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EDITOR'S PREFACE.

The original of the present work is the recognised Text-

book of Botany in use in the technical schools of Germany
;

and its success in fulfilling the object for which it was

written may be inferred from the fact that, pubHshed for the

first time in 1869, i^ ^^ ^C)w in a fourth edition. x\n English

translation and edition has been undertaken—primarily at

the suggestion of the Rev. Alexander Irving of Wellington

College—from the belief that no work of the same scope

is yet to be found in the English language, embracing the

whole range of Elementary Botany, and yet of a size and

price to bring it within the reach of nearly all students of

Natural Science.

One of the great objects of a study of Natural Science

being the cultivation of the observant faculties in relation to

the phenomena of nature, the greater part—and that the

most useful—of the student's knowledge must always be

gained in the field, or with the dissecting-knife in hand.

Still he will need to be guided by the experience of previous

observers, and to be acquainted with the recognised de-

scriptive terms used in his science. It is for these purposes,

and not to replace the necessity for observations of his own,
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that he should use a Text-book. Exammers in Natural Science

now almost universally attach great importance to dissecting

and microscopical work, as the best indication of practical

acquaintance with the subject, without, however, abandon-

ing the additional test of requiring clear and correct answers

to written questions.

In editing the present work, the object especially kept

in view has been to make it useful to candidates preparing

for the Science examinations conducted by the Educational

Department at South Kensington, or for those at the Uni-

versity of London. Botany now forms a portion of nine

different examinations at the London University :—the Pre-

liminary Scientific Examination required from all medical

students (both the Pass examination and that for Honours)

;

the First Bachelor of Science (Pass and Honours); the

Second Bachelor of Science (Pass and Honours) ; the

General Examination for Women (Honours); the Doctor of

Science in Vegetable Physiology ; and the Doctor of Science

in Systematic Botany. In the first five of these (the Pre-

liminary Scientific Pass and Honours ; the First Bachelor

of Science Pass and Honours; and the Second Bachelor of

Science Pass) it is believed the present work will be found

a sufficient Text-book ; for the Second Bachelor of Science

Honours, the Examination for Women in Honours, and the

Doctor of Science in either branch, the student should con-

sult some more advanced treatise, as the English edition of

Sachs's Text-book (Clarendon Press) for Anatomy and

Physiology, and Dr. Hooker's edition of Le Maout and

Decaisne's ^ Traite General' (Longmans) for Classification.

The examinations for the First and Second Bachelor of

Science have recently undergone complete revision, the

revised regulations coming into force for the first time during
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the present year. At the First Bachelor of Science Pass,

special attention is directed to certain types of vegetable

life named in the syllabus. The sum of our present know-

ledge respecting these types will be found stated in the fol-

lowing pages, either in the text or in editorial notes ; but the

editor desires to impress upon his readers the necessity of

their making themselves practically acquainted with these

forms of life, and comparing their observations with the de-

scription, before presenting themselves for examination. At

the Second Bachelor of Science Pass, the examination in

Botany, which is optional, requires, in addition to a general

acquaintance with the principles of Morphology and Phy-

siology, a knowledge of the structure and development of

certain groups of Phanerogams and Cryptogams, an account

of which will also be found here.

In the chapters on Anatomy and Physiology, the original

work has been very closely followed ; only a few alterations

being made, to render it in harmony with the recognised use

of terms in this country. Any additions to our knowledge

acquired since the publication of the German work are

referred to in foot-notes. The same remark appHes to the

chapter on Special Morphology and Classification, as far as

Cryptogams are concerned. But the section on the Classi-

fication of Phanerogams has been entirely rewritten. The

system of classification adhered to in the original work differs

in so many points from that in use in this country, that it

would be almost useless to the EngUsh student. The natural

orders have therefore been entirely rearranged, in accordance

with Bentham and Hooker's system, and a detailed descrip-

tion is given only of the more important ones. The minutise

of Classification were considered out of place in an elementary

Text-book, and would moreover swell it to an unwieldy size.
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The seventh and eighth chapters have been considerably

compressed, and some portions have been altered. In

editing them pains have been taken to avoid, as far as pos-

sible, the putting forward of geological or geographical

theories as demonstrated truths. The young student cannot

be too cautious about forming or adopting theories, except

as mere modes of classifying facts, which must be modified

as our knowledge of facts increases. Some general notion

of the distribution of plants in space and time is essential to

him ; but he should, as far as possible, check and correct

his theories by getting together and collating a large fund of

observation. The chapter on the Geographical Distribution

of Plants is a brief epitome of Grisebach's conclusions, as

stated in his 'Vegetation der Erde,' of which there is as yet

no Enghsh translation. All editorial additions throughout

the work are distinguished by being placed between square

brackets.

It would be impossible, even were it desirable, to define,

in an elementary work of this kind, every scientific term in

use by every writer ; many of those not mentioned in these

pages carry their own explanation with them. Some addi-

tions have been made by the editor to those included in the

original work ; and it is beHeved that every term necessary

to the young student will be found defined either in the text

or in the glossarial index at the end. Reference is made,

in this index, not only to the pages w^here an explanation of

each term will be met with, but also to every figure in which

it is illustrated. In the Latin names of British plants, the

one adopted in Hooker's ' Student's Flora ' is in all cases

used.

In conclusion, the editor desires to call the reader's at-

tention to one or two important memoirs which have been
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published since the appearance of the original work, or even

while the EngHsh edition has been going through the press.

The statement (p. 75, foot-note), found in most Text-books,

that the roots of Monocotyledons are always adventitious,

must, according to the recent observations of Falkenberg,

be considerably modified. The seed of many Endogens,

especially Grasses, put out on germination a true normal

root, which, however, soon disappears.

In his account of the relative importance of the different

chemical elements to the life of the plant (p. 162), the

author has, in the main, followed Sachs. Professor Cugini

has recently published an elaborate series of researches on

the nutrition of cellular plants, which appears to throw addi-

tional light on the functional value of some of the elements,

especially potassium, the relation of which to the carbo-

hydrates he compares to that of phosphorus to the albu-

minoids.

In the section on Lycopodiaceae (p. 332) no allusion

is made to the researches of Fankhauser, who describes the

hitherto unknown prothallium of Lycopodmm aiiitotmtmi.

He finds it furnished with antheridia and archegonia,

the latter being fertilised directly by the antherozoids pro-

duced in the former. If these observations are confirmed,

the mode of reproduction will remove Lycopodzmn altogether

from alHance with the heterosporous Selaginelleae, and bring

it nearest to Ophioglossum,

A. W. B.

6 Park Village East, Regent's Park :

January 1 87 7.
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STRUCTURAL AND PHYSIOLOGICAL

BOTANY.

INTRODUCTION,

The province of Botany, or the Natural History of the

Vegetable Kingdom, is to depict the plant from as many
different points of view as possible.

It is impossible to give a brief and exact definition of a

plant, if such a definition is intended to include all plants.

It is true that from the earliest times the numberless sub-

stances that are found on the earth have been distinguished

into living or organic and lifeless or inorganic,—animals and

plants being included in the former, minerals in the latter

class ; but it is impossible to define accurately the bounds

of these three kingdoms. Whether a body has life or not

is a point easily determined, since the presence of life is

manifested by various capabihties, the most universally dis-

tributed of which are those for absorbing and assimilating a

variety of food-materials. We know also from experience that

the higher and more perfectly organised animals differ from

the higher plants in possessing sensibility and a power of

voluntary motion. But when we descend from the higher*

B
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animals and plants to the less perfect organisms belonging'

to these two kingdoms of nature, we come eventually, on the

boundaries of each, to organisms so small and so imperfectly

developed that it is scarcely possible to pronounce an

,

opinion whether they are of animal or vegetable nature.

The most superficial glance over the vegetable world shows

us that in both the external form and internal structure of

plants—the number of which has been estimated to amount

to 300,000—there exists such an endless diversity that we
must content ourselves with describing the forms of most

common occurrence, the most important laws of their internal

structure, life, and distribution, and the classification of the

best known and most important plants.

Morphology^ or the Comparative Anatomy of plants, em-

braces an acquaintance with their most important organs,

and hence with their external form. By combining with this

the history of development of the separate organs, i.e. the

mode in which they are produced, we are enabled to obtain

a correct comprehension of, and to describe, the different

parts of a plant. By the Anatomy of plants we understand

a knowledge of their internal structure. The Physiology of

plants is concerned with their vital phenomena [and the dif-

ferent functions of the various organs]. Botanical Geography

treats of the distribution of plants over the surface of the

globe. Palceophytology^ or Vegetable Palaeontology, makes us

acquainted with the remains that still exist of the vegetation

of earher geological epochs. Classification has to do with

the distribution of plants according to their characters [or

relationship to one another]. Practical^ or Applied Botany.,

finally, explains the useful or injurious properties of plants.

In the earliest times the knowledge of plants was limited

to those from which food was obtained, and to a few which

afforded poisonous or curative substances, the properties of

which had been ascertained by a happy or unfortunate acci-

dent, or by the observation of an animal impelled by instinct

to their use. The knowledge thus laboriously gained must
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often have been again lost, until at length an acquaintance

with medicinal plants became a speciality of the priests, and

the healing art founded upon it a part of religion.

The father of medicine, as he has been termed, Hippo-

crates, who lived in the fifth century before Christ, extended

the observations that had hitherto been made ; and we know
that he enumerated upwards of 200 species which were at

that time used in medicine. But it was not till the following

century that a really scientific work on botany appeared,

written by the celebrated tutor of Alexander the Great, Aris-

totle. His work is unfortunately lost ; but his ideas have

come to us in the writings of his pupil Theophrastus, w^ho

described 400 or 500 different plants in their relation to

agriculture, domestic economy, and medicine. At his death

the new structure fell to pieces, or at all events we do not

find that any further progress was made with it. This was

the state of things until, in the first century after Christ,

Dioscorides wrote a treatise on medicine, in which over 600

medicinal plants were described, though often briefly and in-

sufficiently, and the elder Pliny collected what was most

noteworthy from the writings of his predecessors. The posi-

tion in which botany stood at that time may be understood

from the naive statement of Pliny that there were, it is true,

more plants in the hedges, fields, and roadsides than those

he had described, but they had no names, and were of no

use. The works of Pliny and Dioscorides remained the best

on the subject till the sixteenth century, and enjoyed the

highest reputation. At that time German investigators

arose who aroused the study of plants from its long rest, and

earned therefrom the honourable title of the fathers of

botany. The first of these was Otto Brunfels of Mayence
{ph. 1534); other German scholars followed closely upon
him. Bock {pb, 1554), Fuchs {pb. 1566), and Gessner {pb,

1565); ^s well as some belonging to other countries, Ma-
thioU {pb. 1577), Dodonaeus {pb. 1585), Lobelius {ob. 1616),

and Clusius {ob. 1609). But no one of these made any
B 2
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great advance ; for none of them went beyond a more or less

careful description of different plants.

Caesalpinius {ob. 1603) was the first to devote himself to

a systematic classification of plants. He derived his prin-

ciples mainly from the characters of the fruit and from the

position of the perianth in reference to the pistil ; but his

primary division of the vegetable kingdom was into woody
and herbaceous plants. His example was followed by others,

and the science received an ever-increasing impetus, directed

by such men as Tabernaemontanus {pb. 1590), Alpinus {ob,

1616), and Camerarius {pb, 1721), an impetus which was

greatly assisted by the great store of botanical material de-

rived from travels in the East and in America. But there

were no means of comparing these fresh discoveries with one

another, in consequence of a want of correspondence in the

names given to the same plant by difierent investigators. The
brothers John and Caspar Bauhin {ob. 1613 and 1624) were

the first to endeavour to overcome this difficulty. From
this time the number of botanists increased so greatly that

we can mention only those who introduced new and in-

fluential ideas.

The originator of the Latin botanical nomenclature was

Jung {ob. 1657), rector of the gymnasium at Hamburgh.

Soon afterwards, in 1700, Tournefort {ob. 1708) propounded

a new system, and was the first to classify plants into strictly

defined genera. A year before his death, the great reformer

of botany, the Swede Carl von Linne (Linnaeus, ob. 1778),

wp^born. It was he who first raised botany to the rank

which it should have attained long before, of an edifice

resting on a firm foundation ; for to him we owe the first

system of nomenclature and description of a truly scientific

character. But this was not all ; for Linnaeus propounded

the celebrated system that bears his name, which has indeed

since been replaced by others of a much more natural

character, but which is unequalled in practical value if the

purpose is simply to name any given plant, or to assign its
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position in the system to any newly-discovered species. The

Linnean system is an artificial one, since it is not founded

on a combination of all, nor even of several, characters of a

plant, but takes into account only single characters as the

primary principle of classification. There were therefore

necessarily opponents of the system. The first to propose

in its place a natural system was the French botanist A. L.

de Jussieu {oh. 1836), who took as his starting-point the

presence and the structure of the embryo. He was sliortly

followed by A. P. De Candolle (oh, 1841) and EndHcher

{ph. 1849) i
the foundation of the primary classification

being with the former anatomical structure, with the latter

the mode of growth. The efforts to construct better systems

are not yet brought to a conclusion ; and we cannot yet see

their end. In the meantime botanists are vigorously at

w^ork in completing the botanical material, whether by the

compilation of * Floras ' which treat of the plants of particular

districts, or by travels through districts hitherto unknown
or not yet sufficiently explored.

If we now attempt to sketch in a few lines the history

of the development of the remaining departments of

botanical science ;—it appears, as might be expected, that

the study of the anatomy of plants came into existence

shortly after the discovery of the art of manufacturing mag-

nifying lenses. The English botanist Grew {oh. 1711) and

Malpighi of Bologna {oh. 1694) must be considered as the

true founders of this study. After the ground had been

successfully broken by their researches, it was almost en-

tirely neglected during the eighteenth century, and the in-

vestigation has only recently been again resumed, and this

branch of botany carried to a truly remarkable perfection by

our contemporaries Alex. Braun, Goppert, H. von Mohl
{oh. 1872), Schacht {oh. 1864), Schleiden, Unger {oh. 1870),

and many others.

While during the eighteenth century the study of ana-

tomy lay dormant, especial interest was excited by problems
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of physiology, and a great many pioneers of science occupied

themselves with their solution ; among whom may be es-

pecially mentioned Hales {oh, 1761), Bonnet {pb. 1793),

Duhamel {oh, 1781), Priestley {oh. 1804), and Ingenhousz

{oh. 1799).

Reference must not be omitted to the fact that the poet

Goethe established the science of morphology on a firmer

basis by his writings ; and that it was reserved for Alexander

von Humboldt {oh. 1859), at the commencement of this

century, to put the study of the geography of plants into a

scientific shape. Palaeophytology was advanced especially

by Brongniart {oh. 1876), Unger, Goppert, &c. We must,

however, refrain from entering into detail with regard to the

labours of our own contemporaries ; and will only name the

most eminent recent German botanists who have not hitherto

been mentioned, z'/k, among others, De Bary, Caspary,

Dippel, Hanstein, Hartig, Hildebrand, Hoffmann, Hof-

meister, Karsten, von Martius {oh. 1868), Milde, Nageli,

Pringsheim, Rabenhorst, Sachs, and Schwendener. ^

^ [The dates, which do not in all cases agree exactly with those

stated by the author, are given on the authority of Sachs, in his ' Ge-

schichte der Botanik.' As the author has given most prominence to

German botanists, it may be allowed to name the following in addition,

as worthy of mention. Among systematists Ray [ob. 1705) holds an

important place ; and the present comparative perfection of our system

of classification is due largely to Lindley [ob. 1865), and Bentham.

Vegetable anatomy owes much to the observations and publications of

A. St. Hilaire [ob. 1853), Robert Brown [ob. 1858), Sir W. Hooker
{ob. 1865), Payer, Cohn, Dr. J. D. Hooker, Asa Gray, and Berkeley;

physiology to C. C. Sprengel {pb. 181 6), Boussingault, and Darwin.

-Ed.]



CHAPTER I.

THE CELL AS AN INDIVIDUAL.

If a small quantity of the green mould {Penicillium glaiicuni)

which commonly appears on articles of food that have been

kept for a few days, is examined

under the microscope, it is found

to present somewhat the appear-

ance of a minute tree (Fig. i). The
stem is simple, but bears at its

summit a number of branches

resembling strings of beads.

Each of these strings easily breaks

up into its separate members
;

and each of these members has

the form of a tiny spherical blad-

der with a delicate coat, enclosing

contents of a peculiar compo-

sition. All the branches and

the main stem consist of similar

bodies, differing only in their

greater length ; and these bodies

are termed cells. In the example which we have chosen

the individual cells are connected with one anothei"

only like beads on a necklace ; but a close examination

shows us that all parts of all plants are formed of cells,

or are composed of structures which have themselves

been formed out of cells. Examples of this are furnished

by the ripe but not too succulent flesh of fruits such as the

Fig. I,—Green mould, Peiiicil-

lium glaMCti7n. (x about 80
diam.)
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apple, slices of leaves which are not too delicate, such as

the cabbage, etc. Since therefore, at least at a certain

period of their existence, all plants consist of one or more

cells, these are termed the elementaiy organs of plants.

There is only this one kind of elementary organ, which

may vary greatly in its form and behaviour, but is always

the same in its essential nature.

Until recently the essential constituents of the cell were

considered to be a more or less firm cell-wall (Fig. 2 a)^

^ differing in its chemical compo-

sition from the contents of the

cell, a cell-Jlind tncXosQdi by it, and

the nucleus^ <r, occurring in the

latter. The cell-fluid was again

divided into two principal ele-

ments, the watery cell-sap^ and

the mucilaginous semi-fluid pro-

toplasm^ h^ in the clear transparent

hyaline substance of which are

imbedded a larger or smaller

number of granules, generally

of very small size. Some even

went so far as to consider the

cell-wall the most important

element, and the term cell was applied even to the walls

of perfectly dead ceils which had lost the whole of their

contents. But since cells were subsequently observed, in

which, at least for a certain period of their existence, such a

firm wall, differing chemically from their contents, was

wanting, and since also there are cells in which a nucleus

is never found, it became necessary to modify the idea of

a cell, and the only essential constituent is now held to

be the protoplasm. In the vegetable kingdom this proto-

plasm never remains permanently uninvested by a firm

envelope, but is always sooner or later enclosed in an

elastic more or less solid membrane, the substance of which

Fig. 2.—A cell from the root of

the lizard-orchis. Orchis hir-

cina ; a the cell-wall, consisting

of cellulose ; b the protoplasm
contracted by alcohol ; c the

nucleus with a nucleolus, (x
200,)
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it secretes out of itself. Only those cells are in a living state

which still contain protoplasm; such alone can grow,

produce new chemical combinations, and, under favourable

circumstances, give rise to new cells. Cells destitute of

protoplasm are of service to the plant only by their hard-

ness, their power of attracting water, and their form, or as

protecting envelopes.

Every mass of protoplasm, whether free or enclosed in a cell-wall,

has a definite external boundary, where a layer of it is distinguished from

the internal portion by the absence of the imbedded granules, and by

its consequent greater transparency. This layer, called the primordial

utricle^ is not sharply defined on its inside, but passes gradually into the

granular and less dense internal mass ; it is thin, being only very rarely

of a measurable thickness. The protoplasm which is contained within

a cell-wall does not generally entirely fill up the cavity, but more often

occurs as a delicate parietal layer lining the cell-wall on the inside,

and surrounding the hollow cavity filled with watery cell-sap.

The protoplasm is a compound of different organic substances,

among which albuminous (nitrogenous) are never absent, and usually

constitute the bulk of it. It therefore easily coagulates, often merely

by the addition of water ; and this is especially the case in the cells

of those plants which do not live in water. It nevertheless contains

abundance of water, and is usually very turgescent ; i. e. it possesses in

a high degree the power of absorbing water between its most minute

particles, and swelling up in consequence somewhat in the manner of a

gum. This power of absorbing water is, however, limited ; as soon as

it exceeds a certain amount, a watery fluid is exuded in drops in the

interior of the mass of protoplasm, forming cavities or vacuoles within it.

The protoplasm can combine with water only slowly and not in any

desired proportion ; and, even when most strongly magnified, presents

the appearance of being separated by sharp outlines from the watery

fluid which surrounds it, or which fills up the cavities in its interior.

Water passes easily through a layer of protoplasm ; but the latter offers,

in the living state, a strong resistance to substances, such as colouring

matters or salts, dissolved in it, which is generally overcome only by

sUch injuries as destroy the life of the cell.

Every formation of new cells which can be submitted to observation

begins with a change in the protoplasm, the true body of the cell ; and

this substance is consequently the origin of all new development. It can-

not therefore be destitute of structure, but must be already organised ;
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and it must be simply the imperfection of our microscopes whch prevents

us from recognizing that organization which is a necessary accompaniment
of all vital phenomena. One of the most important of these phenomena

is its motility or power of movement. A
/ V /|1

continuous, even though generally ex-

I I 1^
tremely slow and imperceptible, movement
of the minute particles is inseparable from

the idea of life ; and that movements of

this kind must be especially energetic in

the case of protoplasm may be inferred

\)^\%\ from its extreme importance to the life of

the plant ; although they are usually not

visible. Perceptible movements are espe-

cially clearly seen in some of those cells

\ I ;

f
i —termed primordial cells—which are not

^ ^
^

enclosed in a firm cell-wall ; the move-

ments of the protoplasm being often so

vigorous in them that the cells are pro-

pelled to a considerable distance from their

original position, and present -to the be-

ginner the appearance of animal organisms

endowed with voluntary power of motion.

Instances of this are furnished by the

* swarming ' motion of swarmspores and

h\ \ ]
Ml antherozoids, the amoeba-like movements

of the Myxomycetes, &c. Protoplasm

which is enclosed in a cell-wall has, it is

\\ I 1 true, no power of escaping from its enve-

lope ; but even in these cases the micro-

scope shows a * streaming ' of the proto-

IsS'&JtS^ plasm in all young living cells. The course

of the current is usually only along the

wall, and in simple spiral or reticulate

lines, and is then termed rotation, as in

Chara and Vallisneria ; less often, as in the

^'5asm7^ an^'don^ate'd llToi filaments of Tradescantia, it passes in threads

the celandine ; k the nucleus and bands transversely through the cell-
with a nucleolus. The arrows

i • ^i n i • i i- /t-.- v

indicate the direction of the sap, and IS then called arciUati07i (Fig. 3).

currents, (x 460.) The currents are apparently irregular, now
advancing, now retreating, sometimes suddenly arrested and commencing

again with two-fold rapidity, and again forming for themselves new
paths through the cell-sap.

I
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y
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Possibly in all, at all events in the immense majority ot cells, are

nuclei or cytoblasts. In the dead state the nucleus is a spherical or

flattened lenticular body of from 0*004 to 0*04 mm. diameter; they

often possess a pellicle, and contain one or more nucleoli (see Figs. 2

and 3). In the living condition they are very difficult to recognize, but,

as far as we know at present, they are larger than when dead, and of

Fig. 4. — Spherical
cell from the flesh

of the peach, (x
370-)

Fig. 5.— Ellipsoidal
cell from the flesh

of the peach, (x

Fig. 6.—Hour-glass
shaped cell Irom
the flesh of the
peach, (x 370.)

variable irregularly jagged form. They creep about in the protoplasm
in which they are imbedded after the manner of an Amoeba, and certainly

Fig. 8.—Disc shapedcell :

a unicellular Alga, Cos-
cinodisciis. (x 390.)

Fig. 7.—Stellate cell from the hori-
zontal septum of the air-passages of
the flowering rush, Bntoimis um-
bellatus. ( x 780.)

Fig. g.—Crescent-shaped
cell of a stoma (guard-
cell).

take the largest share in the continuous shifting and transformation of

the bands of protoplasm which start from them.
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The form and size of the naked cell (without cell-wall)

are very various, in consequence of the constantly changing

motion of the protoplasm. In those which are enclosed in

a firm wall or membrane of cellulose, the cell-wall determines

the size and form of the cell. Although cells vary relatively

so greatly in size, they are generally very minute even in

their mature state, being scarcely visible to the naked eye, or

altogether invisible. The unicellular Zoogloea Ternio for

Fig. io.—Tabular cell

from the epidermis of

Callitriche.

Fig. II.—Irregularly stellate cell: a uni-
cellular Alga, Euastru77t crux-neliten-
sis. ( X 400.

)

example, is from 0*001 to 0*002 mm. broad and long;

the diameter of pollen-grains, which also consist of a single

cell, varies between o*i and 0*0075 mm. ; the lignified cells

in the wood of the oak i^Quercus pedicellata) have an average

length of about 0*7 mm., and those in the trunk of the silver

fir, Abies pedinata, one of from 2 to 3 mm. There are, how-

ever, cells of a considerably larger size, especially in

the Characese ; thus Nitella has cylindrical cells more than 50

mm. long, and i mm. in diameter. The walls which bound
the cells are seldom flat, but usually curved, of perfectly

spherical, cylindrical, or even branched and arborescent form.

The most common forms of cells are—spherical (Fig. 4)

;
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Fig. i2.^Tetrahedral cell : spore
of a fern in various positions

(greatly magnified).

^

Fig. 13,—Prismatic cell from the
bast-parenchyma of a Begonia.
(x 370).
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Fig. i6.—Polyhedral cell from the pith of Acacia lophantha ;

a seen in transverse, b in longitudinal section, (x 370.)

Fica. 17.—Branched bast-cell of the
larch, (x 200,)

Fig. 18.—Part of a bast-cell of the
oleander, treated with ammoniacal
cupric oxide : ^ s ' spiral bands
of the outer shell ; s^' spiral bands of
the inner shell ; the former nearly-

dissolved, the latter partially ; t

third innermost mass of layers, x
800.)
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ellipsoidal (Fig. 5); hour-glass-shaped (Fig. 6); stellate

(Figs. 7 and 11); disc-shaped (Fig. 8); crescent-shaped

(Fig. 9); tabular (Fig. 10); tetrahedral (Fig. 12); prismatic

(Fig. 13); fusiform (Figs. 14, 15); polyhedral (Fig. 16);

irregularly branched (Fig. 17).

All these forms, to which many others might be added, are produced

from cells which are originally more or less spherical, according as the

pressure to which they are subject from the adjacent cells is greater or

less, and according as the vigour of their growth on all sides is more or

less uniform. It is by far most probable that the growth of the cell-

wall, when once formed, iQkesY>\^(^Q^o\(t\yhy intussusception^ that is, by

the intercalation of fresh particles of cellulose among those already in

existence. This process is the essential element of those long-enduring

changes of a physical and chemical character to which the cell-wall is

subject during its growth, causing it to be of essentially different

nature from the shell of a mussel, on the inner side of which new

layers are being constantly deposited. The wall serves not only for the

external protection of the cell, but is most intimately connected with its

life ; so that even when the cell has long ceased to exercise an active

influence on the life of the plant by the formation ofnew cells or by the

secretion of special substances within it, other changes are still proceed-

ing in the cell-wall, which may often be perceived even by the naked

eye ; as in ebony-wood, the innermost layers or * duramen ' of which

become of a darker colour than the ' alburnum ' or layers ' of wood

which lie nearest to the bark.

The cell-wall appears at first as a thin, apparently

structureless membrane (the primary cell-wall)] in the

course of its growth, however, several layers, thickening-

layers^ are apparently deposited at an early period on the

inside. Although under the microscope these layers seem

very clearly defined from one another and from the primary

cell-wall, such a definition does not actually always exist

(see Figs. 19-21). The fact that the cell-wall appears to

consist of several layers depends on the unequal density

of the separate lamellae ; and this can be explained by an

unequal absorption of water, the layers appearing as if

quite unstratified when dry. Always less evident than the

thickening-layers, there can be perceived on the cell-wall
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delicate spiral, longitudinal, and transverse striations (Fig.

26, p. 18); and this striation is also, as a rule, only the result

Fig. 19.—Transverse section of a
cell of the pith of Clematis vi-

talba ; p primary cell-wall ; t

innermost thickening-layer ; P
pore-canal ; i intercellular
space, (x 780.)

Fig. 20.—Bast-cell from the stem of Urania
guyatiensis, with several shells (i, 2, 3, ^)

and simple pore-canals P ; p primary cell-

wall of an adjacent cell, (x 780.)

of an unequal absorption of water. The formation of shells^

in which the cell-wall is split up into two or more strata of

Fig. 21.—Longitudinal section through several cells of the epidermis of the mis-
tletoe thickened on one side only ; s thickening-layers ; c cuticle. ( x 660.)

different chemical and physical properties, must be clearly

distinguished from the thickening layers. Each of these



The Cell as an Individual, 17

shells corresponds to a complete system consisting of a

nmnber of thickening-layers, and may manifest the striation

Fig. 22.—Entire cell, with parts of
contiguous cells, from the endo-
sperm (albumen) of the seed of the

vegetable ivory, Pkytelepkas,
with pore-canals (P P) somewhat
widened at the base, (x 370.)

Fig. 23.-^Two cells from the wood of the

vScotch fir in transverse section, each
with a pore /, widened at its base.

By the disappearance of the original

cell-wall the two widenings have united
to form the ' border,' h ; i intercellular

space, (x 660.)

already described. This formation is peculiar to more
strongly thickened cells, and can usually be detected only

1-1-

/-

Fig. 24.—Part of a wood-cell
froni the Scotch fir seen
vertically {cf. Fig. 27) ; /
open pore ; h its border, which
has the appearance, seen from
above, of a saucer-shaped
depression with a central
orifice p. ( x 660.)

Fig. 25.—Lignified parenchyma from
the shell of the walnut, with branched
pore-canals, (x 660.)

by the application of powerful chemical reagents, which

cause the shell to split up by fissures previously existing into

c
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Fig. 26.—Bast-cell of

Cynanchtmi vincc-

toxictt77i, with in-

tercrossing spiral

fetriations. (x 370.)

>m

w

©^

Fig. 28.—Reticulately thick-

ened cell of the touch-me-not,

J7iipatiens noli-me-tangere.

(X 370.)

Fig. 27. — Wood-cell of

the Scotch fir, with

bordered pits ; m m
pores connecting the

cells of the wood with

those of the medullary

rays, (x 400.)

Fig. 29.—a spiral cell

from a cactus, Opuntia
Tnna, with strongly

thickened spiral band.

(X 400-)
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several spiral bands (Fig. i8, p. 14). The thickening-layers

often increase so considerably that the space enclosed by the

cell-wall, the cell-cavity^ almost entirely disappears (Fig. 20).

The increase of the cell-wall in thickness is almost in-

variably uniform only in its earliest stage ; a want of

uniformity very soon sets in at various spots. This is

especially manifested at the corners and edges, the cell-

cavity being always more or less rounded off; but it sub-

FiG. 30.—A spiral cell

from a cactus, Mamil-
laria, with flattened

spiral band, (x 400.)

Fig. 31. — Piece of an
annular cell from the
stem of the Turkish
wheat; the edges of con-
tiguous cells are visible

on the cell-wall. ( x 500.)

Fig. 32.— Annular cell

from A rundo donax,
with strongly thickened
rings placed at different

distances and different

angles, (x 400.)

sequently often takes place only on one side (Fig. 21), or so

slightly at particular spots \h^t pitted oxpore-canals are formed

at those spots. These are sometimes simple (Figs. 19, 20),

sometimes branched (Fig. 25). The canals from adjoining

cells constantly meet ; sometimes they are widened at their

base into borderedpits (Fig. 22); and the membrane between

these frequently disappears, so that cells become thus actually

perforated (Figs. 23, 24). According to the development of

c 2
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the pits or of the thickening-layers we distinguish between

pitted cells (Fig. 27), reti.ulated cells (Fig. 28), spiral cells

(Figs 29, 30), annular cells (Figs. 31-34), and scaanform

ladder-like) ../A (Fig. 36). Pitted cells, which are fnrmshed

in addition with spiral, reticulate, or annular thickening-

Fig. 33. — Annular cell

from an Opuntia with

rings passing over into

a spiral band, (x 400.)

Fig. 34- — Annular cell

from the balsam, Bal-

samina hortensis, with

the primary cell-wall

bulging into a barrel-

shape between the

rings, (x 400.)

Fig. 35.—Piece of a re-

ticulately pitted tra-

cheide from the lime,

Tilia grandifolia. (x

400.)

layers, are also called tracheides (Fig. 35) ; they occur, for

example, abundantly in the yew, lime, and Viburnum,

The increase in thickness of the cell-wall takes a very peculiar form

in the epidermal cells of many Urticace8e and of some other plants. In

the interior of specially enlarged cells, stratihed and finally club-shaped

outgrowths of the wall are formed, in which are deposited small crystals,

scarcely or not at all distinguishable as such, of calcium carbonate (Fig.

37) These clustered structures are known as cystoliths. Bodies of a simi-

lar nature occur, though less frequently, in the pith, as in Kerria japo^
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nica. Of the same nature are the deposits of crystals of calcium oxalate

in the cell-wall, as for example in the leaves of the citron, the epidermis

of the root of the Lombardy-poplar, &c.

The cell-wall consists of a peculiar substance called cellulose^ having

ihe chemical composition CgHioOg. It is found in the pure state only

in young cells ; in older cells it is often concealed by other bodies

which are said to incrust it, or becomes altogether transformed into other

Fig. 37.—Cystoliths from the leaf of Urostigma
elasticjiju. (x 370,)

Fig. 36. — Scalariform cell

from the underground stem
of the brake, Pteris aqiii-
lina. (x 500-

)

substances. Cell-wails are intimately permeated, by means of incrus-
tation or infiltration, by other substances which are deposited among
the particles of cellulose. The cell-walls of many Alg« are converted
by incrustation into actual coats of silica, which are often marked with
very beautiful tracings, so fine that they are used as test-objects under
the microscope

; and this is especially the case in the diatoms (Fig.
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38). Coats of silica and other inorganic incrusting masses often remain

as skeletons after combustion of the cells.

The direct transformation of cellulose into other substances is

also a very common phenomenon. The products of transformation thus

Fig. 38.—Siliceous coat o{ z.^\2i\.or[i,Pletirosigma

angtdatiun : I. the entire coat (x 500); II.

a small piece of it. (x 2,800.)

foiTned either partake of the peculiar properties of cellulose, or are

used for the future economy of the plant, or must be looked on as ex-

creta. The most common examples of the first kind are afforded by

the lignifaction and convei'sion into cork of cell-walls ; i.e. the processes
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by which cellulose is converted into lignine or co7'k. The various cases of

the second kind, in which the transformed and absorbed portions of the

cell-wall are retained to support the life of the plant, have been comprised

under the term 7'esorptio?i. To this class belong the disappearance of

particular portions of the cell-wall in the coalescence of cells to be here-

after described, as well as the resorption in the formation of bordered

pits, in which the cell-walls between the canals have become absorbed.

As examples of excreta produced from cellulose by transformation, and

no longer of service for the life of the plant, at least in the formation

and nourishment ofcells, we may regard gum-arabic, cherry-gum, gum-

t^agacanthj and other similar substances. In some cases only particular

rcR^a
39.—Transverse section of a piece of the testa of the seed of Pole7no-

niM77i c^ernletim. After moistening with water the layers of swollen cells

emerge above the outermost cells in the form of a jelly (after Unger).

cells are subject to these transformations ; in others all without distinction.

Thus, for example, in the stem of the cherry or plum-tree, gum may be

produced from any kind of cell. Of a somewhat similar nature to this

formation of gum is the conversion into -mucilage of the epidermal cells

of many seeds, as in linseed and quince seeds. In these cases the cell-

wall is excessively thickened ; but, wliile otherwise retaining all its

special characteristics, the innermost layers swell up to an extraordinary

extent in water, so that they burst the outer layers which have not the

same property, and emerge as a transparent mucilage (Fig. 39). The
secretions of cells, which will be referred to hereafter, must not be con-

founded with these products of transformation of the cell-wall.

Besides protoplasm, the nucleus, the watery cell-sap,
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and the solid substances and gases contained in it in a state

of solution, there occur also in the cell various special cell-

co7itents. To the solid substances of this nature belong pig-

ments, starch, crystalline formations, aleurone, and resin

;

to the fluid substances oil, caoutchouc, viscine, and gutta-

percha. The albuminous or proteinaceous substances are

sometimes solid, sometimes dissolved. Finally, in the living

cells occur sugar, tannic acid, and inuline, dissolved in water.

The most important of these substances is chlorophyll, the source of

the green colour of plants. It is always combined with particles of pro-

toplasm of definite form, which in consequence appear of a green

colour, and are called chlo^^ophyll-bodies . These occur and are formed

only in those cells which possess a cell-wall, never in naked primordial

cells. They are usually lenticular, rarely in the form of bands

(as in the Conjugata;, Fig. 41), stellate figures, or in undefined flakes.

Chemists are not yet agreed as to the chemical composition of chlorophyll

;

but it is probably composed o:^ two independent colouring substances, a

golden yellow and a blue-green ; it is possible also that iron is an

essential constituent of it. The access of light is also an indispensable

condition for its formation. Plants otherwise green which grow in the

dark become bleached or etiolated ; a very small quantity of light is,

however, sufficient to produce chlorophyll in many plants that grow in the

shade. The germinating seeds of many Coniferae and the fronds of

ferns afford a striking exception, becoming green even in absolute

darkness when . the temperature is sufficiently high. The chlorophyll-

bodies, which arise from and in the protoplasm, remain subsequently

imbedded in it, and are especially found in a motionless layer of the

parietal coating ; rarely, as in Vallisneria spiralis (Fig. 40), in the cur-

rents themselves of the protoplasm. They consist of a colourless pro-

toplasmic fundamental substance, in which the green colouring matter

is imbedded. They possess no proper membrane, although the outermost

layer is denser, the density decreasing gradually towards the fluid in-

terior, and affording therefore a comparison with the primordial utricle

of the protoplasm. In their interior are often found granules of starch,

which have generally been formed there under the influence of light
;

while less frequently (in some Muscineae, as Anthoceros and Fissidens

bryoides) they are points of crystallisation around which the mass of

chlorophyll has been deposited. The chlorophyll-bodies do not usually in-

crease greatly in size ; but in Metzgeria ftircata (a Hepatica) the diameter

has been observed to increase from 0*0003 mm. to 0*006 mm. They
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multiply also by division, splitting up into two new bodies, each capable

of independent life.

The parts of plants which are not green, as the petals, have peculiar

pigments in their cells, sometimes dissolved, sometimes as solid particles.

Particles of a red pigment are found, for example, in Adonis autumnalis^

0*004 ^^1^"^- i^ diameter, of an orange colour m Zinnia elegans, yellow in

Fig. 41.—Band of chlorophyll in

Spirogyra (Conjugatae) : two
cells seen from the surface. ( x

350.)

Fig. 40.—Cells from the leaf of Vallis-

neria spiralis. The round bodies are

grains of chlorophyll ; the arrows denote
the direction of the currents of proto-

plasm, (x 800.)

Kerria japonica. A violet colour is always, a blue colour usually, due

to dissolved pigments. As an example how peculiarly the separate

pigments may be distributed in different superimposed layers of cells,

the marginal flowers in the capitulum of Zinnia elegans are scarlet on the

upper, light yellow on the underside, the uppermost layers of cells con-

tain a purple sap with orange granules, all the rest a colourless sap

with a smaller number of light yellow granules. Only those cells which

are filled with air appear white ; a black appearance depends on a dark

shade of a violet or brown colour. The conditions which favour the

formation of the bright pigments are not yet known ; the agency of
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light is not probable, since the bright colouring of flowers appears as

soon as the form of the parts of the flower is determined, even though

in the dark.

Still more widely distributed in the vegetable kingdom than

chlorophyll is starchy formed and found likewise only in those cells which

are invested with a cell-wall. With a great external variability, grains

of starch possess the common characteristic of turning an indigo-blue
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colour on treating with an aqueous solution of iodine. * They have the

same chemical composition as cellulose, CgHioOg ; they are insoluble in

cold water, but swell up very strongly in boiling water, forming a

paste. If starch mixed with saliva is heated for some time to 45° or

55^ C, the substance which is coloured blue by iodine is removed. The

conclusion which naturally follows, that starch consists of the substance

that is coloured blue by iodine, granuloses together with a cellulose

substance that is not so coloured, 0,2^^^. farinose^ must not, however, be

considered as finally determined. The grains of starch are always

Fig. 43. — Starch-
grain from the scar-

let-runner, (x 660.)

Fig. 44.— rt;, b, starch-

grains from rye. ( x
660.)

Fig. 45.—Starch-grain from
the stem of the sarsaparOla,

Smilax Sarsaparilla. (

x

660.)

formed originally wdthin the chlorophyll. On their first origin they appear

as infinitesimally small bodies, which are invariably of a spherical form

until they have attained a certain size. In the course of their further

growth they deviate in a variety of ways from this form (Figs. 42-46).

The fully-developed starch-grains of the sorrel and of the tuberous roots

of the orchis are spherical ; those of the grains of cereals lenticular ; of

the potato ovoid
;
grains of the shape of a rod or bone are found in the

latex of tropical Euphorbias, &c. (Fig. 46.)

Mature starch-grains consist, as a rule, of a num er of layers which

appear to have been deposited around a central or eccentric nucleus
;

but it is impossible to believe that separate layers have been actually

so formed in the course of growth ; it is much more probable that

they grow by intussusception (see p. 15), and that the stratification is

only the consequence of the layers or shells containing a larger or

smaller quantity of water, as is shown by perfectly dry grains of starch

being unstratified throughout. Those grains which contain two or more

^ An exception is perhaps afforded by the membranes of the asci of

Lichens, with respect to which, however, it is at present undetermined
whether they contain starch or not.
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nuclei, surrounded by a common system of peripheral layers, are termed

semi-compound (Fig. 42 d) ; compound when the divisions which

Fig. 46. — Starch-

grains from the la-

tex of Etiphorhia
splendens. (x 660.)

Fig. 47. — Chloro-
phyll-grain of Pi-
lea vuiscosa, en-

closing four starch-

grains, a (greatly

magnified).

Fig. 48.—Crystals from the leaf

of Beg07tia heracleifolia \ a,

a single quadrate octohedron ;

b, twin-crystals of the same
form, (x 660.)

separate the grains have advanced as far as the outer circumference

(Fig. 45). In opposition to these truly compound grains those are

Fig. 49.—Groups of crystals; « from the

leaf of Begonia heracleifolia (quad-

rate octohedra) ; b from the stem of

Urostigma elasticti7n. (x 660.)

Fig. 50.—Cell from the stem of Aloe
retusa, with raphides. (x 320.)

called pseudo-compound where several are enclosed together in one

vesicle, as in a grain of chlorophyll (Fig. 47). Only in a comparatively
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small number of groups of plants has no starch been fcund up to the

present time, as in many Algae and Fungi. The purpose of the forma-

tion of starch is that it may be stored up in the cells as a reserve food-

material, which becomes dissolved in the subsequent formation of new

Fig. 51.—Longitudinal section through the inner bark of the stem of Hoya
carnosa. Together with the thin-walled parenchyma, partly containing
chlorophyll with starch-grains, partly crystals d and k r, are bands of
very strongly thickened pitted parenchymatous cells p, and laticiferous

vessels in m. (x 250.)

cells, and can then be used as a formative material. It is, therefore, de-

posited in especially large quantities in bulbs, tubers, seeds, pollen-

grams, and generally in those organs which, when vegetation awakes,
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form the starting-points of the new formation of large numbers of cells.

(See also Chap. V.)

Crystals occur in particular cells in almost all the higher vascular

plants, less often also in the less highly organised Cryptogams ; and in

Conifers are also frequently found imbedded in the cell-wall. They
consist of calcium oxalate. The crystals, when separate, contain six equi-

valents of water of crystallisation ; their stem-form is a blunt quadrate

octohedron (Fig. 48). The bundles of acicular crystals or raphides

have, on the other hand, only two equivalents of water of crystallisa-

tion, and are klinorhombic columns or hendyohedra (Fig. 50), often

very similar in form to those of calcspar. The groups of crystals

have one or the other form according to their chemical constitution

(Figs. 49, 51).

The albuminous or proteinaceous substances contained in the cell are

of special importance, since they stand in the closest relationship to

fcr--"

Fig, 52.—Crystalloid ,^ r, in a paren-
chymatous cell of the potato-tuber ;

k nucleus, (x 420.)

