of

the original nucleus di-

viding into two

Fig. 1132.

Fig. 1131. Yeast plant in process

of development. Fig. 1132.

Coiifet-va ylomerata, showingthe
progressive -tages of gemma-
tion or budding (&, c, d, e). ci.

Terminal cell. (After Mohl.)In some of the lower
kinds of plants, a modi-
fication of the above
described process of cell-division takes place especially as

a method of reproduction ; this consists in the formation of

secondary cells, as little bud-like prominences on the primary

cells, either at their extremities, as in the Yeast plant {fig.
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1131), by which the plant is increased in length ; or on the side

of the primary cell when branches are produced, as in some

Conferva (fig. 1132), in the fibrilliform cells of Fungi and

Lichens, and in other cases, probably, much more frequently

than is commonly supposed. The mode in which this budding

occurs may be thus described. At a certain point the proto-

plasm or primordial utricle appears to acquire a special develop-

ment, for it is seen to bulge out, carrying the cellulose wall of

the cell before it, by which a little prominence is produced

externally (fig. 1132, b) ; this continues to elongate until it forms

a tubular proj ection, c, on the side of the primary cell. The cavity

of this projection is at first continuous with that of the cell from

whence it sprung, but after the projection has acquired a certain

definite size, its protoplasm becomes constricted at the point of

contact with the primary cell, d, and ultimately a cellulose par-

tition forms between them, as in the ordinary process of cell-

division. This process of cell-division is usually termed gemmation

or budding. In some cases, as in the formation of the tibrilliform

cells of Fungi and Lichens, no partitions are formed, but all

the branches communicate with each other (fig. 48).

6 Cell-division with absorption of the walls of the parmt ceU,

I
and 'the setting free of the new cells.-The pollen cells of all

Fig. 1133 Fig. 1134.

P ' 11 as « Cylindrical cell from which are formed the parent cells of the

SSffl^W* iter.)

Flowering Plants, and the spores of the higher Flowerless Plants.
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Fig. 1135.

takes place in the formation of pollen cells has already been

described at page 258 of this volume. The manner in which

spores are formed in the higher Flowerless Plants is substan-

tially the same in most cases. It sometimes happens, however,

that in the development of pollen and spores, the special parent

cells are not formed, as has been shown by Schacht in the

pollen of (Enothera and
in the spores of A utho-

ceros Ixvis ; and by Hen-
frey in the spores of

Marckantia polymorpha

(Jig. 1133).
'

In other cases, in-

stead of the development
of only four secondary

cells in the cavity of the

parent, the whole mass
of the protoplasm may
break up into a great

number of small parti-

cles, as in the production

of the swarm spores of

many Algse and Fungi

(Jig. 1134). In this case

the new cells (primor-

dial) are only clothed

by a cellulose wall after

their separation from the

parent- or mother-cell.

The formation of the

oospheres in Achlya (Jig.

1135), is a modification

of this process of divi-

sion. Some of these

-modifications of cell-

division are closely ana-

logous to the ordinary
process of free cell-for-

mation to which by
many authors they are

referred, t*. C^L-x^l

c. Rejuvenescence.—
Another method of cell-division is that which is termed reju-

venescence or renewal of a cell, where the whole contents of a

cell contracts, some of the cell-sap is expelled, the chlorophyll

becomes rearranged, and its whole form alters as it escapes from

the cell-wall and eventually forms a fresli cell-wall. This process

may be well seen in the swarm-spores of QSdogowmm (Jig. 1136).

d. Conjugation.—The production of a zygospore, which occurs

5%

Fig. 1135. Oogonia and antheridia of Achlijulimu-

cola, showing cell-division. The letters A to E

indicate the course of development. The proto-

plasm of a cell or branch of a cell collects into

a globular form A, B, and by the formation of a

septum, D q, becomes an independent cell (the

oogonium) in which nucleus-like bodies may
appear, c. The protoplasm then breaks up into

two or more parts, D, e, e (oospheres), which
quickly become spherical, and after fertilisation

by the antheridia o, ft, penetrating into the

oogonium, by their sacs, b, b. as seen in D, secrete

a cell-wall E, and become oospores. (After

Sachs.)
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in the process of conjugation as already noticed in Spvrogyra

( fig. 863), is also another method of cell-formation. It occurs

frequently in Algae, and various groups of Fungi.

Indirect Division of the Nuclei of Cells (Karyokiiwsis). —Where

this occurs, the nucleus, instead of dividing simply and directly,

assumes various figures before dividing.

Fig. 1130.
Strasburger described this

method of division of the

nucleus in many vegetable

cells, and a similar method has

since been shown by several

observers to occur in animal

cells. To this process Flem-

ming has given the name
karyolduesis, because a spon-

teneous movement of the nu-

cleus and its contents is of

essential importance.

The first stage in the process

is the separation of the fibrils

forming the intranuclear net-

work, so that they become more

distinct, and make the nucleus

appear larger (fig. 1137, «).

The fibrils then become thicker

and more separated, thus exag-

gerating the appearance pro-

duced during the first stage.

The fibrils next acquire the

form of long loops, some of

which appear to consist of

of an mooonium. c. One in free mo- two threads (Flemuiing)
j

but

tion. D. The same after it has become whether this IS their true Cha-

fixed, and has formed the attaching „ter or thev are thick fibrils

disc. B. Escape of taewkole protoplasm ™"~» '

hollowed
of a germ-plant of (Edogonium m the which have become noilOW cu

form of a swarm-spore. (Alter Pnngs- ou^ js uncertain (Klein). In
helm.) tne nexfc stcp the loops cease

Fxq. 1136. A, B. Escape of the swarm-spores

to be single and are very long, each thread forming several, and

the whole producing a radiating, wreath-like appearance (M.

1137 b) The loops then break so that their bends are central,

the ends pointing outwards and producing a star-like appearance,

the aster or monaster. The central mass and rays now appear i
.

-

divide into two parts having different planes one above the othei

( fta 1137, c, d), except at the periphery of the loops, where tor

a time the two stars remain connected, though soon they sepa-

rate, producing the double star, or dyaster, which m many cases

Is tie only form of star that is seen, the monaster apparent >

not occurring at all. The two stars of the dyaster then recede

from each other so that their centres occupy opposite poles ot
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the nucleus {fig. 1137, e, /, g) ; the daughter-stars of the dyaster

thus produce a double basket appearance. The hbrils of these

baskets next arrange themselves alter-

nately, so that they seem to be trans- •

versely striated. A membrane next

forms between the two divisions of

the former nucleus {fig. 1137, h), i.e.

between the two daughter-baskets

whose fibrils now become convoluted,

thus producing in the new nuclei an

intranuclear network similar to that

which existed in the mother-nucleus.

These intracellular and intranu-

clear networks, as well as the division

of the nuclei, are well seen in rapidly

forming cells, such as those in the

growing points and ovules of plants.

Rapidity of Cell-production.—By
the ordinary method of cell-division,

cells are in many instances produced 1M7. Successive phases of

... , . .
J

- it vx karyokmetic division of the
With almost inconceivable rapidity. Imc"leus (a) in the embryo sac :

Thus it has been stated that a fungus a, in Viola paiustris; b, in

of the Puff-ball genus has been known Cgg* cum
- ^ After stras "

to grow in a single night, in damp
warm weather, from the size of a mere point to that of a

large gourd ; and it has been calculated, from the average

size of its component cells, that such a plant must have con-

tained at least forty-seven thousand million cells, so that they

must have been developed at the rate of nearly four thousand

millions per hour, or more than sixty-six millions per minute.

Another illustration of the rapid production of cells is afforded

us in arctic and alpine regions, where it frequently happens that

the snow over an extensive area is suddenly reddened by the Red
Snow-plant (.%. 1). 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 ; thus the Agave
americana or American Aloe, when flowering in our conserva-

tories, has been known to develop its flower-stalk at the rate of

at least a foot a clay ; and in the warm climates where it is indi-

genous, as in the Mauritius, it will grow at least two feet in the

same period of time. Leaves also, in some cases, develop very
rapidly

;
thus, Mulder states that he has seen the leaf of Urania

ipeciosa 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

live inches per day. In all these cases of rapid growth in size,

it must be remembered, however, that the increase is due not
only to the formation of new cells, but also to the expansion of

those previously formed.
In connexion with the rapidity of growth, it may be stated

Fig. 1137.
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! here that great light retards growth, as shown by the compara-

i tive height attained by the Wild Hyacinth according to whether

i it «rows at the edge of, or in the thick part of a wood,

and warmth, on the other hand, encourage growth
Moisture

hence, if a

Fig. 1 139.

greenhouse is allowed to be warmer at night than in the daylight,

the plants therein contained become drawn up (leggy, as it is

termed) and weak.
For the purpose of measuring accurately the rapidity of

growth, some such instrument as that shown in fig. 1138, and
called an Auxanometer, is employed, where at the end of the

long arm of a lever a, is a pen b, which marks on a revolving

drum c, covered with smoked paper. To the hook on the short

arm of the*iever a, is attached the one end of a thread, the other

end being fastened to the tip of the stem. As the stem grows,

the long arm of the lever, which is weighted, falls, and a record

traced on the drum c, which may travel continuously, or, as in

Vines' Auxanometer, make a movement only at certain intervals

of time, which are regulated by the clockwork arrangement at d.

(2) Absorption and Transmission of Fluids.—The cell- wall of

all young and vitally active parenchymatous or prosenchymatous
cells is capable of readily imbibing

fluids, and we find, accordingly, that

liquid matters are constantly being ab-

sorbed and transmitted through such

cells. The power which thus enables

cells to absorb and transmit fluids is

called osmose. This physical force, as

will be afterwards shown, is a most im-

portant 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 up-
wards, from cell to cell, to the leaves

and other external organs, for the pur-
pose of being elaborated by the action of

light, heat, and air. It is, moreover, by
a somewhat analogous process (diffusion

ofgases) that the cells on or near the sur-

face of plants are enabled to absorb
and transmit gaseous matters.

Osmose maybe explained as follows :

—Whenever two fluids of different densi-

ties are separated by a permeable mem-
brane which is capable of imbibing them,
there is always a tendency to equalisa-

tion of density between the two, from
the formation of a current in both direc-

tions, which will be modified by the action of the membrane,
as well as by their own rates of diffusion. This osmotic action may

Fig. 1130. Apparatus to show
osmotic action. It consists

of a bladder filled with
syrup, to the open end of

which a tube is attaohed,
and the whole placed in a
vessel containing water.
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Fig. 1140.

be easily observed, by filling a bladder with coloured syrup,

attaching to its open end a glass tube, and then immersing it in

a vessel containing water (fig. 1139). Under such

circumstances the volume of the denser fluid in
j

the interior of the bladder becomes increased (as

will at once be seen by its rise in the tube), by

the more rapid passage through the membrane of

the thinner fluid than of the thicker, though at i

the same time a less portion of the syrup passes

out into the water or thinner fluid, as may be

proved by the sweet taste and colour which the

latter gradually acquires. This double current

will continue so long as there is any material

difference of density between the two liquids.

The stronger in-going current is termed endos-

mose, and the weaker outgoing current exosmose.

If the position of the liquids be reversed, the

currents will be reversed in like manner, the

preponderating current, in almost all cases, being

that which sets from the thinner to the denser

liquid.

The pressure exerted by the water absorbed

by endosmose against the walls of a cell, is spoken

of as tnrgidity or tumescence. In such a cell the

pressure exercised against the walls reacts upon

the cell contents. If a cell is turgid, but capable

of further extension without bursting, the changes

which would be produced by stretching or com-

pressing it, or otherwise altering its form, may be

easily shown by the use of such a piece of appa-

ratus as that represented in fig. 1140, where k is a

wide and thick india-rubber tube, to which the

glass rod s g acts as a stopper at one end, while

into the other end is fitted a glass tube drawn

out, no. The tube is now filled with water,

the'upper level of which is at n. It will be found

that on stretching the tube its calibre is dimin-

ished, but its capacity is increased, as shown by

Mttr~i the fall of the water below n : while compression,

bending, or creasing will diminish the calibre, and

thus raise the level above n.

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 con-

tinually absorb the latter by endosmose ;
and as the changes

which are going on in the cells by evaporation, ^smUation,

and other processes on the surface of plants, tend to thicken

Fig. UiO. Appa-
ratus for illus-

trating the ef-

fect of stretch-

ing or com-
pressing a tur-

gid oell. (After

Sachs.)
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their contained liquids, there will also be a constant passage of

the absorbed fluids from cell to cell towards those parts where

such processes are taking place. The laws of ordinary adhesive

or capillary attraction and of the diffusion of fluids also regulate

the flow of the juices, which in certain cases may be even set in

motion by either force. The action, however, of the interven-

ing membrane (cell-wall) in greatly modifying or even over-

coming osmotic action, is evidenced by the numerous cases m
which°neighbouring cells contain different substances without

their intermixture. In cellular plants, such as Algse and Fungi,

Fig. 1141. Fig. 1142.

Fig. 1141. Hair on calyx of flower-bud of Allhaa rosea. The streaming of

the protoplasm is indicated by the arrows. (After Sachs.) Fig. 1142.

Part of leaf of Vattimeria spiralis, showing rotation of the protoplasm,

n. n, 71,71. Nuclei, c, c. Chlorophyll corpuscles. A, A. Cells in which some

chlorophyll corpuscles are passing along the upper wall of the cell. (After

J. W. Groves.)

absorption may take place at any part of the thallns
; while

in vascular plants it occurs principally through the roots, though

all the green parts may contribute to it (see page 787), and
that, too, probably independently of the presence or absence of

stomata.

(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 of a portion

of their contents takes place. This movement is sometimes
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erroneously considered as a kind of rotation of the watery

cell-sap ; but the very complete observations of Mohl have

proved that it is due to a circulation of the protoplasm, which

is rendered visible by the opaque granular particles which it

contains (fig.- 1142 a, c). The protoplasm thus circulating does

not pass from one cell to another, but is strictly confined to the

cell in which it originates. This kind of movement has been

termed Rotation, Gyration, Cijclosis, or Intwdhdar Circulation^

it ceases, in the generality of cases, in cells when they have

attained a certain size, but in those of many aquatic plants it

continues throughout their life.

The appearances presented by these movements vary in

different cases. Thus, in the cells of many hairs, as in those

of the Common Spiderwort (Tradescantia virgiuica), the Potato

(Solanum tuberosum) (fig. 40), and Althsea rosea (fig. 1141), the

protoplasm becomes hollowed out by a number of vacuoles

filled with watery cell-sap, between which threads of protoplasm

remain, and the motion is in reticulated currents radiating I

apparently from, and returning to, the nucleus ;
to this action

the term circulation is applied. In the cells of the leaves of the

Vallisneria (fig. 1142) and Anacharis, and in those of other

parts of the same plants, intracellular movements may be

readily observed when they are submitted to a moderate micro-

scopic power ;
here, however, the protoplasm becomes hollowed

out by a single central vacuole filled with watery cell-sap, and

passes with its granular contents round the interior of the walls

of each cell, retaining its activity permanently; which mover

ment is called rotation. In the Characea, and especially m the

Nitellse., which are transparent, the moving protoplasm does not

rotate round the walls, nor in reticular currents but passes

obliquely up one side of the cell (fig. 1124) until it reaches the

extremity, and then flows down in an opposite direction on the

0tll

No
S1

s

C

atisfactory explanation has yet been brought forward to

account for this movement, but it is unquestionably conneatri

with the vitality of the cell-contents, and Dr. H. de Vnes be-

lieves that it is" chiefly instrumental m the transport of food

material from one part of a plant to another. All agents that

actually injure the cell will generally stop it at once, and perma-

neX though in some plants (as Nitella) a large cell may be

tied across the middle with the effect of stopping the crcu.la ion

temporarily; but after a short time it will recommence in eac«

S The movements of the ciliated zoospores^ Alg* (sej

nase 395 and figs. 75-77), and those of the cdvated antJ^rozo^

Sf Alti (see p'ii 397, ami fig. 808), and of the higher Crypto-

. gan^aT-e pa^°366, and fig.W are usually regarded as -

loaous to the rotation of the protoplasm.
9

4. Elaboration of the ( V//-, tents. -All cells exposed to light,

heat, and air, which contain protoplasm, have the power of pro
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ducing in their contents the various organic compounds which

are concerned in the development of new tissues, and in the

formation of others which have been termed secretions. (See

Expiration and Assimilation.) In old cells the secretions of the

plant are also, in part, deposited. _
2. Functions of Prosenchymatocjs Cells.—Prosenchy-

matous cells are especially adapted by their construction and

mode of combination into a tissue, for giving strength and

support to plants ; and there can be no doubt but that this is

one of the offices which they perform. In a young state, also,

before their walls are thickened, 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 elabo-

rated by the agency of heat, light, and air. The experiments

of Hoffmann, Unger, Knight, Dutrochet, and others, seem to

prove this. Thus, Hoffmann, by placing plants in such a posi-

tion as to cause them to absorb a solution of ferrocyanide of

potassium, and then adding a persalt of iron to sections of them,

found that the prussian blue which was formed by the reaction

of the chemical agents thus applied was principally deposited

in the prosenchymatous cells. Unger also came to the same

conclusion, by causing plants to absorb a coloured vegetable juice,

and tracing its passage. Knight and Dutrochet cut a ring of

tissue out of the stem down to the duramen, with the result

that the leaves withered, and the tree subsequently died. But

other experimenters, such as Link, Rominger, and Herbert

Spencer, have arrived at opposite conclusions. (See Functions

of Vessels.)

3. Functions of Vessels.—The functions of the spiral,

annular, reticulated, pitted, and scalariform vessels have been a

subject of much dispute from an early period, and have been

repeatedly investigated. Hales, Bischoff, and others came to

the conclusion that these vessels were carriers of air, and it is

certain that air alone is found in old vessels ; while Dutrochet,

Link, Rominger, &c, believed that their essential function

was to carry fluids from the root upwards, which views from

recent observations appear to be correct. According to Link,

when plants are watered for several days with a solution of

ferrocyanide of potassium, and afterwards with a solution of

persulphate of iron, prussian blue is found in the vessels, and

not in the prosenchymatous cells, as the experiments of Hoff-

mann, alluded to in speaking of the functions of prosenchyma-

tous cells, seem to indicate
;
and, more recently, the experiments

of Herbert Spencer, conducted with great care, tend to show

that in young plants at all events the vessels are the chief sap-

carriers whence the fluid exudes into the surrounding prosen-

chyma. From this it is clear that the constituents of the xylem
are sap-carriers.

Functions of Latieiferous Vessels.—The physiological import-

3 E
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ance of these vessels has given rise to much discussion, and is

still involved in obscurity. But it would appear that these

vessels, and others which are closely allied to them, as skve-

tubes and vesicular vessels, act as temporary reservoirs of nutrient

fluids, and also as carriers of such fluids to those parts of plants

where they are required. (See also page 51.) 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* Other observers have also described

a similar circulation ; but Mohl, Henfrey, &c, altogether deny

the existence of such a movement in uninjured tissues.

Dr. A. Fischer states that it is only the young cells of sieve-

tubes which can produce albuminous substances, since they

possess nuclei which are absent in the mature tubes.

4. Functions of Epidermal Tissue.—The special functions

of epidermal tissue are :—to protect the tissues beneath from

injury, and from being too rapidly affected by atmospheric

changes ; to regulate the transpiration or exhalation of eatery

vapours ; 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 and submersed parts ot

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 t un-siuea

cells, and covered by a cuticle of only moderate thickness.

Cellulose is rarely, and then only with difficulty, discovered in

cuticle, which is a thin structureless membrane extending un-

interruptedly over the boundaries of the subjacent epidermal

cells It is coloured yellow by Schulze's fluid, yellow or yellow-

brown on the addition of iodine with or without
"Jg»°J

acid ; it is soluble in boiling caustic potash but ^soluble

concentrated sulphuric acid. In other aerial plants, howevei

mowing in the same latitudes, such as the Box &c.,
J

generally also in those of a succulent nature where^tWis buj

I moderate exhalation, we find the upper walls of the epidema

cells especially thickened, or protected by a dense ayer of

cuticle- whilst in aerial plants growing in very drj oi ho*

regions; as the Oleander (Jig- IfI - have frequently an ep|

dei-mis of two, three, or more layers of thick-sided cella anj

other special contrivances to prevent a too ready exhal t n

of fluid For instance, De Bary states that wax may _bede|

posited in the cuticle, and that on heating to about 100 I »t

* The term 'cvclosis' has also been applied to the movement of P .

oo-

plasm in cells. (Sec p. 784.)
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separates out in the form of drops. This wax may be associated

with resin, and assists in preventing the aerial parts of plants

from becoming moistened by water. Such plants as these are

best fitted for growth in houses, where the air is usually very

dry. While the epidermis may thus be shown to have for its

object the restraining of a too abundant exhalation, the stomata

and water-pores are especially designed to facilitate and regulate

the passage of fluid matters, and in proportion to their number,
therefore, upon the different organs and parts of plants, cseteris

paribus, so will be the exhalation from them. (See also page 63.)

Stomata, as already noticed (page 62), are sometimes found at

the bottom of depressions on the under surface of leaves (Jig. 124),

and occasionally projecting above the general level, but usually

they are placed nearly or quite on a level with the epidermal
cells. The exact manner in which the stomata act is not readily

explained, but it may be always noticed that when plants are

freely supplied with moisture, the stomata have their bordering
guard-cells distended with fluid, elongated, and curved, so that

the orifices between them are open ; whilst in those cases where
there is a deficiency of fluid the bordering cells contract,

straighten on their inner surfaces, and thus close the orifices.

Under the former condition of stomata, there is a ready com-
munication between the external air and the internal tissues,

and hence a free exhalation takes place ; while in the latter

state, the exhalation is more or less prevented. As a rule, sto-

mata are open during the clay when circumstances are favourable,

and closed at night when the plant is asleep.

It is also through the cells of the epidermis, and more espe-

cially through the stomata, that certain gaseous matters are

absorbed from, and exhaled into, the atmosphere, in the pro-
cesses of Respiration and Assimilation. (See page 799.)

It has long been a disputed question whether the epidermal
tissue and its appendages have the power of absorbing liquids,

such as water. Some authors, as Unger and Duchartre, not
only deny the possession of such a power, but also that of taking
up watery vapour ; and Prillieux has repeated their experi-

ments with the same results and conclusions. Some researches
of Henslow seem, however, to prove that leaves can absorb
moisture. (See page 799.) Indeed, it is very difficidt to ac-

count for the immediate recovery of drooping plants in a green-
house when water is sprinkled upon the floors, or the revival in
nature of vegetation when a mist follows a long succession of
dry weather, except on the supposition that watery vapour is

taken up by the epidermal tissue and its appendages, unless the
presence of moisture acts only in the way of checking transpira-
tion. Epiphytical species seem also to obtain nourishment from
the atmosphere by absorption through the epidermis. Whether
water itself is absorbed by the epidermal tissue and its appen-
dages is doubtful, though from the experiments of Detmer it

8 k -i
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seems to be possible under certain circumstances. Various

experimenters have endeavoured to show that they have this

power. The researches of Garreau led him to the following

conclusions :—1. That the epidermis possessed an evident endos-

motic 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, gradually diminished as they approached

maturity, and was altogether lost when they became old. 2. 1 he

absorbing power of the epidermis was greater in proportion to

the absence of waxy or fatty matters. 3. The epidermis cover-

ing 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 epidermis is absorbent, the cuticle

presents impediments to absorption. 5. Simple washing with

distilled water, and more especially with soap and water, aug-

ments the absorptive power. 6. When the epidermal tissues of

leaves have lost their power of absorbing water, they can still

absorb carbon dioxide. Further, the behaviour of Carnivorous

Fig. 1143.

V

thtoMU is represented from the first division of the mother-cell
I

m

A into tCtoughter-cells, to the complete separation shown in P. (After

Sachs.)

Plants, as Brosera, TTtricularia, &c, seem distinctly to prove the

truth of the power of epidermal tissues to absorb nutrient

^
t^lTSZioprne^ of Stomato.-A stoma is formed by

the division of an epidermal cell (the mother-cell) by a partition

which extends across and divides the two daughter- or sister-cells

surfaces of the sister-cells, and the adjoining cells of the epi
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dermis. Even when the division is complete, a portion (if the

leaf is examined in a superficial position) still remains as a simple

lamella. These two sister- or daughter-cells are called guard-

cells, and further differ from the rest of the epidermis in

containing chlorophyll and starch.

A special form of stomata called water-pores is found at the

termination of the veins of some leaves (Trupeeolum &c.) which
differ from other stomata in being non-contractile, and in some
cases the guard-cells become entirely absoibed, leaving open
spaces.

5. Functions of the Appendages of the Epidermis.—
Hairs and their modifications appear to be de>igned to protect

the epidermis and parts beneath from injur}? due to cold and
other external influences, hence we find young buds (see page

105), &c.
,
frequently coated with hairs, also in many flowers to

prevent injurious insects carrying away pollen. Hairs also ap-

pear in certain instances, at least to some extent, to absorb fluid

matters from the atmosphere, whilst in other cases they serve to

assist the epidermis in restraining exhalation ; and we find, ac-

cordingly, that plants which are densely coated with them are

well adapted to grow in dry situations, and to sustain without
injury a season of drought.

Glands are those organs which in themselves secrete some
peculiar matter. (See page (58.) These secretions are either

permanently stored up in them, or excreted.

6. Functions of the Intercellular System.—The inter-

cellular canals, except at those times 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 likewise facilitate exhalation of liquid matters
by their connexion with the stomata. The intercellular spaces

are also, in most cases, filled with air, though certain recent
observers have described protoplasm as occupying some of them,
and as communicating with the protoplasm of the cells ; while
the air-cells and air-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, or to be suspended in the water. The receptacles of
secretion, as their name implies, contain the peculiar secretions
of certain plants, and are closely allied in their nature to glands.
(See page 72.)
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Section 2. Physiology of the Organs of Nutrition.

1. Of the Root or Descending Axis.—The offices per-

formed by the root are :—1, To fix the plant firmly in the earth or

to the substance upon which it grows, or, in some aquatic plants,

to float or suspend 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, though in the earth they may

assist subsequent nutrition by dissolving substances which could

not otherwise pass into the plant. 4. To act as a reservoir of

nutriment. .

The office which the root performs, of fixing plants m 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 per-

forms of absorbing nutriment for the uses of the plant from

the materials in or upon which it grows, is not possessed by its

whole surface, but is almost exclusively confined to the cells and

root hairs (figs. 128 and 248) of the newly developed portions

and young parts adjacent to them ;
and even these parts can

onlv absorb when they are in the closest contact with the particles

of soil by the root-hairs. Hence, in the process of transplanting,

it is necessary to preserve the young growing roots 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 which such an operation is performed
;
thus

under the favourable circumstances of a warm soil and moist

atmosphere, the destruction of a large portion of the young

Sremities of the root will do but little injury, as the plant

will then speedily form new absorbent extremities ;
but i tlie

Tond tionsof the" earth and soil be the reverse, then a large

destruction of the young extremities of the roots will cause^the

plant to die before new absorbent extremities can be formed

fecial attention should be paid to the above fact when

transplanting is performed in the growing season
;
but it is tax

better, when possible, to transplant late in he^summer oi m
the autumn when the growing season is drawing to a

,

close, or

in the spring before it has recommenced, as at such penocls

Uttle or n absorption takes place and the plants have accordingly

time to recove/themselves before they are required to perform

any active functions. (See page MO.)

This absorption of food by the youngest ™^to u dwto

osmose taking place between the contents of their cells.and the

^oftoSSSSimding soil. But it should be noticed thai
,

as
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already mentioned (page 126), the cells at the extreme apex of

the rootlets forming the cap are not adapted for absorption.

Roots absorb more water than the plant requires, and this

excess of tluid exerts a pressure up the stein called Root-pressure,

which may be measured by cutting off the upper part of the

stem of a growing plant and attaching a manometer to the cut

end. (See page 822.)

Roots, as will be shown (page 792), 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 ob-

taining it, because in their growth they are constantly entering

new soil, and hence, as one portion of that soil has its nutritious

matters extracted, another is entered which is in an unexhausted

state. It has also been shown, by direct experiment, that when
the roots meet with a store of nourishment in the soil, a greatly

increased development of rootlets takes place for its absorption.

Roots can only absorb substances in a liquid state, therefore

the different inorganic substances which are derived from the

soil, and which form an essential part of the food of plants, must
be previously 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 tha.t substance is in-

soluble in the fluid, it will remain on the surface of the roots,

and the water alone will pass into them.
Selection of Food 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

living and healthy condition. The experiments of Daubeny,
Trinchinetti, and others, lead essentially to the same conclusions.

Again, though the seeds of the common bean and wheat be
sown in the same soil, and exposed, as far as possible, to the
same influences in their after-growth and development, yet
chemical analysis shows that the wheat stalk contains a much
larger proportion of silica (which it must have obtained from the
soil) than that of the bean.

The experiments of Bouchardat, Vogel, and others, appear,
fin the contrary, to indicate that roots absorb all substances pre-
sented to them indifferently, and in equal proportions. But
the simple fact, as just mentioned, which is easily proved by
chemical analysis—that the ashes of different plants grown in
the same soil, contain different substances or in different pro-
portions—seems to prove incontestably that roots have a power
cf selecting their food. In using the term selecting, we do not,
however, intend to imply that roots have any inherent vital

power of selection resembling animal volition, but only to ex-
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press the result produced by virtue of the mutual actions of the

root and the substances which surround it m the soil. Has

power or property of selection is without doubt due to some 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 different

roots possessing different osmotic action for the same substances.

It follows also? from the recognition of this action as the cause

of the absorpion of fluid matters by the plant, that poisonous

substances may be taken up when in solution by the roots, pro-

ved their tissues are not injured by them in their passage ;

and we find, accordingly, that when such substances are found

L the soil, a corresponding effect is produced upon plants by

4116

to2f^^ot,-Eoots seem tohave no power of getting

rid of excrementitious matters like that possessed by animals

Lt^tih^dolWafrintoih.^po^^^
Fig. 1144. mose, which appears

tobeanalmostneces-
]

sary result and ac-
]

companiment of the
j

endosmose by which

absorption takes I

place, is possible.

Carbon dioxide, and

possibly other acid
|

substances, are parted
|

with by roots in this

way ; and thus assist

subsequent absorp-

tion by dissolving
j

substances which

could not otherwise

pass into the plant.

This is proved by
j

Sichs' experiment of letting roots grow over a slab of polished

xtible, which was eroded wherever the roots came in contact

Fiorina of Nutriment by Boofe.-Roots are frequently en-

the piarm. jl

f ^ TunnV (fig. 269),

V9 wi 26?faid other biennials, are familiar .llustratxons.
Carrot {Jig. 207), ana

OT.owin( , mrt of the root is called

with a cap of cells, the pikorhim. (See pages I/O )

Fig. 1144. Longitudinal section through. root of PterU

teslata, showing apical region.

which are developed the tissue » »\7°e °*

the root, o, c, and the root-cap or pileorhiza, k, I, m, n.

(See page 125.) (After Sachs.)
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The cells composing it consist of primary.menstem; they are

thin-walled, tilled with protoplasm, and are capable of division

Here, as in stems, and unlike leaves, the last formed part is

towards the apex ; hence the growth in length is indefinite the

difference between the growing part or so-called «^c«J cell m
roots (fig ») and stems being that, m the former case, it

or they (for there is (Jig. 1145, a) usually a group of apical

cells) are covered by a cap of cells formed from the distal or

Fig. 1145.

Win 1145. Polygonum Fagopyrum. Root apes, median longitudinal section.

»c Pericambrom, outside boundary of the plerotne. v. Rudiment ot

a vessel, e. Demiatogen. Between pc and <?, periblem. h. Root-cap or

pileorhiza. a. Apical cells. After De Bary.

apex end of the so-called apical cell (figs. 1144, k, I, m, n, and

1145 h) ; whereas in stems there is no such cap. (See page

795, 'and figs. 114G and 1147.)

2. Of the Stem or Caulome.—The offices performed by

the stem and its ramifications are :—1. To form a support for

the leaves and other appendages of the axis which have but a

* This name is given to that kind of mcristem which forms the whole

tissue of very voting organs or parts of organs, in order to distinguish it

from another kind of n.eristem, which is termed secondary menstem (as

the cambium cells), which occurs in organs along with permanent tissue, or

that tissue in which the cells are no longer capable of division, but have

assumed their definite form.
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temporary existence, and thus enable them to be freely exposed

to the influences of light and air, which are essential for the

proper performance of their functions and development. 2. To
convey air and fluid matters upwards, outwards, downwards,

and inwards, to the organs of respiration, assimilation, trans-

piration, development, and secretion. And 3. To act as a

reservoir for the so-called secretions of the plant.

A. Spec ial Functions of the Different Parts of the Stem.—a. The

Medulla or Pith.—Various functions have at different times been

ascribed to the pith. In the very young plant, and in all cases

when newly formed, the cells of the pith are filled with a greenish

fluid containing nutrient substances in a state of solution ; but

as the pith increases in age it loses its colour, becomes dry, and

is generally more or less destroyed. The pith, therefore, would

appear to serve the temporary purpose of nourishing the parts

which surround it when they are in a young state ; and in some

cases it seems also to act as a reservoir of the secretions of the

plant.

b. The Wood or Xylem.—The wood, when in a young and

pervious condition (alburnum), is the main agent by which the

crude sap is conveyed upwards to the external organs to be

aerated and elaborated ; but whether the passage is primarily

by the vessels or the prosenchymatous cells is disputed. (See

page 785.) As the wood increases in age, and becomes heart-

wood or duramen, the tissues of which it is composed become

thickened and altered in various ways, by which they are more

or less hardened and solidified, and in this manner the stem

acquires strength and firmness, but the tissues are no longer

physiologically active, and are in fact useless as carriers of sap.

Formation of Wood.—On the outside of the young wood,

but organically connected with it and with the liber or bast

of Dicotyledons, is the vitally active layer of cells (secondary

meristem) called the cambium layer, from which are annually

formed new layers of wood (xylem) and inner bark (phloe'm).

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 differences of opinion

exist amongst botanists as to the exact manner in which wood

is formed, but chey are nearly all agreed that the materials

from which it is formed are elaborated in the leaves, that with-

out leaves there can be no additions to it, and that m proportion

to their amount so will be the thickness of the wood. It is

necessary, therefore, that the process of pruning timber trees

should be carefully conducted, and that when planted they should

be placed at proper intervals, in order that they may be freely

exposed to those influences which are favourable for the develop-

ment of their foliage. , . ,

Herbert Spencer believes that intermittent mechanical
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strains, such as those produced by the wind, are the sole cause

of the formation of wood, which is developed to resist the strains.

His experiments were anticipated by Knight so far back as

1803 ; but his results must be taken with modification. It is

probably true that such a conservative formation of wood does
occur to meet unusual strains ; but the want of correspondence
in nature between great exposure to such strains and large

deposit of wood, and the numerous examples of great wood-
formation in ligneous twiners and nailed-up trees, must prevent
us from considering it an all-sufficient explanation. In the cases

where no strains can have occurred, ' the natural selection of

variations can have only operated ' to form wood, according to

Spencer.

c. The Medullary Rays.—The functions which these rays
perform is, probably, to assist the diffusion of 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.

d. Tlie Bark.—The bark acts as a protection to the young and
tender parts within it. The inner part is generally believed to
convey the elaborated sap from
the leaves downwards, in order
that new tissues may be deve-
loped, and the different secre-

tions deposited in the wood and
in its own substance. The bark
frequently contains very active

medicinal substances, and others
which are useful in the arts, etc.

B. Development of the Stem
(Caulome).—The stem is deve-
loped from the apex or growing
point (punetum vegetationis),

where is situated the apical cell

or apical groups of cells. In most
of the Cryptogamia growth is ef-

fected by the division of a single
apical cell (Jig. 1146, t), which
is generally large, and divides
into two daughter-cells, one of
which becomes the new apical
cell, while the other, the segment
cell, by further division, forms
the permanent tissue. In the
steins of the higher plants, in-
stead of a single apical cell, there are generally several such cells
(Jig. 1147 s, .s), which differ from the like cells of roots in having
no special cap, and from leaves in the fact that the cells last
formed are at the apex. (See Deve!<,/Illind of Boots, page 792 :

and oj the Leaves, page 811.)

Fig. 1116.

Ftg. 1 110. Longitudinal section through
the apical region of tliree primary
shoots of Chara fragilis. I, Apical
cell, in which segments are formed
by septa, each segment being further
divided by a curved septum into a
lower cell not further divisible, which
develops into an internode, g, g\ g",
;/"', and an upper cell which produces
a node, m, m', and the leaves, b. b'. b",
!>", which also undergo segmentation.
(After Sachs.)
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3. Of the Leaves or Phyllomes.—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 al sorp-

tion of fluid matter
; (3) the absorption and exhalation of gases ;

and (4) the formation of the organic compounds which are con-

cerned in the development of new tissues, and in the formation

of the various secretions of plants. These functions they are

enabled to perform through the influence of heat, air, and light,

to which agents, by their position on the ascending axis of the

plant, and by their own structure, they are necessarily, under

ordinary circumstances, freely exposed.

(1) Uxhalaiion of Watery Vapour by the Leaves.—The im-

Fig. 1147.

K
pl

Fig. 1147. Phaseohu mnltiflorus. Longitudinal

region of the stem of an embryo, ss Apex. ^, P»; "j^J"
fa-it leaves, k, k. Commencement o£ their axillary buds. (After Sachs.)

mediate object and effect of this process which is commonly

termed transpiration, is, the thickening of the crude sap, and

the consequent increase of solid contentsm any particular port ion

of it. This transpiration of watery vapour as already noticed

(seepage 787), takes place almost entirely through the stornataj

and hence as a general rule the quantity transpired will be d
proportion to their number. The presence or absence of a truj

epidermis and the various modifications to which this is liable,

h
P
ave ako,' already noticed (page 786), an important influence

upon the transpiration of fluid matters.
1

From some interesting experiments of M. Garreau on ^in-

spiration of leaves, he was led to draw the following OondusionH

1 The quantity of water exhaled by the upper and under sin faceS
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of the leaves is usually as 1 to 2, 1 to 3, or even 1 to 5, or more.
The quantity has no relation to the position of the surfaces, for

the leaves, when reversed, gave the same results as when in their

natural position. 2. There is a correspondence between the
quantity of water exhaled and the number of the stomata. 3. The
transpiration of fluid takes place in greater quantity on the parts

of the epidermis where there is least waxy or fatty matter, as

along the line of the ribs.

This transpiration of fluid is influenced to a great 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, though, according to M'Nab, a plant ex-
posed to the sun will transpire most in a moist atmosphere

;

while in the shade, an atmosphere loaded with vapour causes
transpiration to cease. The great agent, however, which influ-

ences transpiration is light. According to De Candolle, light

is the only agent which is capable of promoting and modifying
transpiration. He says, ' If we take three plants in leaf, of the
same species, of the same size, and of the same degree of vigour,
and place them, after weighing them carefully, in close vessels,

—one in total darkness, the other in the diffused 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 experiments of Henslow, Daubeny, and others, also de-
monstrate, 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
illuminating rays having more effect than the heating rays.
Transpiration has been studied by M. Weisner in three ways:—
(1) By comparing that of green with that of bleached plants

;

(2) by exposing plants to the solar spectrum
; (3) by placing

them behind solutions of chlorophyll. The result of these
experiments has been that the action of light on transpiration
is greatly increased by the presence of chlorophyll

; that they
are not the most luminous rays, but those which correspond to
the absorption band of the chlorophyllian spectrum, which
excite transpiration

; and finally, that the rays which passed
through the chlorophyll solution exerted but little effect on
transpiration.

Transpiration in some cases seems to depend but little upon
whether the stomata are open or closed, though it is generally
greater on the under surface of leaves—i.e. where the stomata
are chiefly found. In summer transpiration is more active than
absorption, while in spring the reverse condition obtains.

The quantity of fluid thus exhaled or transpired by the leaves
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has been the subject of various experiments, The most complete

observations upon this point were made by Hales so long ago as

1724. He found that a common Sunflower 3A feet high, weighing

3 pounds, and with a surface estimated at 5,616 square inches,

exhaled, on an average, about twenty ounces of fluid in the

course of the day ; a Cabbage plant, with a surface of 2,736

square inches, about nineteen ounces per day ; a Vine with a

surface of 1,820 square inches, from five to six ounces ; and a

Lemon tree, exposing a surface of 2,557 square inches, six ounces

on an average in a day. Hence if such a large amount of fluid

be thus given off by single plants, what an almost incalculable

quantitymust be exhaled by the whole vegetation of the globe

!

It can therefore be readily understood that the air of a thickly

wooded district will be always in a damp condition, while that

of one with scanty vegetation will be comparatively free from

humidity : and hence it will be seen that a country, to be per-

fectly healthy, should have the proportion of plants to a par-

ticular area carefully considered ; for while, on the one hand,

too many plants are generally prejudicial to health by the

dampness they produce ; on the other, a deficiency, or want of

them will produce an equally injurious dryness. The same

circumstances have an important bearing upon the fertility or

otherwise of the soil, and in this way have an indirect influence

upon the health of the inhabitants. Thus, it is a well-known

fact, that as vapour is constantly given off by plants, rain is

more abundant in those regions which are well covered with

forests, than in those which are comparatively free from them.

It is found, accordingly, that a great change may be produced

in the climate of a country by clearing it too much of plants
;

for while an excessive amount of vegetation is injurious to their

healthy growth, if there be a great deficiency, it will become

entirely barren from extreme dryness. By inattention to these

simple but most important facts, which clearly indicate that

open land and that furnished with plants should be properly

proportioned the one to the other, many regions of the globe

which were formerly remarkable for their fertility are now

barren wastes ;
and, in like manner, many districts, formerly

noted for their salubrity, have become almost, or quite, umn-

hab
The

le

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 m it which takes

place in certain plants, either from the general surface of the.

Feaves or from special glands. In the peculiarly formed
I

lea. es

of DiscUdia, Nepenthes (fig. 390), Sarratmio (fig. 391), .

Beliamphora (Jig. 392), watery excretions of tins nature always

exist. From the extremities or margins of the leaves of various

Marantacete, Musacea*, Aroidaceoe, Grainmaceaa, and other
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plants, water is also constantly excreted in drops, at certain
periods of vegetation, through the water-pores there situated.
But the most remarkable plant of this kind is the Ccdadium dis-

tillatoriivm, from which half a pint of fluid has been noticed to
drop away during a single night, from orifices (water- pores) placed
at the extremities of the leaves, and communicating freely with
internal passages. In those Mosses which have no trace of vascular
bundles, Oltmanns points out that the rise of water does not take
place within the stem, but by capillarity externally, and that in
these plants transpiration does not take place.

(2) Absorption of Fluids by Leaves.—Hales, Bonnet, and
others, inferred that leaves were capable of absorbing moisture,
though De Candolle and others subsequently asserted positively
that such was not the case, and that leaves remained fresh for
some time when exposed to the influence of moisture, solely be-
cause transpiration was hindered or arrested. The more recent
researches of Henslow, however, as already noticed (page 787),
seem to prove conclusively that both leaves and green internodes
are capable of absorbing a large amount of moisture, and that
probably the quantity absorbed is independent of the presence
or absence of stomata. The experiments of Darwin and others
with Carnivorous Plants seem to prove this also.

(3) Absorption and Exhalation of Gases by Leaves.—We have
already noticed (page 700) the property possessed by the roots
of absorbing liquid food from the medium in which they grow,
and also their power of excretion (page 792). Whilst plants
are thus intimately connected by their roots with the soil or
medium in which they are placed, they have also important re-
lations with the atmosphere by their leaves and other external
organs, which are constantly absorbing from, or exhaling into
it, certain gases. The atmosphere, it should be remembered, is
brought into communication with the interior of the leaves by
the stomata : it indeed fills the whole intercellular structure of
these organs much in the same way as the air fills the lungs of
a mammal, or the lungs, bones, &c. of a bird, to which in func-
tion they bear some sort of resemblance. The gases which are
thus absorbed and exhaled by the leaves and other green organs
and parts of plants have been proved, by avast number

&
and

variety of experiments, to be essentially carbon dioxide and
oxygen. The experiments of Boussingault would also indicate
that, in some cases at least, carbon oxide is evolved with the
free oxygen. Draper, Mulder, Cloez, Gratiolet, and others, like-
wise believe that leaves and other parts exhale nitrogen when
exposed to sunlight. Plants, under certain circumstances, may
also absorb nitrogen from the air, though it does not then serve
for nutrition

;
but the investigations of Lawes, Gilbert, Daubeny

and Pugh tend, on the contrary, to negative this statement.'
Sir J. b. Lawes has recently confirmed his old opinion that the
source of nitrogen is the soil, of carbon dioxide the air.
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The amount of nitrogen found in plants is greater, however,

than can be accounted for by the quantity of nitrogen supplied

to the soil by rain, and is doubtless partly due to the absorption

of ammonia from the soil, as also, probably
,
partly by the leaves,

according to Sachs and Meyer, whose observations have been

confirmed by Schlosing.
_

The absorption and exhalation of carbon dioxide and oxygen

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 carbon di-

oxide is absorbed from the atmosphere and decomposed, leaving

its carbon, which is the result of the decomposition, behind, and

evolving its oxygen. It is in this way that by far the largest

proportion of carbon, which, as will be presently shown, forms

so large a part of plants, is taken up by them.

The evolution of oxygen by the green leaves and also by other

green organs may be readily observed taking place in the form

of bubbles, when a submersed aquatic plant or some freshly

gathered leaves are placed in water exposed to the direct rays of

the sun No such evolution of oxygen takes place unless the

water contains carbon dioxide, and not, therefore, m pure freshly

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 carbon dioxide absorbed and the oxygen exhaled

These experiments prove therefore, not only the exhalation of

oxygen by the leaves, but also that part of it must be derived

from the decomposition of the absorbed carbon dioxide These

changes do not take place in the deep-seated tissues of the plant

nor in the epidermal cells, but in those only immediately beneath

the latter This decomposition of carbon dioxide is effected by

the influence of chlorophyll ; for when leaves are not green as

is the case in many parasitic plants and m those which are more

or less blanched, they, like the other parts of a.plant;wi a^nu-

lar condition, are incapable of assimilating and must therefore

procure their nutriment from already assimilated materials.
P

This absorption of carbon dioxide with fixation of carbon and

evolution of oxygen is in direct proportion to the intensity of

tlie gh to which the plants are exposed ;
but the experiments

of Draper, Hunt, and others, show that the different rays of the

spectrum have a varying influence in promoting such a decom-

position The results obtained by Draper by exposing the

Seen parts of plants to the different rays of the spectrum were

that no oxygen was set free by them when they were in the

vilt ancl indigo rays ; ;00 to *8 only when m the extaejdj

1 in the blue • 4-10 in the green and blue ; 43 75 in the yellow

and ereen and 24'75 in the red and orange. Hence he con-

S&STSittte illuminating ^l^fiS
pfl'ppt in promoting decomposition of carbon dioxide, tnose

nearest the7n much "less so, and the heating and chemical rays
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none at all. The experiments of Cloez and Gratiolet lead sub-
stantially to the same conclusions. That is to say, that the rays

which photographically are most active are almost or wholly
inert in the decomposition of carbon dioxide and the elimination
of oxygen, while the so-called non-actinic rays are the most
active. Some heat is necessary for this decomposition, and
within certain limits it is found that a slight increase of heat
will compensate for a corresponding diminution of active light

rays. (See also The Effect uf the Electric Light on the Growth
of Plants, &c, page 858.)