Fig. 53.—Sphere-crystals ofinuline
in a parenchymatous cell from
a tuber of the dahlia preserved
in alcohol, after addition of ni-

tric acid, (x 420.)

protoplasm. Their presence is generally detected with tolerable ease

under the microscope, being coloured red by the addition of water

and sulphuric acid or mercury subnitrate. They usually appear to be
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perfectly dissolved in the cell-sap, often as granular masses, more

rarely in a crystalline form, as proteine-crysials or crystalloids. They

exhibit all the essential properties of protoplasm, and are not true

crystals, differing from these essentially in many respects. The cubic

crystalloids of the potato, for example (Fig. 52), are not dissolved by

water, but break up in a peculiar manner so as to appear as if composed

of several layers. Crystalloids generally occur in the cells in which

reservd food-materials are stored up for future use, especially in oily

seeds.

Grains of aleurone occur frequently in the endosperm and the cotyle-

dons. In seeds which contain starch this albuminous substance includes

only a little oil, and does not form granules, as in the grasses, bean,

vetch, sweet chestnut, &c. In oily seeds, on the contrary, such as the

Brazil nut, nutmeg, Umbelliferae, &c., it replaces the starch-grains.

Crystals of calcium oxalate, or roundish or clustered granules {globoids)^

a double calcium and magnesium phosphate in which the latter is

greatly in excess, are frequently found in the grains of aleurone, im-

bedded in albuminous substance.

The roots of Compositae, as the dahlia, sunflower, &c., and less often

the stems, contain a peculiar substance called inuline. In the living

cell it occurs only in solution, and is only precipitated on evaporation

or on the addition of alcohol or of some other substance that has a

srong attraction for water. If the process is successfully and rapidly

performed, the inuline has the form of fine granules which have often

a frothy appearance ; but if the process goes on for a considerable time,

it forms remarkably beautiful spherical bodies, called sphere-crystals

(Fig- S3)-

Besides these substances and those already mentioned, others often

occur dissolved in the cell-sap, the presence of which is proved by
chemical tests, but which cannot be detected in the cell itself even by
the microscope. To this class belong especially the alkaloids^ strych-

nine, brucine, chinine, cinchonine, &c.

By the term cell-forination is understood the mode of

origin and multiplication of cells. These two processes

are identical, if we confine ourselves to what has at present

been determined by direct observation, and do not assume
an equivocal or spontaneous generation by which new cells

are formed without being derived from mother-cells, simply

by the concourse, under favourable circumstances, of organic
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or even of inorganic substances. Three main types of cell-

formation may be distinguished :

—

I. The rejiewal or rejuvenescence of a cell, i,e. the forma-

tion of a single new cell from the entire protoplasm of a cell al-

ready in existence. This occurs in the formation of a swarm-

spore out of the entire contents of a

vegetative cell, especially among the

Algae (see Classification of Algae,

Chap. VI.)

2. Conjugation^ or the coales-

cence of two or more protoplasmic

bodies in the formation of a cell.

This begins with the lateral approach

of two neighbouring cells, and the

appearance of an opening at the

point of contact, concluding with

the complete union of the contents

of the two cells for the purpose of

reproduction (production of spores).

In its typical form it is limited to a

Fig. 54. -Conjugation and spore- few Akae and Fund. (Fig. S4.)
formation of Spirogyra qui- ^ ...
iiina : a a mature spore ; ^ a 3. The multiplication of Cclls, Or
cell not yet conjugated \ c, d .

f,
. ^

successive stages of conjuga- the lormation 01 two or more pro-
tion. (X 320.)

toplasmic bodies out of one.

Each of these modes of cell-formation commences by

the protoplasm which is destined for the new cell losing its

previous power of motion, and contracting into a spherical

form. When the original cell, termed the iuother-cell^ pos-

sesses a nucleus, this process is preceded by the formation

of fresh nuclei which are destined for the future cells, the

daughtei'-cells (Fig. 55, I.). The form^ation of these new

secondary nuclei takes place either by the division (most

frequently the bipartition) of the existing nucleus, or by their

re-formation after the previous absorption of the original

primary nucleus of the mother-cell; as many new nuclei

being formed as there are cells to be produced. In the further
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course of development two opposite conditions occur, which

are distinguished as free cell-formation and cell-division.

In free cell-formation the masses of protoplasm of the

mother-cell collect around the nuclei previously produced,

Fig. 55 I.—Cell-division in the endosperm of the scarlet-runner seed. The
cells which originated by free cell-formation have closed up, and now
multiply by division ; a mother cell in its unchanged state ; b commence-
ment, c completion of division into daughter-cells ; d a similar cell to b, the

contents of which have been contracted by the addition of water. ( x 670.)

and thus form themselves into new cells which remain en-

closed within the mother- cell, the life of which still con-

tinues for a time. In most cases they have already formed a

cell -wall of cellulose while still enclosed within the mother-

cell, as in the case of pollen -grains and the embryo-sac of

Phanerogams (Fig. 55 II.) ; less often not till after their

escape, as occurs in swarmspores. This membrane of

D
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cellulose is formed outside the primordial utricle of the-

protoplasm by the solidifying of a more or less fluid sub-

stance which is excreted from the protoplasm.

The formation of cells by cell-division is far more common
than that by free cell-formation^ since it alone takes place

in all those processes which depend on normal growth.

In this process the protoplasm of the mother-cell separates

into several portions, which generally fill up the mother-cell

so completely that no more space is left than is sufficient

iin
Fig. 55 II.—Free cell-formation in the embryo-sac Fig. 56.—Two cells of

of the scarlet-runner; a a cells already perfect. Spirogyra in the act of

(x 670.) division, after contraction

of the cell-contents by the addition of a solution of sugar, the portions of the cell-

wall already formed being thus made visible. In each half of the cell is^ a

secondary' nucleus from which bands of protoplasm proceed to the margin.

(Strongly magnified.)

for the production of cell-walls. In certain cases, in which

the membrane is formed gradually, the division of the proto-

plasm into its separate portions, which advances from the

outside of the cell towards the centre, is accompanied pari

passu by the formation of the cell-wall. This first makes its

-appearance as a narrow ridge on the inner surface of the

Original cell, which gradually increases in breadth until at

length it has divided the entire cell-cavity into compartments.
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Actually to observe this, it is necessary to add to the cells at

the proper stages some substance with an attraction for water,

such as alcohol, so as to contract the protoplasmic con-

tents (Fig. 56). Examples of this are furnished by many

filamentous Alg^, as well as in the formation of the pollen-

grains of many Dicotyledons. The formation of the new

cell-wall does not always proceed so gradually and uniformly

along with the division of the protoplasm; in many cases, as

in the formation of the pollen-grains of the great majority of

Monocotyledons, the production of the entire cell-wall takes

place suddenly, or at least so rapidly that it is impossible to

detect the intermediate steps (see Fig. 55 L, p. 2)?y)' The
number of daughter-cells which arise in the mother- cell

varies, but is always uniform in any particular case.

Not only is the number of cells increased by cell-multi-

plication, but, in consequence of the newly-formed cells re-

taining a connection with one another, the possibility is

afforded of the production of larger cellular structures, the

most complete development of which occurs in the higher

plants.

CHAPTER 11.

THE CELL AS A MEMBER OF A GROUP OF SIMILAR CELLS.

Only a comparatively small number of plants consist, during

the whole period of their existence, of a single cell ; in the

greater number the cells are united into groups. The pro-

duction of these groups of cells is caused by two circum-

stances :—In the first place, the cell-walls of young con-

tiguous cells, where they are in contact with one another,

amalgamate into a homogeneous mass \ and secondly, cells

originally distinct coalesce with one another when the

portions of the walls that are in contact are of nearly the

same nature. This union of adjacent cells is so intimate

D 2
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that it can be artificially destroyed only by chemical re-

agents which dissolve the outermost l^ers of the cell-walls

themselves. It nevertheless happens very frequently that,

in consequence of the unequal growth of adjacent cells, the

cell-walls which have already coalesced again partially or

entirely separate from one another, so that a cavity or inter-

cellular space is formed between these cells (Figs. 60, 63).

The form and arrangement of these small intercellular spaces

differ greatly in different plants, and in different parts of

the sam.e plant. They occur, for example, between the

spherical cells of certain groups, where they form together

a system of intercellular passages^ which often increase

into capacious air-cavities, air-canals, or large open spaces.

The causes which co-operate in the formation of these in-

tercellular spaces may be very various ; in addition to the

separation of cells previously united, a dismemberment and

subsequent drying up of dead cells may be especially

mentioned.

There is no special substance uniting and uniformly cementing

together the individual cells ; but if groups of thick-walled cells are

examined, it is generally found that

the contiguous cells are connected

together by a uniform median layer

apparently common to the two cells-

It was the figuring of this structure

(I'ig- 57) which originated the idea

of a peculiar 'intercellular sub-

stance ' not belonging to the cells
;

but a more exact investigation,

especially of the development of

the groups of cells, shows that even

in these cases there is no indepen-

_, „ J , • „ 1
dent median layer, but rather a

Fig. 57.—The so-called intercellular ,
^ '

substance,' as delicate lines which region where a coalescence has
unite in the angles between the taken place of contiguous Cell-Walls
cells of the wood of a Conifer, (x

, . ,

400.) which may have undergone in the

course of their growth some important change in their chemical nature.
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Certain differences exist in the groups of similar cells,

according to which they are distinguished as families or

colonies, tissues, and fusions of cells.

A cell-family originates from a single mother-cell ; and

each of the daughter-cells preserves its own individuality,

which can even proceed as far

as separation from the family.

In Pediastrum rotula., for ex-

ample (Fig. 58), the green

contents of each mother-cell

break up into several spherical

daughter-cells ; the innermost

membrane of each separate

mother-cell then protrudes through a fissure and rapidly en-

larges, in order to make room, in the cells formed in it, for a

creeping motion which lasts for some time. As soon as

Fig. 58.—A family of Pediastrum
roHi-fa (an Alga) consisting of eight
cells, (x 250.)

Fig. 59.

—

Plezcrococctis sttperhtis \ <t a family of four cells; the cells themselves are
naked, but the whole family is enclosed in a common cell-wall consisting of six

layers ; b each cell has developed a separate cell-wall ; c the original cell-walls

have burst, and the separate cells have become free ; they continue for some time
in motion, then come to rest, and develope new families. (After Cienkowski, x 320.)

this motion ceases, the sister-cells place themselves together

so as to form a plate, and produce in their development a

new colony. Cell-families occur only in the lowest classes

of plants, the Algae and Fungi (Fig. 59).

The union of cells into tissues and cellfusions is perma-

nent, and is combined with a limitation in various ways of the
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functions of the separate cells. In the former the cells unite

only into a group, the elements (separate cells) of which can

still be easily recognised, and still possess a certain individu-

FlG. 60.—Transverse section through the 'piinctiuu vegetationis ' or original

parenchyma of the fig, Fictis carica ; the cells are still roundish and in

the act of dividing, (x 1200.)

ality ; in the latter, on the contrary, the separate cells coalesce

into a single individual, the elements of which are often com-

FiG. 61.—Parenchymatous tissue ; transverse section through a deeply buried
part of the pith of the apex of the plumule of the horse-chestnut ; the cells

have become crowded and hence polygonal ; only a few have as yet
divided, (x 800.)

pletely indistinguishable as such. Both are of much greater

importance in the vegetable world than cell-families, since

the^T occurrence is incomparably more frequent.
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If the cells which constitute a tissue are pointed at their

ends, much longer than broad, and dovetailing into one

another, the tissue is Q.2^^d. prosenchyma. If the cells, on the

other hand, are arranged in

rows, are bounded by flat or

curved walls, and not much
longer than broad, it is

called pai^enchyma. The two

kinds of tissue frequently pass

over into one another, and

may be more or less regular

according to the mode in

which the cells have been

developed (Figs. 60-63). To
special forms the terms collen-

chyma and ' tela contexta ' have

been applied. The former

usually consists of cells which

have become more strongly

thickened at the corners

than at the sides ; the thicken-

ing-masses are also capable

of swelling, so that when they

lie in water they appear glossy

and swollen, and assume a

gelatinous or mucilaginous

appearance (Fig. 64). ^ Tela

contexta ' is a tissue in which the simple or branched elon-

gated thread-Hke cells are not regularly united to one

another, as is the case in the kinds of tissues previously

described. The separate cells are in this case arranged

in threads which do not run parallel to one another, but

cross irregularly, forming a tisaue the separate cells of

w^hich are not unfrequently grown or cemented together

in an intimate manner and in a variety of ways. This occurs

in Fungi, Lichens, and some Algae (Fig. 65, p. 42). Some-

Fig. 62.—Moderately thickened pitted
parenchyma from the pith of the beech.
(x 320.)
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times, especially in the pileus of certain Fungi, particular

cell-layers of a ' tela contexta ' form an apparently regular

parenchyma, in which however the whole course of de-

velopment shows that we have here distinct but contiguous

filaments of cells (i.e. filaments of distinct cells arranged in

Fig. 63.— Stellate parenchyma from the pith of the rush, Juncus conglomer-
atus ; 2 intercellular space, (x 250.)

rows) ; and a tissue of this kind has therefore been called a

pseudo-pareitchyma.

Other kinds of tissue, distinguished more by their func-

tions with respect to the life of the plant than by external

characteristics, are those termed generating tissue and healing

tissue.

With respect to the production of new cells, even super-

ficial observation shows that, at least in the higher plants, as

for example in trees, it does not proceed everywhere uni-

formly, but is confined to particular spots. To spots of this

nature the terms 'puncium vegetationis^^ vegetative cone, and

vegetative or formative layer, have been applied, according

to their degree of development. Instances of ^puncta
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vegetationis ' occur in the apices of buds ; of formative layers

between the wood and the bark of [exogenous] trees. Both

owe their special character to the formation of new cells or

organs by means of a special tissue to which the names

Fig. 64,—Transverse section throug;h the collenchyma of the sowthistle

Sonchus asper'. « epidermis ; <; collenchymatous cells, (x 670.)

formative or generating tissue and meristcm have been given.

In contrast to this, a tissue in which the cells are not as a

rule capable of dividing, is called 2, permanent tissue) and

the separate cells which no longer serve for the formation

of new cells, permanent cells.

The generating tissue of the ' punctum vegetationis ' of

flowering plants is parenchymatous, and is called primary

parenchyma ox primary 7neristem^ because every kind of cell

and every part of the plant may or actually does develope,

directly or indirectly, from it. Independently ofgrowth by the

actual increase in size of the individual cells, the apical
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growth of plants depends mainly on the constant fresh forma-

tion of this tissue.

The increase of thickness in plants, on the contrary,

Fig. 65—'Tela contexla' from the medullary layer of the pileus of a
Fungus, Amanita 7miscaria; h ordinary cells; in laticiferous cells,

(x 360.)

occurs especially in those parts where there are permanent

structures which increase in diameter during the whole
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period of their existence, chiefly or even exclusively from

the formation of a special generating tissue, the cambium.

The cambium is usually a prosenchymatous tissue, not found

in the ^ punctum vegetationis,^ but distributed elsewhere in

very various parts of the plant. To it is due the final deve-

lopment of the fibrovascular bundles, which however originate

in its forerunner, the procambiiim. The cambium forms,

according to its arrangement, a central cambium-cylinder,

or isolated dispersed cambium-bundles, or a cambium-

ring. A thickening-ring of this character occurs, for

example, in the layer formed between the wood and the bark

of those trees which are characterised by the formation of

annual rings. In the most lowly organised plants, the Fungi,

Lichens, and Algae, both kinds of generating tissue are

wanting, and every one of the cells has an equal capacity for

originating new vegetative cells, i.e. such as serve only for

growth and not for reproduction. Although the production

of new cells is the special province of the specific generating

tissues now described, this does not imply that the elements

of other tissues are entirely destitute of this power ; on the

contrary, it is strikingly manifested in the annual and espe-

cially in succulent parts of plants.

In direct contrast to the generating tissues are the

healing- tissues^ suberous tissues, or cork- tissues. The former

are of service to the plant by their long-continued and vigor-

ous growth and the formation of new cells ; while the latter,

dying quickly, lose their cell-sap ; their cell-walls become con-

verted into cork, and thus form a mantle or envelope which

protects the subjacent cells from injurious influences of all

kinds. Two kinds of this tissue are distinguished—true cork

or suber, and periderm ; the two are not, however, sharply

separated, but pass into one another in a variety of w^ays.

True cork is a very elastic tissue consisting of thin-walled,

usually nearly cubical, cells (Fig. (^(i). It does not peel oft',

but often contains long clefts, as is commonly seen in the

bark of the maple.
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Pei'iderm consists of tabular cells with thicker walls,

which, when looked at vertically, have a regular polygonal or

stellate appearance. It has in general more vital power, and

M^JL^I

Fig. 66.—Transverse section through the bark of the juniper ; b b bast-cells
;

m ni medullary rays ; k layer of cork formed of thin-walled cells parallel

to the circumference of the stem, (x 370.)

is firmer, less elastic, and more leathery than true cork.

When it is several layers in thickness, thick and thin-

walled layers often alternate (Fig. 67), causing frequently a

peeling off, as in the birch and cherry ; in the beech and

silver fir, on the contrary, the periderm does not peel off.

Cark is the true healing-tissue of plants, and as such is of great

importance. In the fresh surfaces of wounds, the uppermost layers of

cells as a rule dry up, while in the tissue beneath them, still full of sap,

new cells are formed which are the origin of the cork. A very good

example of the importance of this production of cork is afforded by the

cochineal-cactus. This plant is multiplied by cuttings, which would

decay at once if they were set in the ground with the surfaces of the

wound fresh. The shoots which are intended as cuttings are therefore

first laid for about four weeks in a dry place exposed to the sun, in



Fig. 67.—Transverse section through the innermost layer of the bark of the oak ; p p layer of
periderm consisting of thick-walled cells filled with a homogeneous red ma^s ; / / paren-
chymatous cells with starch-grains ; st ' parenchymatous cells with moderately thickened,
st^'' with strongly thickened walls ; b^ bast-vessels orsieve-tubes ; pybast-tubes ; b paren-
chyma and bast-vessels ; kr a large parenchymatous cell containing a crystal ;

^- a peri-
,

derm-like tissue, (x 440.)



46 Stritctural and Physiological Botany,

order that a cork-tissue may be formed, which closes the wound and

prevents the decay of the cutting. ^

Larger wounds, as, for instance, when branches are cut off, are often

closed by the formation of elevated cushion-shaped masses of cells, not

consisting entirely of cork-tissue, which are fresh formed over the whole

surface of the wound. Such a tissue is called an overgrowth, and is

seen especially in the beech, silver fir, and lime (Fig. 68). Of a similar

Fig. 68.—Overgrowth
on a branch cut
through obHquely,
(natural size.)

Fig. 69.—Portion of a scalariform Fig. 70.— Pitted vascu-
vessel from the brake, Pteris lar cell from the stem
aqtdlina ; .y.y the transverse divi-

sion-wall broken through in a
reticulate manner, (x 370.)

of a grass, Phfagjnites
cflmtHunis, with nu-
merous small bordered
pits, (x 400.)

nature is the callus, to which we shall recur when speaking of repro-

duction by means of cuttings.

Smaller developments of cork at particular points of the

surface, which assume characteristic forms according to the

species, are termed lenticeh. They appear in young branches

before the formation of periderm, and occur in the birch,

beech, elder, &c.
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The special characteristic of cell-fusions consists in the

cells of which they are composed uniting completely by

coalescence into a uniform whole of a higher type. Unions

of this kind are usually accompanied by the transformation

and absorption of at least a portion of the surfaces of con-

tact. Fusions of a less complete kind have already been

described in the coalescence of the contiguous cells of ' tela

contexta ; ' unions of a more perfect description occur in

conjugation and the formation of vessels.

The process of conjugation^ to which reference has

already been made, begins with the lateral coalescence ot

two contiguous cells, and the formation of an opening at the

point of contact ; finally the contents of the two cells

coalesce in the production of a spore (Fig. 54, p. 32). This

process has hitherto been observed only among Fungi and

Algae, and especially in the family of Conjugatae belonging

to the latter.

Vessels arise from the coalescence of several cells, which

are then termed vascular cells ; the division-walls partially

disappearing while the union continues at the margin.

Vessels are divided, according to their form and contents,

into vessels in the true sense of the word, bast-tubes or

bast-fibres, sieve-tubes or bast-vessels, vesicular vessels, and
laticiferous vessels.

If a number of spiral cells are imagined placed one over

another and coalescing from the more or less complete ab-

sorption of the partition-walls, a spii^al vessel is produced.

Vessels are formed in a precisely similar manner, from several

"of the kinds of cells previously described ; and we thus get

annnlar vessels^ reticidate vessels^ scalariform vessels (Fig. 69),*

and pitted or dotted vessels (Fig. 70).

The individual vascular cells sometimes stand vertically one over an-

other, and coalesce by their horizontal faces ; sometimes they are in con-

tact laterally, and with faces that stand obliquely. The partition-walls

do not always entirely disappear ; but often, especially when they stand

obliquely, portions remain which are more strongly thickened and of a
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reticulate or scalariform character (Fig. 69, s s). True vessels usually

become lignified, but are never branched, or at all events extremely

rarely. In the mature state they contain nothing but air ; but

occasionally in the spring a portion of the sap sucked up by the roots is

pressed into these air-containing vessels, a process on which depends,

for example, the ' weeping ' of wounded grape-vines. In many Vascular

Ciyptogams, Gymnosperms, and Monocotyledons, as well as in a few

Dicotyledons, rows of vascular cells are found in places where, from

the analogy of other plants, one would expect to fmd vessels, the

partition-walls not having become absorbed. Such structures compose

what is called a conducting tissue ; and the separate cells are not called

vascular but conducting cells.

Bast-tubes or bast-fibres are long pointed tubes— not

cells, because their elements have completely coalesced

—

usually thick-walled, rarely branched. They are not often

in direct communication with one another, and then always

only by lateral branches. They are commonly united into

bundles, and as such form an essential part of many fibro-

vascular bundles (see Chap. VI.).

While in vessels the separate vascular cells of which they are com-

posed can still be made out with tolerable ease, this is by no means the

case in bast- tubes ; on which account opinion was long divided among
botanists, whether bast-tubes—the development of which is generally

extremely difficult to observe—are formed by the coalescence of cells,

or by a single cell increasing from 20 to 50 times its original length. The
simple consideration, however, that if the growth of bast -tubes were

of the latter nature, it must be accompanied by an increase in thickness

of the entire bundle of which it formed a part, which is not actually the

case, shows that they can arise only by the coalescence of cells.

A close relationship subsists between sieve-tubes,

vesicular vessels, and laticiferous vessels, partly on account

of their form, partly of their contents ; all appearing to

have for their function the storing up of nutrient fluids,

and the conducting of them to the parts of the plant where

they are required.

Sieve-ticbes or bast-vessels result from the coalescence of

cells standing one over another, the partition walls of which,

or Steve-discs, havebecome perforated in the manner of a sieve
;
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and some have also sieve-like perforations through their

side-walls (Figs. 71-74). Of similar construction are lat-

FiG. 72.—Longitudinal section through
the transverse partition-walls in the

sieve-tubes of the gourd ; Z the pri-

mary cellulose-wall ; h the second-
ary cell-wall ; v v the peculiar thick-

ening which is always found in young
cells ; i the contents contracted and
passing through the perforations in

the transverse partition-wall.

Its

Fig. 71.—Sieve-tube
from the white
bryony, Bryonia
dioica, the horizon-
tal partition-walls
with peculiar thick-
enings, (x 250.)

Fig. 73. — Transverse section of the
same, the upper part represented
with the thickening-substance which
takes the form of wart-like eleva-
tions ; the lower part without it.

(Strongly magnified.)

Fig. 74. — Part of a
sieve-tube from the
lime, Tilia grandi-
folia ; p the sieve-

discs of the radial side-

wall. ( X about 800.)
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ticed cclls^ the partition-walls of which are not actually per-

forated, but only thickened in a sieve-like manner. Both

contain as a rule a turbid granular sap, are mostly associated

A

Fici* 75.—Vesicular vessel with raph-
ides (r), and contiguous cells a and
b from the gtem of a Tradegcaiitia,
(X 300.)

Fig. 76. — Laticlferous vessel from
Etiphorbia splcndens, with rod* and
bone-shaped granules of starch float-

ing in the latex. ( x 250.)

in bundles, and take part in the formation of the fibro-

vascular bundle as soft bast.

Vesicular vessels are distinguished from sieve-tubes by

their contents and situation. The contents are clear or

milky, but always include bundles of acicular crystals

(raphides). Their cells, which are moderately thin-walled
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(Fig. 75), but otherwise of very various structure, are in

contact by their ends, which are either broad or narrow, and

often form great systems of tubes, which are never associated

into bundles, but run separately and usually in a parallel

direction. They occur only in the outer cortex and in the

foliar organs in most Monocotyledons and in some Dicoty-

ledons.

Laticiferous vessels are simple or branched tubes, fre-

quently anastomosing, or united into a more or less close

network (Figs. 76, 77). They always contain a fluid

Fig. 77.—Anastomosing laticiferous vessels from a vein of a leaf of the
lettuce. (After Hanstein, x 160.)

peculiar to the plant, which is often coloured and frequently

of a milky appearance, and is called latex. They occur in

only a comparatively small number of plants, usually in

the cortex between the bast-bundles and the wood, but

sometimes also in the outer cortex, the pith, and the wood.

They accompany the fibrovascular bundles into the leaves.

Nearly related to them are the laticiferous cells^ long

branched simple cells, such as occur in the Euphorbiaceae,

Moraceae, Asclepiadeae, Aconitum^ &c. The latex of different

plants contains a great variety of substances : gimi, resin,
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albumen, opium (in Papaver somniferuni)^ caoutchouc (in

Siphonia elastica^ Isonandra gutta^ and species oiFiciis)^ bone-

shaped grains of starch (in tropical species of Euphorbia)^ &c.

The laticiferous are often distinguished from the vesicular

vessels only by the absence of raphides. Transitional forms

between sieve-tubes and laticiferous vessels occur apparently

in the elder and in Aceracese.

It lias not yet been certainly determined whether the latex is a

product of excretion or a reserve material. The laticiferous vessels

and the true vessels together have been compared to the venous and

arterial blood-vessels of animals ; but since a direct connection between

them has not been proved, and the mature vessels are normally filled

with air, this comparison cannot be maintained.

Closely connected with the laticiferous vessels are-

certain groups of cells, to which belong the formation and

secretion of particular substances, and which have been

included under the indefinite term receptacles for sap. In

examining them, the chief point to notice is whether the

cells themselves contain the secretion formed in them, or

whether it has been transferred into the nearest intercellular

spaces. It is not always possible, however, to draw a sharp

line of demarcation between these two conditions, which

may both occur together.

Single cells of this nature, or smaller groups of cells,

are called glands^ while the larger sap-receptacles which

extend to a greater length through the parenchyma are

ttxvu^d. passages. These latter never possess a true cell- wall,

and are not produced by a deliquescence of cell-walls, but

by masses of tissue becoming separated from one another,

and thus forming a cavity between their cells: and are there-

fore true intercellular spaces. Whether this is a result of)

vital processes or of pressure exercised by the separated

masses on those in their vicinity is not yet determined.

According to the nature of the substance secreted, these

spaces are distinguished into oil-passages^ as in Umbelliferae

and Compositae ; resin-passages^ as in Conifer^e (Figs, 78, 79)

;
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gimi-passages^ as in Cactacea^, Cycadeae, Amygdaleae, &c.; ^/Z-

glands^m\ki^ leaves oiHypericum pe?'fo7^ahc?n, species of Citrus^

Fig. 78.—Mode of formation of resin-passages ; I. transverse section through a termi-
nal shoot of A hies excelsa in process of development ; in the cortex the small group
of cells \\p containing starch-grains and in the act of division has separated from
the rest of the cortical cells i' which contain chlorophyll ; h^ the first origin of the
resin-passage ( X 1000). II. The same from a part more deeply imbedded ; in

the young wide resin-passage wg the cells which contain resin form only a single
layer, and contain, in addition to line-grained starch, small drops of a volatile

oil. (x 800,)

^'C.
; camphor-glands ; and resin-glands {Y\g. 80). The term

honey-glands or nectaries^ finally, is given to any part of a
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flower, whatever its structure [or morphological nature]

which is formed for the secretion of honey or a saccharine

fluid.

Fig. 79.—Transverse section through a mature resin-passage o^ Abies excelsw, the
cavity h^ as well as the thin-walled cells H/ are filled with a semi-fluid resin,

while the thick-walled compressed cortical cells v still contain small quantities of
starch, (x 800.)

All these separations of masses of tissue are essentially different

from the transformations of the cell-wall previously described ; although

it happens often enough with

processes of secretion that cell-

walls are ruptured by the pres-

sure of the substances stored

up in them, and are carried

away along with the waste

products (see p. 23).

In this connection

should be mentioned also

Fig. 80. -Transverse section of a resin-gland certain StrUCturCS which
from a young birch-twig ; a epidermal cells ;

h a subjacent layer of cork ; c collenchyma- are CCrtainlv of the grCatCSt
tous cortical tissue; d the papillae of the .

'

i vr c
gland which have secreted the solid resin e. importance lOr the lite 01

^"^ ""^-^
the plant, but which have

as yet been but little studied, the overgrowths of wax on

the surface. These occur especially as a delicate bloom, as
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for example on the plum, and are sometimes dense agglo-

merations of rods or needles, as on the leaf of the rye, some-

times simple coatings of granules, as on the ' frosted ' leaves

of many lilies ; sometimes as coatings of rods which stand

vertically on the surface of the cuticle, as on the leaves of

the banana ; or finally as incrustations, as in Opuntia.

CHAPTER III.

THE CONSTRUCTION OF THE PLANT OUT OF CELLS.

All plants consist entirely of cells and of the products of

the formation and transformation of cells, which are hence

called the elementary organs of the plant.

Only a few plants belonging to the class

of Algae (Fig. 8i) [and Fungi] are unicel-

lular ; by far the larger number consist of

many, and most of an innumerable number

of cells, which take part in the construc-

tion of the plant. In the simplest multi-

cellular plants the cells are arranged in

filaments, /.^., in simple rows one above

another, as in the filamentous Algae and

many Fungi (see Fig. i, p. 7). Those are

tnore highly organised which consist of

plates of cells arranged in a single layer, as

occurs also in certain Algae, e.g. the Ulvaceae (Fig. 82). But

by far the most com.mon structure is for the plant to be

composed of masses of cells radiating from one another in

all directions. The course of development of this mass of

cells exhibits the following variations in the different sections

of the vegetable kingdom.

In the higher flowerless plants the mother-cell of an em-
bryo or shoot breaks up into several cells of unequal value.

The cell which remains at the apex, or apical cell, may be

Fig. 81.—a unicellu-
lar A\g2L,Botrydiu!n
Wallrothii. (See
Fig. 380.)
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described as the ^ primogenita ; ' all the functions of the

mother- cell are transferred to it; it grows to be like its

parent in every respect ; and the same process of division

is then repeated in it. The building up of the mass of cells

of which the plant consists results from the division in all

directions of the remaining daughter-cells (Fig. 83, i).

In flowering plants—at least in Monocotyledons and

Dicotyledons (Fig. 83, 11)—the mode of development is dif-

II.

!/

x^

Fig. 82.— I. An Alga, Ulva hdbosa, consisting Fig. 83 I.—External view of the

of a single plate of cells ; II. Swarmspores exposed apex of the stem_ of

which have escaped from the empty cells. Egtnsetum scirpoides ; s apical

(x about 300.) cell ; the darker lines indicate

the boundaries of the daughter-cells derived from the apical cell; e.g: ft', the

latter being again the mother-cell of those marked i, 2, 3, 4. (x 350,)

ferent The mother-cell of the embryo here breaks up at

once into a great number of equivalent cells, which again

divide into various groups of cells, each one of these assisting

in building up the structure of the plant, playing the same part

throughout in the entire course of vegetative development,

and carrying on its functions independently of the others.

The order of succession in the formation of the various

groups of cells is as follows :—The first independent tissue

formed is the epidermal tissue or dermatogen. The layers

of cells lying immediately beneath then begin to develope in

a peculiar manner as cortical tissue or periblem^ the paren-

chymatous or primary cortex being formed from them. This
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tissue finally encloses the pleronie or intermediate tissue,

situated not very deep down and laterally from the apex,

which breaks up into the J)7^oca7?tblum and the fundamental

tissue. The procambium is form.ed in many plants from the

entire outer zone of the plerome, while in others it consists

of only a few^ groups of

its cells ; from the fun-

damental tissue it is

further distinguished by

the arrangement and the

form of its cells, which

are prosenchymatous,

while those of the funda-

mental tissue remain

parenchymatous.

The contrast between

the epidermal tissue and

Fig. 83 II.—Longitudinal section (partly dia-

grammatic) through the young embryo of the
shepherd's purse ; h epidermal tissue ; r cor-

tical tissue ; 711 fundamental tissue or pith

;

f procambium ; w root-cap ; .y suspensor.
..(After Hanstein, magnified : see fig. 363.)

Fig. 84.—Papilla from the young
stigma of Lilium bulbifertiin.

(x 660.)

the subjacent masses of tissue is the more evident the greater

the exposure of the part of the plant to air and light, and is also

usually more conspicuous in the permanent parts than in those

which are more fugitive. In the lowest plants, Alga^, Fungi,

and Lichens, and even in the stem of Hepaticae, the epidermal

structure consists only in the outer layers of ceUs having

thicker and firmer cell-walls and smaller cavities than the
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rest. In some Mosses and in all the more highly organised

plants at least one layer of cells specially defined and de-

veloped, the epidermis^ exercises special functions. In true

roots, and in many root-like underground stems, as well as

in many plants which grow submerged in water, it is less

differentiated from the subjacent tissue than is the case in

most stems and in leaves.

The outer side of the outermost layer of epidermal cells is gradually

transformed into the so-called cuticle (see Fig. 21, p. i6), a thin

structureless membrane, but little sensitive to external and even to

chemical agencies, insoluble, for example, in concentrated sulphuric

acid or in potash. The cells of the epidermis usually contain clear or

coloured fluids, occasionally crystals, rarely chlorophyll. Their form is

very various, but usually tabular or conical, or sometimes even

papilloeform, i.e. projecting on the outside in the form of knobs or

bladders. The peculiar appearance of many structures, such as the

velvety gloss of petals, is due to papillae of this nature (Fig. 84). In

many cases there lie beneath the epidermis peculiar layers or strings of

cells (the Jiypoderma\ v^^hich are perhaps best included in the epidermal

tissue. They consist either of thick-walled prosenchymatous bundles

which contribute to the greater firmness and elasticity of the epidermis,

as in the aerial portion of the stem of Equiseta, and the acicular leaves

oi Pinus pinaster, or of collenchymatous tissue which tends to increase

the difference of tension between the epidermal and the subjacent

tissues (see Chap, V.). In plants with a long term of life, and which

increase greatly in girth, cork is subsequently formed in the epidermal

cells themselves or the subjacent layers of tissue, replacing the true

epidermis, which has generally in the meantime perished.

The true epidermis consists, when young, of similar cells

which are everywhere closely contiguous. In the course of

growth some of these separate from one another, the deri-

vative cells that result from one or more divisions leaving a

crevice or pore between them which is called a sto7na (Fig.

85). These are always^ enclosed by two or four cells, the

gua7'd-cells^ which are crescent- shaped, and also smaller and

with thinner walls than the rest of the cells of the epi-

' Exceptions, however, occur in the case of the Marchantiese and
Rhizocarpeae.



Fig. 85.— I. Horizontal section through the epidermis of the under-side of the leaf of
Euonyimis japomc7iS, looked at from below ; sp stomata (x 370) ; II. Course of
development of the stoma oi Arthropcduivt cirrhaUivi \ s pin mother-cell
ready for division ; sp^, s p^'^, s p^^^ successive stages of division : III. Mature
stoma, (x 370.)
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dermis, and are in addition distinguished from them by

contaming chlorophyll. This last circumstance gave rise to

the earlier view that these cells belong to the subjacent

parenchyma of the leaf rather than to the epidermis

Fig. 86.— I. Transverse section through the epidermis of the leaf of Cycas revohita ;

n elevation of the epidermis ; II. Transverse section through the epidermis of
the iinder-side of the leaf of Polypodhan vtilgare ; e e epidermal cells ; sp stoma ;

/ parenchyma of the leaf ; c: air-cavity, (x 400.)

itself. The stomata are sometimes found at the bottom of

a funnel-shaped depression, sometimes on a level with

the epidermal cells ; while sometimes (Pig. 86) they are

even elevated to a higher level. They establish a con-
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1

nection between the intercellular spaces in the interior filled

with air and the atmosphere. The interchange of gases

which is thus brought about is regulated by the guard- cells

being sometimes more and sometimes less close together, so

that the pore may be occasionally closed.

Stomata are found in all the higher plants, from the

Hepaticae upwards. They usually occur in the green parts,

more rarely in the coloured petals (as in the hyacinth,

crown imperial, &c.), [in the coloured bract or spathe of

Richardia\^ and in fruits and seeds (as the tulip). They are

wanting in those leaves which grow submerged in water ; and

in floating leaves occur only on the upper surface. In most

Monocotyledons both surfaces of the leaf are provided with

stomata, while in Dicotyledons they are generally almost or

altogether absent from the upper surface. No general rule

can be given for their number nor for their arrangement,

which possesses a definite character only in a few groups of

plants, as e.g. the Equisetaceae ; in Coniferae and Grasses the

arrangement is invariably hnear; in the Begonias they are

arranged in groups, &c. By far the most common size of

the stomata ranges between 0*0002 and o'oooS mm. ; but

it may vary, as far as observations have yet been made,
between 0*00459 (in Amaryllisformasissi7nd)^ and 0*000 11

(in Amaranthus caudatiis).

Hair-like bodies or irichomes^ are unquestionably epider-

mal structures, and may be found even on the youngest

parts of the stem, leaves, and roots. Under this category

are included hairs, brisdes, stinging hairs, prickles, scales,

glands, and glandular hairs. Whether the leaf-like ' pale^e
'

of ferns belong to this class, or should rather be regarded as

leaves, is still doubtful. Hairs arise by an elongation of

particular epidermal cells (Figs. 87, 89); and if attached to

a root are called root-hairs. They are either simple or

branched, and consist of one or several cells. Bristles

' See also the next chapter.



Fig. 8g.—Greatly branched unicel-

lular hair of A Iter^ianthera brasi-

liensis, borne on thin-walled pe-

dicel cells, (x 250.)

Fig. 90.—Prickle from the
stem of the hop. (x 75.)
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result from the walls of hairs becoming thicker and woody,

i.e. by the deposition of lignine. Hairs are not often found

in the interior of plants, but occur in the air-passages of

Nymphseaceae. Stingi7tg-hairs are such as secrete an acid

corroding fluid which escapes when they are injured ; they

often stand, as in the stinging-nettle, on a cushion-like

base (Fig. 88). Prickles (Fig. 90) consist of a great number
of thick walled woody cells. Scales \or peltate hairs] exhibit

Fig. 91.—Peltate hair from the leaf of Ele- Fig. 92.—Glandular hair from the leaf-stalk

^T^^z^j-, seen from above, (x 125.) oi Laniium purpuretiTn.i^y. 370.)

a great complication of structure, consisting of an elongated

epidermal cell, the pedicel-cell, which bears at its apex a

number of cells expanded into the form of a shield (Fig. 91).

Glands consist of a number of cells pufled out like bladders,

in which a viscid and often resinous fluid is secreted. Thus,

for example, the leaf-buds are often rendered viscid by a

gumm-y substance, or one composed of a mixture of muci-

lage and drops of balsam, the first resulting generally from

the conversion into mucilage of an epidermal layer lying

beneath the cuticle, as in the violet, horse-chestnut, and
plum. (See Fig. 80, p. 54,) If glands are elongated into
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the form of a hair, or borne on the apex ofpedicel-cells, they

are c^S\.t6. glandidai- hairs (P'ig. 92).

T\\^ primary cortex which developes out of the periblem

consists commonly of thin-walled succulent parenchyma

containing starch or chlorophyll ; other forms of cells, how-

ever, as laticiferous and vesicular vessels and glands, as well as

intercellular passages containing sap, may also occur in it.

In some plants masses of cork are found deeply buried in the

cortical tissue, or even beneath it, the outer parts then dying,

and falling off in the form of bark, as occurs in the grape-

vine and plane (see Figs. (iG^ 67, pp. 44, 45).

Every mass of procavibituit consists, in its earliest stage,

of similar thin-walled usually prosenchymatous cells, united

together without any intercellular spaces. As the mass in-

creases in age, some of the rows of cells become transformed

into vascular or bast-cells, and from these as centres the

transformation advances of the procambium-cells 'into per-

manent cells. Groups are thus formed of particular kinds

of cells which, united into strings or bundles, penetrate the

rest of the tissue, and as a rule constitute a firm framework,

and form the fibj'ovascular bundles^ or conducting bundles.

These bundles often He isolated in the fundamental tissue

of the plant, as for instance in the veins of the leaves ; but

they are generally so crowded and so strongly developed by the

continual formation ofthe tissue ofwhich they are composed,

that they finally almost entirely replace the intermediate

fundamental tissue, and form almost the whole of the sub-

stance of the plant, as is the case in the wood of Dicotyle-

dons and Conifers. The transformation of the procambial

cells into permanent cells either continues until they are all

so changed, or an inner layer of the procambium remains as

the formative cambium. As they become older, therefore,

the fibrovascular bundles either contain cambium or are

destitute of it ; the former being called opeji, the latter

closed bundles. In the open bundle^ the cambium is con-

tinually forming new layers of permanent cells, and th€ part
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of the stem or root is thus constantly increasing in thickness,

as is the case in most woody Dicotyledons and Conifers.

Closed bundles, on the contrary, such as are found in Cryp-

FiG. 93.—Transverse section through the fibrovascular bundles of the sugar-cane :

\\p parenchymatous cells of the xylem ; Hy wood-fibres ;
g^ spiral vessels ;

g^^

pitted vessels ; b/ bast-parenchyma ; b^ bast-vessels or sieve-tubes ; b_/ bast-

fibres, (x 360.)

togams, Monocotyledons, and a few Dicotyledons, can no

longer increase in thickness. The various forms of tissue

in a mature fibrovascular bundle may be divided into two

F
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groups, a woody portion or xylem^ and a less solid portion, the

bast or phloetn (Fig. 93). The xylem is composed of paren-

chymatous cells, wood-fibres, vascular cells, and true vessels,

the walls of these various elements being generally

thickened and lignified. The phloem, on the other hand,

consists of succulent and mostly thin-walled masses of

parenchyma and sieve-tubes, in addition to which are

usually bast-fibres massively developed and strongly

thickened. Any of these elements of the xylem and phloem

may, however, be wanting.

Narrow thin-walled elongated succulent cells, often found in con-

nection with the sieve-tubes, but whose nature is not yet fully under-

FiG. 94.—Transverse section through the root of sarsaparllla ; s/ parenchyma of the
root-sheath; b/ bast-parenchyma ; b^ bast-vessels ; g vessels, (x 200.)

stood, have been termed cainbiform tissue or permanent cambium.
Cambiform tissue, latticed cells, and sieve-tubes form, together with

thin-walled parenchyma, the soft bast, in contrast to the true bast,
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which consists of fibres. In many plants a ring of cells, often with

strongly-thickened and lignified walls, the bundle-sheath^ is developed

either only on the outside of the bast, or round the entire bundle, or

very commonly round the whole mass of fibrovascular bundles. This is

especially the case in roots, this layer of cells being there called the

root-sheath or colcorhiza. The separate cells of this organ are as a rule

developed in a very characteristic manner, so that for example, the

various kinds of sarsaparilla used in commerce may be distinguished by

their means (Fig. 94).

The further development of the fibrovascular bundles is

very characteristic of the different classes of plants, as is

also the arrangement of the various elements on a transverse

section of a bundle. Fungi, Lichens, Algae, and Characese

have no fibrovascular bundles ; and in Muscineae they are

either not developed at all or only in a rudimentary man-

ner. These plants are therefore comprised under the desig-

nation Celhdar Plants or Cellular Cryptogams ; the whole of

the remainder [Vascular Cryptogams and Phanerogams]

being on the contrary termed Vascular Plants.

ThQ fimda7?iental tissue very commonly consists of thin-

walled succulent parenchyma containing starch ; but other

forms of cells may also enter into its composition. In those

plants which have no fibrovascular bundles the whole of the

interior of the plant maybe regarded as fundamental tissue.

In other plants it fills up the spaces between the fibro-

vascular bundles and within the primary cortex. Even the

primary cortex, which must, according to the history of

development, be regarded as a distinct element, is often,

in consequence of its similarity, treated as belonging to the

fundamental tissue. Where the fibrovascular bundles are

closed [Vascular Cryptogams and Endogens] and cannot
therefore increase in thickness, this tissue is generally de-

veloped to the greatest extent (Fig. 95, i). In the woody
portions, i.e. the stem and root, of Conifers and Dicotyledons,

the fibrovascular bundles of which are open, it occupies a

less considerable portion of the entire structure. In the

greater number of such stems it forms a central /////,
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which is connected with the bark by more or less largely

developed portions of cellular tissue, the medullary rays,

(Fig. 95, IL, S^). In by far the

greater number of roots the

fibrovascular bundles, on the

contrary, form a cylinder des-

titute of pith and reaching the

centre, so that the fundamen-

tal tissue is altogether absent,

or, according to other au-

thorities, is developed only as

cortex.

Fig. 95-—I. Diagrammatic representation of the distribution of the fibrovascular

bundles on the transverse section of a palm-stem. II. Portion of the transverse

section through a shoot of ivy four years old ; k bark ; b bast-bundles ;

H wood, in which the four annual rings are distinctly visible ; m pith ; s^ medul-
lary rays ; f bast- fibres; c b cambium; s^^ primary ; s'^^ secondary bundles.

The various elements, the different forms of cells, tissues, and fibro-

vascular bundles, are always arranged in each species in a thoroughly

characteristic manner ; and from this, as well as from the nature of the
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elements themselves that are present, it is very often possible to recog-

nise the species from a small fragment of the plant. Only in com

paratively fev^^ cases are the plants adapted at once

for microscopical examination. When they are not

so adapted, they must be dissected into small trans-

parent pieces ; and the direction in which the

section has been made must also be noted. In

order to examine, for example, the structure of a

branch, preparations must be made, taken from it

principally in the following three ways (Fig. 96) :

in the transverse section a b 2X right angles to the

axis of growth mn, the longitttdinal section cd

through the axis, and the tangential section ef

parallel to it. ' Sections in other directions, as the

oblique gh, are only occasionally needed. In

certain cases it is also requisite, in order to make

the preparation transparent or decompose it into

its separate elements, to macerate it, especially

when it is desired to determine the form and con-

nection of the individual cells. We have here no

space to enter into a detailed account of the ap-

plication of the microscope to botanical investiga-

tion, and can only refer to the'works of Dippel,

Harting, Nageli and Schwendener, and Schacht.

Fig. 96,—Diagram re-

presenting the various
sections of a stem.

CHAPTER IV.

THE EXTERNAL FORM OF PLANTS.

In the plants of lowest organisation, Algse, Fungi, and

Lichens, the contrast which is so manifest in those more
highly developed between an axis (stem and root) and the

lateral organs (leaves), is altogether wanting. With reference

to this point, the vegetable kingdom is therefore divided

primarily into plants without an axis or Thallophytes^ and

plants with an axis or Connophytes^ the term thalbis being

applied to a structure destitute of leaves.

The external differentiation of the parts in cormo-

phytes can be very well seen in a germinating pea. If the
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leathery skin [or testa] is stripped from a pea which has

been soaked in water, two large fleshy masses are seen, the

cotyledons^ enclosing a small cylindrical body, the axis (Figs.

97, 98), which bears two minute leaves at its extremity
;

the cotyledons and axis together constituting the embryo.

If this pea had been planted in the ground, there would

have been formed under favourable circumstances, from the

growth of the axis of the embryo, the stem directed upwards

and the root directed downwards. When the seed germinates

(Fig. 99), a smaller or larger number of lateral organs, the

leaves (c d), develope, but only on the ascending portion of

Fig. 97.—Pea, with its testa cut
through ; c cotyledons ; g the
plumule enveloped in minute
leaves ; R radicle ; t axis of the

embryo ; i outer, e inner inte-

gument ; F funiculus ; p part of

the pericarp (diagrammatic).

Fig. 98.—Pea split open and with, the
testa removed ; f small cavity in

which the plumule or apex of the
stem lay ; the other letters as in Fig.

97 (somewhat magnified).

the axis, not on the root. The form of the leaves is very

various according to their function in the life of the plant

;

certain of them unite, in the form of floral leaves, together

with the stem, to produce the flower. From a particular

part of the flower is developed the fruit, within which are

produced the seeds destined for the reproduction of the

species. Epidermal structures (trichomes), finally, clothe the

surface at different parts.

If the history of development of an embryo, as that of

the pea, is examined more closely, it is found that from a

imiformly, plastic mass of similar cells the root is developed
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downwards, and the stem-bud upwards. The stem-bud, or

phmttile^ is divided from the outset into stem and leaves.

The leaves therefore do not grow on a stem already

formed ; on the contrary, they constitute from the first, to-

gether with the stem, a hemispherical body consisting of

t'lG. 99.— Germinating bean; a b
cotyledons; cd leaves;^ ter-
minal bud ; h primary root

; g
lateral roots.

Fig. too.—Longitudinal section through the
apex of a root of Aspidistra elatior; \v h
root-cap ; m pith ; o epidermis ; c^ narrow
spiral vessels ;

g'' broad reticulate vessels.
(X 75).

primary parenchyma, which then becomes lobed. It is

therefore impossible to draw accurate lines of demarcation
between the three main organs of the plant, the root, stem,

and leaf. The stem is distinguished from the root only by
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bearing leaves, while the latter does not. Leaves are

lateral [or appendicular] organs which do not possess any

capacity of development of their own, and which may there-

fore be regarded in many respects as appendages attached

to the entire organism, not possessing an independent life.

It follows therefore naturally that the leaves and axis are

subject to different laws of growth :— the axis grows at its

apex, and the leaves at their base where they are attached to

the axis. New leaves are developed only at the extreme end

of the branch. The roots, on the other hand, have no

power of forming leaves, because the outermost cells of their

' puncta vegetationis ' die very early, and then cover it in

the form of a cap (Fig. loo, w/^). Beneath this root-cap^

as it is termed, the production of new cells continues
;

while the cap itself acts as a protecting shield to the root

when it penetrates into the hard soil. The growth in length

of roots ceases therefore so near their apex that the portion

which is at any time actually increasing in length is usually

only a few millimetres long.

In the remainder of this chapter no reference will be made to

flowerless plants, but only to flowering plants or Phanerogams, since the

morphology of the former is so closely connected with their classification

that it will be better spoken of under that head. Much, however, that

is now described applies equally to both classes [at least to those

Cryptogams which are also cormophytes], especially all that relates to

the branching of the axis, the buds, phyllotaxis, the forms of leaves,

secondary organs, &c.

THE ROOT.

The Root is that part of the plant which, usually growing

downwards, fixes it into the ground, and absorbs nutri-

ment out of the soil. It bears at its apex a root-cap, and

never developes leaves.

Some plants have certain characteristic kinds of roots which do not

in all respects answer the description given above. l^\m!i clasping roots^

as those of the ivy, often penetrate laterally into trees, rocks, or walls.
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The aerial roots o{ \xo^\(:-^\ Orchids, Pandani [and Aroids] depend from

the stem and branches, and in many cases never reach the ground.

T\vQ floating primary root of Trapa, which germinates while lying on the

ground, at first ascends, and remains in that direction. The aquatic roots

of floating plants like Lemna never attempt to become fixed in the

ground ; or, as in the case of Cicuta, assume a totally different appear-

ance. The ' haustoria ' of parasitic plants, fmally, penetrate into the

stem of their hosts, and feed on their sap. The characters which

include all roots, and distinguish them from stems, are the absence of

leaves, and the presence of a root-cap at their extremity.

^y \\\^ primary root \'$> meant that which is formed by

the downward elongation ofthe axis of the embryo, and which

'/

Fig. ioi.—Diagram of

a tap-root.

Fig. I02.—Fusiform root Fig. 103.—Napiform root

of the carrot. of the radish.

is therefore in a hne with the stem. It is called a tap-root

(Fig. ioi) when it is thicker than the branches which pro-

ceed from it ; and may then be fusifo7'm or spindle-shaped

(Fig. 102), napiform or turnip-shaped (Fig. 103), pirmorse^

i.e. suddenly ending with a blunt point, as if bitten off, as

in Plantago major [or Scahiosa stteeisa], filiform (Fig. 104),

or cylind^'ical.

Secondary or lateral roots are those which spring laterally

from the stem [or from the primary root], as the clasping roots

of ivy. In many plants in which the primary root remains
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undeveloped, and dies off shortly after germination, it is re-

placed by a number of secondary roots developed from the

Fig. 104.—Diagram of fili-

form root.

Fig, 105.—Fibrous root of

a grass.

lower extremity of the stem. In grasses, for example, these

roots are filiform, and are then called fibrous roots (Fig.

Fig. T06.—Tuberous fasciculated

root oi Spircea Jilipendtda.

Fig. 107.—Tuberous fasciculated root
of the dahlia.

105) ; but not unfrequently some of them become tiiberoiis

[i.e. much swollen at intervals, or in the middle] ; and
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they are then called fasciculated [Yigs. 106, 107). All roots

are more or less branched, and are often clothed with ex-

tremely delicate 7^oot-hairs. If the branches of the root run

principally near the surface of the ground, they are called

creeping roots. With reference to their textpre, they may be

divided into woody and fleshy.^

THE STEM.

The Stem, in its various forms—to which a great variety

of names are given from its diverse appearance, though in

essential points always the same organ—is that part of the

plant which is constructed for the purpose of bearing the

leaves, flowers, and fruits.

In ordinary language the term is applied to those parts

of the plant only which are above ground. But a closer

examination shows that many plants possess organs which

must, in accordance with their function, be considered stems,

but which nevertheless remain, during the whole of their

existence, below the surface of the ground ; and these are

called underground stems. There are some plants which

' [Any root which results from the development of the radicle or

lower extremity of the axis of the embryo is a norinal root ; the term
adventitious 7^oot being applied to those of any other origin, i.e. from the

. stem, either below or above ground. Aerial roots are usually adven-
titious, and their purpose is generally to absorb moisture from the

atmosphere. The aerial roots, however, of the banyan, Ficzis iudica, at

length reach the ground, assume the character of trunks, and give to a

single tree the aspect of a grove ; while those of the mangrove, Rhizo-

pho7a^ which also reach the ground, are true normal roots, resulting

from the germination of the seed while the fruit is still attached to the

tree. The roots of Monocotyledons are always adventitious, the radicle

never being developed, as are also those of Cryptogams. The roots of

parasites, which derive their nourishment from the living tissue of their

hosts, may be normal as in the mistletoe, Viscuni alburn^ or adventitious

as in the dodder, Cuscuta, where the original normal root which strikes

into the soil dies away, and the plant subsequently attaches itself to

its host by 'haustoria.' True roots do occasionally, but very rarely,

produce leaf-buds (see p. 82). The function of the root-hairs is the

absorption of liquid nutriment from the soil.

—

Ed.]
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are apparently stemless" or acaidesceitt^ with radical leaves

only ; but this results from the stem remaining very short

and undeveloped in proportion to the root and leaves, and

being therefore overlooked. Examples occur in Flantago.,

the turnip, [primrose], &c.

Those stems which spring, on germination, directly from

the axis of the embryo [/.<?. from its upper extremity or/A/;;^^//^]

are called p7'imary sterns^ and their ramifications secondary

or lateral stems, or branches. The position of the 'branches

on the primary axis determines what is called the habit of

the plant. They are said to be vei'ticillate or whorled when
several spring from the primary stem at the same he"ght, as in

Eqidsetiim ; opposite [as in the elder] when two opposite

branches are always found at the same height ; decicssate

when each opposite pair is at right angles to those imme-

diately above and below it, as in the lavender ; dichotomoiis

when the stem repeatedly divides into two branches of equal

thickness, as in the mistletoe ; scattei^ed vAxtx). the arrange-

ment of the branches is apparently irregular.^ It sometimes

happens, especially in the inflorescence of rushes, that a

lateral branch completely takes the place of a primary axis

the development of which has been suppressed, and con-

tinues its growth in nearly the same direction ; and such a

branch, which therefore consists of several successive se-

condary axes, is a sympodiiun. The part of a stem which

intervenes between two leaves is an internode^ [and the

part from which a leaf springs is a node\. The length of

Hfe of the stem and roots may be only a single year, animal)

two years, biennial ; or a number of years, perennial.

The most completely developed form of the aerial

(above-ground) stem, the woody stem or trtmk^ is the cha-

racteristic of trees and shrubs. If the lower and smaller

part of the stem is woody, while the upper and larger part

* This will be further explained when speaking of the arrangement of

leaves (p. 87).
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dies off every year, as in Salvia officinalis^ the stem i^siiffric-

ticose. In palms and some other trees the trunk is simple

and unbranched, and is then a caudex ; when the stem

remains weak and does not

become Avoody, it is herbaceous^

and then but rarely, as in

many succulent cacti, is per-

ennial. The scape is a leaf-

less stem bearing only flowers,

springing from a flat base, or

belonging to a so-called stem-

less plant ; it may bear only

a single flower as in the tulip,

or several as in the lily-of-the-

valley (Fig. io8), hyacinth,

and Plantago. The culm is a

stem the internodeS of which f^^. xoS.- Rhizome and scape of the

are separated by thickened i}iy:of-the-vaiiey, Co^ivaiiaria ma-
*

^

•' jalis (reaucea).

nodes, as in grasses, and is

usually hollow and unbranched ; the calainus on the con-

trary, as in rushes, is pithy and without thickened nodes.

Sometimes, as in the strawberry, the stem sends out runfiers^

i.e branches which run along the ground, put out adven-

titious roots from their

nodes or at their extre- m MM MM.
mi

-Sec-
tion of trian-

ilar stem.

Fig. no.—Sec- Fig. in.—Sec-
tion of square tion of 5-rib-

stem. bed stem.

mity, and develope there

a perfect plant.

If a stem is cut through
y\q..xo^.

transversely, the figure of
^j°f

t:ie section is usually more

or less round or cylindrical, or is compressed into an elliptical

form ; but it is often angular, for instance triangular in

Carex (Fig. 109), square in Labiatse (Fig. no), five-ribbed

(Fig. in), &c.

The form of the stem is usually more or less cylindrical,

but often globose, two-edged, as in several species of Cactus,
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filiform as in flax, or leaf-like as in some species of Cactus

and Ruscus (Fig. 112).^

Fig. -Leaf-like branch or phylloclade of Ritsctis aculeaUis ; a, flower.

In reference to its position, the stem may be erect^ pen-

dulous as in the sunflower, nodding as in Carduns nutans.,

decumbent, flexuose, creeping, where it puts out adventitious

Fig. 113.—Stem of Convolvulus
arvensis twining to the left.

Fig. 114.—Stem of hop twining
to the right.

1 [The flat expanded sharp-pointed leaf-like branch of the butcher's

broom, Rttscus aculeatus (Y\g. 112), produced in the axil of the true

scale-like leaf, and bearing the flower on its upper surface, is termed a

phylloclade. —Ed . ]
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roots from its under-side, as in the money-wort, Lysimachia

nitnunularia^ and periwinkle, Vi7tca minor^ floating as in

many water-plants, climbing as in the ivy, or twining

(scandent), when it may twine either to the right, ^ as in the

hop or honeysuckle, or more often to the left, as in the

bindweed (Figs. 113, 114).

The base of the stem or underground stem is distin-

guished from the true root by its power of producing leaves.

These are, however, often dry or deciduous, and their pre-

sence can then only be recognised by the scars they leave

behind ; and sometimes they disappear so early that even

the scars can scarcely be made out. In such cases the

earhest stages of development must be examined in order to

come to a determination. The underground stem assumes

peculiar forms in the rhizome, tuber, and bulb.

The rhizo7ne (Fig. 108, p. 77) is found in many perennial

plants. It may be recognised by the leaf-scars,, as also by
its putting out a number of adventitious roots from its under

side, and ascending annual

branches (shoots) into the air

from its extremity or from the

neighbourhood of the leaf-

scars. The buds of these

shoots hibernate beneath the

ground (Fig. 115). Rhizomes

are commonly branched, and

not unfrequently elongated,

and creep for a distance

beneath the surface, as for

example in couch-grass, Triti-

cum repens ; but are sometimes short and compressed, as in

the /;7>, solid, or sometimes hollow and divided into

chambers, as in the water-hemlock, Ciacta virosa.

The tuber is a thickened fleshy underground stem, with

^ [In applying the terms twining 'to the right' and 'to the left,' the

reader must imagine himself in the position of the stem romid which
the climbing plant twines.

—

Ed.]

115.—Rhizome' of Solomon's seal,

Convallaria Polygo7iaUi7ii. a ter-

minal bud from which is developed
the next year's stem ; b this year's
stem ; c, d, scars of the stems of pre-

vious years.



8o Stintctu7'al and Physiological Botany,

usually very small leaves which can be made out only in

the young state ; but in some cases, as the potato, there

are a number of buds concealed in depressions, which are

called ^7^i" (Figs. ii6, 117). Many plants form only one

tuber, as the pig-nut, Caruin bulbocastamim (Fig. 118),

others several, as the potato. The spherical or palmate

Fig. 117.—A tuber c formed
m the axil between a small
leaf b and the stem a.{x 2.)

Fig. 116.—A six-weeks' old potato-plant developed
from* the seed, the upper branches a b being cut
off; d cotyledons ; in the axils of the cotyledons
are developed the underground branches e e, which
penetrate into the ground and form tubersfg at

their apex or in the axils of small leaves. The
tubers are formed only on the branches which are

produced in the axils of the cotyledons, never on
the true roots h.

Fig. 118.—Single tuber of the
pig-nut, Cart4rnbulbocasta-
7min (natural size).

tubers of. some orchids (Figs. 119, 120) are considered by

some to be tuberous roots, by others true tubers.

The bidb is also fleshy, but is distinguished by its leaves,

which [in the form of scales] surround the solid base of

the stem which is called the disc, or are attached to its

apex. This plate or disc is either comparatively large, and

when surrounded by only a few leaves, as in the crocus, is
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called a ^^r;;/ (Fig. t2i); or it may be comparatively small

in proportion to the mass of the leaves, as in the onion [or

Fig. 119.—Double tuber, a, b, of
Orchis Morio,

Fig. 120.—Double palmate tuber, a, h,

of Orchis odoratissima.

hyacinth] (Fig. 122). Further characters are derived from

the character of the scales ; and bulbs are hence termed scaly

Fig. 121.—-Corm of Gladiolus segetum \ a longitudinal section ; a last year's, d this

^l^^j ^- ' ^ ^^^P^ ' ^ scales
; ^ roots ; b after removal of the enveloping scales ;

y bud which will develop into next year's bud ; z bulbil.
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or squamose, tunicated [in the liyacinth or onion], fibrous,

&c.

THE BUD,

Branches of the stem spring, like leaves and flowers, from

buds. According to the organs which result from their de-

velopment, they are distinguished into stem-buds {plumules)^

leaf-buds, diwAJlower-buds,

Fig. 122.—Scaly (squamose) bulb of
the onion ; b plate or di.'^c ; a bulbils.

Fig. 123.—^ Terminal bud ; h axillary
bud, the leaf in the axil of which it

was prodaced having been removed.

As respects the position of the bud, it is terminal (Fig.

123 ^) when it is situated at the end of a branch, axillary

(Fig. 123 b) when it grows in the axil of a leaf, i,e, in the

angle which its upper surface makes with the stem, or

adventitious when it springs from any other part of a

stem except these two. The latter kind occur but

rarely ; the tendrils of the grape-vine (Fig. 196, p. 108)

proceed from buds of this description. In the same

manner the shoots which spring from the creeping roots

of certain plants, the plum, wild cherry, &c., originate
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from adventitious buds. There are sometimes a few buds

which do not break through the bark, but remain dormant

beneath it, until the other buds on the plant have been de-

stroyed by unfavourable circumstances such as late frosts,

when these do7inant buds are excited into activity, and

often preserve the Hfe of the plant. But even while in the

dormant state they always increase in size ; and form, for

example, the balls which are found beneath the bark of the

beech, chestnut, lime, &c. Creeping stems are also sometimes

developed from these, but more usually from [adventitious

buds. It is this production of branches on the stumps of

felled trees, as on oaks and birches, which especially adapts

them for growth as underwood. The bodies termed bulbils

oxgemmcE should also be mentioned here. They are stem-buds

which detach themselves from the plant, and can themselves

give rise to new individuals exactly like the parent. They

are formed, for instance, in abundance on certain species of

Allium^ on the leaves of Cardamine pf-atensis^ in the axils of

the leaves of Lilmm bulbifertim^ between the scales of bulbs

(Figs. 121, 122), [and more frequently with Cryptogams, on

the fronds of * viviparous' ferns, as AspleniMm btdbiferuMy

normally on the thallus of Hepaticae, &c.]

The mode of development of the buds has a great influence on the

habit of the plant If, for example, the terminal bud of the primary

stem persists as such, the stem will continue to grow for a long time at

its apex, as may be seen in the silver fir. Pollarded willows, on the

contrary, which have lost their terminal buds, usually form at their

summit a dense crown of small branches. The dichotomous branching

of the mistletoe depends on the terminal bud always developing into a

flower, and the lateral buds into branches.

Buds which persist through the winter are usually pro-

tected by special organs, the bud-scales, which are either of

a membranous or scaly texture. They are either dry as in

the oak, viscid Uke those of the horse-chestnut, covered

with hairs, or smooth. In many cases in which they are

not specially developed, as in the lilac, they are replaced by
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ordinary leaves, or by some of special form which are con-

sidered as stipules, as in the alder. The bud- scales usually

fall off when the bud begins to swell in the spring and the

enclosed parts to grow : but in some cases, as the oak and

beech, they continue to grow for some time at the base.

The stem-bud is a compressed image of the stem, on

which account the peculiar position of the organs which are

attached to it can be especially well studied in the bud by

making a transverse section through it.

The relative position of the bud-scales, foliage-leaves,

sepals, and petals, in the bud, or, as it is termed, their ces-

tivatioji^ is usually imbidcate^ where the margins of contiguous

leaves overlap one another, less often valvate^ as in the

calyx of the mallow (Fig. 124), where they merely touch one

Fig. 124.— Valvate Fig. 125.—Redupli- Fig. 126.—Indupli- Fig. 127.—Enfolding
aestivation

; calyx cate valvate sestiva- cate valvate sestiva- aestivation,

ofmallow. lion. tion,

another by their edges. The most important modifications

of the imbricate aestivation are the enfolding (Fig. 127) in

which one leaf entirely encloses another, the vexillafj (Fig.

128), peculiar to the Papihonaceae, where one leaf much
larger than the rest encloses the others ; alternate, as in the

tulip (Fig. 129), where two rows of floral leaves alternate

regularly with one another, and quincuncial, as in the wood-

sorrel, the calyx of the rose, the calyx and corolla of the

buttercup, &c. (Fig. 130), where the five leaves are so placed

that between two outer ones which are entirely uncovered

and two inner ones which are entirely covered, there lies a

fifth (leaf 3), so inserted that with one of its margins it over-

laps one of the two inner leaves, while the other margin is
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covered by one of the outer leaves. If the whole bud ap-

pears as if twisted spirally, the aestivation is said to be con-

torted; if, as in the poppy, the leaves lie in the bud

irregularly crumpled up, it is crumpled.

Fig. 128.—Vexil- Fig. 129.—Alternate
lary aestivation aestivation of tulip,

of Papiliona-

cese.

Fig. 130.— Quincun-
cial aestivation.

Fig. 131.—Contorted
aestivation.

By vernation is meant the position occupied by the se-

parate leaves in the bud. This v^flat in the leaves of Coni-

fers ; "Am^Xyfolded (^\g. 132) in those of the cherry and lime
;

plicate or with many folds in those of the beech and birch

Fig. 133). In their length from the apex to the base leaves

Fig. 132. — Fig. 133. — Fig. 134.—Con-
Simply fold- Plicate ver- volute verna-
ed verna- nation. tion.

tion.

Fig. 136.—Involute
vernation.

Fig. 137.—Contorted
vernation.

are circinate, like the fronds of ferns, where the apex is

rolled up towards the base ; convolute (Fig. 134), where one

margin is rolled up towards the mid-rib, as in grasses and

bananas. The sepals of Fumaria are revolnte, the margins

being rolled outwards (Fig. 135) ; those of the sweet violet
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on the contrary are involute (Fig. 136), or rolled inwards

towards the mid-rib. The petals of Convolvulus (Fig. 137)

are contorted '^^^vcdXiy ; those of the poppy irregularly <r;7/;;///<f^.

With respect to their anatomical structure, it may be re-

marked that buds are especially distinguished by the pre-

sence of formative tissues.

THE LEAVES.

It will be seen from what has now been said that the

Leaves are appendicular organs of the stem. The apex is

always formed first, and is therefore the oldest part of the

leaf; the remaining parts being gradually interposed between

it and the stem. The order of development is therefore the

reverse in the leaf to what it is in the stem, where the apices

are the youngest parts.

The various positions and functions of leaves necessitate

their classification into four kinds :

—

seed-leaves or cotyledons^

covering-leaves^ foliage-leaves^ 2Ci\di floral leaves. The first of

these kinds will be more fully described when speaking of

the seed ; the last when speaking of the flower.

Covering-leaves are so called because they cover or pro-

tect other parts of the plant. In this class are included the

bud-scales already described (p. 83), and the bi'acts or

hypsophyllary leaves, i,e, those leaves in the axils of which

the flowers are placed. The bud-scales are mostly brown

bodies but little developed, which fall off as the develop-

ment of the bud progresses, when they have fulfilled their

purpose. The bracts are, on the contrary, as a rule more
perfectly formed and green, or of some other colour as in

the spathe of Calla [or Richardia^ or the brilliant red bracts

oi Poinsettia^ Buginvillea^ &c.] Their presence or absence,

and their more or less complete development, are important in

determining the nature of the inflorescence, and in defining

the characters of certain families of plants. The ghunes of

Grasses, the spathe of Aroideae, the/<^/<f^of Compositae, and
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the involiiax of Umbelliferae [and Compositae], are different

forms of bracts.

To this class belong also the scale- or cataphyllary leaves^

which are either colourless, yellowish, reddish, brown, or

rarely green; often fleshy, leathery, or membranous, and

which for the most part remain buried in the ground. When
the true foliage-leaves are strongly developed, the scale-

leaves are generally inconspicuous ; while in other plants

they are conspicuous, as in saprophytes which are desti-

tute of chlorophyll and have no true leaves.

T\i^ foliage-leaves—often called simply leaves—are dis-

tributed over the stem in a great variety of ways. When
there is more than one on the same level they are opposite^

decussate (Fig. 138), or vei'ticillate (Fig. 139) ; when there is

only one on the same level, alte^iiate or scattered (see p. 76).

Irregular as the arrangement appears in the last case, a

close investigation nevertheless shows that these also are

distributed on the stem in accordance with definite laws. If

a spiral is drawn round the stem connecting the points of

attachment of the leaves, and these are then marked on

the spiral, it is found that in any particular species there is

always a certain definite number of leaves on any given

number of circuits made by the spiral round the stem. The
course of the spiral from any one leaf to the next leaf which

stands exactly vertically above or beneath it is therefore

termed the leafcycle. In order to determine the law of

phyllotaxis or leaf-arrangement in any particular species, the

number of leaves in a cycle is placed as the denominator

of a fraction, and the number of circuits round the stem in-

cluded in the cycle as the numerator. Thus, for example,

the leaves of the pear, oak (Fig. 140), poplar, and walnut,

have a f arrangement ; i.e. five leaves are found on every

two circuits which make up the cycle. In Plantago (Fig.

141) the phyllotaxis is |. That the law of phyllotaxis, to

which the floral leaves are also subject, must have a great

influence on the aestivation is self-evident : thus the quin-
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cuncial aestivation corresponds to the f phyllotaxis. The
spiral itself may either be a right-handed one, i.e. running

from the left below to the right above, or conversely a left-

handed one. The law thus indicated is not, however,

Fig. 138.—Decussate leaves of the
scarlet pimpernel, A nagallis
arvensis^ with axillary flowers. Fig. 140.— 2/5 phyllotaxis of the oak.

always easy to recognize in practice. Of the leaves of

grasses, for example, one half follow a right-handed, the

other half a left-handed spiral. The spiral arrangement

is often obscured by the leaves standing in a fasciculate
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manner on a branch which has remained undeveloped, as

in the larch.

Since the secondary axes (branches) generally spring

from axillary buds, it follows that their arrangement on the

stem is dependent on the phyllotaxis of those leaves in the

axils of which they arise, as is seen at once in any labiate

plant. It is also easily understood that an apparently alto-

gether irregular arrangement of the branches on the stem

may be the result of the abortion of a number of buds.

A leaf of the most perfect development may be divided

into its sheath, its petiole or leaf stalk, and its lamina or

flatly expanded blade, although one or other of these parts

Fig. 141.—Diagram of the 3/8 phyllotaxis
of Plantago.

Fig. 142.

—

a Split leaf-sheath of a
grass ; b ligule ; d part of the

lamina of the leaf ; c node of the

culm.

is most often wanting. Thus the leaves of grasses have a

sheath, but no petiole ; those of the apple and pear a petiole,

but no sheath ; in those of many Umbelliferae, such as Ange-

lica, all three parts occur.

The leaf-sheath embraces the stem in the form of a hol-

low tube. In grasses it is always split in front (Fig. 142) ;
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in rushes and sedges, on the contrary, closed or entire.

The spht sheath of many Umbelhferae is inflated ; while the

closed sheath of the knot-grass. Polygonum^ does not bear

the leaf at its upper end, but on its back, and is in this case

called an ochi^ea.

The petiole is not always present ; and leaves are hence

distinguished mio petiolate ox stalked, and sessile. It is often

Fig. 143.

—

'LQSii o'i Acacia mela7toxylon, showing phyllodes, a b.

connected with the stem, rarely with the sheath, by a pecu-

liar more or less swollen articulation. If this articulation

is large, and a portion of it remains attached to the stem

after the fall of the leaf, as in the spruce-fir, the portion^ that

thus remains is called a pulvinus. After the fall of the leaf,

the spot to which it was attached is indicated by a scar or

cicatrix. The petiole may be cylindrical, semicylindrical,

channeled, or flat, and is sometimes winged, or provided
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with leaf-like expansions at the side. Some Australian

species of ^^(2;^/^ possess in the early years of their life bipin-

nate leaves with a more or less flatly expanded petiole

(Fig. 143, h) ; but subsequently the pinnae are no longer

developed, the branching is also suppressed, and the simple

petiole, now strongly developed into a flat plate (Fig. 143,

a)^ performs all the functions of the leaf Such a petiole is

termed d^phyllode^ and is distinguished from leaves of nor-

mal structure by its mode of development, as well as by its

vertical position.^

At the base of the petiole on both sides are frequently

found flat leaf-like appendages, the stipules (Figs. 144, 145).

Fig. 144.—Leaf of the pansy, with
two large stipules.

Fig. 145.—Leaf of the elm, with
small stipules.

These are sometimes adherent to the petiole, or adiiate, as in

the rose, and occasionally even run down a portion of the

^ [The petiole of Sarracenia and Darlingtonia is expanded into a re-

markable pitcher-like organ capable of holding a considerable amount
of fluid. The somewhat similar pitchers of the ' pitcher-plant ' or
Nepenthes (Fig. 193, p. 106) are considered on the other hand to be
expansions of the lamina,

—

Ed.]
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stem itself as in the wood-vetch, Vicia sepiiim^ when they

are decurrent^ and give a winged appearance, sometimes to

the petiole, sometimes to the stem. [When not adherent to

the petiole they are said to be/;r^.] The stipules are mostly

smaller than the true leaves, seldom larger, as in the pansy

(Fig. 144). In Lathyrus Aphaca (Fig. 146), the stipules of

Fig. 146.

—

Lathyrus Aphaca ; r tendril

;

b flower
;
/"fruit ; 7i stipule.

Fig. 147.—Leaf of grass ; Lig. ligule ;

L lamina ; G leaf-sheath.

the upper leaves are the only part to expand, the leaf itself

degenerating into a tendril. The stipules of the gooseberry

and common ^ acacia,' Robinia pseiidacacia{¥\g, 184, p. 103),

are spinous ; they are leaf-like and persistent in the pea,

membranous and deciduous in the oak and beech. ^ Under

the head of stipules come the ligtdes (Figs. 142, 147), or

delicate appendages which grow at the point of union of

lamina and sheath in the leaves of grasses.

Sessile leaves sometimes partly or entirely embrace the

stem, and are then amplexicaid^ or semi-amplexicaul. In the

former case the base is occasionally developed in a sheath-like

^ [In pinnate leaves, each of the petiolules or separate petioles

of the leaflets is sometimes furnished at its base with a secondary sti-

pule or stipella.—Ed.]
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form, sometimes not, as in the common buttercup (Fig. 148).

So-called/<f;7^//(^/^'leaves,as mBupletcrum 7'otundifolium (Fig.

Fig. 149.—Perfoliate lesS oi Bupleurzwz
rotundifolitmi.

Fig. 148.—Amplexicaul leaf of the

buttercup, with petiole expanded
at the base.

Fig. 151.—Decurrent leaf of Sy7nphytu7n offi-

Fig. 150.—Connate leaves of the cinale, the stem hence becoming winged on
honeysuckle. one side.

149), or connate leaves, as in the common honeysuckle (Fig.

150) [or Chlora perfoliata\ are varieties of the amplexicaul
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form. In the former case the two margins of the base of

the leaf have united ; while the latter variety consists of

two leaves which have become completely united at the

base in their gro>vth. Not unfrequently the leaf is united

for a certain length with the stem, when it is said to be

decurrent [and the stem to be winged\ (Figs. 151, 152).

The lamina or blade, the most essential part of the leaf,

may assume almost any conceivable form. The first thing

to observe is whether the petiole bears only a single lamina,

or several, connected with it by secondary petioles or petio-

FiG. 152.—Decurrent spiny leaves of thistle, the stem

a hence becoming winged.

Fig, 153.—Lanceolate leaf

of the privet.

lules, or by articulations. In the first case the leaf is said to

be simple, in the latter cases compound.

The separate leaflets of a compound leaf, as well as the

single lamina of a simple one, may have the greatest variety

of external form. Linear leaves are such as are not only

many times longer than broad, but are of nearly the same

width from the base to near the apex, as in nearly all grasses.

If the leaves are at the same time somewhat rigid, as in Iris,

they are ensiform ; and if they are also sharp-pointed like

those of most Coniferae, they are acicular or acerose. A lanceo -

late leaf (Fig. 153) is three or four times as long as broad, and
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is narrowed to a point both at the base and the apex. In

the elliptical or oval (Fig. 154), and the oblo?ig leaf, the ends

are equally rounded off j the for-

mer is two to three, the latter three

to four times as long as broad. The
terms ovate (Fig. 168, p. 98) [where

/ V\Nr /- \ the broadest part is nearer the base

Fig. 154.—Oval leaf of the
apple [with two free stipules].

Fig. 155.— Orbicular leaf of yJ/«/7/^
rotundifolia.

than the apex], \obovate, where the broadest part is nearer

the apex than the base], sub-rotund^ orbicular (Fig. 155),

Fig. 156.—Cordate [unsymmetrical]
leaf of the lime.

Fig. I ^7.—Leaf of Oxalis micra7ithc
with three obcordate leaflets.

cordate (Fig. 156), obcordate (Fig. 157), triangular, k% in
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Atriplex patida (Fig. 158), and rhomboidal, are used in their

obvious signification. A reniform leaf (Fig. 159) is one
that is broader than long, and has the apex rounded off,

Fig. 158.—Triangular leaf of Fig. 159.—Reniform leaf of Fig. 160. — Sagit-

Atriplex patula. ' the ground -ivy, Nepeta tateleafofConvo/-
Glecho7Jta. vulus arvensis.

with two projecting lobes at the base also rounded off.

Sagittate (Fig. i6o) and hastate (Fig. i6i) leaves are

Fig. 161.—Hastate leaf

oi Rujnex acetosa.

Fig. 162.—Peltate leaf of Tfopceobmi,

pointed at the apex, and have also two pointed lobes at the

base ; the incision bounded by these latter is acute-angled



The External Form of Plants, 97

in the former, very obtuse-angled in the latter case. In the

peltate \t^i{Y\g. 162), the petiole springs from the middle of

the lamina [as in Hydrocotyle or TropcEohcm\.

In describing the form of the base of the leaf, i.e. of the

part of it which is attached to the stem or petiole, some

of the same terms are appHcable as those already defined
;

as, for example, cordate, reniform, hastate, &c. There are

some others also in use. Thus the base may be cuneate or

wedge-shaped (Fig. 163), when it passes gradually into the

Fig. 163. — Cuneate Fig. 164.—Acuminate
leaflet from the leaf leaf of the pellitory,

of the horse-chestnut. Parietaria,

Fig. 165. — Spathu-
late leaf of the ox-
eye daisy, Chrys-
antheiincnt leucan-
thenuaji.

Fig. 166.—Mu-
cronate leaflet

of the lucerne
(magnified).

petiole; and the spathulate leaf (Fig. 165) is somewhat

similar [as in the London pride, Saxifraga umbrasa\ The
apex of the leaf also often requires special description. It

is obtuse^ aetite, acuminate [when the apex narrows rapidly

and lengthens into a point] (Fig. 164), mucronate (Fig. 166)

[when ending abruptly in a short sharp point,] truncat:

[as in the tulip-tree, Li7^iodcndroii\., einarginate (Fig. 167)

[when indented at the apex], or obcordate (Fig. 157, p. 95).

In but comparatively few cases is the lamina entirely

H
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without incisions of any kind. In the great majority there

a.re either smaller notches which affect only the margin, or

^I'.y,

^^1^''

Fig. 167. — Emarginate Fig. 168.—Dentate ovate Fig. 169.—Serrate leaf of
\^?&Qi Atnarcsnthus. leaf of the guelder-rose, Lainhi-m.

V'iburniwi Opulus.

deeper incisions which cause the leaf to assume a different

form,, or both may occur on the same leaf. In 'reference to

the margin, the leaf may be entire [without notches of any

Fig. 170.—Part of the bi- Fig. 171.— Ciliate leaf of
errate leaf of the elm. the beech.

Fig. 172.—Spiny leaf of
the holly.

kind, as in all Grasses, Caryophyllaceae, Vinca, &c.]; dentate

(Fig. 168) [when the teeth are sharp and point outwards

with concave edges], serrate (Fig. 169) [when the teeth are
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sharp and point forwards towards the apex Hke the teeth of

a saw]; hiserrate {Y\g. 170); crenate (Fig. 159) [when the

teeth are rounded off with convex edges] ; or 7'epand [when

the margin is wavy]. A leaf is ciliate (Fig. 171) [when fringed

with hairs on the margin], spiny (Fig. 172) [when the teeth

are long and very sharp], rough or scabrous when provided

with small scarcely visible roughnesses.

If the margin of a leaf or leaflet is more deeply cut than

is indicated by the terms just mentioned, it is incised^ and

pinnatisect if the divisions extend

[very nearly] to the mid-rib (Fig.

174) )
palmatisect ifthey extend [very

nearly] to the base of the leaf (Fig.

173) ;
pinnatipartite and palmati-

partite{Yig. 183, p. 102) respectively 5;^^

if the incisions do not extend quite
^^

Fig, -Palmatisect leaf of the monks -

hood, Acotiittun.
Fig. 174.—Pinnatisect leaf of

the common poppy, Papaver
Rhoeas.

so far ; ^xv^ pinnatifid and palmatifid when they extend about
half-way from the margin to the mid-rib or base of the leaf

If the divisions of a palmatifid leaf are five in number, it is

called z^^/;;^^/^ (Fig. 181, p. 102). Special modifications of the

pinnatifid leaf are the runcinate (Fig. 175), where the points of

the large central lobes are reflexed ; lyrate (Fig. 176), where
the terminal lobe is much the largest, and the others decrease

H 2
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gradually towards the base; laciiiiate (Fig. 177), where the

leaf is irregularly cut into very narrow segments. In a slit

leaf the lobes into which the margin is divided are narrow

and pointed; in a /<9^<?^ leaf (Fig. 179) they

are broader and rounder (with the excep-

tion often of the ter-

.-
, \\Y'L\/\ ^^^^^ lobe), the inci-

/ AXvyfy \ sions themselves having

Y\ an acute angle ; in a

yJ\\
sinuate leaf (Fig. 180)

Fig. 175. — Runclnate leaf Fig. 176.— Lyrate leaf of Fig. 177. — Heteromorphic
of the dandelion. the white mustard, Bras- leaves of the water crowtoot,

sica alba. Raitunctdus aquatilis ; the

floating leaves trilobed, the
submerged leaves laciniate.

Still broader and shallower, the incisions themselves being

also rounded off. According to the number of the divisions,

the leaf is trifid^ trilobed (^\g. 179), Jive-lohed^ &c., or the

latter is usually called palmatilobed.

Compound leaves are classed under two principal heads,

the digitate di\-\di ih^ pinnate. In the former, several leaflets

—3, 5, 7, or less often 4— spring from the apex of the common
petiole. The most common number is 3, as in the clover

(Fig. 182, p. 102), when the leaf is said to be ternate or
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trifoliolate. When the petiole divides at its apex into two

main divisions, each of which bears several leaflets, it is

pedate (Fig. 183). The a

pinnate leaf has its leaf j
1

'

lets arranged on each

side of a common elon-

gated petiole, which is

then called the rachis.

If the rachis ends in a

terminal leaflet [so that

the number of the pinnae

is uneven] the leaf is

unequally pinnate or hn-

pai'ipinnate (Fig. 184)

;

if the number of leaflets

is an even number it

is paripinnate or equally

pinnate (Fig. 185); and

in this case the rachis may run into a tendril or a point

(Fig. 185), or may end abruptly. The leaflets may be

Fig. 178.—Palmatifid leaf of the castor-oil

plant, Rici7tus communis.

Fig. 179.—Trilobed leaf of the hepatica. Fig. 180.— Sinuate leaf

of the oak.

opposite to one another on the rachis (Fig. 184), when
each pair forms a 'Juguin,' or they may be alternate (Fig,
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Fig. i8i.—Palmate leaf oi Acer acMtifolium (nature-printed).

Fig. 182.—Trifoliolate leaf of the

clover [with adnate stipules].

Fig. 183.—Pedateleaf ofthe Christmas
rose, Helleborus niger.
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185). If large and small leaflets alternate with one another^

the leaf is interruptedly pinnate (Figs. 186, 187).

Fig. 185.—Paripinnate leaf of Lathyrtis ?;m-
crorhiztis [with auriculate or ear-shaped sti-

pules] the rachis ending in a point.

Fig. 184.—Imparipinnate leat Fig. i86.—Interruptedly Fig. 187.— Interruptedly

of the 'acacia,' RobiJiia pinjnate leaf of the po- pinnate leaf of Agri-
Psetidacacia, with opposite tato. inonia Enpatoria [with
leaflets [and spinous stipules]. connate stipules].

In some cases the division into leaflets is repeated, and

the leaf is then sicpradeeompound. Thus we may have ,a

biternate leaf (Fig. i88), [in which each of the trifoliolate

sections is again trifoliolate], a i^^^/;/;M/<? (Fig. 190), and even
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a te7'- to qiiinqiie-pinnateX^vd {¥\g, 189). In the bipinnate leaf,

which is of very common occurrence, the leaflets which are

Fig. 188.—Biternate leaf of Acicea spicata. Fig. 189.—Terpinnate leaf of Z/m/zV/r?/?;/.

attached to the common rachis are termed the pinncE^ and

the secondary leaflets \\\^ pinnules}

Fig. 190.—Bipinnate leaf of G/ert'?V.sc/f2« triacanthos.

^ [Several of the terms now defined, especially those relating to the

form of leaveSj are necessarily used in slightly different senses by different
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All the terms now defined in reference to the attachment,

form, incision, and division of simple leaves apply equally to

the leaflets of compound leaves.