Whilst the absorption of carbon dioxide and evolution of

oxygen are thus taking place by clay, it is supposed by most
observers, that in the absence of light a contrary action occurs
— oxygen being then absorbed, and carbon dioxide 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 air, and be supplied under such circum-
stances with carbon dioxide, the quantity of oxygen gas in the
contained air becomes increased.

Some authors, such as Burnett, Carpenter, and Garreau,
maintain that carbon dioxide is given off by the leaves in vary-
ing quantities, both by day and night ; whilst others again, such
as Pepys, Cloez, and Gratiolet, deny that leaves, at any time
when in a healthy state, give off carbon dioxide.

Those, again, who hold the opinion that leaves when ex-
posed to solar light give off oxygen, in consequence of the
absorption and decomposition of carbon dioxide, and that a
contrary change takes place by night, maintain different views
upon the nature of these changes. Some of them regard the
evolution of oxygen by day as a true vegetable respiration, and
hence look upon vegetable respiration as producing results upon
the atmosphere we breathe diametrically opposite to those of
animal respiration. Others, such as Mohl and Henfrey, say
that here we have two distinct functions going on,

—

one, taking
place by day. and consisting in the consumption of carbon &i-
oxide, 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
consist in the absorption of oxygen and evolution of carbon
dioxide. The former function they regard as a process of as,
rimilation, and the latter as inspiration. Broughton has more
recently demonstrated a constant evolution of carbon dioxide
from nearly all parts of growing plants, and considers that
this gas, though partly due to previous oxidation, is mainly
separated from the proximate principles during chemical
changes.

Those who maintain Burnett's views regard the constant

3 F
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exhalation of carbon dioxide by day and night, as constituting

vegetable respiration ; and the exhalation of oxygen by day, as

connected with assimilation ; while the supporters of Pepys'

views regard the exhalation of oxygen gas as vegetable respira-

tion. Pepys says that oxygen is given off by the leaves both

by night and day, bat in a greatly accelerated degree during

the day
;
by most observers, however, no evolution of oxygen

has been traced at night.

It will be seen from the above abstract of the opinions of

different physiologists, that various ideas have been 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 leaves and other green parts

of plants under the influence of solar light with the fixation of

carbon, i.e. the deoxidation of assimilable materials, to which

process the term assimilation is applied in this volume in accord-

ance with the views now commonly entertained by botanists
;

while that of respiration is here used to denote the absorption

of oxygen and evolution of carbon dioxide, which takes place

both by night and day, but is most evident by night, because

the large quantity of oxygen given off during the day in the

process of assimilation obscures the former change. In certain

plants the sun's light appears to be stored up in some unknown

way for future use, so that we find some aquatic plants after

exposure to its influence disengage bubbles of oxygen in the

dark.
.

Whatever views we may entertain, all admit that this evo-

lution of oxygen gas by day has a most important influence in

Nature. This will be at once evident when it is remembered

that it is the only known process by which oxygen gas,—so

essential to our existence, and which is constantly being re-

moved from the atmosphere we breathe, by the respiration of

man and other animals, by the process of combustion, by oxi-

dation of mineral matter, and by other processes that are con-

stantly going on upon the globe,—is restored to it in a free

condition. Thus we see that, ' the two great organised king-

doms of nature are made to co-operate in the execution of the

same design ; each ministering to the other, and preserving that

due balance in the constitution of the atmosphere which adapts

it to the welfare and activity of every order of beings, and which

would soon be destroyed were the operations of either of them

to be suspended. It is impossible to contemplate so special an

adjustment of opposite effects without admiring this beautiful

dispensation of Providence, extending over so vast a scale ot

being, ami demonstrating the unity of plan upon winch the

whole system of organised creation has been devised.

In alike manner, plants purify the water in winch they grow,

and render it habitable by certain animals. We all know by earlj
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experience, that if fish or other aquatic animals be placed in
water in which no plants are grown, they will soon perish. This
is partly because, as there is then nothing present in the water
to destroy the noxious matters which are given off by the
animals in their respiration and other processes, they are de-
stroyed by their own action upon the medium in which they are
placed. In nature, we always find plants existing with animal
life in the water, so that the injurious influence communicated
by the latter to that medium is counteracted by the assimilation
of the former: this compensating influence of plants and animals
is beautifully illustrated in our aquaria. We are taught by
these facts that it is absolutely necessary, if we desire to main-
tain a large town in a healthy state, to set apart large areas and
plant them freely.

How far our views regarding the purifying influence of plants
may require modification by the discovery by Boussingault of the
evolution of a certain proportion of such a poisonous gas as car-
bon oxide, together with oxygen, it is at present impossible
to say ; but the subject is one of the very greatest importance,
and cannot but repay further careful investigation. Boussingault
has even thrown out a suggestion, that in some cases, so far
from plants purifying the air, they may, on the contrary, cause
the atmosphere of marshy districts, where they are in excess, to
be unhealthy. It is also probable that one cause of the un-
healthiness of densely wooded districts may be due to the
evolution of carbon oxide. With reference to the above con-
clusions of Boussingault, it may be remarked, that his experi-
ments were solely made by putting plants or the green parts
of plants in water previously impregnated with carbon dioxide.
The conditions, therefore, under which carbon oxide was formed
were not altogether natural ones ; and hence it is desirable that
future experimenters should test plants growing in the air as
well as in water, and in every respect in as nearly as possible
their ordinary states of existence.

There exists a widely spread notion, that plants, when grown
in rooms where there is but little ventilation, and hence, espe-
cially in our sleeping apartments, have an injurious influence
upon the contained air. This idea has arisen from a knowledge
of the fact that plants, as already noticed, when not exposed to
solar light, have a contrary effect upon the atmosphere to that
which they have when submitted to its influence

; that is to say.
that they then absorb oxygen and give off carbon dioxide, in-
stead of absorbing carbon dioxide and giving off oxygen. But
the amount of carbon dioxide which is then given off by plants
is so extremely small, that it can have no sensible effect upon
the atmosphere in which they are placed. It might 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

3 f 2
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few plants rendering the air of close rooms unwholesome by

their action, is altogether erroneous. It is certain, however,

that, under such circumstances, the odours of plants may affect

injuriously, to some extent at least, individuals of delicate

organisation or peculiar idiosyncrasies.

°(4) Formation of Organic Compounds by Leaves.—By the

alterations produced in the watery contents of the green leaves,

&c.
,
by exposure to light, heat, and air, the matters which they

contain are left in a very active chemical condition or in a state

prone to change, and therefore freely combine together. By

this means the different organic compounds are produced which

are concerned in the development of new tissues ;
and in the

,

formation of others, such as resinous matters, various acids,

numerous alkaloids, colouring matters, &c, which, so far as

we know at present, perform no further active part in the

plant and are accordingly removed from the young and vitally

active parts, and either stored up in the older tissues as se-

cretions or removed altogether from the plant as excretions.

(See page 792.) The production of these organic substances

takes place by assimilation, and metastasis. (See page 823.)

We see, therefore, that without leaves or other analogous

<n-een organs no growth to any extent could take place, or

any peculiar secretions be formed ; but it must be also recollected

that without the exposure of even the leaves to light no proper

assimilation of the various matters taken up by the plant can be

effected ; for instance, if a plant be put into the dark it becomes

blanched (etiak^d), ™ consequence of the non-development of

chlorophyll, and, moreover, no woody matter is then formed

(na<*e 794), and but few of its peculiar secretions. Ihe

experiments of Pringsheim tend to show that the earliest

nutritive product produced by the influence of light, heat, and

air is formed in the interior of the chlorophyll grams. Dus

principle he has termed hypochlorin, and by its oxidation he

believes that all nutritive bodies, such as starch, glucose and

oil are formed. It is also supposed by rringsheim that the

function of the green colouring matter is to act as a screen, and

to reject the rays of the spectrum favouring oxidation, and to

allow those only to pass which aid nutrition. It
,
is

,

possible,

however, that the hypochlorin is simply the result of the action

Of the hydrochloric acid used in the experiment upon the

Chl
Thfeffect of the absence of light upon plants is well shown

when a potato tuber sprouts in die dark, in winch case the^hok

of the tissues formed are seen to become etiolated, andjultimately

to d e or when potatoes are reared with a diminished supply °l

£r£ M in an orchard, or under trees, when the tubers are

ound to be w tery in consequence of the small quantity of starch

tZ p -oducecf Another illustration of the effect produced by

^ absence o light is aflbrdedin growing certain vegetables for
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the table, such as Sea-kale, Celery, &c. In these instances

when the plants are grown freely exposed to light, as in their

natural conditions, they form abundance of woody matter,

which renders them tough or stringy ; and also peculiar secretions,

which are either unpleasant to the taste or absolutely injurious.

But the formation of these secretions, and also of the woody
matter, is interfered with when the access of light is more or

less prevented, and the plants then become useful vegetables.

How such a vast variety of compound substances can be

formed in such simply organised bodies as plants, is at present

almost unknown. It is to the labours of the physiological

chemist that we must look for the elucidation of this important
matter ; but as it is not our purpose to allude to the various

theories that have been entertained upon their formation and
nature, we must refer the student to chemical works for full

details upon this subject. It is, however, certain that the elimi-

nation of oxygen and carbon dioxide, already described, are

results of these chemical processes. The food of plants is

highly oxygenated as compared with the important proximate
principles lormed within their leaf-cells, and hence a disengage-
ment of oxygen must occur during their formation.

(5) Effects of Gases generally upon Leaves.—In the last section

we have seen that those ordinary normal constituents of atmo-
spheric air, namely, oxygen, nitrogen, carbon dioxide, and am-
monia, in certain proportions, are especially necessary for the
due elaboration of the various organic compounds of plants, and
we have also shown that they are absorbed by the leaves or roots,

or by both. It is by leaves especially, or perhaps entirely (see

page 815), that carbon, which is so essential to plants, and which
enters so largely into the composition of theirvarious products and
secretions, is absorbed. But it must be understood, at the same
time, that plants will not live in an atmosphere composed simply
of either carbon dioxide, oxygen, or nitrogen ; but that for
their proper development these gases must be mixed in suit-

able proportions, for if either of them be in great excess, the
plants will either languish or perish, according to circumstances.
Plants will, however, nourish in an atmosphere containing a
moderate addition of carbon dioxide, even more vigorously than
in ordinary atmospheric air ; but if the amount be considerably
increased, they will perish. This injurious effect of carbon
dioxide, when in excessive amount, would seem to be owing
to a directly poisonous influence. When plants are placed in
pure nitrogen or oxygen, or under any other circumstances
where they cannot obtain a suitable supply of carbon dioxide,
they soon decay.

Whilst the above gases in suitable proportions are necessary
to the due performance of the proper functions of plants, all other
gases when mixed in the air in which they are placed, appear to
act more or less injuriously upon them. This is more parti-
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cularly the case with sulphurous acid and hydrochloric acid

gases, even in small quantities ; but an atmosphere containing

much ammonia, common coal gas, cyanogen, &c, also acts pre-

judicially.

The action of sulphurous and hydrochloric acid gases upon

plants appears to resemble that of irritants upon animals ;
thus

they first exert a local action upon the extremities of the leaves,

and this influence is soon communicated to the deeper tissues,

and if the plants be not removed into a purer air, they will

perish ; but when such gases are not in great quantities, if the

plants are speedily removed from their influence, they usually

revive, the parts attacked being alone permanently injured.

While the gases thus mentioned act as irritant poisons upon

plants, sulphuretted hydrogen, carbon oxide, common coal gas,

cyanogen, and others, seem to exert an influence upon them

like that produced by narcotic poisons upon animals, for by then-

action a general injurious influence is produced on their vitality,

and a drooping of the leaves, &c, takes place ;
and, inorever,

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 ot large

towns, and more especially in those where chemical processes

on a large scale are going on, we have at once an explanation of

the reason why plants submitted to such influences will not

thrive The air of an ordinary sitting room, and especially one

where <*as is burned, is also rendered more or less unsuitable to

the healthy growth of plants, in consequence of the production

of injurious gases as well as from the dryness of the atmosphere.

IVardian Oases.—In order to protect plants from the injurious

influences thus exerted upon them by the soot and impure air

of large towns, the late N. B. Ward introduced the plan oi

growing them under closed glass cases which has been found to

succeed so admirably. These cases consist essentially of a box i ir

trough in which a suitable soil is placed ;
m this the plants are

put, and the whole is then covered by a closely fitting glass case.

It is necessary, at first, to water the plants freely. W hen 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 enclose,

the plants, and ultimately returned to the soil. It is thus

brought into contact again with the roots of the plants, to beS absorbed and exhaled by them; and these changes are

continually repeated, so that the plants are always freelj ex-

JSed u, moiire, and do not require a further.supply
j

of wate

for a considerable period. Those plants, especially, «
;

>

ceed best in a damp atmosphere, as is commonly the case w

Ferns, do exceedingly well in such cases. The '^^on i

fluence which is exerted by the invention is, the protection
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the contained plants from immediate contact with air impregnated
with soot and other injurious substances ; for in consequence of

the glass cover fitting closely to the trough in which the plants are
placed, the external air in its passage has to pass through the
very narrow crevices beneath the cover, and in so doing 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 have been transported
without losing their vitality. The action of the Wardian cases

in this mode of transporting plants is twofold : in the first

place, the plants are protected from the influence of salt breezes,
which are in most instances very injurious to them

;
and,

secondly, the atmosphere of such cases remains in a quiet state,

and they are therefore also protected from rapid changes of
temperature.

(G) Colour of Leaves.—The green colour of leaves is due to
chlorophyll contained in the cells situated beneath the epidermis.
Chlorophyll bodies may be formed in the dark, but remain
yellow, only becoming green under the influence of light, and
hence the leaves and other parts of plants grown in darkness are
blanched or etiolated (page 804). To this rule there are some not-
able exceptions—viz., the germinating seeds of many Conifene
and the fronds of Ferns, which will become green even in total
darkness, provided that the temperature is sufficiently high. 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 their colour, will be in proportion to the
amount of light and heat (25°-30c C. being about the maximum)
to which they have been exposed. It has also been shown that
iron is necessary for the production of chlorophyll. (See also
The Effect of the Electric Light on the Growth of Plants, &c,
page 858.)

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
illuminating or yellow rays namely, those which, as we have
already seen (page 800), have the greatest effect in promoting
the decomposition of carbon dioxide—are those also which are
the most active in the production of chlorophyll.
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M. Frdmy has investigated the nature of chlorophyll, and
ascertained that it is composed of two colouring principles,—

one a yellow, which he has termed phAjlhxanthm or xantixoph/yU
\

and the other a blue, which he has catied-phylhcyanin or cyano-

phyll. Both these principles have been isolated by M. Frtmiy,

who 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 phylloxantMin, and which is coloured blue

by the vapour of acids. The same principle results from the

400

H 0

Fin 1148. Absorption spectra of chlorophyll andxanthophyll. (After Ki*us.)

The upper spectrum is given by an alcoholic extract of leaves, the middle

one bv dissolving chlorophyll in benzol, and the lowest by zantbopliyl'.

The bands in the least refrangible portion B-E are figured as obtained

with a concentrated so ution; those in the most refrang.b e part of the

spectrum F-G are given as obtained with a weak solution. The letters

b-b indicate the principal rays, the numbers l-vn the absorption bands

of chlorophyll from red to violet, and the figures 0-100 divide the length

of the spectrum into 100 equal parts. (After Sachs.)

decoloration of phyllpcyaniii ; hence it would seem that phyllo-

cyanin is not an immediate principle, but that it is formed

by the alteration of phylloxanthein. The experiments of NL

Filhol do not, however, altogether correspond with those id

M Fremy, whilst the more recent spectroscopic investigation^

of' Professor Stokes and H. L. Smith tend to show that chloro-

phyll is more complex than M. Fremy imagined.
P

Chlorophyll is stated by Sorby to exist m a blue and also

in a yellow state, giving different effects with the spec roso>]>,

and Kraus finds that by shaking up an alcoholic solution oi

chlorophyll with benzol, two clearly separated strata avHon.u. •

a lower alcoholic one of a yellow colour, and an upper one oi
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benzol with a blue-green colour (see fig. 1148). Chlorojuvin is

another colouring matter, which, like the two preceding, is

fluorescent, and has a yellow-green colour. These three are

soluble in alcohol, but not at all in water, and not always in

bisulphide of carbon. Sorby also desci'ibes other colouring

matters which are soluble in bisulphide of carbon, and give

diflerent results to the foregoing with the spectroscope.

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, to which change Henfrey applied the term ' decay
of chlorophyll.' The experiments of M. Fremy show that the

yellow leaves of autumn contain no phyllocyanin, and hence
that their colour is entirely due to the phylloxanthin, either in

its original condition or in an altered state. Strong light may
produce a fading of leaves and other green parts, which change
appears to be due to an alteration in the position of the grains

of chlorophyll in the cells, and is termed cpistroplie or apostrophe

as the case may be.

When leaves are of some other colour than green, the dif-

ferent colours are produced either by an alteration of the chloro-

phyll or of one of the principles of which it is formed, or in
consequence of the presence of some other colouring agent.

Variegation in leaves must be regarded as a diseased condi-
tion of the cells of which they are composed ; it is commonly
produced by hybridisation, grafting, differences of climate, soil,

and other influences. The variegated tints are due either to
the presence of air in some of the cell*, or more commonly to an
alteration of the chlorophyll of certain cells, or one of the
substances of which chlorophyll is composed. (See also Colour

of Flowers, page 828.) To all these solid bodies contained in
the cells and connected with its coloration or starch production,
Schimper applies the general term of plastids. Schimper uses
prefixes to the diflerent plastids thus :—Starch-forming cor-
puscles and colourless plastids which do not form starch he
ievmsleukopla.Hids

;
chlorophyll granules chloroplastkls, and other

colouring granules chromoplastidfi. From the observations of
Schimper it seems that all these plastids have a common origin :

viz. that they are the result of the division of leukoplastids,
and never originate, as was formerly believed, by free cell-for-

mation. Some plastids have an active life, assimilating, forming
starch or pigments, increasing by division, <£c. ; others having
temporarily or permanently little or no vital functions, as is the
case with many leukoplastids. Further, these passive plastids
are frequently crystalline in form

; the active plastids, especially
in the higher plants, being usually round. The passive crys-
talline forms are doubly refractive. The crystalline forms
may become spherical, and conversely, those which are spherical
and active may become crystalline. From leukoplastids may
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be produced either chloro- or chromo-j>ladids, and the latter

may also be formed from chloroplastids. Meyer and Schmidt
confirm these views in a remarkable manner, while Schmidt
further suggests that tbere is some definite and close relation-

ship between these plastids and nuclei.

(7) Defoliation, or the Fall of the Leaf.—Leaves are essentially

temporary organs ; for after a certain period, which varies in

different plants, they either gradually wither upon the stem,

as is usual in Monocotyledons and Cormophytes (see page 190),

and also in some Dicotyledons (page 189) ; or they separate from

the stem by means of an articulation when they have performed

their active functions, or even sometimes when quite green.

In the former case, as we have seen, the leaves are described

as non-articulated ; in the latter, -as 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.

But the leaves of some other plants, such as Firs, Boxes, Hollies,

frequently remain for two or more years. In the former case

they are said to be annual or deciduous, and in the latter

persistent or evergreen. The fall of the leaf is commonly termed

defoliation.

The cause or causes which lead to the death of the leaf are by

no means well understood. The opinion commonly entertained

is this : the membrane constituting the walls of their cells gra-

dually becomes so incrusted by the deposit of earthy and other

matters which are left behind by the fluid substances which are

contained in or transmitted through them, that ultimately the

tissues of the leaf become choked up and are no longer able to

perform their proper functions, and the leaf then begins to dry

up. After its death the leaf may either fall, or remain attached

to the stem, as already observed.

The fall of the leaf does not, then, depend upon the death

of the oigan ; it may occur before death, or may not take place

at all. When it happens, it is dependent on an organic sepa-

ration or articulation, which Asa Gray thus describes :—'1 he

formation of the articulation is a vital process, a kind of disin-

tegration of a transverse layer of cells, which cuts off the petiole

by a regular line, in a perfectly uniform manner in each spe-

cies, leaving a clean scar {fig. 207, b, b) at the insertion. lhe

solution of continuity begins at the epidermis, where a faint

line marks the position of the future joint while the leaf is

still young and vigorous; later, the line of demarcation be-

comes well marked, internally as well as externally :
the disin-

tegrating process advances from without inwards until it reaches

the woody bundles; and the side next the stem, which is to

form the surface of the scar, has a layer of cells condensed into

what appears like a prolongation of the epidermis, so that when
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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 connexions and send the suicidal

member to the grave. Such is the history of the fall of the
leaf.'

(8) Development of Leaves.—Leaves and all their homologous
forms, such as the parts of flowers, &c. are developed late-

rally just below the apex of the stem by cell-division either of

a group of cells as in the Phanerogams, or of a single cell as

in the Vascular Cryptogams. A conical papilla, or (in sheath-
ing leaves) an annular collar, is then the result of a deflection

to one side of a group of these divided cells. Leaves are
formed acropetally or indefiniely, the youngest always being
the highest, according to the laws of Phyllotaxy. ' The papillae

from which the leaves originate are at first wholly cellular, con-
sisting of periblem or proto-meristem, covered by a layer of
dermatogen cells ; after a time elongated cells are formed m the
centre ; and these are followed by spiral vessels, formed in a
direction from the base upwards.' The first formed part of the
leaf generally corresponds with its apex or with the summit of
the common petiole—i.e. the apex of a leaf is generally its oldest

instead of its youngest part as is the case with the stems where
the apex is the growing point. (See page 795.) In leaves the
apical growth soon ceases, though interstitial growth continues.

The following is an abstract of Tre'cul's conclusions :

—

' All leaves originate in a primary cellular mamilla, with or
without a basal swelling, according as they are to have sheaths
or not

;
they are developed after four principal types : (1) the

pentrifugal formation, from below upwards; (2) the centripetal
formation, from above downwards

; (3) the mixed formation
; and

(*) the parallel formation. The centrifugal or basifugal develop-
ment may be illustrated by the leaf of the Lime-tree, which
begins as a simple tumour at the apex of the stem. This tumour
lengthens and enlarges, leaving at its base a contraction which
represents the petiole. The blade, at first entire, is soon divided
from side to side by a sinus. The lower lobe is the first secondary
vein. The upper lobe is divided in the same manner five or
six times, forming as many secondary veins. Sinuosities then
appear in the lower lobe, indicating the ramifications of the
lower vein

;
and, finally, fresh toothings appear corresponding

with more minute ramifications. Thus the various veins in the
leaf of the Lime-tree are developed like the shoots of the tree
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that bears them, and the toothing does not arise from cells

specially adapted for that purpose on the edge of the leaf, as

Mercklin has supposed. The hairs on the under surface of the

leaf are also formed from below upwards.

'Leaves developed centripetally (called also the basilar or

basipetal mode of leaf formation) are more numerous than the

preceding, and this method may be well studied in the formation

of the leaves of the Hyacinth ; of this sort are the leaves of

Scmguisorla 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 cen-

tripetal mode of formation as regards their digitate venation.

'In some plants, as Jeer, the two preceding modes of de-

velopment are combined. This is called nvixed formatwii. In

Acer platanoides the lobes and the midribs of the radiating lobes

form from above downwards, the lower lobes being produced

last, but the secondary venations and toothings are developed

like those of the Lime-tree. In Monocotyledons we meet with

the parallel (included by some writers with the basilar) leaf

formation of Tre'cul. All the veins are formed m a parallel

manner, the sheath appearing tirst. 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 por-

tions protected by other organs, grow most by their base
;
while

those which have the whole petiole early exposed to the air grow

much more towards the upper part of the petiole.

CHAPTER 2.

GENERAL PHYSIOLOGY, OR LIFE OF THE WHOLE PLANT.

Having now briefly treated of the special functions of the

elementary structures and of the organs of nutrition, as such

structures are alone intimately concerned m mainlining the

life of the plant and its various organs we proceed to gm .

sketch of general physiology, or the whole plant in a state o

or actiS In doing so", we shall first notice the substances

required as food by plants and their sources ;
then proceed W

cons cer the function of absorption, or that process by winch

food is taken up dissolved in water ;
and lastly dura hoi» Uui

fluid food Is distributed through the plant, and altered m,thj

haves, so as to be adapted for the development oi new tissues*
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and the formation of other organic compounds, which are com-
monly termed secretions.

Section 1. Food of Plants and its Sources.

The various substances required as food can be only ascer-

tained by determining the elementary composition of the parts
and products of plants ; for as plants have no power of forming
these elements for themselves, they must have derived them from
external sources.

As plants are incapable of locomotion, being fixed to the soil

or to the substance upon which they grow, or floating or sus-
pended in water, they must obtain their food from the media by
which they are surrounded, that is, as a general rule, from the
soil, or from the air, or from both; but no plants can take up
their food except in the state of gas or vapour, or in a fluid state.

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 by their roots. But plants
which are termed Epiphytes or Air Plants, as many Orchids
(Jig. 256), derive their food entirely from the air by which they
are surrounded (see page 131) ; while Parasites (figs. 257 and
258) and Saprophytes essentially differ from both Epiphytes
and ordinary plants in the fact that their food, instead of being
derived entirely from inorganic materials, which are afterwards
assimilated in their tissues, is obtained entirely or partially from
the plants upon which they grow, that is, in an already assimilated
condition, or, as in Saprophytes, from organic matter in a state
of decay (see page 133).

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, form respectively their organic, and inorganic com-
pounds

; and in all plants there is also a varying proportion of
water. The process of burning enables us conveniently to
distinguish, to a great extent at least, the comparative propor-
tion of these organic and inorganic compounds, 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
burn it as perfectly as we are able, we find that the greater
portion disappears in the form of gas and vapour, but a small
portion of the original substance remains in the form of ash or
incombustible material. The former or combustible portion is
made up of organic compounds or volatile constituents, that is to
say, of combinations of curbon with other elements, and the
latter portion of inorganic compounds. The relative proportion
of the organic and inorganic constituents varies in different
plants; bur, as a general rule, the former constitute from 92 to
0!) parts, while the latter form from 1 to about 8 parts in every
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1. TJie Organic or Volatile Constituents, and tluir Sources.—
The organic constituents of plants are, Carbon, Oxygen, Hydro-

gen, Nitrogen, and Sulphur. The first three alone form the

cellulose of which the cell-walls are composed (see pages 4 and

23); while the protoplasmic contents of the cell are formed of

compounds of these three elements with the two other organic

constituents, namely, nitrogen and sulphur (see page 26). Phos-

phorus is also regarded as a necessary constituent of these nitro-

genous cell-contents (page 26) ; but it belongs to the inorganic

constituents.
.

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 m different parts of

the same plant. The following table, by Johnston, indicates

approximately the relative proportion of the organic and inorganic

constituents of some of our vegetable food substances m 1,000

parts and of the different elements of which the former are

composed. These substances were first dried at a temperature

of 230° Fahr. :—

Carbon . .

Hydrogen .

Oxygen .

Nitrogen .

Ash . . .

Wheat. O.tts. Peas. Hay. Turnips. Potatoe

455 507 465 458 429 441

57 64 61 50 56 58

430 307 401 387 422 439

35 22 42 15 17 12

23 40 31 90 76 50

We must now make a few remarks on each of the organic

constituents, the sources from which they are derived, and the

state in which they are taken up by plants

Carbon is the most abundant organic constituent, forming as it

does from 40 to 60 per cent, of the weight of the entire dried sub-

stance of different species of plants. That plants thus containa

large proportion of carbon may be conveniently proved b3 taking

oniece of wood, the weight of which has been ascertained, and

converting it into charcoal, which is impure carbon containing in

its substance also a small quantity of the inorganic constituents

or ash The charcoal thus produced is of the same form as the

piece of wood from which it was obtained, and when weighed

t will be found to have constituted a large proportion of it.

orilinal substance. As carbon is a solid substance and insoluble

in Ser, cannot be taken up in its simple state, for plants as

Srlady noticed, can only take up their food as gas or vapour,

or Solved in water. In the state of combination, however

with oxygen; it forms carbon dioxide, which is always presen

xn the atmosphere and the soil. Carbon dioxide is also soluble
m the -"""M" Hence we have no d.Hiculty in

asceSning t sour^ of carbon and the condition and mode
ascertaining

,

h ,
t thu8 lt ls taken up enen-

S^tmUnetwih o^gen in the form of carbon dioxide,
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from the air directly in a gaseous state by the leaves, and ac-

cording to some, to a small extent from the earth, dissolved m
water, by the roots. Sachs, however, states :

< The fact is un-

ci uestionable that most plants which contain chlorophyll obtain

the entire quantity of their carbon by the decomposition ot at-

mospheric carbon dioxide, and require for their nutrition no

other compound of carbon from without. But there are also

plants which possess no chlorophyll, and in which, therefore,

the means of decomposing carbon dioxide is wanting ;
these

must absorb the carbon necessary for their constitution m the

form of other compounds. . . . Even the food of Fungi which

are parasitic in and on animals is derived from the products ot

assimilation of plants containing chlorophyll, inasmuch as the

whole animal kingdom is dependent on them for its nutrition.

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-half 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, except the small quantity which is

necessary in the process of respiration (page 802) appears to be

taken up either combined with hydrogen in the form of water,

with carbon as carbon dioxide, or in the form of oxygen salts.

Some of the oxygen is therefore obtained by the roots from the soil,

and some 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 the hydrogen they require

as food. It does not exist in a free state in the atmosphere

nor in the soil, and hence cannot be obtained by plants in a

simple state. But in combination 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 car-

ries it down to the roots, by which organs it is taken up. The

roots in like manner absorb the ammonia dissolved in water

which is contained in the soil. While the larger proportion of

hydrogen, therefore, is taken up combined with oxygen as

water, a small portion is acquired with nitrogen in the form of

ammonia.
Nitrogen, the fourth and last organic constituent of plants,

constitutes about 70 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
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the soil as a constituent of the various nitrates and animal pro-
ducts there found. Whether nitrogen can be taken up by plants
in a free state is at present very doubtful (see page 799), though
most probably it cannot ; for if all other necessary food materials
be supplied to plants, but all sources of ammonia, or compounds
of nitric acid, rendered inaccessible, the albuminoids and nitro-

genous substances generally do not increase, although the plants

may be freely exposed to the nitrogen- containing atmosphere,
hence it is quite clear that the principal form in which it is absorbed
is as ammonia.

Sulphur, the only other organic constituent, and which, as

we have noticed (page 26), is always combined with nitrogen

and phosphorus in the protoplasmic cell-contents, is absorbed

in a state of combination from the soil dissolved in water by the

roois.

In reviewing the sources of, and modes in which, the different

organic or volatile constituents of plants are derived and taken

up, we see that the sources are the earth and the air, more par-

ticularly the latter ; and that they are principally absorbed in

the forms of carbon dioxide 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

an important vehicle by which other food is conveyed to them.

2. The Inorganic Constituents or Ash, and their Sources.—The
amount of inorganic matter found in plants, as already observed

(page 313), 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 pro-

per supply of water is to plants. While the organic constituents

are the same for all plants, the inorganic constituents vary very

much in the different kinds of plants.

The inorganic constituents differ from the organic also,

in the following particulars :—1st, they are incombustible, and

hence remain as ash, when the organic constituents are dissipated

by burning ;
and, 2nd, they are not liable to putrefaction, as is

the case with them, under the influence of warmth and moisture.

The inorganic constituents of plants are as follows :—Phos-

phorus, Chlorine, Bromine, Iodine, Fluorine, Silicon, Potassium,

Sodium, Calcium, Strontium, Magnesium, Aluminium, Man-

ganesium, Iron, Zinc, Titanium, Lithium, Ciusium, Rubidium,

Arsenic, Copper, Lead, Cobalt, Nickel, and Barium. Some of

these appear to be almost universally distributed in varying

proportions, but others are only occasionally met with. The

more important are Phosphorus, Chlorine, Potassium, Calcium.

Magnesium, and Iron, which appear to be absolutely necessary

for the nutrition of plants. The various inorganic constituents

are not taken up in their simple states, but as soluble oxides,

chlorides, bromides, fluorides, sulphates, phosphates, silicates,

&c.
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\lthou«* the amount of inorganic matter in plants is very

much smaller than that of the organic, still this portion however

small, is necessary to the life and vigorous development of most

Plants and probably of all; although m certain Moulds no

inorganic constituents have been detected.

The inorganic constituents of plants are of great importance

in an agricultural point of view, and in growing plants for use

in medicine, &c, as it is to their presence or absence their

relative quantities, and the solubility or insolubility of their

compounds, in a particular soil, that it owes its fertility or

otherwise, and its adaptability of growing with success one or

another kind of plant.
i- c

Rotation of Craps.—The principle of the rotation of crops

in agriculture is founded upon the fact of different plants re

-

nuirrng different inorganic compounds for their successful culti-

vation
0

; and hence a particular soil which is rich m materials

necessary for some plants, may be wanting or deficient m
those required by others. Thus, Wheat or any cereal crop re-

quires more especially for its proper growth a full supply of

silica and phosphates ; hence it will only flourish m a soil con-

taining the necessary amount of such substances. As growth

proceeds, these constituents are absorbed in a state of solu-

tion by the roots, and are applied to the requirements of the

plants When the grain is ripe, it is removed as well as the

straw and the silica and phosphates obtained from the soil will

thus be also removed with them ; the result of this is necessarily,

except in fertile virgin soil, that these ingredients will not be

then contained in the soil in sufficient quantities to support

immediately the growth of the same species of plants. But by

growing in a soil thus exhausted by Wheat, another crop of a

different kind, such as Clover, Peas or Beans, which requires

either altogether different substances, or a different amount, or

other combinations of the same substances, or whose roots

penetrate to a greater or less depth, we may obtain a profitable

crop ; while at the same time certain chemical changes will go

on in' the soil, and other ingredients be taken up from the atmo-

sphere, and in other ways, by which the land will be again

adapted for the growth of Wheat.

The consideration of the above facts shows how important it

is for tlie agriculturist to have some acquaintance with vegetable

physiology and chemistry. He should know the composition of

the various soils, and the plants which he cultivates, as well as

the nature of the compounds required by them, and the modes

in which they are taken up, and thus be able to adapt particu-

lar plants to the soils proper for them. If such soils do not

contain the substances necessary for their life and vigour, he.

must supply them in the form of manures. The applications of

chemistry and vegetable physiology to agriculture are thus seen

to be most important, and the great practical improvements
3 o
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which have of late years taken place are mainly due to the in •

creased interest taken in such matters, and the many admirable

researches to which it has led. But however interesting in an

agricultural point of view these applications may be, our neces-

sary limits will not allow us to dwell upon them further.

Section 2. Life of the whole Plant, or the Plant in

Action.

The various substances required by plants as food having now
been considered, we have in the next place briefly to show how
that food is taken up by them, distributed through their tissues,

and altered and adapted for their requirements. The considera-

tion of these matters involves a notice of the functions of vege-

tation. The more important facts connected with these functions

have, however, already been referred to in treating of the Special

Physiology of the Elementary Tissues, and of the Root, Stem,

and Leaves ; so that it now only remains for us in this place to

wive a general recapitulation of the functions of the plant, and

to consider them as working together for the common benefit of

the whole organism. It will be convenient to treat of these

under the two heads of (1) Absorption ; and (2) Distribution of

Fluid Matters through the Plant, and their Alteration in the

Leaves. ....
1. Absorption.—The root, as already noticed, is the mam

or^an by which food is taken up dissolved in water, for the

uses of the plant. No matter can be absorbed in an undissolved

condition ; and this absorptive power is owing to the superi< ir

density of the contents of the cells of the young extremities if

the roots over the fluid matters surrounding them in the soil,

leading to the production of osmotic action through the cell-

walls (see page 781 and Jig. 1139).

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 the more rapid removal in the

former case must therefore be owing to its absorption by the

roots In this way we can also estimate, in some degree ai

least' the amount absorbed, which will be found to be very con-

siderable ;
commonly, in a few days, far exceeding in weiglH

that of the plants which are experimented upon. 1 his absorp-

tion of liquid by the roots is in many cases altogether inde-

pendent of leaf-action, for, if the rootlets be healthy and the

tissues above them tilled with fluid, it will always occur
;
and
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the great force of the action in stumps cut off a little above the

groimd is well seen in such experiments as those of Hales (see

page 822) and Hofmeister. But nevertheless, as a general

rule, the amount of fluid absorbed by the roots is directly

dependent upon the activity with which the other processes of

vegetation are carried on, and more especially by the quantity

of fluid matters transpired by the leaves
;
indeed, under ordinary

conditions, absorption is directly proportioned to transpiration

in a healthy plant, for as fluid is given off by the leaves, it is

absorbed by the roots to make up for the deficiency thus pro-

duced, and therefore all stimulants to transpiration are at the

same time exciters of absorption. (See page 821). When absorp-

tion and transpiration differ greatly in amount, the plants in

which such a want of correspondence takes place become un-

healthy ; thus when transpiration is checked from deficiency of

light, as when plants are grown in dark places, the fluids in

them become excessive in amount ; whilst if the atmosphere be

too dry, as is the case when plants

are grown in the sitting-rooms of

our dwellmg-houses, transpiration is

greater than absorption, and hence

they recpuire to be frequently supplied

with water.

The mutual dependence of ab-

sorption upon transpiration should

al.-o be borne in mind in the process

of transplanting trees. Transpiration

is greatest at those seasons of the

year when plants are most abundantly
covered with leaves, and when solar

light is most intense ; we ought not,

therefore to transplant at such pe-

riods, because, as it is almost impos-

sible to do so without some injury to

the extremities of the roots, the

amount of fluid absorbed may be in-

sufficient to compensate for the loss

by transpiration, and hence the plants

will languish, or die, according to

circumstances. By transplanting in

autumn or spring, we do not expose

the plants to such unfavourable con-

ditions, as the light is then less intense, and there are no leaves

from which transpiration essentially takes place. (For further

particulars on Absorption, see Absorption by the Boot, page 790.)

2. Distribution of Fluid Matters through the Plant, and their

Alteration in the Leaves.—The fluid matter thus absorbed by the

roots (the sap, as it is called) is carried upwards by their tissues

(Jig. 1149) to the stem, and through its young portions to the

3 u 2

Fig. 11-19. Diagrammatic vertical

section of the stem of a Dicoty-
ledon showing the distribution
of the sap. The direction is

indicated by the arrows, n, ft.

Roots, by which the fluid mat-
ters are absorbed. b, b. The
tissues by which they ascend
to the leaves, c, c. d, d. Outer
portions of stem and inner bark
where the descent takes place.

e. Vertical section of a branch.
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leaves, &c. (as indicated by the arrows in the figure), to be

aerated and elaborated. After this it is returned to the stem;

and descends probably by the inner bark and cambium layer of

Dicotyledons towards the roots from which it started (page 825)

;

and by means of the medullary rays and the general permea-

bility of the tissues of which plants are composed, it is also

distributed to the different parts where new tissues are being

formed, and where the secretions are to be deposited. This

general, distribution of the fluid matters through the plant is

commonly termed the Circulation of the Sap. The fluid as it

ascends is called the Ascending or Crude. Sap; and as it de-

scends, the Descending or Elaborated Sap. Although the term

Circulation is thus commonly applied to this movement of

the sap, it must be borne in mind, that the process bears no

analogy to the circulation of the blood in animals ; for plants

have no heart or any organ of an analogous nature to propel

their fluid matters, nor any system of vessels in which a flow

thus produced takes place. As Professor Johnson has well put

it,
' nutrient substances in the plant are not absolutely confined

to' any path, and may move in any direction. The fact that they

chiefly follow certain channels, and move in this or that direc-

tion, is plainly dependent upon the structure and arrangement

of the tissues, on the sources of nutriment, and on the seat of

growth or other action.'

A. Ascent of the Sap.—The sap in its ascent to the leaves

passes principally through the young wood-cells and vessels

(page 785), and therefore in Dicotyledons, when they are of

any age, through the outer portion of the wood or alburnum.

In such plants, also, we have but one main stream of ascending

sap In the stems of Monocotyledons and of Cormophytes the

ascent also takes place through the unincrusted cells and vessels

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 Cryptogams

or Thallophytes, which have no stems, there is no regular

course of the sap, but the fluids may be noticed flowing in all

directions through their cells, and to be more especially evident

in those parts which are of a lax nature.

The cause of the ascent of the sap is, as Herbert Spencer has

well expressed it, a disturbance of equilibrium creating a demand

for liriuid This is produced mainly by the transpiration going

on in the leaves, but also by abstraction of the sap by the grow-

in^ tissues and by extravasation from the vessels by pressure.

The circulation is helped by osmotic and capillary action, pro-

bably by the movements of protoplasm in the cells (see page

783), and also, when it occurs, by any swaying motion of the

branches causing intermittent pressure on the vessels. I* the

winter no transpiration takes place, and the wood of the stem

and roots is filled with watery matters holding starch and other
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insoluble substances in suspension. The fluids of the plant are

therefore in a nearly quiescent state, as there are no changes

then taking place to produce their distribution. When the

increased heat and light of spring commence, the insoluble

starch, &c, become converted into soluble dextrin and sugar,

development and transpiration immediately follow, and a conse-

quent ascent of the sap. This flow continues throughout the

summer months, when the causes favourable to it are m full

activity ; but towards the autumn, as heat and light dimmish

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. At this period gallons of fluid will

come, in some cases, in a few hours, from a wounded tree before

the leaves have expanded ; and the fact that the leaves have not

expanded is the explanation of the matter. For at this season

of the year, before the leaves are fully developed, the reserve

materials of the tree are largely stored up in the root, and from

chemical changes there actively going on, the fluids in that part

become very dense, and the consequence is that an excessive

osmotic action takes place. There is far more fluid absorbed

from the earth than the plant can use, and root-pressure then

takes place, and this pressure forces the fluid up the stem. (See

page 791.) This is the explanation of what is called bleeding.

But this bleeding arises from the vessels as well as the prosen-

chymatous cells being then filled with sap, so that the whole plant

is, as it were, gorged with it : much of the sap which at that

period flows is indeed little more than water rapidly pumped
up from the soil to supply the drain of fluid. The process does

not take place at any other time of the year, for as soon as the

leaves are in full activity, or the flowers, if they be developed

before the leaves, the fluid which is absorbed by the roots is

naturally carried up the plant, and becomes transpired, and

thus carried oft'. It by nu means follows, therefore, that when
the plant is most gorged with fluid matters, and bleeds, the force

of the circulation is most active ; but rather that it is greatest

when the stem is least gorged with sap, as in the summer
months, when vegetation is in full vigour, and the sap consumed
as fast as it can be transferred upwards through the stem.

In a healthy plant in a perfectly normal state, the amount
of fluid absorbed by the roots, the force with which it ascends

to the stein, and the amount transpired by the leaves, are

directly proportionate to one another. .,
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Fig. 1150.

The force of the ascent of the sap was measured by Hales

in the stem of the Vine by an apparatus, a modified and im-

proved form of which is represented in Jig. 1150, where is shown
a vine stock, to the transverse section of which is attached a

glass tube it, and the tube r fixed into it by the cork /.-. B is

completely filled with water, the upper cork k' then fixed firmly

into it, and mercury poured into the tube

r, so as to stand from the first higher at q'

than at q. The bent tube being filled with

mercury to the level q' at the commence-
ment of the experiment, the force of the

sap was readily calculated by the fall of

the mercury in one leg of the tube q, and

its corresponding rise above q' in the other

leg. In this way he found, that in one

experiment the . force of the ascent was

sufficient to support a column of mercury

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 17 h inches

high. Hales' experiment is, however, a

measure of the force of absorption by the

root {root-pressure), rather than of ascent

of the sap (see pages 791 and 821).

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 absorbed by the ™ots -
It

also contains some organic substances which it has dissolved

in its course upwards. Thus an analysis by Attfield of the

spring sap from a ' bleeding ' white birch tree, showed that it

' consisted of 99 parts of pure water with 1 part of dissolved

solid matter ; eleven-twelfths of the latter being sugar. But

although the sap in its passage upwards thus becomes more ami

more altered from the state in which it was absorbed by the mots,

when it reaches the leaves it is still quite unfitted for the require-

menta 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 tor

the uses of the plant. In this state it is termed Elaborated bap.

, B. Changes of the Crude Sap in the Leaves.-The changes

Fbj. 1 150. Apparatus for tlie

estimation of root-pres-

sure. (After Sacbs.)
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which the crude sap undergoes in the leaves and other green

parts by the action of light and air have been already alluded

to in treating of the Functions of Leaves ;
it will be here,

therefore, only necessary to state in what those changes es-

sentially consist. They are :— 1st. The transpiration of the

superfluous fluid of the crude sap in the form of watery vapour,

by which it becomes thickened. 2nd. The taking up from the

air of oxygen and giving off of carbon dioxide, small quantities

of water being probably formed at the same time, to which the

term Respiration, is now applied. The oxygen thus taken up in

respiration is necessary to the vitality of the protoplasm, as also

for the oxidation of nutrient matters during the process of

metastasis, &c. Respiration is most evident during the night,

for the large quantity of oxygen given off during the day in

the process of assimilation completely obscures the former

change. 3rd. The absorption and decomposition of carbon

dioxide, by which carbon, that most important constituent of

plants—is added to the crude sap, whilst oxygen is evolved,

carbohydrates being at the same time produced. To this the

term Assimilation is commonly applied. The carbohydrates

so formed may be starch, fat, or cane sugar (sucrose), but more

especially starch. A further process is found to take place in

some of the assimilated substances ; thus they may change

their position, passing from the cells in which they were

formed to others, generally also undergoing at the same time

a change in their chemical composition ; which combined

changes are termed metabolism or metastasis. The differences

between assimilation and metabolism may be seen in the Potato,

where by the former process starch is formed in the chlorophyll-

bearing leaves, which in its turn is converted into a glucoside in

the stem and branches, and back again into starch in the tubers

by metastasis. The crude sap being thus altered, then contains

in itself the various nitrogenous and non-nitrogenous matters

which are required for the development of new tissues, and

the formation of other organic products, which are commonly

called secretions. It is then termed Elaborated Sap.

Those organic matters which are necessary for development

or growth are termed constructive materials, whereas those which

are formed by metabolism or metastasis and which are not con-

structive—may be divided into two groups

—

1. Degradation products, such as wood and cork, which can

never be reconverted into constructive materials, though of the

greatest use to the plant in giving mechanical support
;
pro-

tecting the internal living tissues from frost, enabling plants to

withstand the scorching heat of the sun, and in other ways.

Many gums, as tragacanth, gum arabic, and others ; and gum
resins,"as myrrh and bdellium ; are also formed from the cell-

walls, &c, of different plants, and are, therefore, other examples

of such products.
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2. Secondary -products of metastasis, some of which, as sweet

secretions, &c, are necessary for the perpetuation of the species,

by attracting some insects, guarding against the visits of

others which would be injurious, and so furthering fertilisation ;

while some—as ethereal oils, resins, colouring matters, and many
acids and alkaloids—appear to be of no further use to the plant.