The disposition and course of the ribs and veins, or the

venation of leaves, is greatly dependent on the form of the

leaf (or perhaps the converse is rather the case). The term

principal nerve or mid-rib is given to the one which is most

strongly developed, and which passes through the centre of

the leaf ; the larger branches which go out from it are the

lateral rids, and the smaller

ramifications the veiits (see

Fig. iSi, p. 102). If a leaf

has only a single unbranch-

ed mid-rib, as in many
Conifer;^, the venation is

said to be simple. If the

principal vein, when it en-

ters the lamina of the leaf,

divides at once into several

branches, the terms pal-

mi7ie7'ved ( Fig. 191), pedati-

nerved C^Y'Si, iS'? D. 102) or ^*^* ^9^*—Palminerved leaf of Geranhtm
^ o* o? F* /' /r<*i'^«5^ (nature-printed).

peltinerved i^\g, 162, p. 96),

are given, according to the shape of the leaf. When the

mid-rib runs through the leaf to its apex, sending out lateral

branches from each side, the leaf \^ pinnatinerved (Fig. 163,

p. 97). When several nerves enter the leaf from the stem

or petiole, they may be nearly straight and parallel to one

another, as in grasses, or somewhat curved as in the lily of the

valley, but are said in either case to \i^ pat'allel-veined. The

writers. They may be combined in a variety of ways, as linear-lanceo-
late, cordate-ovate, &c. The following, not mentioned in the text, are
also in use among English writers : deltoid, with three nearly equal
angles ; subulate, nearly cylindrical and awl-shaped ; apiculate, ending
in a short sharp point ; cuspidate, with a slenderer sharp point. The
margin is revolute when turned backwards on to the under side.

—

Ed.]
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finest ramifications of veins are found almost without excep-

tion in twining plants among Dicotyledons.^

The lamina is as a rule flat, rarely cylindrical (Fig. 192),

Fig. XQ2.— Cylindrical leaf of the
stonecrop, Seduni acre.

Fig. 193.—Ascidiform leaf of pitcher-
plant, Nepejithes.

Fig. 194.

—

Torneliafragrans, an Aroid, with perforated leaves.

^ [The parallel venation of the leaves is especially characteristic of

Endogens or Monocotyledons ; while all the other modes of venation,

comprised genera^y in the term reticulated or net-veined, are found

nearly exclusively in Exogens or Dicotyledons.

—

Ed.]
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ox fiJiforni as in the submerged leaves oi Rammculus aquatilis

(Fig. 177, p. \o6)^ fistulase 2,^ in Allium cariiiatum^ inflated

as in the onion, or even ascidiform^ as in the case of the

pitchers of Nepenthes (Fig. 193), [and a few other genera,

the bladders of Uti'icularia (Fig. 356), &c.] Occasionally

the lamina is peiflorated {Yig. 194).

It is not uncommon to find on the same plant leaves of

different forms (Fig. 177, p. 100; Fig. 195), when the plant is

said to be hetei^ophyllous.

This is especially the case

with many water-plants, in

which some of the leaves are

submerged.while others rise

above the water or float

upon it, as in the arrow-

head, Sngittaria sagittcefo-

lia^ and water crowfoot,
j

Ranimciilus aquatilis. The
leaves which grow from the

lower part of the stem, or

radical leaves, are fre-

quently different in shape

from the upper ones [or

cauline leaves attached to

the stem].

With reference to their

consistency, leaves are her-

baceous [ie. thin and flaccid],

succulent as in the lettuce,

coi'iaceous or leathery as in

the box or holly, or fleshy

as in Pinguicula,

The leaf is usually of

symmetrical shape on each side of the mid-rib ; but some-
times unsymmetrical or oblique '(Fig. 156, p. 95), as in the

lime or Begoitia, one side being larger than the other.

Fig, ^„ —Heterophyllous leaves of shep-
herd's purse, Capsella bnrsa-pastoris.
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The length of life of leaves varies greatly. The leaves

of the majority of plants in temperate dimates fall off in the

autumn [or are deciditoiis\ ; in so-called ei)ergreen trees and

shrubs they persist through the winter, and may even remain

for several years, as in some species of Coniferce.

The green colour which is characteristic of the greater

number of leaves is due to a colouring matter contained in

their cells, chlorophyll (see p. 24). In some etiolated [sapro-

phytic or parasitic] plants, as Oroba?iche, it is wanting ; in

others the leaves are variegated or coloured white, red, or

yellow, in patches. The colour of the leaves of many plants

changes more or less in the course of the year. Thus the

leaves of the grape-vine, which are at first green, often turn

red in the autumn ; v/hile

those of the copper-beech

are reddest in the spring,

and afterwards become

more and more green.

SUBSIDIARY ORGANS.

Under this head are

included a number of struc-

tureswhich maybe regarded

as appendages to the or-

gans already described.

They are in some cases

modified parts of the

stem or leaf, in others a

special development of the

epidermis which forms the

outer covering of plants.

Among them are tendrils

or ci7^rhi, filiform struc-

tures which cling round

neighbouring substances, and whose function is to enable

weak plants to attach themselves to, and to climb up

Fig. 196.—Stem-tendrils of the grape-vine ;

V in the normal state ; v bearing a bunch
of grapes.
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stronger plants. Accordingly as they belong to the stem as in

the vine (Fig. 196), or to the leaf as in the tare, they are

called stem- or leaf-tendrils. The same distinction is made

between branch-spines as in the sloe (Fig. 197), and leaf-

spi7ies as in the holly (Fig. 172, p. 98); i.e, stiff and very

sharp-pointed structures arising from the transformation of a

stem or leaf, or a part of one of these organs, and which are

therefore not mere epidermal growths. ^ Prickles, although

Fig. 197. —Branch-spines of the sloe,

Prunus spinosa.

Prickles of the rose.

sharp-pointed like spines, are distinguished from them by

belonging to the epidermis only, and therefore easily break-

ing off smoothly, which is never the case with spines \ a

good illustration is furnished by the rose (Fig. 198; see

also p. 63). An important class of these subsidiary organs

are hairs—delicate appendages of the epidermis which are

^ [Tendrils and spines may also both be metamorphosed stipules ; the

former is generally believed to be the morphological nature of the ten-

drils in the Cucurbitacese ; the latter is the case in the * acacia-tree,'

Robinia (Fig. 184, p. 103). In Lathyrtis Aphaca (Fig. 146, p. 92),

the whole of theleaf is converted into a tendril ; but more frequently

only the upper pinnse of a compound leaf, as in many Leguminosce,

or the extended mid-rib, as in Gloriosa.—Ed.]
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sometimes very thinly scattered, when [if they are moderately

stiffj the part which they cover is said to be setose or hispid,

hirsute [when the hairs are longer], pubescent, or villous

[when the hairs are thicker and softer, according as they

are shorter or longer]; silky [when they are very long and

delicate] as in the young leaves of the aspen ; woolly as in

some species of Primula j tomentose as on the underside of

the leaves of the aspen, orfloccose, as in Verbascum Thapsus

[when they are very dense and interwoven, according to the

coarseness of the hairs and the thickness of the coat which

they form]. Sometimes, as in the stinging-nettle (Fig. ZZ,

p. 62), the hair contains an acrid fluid, and is then called a

sting \ if the fluid, on the other hand, is viscid [or oily], it

is termed a gla?idular hair (Fig. 92, p. d^^)- Closely con-

nected with these are glands, organs which do not assume the

form of a hair, but, like glandular hairs, secrete a fluid which

causes the surface to become viscous or glutinous as in

Lychnis viscaria (see also p. d'^. Mention should be made
finally of scales [or peltate hairs\ peculiar flattened hairlike

structures, such as occur on the leaves oi Eleagnus (Fig. 91,

p. 6'^, and Hippopha'e rhamnoides.

THE FLOWER.

The flower is the organ [or rather assemblage of organs]

the purpose of which is the production of the seed. It is

therefore the reproductive organ of the plant, and is mor-

phologically a branchlet provided with leaves ofpecuhar form.

The more or less perfect development of the flower-

stalk determines whether the flower is pedicellate (stalked) or

sessile.

Some parts of the flower are essential, others non-

essential, according as they are indispensable or not for its

main purpose, the pr9duction of the seed. The non-es-

sential parts, which are always exterior, form together the

floral envelopes ox perianth, and are separately the calyx ^nA.
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corolla^ the former constituting an outer whorl, which is

usually green, and the latter an inner whorl, which is usually

coloured {i.e. not green), (Fig. 199). In other cases, how-

FiG. 199. —Flower of Sym^
phytiim officinale, with both
calyx and corolla.

Fig. 200.— Flower of Sisy-mbrhan Alli-

aria (magnified'^ : k calyx ; B corolla ;

S stamens ; St pistil.

ever, there is no such contrast between the two whorls. One
may be entirely absent, as in the elm [or stinging nettle],

or, if both are present, as in LiHacese, [Juncacese], and

..^^^
Fig. 20T.—Staniinate (-^) flower of Calli-

triche vertia (greatly magnified) with
two-sickle-shaped bracts.

Fig. 202.—Pistillate( 9 ) flower of Calli-
triche verna (greatly magnified).

Orchideae, they may not materially differ in colour or form
;

and the t^xva peria7tth is especially used in reference to these

cases. The essential parts of the flower are the andrcEcium

or stamens^ and the gviiceceum or pistil (Fig. 200, s, St).
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l^\\e fruity containing the seeds, is developed out of the latter

or female organ, after fertilisation by the pollen formed in

the stamens or male organs.

When all these four organs are present in the same

flower, it is said to be complete or perfect; if either is

absent, incomplete or imperfect. The flowers for example

of the rose, mignonette, and forget-me-not are perfect;

those of the willow and poplar, which have neither calyx

nor corolla, are imperfect. Other flowers again are imperfect

from the absence of one of the essential parts. Those

flowers which possess both stamens and pistil are herma-

phrodite or bisexical';^ those in which either stamens or

pistil are wanting are diclinous or unisexual. If the stamens

are present but the pistil absent, they are male or staminate

(Fig. 201) ; if on the other hand the pistil is present but

the stamens absent, they are pistillate oxfejnale (Fig. 202)

;

Fig. 203.—Neuter flower of

Centaurea Cyamis.
Fig. 204.—Floral diagram of a cruciferous

flower ; k calyx ; b corolla ; s stamens
;

St bilocular ovary (see also Fig. 200).

while flowers which possess neither pistil nor stamens, as the

outermost flowers of the capitula of the corn blue-bottle,

Centaurea Cyanus (Fig. 203), are sterile or neuter. If

the same plant bears both male and female flowers, the

species and the flowers are said to be monoecious) dioecioics

when the male and female flowers are on different individuals,

and hence some individuals are male, others female ; while

those plants in which male, female, and hermaphrodite

flowers are all found on the same individual are said to be



The External Form of Plants. 113

polygamous. Examples of monoecious plants occur in the

oak, walnut, birch, and Callitriche ; of dioecious plants m the

juniper and poplar; of polygamous in the maple, elm, and

horse-chestnut.

The centre of a perfect flower is occupied by the pistil,

around which are grouped first the stamens, next the corolla,

and finally the calyx, arranged in whorls or spiral lines.

The greatest diversity, however, prevails in the mutual posi-

tion of the individual organs, which is best recognised by a

longitudinal section of the flower, and by the floral diagram

or cross section. In Fig. 204, for example, which represents

Fig. 205.^—Diagram of the flower
of Rhamnus Frangula ; with,

five valvate sepals, fi\ie folded
petals, five stamens opposite the
petals, and a trilocular cvary.

Fig. 206.—Diagram of the flower of Ranun-
culus acris ; with five imbricate sepals, five

imbricate petals alternate with the sepals (both
quincuncial), a very large number ot stamens,
and a large number of distinct carpels.

diagrammatically the cross section of a cruciferous flower, it

is seen that the calyx, k, consists of two whorls, each of two

leaves, with alternate aestivation; the corolla, b, of one whorl

of four leaves with valvate aestivation ; while the androccium,

s, also consists of two whorls, the puter one of two, the inner

one of four stamens". The leaves of the corolla alternate

with those of the calyx ; the stamens of the inner whorl stand

in front of (in other words, are opposite to or superposed

upon) the leaves of the corolla, the two outer ones being

I



114 Striicttiral and Physiological Botany,

alternate with them. The diagrams Figs. 205, 206 ^ bring
out analogous points of structure.

All the different parts of the flower frequently stand free

on the base or receptacle of the flower, as in the various

species of Ranunculus^ but are often coluf^ent or adherent to

one another. Thus in the dead-nettle, borage, &c., the

stamens are adherent to the corolla, and in Daphne (Fig.

207) to the perianth ; in the Malvaceae (Fig. 275, p. 139) the

Fig. 207. — Longitudinal section
through the flower of Daphne
Laureola, showing the stamens
adherent to the perianth.

Fig. 208.—Longitudinal section through
the flower of RhamniLS Fran^tUa, show-
ing the lower part of the calyx, corolla,

and stamens adherent to one another.

filaments of the stamens are coherent in their lower part into

a tube j in Orchide^ the single stamen is adherent to the

pistil, &c. When the calyx, corolla, and stamens adhere to

one another at their base, the flower is said to be calycifloral

(Fig. 208) ; thalamijloral VThexi the various parts stand free

on the receptacle (Fig. 209).

Special importance is attached to the relative positions

of the perianth-whorls and stamens in relation to the pistil,

or to their insertion ; the ovary [the lower part of the pistil]

being inferior or superior in relation to the superior or

inferior calyx, corolla, and stamens. Thus the ovary is

^ In all the diagrams, the Calyx is shaded a lighter colour than the

corolla.
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superior or free, as in Rammcidus (Fig. 209) or Rhamitus

(Fig. 208), when the remaining parts of the flower are

attached to or below

its base, and are con-

versely inferior or hy-

pogynotes. The ovary

on the other hand is

inferior when the

other parts of the

flower are attached

to its upper part, and

are therefore supe-

rior, adherent, or epi-

gynoiis, as in Mesemhryanthemiim (Fig. 210). The ovary,

finally, is half-inferior when the other parts of the flower

are coherent at their base, and thus form a tube which sur-

FiG. 209.—Longitudinal section through the flower

of Rammcuhts acris, showing the hypogynous
calyx, corolla, and stamens.

Fig. 210.—Longitudinal section through the flower of Mesemhryantheinumfalci-
fonne, showing the epigynous calyx, corolla, and stamens.

rounds the free pistil, as in the rose ; the calyx, corolla, and
stamens then having a half-superior oxperigynous ^ insertion.

^ [Practically the term perigynous is used in English descriptive bo-
tany with reference to the stamens to express their union to the calyx ;

when attached to the corolla they are epipetaloiis ; epigynous when
attached to the upper part of the ovary. An 'inferior' ovary is always
the result of the adhesion to the wall of the ovary of a part or the w^hole

I z
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An additional point to note is that fre-

quently the number of the different parts of

the flower is not always the same in the same

species. Thus in Adoxa Moschatellina and

Mofiotropa hypopitys^ the petals of the ter-

minal flowers of the inflorescence are five in

number ; of the lower flowers on the contrary

four ; in Atriplex the periantli of the female

flowers is two-leaved, while that of the male

and polygamous flowers is three to five-

leaved.

THE INFLORESCENCE.

Fig. 211.—a Hip-
ptiris 7'ulgaris

with verticillate

inflorescence ; b

separate flower
consisting of a
pistil with a long
wart-like stigma
and a single sta-

men (magnified).

The flowers stand either solitary or grouped

together according to a definite law, on

branched or thickened flower-stalks. Such a

group of flowers is termed an inflorescence

\

[the common stalk of the inflorescence is

then the peduncle^ the separate stalks of

the individual flowers pedicels^ and the axis

of the inflorescence the rachis\ Solitary

flowers are usually seated each in the axil of

a leaf or bract as in the deadly nightshade,

Atropa Belladonna^ less often at the apex of

the stem as in Paris quadrifolia, or of a scape

as in the tulip. In some plants with verticil-

late leaves a single flower is produced in the

of the calyx ; wjien th^ whole is adherent, the calyx-

limb is then obsolete, as in many Umbelliferae ;

when only a portion, then the calyx-limb is said to be
superior, or half-superior, as the case may be. The
term cohesion is used to express the union of similar

parts, as stamens with stamens, or petals with petals
;

adhesion the union of dissimilar parts, as stamens with

corolla, or calyx with ovary. In German the

same term is used for both.— Ed.]
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axil of each of the leaves, when the flowers form a true

7vhorl, as in Hippuris (Fig. 211).

The common peduncle of the inflorescence is sometimes

extremely abbreviated, the sessile or very shortly pedicelled

flowers standing upon it very closely crowded, as in the

clover (Fig. 212). The form of the inflorescence is then

dependent on the nature of the termination of the peduncle.

Fig. 212. — Abbreviated in-

florescence of clover.
Fig. 213.—Longitudinal section through the capi-

tuluni of the burdock, A rctitini Lappa.

The common receptacle^ or surface from which the in-

florescence springs, is sometimes flattened out, and some-
times swollen into a more or less hemispherical form (Figs.

213? 214); these two variations being especially common
in the order Compositse, and characterising the capituliwi

;

or it is sometimes hollowed out into a pitcher-like form, as

in the fig (Fig. 215), constituting -3. hypanthodium) or the

separate flowers are buried in the fleshy receptacle, when it

becomes a coenanthiiim, as m Dorstenia (Fig. 216). The
receptacle itself is usually solid, but may be hollow (Fig. 214);
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it may be naked^ or setose^ i.e. clothed with bristles (Fig. 217),

or covered with hair-like bracts qx palecE when it \^paleaceous

(Fig. 218), or fm-
hHated ; or it may be

pitted with small ex-

cavations. All these

forms of receptacle

occur in different

genera of Compositse.

The capitulum is

most commonly— in

Compositae [and Dip-

sacaceae] always—en^

closed at its base in

a common invohtci'e^

consisting of crowded

bracts,

Fig. 214.—Longitudinal section through the rayed arransjcd
capitulum of the chamomile with hollow receptacle,

the outer flowers of the ray ligulate, the inner flowers wllOrls,
of the disc tubular (magnified).

sometimes

in several

and then

Fig. 215.— I. Longitudinal section through the hypanthodium of a fig, exposing the
flowers in its interior; II. apiece greatly magnified, with five female flowers;
^ pistil ; b perianth.
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usually imbricate (Fig. 219). In many plants (especially

Composit3e) in which the flowers are arranged in capitula,

Fig. 217.—Receptacle of Centaitrea
Cyanus with hair-like and bristly

palese.

Fig. 216.—Fleshy coenanthium
of Dorstenia.

Fig. 218.—Receptacle of Anthemis
arvensis with palese between the

flowers.

Fig. 219.—Capitulum of marigold, with
imbricate involucre.

Fig. 220.—Simple umbel of

the cherry.
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the marginal flowers of each capitulum are larger and more

conspicuous than the internal ones, and the capitulum is

then said to be rayed [the outer flowers being termed flowers

oxflorets of the ray, the inner ones flowers orflorets of the disc\

as in the chamomile (Fig. 214), single aster, marigold, &c.

The umbel resembles the capitulum in the fact of the stem

terminating in a number of flowers, but each separate flower

is stalked. The umbel is simple when the main stem or

peduncle ends in a number of separate stalked flowers, as

in the cherry (Fig. 220), co7npound v^htw it branches into a

number of secondary umbels or umbellules (Fig. 221), [as in

the majority of genera of

Umbelliferae]. The main

umbel is generally sur-

rounded at its base by a

whorl of bracts, again

called an involucre^ while

the whorl surrounding

each of the secondary

umbels is an involucel or

Fig. 221.—Compound umbel of fool's parsley, ^

yEtkusa cynapium ; common involucre want- of the tWO maV, hoWCVCr
ing ; involucels of three leaves each.

,

"^ '

be wantmg, or may con-

sist of a smaller or larger number of leaves. Thus the carrot

has both involucre and involucels, each consisting of a large

number of bracts ; the fool's parsley, yEthusa cynapium (Fig.

221), has involucels, but no general involucre; the fennel

neither one nor the other. The length of the separate

pedicels may vary greatly, so that the umbel becomes
spherical, hemispherical, or flat

.; or it may be rayed like the

capitulum [as in Heracleum, where the outer flowers of each

umbellule are larger than the inner ones].

In the spikc^ the common peduncle or rachis bears a

number of flowers, arranged, in the simple spike (Fig. 222)

opposite one another, in whorls, or spirally, and sessile, or

with only very short pedicels ; while, in the compound spike,
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these are replaced by small secondary spikelets^ as in some

grasses. The individual flowers may also be less or more

crowded, according to the greater or less elongation of the

rachis. A spike with a thick fleshy rachis, and enveloped

in a large bract growing at its base, as in Arum or Calla, is

termed a spadix^ and

the enveloping bract

2,spathe, A deciduous

spike with weak ra-

chis [and unisexual

flowers] is a catkin

or amentum (Fig.

Fig. 222. — Simple
spike of Verbena
officinalis.

Fig. 223.—Catkin or
amentum of the oak.

Fig. 224. — Cone of
the Scotch fir.

223) ; while a cone{Y\g. 224) ^ or strohilus is a spike in which

the rachis and bracts have become partially lignified [or

the bracts are membranous].

The raceme is distinguished from the spike by its separate

^ [The cone of Coniferae is here referred to as an inflorescence, as is

also the case in some of the best English text-books ; according to the
most recent investigations, however, it is not a collection of floAvers, but
a fruit or ' pseudocarp ' resulting from a single flower. In the hop we
have an instance of a true strobilus with membranous bracts.—Ed.]
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flowers being stalked. A compound raceme or panicle^ as

in the oat, is distinguished from a simple raceme (Fig. 225)

by the individual flowers on the rachis being replaced by

secondary racemes ; when very much branched [and pyra-

midal in shape] as in the lilac [or horse chestnut] it is called

a thyrse. When the lower and outer flowers are borne on

Fig. 225.— Simple raceme of the
currant.

Fig. 226.—Dichotomous cyme of

Cerasthuii.

pedicels which are so much longer than the upper and inner

ones that the whole inflorescence is more or less nearly flat-

headed, it becomes a corymb, as in the undeveloped raceme

of many Crucifers [like the wall-flower, or in the elder]. In

the inflorescences of many species oijuncus and Luzula the

pedicels of the lower flowers are so greatly lengthened that

they rise even above the upper ones, and the term anthela is

then given to the inflorescence. The mode of development

of the anthela corresponds to that of the sympodium (see

p. 76). The panicle often passes over insensibly into the

compound umbel. In the cy^ne two or more branches of

equal strength spring from beneath a terminal flower ; it
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is globular in the guelder-rose, flat-headed or corymbose
in the laurustinus. Under this head should be included

also the verticillaster, frequendy erroneously described as

a whorl, a very common inflorescence in the Labiate,
in which the flowers of two cymes, often but imperfectly

developed and borne on opposite sides of the stem in

i^^;^^ ^

the axils of opposite leaves,

appear as if encircling the

stem. Similar undeveloped

closely crowded cymes, terrhed

glo7ne7-uli, occur in Valerian-

ella. When a cyme is de-

veloped only on one side, and

in the young state is rolled up

in a circinate manner, it is

called a scorpioid cyme^ as in

the forget-me-not (Fig. 227);

[when always branching into

two arms of equal strength, with a flower in the angle, as

in most Caryophyllacese, it is a dichoio7?iotis cyme\. The
great variety of different kinds of inflorescence is increased

and rendered more complicated by the combination of some
of those here described.^

Fig. 227.— a, Cymose inflorescence of

Myosotis; b, diagrammatic represen-

tation of the order of development of

the flowers in the scorpioid cyme.

^ [The best primary classification of inflorescences is into (i) inde-
finite or centripetal^ in which the lowest flower or that furthest from the
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THE CALYX.

The calyx is, in its most perfect form, the protecting

envelope for the interior more delicate parts of the flower

;

and may therefore be compared to bud-scales. In some

plants, as in the Umbelliferae, it is but slightly developed,

the calyx-limb being obsolete, and its teeth scarcely visible

on the margin of the inferior ovary. ^ The more perfectly

developed calyx, which is generally green, consists usually

of only a single whorl of leaves or sepals ; less often, as in

the strawberry (Fig. 228), of two; or occasionally, as in

Gossypium, of three whorls. In a few

instances—among Dicotyledons in the

fuchsia, larkspur, T^'opceolum, &c.—the

calyx is coloured ; but the whole of the

floral envelope might in these cases be

spoken of as a perianth, as is usually the

case with Monocotyledons.

The calyx is said to be mm'osepalous
Fig. 228.—Flower of the

7 r- ^ ^ i 1

strawberry, with calyx Or Sy7tSepalOUS [lU Oldcr WOrkS OU QC-

scriptive botany ' monosepalous '], when

the leaves of which it is composed are more or less coherent

at the base : aposepalous or eleutherosepalous [in older works
* polysepalous '], when they are com.pletely distinct. It may
also be regular or irregular ; but the irregular calyx is almost

always symjnetrical^ that is, it can be divided into two

apex opens first, and then the rest in regular succession ; and (2) definite

or centrifugal, in which the order of development is the reverse, the

central flower opening first. To the second class belong the cyme and
its varieties ; to the first most of the other kinds of inflorescence. In the

capitulum of some Dipsacaceoe we get a combination of the two.

—

Ed.]
^ See note, p. 115.
2 [This term is used in most English text-books in a different sense,

to express a relationship in number between the sepals, petals, and
stamens. If these are the same in number, or a multiple of the same
number, as in Saxifraga^ 5, 5, 5, or Fuchsia^ 4, 4, 8, the flower is said

to be * symmetrical ;' if this is not the case, as in Cruciferse, 4, 4, 6, or

Labiatse, 5, 5, 4, it is said to be * unsymmetrical.'

—

Ed.]
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parts, so that each one is exactly similar to the other re-

versed. The regular gamosepalous calyx may be rotate

[or with the limb expanded like a wheel], turbinate or top-

shaped, urceolate or urn-shaped (Fig. 229), iirfundibuU-

form or funnel-shaped, tubular or cylindrical, inflated (Fig.

234), \campanulate or bell-shaped], &c. The margin or

edge of the calyx may also be toothed^ lobed, or incised^ accord-

ing to the depth to which it is cut. The number of teeth

has also to be taken into account, when the calyx is said to

be bifida trifld, multifid^ &c. ; or in the case of aposepalous

calices the number of separate sepals, when it is bisepalous,

Fig. 229.—I. Turbinate ; II. urceolate

calyx (represented diagrammatically).
Fig. 230.—Bilabiate five-toothed calyx

oi Lamiufn.

trisepalous^ polysepalous^ &c. Among irregular forms of

the calyx an especially common one is the bilabiate^ or two-

lipped (Fig. 230), a gamosepalous calyx divided by two

deep incisions into an upper and under division or lip

[particularly characteristic of the order Labiatse] ; and not

unfrequent are the spui-red (Vxg. 231), furnished with a larger

or shorter hollow appendage or spur [as in TropcEolum and

Impatiens\\ and the saccate (Fig, 232), which occurs fre-

quently in Cruciferae, and consists of four distinct sepals?

two of which are gibbous at the base.

As respects its persistence, the calyx may be caducous^

when it is thrown off at the time of expansion of the flower,

as in the poppy (Fig. 233); deciduous^ when it falls oif at
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the same time as the corolla ; or persistent [when it remains

after the corolla has fallen]. The calyx generally leaves a

smooth scar when it falls off; less often, as in Datura and

Fig. 231.-— Spurred calyx of Tropcsolum. Fig. 232.—Saccate calyx oi Lunaria-

Fortulaca, the lower part remains attached like a ruffle.

The persistent calyx often retains its form unchanged,

as in the strawberry; but, -sometimes, as in the. winter-

FiG. 233.—Caducous calyx Fig. 234.—Longitudinal section through the
of poppy. accrescent calyx of Physalts A Ikekengi sur-

rounding the fruit.

cherry, Physalis Alkekeitgi (Fig. 234), it increases in size [or is

accrescent\ and forms a membranous sack which envelopes
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the fruit. Sometimes it even takes part in the formation of

the fruit, as in Ti^apa^ the four horns of the fruit being here

formed by the Hgnification of the calyx-teeth.^ Particularly

noteworthy is the production of the pappus from the limb of

the calyx. This peculiar form is especially characteristic of

Compositae ; the calyx continues to grow after the withering

ofthe corolla, and either a crown of simple hairs ox pilose pap-

pus (Figs. 235, 236), or a plumose pappus of branched hairs

Fig. 235.—Pilose sessile pappus of
Senecio.

Fig. 236.—Pilose stipitate pappus of

dandelion.

(Figs. 237, 238), is formed from its teeth, and subse-

quently crowns the fruit. The pappus may either be

sessile as in the groundsel (Fig. 235), or stipitate ^.^^^ in the dan-

dehon (Fig. 236), from the development of the upper part

of the calyx-tube, in the form of a stalk which bears the

feathery crown. The pappus, again, may be dentate^ or

coronate (Fig. 239), the calyx-teeth remaining in the latter

case undeveloped, and being transformed into small broad

hairs which form, as it were, a crown to the fruit. In addi-

tion to the Composite, instances of a pappus occur in

Valerianaceae and Dipsacaceae. The chicory, Cichorium

^ [TJie fleshy calyx-tube of the rose, apple, pear, &c., unites with
the pistil to form a pseudocarp (see p. 146).

—

Ed.]
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Intybiis, furnishes an illustration of a coronate, the artichoke

and Scorzonera of a plumose sessile, the goatsbeard, Trago-

Fig. 237. — Plumose sessile Fig. 238.—Pappus of C^r//«« Fig. 239.—Fruit, /)
pappus of Tragopogon. vulgaris, the feathery rays of the tansy, Tuk-

united below into several acetuui vulgare,
bundles and coherent at the surmounted by the
base into a ring. coronate pappus, p.

pogon, of a plumose stipitate, the common thistle, Cnicus^ of

a pilose sessile, the dandelion of a pilose stipitate pappus.

THE COROLLA,

The leaves of which the corolla consists, or petals^ are,

as a rule, much more delicate than- those of the calyx, and

are usually coloured, i.e. white or some bright colour in

contradistinction to green. The colour of the corolla is,

however, of subordinate importance, and is often variable in

the same plant. The corolla of Fulmonaria, for example,

is red when it first opens, and afterwards becomes violet

[that of Cobcea scandens changes gradually from pale-green

to purple], while that of Hibiscus abelmoschus is white in the

morning, pale red by mid-day, and rose-red in the evening. ^

* [In many species also the colour varies in different individuals : thus

the corolla of Campanula rotundifolia^ usually blue, is occasionally

white ; that of Erica tetralix^ usually rose-coloured, is also occasionally

white ; while, that of Polygala vulgajds is indifferently white, blue, or

rose-coloured.

—

Ed.]. / -
,
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It is unusual for the corolla to be green ; in the grape-vine

it is yellowish green. Certain plants, however, which have

normally a bright-coloured corolla, produce occasionally a

green one, as occurs in Hydrangea and Hesperis.

The corolla is gamopetalous or sympetalous [less cor-

rectly 'monopetalous'], when the petals are more or less

coherent; apopetalous or eletithei^opetalous [less correctly

' polypetalous '], when they are perfectly distinct ; regular

when they are all alike ; irregular when one or more differs

from the rest in size or form ; but in the latter case the

corolla is always symmetrical.

The principal forms of the gamopetalous corolla are glo-

bose as in Erica tetralix (Fig. 240) ; urceolate or urn-shaped

as in the bilberry (Fig, 241) ; campanu-

late or bell-shaped as in Campanula

m (Fig. 242) j infundibuliform or funnel-

shaped as in Convohmlus ai^veiisis (Fig.

Fig. 240.—Globose corolla of

Erica tetralix (magnified).

Fig. 241.—Urceolate corolla Fig. 242.—Campanulate Fig. 243. — Infimdibuli-

of Vaccinituji Myrtilliis corolla of the Canterbury form corolla of Convol-
(magnified). bell. vuhcs arvens.is.

243) ; tidndar as in the ^ florets of the disc' of many Com-
positse (Fig. 244); rotate as in the borage (Fig. 245); hypo-

crateriform or salver-shaped as in the jasmine (Fig, 247)

;

ligidate or strap-shaped as in the florets of the ray ' of many
Compositae (Fig.. 246) ; bilabiate as in most Labiatae (Fig.

K
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248), where the corolla is divided into an upper and a lower

lip, the former having two and the latter three teeth [repre-

senting the five petals]. When the two lips are widely sepa-

rated, as in the figure,

the corolla is said to

be ringeiit ; while, if

the mouth is closed

by a cushion-like for-

mation on the under-

lip, called ilie palate,

Fi3. 244. — Tubu'ar corolla

from the disc of the capitu-

lum of Centauren. Cyanns.

Fig. 245.—Rotate corolla of
the borage, Borrago offici-

nalis (magnified).

Fig. 246.—IMgulate co-

rolla of Globidaria Aly-
Pmiu (magnified).

Fig. 247. — Hypocraten-
form corolla of the jas-

mine (magnified).

as in Anti^'rhinum (Fig. 249), the corolla is said to h^ per-

sonate, [The corolla, like the calyx, may be spurred, as

Fig. 248.—Bilabiate ringent

corolla of Lamtiim album.
Fig. 249.—Bilabiate personate corolla of

Antirrhinum majus.
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in Viola and many orchises, or hooded, as in the monks-

hood].

The form of the apopetalous, Hke that of the gamo-

petalous corolla, varies, and may be globose, eampamdaie,

rotate, &c. ; but the most important point to note in it is

the form and the relative position and nmnber of the petals.

As respects their form, they may be entire as in the apple

;

ohcordate as in JZthusa cynapiiun ; toothed or fringed as in

many Caryophyllacese (Fig. 250) ; fimbriate as in Dianthus

rT^^^..

Fig. 250.—Unguiculate petal

of Dianthiis, with toothed
lamina.

Fig. 251.—Bifid unguicu-
late petal of Lychnis,
with ligule.

Fig. 252. — Cruciform
flower of L,7inaria
with unguiculate pe-
tals.

plumainus) bifid as in Lychnis diwna (Fig. 251) ; tinguiciilate

(Figs. 250-252), when the petals are very narrow in the

lower part, which forms a claw or imguis, while comparatively

broad in the upper part or lamma, &c.

There are several forms of the apopetalous corolla which

are of especially common occurrence, and therefore worthy

of note [and which are frequently characteristic of large

natural groups] : viz. the cruciform, papilionaceous, caryo-

phyllaceous, rosaceous, and the less common but very re-

markable mitraeform. In the f;7/a/^r;;^ corolla (Fig. 252),

characteristic of the large natural order of Cruciferae, we find

four unguiculate petals arranged in the form of a cross, and
alternating with the four sepals. The papilionaceous corolla

(Fig. 253), confined to the division Papilionaceae of the order

K 2
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Leguminosae, consists of five petals, of which one, the stan-

dard or vexillum^ the uppermost, is usually the largest ; at

its sides are the two wings or alee \ while the lowermost

I. II.

Fig. 253.—Papilionaceous corolla of laburnum : I. seen laterally ; II. in front ;

III, standard ; IV. keel ; V. left wing seen from without.

part of the corolla, the keel or carina^ consists of two petals

often more or less united above, and usually enclosing the

stamens and pistil. The caryophyllaceous corolla (Figs. 254,

255) consists of five petals with long ungues atta-ched to the

Fig. 2<4.—Caryophyllaceous
corolla of Lychnis vespert-

rtjwith corona (magnified).

Fig. 255.—Longitudinal section through the

caryophyllaceous corolla of Dia?ithus (mag-
nified).

base of a gamosepalous [or sometimes aposepalous] calyx,

[and each of the petals is often furnished with an appendage

known as the ligule^ (Fig. 251) and forming together the
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coronci\. The rosaceous corolla (Fig. 257), consists of five

petals which are not unguiculate, with perigynous adhesion,

i.e. attached to that part of the urceolate or hypocrateriform

calyx where the separate sepals spring from the coherent

base, and is especially characteristic of a section of the order

Rosaceae. The mitrcefonn corolla (Fig. 257) which occurs

Fig. 256.^Longitudinal section through the rosaceous Fig. 257. —Mitraeform flower

flower of the rose; the pistil seated in the. base of of the grape-vine (mag-
the urceolate calyx. nified).

in the grape vine, consists of five petals which are coherent

at their tips, and become detached at their base on the ex-

pansion of the flower, thus covering the inner petals of the

flower like a cap.

The petals usually break off when they fall by an articu-

lation at their base, but often remain attached and withered,

as in Campanula [when they are said to \i^marcescent\ The
corolla never takes any part in the formation of the fruit, as

is sometimes the case with the calyx.

THE PERIANTH.

When the Perianth {i.e. the two floral envelopes, the

calyx and corolla) is green, as in the elm and Rumex (Figs.

258, 259, 260), it is said to be sefaloid] when bright-

coloured or white, as in Orchideae and Liliace^ (Fig. 261), it
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is petaloid ; the dry scarious perianth of grasses is gluma-

ceous ; that of the catkins of many forest-trees scaly. Simi-

lar terms may be appUed to the pe-

rianth as to the calyx and corolla, with

respect to the form, size, number, and

arrangement of its separate parts. It

may be gamophyllous or symphyllous

[^ monophyllous '] on the one hand ; or, on

the other hand, apophyllous or cleuthei'O-

phylloics [^ polyphyllous ']. It may be deci-

duous^ as in orchis, or persistent^ and may
then become accrescent and dry as in the

hazel-nut, or succulent as in the mulberry.

In the latter cases and some others, as

Rumex and Hippophae, it takes an impor-

I. II. III.

Fig. 258. --Double se-

paioid perianth of Tv?/-

7nex acetosa (magni-
fied).

Fig. 259. — Longitu- Fig. 260.— I. Staminate flower; II. pistillate flower;
dinal section through III. section of tlie fruit of the stinging-nettle, Ur-
the sepaloid perianth tica dioica (magnified),

of the elm (magnifi.ed).

tant part in the formation of the fruit. [Under this head

come the palece and lodicides of grasses, and iht pe?i^yniuni

of sedges.]

SUBSIDIARY ORGANS OF THE FLOWER.

By subsidiary organs are meant appendages to the flower

of various kinds which cannot be included either among
the floral envelopes or the essential organs of the flower.

The corona or para^'orolla is a whorl of leaf-like or fili-

form organs, often brightly coloured, intervening between
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the perianth and the stamens, and sometimes attached to

the one, sometimes to the other. In the narcissus (Fig.

261) it is coherent

and bell - shaped,

while in the passion-

flower it consists of

a number of brightly

coloured hairs ; in

Lychnis ( Fig. 254,

p. 132) it forms a

small coronet at the

base of the rotate

lamina of the corolla
;

in many Borraginese

(Fig. 262) it consists

of five scales [or sta-

minodes\ which close

up ihe throat of the

cordla-tube. In the

coroJa of Lamium it

assunes the form of Fig,

a circle of hairs ; in

the gi'ass of Parnas-

sus (Fig. 263) it con-

sists of five leaves

which terminate at

ther apex in from

nint to fifteen glan- ^
dular bodies. The
spiir{¥\g^. 264, 266),

whici sometimes be-

longs to the calyx,

someimes to the

corollx, is also fre-

quently treated as a subsidiary organ.

"he nectaries must also be mentioned in this connection

261.—-Petaloid perianth of Narcisstcs, with 6-

partite hmb and campanulate corona.

Fig. 262.—Longitudinal section through the flower of
the borage ; each bifid stamen bears the anther on
its inner half; while the outer half forms an erect

scale (magnified).
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They are the part of the flower which is specially con-

structed for the secretion of honey, but are in no sense in-

I. II.

Fig. 263.— I. Longitudinal section through the flower of Parnassia palustr^ \

II. one of the petals (magnified) ; a glandular scale belonging to the corq^a
attached to it in front.

/

/

dependent structures. Instances of nectaries are afforded

by the shallow pits at the base of the perianth-leaves of /the

\^ crown-imperial, the hollows conc^led

by scales at the base of the pet:^ls of

Ranunadus^ the glands betweei] the

stamens of the grape-vine (Fig. '265),

Fig. 264.—Spurred corolla of
Valeriajia (magnified).

Fic;. 265.— Stamens and pistil of the grape-vine,

with a honey-gland (nectary) between eich pair

of stamens (magnified). 1

[the spur of the columbine and of many species of

the appendages to two of the stamens of Viola^ &c.].

kchis,
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Lastly, we must also include under this head barren

stamens or sta?mnodes, filiform bodies placed either within

or without the perfect stamens, but not furnished, like them,

Fig. 266.—Longitudinal section of flower of larkspur, with spurred
calyx and corolla (magnified).

with anthers at their apex. Examples occur in [the female

flowers of] the bay Laurus nobilis^ in Illecebj^um^ Erodium^

Sa^nolus, [the borage (Fig. 262) according to some], &c.

THE ANDRCECIUM OR STAMENS.

The Stamens consist, in their most perfect form (Fig.

267), of a longer or shorter filiform stalk, i}^^ filament^ which

bears at its apex the anther.

The filament usually divides Mltf :^ '^ttS/'

the anther into two halves, the

anther-lohes. The part of the

filament which is inserted

between the anther-lobes is

called the connective^ and is

sometimes divided into two Fig. 267.—Stamen of Fig. — Stamen

arms, which are often greatly Laminvt,Yit\v mo- of hornbeam, Car^

^
c5 J derately developed piritts heUUics, with

elongated, and are either of connective (magni- branching connect
, ,

T . , ,
fied). tive (magrvified).

equal length, as m the horn-

beam (Fig. 268), hazel-nut, alder, birch, and lime, or occa-

sionally of very unequal length, as in Salvia (Fig. 269).
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The connective usually ends with the anther-lobes, and
these latter are then placed at the extremity of the filament

;

or less often, it grows beyond the anther, as

in Paris qiiadrifolia^ where the anther appears

to be attached to the middle of the stamen

Fig. 269.—Stamen of Sal-
via, with connective
branching into two arms
of very unequal length ;

the right-hand arm bear-

FiG. 270.—Stamen of
wheat, with versatile

anther b lightly fixed

at the extremity of the
filament a (magnified).

Fig. 271.—Section of co-

rolla of Verbena, with
sessile epipetalous an-
thers (magnified).

ing an abortive anther (magnified).

[or the violet, where it forms the orange tip to the sta-

mens]. Since the essential part of the stamen is \h.t pollen^

which is developed within the anther, the filament may be en-

tirely wanting, as in Orchideae, Ver-

bena (Fig, 271), [and Viola\ when

the anther is said to be sessile. In

the grasses (Fig. 270), the anther is

fixed transversely to the filament.

Of great importance in connec-

tion with classification are the mode
of attachment and number of the

stamens, as well as the relative

lengths of the filaments. For ex-

ample, with but few exceptions, all

Labiatas [Scrophulariaceae, Verben-

FiG. 272.— Section of corolla of accse, Gcsneraccce, Acanthaceae, and
honeysuckle, with epipeta- -o* •

~\ ^ i i j_ j
lous stamens. JoignomaceaeJ have two short and

two long \didvnamous~\ stamens

(Figs. 271, 273) ; all Cruciferae (Fig. 274) two short and four

long \tetradyna7nous\ It must also be noticed whether all the



TJie External Form of Plants. 139

filaments are distinct to their base or not. Sometimes the

whole of the filaments are united into a tube or sheath

^A

Fig. 273.—Flower Fig. 274.—Pistil

oi Lamhan,yN'\\h and tetradyna-

didynamous sta- mous stamens
mens. of Cochlearia.

Fig. 275. — Mona- Fig. 276. - Diadelphous
delphous stamens st2saQ.x\^oi Lathyrtis \

of Malva, nine filaments united
into a sheath at the
base ; one free.

\vionadelphous\ as in Malvaceae (Fig. 275) and many Legu-

minosae ; in other cases into two bundles \diadelphoits\ as in

manyLeguminosae (Fig.

276) ; or into a larger

number \polyadel-

phoiis\ as in the'orange

(Fig. 277) and Hyperi-

cum. Again, when the

filaments are perfectly

Fig. 277.— Polyadelphous Fig. 278.—Syn2;enesious Fig. 279.—Stamens of .-4 >T*.y-

stamens of oi-ange anthers of thistle ; the tolochia sessile upon the
(magnified). filament free (magnified). stigma (magnified).
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distmct, the anthers may be coherent or united by their

margms \syfigejiesious\ as occurs in Compositae (Fig. 278).

Occasionally, the anthers are sessile upon the stigma

\^ynand7'ous\ as in Orchideae (Fig. 279).^

The pollen is formed in the cavities of the anther-lobes,

which are termed loculi^ and are most often two, more rarely

Fig. 280.—Sta-
men of Piiuis
sylvestris with
longitudinal
dehiscence
(magnified).

Fig. 281.— Sta-

men of bar-
b^.rry, the an-
ther opening
by recurved
valves (mag-
nified).

Fig. 282.— Sta-

men of Rho-
dodendron,
each anther-

lobe opening
by a pore.

Fig. 283.—Sta-

men of bay,
LaterMS no-

bilis, with two
glands at the

base of the
filament, the

Fig. 284.— Sta-

men of Erica,
the 'anther
opening by
pores and bear-
ing two ap-
pendages at its

anther opening by recurved valves, base (magnified).

one or four in number, the anther being then termed tmi-

locular. bilocular, or quadrilocular. In most plants it con-

sists of minute yellow granules, entirely distinct from one

another ; less often, as in Orchideae and Asclepiadeae (Fig.