The important influences which these changes in the leaves

have in promoting the purity of the atmosphere we breathe

(page 802), the healthiness or otherwise of a particular country

(page 798), and the fertility or barrenness of a soil (page 798),

have likewise been already noticed. We have also seen that, m
order that these changes may be properly performed, the leaves

must be freely exposed to light ; and from this dependence of

assimilation on light, it follows, as we have noticed (page 804)

that when the secretions of particular plants, which are other-

wise agreeable, are injurious, or of unpleasant flavour, they can,

by growing them in darkness or in diminished light, be made fit

for the table, as is the case with Celery, Sea Kale, Lettuce,

Endive, and others. For the same reason the plants of warm

and tropical regions, where the light is much more intense than

it is in this country or in other cold and temperate regions, are

commonly remarkable for the powerful nature of their secretions

as is well illustrated by the stronger odours of their flowers, and

the richer flavours of their fruits. (See also Electricity oj

Plants, page 858.)

A^ain, as the formation of secretions depends upon the in-

tensity of light, it frequently happens that when 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 m
the arts, is transported to this or any other climate m which the

intensity of the light is much less than it is in its native country,

the 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 which they obtain

naturally in their native countries, their secretions are either not

.

formed at all, or in diminished amount, because light is the

main agent concerned in their formation, and we cannot increase

the intensity of light as we can that of heat, by artificial means

Another cause which commonly interferes with the formation of

the secretions of plants of warmer regions when grown m our

hot-houses is the want of a proper and incessant supply ot tresli

air to facilitate transpiration, &c.

The above facts are of great interest, as they have an impo

tant bearing upon the growth of plants and fruits for the
>

table,

as well as in a medicinal and economic point of view At pre-

sent, 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

plants ; for it is found that the same species of plants « hen gi own
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in different parts of Great Britain, where the climatal differences

are not strikingly at variance, or even at the instance of a few

miles, or in some cases a few yards, frequently vary much as re-

gards the nature of their peculiar secretions. A striking illus-

tration of this fact is mentioned by Sir Robert Chnstison, who

found that some Umbelliferous plants, as Cicuta virosa and

CEnanthe crocata, which are poisonous in most districts of Eng-

land are innocuous when grown near Edinburgh. The causes

of such differences are at present obscure, but the varying con-

ditions of soil and moisture imder which plants are developed

have doubtless an important influence upon their secretions.

From a pharmaceutical point of view, so far as the active pro-

perties of the various medicinal preparations obtained from

Plants are concerned, this modification in their secretions by

such causes is of much interest, and would amply repay in-

vestigation ; for it cannot be doubted but that each plant will

onlvform its proper secretions when grown under those circum-

stances which are natural to it, and that consequently any

change from those conditions will modify m a corresponding

decree the properties of the plant. Probably here we have an

explanation, to some extent at least, of the cause of the varying

strength of the medicinal preparations obtained from the same

species of plants when grown in different parts of this country,

or in different soils, &c.

C Descent of the Sap.—After the crude sap has been trans-

formed in the manner already described, it passes from the leaves

to the stem, probably to the inner bark, and cambium-layer of

Dicotyledons ; and apparently to the parenchymatous tissues

o-enerally of the stems of Monocotyledons and Cormophytes.

It then descends in the stems of the several kinds of plants as far

as the root, and in its course affords materials for the develop-

ment of new tissues and the production of flowers and fruit

;

and at the same time undergoes further changes owing to

metabolism, and deposits its various secretions, &c. (page 823).

Hoffmann in his experiments upon Ferns, however, could not find

anv path by which the elaborated juices descended in the stem.

"That the elaborated sap in Dicotyledons descends through

the inner bark and cambium-layer is commonly believed, and

several facts seem to support this belief. Thus, the formation

of wood is obviously from above downwards, for when a ligature

is tied tightly round the bark of a Dicotyledonous stem, or more

especially if a ring of bark be removed, no new wood is pro-

duce I below the ligature or ring, while there will be an in-

creased development above it, or roots will be produced there.

Again, it is well known, that by removing a ring of bark from a,

fruit tree, a larger quantity of fruit may be temporarily obtained

from that tree, owing to the greater amount of nutritive matter

which then becomes available for the use of the reproductive

organs (see page 847). Another circumstance which appears
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to show the line of descent of the nutritive matter, is the fact,

that if the cortical parts of the stems of a Potato plant be
peeled off, the formation of tubers is prevented. It appears

that the descending sap supplies the material for the formation

of new wood in the fibro-vascular layers. The course of the

sap is also lateral, for in the autumn starch grains are found

in the medullary rays between the wedges of developed wood ;

and where growth is going on, even an upward direction may
be assumed. Herbert Spencer, however, argues that the re-

trograde motion of the sap is through the same channels

—

chiefly, as he believes, the vessels of the newest wood—by which

it passed up. He considers that this descent takes place in

response to a demand for liquid by the stem and roots when
transpiration from the leaves is at a standstill, as at night. As
far as the leaf-petioles are concerned, the back current must be

along much the same tissues as the upward flow ; but probably

the liber-cells of the petiole are the main channel, and these are

directly continuous with the inner bark of the stem.

Spencer has also described and figured (Linn. Soc. Trans-

actions, xxv.) cellular masses which he finds at the termination

of the vascular system in the lower layer of parenchyma in

many leaves, and which he considers to be undoubtedly absorbent

organs by which the elaborated sap is abstracted from the leaves ;

his conclusions, however, require confirmation.

The opinions of observers vary much as to the offices of the

different parts of plants ; for instance, Mulder considers that all

nitrogenous matters are not only absorbed by the roots, but

also assimilated by them at once, while carbon is fixed by the

green parts ; so that a constant interchange must take place

between the leaves and roots. Other authors, again, believe

that the leaves form all the organic substances. While Sachs

says :
' By the parenchyma of the fundamental tissue, which

always has an acid reaction, are conveyed the carbo-hydrates

and oils
;
by the soft bast the mucilaginous albuminoids, which

have an alkaline reaction.'

CHAPTER 3.

PHYSIOLOGY OF THE ORGANS OF REPRODUCTION.

Having now alluded to the special functions of the elementary

structures, and of the organs of nutrition, and also tothe general

physiology or life of the whole plant, we proceed in the next

place to treat of the functions of the Organs of Reproduction.

1 Functions of Bracts and Floral ENVKLOPEs.-One of

the principal offices performed by these organs is, to protect the
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young and tender parts placed within them from injury. When
green, as is commonly the case with the bracts and sepals, their

colour is due to the presence of chlorophyll in their component

cells, and they then perform the same functions as ordinary

leaves. But when of other colours than green, as is usual with

the petals, and occasionally with the bracts and sepals, they

appear to have, in conjunction with the thalamus, a special func-

tion to perform ; which consists in the production of a saccha-

rine substance from the amylaceous matter stored up in them.

This saccharine matter is designed more especially for the

nourishment of the essential organs of reproduction. That such

is the function of these parts seems to be proved by the 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 proceeds, these matters become converted into sac-

charine substances ;
and, finally, after flowering, the thalamus

dries up. In fact a similar change takes place in the process of

flowering to that which occurs in germination, where the amy-

laceous matters are in like manner converted into those of a

saccharine nature. 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,

indeed one of its chief uses seems to be that of determining the

direction of the entrance of insects into flowers which receive

entomophilous fertilisation.

During this conversion of amylaceous into saccharine matters,

oxygen is absorbed in great quantities from the atmosphere, and

carbon dioxide given off in a corresponding degree. Hence, the

action of the parts of the flower which are of other colours than

green upon the surrounding air under the influence of solar

light, differs from that of the leaves and other green organs.

The absorption of oxygen takes place in a still greater degree in

the essential organs of reproduction
;
hence, such an effect is

more evident in hermaphrodite flowers, than in those in which the

stamens and carpels have been more or less changed into petals

—that is, when the flowers have become partially or wholly

double. It has been proved, also, that staminate flowers absorb

more oxygen than pistillate ones.

The combination which under the above circumstances takes

place between the carbon of the flower and the oxygen of the air,

is also atten'ded 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
;

hut in those plants where many flowers are crowded together, and
more especially when they are surrounded by such a leafy struc-

ture 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 Cacti, and of many

Aroidacere, present us with the most marked illustrations of this

evolution of heat. (See also Development of Heat by Plants,

Pag
That°the heat thus evolved is dependent upon the combina-

tion of the oxygen of the air with the carbon of the flower was

conclusively proved by the experiments of Vrolik and De \ ries
;

for they showed that the evolution of heat by the spadrx of an

Arum was much greater when it was placed in oxygen gas than

in ordinary atmospheric air, and that when introduced into

carbon dioxide or nitrogen gases it ceased altogether.

Colour of Flowers.—All the colours of flowers otherwise than

green depend on colouring matter dissolved in the watery cell-

fan, and chromo-plastids, the nature of which was very imper-

fectly known until the recent observations of Schimper, Meyer

and Schmidt (see page 809), though spectroscopic analysis had

done something towards grouping them into series. The changes

in colour which many corollas undergo are supposed to depend

on the oxidation of these bodies. Most of the Boraginace* pass

from pink to blue, from their first expansion, till they are fully

open ; the garden Convolvulus changes from pink to a hue

purple in the same period. Cultivation will effect great changes

this respect, but there is a limit to its influence. TheDahha

and Tulip are naturally yellow, and under cultivation maybe

made to 'assume all shades of red orange and whi e but no

tint of blue ;
Pelargoniums and the Hydrangea will .take on

various shades of blue, purple, red, and white but never a

yellow These facts led De Candolle to divide flowers in this

aspect into two series-a xanihk which has yellow for its base

Zltyanic which has blue-either of which can be made.red

or white, but will not assume the basic colour of the other.

There seem to be a few exceptions to this rule; e.g. Myosot*

SSS "ranges from yellow in the bud to blue in the open

corolla and the Hyacinth is not unfrequently a pale yellow

.

Development of the Floral Envelope,-The manner m which

the floral envelopes are developed may be shortly summed up as

^XyTre subject to the same laws of development as the usual

foliac e leaves, and make their first appearance, as little cellular

^LT^^y^mom to their bases or points of

att

te:^i«nly developed before the corolla

When a calyx is polysepalous, or a corolla polypetalous, the

conmc Snt seSB or petals make their first appearance m the

SSw£ aistinct?papilhe or^^^.tSS
first appearance of these ^™J§9*%££ corolla, as
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more commonly do, they arise as little projections on the top of

the ring, the number of which corresponds to the future divisions

of the calyx or corolla.

All irregular calyces or corollas are regular at their first

formation, the cellular papillse from which they arise being all

equal in size; hence all irregularity is produced by unequal

subsequent growth.

2. Functions of the Essential Organs of Reproduction.

Sexuality of Plants.—Though vaguely suspected by the ancients,

the true sexuality of plants was not definitively ascertained till

1876, in which year Sir T. Millington, of Oxford, determined the

real nature of the stamens. The androecium of flowering plants,

as has been already repeatedly stated, constitutes the male

apparatus, and the gynoecium the female. That the influence of

the pollen is necessary to the formation of perfect seed is positively

established.

While the presence of distinct sexes may thus be shown in

flowering plants, both of which are necessary for the formation

of perfect seed, by far the greater number of flowerless plants,

in like manner, as we have seen, possess certain organs the

functions of which are undoubtedly sexual. It is quite true

that the existence of sexuality has not been absolutely demon-

strated in all the Cryptogamia ; but as it is known to exist in

the greater number, we may fairly conclude from analogy that

it is present in all.

"We have already, as fully as our space will permit, described

the structure of the reproductive organs of both the Phanero-

gamia and the Cryptogamia ; we now proceed to give a general

summary of the more important conclusions which have been

arrived at as regards the process of reproduction in the several

divisions of plants, and in doing so we shall commence with the

Cryptogamia.
1. Reproduction of the Cryptogajtia.—In describing the

structure of the reproductive organs of these plants (see {>ages

363-399), we treated of them in two divisions, called, respec-

tively, Cormophytes and Thallophytes, each of which was again

subdivided into several natural orders. We shall follow the

same arrangement in describing their modes of repi-oduction,

except that we shall here commence with the Thallophytes, and
proceed upwards to those plants of a more complicated nature,

instead of alluding to them, as we then did, in the inverse order.

A. Beprod/uetion of Thallophytes.—The sexual method of

reproduction (ga.mogenesis) of all Thallophytes has not been
absolutely proved, but only concluded from analogy, though the

asexual or vegetative mode (agamogenesis) obtains in all. Sexes
have been clearly shown to exist in certain Alga?, Fungi, and
Lichens ; and generally in Characere. Oersted, indeed, has
described the impregnation of oogonia on the mycelium of

Agaricw ; but other observers have failed to verify his asser-
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tions, and it is most probable that the reproduction of Agaricus
is asexual. The process of reproduction in the Fungi and
Lichens has already been sufficiently noticed (see pages 378-

390) ; but the Algae and Characese require further explanation.

(1) Reproduction of Jlgse.—The reproduction of Alga} takes

place in the following ways : namely, by division (page 765 and
Jig. 1125), free cell-formation (page 773), conjugation, and by the

direct impregnation of naked spores or germ corpuscles by ciliated

anther-ozoids. Each process is also liable to modifications.

a. Conjugation.—This process occurs in the Algae, as Diatoms,

Desmids, Spirogyra, &c. (See pages 394 and 765, figs. 862, 863,

and 1126.) It consists in the union of the contents of two in-

dependent unicellular organisms (fig. 1126), or of the cells of two
filaments (fig. 863), and the formation of a germinating spore

by their mutual action. No difference can be detected in the

structure of the conjugating cells, although in many, if not all

cases, it is believed that there is some unobserved difference con-

stituting the one as the male, the other as the female element.

Two methods of conjugation may be noticed among the

Alga?. In the first mode, as seen in Desmidiese, &c. (fig. 1126),

two individuals, each of which is composed of a single cell, ap-

proach each other, the external cellulose membranes bounding

their respective cells then burst at their point of contact, and

the contents of the two issue from the orifices thus produced,

intermingle in the intervening space, and form ultimately, by

their mutual action, a rounded body, called a zygospore, resting,

or inactive spore, which ultimately germinates. The contents of

the spore are green and granular at first, but ultimately become

brown, yellow or reddish. These resting spores are furnished

with a coat of cellulose which in some cases divides into two

layers, the exospore and endospore
;
they are sometimes called

sporangia, because they ultimately produce two or more germs

in their interior, and are not therefore simple spores.

In the other mode of conjugation, which occurs in Zygnema

and Spirogyra (figs. 862 and 863), the cells of two filaments

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. The contents of the cells then contract into a

mass, and ultimately combine together, either by the passage i if

the contents of one cell into the other, or by the mixture of the

contents of the two cells in the tubular process between them.

Under either circumstance, the mixture of the contents of the

two cells results in the formation of a zygospore or resting spore,

which ultimately germinates and becomes an individual resem-

bling its parents.

b. Impregnation of naked spores or gcrm-corpxisclcs by cwatea

cmtherozoids.'—There appear to be two forms of this fecunda-

tion : thus, in certain Alga), as Vauchena, the fecundation takes
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Fig. 1151.

place before the spore has separated from its parent (see page

395, Jig. 804), and in others, after both the spore and ciliated

antherozoids have been discharged, as

in Fucus. (See page 397, Jigs. 866-

. 868.)

flWUfci (2)
Reproduction of Characeae —

In these plants we have two kinds of

reproductive organs, called, respec-

tively, the glob ule or antheridinm (Jigs.

856, a, and 858 ), and the nucule or

carpogouium (Jigs. 856, s, 859, and

860) : the former is regarded as the

male, and the latter as the female..

Fertilisation takes place by the pas-

sage of the spiral antherozoids of the

globule (Jig. 857) down the canal which

extends from the apex of the nucule

(Jigs. 859, a, and 860) to the central

cell of the same structure, which then

becomes fertilised. No free spore is,

however, produced, but the nucule

drops off, and after a certain period

germinates, though the sexual leaf-

forming plant is not directly deve-

loped, but is preceded by a pro-

embryo (Jig. 1151), which has, how-

ever, only a limited growth, and from

it are produced at one part the rhi-

zoids w, and further on, as a sort of

lateral branch, the CJiara or Nitella

proper.

B. Reproduction of Cormopliytes.

Of the sexual nature of the plants

in most orders of this sub-division of

the Cryptogamia there can be no
doubt. The sexual organs in all are

also of an analogous character, and
are of two kinds, one termed an
anthe riil in in, which contains spirally

wound ciliated antherozoids, and is Fk

regarded as the male organ ; and the

cither, called an archegonium or pistil-

lidium, containing an embryonal cell

or germ-cell, which is the female
< trgan. Fertilisation is effected by the

contact of an antherozoid with an embryonal cell or germ-eel].

We have already described the structure of the reproductive

organs of Oorniophytes (pages 364-377), both before and after

fertilisation ; it will be only necessary, therefore, in the present

1151. Pro-embryo of Chara
fragilis. sp. Germinating spore.

i, d, q, pi. The pro-embryo.
At d are the rhizoids, w. «>'.

Primary root. </. First leaves of

the second generation, or Chara
proper. (After Pringaheim.)



832 REFBODUCTION OF HEPATICACEJ5 AND MUSCI.

Fig. 1152.

place, to say a few words upon the mode in which fertilisation

is supposed to take place in the different orders included in this

division of the Cryptogamia, which are here, however, arranged

in the inverse order to that in which they were formerly de-

scribed.

(1) Hepaticacese or Liverworts.—The two reproductive organs

of this order closely resemble those of the Mosses. They are

termed antheridia (fig. 831) and archegonia or pistitlidia (fig.

833), the former representing the male sex, and the latter the

female. When the antheridium bursts (fig. 831), it discharges

a number of small cells, which also burst, and each emits a

very small 2-ciliated spiral antherozoid. These antherozoids

pass down the canal of the archegonium (fig. 833) to the

germ or embryonal cell which is situated at its bottom, which

thus becomes fertilised. This cell after fertilisation undergoes

various important changes, as already noticed (see page 377),

and ultimately becomes a sporangium, enclosing spores and

elaters (fig. 834), which latter, e, are elongated, spirally-

thickened cells, whose office is to assist in disseminating the

spores when the valves of the

sporangia open. When these

spores germinate, they gene-

rally produce a sort of con-

fervoid structure (protonema),

which in its after development
resembles the like structure of

Mosses. (See below.)

(2) Musci or Mosses.—The
reproductive organs of this

order consist of antheridia (fig.

821) and archegonia (fig. 822),

which closely resemble the

same structures in the Hepa-

ticacese. Fertilisation takes

place in a simil.T manner (see

above), and the changes which

take place after fertilisation in

the embryonal cell which ulti-

mately forms a sporangium

containing spores, but not ela-

ters, have been already de-

scribed. (See page 373.)

In germination, the spores at first form a green cellular

branched filamentous mass, somewhat resembling a Conferva,

which is termed the protonema (see page 375). Lpon the threads

of this structure (fig. 1152), buds (a) are ultimately produced,

which grow up into leafy stems (b), upon which the archegonia

and antheridia are afterwards developed.

(3) Marsileacece, Ehizocarpea; or Pepperworts.—The two re-

?ig 1152. Protonema of a Jtoss (FunaHa

hugrometrica). p. Confervoid proto-

nema. a. Bud. b. Xouug leafy stem,

r. Hootlets.
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productive organs of this order are generally distinguished as

microsporangia (figs. 81S and 820, a), and macrosporangta or

megasporangia (jig. 820, b). These two structures are either

contained in separate sacs, as in Salvinia (fig. 820), or in the

same, as in Marsilea (fig. 817). The microsporangia or anthe-

ridia contain a number of small cells, called generally micro-

spores ot small spores (fig. 818), which ultimately produce anther-

ozoids remarkable for their length and delicacy (fi.g. 1153). The

inacrosporangia (fig. 820, b) contain commonly but one spore,

called an ovulary spore, large spore, macrospore, or megaspore.

In their organs of fructification the plants of this order closely

resemble the Selaginellaceas. Like the SelaginelUcese, the large

spores also produce a small prothallium confluent with them

( fig. 1154), in which subsequently only a single archegonium

generally, as in Pilularia and Marsilea, appears (fig. 1154, a),

although in Salvinia several archegonia are formed. Fertili-

Fu;. J 153. Fig. 1154.

Fig 1153. Small spore or microspore, of Pill-wort (PUulaHa globuH/era),

bursting and discharging small cells enclosing antherozoids. Some

of the latter may be observed to have escaped by the rupture of the

small cells in which thev were contained. Fig. 1154. Vertical section

of the prothallium of the'above, which is formed, as in the Selaginellaoeoe,

in the interior of the large spore or microspore. Only one archegonium,

«, is here produced in the centre. The archegonium consists of an inter-

cellular canal, leading into a sac below, iu which may be seen a solitary

germ or embryonul cell.

sation takes place by the contact of the antherozoids with the

germ-cell of the archegonium, which immediately developes,

and forms a pseudo-embryo bearing a great apparent similarity

to the embryo of a monocotyledon, from which a leafy stem

bearing fructification is ultimately produced.

(4) Selagmellacese or Selaginellas.—The two reproductive

organs of this order are usually termed inacrosporangia or mega

sporangia (figs. 813 and 810), which represent the female;

and microsporangia or antheiidia (figs. 814 and 815), which are

regarded as male organs. The contents of the microsporangia

are called small spores or microspores, which break up into two

sets of cells—one of which remains inactive, and probably re-

presents an abortive prothallium ; while the other developes

the antherozoids (fig. 1155, <:)• In the inacrosporangia are formed

large spwes, maerospores, or megaspores (fig. 810).

It is not till some months after being sown that the spores

3 H
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commence to germinate, nor are the antherozoids produced till

a nearly equal period has elapsed. In germination, the spore

(microspore) produces a very small prothallium (fig. 1150,

on which archegonia (fig. 1157, a) are subsequently developed.

Each archegonium (fig. 1157, a) consists of an intercellular

canal leading into a sac below, which contains a single germ
embryonal cell. In the microspores one cell only constitutes

the prothallium ;all the others are mother-cells, which by dividing

several times produce antherozoids. Fertilisation takes place

by the ciliated antherozoids contained in the microspores
(

fig

1155, c) passing down the canal of the archegonium and coming

into contact with the germ-cell. This cell then grows by eell-

Fig.11.jG. Fig. 1157.

Fig 1155. Small spore, or microspore, of a species of Selaginella, bursting

and discharging small sperm-cells, c, in which antherozoids are con-

tained Fig. 1156. Large spore, macrospore, or megaspore, of a spe-

cies of Selaginella. The outer coat of the spore has been removed to

show the entire inner coat, with the young prothallium. p. at the upper

cmj pi,i_ 1157. Vertical section of a portion of the prothallium of the

above in a more advanced state, showing the archegonia. a. Arche-

goniUffil in which the pseudo-embryo, e, has been developed from the

germ-ce'll it contained, by contact with the antherozoids. This embryo,

by the growth of the suspensor, is forced downwards and imbedded in the

upper part of the cellular mass of the spore-sac.

division and forms a pseudo-embryo (fig. 1157, e), and ultimately

produces a new leafy sporangiferous stem.

(5) Lycopudiacex or Club-Mosses probably have only '

of spore (microspore), from which is produced a prothallhirn bes r-

has antheridia and archegonia : the germ cell of the latter bei

fertilised by the antherozoids which escape from the mature

antheridia, and producing in turn an adult plant, A ery little,

however, is known for certain about the life-history of the Lyco-

podiacese (see page 368).

((i) Equisetacea or Horsetails. And

(7) Fttices 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 described

(see na^es :

J
.(»r)-:iliS), their leafy structures hear sponmyia or cap-

sule,tin which the spores are enclosed (figs. 802-805, and 810 81 2>

There is but one Mud of sport .
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In termination, which has also been noticed (pages 3G6 an 1

368} these spores ultimately form a thin, flat, green parenchyma-

tous expansion or prothallium (figs. 806 and 1158, p, p) which

somewhat resembles the permanent thallus of the Hepaticaceae

(figs. 830 and 832). Upon the under

surface of this structure we have soon

formed, in most of the Filices, both

antheridia and archei/onia ;
but in

some, as well as usually in the Equi-

setacefe, the antheridia and archegonia

have only been found on separate pro-

thallia, and hence the latter plants are

dicecious. The antheridia (fig. 807)

contain a number of minute cells called

sperm-cells (se), each of which contains

a spirally wound ciliated antherozoid

(sp). The archegonium (fiy. 808) 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

tor embryo-cell is developed. This so-

called embryo-cell is, however, simply

a germinal corpuscle till after fertilisa-

tion; that is, a free primordial cell,

< ir mass of protoplasm without an ex-

ternal wall of cellulose.

When mature, the upper part of

the antheridium separates from the

lower, something like the lid of a box
;

the sperm-cells then escape, become raptured, and emit their

contained antherozoids These antherozoids make their way

down the canal of the archegonium to the embryo-sac, by which

the contained germinal corpuscle is fertilised. This germ-cell

then developes a pseudo-embryo, which soon possesses rudi-

mentary leaves and roots (fig, 1158), and ultimately produces

a plant with fronds bearing sporangia, which resembles the

parent from which the spore was originally obtained. Hie

Ferns and Horsetails are thus seen to exhibit two stages of

existence : in the first, the spores produce a thalloid expansion
;

and in the second, by means of antheridia and archegonia upon

the under surface of this prothallium, there is ultimately pro-

duced a new plant, resembling in every respect the one from

which the spore was originally derive 1. Hence Ferns and

Horsetails exhibit what has been termed alternation of genera-

'""t'vvo remarkable conditions have been found to obtain in

certain Ferns with regard to their method of repr< .duction. Thus

in Pteris cretica, although antherozoids are developed, no arche-

3 h 2

Fiij 1158. AcUui/um CdpUlUS-

Veneiis. Theprothal Lum.p, p,

seen from b2lo\v, with \oung
Fern (sporophore) attached to

it,, b. Its first leaf, w', w".

Its Brat ;uiil second root*, h.

Root hairs of the proShallluni

( x about 30).. (After Sachs.)
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gonia have been discovered, nevertheless the ordinary Fern
plant is developed from the prothallium by a sort of budding. To
this peculiarity Farlow applies the term apogamy ; and quite

recently Druery describes what he calls opospory in Athyrbwm

Filix-foemina, var. clarissima, where the sporangia do not follow

their usual course of development by producing spores, but,

assuming a more vegetative character, develop more or less well-

defined prothallia, which ultimately bear archegonia and anthe-

ridia. In Polystidmm angulare, var. pnlcherrima, apospory is

even more marked, as the prothallium seems to develop in a

vegetative manner from the spore-bearing plant, without even

being associated locally with the sporangia. Druery's observations

have been confirmed by F. 0. Bower.

2. Reproduction of the Phanerogamia.—In all the plants

belonging to this division of the Vegetable Kingdom the mal<

apparatus is represented by one {fig. 512) or more (fig. 20)

sfc.ur. ens, each of which essentially consists of an anther enclosing

pollen (fig. 27, p) ; and the female, by one (fig. 583) or (fig. 31)

more carpels, in (fig. 33) or upon (fig. 730) which one or more

ovules are formed. When the ovules are contained in an ovary

(fig. 33), the plants to which they belong are called angiosperm-

ous ; but when they are only placed upon metamorphosed leaves

or open carpels, i.e. are naked (fig. 730), the plants are said to

be gymnospermous. In the plants of both these divisions of the

Vegetable Kingdom the ovules by the action of the pollen are

developed into perfect seeds whilst connected with their parent,

the distinguishing character of a seed being the presence of a

rudimentary plant called the embryo. The modes in which re-

production takes place, and the after development of the embryo,

differ in several important particulars in the Gymnospcrmia and

Angiospermia ; hence it is necessary to describe them separately.

A. Reproduction of the Gyrrmospermia.—We have already

criven a general description of the pollen and ovules of the

Phanerogamia, but as these structures present certain differences

in the Gymnospermia, it will be necessary for us to allude to such

peculiarities before describing the actual process of reproduction.

The pollen of the Angiospermia generally consists, as wehave

seen (pa^es 200-263), of a cell containing a matter called the

fovilla and having a wall which is usually composed of two c< >ats,

'the outer being termed the extine, which possesses one or more

pores (fin- 570) or slits (figs. 508 and 509), or both
j
and the

inner called the intine, which is destitute of any pores or slits,

and consequently forms a completely closed membrane. Kich

nollen-srainof the Angiospermia is thus generally regarded as a

single cell ; but as it contains two or more nuclei round winch

theprotoplasm is grouped, there is some doubt as to whether it

should be described as consisting of a single cell. In tfte t*ymno-

spermia, on the contrary, the pollen- grains are certamly not

simple cells, but they contain other small cells, each with a
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nucleus and distinct cell-wall, from one of which the pollen-tube

is developed, and which adhere to the inside of the mternal

membrane close to the point where the external membrane

presents a slit (jig. 1159). , fliI, nil . t

The ovules of the Gymnospermia, excluding those of the Gnet-

aceaj, which require further investigation, consist of a nucellus

or macrosporangium (fig. 1160, a), enclosed by a single coat

and with a large micropyle, m. Before the contact of the po len

with the micropyle, the primary embryo-sac, b, is developed m
the nucellus. This embryo-sac is at first very small (fig. 11W,

b) but gradually enlarges (Jig. 1161, a), and after a long period

Fig. 1160. Fig. 1161.

p;n 1159 Pollen of Spruce Fir. W. Vesicular protrusions of the extine, e.

The intin through a rent in which passes the pollen-tube wtaoh u

ieveloped from y, the larger of the two or more cells produced by the

ivUion of the central cell. ?. The smaller cell according to Schaoht,

but merely a slit according to Strasburger. (After Schacht.)—Fig. U 60.

VerMcTsectiou of the young unimpregnated ovule of a species c™ .

Nucellus containing a small primary embryo-sac. 6. m. Micropyle,

which is here rVry large. Fig. 1181. Vertical section of an older ovu e

ofthe same a? Enlarged primary embryo-sac filled with secondary

endosperm cells, 6, within the embryo-sac. c. Two pollen-tubes pene-

trating the apex of the nucellus.

becomes filled with delicate cells by free cell-formation, according

to the older views, though Strasburger now considers that free

cell-formation never occurs in embryo-sacs, but that the appear-

ance of cells and nuclei is due to the division of previously exist-

in-' nuclei. These cells are called endosperm cells
;
they disappear

very noon, and are replaced later on by a fresh development

( iia 1161 h) The following account of the subsequent de-

velopment of the ovule, and the mode by which it is fertilised,

is taken from Henfrey, and is founded upon Hofmeister s in-

vestigations. ..

'In the upper part of the mass of the last-formed endosperm

(Jig. 1161, b), from live to eight cells are found to expand more

than the rest, forming secondary embryo-8ff.es or corpnsi-nla.

Ihese are not formed in the superficial cells of b, but from



838 REPRODUCTION OF THE GYMNO.SPEItMIA.

cells of the second layer, so that each is separated from the

lneinbiane of the primary embryo-sac by one cell (fig. 1102, a).

These corpusculd, as they were called by Robert Brow n, their

discoverer, are very much like the archegonia in the interna]

prothallial structure of Sdacjinella, After a time the secondary

embryo-sacs divide into an upper or neck-cell, and a lower or

central cell containing the oosphere. The neck -cell speedily

divides and subdivides, to form the rosette which surmounts

the central cell. In the upper part of this latter is then formed,

Fig. 11(52.

Fid 11G" Develormentof the embryo in a species of Pixus. (After Eenfrey.)

1. Upper part of the embryo-sac, with two secondary embryo-sacs, co£

pusciiia, or archegonia. B. The same, more advanced, pi, Pol.ei -tube

in the canal leading down to the corpuscula. a. Germinal cornicle* at

the base of the secondary embryo-sac. E, F, G. Successive stages o de-

velo, ment cf germinal corpuscles, a in tf c. Four cellular fUaments or

summon, which, are developed from the germinal ™JW*£«*^j£r
pregnation ; at H, is shown an earlier btage. D. One of these suspensors,

with the embryo (em) at its apex.

from subdivision of the nucleus, a very delicate cell, which is

called the canal-cell, The mature corpuscle therefore consist a
.

A

a large central cell surmounted by a rosette of small cells placed

immediately beneath the wall of the primary embryo-sac, or

separated from it by a funnel-shaped space.'

The process of fertilisation takes place as follows : After

the contact of the pollen with the micropyle of the ovule, the

pollen-tube, after remaining passive for a variable space of

time, takes an active growth, traverses the endosperm, and

arrives at the embryo-sac by the time the corpuscles are de-

veloped. It penetrates the wall of the embryo-sac, enters into

and dilates the funnel-shaped space just mentioned, passes

down between the cells of the rosette, pushing them on one
>

side

(Taxacere, Cupressere), or causing their absorption and fcaap-

Larance (Abieteje) as well as that of the canal-cell, and finally

^eneSeilnto the cavity of the canal-cell. The changes which
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take place in this latter are, according to Strasburger, these :-

disappearance of the original nucleus, and formation of four to

St new nuclei by condensation of the protoplasm and subse-

quent secretion of a cellulose wall around them In this way

four to eight new cells are formed by division of the centra cell

after fertilisation ; these new cells divide so as to form cellular

filaments which break out through the bottom of the endosperm

f/rthe substance of the nucleus {fig. 1162, c) At the ends of

these lilaments cell-division again occurs (.fa. 1162, d)
;
and from

the apex of one of these si^ensors or pro-embryos w developed

bv repeated cell-division in various directions, the embryo

(v em). At one stage (in Thuja) a single apical cell the

terminal one of a group of five, from wh.ch ultimately all the

tissues of the embryo are formed, recalls the single apical cell of

the Cryptocramia, but it is soon lost by subdivision. As there

are several" corpuscles, and each produces four suspensors a

large number of rudimentary embryos are developed
;
but

usually only one of all these rudiments is perfected

' That embryo which is fully developed gradually increases

m size and most of the structures above described disappear, so

that the ripe seed exhibits a single embryo embedded m a mass

of endosperm, the latter originating apparently from the nucleus

of the ovule. The radicle is covered by a pdeorhiza, which is

ultimately blended with the substance of the endosperm.'

B. Reproduction of the Angiospermia.—The structure of

pollen-cells of the Angiospermia has been

already described (see Follen, and page 8o0),

and need not be further alluded to in this place.

The ovule has also been particularly noticed,

and we shall now only recapitulate its com-

ponent parts at the time when the pollen is

discharged from the anthers—that is, just be-

fore impregnation takes place. It then consists

of a cellular nucellus, containing one large cell,

the embryo-sac, which is the mother-cell of the

«...sphere (figs. 1163, b, and 1164, v), enclosed

generally in two coats—an outer or primwne

(Jig. 11(53, d), and an inner or secundiue, c. But

sometimes there is but one coat (fig. 740, s),

and in rare cases the nucellus is naked or

devoid of any coat (fig. 738).

These coats completely invest the nucellus

except at the apex, where a small opening

or canal is left, termed the micropyle (Jigs.

L163, c, and 1104, m), that portion of it which passes through

the primine being sometimes spoken of as the exostome, and

the part going through the secundine as the endostome. In

the interior of the nucellus, but of various sizes in proportion

to it, the embryo-sac {Jigs. 1103, b, and 1104, *) is seen. The

the

Fig. 1163.

Fin. 1103. Vertical

section of an ovulo

f diagrammatic i. a.

Nucellus. b. TCin-

bryo-sao. c. Inner
coat. d. Outer coat.

e. Micropyle. r'.Cha-

laza. g. PuniOUlUS.
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sac is, however, liable to many modifications
;

thus, in some

cases, as in the Orchidace;ie, the embryo-sac completely oblite-

rates the cells of the nucellus by its development, so that the

ovule consists simply of it and its two proper coats. In the

Fig. 11G4. Fig. 11G.3. Fig. 11GG.

A M >v
/ Vs. ' rl >

11A «V\ I

Fig 1164 Vertical section of the ortliotropous ovule of a species of Poly-

gonum, ch. Cha'.aza. n. Nucellus invested by two coats, m. Micropyle.

s Embryo-sac. c. Germinal vesicle or corpuscle. Fig. 1165. llie

ovule some time before fertilisation, a. The outer coat. 6. The inner

coat s The embryo-sac, with three nuclei at the upper end. tig.

1166* The internal parts of the ovu'e a short time before fertilisation.

a Inner coat of the ovule, s. Embryo-sac. 6. Germinal vesicles, c.

One of the antipodal cells. (After Hofmeister.)

Leo-uminosfE, the embryo-sac increases still further, and causes

the absorption of the secundine or inner coat of the ovule aba •,

so that it is then simply invested by one coat ;
while in other

plants, as in the Santalacese, 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 afterwards appear nuclei (Jiy.

1165, s), which, surrounded by masses of

naked protoplasm, form a corresponding

number of cells (usually three) which are

commonly termed germinal vesicles {fig.

1166, b). The vesicles are situated al or

near the summit of the embryo-sac, one of

them being the oosphere (Jig. 1167, e), which

after fertilisation is sometimes called the

oosperm, and ultimately becomes the embryo.

The two remaining cells after disappearing
dimrfcatum. Mature *-"v

'

, ,11 i .,,,,..,,;,/.. / 1 1 1:7
eermina] apparatus in reappear, and are called synergicta {Jig. llW,

apex of embryo-sac,
s
A At the base of the embryo-sac, as

ri^n.HheoospuIre*: already described (page 328), there are also
»it, andthe ooBphere, e.

two or m0re nucleated

primordial cells, termed (mtvpodal cells (fig. L166, c).

Such is the general structure of the ovule before it is

feitilised, upon which so much difference of opinion, until the

Fig. 1167. Polygonum
ijivarfcaium. Mature
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last few years, existed among physiologists. Thus Schleiden

Schaeht, and others contended that no germinal vesicle existed

in the sac until after the contact of the pollen-tube with it m
the ordinary process of impregnation ; m fact, they believed

that the germinal vesicle was itself formed from the end of the

pollen-tube, which, according to their observations, penetrated

the wall of the sac, and by subsequent development produced

the embryo This view was, however, at once combated by

many accurate observers, who all agreed in describing the

presence of one or more germinal vesicles or corpuscles m the

sac before impregnation ; and subsequently, Schleiden himself,

who originated this view of the origin of the embryo, was con-

vinced of his error by Baddlkofer, one of his own pupils

When the pollen in the process of pollination (page 20) falls

upon the stigma {Jig. 1169, 6, «) (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 as de-

Fig. 1168. Fig. 1169.

Fig. 11C8. a. Pollen-cell of Dipsncus Fultonum.
B. PoUen-cell of CucurWa. Each pollen-cell

is putting out a single pollen-tube. (After

Thome.) Fig. 11GU. Longitudinal vertical

section through the uniovular ovary of l'oly-

gotium Coneole ul us. a. Stigma, b. I'ollen-cella.

c. roilen-tube. d. Wall of ovary, gtn. Erect
orthotropons ovule. se. Its embryo-sac.
ch. Clialiiza.—N.Ii. Two of the pollen-tubes

have penetrated the conducting tissue of the
style, one of which nas entered the micropyle

o( the ovule, the other not. (After Thome.
-

)

scribed at page 271), its intine, carrying with it the fovilla,

protrudes through one or more of the pores or slits of the

extine {Jig. in the form of a delicate tube, which pene-

trates 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 {Jigs. 11C8, A and B, and 1109, c),

but the number varies, and, according to some observers, is

sometimes twenty or more. The pollen-tube continues to
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' 9
elongate by growth at its apex, and passes down through the

conducting tissue of the style (figs. 577, tp, and 1169, c) when

this exists, or directly into the ovary when the style is absent.

This growth of the pollen-tube is occasioned by the nourishing

influence of the viscid secretion which it meets with in its passage

through the stigma and conducting tissue of the style.

These tubes vary in length, but are frecpiently many inches,

and are extremely thin. They are commonly unicellular, and

have therefore but one cavity
;
but, according to Martin Duncan,

in Tigridia, and all other monocotyledons with long styles which

he examined, they are composed of several elongated cells, and

hence have as many cavities as cells (see page 264). The time

required for the development of these tubes also varies in dif-

ferent pollen-cells ;
thus, sometimes they are developed almost

immediately the pollen comes into contact with the stigma
;
while

in other cases many hours are required for the purpose, l ie

pollen-tubes also occupy a varying time in traversing the

canal of the style- that is, from a few hours to some weeks or

even months. When the pollen-tubes have penetrated the

somatic tissue, the secretion of the latter ceases, and the stigma

drfes up. The upper part o E the pollen-tubes also withers above,

as growth takes place below.
i. j <.

The pollen-tubes having reached the ovary are distributed to

the placenta or placentas, and then come ultimately in contact

with the ovule or ovules. One (or sometimes two) of these

pollen-tubes enters into the micropyle of each of the ovules {Jigs.

1169 c, 1170, t, and 1171, 0, and thus reaches the nucellus and

embryo-sac When it arrives at the latter it is generally some-

what enlarged (fig. 1171, t), and adheres firmly to it at or near

its apex. The embryo-sac is frequently introverted to a slight

extent at the point of contact with the pollen-tube (fas 11.0

and 1171), and it is stated by Hofmeister to perforate it in Can .

but if such a perforation occurs in this case, it is altogether an

exception to what is generally observed. As soon as the contact

of the pollen-tube with the embryo-sac is effected, a kind ot

osmotic action between the contents of the two takes place the

result of which is the development of one (or rarely two as in

Orchis and Citrus) or more of the germinal vesic es "toemb^Q*.

The germinal vesicle (oosphere), m its development,

into an

embryo, becomes surrounded by a membrane, and is then theS This generally divides at first in a transverse nmnnei

intoTwo cells (Iff. H71, e) ; and then by further division forms

commonly a somewhat globular form (Jig. 11.0. , ).
ana u

mSybJcell-division forms the embryo, f^jj^fijfc
cotyledonous. The suspensor is notpresen u> al J^g^
others, where it is found, it varies in length 1

>s h ^
essential in all instances, as it always shrivels up.during

,

the de

velopmentof the apical cell into the embryo. The latter, there
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fore is the true rudimentary embryo. Other variations occur

in the mode in which the germinal vesicle {oosphere) is developed

into an en.brvo, but the above is a general sketch of the sub-

ject, and all that our space will allow us to give.

The changes which take place in the ovule during the deve-

lopment of the embryo, and the subsequent growth of the latter,

have been already generally alluded to when treating of the

stictl
'

Darwin, Sprengel, Hermann Miiller, Fritz Miiller, and

others, have shown that, in numerous plants, crossing is neces-

Fig. 1170.
Fig. 1171.

Fig 117°- Vertica' section of an ovule of a species of (Enothera. Enlarged

end of the pollen-tube containing fovilla, which has entered the mioro-

pyle, and is seen
|
ressing inwards the apex of the embryo-sac. s, i: Ini-

tiated germinal vesicle, which already begins to exhibit two parts :

nne, the upper, forming a suspensor, { ; and another, below, V, a globular

body, which ultimately becomes the embryo, e. Endosperm cells.-—

-

Fig. 1 171. Section of an ovule of a species of (hchis. t. Enlarged end ol

the pollen-tube containing fovilla, which has passed through the mioro-

pvle, 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.

sary for a completely fertile union of the sexes ; that is, that the

ovules of one flower must be feitilised by pollen from another

of the same species. This may be effected in many ways
;
e.g.

by the wind, when plants are spoken of as being an.emophilous ;

or frequently by the unconscious agency of insects, when they

are said to be entomophilous, as in the Orchidacere, where the

various modifications of structure to ensure cross-fertilisation by

this hitter means are strikingly beautiful. The observations of

Dai win, Miiller, and others have shown that self-fertilisation is

probably exceptional in plants; certainly occasional crossing

seems to be necessary. The term protamdrous is applied to

those plants in which the pollen is ripe and extruded before the
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stigma of the same flower is mature ; while those plants in which

the stigma is mature before the pollen are said to beprotogynvus :

either protandrous or protogynous plants being spoken of as

dichoqamous. It appears that entomophilous plants, by being

protandrous or protogynous, or by the peculiar mechanism of

their flowers, are generally incapable of self-fertilisation, though

some may become self-fertilised in the absence of insect visitors,

and these are not infrequently protogynous, so as to facilitate

cross-fertilisation if an opportunity should occur. Apparently

the form, colour, markings, odour, and nectaries of flowers exist

in special positions to determine not only the visits of insects,

but also the direction of their entrance so as to ensure cross-

fertilisation, just as form, the presence of hairs, or disagreeable

odours, or other secretions, impede or wholly prevent the visits

of injurious insects. The form and characters of the pollen-

cells themselves seem to have a direct connexion with the

method of fertilisation, those of anemophilous flowers being

generally smooth and dust-like, whereas those of entomophilous

flowers are often very irregular and sticky. Anemophilous

plants too have not infrequently a much larger quantity of pollen

than those which are entomophilous.

Dimorphic or heterodyled species are those which possess two

forms of both sorts of sexual organs, as species of FnmMa,,

Oxalis, and Pulmonaria, which have both long and short stamens

and long and short styles. The long stamens are associated with

the short styles, and vice versa, in the flowers ;
and Darwin has

proved, by experiment, that, for the complete fertilisation of

either kincl of pistil, it is necessary that pollen from the stamens

of corresponding length, and therefore from a different flower

be employed. Lythrum Halicaria is tnmorphic—i.e. has styles

and stamens of three different lengths-and similar laws have

been observed to prevail in its fertilisation Legitirmte fertili-

sation is the impregnation of the style of one flower bj the

pollen from a stamen of equal length with itself, but belonging

to another flower; while the fertilisation of a pistil bj pollen

from a stamen of different length is termed illegitimate. Nik

plants have inconspicuous self-fertilising flowers, which are said

to be clcistagctmic. Such flowers occur in large numbers on the

common YM, (Viola odorata and V. canma), m addition to

"ore showy ernes which are entomophilou. Watpowers

are found also on Larmum wmplexicaule, Oxalis J,,f. ,/ U
Hybridisation, Hybridation, or the Potion „fHi <

Plantl-It the pollen of one species be applied to the stagma ol

u « her species of the same genus, should impregnation
J
take

Xce the seeds thus produced will give rise to oflsprmg inter-

SedLe in their characters between the two parents Such

SanS are called hybrids or mxdes. The true hybrids, which are

£5 prXed between spee.es of the same genus must no

b

eonfomnled with simple cross-breeds, winch result from the cros,
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ing of two varieties of the same species : these may be termed

Mtb-hybrids.

\s 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 always possess some of the characters of both pa-

rents "but they generally bear more resemblance to one than the

other. Sometimes the influence of the male parent is most evi-

dent, and at other times that of the female, but no law can at

present be laid down with regard to the kind of influence ex-

erted by the two parents respectively in determining the cha-

racters of the hybrid. In very rare cases it has been noticed

that different shoots of the same hybrid plant have exhibited

different characters, some bearing flowers and leaves like their

male parent, others like the female, and some having the cha-

racters of both. In such cases, therefore, the hybrid characters

are more or less separated in the different shoots, which present

respectively the characters of one or the other of their parents.