* [As respects their adhesion or mode of attachment, stamens are

hypogynous when growing directly from the receptacle beneath the

ovary {Rmtunculus, Cruciferae)
;

pejdgynous when springing from

the calyx (Rosa, Fuchsia) ; epipetalous from the corolla {Primula^

Lamium) ; epigynous v^h-^n attached to the upper part of the pistil (Um-
belliferae, Riibia). With reference to the mode of attachment of the

anther to the filament, the former is basifixed or innate when attached

by its -base (heath, tulip) ; dorsifixed or adiiate when attached by its

back (onion, myrtle) ; versatile, when, in the latter case, the attach-

ment of the anther to the filament is very slender, as in most grasses

(Fig. 270).—p:d.]



The External Form of Plants. 141

355, p. 183), they are united into a waxy mass \ox pollinmm\.

On the maturity of the anthers, they burst open or dehisce in

a manner which is well defined beforehand. This usually

takes place by means of a longitudinal fissure in each

anther-lobe (Fig. 280), longitudi7ial dehiscence, most often on

the inner side of the anther, facing the pistil, inti^orse., less

frequently on the outer side facing the corolla,

exti'orse, as in Irideae, [or precisely at the side,

lateral, as in Ranunculus]. Less common modes

of opening are the dehiscence by recurved valves,

[when the side of the anther-iobe is turned back

as on a hinge], as in Berberis and Laui'us (Figs.

281, 283); and by pores (Figs. 282, 284), as in

the Ericaceae, Folygala, Solamc^n, &c.
;

[still less
p^^ ^^

frequent is the ti-ansverse dehiscence, as in Alche- "^^n of Vacdni-

mitta.\ In some cases, appendages of a peculiar pendages at the

structure, of a leaf-like or glandular nature, are ther.

attached to the filaments, as in Viola, the borage, onion, bay,

&c. (Fig. 283), or to the anther, as m many Ericaceae (Figs.

284, 285).

The foliar nature of the stamens is especially well seen

from the fact that very frequently—especially in many so-

called double flowers—\hQ stamens are converted into

petals ; or occasionally stamens are developed instead of

Fig. 286.—Stages of transition between the petals and stamens of Rosa centifoUa.

petals, as is often seen in the shepherd's purse. It is also

not uncommon to find in the same flower a gradual transition

between the stamens and petals, as occurs normally in

Nymph^aceae and Rosa centifoUa (Fig. 286).
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Fig. 287.—Pistil of

lily, with ovary,

style, and stigma.

THE GYN^CEUM OR PISTIL.

The Pistil consists, in its most perfect form (Fig. 287), of

three parts :—the lowermost swollen part, a hollow cavity

^^^.r^ containing the ovules, is the ovary \ the

middle slenderer part is the style \ and the

uppermost usually thicker part is the stigma.

The pistil is composed of

one or more organs of a foliar

nature, the carpels ; and their

number is almost always indi-

cated by the seams or sutures

on the outside of the ovary.

A knowledge may thus be ob-

tained of the constitution of

tne fruit, which is often charac-

^i?"^l7r^?.r.! ^eristic of whole families of
partly cut through, plants. Thus, from the struc-

ture of the legume (Fig. 288) it may be concluded that it

consists of a single carpel ; while in the same manner it is

seen that the capsule of Colchiciim {¥\g. 289) is composed of

three carpels.

If a suture faces the centre of the flower, it is called the

ventral suture ; while one facing the perianth is called the

dorsal suture. It is common for the carpels of which a

pistil consists to be coherent at the base while distinct in

the upper part, and we have then a single ovary with several

styles or stigmas, as in the apple. As a general rule the

style and stigma are a prolongation of the mid-rib of the

carpel, although exceptions occur, as in the Papaveraceae,

Pistils which consist of a single carpel are said to be mono-

carpellary [as in Leguminosse and Primulaceae] ; when of

two or more carpels bicarpellary, tricarpellary, polycarpel-

lary^ &c.; [an instance of the first being afforded by Scrophu-

lariacese ; of the second by Iridese ; of the last by Mal-

vaceae].
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The style is not an essential part of the pistil, and is

therefore not imfrequently wanting, as in the poppy (Fig.

294). When present it is usually placed at the summit of

the ovary, terminal^ but occa-

sionally springs from its base, ^\|iWa,1 \ i\\\'^^
and is then lateral or basilar^ as ^^^7TTrt^!*\A=^^4t

Fig. 292.

—

Vx-sxAoi Brojiiiis
', rt: ovary,

b plumose stigma (magnified).

Fig. 290. — Ba-
silar style of

A I c he VI ill a
(magnified).

Fig. 289. — Capsule of Fig. 291.—Pistil

L'olchictwi ; a at the of Parietaria,
moment of dehiscence

;

with penicillate

ii transverse section. stigma (magnified). Fig. 293.—Petaloid stigmas of /r/^-.

in the strawberry and Bromus (Figs. 290, 292).

The purpose of the stigma is to serve for the detention

of the pollen-grains j and it is therefore universally present,
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though it varies greatly in form. It may be capitate or button-

shaped (Fig. 287) ;
penicillate ox consisting of long slender

arms (Fig. 291) -, plumose ox feathery (Fig. 292) \
petalold as in

Iris (Fig. 293) ;
peltate or shield-hke as in the poppy (Fig.

294) ; filiform as in Luzula
;

papillose or

covered with papillae (Fig. 295), &c.

The interior of the ovary is occupied by

one or more cavities or loculi. Thus the ovary

of Leguminosae and Primulaceae is unilocular

(Figs. 296, 298) ; that of Scrophulariaceae

and most Cruciferae bilocular (Fig. 297) ;

that of the apple quinquelocular^ &c.

Within the loculi of the ovary are \\i^ ovules^

the bodies which ultimately develope into the

seeds. They are fixed to certain parts of the

wall of the ovary termed the placentcE. ; and are either sessile

(Fig. 298), or are attached to the end of a stalk oxfuniculus

Fig. 294. — Peltate
stigma of poppy,
with hypogynous
stamen.

Fig. 296.—Unilocular ovary of Pentaraphia
(Gesneracese), with parietal placentae (mag-
nified).

Fig. 295.—Papillose stigma of

Statice (magnified).

Fig. 297.—Bilocular

ovary of Aiitirrhi-

miii2, with axile

placentae.

Fig. 298. -^Unilocu-
lar ovary of Hot-
tonia, with free

central placenta.
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(Fig. 299). In a few cases the whole of the interior wall of

the ovary or of the loculi serves as a placenta, as in the

poppy ; or a single placenta stands in the centre of the uni-

locular ovary like a column, as in Primulacese [when the

placentation is free central] ] more often certain portions of

the inner walls of the loculi, corresponding in number to the

carpels and often projecting, bear the ovules, and are then

called /^?;7>/^/ placentae [as in Viola or Ril>es\
;
[or the ovules

are attached to the common axis of all the loculi of a multi-

locular ovary, as in the apple or Iris^

when the placentation is axile?\^ As re-

spects the mode of attachment of the

ovules to the loculus, they may be either

erect
^
[lateral], ox pendulous,

L II. HI.

Fig. 299.—Ovary of the Fig. 300.— I. Orthotropous ; II, anatropous ; III. cam-
ash ; the single seed at- pylotropous ovule ; a nucleus with the embryo-sac
tached to a long funicu- coloured dark ; b primine ; csecundine ; de chalaza;
lus, and still enclosed in ymicropyle (represented diagrammatically).
the ovary ; a, a detached piece of the wall of the ovary.

If a section is made through the longer axis of an ovule,

and the surfaces examined under a magnifying-giass, it is

seen that the ovule consists of a [cellular] nucleus (Fig.

300 a) enclosed in a single or more usually in a double coat

or integument (b, c), [the outer coat being designated the

p7'imine, the inner coat the seamdine]. At the apex of the

ovule is a small orifice through the integuments, called the

?nic7'opyle oxforamen
;

[and in the interior of the nucleus

is a large cell called the embryo-sac\. With regard to their

form, ovules may be classified into three kinds—the ortho-

L
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tropoiis (or atropous), m which the ovule and nucleus are

straight, and the micropyie is exactly opposite the base of

the ovule (Fig. 300, i) ; campylotropous^ in which the nucleus

is curved so as to bring the micropyie near the base (Fig.

300, III) ; and anatropotcs^ where the ovule is itself inverted so

as also to bring the micropyie near the base, but the nucleus

remains straight (Fig. 300, 11). [The last is by far the most

common form of the ovule ; illustrations of the first are

afforded by Polygonaceoe ; of the second by Caryophyllaceae.

The point where the nucleus and integuments coalesce is

called the chalaza ; in the anatropous ovule this is at the

opposite end to the hilum (the part of the ovule which is at-

tached to the placenta), and is connected with it by a fibro-

vascular bundle,^, called the raphe\

THE FRUIT.

The fruit is the result of the development of the ovary

;

but is usually formed only after the fertihsation of the ovules,

and, when mature, encloses the seeds which have developed

from the ovules. Hence the product of an inflorescence,

such as a bunch of grapes, is not properly a fruit, but rather

a group of fruits, each separate berry or grape being a

distinct fruit. Collections of fruits of this kind, resulting

from the maturity of inflorescences, are

termed syncarps or multiple fruits, and maybe
classified under racemes, spikes, umbels, &c.

It is also not uncommon for other parts of

the flower besides the ovary to unite with it

in the formation of the so-called ^ fruit ' ; and

such similitudes of true fruits are called

cSp ^of ' the straw- pseudocarps. The rose-hip, for example, is

^''^^-
a pseudocarp, because it results partly from

the development of the calyx-tube, each little ' stone ' which

is enclosed in it being a mature ovary. The strawberry

(Fig. 301) is also of this character, the succulent sapid mass

being a portion of the receptacle which has become fleshy,

while the small so-called ^seeds' which are imbedded in its
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surface are the actual fruits. The apple again is a pseudo-

carp [here termed z,pome\^ the flesh being mainly developed

out of the calyx-tube, which even when in flower is adherent

to the ovary. In the spinach the perianth, in the oat the

glumes, take part in the formation of the pseudo-

carp. Pseudocarps are sometimes formed

not of simple, but of multiple fruits. Thus the

mulberry (Fig. 302) is a pseudo-syncarp,, result-

ing from the coalescence of the bracts with the

perianth ; and the same is the case also with

the pineapple, the fig (Fig. 215, p. 118), the

breadfruit, &c. Fig. 302.—Mul-
tiple pseudo

of theAdditional examples of the participation of the calyx ^^jberr
or of the perianth in the production of the fruit have

already been adduced (pp. 126, 134). Mention has yet to be made
of the husk in which the hazelnut is seated, this being the greatly

^' enlarged perianth ; while on the other hand
the cup or acpule of the oak, beech, and

\^ sweet chestnut arises from a cup-shaped organ

Fig. 303.— I. Acorn of Quercus sessiliflora with two Fig. 304.

—

a Scale of
empty cupules ; II. longitudinal section through the larch-cone seen
the fertihsed pistillate flower, with the cupule in an from above ; b one of
early state. its two winged naked

seeds, i.e. not enclosed
in an ovary.

which is formed only after fertilisation between the ovary and the

perianth, and produces leaves on its outer margin (Fig. 303).

Special reference must be made to the Coniferae, in which

there is no ovary, but only naked ovules (Fig. 304), and

which therefore cannot form a true fruit. The cone of

Coniferae is an assemblage of seeds.
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In observing a fruit, care must be taken to distinguish

the wall of the cavity which encloses the seeds, or

pericarp^ which may consist of several layers of a mem-
branous, fleshy, or stony consistence (Fig. 305). The
nature of the outermost layer or epicarp determines w^hether

the fruit has a smooth

appearance like the

cherry, rough like the

peach, or spiny like the

thorn-apple (Fig. 310, p.

150). The middle layer or

mesocarp is often fleshy

or succulent, and is then

called the flesh or sar-

cocaip [as in the peach

or cherry]. The inner-

most layer or endocarp

is often very hard, and

forms the stone ox puta-

men of stone-fruit ; it

encloses the cavities of

the fruit which corre-

spond to the loculi of

the ovary, and are still

albumen
; ^embryo ;/cavity in the endosperm termed loCliU. Thewhich contams the milk.

y.^ x. a. ixv.

number of these loculi

generally corresponds to the number in the ovary, although

one or more not unfrequently disappear in the course of de-

velopment. Such a disappearance or abortion is the rule in

the lime, in which the ovary is originally quinquelocular,

in /^<:z//j' where it is bilocular, [and the oak where it is trilocu-

lar], while in all these cases the fruit is ultimately unilocular.

Fruits may be divided into two primary classes, dehiscent

and indehiscent ; to the former belong the capsule and

schizocarp ; to the latter the drupe, berry, and achene.

The capsule bursts or dehisces when ripe, and allows the

seeds to fall out. If this splitting takes place only at the

Fig. 305.—Longitudinal section of cocoa-nut
epicarp ; b endocarp ; c testa ; d endosperm or
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apex (Fig. 306), it is said to dehisce by teeth, as in most

Caryophyllacese ; the capsule of Lychnis diurna, for example,

dehisces by ten, that of Githago segetum by five teeth. If

the dehiscence takes place right to the base of

the capsule it is said to be valvular or sictural,

the number of valves depending on that of the

placentae or carpels. It is loculiadal (Fig. 307)

when the walls of the loculi split open so that

the septa remain attached to the valves, as in

Iris or the lilac; septicidal (Fig. 308), when, as

W Colchicum, \h^ septa themselves spht down ^Juie ^IF/?./:

the middle and fall off with the valves ;
sept:

fragal(^\g^, 309, 3 10),. when the valves separate

from the septa and fall off alone, as in Datura.

7mila dehis
ing by ten
teeth.

More rarely

the upper part of the capsule becomes detached in the form

Fig. 307.—Diagram of a locu- Fig.

llcidal capsule.

18.—'Diagram of a sep-
ticidal capsule.

\o<^.:—Diagrarn. of a sep-

tifragal capsule.

of a cap or lid, when the dehiscence is said to be tra?isverse

or circumscissile, [and the capsule is termed 2Lpyxis\ as in

Hyoscyaniiis and Anagallis (Figs. 311, 312). Some capsules

again dehisce hy pores (Fig. 313), as the poppy, Cavipamda,

&c. Capsules may be unilocular or multilocular, superior

or inferior, and may have free central, axile, or parietal

placentation.

Follicle (Figs. 314, 315) is the term given to a unilocular

capsule which dehisces only by the ventral suture. The
capsule of • Leguminosae [which is always unilocular and

mcnocarpellary, and dehisces by both ventral and dorsal
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sutures], is called a legume (Fig. 316), that of Cruciferae

[which is always bicar.pellary, the seeds remaining attached

Fkt. 310.—Septifragal capsule of
Datura.

Fig. 311.—Capsule or Fig. 312.—Capsule or

pyxis of Anagallis, pyxis of Plantago,

with circumscissile with circumscissile

dehiscence. dehiscence.

Fig. 313.—Cap- Fig. 314.

—

Yxm.t oiIllicinm
sule of poppy or star-anise, consisting
dehiscing by of a number of follicles,

pores beneath
the peltate stigma.

Fig. 315.—Fruit of peony, consisting of two follicles.'
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to a false septum or replum\ a siliqua [when much longer

than broad ; when only about as long as broad, a silicula

(Fig. 317)].

The schizocarp splits up, when ripe, into distinct pieces,

p called meincarps. These last con-

tain usually each a single seed,

and as a rule remain closed, sel-

dom opening to allow the seeds

\/" "' /l^y ^^ escape in the manner of a

Fig. 316.— Legume of pea split

lengthwise ; e outer, e n inner

layer of the pericarp ; l pla-

centa ; F funiculus ; o seed.

Fig. 317. — Silicula of
Cochlearia open and
showing the seeds at-

tached to the replum.

Fig. 318. — Cre-

m-ocarp of the

fennel ; a carpo-
phore.

capsule. The splitting may be either longitudinal or trans-

In the former case the schizocarp may split intoverse.

Fig. 319.—Bipartite schizocarp of the maple, consisting of two samarse.

two pieces, as occurs in Umbelliferae [where it is termed a

cremocarp\ the mericarps separating at their lower part, and
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remaining attached at their apex to the filiform carpophore

(Fig. 318), or in the maple (Fig. 319); or it may divide

into three as in Euphorbia and Tropceoluin (Fig. 320) ;
or

into four as in Labiate (Fig. 321), [where they are often

I. I .

Fig. 320. — Tri-

partite schizo-

carp of Tropceo-
lum.

Fig. 321. — Quad-
rirartite schizo-

carp of Ajtiga,
consisting of four
nucules.

Fig. 322. — Quinquepartite schizocarp of
Gera7Lun7i robertia7ttcm \ I. the imma-
ture pistil ; II. the mature fruit.

called nucules^ and the entire schizocarp a carcerulus\ ; or

into five as in Ge7'aniu7n (Fig. 322); or a larger number as in

Malva (Fig. 323). A transverse spHtting of

the schizocarp at right angles to the axis of

the flower occurs in some Leguminosae and

Cruciferae of the suborder Lomentaceae, where

the fruit is called a loifientum (Fi^. 324).

Passing to indehiscent fruits :—in ihtdrtipe

ITMaiv^^^^^^^"^ ^^ stone-fruit the various layers of which

the pericarp consists develope in a different

manner, the mesocarp (sarcocarp) becoming softer and more

succulent, the endocarp (putamen) harder, dry and woody,

and forming the stone which encloses the kernel. The con-

sistency of the mesocarp, however, differs greatly; in the

peach, plum, and cherry (Fig. 325 [.) it is very soft and

succulent ; in the cocoa-nut (Fig. 305, p. 148) it is fibrous;

Fig. 323. — Multi-



The External Form of Plants. 153

in the almond and walnut, dry and almost leathery. The

drupe usually contains a single stone, rarely more as in the

medlar, when the separate sections of which it is composed

are called pyrcnes \ it is usually unilocular, as in the peach,

I.

w.

Fig. 324.—Lo-
mentum of
Hedysaruin.

Fig. 325.— I. Longitudinal section through the unilocular drupe
of the peach ; II. through the bilocular drupe of Cormis.

almond, and walnut, sometimes bilocular, as in the cornel

(Fig. 325 II.) and coffee-berry.

In the berry all the layers of the pericarp are fleshy and

succulent, as in the grape, currant, and gooseberry (Fig.

326) ; or the outer layers are harder, as in

the citron and gourd, [the latter some-

times called a pepo\ The apple is a berry-

like pseudocarp.

In the achene all the layers of the peri-

carp are dry and nearly similar. It almost
^^ _ transverse

invariably contains only a single seed, section through a goose-

T- „ , ^ 1^ • berry ; the firmer outer

and IS usually also from the first Uni- layer of the pericarp en-11 1 •.!
1 1

" closes the succulent flesh;

Iocular and with only one ovule, as m the seeds lie imbedded

grasses and Compositae (Fig. 327); less Z^tt^^V^l^:!^.
frequently it becomes unilocular in the

^^nts^'''''

opposite pia-

course of development, by the abortion

of some of the ovules and the -disappearance of some of

the loculi, as in the oak and alder. The pseudocarp of the
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rose contains several achenes. The fruit of the elm, ash,

maple, &c. (Fig. 319, p. 151), known as a sainara, is an achene

[or schizocarp] with membra-

jj nous appendages or wings [which

enable it to be carried by the

wind through the air].^

THE SEED.

The seed or mature ovule is

the organ by means of which the

higher plants are chiefly propa-

. , , r 2fated. It is connected with the
- Achene or cypsela oi ^

Cen'kturea Cya7tns, entire ^nd cut placeuta or part of the internal
through lengthwise (magnined). ...

wall of the ovary to which it

is attached, by a more or less strongly developed stalk or

funiculus (Fig. 326); when this is so short as to appear to

be altogether absent, the seed is said to be sessile.

The arillus is an appendage springing from the point of

attachment of the seed to the placenta or hilwn^ from

I. 11 III.

Fig. 327.

Fig. 32 III., Development of the arillus of the yew; IV. longitudinal

section through the ripe fruit.

whence it rises up and envelopes it. In the ripe seed of the

willow it is split up into long silky hairs ; in the nutmeg it

^ [The 7iut {e.g. hazel-nut) and glans {e.g. acorn) are one-seeded

achenes resulting by abortion from a trilocular ovary, in which the epi-

carp is more or less lignified. The caryopsis, characteristic of grasses,

is an achene in which the membranous pericarp adheres closely to the

seed ; the inferior achene of Compositae is sometimes called a cypsela.

The hespeiddmm^ as in the orange, is a multilocular berry in which there

is a remarkable development of succulent cells from the endocarp.

—

Ed.]
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forms the substance known in commerce as mace
:
m

the yew (Fig. 328), it forms a drupaceous pseudo-berry.^

Appendages of other kinds to the seed occur in the form

Fig. 329.—Winged seed of Bignojiia Catalpa.

of wings, as in Bignoniacese (Fig. 329), and Coniferae (Fig.

304, p. 147), [in the latter case the wing does not belong

to the testa, but to the woody

scale to which the seed is at-

tached], or hairs, as in Pole-

moniaceae, &c. (Fig. 330).

The seed consists of an

integument and a nucleus, the

first being formed from the

integuments, the last from the

nucleus of the ovule.

The integument consists ^ig. sso.-Ripe seed oiEpMhnn, with
J. iiv. I'll "^^ t-"'

coronet of hairs (magnified).

of an outer and an inner layer,

the former being sometimes called the testa^ and the latter

the tegmen. In the walnut the outer layer is yellow and

Fig. 333.— Spiny seed oi Stellaria, entire and
cut through, both lengthwise and trans-

versely, showing the campylotropous form,

the curved embryo' surrounding a copious
endosperm (magnified).

^ [The term aril is, strictly speaking, confined to a structure of this

kind which springs from the hilum, as in Passiflora^ Taxits, iVynipIhca,

&c. A similar structure, origmating at ar near the micropyle, as in

Eii07iymus^ Eicphorbia^ Folygaia, &c., is a false aril or <2;77/(?c/c' ; if from
the testa, independent of the micropyle or funicle, as in Chdidoniiitn\

Viola, &c., d<. strophiole ox caruncle.—Ed.]
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bitter ; the inner layer thin and white. The testa is often

leathery, crustaceous, or even stony [as in the Brazil-nut]

;

and is either smooth (Fig. 331), or with pit-Uke depressions

(Fig. 332), or covered with spines (Fig. 333), and may be
white or coloured.

The nucleus of the seed consists essentially, of an embryo.,

in addition to which is found in the majority of seeds an

albumen or endosperm (Fig. 333). Seeds are therefore dis-

tinguished into albuminous and exalbuminous. The embryo
in its simplest form (Fig. 334), as in orchids, Orobanche^

Monotropa^ and Cuscuta, is a spherical body
;

but as a rule consists of an axis (Figs. 97-99,

pp. 70, 71) and one or more leaves. The axis

is differentiated at its apex into a plumule^

distinct from the lower end or radicle The
leaves of the embryo are in most plants

very characteristic, and different in form

from the foliage-leaves which are subse-

quently developed, and bear the name ot

seed-leaves or cotyledo7is. They are some-

times thin and leaf-like, sometimes thick

^embryo' ;^™/^' ^ud fleshy. The green colour which many
with reticulated cotylcdons assumc as soon as they rise
testa (magnmed). -^ ...

above the ground after germination is only

developed under the influence of light ; it is not found

while they are still enclosed in the testa. The thicker and

more fleshy cotyledons which often occupy the greater part

of the seed, as in Leguminosae, have scarcely anything in

common with the later foliage-leaves of the plant, and

generally remain underground after germination. Dependent

on the number of cotyledons, plants are divided primarily

into Dicotyledones with two, Monocotyledones with only

one, and Acotyledones [flowerless plants], without any. A
larger number of cotyledons than two is rare, and is peculiar

to certain Coniferse (Fig. 335). In a few cases, as the
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pea and bean (Fig. 98, p. 70), the embryo contains a few

other leaves besides the cotyledons.

The relative position of the different parts of the embryo
requires special notice. The most common arrangement is

that found in Cruciferae,

where the embryo is

pleurorhizal^ the cotyle-

dons lying flat one upon

another, and the radicle

upon the line which sepa-

rates them (Fig. 336).

In the 7wtorhizal embryo

(Fig. 337), the radicle lies

upon the back of one of the

cotyledons, which again lie

flat one upon another. The
embryo is orthoplozic (Fig.

338) when the radicle lies

in the hollow channel of

the folded cotyledons. In the spiral embryo (Fig. 339),
I. 11. HI.

T^...

Fig. 335. — Em-
bryo of Scotch
fir, with six coty-
ledons, c.

- Pleurorhizal
embryo of Luiiaria ; I.

transverse; II. longitu-
dinal section through the
seed (magnified).

Fig. 337.—Seed o{ Neslea paniculata ; I. entire ; II., III., sections in two different
directions showing the notorhizal embryo (magnified).

Fig. 338.—Seedof Ertica sativa ; I., entire; II.,
III., sections in two different directions showing
the orthoplozic embryo (magnified).

Fig. 339.—Spiral embr^^o of
Bunias E-nicago (magnified).

the cotyledons are laid flat upon one another and coiled

spirally. Occasionally the embryo is doubly spiral.



158 Structural and Physiological Botany.

The position of the embryo in the endosperm also varies

in different plants. It sometimes lies in the middle of the

endosperm, when the latter is said to be peripheric (Fig.

340), as in Iris\ sometimes outside it, when it is said to be

Fig. 340. — Peripheric Fig. 341. — Lateral em-
endosperm surround- bryo of Menispermuvt
ing the central embryo canadense (magnified),

in the pansy (magnified).

Fig. 342. — Peripheric em-
bryo surrounding the ceniral

endosperm in Mirabilis
Jalapa (magnified).

Opposite the lateral endosperm (Fig. 341) ; or peripheric

and the endosperm central (Fig. 342). The texture of the

endosperm also varies greatly ; in the cereal grasses it is

farinaceous or starchy, in the coffee-berry cartilaginous ; in

the vegetable ivory, Fhytelephas^ hard and white like ivory.

CHAPTER V.

THE LIFE OF THE PLANT.

In its external phenomena, the life of a plant is in general

much more simple than that of an animal, because plants

are [as a rule] destitute of the power of spontaneous move-

ment, so that they are compelled to adapt themselves to the

conditions of their environment, or must otherwise perish.

The theory is founded on a number of delicate experiments which

cannot here be described, that all organised parts of plants consist of

minute, solid, and comparatively unalterable particles called molecules^

which cannot, however, be distinguished by the most powerful lenses.

This hypothesis does not assume that the molecules must always be

spherical ; they are often, on the contrary, supposed to have a ciystal-

line structure. The adjacent molecules are not united by any solid
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connection, but are isolated one from another, and the reason of

the solid condition of a body is that its molecules have a mutual attrac-

tion for one another ; and the stronger this attraction, the more firm

and solid is the body which they compose. Every molecule is in its

natural state surrounded by a layer of water, so that they are com-

pletely separated from one another on ail sides. Within certain limits

a portion of their watery contents can be removed from organised

structures ; or they can take up fresh quantities without being thereby

destroyed or killed. Loss of water or desiccation causes a contraction,

the absorption of water an increase or swelling of the body. The

molecules of one and the same organised body separated by envelopes of

water always differ chemically, so that molecules of a different chemical

nature are found in the midst of and beside one another at every

point that can be perceived by the microscope.

THE MOVEMENT OF WATER IN PLANTS.

It follows as a necessary consequence from the structure

of organised bodies, that life is impossible in the most

minute particles of the plant without access of water. The

plant also requires water for the formation of organic sub-

stances out of the inorganic food-materials which it takes

up ; and furthermore, for the solution of solid substances

stored up in it, the rese?'ve-matertals, which must be dis-

solved and transported to other places, where they are con-

sumed. In addition to this, delicate leaves, like those of

most plants, lose in a short time a considerable portion of

the water of their cell-sap by evaporation. In order to meet

all these requirements, it is necessary that continuous cur-

re7its of wate}' should pass through the plant, and should

be directed towards those parts where the plant requires it.

Those currents which subserve the processes of nutrition

and growth must therefore move sometimes in an ascending,

sometimes in a descending, and sometimes in a lateral direc-

tion, while that which serves to replace the loss by evapora-

tion is continually ascending from the roots. The water,

therefore, which is sucked up by the root-hairs flows
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through the roots like a system of rivulets, combining into
larger streams, and in the main stem, in the case of Dicoty-
ledons and Conifers, into a single current, in the case of
Monocotyledons and Ferns into several ; and these then
again ramify like the stem, and distribute themselves to the
most dehcate parts of the leaves, where, in a manner compar-
able to the perspiration of animals, the water again disappears
in the form of vapour, by transpiration. It has been ascer-

tained that in actively grow-

ing plants the quantity of

water thus absorbed often

amounts in a few days to

many times the weight and

volume of the whole plant.

The woody parts of the

vascular bundles serve as

conduits for this powerful

stream, as may easily be

proved in plants from

v/hich the bark has been

peeled off, and whos'e pith

has decayed, by causing the

roots to suck up a coloured

infusion. The chief causes

of these great movements of

water are : capillarity , and
diffusion \osmose~\ ; but an

action of suction may also

be distinguished from one

of propulsion. In every

part of a plant where growth

or evaporation is taking

place, the part which re-

quires water will obtain it

from the surrounding parts, and as this suction gradually ex-

tends to larger and larger circles, the most distant parts, i.e.

Fig. 343.—Apparatus for measuring the root-
pressure. A manometer, a, b, c, is fixed
into the upper part of the plant p growing
in a pot, the top having been cut oif. The
difference in the height of the mercury in

the two arms b and c indicates the intensity
of the pressure by which the water sucked
up by the roots is forced out at the cut
section.
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in general the roots, are at length compelled to absorb water.

Acting in conjunction with this force is the root-fressure.

The roots absorb a greater quantity of water than the plant

requires ; and this, therefore, exercises a pressure which

drives the water that has been already absorbed higher and

higher up the stem ; and often, as in grasses, Aroideae, &:c,,

even causes it to exude in drops at the margins and tips of

the leaves. Experiments on the intensity of the root-pres-

sure, performed by cutting off the upper part of the stem,

and attaching a manometer to the section, show that it is

sufficiently powerful to balance a column of water more

than ten metres in height (Fig. 343).

The organs of transpiration are the leaves, which allow of the escape

through their stomata of the aqueous vapour that has accumulated in

the intercellular spaces. The amount of transpiration depends on the

moisture of the air, on the intensity of light, on the temperature, on

concussions to which the plant is subject, and on the age and size

of the leaves. It has not yet been ascertained how all these forces

act ; observation has nevertheless shown that the stomata are closed

at night and open in the daytime under favourable circumstances, i.e.

when the atmosphere is not too moist, and under the influence of light

and warmth.

If the loss of water by transpiration from the leaves is greater than

the quantity supplied by the roots, the conducting parts become

first of all deficient in it ; and when at length the evaporation from the

more delicate organs can no longer be compensated, they lose their

stiffness and hang down from their own weight, or in other words

wither. This condition is caused at an earlier period in succulent

herbaceous plants than in trees which possess large reservoirs of water

in their stems.

ASSIMILATION AND METASTASIS.

The life of the plant is associated with a continual con-

sumption of plastic substances, which are of service to it

as formative materials for the growth of cells already in

existence, and for the production of new ones. A number

of the sources of force in the plant are being continually lost

through these processes, because many of these formative

M
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substances then^ cease to exercise their chemical influence on

one another. If the plant is not to perish from the deficiency

thus occasioned of formative materials and of sources of force,

or, as it were, to be starved, it must be supplied with nutrient

substances, i.e. with chemical compounds which contain the

substances that it requires. Only in comparatively few cases

is a chemical compound absorbed into the plant which will

be useful to it without change ; as a rule, it is only the separate

elements which are indispensable, and are on that account

taken up out of their compounds. Those elements which

are indispensable for the entire processes of vegetation are

called the nutrient substances of the plant.

If we pass in review the elements which play this part

in the vegetable kingdom, we find that the list comprises

cctrbon^ oxygen^ nih^ogen, hydrogen^ and sulphur^ because these

enter into the composition of protoplasm, and are conse-

quently necessary for the formation of every vegetable cell.

To them must also be added iron^ calcium^ potassium^ 77iagne-

siuMy and phosphorus^ because no instance is at present

known of a plant retaining its normal state of health if de-

prived of any one of these elements. Sodium and 'chlorine

must also probably be included. In addition to these uni-

versally distributed nutrient materials, the growth of some

plants is also dependent on the presence of other special

elements ; although we have no exact knowledge of the

part which they play, and are unable to state positively that

they are indispensable. Thus Viola calaminaria and some

other plants always contain zinc, and will only grow on

soil which contains that element.

The organ by means of which the nutrient substances

are taken up is, in the lower plants, the entire surface ; in

the higher plants this function is specially assigned to

the root, which is constructed for this purpose. In

the case of roots which penetrate into the soil, only the

youngest parts, with their delicate root-hairs and papillae,

can perform this function ; but in the aerial roots of some
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plants, which are provided with a great number of hairs or

with a root-sheath, the whole surface of the root appears to

possess the power of absorbing nutrient substances in the

form of vapour.

In addition to the roots, the higher plants possess also

in the leaves organs which are adapted for the absorption of

nutrient substances in a gaseous condition. But experimental

observation has shown that the leaves, even under favourable

circumstances, do not absorb fluid nutriment, either in the

form of drops or of vapour, so as to carry it to the other

parts of the plant. ^

Since the nutrient substances must pass through the

closed walls of the cells in order to reach their interior, it

follows that they must be present in a dissolved fluid or

gaseous form. They are then received into the cells

adapted for this purpose by means of osmose-, since there

are in general two fluids, the cell-sap and the water ab-

sorbed from the soil, capable ofmixing with one another, and

separated only by the permeable cell-wall. The absorption

of nutriment is, therefore, only a mixing of two fluids of

different densities.

The terms osmose^ diosmose^ and diffusion have been given to the

mingling of fluids through a permeable partition-wall, i.e. one which

has no visible perforations. If, for example, a vessel closed below by
an animal membrane (Fig. 344 b) is filled with a concentrated solution

of cupric sulphate (blue vitriol), and is then immersed in a vessel filled

with water (;/), the water will pass gradually through the bladder into

the vessel 3, and the fluid will rise in a tube r attached to it, while the

level at n falls. If, on the contrary, the cupric sulphate were placed

outside, and the water within the vessel b^ the fluid would fall in the

tube r, while the level n would rise. In both cases a small quantity of

the cupric sulphate also passes through the bladder into the water, as

^ [An exception to this law seems to exist in the case of the ' car-

nivorous plants' on whose habits Mr. Darwin has thrown so much
light, such as Drosera^ Pinguicula^ and Nepenthes^ which appear to

have the power of absorbing nitrogenous substances through their

leaves, and digesting them within their tissues.—Ed.]

M 2
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may be seen by its colouration, but a very much larger quantity of water

passes the other way. The process will continue until the two fluids

on each side of the bladder have become ho-

mogeneous. The cause of the increase of the

fluid on one side, and the decrease on the other

side of the bladder, is that the water passes

more easily through it than the solution of

cupric sulphate. But in other cases a very

considerable interchange of the two fluids may
take place without its being perceptible ; viz.

when they are of the same colour and pass

through the partition-wall in equal quantities.

When two fluids are capable of diffusion

—

which is not always the case—a greater quantity

of the less concentrated or lighter fluid usually

passes through than of the more concentrated

or denser. Cell-walls act in the plant exactly

like an animal bladder in the instance adduced.

In the process just described, the current

which passes into an enclosed space such as a

cell is termed an endosmotic, that which passes

in an opposite direction an exosmotic current.

Since the cell-sap is much richer in

substances which cause osmose [or is

of a greater specific gravity] than the

moisture of the soil which contains in

solution only a small quantity of salts,

gases, &c., a considerable endosmotic

current is set up of the absorbed

moisture into the cell, while only a

very small quantity of the cell-sap passes

out into the ground. This last pro-

cess has, however, nothing in common with the elimination

of products of excretion which takes place in animals ; its

purpose is rather to render soluble the insoluble constituents

of the soil, and thus to enable the plant to absorb them in

the water which it takes up. The membranes of the apices

of root-hairs of plants which are still in active growth are so

delicate that, in obedience to the force of gravitation, they

Fig. 344.—Apparatus for

measuring osmose ; b
a vessel filled with cupric
sulphate closed below
by a permeable mem-
brane, and placed in a
vessel of water. As the

water passes through the

bladder to mingle with
the cupric sulphate the

level of the tluid will

rise in the tube r in con-
nection with the vessel

b, but will fall at n in

the outer vessel.
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come into intimate contact with all the imevennesses of the

adjacent soUd particles, and afterwards, by the hardening of

the membrane, actually unite with them

(Fig. 345). And since experiment has

shown that the cell-sap is almost always

acid, its passage into the ground causes

the particles of soil with which the

root-hairs have united to be gradually

dissolved at the points of union, so

that they can then be taken up into the

plant.

The mode of nutrition oiparasites is

different from this. The roots of the

highly organised parasites, suchmore

as the mistletoe and the broom-rape,

Orobanche^ penetrate into another plant

which is termed their host (Fig. 346),

and take up from it nutrient substances

which have already been to a certain

extent assimilated. The lower parasites, such as certain

Fungi, on the other hand, pierce by their cells the mem-
branes of other cells, in order to live in and on them

(Fig. 347). The mode of absorption of food-material and

of the nutrition of saprophytes [or plants which live on

decaying organic substances], such as Monotropa Hypo-

pitys and certain Orchide?e, is still in doubt. The charac-

teristic of these plants is that their absorptive organs take

up certain products of the decomposition of organic sub-

stances, termed humus, and bring them again into requisition

for nutrition, after undergoing some change.

Plants do not absorb the nutrient substances which are

adapted to them unless presented to them m a suitable form

;

they do not for example, imbibe the free nitrogen of the

atmosphere. Experiments, into the details ofwhich we cannot

enter, have given on this point the following results :

—

The source of the cai'bon in those plants which contain

Fig. 345.

—

iv Root-hairs

of a seedling of wheat
growing in loam, which
have taken up minute
stones and particles of
soil e ; h smaller root-

hairs, (x 800.)
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Fig. 346.—I. Orobanche ramosa (about one-third natural size) ; II. the same plant

A parasitic upon the roots of a plant of hemp b (greatly reduced).

^^^- 347-— I- Diagram in perspective of the mode in which a Fungus-hypha pene-
trates through several cells ; 11. point at vv^hich a Fungus-hypha/ has pierced
through a cell-wall ;7^ ; III. « parenchymatous cell from a rotten turnip; <^ part

of an adjacent cell ; both cells are penetrated by Fungus-hyphae, tn ; a Fungus-
hypha is in the act of piercing into cell <5. (x 200.
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chlorophyll, and which are hot parasitic, is mainly, if not

exclusively, the absorption of carbon dioxide (carbonic

acid gas) by those parts which contain chlorophyll, and its

decomposition mider the influence of light, the carbon

being retained and the oxygen again given off. It is in-

disputable that in certain cases the humus can also con-

tribute a supply of carbon for the nutrition of the plant

;

but the fact that in a soil which has not been affected by

cultivation, as in a primeval forest, the stratum of humus

does not diminish, but rather constantly increases, notwith-

standing its continual decay and its consumption by plants

and animals, shows that a much greater quantity of carbon

must be derived from the atmosphere than from the soil.

Hydrogen^ which, like carbon, is present in every organic

compound, enters into non-nitrogenous combinations only

through the decomposition of water ; in those which con-

tain nitrogen possibly also by the absorption of ammonia.

Oxygeii is taken up into plants along with the elements

already mentioned, the substances in which they occur

being of such a nature that a large portion of their oxygen

must be given off before they can be of any further use to

the plant. The decomposition of the carbon dioxide of

the atmospliere is a remarkable illustration of this. But, not-

withstanding this excess of oxygen in the plant, the oxygen

of the atmosphere is also absorbed; not, however, in order

to form a part of any permanent compound, but, on the con-

trary, in order to decompose the substances contained in the

plant, to deprive them of at least a part of their carbon, and
to be again evolved as carbon dioxide. This process, the

true respiration of plants, is very important ; since it is

always taking place in all living cells without exception
;

and the action of the inhaled oxygen is a necessary con-

dition of the life of the protoplasm, and therefore of the

plant. In relation to this, the experimental fact is of the

greatest importance, that plants placed in pure carbon di-

oxide are suffocated, just as animals are. In some flowers
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and inflorescences, the production of carbon dioxide by the

inhalation of oxygen is very energetic ; and^since the radia-

tion of the heat produced by the oxidation is in these cases

insignificant, from the surface being comparatively small

or the parts protected by enveloping sheaths, very con-

siderable elevations of temperature can be observed. At
the time of the fertilisation of the spadices of Aroideae, an

elevation of temperature amounting to as much as io° C.

has been detected ; and in the flowers of Cucurbitacess and

of Victo7'ia 7rgta similar elevations have been observed,

though to a smaller extent. Respiration is a process dia-

metrically opposite to the process of assimilation which takes

place in the cells that contain chlorophyll, and which con-

sists in the absorption and subsequent decomposition of

carbon dioxide, although this latter has also been described

under the same name, a use of terms as incorrect as if we
were to speak of an animal inhaling its food.

The free nitrogeit of the atmosphere enters the plant

through the stomata, and also by the process of osmose, but

, does not serve for nutrition ; for the purpose of nutrition this

element must be presented to the plant in the form of nitric

aeid or of an ammoniacal salt. Whether non-parasitic

plants absorb nitrogen ialso in the form of certain organic

compounds is still undetermined.

The only conceivable source of sulphur is the sulphuric

aeid of the sulphates present in the soil. It probably enters

the plant only in the form of calcium sulphate, which is de-

composed by the oxaHc acid formed in the plant itself; this

being the source, on the one hand, of the calcium oxalate,

which so commonly occurs in plants [in the form of raphides],

while on the other hand the sulphuric acid gives up its sulphur *

in the production of protoplasm and generally of albuminoids.

It is evident that the remaining nutrient substances can

only enter the plant by the process of diffusion, and in

general in the form of soluble salts ; but their relations to

the life of the plant are still obscure. With regard to iron
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we can form some judgment, since we know that its pre-

sence is necessary for the production of chlorophyll. Plants

which grow in soil destitute of iron do not become green,

but remain bleached or etiolated until enabled to do so by

the addition of iron to the soil; though it is doubtful whether

chlorophyll contains iron as one of its essential ingredients.

Since etiolated plants, owing to the absence of chlorophyll,

are unable to absorb carbon dioxide, they can live only for

a short time, and soon perish. The salts of iron present in

the soil afford the necessary supply of this element for

vegetation. Phosphoric acid appears to stand in a certain

relation to the production of albuminoids, or at least, is in-^

variably found in association with them ; and in many seeds

there is a constant relationship between the weight of the

phosphoric acid and that of the nitrogen contained in them.

With respect to potassium^ similar general relationships to

starch, sugar, and cellulose are not improbable ; and it

is known that the amount of potassium in any part

of a plant varies with the rapidity and energy of its growth.

But in what form phosphoric acid and potassium

enter the plant, and what their special functions are, is

still unknown. In the case of buckwheat, it has, how-

ever, been ascertained that food-material destitute of

potassium cannot be assimilated or transformed into organic

substances; and that the chloride, and next to that the

nitrate, are the salts best adapted for the purpose. Silicic

acid.^ which constitutes the greater part of the ash in many
plants, as, for instance, the stems of cereals, cannot be

considered a nutrient substance in the same sense as

those already described ; since it has been proved by ex-

periment that it is not absolutely necessary to the growth of

these plants, and its presence appears to be only a favour-

able condition to their perfect development. Nothing more

definite is known respecting it.

If plants are grown in fluids which contain all the sub-

stances necessary for their life, it is found that these sub-
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stances are not taken up in quantities dependent on the

concentration of the fluid, nor on the proportion of the

various substances contained in it ; but that different species

of plants, on the contrary, supply their needs from the same

fluid in different ways. In consequence of this pheno-

menon, which depends on causes at present unknown, a

quantitative ' selective power ' has been ascribed to plants.