An example of these facts may be seen in Cytisus Adawi, pro-

duced by the true hybridation of Cytisus Laburnum and Cytisus

purpnrens.
Hybrids rarely produce fertile seeds for many generations,

and hence cannot be generally perpetuated with any certainty

by them ; but if they are of a woody nature, they may be

readily propagated by budding, grafting, and other analogous

processes. (See page 107.) Hybrids are fertile with the pollen

of one of their parents ; the offspring in such a case resembles

closely the parent from which the pollen was obtained. By the

successive impregnation of hybrids through three, four, or more

generations with the pollen of either of their parents, they re-

vert to their original male or female type ;
thus, when the

hybrid is successively impregnated by the pollen of its male

parent, it reverts to the male type ; and when with that of the

female, to the female type. The influence of the latter is, how-

ever, more gradual.

Hybrids somewhat rarely occur in wild plants. This arises

chiefly from the following causes : thus, in the first place, the

stigma is more likely to be impregnated with the pollen from

stamens immediately surrounding it, or from those in other

flowers on the same plant, than by that of other and more dis-

tant plants
;
and, secondly, the stigma has a sort of elective

affinity or natural preference for the pollen of its own species.

Indeed, Gaertner found that if the natural pollen and that of

another species be applied to the same stigma at the same time,

the latter remained inert, and the former alone fecundated

the ovules, or was prepotent over the other
;
and, moreover,

that when the natural was applied a short period subsequently
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to the foreign pollen, the seeds thus produced were never

hybrids. Hybrids appear to be produced more frequently in

wild plants when the sexes are in separate flowers, and m ire

especially when such flowers are on different plants.

Hybrids are 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 often eBected

in the characters of our flowers, fruits, and vegetables But

varieties thus produced are not commonly true hybrids, but

simple cross-breeds.

The investigations of late years would appear to show that a

similar law as regards hybridisation occurs m the Oryptoganua

as in the Phanerogamia. Thus, Thuret has succeeded m
fertilising the spores of Fucus vesiculosa with the antherozoids

of Fwus terrains, an allied species ; but he failed in his attempt s

to fertilise the spores of one genus of the Melanosporeous

A\*ce by the antherozoids of another. Other evidence has also

been adduced as to the hybridisation of the Oryptoganua, and

there can be little doubt that hybrid Ferns are sometimes pro-

duced when a number of species are cultivated together, fo

has been noticed that, under such circumstances, plants make

their appearance which present characters of an intermediate

nature between two known species.

3 Of the FEUiT.-When fertilisation has been effected

(see naae 295), important changes take place in the pistil and

oE organs of the flower, the result of winch is the forma ion

of the fruit. The calyx and corolla generally fall oil, or it

persistent they form no portion of the fruit except when the

Syx s adherent, as in the Apple (fig 722, and Quince (^473),

when it necessarily constitutes a part of the peti«g,
The b 1,

and stigma also become dry, and either fall off as in the majoi t

o cases, or are persistent, as in the^.^^7^'^
"Rut the principal alterations take place m the wall ot tnem arj

.

whthusuXbecomes more or less swollen, and soon underg km

• ^Slhemical changes, and forms the P= - >

itself (a trnefndt), «^^J±^1^Sl£.
without the fertilisation ot tne ovmes, » '
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same year in which they are developed afterwards perish, from

the exhaustion of nutrient matter thus occasioned ; and that

such is the reason is proved by the fact, that we can make
annuals biennial, or even perennial, by plucking off the flower-

buds as they are successively developed. Some plants which

only flower once require many years to accumulate sufficient

nourishment to support the processes of reproduction. Such are

the American Aloe (Agave americcma) and the Talipot Palm
(Corypha wmbraculifera), bqth of which live many years before

flowering, after which they die. A bad fruit year is also

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 down-

ward flow of the elaborated sap, its accumulation above will

cause the plant 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 fruits to come to per-

fection 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 133.

The changes produced upon the atmosphere in the ripening

of the fruit, depend upon the nature of the pericarp. Thus,

when the pericarp preserves its green state, as also always when
first formed, it has an action similar to that of the leaves ; but

when of other colours than green, and more especially when
succulent, it evolves carbon dioxide at all times, instead of

oxygen.
Ofwmical Constitution of Fruits.—The chemical constitution

of fruits varies accoidinj to their nature and age. When the

pericarp is of a dry na:ure, it commonly assumes a whitish or

brownish colour, and its cells become thickened with hardened
matters, and their cellulose walls converted into lignin. Under
such circumstances, no further changes take place in its chemical

constitution, and its vital activity ceases. But when the peri-

carp becomes succulent whilst ripening, it assumes various

tints
;
transpiration goes on from its outer cells, the contents of

which thus become dense, and absorb the watery matters from
those within them ; these in like manner react upon the contents
of those within them, and so there is a constant passage of fluid

matters from the surrounding parts by osmotic action into the
pericarp ; in this way, therefore, it continues to enlai'ge, until it

lias arrived at maturity, when transpiration nearly ceases from
the deposition of waxy matter in or upon the epidermal cells,

and the stalk by wlvch it is attached to the plant becomes dried
up. When first formed such pericarps have a like composition
with leaves, and but little or no taste. After a time they ac- ;

quire an acid flavour from the formation of vegetable acids, and 1
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salts with an acid reaction. The nature of these acids and salts

varies in different fruits ; thus the Grape contains tartaric acid

chiefly and acid tartrate of potassium ; the Apple, malic acid
;
and

the Lemon, citric acid. As the pericarp ripens, saccharine

matter is formed, and the quantity of free acids diminishes,

partly from their conversion into other matters, and partly from

their combination with alkalies. In order that these
.
changes

may be properly effected, it is necessary that the fruit be ex-

posed to the sun and air, for if grown mthe dark it will continue

acM • and it will be much less sweet even when developed in

diffused davSt, than when freely exposed to the sun As

rui ripenVey evolve carbon dioxide, as already noticed, give

off watery fluids, and a sensible elevation of temperature may

b8
Thforigin of the sugar of fruits, and even its nature, is not

'

satisfactorily determined. According to most observers, noe

fruits contain arape sugar (glucose), but M. Buignet states that the

sutr whicMs pr marily formed in acid fruits is morose or cane

TuZ and thatduring the process of ripening tins sugar is gradu-

al hanged into/rul sugar (glucose and^^^^
there remains in the ripe fruit a mixture of these two sugais.

SSS the sugar is variously attributed to the transforma-

SSe acids, ceUulose,^S^ cTuTol^ hangt oT^nmarily formed cane sugar

the saccharine matter mta!*^
n i rosc^pe or by

be detected m green fruits eitliei Dy ui

"^VTfi " rBuSottes
C

that green fruits

quantity of starch. Jtt,
re8embling tannin, which is

contain an astringent princite ^ ên|ical with the sugar
capable of being converted into a s 1 ai i t

^

inner walls of the cells of w^*"^
Soluble in water,

consist of a substance <f^£^ n^ but is con-

alcohol, or ether. This -

mio pectim, which »
verted in ripe fruits by the

^JJJJ^" transformed into pectosw
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called pectose. Fr<5my has also noticed, that at the period of

.•inening the thickness of the cell-walls diminishes rapidly
;

hence it would appear that these transformations of the pectic

compounds play an important part in the changes which are

taking place during the ripening of the fruit.

The changes which take place m the composition of fruits

during ripening are well exhibited in the following table founded

upon Berard's observations :

—

Water. Sugar.
Ligneous
Matter.

Names of Fruits.

Unripe. Ripe. Unripe. Ripe. Unripe. Ripe.

Apricots

Rerl Currants
Duke Clierries

Greengage Plums
Melting Peaches .

Jargonelle Pears .

89- 39

|

86-41

! 88-28

74-87

90-31

j

80-28

74-87

81-10

74-85

71-10

80-24

83-88

A trace
when
young,
ami then

6-64

0-52

.
1-12

17-71
0-63

6-45

16-48

6-24

18-12

24-81

11-61

11-52

3-61

With the
seeils :

-
8-45

2-44
1-26

3-01
3-80

1-86

8-01

1-12

1-11

1-21
2-19

Bipeninq of Fruits.—The time when a fruit is considered ripe

varies in different cases. When the pericarp is of a dry nature,

the fruit is looked upon as ripe just before it dehisces
;
but when

the pericarp is of a pulpy nature and edible, we commonly re-

gard it as mature when most agreeable for food. Hence the Apple

is considered to be ripe in a state in which the Medlar would be

regarded as unripe.

When succulent fruits are ripe, they undergo another change,

a species of oxidation, which produces a decay, or Uettmg of

their tissues, as it has been called by Lindley This bletting,

according to Berard-, is especially evident in the fruits of the

Pomece and Ebenacese, and it would appear that the more

austere the fruit is, the more it is capable of bletting regularly.

Bletting appears to be peculiar to such fruits, and may be re-

garded 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 02-73) ;
much sugar (11-52, being

reduced to 8 77) ;
and a little lignin (2'19, being reduced to

1-85) ; but it acquires, at the same time, rather more malic acid,

gum, and albuminous matters.

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, take but a few
3 i
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days ; while others, as certain 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 a former section

of this work (pages 333-348).

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. Suffice it to say that, in all cases, a great many more

seeds are matured than are required for the propagation of the

species ; and thus the extinction of the species in consequence

of their decay, and their use for food by annuals, &c. ,
is pro-

vided against.

Vitality of Seeds.—Seeds vary very much as to the time

during which they will preserve their power of germinating.

This vitality is frequently lost long before they lose their value

for food Some seeds of an oily or mucilaginous-nature, or which

contain much tannic acid, speedily lose their vitality, and decay ;

this is the case, for instance, with Nuts and Acorns, and hence

when seeds of this nature are required for propagation, they must

be sown immediately or within a short time of their arriving at

maturity, or special means must be adopted for their preserva-

tion Other seeds, such as those of a farinaceous nature, as

Wheat and Cereal grains generally, or those with hard and bony

integuments, as many of the Leguminosse, frequently retain their

^^ron^Sie eSerimentB of De Candolle, those of a Committee of

the British Association, and of others, it would appear gener-

ally, that the seeds of the LeguminosEe and Malvace* preserve

their vitality longest, while those of Composite, Crucif«,^nd
Graminacese soon lose their germinating power. But some ex-

ceptions to the above statement occur in these orders

Under particular circumstances it seems certain that seeds

have preserved their vitality for a long period. Some of the

cases brought forward as illustrations of this capability of seeds

^e however, not supported by careful observations as. for

SskncTthat of the vitality of Wheat taken from Egyptian

mummies There are no well-authenticated instances of Wheat

SkSi"torn mummies, which have been untampered wi h, germ -

nathi indeed, all experiments (Dietrich, Lardet, Haberlandt),

tend to' show that Wheat loses its power of germination m from

Ke to seven years. But other well-authenticated instances of

seeds havin" preserved their vitality for a lengthened period are

on recS Thus, on the authority of Dr. Triraen, it was stated

rn^the third edition of this Manual that some seeds ofJV^™™
the herbarium (now in the British Museum) of Sir Hans

S oai , who died in 1753, germinated in 1860 ;
these

fore have been considerably over a century old. Mi. Kemp,
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in the 'Annals and Magazine of Natural History,' has likewise

narrated a still more remarkable case. This gentleman received

some seeds which were found upwards of twenty-five feet below

the surface of the earth, in the lowest layers of a sand-pit m
process of excavation. Upon being sown, about one-tenth

terminated and produced plants of Polygonum Convolvulus,

Rumex Acetosella, and a variety of Atriplex patula. All these

seeds are of a mealy or farinaceous nature. Mr. Kemp con-

cluded from various circumstances, that they were deposited at

a period when the valley of the Tweed was occupied by a lake
;

if this be the case, they must have retained their vitality

during many centuries at least, as it is certain that in the time

of the Romans no lake existed there. It has also long been

noticed that when a new soil is turned up, plants previously

unknown in the locality appear, which is a proof that the seeds

of such plants 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 be accept-

able to our. readers. Thus when seeds are enclosed in hard or

dry pericarps, they should be preserved and transported in them.

This is the case with those of many Leguminous and Coniferous

plants. When the pericarps are soft or liable to decay, the seeds

should be removed from them. In all cases, seeds when re-

quired for preservation should be gathered when quite ripe, as at

that period their proximate principles are in a more stable con-

dition than when unripe, when they are very liable to change.

Seeds should be also preserved quite dry. Seeds of a farinaceous

nature, if ripe and dry, will retain their vitality for a long

period, and such may be readily transported to a distance. For

the latter purpose they should be placed in perfectly dry papers

in a dry coarse bag, which should be afterwards suspended from

a nail or otherwise in the cabin of a ship, in which position they

are maintained at a moderate temperature and exposed to free

ventilation. Such seeds require no further care. But seeds of

an oily or mucilaginous nature, or that 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 together. Such seeds, how-

ever, even when thus protected, frequently lose their vitality. A
coating of wax has in some cases been found to preserve effec-

tually the vitality of seeds. Probably seeds which are difficult of

preservation might be transported in hermetically sealed bottles

containing carbon dioxide. Wardian cases are also an import-

ant means for transporting seeds (see page 806), and should be

resorted to, when possible, in all doubtful cases.
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Gekmin A.TION —By germination we mean that power or act by

which the latent vitality of the embryo is brought into activity,

and it becomes an independent plant capable of supporting

itself The germination of Cryptogams has already been sum-

ciently alluded to when treating of the Root, at page 135, and

in the sections devoted to the Reproductive Organs, and Repro-

duction of the Cryptogamia. Our further remarks will apply

therefore solely to the Phanerogamia.

Length of Time required for Germination -The timerequired

for germination varies much according to .the nature of the seeds

and the conditions nnder which they are placed. Generally

leaking, seeds germinate most rapidly directly after being

Kered If preserved till they are quite dry, the process of

germnration in some cases is months in being effected, while in

fome seeds their capability of germination is entirely destroyed

The seeds of the garden Cress will frequently germinate ui

twenty-four hours, but the majority of seeds do no
J

germinate

for from six to twenty days, and some require months or even

vears Germination is generally prolonged when the embryo is

Lvested by hardened integuments or albumen, and it is usually

nos rapid in exalbuminous seeds, more especially if such seeds

Save thin soft integuments. Heat is the agent which most

^SSr^S1^ Germ^aUon.-^ e^—t^
heat and moisture, and a free communication with atmospheiic

aie in all cases necessary to the process of germmatron.

Ssss
ger

(srssr?s »£.^ M *

hliU
Heat\s necessary to excite the dormant vitality of the em-
sxeOjt is necesactij ^ V n r ies very much in dlfferenl

seeds, and piobabiy eacn s ^ be re_

respect. As a general rule, fron OU
emperate climates,

JS'iT- ««"Suns »f Briey. The noceS,Uy of a prop*



mOCESS OF GERMINATION. 853

supply of oxygen is proved by the fact, that seeds will not ger-

mnate when buried too deeply in the soil, or when the soil s

pervious to air. This explains how seeds may lie dormant at

3 depths in the soil, and only germinate when the god »

brought to the surface ; and hence we see the necessity of admit-

ting air to seeds, as in the ordinary operations of agriculture

Process of Germination.-When the above requisites are sup-

plied in proper proportions to suit the requirements of different

seeds genu nation takes place; but should any be wanting or

In too areat amount, the process is more or less impeded, or

altogether arrested. The most favourable seasons for germina-

KSe spring and summer ; and seeds sprout most readily in

loose pulverised and properly drained sod, at a moderate depth,

for under such circumstances, air, moisture, and warmth have

free access. Seeds thus placed absorb moisture, soften and

swell, and certain chemical changes go on at the same time m
the substance of the albumen, or, when this is absent, m the

cells of the cotyledonary portion, by which a proper supply ot

nourishment is provided for the embryo These chemical

changes chiefly consist in the conversion of starch and other

analogous substances, which are insoluble and therefore not in a

suitable state for absorption, into soluble matters such as dextiin

and "rape sugar. The immediate cause of this transformation ot

starch is due to a nitrogenous substance called dmstas^ which is

developed, during germination, from an alteration of a portion

of the nitrogenous contents of the seed. During these chemical

actions heat is evolved, as in the malting of Barley (see p. 85b),

and carbon dioxide given off from the combination of the

superfluous carbon in the starch and albuminoids with the oxygen

of the air The nutriment being thus made available for use, it

is absorbed dissolved in water by the embryo, which is m this

manner nourished, increases in size, and ultimately bursts

through the integuments of the seed. Its lower extremity or

radicle (fiq. 16, r), or one or more branches from it {Jig. 705, 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, whilst soon alter

the opposite extremity elongates upwards {Jig. 16, t), and is

terminated above by the plumule, which is the first terminal bud

or growing apex of the stem. At the same time the cotyledonary

portion is either left under ground or is carried upwards to the

surface. The embryo during this development continues to be

nourished from the matters contained either m the albumen or

cotyledonary portion, and ultimately by continuing to absorb

nutriment it is enabled to develop its first leaves {primordial)

{Jig. 18, d, d,) and root, r. The young plant is now placed m a

position to acquire the necessary nourishment for its further

support and growth from the media by which it is surrounded,

and is thereby rendered independent of the other parts of the
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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 di-

rections 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 ; and

others, again, have regarded osmotic action as the cause. All

these explanations are unsatisfactory, and need not be further

alluded to. Darkness has been shown to have no influence on

the direction of the root, which is probably determined by the

greater amount of moisture usually met with in the soil, and by

gravitation or geotropism (see page 862). In Trapa natans the

radicle is directed upwards towards the surface of the water in

which the plant grows.

Differences between the Germination of Dicotyledonous and

Monocotyledonous Seeds.—There are certain differences between

the germination of Monocotyledonous and Dicotyledonous em-

bryos, which have already been alluded to briefly (see page 134),

but which require some further notice.

1. Monocotyledonous Germination. — The seeds of Monoco-

tyledons, in by far the majority of instances, contain albumen.

This as the embryo developes, is usually entirely absorbed ;
but

sometimes, as in the seed of Phytelephas, the contents of the consti-

tuent cells are removed, and the walls left as a kind of skeleton.

The single cotyledon of Monocotyledonous seeds, when they

contain albumen, always remains entirely (Jig. 765, c), or partially

within the integuments, during germination. In the latter case,

the intra-seminal portion of the cotyledon corresponds to the

limb of the cotyledonary leaf, and the portion which elongates

beyond the integuments (extra-seminal) represents the petiolar

portion. The latter part varies much in length, and is commonly

terminated by a sheath, which encloses the young axis with the

plumule. In the Palms this petiolar poition is often several

inches in length. At other times there is no evident petiolar

part but the sheathing portion enveloping the axis remains

sessile on the outside of the seed, and elongates in a tangential

direction to it, as in the Oat (jig. 765) where the cotyledon, c,

remains within the seed, and the plumule, g, rises upwards from

its axil into the air. T . ,

In some few Monocotyledonous orders, such as Naiadacese,

Alismacese, &o., where the seeds are exalbuminous, the coty-

ledon is commonly freed from the integuments, and raised

upwards with the plumule.
.P

As already noticed (page 134), in the germination of Mono-

cotyledonous embiyos, e.g. the Grasses, the radicle is not its

except in rare cases, continued downwards so as to form the
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root but it gives off one or more branches of nearly equal s ze

which separately pierce its extremity, and become the rootle

X 251, r). Each of these rootlets, at the point where it

pfirces ^radicular extremity, is surrounded a cellular

sheath termed the root-sheath or coleorhiza (fig. 251, to) lhis

mode of germination is commonly termed endorhiml; but it is

not- as already stated, universal in Monocotyledons.^ Germmatwn.-The seeds of Dicotyledons

are either albuminous or exalbuminous, and their germination

in such respects, as a general rule presents no peculiarity worth

notice The two cotyledons either remain within the mtegu-

ments'of the seed in the form of fleshy lobes, as in the Horse-

chestnut and Oak, in which case they are said to be hypogegl

(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. 18, c, c), m
which case they are e^igeaUivom two Greek words signifying

upon or above the earth). In the course of development the

cotyledons commonly separate, and the plumule comes out from

between them (fig. 16, n). In those cases where they remain

within the integuments, they sometimes become more or less

united, so that the embryo resembles that of a Monocotyledon

;

but a Dicotyledonous embryo may be always distinguished from

a Monocotyledonous one by its plumule coming out from between

the bases of the cotyledons, and not passing through a sheath

The radicle of a Dicotyledonous embryo (see page l^io) is it-

self prolonged downwards by cell-multiplication just within its

apex 248, a), to form the root. An embryo which germinates

in this way is termed exorhizal (page 134).

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 order Rhizophoracere, as

the Mangrove (fig. 255), the seeds commonly germinate in the

pericarp before being separated from the tree, m which case the

radicle is protruded through the integuments of the seed and

pericarp, and becomes suspended in the air, where it elongates.

CHAPTER 4.

SPECIAL PHENOMENA IN THE LIFE OF THE PLANT.

1. Development of Hea.t by Plants.—As the various parts

of living plants are the seat of active chemical and other changes

during their development, and in the performance of their
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several functions, we might conclude that their temperature

would rarely or ever, under natural circumstances, correspond

with that of the atmosphere around them.

We have already noticed, that during the germination of seeds

a considerable development of heat takes place (page 851). This

is more especially evident when a number of seeds germinate

together, as in the process of malting. The development of heat

in°flowering has also been alluded to (page 827). The rise of

temperature which thus occurs in the processes

of germination and flowering is due, without

doubt, essentially to the production of carbon

dioxide. To estimate the degree of heat deve-

loped during germination and in flowering,

Sachs devised the apparatus (fig. 1172), where

the flask / contains a strong solution of potash

or soda, I, which absorbs the carbon dioxide set

free. In the neck of the flask is placed a funnel,

r, with a small filter perforated by a needle.

Into this are placed soaked seeds or freshly cut

flower-buds in the act of opening, and a bell-

glass, g, used to cover the whole. Through

the opening of the bell-glass, winch is plugged

with cotton wool, w, is passed a thermometer,

t whose bulb is so placed as to be surrounded

nr.nn. Apparatus on all sides by the seeds or flower-buds

for estimating the We have still to inquire, whether the ordi-

rise of temperature yjta
i acti0ns which are going on in plants

nattn^fs

eee= are calculated to raise or di.uinish their tern-

the opening of perature. The experiments of Hunter, benoepr,
flower buds. (After

Bierkander> Maurice, Picttt, and more especi-

ally of Schiibeler, 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 Reaumur

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,

poration, chemical changes which take place J^."^*"^
L, the conducting powers of the wood, and Particularly upon

the temperature of the soil in which the plants are grown. In

periods of the growth of plants, «tomp«ta»»
constantly going on, and the fixation of carbon taking place,
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both of which processes are accompanied by a diminution of

heat it is evident that such changes must have some effect m
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 tempera-

ture of the soil, &c This probably explains, to some extent at

least why the temperature of thick trees exposed to great heat

riovVer than that of the surrounding air, for at such a period

vegetation is in a very active condition, evaporation and assimi-

lation being then in full play. Again, when the temperature of

the air is low, as in winter or during the night, little or no

evaporation or assimilation takes place, and hence we find that

the temperature is then higher than that of the external air

The conclusions in the last paragraph do not, however, alto-

gether agree with the published result of experiments made by

feutrochet ; for he found, by operating with Becquerel s thermo-

electric needle, that when plants were placed in a moist atmo-

sphere so as to restrain evaporation, a slight increase of tempera-

ture took place, thus seeming to prove that the chemical changes

taking place in plants produced a rise rather than a diminution

of temperature. Probably this slight increase of heat under

such circumstances is due to the oxidation or combustion ot a

portion of the carbon of the plant. But Dutrochet found

that when evaporation was allowed, the proper vital or specific

heat of plants was slightly below that of the atmosphere. He

also noticed that the heat of plants varied during the course

of twenty-four hours,—the hour of maximum temperature

varvin* from ten in the morning to three in the afternoon, the

minimum occurring at midnight. The variation m such cases

was, however, extremely small, being only from about one-tenth

to a little over one-half a degree of Fahrenheit. This specific

heat of plants could only be observed in green and soft struc-

tures, those which were hard or woody (i.e. those which were

composed mainly of dead tissues) not possessing any specihc

heat, because in such parts little or no metabolic changes were

g011

The
n
above is but a brief summary of the conclusions which

have been at present arrived at with regard to the develop-

ment of heat by plants, and these are by no means of a con-

clusive nature. Much further investigation is required upon

this matter.
, ,, n .,

,
,

In connexion with the subject of heat developed by plants

may be mentioned the researches of Boussingault, Alphonse

de Candolle, etc., as to the temperatures required by difterent

plants to stimulate them into vegetative or reproductive activity.

That a certain sum of heat is required for the proper develop-

ment of a plant has long been known ; also that the life-history

of some plants (as Wheat) will be completed in a shorter time

in hut than in more temperate climates.



858 LUMINOSITY AND ELECTRICITY OF PLANTS.

2. Luminosity op Plants.—Very little is positively known
respecting the development of light by plants. But it seems
tolerably well ascertained, on the authority of Humboldt, Nees
vonEsenbeck, Unger, Drummond, and others, that the thallomes

of some living Fungi are luminous in the dark. This luminosity

has been noticed in several species of Agaricus and the so-called

Rhizomorpha ; but Brefeld says that only the young hyphse are

luminous in the latter. According to Prescott, the mycelium
of the common Truffle is also luminous in the dark.

The statement that certain Mosses, as Sclnstostega osmundacea

and Mnium punctatum are phosphorescent, appears to have been

founded on imperfect observation.

With regard to the development of light by the higher classes

of plants, we have at present no very satisfactory observations

to depend upon. It has been repeatedly stated, that many
orange and red-coloured flowers, such as those of the Nastur-

tium, 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 illusion, and the

fact of such luminosity having been only noticed in flowers with

such bright and gaudy tints, appears strongly to favour such a

conclusion.

The rhizomes of certain Indian grasses have been reported

to be luminous in the dark during the rainy season; and

Mornay and Martius have observed, that the milky juices of

some plants were luminous when exuding from wounds made

in them. Martius also states, that the milky juice of Euphorbia

phosphorea is luminous after removal from the plant, when it is

heated.

3. Electricity of Plants.—Disturbances of electrical equi-

librium are undoubtedly connected with the various chemical

and mechanical changes which take place in plants. By the

medium of a galvanometer, Ranke, Velten, Burdon Sanderson,

and others, have demonstrated that there exists m plants an

electric current from the transverse to the longitudinal section

of a vegetable fibre, similar, but in the contrary direction to

that shown by Du Bois Reymond to exist in the muscles, &c., of

animals. It is also found that the internal tissue of land plants

is always electro-negative to the cuticularised surface.

The Effect of the Electric Light on the Growth of Plant.s and

Production of Chlorophyll.—Some experiments made by the late

Sir Wm Siemens seem to prove that the electric light aids the

arowth of plants, produces chlorophyll, increases the brilliancy

of flowers, and promotes the ripening of fruits. By sowing seeds

of rapidly growing plants and exposing them to the same con-

ditions with the exception of light, he found that those grown

in the dark were etiolated and soon withered ;
those exposed to

daylight with a fair share of sunlight were vigorous, and ot a
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eood <n-een colour ; but those exposed to the electric light for six

hours per day only, being in darkness the other eighteen hours,

were vigorous though less green ; while those exposed to day-

lialit and electric light successively, were the most vigorous, and

the <n'een of their leaves of a darker hue. This shows that

plants may for a time grow continuously without rest, i.e. with-

out sleep ; but for what length of time this endurance would

continue further experiments are required to prove. lhe

electric light seems therefore to affect plants in a similar manner

to the continuous summer sun in northern latitudes, where

Dr Schiibeler found that the arctic sun caused plants to pro-

duce more brilliant flowers and richer and larger fruit than it

the same plants had been grown with an alternation of light

and darkness.
.

4 Movements of Plants.—Three kinds of movements have

been described in plants :—1. Motions of entire plants, such as

those which occur in the Oscillatoriese, Diatomese, and some

other forms of the lower Algse ; and of parts, e.g. the anthero-

zoids connected with the reproductive processes in some of the

lower kinds of plants. The movements thus possessed by

some of the lower Algaj is a marked deviation from what ordi-

narily occurs in plants. 2. Movements produced m parts of

plants which are dead, or which, at least, have lost their active

vitality. Such movements may be noticed in almost all the

great divisions of plants, and are more or less connected with

some reproductive function. We include here the bursting of

anthers in the Phanerogams, and that of spore-cases in the

Cryptogams the dehiscence of fruits, the separation of the

component carpels from one another in the Euphorbiacese and

Geraniacete, and many other phenomena of a like nature. 3.

Movements which occur in the living parts of plants when in an

active state of growth, &c.

The first two classes of movements have been already alluded

to in various parts of this work. The movements of the first

class appear to depend upon a rotation of the protoplasmic cell-

contents, the cause of which is at present unexplained ;
or to

the presence of cilia upon their surfaces. Movements of the

second kind are entirely mechanical, and produced by the vary-

ing 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. But

this matter, so far as the plumule and radicle are concerned,

has been already noticed (page 854). With regard to the stem

the extensive researches of Darwin on Twining Plants and

Tendrils are full of interest. The ends of such structures have

the power of spontaneously revolving ; and this they constantly

do, usually from right to ieft, once in about two hours
;
to this
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action Sachs has applied the term of revohrhig imtation, which

Darwin has simplified into that of circumnutation. So soon as

the organ meets with a support its motion is arrested, and it

becomes spirally twined round by the arrest of the movement of

successive portions. Tendrils contract spirally soon after they

have laid hold of a support, and so draw up the stem to which

they are attached. The remaining movements belonging to this

class have been divided by Schleiden in the following manner ;—

1. Movements which evidently depend on external influences.

These are divided into two :

—

a. Periodical. b. 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.

Fia 1173. Nicotiana glauca. A. Shoots wit* leaves «pnn.lc.l duringthe

day. B. The same asleep at night, pointing vertically upwards. (Aftx

Darwin.)

(1) Movements depending on Bxtbbhal Influences, a.

Period—Under this head we include such movements as

Se of certain leaves and the petals of ^m,^^
at particular hours, the organs remaining m the newposition

thus taken up until the return of a particular period, when tliej
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resume as nearly as possible their anginal position. In leaves

Sese periodical" movements consist in the closing up of such

ori towards the evening and their expansion in the morning.

In the petals of flowers great differences occur in opening or

c osin- at particular hours of the day ; and by observing these

c am.es in a variety of flowers, Linnaeus and others have drawn

np what has been termed a floral clock Tins periodical closing

Z of leaves and flowers has been called the sleep of plants.

The compound leaves of certain Leguminosse and Oxalidace*

are marked illustrations of these periodical movements, which

are probably all indirectly dependent upon the varying con-

1174.

Fig.Mi. Demodivm gyrans. A. Stem with leay^auring «^ day B A
Similar stem with leaves asleep at night, pointing downwards. (Altei

Darwin.)

ditions of light to which the parts of the plant in which they

occur are exposed. All these movements Darwin considers to

be due to modified circumnutation. This author says :
In

Lvmnws the leaflets move either upwards or downwards
;
and

in some species (for instance, L. luteus), those on one side of the

star-shaped leaf move up, and those on the opposite side move

down • the intermediate ones rotating on their axes; and by

these varied movements the whole leaf forms at night a vertical

star, instead of a horizontal one as during day. borne leaves

and leaflets, besides moving either upwards or downwards,

become more or less folded at night, as in Baulmna and in
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some species of Oxalis. The positions, indeed, which leaves

occupy when asleep are almost infinitely diversified : they may
either point vertically upwards (Jig. 1173, b) or downwards (Jig.

1174, b) ;
or, in the case of leaflets, towards the apex or towards

the base of the leaf, or in any intermediate position. . . .

' The nyctitropic movements of leaves, leaflets and petioles

are effected in two different ways—firstly, by alternately in-

creased growth on their opposite sides, preceded by an increased

turgescence of their cells (see page 782 and Jig. 1140) ; and
secondly, by means of a pulvinus or aggregate of small cells,

generally destitute of chlorophyll, which become alternately more
turgescent on nearly opposite sides, and this turgescence is not

followed by growth except during the early age of the plant.'

b. Not periodical.—Such movements are exhibited in a num-
ber of plants both in the leaves and in their reproductive organs.

In the leaves they are well seen in certain species of Oxalis and
Mimosa (Jig. 373), in Dionaea muscipula (Jig. 375), &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 judiaca, Helian-

themum vulgare and other Cistacese ; also in the stigmas of the

Lobeliacese, and in the style of Goldfussia anisophylla, &c. All

the above movements are produced by external agency, such as

the action of insects, the agitation caused by the wind, &c.

Other movements which fairly come under this heading, and

which, like the nyctitropic movements, are by Darwin regarded

as being due to modified circumnutation, are positive and negative

heliotropism, positive and negative geotropism, &c.

Positive heliotropism is the growing towards the source of

light. It has been long known that plants grown in comparative

darkness increase in length more rapidly than those exposed to

a stronger light—i.e. that light appears to have a retarding

influence on growth—therefore, where a plant or part of a

plant exhibits positive heliotropism, it is found that the part

away from the light has attained a greater length than that

towards it.

Some few vegetable organs, as the stem of Ivy, and many

roots, exhibit negative heliotropism, where, as they grow away

from the light, the parts next the source of illumination grew

m°S

posUive geotropism or gravitation is the term applied to the

force which influences the direction of growth of most roots,

especially of primary roots, which usually point directly down-

wards to the centre of the earth.

Negative geotropism, on the other hand, signifies the direction

taken by most stems, trees, &c, being exactly opposite to that

sought by the roots—i.e. upwards, or away from the centre ot

the earth. . . . .

As the terms positive and negative hchotropmn and ot posi-
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fm and negative geotwpism are frequently used carelessly, the

Qualifying expressions positive and negative being frequently

omitted. Darwin adopts the term heliotropistn in the sense of

bending towards the light
;
apheliotropism for the contrary direc-

tion i.e. away from the source of illumination ;
and, in the same

man'nerj geotropism to imply towards the earth, and apogeo-

tropism for bending in opposition to gravity, or from the centre

of the earth.
,

In addition to the foregoing terms, diahehotropism is some-

times used to express a position more or less transverse to the

light which induced it ; and d :ageotropism to a similar position

with regard to the radius of the earth.

Irritability.—It has been already stated that some move-

ments of plants are dependent upon the agency of insects. But

though it has long been known that insects thus induce

movements in certain

plants, such as Drose- Fig. 1175.

ra, Dionsea, Nepenthes,

&c, it is only by the

observations of Dar-

win, Muller, Hooker,

Vines, Eiess, Wills,

and many others, that

we have learnt that the

insects, which by these

movements are caught,

serve for nutrition,

being dissolved and

absorbed. It has been

also demonstrated that

this solution of nitro-

genous matters is due

to the presence of a

kind of ferment which

closely resembles that

of the peptic glands of

animals. It has like-

wise been proved that
,

this ferment is only efficient when associated with an acid;

and hence this solution is a true digestive process like that oi

animals. During the solution and absorption of these nitro-

genous matters the protoplasm retracts from the walls of the

cells in the form of a ball. In fig. 1175 is shown a leaf of

Drosera (Sundew) where some of the glands have bent over

and caught an insect. Such plants are now commonly termed

carnivorous, . . .

Another remarkable instance of a carnivorous plant is the

Utricularia, upon the leaves of which little pouches or air-sacs

(Jig. 1176), are developed. These sacs have a somewhat elabo-

Fig. 1175. Leaf of Drosera, showing a Fly caught by

the incurved glands. (After J. W. Groves.)
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rate mechanism, with a valve which closes directly an animal

has entered, thus keeping it a prisoner (fig. 1177). It has

been known for a long time to be capable of entrapping small

invertebrates, but recently it has been found to catch young

fish in the same manner.

To plants which are thus stimulated to movement by

chemical or mechanical means, the term irritable is applied ; thus

Fig. 1176. Fig. 1177.

Fig. 1176. A sac of UtrknUaria,

showing the external opening-.

fig. 1177. A vertical section

of the same, showing the valve

past which an entomostracous

crustacean has entered, but

cannot escape.

it is by reason of their irritability that the leaves and stems of

the Sensitive plants {fig. 373) droop on contact with any foreign

h°A
(2) Movements independent, at least to some extent, of

external Influences.—(i. Periodical.-These movements are

™n some of the leaflets of certain tropical species of Demo-

Sm and more especially in those of Besmodmm gyrans (fig.

117fS The leaf in this plant is compound, and bears three

leaflets the terminal one a, being much larger than the two

ateral ones b b. There are also two other rudimentary leaflets
lateral ones o o.

terminal one. This large terminal

P35 a when exposed to the influence of a bright light,
leaflet, a, when expose

downwards on the
becomes more i lea.

> This movement i. clearly

^Wot to tlte Sep oi plants, and, therefore, comes under
analogous to ^ Sleep o

depending on external influences, as
the head of mover*tents lepe » ^
SS^-SSSfSSiSSi during the heat of the day,

SSing ta
;

their^^JS?^
and then retreating tow.mis the

then on the

It^tA^T^ leaflet describes a circle. The
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movements resemble those of the arms of the old semaphore

telegraphs, and hence this plant has been termed the Telegraph

plant. They go on to a less extent even in the dark, and are

most evident when the plants are in a vigorous state of growth,

and when exposed to a high temperature. No satisfactory ex-

planation has yet been given of the direct cause of this move-

ment. Similar movements have been observed m the radicle

of many plants.

b. Not periodical—These movements occur m the repro-

ductive organs of a large number of the Phanerogamia. The

Fig. 1178.

Fig 1178. Aportion of abranon, with a leaf of Desmvlium gymns. Theleaf,

which is compound, consists of a large terminal leaflet, o, aid two smaller

lateral ones, 6, b. There are also two other rudimentary leaflets, marked c,

near the terminal leaflet.

stamens sometimes curve inwards separately towards the stigma,

a-, in JRuta gmveolens (fig. 611) and Farnassia palustris; or in

pairs, as in Saxifraga trklactylites. They afterwards commonly

return as nearly as possible to their former position. In Fassi-

flora, Nkjella sativa, certain Onagraceie and Cactacece, &c, the

styles move to the stamens ; while in other Onagracere and cer-

tain Malvacete, &c, both styles and stamens move towards each

other. In each of the above the arrangement is one adapted to

prevent self-fertilisation, as it is protandrous and entomophilous

(see page 843).

5. Odours ofPlants.—These are very various in kind, many
being highly agreeable, others excessively offensive, while others

again, though pleasant in small quantity, become disagreeablo

in larger amount. The source of the particular odour is often

a volatile oil or other product contained in the glands or re-

ceptacles of secretion of the plant ; but in some cases no
» 3 k



866 ODOURS OF PLANTS.

such origin is found, and the source of the odour is unknown,
whilst its nature defies analysis. It is generally considered

that smell is due to the giving off of minute particles into the

air; Morren, however, from observations on the flowers of

Orchids, was led to the inference that in some cases it depended

on a physiological cause. He observed that the aromatic odour

of Maxillaria, which continued to be exhaled so long as the

flowers were unfertilised, was lost a little while after pollen was

applied to the stigma.

Though chiefly developed under the influence of solar light,

there are not a few plant-odours which are given off in the

evening or at night. Several Orchids, Oestrum noctumum,

Hesperis tristis, Lychnis vespertina, and Cereus grandiflorvs are

examples. In the last-named plant, the odour is given out in

intermittent puffs.

There seems to be a connexion between the colour and odour

of flowers ; thus it has been observed that white flowers are

very frequently fragrant, whilst brown and orange ones have

often a foetid smell—the so-called Can-ion-flowers (Stapdia ),

certain Aroids, some Balanophoracere, and the Bafflesix being

examples. The flowers of Monocotyledons are more often

odorous than those of Dicotyledons.
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Abaxtle embryo, 346
Abnormal development, 3G3

Abortion, 360
Abortive, 241

Abrupt root, 139
Abruptly pinnate. 17G

Absorption, 781, 799, 812
— by the root. 790, 818

Acaulescent, 74
Accessory buds, 110, 112

Accrescent, 230
Accumbent. 346
Acerose, 171
Achseninm, 313
Achene, 313

Achromatin, 27
Achlamydeous, 18, 3G0
Achlya, 777

Acicular, 174
Acicular raphides, 35

Aciuaciform, 174

Acotyledonous, 364
Acrogens, 36

1

— root of, 135

Acrogenous 75— stem, 101
Acropetal, 201. 210
Acropetally, 109, 202
Acuminate, 169

Acute-pointed, 169, 231
Adelphous, 255
Adherent calyx, 227— ovary, 280
— stipules, 183

Adhesion, 356
Adhesive attraction. 783
Adnate anther, 248
— filament, 240
— gtipules, 183

Adnation, 356

Adventitious buds, 110, 111

— root, 125, 128, 135

iEcidiura fruits, 380

Aerial bulbs, 123

Aerial leaves, structuro of,

142— modifications of the

stem, 117
— roots, 128, 130
— stems, 116
.Estivation, 157, 218

/Ethalium, 2

Agamogenesis, 829

Agamogeuic, 387

Age of dicotyledonous
trees, 85— — monocotyleilonous
trees. 100

Aggregate fruits, 314. 322

Air cavities, 72, 789
— cells, 789
— plants, 131

Ala;, 233
Albumen, 21, 340, 341

Albuminous, 341

Alburnum, 85, 794

A'eurone grains, 36

Alga;, 392
Alternate leaves, 148. 149,

150
Alternation of generations,

367, 368, 369, 835

Amentaceous, 203

Amentiferous, 203
Amentum, 202

Amphisaroa, 315
Amphitropous, 332, 336,

348
Amplexicaul, 147, 182

Anatropous, 332, 333

Andrieere. 374
Androecium, 18, 19, 241,

253
Androphore, 25B

Androspore, 398

Androus, 253
Anemophilous, 843
Angiospermia, 12

Angiospernious, 325, 836

Angular divergence, 151

Anisomerous, 354

Anisostemenous, 253
Annual herbs, 115
— rings of wood, 82
— leaves, 141
— roots, 133
Annular cells, 1">

— vessels, 53. 101

Annulate. 366
Annulated root, 138

Auuulus, 365, 375, 382

Anomalous leaves, 185
— structure. 99

Anterior, 222
Anthela, 205

Antheridia, 9. 3G6, 369, 370,

372, 375. 37S. 3KG, 395, 390,

397. 398. 831

Anther, 18, 241, 244
Antherozoid, 9, 372, 37G,

391, 398
Anthesis, 222
Anthocarpous, 321
Anthoceros, 777

Anthodium, 207

Anthotaxis, 191, 200

Antipodal cells, 328, 840
Antltropous, :t i

Apetaloid, 230
Apetalous, 17, 360

3 K. 2
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Apex of fruit, 298
lamina, 1C9

— leaves, 140
root, 125

Aplieliotropisin, 863

Apical cell, 793, 795
— style, 287
— dehiscence, 252

Apioilar, 287, 295

Apioular, 308

Apiculate fruit, 287

Aploperistomous. 374

Apocarpous, 19. 272
— fruits, 297, 312
— pistil, 272,273
Apogamy, 367, 836

Apogeotropism, 8G3

Apophysis, 374

Apospory, 836
Apostrophe. 809

A potheoia, 388

Appendages of the epider-

mis, 63
calyx, 228
corolla, 237

petals, 239

Appendiculate,242,249 251

Archeeonia, 9, 366, 3G7, 372,

375, 831,

Aril. 338

Arillode, 338, 339

Arillus, 337
Arrangementin the flower-

bud, 218
— of bracts, 193

leaves, 14G, 148, 155

Arrow-shaped leaves, 173

Articulated, 103, 141

Articulation, 180

Ascending axis, 13. 73

— inflorescence. 201

— metamorphosis, 352

— ovule, 32C
— radicle, 348

— sap, 820
— seed, 334
— stem, 114

Ascent of the sap, 820

Asci. 385, 389

Ascidia, 188
Ascomycetes, 383

Ascospores, 385, 389

Asexual, 363, 367

reproductive cells, 38

1

Assimilation, 29, 801, 823

Aster, 778

/Uropous, 330

attachment of filament

218
j\ ugmentation, 350

Auriculate. i<:>

j\ wi-shaped, 171

Axial embryo, 340

Axial, 346

Axil. M0
Axlle embryo. 316

_ placenta, 282. 285

Axillary. 141, 200

_ inflorescence, 200, 201

Axillary stipules, 184

Axis, 198

BACOA, 320
Baccate, 320
Bacilli, 387
Bacteria. 386, 387

Balausta, 321

Banyan-tree, 131

Barbeil hato, 64

Bark, 79, 89
— functions of, 795
— growth of, 92

Base of fruit, 298
— leaf, 140
— root, 125

Basidia, 383
Basidiomycetes, 381

Basifixed, 248

Basifugal, 811

Basilar, 308, 812
— style, 287
Basipetal, 812

Bast. 50
— fibres, 50
— tissue, 50
— tubes, 51
— vessels, 51

Beaded root, 13S

Bell-shaped, 227, 234

Berried, 320

Berry, 320
Bicrenate, 104

Biennial herbs, 115

— roots, 133

Bifid, 105. 107, 288,

290
Bifoliate. 176

Biforines, 35

Bifurcate, 250

Bieeners, 815

Bijugate, 175

Bilabiate, 235

Bllobate, 290

Bilocular. 246, 276

Binary, 354

Binate, 170

Biovu late. 325

Biparous oyme, 212

Bipartite, L67, 289

Bipinuate, 176

Bipinnatifld, 166, 231

Bipinnatipartite, 168, 2-1

1

Bipinnatiseoted, 106

Bisected, 1G7

Biserrate, 164

Bisexual, S 10

Bispermous, 334

Biternate, 178

Blade, 16, Hi. 157

Bletting, 819

Blunt, 1«9

Boa! -shaped, 231

Bordered, 836
.- pits, 43

Bostryooid. 110

Unstr'vx. 210

Botany, departments of,

Botany, structural, 1

Botrvoid, 200
Botrvose, 200
Brac'teated, 193

Bracteoles. 192

Bractlets, 192

Bracts, 10, 146, 191, 192,

193, 349
Branches, 108
— modifications of, 117,

119
Branching, 108
— corymb, 205
— dichotomous. 109
— inouopodial, 109
— spadix, 203

Bristles, 66

British gum, 33

Brotherhood. 255

Budding, 102, 776

Buds, 103
— and ramification, 103

Bulb. 122
Bulbils, 123

Bulblets. 123

Bundle-sheath, 77, 78, 102

Bush, 115

Caducous, 141, 200, 229,

240
Caladium, 799

Calamites, 10

Caloarate, 237

Calceolate, 236

Calvculus 229

Callus, 92

Calvptra. 373, 37"