Since plants possess no volition, the term is an unfor-

tunate one ; but it seems necessary to retain it, notwith-

standing its ambiguity, since no better one has been sug-

gested. With reference to the peculiarity that—setting

aside nitrogenous food-materials—different species take up

in preference different nutrient substances, plants may be

distinguished as calcareous, alkaline, siUceous, &c. Legu-

minosse, for example, are specially dependent on lime, pota-

toes and turnips on potash, all plants in which the seed

is remarkably developed on phosphoric acid, cereals and

grasses generally on siUca, &c.

The cultivation of crops withdraws from the soil immense quantities

of substances ; so that sooner or later the moment must arrive when the

produce will diminish, and at length altogether cease, unless those

constituents of the soil which the crops have withdrawn from it be

replaced. The object of the agriculturist must therefore be so to

work his ground that the soil never becomes exhausted, but that he

shall constantly obtain abundant crops and an adequate interest on his

capital, the soil. There are two modes of securing this : by a carefully

selected succession of different crops, and by manures. He must of

course in addition depend on a suitable mechanical working, loosen-

ing, and irrigating of the ground.

In consequence of the selective power of plants, a succession of a

number of crops of an alkaline plant causes the soil to become for a

time—and at length when all the alkalies have been consumed, per-

manently—unproductive for plants of this description. But while the

alkaline plant has the power of withdrawing an unusual proportion of

alkalies from the soil, it leaves all the other nutrient substances com-

paratively untouched. These substances therefore accumulate in the

soil, the small consumption of them being outweighed by the decom-

posing influence of the atmosphere, which is constantly reducing to a

soluble condition small quantities of soil, and thus rendering their con-
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stituents available for nutrition. The substances which are thus made

available for the plant are retained by fertile soils, ' and thus their solu-

tion by rain, &c. ensured for at least a sufficient time for the whole of

the soil to become completely saturated by them. It is, therefore,

essential to good agriculture that the crop of the alkaline plant

should be followed by one of another kind, say a siliceous plant ; and

thus a well-chosen succession of different crops will remove from the

soil one substance after another. This rotation must be continued

until the substances first withdrawn are restored in such proportion and

distribution that the same series of crops may again be grown. In

former times the influence of the atmosphere on the soil was utilised

by cultivating only a portion of the*soil, the rest being left untilled or

fallow; but it is now acknowledged that this mode of agriculture is not

economical. In those districts where it pays to cultivate large tracts of

land, no considerable portion is now left fallow ; but the object is, by

a good rotation of crops, to use up as equally as possible all the con-

stituents of the soil. Even under the best system of agriculture, how-

ever, the soil must become gradually exhausted, and this exhaustion

must be artificially counteracted. This purpose is effected by a

scientific system of manuring, by which those substances are supplied

to the soil of which it has most need. According to circumstances the

most various organic and inorganic substances may be employed as

manures. If, for example, there is a deficiency of nitrogenous sub-

stances, an addition of nitrates or guano is made. We cannot here

enter further on the physical changes in the constitution of the soil,

often so advantageous or even indispensable to vegetation, caused by
the rotation of crops and by manuring. In Sicily and Asia Minor,

once *the granary of Rome,' in Campania and Spain, at one time so

fruitful, we have the most sad and instructive examples of the exhaus-

tion of the soil. Care must on the other hand be taken not to impart

to the soil such substances as are injurious to vegetation. Manuring
with chlorides such as sodium chloride (common salt), for example,

while increasing the weight of root-crops, has a decidedly injurious

effect on their quahty.

The nutrient substances taken up by plants are, how-
ever, by no means adapted, in the raw state, to take part in

the construction of any vegetable structures ; they must, on

^ It has not yet been ascertained whether this is brought about by
attraction, or by decomposition and transformation into other com-
pounds.
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the contrary, undergo important transformations, and be-

come changed into organic compounds suitable for nutrition.

This process of assimilatioii may be compared to the

digestion of food by animals, i,e, to its conversion into

blood ; but still differs greatly from that process, since the

animal takes up organic compounds already existing as such,

which have only to undergo change, while plants have to

construct more highly complicated out of simpler com-

pounds, or, possibly, even out of their constituent elements.

The fact that the compounds which are absorbed into the

plant are usually very rich in oxygen, while the substance of

the plant itself contains only a small proportion of that ele-

ment, shows that assimilation must be a process ofdeoxidation

or of elimination of oxygen. It can, therefore, take place

only in those cells which contain chlorophyll, and under

the influence of light ; because it is only in those parts of

the plant, and only under the action of sufficient light, that

oxygen is given off. The leaves are, therefore, the principal

organs of assimilation.

It is not at present possible to follow step by step the

process of assimilation ; it seems to depend mainly on the

following forces : (i) the evaporation of the water contained

in the nutrient sap by transpiration
; (2) the decomposition

of carbon dioxide and the fixation of carbon
; (3) the for-

mation of albuminoids which are essential for the produc-

tion of protoplasm and chlorophyll
; (4) the formation of the

substances from which cellulose is produced, viz. starch, the

different kinds of sugar, oil, and inuline.

Since the growth of plants can take place only at the

expense of assimilated substances, it is of the highest im-

portance that a number of the products of assimilation

should be transported from the places where they are pro-

duced, and made to take their part in the vital processes of

the plant ; and they have therefore to be stored up at cer-

tain points, in order to serve, as required, as resei've-niaterials.

Some of these reserve- materials are, for example, again dis-
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solved in the spring at the commencement of the period of

vegetation, and then employed in the production of new

organs, especially the leaves.

The decomposition of the carbon dioxide contained in the atmosphere

is the main source of the carbon required for building up the tissues of

plants. Only those cells which contain chlorophyll, and then only under

the influence of sunlight, have the power of decomposing the carbon

dioxide which they take up, and of producing organic compounds out

of its elements and those of water, v/ith elimination of an equal volume

of oxygen, or in other words of assimilating. It is highly probable that

in this process the carbon dioxide loses only one half of its oxygen, the

other half of the oxygen which is evolved resulting from the decompo-

sition of water. It is only living chlorophyll that has the power of de-

composing the carbon dioxide ; and in general both sides of the leaf take

part in this process, though with different energy. Light and heat are

absolutely necessary for it ; a small deficiency of heat may be compen-

sated by more intense light, but there are limits which cannot be passed

(see Fig. 373, p. 213). Plants which do not contain chlorophyll have no

power of decomposing carbon dioxide, and hence of assimilating ; they

must therefore obtain their nutriment from substances already assimi-

lated; and hence grow either on or in animals or other plants as parasites,

and obtain their nutriment from them, or live [as saprophytes] on

organic substances actually undergoing decomposition, and absorb their

organic constituents before they are completely decomposed.

The mode of formation of albuminoids is still unknown ; it has not

even been accurately ascertained at what spot they are produced. The
most probable solution is that they are formed at those spots where

calcium oxalate is stored up, because this salt is formed by the decom-

position of calcium sulphate, the sulphur of which passes over into

the albuminoids. (See p. 168).

Neither is it yet known how cellulose is formed, although access of

atmospheric oxygen appears essential to its production. It is tolerably

certain that starch, sugar, inuline, and oil are the materials out of

which the protoplasm constructs the cell-wall ; at least substances of this

description which are stored up in the cells always disappear when an

energetic formation of cellulose is going on.

Starch is invariably formed originally within the grains ofchlorophyll.

Light is necessary for this ; but the very small intensity of light which

suffices for the formation of chlorophyll is not sufficient for that of starch

or of the drops of oil which sometimes replace it. In direct sunshine

starch is produced in the green parts of plants almost at the very
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moment in which the rays of light fall upon them ; and in diffused

daylight after a short time. Plants grown in the dark, and therefore

etiolated, develope chlorophyll first when exposed to light, and then

starch in the chlorophyll-grains. In the dark, starch is transformed into

other nearly related but soluble substances, such as sugar, dextrine, &c.

,

which become distributed through the whole plant, and is again fixed in

the form of starch as a reserve-material at particular places, as in the grains

of cereals, the tubers of the potato, &c. Whether or to what extent the

nitrogenous constituents assist in these processes is still unknown.

The processes of life cannot be conceived as going on,

even in unicellular plants, without a continual movement of

those substances which are necessary to their life. In the

most simply organised plants these processes are simple,

but become more complicated as we ascend in the scale.

The direction in which the assimilated substances move

varies according to the vital needs of the plant. They can

be transported from the places where they are formed

directly to those where they are required, or to 7'eservoirs of

reserve-material^ where they are stored up until they are

again carried to the parts where they are consumed. Hence

perennial plants have their chief reservoirs in their stems,

rhizomes, bulbs, or tubers ; while those which do not bear

fruit more than once have the greater part of their assimi-

lated substances stored up in their seeds.

It may be taken as nearly certain that in plants higher

in the scale than Mosses, in most if not in all cases, the

transport of the assimilated nutrient sap takes place through

tw^o forms of tissue. The soft-bast is chiefly, though not

exclusively, the conducting tissue of the albuminous muci-

laginous alkaline compounds ; while the parenchyma, both

of the cortex and of the pith, is the chief agent in the con-

duction of non-nitrogenous substances, such as starch, sugar,

muline, oils, and acids. The laticiferous and the vesicular

vessels also contain reserve-materials of a different kind,

which can be made use of when required : but the move-

ment of the fluids contained in them is more sluggish than

in a small-celled tissue.
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The experiments of Hanstein were the first to prove this point.

From the .cut branches of various dicotyledonous plants he removed,

above the cut surface, a circular piece of bark, and then placed the

branch in water. The result was that in those species which possess no

isolated vascular bundles, no cambium cells, and no sieve-tubes in the

medullary sheath, no roots sprang from below the place from which the

bark had been removed, or at least very few in proportion to the size of

the piece of bark below; while above that part a large number of strong

roots were formed (Fig. 348). In those plants, on the other hand, like

Mirabilis Jalapa and Amaranthus

sanguineus^ which have isolated

vascular bundles in the pith, or,

like Nerium Oleander and Solamum

Dulcamara^ cambium-bundles or

sieve-tubes, an abundance of roots

were formed even below the part

where the bark had been re-

moved. The conclusion is un-

avoidable that substances essential

to nutrition are conducted only

through the elongated cambium-

or sieve-tube cells. In these cell-

bundles, however, non-nitrogenous

substances occur only exception-

ally, that is only at periods when

large quantities must be trans-

ported in a short time ; and in

many plants they are never found

there. The conclusion may hence

be drawn that other groups of cells

besides the elongated ones also

take part in the transport of the

assimilated sap ; and these are most probably certain groups of paren-

chymatous cells which are distinguished by containing very fine-grained

starch, and which can be recognised at once by this.

It follows from what has been said that the old view of an ascending

sap in the spring and a descending current in the autumn, must be

modified ; that the sap certainly rises in the spring after the close of

the winter's period of rest ; but that this ascending current continues

through the whole period of growth, as does also the descending

current ; and that, as need arises in the plant, horizontal currents also

pass through its tissues. The old comparison between the circulation

Fig. 348.—A cutting from which a ring of
bark has been removed placed in water ;

from above this place a adventitious
roots w are developed.
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of the blood in animals and that of the sap in plants must therefore be

entirely abandoned.

If now we inquire what are the causes of the movements of the

assimilated nutrient sap, it is impossible to give a definite answer,

because the action of organised and living protoplasm introduces inde-

terminable factors. It may, however, be assumed that the law of

diffusion in its widest sense is one cause of these currents. The move-

ment in cells enclosed on all sides is brought about by two causes : the

fo7xe of osmose and. the tension of the tissues^ that is the force exercised

on the conducting cells by the surrounding ones. The movement of the

sap can take place more readily in intercommunicating tubes than in

closed cells, as is seen in laticiferous vessels and sieve-tubes. Thus, for

example, in the celandine, Chelidonium majus^ the slight rise in tem-

perature caused by the approach of the hand at the distance of an inch

is sufficient to cause a current of latex towards the colder parts which

may be perceived under the microscope. This movement is obviously

occasioned by the pressure or tension which the swelling of the neigh-

bouring cells exercises on the thin-walled laticiferous vessels. Other

forces besides those already mentioned operate in these tubes, especially

the curvatures and torsions of particular parts of the plant occasioned

by the influence of light, gravitation, and the wind.

The products of assimilation, when transferred to other

cells, and when brought into actual use, undergo a variety of

changes which are included under the term metastasis. Thus,

for example, when the starch formed in the leaves of the

potato is to be transferred into the tubers as a reserve-

material, it must first be transformed into a soluble substance,

viz. glucose. This glucose is distributed through the con-

ducting tissues ; and being again transformed into starch in the

cells of the tuber, all the starch gradually collects in these

organs. By the close of the period of growth, all the chloro-

phyll-grains are also dissolved and carried into the permanent

organs, together with all the other substances which are sub-

sequently to be employed. Many products of metastasis

are of no further use in the construction of new cells, but

remain stored up and inactive at the spots where they are

produced. These are termed secondary prodiccts of meta-

stasis^ and comprise the volatile oils, resin, caoutchouc,



The L ife of the Plan t. 177

gum-like substances, tannin, pigments, acids, alkaloids, wax,

pectine, &c. Other substances, known as degradation-pro-

ducts^ are produced only by subsequent changes in the sub-

stance of organised structures ; such are the mucilage of

quince-seeds and linseed, and perhaps also lignine and cork

(see p. 23).

The object of the processes of assimilation and meta-

stasis, the nutrition of cells already existing and the formation

of new ones, is at present known only in its most general

features. The little that is known consists of the laws of

cell-formation already mentioned, and of the fact that the

cell-wall grows by intussusception^ that is, by the formation

of fresh molecules between those already in existence,^

REPRODUCTIONp

The great office assigned to vegetation of covering the

surface of the earth with forms of organic life, and trans-

forming inorganic into organic substances in order to support

the life of man and other animals, requires that plants be

endowed in a remarkable manner with the power of repro-

duction, that is, of producing individuals of the same species,

in order that the short duration of all earthly life may not

result in the world being soon deprived of its covering of

vegetation, and all life perishing in consequence. For this

purpose, particular cells of the plant begin, at definite times,

an independent growth, and thus carry on a life of their

own, often not in connection with the parent plant. Such

cells are called 7'eprodiictive cells^ and the plant which re-

sults from one of them constitutes a d^'^XvaoX generation. The
successive generations are only rarely, as in some Algae and

Fungi, alike ; as a rule, generations of a different kind follow

* [This sentence is somewhat altered from the original, where a dif-

ferent definition is given to the term ' intussusception ' from that usually

adopted, and previously employed in this work.

—

Ed.]

N
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one another. For example, a generation of the kmd a will

produce one of the kind b, and this again one of the kind a.

This kind of development is called an alteimatioii of genera-

tions.

Processes of reproduction are, again, of two essentially

different kinds. While one class or group of reproductive

cells are capable, without further preparation, of giving

rise to a new plant, another class only have this power im-

parted to them by other cells which stand to them in a

relation of contrast. The former kind are termed in general

asexual reproductive cells^ the latter germ-cells or oospheres.

Reproduction by asexual reproductive cells \asexual re-

production]^ occurs in a variety of modifications, some less,

some more perfect, and is variously termed reproduction

by spores^ ge^nmce^ bulbils^ co7tidia^ buds, gonidta, &c.

The most common mode of multiplication in the lower

plants is by means of spores} This term may, in general,

be applied to all those simple reproductive cells which arise

under the ordinary conditions of life. In by far the greater

number of cases they are simple cells enclosed in a single

or double cell-wall, and formed at particular places, very

commonly in special receptacles to which the name spo-

rangia is given. The great variety that prevails in the form,

function, permanence, and mode of formation of spores has

led to the use of a number of special terms, of which those

in most common use will be hereafter mentioned and ex-

plained.2 (See e.g Figs. 393-4^3^ 44o, 450-)

^ [The term * spore ' is unfortunately currently used in cryptogamic
botany in the widest and vaguest sense. In Fungi, Mosses, and most
Vascular Cryptogams, the spores are asexual reproductive cells in the
sense here employed, as also are the ' tetraspores ' of the Rhodosporese.
But the * zygospores ' of Conjugatse and the ' resting-spores ' of some
other Algae are the result of a process of union ; while the ' spores ' of
the Fucaceae are oospheres which require to be fertilised in order to

enable them to germinate.

—

Ed.]
^ [Special mention should be made, under the head of asexual repro-

ductive cells, of zoospores or swa7^nispores, bodies found exclusively in

Cellular Cryptogams, endowed with a remarkable spontaneous power of
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The formation of spores proceeds, as has already been

mentioned, only under the ordinary normal conditions of

life ; when the conditions are abnormal, they are replaced by

conidia. Thus, for example, in Mucoi' Mucedo^ the brown

mould which appears so commonly on rotten fruit, the fila-

ments of cells break up, when the supply of nutrient sub-

stances is insufficient, into separate cells which, under

favourable circumstances, are capable of development into

perfect plants. Although conidia are so similar and so

nearly related to spores, it appears nevertheless most con-

venient to treat them as distinct, from the fact of their being

morbid products.

Gonidia may be regarded as a higher condition of

conidia, and are almost peculiar to Lichens. They are

usually small groups of cells which are not united w4th one

another by any definite law (see Fig. 409, p. 285).

In gemmce the cells are united into regular groups, and

only in this condition detach themselves from the parent

plant. They occur especially in the Muscinese. In the

Hepaticae they are developed in special bowl-shaped con-

ceptacles (Fig. 349) ; in Mosses, on

the contrary, on the stem, root-hairs,

leaves, and in short on all parts of

the plant.

Special interest attaches to the

mode of reproduction by means of

buds. These are larger assemblages

of dissimilar cells, and are moder-

ately highly organised germs of new ^'^- 349- -Conceptacie contain.
•/ o -^ o & mg gemmae of a l^iverwort,

plants, inasmuch as they already Marchantia poiymnrpha

consist of axial and foliar organs.

, They are also not distributed irregularly over the parent

motion. Their mode of development and of propagation will be ex-
plained more at length in the systematic section of the work ('^ee Chap
VI. p. 250). -Ed.]

N 2
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plant, like the reproductive organs already mentioned, but

are usually attached to definite positions, being found

almost exclusively in the axils of leaves. The mode of

reproduction by buds is of the highest practical import-

ance, and is made use of by gardeners in a great variety of

ways, since by this means not only is the species but the

particular variety propagated, which is not always the case

in reproduction by seeds. I'o this class belong repro-

duction by bulbils^ runners^ cuttings, grafting^ layeriiig^ and

budding. In these processes, so different in their external

appearance, reproduction depends simply on the further

development of buds which have become spontaneously

detached from the parent plant, or artificially separated

from it.

Bulbils are endowed in a high degree with the power

of independent life ; they become spontaneously detached

from the parent plant, and, when they fall to the ground,

continue to grow like seedlings. They occur especially in

bulbous plants ; in the hyacinth, for example, in the axils of

the bulb-scales (Fig. 122, p. 82), in some lilies

in the axils of the foliage-leaves (Fig. 350),

and in some species of Allium within the in-

florescence. More rarely they are found on

the surface of the leaf, as in Cardamine pra-

tensis^ [Bjyo_phyllum\ and some ferns.

Multiplication by the division of under-

ground [or aerial] stems, as in the Aster and
couch-grass, Triticum repens, and by runners^

Fig. 350.- Stem of as in the strawberry, is so simple and so
Lilium. bulblje- -'

'

^

^
ruvt

;
s bulbils well known as not to require further descrip-

developed in the .
^

axils of the leaves tlOn.

While in all the cases already described

buds which have separated spontaneously from the plant have

at once a power of new growth; in cuttings, grafts, layers,

and buddings, on the other hand, the wound caused by an

artificial and violent separation must first heal. The forma-
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tive cambium is excited into activity, masses of succulent cells

are formed, swell up to a certain extent between the inner-

most layer of bark and the wood, and spread laterally over

the cut ends of both xylem and phloem, these latter taking

no part in the formation of new tissue (Fig. 352). Thus is

formed a spongy, cartilaginous, succulent cushion of tissue,

known to gardeners as a callus. At the same time the

outer wounded parts of the bark, and sometimes also the

pith, are protected from further injury by a newly formed

cork-tissue. In cuttings (Fig. 352), i.e. cut branches planted

in the earth, the roots are developed either

through the tissue of the callus or near it,

but always directly from the cambium.

In grafting, layering, and budding, the

cambium plays the same part as in the

cutting, giving rise to the recuperative

mass of healing tissue, or callus. This

forces itself into the injured space between

the bark and the wood (Fig. 351), fills it

Fig. 351. — Diagram-
matic representation

of a longitudinal sec-

tion through a graft

;

cl the callus ; r bark ;

711 pith.

Fig. 352.—Diagrammatic representation of a longitu-
dinal section through the lower end of a cutting ; cl
the callus ; cvt cambium ; h wood ; k cork ; m pith ;

r bark ; w roots.

up in all directions, covers up the dead parts of the tissue,

and causes those parts that are still active to coalesce with

one another. The various modifications of this process are
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of greater interest from a practical than a scientific point of

view. In graftiitg (Figs. 351, 353) a branch of a superior

variety is planted on a stock of a wild

variety. In buddiiig^ a bud to which a

piece of the bark is still attached is in-

serted into a T-shaped incision beneath

the bark of the stock (Fig. 354). In all

cases the wounded part must be protected

externally by wrapping round with bast

and covering up with cotton-wool or some

other substance from the injurious influ-

ence of the atmosphere. In these various

processes the point of junction between

the stock and the graft forms a boundary-

YxQ, 353.—Grafting ; d Fig. 354.—The various elements in the process of budding,

the stock to which the

graft is attached.

line ; all the parts developed above this line belong to the

latter ; all those beneath it to the stock. The graft is de-

veloped altogether spontaneously, without undergoing any

essential change from the stock ;
^ while the stock, if the

buds formed on it are allowed to grow, developes its own

proper leaves, flowers, and fruit.

This independent growth of a bud in contact with the

stock of another plant takes place, however, only when the

1 [The graft and the stock do, however, exercise a certain amount of

reciprocal influence the one on the other ; and in certain cases hybrids

pr intermediate forms between the two are produced.

—

Ed.]
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two belong to nearly related species. The peach can be

grafted on a plum-stock, but not the rose on an oak.

Reproduction by means of oosphe7'es or germ-cells is es-

sentially different from the modes already described ; since

here cells of two different kinds are necessary to produce

the new plant by their mutual action the one on the other,

the cells of each kind having no power of propagation in

themselves alone. This process of mutual action is called

fertilisation or ijnpregnation^ and involves a distinction be-

tween the fertilising or male., and the fertilised or fejnale

element. This latter becomes, after fertilisation, the germ

of the future plant.

Of the various processes of fertilisation we can here only

describe that which is characteristic of all flowering plants

A. B. c D.

or Phanerogams. The organs of re-

production—the male pollen., and the

female ovule—are in them collected in

the flower., and form its essential con-

stituents, and the process of fertilisation

consists in the pollen exercising an

influence on the ovule, by which a

further development is induced in the

latter. In those plants in which the

ovules are enclosed in an ovary it is

necessary that the pollen should, in the

first place, fall upon the stigma. The
period of maturity of the pollen and of

the capacity of the ovule for fertilisation

generally coincides with that of the expansion of the flower.

The anthers then open, and the pollen-grains (Fig. 355) are

Fig. 355.—Pollen-grains
;

A Cucurbita ; b Passi-
JJora ; c Ctiphea platy-
ceutra ; d Dipsactis
I^tcllommi ; e pollen-
masses (poliinia) of Cyn-
^>ichM7)i vincetoxic7iJu
•(Asclepiadeae).
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carried to the stigma, either by the wind ^ \ane7nophiloiis\ or

by the agency of insects \entomophilous\ or by pecuHar

movements (see pp. 203, 205) of the stamens or carpels,

and remain attached to it in consequence of its exuding a

viscid fluid. If we consider the immense number of pollen-

grains produced in any individual flower, and in addition

the fact that a single one of these grains suflices for the fer-

tihsation of an ovule, it would appear at first sight as if

ample provision were made in the majority of plants for

this first act in the process of fertilisation, especially if at-

tention is directed to the relative positions of the anthers

and stigma. Thus, for example, in most plants with pen-

dent flowers, such as the fuchsia, the anthers are always

placed higher than the long-styled stigma, so that in the act

oipollination^ that is, the dispersal of the pollen, some pollen-

grains must almost inevitably become attached to the

stigma. But in spite of the frequent occurrence of such

favourable arrangements, there are many cases in which

fertihsation is impossible without foreign aid, as in the Or-

chideae and Asclepiadeae (Fig. 355 E), in which the pollen-

grains are firmly united together by a viscid substance into

a mass, and lie undisturbed in the open anthers. In

these cases assistance is given by the host of insects which,

in their search for honey, fly busily from flower to flower,

penetrate to the nectaries, and unintentionally and unknow-

ingly carry the fertilising pollen from one flower to another.

In a large number of flowers, as, for instance, the Legumi-

nosae, other contrivances are also found, by means of which

the pollen is conveyed to particular parts of the bodies of

the insects in their search for honey, viz, to those which

must come into contact with the stigma when the insect

visits the next flower. And since the majority of insects

^ In forests consisting of those trees which bear catkins (Amen-
tiferae) immense clouds of pollen are often seen floating in the air at

the time of pollination, which are sometimes carried to the earth by
showers of rain, and then form the so-called 'sulphur-rain.'
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visit only particular plants, the pollen is not, as a rule,

wasted by being carried to a flower of a different species.

Too great importance cannot be attached to this function of

insects : and many exotic plants, such as the vanilla, were

long cultivated in our hot-houses without producing fruit,

because the insects required for their fertilisation were want-

ing, until their place was supplied by artificial pollination.

In particular ca^es in which fertilisation would otherwise be impos-

sible, other special contrivances are found, especially in water-plants.

When the pollen-grains come into contact with water, with a very few

exceptions (as in CeratophylhLvi and Zostera), they absorb so much as

to cause them to burst, or to occasion the escape of their contents from

one of theia pores so quickly that they perish. In order to prevent

this injurious effect it is almost invariably the case that submerged plants

raise their flowers above the water, as in Sagiitaria and Hydrocharts.

In Utricularia (Fig. 356), the bladders on the leaves which are pre-

viously empty, become filled with air at the time

of fertilisation, raising the whole plant to the sur-

face of the water, while it again sinks at the close

of the period of flowering. In Elatine and Alisnia

air-bladders are formed, by a vital activity not yet ''^^^^^^'^'?

accurately investigated, between the connivent

stamens, within which fertilisation can be accom- Fig. 356. -- ^ Bladde
1-1.3 j-i.i_j rT^^ i_ Til from a leaf of Utricu-

plished undisturbed. The most remarkable case laria vulgaris, {y. 4.)

is, however, presented by the dioecious Vallisneria

spiralis, which occurs abundantly in marshes in South Germany. The
male flowers are seated on very short pedicels at the base of the leaves,

often several feet below the surface of the water ; the female flowers

on the contrary on very long pedicels, which at a particular time

become greatly elongated and raise the flowers to the surface of the

water. The male flowers then become detached from their pedicels,

rise to the surface, are floated among the female flowers, and fertilise

them. After this has been accomplished the pedicel of the female flower

coils up spirally, and the fruit ripens beneath the water.

Notwithstanding that appearances would seem to point to the pistil

being always fertilised by the stamens which surround it, more exact

observation has nevertheless shown that self-fertilisation of this nature

does not, as a rule, take place, but that on the other hand cross-fertilisa-

tion, i.e. a crossing between different flowers on the same plant, or

between flowers on different plants of the same species, is much more
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frequently actually found in nature. The main support of this view is

found in the phenomena of dichogamy and heterostylism, which are

found to occur in so many plants.

By dichogamy is meant the maturing at different times of the re-

productive organs in a hermaphrodite flower. Dichogamous flowers

are €\\hQ.x protaiidrous^ when the pollen escapes from the anthers before

the stigma in the same flower is ready for fertilisation, or protogynous,

when the stigma has lost its capacity for fertilisation before the pollen

is mature, so that its fertilisation must depend on the pollen of older

flowers. Most species of Gera^tium^ Felargonuun, i^/z/<2,Umbelliferge,

Compositae, and Campanulaceae, are protandrous ; while among proto-

gynous plants [which are much less common] may be mentioned

species of Magnolia^ Aidstolochia {ScropJmlaria^ Flantagd], &c.

Heterostylism consists in different flowers belonging to the same

species having stamens and pistils (styles) of different lengths. Thus,

for example, in the cowslip [and primrose], Limtm perenney and

Pulmonaria officinalis (Fig. 35.7), two different forms occur, the long-

FiG. 357. -Dimorphic flower of Puhnonaria : I. long-styled ; II. short-styled form;
a corolla ; d anthers ; c ring of hairs ; d pistil.

styled (i.), and the short-styled (ii.). This difference in the form of the

reproductive organs is called dimorphism ; while triijiorphism^ or the

existence of three different forms, occurs in Lythi'um Salicaina [and

Oxalis\ In plants in which this arrangement occurs, fertilisation,

or the production of fertile seeds, is, as a rule, effected only by the

union of the reproductive organs which stand at the same height, and

which are therefore always found in different flowers (Fig. 357 I. b and

II. d^ and I. d and ii. b)
;

[it is obvious that this will easily be brought

about by the agency of insects. ] Finally the circumstance is specially note-
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worthy that in some Orchideae [Notylia, Oncidiiim, &c.), the polHnation

of the stigma by pollen-grains from the same flower is actually poisonous,

having a fatally injurious influence on the whole flower.

When pollination has been fully accompHshed, the

pollen-grain, excited by the viscid fluid exuded by the

stigma, puts out one or more \ox\g tubes,

(Fig. 358), which are unicellular and

These penetrate through the con-

ducting tissue of the style, and

reach the interior of the cavity

of the ovary in a few hours j in

A. B.

the pollen-tubes

usually simple.

b

Fig. 358.—Pollen-grains putting out their Fig. 359.—Longitudinal section through
pollen-tube : a Dipsacus Fullomcm ; b the uni-ovular ovary of Polyf^omiui
Ctcctirbita. Convobulus at the time of jSowering :

a stigma ; b pollen-grains ; c pollen-
tube ; d wall of the ovary ; gm the erect orthotropous ovule ; se its embryo-sac ;

ch chalaza ; two pollen-tubes have penetrated through the conducting tissue of the
style, one of which has entered the micropyle of the ovule, the other not. (x 40,)

the case of Colchicum in about twelve. There they come
into contact with the ovules and attach themselves closely to

them (Fig. 359). One of the cells of the nucleus of the

ovule has, in the meantime, grown much larger than the

rest, and has pressed aside and absorbed the surrounding

tissue. This is the embryo-sac, in which, even before fer-

tilisation, two membraneless cells, the embryonic or germinal

vesicles, "^ have been formed, which are fertiHsed by the pollen-

^ More than two embryonic vesicles sometimes occur, though
normally in only a few plants, as Citrus.
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tube, and then develope into the embryo. Besides the em-

bryoniS vesicles, the embryo-sac usually contains one or

more cells, the function

of which is still un-

known, and which are

called the antipodal cells

(Fig. 360), because they

are usually found at the

base of the embryo-sac.

Of the numerous

pollen-tubes which, as a

rule, reach the ovule,

one penetrates through

the micropyle, and

reaches the embryo-sac

either directly or by

forcing aside the tissue

Fig. 360 —Upper part of the

nucleus of the ovule of

Croats ; p the embryo-sac
with its nucleus zk ; k
the embryonic vesicles

;

^ the antipodal cells, (x

75.)

Fig. 361.—The process of fertilisation in Gladiolus segeUim : I. the two embryonic

vesicles at th- apex of the embryo-sac ; x' x" the filiform apparatus ; y' y" the

balls of protoplasm ready for fertilisation ; se the. wall of the embryo-sac ;

II. a pollen-tube z"/ w^-ich has just fertilised the two embryonic vesicles in con-

tact with it ; the cell-walls which surround the balls of protoplasm are still very

thin; III. a somewhat later stage; the cell-walls are thicker; the fertilised

vesicley is beginning to develope and lo divide into two. (x 400.)
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which still lies above it. At the apex of the embryo-sac

the pollen-tube comes into contact with the embryonic

vesicles, and fertiUses them (Figs. 361, 362). The exact

mode in which this happens is not yet known, since at the

time of fertihsation the pollen-tube, which is sometimes

more, sometimes less considerably swollen, appears to con-

tain no substance of definite

structure. Immediately after

fertilisation, the embryonic

vesicles, which were before

naked, become clothed with

a cell-wall of cellulose, and

begin at once to develope.

It is indifferent whether one

or both vesicles are fertil-

ised ; one almost invariably

perishes, perhaps from

Avant of sufficient nutri-

ment, while the other un-

dergoes further develop-

ment. This divides, at first,

into two cells, the upper

one of which becomes the

suspensor^ while the lower

one developes by frequent

division and growth into the

ejnhryo (Fig. 363). The sus-

pensor is sometimes longer,

Fig. 362.— Fertilisa-
tion of Canna ; I.

apex of the embryo-
sac e at the time

• -r,
• ^ .- when the pollen

as m Borragmeae, Cruciferae, tube / s has just

Labiate, and Scrophu- wTh tij"^mbTyTnic

lariaceae, or shorter, as ig^' '^J^y^^'
in Gramineae, Irideae, Lilia- 7^^'"^^^

x
separated.

' ( X 200.

)

ceae, and Polygonaceae ; in

a few cases, as Cynanchum and Iropceolum, it swells up con-
siderably, and is then called the pro-embryo, a term which
should properly be appHed to it in all cases.

Fig. 363. — Forma-
tion of the embryo
of Heliotropiuin

;

ed endosperm ; et

suspensor ; e rudi-

ment of the embryo,
its enveloping mem-
brane being already
formed ; a cells de-

veloped out of the

two embryonic vesi-

cles.
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According to Hofmeister, the embryonic vesicles are cells of proto-

plasm destitute of a cell-wall lying below the apex of the embryo-sac,

which is sometimes more, sometimes less strongly thickened, it having

there a much greater refractive power of light and often a wax-like gloss.

According to Schacht this shining mass, called by him the filiform

apparatus, is usually striated, and forms an essential part of the

embryonic vesicles, destined to conduct the fer-

tilising substance from the pollen-tube to the

balls of protoplasm, subsequently perishing,

while the embryo continues to develope.

The radicular end of the embryo is

always developed first on the suspensor,

and hence the radicle of the mature em-

bryo is almost always turned towards the

micropyle. During its growth the em-

bryo is almost always, except in Orchidesej

nourished by a tissue developed in the

embryo-sac (Fig. 364), and termed the

albumen or endospe7'm^ which is absorbed

in its immediate neighbourhood by the

growth of the embryo. If it is entirely

Fig. 364.—separated em- consumed in this mauucr, the mature seed

"i'a portion of it is left,

When a portion still

bryo-sac of Heiiotro-
jg exalbumifious \ if a portion of it is left,

hii^-Mt the endosperm ^ ^ 'pitifn, -
.,

consisting of a long row
\\^ jg albumiflOUS,

of cells ; one of the cells
. . - ^r

in the middle has already rCUiamS Of the tlSSUC 01 the nUClCUS itSCjf,
divided transversely; p , . . ni,i , •,
pollen-tube ; k rudiment this IS Called the perispcrin.
of the embryo.

j^^^^ ^ perispcrm, but no

Cannaceae

endosperm,

365) have

tissues are

while Nymphseaceae (Fig.

both. The cells of these

finally filled with a quantity of nutrient

substances of all kinds, which serve for

. ,. , the nutrition of the young plant when
Fig. 365. — Longitudinal

, /
y o r

section through a seed germinating,
of Nymphcea : c testa

;

b perisperm; a endo- These processes exhibit an alternation of
sperm ; k embryo.

i i 1 i n^i
generations, although obscure. 1 he pollen-gram

corresponds to the microspore, the embryo-sac to the macrospore, of

the heterosporous Vascular Cryptogams (see Chap. VI., p. 245).
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The processes concerned in fertilisation and the forma-

tion of the embryo in Gymnosperms (Coniferse and Cycadeae)

differ somewhat from that now described, but correspond in

all essential points. The differences are as follows : in

Gymnosperms the pollen-grain falls directly upon the micro-

pyle of the ovule, the pollen-tube being developed, not as in

Monocotyledons and Dicotyledons from the pollen-grain itself,

but from one of its daughter-cells (Fig. z^(y). The embryo-

sac, at least in Coniferae, is filled up soon after pollination with

endosperm, which, however, has only a transitory existence.

Fig. 3.66. — Fertilisation of Cupressus
senipervirens (Coniferse) : L a pollen-

grain with its two cells ; a extine
;

b intine ; 11. pollen-grain in which
the pollen-tube c has been formed. ( x 300).

Fig. 367.— Fertilisation of^^zV^- excelsa :

p pollen-grains :/j- pollen-tubes
; c two

corpuscules in the embryo-sac ^. (x 60.)

After some weeks, or often only after some months, it is

again absorbed, a fresh development of endosperm taking

its place. In this latter are formed a few cells of larger

size than the rest, the seco?idary embryo-sacs or corpuscules

(Fig. 367), the number of which differs in different genera.

After some time each of them splits up by a partition-

wall into two cells, a smaller upper one, the neck-eel^

and a larger lower one, the central cell. The first forms the
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neck, either remaining simple or splitting up into several

contiguous cells. The central cell developes into a large

oosphere^ which is surrounded by the neighbouring tissue of

the endosperm as a peculiar enveloping layer of cells. The
pollen-tube now advances to the corpuscules, becomes

closely applied to several of them, or penetrates into the

neck of a single one, often even into the central cell, and

transfers its contents to the oosphere. This is the moment
of fertilisation ; and the nucleus of the oosphere now be-

comes absorbed. The oosphere now breaks up in its lower

part, in Cupressineae, into several cells lying one over

another; or, in Abietineae, a layer of cells is developed there

by repeated cell-divisions. These cells form the so-called

pro-emhjo^ which in the course of its development breaks

through the embryo-sac, the embryo being formed at its

lower end. When the rudiment of the embryo is carried

into the loosened endosperm by the pro-embryonic cells

which are often greatly elongated, the corpuscules gradually

coalesce before their contents are completely absorbed and

consumed.

The germination of many seeds takes place as soon as

they escape from the fruit and attain favourable conditions

of moisture and warmth ; in others, on the contrary, a

period of rest seems to be necessary in order for them to

ripen, i.e. to become capable of germination, by slow

changes, probably of a chemical nature. The radicle of a

seed of the willow pierces the testa as soon as twelve hours

after sowing ; and if it is allowed to remain dry for only

twelve days it loses its capacity for germination. The seeds

of the elm, poplar, coffee, and many Lauraceae also germi-

nate only when they have been kept fresh and have not

dried up ; while that of the mistletoe often germinates even

while still inside the fruit. Fresh seeds in general germinate

more quickly and easily than old ones. Seeds which con-

tain starch may, on the contrary, retain their power of ger-

mination for many years, if kept dry. The temperature
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rises during the germination of seeds, in consequence of the

absorption of water and formation of carbon dioxide.

In order for germination to take place, it is essential

that the temperature should fluctuate only between certain

limits, which, as might be expected, vary greatly in the case

of different plants. In the case of wheat, for example, the

lower and upper limits are 5° and 43° C. ; for barley 5'^ and

36°-37*5° C. ; for maize 15° and 46*2'' C. The seedling

derives its earliest nutriment from the

seed, and especially from the cotyledons,

or, when there is endosperm, from it also

through the medium of the cotyledons.

The radicle first emerges from the seed,

and after it the plumule. The
radicle is, in Dicotyledonous

plants, a direct prolongation

of the axis of the embryo, and,

therefore, a tap-root ; while

in Monocotyledons, on the

other hand, the radicular end

of the embryo never becomes

a primary root ; a number of

adventitious roots are, on the

contrary, developed (see Fig.

105, p. 74), and it is only

rarely (Fig. 368) that the ra-

dicular end of the embryo

elongates into a protuberance

which soon perishes. In re

spect to the cotyledons also,

there are two modes of germi-

nation. They either remain

beneath the soil still enclosed in the testa, (Fig. 369), or

they rise above ground and throw off the testa (Fig. 370).
The single cotyledon of Monocotyledons almost always
remains beneath the surface, as also do those of the oak

Fig, _

mination of the
oat ; a cotyle-
don ; e axi-:; of
the embryo ; d
radicle

; /"plu-
mule. (x 6.)

Fig. 369. — Germinat-
ing seed of orange,
its cotyledons c re-

n.aining beneath the

soil,and only slightly

emerging from the

testa T.
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and sweet chestnut, while in other Dicotyledons, as the

beech, birch, and lime, they emerge from the soil. The
plumule of Monocotyledons consists of

superimposed leaves of a sheath-like or

cornet-like character (Fig. 368) ; while in

Dicotyledons the cotyledons, when they

separate, are green and leaf-like.

In all modes of reproduction the pro-

perties of the parent plant are transmitted

to its descendants. When reproduction

is effected by asexual cells, this is alto-

gether the case ; but when the reproduc-

tive cells are fertilised oospheres, only so

far as to maintain the character of the

species. When the fertilising (male) and

the fertilised (female) cell are derived from

plants which belong to different species,

fertilisation can take place only if the

two species are very nearly related to one another. An
individual resulting from impregnation of this character is

a hybi'id) and it is determined by a number of circum-

stances, some of which are still unknown, which of the two

parent species the hybrid most nearly resembles. Hybrids

resulting in this manner from the crossing of two species,

not unfrequently occur in nature ; but their power of

propagation is commonly defective, and they are often

altogether infertile.

In systematic botany hybrids are distinguished by names com-

pounded of those of their parent-species, the name being placed first of

the one which it most resembles. Thus between Mentha rotundifolia

and M. sylvestris^ two hybrids are known, M. rotundifolio-sylvestris

and M. sylvestri-7'otundifolia^ tlie former of which most nearly resembles

AI. rotundifolia, the later M. sylvestris. ^

Fig. 370.—Germinat-
ing seed of cabbage

;

b axis ; c, d the two
cotyledons which
have risen above the
soil, the testa a not
being yet completely
thrown off. (x 4.)

* [A more usual and preferable practice is to place the name of the

male parent first, of the female parent last. Thus Mentha rotundifolio-

sylvestris would be the result of the fertilisation of M. sylvestris by M.
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Fertilisation is easier between different varieties of the

same species than between different species, the result being

in this case termed a vai'iety-hybrid. The stamens are often

replaced in them by petals, thus forming what are called

double sterile flowers, on which account they are not gene-

rally so well calculated for propagation as species-hybrids.

It is easily understood that agriculture, and especially

horticulture, takes advantage of these peculiarities in order

to call into existence varieties of plants cultivated for their

usefulness or their beauty.

The subject of fertilisation is incomplete without a description of

the mode of reproduction of Cryptogams by means of oospheres. But as

an account of the very numerous modifications of this process must

necessarily be given under the separate classes, the whole subject is de-

ferred till the section on classification.

PHENOMENA OF MOVEMENT.

Motion is an essential condition of life. The plant,

therefore, like the animal, exhibits phenomena of motion
;

but since the former finds conditions suitable for existence

on all sides, these phenomena are in general less strongly

manifested than in the case of the latter. It is not neces-

sary here to allude to those movements of a passive

character which the plant performs under the influence of

wind or wave, or when bent to the ground beneath the

weight of its fruit, rising again subsequently to an erect

position ; in short, to those movements which are imparted

to it by the obvious action of mechanical forces. Those

only will be referred to which are inseparable from life,

and are a direct result of the vital processes.

It is impossible to give a minute account of all these various pheno-

mena of movement ; but they will at least be made somewhat more

rotundifolia, M, sylvestri-rotundifolia the result of the fertilisation of M.
rottindifolia by M. sylvestris.—Ed.]
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intelligible by observing those forces which are inherent in plants from

the mode of their construction out of cells, as well as from the molecular

structure of their organised parts.

Chemical processes in the interior of the growing structure are always

connected with growth by intussusception, as this process has already

been described. Thus, for example, the nutrient fluid which forces its

way into the cells from without by the action of osmose, contains, it is

true, material for the formation of molecules of a definite chemical

composition ; but this material is chemically different from the molecules

which it nourishes. Thus starch-grains are produced out of a fluid

which does not contain any starch in solution ; the cell-wall is formed

by the secretion of substances out of the protoplasm which are not

dissolved cellulose ; the colouring matter of the chlorophyll is first

formed in the interior of the chlorophyll-bodies, &c. Growth by intus-

susception is therefore connected not only with a continual disturbance

of molecular equilibrium, but also with chemical processes in the in-

terior of the growing structure. Chemical combinations of the most

various character must therefore take place between the molecules of the

organised body, and act and react upon one another.