Oalyptrate. 230

Ca'yx, 17, 222, 225. 228

Cambiform. 90

Cambium. 79, 87

— cells. 88
— layer, 79. 87

Campanulate, 227. 234

Campylotropous, 331. 333

Cauafcell, 838

Cap, 381
Capillary, 242. 783

Capitate, 64, 292

Oapitulum, 207

Capsular, 317

Cansnle, 316, 365. 36., 3/3,

377
Carecrnle. 315

Carina, 233
Carnivorous, 803

Carpel. 19, 207, 351

CarpeUary, 20

Oarpogonlum, 881

Carpophore 888, 294. 319

Carunoules. 338

Oaryophyllaeoous, 233

Oaryopsis, 814

Oataphyllarv, 104

-leaves. 119, 128, 110

Catkin. 809

Caudate, 295

1 Caudex, 115
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Caudicie, 260

Caulescent 74

Cauliuary stipules. 183

Canline leaves, 146

Caulis, 115
Caulotue, 14, 73, 793

Cell, 6

Cell-contents, 22

Cell-division, 772. 774, 776

Cell-formation, 771

Cell-multiplication, 772
Cell-nucleus, 27

Cell-sap, 22, 27
Cells, 21, 245, 276
— with bordered pits, 50

Cellular envelope, 90, 91

— plants, 8
— system, 57, 74

Cell-wall, 22, 42— thickening of, 42
Central placenta, 282

free, 282
Centrifugal, 210. 348
— formation of leaves,

811
Centripetal, 201. 210, 348
— formation of leaves, 811

Centripeta'ly, 202, 208
Ceratium, 317
Chalaza, 330, 337
Chalazal arillus, 339

Characeae, 390
Charas, 390, 831
Chemical constitution of

fruits, 847
Chlorophyll, 28
— bodies, 29
— corpuscles, 29
— grains, 29
— granules, 28, 29

Chloroplastids, 809

Chorisis, 356, 357
Cliromatin, 27
Chromogenous, 387

Chromoplastids, 809
Cicatrix, 141, 180

Cicinal dichotomy, 1 10

Cicinnus, 216
Ciliated antherozoids, 784

Ciliated zoospores, 784
Cinenchyma, 786
Circulate, 155— cotyledons, 345
Circular testivation, 219,

221

Circulation, 784, 820
Circumnutation, 860
Circumscissile, 302, 307
Cirrhus, 108

Cladode, 199
Clasping leaves, 147, 182
Clathratc cells, 56

Clavate, 64, 174, 242
Clavicops, 383
Claw, 231
Clawed, 231

Cleft, 165, 225, 231, 233, 291

Cieistogamic, 844
Climbing, 114

Closed vascular bundles,

78, 95, 102

Cloves, 122, 123

Club mosses, 368, 834
Club-shaped, 61, 242

Coalescence, 356

Coat of pollen-cell, 260
seed, 335

Coated bulb, 122
— roots, 132
Cocci, 304, 305, 317
Cochlear, 220, 221

Coenanthium, 198

Coherent, 255
Cohesion, 356— of stamens, 255

Coleorhiza, 129, 135, 855

Collateral, 327
— chorisis, 358

Collecting hairs, 68, 289

Collective fruits, 322

Collenchyma, 48

Colour of anther, 251
filament, 243
flowers, 828
leaves, 807
testa, 335

Columella, 301, 373, 377

Coma, 336
Commissure, 319
Common bundles, 96
— calyx, 207
— petiole, 162, 180
Comose, 336
Comparative anatomy of

plants, 1

Complete flower, 211, 355

Composition of fruit, 298

leaves, 162

pericarp, 298
starch, 33

Compound corymb, 205
— flower, 207
— fruit, 297
— gyncecium, 272
— hairs. 63— leaves, 142, 162, 171

— ovary, 275, 279, 280
— petiole, 180
— pistil, 267, 272
— roots, 135
— spadix. 203
— spiral vessels, 52
— style, 288
— umbel, 208

Conceptaoles, 396

Conceptaculum, 313
Concrescence, 356
Conditions of germination,

852
Conducting tissue, -71

( londupl leftto, 1 55, 345

Cone, 203, 204, 322

Continent fruits, 322

Conglomerate raphides, 35

1 Conical calyx, 227
— hairs, 64
— leaf, 174
— root, 138

Conidia, 378

Conjugation, 394, 777, 830
Connate, 148, 255

Connective, 244, 218

Connexion of cells, 40

Oonnivent, 225, 232

Constructive materials, 823

Contents of cells, 22, 263

Contorted aestivation, 220
— rout, 139
Contracted cyme, 216

Convolute, 156, 220, 315

Coralline root, 137

Cordate, 173, 231
Cordate-lanceolate, 173

Cordate-ovate, 173

Cordate-sagittate, 250
Cork, 92
— cambium, !I2

Corky layer of bark, 90, 91,

92
Conn, 123
CormopUyta, 12

Cormophytes. 1

1

— leaves of, 190
— root of, 135
— stem of, 101
Corolla, 17, 230
Corona, 240

Corpuscula, 837

Corrugated, 219

Cortex, 89

Cortical, 377
Corymb, 205
Costa, 157

Cotton, structure of, 67

Cotyledons. 12, L46, 342
Creation, inorganic, 1— organic, 1

Creeping root, 119
— stem, 119

Cremocarp, 319

Crenate, 164
Crcnulated, 161

Orescent-shaped, 173

Crisped, 165

( Irops, rotation of, 817
Cross-breeds. 8 1

1

Cross-fertilisation, 843

Crossing, 843

Crown of the root, 146

Cruciate, 233
Cruciform 233

Crude sap, 820
Crumpled, 219

Cryptogamia, 12. 363

Oryptogamous, 11, 78, 190,

363, S29

Cryptogams, 1

1

Crystalloids, 36

Culm, 115

Cuneate, 172

Cupule, 195, 319

Curled, 165

Curved ovules, 331
— veined, 161

Curviserial, 153

Cuspidate, 169

Cuticle, 60
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Cnticnlarised, 58

Cycle, 151

Cyclosis. 784. 786

Cylindrical cell, 39

— leaf, 174

Cyme, 210
Cymose, 110, 200, 210

Cynarrhodum, 314

Cypsela, 319

Cystoiiths, 35

Cystopns, 378
Cytoblastema. 771

Cytogenesis, 771

Daughter cell?. 788

Death of the leaf. S10

Deciduous, 141, 183, 193,

200, 230, 240, 244, 287

Declinate, 243

Decomposed, 1G7

Decompound, 176, 178

Decumbent, 114

Decurrent, 148, 182

Decussate, 148

Decussation, 148

Deduplication, 356, 357

Definite inflorescence, 200,

209, 210
— ovules, 325
— vascular bundles, 78,

95

Definition of a plant, 2

Defoliation, 810

Degeneration, 362

Degradation. 24
— products, 823

Dehiscence of anther, 251

fruit, 21, 301, 307,

308
. septifragal, 305

Dehiscent fruit, 21. 301

— pericarp, 316, 319

Deliquescent, 116

Dentate, 164, 231

Departments of botany, 1

Derm, 91

Dermatogen, 126

Descending axis, 13,125, < 00

— metamorphosis, 352

— radicle, 348
— sap, 820

Descent of the sap, 825

Determinate inflorescence,

200, 209. 210

Development, abnormal,

363
— of the anther, 246

eaulome, 795

. embryo, 842

i of exogenous stems, 78

i of floral envelopes, 828

heat, 855
— leaves, 811

ovule, 327

roots. 792

starch. 31

stem, 795

stomutn, 788

Dextrin, 33

Diachsenium, 319

Diadelphous, 256, 356

1 liageotropism, 863

Diaheliotropism, 863

Dialypetalous, 232

Dialysepalous, 225

Diandrous, 253

Dichasium, 110, 212

Diehlamydeous, 18

Dichogamous, 844

Dichotomous cyme, 212

Dichotomy, 103
— bostrycoid, 110
— cicina', 110
— false, 99
— helicoid, 110
— scorpioid, 110
— sympodial, 109

— true or normal, 109

Diclinous, 240

Diooocous, 305

Dicotyledons, leaves of,

189 ; roots of, 134

Dicotyledones, 12, 342

Dicotyledonous, 312

— embryo, 343
— germination, 855

— leaves, 189

— roots, 134
— stem, 78

Dictyogens, 190

Didynamous, 258

Diffusion of fluids, 783

gases, 781

Digitaliform, 237

Digitate, 168. 178

Digitipavtite, 168

Digynous, 273

Dimerous, 27°, 354

Dimorpliic, 258, 844

Dioecious, 241, 372, 375

Dipetalous, 232

Diploperistomous, 374

Diplostemenous, 253

Diplotegia, 317, 319

Direction of filaments. 213

plumule and radicle,

854
Direct metamorphosis, 352

Disc-bearing wood-cells, 43,

— woody tissue, 50

Discoid pith, 81

Disepalous, 225

Disk, 266
Dissected, 165, 168

Dissepiment, 275

Distichous, 151, 354

Distractile, 249

Divergent, 225, 232

Dodecahedral cell, 38

Dolabrifonn, 171

Dorsal suture, 268, 300

Dorsifixcd, 248

Dotted cells, 42

— leaves, 70
— vessels, 51

Double flowers, 350

Doum palm, 99

Dracamas, 98
Drupaceous, 311

Drupe, 311
Drupe-like, 311

Duct, 51

Duplicato-dentate, 164

Duramen, 85

Duration of bracts, 193

calvx, 229
corolla, 240
filament, 244

the leaf, 141
peduncle, 200
roots, 133

Dyaster, 778

Earthy constituents, 813

Ebracteated, 193

Eccentric embryo, 346

Ectoplasm, 25

Effects of electric light,

858
gases upon leaves, 805

Egg-shaped, 171

Eight-ranked, 152

Elaborated sap, 820

Elaboration of cell-con-

tents, 784

Elaters, 368. 377

Elective affinity, 845

Electricity of plants, 858

Elementary structure, 21

Elliptic cell, 38

Elliptical, 171, 231

Elliptico-lauceolate, 1 < 3

Elongated parenchyma.
— primary axis, 202

Emarginate, 169, 23 L

Embracing, 147

Embrvo, U, 12, 341

— buds, 112

— cell, 835
— nodules, 112

_ sac, 328, 367, 835

Embryonal cell, 9, 373, 376

Embryonic vesicles, 328

Embryotegia, 337

Emergences, 66

Empty bracts 193

Enantioblastic, 347

Endocarp, 29S

Endogenous, 75

— stem, 75. 94, 96

— growth, 96

Endoplasm, 25

Endoplenra, 21, 337

Endorhizal, 135

Endosmose, 782

Endosperm, 21, 340, 341

Kndospore, :!79. 830

Rndostome, 880, 839

Endothecium. 246, 24"

Enstform, 174

Eutire calyx. 225

— corolla. 233

_ leaf, 163

Entomopliilous, 843
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Enveloping, 220

Epiblema, 60, 128

Epiealvx, 193, 229

Epicarp, 298
Epidermal appendages, 63
— layer, 397
— tissue, 57
Epidermis, 58, 79
— functions of, 786

Epigeal, 855
Epigone, 373, 376

Epigynons, 254, 266

Epipetalons, 253

Epiphragma, 374
Epiphytes, 131

Episperm, 21, 335

Epistrophe, 809

Epithelium, 270
Equal leaf, 170
Equally pinnate, 176

Equisetacese, 367, 834
Equitant, 157, 345

Erect, 225, 232, 243, 347
— ovule, 326
— rhizome, 119
— seed, 334
Ergot, 383, 385

Essential organs, 17, 20,

240, 360, 829

EtJErio, 313

Etiolated, 804
Evergreen, 141
Exalbuminous, 341
Exannulate, 366
Excipulum, 389
Excrescence, 112

Excrescent, 2Q0
Excretion by roots, 792

Excretions, 804
Excurrent, 116
Exhalation, 796, 799

Exocarp, 298
Exogenous stems, 74, 78
Exorhizal, 134, 855
Exosmose, 782
Exospore, 379, 830
Exostome, 330, 839
Exothecium, 246, 247
Exserted, 256
Exstipulate, 15, 142, 182

External embryo, 346

Extine, 260, 261, 836
Extra-axillary, 113, 141, 199

Extrorse, 246

Fact, 246
Fall of the leaf, 141, 810
Ealse arillus, 338
— bark, 95, 96
— cyme, 110
— dichotomy, 99

Farinaceous albumen, 341

Fasciated branches, 1 1

3

Fascicle, 149, 216
Fascicled leaves, 149

Fasciculated root, 137
Faux, 226, 233
Feather-veined, 159, 174

Feathery, 228

Female apparatus, 836
— flower, 20, 831

Fern proper, 367

Ferns, 365, 834

Fern stems, 101
— internal structure of,

102
— growth by buds, 102
Fertile, 241
Fertilisation, 20
Fertilised oosphere, 341

Fibres, 40, 45

Fibriiliform cells, 39
— tissue, 48
Fibrils, 60, 67, 127

Fibro-eellular tissue, 48
Fibro-vascular bundles, 39,

50, 76, 102
system, 57, 74, 90, 143
of leaves, 143

— tissue, 57

Fibrous cells, 44, 48
— root, 136
Fid, 165

Fiddle-shaped, 167
Filament, 19, 241, 242, 398

Filices, 365, 834
Filiform, 242
Fimbriated, 231

Fissiparous, 774
Fissured calyx, 225
— stigma, 291

Fissures of leaves, 165
Five-celled, 276
— cleft, 165, 225, 288
— lobed, 280
— partite, 225
— ranked, 151, 221
— ribbed, 160
— seeded, 334
— toothed, 225
Fixed embryo, 106
Flagellum, 117

Fleshy albumen, 341
— pericarp, 318, 320
— cotyledons, 345
Floral envelopes, 17, 222,

360
Florets, 207
Flower, 17, 230

parts of the, 218
Flowering plants, 11, 190

Flowerless plants, 11, 190,

363
Flower-stalk, 15, 197

Foliaoeous, 199, 227, 299,

345
Foliage leaves, 140
Folioles, 162

Follic'e, 312
Pood of plants, 813

sources of, 813
Foramen, 329, 330

Forked anther, 250
— filament, 242
— venation, 162
Formation of cells, 771

compound ovary, 278

Formation of organic com-
pounds, 804

pollen, 258
wood, 794

Formative tissue, 88
Formed material, 771
Forms of anther, 249

lobes, 249
branches, 113
cells, 37, 263
filament, 242
hairs, 63

leaves, 173, 185
peduncle, 198
petiole, 181
roots, 136
seeds, 334
stems, 113
style, 289

Fossil botany, 2

Four- celled, 245, 276
— cleft, 288
— lobed, 165, 280— loculi. 245
— seeded, 334
Fovilla, 19, 263, 836
Free calyx, 227
— cell formation, 772, 777
— central placenta, 2H2— ovary, 280
— stamens, 255
Fringed, 231
Fronds, 11, 101, 161, 190
Fructification, 381

Fruit, 20, 294, 352, 846— constitution of, K47
— dehiscent, 21
— indehiscent, 21
— kinds of, 309
— nature of, 295
— perfect, 298
— ripening of, 849
— simple, 309— spurious, 846
— sugar, 848
— true. 846
Fucus, 396
Fugacious, 141, 229
Functions, 770
— of bark, 795

bracts, 826
epidermal append-

ages, 789
tissue, 786

essential organs, 829
floral envelopes, 826
glands, 789
hairs, 789
intercellular system,

789
laticiferous vessels,

785
leaves, 796

— — medulla, 794
medullary rays, 795
organs of reproduc-

tion, S2a
parenchymatous cells,

771
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Functions of pith, 79-1

prosenohymatous
cells, 785

stem, 79 i

stoniata, 787
vessels, 785

Fundamental organs of the

plant, 13
— tissue. 81

Fungi, 378
Funiculus, 325, 333

Funnel-shaped, 23-1

Furcate, 1G2

Fusiform cell, 39

— root, 138

Galbulus, 322

Galeate. 229

Gamogenesis, S29

Gamopetalous, 233, 35C

Gamosepalous, 225, 35G

Gaping, 236

Gemmation,. 776

Gemmule, 12, 312

General characters of fruit,

297— description of leaf, 140

— involucre, 194, 209
— morphology, 6, 348

— outline. 169
— physiology, 770, S12
— properties of cell-wall,

42
— umbel, 208

Generating tissue, 88

Geniculate, 243
Geographical botany, 1

Geotropism, 863

Germ-cell, 9, 367, 373, 376,

835
Germinal corpuscles, 367,

830, 835
— matter, 32, 771
— vesicles, 20, 328, 840

Germination, 12, 852
— conditions of, 852
— dicotyledonous, 855
— monocotyledonous, 854

— process of, 853
— time required for, 852

Gibbous, 229, 237

Gills, 382

Glands, 68, 789
— compound. 68

— external, 68
— internal, 70
— lysigenous, 71
— nectariferous, 71

— sehizogenous, 71

— sessile, 69

— simple. 68
— stalked, 68

Glandular hairs, 67

Glaus, 319

Globoids, 36, 37

Globose, 227

Globule, 390. 831

Gloohidiate, 64

Gloeocapsa, 6

Glomerule, 208, 216

Glove-shaped, 237

Gluniellules, 197

Glumes, 197, 203

Gonidia, 388
Grafting, 107

Granulose, 33 .

Gravitation, 8G2

Green layer of bark, 90, 91

G round tissue, 81

Growing part, 793
— point, 792

Growth by terminal buds,

99
— of the bark, 92

fibro-vasoularbundles,

95
Guard-cells. 61, 787, 789

Gymnospermia, 11, 12, 836^

Gymnospermous, 313, 325,

836
Gymuostomous, 374

Gynandrous, 255, 356

Gynia, 272

Gynobase, 287

Gynobasic, 2S7

Gynoacium, 17, 19, 266,

272
Gynopbore, 279. 294

Gynostemium, 255

Gyration, 784

Hairs, 63, 789

Halbert-shaped, 173

Half-adherent ovary, 280

Half-inferior ovary, 280

Half-superior calyx, 280

Half-equitant, 157

Hard bast. 90

Hastate. 173

Hastate-auricled, 173

Haustoria, 132, 378

Head of flowers, 207

Heart-shaped, 173

Heart-wood, 85

Heat of plants, 855

H. lie id cyme, 213, 215,

216
— dichotomy, H 11

Heliotropism, 862, 863

Helmet-shaped, 22:1

Hemialbivmose, ">7

Hemioarp, 319

Hepatioacea3, 375, 832

Heptopetalous, 232

Heptasepalous, 225

Herbs, 115

Hermaphrodite, 240, 372

Hesperidium, :tis

llctcrocysts, 393

Heteroecism, B80

Hoterodromous, 153

Heterophyllous, 173

Ileterorhizal, 135

Heterosporous. 3G9

Heterostyled, 844

Heterotropous, 332

Hexupetalous, 232
Hcxasepalous, 225
Hiddeu-veined, 157

Hilum, 31, 325, 333

Histology, 1, 21

Homoblastic, 347

Homodromous. 153

Homologous, 218, 349
— formations, 191

Homosporous, 366

Homotropous, 347
Hooded, 229
Hood-shaped, 174

Hooked hairs, 64

Horizontal ovule, 32G
— system, 57, 74

Horned oranges, 318

Horny albumen, 341

Horsetails, 367, 834

Host, 132
Hybridation, 844
Hybridisation, 844

Hybrids, B«—
' production of, 844

Hybrid alga;, 846
— ferns, 846
Hymenium, 3*2

Hvpanthodium, 198

Hyphas, C, 49

Hyphal tissue. 49

Hypocotyledonary axis,342,

343
Hvpocrateriform, 234

Hypoderma, 4S >
l l3 -

1,5

Hypodermic, 380

Hypogeal, 855
Hypogynous, 253. 2G6

Hypothecium, 389

Hvpsophvllary leaves, 140,

192

Ii.i.kgitimati! fertilisa-

tion, 844 •

Imbricate. 156. 220. 222

1 rubricated aestivation, 2 1 9,

220
Imparipinnnte, 170

Imperfect flower, 3G0

Impregnation, 830

Inactive spore, 830

Incision of leaves. 165

Included. 256

Incomplete flower, 355

Incumbent. 346

Incurved, 243

Indefinite inflorescence

200, 201
— ovules. 325

vascular bundles. 77

Indehiscent fruit. 21. < '1

— pericarp. 314, 31 H. BS0

Indeterminate inflores-

cence. 200. 201

Indian fig-tree. 131

Individual peculiarities

107
Induplicatc, 157, 219, 220,

221
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Indusium. 290, 3G5, 382

Induvia?, 141

Induviate, HI
Inferior calyx. 22", 280

— fruit, 298. 319
— ovary, 227, 280

— radicle, 348
— syncarpous fruit, 319

Indexed. 155

Inflorescence, 1", 191, 200

— axillary, 200. 201

— definite, 200, 201, 209, 21

S

— determinate, 200, 201,

209
_ indefinite. 200, 201, 202,

207. 21S
— indeterminate, 200, 201,

202— mixed. 217
— terminal. 200, 201, 209

Infra-axillary, 141

Infrutescences, 322

Iufundibuliform, 234

Innate, 248

Inner bark, 90

Inorganic compounds, 813

— constituents, 810

Insertion of. leaves, 146,

199
peduncle, 199

stamens, 253

Inside growers. 75, 96

Integuments of seed, 21,

334, 335
Integumentum externum,

329— internum, 329
— simplex, 329

Intercellular canals, 71,

789— passages, 71
— spaces, 71, 789
— substance, 73

— system, 71

Interlacing tissue. 48

Internal embryo, 346

— glands, 70
— organs, 17
— structure, 95, 102, 142

— svstem, 90

Internodes, 15, 103, 140

Interpetiolar, 184

Interruptedly pinnate, 176

Intine. 260, 261, 836

Intracellular circulation,

784
Intrafollaceous, 184

Introrse. 246

Inversely egg-shaped, 172
— heart-shaped, 173

Inverse ovule, 326
— seed, 334
Inverted embrjO, 347
— ovule, 332

Involucel, 194. 209

Involucre, 193, 194. 365

Involute, 156

Irregular. 225, 227, 232

— flower, 355

Irregular monopetalous
corolla, 235
— polypetalous corolla, 233

Irregularity, 362

Irritability, 863

Irritable, 864

Isoetacete, 370

Isoe'tes, 370
Ijomerous. 354
Isosporous, 366

Isostemenous, 253

Joint, 180
Jointed, 103
Jugate, uni-, 175, 176

— bi-, 175
— tri-, 175
— multi-, 176

Jungermannia, 9

Kahyokixesis, 778

Keel, 233

Kernel, 21, 334, 339

Kidney-stiaped, 173

Kinds'of branches. 113, 116

cells, 46
fruit, 309

inflorescence, 200, 202

207, 210
peduncle 197

placentation, 282

stems, 113, 116

stipules, 183

Kingdom, animal, 1

— mineral, 1

— vegetable, 1

Knob, 112

Knots, 106

Labiate, 235
Laciniated, 167

Lacnnic, 72

Lamella;, 291, 382

Lamina, 15, Ml, 143, 157

Lanceolate, 171, 231

Large spores, 369, 833

Lateral flowers, 200
— opening, 303

— style, 287

Latex, 56

Latex-sacs, 57
Laticiferous vessels, 66,

785
Lattice cells, 56

Layering, 118
Leaf-arrangement, 146

Leaf-buds, 1 t, 103
- defined, is, 140, 318

— development, 81

1

Leaf-stalk, 15, 1 11, 179

— traces, 96

Leaflets, 162

Leafy bracts, 192

— fruit. 299

Leaves of cormophytcs, 161

190

Leaves of dicotyledons,

169
internal structure of,

. 142— monocotyledons, 189

Legitimate fertilisation,

844
Legume, 310

Length of filament, 242

germination, 852

Lenticels, 92

Lenticular glands, 87

Lepidote, 65

Leukoplastids, 809

Lianas, 115

Liber, 90, 92
— cells, 50

Lichenes, 388

Lichens, 388

Lid, 308

Life of the plant, 812,

818
Lignin, 24

Ligulate, 236

Ligu'e, 181

Limb, 226, 233

Linear, 171, 173, 23L 219

Linear-lanceolate, 173

Linguiform, 174

Lipped, 235

Lirella;, 388

Lithocvsts, 35

Liverworts, 9, 375, 832

Lolied, 165

Lobes of anthers, 2 1

1

leaves, 165, 244
— stigma, 291

Loculi, 245, 276

Loculicidal, 303

Locusta, 197, 203

Lodicula:, 197

Lomcutaceous, 311, 317

Lomentum, 311

Longitudinal dehiscence,

251
— system, 57, 74

Luminosity of plants, 858

Lunate, 173
Lycopodiaceoe, 368, 834

Lymphatic hairs, 67

Lyrate, 107

Lyrately-pinnate, 176

Lyre-shaped, 167

Mack, 338

Macropodous, 313

Macrosporangia, 369, 370,

833
Macrospores, 369, 370, 833

Male, 20, 831
— apparatus, 836
— conceptacles, 397
— filament, 398

Maltinn of barley, 853

Mangrove-tree, 131

Many-celled, 276

Many-cleft, 165, 288

Many-lobed, 280
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Many-paired, 176
Many-ribbed, 1G0
Many-seeded, 334
Many-valved, 301
Mareescent, -'30, 240
Marchautia, 9, 777
Marginal placenta, 282
Margins of leaves, 140,

163
Marginal, 2S2
Marginate, 336
Marsilea, 37U
Marsileaeea:, 370, 832
Masked, 236
Mealy albumen, 341
Median prolineation, 294,

352
Medulla, 79, 80, 791
Medullary rays, 79, 88

functions of, 795— sheath, 79, 81
Megaspores, 369, 370, 833
Megasporaugium, 327, 3G9,

370, 833
Meiostemenous, 253
Melauophyll, 28
Membranous, 227
Mericarp, 305, 319
Merismatic, 774
Meristem, 8S, 774
Mesocarp, 298
Mesophyll, 144
Mesothecium, 246
Metabolism, 823
Metam jrphosis, 352
— ascending, 352
— descending, 352— direct, 352
— retrograde, 352
Metastasis, 8U4, 823
Micrococci, 387
Micropyhu- arlllus, 339

Micropyle, 328, 329, 330
Microsomata. 25

Microsporaugia, 369, 370,

833
Microspores, 258, 369, 371,

833
Midrib, 157
Milk vessels, 56

Mixed inflorescence, 217
— formation of leaves, 811

Monadelphous, 255, 356
Monandrous, 253
Monaster, 778
MonillXorm hairs, 04
— root, 1 38

Monochasial, 215
MonocUlamvdeous, 17, 230,

360
Monocotyledons, leaves Of,

189
— root of, 134

Monocotyledones, 1 -'. 9 12

Mom tyledonous, •> 12

embryo, 342
— germination, S54
— leaves, 189

— rout-, I'M

Mouocotyledonons stem, 78,

94, 96
— anomalous structure of,

99
Monoecious, 241, 372, 375
Monogynous, 273
Mouomerous, 279
Mouopetalous, 233, 356
Monopodial branching, 109
Monosepalous, 225, 356
Monospermous, 334
Monotha'amic, 322
Monstrosities, 351
Morphological botany, 1, 5

Morphology, 5

— general, 6, 348
Mosses, 372, 832
Mother cells, 258, 3G6, 372,

788
Mouth, 374
Movements in cells, 783
— of plants, 859

not periodical, 862,

865— — — periodical, 860,

864— of protoplasm, 25

Mucilaginous albumen, 341

Mucor, 6

Mucronate, 169

Mules, 844
Multicostate, 100
Multifld, 165, 288

Multifoliate, 178
Multijugate, 176

Multdlocular, 27C

Multiovnlate, 325
Multiple corolla, 239
— fruits, 312, 322
Mnltispermous, 334
Murifonn parenchyma, 48,

89
Musei, 372, 832

Mushrooms, 378
Mycelium, 38

1

Myosiu-globulin, 37

Naked bnd, 105
— bulb. 122
— flower, 18, 360
— mouthed, 374
— nucellus, 329
— nucleus. 329
— ovule, 325

Napiform root, 138

Natural history, 1

preference, 848

Nature of carpel, 268

cell, 22

Neck-cell, 838
Necklace-shaped, 61, 138

Nectariferous glands, 71

Nectaries, 71, 2 10

Needle-shaped, 171

Negative geotropism, 862
— heliotropism, 802

Nervation, 187

Nerves, 140, 113, 1 1 1, 157

Nettcd-veincd, 159
— venation, 159
Neuter, 241, 360
Node, 15, 140
Nodes, 14, 100
Nodulose root, 138
Non-adherent, 227
Non-articulated, 141
Non-development ot buds,

110
Nou-sexual, 367
Normal buds, 110
Nostoc, 392
Nucleoli, 27
Nucellus, 327
Nucleus, 27, 31, 327, 339— of seed, 21, 334

starch, 31

Nuculanium, 318
Nucule, 390, 392, 831

Number of ovules, 325
stamens, 253

Nursing leaves, 146

Nut. 319

Nut-like, 319

Obcoiidate, 173

Oblitpie leaf, 170
Oblong, 171, 231, 250
— cell, 37
Obovate, 172
Obsolete, 227
Obtuse, 169

Obvolute, 157, 345

Ochrea. 184

Octapetalous, 232
Oetastichous. 152

Odours of plants. 865

OBdogonium, 39S, 777

Offset, 117

Oily abumen, 311

Omphalodium. 333

One-celled, 246, 276, 297

One-lobed. 2S0
One-paired, 175

One-seeded. 334

One-valved. 301

Oogonin, 378. 379, 3S6. 395,

396. 397. 398
Oosperm. S40

Oosphere. 9. 20, 22, 328. 379,

396. 398, 838, 840

Oospore, 379, 396, 397,

399

Open vascular bundles, 77

Opercular, 253

Operculnte, 230, 262, 308

Operculum. 308, 374

Opposite leaves, 148, 119,

153
— stipules, 1S4

Orbicular, 173

Organic constituents, si 1

sources of, 814

— compounds, B18
— creation. 1

Orgauisable matter, 771

Organography, 5
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Cretins of nutrition, 13, 73,

790
reproduction, 14, 15,

190, 240, S2G
vegetation, 13, 765

Origin of placenta, 284

stoniata, 788

Original cell formation,

772
Orthotropous, 330, 333

Oseillatoria, 6

Osmose, 781

Ostiole, 389

Outer bark, 90

Outline of leaves, 169

Outside growers, 74

Oval, 171, 249, 250

— cell, 37— parenchyma, 47

Ovary, 19, 267, 279
— compound, 275, 279

— simple, 279

Ovate, 171, 231

lanceolate, 173

Ovularv spore, 370, 833

Ovule, 19, 324

Ovum-cell, 328

Pai^eostological botany,

2

Palate, 236

Palea:, 197, 203

Pales, 197, 203

Palisade parenchyma, 145

Palmate, 168, 178

Palmated root, 137

Palmate! y cleft, 168
— veined, 160, 176

Palmatifid, 167, 168

Palmatipartite, 167

Palmatisected, 167

Pandnriform, 167

Panicle, 206

Panicled corymb, 205
— cyme, 213
Papilionaceous, 233

Papilla;, 69

Pappose, 228
Pappus, 228

Parallel chorisis, 358
— formation of leaves, 811

veined, 159, 161

— venation, 160, 162

Paraphvses, 372, 383, 386,

389, 396, 397

Parasites, 132

Parenchyma, 47
— of leaves, 142, 144
— varieties of, 47
— functions of, 771

Parenchymatous cells, 39

— system, 57, 74, 90

Parent cells, 258

Parietal placenta, 282

Paripinnate, 176

Partial dehiscence, 316
— involucre, 191, 209
— petiole, 162, 180

Partial umbel, 209

Partite, 165, 225, 231, 233,

289
Partitions, 165, 275

Parts of the anther, 244

flower, 218
leaf, 141

stem, 794

Patulous, 225, 232

Pectinate, 167

Pectine, 848
Pectose, 849

Pectosic acid, 848

Pedate, 168, 178

Pedatifid, 168

Pedatipartite, 168

Pedatisected, 168

Pedicel, 16, 197

Peduncle, 15, 197
— duration of, 200

Peloria, 238

Peltate hairs, 65
— leaves, 147
— ovule, 326

Pendulous, 116, 243, 326, 334

Penicillium, 6

Pentagonal, 354

Peutamerous, 221, 354

Peutapetalous, 232

Pentasepalous, 225

Pentastichous, 151, 221

Pepo, 320
Pepperworts, 370, 832

Perennial herbs, 115
— leaves, 141
— roots, 133

Perfect fruit, 298

Perfoliate, 148

Perianth, 17, 223

Periblem, 126

Pericarp, 21, 298
Perichnstial, 372

Periderm, 91

Perigone, 372, 376

Perigonial, 372

Perigynous, 254, 266, 356

Periodical movements, 860.

864
Peripheral, 377

Peripherical, 346

Perisperm, 340, 341

Peristome, 374
Perithecia, 385

Permanent tissue, 88, 793

Persistent, 141,183,193,200,

230, 210, 287

Personate, 236

Petaloid, 17, 223, 227, 242,

289
Petals, 17, 230, 350

Petiolar stipules, 183

Petiolate, 146

Petiole, 15, 1 11, 113, 157,179

Petiolule, 162, 180

Peziza, 385

Phanerogomia, 12, 190

Phanerogamous, 11, 190

Phanerogams, 1

1

Phelloderma, 90, 91

Phellogen, 92

Phloem, 76, 90, 794

Phragmata, 277

Phycocyan, 29

Phyooerythrin, 28

Phycomycetes, 378

Phyllaries, 194

PhVlloclade, 199

Phyllocyanin, 28

Phyllode, 187

Phyllodia, 187
Phvlloid peduncle, 1 99

Phyllome, 15, 140, 796

Phyllotaxis, 148, 200
— of natural orders, 154

Phylloxanthein, 808

Phylloxanthin, 2S

Physiological botany, 1, 770

Physiology, 770
— of the elementary struc-

tures, 771
organs of nutrition,

790
reproduction,

826
root. 790

Phytons, 106

Pileorhiza, 126, 128, 792,

839
Pileus, 381

Pilose, 228
Pilularia, 371

Pinna;, 175

Pinnate, 175
— with an odd leaflet,

176
Piunately-veined, 159, 174

Pinnatifl'd, 166, 231

Pinnatipartite, 166, 231

Pinnatisected, 166

Pinnules, 176

Pistil, 19, 266, 272

Pistillate, 20, 360

Pistillidia, 372, 375, 831

Pitchers, 188

Pith, 79, 80
— functions of, 794

Pitted cellular tissue, 48
— cells, 42, 48
— tissue, 48

vtissclri 51

Placenta, 'l9, 267, 270, 281

Placentation, 281

Placentiferous, 306

Placentiform root, 139

Placentoid, 247

i'lant in action, 818

Plants, odours of, 865

Plaited, 155, 220

Plasmodium, 2

Plastids, 809

Plerome, 126

Plicate, 155, 220

Plumose, 228
Plumule, 12, 342, 313

Pod, 310
Podetium, 389

Podium, 109

Pollarded trees, ill
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Pollen, 19, 258. 83G
— cells. 19, 259
— development of, 258
— grain-;, 1!)

— sporangia, 791
— spores, 371
— structure of. 260
— - tube, 264
Pollination, 20, 84 1

Polliuia, 2G0
Polyadelphous, 256, 356

Polycotyledonous, 344
Polygamous, 241
Polygonal cell, 38

Polyhedral parenchyma, 48

Polynierous, 279
Polypetalous, 232, 233

Polyphyllous, 225

Polysepalous 225

Polystemenous, 253
Polythalamic, 322

Pome, 321

Pore, 261, 389
Pore cells, 61

Porous cells, 42
— dehiscence. 252, 302,

308
Position of ovules, 326

stamens, 253

Positive geotropism, 862
— heliotropism, 862

Pignoration, 157. 218

Prsefoliation, 155, 218 *

Prsemorse leaf, 169
— root, 119, 139

Prepotent, 845

Prickles, 66

Primary axis, is?
— meristem, 793
— root, 125

Primine, 329, 839
Primordial cell, 22. 32S

— leaves, 146, 853
— utricle, 22, 20

Prismatic cell, 39

— leaf, 174

Procambium, 126

Process of germination,

853
Procumbent, 1 It

Production of hybrids, 844

Pro-embryo, 831, 830

Progressive, 77. 210

Proliferous, 111

Prolifieation, 352

Prosenchyma, 19

— varieties of, 49

Prosenchymatous cells, 39,

785
Prostrate, 114

Protandroua, 843

Proteid grains, 3«

Protoine crystals, 30

Prothallium, 30 I, 366, 367

Prothallus, 304

Protista, l

PrOtoooocus, 6, 771

Protogynous, 844

Protonema, 375, 377, 832

Protoplasm, 22, 24. 771
- movements of, 25

Protruding, 256
Pseud-axis, 109

Pseudo-bulb, 114

Pseudocarp, 204, 296, 322
Pseudo-embryo, t

Pseudo pareDohyma, 49

Puccinia, 380
Putfball, 779
Pulvinus, 181

Punetum vegetatiouis, 96,

792, 795

Putamen, 299

Pycnidia, 389

Pyramidal leaf, 174

Pyreue, 299
Pyxis, 316, 320

QUADRIFID, 288
Quadrifoliate, 177

QuadriEurcate, 250
Quadrilooular, 245, 276

.Quadriuate, 177
Quadriovulate, 325

Quadripartite, 2SU

Quadrispermous, 334
Quaternary, 354
Quinary, 221, 354
Quinate, 177

Quincuucial, 151, 220, 221,

222
Quinquecostate, 160
Quinquedeutate, 225

Quinquefld, 165, 167, 225,

288
Quinquefoliate, 177

Quinquelocular, 276

Qn inqueovulate, 325

Quinquepartite, 225
Quinquespernious, 334

Quintuple-ribbed, 1 60

Quintupli-costate, 160

Raceme, 204
Racemose, 110
— corymb, 205
— cyme, 213
Raohis, 102. 180, 198

Radiated veined, 1 on

Radical leaves, 146
— peduncle, 198

Radicle, 12. 342, 343

Rauial leaves, 1 16

Ramenta, 65

Ramentaceous bail's, 65

Ramification, 108

Ramified ''''Us. 43

Raphe, 332

Raphian arillus, 339

Raphides, 83

Raphldiferous,
">"'

Rapids-bearing, 35

Rapidity of cell-production,

779
Receptacle, 17, 198, 265,

I 292, 381, 396

Receptacles of secretion,

72, 789
Reclinate, 155, 345
— ovule. 326
Rectiserial, 153

Recurved, 243
Red snow plant, 6. 771
Reduplicate, 219. 220
Reflexed, 225, 232
Regma, 317
Regressive, 210
Regular, 225, 227, 232
— buds, 110
— flower, 355
— mouopetalous corolla,

233— parenchyma, 48, 80
— polvpetalous corolla,

233
Rejuvenescence, 777
Reliquire, 141

Renewal of cell, 777
Reniform, 173

Eeplum, 277, 306, 317
Reproduction of :—— Alga;, 830
— Angiospermia, 839
— Cliaraceie, 831— Cormophytes, 831
— Cryptogamia. 829
— Equisetacea}, 834
— Filices, 834
— Gymnospermia, 836
— Hepaticaceas, 832
— Lycopodiacere, 834
— Marsileacea:, 832
— Musci, 832
— Phauerogamia. 836
— Rhizocarpea:, 832
— Selagiuellaceu.'. S33
— Thallophytes, 829

Reproductive organs of :—
Alga;, 392

Characea:, 390
Cormophytes. 364

Equisetacea;. 367

Filices, 365

Fungi, 385
Hepaticacea;. 375

Lichenes, 388

Lycopodiacea". 368

Marsileacea?, 370

Musci. 372
Selaginellacea'. 369

Thallophytes. .'i7S

Respiration, 4, 801. 823

Resting spores, 830

Reticulated cells, 46

— veined, 159
— venation, 159, 162

— vessels, 65

Hetinacula, 260

Retrograde tnctamorphn - 1

«

352
Rctrosermte. 164

Ret use, 169

Revolute, 156

Revolving nutation. 860

Rulrocarpere, 371, 832
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Rhizoid, 831

Rhizome, 1 18

Ribbed venation, 160

Ribs, 157

Rind, false, 95, 96, 102

Ringed cells, 45

Rinsent, 236

Ripening of fruits, 849

Rolled leaves, 155. 156,

157
Root, 13, 14, 125, 790
— distinctive characters of,

128
Root-cap. 126, 128

Root-hairs, 60, 67. 127

Root-pressure, 791. 822

Root-sheath, 132, 855

Rootstock, 11S

Rosaceous, 233

Rostellum, 260

Rotate, 235

Rotation, 784

Rotation of crops, 817

Rounded cell, 37

— leaf. 173
— lobes, 249
Roundish ovate, 173

Round parenchyma, 47

Ruminated, 341

Ruucinate, 167

Runner, 117

Rupturing, 308

Saccate, 229, 237

Sagittate, 173. 250

Salver-shaped, 234

Salvinia, 371
Samara, 315

Sap, 27, 820
Saprophytes, 133

Sapwood, 85

Sarcocarp, 299

Sarcoderm, 326

Scalariform vessels, 55

Scales, 65, 1U4, 105, 140, 193,

196
Scaly bracts, 193
— buds, 105
— bulb, 122

Scape, 198

Scars of leaves, 141, 180

ferns, 101

Schizocarps, 305

Sclerenchyma, 48, 78, 95,

102
Sclerenchymatons, 42

Sclerotium, 384

Scorpioid cyme, 213, 215,

216
— dichotomy, 110

Scurf, 65
Seaweeds, 392

Secondary axis, 197
— embryo-sacs, 837
— medullary ravs. 89

— meristem, 793, 794
— products, 824
— root, 125, 128, 135

Secretion, 823

Secretions. 804

Sected, 165, 231

Secund, 215

Secundine, 329, 83?

Seed, 11, 20, 298, 333,

860— preservation of, S51

— transportation of, S51

— vitality of, S50

Seed-bud. 325

Seed-nucleus, 334

Segment cell, 795

Segments, 165

Selagiuellacea?, 3G9, 833

Selagiuellas, 3G9, 833

Selecting power of roots,

791
Self-fertilisation, 843

Semi-double flowers, 362

Semi-nude ovule, 325

Sepals, 17, 222, 349

Septernfid, 165

Septemfoliate, 177

Septenate, 177
Septicldal, 3(i3

Septifragal, 303, 305

Series, 150

Serrate, 164, 231

Serrulate, 164

Sessile, 267
— anther, 19, 242
— flowers, 204
— leaves. 15, 142, 147, 179

— ovary, 279
— ovule, 325
— pappus, 228
— sepal, 231— seed, 333
— stigma, 290

Seta, 373
Setaceous, 66

Seta?, 66

Setose, 66
Seven-cleft, 165

Sexual filament, 398
— generation, 367

Sexuality of plants, 829

Sharp-poiuted, 169

Sheath, 141. 181

Sheathing, 147

Shell, 20, 298

Shield-like, 65

cells, 391—shaped, 1 11

Shrubs 115

Sieve cells. 56
— tubes, 55, 786
— vessels, 55

Silicula, 317

Siliqua. 317
Siliquipform capsule, 317

Silver-grain. 89

Simple corolla, 239

— corymb, 205
— fruits, 297, 309
— gynoeeium, 272
— hairs, 63
— leaves, 142, 1G2, 163

Simple ovary, 279, 280
— pappus, 228

—•petiole, 179
— pistil, 267
— spiral vessels, 52
— style. 288
Siimated, 164
Sinuous, 249

Sister cells, 788

Size of cells, 41
dicotyledonous trees,

87
Skeleton leaves. 144

Small spores, 369, 371, 833

Soft bast, 90

Solitary axillary flower, 201
— terminal flower, 209

Solubility, 3S0
Soredia, 390
Sori, 365
Sorosis, 323
Sources of food, 813

Spadix, 203
Spathaceous bracts, 196

Spathe, 196

Spathellse, 196

Spathulate, 172

Special functions of the

stem, 794
— mother cells, 259
— phenomena, 855
— physiology, 771

Specific identity, 107

Spermatia, 389

Spermatophores, 389

Sperm-cells, 366, 372, 835

Spermogonia, 380. 389

Spermophore, 281

Spbacelia, 384
Spbferaphides, 35

Sphalerooaxpium, 323

Spherical cell, 37

Spike, 202
Spiked cyme, 213

Spikelet, 197, 203

Spine, 107
Spines of leaves, 185

Spiral cells, 45
— aestivation, 219, 220
— vernation, 156
— vesse's, 52, 101
Spirilla. 387

Spirogvra, 393, 778

Spongelet, 126
Spongiform parenchyma,
47

Spongiole, 126
Sporangium, 6, 365, 367,

369, 370, 373, 377, 830

Spores, 11, 364
Sporocarp, 370
Sphorophore, 367

Spreading branches, 116
Spur, 237
Spurious fruit, 296, 322.

846
— trachete, 55

Spurred, 229, 237

I
Squanue, 193
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Squamous, 103

Squamulse, 197
Stalk, 157, 381
Stalked, 146, 228, 279,

333
Stalklets, 162, 180
Stamens, 18, 241, 253, 350
Staminate, 20, 360

Starai nodes. 242

Standard, 233
Starch, 4, 29— granules, 30

compound, 33
— nucleus, 31

Starchy albumen, 341

Stellate hairs, 64
— cell, 38
— parenchyma, 47
Stem, 14, 73, 793
— defined, 73— distinctive characters of,

128— internal structure of,

74
— modifications of, 117

Stemless, 74

Sterigmata, 389

Sterile, 241
Stigma, 19, 267, 271, 290

Stigniatic fluid, 271

Sting, 69

Stipe. 115, 381

Stipellate, 183

Stipels, 183

Stipitate, 228, 279

Stipular, 157
— portion, 141

Stipulate, 182

Stipules. 15, 141, 182

Stolon, 118
Stoloniferous, 118

Stoma, 61, 374

Stomata, 61. 787

Stomatal cells, 61

Stomates, 61

Stone, 299
Stone-fruit, 311

Storing of nutriment by
roots. 792

Straight ovule, 330

Straight-veined, 161

Strap-shaped, 236

Strobile, 204, 323

Strobilus, 204. 323

Strophioles, 338

Structural botany, 1, 5

Structure of anther, 246

carpel, 269
cell-wall, 42

ovule, 327
pollen, 260
seed, 334

Struma, 1RI. 374

Style, 20, 207, 270, 286]

Stylopodium, 265

St'vlospores, 389

Suberoua layer of bark, 90,

91
Sub-hybrids, 845

Sub-hymenial layer, 382
Submersed leaves, 145

structure of, 145
Sub-rotund, 173
Subterranean modifications

of stems. 119
Subulate, 171
Succulent, 15, 140, 145
Sucker, 118
Summit growers, 75

Superficial plaeeutation,

283
Superior calyx, 227, 280, 356
— fruit, 298. 314
— ovarv, 227. 280
— radicle, 348— syncarpous fruits, 314
Superposed, 327
Supervolute, 157
Suppression, 360, 361
Snpra-axillarv, 141

Surculose, 118
Surface of style, 289

testa, 335

Suspended ovule, 326
— seed, 334
Suspensor, 839. 842

Sutural, 251, 282, 303

Sutures, 246, 300
Swarm-spore, 379
Syconus, 324
Symmetrical flower, 353

Symmetry of flower, 353
Sympodial, 109

Sympodium, 109

Synantherous, 255. 356

Syncarpous. 19. 356
— fruits, 297, 314, 319
— pistil. 19. 272, 274
Synergidne, 328. 840

Syngeuesious, 255, 356

Synochreate, 184

Systematic botany, 1

Tabulae cells, 39

— parenchyma, 48, 89

Tailed, 295
Taper-pointed, 169

Tapetum, 246, 258
Tap-root, 130

Tegmen. 21, 337
Tegmenta, 105, 183

Tela-contexta, 48

Teleutospores, 381

Tendril, 108
Tendrils of leaves, 186

Teratology, 356

Terminal inflorescence, 200,

201, 209
Ternary, 254
Ternate, 177
Tertiary axis, 197

Testa, 21, 335
Tctradynnmous, 268

Tetragonal, 354

Tetramerous, 279, 354

Tetrandrous, 253

Tetrapetalous, 232

Tetrasepalous, 225
Texture of testa, 335
Thalamium. 389
Thalamus, 17, 205, 292
Thallogens. 7

Thallome, 7
Thalloplivta, 12
Thallophvtes, 7, 11

Thalhis, 7

Theca?, 365

Theoretical structure of

the flower, 348
Thorn, 107
Three-celled, 276— cleft. 165. 225. 288
— lohed. 165. 280
— paired, 1 75— partite. 225— ranked, 152
— ribbed, 160
— seeded. 334— toothed, 225— valved. 301

Throat, 226. 233
Tin-loses, 52

Thvrse, 207
Thvrsus. 207

Tigelle. 12. 342, 343
Tigellum, 12. 342, 343
Tonoblast, 22
Toothed, 164, 225, 233,

242
Torus, 265, 292

Tracheal 53
— spurious, 55

Tracheides, 46
Trachenchyma, 53

Trama. 382

Transformation. 362

Transmission, 781

Transpiration. 796

Transplanting, 790

Transporting seeds. 851

Transverse dehiscence, 251,

302, 307, 316
— chorisis, 358
— ovule. 332

Tree. 115
Triadelphous. 256

Triandrous, 253

Triangular, 354

Trichomes, 63

Tricoccous, 305

Trioostnte, 160
Tridentate, 226

Trifid, 105, 107, 225, 288,

290
Trifoliate, 177

Trigonal. 354

Trigynons. 273

Trijugate, 175

Trilobate, 290

Trilocular, 276
Trimerous, 279. 354

Trimorphic, B 1

1

Triovulate, 325

Tripartite, 165, 167, 225,

389
Tripctalous, 232
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Tripinnate, 176

Tripinnatind, 167

Tripinnatipartite, 167

Tripinnatisected, 167

Triple-ribbed, 160

Triplieostate. 160

Trisected, 165. 167

Trisepalous, 225

Trispermous. 334

Tristiohous, 152

Triternaie, 178

True arillus, 333. 339
— bast tissue. 90
— dichotomy, 103
— fruit, 846
— netted venation, 160
— raphides, 35
— root. 125, 134
Truncate, 169

Truncated root, 139

Trunk, 115

Tryma, 318
Tube, 226, 233
Tuber, 120
Tuberculated root, 137

Tubercule, 137

Tubular. 227, 231, 233
— leaf. 174
Tuft, 149
Tufted leaves. 149
— root, 137

Tunic, 122
Tunicated bulb, 122

Turgescence, 782

Turgidity, 782
Turpentine vessels, 72

Twigs, 108
Twining, 115
Twisted aestivation, 220
— corolla, 221, 222
— root, 139
— vernation, 156

Two-celled, 246. 276
— cleft, 165, 288
— lobed, 165, 230
— menibered, 354
— paired, 175
— ranked, 151, 354
— seeded, 334
— valved, 301

Tyloses, 52

Tympanum, 374

UlfBBp, 208
Umbelliferous, 208

Umbellule, 209

Uncinate, 84

Undershrub, 115

Undulated, 164
Unequal leaf. 170
Unequally pinnate, 176

Unguiculate, 231

Unguis, 231
Uuijugate, 175, 176
Unilateral. 215
Unilocular. 246. 276. 298

Union of stamens, 255

Uniparous, 215
Unisexual, 20, 240, 360
Unlining, 356

Unsymmetrical, 353
Uovili, 112

Urceolate, 235
Uredo-fruits, 330

Uredo-spores. 330

Urn-shaped, 174, 235
Utricle, 311
Utricular vessels, 57

Vacuoles, 22

Vaginule. 373, 377
Valvate. 156, 219, 221

Valves, 301

Valvular dehiscence, 253,

302
Vai ieties of aestivation, 219,

220
bracts, 193

Vascular bundles, 76
closed, 78
definite, 78

indefinite, 77

open, 77

progressive, 77
— plants, 8

Vaucheria, 394
Vegetable histology, 1, 5,

21— mucilage, 771
— respiration, 801

Veil, 382
Veins, 140, 143, 144, 157,

153
Veinless, 157

Veinlets, 158

Velamen radicum, 132

Venation, 144, 157
— o£ leaves of cormo-

phytes, 161
— modifications of, 158,

159
— true netted, 160

Venation, varieties of, 159,

160
Ventral suture, 268, 300
Vernation, 155, 200, 218
Versatile, 248
Vertical system, 57, 74
— chorisis, 358
Verticil, 148
Verticillaster, 216, 217
Verticillate, 148
Vesicular vessels, 57, 786
Vessels, 51— functions of, 785
Vexillarv, 220, 221
Vexillum, 221, 233
Vital force, 24
Vitality of seeds, 850
Vitellin-globulin, 37

Vitellus, 337
Vittae, 72
Volatile constituents. 813,

814
Volva, 382

Wall of pollen-cell, 260

Wardian cases, 806

Warts, 69

Water-pores, 789, 799

Waterv vapour, exhalation
of, 796

Wavy, 164
Wedge-shaped, 172
Weeping, 116
Wheel-shaped, 235

Whorl, 148, 362

Whorled, 148, 149, 153, 201

Wing, 182, 233

Winged, 182, 336
Wood-cells, 50
Wood, structure of, 79

81— formation of, 794
— functions of, 794
Woody fibres, 49
— parenchyma, 91

— tissue, 49, 50
of the liber, 50, 90

Xaxtihc, 828
Xylem, 76, 81, 794

Zones of wood, 82

Zoogonidia. 395
Zoospores, 379, 395. 398

Zygospore, 394, 777, 830
Zymogeuous, 387
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Abbreviations, 408

Abelmoschusj 478

Abies, 744
Abieteae, 742

Ablaluz, 721

Abrus, 531

Abortive plant, 630

A bsinthe, 586

Abuta, 438
Abutilon, 477,

Acacia, 530, 538

—bark, 538

Actena, 544

Aealypha, 673

AcanthaceEe, 633

Acanthus, 638

Acer, 521

AceraceiE, 520

Achillea, 506

Achlya, 767

Achras, 600, 610

Achyrantlics, 649

Aokawa nutmeg, 657

Acouitum, 431, 433

AcoreeE, 715

Acorn, 686

Acorns, 717

AcrampMlDrya, 420

Acrobrya, 420

Acrodiclidium, 657

Acrostic-bum, 748

Aottea, 432

Adam's needle, 722

Adansonia, 180

Adder's bonjrue, 748, < 19

A.den aloes, 721

Adeuandra, 500

AdenantUera, 539

Adiantum, 748

Adriatic oak, 686

iEgiceras, 609

.aSgilops, 735

.Eg.e, 500
^sclivnomeue, 531

^Iscuiu*, 519

jEthusa, 578

African bdellium, 507

— cubebs, 679
— elemi, 507
— hemp, 721
— kino, 534
— millet, 737
— myrrh, 506
— oak, 675
— olibanum, 507
— rubber, 616
— saffron, 634
— teak, 675
— tagacanth, 481

Agallochum, 660

Agar-agar. 768

Agaricus, 757, 759

Agathophyllum, 657

Agathotes, 021

Agave, 70

1

Aglaia, 508

Agrlmonia, 5 13

Aguamiel, 705

Aguardiente do Maguey,

705
AhaVim, 660

Ahaloth, 660

Ailanthus. 504

Ajowan, 575, 013

A]wain, 575

Akec-frnit, 610

Ak fibres, 618
Aka, 556
Alangiaoese, 579

Alangium, 580
— order, 670

Alanguilan, 430
Alaria, 706, 7G7
Albardin, 737

Alohemilla, 544

Alcomoque bark, 192, 532,

680
Alder. 608
Aleoxylon. 600
Aletris, 700

Aleurites, 073_
Alexanders, 575

Alexandrian senna, 530
— wormsced, 500

Alfa, 738
Alga, 709

Algffi, 704

—, cdlb'.c, 766

Algaroba, 539

Algarobilla 539

Algerian rose oil. 495

A'guc de Java, 700

Alhagi, 531

Alisinn, 708
Alismacea1

, 708

Alkanet, 684

Alkanna, 500, 624

Alligator pear, 430, C59

Allium, 720

Allspice, 556

Almond, 543— bitter, 512
— powder, 542
— sweet, 642
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Almouil tree, 542

Alnus-, 608

Aloe, 660, 720
— tibre. 704

Aloes, 660, 720
— wood, 660

AJoysia, 639

Alpiuia, 693

AlsineiB, 464
AlsoileiB, 456
Alstouia, 615
— bark. 615
Alstrcemeria, 704, 705

Althaea, 477

Altingia, 551

Alum root, 495, 546

Alva marina, 709

Alyxia, 615
Amadou, 761

Amanita, 759
Aniarantacere, 649

Amaranth order, 649

Amarantus, 649

Amaryllidaceae, 703

Amaryllis, 703

Ama-tsja, 548
Amelanchier, 544

Amputates, 668

American aloe, 704
— alcornoque, 492, 532
— balm of Gilead, 507
— calumba, 621
— centaury, 621
— colocyntli, 568
— cranberry 603
— deal, 743
— ginseng, 578
— hellebore, 724
— horsechestnut, 519
— Indian hemp, 615
— ipecacuanha. 543, 674
— nutmegs, 436
— pennyroyal, 642
— plants, 604
— sarsaparilla, 578
— senna, 536
— tobacco, 632
— wintergreen oil, 605
— wormsced, 650
Amraannia, 560

Ammoniacum, 576

Amomales, 693

Amomum, 694
Ampelopsis, 517
Amphibrya, 420
Amygdalus, 542
Amylum, 737, 738
Amyridacea?, 506
Amyris, 506
Anncardiaceae, 522
Anacardium, 522
Anacuhuite wood, 625
Anacyclua, 596
Anagyris, 530
Anamirta, 437
Ananassa, 697
Anastatica, 450
Anchusa, 616
Auda, 673

Andaman red-wood, 535

Andira, 531
Andraoaceae, 754
Andneeas, 754
Andrographis, 638

Andromeda, 604
Andromedeae, 604

Andropogon 735, 736

Androssemum, 470
Anemone, 433
Anemoneae, 431
Anemopsis, 6S0
Anesorhiza, 574
Anethum, 575
Angelica, 575
— tree, 578
Angiospermia, 429

Angola grass, 737
— copal, 538
Angra?cum, 699
Angustura bark, 503

Anime, 538
Anise, 575
Anisomelos, 642

Anjudau, 577
Anuatto, 458
Aunulated ipecacuanha,

586
Anona, 436
Anonacete, 436
Auophyta, 420
Anthemis, 596
Authistiria, 735
Anthocerotae, 755

Anthriscus, 574
Antiaris, 666
Antidesma, 677
Anti-fat, 768
Antsjar, 666
Apiol, 574
Apium, 574
Aplopappus, 563, 596
Aplotaxis, 590

Apocarpae, 707
Apocynaceas, 614
Apocynum. 615

Apostasia, 700
Apostasiaceas, 700
Appalachian tea, 512, 585

Apple. 545
— of Sodom, 687
Apricot, 542
Aqua Naplu. 501

Aquifoliaceie, 511

Aquilaria, 660
Aquilariacea;, S60
Aquilegia, 433
Arabian myrrh, 506
— olibanum, 507
— senna, 536
Araceae, 715
Arachis, 531, 535
Ara'es, 714
Aralia, 578
AraliaeeiE, 577
Araroba, 531

Ara ruta, 695

Ami tree, 742,

Araucaria, 742

Arbuteae, 604
Arohangelioa, 575

Arctium, 596
Avcfcostaphylos, 604

Areca, 711— charcoal, 711
— nut, 711
Arenga, 711

Areng palm, 711
Ai-gania, 609

Argel leaves, 618
Argemone, 445

Arillode, 656

Ai'is83ma, 717
Aristolochia, 682
Aristo'ochiaceEe, 681

Aristotelia, 484
Armeria, 607
Armoracia, 451
Arnatto, 458— order. 457
Arnica, 596
— root. 596

Aro, 639
AroidaceaB, 715
Aroidete, 715
Aromatic umbelliferse

Arrack, 712, 737
Arracacha, 498, 574
Ai'row-grass. 708

Arrow-root, 746
— East Indian, 694
— English, 630
— Florida, 746— Portland, 717
— West Indian, 695

Artanthe, 678
Artemisia. 596

Artichoke, 597
Artocarpaceaa, 665
Artocarpus, 666
Arum, 715, 717
Arundo, 735

Asagrrea, 723
Asarabacca, 682

Asarales, 681
Asarum, 682
Asclepiadaceae, 616

Asclepias, 617
Ash, 613
Asparagece, 720
Asparagus, 721
Aspergillus, 758, 760
Asphodelus. 721

Aspidium, 748
Aspidosperma, 615
Asafoetida. 577
Assam rubber, 664
Asteracete, 551

Asterales, 589
Asteroideas, 594
Astragalus, 531
Astroloma, 606
Atap, 715
Atees, 432
Atherosperma, 655

A.therospermacece. 65

K(iS, 432
Atriplex, 650



882 INDEX TO SYSTEMATIC BOTANY.

Atropa, 031

Atropete, 629, G31

Attalea, 712
Attar of rose, 544

Aubergines, 631

A ucklandia. 59S

Aurantiese, 500
Australian alstonia bark,

615— copal, 742
— dammar, 742
— gum, 538

|— kino, 555
— manna, 555
— sassafras, 655

Ava, 679

Arena, 735

Averrhoa, 498

Avicennia, 640

Avignon berries, 515

Avocado pear, 659

Ayer-ayer, 508

Azadirachta, 508

Azalea, 604

BA BLAH, 538

Babul bark, 538

Bacteria 759, 760

Bael, 500
Babia piassaba, 712

Balanites, 506
Balanopbora, 688, 689

Balanophoracese, 688

Balatas, 610
Balaustina flowers, 556

Balaustion, 556

Bald-money, 575

Balm, 507, 642
— of fir, 744

Gilead, 507

Mecca, 507

Balsaminaceas, 495

Balsamito, 534

Balsamodendron, 506

Ba1 sam order, 495

— tree, 470
— of Acoucbi, 508

copaiba, 537

Peru, 584

Toln, 534

TJmiri, 492

Bamboo, 736

Bambusa, 736

Banana, 695, 696

Bancoul nut, 673

Bandakai, 478

Banda paper, 479

Bandoline, 768

Baneberry, 432

Bang, 665

BHObab tree, 480

Baphia, 535

Baptisla, 532

Barbadoes aloes, 720

— cberries, 492

— gooseberry, 670

Barbary wormseed, 697

Barberry, 438, 439

Barcelona nuts, 686

Barilla, 650
Bark brend, 743

Barley, 736
— sugar, 738
Barosma, 500

Barricarri seeds, 539

Barringtonia, 557
Barringtoniacea?. 557

Barus camphor, 475

Barwood, 535

Basella, 651
Basellaces, 651

Bassia, 6U9, 610

Bast, 485
— Cuba, 479

Bastard ebony, 611
— ipecacuanha, 617
— - French physic nut, 675

— myrobalans, 553

— saffron, 597

Batatas, 627
Batidaceae, 654

Batis, 654
Battledore barley, 737

Bauhinia, 535

Bay-berry, 556, 658

Baycuru, 607

Bay rum. 556

Bdellium, 507

Beam-tree, 545

Bean-caper, 492, 494

Beans, 530
Bearberry, 604

Beatsonia, 463

Beaver-tree, 435

Bebeeru, 658
— bark, 658
— seeds, 659

Bedda nuts, 553

Beech, G86
— - mast, 686

Beef-wood, 537, 670

Beet, 650
— root, 650

Begonia, 568

Begoniaeesa, 568

Behar cotton, 478

Bejetlan, 508

Belladonna, 631

Belleric myrobalans, 553

Bell-pepper, 630

Belvisia, 558
Belvisiacens, 558

Bencao de Deos, 477

Bendikai, 478

Bengal gram, 532

— hemp, 532

— kino, 532

Benjamin-tree, 612

Beune oil, 037

Ben-nuts, 625

Benzoin, 612

BerberidaceEe, 438

Bcrbcrlne-tree, 436

Berberis, 439

Bere, 736

Bergamot, 502

Bcrgera. 503

Bermuda arrow-root, 695

Bcrthelotia, 697
Bertholletia, 557

Beta. 650
Betel, 589, 711

Betel nut. 711
— catechu, 711
— palm, 71

1

— pepper, 079

Beth-root, 721

Betterave a sucre, C5U

Betu'a, 008
Betulacea;, 668
Betuleae, 685
Bevilacqua. 575

Bhadlee, 737

Bhang, 665

Bibiru bark, 058

Bicarpellate, 612, 045

Bigg, 73G
Bijrnonia, 637
— order, 036
Bignoniacea1

,
636

Bikh, 431
Bilberry, 603

Billardiera, 459

Billbergia, 697

Bindweed, 627

Birch tar oil, 668
— wine, 668

Bird cherry, 543

— lime, 512
— pepper, 630

Birthwort, 681. 682

Biscuit roots, 721

Bish, 431

Bissa bM. 506

Bistort, 653

Biting stonecrop, 549

Bitter almond, 542

essential oil of, 543

— apple, 567
— ash, 505
— cassava, 675
— cups, 505
_ oil, 470
— orange, 501

— sweet, 630
— vetch, 630
— wood. 437, 505

Bixa, 458
Bixacene, 457

Bizorres, 465

Black alder, 515

— alder bark, 612

— aloes, 721
— amadou, 761

— berry, 544

— birch, OOF
— brvony, 706

— bully, 009
— catechu, 538

— cummin. 433

— currant, 548

— dammar. 175, 507

_ drink, 512

— ebony, 611

ginger, 694

_ hellebore, 432
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Black ipecacuanha, ; 88
— mustard, 451

nightshade, 630
— oak, 686
— pepper, 679
— pitch, 743
— Spanish nuts, 686

spruce fir, 744
— tea, 472
— thorn, 542
— varnish, 523

af Sylhet, 523, 524
— walnut, 685
— whortleberry, 603
— wood, 533
Blackberry, 544
Black boy gum, 722

Bladderlocks, 767
Bladder-nut order, 521
— senna, 532
Blighia, 519

Blimbing, 498
Blood-red orange, 501
— root, 446, 705

Blue cohosh, 440
— flag, 703— galls, 687
Blumea, 597
— camphor, 597

Boehmeria, 662
Boerhaavia, 649
Bog-bean, 621
— mosses, 754
— myrtle, 669
— onion, 749
— whortleberry, 603

Boi, 577

Bois-tan, 492
Boldo, 655
Boldoa, 655
Boletus, 760, 761

Bombax, 481
Bombay mastich, 523
- senna, 536
Bombyx, 504
Bonducella, 525
Bonnet pepper, 630

Bookum wood, 536
Borage, 624
— order, 623
Boraginacea3, 623
Borago, 024
Borassus, 712
Borneo camphor, 474
— rubber, 616
Boswcllia, 507
Botany Bay kino, 555

oak, 670
resin, 722

Botrytis, 759, 760
Bottle gourd, 567
Bourbon cotton, 478
— tea, 699
Bouza, 736, 737
Bowdichia, 532
Bowstring hemp, 721
Box-tree, 673
Bragantia, 682
Brake, 749

Brasenia, 441
Brassica, 450

Brayera, 543
Brazil etto wood, 530, 536

Brazilian arrow-root, 675
— chip hats, 712— clove-bark, 658
— cocoa, 519
— copal, 538
— cotton, 478
— elemi, 507
— grass hats, 712
— holly, 512
— nutmeg, 658
— rhatauy, 461
— sarsaparilla, 725
— sassafras, 659
— tea, 639
— wax, 713
Brazil nut, 557

tree, 557
— wood, 536

Bread fruit, 665, 666
— nuts, 667
Breakstone, 544
Brexia, 547
Briar-root pipes, 605

Brinjals, 631

Bristle wort, 729

British gum, 630
— oak, 686
Broad beans, 530
Broccoli, 451
Bromelia, 696, 697

Bromeliaeea?, 696

Bromus, 734
Broom, 530, 532
— rape, 634

Brosimum, 666
Broussonetia, 613

Brown Barbary gum, 53S

Brown-coloured algiE, 70 1

— Indian hemp, 479
— rhatany, 461
— tamarinds, 537

Brucea, 501
Brunia, 551
Bruniaceo!, 551

Brunonia, 600
Brunouiacese, 600
Bryaccse, 754
Bryeoe, 754
Bryonia, 507, 568

Bryony, 706
Buchu. 500
Buck-bean, 621
--- eye, 519
Buckthorn, 514, 515
Buckwheat, 652
Bukkum wood, 536

Bullace, 542
Bully- tree, 537, 610_ _ wood, 009

Bulrush order, 715

Bulrushes, 732

Bulrush of the Ni'c, 732

Bunchosia, 492
Bunium, 574
Burgundy pitch, 744

Burmannia, 700
Burmanniacese, 700
Bursera, 507
Burseracete, 506
Bush tea, 532
Bnssorah galls, 687
Butcher's broom, 721
Butea, 532
— gum, 532
Butemaceos, 707
Butomus, 707
Buttercup order, 42fl

Butterfly weed, (iJK

Butter of cocoa, 482
nutmegs, 656

nut, 685
— tree, 471
Butter wort, 635
Button suakeroot, 59s

Butyrospermum, 610
Buxus, 673
Byrsonima, 492, 632

CA.BBASE, 451
— bark, 531
— palm, 713
— rose, 544
Cabeza del negro, 714

Cabombacea;, 44

1

Cacao, 482
Cachibou resin, 507
Caetacea:, 569

Cactus, 569

Cadaba, 453
Oaasalpinia, 536
CfesalpinieiB, 529, 535

Caffre bread, 740
— corn, 737
Cafta, 513

Oagliari paste, 738

Cahoun nuts, 712
— palm, 712
Cajauus, 530

Ca jupnt oil, 550
Cake gamboge, 470
— saffron, 597, 70:;

Calabar bean, 530, 531

Calabash nutmeg, 436
— tree, 636
Caladium, 717
Calaguala, 748, 749
Calamander wood, ill 1

Calamus, 712
Calendula, 597
Calla, 717
Callitrichaceie, 552

Oallitriohe, 552
Callitris, 742
Calophyllum, 470
Calotropis, 618
Calumba, 438
Calycautliaceifi, 433

Oalyoanthus, 433, I'M

( lalycera, 591

Calvceracea;, 591

C-dyciflorro, 528
- analysis of, 580

Calysaccion, 47Q
3 L _'
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Calystegia, 627
Camara nutmeg, 657
Camassia, 721
Caiuata. 686

Oamatina, 636
Camelina, 451
Camellia, 471— order, 472
Camelliaoeai, 471

Camel's thorn, 531
Campanales. 600
Campanula, 601
Campanulacete, 600
Camphor, 474— oil, 474
— tree, 657
Oamphora, 474, 657
Campylospermea?, 573
Camwood, 535

Canada balsam, 744
— rice, 738— snake root. 682
Canadian agaric, 761— balsam, 744
— fleabane, 597
— hemp, 615
— maidenhair, 748
— pitch, 744

Canagong, 571

Cananga, 436
Canarium, 507

Canary grass, 737
— seed, 737

Cancer-root, 635

Candle-berry, 670
— nut, 673
— tree, 636. 673

Candytuft, 452

Camilla. 457

Canellaceaj, 457

Canes, 712

Cane sugar, 737

Cauna, 695
Caunabinaceu;, 661

Cannabis, 664

Canuacere, 695

Canutillo, 745

Caoutchouc, 615, 61S, 674

Cape aloes, 721
— gum, 538

Caper order, 452
— spurge, 674

Capers, 453

Cape tea, 532

CapiUaire, 748

Capitao de matto, 639

CappareaB, 452

OapparidaceiB, 452

Capparis, 453

( lapraria, 634

Caprifoliaceuu. 583

Caprifotium, 584

Capsicums, 629

Carajuru, 637

Oarambole, 498

Caramel, 737

Oarana resiu, 507

i larapa, 508

. Caraway, 570

Cardaminc, 451
Cardamoms, 694
Cardiospermum, 519
Cardoon, 597
Oarduus, 597
Carex, 732
Careya, 558
Carica, 564
Carissa, 616
Cariudovica, 715
Carminative nmbclliferic,

575
Carnation, 465
— grass, 732
Carnauba palm, 713
— wax, 713
Carob, 536
— beau, 536
Carolina allspice, 434
— pink, G19
Carpathian balsam, 743
Carpinus, 686
Carrageen moss, 767
Carron oil, 491
Carrot, 574, 575
( larthagena rubber, 667
Carthamus, 597

Carum, 574, 575, 643

Carya, 684
Caryoear, 474
Caryophyllacea;, 4G3
Caryophylliuefe, 463
Caryophyllus, 555

Caryota, 712
Casca, 658
— bark, 539
Cascara, 515
Cascarilla, 674
Casearia, 562

Cashew nut, 522
— tree, 523
Casimiroa, 501

Cassa bark, 539
Cassareep, 675

Cassava, 675

Cassia, 536, 658
— bark, 658
— buds, 658
— lignea, 658
— oil of, G58
Cassumunar root, 694

Cassytha, 656

Castanea, 686

( lastanhn nuts, 557
Castanospermum, 532

Castilloa, 667
< lostor nil, 076

plant, G76
— — seeds, 676

Casuarina, 670
Oasuarinacen, 670

Catechu, 538, 589, 711

OatUa, 513
Catmint, 642
i laullflower, 451

i iaulophyUum, 1 i"

Cava, 679
Cayenne pepper, 630

Oeanothus, 510

Ceara India-rubber, 675
Cecropia, 490, 607
Cellar, 742
Cedar-wood of Guiana, 508
Cedrat, 502
Cedrela, 509
Cedrelacea?, 509

Cedrus, 742
Celandine, 445
Celastracea;, 512
Celastrales, 512
Celastrus, 513
Celery, 574
Celosia, 649

Celtea;, 667

Celtis, 667
Cenomyce, 762

Centaury, 621
Cephae'lis, 586
Cephalina, 589
Cerasus, 543
Ceratouia, 536

Ceratophyllacca;. 680
Ceratophyllum, 681

Cercis, 530
Cereal grains, 733

Cereus, 570
Ceropegia, 617

Ceroxvlon, 712

Oetraria, 762

Cetronella oil, 735

Cevadilla, 723

Ceylon cardamons, 694
— catechu, 711
— ebony, 611
— moss, 768
Chacha, 568

Chailletia, 510
Chailletiaceie, 510
Chamrelauciaceie, 553

Chamasrops, 712

Chamomile. 596
— oil of, 596

Champignon, 757, 759

Chara, 763
Characeffi, 763

Characters, 405

Chataigne d'eau. 552

Chaulmoogra, 458

Chavica, 679

Chav-root, 588

Chebulic myrobalaus, 553

Cheirauthus, 452

Chekan, 556

Chelidonium. 445

Uhcnopodiaecn;. 649, 651

Chenopodiales, 64S

Ohenopodlum, 650

Cherimoyer. 436

Che-root, 588

Cherry. 543
— birch, 669
— laurel, 543
— pepper. 630

Chervil, 574

Chestnut, 519

Chian turpentine, 523

Chibou resin. 507

Chiea, 539, 637, 699, 738
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Chiehm, 530
Cluck pen, 532
Chicle, 610

Chicory, 599

Chicot, 525
Chili-nettle, 562
Chillies, 629
Chimaphila, 604

China camphor, 657
— cardamoms, 694
— orange, 501
— root, 725, 760
— tea, 472
Chinese galangal, 693
— grass-cloth, 662
— green indigo, 515
— moxas, 596
— tallow tree, 676
— yam, 706
Chiquito, 553
Chiravta, 621

Chiretta, 621
Chittagong wood, 509

Chive, 720
Chloenaceae, 475
Cldoranthacea;, 680

Chloranthns, 680
Chlorospermea?, 764, 765

Chlorosporeae, 764, 765
Chloroxylon, 509
Chocho. 568
Chocolat, 482
Choco'ate, 482
Choke berry, 543
— cherry, 543
Chondrodendron, 438
Chondrus, 766, 767

Choopa, 520
Chorisia, 481
Christmas rose, 433
Chrysobalanefe, 541, 542

Clirysobalanus, 542
Chrysophylluni, 610

Chufa, 732
Churrus, 665
Cibotium, 749
Cicer, 532
Cichorese, 595
Cichorinm, 599
Cicuta, 576
Cimicifuga, 432
Cinchona, 586
— bark, 587
Cinnainodendron, 457
Cinnamomum, 657
Cinnamon, 657
— suet, 658
Cissampelos, 438
Cissus, 517
Cistacese, 454
Cistus, 455
— rape, 682

Citron, 502
Citronella oil, 735

Cltrullns, 567
Citrus, 501

Cadonia, 762
Classes, 404, 408

Claviceps, 758, 760

Clavtonia, 466
Clearing nut, 620

Cleavers, 588
Clematideae, 431

Clematis, 432, 433

Cleome, 453

C eomeae, 452
Clerodendron, 639

Clitoria, 532

C oudberry, 544
Clove cassia bark, 658
— bark, 658
— nutmeg, 657
— pink, 465
— stalks. 555
— tree, 555

Clover, 530

Cloves, 555
Club-moss, 750, 751

rushes, 732

Clusia, 470
Clusiacere, 469

C uster piue, 743

Cobnuts, 686

Coca, 490
Coccoloba, 653

Cocculus indicus, 437

Coccus pe-la, 614

Cochineal, 570

Coch'earia, 451
Cochlospermum, 458
Cock's-comb, 649

Cocoa, 482
— nibs, 482
— -nut, 712

butter, 712

fibre, 713
milk, 712
oil, 712
palm, 712

— plum, 542
— tree, 482

Cocoes, 717

Cocos, 712

Cocus, 676

( lodarium, 537
Coelocline, 436

Coelospermea;, 573

Coflea, 587
Coffee, 587
— plant, 587
— tea. 587
Cohosh, 440
Coir, 713
Cnix, 730
Cola, 481
Colchicacese, 722

( lolchicese, 7-Jo

Colchicum, 722, 723

Cole, 450
Collomia, 622
Collodion, 17S

Colocasia, 717

Colocynth, 567

Colombo catechu. 711

( Colorado hemp, 615

Coltsfoot, 599

Columbine, 433

Columelliaceee, 635

Columellia, 635
— order, 635

Colutea, 532
Colza, 450
Comacum, 658
Combretaceai, 553

Combretum, 553

Comfrey, 624
Commelyna, 728
Commelynales, 727
Commelynacea?, 727
Common adder's tongue,

749— allspice, 556
— ash, 613
— balm, 642
— beech, 686
— beet, 650
— black bryony, 706
— brake, 749
— broom, 532
— buckwheat, 653
— camphor, 657
— chamomile, 598
— club-moss, 751
— cocoa, 482
— elder, 584
— fennel, 574
— frankincense, 743
— hemp, 664
— holly, 512
— horehound, 642
— larch, 744
— lavender, 642
— laurel, 543
— lettuce, 599
— lime, 485
— linden, 485
— liquorice, 642, 641
— marjoram, 533
— mushroom, 757, 759
-- myrtle, 556
— oat, 735
— orange 501
— parsley, 574
— potato, 630
— reed, 735
— rosemary, 643
— rue, 503
— rye, 738
— sage, 043
— senna, 536
— sorrel, 654
— sugar-cane, 737
— thrift, 607
— thyme, 643
— wheat, 738
— wood sorrel, 498
— yew, 745
Compass plant. 598

Composita;, 592
Composite order, 592

( !omptonia, 670

( lonorete oil of mango
steen, 470

— nutmegs, 656

Condurango, 618
( 'om-^si bark, 61C

Coufervoidea;, 76 1, 765



8S6 INDEX TO SYSTEMATIC BOTANY.

Conifers, 741
Coniferous order, 741
Conium, 576
Comiaracea?, 528
Connarus, 528
Consumptive weed, G23
Convallaria, 721
Convolvulacea?, 625
Convolvulus, 627
— order, 625
Cookia, 502
Copaiba, 537
Copaifera, 537
Copal, 537, 538
Copal resin, 537
Copalche, 657
— bark, 616, 620, 674

Copalm balsam, 551
Copernicia, 713
Coprinus, 758

Coprosma. 588
Coptis, 432
Coquetta bark, 587

Coquilla nuts, 712

Corchorus, 484
Cordia, 025
Covdiacea?, 624

Cordiceps, 760

Corema, 677
Coriander, 575
Coriandrum, 575
Coriaria, 524
CoriariaeefK, 524

Cork, 686
Cork-tree bark, 686

Cork-w, od, 436
— oak, 686
Corky copalclie bark, 674

Cormopliyta, 747

Coriiaceaa, 578
Cornelian cherry, 579

Corn-poppy, 446

Cornua, 579

Corolliflorce, 583
— analysis of, 644

Coromandel wood, 611

Coronilla, 530, 532

Correa, 502
Corsican moss, 768

Cortex alstoniffl, 615
— thymiamatis, 551

Oorydalis, 447
Corylaceaa, 685
Corylea;, 685
Corylus, 686
Corviiibifcia-. 591

Corypha, 713

( loscinium, 438

Oostus, 59G

Coto bark, 588
Cotton, 477
— grass, 732
— root bark, 478

Cotyledon, 540

Country almonds 654

sarsapariUOi "18

Oourbaril, 637

< low bane, 678

Oov, berry, 003

Cowdie pine, 742

Cowhage, 534
Cow-itch, 534
— plant, 618
— tree, 616, 666

Cowslip, 608
Crab oil, 508

Crambe, 451
Cranberry, 602

Crane's-bill order, 494

Crassulacese, 549

Crassu ese, 549

Crataeya, 453
Cratoxylon, 468
Cream-of-tartar tree, 481

Cream-fruit, 616
Creasote, 743
— plant, 493
Cremospermea\ 566

Crescentia, 636
Crescentiacea?, 636

Creyat, 638

Crinum, 705
Crithmum, 574

Crocus, 703

Crop, 589

Cross breeds, 402

Crotalaria, 532

Croton, 673
— oil, 673
— pseudo-China, 616, 674

— seeds, 673

Crowberry, 677
— order, 676

Crownwort order, 563

Crozophora, 674

Crucifera;, 447
Cruciferous order, 147

Crude camphor, 657

Cryptocarya, 658

Cryptogamia, 747

Cuacho tree, 667

Cuba bast, 479
— tobacco, 632

Cubeba, 679

Cubebs, 679

Cuca, 490
Cuchuuchully de Cuenea,

456
Cuckoo-flower, 151

Cuckoo-pint, 717

( (uoubalus, 465

Cucumber, 567

Cuoumis, 567

Cucurbita, 567
Cucurbitaoeffi, 68

1

Cueurbitere, 568

Cudbear. 762, 763

Cudrania, 667

Ouminum, 575

Cummin, 575

Oundurango, 818

Ounonlaoese, 648

( lunonia order, 5 18

Oupania, SID

Cup-moss, 762

Cuproa bark, 588
( 'upresseiv!, 7 12

Oupresaua, 743

Cupuliferaj, 685

Curasao aloes, 721
Curare, 620
Curcas, 675
Curculigo, 705
Curcuma, 691
— starch, 694
Currant, 517, 548
Cuscus, 735

Cuscuteaj, 627
Cusparia bark, 503
Cusso, 543
Custard apple, 436

Cutch, 538
Cyathea, 749
Cycadaceai, 746

Cycas, 746
Cyclamen, 608
Cyclopia, 532

Cydonia, 545

Cynanclmni, 618
Cynara, 597
Cynarea3, 594
Cynarocephala?, 594

Cynonioriuni, 089

Cyperacea?, 730

Cvperus, 732

Cyphia, 601

Cypress, 742
CVpripedium, 699

Cyrilla, 511

Cyrillacea', 511

Cyrtandrea:, 036

Cytiuacea:, 682

Cytinus, 683

Cytisus, 530, 532

Cyttaria, 760

Dacca cotton, 178

Dacrydium. 745

Dactylis, 736

Dalbergia, 533

Da'matian inject powi

598
Damiana, 563. 596

Dammar, 1

7

Dammara, 742

Damsons, 512

Danaia, 748

Danaaacea", 7(8

Daneeeee, 748

Dandelion, 599

Dantzic fir, 743

Daphnales. 659

Daphne, 660
Date coffee, 714
— palm, 713
- plum, 611

Dates, 713

Datisca, 569

Datiscaceiv, 568

Datura, 631

Dam ns, 571, 575

Dawamcs, 665

Deadly nightshade, 631

Head Sea apples, 687

— tongue, 576

Deals, 743



INDEX TO SYSTEMATIC BOTANY. 887

Deer berries, 605

Deer's tongue, 598, 719

Delphinium, 432, 433

Demerara pink root, 619

Deoilar, 742
Desmidiete, 765

Desvauxiaeea;, 729
Deutzia, 547
Devil's apple, 632
— bit scabious, 591
Dewberry, 541
Dextrine", 630
Dhatureeas, 631

Dialiuni, 537
Diamba, 665
Diamorphea;, 549

DiantUus, 465
Diapensiaceaj, 622

Diatoiuacea;, 764, 765

Diatomese, 765

Dicarpiae, 612, 645

Dicentra, 447
Dichopsis, 610
Dictamnus, 502

Dicypellium, 658

Dieiytra, 447

Digitalis, 634

Dika bread, 501

Dill, 575
Dillenia, 433
Dillenioceae, 433

Dillesk, 769
Dimou pine, 745

Dion, 746
Diontea, 550

Dioseorales, 706

Dioscorea, 706

Dioscoreaeese, 706

Diosnia, 500
Diosmere, 500

Diospyros, 6 1

1

Diplazium, 748
Diplecolobea:, 450
Diplozygiea;, 574
Dipsacea;, 590
Dipsacus, 591

Dipteracea;, 474
Dipterocarpus, 471
Dipteryx, 533
Dirca, 659
Discaria, 515
Disciflora; 488, 525
Dita bark, 615
Dittany, 502
— of Crete, 643
Divi-divi, 536
Doclma, 736
Dodonrea, 519
Dorlonose, 518
Dogbane, 6 1

1

— rose, 544
— violet, 456
Dog-wood, 515, 579

bark, 579
order, 578

DolfohOg, 530
Dnlichospermnm, 7G7
Doom bark, 539

Dore'ma, 578

Dorstenia, 663

Douni palm, 713

Draeajna, 721
Dracontium, 717

Dragon root, 717
— tree, 721
Dragon's blood, 535, 712, 721

Drimys, 434
Drop-wort, 576

Drosera, 550
Droseraeete, 550

Drupacese, 541, 542

Dryandra, 674

Dry rot, 759, 761
Dryobalanops, 474
Duboisia, 631

Duchai hemp, 531

Duckweed, 717
Dudaim, 632

Duguetia, 436

Duke of Portland's powder,
682

Dulse, 769
Duriau, 481
Durio, 481

Durra, 736
Duryilla3a, 766, 768

Dutcli camphor, 657
— madder, 589
— rushes, 750

Dyer's broom, 533

EA&LE wood, 660

Earth almonds, 732
— nuts, 574
— oil, 531

East Indian arrow-root,

694
copal, 537

gum, 538

kino, 534
mastich, 523

myrrh, 506
olibanum, 507

rosewood, 533

satinwood, 509

senna, 536

tobacco, 632
tacamahaca, 470
teak, 639

Kau d'ange, 556
— de Mantes, 674
-- mediclnale d'Husson,

723
Ebenacese, 610

Ebenales, 609

Bboe-nuts, 533

Ebony, 611

Ecballium, 567

Echium, 624

Eddoes, 717

Edgeworthia, 6G0

Edible bird's nests, 767

mnshr a, 766

Egg apples, 631

Bguse oil, 567
Egyptian bean, 443

Egyptian corn, 736
— bniou, 720
— soap-root, 465
— wheat, 738

Ehretia, 624
Ehretiacese, 624
Ejow fibre, 712
Eia^agnacea;, 661
Elseagnus, 661
Ela^ocarpeaj, 484
Elajocarpus, 484
Eheococca, 674
Elseodendron, 513

Blais, 713

Elaphomyoes, 760
Elaphrium, 507
Elaterium, 567
Elatinaceae, 467
Elder, 584
— flower water, 585
— wine, 585
Elecampane, 59S
Elemi, 507
E'ephant apple, 503

Elephant's ears, 568
— foot, 706
Elettaria, 694
Eleusiue, 736
Elloopa flowers, 609

Elloopa-tree, 609
Elm, 667
Embden groats, 736
Emblica, 676
Emblio myrobalans, 553,

676
Empetracea?, 676
Empetrum, 677
Encephalartos, 746

Endive, 599
Endocladia, 767
English arrowroot, 630
— elm, 667
— mercury, 650
— oil of lavender, 612
— rhubarb, 653
Epacridaceaj, 605
Epacris, 605
Ephedras, 745

Epifsea, 604
EpigynsB, 583, 641, 681,

692
Epipetalse, 590
— analysis of, 628

Epiphegus, 635
Epiphyllum, 570
Equisetaceas, 749
Equisetum, 750

Eranthis, 433
Ergot of rye, 738, 760

Erioa, 604
Ericaceae, 603
Ericales, 602
Ericete, 604

Erigeron, 597
Eriobotrya, 54 I

Erlooaulaoeee, 729

Eriooaulon, 729

Eriodendron, ixl

Eriodictyon, 623
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Eriophorum, 732
Erodium, 495

Erva de ibbisi, 613

Ervum, 530
Eryngiuni, 575
Eryngo, 675
Erysipelas plant, 624

Erysiphe, 760
Erythreea, 621
Erythrophlceum, 539

Erythroxylou, 490
— Coca, 490
Escalloniaceaa, 547

Escallonia order, 547

Esculent urnbelliferas, 574

Esenbeclda, 502

Esparto, 738
Essence of bergamot, 502

cedrat, 502

lemon, 502

spruce, 744
turpentine, 743

-virgin balsam, 534
— de bigarade, 501

citron, 502
petit grain, 501

Portugal, 501

Essential oil of bitter al-

monds, 543
. orange, 501
. cedrat, 502

lemon, 502
. sweet orange, 501

Ethiopian sour gourd, 480

Eucalyptus, 555
— gum, 555

Eugenia, 555, 556

Eulophia, 699

Euonymus, 513

Eupatorieas, 594

Eupatorium, 597

Euphorbia, 674

Euphorbiaceae, 672

Euphorbiales, 671

European alcornoque bark

686— salep, 699
Euryangium, 575 #
Euscaphis, 521

Euterpe, 713

Evening primrose, 500

Evodia, 502

Exacum, 621

Exidia, 760

Exogonium, 627

Expressed oil of bays, 658

. mace, 056

nutmegs, 656

Extract of liquorice, 533

Ezrach, 658

FATiA, 530

Fagopyrum, 653

Fagus, 686

Faham tea, 809

False angustura bark, 619

— calumba, C21

— dittany. 502

False ipecacuanha, 456
— myrrh, 507
— nutmeg, 656, 657, 658
— sarsaparilla, 578

Fat pork, 470
Feather grass. 738

Female fern, 749

Fennel, 574, 575

Fenugreek, 535

Fern order, 747

Feronia, 502

Ferula, 574, 575, 577

Festuca, 736
Feuiilaaa, 567
Fever-destroying tree, 555

Ficoidales, 569

Ficoideoe, 570

Ficus, 663

Field ladies' mantle, 544

Fig, 663

Figwort, 632

Fi.bert, 686

Filices, 747
Fine-leaved water drop-

wort, 576
Fir-rape order, 605

Fir wool, 743
oil, 743

Firs, 744
Fixature, 768
Fixed oil of mustard, 451

Flacourtia, 458

F lakes, 465
Flax, 490
— plant, 490
Flax seed, 490

Fleabane, 597
— Canadian, 597

Flemingia, 533

Flexible collodion, 478

Flores ohamomillas, 598

FlorideEB, 764
Flosculous, 594

Flour of mustard, 451

Flower de luce, 703

Flowering fern, 749

— plants, 429
— rush, 707
Flowerless plants, 747

Fceniculum, 574, 575

Folia malabathri, 658

Fontaiuea, 674

Fool's parsley, 576

Forbidden fruit, 502

Foreign oil of lavender,

642
Forest lady's herb, 596

oak, 670
— wool, 743

Formosa camphor, 657

Fossil copal, 538

resin, 537

Pour-o'clock plant, 649

Foxglove, 631

Fox-grapeB, 517

Fragrarla, 543

Francoa, 646

Franooaoere, 546

Franglpannl) 610

Frankenia, 402
Frankeni.oceae, 462
Frankincense, 507. 743
— pine, 743
— tree, 507
Frasera, 621

Fraxinus, 613

French berries, 515
— colocynth, 567
— geranium oil, 495
— lavender, 642
— plums, 542
— scammony, 618
Freziera, 471

Fringe myrtle, 558
Frog-bit, 693

Fuchsia, 561

Fucoideas, 764
Fucus, 767, 768

Fuller's teazel, 591

Fulwa-butter, 010

Fumariaceaa, 446

Fumitory, 446
Fundi, 737

Fundungi, 737

Fungi, 750
— edible, 75G
— poisonous, 757

Fungus melitensis, 0S9

Furze, 530
Fu=anus, 688
Fusiform jalap, 627

Fustic, 604
— old. 004
— young, 524
— Zante, 524

Gaeta lemon, 501

Ga'actodendron, 606

Galam butter, 610

Galangal root, 693
— greater, 693
— lesser, 093
— light, 694

Galbanum, 577

Galipea, 603

Galipot, 743
Galium, 588

Galls, 687

Gambier, 5S9

G amboge, 470
— order, 469
— thistle, 445

G-amcne, .

r>S9

Gamopetala5
, 583

— analysis of, 644

Ganitrus, 484

Ganja, 665

Garance, 589

Qaroinia, 470

G anlen beet, 650
— carrot, 574
— cress, 152

— lettuce. 699
— nasturtium, 497

— orachc, 050
— sage, 043
_ thyme, 642, 643
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Gardenia, 588
Garlic, 720
— pear, 453

Garrya, 579
Garryaceas, 579

Gatah Sundek, 610
Geissosperrnum, 616
Gelidinm, 766, 768

Gelose, 766
Gelseinium, 619

Genera, 407
Genipo, 588
Genipap, 588
Genista, 533
Gentian, 621
— order, 620
Geutiana, 621
Gentianocea?, 620
Gentionales, 612
Rentianea?, 621
Genus, 403
Geoffroya, 533
Geraniacese, 494
Geraniales, 488
Geranium, 495
— oil, 544, 735

of India, 495

German chamomiles, 598
— geranium oil, 495
— millet, 738
— pellitory, 596
— sarsaparilla, 732
— tinder, 761
Gesnera, 635
Gesneraceae, 635