It is certain that growth can only take place so long as the growing

parts of the cell are permeated by atmospheric air, and that the oxygen

of the atmosphere decomposes the compounds within the organised

structure. ^ The formation and evolution of carbon dioxide is therefore a

necessary accompaniment of growth ; and not only is the equilibrium

of chemical forces thus being continually disturbed, but heat is also

necessarily produced, and electrical action may, perhaps, also come

into play.

By the chemical processes which have been partially described in

detail when treating of nutrition, by the influence of heat, and perhaps

also by electrical action, forces of considerable magnitude are set free

in the interior of the plant, which set in motion its smallest particles

(atoms or molecules), and thus represent a definite amount of work

within the growing organised body, which is probably often enormous.

-

And herein we have an essential characteristic of all organisation and of

^ See p. 167, on the process of respiration.

2 The temperature of dry grains of starch, when they absorb water

of the same temperature, rises 2° or 3° C. ; while boiling water is only

raised in temperature about 0*078° C. by a pressure of ten atmospheres.

Since, as experiment has shown, the rise in temperature on absorption

depends on an increase in density of the water, these statements will

give some idea of the enormous force with which the absorption takes

place.
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life, viz. that organised structures are capable of a continual internal

change ; and that so long as they are in contact with water and with

atmospheric air, only a portion of their forces can be in equilibrium in

their interior ; in short, that they are in continual internal movement.

The whole organism forms, therefore, a framework, between and in the

molecules of which forces are constantly being set free by chemical

changes, which forces again occasion further changes. This is essen-

tially dependent on the peculiar molecular structure which allows that at

every point in the interior substances penetrate from without and are

. absorbed in the liquid or gaseous state, and can again be expelled. This

internal changeableness attains its highest grade in the chlorophyll-bodies

and the protoplasm. In the former, chemical changes take place with

great energy and force under the influence of light, such as the formation

of the green colouring matter and of starch ; while the absence of light

at once sets up other chemical processes, which terminate only with the

complete destruction of the whole of the chlorophyll-body.

Besides the chemical and physical forces, others are also set free in

plants by the mutual action on one another of their cells, which are

manifested in a tension of the tissues or of the cells with respect to one

another.

Every part of ihe plant consists of external and internal layers whose

growth proceeds, at least for a time, with a different rapidity in the

same direction. A necessary consequence of this unequal energy of

growth is a corresponding tension of the different layers with respect to

one another ; because those which are growing more quickly are prevented

from expanding as much as their growth requires, and hence exercise a

pressure on the layers that grow more slowly, which these seek to

counteract by their elasticity. Such tensions of the layers caused by

unequal growth may still continue after growth has ceased ; but they may
also be destroyed by a change in the relative rates of growth. The
existence and the nature of the tension can be easily shown by sepa-

rating the layers from one another ; those which had grown more

quickly, and were therefore previously compressed, will expand ; those

which had grown more slowly and which were therefore previously

stretched to more than their natural length, will now contract elastically

;

the former become longer, the latter shorter, than before their separa-

tion. A partial separation of the tissues is often sufficient to show

this. 'If, for example, any rapidly growing stem is cut longitudinally

into four pieces cross-wise, the pieces curve concavely outwards and

convexly on their inner side, in consequence of the internal layers ex-

tending while the outer layers contract. These tensions caused by the

unequal growth in length of different layers of tissue act chiefly in the
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direction of the axis of the growing structure, and are therefore called

longitudinal te^tsions. But when, after growth in length has ceased, a

permanent increase in thickness takes place, as for instance in the case

of the stems of forest-trees, then this increase in thickness is accompanied

by a transvei'se tension in the radial and tangential directions. This is

generally caused by the cortical tissue growing more slowly than the

wood; and this, as has already been shown, causes the bark to become

too small for the wood, and hence to compress it considerably ; no in-

considerable pressure being exerted, on the other hand, by the wood on

the bark. This can be easily shown by stripping a ring of bark from a

stem, and slitting it up one side, when it contracts, and will no longer

enclose the wood, its edges gaping apart.

Tensions of different layers do not occur only in tissues, but also in

the cell-walls of individual cells ; and it is then usually the outermost

layers of the cell-wall which are stretched by the inner ones, while

these latter are correspondingly compressed by the elasticity of the outer

layers.

The turgidity of the cell, or the pressure exercised by the cell-sap

on the enveloping cell-wall, must be carefully distinguished from the

tension of the layers of tissue. Turgidity is caused by the substances

dissolved in the cell-sap attracting the water which surrounds the

cell by the force of endosmose ; the water accumulates within the cell-

cavity by endosmotic attraction, and, exerting a pressure on the inside of

the cell-wall, places it in a condition of greater or less tension.

The final results of the growth of the cell-wall caused by the various

forces enumerated—its extensibility and elasticity, and the turgidity of

the cell—is a measure of the rigidity or flaccidity of the plant or part of

the plant. The total tension, for instance, is diminished, and the part

becomes more flexible, when the turgidity decreases from loss of water,

or when the elasticity of the stretched cell-walls diminishes, or when the

cell-walls become more extensible, or, finally, when the inequality of the

growth of the different layers of tissue diminishes. When a change

of this kind takes place on all sides, the part of the plant will be-

come shorter or longer according -as the tension diminishes or increases
;

but if it takes place on one side only, a corresponding curvature is

caused.

To complete the account of the forces at work in the plant, we must

add to those already mentioned, which are peculiar to the molecular

structure of their organised parts and to the phenomena of tension,

others which are set free by the movement of water and of gases within

the plant. Sufficient reference has already been made to the former

under the head of nutrition. The latter class of movements is easily
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explained by the continual interchange, through the medium of the

stomata, of the gases formed in the intercellular spaces with the external

air, and by the fact that in growing plants gases are continually passing

in and out of the cells by the force of diffusion. A large number of

very remarkable movements of plants and of parts of plants are at least

to some extent explained by the co-operation of these forces ; but a

large number of others still require further investigation.

The wonderful properties of protoplasm, to which atten-

tion has already been directed, culminate in its spontaneous

motility, in its capacity of assuming different forms, of

changing its outline and its internal condition, and of thus

calling into activity internal forces without any correspond-

ing impulses being observed to act upon it from without.

Good examples of this capacity are afforded by hair-like

structures, such as the filaments of the stamens of Trades-

cantia, the stinging-hairs of the nettle, &c. The movement
of the protoplasm in these cells is apparently not subject to

any definite law, sometimes advancing, sometimes retreat-

ing, and sometimes suddenly ceasing. The protoplasm

often makes for itself new courses in the cell-sap ; but its

motion appears to be dependent on the nucleus, round v/hich

it always flows, and often carries it along v/ith it. When
the protoplasm within a cell possesses this power of motility,

it is not extraordinary that cells destitute of a cell-wall (pri-

mordial cells) should have the power of moving from place

to place ; and, in fact, the naked primordial cells of the

Myxomycetes, which are termed Plasmodia, are endowed
with the faculty of moving like an animal, and even, in the

case oij^thalium—the so-called 'flowers of tan'—of creeping

to the distance or height of several feet, as if endowed with

voluntary power. It is, therefore, not to be wondered at

that even till quite recently these organisms were considered

to be animals ; while at present they are assigned to an

abnormal section of Fungi, to which class they are alHed by

the mode of formation of their spores. The rapidity of these

* streaming ' movements varies greatly ; the maximum appears
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to occur in Didymium Serpida, where a rate of lo millimetres

in a minute has been observed.

The aiitherozoids and swarmspores (zoospores) of many
Cryptogams were long considered to belong to the animal

kingdom ; and they actually show so close a resemblance to

animals that they might well have been described as plants

in the moment of their transformation into animals. The
swarmspores of Algae are particles of protoplasm which break

through the walls of the cells in which they are formed, and

swim about for a time in water like animals. It is only

since it has been ascertained that they give birth, after a

shorter or longer period of rest, to a plant of the same species

as that from which they sprang, that their vegetable nature has

been absolutely determined. The internal forces by which

these swarmspores (Fig. 385, p. 252), and the antherozoids

(Fig. 371) which are endowed with motion of a similar nature,

I.

II.

Fig. 371.—Antherozoids : I. oi Nitella sy7icarpa (Characese. x 500) ; II. of
CEdogoiihim ge7nellipar7ivt (Alga;, x 800).

are enabled to perform their movements, are still unknown

;

but they are certainly connected with the vibratile cilia, or

minute threads of protoplasm of different lengths and vari-

able number, the vibrations of which set the body in

motion. But it must be admitted to be a most wonderful

contrivance for the maintenance and propagation of a

number of vegetable organisms.

Neither swarmspores nor antherozoids are provided with

a cell-wall—or, at all events, with only an extremely delicate

one— during their period of motility. Still more remarkable

than these must, therefore, be considered the movements of

the Diatomaceae, [Desmidieae], Oscillatorieae, Spirulineae, and

some other organisms which are enclosed in a complete cell-



The L ife of the Plant. 201

wall, or even in a hard siliceous coating, as in the case

of the Diatomaceae ; but it is believed that the cause of

their active creeping motion must be that the protoplasm

projects through their shell at certain spots, and can be put

out and withdrawn like a foot. The Oscillatorieae consist of

long filaments which often oscillate rapidly ; and the Spiru-

lineae are filaments of similar form which coil about in a

great variety of ways. The cause of their movements has

not been ascertained.

Nutation is the term given to those curvatures which cause

parts of plants that are growing in length to assume suc-

cessively different directions without any apparent external

cause. Examples are furnished by the flowering scapes of the

onion, Allium Cepa^ which, before they attain their ultimate

length, bend slowly first to one side and then to another ; or

still better, by climbing stems. In these, such as the hop and

the scarlet-runner, the first internodes do not twine ; but when
the apex of the stem hangs down in consequence of its

weight, it begins to revolve in a circle, and thus to approach

the support which it afterwards embraces. The earlier coils

are hence looser than the later ones, which embrace the sup-

port more closely. These curvatures of nutation appear, in

general, to take place at the spots where the tension of the

tissues is the greatest, and to be caused by the growth in

length being greatest first on one and then on the other side.

Parts of plants which are growing in length sometimes

become, by long-continued close contact with a solid body,

firmly attached or adherent to it. , Instances are afforded in

the adhesion of pollen-tubes to the stigmatic hairs and to

the internal wall of the ovary ; and in the climbing and turn-

ing of the tendrils of many plants round slender supports.

Tissues in a state of tension become relaxed by con-

cussion. Parts of a great number of plants, when in a state

of active growth, undergo a diminution of the elasticity of

their tense tissues by violent shaking, repeated bending, a

blow on one side, or sometimes even simply by stretching,
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the tissues thus becoming flaccid, and the parts becom-
ing elongated and bent. These facts can easily be
established by experiment, very clearly by simple observa-

tion of rapidly growing plants shaken by violent winds,

when, though apparently injured, they are not generally so

in reality. In other cases of a similar kind the extensibility

of the parenchyma is diminished, and a flaccidity, shorten-

ing, and curvature of the organs occasioned. These changes

are probably the cause of the movements of ii-ritability ^ as

it is termed, of some leaves; although these phenomena
may also be due to other causes, such as electrical shocks or

currents. The most remarkable instance occurs in the leaves

of the sensitive plant, Mimosa pudica. The bipinnate leaves

of this plant are united to the stem by an articulation, as

also are the four pinnae and the separate leaflets to their

petioles (see Fig. 517, p. 403). The primary petiole has the

greatest scope for movement, since it can rise or fall to

the extent of a semicircle. The pinnae move upwards and

laterally, so that they lie upon one another like parts of a

fan. The secondary pinnules move upwards, and close up

like the wings of a butterfly at rest. The sensitive plant

closes its leaves spontaneously in the evening, and also in

the day-time when excited by any irritation. This irri-

tability is only manifested when the temperature of the

surrounding air is above 15° C. ; it is still weak between 16°

and 18°, and appears to reach its maximum at 30° C. At

that temperature the plant is so sensitive that the move-

ment is communicated to a number of leaflets almost simul-

taneously ; while, when the sensitiveness is less, the move-

ment advances regularly from the irritated spot. The
closed leaflets again assume their normal position when the

irritation ceases, if it has not been too strong and conse-

quently had an injurious effect ; and this takes place sooner

or later according to the vigour of the plant, commencing

so-iietimes in as short a time as five minutes. Poisons

often kill the sensitive plant; anaesthetics, such as ether
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or chloroform, usually temporarily paralyse it ; and con-

stant repetition of the irritation is followed by a diminution

for a time of its sensitiveness. It is probable that the tissue

of the lower side of the pulvinus, or mass of succulent tissue

found at the articulation, contracts after irritation such as

that produced by simple contact, its cells losing a large

portion of their cell-sap, and thus becoming less turgid^

and giving space for the expansion of the tissue of the

upper side. A depression is thus caused of the leaf

which is attached to the articulation ; and this is not coun-

teracted by the vascular bundles in the pulvinlis in con-

sequence of their flexibility. A fresh flow of sap into the

part of the tissue which was previously emptied then

causes a fresh elevation of the leaf

Venus's fly-trap, Dioncea muscipula (Fig. 372), a bog-

plant of N. Carolina, manifests a similar irritability. When
the upper side of the leaf, through which passes a strong

mid-rib, is irritated, the two halves of the leaf close together,

and remain closed until the irritation has ceased. If, there-

fore, a small insect, such as a fly, settles upon the leaf, it

becomes shut in, and is retained between the halves of the

leaf until it is dead, and no longer exercises any irritation

upon it. It is believed by some botanists that the object

of the capture of the insect is the nutrition of the plant.

[The sensitive part in this case appears to consist of three

small bristles on each half of the upper surface of the blade.]

Closely connected with these movements are those be-

longing to tendrils and tendril-like organs. In their early

state, before they have coiled up backwards or have clung

to a support, these organs are sensitive to simple and slight

contact or to very light rubbing, the side on which they are

touched becoming, after some minutes, concavely curved.

The bent tendril subsequently straightens itself, and is then

again irritable. Bent tendrils are sensitive only on the con-

cave side.

The stamen of many Compositae, such as Centaiwea.,
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contract when irritated before pollination. In this case the

cells are probably altered in form by the contact, becom-

ing shorter and broader. The stamens of Bei^heris^ when

Fig. 372.—Venus's fly-trap, Dioncea muscipula (natural size).

touched on the inner side, spring violently against the pistil,

and place their anthers in contact with the stigma. The
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stamens of the grass of Parnassus, Parnassia pahcstris^

lengthen in succession, and place their anthers on the

stigma.

The stigmas of some plants, as Bignonia^ Gratiola^

Martinia, \_Minmlus\ &c., which are expanded at the time

of pollination, close on contact. A similar phenomenon is

exhibited by the stigmas of Torenia asiatica, which close

immediately after pollination, open again in a few days, but

are then insensitive to further contact. A fuller discussion

of the mechanism of these movements would take too much
space ; but with regard to their purpose, it is obvious that

they are all closely connected with the sustenance and pro-

pagation of the plant.

Those parts of plants in which there is generally a ten-

sion of the tissues exhibit a constant increase and decrease

in the degree of tension. Under the ordinary conditions of

life, in which plants are subject to the alternation of day

and night, the intensity of the tension declines from morn-

ing till noon, and rises during the night, attaining its maxi-

mum in the morning. The most beautiful illustration of a

movement of this nature, and the most independent of ex-

ternal influence, is furnished by the telegraph-plant, Des^

modium gyrans^ a southern Asiatic shrub. The leaves of

this plant are trifoliolate, the central and largest of the three

leaflets moving only in sunshine, and assuming besides

difl'erent positions by day and by night ; while the lateral

leaflets, which are about one-sixth the size of the middle

one, perform almost uninterrupted oscillations whenev^er

the temperature exceeds 22° C, their apices describing

an ellipse. These oscillations, which are often very active,

so as to recur several times in a minute, do not, however,

proceed uninterruptedly, but spasmodically, as if the plant

were continually acquiring new strength, or overcoming an

obstacle. Other species of the same genus show similar but

less active movements. The most remarkable feature of

these periodical movements is that they are apparently in-
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dependent of external circumstances ; the motile condition

—but not the movements themselves—depends on the

temperature, the degree of light, and the amount of water

contained in the tissues. They always result from a period-

ical alternate lengthening and shortening, first of one, then

of the other side of the motile organ.

Periodical movements are manifested in many other

plants, especially in a strong curving upwards and down-

wards of the part, and then bring about what are com-

monly known as the diurnal and noctiLrnal^ or waking and

sleeping positions. These phenomena are exhibited es-

pecially in the trifoliolate and pinnate leaves of many Legu-

minosae and OxaUdeae, which at night depress their common
petioles or the laminae of the leaflets, the latter lying or

closing upon one another in a variety of ways. The flowers

of some other plants, as, for instance, Hemerocallis^ close

regularly in the evening, and open in the morning. Others,

again, like the marigold, become erect after rain ; in clear,

dry weather, they expand their capitula between six and

eight in the morning, and close them between four and six

in the afternoon ; whilst when the sky is perfectly cloudy,

or in rainy weather, they remain altogether closed.
,

The regularity with which these movements are in general performed

is so great that Linnaeus invented from them a ' floral clock,' on which,

however, too much dependence must not be placed. He made a list

of a number of plants, the flowers of which open and close at a particular

time of the day. Thus the flowers of the goatsbeard, Tragopogonpratensis^

open from 3 to 5 a.m. ; of the chicory, CichojHum httybus^ from 4 to 5 ;

of the dandelion, from 5 to 6 ; of the lettuce, after 7 ; of the pimpernel,

Anagallis ai^vensis^ after 8 ; of Calendula arvensisy from 9 to 10 ; of

Henierocallis flava^ from 10 to II ; of the tiger-lily, Tigridia pavonia^

from II to 12; those of Hieracium murorum close after 2 P.M. ; of

Anagallis arvensis after 3, &c.

These periodical movements are often confounded with

the curvatures of periodically motile organs, caused by their

exposure alternately to a greater and less intensity of light.

Thus, for example, sudden removal of light causes the
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leaflets of the bean to be depressed, those of the clover to

be bent sideways ; while sudden exposure to light, or in-

crease in its intensity, produces the opposite effect. The

leaves of Oxalis, on the other hand, assume the nocturnal

position in direct sunlight. Curvatures of this nature,

caused by light, are called paratojtic.

While paratonic curvatures are caused only by the pre-

sence or absence of light, and are independent of the direc-

tion in which the light falls upon the plant, the contrary is

the case with helioti'Opic curvatures, which occur only on the

side from which the strongest illumination comes. If the

side which faces the source of light curves concavely, the

effort after light, or heliotropism^ is said to be positive-, if

convexly, it is iiegative. The former phenomenon is ex-

hibited by most internodes of erect stems which are in ac-

tive growth, and especially by petioles, which by this means

place the surface of the leaf in such a position that it will

receive the greatest possible amount of light. It may be

seen very strikingly in plants grown in a window, which at

length become quite crooked, from their young parts which

face the light becoming rigid in this position. Com-
paratively few parts of plants are negatively heliotropic

;

examples occur in the tendrils of the grape-vine, and in

older branches of the ivy, which by this means become
firmly adpressed to their support. Heliotropic curvature

does not contract the part of the plant ; but in positive

heliotropism the shaded side elongates from more active

growth more rapidly than the side which faces the light
;

[in

negative heliotropism the reverse].

One other phenomenon must be mentioned in this con-

nection, znz.., that known as geotropisni^ or the tendency to

grow away from or towards the centre of the earth. Parts

of plants which are still growing in length tend to place

themselves in such a position that the direction of their

growth is vertical, or coincides with the direction of the

force of gravitation. If the growing part consists of tissues
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in which there is no tension, as is the case with roots, it will

simply follow the direction of gravitation, and its apex will

direct itself vertically downwards. But when the growing part

consists of layers of tissue in a state of tension, a change

takes, place in the tension of the tissues and in the direction

of growth, which causes the under side^ of the curved part

to grow more vigorously than the upper side, and conse-

quently tends to force the apex upwards. The erect growth

of most stems is a result of this force of geotropism.

GENERAL CONDITIONS OF PLANT-LIFE,^

Very little is at present known with regard to the general

bearing of plants as respects heat ; for example, with re-

gard to their power of conducting heat, or to the changes

in volume of masses of tissue and individual cells through

the influence of temperature ; but somewhat more on the

influence of different degrees of temperature on the various

vital phenomena of plants. On this point the following

important laws have been established :—All functions of the

organs of a plant are brought into play only when the tem-

perature rises to a certain height above the freezing-point of

the sap. When the temperature begins to rise above this

lower limit, the functions begin to be exercised with an

increasingly greater energy, until at a certain height the

point of the greatest vital activity is attained. With a

further increase of temperature above this point, both the

rapidity and the energy of the functions again decrease,

until, at length, they completely cease at a definite maxi-

mum of temperature, which can apparently never be per-

manently higher than 50° C.

Beneath a covering of snow, or at a temperature below zero C,
scarcely anything grows. The few perennial plants whichblossom with us in

* This section is taken in the main from Sachs's Textbook ofBotany,

Book III., chap. iii.
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the winter, as the Christmas rose and hepatica, freeze when the tempera-

ture falls below zero at any stage of their growth, which begins again

as soon as they thaw. The extraordinarily rapid growth of Alpine

and Arctic plants in spring depends on a long anterior development of

their floral organs in the preceding autumn. The green sods and the

great number of leafy plants which appear as soon as snow melts, only

show that the number of evergreen plants is larger than is generally

supposed. Growth is entirely dependent on the atmosphere ; hence

the blooming of willows and rhododendrons whose roots and stems are

still frozen, as well as the development of the so-called * red snow,' the

Alga Protococcus [Falmella) nivalis, on the surface of the snow. Neither

the lowest nor the highest temperature at which plants can exist has yet

been determined. It would appear, however, that water must not be

above 40° C for plants to be able to live in it. Plants living in the

air, on the other hand, will endure for some time a temperature of from

48° to 49° C. ; at 51° they are killed in from 10 to 30 minutes. ^

The growth of the embryo at the expense of the reserve-materials

stored up in it, begins, with wheat and barley, at about 5° C. ; with

the scarlet-runner and maize at 9^*4; with the pumpkin, Cucurbita Pepo^

not below 13° 7 C. But when the reserve-materials have been con-

sumed, a higher temperature is apparently always necessary to enable

growth to proceed by means of freshly assimilated material. The
highest temperature at which germination can take place is about

42° C. for the scarlet-runner, maize, and pumpkin
; 37° to 38° C. for

wheat, barley, and peas.

The lowest temperature at which the chlorophyll-bodies turn green

is above 6° C. in the scarlet-runner and maize; between 7° and 11°

C. for Finns pinea ; and the highest at which leaves already formed

and still yellow turn green is above 33° C. The cold of winter often

occasions a winter-colouring in evergreen plants. This is caused : (i)

by a brown colouring, in consequence of a peculiar transformation of the

blue-green constituent of chlorophyll, as in Conifer;^ and the box
;

(2) by a red colouring, in consequence of the formation of a red pig-

ment soluble in water and imbedded in balls of tannin, as in Ma/zonia

;

(3) by a change in colour of the chlorophyll itself by the shifting and
collecting into masses of the grains of chlorophyll

; this occurs in all

plants. A higher temperature restores the normal condition.

The exhalation of oxygen and consequent assimilation begin, in

^ [A few Algae of low organisation appear to be able to withstand a
temperature of nearly or quite boiling water ; as do also some Fungi,
as Bacteria, and fungus-spores.

—

Ed.]
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the case oi Potamogeton^ between io° and 15° C. ; in VaUisneria above

6^ C.

The sensitiveness and periodical movements of the leaves of the

sensitive plant do not begin till the temperature of the surrounding air

exceeds 15° C. ; the rapid periodical movements of the lateral leaflets

of the leaf of Desmodium gyra7ts only at a temperature above 22° C.

The action of higher temperatures on the sensitiveness of the leaves

of Mimosa depends on the continuance of the warmth ; in air of 40°

C. they become rigid within an hour ; at 45° C. within half an hour
;

at 50° C. in a few minutes, but may again become sensitive when the

temperature falls. A temperature of 52^ C. causes permanent loss of

motility and death.

The lower limit of temperature for the motility of the protoplasm

in AHtella syncm'pa is zero ; for the hairs of the pumpkin lO" to 11° C.

The upper limit is 37*^ C. in the former case ; in the latter the current is

arrested within two minutes when immersed in water of 46° or 470 C.
;

in water above that temperature within a minute ; in the air, exposure

to a temperature of 49° or 50° C. for ten minutes does not stop the

current.

The absorption of water through the roots is also subject to certain

limits of temperature. The roots of the tobacco and pumpkin, for

example, do not absorb sufficient water in a moist soil of from 3° to 5^^

C. to replace the small loss caused by evaporation, the leaves hanging

in a flaccid condition in consequence of the cessation of their turgidity.

The rapidity and intensity of the vital functions are not in proportion

to the increase of temperature. The rate of growth of the roots of a seed-

ling of maize attains its maximum at 27°-2 C. ; of the pea, wheat, and

barley at 22° -8 C. The sensitiveness of the leaves of Mimosa reaches

its maximum at 30° C. ; the rapidity of the movement of the protoplasm

in NiteUa syncarpa at 37° C.

If the limits of temperature mentioned above are passed,

the vital functions of the plant may simply come to rest,

as is the case with perennial plants during the winter season

;

or permanent changes are brought about in the plant or in

parts of it, resulting in injury or death. The fatal injury in-

flicted on cells, both by too high a temperature and by

freezing, is a consequence of their containing water.

Air-dry peas can resist a temperature of over 70° C. for above .an

hour without losing their power of germination ; soaked in water for

an hour and exposed to a temperature of 53° or 54^ C, they are
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killed. The cause of death may be partly the coagulation of the al-

buminoids, while the decomposition of the cell-wall is perceptible only

at higher temperatures. Air-dry seeds appear to be able to withstand

any degree of cold without injury to their power of germination. The

winter-buds of woody plants, the cells of which contain a great quantity

of reserve-materials but only a small quantity of water, withstand the

cold of winter and frequent rapid thawing ; while the succulent leaves at

the time of their unfolding in the spring succumb to a slight night-frost.

Many plants, such as Lichens, Mosses, Fungi of a leathery texture, the

mistletoe, and some others, appear never to freeze ; while, on the other

hand, many flowering plants from a southern clim.ate are killed by rapid

changes of temperature near the freezing point. Whether the tissue of

a plant can be killed simply by the solidifying of the water of its cell-

sap into crystals of ice is uncertain ; while, on the other Land, it is un-

questionable that in a great number of plants death is caused only by

the mode in which the thawing takes place. The same tissue w^hich

retains its vitality if thawed slowly after freezing, becomes decomiposed

if thawed rapidly after exposure to the same degree of cold ; so that

death is evidently in this instance the result not of the freezing but of

the thawing. Moreover, the lower the temperature at which the freez-

ing took place, the sooner is the plant killed by the freezing as well as

by the thawing. A common but not invariable result of the freezing of

the cell-sap is that internal cells or layers of tissue are ruptured ; but

these internal rupturings do not, as was once supposed, always cause

death ; they have as little to do with -the destruction of the life of the

cells by cold as the splitting of the branches of the trees caused by
frost, which, when the temperature falls very low, is produced by the

contraction of the bark and outer layers of wood, the crevices again

closing when the temperature rises. The phenomena of freezing are,

however, at present but imperfectly understood.

The entire life of the plant depends on the action of

light oTi the cells which contain chlorophyll, since this action

is essential to the formation of new organic compounds out

of the absorbed nutrient substances. But when a certain

quantity of assimilated substance has been produced under
the influence of light, a long series of vegetative processes

may be carried on at its expense without any further direct

action of light.

The growth of new organs and the metastasis connected with it

which takes place in the parts that do not contain chlorophyll, and

P 2
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which is maintained by the process of respiration, is to a certain extent

independent of light, as is shown by the germination in the dark of

seeds, tubers, and bulbs. But even leafy plants which have accumulated

a sufficient quantity of reserve-material in the light, put out shoots, and

even flowers and fruits, when placed in the dark. If, for example, the

growing end of a branch of a green-leaved plant, such as a pumpkin or

Tropcpolinn, is made to grow into an opaque receptacle, the green leaves

remaining still exposed to light, the buds will continue to develope in

the dark, and new leaves and flowers to be formed which attain their

full size and colour, the latter even producing fruits and fertile seeds.

It is only rarely that the seclusion from light produces any perceptible

effect on the development of the plant ; though sometimes the flowers

which are produced in the dark have an abnormally light colour. All

this takes place at the expense of the food-material conveyed to them

through the stem, which had been previously assimilated by the leaves ex-

posed to light. In the same manner the underground parts of parasitic

plants, or those otherwise secluded from the influence of light, carry

on their existence to a certain extent independent of light ; but are

nevertheless indirectly dependent upon it, because they are nourished

by substances which could only be formed under the influence of light.

The earliest development of the plant seems to. be even promoted by

the absence of light or by shade. Thus, for example, roots are formed

on the stems of Cactus^ TropcEolum^ &c. which grow in the dark, where

they would never be formed in the light. The lower Algae assimilate

in the daytime, and form swarmspores in the night, or, when placed in

the dark, even in the day-time. The movement of the protoplasm on

which the formation of the swarmspores depends is not caused directly

by the influence of light, but is rather interrupted by it. The direction

of the movements of the swarmspores stands, however, in a definite

relation to light, their anterior end being always turned towards it. It

has, nevertheless, been observed in some cases that they have a tendency

to collect where there is a medium intensity of light, avoiding both deep

shade and bright sunlight. The chlorophyll-bodies enclosed within

cells are subject, in some plants, as SagiUaria sagittafolia, to a change

of position, being carried by the currents of protoplasm to the region of

brightest light. Finally the normal habit of plants is altogether de-

termined by the direct influence of light. The internodes of the stems

of bleached or etiolated plants grown in the dark are often elongated to

ten or twenty times their ordinary length ; while leaves of Dicotyledons

and Ferns, which are normally broad and branched, remain, when

grown in the dark, remarkably small. Under these circumstances the

lamina of the leaf of Tropceolum attains scarcely from 3^^ to ~ of its



The Life of the Plant, 21'

normal size ; the leaves of ferns do not even unfold, and attain only,

y^Q or even ^^^ of their normal superficial development in the light.

White daylight consists of a mixture of rays of h'ght,

differing in their colour and their refrangibiUty ; and it

might be expected that the action of the different rays on

the vital processes of the plant would not be the same.

This is illustrated by the accompanying diagram (Fig. 373).
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Fig. 373.—Diagrammatic representation of th-e efficacy of rays of light of different

refrangibility in causing evolution of oxygen, compared with their brightness and
heating power. The solar spectrun a h serves as a base on which Fraunhofer's
lines are indicated ; a and b lie in the red light, c on the border of the orange, d
in the yellow, E in the green, F in the blue on the border of the green, G on the

border of the indigo and violet, H in the violet. The height of the three

curves, of Heat, Brightness, and Assimilation, at any point, represents the inten-

sity of the action. Thus assimdation is still slight at g on the border of the violet

and indigo, and attains its maximum between d and e on the border of the yellow
and green, then diminishing, and ceasing at a on the border of the red light.

It is seen that the process of assimilation nearly coincides with the subjective
brightness as shown in the colours of the spectrum, while the curve of heating
power takes a totally different course and attains its maximum at a point where
the eye is unable to perceive any light, and where no process of assimilation goes
on in the plant.

The most important chemical piocess in the plant, the decomposition

of carbon dioxide in the cells which contain chlorophyll and the elimina-

tion of oxygen resulting from it, proceeds almost as energetically as in

white daylight, in a mixture of orange, yellow, and green light which

acts only slightly and very slowly on photographic paper. Blue, violet,

and the ultra-violet rays, on the contrary, which at once colour photo-

graphic paper a deep brown, have no or very little effect on the elimina-

tion of oxygen.^ The same relationship towards light has been shown

* It is an established mode of expression to speak of the blue, violet,

and ultra-violet rays as the chemically active, because they are efficient
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to exist in the formation of starch in the grains of chlorophyll in the

case of some Alg^e ; and the starch already formed in the chlorophyll

even disappears in a mixed blue light as in the dark. The green colour

of Monocotyledons and Dicotyledons may be produced by rays belong-

ing to all parts of the spectrum j but the action of the yellow rays is by
far the most powerful ; the red and the green have less power, while

the blue, violet, and ultra-violet act very slowly. The action of light

on the change in the tension of the tissues by which positive heliotropic

curvatures are brought about, belongs to the more refrangible (blue and

violet) rays; the red and orange appear to be altogether inefficient.

The same is the case with paratonic irritation and the periodical move-

ments of the leaves of various plants, as the scarlet-runner and Oxalis.

On the movement of swarmspores the less refrangible (red and orange)

rays act like darkness, while the direction of the movement is deter-

mined by the blue and by the still more refrangible violet and ultra-

violet rays.

Light from other sources than the sun, as that of lamps of various

kinds or of a body glowing in an electric current (lime-light), appears,

from observation, to have the same effect as sunlight, provided that the

intensity and refrangibility of the rays are the same.

The chemical processes within the cells of a plant, the molecular

movements connected with growth, and the internal changes on which

the activity of the protoplasm depends—whether exhibited in the

formation of new cells or in motility—are probably connected with

disturbances of the electrical equilibiHiim. The fluids of different

chemical properties in adjoining cells, the diffusion of salts from cell to

cell, their decomposition, the evolution of oxygen from cells con-

taining chlorophyll, the formation of carbon dioxide in growing organs,

and the process of transpiration :—all these vital processes must produce

electrical currents ; although this fact has not yet been experimentally

determined or accurately investigated. It has, however, been established

that the internal tissue of land-plants is always electro-negative to the

strongly cuticularised surface, and that a similar relationship subsists

between the surface of roots saturated with sap and the surface of the

stem and leaves. Electrical currents which are not too strong only

temporarily arrest the motility of protoplasm and the movements of the

sensitive parts of plants, while stronger currents destroy the life of the

protoplasm, and hence of the plant.

in the combination of chlorine and hydrogen into hydrochloric acid, the

colouring of photographic paper, &c. But with reference to the vita!

processes of the plant this term is inaccurate^ and ought to be abandoned.
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Since gravitation acts uninterruptedly on every part of the plant,

all the parts must be so contrived as to diminish the influence of this

force ; and we hnd, in fact, in the organisation of the plant, a number

of contrivances for this purpose. The firmness and elasticity of the

wood of erect stems ; the uniform distribution on all sides of the weight

of the foliage and of the branches ; climbing and twining internodes

which are sensitive to contact, and the various other contrivances that

enable slender stems to climb which could not otherwise maintain

themselves in an erect position under the weight of their leaves ; the

floating apparatus of floating plants, such as the air-bladders in the

fronds of Fucus and in the leaf-stalk of Trapa, and those of UtiHcularia

(Fig. 356, p. 185), the floating apparatus, such as the pappus or wings

of many seeds and fruits ; and a number of other specialities of organisa-

tion, all serve to counteract the weight of the plant, and to prevent its

sinking to the ground where this w^ould be unfavourable to the other

functions of the plant. Under the head of the tension of tissues it has

alriady been mentioned that young and weak plants in which there is

no tension tend to grow downwards in accordance with the force of

gravitation ; while those in which there is tension have a tendency to

grow erect ; and this is the reason why roots in general grow down-

wards and stems upwards. But the influence of gravitation on plants

is not yet exhausted, since it opposes a resistance to all internal move-

ments, such as those of water and of the cell-sap whenever their direction

is upwards, which resistance the plant must overcome by its internal

forces. Light and gravitation are the forces which give to the separate

parts of plants, such as the stem and leaves, their normal position,

whether erect or horizontal, and therefore, along with the arrange-

ments of the buds and leaves, impart to plants what is termed their

Habit.

From the infinite variety of the conditions of life, it is

evident that plants must possess a certain power of adapta-

tion to their external conditions.

This is seen especially clearly in amphibious plants, which live

sometimes in water, sometimes on dry ground ; and in climbing plants.

Thus for example, the terrestrial form of Polygoitum aniphibium, with

its erect stem and shortly-stalked narrow hispid leaves, is easily trans-

formed, by simply transplanting into water, into the floating form with

floating long-stalked glabrous leaves. The branches of the terrestrial

form then soon cease to grow, their leaves dry up, and the new plant

of the floating form is developed from the rhizome.
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ABNORMAL VITAL PHENOMENA AND CONSEQUENT

ABNORMAL DEVELOPMENTS.

That section of botany which treats of the abnormal

vital phenomena and the consequent abnormal developments

of plants, is called Vegetable Pathology ; and may be divided

into two subdivisions, Teratology or the study of malforma-

tions, and Nosology or the diseases of plants. The former is

concerned with deviations from ordinary structure in the

organs of the plant, the latter with variations in the vital

functions. This whole subject, therefore, independently of

its practical importance, is also of great scientific interest,

the former part especially in relation to morphology, the

latter to physiology. It is, however, impossible to draw

any sharp line of demarcation between malformation and

disease, and often one cannot be conceived without the

other.

The causes of the phenomena now under consideration

lie in a want of conformity of the plant, partly to the con-

ditions of its environment, partly to those of other plants,

and partly also in injuries inflicted by animals. In a cer-

tain sense also, treatment by man may be a source of ab-

normal vital phenomena ; inasmuch as he prescribes the

conditions in which the plant shall grow. Most cultivated

plants live in conditions which were foreign to their uncul-

tivated ancestors, and they have frequently undergone such

change that their parentage cannot be recognised. It is,

indeed, often the object of cultivation to cause such devia-

tions. Thus, the brussels-sprout is cultivated on account

of the monstrous edible thickening of the stem, and the

cauliflower on account of its peculiarly metamorphosed in-

florescence. A very high cultivation produces, however, other

modifications besides those aimed at and less desirable in

themselves. Thus, there is no doubt that the cultivation of

fruit-trees has resulted in an enfeeblement of their vege-
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tative organs, and a shortening of the duration of their lives.

The same is' the case with those plants which naan has

transplanted from warmer to colder climates or the reverse,

or has attempted to acclimatise. In order to understand

this, it is only necessary to observe the weakly specimens of

tropical plants in our conservatories, and to compa,re with

them drawings made in the primeval forests of their native

country. In short, it may be assumed that all cultivated

plants are, to a certain extent, disposed to deviate from

their ordinary structure ; and it cannot, therefore, be won-

dered at, that they are especially liable to malformations and

diseases.

Attention must first be directed to those deviations

which are caused by atmospheric influences, or by the

nature of the soil. Light, warmth, and moisture, as well as

the nature and chemical composition of the soil, are here

the active factors ; but as to how these act very little is at

present known, except what has already been said in the

section on the general conditions of plant life (see p. 208).

The changes brought about by these influences affect the

size and number, the arrangement and shape of the indivi-

dual organs, in short, the external form of the plant j but

they also cause an abnormal activity of cells, from which

results a more or less complete disturbance of metastasis

and of the processes of life.

The change in size may be partly due to abortion^ partly

to an abnormal increase in size of the organs. The abortion

of the primary axis shows itself, as a rule, only in the form

of dwarfing^ that of larger or smaller branches occurs in its

purest form in the production of spines. Several families

of plants, such as the Rosacese, are especially distinguished

by the frequency of branch- spines whenever the species

grow on sterile ground. Like the branches, the leaves can

also degenerate into spines. Thus, many species of Ber-

berideae and Grossularie?e develope spines in the place of

particular leaves ; and these often, as in the gooseberry.
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remind one in their form of the three or five-lobed leaf

The abortion of leaves does not, however, always lead to

the production of spines. In many species of acacia the

lamina is so little developed, that often nothing remains

but the petiole, which is then called a phyllode ; and in

some species this transformation of the leaf is so common
that it can scarcely be considered as abnormal. All these

peculiarities, so far as they are not hereditary, i.e. trans-

mitted through the seed, are due to the poverty of the soil.

As poverty of soil leads to abortion, so an unusual increase

in development of the axial or foliar organs is usually the

result of too powerful nutrition ; either the transmission of

nutrient substances from the soil is in itself too abundant,

or a want of due proportion between the parts above

and belovv^ the surface is caused by too vigorous cutting

away of branches or leaves. The latter course is generally

pursued by gardeners, who aim at obtaining unusually

large fruits or flowers by cutting away blossoms, young

fruits, leafy shoots, &c. Finally, it has already been stated

that an unusual development of the stem may result from a

deficiency of light ; and this is always the case in the

etiolated parts of many plants.

Abnormalities in the number of organs are not un-

common. In the clover, for example, an increase in the

number of leaflets of the normally trifoliolate leaf is frequenf.

In the dedouhle7nent or ' doubling ' of flowers again, to which

more particular reference will be made hereafter, in addition

to the transformation of one of the floral organs into

another, as stamens into petals, there is generally also a

multiplication of the floral whorls ; for example, in place

of a single whorl of stamens, two whorls of petals, &c., as

happens in the pink, which has normally only five petals

and ten stamens, but when double, often twenty or more

petals. The change in the relative number of parts is not

however, always in the way of increase, but as often, per-

haps, of a diminution of the number of the organs concerned.



The L ife of the Plant. 2 1

9

Every part of the plani; has, when young, the power of

adhering to others in its growth, and does actually do so

whenever its formative tissue or cambium comes into con-

tact with that of other parts. This fact, so important for

the processes of grafting, budding, «&:c., is also of some

importance in this connection, because veiy peculiar

malformations often result from such adhesions in growth

between neighbouring plants or parts of plants. It is very

common, for instance, to find the pinnae of Gleditschia tria

canthos united with one another in such a manner that the

bipinnate leaf becomes a simply pinnate or even a simple

leaf. Separations of organs which are normally united in

their growth also sometimes occur. If, for example, a mal-

low is made by prolonged cultivation to become double,

this change begins by the filaments which were previously

united into a single bundle separating from one another,

each stamen then becoming transformed into one or more

petals.

Of much greater importance than changes in the

number, size, and position of the parts of plants, are those

which relate to their form. The most common and in-

teresting change of this kind in the stem is the phenomenon
known as fasciation. This consists either in the stem be-

coming flattened, and hence assuming a ribbon-like form,

or in its beginning to divide irregularly into a number of

branches, which at once coalesce laterally with the main
branch, [or from the cohesion of a number of buds]. Fasci-

ation occurs especially in ground that has been excessively

manured, and hence very commonly in cultivated plants.

In them it is often inherited through the seeds, as, for ex-

ample, in the garden-plant known as ' coxcomb,' Celosia

cristata, and in the cauliflower, in which the thickened

fleshy branches of the inflorescence have coalesced to form

a head or mass covered in the upper part with abortive

flowers. As in the last case, abortion is almost always asso-

ciated with fasciation. For while the fasciated part of the
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stem becomes itself inordinately developed, the buds which

are normally produced on it in large numbers either remain

•altogether dormant, or give rise to weak immature organs

or a few fasciated or, less often, separate branches. The
terminal bud almost invariably ultimately disappears. Fascia-

tion is frequently associated with curvatures, causing the

production of peculiar forms resembling sickles or crosiers,

as is not uncommon in the willow and ash.

Far more numerous are the changes in form which

affect the leaves. These may be classified into Metamor-

phosis of Leaves, Peloric Formations, and true Changes of

Form.

Goethe was the first to propound the theory, though

somewhat poetically, that all the organs of the higher plants

can be referred back to a single, or at least, to a very small

number of fundamental forms ; that, in fact, every organ is

either axial (stem), or foliar (leaf), or is compounded of

these two. That this is actually the case is shown, not only

by the history of development, but also by a close investiga-

tion of those abnormal processes which are called metamor-

phosis. According to Goethe a foliar organ must be con-

sidered the more highly developed the higher it stands on

the axis of the plant, the nearer therefore it is to the centre

of the flower; and an ascending series can be constructed

as follows :— Leaf-spine [Leaf-scale], Foliage-leaf, Bract,

Sepal, Petal, Stamen, Carpel The metamorphosis may be

either progressive or retrogressive, according as the trans-

formation of the foliar organs takes place in the direction of

a higher or lower member of the series. Instances of re-

trogressive metamorphosis are furnished by the production of

Jeaf-spines and leaf-tendrils already mentioned, which may
be considered as consisting essentially in an abortion of the

lamina and a reduction of the leaf to the lignified petiole

or mid-rib. Equally common is the retrogression of bracts

to the form of foliage-leaves ; as in the spathe of Aroidese,

which often has a leaf-like form. The retrogression of
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sepals into bracts or foliage-leaves is still more frequent, a

common and beautiful example of which occurs in the calyx

of the rose. One of the best known instances of metamor-

phosis of the reproductive organs into perianth-leaves is fur-

nished in the case of the common garden tulip, in which the

three carpels and the six stamens are all transformed into

ordinary petals
;
[and the same is the case with the greater

number of double flowers, as the rose, camellia, pink, &c.].