Gesnereae, 636
Genm, 543
Giesekia, 651
(iigartina, 766, 768
Gillenia, 543
Gingelly oil, 637
Ginger, 693, 694
Gingerbread-tree, 713
Gingili oil, 637
Ginseng, 578
Glaphyria, 556
Globularia, 638
Gloiopeltis, 767
Glumaceae, 730
— analysis of, 741
Gluuiales, 730
Glycyrrhiza, 533
Gmelina, 639
(inetacete, 715
(loa powder, 531

Gobbe, 535
Goitre-sticks, 769
Gokeroo, 637
Gokhru, 637
Gold of pleosiire, 451
— thread, 432
Golden seal, 432
Gombo, 478
Gommuti fibre, 712
— palm, 711
Gomphia, son
Gomphocarptis, 617
Gompholobluni, 530
Gompnrena, 619

Gongonha, 512

Gouolobus, 618
Goodeniaceee, 600
Goodenia order, 600
Googul, 507
Gooseberry, 548
Goosefoot, 649
Goose-grass, 588
Gopher wood, 742

Gordonia, 472
Gossypium, 477
Gouania, 515

Gourd, 564, 676

Gouzabam, 624
Graoilaria, 766, 768

Grains of Paradise, 694

Graines d'Avignon, 515

Gram, 532
Graminacese, 732
Granadillas, 563
Granateas, 556
Grapes, 517
Grape-vine, 517

Grass order, 732
— oils, 735

of Namur, 735
— trees, 722
Gratiola, 634
Gravel root, 597

Gray plum, 542
Greater galangal root, 693
— maple, 521

Great mullein, 634
— water dock, 654
Green bay, 658
Greengage, 542
Greenheart tree, 658
Green-coloured algas, 765

Green hellebore, 724
— laver, 769
--putchuk, 682
— tea, 472
Greens, 451
Grewia, 484
Griffes de girofle, 555

Grindelia, 597
Grislea, 560
Groats, 736
Ground liverwort, 7G3
— nut, 531

Ground-nut oil, 531

Guaco, 598, G82
Guaiacum, 492, 493
— resin, 493
— wood, 493
Gualtheria, 605

Guana, 660

Guarana, 519
— bread, 519
Guarea, 5U8
Guatemala rubber, GG7
— sarsaparilla, 725
Guavas, 556
Guayaquil rubber, 667— sarsaparilla, 725

( luayeuru, 007

Guaztuna, 481

Guelder-rose, 585

Guettarda, 588

Guibourtia, 537
Guilandina, 537
Guimauve, 477
Guinea corn, 736
— grass, 737
— henweed, 662— oil palm, 713
— pepper, 630
Gnizotia, 598
Gualancha, 438
Gulf weed, 769

Gul i-pista, 523

Gum acacia, 538
— anime, 537
— Arabic, 530, 538
— Australian, 538
— Benjamin, 612
— Brown Barbarv, 538
— Cape, 538
— dragon, 531, 535
— East India, 538
— enphorbium, 674
— juniper, 742— kino, 530, 534
— Kordofan, 533
— kuteera, 482
— lac, 673
— llogador, 538
— Morocco, 538
— picked Turkey, 538
— plants, 597
— Senegal, 530, 533
— Suakin, 538
— Ta'ca, 538
— Ta'ha, 538
— tragacanth, 531
— trees, 555
— white Sennaar, 538
— wattle, 538

Gunnera, 578

Gunny, 484

Gunjah, 665

Gurjun balsain, 474
Guru nuts, 481
Gustavia, 558
Gutta pereha, G10

Guttiferae, 469
Guttiferales, 467
Gymnema, 618
Gymnospermia, 741
— analysis of, 746

Gynandropsis, 453
Gynerium, 736

Gynocardia, 458
G ) psophila, 4G5
Gu'ophora, 762
( ; j rostemon, 651

Habzf.ua, 437
Haemanthus, 704

Heematoxylon, 537

Hsemodoraceee, 70S

HBsmodorum, 706

Hagenia, 543

Halidrya, 768
Haloragacean, 552

tfaloscias, 074
Hamamelidacese, 551
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Haraame'is, 551
Hancomia, 61G
Haplozygiese, 573
Hare-bell, 600
Haricots, 530
Hascliisk, 665
Hashash, 665
Havanna tobacco, 632

Hay saffron, 597, 703

Hazel, 686
Heart's-ease, 456
Heath order, 603
Hedeoma, 642
Herlera, 578
Hedge hyssop, 634
Hedycarpus, 520
Heisteria, 510
Heliantlius, 598
Heliotropium, 624
Helleboreai, 431
Hellebores, 432, 724
Helleborus, 432, 433
Helminthocorton, 76S
Helosciadium, 574
Helwingia, 578

Hemidesmns, 618

Hemlock, 576
— dropwort, 576
— spruce, 744
Hemp, 664
— seed, 664
Henbane, 631
— annual, 632
— biennial, 632

Henna, 560
Henne, 560
Hensloviaceaj, 548

Hen-ware, 767
He-oak, 670

Hepatic aloes, 720

Hepaticacea;, 754

Hermodactyls, 724
Heterosciadieaa, 573

Heterosporia, 752

Henchera, 546

Hevea, 674
Hibisceaa, 477

Hibiscus, 478

Hickory, 684
— nuts, 68-1

Himalayan rhubarb, 653

Hippocastanea;, 518

llippocratea, 513, 51 J

Hippocrateacese, 513

Hippomane, C75

HippophaS, 661

1 lips, 544

Hpg-gum, 524
' nut, 681
— plums, 524

Holous, 736
Holigarna, 523

Holly, 511, 512

Hollyhock, 177

HomaliaoesB, 562

Eomalium, 562

Homeria, 703

Honduras cedar, 009

— rubber, 667

Honduras sarsaparilla, 725
Honesty, 452
Honeysuckles, 584

Honey water, 705
Honey-ware, 767
Honig-thee, 532
Hop, 665
Hopea, 475
Hordeum, 736
Horehound, 642
Hormosiphon, 766, 768
Hornbeam, 686
Hornwort, 680
Horsechestnut, 519

Horse cassia, 536
— mint, 642— radish, 451
Horse sugar, 612

Horsetail, 749
Hottentot's fig, 571

Houseleek, 549

Hovenia, 515

Huile de Cade, 743

Hulled barley, 737
Humiriaceaa, 492
Humirium, 492

Humulus, 665

Hundred-leaved rose, 544
— years plant, 704
Hungarian balsam, 711
— red pepper, 630

Huon pine, 745

Hya-hya, 616
Hybridisation, 402

Hybrids, 402
Hydnocarpus, 458

Hydnora, 683

Hydrales, 692

Hydrangea, 517

Hydrangeacea?, 547

Hydrastis, 432
Hydrockaridacea;, 693

Hydrocharis, 693

Hydrocotyle, 575

Hydropeltis, 441
Hydrophyllaoea;, 622

Hydrophyllum, 622

Hymenffia, 537

Hyoscyamus, 631

Hypericacea;, 468

Hyperioum, 168

Hyphame, 713

] I yssop, 453
Hysterophyta, 420

iBicnrs, 452

Ioaoina, 510

[oaoinaoeoB. 510

Ice plant, 571

Iceland moss, 768

Ioioa, 507

Ilang-ilang, 436

Ilex, 512
Illcacca1

, 511

Illioium, 436

Imbrioaria, 610

Imperial lemon. 501

Incomplete, 6 is. 880

India-rubber, 615, 616,

667
Indian aconite, 431
— aloes, 721
— bael. 500
— barberry, 440
— bdellium, 507
— bread, 760
— clove bark, 653
— corn, 738
— cotton, 477
— cress, 496, 497
— dammar, 742
— fennel, 575
— fig, 664
— grass, 735

oils, 735
— hemp, 665— lemon grass. 735
— liquorice, 531
— matting, 732
— melissa oil, 735
— millet, 737
— muslin. 696
— oak, 639
— physic, 543
— rhubarb, 653
— rubber, 615
— sarsaparilla, 618
— satin wood, 509
— shot, 695
— sumbul root. 577

— teak, 639
— tobacco, 602
— turnip, 717

Indigenous salep, 699

Indigo, 533

Indigofera, 533

Infers;, 583, 644, 631, 692

Inocarpus, 660

Insect powder, 599

Dalmatian. 598

Persian, 593

Inula. 598

Ionidium. 456
Ipailu. 490
Ipecacuanha, 586
— American, 543. 674

— amylaceous, 589

— anunlated. 586

— bastard, 617

— black, 5S8
— striated, 588
— undulated, 539
— white, 589

— woody, 456

Ipomoea, 627

Iridacere. 701

Iridaa, 766. 763

Iris, 701, 703

Irish moss, 768

Iron bark-tree. 555

— wood, 611,636
Irvingia, 504

Isatis. 451

Isonandra, 610

Isosporia, 747

Isotonm. 602

Ispaghul, 644
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Issue peas. 501, 703

Italian juice. 533
— millet, 738
— paste, 738
— sarsaparilla, 725
— senna, 53G
Iva, 596
Ivory wheat, 736

Ivy, 578
— order, 577
Ixtle fibre, 697

Jaar, 736
Jaborandi. 503
Jabuticaba, 556
Jacaranda, 637
Jack-fruit, 66C
Jaggery, 711, 712

Jalap, 627
-- lusiform. 627
— light, 627
— male, 627
— spurious, 627
— Tampico, 627
— woody, 627
— wood, 627
Jamaica cedar, 509
— kino. 653
— nutmegs, 436
— pepper, 556
— quassia, 505
— sarsaparilla, 725
— senna. 536
Jamalgata pills, 673
James's tea, 605
Japan camphor, 657
— lacquer. 524
— sago, 746
Japanese belladonna root,

632
— isinglass, 767
— moxas, 596
— pepper, 503
— wax, 524
Japonicas, 516
Jasmine, 613
,Iasminea3, 612
Jasniinum, 613
Jateorhiza, 438
Jatropha, 675
— manihot, 675
— oil, 675
Java almonds, 507
— cardamoms, 694
— galangal root, 693
— rubber, 664
Jeea wood, 509
.TetTersonia, 440
Jelly plant, 768
Jcquirity seeds, 531
Jerusalem artichoke, 598
— filberts, 086
Jesuit's bark, 587
— nuts, 552
Jctce fibres. 618
Jew's ear, 700
— mallow, 484
Job's tears, 736

Jointed fir, 745
Jolliffia, 568
Jubbulpore hemp, 532

Juglandacere, 684
Juglaus, 684
Jujube, 516
Juucaceae, 725
Juneaginacea?, 708

Junci, 726
Juncus, 726, 735
Juugermanniacea;, 755
Jungerroanniere, 755
Juniper, 742
— gum. 742
— oil, 743
— resin, 742
— tar, 743
Juniperus, 561
Jussiasa, 742
Jute, 484
— hemp, 484
— plant, 484
Juvia nuts, 557

KADI-KANE, 737
Kaf-Maryan, 450
Kakaterro, 745
Kaki. Gil

Kaladana seeds, G27
Kala til, 598
Ka'mia, 604, 605
Kamala, 675
Kangaroo apples, 630
— grass, 735
Karconi. 703
Kariyat, 638
Kasheia, 737
Kat, 513
Katchung oil, 531

Kawrie gum, 742
— pine, 742

Keg-fig, Oil
Kekui, 673
Kekuue, 673
Kelon-ke-Tel, 712

Kelp, 767
Kermes oak, 687
Kessaree flowers, 532
Khat, 513
Khus-khus, 735 ,

Kiddah, 658
Kidney-beans, 530

Kielmeyera, -17^

Kikayon, 676
Kinman, 658
Kinnemon, 658
Kino, 530
Ki-tsai, 768
Knotwort, 465

Kodro, 737
Kohl-rabi, 151

Kokoona, 514

Kokra, 676
Kokum-butter, 470

Kola-nuts, 481

Kocchla tree, 619

Koosum oil, 597

Korarima cardamoms, 691

Kordofan gum, 538

Kousso, 543

Krameri'a, 461

Krania, 579
Kumquat, 502
Kundah oil, 508

Kuteera, 458, 482

LABIATiE, 640

Labiate order, 640

Labiatiflorte, 594, 599

Labrador tea, 005

Laburnum, 530

Laee-bark, 660
Lachnanthes, 706
Lacistema, 67b
Lacistemacea;, 678

Lactuca, 599
Lactucarium, 599

Ladanum, 455
Ladies' mantle, 544

Lagbi, 714
Lagenaria, 567
Lagerstromia, 560

Lagetta, 660

Lalo, 480
Lamb's lettuce, 590

Lamiales, 638
Laminaria, 760, 769

Lana dye, 588
— tree, 588
Lance-wood, 436

Lindolphia, 616

Langsat, 508
Laugsdorffia, 089

Lanseh, 508
Lansium, 508

Lantana, 639
Lapageria, 725
Laportea, 662
Larch, 744
— agaric, 76

1

— manna, 744
— turpentine. 744

Lardizabala, 140

Larrtizaba'.acea-', 440
Larix, 744
Larkspur, 433
Larrea, 493
Latakia tobacco, 632

Lathyrus, 530
Lattice-leaf plant, 709
Lauracere, 656
Laurales, 654
Laurel, 056
— berries, 658
— camphor, 657
— fat, 658

leaved canella, 457
— leaves, 658
Laurel ia, 655

Laurencia, 766, 709

Laurus, 058
Laurustinus, 58

1

Lavandula, 642
Lavender, 642
— cotton, 598

Laver, 769
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Lawsonia, 560
Lean Vera Cruz sarsa-

parilla, 725

Lebonah, 507

Leoanora, 762

Lecythidacese, 557

Leeythis, 557

Ledum, 605

Leek, 720
Legurninosa?, 528

Leguminous order, 528

Lemnaceee, 717

Lemon, 501

grass oil, 735
— plant, 639
— thyme, 642
— tree, 501
Lentibulariacea?, 635

Lentils, 530, 533

Leopard's bane, 596
— wood, 667
Leopoldiuia, 713

Lepidium, 452
Lepidostachys, 676

Leptandra, 634
Leptospermea?, 554

Leptospermum, 556

Leroy vegetal, 568

Letter wood, 667

Lettuce, 599
— opium, 599

Leucopogon, 606

Levant madder, 589
— wormseed, 596

Leven bark, 548

Lever wood, 686

Levisticum, 575

Levvisia, 571

Liatris, 598

Liberian coffee, 588

— rubber, 664

Libi dibi, 536

Lice seeds, 723

Lichenes, 761

Lichens, 761

Lign-aloe wood, 660

Mexican, 507

Lignum colubrinum, 620

— nephriticum, 525

— rhodium, 506
— vitas, 493
Ligu'.iflorae, 595, 599

Lilac, 614

Li iaceie, 718

Liliales, 718

LilieaD, 720

Lilium, 721

Lily, 718
— ot the valley, 721

Lima wood, 536

Lime fruit, 501, 502

— tree, 485
order, 482

LimnanthaoesB, 497

Limnanthes, 497

LinaoesB, -188

Linden order, 482

tree, 485

Ling, 552

Linnaean system, 414
Linseed, 490
— meal, 491
— oil, 491
Lint, 490
Linum, 490
Liquidambar, 551

Liquid camphor, 474
— myrrh, 506
— storax, 551, 612

Liquorice, 533
— juice, 533
Liriodendron, 435

Lisbon sarsaparilla, 725

Lissanthe, 606
Litclii, 519

Litmus, 763

Little cord, 748

Live oak, 686

Liverworts, 754
Loasacese, 562

Lobelia, 602

Lobeliaceae, 601

Locust fruit, 536
— wood, 537
— tree, 535, 537

Loganiacea?, 618

Logwood, 530, 537

Lo-kao, 515

Lolium, 734
Lomentaceaj, 449

Longan. 519

Long-eared barley, 736

leaved pine, 743
— nutmegs, 656
— pepper, 679
— zeuoary, 694

Lonicera, 584

Loofahs, 568

Loosestrife, 559
— purple, 560

Lopez root, 503

Lophira, 474
Lophophytnm, 689

Loquat, 544
Loranthaceie, 687

Lorantuus, 687

Lords and ladies, 717

Lotophagi, 516

Lotur bark, 612

Lotus, 443, 516

— tree. 492, 516

Lovage, 575

Love-apples, 630

Love-lies-bleeding, 619

Loxopterigium, 616

Lnban, 507
— Maitee, 507
— tree, 507

Lucerne, 530

Lucuma, 610

Luffa, 568

Lnhea, 486

Lunnria, 452

Lung-wort. 763

Lupulinic glands, 665

Lns-a-chrasis, 579

Lychnis, 465
Lyoopcrdon, 760

Lycoperdon nuts, 760
Lycopersieum, 630
Lycopodiaceae, 750
Lycopodium, 751

Lygeum, 737

Lvperia, 634
Lythracese, 559
Lythrum, 560

Macadamia, 661
Macassar oil, 43G
Maccaroni, 738

Mace, 656
Machasriutn, 533

Mache, 590
Maclura, 664
Maeonie, 665
Macrochloa, 738

Macropiper, 679
Madagascar poison nut, 616

Madder, 588, 589
— order, 585

Madia, 598
Magnolia, 434, 435
Magnoliacea?, 434

Magnolieoe, 434
Maguey, 704
Mahmira, 432

Mahogany, 509, 510

Maidenhair, 748

Maize, 738
— beer, 738
— starch, 738

Ma zena, 738
Majoon, 665

Majorana, 642, 643

Makiah, 665

Mako-mako, 484

Malabar cardamoms, C94

Malabar kino, 534

Malacca canes, 712

Malachra, 479

Malambo bark, 674

Male fern, 748
— jalap, 627
Malcsuerbiaccre, 563

Mallotus, 675

Mallow, 479
— order, 475

Malpighia, 191, 492

Malpighiaceie, 491

Malt, 737
Malta orange, 501

Malva, 479
Malvaeea;, 475

Malvales, 475

Malvern, 477

Maminea, 470

Mannnee apple, 470

Manchiucel, 675

Mancona bark, 539

Mandarin orange, 501

Mandragora, 632

Mandrake, 667, 632

Mangalea, 616

Mangava, 616

Mangel-wurzel, C50

Mungifera, 523
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Mango, 523
— wild, 470. 504

Mangold wurzel, 650

Mangosteen, 470
— order, 461)

— concrete oil of, 470

Mangrove, 553

Manihot, 675

Manila bast, 714
— elemi, 507
— hemp, 696
— tobacco, 632

Mauua, 613
— croup, 733— de Briancon, 744
— of the Hebrews, 762

Mount Sinai, 467

Many-eared wheat, 738

Maple, 520
— sugar, 521
Mapouchari. 665

Maranhain rubber, 675

Maranta, 695
— starch, 695
Marantacea;. 695

Marasmius, 757
Marattia, 743
Marattiacea;, 743
Marcgraavia. 473

Marcgraaviaceoe, 473

Marchautia, 756

Marchantiacea;, 755

Marchantiea*. 755

Mare's-tail. 552

Margosa tree. 508
Marigold, 597
Marjoram, 642

Marking nut. 524
Marmalade. 556
— fruit, 609
Marrubium. 642

Marsdenia, 618
Marsh-mallow, 477
— trefoil, 621
— rosemary. 607
Marsilea, 753
Marsileacea*. 752, 753

Martin's cancer powder,
635

Marvel of Peru. 648

Mary's flower. 450
Massarandtiba, 666
Mastich, 523
Mate, 512
Matthiola. 452
Matico, 597, 673
Matricaria, 598

Matura worm medicine, 491

Mauritia, 713
Mauritius ebony, 611
— rubber, 616
Maw seeds, 446
Mayaca, 728
Mayacca;. 728

May apple, 440
Mayweed, 596
Meadow saffron, 723
— sweet, 544

Mealy Gue'.der rose, 585

Mealy root, 695

Mecca galls, 687

Mechameck, 627

Medicago, 530

Mediek, 530
Medlar, 545
Melaleuca, 556

Melanorrhcea, 523

Melanospermeai, 764
Melanosporeie, 764

Melunthaceas, 722

Melastomacea?, 558

Melastoma, 559
Melia, 508
Meliaceae, 508

Melianthese, 493

Melica;, 735

Melicocca, 520

Melilot, 530
Melilotus, 530, 534

Meliosuieaj, 518

Melissa, 642

Melloca, 651

Melo, 567
Melocactus, 570

Melon, 567
— cactus, 570
Melosia, 767
Memecylon, 559

Menispermacem, 437

Menispermum, 438

Mentha, 642

Menthol, 642
Mentzelia, 562

Menyanthea?, 621

Meuyanthes, 621

Mertensia, 624

Merulius, 759, 760
Mesembryauthaceaj. 570

Mesembryantheai, 570

Mesembryanthemum, 571

Mespllodaphne, 658

Mespilus, 545

Mesua, 470
Metrosideros, 556

Metroxylon, 713

Meum, 575
Mew, 575
Mexical, 705

Mexican copal, 537
— elemi, 506
— grass, 697
— gum, 610
— lign-aloe wood, 507

— sarsaparilla, 725
— tea, 650
— thistle, 445

Mezereon, 659
— bark, 660

Michelia, 435

Micromeria, 642

Middling calaguala, 748

Mignonette, 454
— order, 453

Mikania, 598
Mildew, 761
Milfoil, 596
Milkweed, 674

Milkwort order, 459

Millet, 737— beer, 736, 737

Milnea, 509
Mimosa, 538
MiniosefE, 529, 538

Mimusops, 610
Mints, 642
Mirabilis, 649

Mishmee bitter, 432

Mistletoe, 687
Mitchamitcho, 498

Mocha senna, 536
Mock orange, 547
— plane, 521
Mogadore colocynth, 567
— gum, 538
Moghi, 760
Mokul, 507
Molasses, 737
Molinia, 737
Molucca berries, 48 1

MollugineEe, 464, 571

Momordica, 567

Mouarda, 642, 643

Monesia bark, 610

Monimia, 654
Moniiniacea?, 654
Monkey apple, 470— bread, 480
— grass, 713
— pot, 557
Monkshood, 431, 433

Monk's rhubarb, 05 1

Monnina, 461
Monochlamydeas, 648
— analysis of, 689
Monocotyledones. 692
— analysis of, 739
Monodora, 436
Monotropacea3, 605
Monrovian coffee, 58S

Montpelier scammony, 618

Moodooga oil, 532
Moonseed, 438
— order, 437
Mor, 506
Mora, 537
— wood, 537
Moracea;, 663
MorEea, 703
Morchella, 757, 760
Morel, 757, 760
Moreton Bay cane*, 714
— — chestnuts, 532

Morinda, 588
Moringa, 525
Moringacea?, 525

Morocco gum, 538
Morus, 664
Mosquit bean, 539
Moss, 753
Mote grease, 508

Mother cloves, 555
Mould, 759, 760
Mount Sinai manna, 167

Mountain arnica, 596
— ash, 545
— damson, 505
— hemp, 632
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Mountain laurel, 005
— mango 470
— pine, 743
— spinach, 650
— tea, 605
— tobacco, 596

Montan, 433
Mncor, 790

Mucuna, 534

Mudar bark, 618
— fibres, 618

Mugho, 743

Mulberry, 663, 604
— paper, 663

Mull, 589

Mullein, 634

Munjeet, 588, 589

Mur, 506

Muriti palm, 713

Murraya, 503

Murwa, 73G, 737

Musa, 696
Musacese, 695

Muscadine, 517

Muscatels, 517

Musci, 753
Muscinefe, 753

Mushroom, 756
— edible, 756
— poisonous, 757

Musk root, 575

Mustard, 451
— tree, 614

Mutisiese, 595

Mylitta, 760

Myopora, 640

Myoporacefe, 640

Myrabolams, 553

Myrcia, 556

Myrica, 670

Myricacese, 609

Myristica, 656

Myristicacese, 655

Myrobalans, 553

Myrospermum, 534

Myroxylon, 534

Myrrh, 506
Myrsinacese, 608

Myrsine, 608

Myrtacese, 554

Myrtales, 552

MyrteiE, 554

Myrtle, 554
— wax, 670

Myrtus, 554, 556

NAG-KASSAn. 470, 471

Naiadacere, 709

Nai-yalu, 717

Nankin cotton. 478

Narcissales, 701

Narcissus, 705

Nardoo plant, 753

Nardostaehys, 690

Nan), 590

Nardoa, 590

Nardus, 590

Nassauvieiv, b95

Nastoika, 693
Nasturtium, 452

Natal aloes, 721

Natchnee, 736
Native bread, 700
— carrots, 495
— currants, 588, 606

Natural systems, 117

Neb-neb, 538

Neetandra, 658

Nectarine, 543
Neem-tree, 508

Neilgherry nettle, 003

Nelumbiacea;, 442
Nelurabium, 443

Nepal sassafras, 658

Nepenthaceae, 681

Nepenthales, 681

Nepenthes, 681
Nepeta, 642

Nephelium, 519

Nephrodium, 748

Nettle, 602, 663
— tea, 663
— tree, 667
Neva, 712

New Granada rhatany, 461
— Jersey tea, 515
— Orleans cotton, 478
— Zealand flax, 721

spina ge, 571

Ngai camphor, 597

Nhandirobeie, 566

Nib-nib, 538
Nicaragua rubber, 007
— wood, 530

Nicker-tree, 537

Nicotiana, 632

Nigella, 432

Niger seeds, 598

Nim-tree, 508

Nipa, 715

Nitraria, 492, 51G

Noble orange, 501

Nolana, 025

Nolanacere, 625

Nomenclature, 406

Noog, 598

Nopal plant, 570

North American locust tree,

535— China sugar cane, 736

Norway birch, 668
— spruce, 744

Nose-bleed, 596

Nostoc, 768, 769

Notonia, 598

Notorhizesa, 450

Noyau, 543, 027

Nttcumentaoese, 449

Nunnari root, 018

Nut-galls, 687

Nutmeg order, 055

tree, 656

Nutmegs, 656
— American, 436

— Brazilian, 658

— calabash, 130

I

— Camara, 057

Nutmegs, clove, 057
— false, 656, 657
— Jamaica, 436
— long, 656
— official, 656
— round, 656
— true, 656
— wild, 656
Nuts, 686
Nux-vomica, 619

Nyctaginaceae, 6 18

Nyctanthcs, 613
NymphfEacese, 441

Nyssa, 580

Oak lungs, 703

Oaks, 685
Oat, 735
Oatmeal, 736

Ochna, 505

Ochnaceas, 505

Ochroma, 481

Ocymum, 642
Od'ina, 523
ffinanthe, 574, 576

Oenothera, 561

Official camphor, 057
— nutmegs, 056
— tar, 743

Ogechee lime, 580
Oidium, 760
Oil cake, 450, 491. 598
— of almonds, 542

anise, 435
bergamot, 502

beu, 525

camphor, 657

cassia, 658
chamomile, 596

cinnamon, 658

citrouelle, 735

cloves, 555
geranium, 544. 735

ginger grass. 735

horsechestnut, 519

juniper 743

lavender, G42

mace, 656
neroli, 501

nutmegs, 656

orange leaf, 601

partridge berry, 605

patchouli, 643

pine-leaf, 743

rhodium, 627

rose-leaved geranium,

495
sassafras, 659

spike, 642

thyme, 643

turpentine. 7 13

verbena, 736

wild castor seeds. 675.

winter green, 605

Okra. 478
Olacncen;, 510

Olncales, 510

Olax, 510
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Oldeulaudia, 588

Oldneldia, 675
OU1 mail's beard, 697
O'.ea, 614
— vermelho, 534
Oleacea?, 612
Oleaster, 661
Oleum anonoe, 436
— nigrum, 513
— origani, 643
— rusci, 668
— unonas, 436
Olibanum, 5U7
Olive, 612, 614
- bark, 614
— gum, 614— leaves, 614
— oil, 614
— wood, 614
Olivile, 614
Ombro, 589
Ombrophytum, 689
Omphalea, -675

O-uphalobium, 528
Omum, 575
Ouagraceae, 560
Oncoba, 458
Ouions, 720
Ouobrychis, 530
Opaque bdellium, 507
Ophelia, 621
Cphioglossaceae, 748

Ophiog.osseae, 748
Ophioglossum, 749
Opium, 445
— poppy, 445
Opopouax. 577
Opuntia, 570
Orange, 501
— berries, 501
— flower water, 501

Orchella weeds, 763
Orchidaceae, 697
Orchidales, 697

Orchil, 762, 763
Orchis, 697, 699

Ordeal bark, 539
— bean, 534
Orders, 403, 407
Oreodapbne, 659
Orgeat, 732
Origanum, 642
Orinoko tobacco, 632
OrobanchacesE, 634
Orobus, 534
Orontiese, 715
Orris root, 703
Orthoplocese, 450
Orthospermete, 566, 573
Oryza, 737

Osage orange, 664
Osiers, 671
Osmunda, 749
Ostrya, 686
Oswego tea, 642

Otto of rose, 544

Ouvirandra, 709
Oxalidaceae, 497
Oxalis, 498

Oxleya, 509

Ox} cedrus, 743
Oxvcoccus, 603

Oyster plant, 600, 624

Pachyma, 760

PtBonia, 433
— moutau, 433
Paionieae, 431
Pseony, 433
Pakoe Kidang, 749

Pale catechu, 589
— cinchona bark. 587
Palieurea, 588

Palmacea;, 710
Pa!ma Christi, 676
— .I'osae oil, 495
Palmales, 710
Palmetto, 712
Palm oil, 713
— sugar, 711, 712, 714— vinegar, 712
— wax, 712
— wine, 712, 713
Palms, 710
Palmvra fibres, 712
— paim, 712
— wood, 712
Palo de vaca, 666

Pampas-grass, 736
Panacea lapsorum, 596

Panama hats, 715
Panax, 578
Pandanaoese, 714
Pangium, 458
Pauicum, 737
Paima, 749
Pansy, 456
Pao Pereira, 616
Papaver, 445
Papaveraceaa, 444
Papaw, 564
Papaw-tree, 564
Papayacete, 564
Paper mulberry, 663
— reed, 732
Papilionaceie, 529, 530
— nutritious, 530
— poisonous, 530
Pappea, 52U
Paprika, 630
Papyrus, 732
Paracoto bark, 588
Para grass, 713
— India-rubber, 674
— nuts, 557— piassaba, 713— rhatany, 461
— sarsaparilla, 725
Paraguay holly, 512
— tea, 512
Parelra brava, 438
— root, 438
Parietales, 443
Parietaria, 663
Parinariuin, 542
Paritium, ir'.i

Parkiiiionia, 537

Parmelia, 762
Parmentiera, 636
Paronychia, 466
Paronychiacea.', 465
Paropsis, 563
Parsley, 574
— piert, 544
Parsnip, 574— chervil, 574
Partridge berry, 605

oil of, 605
— canes, 712
— wood, 510
Paspalum, 735, 737
Passerina, 660
Passiflora, 563
Passifloraceae, 563
Passiflorales, 561
Passionflower order, 563
Passions, 653
Pastinaca, 574, 577
Patchouly, 643
— oil of, 643
Pate de guimauve, 177
Paullinia, 519
Pavonia, 479
Payena, 610
Payta rhatany, 46

1

Pea, 530
Peach, 543— wood, 536
Pear, 545
Pearl barley, 737
Peas, 530
Peccan-nut, 684
Pedaliacete, 637
Pedalium, 637
Peeled colocynth, 5<i7

Peepla mool, 679
Peganou, 503
Peganum, 493
Pekea, 474
Pelargonium, 495
Pellitory, 596, 663— of Spain, 590
Peltidea, 763
Peltigera, 763
Penasa, 677
Pemcaceaa, 677
Penang caoutchouc. MS
— lawyers, 712
Penghawar Djambi, 749
Pencil cedar, 743
Penghawar, 749
Penicillaria, 737
Penicillium, 760
Pennisetuni, 737
Pennyroyal, 642
Pentadesma, 471
Pepper-dulse, 769
Peppermint, 642
Peppers, 503, 678
Pepperwort, 752
Perennial vvormgrass, 319
Pereskia, 570
Perezia, 599
Pernambuco cotton. -17H

— rubber, 616
Peronospora, 761
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Persea,_659
Persian* berries, 515
— insect powder, 593

tobacco, 632

Persimmon, CI 1

Personates, G32

Peruvian bark, 587
— cotton, 478
— heliotrope, 624
— rliatany, 461
— winter-cherry, 630

Peta'oidese, 692, 739

Petiveria, 652,

Petiveriaceie, 652

Peto, 738
Petroselinum. 674

Petty rice, 650
Peucedauum, 575

Peumus, 655

Phalaris, 737
Phanerogamia, 429

Pharbitis, 627
Phascacea?., 754

Phasceoe, 754
Phaseolixs, 530
Philadelphacea?, 547

Philadelpuus, 547

Philesia, 725

Philesiacea?, 725

Philydraceffi, 727

Phlox, 622

Phcenix, 713

Phorminm, 721

Phyllanthus. 676

Physalis, 630

Physic nuts, 675

Ph'ysostigma, 530, 534

Phytelephas, 714

Phytocrenacea3, 511

Phytocrene, 511

Phytolacca, 651

Phytolaccacese, 651

Phytophthora, 761

Piacava fibre, 713

Piassaba, 712, 713

Picotees, 465

Picrana, 505

Pierardia, 520

Pigeon-peas, 530

Pig-faces, 571

Pig-nuts, 574, 684

Pilocarpus, 503

Pimelea, 660

Pimento, 556

Piuipinella, 575

Pinacea:, 741

Pindova palm, 712

Pine-apple, 697
— fibre, 697
— nuts, 743
— order, 741

— woods, 713
— wool, 743

Vinos, 713

Pinev resin, 175

— tallow, 475
— tree, 170

Plneuioula, '',35

Pink-root, 619

Pink order, 463
Pinks, 465
Pinus, 743, 711

Piper, 678
Piperaceie, 678

Piper Bethiopicum, 437
— aduucum, 679
— angustifolium. 678
— jaborandi, 679
— nigrum, 679

Pipera'es, 678

Pipes de bruyere, 605

Pipewort, 729

Pi-pi, 536
Pipsissewa, 604

Piratinera, 667

Piscidia, 530

Pistacia, 523
— nut. 523

Pisum, 530

Pita hemp, 704

Pitch, 743
Pitcher plant, 681

Pite hemp, 704

Pitto, 738
Pittosporaceaa, 458

Pittosporum order, 458

Pitury, 631

Pix liquida, 743

Plagiospermeai, 566

Plane tree, 669

Plantaginacea;, 643

Plantago, 644

Plantain, 695, 696

Plant fountains, 511

Platanacea;, 669

Platanus, 669

Pleurisy-root, 618

Pleurorhizese, 450

Plocaria, 768

Plum, 542
Plumbaginacea?, 606

Plumbago, 607

Plume nutmeg, 655

Plumieria, 616

Poa, 737

Poava, 586

Pocan, 651

Pod pepper, 630

Podocarpus, 745

Podophyllum, 1 10

Podostemaeea1
. 654

Podostemon, 654

Pogostemon, 643

Poinoiana, 537

Polree a oarde, 650

Poison ash. 523

— elder, 523

— nut. 616
— oak, 523, 597

Poisonous leguminosEB,

_ mushrooms, 757

_ umbellifera?, 575

Pois queniques, 525

Poke, 651

Polanisia, 453

Polar plant. 598

Polemoniaceffi, 622

Polomoniales, 022

580

Polenta, 738

Polish wheat, 738
Polycarpea;, 465
Polygala, 462
Polygalacea?. 459
Polygalinea?, 459
Polygonacese, 652
Polygonatum, 721

Polygonum. 653
Polypetake, 429, 525, 580,

644
Polypodiacea;, 747
Polypodieas. 747
Polypoilium. 749

Polypody, 7 1

7

Polyporus. 759, 761

Poma wood, 509

Pomeas, 541, 544
Pomegranate, 556
Pompelmoose, 5 2

Poudweed, 709

Pongamia, 534
Poutederacea?, 727

Pontederales, 726

Poutederia. 727

Pooah fibre, 662

Poplar, 671

Poppy order, 414

Populus, 671

Porcupine wood, 713

Porewort order, 459

Porphrya, 766, 769

Portland arrowroot, 717

— sago, 717
Portugal onion, 720

Portulaca, 466
Portulacacea\ 466

Potamales. 707

Potato, 630

Pot barley 737

Poteutilla, 543

PoterieiE. 541

Pounce, 742

Praugos, 575

Prayer-beads, 531

Premna, 639

Prickly ash, 503

— bark, 504
— pear. 570
Primrose. 607

Primula, 608
Prirnulaeea:, 607

Primulales, 606

Prince's feathers, 649

Prinos, 512

Trintzia, 599

Prosopis. 538. 539

Protea, 061

Proteacca?, 061

Protoooccus, 707

Protophyta, 419, 420

Prunes, 542

Prunus. 542

Psalliota, 757

Psidium, 556

Psornlea, 531

Psychotria. 588

Ptelea, 503

Pteris, 748, 749
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Pfcerocarpus, 534
Ptyehotis. 575
Vueciuiu, 7til

Pncooon, 446
Pnoha pat, 643
Pnohrtrim beans. 650
VnrV'balls, 760
Pnlas cordage, 532
PiUqne, 705
Pulse, 530
ruin, 740
Pulza oil, 675
Pumpkin, 567
Puniea, 556
Punnecria, 630
Pupli, 515
Purging flax, 491
Purqnira nuts, 675
— oil, 675
Tm-ple heart, 537— loosestrife, 560
— wood, 537
Purslane, 466
Pyrcthrnm, 508
Pyroleie, 604
Pyroxylin, 478
Tyrus, 545

Quake pear, 556
Quainash, 721
Qnandang nut, 688
Qnalulhsciloto, 630
Qtiass, 738
Quassia, 504— wood, 505
Quebrachia, 616
Queen's delight, 676
— root, 676
Quercineoe, 685
Quercitron bark, 686
Querelas, 686
Quernales, 683
Quillaia, 544
Quilled copalchc bark,

074
Quill-wort, 751
Quince, 545
Quinine bush, 570
Qnisqualis, 653
Quito oranges, 630

U.vnniT root, 578
Races, 401
Raeiiie alncTe, 571

Radiant, 504
Radish. 452
Ralllcsia, 683
Itafflesiaceie, 683
Raisins, 517
Raiz del pipitzaliuue, 500
Rambch, 520
Raiubutali, 510
Rampions, 601
Ram-til, 508
Ranalcs, 420
Ranunculacea!, 429
Ranunculca.', 431

Ranunculus, 133

Rapatoa, 728
"

Rape, 450
Raphanus,,452
Raphia, 7li

- bast, 71

1

Raspberry, 544
Rati, 531
Ratsbane, 510
Rattan canes, 712
Ravenala, 696
Ravensara nut, 657
Reaumuria, 468
Reauimiriaceae, 468
Red cedar, 509, 743— cinchona bark, 587— currant, 548— elm, 668
— filberts, 686— gourd, 567— gum, 555

jasmine, 616— oak, 686
— poppy. 'W6
— quebracho bark, 616— resin, 722— rhatany, 461— river snake-root, 0K2
— rose leaves, 544
— sandal wood, 535, 539— Sanders wood, 535
— Smyrna nuts, 886— thorn apple, 631
— whortleberry, 603— wood tree, 509*

Reed, 735
Refined camphor, 057
Reindeer moss, 702
Remijia, 588
Reseda, 454
Resedacene, 453
Resin of Carana, 507

podophyllum, 440
Restiaoeffl, 729
Restialcs, 728
Restio, 729
Retti, 531
Rhanmacea?, 614
Rhamnus, 515

Rhaphidophora, 717
Rhatany, 401
Rhea fibre, 002
Rheum, 053
Rheumatism rooi . I Hi. 700
RhizobolaeeEB, I

<•';

Rhizoearpea3, 752

Rhlzogens of Lindloj , 602
Rhfzophora, 553
Rhizophoraceee, 552
Rhodiola, rim

Rhodium, <>il of, 627
Rhododendron, 604, 605
Rhodymenia, 766, 709

Rhodorere, 60

1

Rhodorrhlza, 627

Rhodospermea?, 764
Rhodosporete, 76

1

Rhubarbs, or,:!

RhUS, 523, 524, 597

Ribes, 548
Ribesiaceaj, 548
Ribwort, 643
Uicciaceaj, 755
Hicciea;, 755
Rice, 737— paper, 57S

starch, 73S
Riohardsonia, 588
Ricinus, 676
Riga fir, 743
Rimmon, 556
Ripogonum, 725
Robinia, 535
Rocambole, 720
Roccella, 763
Rock-rose order, 454
Rohuna-tree, 500
Rolmn, 500— bark, 509, 610
Roman chamomile, 500
Romero, 043
Rooman, 556
Rosa, 544
Rosaceae, 530
Rosales, 528
Rose-coloured algaj, 70

1

— - apples, 556— of Jericho, 450
Rosea), 541, 543
Rose-leaved geranium, 405
Rosemary, 643
Rose order, 530
Rosewood, 530, 533, 335
Rosin weeds, 507
Rosmarinus, 643
Rottlera, 075
Rough horsetail, 750— -skinned plum, 542
Round cardamom, 094
— chilli, 630
— nutmegs, 050
— zedoary, 094.

Roupellia, 616
Rowan-tree, 545
Roxburghia, 725
Roxburghiuceie, 7L'">

Royal fern, 749
Royena, 611
Rubber, 015

Rubia, 580
Rubiaceaj, 585
Rubiales, 583
Rubus, 544
Kite, 503

order, 408
Ruellia, 638
Rumex, 051

Rusa-ka-tcl, 5 1 1.

Rusa oil, 544, 735
Rusous, 721

Rushes, 725

Rush nut, 732
Rusot, l hi

Russian bast, 485— deal, 743
— rhubarb, 653
Ruta, 503
Rutaccie,'408

3 M
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llutoiB, 500
Rye, 738
— beer, 738

Sabadilla, 723
Sabbatia, 021
Sabiacere, 521

Sabia order, 521

Sabieu, 538

Sabina, 743
Saecharura, 737
Saccharomyces, 761
Sack-tree, 66G

Safflower, 597

SafEron, 703— bastard, 597
— crocus, 703
Sagapenum, 577

Sage, 642, 643
Sageretia, 515

Sago, 712, 713, 714, 746

Saguerus, 711

Sagua, 713
Sainfoin, 530

Sal, 475
Salad oil, 614

Salai tree, 507

Salep, 699

SalicaeeiE, 670

Salicornia. 650
Salix, 671
Sallows, 671

Salmalia, 481

Salsify, 599

Salsola, 050
Salvadora, 614

Salvadoracea:, 014

Salvador tea, 005

Salvia, 642, 643

Salviniacea;, 753

Samadera, 505
Sanibucus, 584

Samphire, 574
Samyda, 561
Samydacea3, 561

Sandal wood, 688

Sandarach, 742

Sandarusi-m'ti, 538

Sauguiuaria, 446
Sanguisorbere, 541, 544

Sauseviera, 721

Santa F6 tea, 612

Santalaccaj, 688

Santalales, 687

Santaluui, 688

Santouica, 596

Sap-green, 515

Sapindacete, 517

Sapinda'es, 517

Sapindeie, 518

Sapindns, 520

Sapodilla plum, 609

Saponaria, 465

Sapota, 609, 610

Sapotacca:, 609

Sappan root, 530

— wood, 536

Sapnoaya nuts, 557

Saracen corn, 053

Sarcocephalus, 589

Sarcocolla, 631, 677

Sarcolsena order, 475

Sargassum, 766, 769

Sarotbamnus, 532

Sarracenia, 444
Sarraceniaceie, 443
Sarsaparilla, 724, 725

Sassafras, 659
— nuts, 659
— oil of, 059
— pith, 659

Sassy bark, 539
— tree, 539
Satin wood, 509

Satureja, 642, 643

Saururaceie, 679

Saururus, 679, 680

Sauvagesia, 457
— order, 456
Sauvagesiacea;, 456

Savanilla rliatany, 461

Savine, 743
Savory, 642
Saxifraga, 546
Saxifragacea;, 545

Saxifrage order, 545

Scabiosa, 591

Scaivola, 600
Scammony, 627
— resin, 627— root, 627
Scarlet runners, 530

Scepa, 670
Scepaccai, 670

Schirescli, 721
Schizandra, 435

Sohizandraceffi, 435

Schinidelia, 520_

Sohoenauthus, 735

Schcenocaulon, 723

SciUa, 722
Schpus, 732

ScitaminaoosB, 693

Sclerauthaceaa, 466

Sclerauthus, 460

Scopolia, 632

Scorzonera, 599

Scotch barley, 737
— elm, 668
— fir, 743
— lovage, 574

Screw bean, 539

— pine, 714
'

Scrophularia, 631

Scrophul:iri;uT:r, 632

Scurvy grass, 451

Scutellaria, 0 13

Soyphophorus, 763

Scythian lamb, 7 10

Sea-buckthorn, 061

Seaforthia, 714

Sea Island cotton, 178

— kale, 451
— tape, 769
— weed, 704
- wrack, 709, 70S

Seaside grape, 053

Sebesten, 625— plums, 625
Secale, 738
Sechium, 568
Sedge, 730
Sedum, 549
Seed oil, 075

Selaginacea?, 038
Selaginellaceaa, 752
Selagiuella order, 752
Selago, 638
Selinum, 575
Semecarpus, 523, 524
Semen contra, 597
— cynre, 597
— santonici, 597
Semina cataputia;, 674
Semolina, 738
Senecioidea;, 594
Senega root, 462
Senegal gum, 538

Sene sauvage, 532

Senna, 530, 532, 536

Septulata;, 449
Serpeutary rhizome, 0S2

Service berry, 544
— tree, 545

Sesame oil, 037
— seeds, 637

Sesamum, 637
Sesuviea;, 571

Setaria, 738

Sethia, 491
Seville orange, 501

Shad-berry, 544
Shaddock, 502

Shallot, 720

Shamoola, 737
Shamrock, 498

Shanghac oil, 450

Shan mo. 7G1

Shea-butter, 010

She-oak. 070

Shikimi fruits. 435

Shiraz tobacco, 032

Shittah tree. 538

Shittim wood, 538

Shola, 631
— hats, 720

Shorca. 475

Shumao, 52

1

Shunum, 632

Siam benzoin. 6IS

— gamboge, 470

Siberian stone pine, 713

Sicca;, 606

Sicilian papyrus, 732

Sida, 479
Sideic, 477
Sideroxylon, 610

Side-saddle flower ordc

443
Sldhee, cos

Sicjos, 689

Sierra Leone peach, 589

Silcuc, 405

BUeneffl, 401

Rilcslau beet, 050

BlUoUlOStB, 1 18
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Siliquosre, 448
Silk-cotton, 481
— order, 479
Silphium, 577, 598
Silver fur, 744
Simaba, 505
Simarouba, 505
Simaruba, 505
Simarnbacen?, 504
Sinapis, 452
Singhara nut, 552
Sintoc bark, 658
Siphonia, 674
Siraballi, 659
Sissoo, 533
Sissum, 533
Sinui, 575
Sis-rowed bailey, 736
Sizygium, 557
Skimi, 435
Skirret, 575
Skunk cabbage, 717
Slender calaguala, 749
Slippery elm, 668

Sloe, 542
Slokan, 769
Sloke, 769
Small American cassia, 536
— round China cardamoms,

694
— striated ipecacuanha, 588

Smilacere, 724
Smilax, 725
Smyrnium, 575
Snake gourd, 568
— wood, 620, 667
Snowberry, 584
Soapwort order, 517
Sobralia, 699

Socotrine aloes, 720
Soja, 535
Sola, 531
— hats. 726
Solanaceae, 627
Solanea;, C29
Solanum, 627, 630

Solazzi juice, 533
Solci [ostein nia, 618
Solomon's seal, 721
Soluble cocoa, 482
Sonsonatc black balsam,

534
Sooja, 535
Sophora, 535
Sorghum, 736
Sorrel, 654
Souari nut, 474
— order, 473

Sonchet comestible, 732
Soujee, 738
Houlamea, 462
Sour gourd, 481
— sop, 436
South American cotton,

478
Sow-bread, 608

Soy, 535
Soymida, 609
Spanish broom, 533

Spanish chestnut, 686
— colocynth, 567— juice, 533
— moss, 697
— onion, 720
Sparattosperma, 637
Spearmint, 642
Species, 400, 406
Specularia, 601
Spelt, 738
Sphajria, 759
Sphaerococcus, 767
Sphagnacere, 754
Sphagneaj, 754
Sphagnum, 754
Spice pepper, 630
Spiderwort, 727
Spigelia, 619
Spikenard, 590
Spinacia, 650
Spina Christi, 516
Spinach, 650
Spinage, 650
Spindle-tree, 512, 513
Spirsea, 544
SpirolobeaB, 450
Split-moss, 754
Spogel seeds, 614
Spondias, 524
Sponge gourd, 568
Sport, 402
Sprat, 736
Spring barley, 736— wheat, 738
Spruce beer, 744
— firs, 744
Spurge flax, 660— laurel, 660
— order, 672
Spurious Winter's bark,
457

Spurred rye, 738
Squash, 567
Squill, 722
Squirting cucumber, 567

St. Ignatius' lieans, 619

St. John's wort order) 468
bread, 536

St. Michael's orange, 501

St. Salvador black balsam,
534

Stachys, 642
Stachytarpha, 639

Stackhousia, 51

1

StaekhousiaceaB, ril l

Stacte, 506
Stagmnria, 524
Staphylea, 521

Staphyleaceaa, 521

Star-anise, 435
— apples, 610
— wort, 552
Statice, 607
Stavesacre, 432
Sterculia, 481
Sterculiacea.', 479
Sticklac, 532
Sticta, 763

I
Stilaginaeere, 677

Stilago, 677
Stilbacea?, 622
StUlingia, 676
Stimulant umbellifera1

, 575
Stinking goosefoot, 651
Stipa, 735, 738
Stock, 452
Stone pine, 743
Storax, 551, 612— bark, 551
Stramonium, 631
Strasburg turpentine, 744
Stravadium, 558
Strawberry, 543
Striated ipecacuanha, 588
Stringy-bark tree, 555— gum-tree, 555
Strychnos, 618— order, 619
Stylewort order, 600
Stylidiaceas. 600
Styracere, 611
Styrax, 612
Suakin gum, 538
Sub-class, 405

genus, 403
kingdoms, 408
orders, 404
species, 401

— -tribes, 404
Subjee, 665

Succus hypocistidis, 683
Sucrose, 737

Sugar berry, 667
— cane, 737
— candy, 737
— maple, 521
Sultanas, 517
Sumach, 523
Sumatra benzoin, 6] 2

camphor, 474

Sumbul root, 575

Indian, 577

Summer savory, C 12, 0 13

— wheat, 738
Sundew, 550

— order, 550

Sunflower, 598
- soap, 598

Sunn, 47!J, r,:\-J

Sunnee hemp, "179

Superte, 602, 646, 648, 707

Surinam bark, 5:11

— medlar, 610

quassia, 505
Suwarrow nuts, 474

Swamp pine, 743
— rice, 738
— sassafras, 435

silk-weed, 618

Swartzia, 537

Swedish turnip, 450

Sweet almond, 542

--bay, 658

_ birch, 869
, cassava, 675

_ _ roots, 675

_ fern, 670



900 INDEX TO SYSTEMATIC BOTANY.

S\ypefc Rag, 717
gum, 551— leaf, C12
marjoram, GI2, 043— oil, G14

— orange, 501— potato, C27— sop, 436
— sorgho, 73G— violet, 456— William, 465
Sweetwood, 659
Swietenia, 510
Swine tang, 768
Swiss chard beet, 650
Sycamine, 6G4
Sycamore, 521— figs, 664
Syeomorus, GGi
Symbols, 409
Symphoriearpus, 581
Symphytum, G24
Symploeaceaa, Gil
Symplocarpus, 717
Symplocos, 612
Syncarpse, 710
Syrian papyrus, 732
Syringa, 547, 614
Syrup of capillaire, 748
System of Bentham and
Hooker, 422

De Candolle, 417
Endlicher, 419
Jussieu, 417
Lindlej', 421
Linnaeus, 414
Bay, 416
this Manual, 425— artificial, 411— natural, 414, 416

Taao, 532
Taban-tree, 610
Tabasheer, 736
Taberna?montana, 61G
Tacamahac, 507
Tacca, 700, 701— starch, 701
Taccacea;, 700
Taccales, 700
Tacsonia, 563
Tai'rifa, 607
Tahiti arrowroot, 701
Tail-pepper, 679
Talca gum, 538
Talha gum, 538
Talipot palm, 713
Tallicoonah, 508
Tallow-tree, 471, 070
Tamaricaceiu, 4GG
Tamarind, 537
— plum, 537
Tamarindus, 537
Tamarisk order, 4G6
Tamarix, 4G7
Tampico jalap, 627
Tampui, 520

Tamus, 700

Tanacetum, 598
Tangerine orange, 501
Tanghinia, 61G
Tangle, 769
Taushu'ui, 7G9
Tansy, 598
Tapioca, 675
— meal, G75
Tappuach, 502
Tar, 743
Tara, 717
Taraxacum, 599
Tares, 530
Tarragon, 596
Tasmaunia, 435
Tasmanian eranberrv, G06
Taxacena, 742, 714
Taxea?, 742
Taxinea?, 742
Taxus, 745
Tayuru, 5G8
Tea, 472— of heaven, 548— order, 471
Teak-tree, 639
Teazel, 590
Tecoma, G37
Tectona, G39
Teel oil, 637
Teenah, G64
Teff, 737
Telfairia, 5G8
Teplirosia, 530, 535
Terebinthina, 743
Terniinalia, 553
Ternstroemiacea?, 471
Terra japonica, 589
Testudinaria, 70G
Tetilla, 546
Tetragonieie, 571
Tetragonia, 571
Tetrameles, 5G8
Tetrapanax, 678
Texas sarsaparilla, 438— snake root, G82
Thalamiflora!, 429— analysis of, 485
Thallophyta, 756
Thapsia, 577
The Arabe, 466
— de l'Europe, 631— sanguinaire, 4GG
Thea, 472
Theobroma, 482
Theophrasta, 608
Thcsium, 688
Thevetia, 61G
Thick ealaguala, 749
Thist le, 491, 597

Thorn-apple, 631

Thoroughwort, 597
Thrift, 600
Thuja, 714
Thus, 713, 744
Thyme, 048, 643
--oil of, 043

Thyruelaocte, G59
Thymus, 612, GI3
Tioorea, 603

Til, 659
— oil, 637
Tilla, 485
Tiliacoa>, 482
Tlllere, i h s

THlandsia, G97
Tinnivelly senna, 53G
Tinospora, 438
Ti-plant, 721
Tisso flowers, 532
Tita root, 432
Tobacco, 032— root, 571
Tocusso, 73G
Toddalia, 503
Toddy, 711, 712, 713, 714
Toluifera, 534
Tomatoes, 030
Tonga, G39, 717
Tongoose fibres, G18
Tonic umbellifene, 575
Tonka beans, 533
Tonquin beans, 533
Toutelea, 514
Toolsie tea, 612
Toon wood, 509
Toothache-tree, 578— shrub, 504
Toothwort, 607
Topana, 574
Tortoise plant, 706— wood, 588
Torula, 761
Tous-les-mois, 695
Tow, 490
Towel gourd, 568
Trachylobium, 538
Tragacanth, 530
Tragopogon, 599
Trailing arbutus, 004
Trapa, 552
Traveller's tree, 090
Treacle, 737
Trebizond honey, 004
Tree beard, 697— copal, 538— cotton, 478
— lung-wort, 763
— of long life, 55G— paiony, 433
Trefoil, 530
Trcmandracca;, 459
Trianosperma, 568

Tribes, 404
Tribulus, 494
Trichilia, 508
Ti ichodesmium, 707
Triehosanthes, 508
Triehostemma, 043
Trifolium, 530
Trigonella, 635
Trillium, 721

Triosteum, 685

Tripe de roehe. 762

Triptolomaa, 535
Triticum, 738
Trinmfetta. 48;.

Triurnlos, 707

Triurldncote, ror
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Trim-is, 707

Tropieolftcete, 490
Tropreolum, 497
True chamomile, S9G

- maidenhair, 748
— mandrake, G32
— nutmegs, 650
— oil of spike, G42

Truffles, 757, 761
Tsz-Tsai, 769
Tuber, 757, 761
Tiibuliflone, 594, 595

Tuckahoe, 760

Tulip-tree, 435
Tulp, 703
Tunga wood, 509

Tupa, 602
Turkey box, 673
— boxwood, 073
— colocynth, 567
— oak, 686
— root, 589
Turkish millet, 73G
— tobacco, 032
Turmeric, 694
Turnera, 563— order, 562
Turneracese, 562
Turnip, 450
Turnsole, 674
Turpentine, 743
Turpeth, 627
Tnssac-grass, 736
Tussilago, 599
Two-rowed barley, 736
Tylophora, 618
Typlia, 715
Typhacese, 715

Udika bread, 504
TJllucus, 651
Ulniacea;, 667
Ulmece, 667
TJlmus, 667
Ulva, 709, 766, 769
TJmbellales, 571
TJmbelliferaj, 571
Umbelliferous order, 571
Umbilicaria, 7G2

TJmiri balsam, 492
Uncaria, 589
TJncomocomo, 749
Undulated ipecacuanha, 589
United States deal, 743
Unona, 430
Upas, GOG— tieute, G20
Urari, 620
Urceola, 610
Urginea, 722
Urn-moss, 754
Urostigma, GG4
Urtica, 663
Urticaceaj, C02
Urticales, 601
Urucnri nuts, 712
Utriciilaria, 635

Uva, 517
- uvsi, 001

Uvaria, 437

VACI ahja, 405

Vacciniaceaa, 002
Vaccinium, 603
Vahea, 010
Valerian, 590
Valeriana, 590
Valerianaceaj, 589
Valerian order, 589
Valerianella, 590

'

Vallea, 485
Valonia, 68G
Vanilla, 700
Vanzey, 025
Varieties, 401

- permanent, 402
Variolaria, 702, 7G3
Varronia, 625
Vascnlares, 747
Vateria, 475
Vatica, 475, 507
Vegetable Ethiops, 768
— butter of Canara, 475
— ivory, 714— marrow, 5G7— silk, 481
— sulphur, 751
Velvet tamarinds, 537
Venice turpentine, 744
Ventilago, 515
Venus's fly-trap, 550
Vera Cruz elemi, 50G
Veratrum, 724
Verbascuni, 634
Verbena, 639
Verbenacea?, 639
Vermicelli, 738
Vernonia, 599
Vernoniea1 , 594
Veronica, 634
Vert de vessie, 515
Vervain, 639
Vesca, 680
Vetches, 530
Vetiver, 735
Viburnum, 585

Vicia, 530
Victoria water-lily, 442
Victor's laurel, G58

Vinca, 015

Vine, 510
— fungus, 700
Vinegar-plant, 761
Viola, 466
Violacere, 405
Violea:, 456

Violet, 456
— order, 405

Virginian creeper, 517
date plum, 011

— red cedar, 743
^nake root, 082

Viscum, 087

Tlsmia, 468
Vitacete, BIO

Vitex, 039

Vitis, 517
Vittie-vayr, 730
Viviania order, 490'

Vivianiaeea3, 490
Voandzea, 035

,

Vochysia, 4G2 •

Vochysiacea'i 462.

Volatile oil of clpv.es, 555
hops, 005
mustard, 451 '

sassafras, 059
sweet bay, 058

Volvocinete, 764, 76G

Wagenboom, GG1
Wai-fa, 535

Wake-Robin, 717
Wakoo, 513
Wallflower, 452
Wall pellitory, GG3
Walnut, 684
Wampee fruit, 502
Wanzey, 625
Waras, 533
Warree, 737
Water bean, 442— cress, 452
— dropwort, 570
— hemlock, 576— lily, 441
— maize, 442— melon, 507
— pepper order, 407
— pepper, 053
— shield, 441
— tree, 096
— vines, 511
— wort, 727— yam, 709
Wattle gum, 538

Wax berry, G70
— lemon, 501
— myrtle, 670
Wayfaring tree, 585

Weandee, 470
Weld, 454
West African copal, 537

West Indian arrowroot, 69

cabbage palm, 711
corkwood, 436
locust tree, 537
rubber, 667

Wheat, 738
White agaric, 761

balsam, 034
— beet, 050

- bryony, 007
currant, 548

- dammar, 475
Alberts, 680

— galls, 087
— ginger, 694
— gourd, 5G7
— hellebore, 724

Ipecacuanha, 589
man grove, G40

- mulberry, GG4
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White mustard, 451
— oak, 686
— pareira brava, 438
— payta bark, 616
— pepper, 679
— pine, 743— quebracho bark, 615
— Sennaar gum, 538
— spruce, 744
— walnut, 685
— wax, 614
Whortleberry 603

Wig-tree, 522

Wild apricot, 470
— black cherry, 543
— cabbage, 450
— cherry, 543
— cinnamon, 457
— clove, 556
— date palm, 714
— ginger, 682
— gourd, 567
— hydrangea, 548
— indigo, 532
— lettuce, 599
— liquorice, 531
— mangoes, 470, 504
— marjoram, 642
— nutmeg, 656, 658
— pepper, 639
— rhea, 662
— sarsaparilla, 578
— senna, 532, 638
— service tree, 545
_ vanilla, 598
— vine, 567
— yam, 706

Willow, 670
Winter aconite, 433
— berry, 512
— cherry, G30
— green, 604

oil of, 605

Winter savory, 642, 643
— wheat, 738
Winterea?, 434
Winter's bark, 434, 457

spurious, 457
Witch hazel, 551
Withania, 630

Woad, 451, 533

Wonder of the world, 578

Wood-apple, 503
— nettle, 662
— oil, 474

of China, 674
— sorrel, 497
— tar, 743
Woody ipecacuanha, 456
— jalap, 627
— nightshade, 630

Worm bark, 531
— mushroom, 761

Wormseed, 597, 619

Wormwood, 596

Wourali, 620

Wrightia, 616

Wurrus, 533

Wych elm, 668

Xantiiium, 599

Xanthorrhiza, 433
Xanthorrhoea, 722

Xanthoxylea?, 500

Xanthoxylon, 503

Ximenia, 510

Xylocarpus, 509

Xylopia, 437
Xyridaceffi, 728
Xyris, 728

Yams, 706, 717

Yang-tasi, 76:i

Yarrow, 596
Yeast-plant, 759, 761
Yegaar-tree, 507
Yellow berries, 515
— cinchona bark, 587
— deal, 743
— dye-tree, 430
— flag, 703
— jasmine, 619
— pareira brava, 438
— parilla, 438
— pine, 743
— resin, 722
— root, 432
— wood, 509, 536

Yerba mansa, 680

Yercum fibres, 618

Yew, 745
— order, 744
— tree tea, 745

Young fustic, 524

Yucca, 722

Zacutjx, 506

Zamia, 746

Zante fustic, 524
Zanthoxylum, 503

Zanzibar copal, 53S

Zea, 738
Zebra-wood, 528, 588

Zedoary, 694
Zerumbet, 694

Zingiber, 654
Zingiberacea;, 693

Zinzeyd, 661

Zizania, 738
— straw, 736

Zizyphus, 515

Zostera, 709

Zygophyllacea!, -192

Zygopliyllum, 494
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MEDICINAL PLANTS:
BEING

DESCRIPTIONS, WITH ORIGINAL FIGURES,

OF THE

PRINCIPAL PLANTS EMPLOYED IN MEDICINE

;

AND AN ACCOUNT OF THEIR

PEOPEETIES -A-HSTID USES.
BY

ROBERT BEKTLEY, F.L.S.,
Professor of Bold n il in. King's Coll/ye, London ; Professor of Bolnny and Materia

Medica to ihe Pharmaceutical Society of Great Britain, itc.

AND

HENRY TRIMEN, M.B., F.L.S.

This publication consists of original coloured illustrations, natural size,

with accompanying descriptive text, of the plants which yield the drugs

in common use. In making a selection from the very large number of

species reputed to be of medicinal value, the British Pharmacopoeia

has been taken as a foundation, all the plants contained in it being

figured. To these have been added a large number of others which,

although not official here, are included in the United States Pharma-

copoeia or in the Pharmacopoeia of India. This work thus serves

especially as an illustrated Botanical Guide to the British, United

States, and Indian Pharmacopoeias, but it also includes other species

employed in different parts of Europe, or in common use, though not

official, in this country. Some others which afford food substances, of

value chiefly to invalids, and a few of our most poisonous indigenous

plants have also been added.

' The plates ure excellent, while the letterpress is clear, careful, and

complete.'

—

British Medical Journal.

' A work which, from all points of view, is a credit to the scientific

literature of the day.'

—

Lancet.

'This work, which is now complete, has fulfilled the high promise

of itfl first part, . . . An almost indispensable addition to every materia

medica library.'

—

Practitioner.

' Beautifully illustrated, and as accurately described. It is an

invaluable book as a work of reference, and forms a noble contribution

to botanical and medical science.'

—

Edinburgh Medical Journal.

[Continued on next pane,
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' We -hare already expressed our opinion that this is by far the

most-important book of the kind in our language, so that here, beyond

complimenting all concerned on the fineness and excellence of the

illustrations, we need only remark that the letterpress is in keeping

with, and worthy of, the plates.'

—

Medical Times and Gazette.

'One of the most valuable contributions ever made to the scientific

study of materia medica, and is indispensable to every teacher and

earnest student of that branch of medical knowledge.'

Dublin Medical Journal.

' The coloured illustrations are remarkably good and true to nature,

and they represent all the plants that have been most recently intro-

duced into our materia medica. In the letterpress just as much is said

respecting the medicinal properties and uses of each plant as -will

complete the description.'

—

Medical Press and Cihcuiau.

' A complete repertorium for the botanico-medical student. . . .

It is not often that a reviewer can rise from a critical examination

of a livre de luxe with such an unmixed feeliDg of satisfaction as in the

case of these handsome volumes.'

—

Nature.

' It is an indispensable work of reference to everyone interested

in pharmaceutical botany. The botanical descriptions of the species

from the hand of Dr. Trimen, and the description of the general

characters, composition, properties, and uses of its parts and products

which are employed in medicine or otherwise, by Professor Bentley,

may be thoroughly relied on, and in nearly all cases the coloured

drawings and the dissections of the most important parts of the plant

give a very correct idea of the species from which the drug is obtained.

Moreover, the work, in four handsome volumes, will form a decided

ornament to the library shelves or drawing-room table/

Pharmaceutical Journal.

' This superb treatise. . . . Each plate is well worth twice its pub-

lished price.'

—

Veterinarian.

' We are compelled to express once again our admiration of the

thoroughness and uniform excellence with which the design of the

authors has been carried out.'—Chemist and Druggist.
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Human Body. By Luther Holden, F.R.C.S. Fifth Edition, by

John Langton, F.R.C.S. and Member of the Court of Examiners;

Surgeon to St. Bartholomew's Hospital. With 208 Engravings. 8vo,

20s.
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Human Osteology : comprising a Descrip-
tion of the Bones, with Delineations of the Attachments of the

Muscles, the General and Microscopical Structure of Bone

and its Development. Seventh Edition, by Charles Stewart,

Conservator of the Museum, R.C.S., and R. W. Reld, M.D.,

Professor of Anatomy in the University of Aberdeen. With 59

Plates and 75 Wood Engravings. Royal 8vo, 16s.
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Edition. 8vo, 3s. 6d.

MORRIS.—The Anatomy of the Joints of Man.
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8vo, 8s. 6d. [The Tnhles separately, 2s. 6d.]
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CHEMISTRY

—

continued.

WATTS.—Manual of Chemistry, Theoretical
and Practical. (Based on Fownes' Manual.) BY Henry Watts,

B.A., F.E..S.

Vol. I.—Physical and Inorganic Chemistry.
Second Edition (Fourteenth of Fownes'). By William A. Tilden,

D.Sc, F.K.S., Professor of Chemistry in the Mason College, Bir-

mingham. With 122 Wood Engravings, and Coloured Plate of

Spectra. Crown Svo, 8s. 6d.

Vol. II.—Chemistry of Carbon-Compounds,
or Organic Chemistry. Second Edition (Thirteenth of Fownes').

Edited by Wi. A. Tilden, D.Sc, F.R.S. With Engravings. Crown

Svo, 10s.

CHILDREN, DISEASES OF.

DAY.—A Manual of the Diseases of Children.
By William H. Day, M.D., Physician to the Samaritan Hospital for

Women and Children. Second Edition. Crown 8vo, 12s. 6d.

ELLIS.—A Practical Manual of the Diseases
of Children. By Edwakd Ellis, M.D., late Senior Physician to the

Victoria Hospital for Sick Children. With a Formulary. Fifth

Edition. Crown 8vo, 10s.

GOODHART.—The Student's Guide to Diseases
of Children. By James Frederic Goodhart, M.D., F.R.C.P.,

Physician to Guy's Hospital and Lecturer on Pathology in its

Medical School. Fourth Edition. Fcap. 8vo, 10s. (jd.

SMITH.—A Practical Treatise on Disease in
Children. By Eustace Smith, M.D., F.R.C.P., Physician to H.M. the

King of the Belgians, and to the East London Hospital for Children.

Second Edition. Svo, 22s.

By the same Author.

Clinical Studies of Disease in Children.
Second Edition. Post 8vo, 7s. 6d.

Also,

On the Wasting Diseases of Infants and
Children. Fifth Edition. Post 8vo, 8s. Od.

STEINER.—Compendium of Children's Dis-
eases; a Handbook for Practitioners and Students. By JOHANN
STEINER, M.D. Translated by Lawson Tait, F.R.C.S., Surgeon to the
Birmingham Hospital for Women, <Scc. 8vo, 12s. 6d.
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DENTISTRY.

GORGAS. — Dental Medicine : a Manual of

Dental Materia Mediea and Therapeutics. ByFerdinand J . S. GORGAS,

A.M., M.D., D. D.S., Professor of Dental Surgery and Science, &c, in

the University of Maryland. Third Edition. 8vo, 16s.

HARRIS. — The Principles and Practice of

Dentistry ; including Anatomy, Physiology, Pathology, Therapeutics,

Dental Surgery, and Mechanism. By Chapin A. Harris, M.D., D.D.S.

Twelfth Edition, revised and edited by Ferdinand ,T. S. Gorqas,

A.M., M.D.. D.D.S. With over 1,000 Illustrations. 8vo, 33s.

STOCKEN.—Elements of Dental Materia Medica

and Therapeutics, with Pharmacopoeia. ByJAMES STOCKEN, L.D.S.E.C.S.

,

late Lecturer on Dental Materia Medica and Therapeutics and Dental

Surgeon to the National Dental Hospital; assisted by Thomas Gaddes,

L.D S. Eng. and Edin. Third Edition. Fcap. 8vo, 7s. Gd.

TOMES (C. S.).—Manual of Dental Anatomy,
Human and Comparative. By Charles S. Tomes, M.A., F.R.S.

Third Edition. With 212 Engravings. Crown 8vo, 12s. 6d.

TOMES (J. and C. S.).—A System of Dental

Surgery By Sir JOHN TOMES, F.R.S., and CHARLES S. TOMES, M.A.,

M.R.C.S., F.R.S. Third Edition. With 292 Engravings. Crown

8vo, 15s.

EAR, DISEASES OF.

BURNETT—The Ear: its Anatomy, Physio-

logy, and Diseases. A Practical Treatise for the Use ol
;

Medical

Stfdents and Practitioners. By Charles H. Burnett, M.D Aural

Surgeon to the Presbyterian Hospital, Philadelphia. Second E<Ht,on.

With 107 Engravings. 8vo, 18s.

DALBY—On Diseases and Injuries of the Ear.

Bv sir William B. Dalby. F.R.C.S., Consulting Aural Surgeon to

2d LecTurer on Aural Surgery at, St. George's Hospital Fourth

Edition. With Woodcuts and Coloured Plates. Cro«n fto.
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FORENSIC MEDICINE.

ABERCROMBIE. — The Student's Guide to

Medical Jurisprudence. By JOHN Abercrombie, M.D., F.R.C.P.,

Physician to Charing Cross Hospital. Fcap. 8vo, 7s. 6d.

OGSTON.—Lectures on Medical Jurisprudence.

By Francis OGSTON, M.D., late Professor o£ Medical Jurisprudence

and Medical Logic in the University of Aberdeen Edited by FRANCIS

OGSTON, Jun., M.D. With 12 Plates. 8vo, 18s. •

TAYLOR—The Principles and Practice of

Medical Jurisprudence. By Alfred S. Taylor, M.D., F.R.S.

Third Edition, revised by Thomas Stevenson, M.D., F.R.C.P., Lec-

turer on Chemistry and Medical Jurisprudence at Guy's Hospital

;

Examiner in Chemistry at the Koyal College of Physicians
;

Official

Analyst to the Home Office. With 188 Engravings. 2 Vols. 8vo, 31s. 6d.

By the same Author.

A Manual of Medical Jurisprudence.

Twelfth Edition, revised by Thomas Stevenson, M.D., F.R.C.P.

With 56 Engravings. Crown 8vo, 14s.

also,

On Poisons, in relation to Medical Juris-

prudence and Medicine. Third Edition. With 104 Engravings.

Crown 8vo, 16s.

TIDY AND WOODMAN.—& Handy-Book of

Forensic Medicine and Toxicology. By C. Meymott Tidy, M.B.
;
and

W. Bathurst Woodman, M.D., F.R.C.P. With 8 Lithographic Plates

and 116 Wood Engravings. 8vo, 31s. 6d.

HYGIENE.

PA RKES.— A Manual of Practical Hygiene.

By the late Edmund A. Parkes, M.D., F.R.S. Eighth Edition, by

J. Lane Hotter, M.D., Professor of Military Hygiene in the Army

Medical School. With 10 Plates and 103 Wood Engravings. 8vo, 18s.

WILSON—A Handbook of Hygiene and Sani-

tary Science. By George Wilson, M.A., M.D., F.R.S.E., D.P.H.

Camb., Medical Officer of Health for Mid Warwickshire. Seventh

Edition. With Engravings. Crown 8vo, 12s. 6d.
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MATERIA MEDICA AND THERAPEUTICS.

LESOHER.—Recent Materia Medica. Notes
on their Origin and Therapeutics. By F. HARW00D LESCHER, F.C.S.,

Pereira Medallist. Fourth Edition. Svo, 2s. Gd.

OWEN.—A Manual of Materia Medica; in-

corporating the Author's " Tables of Materia Medica." By ISAMBARD

OWEN, M.D., F.R.C.P., Lecturer on Materia Medica and Therapeutics

to St. George's Hospital. Second Edition. Crown 8vo, 6s. 6d.

ROYLE AND HARLEY.—A Manual of Materia

Medica and Therapeutics. By J. Forbes Boyle, M.D., F.R.S., and

JOHN HARLEY, M.D., F.B.C.P., Physician to, and Joint Lecturer on

Clinical Medicine at, St. Thomas's Hospital. Sixth Edition, including

addition and alterations in the B.P. 18S5. With 139 Engravings.

Crown 8vo, 15s.

SOUTHALL.— The Organic Materia Medica of

the British Pharmacopoeia. Systematically Arranged. By W. Southall.

F.L.S. Fourth Edition. Crown 8vo 5s.

THOROWGOOD. — The Student's Guide to

Materia Medica and Therapeutics. By John C. Thorowgood, M.D.,

F.R.C.P. Second Edition. With Engravings. Fcap. 8vo, 7s.

WARING.—A Manual of Practical Therapeu-
tics By Edward J. Waring, CLE., M.D., F.R.C.P. Fourth Edition,

revised by the Author and Dudley W. Buxton, M.D., M.R.C.P.

Crown Svo, 14s.

WHITE.—Materia Medica, Pharmacy, Pharma-

cology and Therapeutics. By W. Hale White, M.D., F.R.C.P.,

Physician to, and Lecturer on Materia Medica and Therapeutics at

Guy's Hospital ; Examiner in Materia Medica to the Conjoint Board

of England. Fcap. 8vo, 7s. (id.

MEDICINE.
CHARTERIS.—The Student's Guide to the

Practice of Medicine. By M. Charteris, M.D., Professor of Thera-

peutics and Materia Medica, University of Glasgow. With En-

gravings on Copper and Wood. Sixth Edition. Fcap. Svo, 9s.
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MEDICINE

—

continued.

FAGGE AND PYE-SMITH.—The Principles and
Practice of Medicine. By the late C. Hilton Fagse, M.D., F.R.C.P.,

and Philip H. Pie-Smith, M.D., F.R.S., F.R.C.P., Physician to, and

Lecturer on Medicine in, Guy's Hospital. Third Edition. 2 Vols.

8vo. Cloth, 40s., leather, 46s.

FENWICK.—The Student's Guide to Medical
Diagnosis. By Samuel Fenwiok, M.D., F.R.C.P., Physician to the

London Hospital. Seventh Edition. With 117 Engravings. Fcap.

8vo, 7s.

By the sUme Author.

Outlines of Medical Treatment, including
Foreign as well as English Methods. Third Edition. Crown

8vo, 10s.

FOWLER.—A Dictionary of Practical Medicine.
By Various Writers. Edited by James Kingston Fowleu, M.A., M.D.,

F.R.C.P., Physician to Middlesex Hospital and the Hospital for

Consumption, Brompton. Svo., cloth, 21s. ;
half-calf, 26s

HARRIS.—The Student's Guide to Diseases
of the Chest. Py Vincent D. Harris, M.D., F.R.C. P., Physician to

the Victoria Park Hospital for Diseases of the Chest. "With 55

Engravings, plain and Coloured. Fcap. 8vo, 7s. 6d.

NIXON.—Handbook of Hospital Practice and
Physical Diagnosis. By Christopher J. Nixon, M.D., LL.D. Professor

of Medicine in the Catholic University, Dublin ; Examiner in

Medicine, R.C.P.I., and for the Conjoint Examinations of R.C.P. and

S. Irel. With Plates and Engravings. Svo, 9s.

ORMEROD.—Diseases of the Nervous System
(Student's Guide Series). By J. A. Ormerod, M.D., F.R.C. P., Physician

to the National Hospital for the Paralysed and Epileptic. With 66

Illustrations. Fcap. 8vo, 8s. 6d.

TAYLOR.—A Manual of the Practice of Medi-
cine. By Frederick Taylor, M.D., F.R.C.P., Physician to, and

Lecturer on Medicine at, Guy's Hospital. Second Edition. With

24 Illustrations. Crown 8vo, 15s.

WEST. — How to Examine the Chest : a
Practical Guide for the Use of Students By Samuel West, M.D.,

F.R.C. P., Assistant Physician and Medical Tutor to St. Bartholomew's

Hospital. Second Edition. With 46 Engravings. Fcap. Svo, 5s.

11, NEW BURLINGTON STREET.
9



J. A. Churchill's Medical Class Books.

MIDWIFERY.
BARNES.—Lectures on Obstetric Operations,

including the Treatment of Hemorrhage, and forming a Guide to the

Management of Difficult Labour. By Robert Barnes, M.D F.B.C.P.,

Consulting Obstetric Physician to St. George's Hospital. Fourth

Edition. With 121 Engravings. 8vo, 12s. 6d.

BURTON—Handbook of Midwifery for Mid-

wives. By John E. Burton, M.E.C.S., L.R.C.P., Surgeon to the

Liverpool Hospital for Women. Second Edition. With Engrav-

ings. Ecap 8vo, 6s.

GALABIN—A Manual of Midwifery. By Alfred

Lewis Galabin, M.A., M.D., E.R.C.P., Obstetric Physician and

Lecturer on Midwifery, &c„ to Guy's Hospital, Examiner in Mid-

wtfery to the Conjoint Examining Board for England. Second

Edition. With 249 Engravings. Crown 8vo, 15s,

REYNOLDS.— Notes on Midwifery: specially

designed to assist the Student in preparing for Examination. By J. J.

S™%.K.C.P., M.E.C.S. Second Edition. With 15 Engravings.

Ecap. 8vo, 4s.

ROBERTS—The Student's Guide to the Practice

of Midwifery. By D. Lloyd Roberts, M.D., F.R.CP. Lecturei
-

on

ClinicalMidwifery and Diseases of Women at Owen's« Phy-

sician to St. Mary's Hospital, Manchester. Third Edition. With.

Coloured Plates and 127 Engravings. Ecap. 8vo, 7s. 6d

VWAYNE—Obstetric Aphorisms for the Use ot

Ninth Edition. With 17 Engravings, leap. 8vo, 3s. 6d.

MICROSCOPY.

CARPENTER-The Microscope and its Revela-

tion.,. By William B. Carpenter .
C.B., M.D., FJJ be

Edition. Edited by Rev. Dr. Dallinger, F.R.S. Witn

and 800 Woodcuts. 8vo, 26s.

tt?f The Microtomist's Vade-Mecum ;
a

Vfflefranctae-BurOferC^

10
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OPHTHALMOLOGY.
GOWERS.—A Manual and Atlas of Medical

Ophthalmoscopy. By W. R. Gowers, M.D., F.R.S., F.R.C.P.,

Physician to the National Hospital for the Paralysed and Epileptic.

Third Edition. Edited with the assistance of Marcus GUNN, M.B.,

F.R.C.S., Surgeon to the Royal London Ophthalmic Hospital;

Ophthalmic Surgeon to the National Hospital for the Paralysed and

Epileptic. With 12 Autotype Plates and 83 Engravings. 8vo, 16s.

HARTRIDGE—The Refraction of the Eye. By
Gustavus Hartridge, F.R.C.S., Surgeon to the Royal Westminster

Ophthalmic Hospital. Sixth Edition. With 98 Illustrations, Test

Types, &c. Crown 8vo, 6s.

By the same Author.

The Ophthalmoscope : A Manual for Stu-
dents. With 2 Coloured Plates and 63 Engravings. Post 8vo 4s.

HIGGENS.—Hints on Ophthalmic Out-Patient
Practice. By Charles Higgens, F.R.C.S., Ophthalmic Surgeon to,

and Lecturer on Ophthalmology at, Guy's Hospital. Third Edition.

Fcap. 8vo, 3s.

MACNAMARA.—Diseases and Refraction of the
Eye. By Charles Macnamara, E.R.C.S., and Gustavus Hartridge,

F.R.C.S., Surgeons to the Royal Westminster Ophthalmic Hospital.

Fifth Edition. With 156 Engravings. Crown 8vo, 10s. 6d.

NETTLESHIP.—The Student's Guide to Diseases
of the Eye. By Edward Nettleship, F.R.C.S., Ophthalmic Surgeon

to St. Thomas's Hospital, Surgeon to the Royal London Ophthalmic

Hospital. Fifth Edition. With 164 Engravings, and a Coloured Plate

illustrating Colour-blindness. Fcap. 8vo, 7s. 6d.

POLLOCK.—The Normal and Pathological
Histology of the Human Eye and Eyelids. By C. Fred. Pollock,

M.D., F.R.C.S.E., and F.R.S.E., Surgeon for Diseases of the Eye,

Anderson's College Dispensary, Glasgow. Writh 100 Plates, containing

230 Original Drawings by the Author, Lithographed in black and

colours. Crown 8vo, 15s.

WOLFE.—On Diseases and Injuries of the Eye :

a Course of Systematic and Clinical Lectures to Students and Medical

Practitioners. By J. R. Wolfe, M.D., F.R.C.S.E., Senior Surgeon to

the Glasgow Ophthalmic Institution, Lecturer on Ophthalmic Medicine

and Surgery in Anderson's College. With 10 Coloured Plates, and 120

Wood Engravings, 8vo, 21s.
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PATHOLOGY.
BOWLBY.—The Student's Guide to Surgical

Pathology and Morbid Anatomy. By Anthony A. Bowlby, F.R.C.S.,

Assistant Surgeon to, and Demonstrator of Practical Surgery and Sur-

gical Pathology at, St. Bartholomew's Hospital. Second Edition.

With 158 Engravings. Fcap. 8vo, 9s.

JONES AND SIEVEKING.—A Manual of Patho-

logical Anatomy. By C. Handfield Jones, M.B., F.R.S., and Sik

Edward H. Sieveking, M.D., F.R.C.P. Second Edition. Edited, with

considerable enlargement, by J. F. Payne, M.B., Physician to

St. Thomas's Hospital. "With 195 Engravings. Crown 8vo, 16s.

LANCEREAUX.—Atlas of Pathological Ana-
tomy. By Dr. Lanoereaux. Translated by W. S. Greenfield, M.D.,

Professor of Pathology in the University of Edinburgh. With

70 Coloured Plates. Imperial 8vo, £5 5s.

MOORE. Pathological Anatomy of Diseases,

arranged according to the Nomenclature of Diseases of the R.C.P-

Bond. By Norman Moore, M.D., Assistant Physician and Lecturer

on Pathological Anatomy to St. Bartholomew's Hospital. With

110 Illustrations. Fcap. 8vo, 8s. 6d.

SUTTON.—Lectures on Pathology delivered at

the London Hospital. By the late Henry Gawen Sutton, M.B.,

FRCP., Physician and Lecturer on Pathology at the London Hos-

pital, &c. Edited by Maurice Eden Paul, M.D., and Revised by

Samuel Wilks, M.D., LL.D., F.R.S. 8vo, 15s.

SUTTON. An Introduction to General

Pathology. By John Bland Sutton, F.R.C.S., Sir E. Wilson

Lecturer on Pathology, R.C.S. ; Assistant Surgeon to, and Lecturer on

Anatomy at, Middlesex Hospital. With 149 Engravings. 8vo, 14s.

WYNTER AND WETHERED.—A Manual of

Clinical and Practical Pathology. By W. Essex Wyntkr, M.D.,

Medical Registrar and late Demonstrator of Anatomy and Uiemistry

at the Middlesex Hospital; and Frank J. Wkthered, M.D

Assistant Physician to the City of London Hospital for Diseases of

the Chest. With 4 Coloured Plates and 67 other Illustrations, 8vo,

12s. 6d.
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PHYSIOLOGY.
CARPENTER.—Principles of Human Physio-

logy. By William B. Carpenter, C.B., M.D., F.R.S. Ninth Edition.

Edited by Henry Power, M.B., F.R.C.S. With 3 Steel Plates and

377 Wood Engravings. 8vo, 31s. 6d.

DALTON.—A Treatise on Human Physiology :

designed for the use of Students and Practitioners of Medicine. By

John C. Dalton, M.D., Professor of Physiology and Hygiene in the

College of Physicians and Surgeons, New York. Seventh Edition.

With 252 Engravings. Royal 8vo, 20s.

FREY.—The Histology and Histo-Chemistry of

Man. A Treatise on the Elements of Composition and Structure of the

Human Body. By Heinrich Frey, Professor of Medicine in Zurich.

Translated by Arthur E. Barker, Surgeon to the University College

Hospital. With 608 Engravings. 8vo, 21s.

SANDERSON.—Handbook for the Physiological
Laboratory : containing an Exposition of the fundamental facts of the

Science, with explicit Directions for their demonstration. By J.

Burdon Sanderson, M.D., F.R.S.; E. Klein, M.D., F.R.S.; Michael

Foster, M.D., F.R.S., and T. Lauder Brunton, M.D., F.R.S. 2 Vols.,

with 123 Plates. 8vo, 24s.

STARLING.—Elements of Human Physiology.
By Ernest H. Starling, M.D., M.R.C.P., Joint Lecturer on Physio-

logy at Guy's Hospital. With 94 Engravings. Fcap. 8vo, 6s. ttd.

YEO.—K Manual of Physiology for the Use of
Junior Students of Medicine. By Gerald F. Yeo, M.D., F.R.C.S.,

F.R.S., late Professor of Physiology in King's College, London. Second

Edition. With 318 Engravings (many figures). Crown 8vo, 14s.

PSYCHOLOGY.
BUCKNILL AND TUKE.—A Manual of Psycho-

logical Medicine : containing the Lunacy Laws, Nosology, ^Etiology,

Statistics, Description, Diagnosis, Pathology, and Treatment of Insanity,

with an Appendix of Cases. By John C. Bucknill, M.D. F.R.S.,

and D. Hack Tuke, M.D., F.R.C.P. Fourth Edition, with 12 Plates

(30 Figures). 8vo, 25s.

CLOUSTON. — Clinical Lectures on Mental
Diseases. By Thomas S. Ci.oustqn, M.D., and F.R.C.P. Edin.; Lec-

turer on Mental Diseases in the University of Edinburgh. Third

Edition. With 13 Plates. Crown 8vo, 14s.
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SURGERY.

BELLAMY.—The Student's Guide to Surgical

Anatomy; au Introduction to Operative Surgery. By Edward

Bellamy, F.R.C.S., late Surgeon to, and Lecturer on Surgery at,

Charing Cross Hospital. Third Edition. With 80 Engravings. Fcap.

8vo, 7s. 6d.

BRYANT.—A Manual for the Practice of

Surgery By Thomas Bryant, F.R.C.S., Consulting Surgeon to Guy's

Hospital. Fourth Edition. With 750 Hlustrations (many being

coloured), and including 6 Chromo-Lithographic Plates. 2 Vols.

Crown 8vo, 32s.

DRUITT AND BOYD.—Druitt's Surgeon's Vade-

Mecum ; a Manual of Modern Surgery. Edited by Stanley Boyd,

MB B S Lond ,
F.B.C.S., Assistant Surgeon and Pathologist to the

Charing Cross Hospital. Twelfth Edition. With 373 Engravings.

Crown 8vo, 16s.

HEATH—A Manual of Minor Surgery and

Banda-in". By Christopher Heath, F.B.C.S., Holme Professor of

Clinical Surgery in University College and Surgeon to the Hospital.

Ninth Edition. With 146 Engravings. Fcap. 8vo, 6s.

By the same Author.

A Course of Operative Surgery: with

Twenty Plates (containing many figures) drawn from Nature by

M. Leveille, and Coloured. Second Edition. Large Svo, 30s.

ALSO,

The Student's Guide to Surgical Diag-

nosis. Second Edition. Fcap. Svo, 6s. 6d.

JACOBSON.-The Operations of Surgery :
in-

tended especially for the use of those recently appointed on a Hospital

School. Second Edition. With 235 Engravings. Svo, 30s.

11, NEW BURLINGTON STREET.
14



J. # A. Churchill's Medical Class Books.

SURGERY—continued.

MOULLIN.— Surgery. By C. W. Mansell
MouUin, M.A., M.D.Oxon., F.R.C.S., Surgeon to, and Lecturer on

Physiology at, the London Hospital ;
formerly ftadcliffe Travelling

Fellow and Fellow of Pembroke College, Oxford. With 497 Illustra-

tions. 8vo, 34s.

WALSHAM.—Surgery : its Theory and Practice
(Student's Guide Series). By "William J. Walsham, F.R.C.S., M.B.,

and CM. Aberd., Senior Assistant Surgeon to, and Lecturer on

Anatomy at, St. Bartholomew's Hospital. Fourth Edition. With 335

Engravings. Fcap. 8vo, 12s.

TERMINOLOGY.
MAXWELL.—Terminologia Medica Polyglotta :

a Concise International Dictionary of Medical Terms (French,

Latin, English, German, Italian, Spanish, and Russian). By Theodore

Maxwell, M.D., B.Sc. Lond., F.R.C.S Edin. Boy. 8vo, 16s.

MA YNE.—A Medical Vocabulary: being an
Explanation of all Terms and Phrases used in the various Departments

of Medical Science and Practice, giving their Derivation, Meaning,

Application, and Pronunciation. By R. G. MAYNE, M.D., LL.D. Sixth

Edition, by W. W. Wagstaffe, B.A., F.R.C.S. Crown 8vo, 10s. 6d.

A Short Dictionary of Medical Terms, 2s. 6d,

TREVES AND LANG.—A German-English Dic-

tionary of Medical Terms. By Frederick Treves, F.B.C.S., Sur-

geon to the London Hospital, and HUGO Lang, B.A. Half-bound in

calf, 12s.

WOMEN, DISEASES OF.

BARNES.—A Clinical History of the Medical
and Surgical Diseases of Women. By Robert Barnes, M.D., F.R.C.P.,

Obstetric Physician to, and Lecturer on Diseases of Women, &c, at, St

George's Hospital. Second Edition. With 181 Engravings. 8vo, 28s.

DUNCAN—Clinical Lectures on the Diseases
of Women. By J. Matthews Duncan, A.M., M.D., LL.D., F.R.C.P.,

F.K.H., late Physician Accoucheur to, and Lecturer on Midwifery at

St. Bartholomew's Hospital. Fourth Edition. 8vo, 16s.
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WOMEN, DISEASES OP—continued.

QALABIN.—The Student's Guide to the Dis-

eases of women. By Alfred L. Galabin, M.D., F.R.C.P., Obstetric

Physician to Guy's Hospital, Examiner in Obstetric Medicine to the

University of Cambridge, and to the R. C. P. Lond. Fifth Edition.

With Engravings. Fcap'. 8vo.

REYNOLDS.—Notes on Diseases of Women.
Specially designed to assist the Student in preparing for Examination.

By J. J. Reynolds, L.R.C.P., M.R.C.S. Third Edition. Fcap. 8vo,

2s. 6d.

SAVAGE.—The Surgery of the Female Pelvic

Organs. By Henry Savage, M.D., Lond., F.R.C.S., one of the Con-

sulting Medical Officers of the Samaritan Hospital for Women. Fifth

Edition. With 17 Lithographic Plates and 52 Woodcuts. Royal 4to,

Coloured Plates, 35s. ; Uncoloured, 15s.

WEST AND DUNCAN—Lectures on the Dis-

eases of Women. By Charles West, M.D., F.R.C.P. Fourth

Edition. Revised and in part re-written by the Author, with numerous

additions by J. Matthews Duncan, M.D., F.R.C.P., F.R.S.,

late Obstetric Physician to St. Bartholomew's Hospital. 8vo, 16s.

ZOOLOGY.
GHAUVEAU AND FLEMING.—The Compara-

tive Anatomy of the Domesticated Animals. By A. Chauveau,

Professor at the Lyons Veterinary School ; and George Fleming C.B.,

late Principal Veterinary Surgeon of the Army. Second Edition.

With 585 Engravings. 31s. 6d.

HUXLEY—Manual of the Anatomy of Inverte-
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