That these leaves are actually lower stages of development

of the organs, is shown very clearly in an imperfectly double

tulip, in which some of the leaves are divided through their

mid-rib into two altogether unlike halves, a half-stamen and

a half-petal. These imperfect transformations are also fre-

quently seen in the peony and the water-lilies (Nymph ae-

ace?e)—[in the case of the white water-lily, NyniphcEa alba,

even in the wild statej^these instances affording convincing

proof that the ' doubling ' of flowers is due to retrogressive

metamorphosis. It has already been mentioned that this

metamorphosis is very commonly accompanied by an in-

crease in the number of parts of the flower ; and it is not

surprising that such retrogressions should also be associated

with abortion. Perfectly double flowers are of course

sterile ; but even when the metamorphosis affects the sta-

mens only, the pistil is in that case also always less perfectly

developed, and less or even not at all capable of being

fertilised by pollen from other flowers. In many cases

the doubling is only apparent, as in the cultivated Com-
positae, such as the aster and dahlia, in w^hich the altered

appearance is produced by the transformation of the yellow

tubular flowers of the disc into ligulate flowers of a different

colour ; but sometimes only by the increase in size and

change in colour of the tubular flowers, ^vl this case also

the transformation is usually associated with sterility.

When the retrogressive metamorphosis goes back still

further than in the doubling of flowers, the brightly coloured

petals lose their colour, and the flower becomes green.
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Such instances of chIo7'anthy are common in the Legumi-

nosge, and especially in clover.

Instances of pi'ogressive jiietamorphosis are much less

common, though a number are to be met with. The most

common example is the metamorphosis of petals into sta-

mens. It is not uncommon to find the shepherd's purse,

Capsella hursa-pastoris^ with ten stamens and no petals, the

normal number being four petals and six stamens. A me-

tamorphosis of stamens into carpels is also not unusual in

willows, making them apparently monoecious, whereas they

are normally dioecious.

Changes of form arising from the metamorphosis of

whole parts of plants maybe divided into four groups :—the

solution of flowers or Antholysis, Prolification, Gemmation,

and the Metamorphosis of Buds. By antholysis is meant

those separations of the parts of the flower by which their

relative number and position are so altered that the nor-

mal construction is completely concealed. Prolification is

the elongation of the apex of the floral axis above the

flower, where it bears fresh buds, leaves, and flowers, as

occurs normally in the syncarp of the pine-apple, and not

unfrequently in roses [and pears]. Gemmation is the pro-

duction of buds in the axils of the floral leaves, which then

devilope into new flowers or inflorescences, as is not un-

frequently the case in the capitula of Scabiosa and Dip-

sacus. Finally, it is not uncommon for leaf- or flower-buds

to be transformed into fleshy bodies with small scale-like

leaves and a very short fleshy axis. These buds, which

often serve as a reservoir for the reception of assimilated

reserve-materials, very commonly grow, when detached from

their parent-plants, into independent plants. Species in

which this phenomenon commonly occurs [as Polygonum

viviparuni^ Poa vivipara, &c.], are called viviparous. In

the above and some other species it occurs normally, and is

not uncommon in many natural orders, as Liliacese, Grami-

nese, Cyperaceae, and Juncaceae. The buds in the axils of
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the leaves of Ltiium bidbiferum and in the inflorescence of

many species oi Allmm come under this head.

Closely connected with metamorphosis is peioria^ or the

abnormal regularity of flowers usually irregular but sym-

metrical, i.e. so constructed that there is only one line by

which they can be divided into two similar parts. This

phenomenon is most common in Gramineae, Leguminosae,

Labiatae, Scrophulariaceae, and Violaceae. In the common
toadflax, Liiiaria vtdgai'is^ for example, in which the perso-

nate bilabiate corolla runs out into a spur, the terminal

flower of the raceme not unfrequently' exhibits complete

peloria, i.e. has a regular margin, and five spurs at equal

distances from one another. In Compositse, peloria fre-

quently takes the form of a conversion of the ligulate into

tubular flowers.

The last class to be mentioned is the change in the ex-

ternal form of leaves, the result of an irregular accession or

suppression of growth from disease. Deviations from a

symmetry between the right and left side of the leaf occur

normally in some plants, as the various species of Begonia

[and lime], and occasionally in almost all plants. The
relationship between the length and breadth of the leaf is

also often disturbed. A difference frequently occurs be-

tween the intensity of growth of the vascular bundles and
of the parenchymatous tissue (mesophyll) which occupies

the space between them. When the vascular bundles grow
more vigorously than the parenchyma, the latter is ruptured,

and the leaves become perforated or slit, as is always the

case in old leaves of the banana [and in some Aroideae, Fig.

194, p. 106]. When, on the other hand, the growth of the

parenchyma exceeds that of the vascular bundles, the leaves

become crumpled, as in many garden-plants, such as endive,

parsley, &c. More rarely, outgrowths are developed on the

surface of the leaf, which themselves assume a leaf-like form.

In all the cases hitherto mentioned we have treated only

of changes in form. But diseases are also caused through
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the influence of the soil, depending on an abnormal

transformation of those substances out of which the tissue

of the plant is constructed. These constitute what are

called secretional diseases^ in which cellulose is transformed

into gum, resin, or manna. These diseases are, properly

speaking, only excessively vigorous phenomena of vital

functions which in many plants are quite normal. It is re-

markable that effusions of sap of this nature are often the

result only of external injury, and are commonly increased

by removing the substance excreted, as in the production

of resin.

The consideration of secretional diseases leads to that of

diseases of decofnposition. These diseases, which are fre-

quently confounded or blended with the former—known
generically 2c^~gang7'ene or canker—are processes of decay,

in which the cellulose is transformed into a muddy fluid, a

brown humus-like powder, or a carbonaceous mass, such as

never occurs in a normal state. Decompositions of this nature

are promoted, or, perhaps, are first caused, by swarms of

low microscopic organisms, Fungi and Algse, which find in

the dissolution of the organic substance a favourable sub-

stratum for their development. It is impossible to enter in

this place on a more minute discussion of the processes of

fermentation, decay, and putrefaction, and of the points

which are still in dispute as to the part played by the or-

ganisms which always accompany these processes, and as

to their systematic position. It is, however, certain that

diseases of this kind are characterised by the presence of

organisms, and are by this distinguished from secretional

diseases. In reference to the external form in which they pre-

sent themselves, a distinction is to be drawn between moist

and dry gangrene, according as the product of decomposi-

tion of the cellulose is a fluid or a solid substance. The
latter form very commonly first attacks the innermost layers

of wood, which may be, according to the colour of the sub-

stance formed, red or white. Plants attacked by decay may
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still live a long time under certain circumstances, and may
have a perfectly sound appearance on the outside, until

the disease reaches the cambium-layer, when they quickly

perish. The decomposition of cellulose does not, however,

always begin inside the plant ; it may also penetrate from

without, at spots which have become diseased from ex-

ternal injury.

Diseases ofanother class, produced by vegetable/<2r^i"/to,

that is by plants which derive their nourishment from the

living tissue of the plants they inhabit, are in general less

obscure than those which were last described.

Among these parasites are certain Fungi (Fig. 374),

which are of the greatest practical importance. The ques-

FiG. 374.—Destruction of the cell-wall caused by a Fungus : transverse section of the
wood of a beech \ zX a, a the destruction of the secondary layers is still in pro-
gress ', z.t h,b the entire cell-wall has been destroyed with the exception of a
larger or smaller residue of the primary layer, and the cell-cavity filled with
an amorphous substance.

tion which has often and for a long time been discussed re-

specting these plants, whether they are the cause or only the

accompaniment of the disease, has now been decided in

favour of the former alternative, since it has been proved
that the organisms in question are well-defined species of
Fungus, and that the same organism is always found to ac-

company the same disease. In addition to this, it has been

Q
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proved by a number of observations and careful experi-

ments, that these diseases are contagious, and that healthy

plants become subject to a particular disease when the

spores of that Fungus are sown upon them which always

occurs in connection with that disease ; and that, finally, the

best means for preserving or restoring the health of the

plant are those by which the spores of the Fungus are

destroyed. This does not, however, prevent other Fungi

occurring as accompaniments of the particular disease be-

sides the one to whose attacks it is due.

Among the most important of the diseases of this nature

to which cultivated crops are liable is the nest or mildew

of cereals. This term is appropriately given to a disease in

which, at least at first, reddish masses of a brown rust-like

dust break out from the internal tissue of the plant. It is

most common on barley, wheat, and oats, less so on rye

and wild grasses. Since it chiefly attacks the vegetative

parts, the leaves and succulent stems, and but rarely the

seeds, the injury caused by it consists mainly in a deteriora-

tion of the straw ; but the grains are also of inferior quality,

when the parts which contain chlorophyll, and which con-

sequently assimilate, are attacked at an early stage. The
species of mildew which infest cereal crops are mainly two,

Puccinia g7^aminis and P. coronata. The very remarkable

course of development of the latter will be afterwards more

exactly described when speaking of Fungi.

Sjnut shows itself first on the organs of fructification, the

epidermis of which is irregularly ruptured in a great number

of places, a black dust then appearing through the slits. It

attacks the different parts of the flower in a very unequal

degree. The whole of the parenchymatous tissue is often

destroyed ; and this occurs to so great an extent in winter-

barley, that of the whole ear the common rachis of the in-

florescence alone remains, while frequently, as in oats, the

seed only is destroyed, the paleae remaining unaffected.

Especially in the last stage of the disease, the masses of
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dust also emerge from the culms beneath the flowers, as

well as from the leaves. Rye and wheat are also subject to

this disease, wild grasses less so. It is caused by the at-

tacks of a Fungus, Ustilago carbo, the black masses consist-

ing of its emerging spores which project between the palese,

the mycelial threads obtaining their nutriment from the in-

terior of the parenchymatous cells.

The smut of maize and millet are of a similar character.

In the former swellings the size of the fist or even of the

head are formed in the diseased part, between the cells of

which the filaments of the Fungus which produces the dis-

ease, Ustilago maydis^ are easily found. TJie millet-smut,

caused by Ustilago destruejis^ destroys the whole of the flower

even within the leaf-sheaths.

Btint is a disease which attacks all kinds of wheat, but

the varieties of spelt have less to fear from it than other

sorts, and winter- less than summer-wheat. The Fungus

w^hich produces this disease, Tilletia caries^ fills up with

its spores the whole of the ovary, and replaces it by

an elongated, black, greasy body of a disagreeable odour.

The mycelium is easily found in the parenchyma of the

flower.

Ergot is another Fungus of this kind, which attacks the

inflorescence of grasses, and especially of cereal crops, ap-

pearing in the place of the fruit in the form of an enor-

mously large grain among those that are still healthy. In

form it resembles, therefore, the grain which it attacks ; in

rye, for example, it is obtusely triangular, and in Phragmites

flatly compressed. It is the ' sclerotium ' of a Fungus

which grows from the base of the ovary, and soon detaches

it from its point of attachment, raises it up, and then

encloses it or presses it aside. Ergot, although it seldom

occurs in any great quantity, is one of the most dangerous

vegetable parasites of cereal crops, since it contains a

powerful poison, on account of which it is valuable in medi-

cine, but which renders the meal quite useless when ground

Q 2
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with it. The various stages of development of the ergot of

rye received a number of different names before their con-

nection with one another had been ascertained. Thus
the deHcate myceHum from which ergot originally springs

has been called Sphacelia segetum, the ergot itself Sderothun

clavus^ Secale cornutum [or ' spurred rye '], and the fructifica-

tion which developes from it (Fig. 375), Cordiceps or Clavi-

ceps purpurea ) the last be-

ing the name now given to

the Fungus.

Mention must also be

made of a number of dis-

eases about which but little

is yet known, and which

have this in common, that

they appear as black velvety

coatings on the leaves, and

especially on their upper

side. There seems to be fre-

quently, but not invariably,

a connection of alternation

between the * honey-dew '
^ caused by aphides and these

diseases, the aphides encouraging the settlement of the

Fungi, Torula and Cladosporzum, which give rise to the

latter.

A similar appearance is presented by vines attacked by

the vine-7nildew^ O'idium Tuckeri. The course of this dis-

ease is, in its essential points, as follows :—A delicate white

shining growth is seen, as a rule after the blooming-time,

and at first on the under side of the leaves, then on all the

young parts of the vine (Fig. 376), which finally invests

these parts more and more completely, without, however,

penetrating into the interior, as it only puts out short

organs of attachment here and there. These drain the

' Honey-dew is a sweet juice exuded by various species of Aphis;

[or believed by some to be an exudation from the leaf itself.]

Fig. 37,5.—Ergot : A^ with four receptacles

(natural size); B, longitudinal section

through a receptacle with its perithecia.

(Magnified.)
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epidermis ; the grapes remain small, and finally burst, the

fleshy interior being forced out of one or two intersecting

clefts.

The English gardener Tucker was the first to remark, in the year

1845, the Fungus which was named after him, but without recognising

its nature. The disease appeared at Versailles in 1850; and in 1851

under various conditions, and in widely scattered districts, in France,

Italy, and Germany. In Madeira, the vine, which had been cultivated

since the fifteenth century, was attacked in 1852 ; in several succeeding

years the crop completely failed; and this induced the inhabitants to

abandon the cultivation of the grape for that of the more profitable

Fig. 376.—The vine-mildew : A, the Fungus Oidiiun Tuckeri ; a the oiSium-spores
(conidia) becoming detached ; x the organs of attachment ; b a germinating
spore ( X 400). B, c the so-called cicinobulus-fruit [or cyst], a later forjn of

fructification of the vine-mildew ; <^its spores, (x 450.)

sugar-cane ; so that for twenty years after 1851 scarcely any Madeira

wine was produced. From that time the disease, favoured by damp

warm weather, has spread locally to the whole of Europe, no remedy

having been up to the present time discovered for it.

Next to the vine-disease \ki^ plum-disease is one of the

most destructive parasitic diseases of the different kinds of

stone-friiit. The malformations produced by it, and known

under the name of ' pods' and 'pockets,^ are distinguished

from the dark juicy fruit covered with a bluish bloom by

their greater length and flatness, by the want of the hard

stone, and by their invariably lighter colour. The prema-
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turely ripe fruits fall off and are worthless. The cause oi

the disease is a Fungus, Exoascus Pruni.

The Potato-disease makes its appearance first on the

green parts of the plant, forming

brown spots on the leaves and

stems, usually in July and August.

A short time afterwards the tu-

bers are found to be diseased, and

begin to decay. The decompo-

sition is either moist and of a

disagreeable odour, or ends in

a drying up of the tissue ; the

former kind being generally de-

scribed as the true potato-disease,

although the two forms pass into

. one another. It is only rarely

that the decay of the tubers pre-

cedes the sickening of the plant

itself. The parasite which causes

this disease is also a ' Fungus,

Peroiiospora infestans. It pene-

trates the tissue of the leaf, its

conidia-bearing filaments pro-

jecting through the stomata.

The tissue of the leaf dies under

its influence, and the tubers

which are subsequently attacked

also decay (Fig. 377).

The true potato-disease broke out

about the year 1830, and spread with

terrible rapidity during the next ten

years ; and has never since entirely dis-

appeared. Its study suggested a variety

of causes : among the rest damp wea-

ther, too strong manuring, and the

cutting up of the ' seed-potatoes.'

A peculiar disease, also caused by a Fungus, but which

Fig. 377.— Fungus-filament:

a rotten potato, together with
the spherical spores y called

O'ldimn %'iolacenjn, and the long-
ish multicellular spores z ( f

Fti-sisporimu SoLini ; young
plants are germinating from both
forms. (This fungus very com-
monly accompanies, but is not

the cause of, the disease, x 400.)
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has not yet been sufficiently investigated, is one of con-

siderable practical importance, the beet-disease. It shows

itself sometimes in the winter, its presence being manifested

by the root becoming light-brown and transp>arent from

without inwards.

The diseases to which bulbs are subject have been but

little studied. In the ring-disease, called also the hya-

cinth-pest^ rust-coloured spots spread from the disc over the

scales, advancing from below upwards. The innermost

scales are first attacked, the leaves turn yellow, the flower-

stalk decays, and finally the whole bulb degenerates into a

muddy mass. The so-called white smut consists in the

bulbs rotting from above downwards under the influence of

a white slime.

Besides the diseases already named, there are many
others of less practical importance caused by parasites. Of
these causes of disease, phanerogamic parasites are in gene-

ral less injurious than cryptogamic. Of the former there

are only a very few natives of Europe, the mistletoe {yisann

alhuTfi)^ Loraiithus europcEics^ Lathroea squainaria^ the dod-

ders (species of Cuscuta), the various species of Oroba7uke,

Monotropa Hypopitys^ and Thesium humifusum.

The mistletoe usually grows on the apple, but also on

other trees. It weakens the trees v/hich it attacks by the

penetration of its sucking-roots (Fig. 378 i.), and causes the

formation of knots, sometimes killing the branch on which

it grow^s, or even the whole tree.

The various species of Cuscuta (dodder) germinate in

the ground, and only subsequently strike their roots into the

neighbouring ' host
;

' but they also develope above ground
their ' haustoria ' or sucking-roots at those spots where they

come into contact with the plants which they embrace. C.

eiLvopcea grows readily on hedges and thickets, and attacks

the hop, [stinging-nettle], hemp, and other herbaceous [and

shrubby] plants. C. epilinum is exceedingly destructive to

flax. C Trifolii {Y\g. 378 11.) is especially injurious to fields
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of clover and lucerne, spreading itself centrifugally from

single points, and entirely destroying the vegetation. C
epithyinum is indigenous, chiefly on gorse and heather.

Of the species of 11. a

Orobanche or broom-

rape, which mostly grow

on the roots of wild

plants, the only ones of

practical importance are

O, rubens and ramosa.

I.

Fig. 378.— I. n a piece of a branch of an apple-tree cut through lengthwise, into

which a young mistletoe-plant 771 has driven its sucking-roots .y (reduced) ; II.

Cuscicta Trifolii'. A, parasitic upon clover (reduced) ; B,a separate inflorescence

(natural size).

The former occurs especially on clover, while the latter

mostly attacks hemp, but also tobacco and nightshade [Sola-

num)', {^tQ Fig. 346, p. 166).

The remaining phanerogamic parasites named above

have but Httle scientific interest ; to them may be added

the various species of Melampyrum^ Rhinanthus^ and Pedi-

ciilaris. No further notice is required of the phanerogamic

parasites of tropical and subtropical primeval forests, &c.j

belonging to the natural orders Balanophoracese, Raffles-

iacese, Loranthaceae, &c.

Besides these parasites, there are various flowering plants
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which are mjurious as weeds, depriving other plants of Hght

and nourishment and therefore of the most essential con-

ditions of life, or themselves stunting them in their growth

by climbing over or twining round them, and dragging them

to the ground.

Reference must finally be made to epiphytes^ or those

plants which only grow on other plants without deriving

nutriment from their tissues. Plants of this class which

occur in our zone, for example, many Mosses and Lichens

[and some Ferns], can scarcely be considered as morbifi-

cants.

The injuries which plants receive from animals are ex-

tremely numerous and various. When the injury is to the

root, it results in an insufficient supply of nutriment to the

plant; when, on the other hand, it is the leaves that suffer,

the absorbed food-materials are not assimilated in sufficient

quantity, and the plant suffers from weakness or exhaustion.

Injuries to the bark cause ' bleeding,' gangrene, or decay.

There are also a number of animals that live in or on plants,

which, without visibly injuring them externally, cause an

irritation in ttie parts of the tissue affected which results in

morbid phenomena. It is common, for example, to see the

leaves of the hop, cabbage, and other plants, crumpled up

into blisters and rendered unhealthy by the attacks of

some species of aphis on the under side. The form of

these abnormal productions is usually so characteristic that

it is possible from them to determine the animal by which

they are caused, and vice versa. Thus, aphides^ which lay

their eggs m the plant, cause blister-like swellings, in

which the larvae . live until the period of their metamor-

phosis, at the expense of the plant. The structures which

they produce, and which are generally not injurious, are

sufficiently well known in the lime, hazel, elm, and other

trees and shrubs. Willow-galls and rose-galls are a somewhat

higher form of these bodies. The former are produced

especially on willows by the puncture of the Cecidoinyia
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strohilina in the leaf-buds, which causes arrest of growth,

the stem scarcely developing, and the leaves becoming

crowded together into a close rosette. The rose-gall is

caused by Rhodites Rosce laying its eggs in the branch, the

stem then swellmg up to a considerable size from the exu-
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berant growth of the parenchyma, while the leaves are pro-

duced in ordinary numbers, but with scarcely any paren-

chyma between their fibro-vascular bundles, causing the

misshapen branch to appear as if covered with moss. The

highest form of development of these structures is seen in

the true galls^ the production of which is due to punctures

made in the leaves, flowers, fruits, buds, and young bark

by the female gall-wasp, belonging to various species of

Cy7iips, which then lays its eggs in the wound. The various

kinds of gall are most abundant on the oak-tree, on which the

total number of species that have been observed is upwards

of 150. The best known is the. common oak-gall, pro-

duced by the puncture of Cynips sactellaris on the under side

of the leaf (Fig. 379).^ As morbid phenomena galls are

usually of but small significance. Whether they are regarded

as the nidus of a number of useful insects, or, many of them,

as articles of considerable value in commerce, their usefulness

greatly exceeds the injury which they inflict on the plant.

It would occupy too much space to enumerate those

animals which are hurtful to the plant by the external in-

juries inflicted by feeding on them, &c. The part which

insects play in this respect is well known to every observer

of nature.

AGE AND DEATH OF PLANTS.

If the hfe of a plant is not shortened by any disease,

and if no animal or man appropriates it to its own purpose,

gathers it, and kills it, its term of life is still usually Hmited.

Some die after they have once produced fruit \_mo7tocarpic

plants], one or two years \_annual or biennial plants] being

required for their development ; while others \_p0lyca7pic

plants] produce fruit many times and live for many years,

attaining sometimes an enormous age. The silver-nr sel-

* YOak-spangles are smaller, flat bodies, produced also on the under
side of oak- leaves by the attacks of an insect, Diplolepis lenticularis.—Ed.]



236 StriLctiLral and Physiological Botany,

dom flowers under thirty or forty years ; the Scotch fir and

larch, on the other hand, produce cones in ten or twelve

years ; the oak and beech, again, only flowering when they

have attained a considerable age. The Scotch and spruce-fir

attain their full height, as a rule, in from 80 to 100 years,

while the silver-nr requires a longer period. The annual

rings of the beech usually become less distinct after 130

or 150 years, while the regular increase of the oak in girth

does not diminish till it is 150 or even 200 years old ; and

in the sweet chestnut the increase continues for at least

double that period in the south of Europe. Probably the

oldest lime-tree in Germany, at Neustadt on the Kocher,

w^as celebrated in song as long ago as the year 1408 j and

the silver-firs on the Wurzelberg in the forest of Thuringia

must be, from the number of the annual rings in one of the

oldest trunks, 600 years old. The age of an oak at Breslau,

more than 13 metres in girth at a height of 26 metres, is

estimated at 700 years. The old rose- stock in the crypt of

the cathedral at Hildesheim was planted, according to tra-

dition, by Louis the Pious ; and the old dragon's-blood

tree at Orotava in Madeira, is said to have been as vigorous—

and even to have been hollow—in 1402, when the island was

taken by the Spaniards, as in 1868, when it was blown

down in a storm. All previous conceptions of the size and

age of trees are enormously exceeded by the facts ascer-

tained respecting the Sequoia
(
Wellingtonia) gigantea^ the

' mammoth-tree ' of California, the largest m.easured speci-

men of which gives a diameter of 10 and a height of 120

metres, and, judging from the number of its annual rings, an

age of from 3,000 to 4,000 years. The bread-fruit-tree is

said to attain an age of from 5,000 to 6,000 years ; that of

the gigantic species of Eucalyptus of Australia, from 130 to

160 (?) metres in height, has not been ascertained.
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CHAPTER VI.

SPECIAL MORPHOLOGY AND CLASSIFICATION.

Even the most superficial observation of the vegetable

world is sufficient to show that no form exists on the earth

as a single individual, but that each is repeated with

very slight variations. These variations, however, refer only

to the size, colour, degree of hairiness, and other external

character of the separate organs, to the number of branches,

leaves, and flowers, in short to points so unessential that

the same name is naturally given to all these similar indi-

viduals. Closely connected with this is the additional fact

that new individuals which spring from seeds resemble ex-

actly the individuals which produced the seeds, with the

exception again of slight and unimportant variations. The
entire collection of those plants which thus coincide in all

essential characteristics, and of all those which are de-

scended from the same parent, is called a Species. But a

species remains unchanged, even within the Hmits defined

by essential characteristics, only as long as the vital con-

ditions remain the same. When these are altered by
change of climate or food, or of relationship towards other

organisms, whether man, animals, or other plants, even

some of these characters gradually disappear, and are re-

placed by others. A species is therefore only an assem-

blage of forms which resemble one another for the time

being, and is not a type rigidly defined by nature.

Dependent on changes produced by cultivation, a species

is divided into Sub-species ; and when the characters are

hereditarily transmitted with constancy through the seed,

into Races. Variations within the same race are called

Varieties^ and these again are divided into Sub-varieties.

All species which agree in the essential characters of
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their organs of reproduction—the parts of the flower, seeds,

spores, &c.—form together a Genus, The different species

belonging to the same genus may differ very considerably

in their vegetative organs ; but the slighter these differences

the more natural is the genus.

Since the time of Linnaeus two names have been given

to every plant, a generic and a specific name, the generic

name being placed first, and the specific name last. Thus

the cucumber is Cucumis satiims^ the melon Cucumis melo,

both belonging to the genus Cucumis.

Since the conception of a genus is defined arbitrarily, according to

the individual view of each naturalist, and that of a species is no more

natural, it has come to pass in the course of time that one and the same

plant has received several specific and generic names, or that the same

name, has been given to different plants. In order to distinguish clearly

the particular plant meant, it is usual to append to its name that of the

botanist who first bestowed it. Thus by the phrase Conium maculatum

linn., is meant that Linnaeus was the first to give this name to the com-

mon hemlock. In the present work the name of the authority will not

be given, because only those plants will be mentioned with respect to

which there will be little danger of a mistake as to the species intended.

For the purpose of obtaining a general view of the enor-

mous number of plants, and their mutual similarities or re-

lationships, their classification into genera is not sufficient.

Those genera which are nearly related, i.e. which resemble

one another in the form and mode of arrangement of their

organs of reproduction, are collected mto Families \ these

into Orders ; and these again into Classes. Several classes

go to make up a Sub-kingdom^ and the whole collection of

sub-kingdoms constitutes the Vegetable Kingdom. Since,,

where the relationships are complicated, it is often neces-

sary to distinguish steps even intermediate between these,

it is usual to arrange the orders which make up a class into

Series^ the genera which make up a family into Tribes^ and

the species which make up a genus into Sections. To de-

note still further sub-divisions, the prefix ' sub ' may be

placed before any of the terms mentioned, so as to mark



special Moj'pJiology and Classification, 239

still further intermediate grades ; thus a Sub-family is a

grade between family and tribe, a Sttb-tribe a grade between

tribe and genus, &c.

Classifications of plants which are carried out according to definite

principles are called systems, and are distinguished as Natural and

Artificial systems.

Natural Systems are constructed synthetically ; i.e. they ascend

from the individual upwards, placing always in juxtaposition those

forms which are most nearly related, and thus, by the continual group-

ing of the most nearly related forms in each stage, attaining a gradual

and general view of the entire vegetable kingdom. A natural system

may therefore be called a Grammar of the Vegetable Kingdom, since it

explains all the laws and relationships according to which distinct in-

dividuals are united into species, genera, families, orders, classes, &c.

,

in short, into one harmonious whole. Much is, nevertheless, left to

the arbitrary decision of each naturalist ; although a moderate degree

of unanimity has now been arrived at with respect to the boundaries of

the different orders. The orders are therefore the unities out of which

the vegetable kingdom is constructed, although they have not yet

been grouped into a perfect natural system. The natural system has

been compared, but not very happily, to a chain, a copiously branched

tree, or a net. The best simile is that of Linnaeus, who compared the

various reciprocally related families to the countries of a continent, to

which peninsulas are attached by slight connections, and near which are

islands representing isolated families.

Artificial systems are, on the contrary, constructed analytically, and

set out in the opposite direction, the whole ground being broken up by

repeated divisions, in accordance with a predetermined principle of

classification, until finally you arrive at the individual plant. They
may be compared to dictionaries, in which the whole vocabulary is

arranged according to the one principle of an alphabetical arrange-

ment, artificial systems being in the same manner characterised by the

arrangement of the total number .of genera in accordance with a single

principle. Both place together things that differ most widely ; but

both enable any desired word or any particular plant to be easily

found, or to have its place assigned it among the rest. Strictly speak-

ing, an artificial system ought to be based on only a single principle

of classification, or rather on the more or less perfect development of

a single organ ; but usually the characters of several are taken into

account. It would be possible for there to be many artificial systems

of equal value; and as long ago as 1765, Adamson enumerated 65.
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The best is the Sexual System of Linnoeus, which bases its principle

of classification on the essential parts of the flower, the stamens and

pistils (or as we should now say, carpels).

THE LINNEAN SYSTEM.

Linnaeus divided the vegetable kingdom into 24 classes, dependent

on the number and arrangement of the stamens ; and these, again, into

orders with respect to the pistils. His orders are divided into genera,

and these into species.

The first 23 classes comprise Flowering Plants, those which possess

stamens and pistils (or in a few cases ovules only in place of the pistil).

Of these classes, I.-XX. comprise plants with hermaphrodite flowers,

i.e. those in which the stamens and pistils occur irt the same flower.

Classes XXI., XXII., and XXIII. include plants with imperfect uni-

sexual flowers, containing stamens only (staminate or male flowers, $ )

or pistils only (pistillate or female flowers, 9). In the first 1 1 classes,

the number of free stamens forms the basis of classification ; the length

of the stamens is immaterial, with the exception of the 4th and 6th

classes, in which they must be all of equal length. In the 12th and

13th classes, the number and mode of attachment of the free stamens

is taken into account ; and in the 14th and 15th the number and un-

equal length of the free stamens. In the 1 6th, 17th, 18th, and 19th

classes, Linnaeus included those plants in which the stamens are co-

herent to one another ; in the 20th, those in which the stamens are

adherent to the pistil. Their characters, therefore, are as follows :

Class I. MoNANDRlA. I free stamen in a hermaphrodite flowei*

(Fig. 211 B, p. 116).

Class II. DiANDRiA. 2 free stamens in a heraiaphrodite flower.

Class III. Trtandria. 3 free stamens in a hermaphrodite flower

(Fig. 264, p. 136).

Class IV. Tetrandria. 4 free stamens of equal length in a her-

maphrodite flower.

Class V. Pentandria. 5 free stamens in a hermaphrodite flower

(Fig. 265, p. 136).

Class VI. Hexandria. 6 free stamens of equal length in a her-

maphrodite flower.

Class VIL Heptandria. 7 free stamens in a hermaphrodite

flower.

Class VIII. Octandria. 8 free stamens in a hermaphrodite

flower.
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Class IX, Enneandria. 9 free stamens in a hermaphrodite

flower.

Class X. Decandria. 10 free stamens in a hermaphrodite

flower.

Class XI. DoDECANDRiA. 12-19 free stamens in a hermaphro-

dite flower.

Class XII. ICOSANDRIA. 20 or more free stamens on the mar-

gin of the calyx in a hermaphrodite flower (Fig.

256, p. 133).

Class XIII. PoLYANDRiA. 20 or more free hypogynous stamens

in a hermaphrodite flower, adherent neither to the

corolla nor to the ovary (Fig. 209, p. 1 15).

Class XIV. DiDYNAMiA. 2 long and 2 short free stamens in

a hermaphrodite flower (Fig. 273, p. 139).

Class XV. Tetradynamia. 4 long and 2 short free stamens in

a hermaphrodite flower (Fig. 274, p. 139).

Class XVI. Monadelphia. Stamens united at their base into a

tube open above which encloses the pistil (Fig. 275,

p. 139).

Class XVII. DiADELPHlA. Stamens united at their base into 2

equal or unequal bundles (Fig. 276, p. 139).

Class XVIII. POLYADELPHIA. Stamens united at their base into

several bundles (Fig. 277, p. 139).

Class XIX. Syngenesia. Filaments free ; but the anthers co>

herent into a tube which encloses the pistil (Fig.

278, p. 139).

Class XX. Gynandria. Stamens springing from the summit of

the ovary near to the stigma (Fig. 279, p. 139).

Class XXI. MoNGECiA. Flower unisexual ; staminate and pistil-

late flowers on the same p'ant.

Class XXII. DiCECiA. Flower unisexual ; staminate and pistil-

late flowers on different plants.

Class XXIII. POLYGAMIA. Staminate, pistillate, and hermaphro-

dite flowers on the same plant.

Class XXIV. Cryptogamia, or Flowerless Plants. No stamens

nor ovules.

Each of these classes comprises several orders. In the first 13

classes the characters of the orders depend on the number of pis'ils, \i.e,

carpels], or on the number of styles or stigmas.

R
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Order

Order

Order

Order

Order

Order

Order

Order

Order

Order lo.

Order ii.

Order 12.

MONOGYNIA. I pistil with I stigma.

DiGYNiA. 2 pistils, or i pistil with 2 stigmas.

Trigynia. 3 pistils, or i pistil with 3 stigmas.

Tetragynia. 4 pistils, or i pistil with 4 stigmas.

Pentagynia. 5 pistils, or 1 pistil with 5 stigmas.

Hexagynia. 6 pistils, or i pistil with 6 stigmas.

Heptagynia. 7 pistils.

Octogynia. 8 pistils.

Enneagynia. 9 pistils.

Decagynia. 10 pistils.

DODECAGYNIA. 12 pistils

POLYGYNIA. More than 12 pistils.

All the orders belonging to the various classes are not represented

in the English flora. Examples are as follows :—To Class L, Order I

(indicated shortly as I. i), belongs Hippuris vulgaris ; to II. i, Salvia
\

III. I, Valeidana^ Iris^ and most Cyperacese ; III. 2, almost all

grasses ; IV. i, Dipsacacese and Rubiaceae ; IV. 4, Ilex ; V. i, Bor-

ragineae, Primulaceae, Solanaceae, and Campanulaceae ; V. 2, Umbelli-

ferse ; V. 3, Sambucus ; V. 5, Linum ; VI. i, Liliaceae and Juncaceae;

VI. 3, Rumex \ VIII. I, Epilobium, (Enothera, Erica; X. i, Arbu-

tus-, X. 2, Dianthus^ Saxifraga ; X. 3, Alsine, Sileite
-,
X. 5, Oxalis,

Lychnis, Cerastiu7n\ XL I, Lythrujw, XL 3, Reseda \ XL 5, Semper-

vivuin ; XII. I, Prunus ; XII. 5, Pyrus, Mcspilus ; XII. 12, Rosa,

Eragaria, Rubus -, XIII. i, Tilia, Papaver ; XIII. 2-1 2, Ranuncu-

laceae: Pcsonia, Delphinium, Aconituin, Ranunculus, Hellebo-rus.

The 14th and 15th classes have each 2 orders distinguished by their

fruit.

XIV. I. Gymnospermia ; including most Labiatae : Thymus,

Ajuga, &c. (Fig. 379 b).

XIV. 2. Angiospermia. Scrophulariaceae: Antir-

rhinum, Pedicularis, &c. (Fig. 297, p. 144).

XV. I. SiLicULOSvE. Capsella, Nasturtium, &c.

(Fig. 317, p. 151).

XV. 2. SiLiQUOS^.. Cheiranthus, Raphanus.

In classes XVL, XVIL, and XVIII. , the orders

are distinguished by the number of stamens. The fol-

lowing are comprised in the English flora :

—

XVL 2. Monadelphia Pentandria. Erodium.

XVL 4. Monadelphia Decandria. Geraniujn
;

many Leguminosae.

XVI. 5. Monadelphia Polyandria. Malva.

XVIL I. Diadelphia Hexandria. Fumariaceae.

Fig.
^ 379 B. -—

Fruit of Ajuga
(Labiatae).
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XVII. 2. DiADELPHIA OCTANDRIA. Polygala.

XVII. 3. DiADELPHIA Decandria. Most Leguminosae : Tri-

foliuui^ Lotus^ Vicia, &c.

Class XVIII. POLYADELPHIA. Hypericum with 3 styles.

Class XIX. is divided into the following orders :

—

1. Syngenesia y^QUALiA. Taraxactim, Cichonu7?i, Lactuca, Car-

duus, Cnicus (Fig. 213, p. 117).

2. Syngenesia superflua. A?'femisia^ Aster, Anthemis, Bellis^

(Fig. 214, p. 118).

3. Syngenesia frustranea. Centaurea (Fig. 203, p. 112).

4. Syngenesia necessaria. Calendula.

5. Syngenesia segregata. Echinops, (These two are not in-

cluded in the English flora).

These 5 orders together form the natural order Compositae.

In the 20th, 2 1st, and 22nd classes, the orders are again charac

terised by the number and arrangement of the stamens. The following

occur in the English flora :

—

XX. I, Orchis, Ophrys, Epipactis ; XX. 2, Cypripedium ; XX. 6,

Aristolochia ; XXI. I, Euphorbia; XXI. 3, Sparganium, most Ca-

rices ; XX. 4, Alnus ; XXI. 5, Betula, Fagus, Quercus ; XXI. 6,

Pinus ; XXII. 2, Salix ; XXII. 3, Empetnun, Ruscus ; XXII. 4,

Viscum ; XXII. 5, Humidus ; XXII. 6, Tamus ; XXII. 7, Populus

;

XXII. 8, Hydi'ocharis, Mercurialis ; XXII. 12, Taxus.

Class XXIII. comprises the order :

—

I. POLYGAMIA MONGECIA. Atriplex.

The 24th class Linnieus divided, according to their natural relation-

ships, into 4 orders:— I. Filices ; Ferns. 2. Musci ; Mosses. 3.

Algoe. 4. Fungi.

THE NATURAL SYSTEM.

The system of classification at present in use has gradu-

ally g.own up from a combination of those proposed by

Jussieu, De Candolle, Endlicher, Lindley, Bentham, and

other systematists, and may therefore be called an Eclectic

System. According to it the vegetable kingdom is divided

into two great sections, Cryptogamia and Phanerogamia, the

former being destitute of flowers containing anthers and

ovules, the latter having these organs.
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Cryptogamia are again divided into four groups or sub-

divisions, viz. :

—

1. Thallophytes or Leafless Cellular Cryptogams.

Plants which have no leaves and no vascular tissue, but are

constructed of cells only. There are, however, certain

transitional forms which must not be overlooked between

these and the leafy Cryptogams. To this sub-division be-

long : I, Algoe ; 2, Fungi \ and 3, Lichens. It is impossible

to lay down accurate lines of demarcation between these

three classes ; but it may be stated broadly that Algae con-

tain chlorophyll, and are therefore able to avail themselves

of inorganic food-materials : while Fungi contain no chloro-

phyll, and are therefore not able to make use of absorbed

unassimilated food-materials, but are compelled to live as

parasites on other organisms, or on organic remains.

Lichens, again, assume an intermediate position, uniting in

themselves the characters of Algae and Fungi.

2. Charales. Submerged water-plants readily recog-

nised externally by their organs of reproduction, which re-

semble a spirally striated nucule surmounted by a coronet.

Their distinguishing characteristic lies in the peculiar pheno-

mena connected with the formation ofthe organs of reproduc-

tion (Figs. 418-420, pp. 292, 293).

3. MusciNE^. We have here a distinctly marked alter-

nation of generations. From the spore is developed either

directly (in most Hepaticae) or indirectly, as the lateral

branch of a so-called pro-e??tbryo (in some Hepaticae and

all Musci) a plant which bears the organs of reproduction

;

this is the first [sexual] generation. The result of fertilisation

is the second [nonsexual] generation, a fruit-like structure,

the sporogonium^ in which the spores are formed. This

group is divided into two classes: i, Jlepaticce, and 2,

Musci, of which the former has capsular sporogonia, usually

opening with valves, and containing, in addition to the

spores, elatcrs, i.e. elongated spirally thickened cells (Fig. 422,

III. p. 295) [the object of which is to assist the dissemina-
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tion of the spores] ; while the sporogonia of Musci have

usually a removable lid or opeixulum and do not contain

elaters.

4. Vascular Cryptogams. These possess true vessels,

and are also characterised by the development from the

spore of a leafless pro-embryo of small size, bearing the

oospheres from which, after fertilisation, the spore-bearing

plant is produced. The former is, therefore, the sexual, the

latter the nonsexual generation. They are classified into two

series—the Isosporous and the Heterosporoits. The former

produce only one kind of spore ; the pro-embryo, which is

developed from this, grows for a considerable time inde-

pendently of the spore, and bears both the male and female

organs of reproduction \anthe7'idia and archegonia\. The
Heterosporous Vascular Cryptogams produce, on the con-

trary, two kinds of spores, larger or macrospores, and

smaller or microspoi'es. From the former arise pro-embryos,

on which the oospheres are developed ; while the latter

produce only a slight trace of pro-embryo, and almost

immediately the male elements, the spermatozoids or an-

therozoids. The Isosporous Vascular Cryptogams are

divided into three classes ;— r. Fiiices. The pro-embryo is

above-ground and green ; the sporangia are epidermal

structures (trichomes) of the leaves, 2. Equisetacece, The
pro-embryo is above-ground and green ; the verticillate

leaves are provided with sheaths ; the sporangia are formed

several together on the margin of peltate leaves, which form

a terminal fructification. 3. Ophioglossacece. The pro-

embryo is subterranean, not green, and monoecious; the

stem is unbranched ; the sporangia are formed on a branch

of the leaf which forms a panicle or spike. The Hetero-

sporous Vascular Cryptogam. s include the two remaining

classes :—4. Rhizocarpece, The sporangia are formed in

considerable numbers in the interior of hollow capsules, the

sporocarps, and contain either a single macrospore or a

number of microspores. 5. Lycopodiacece. The spor:ingia
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are produced singly on the upper side and near the base of

the leaf. The macrosporangia contain a small number of

macrospores, the microsporangia a large number of micro-

spores.

Phanerogamia or Flowering Plants are classified into

two divisions :— i. Gymnospermia, in which the ovules are

naked, i.e. not enclosed in an ovary; and 2. Angiospermia,

ill which they are so enclosed. The alternation of genera-

tions is in them concealed in the formation of the seed. The
pollen-grain corresponds to the microspore, and the embryo-

sac to the macrospore of the Heterosporous Vascular Crypto-

gams. Gymnosperms comprise the Cycadece, which have a

simple stem and pinnate leaves ; and the Co77iferce, with

branched stem and simple usually acicular leaves. Angio-

sperms are again divided into two classes, Mo7tocotyledones

and Dicotyledones. In the former the embryo has only a

single cotyledon, the vascular bundles of the stem are dis-

persed, and the prevalent number in the parts of the flower

is 3. In Dicotyledons the embryo has almost always two

opposite cotyledons, the vascular bundles are united in the

stem into a more or less complete ring, surrounding a central

(axial) pith, and the prevalent number in the parts of the

flower is 5 [or 4].

It is necessary again to state very distinctly that there are a number

of plants which must be assigned, in consequence of their natural affi-

nity, to a class in which they could not be included if its distinguishing

characteristics were rigidly interpreted. If, however, in such a case the

principle of the classification were to be rigidly enforced, we should

fall into the greater evil—because still more opposed to the idea of a

natural system— of separating arbitrarily what are naturally related.

Even the best natural system must, therefore, be either not altogether

systematic, or must be unnatural, because any systematic attempts to con-

strain free Nature in the fetters of an arrangement which is foreign to

her, must leave out of account tire numerous transitional forms which

occupy intermediate places between the principal types.
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CRYPTOGAMIA, OR FLOWERLESS PLANTS.

Class I. AlgcE,

The Algae include some of the smallest and simplest

forms of vegetable life, rising in other instances to a high

degree of organisation and considerable dimensions. Some

Fig. 380.

—

Caulerpa taxifolia, a marine Unicellular Alga (natural size).

species of Palmella have a diameter of only '0001 to '0002

mm., while Macrocystis attains a 'ength of 300 metres or more.
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The important points of distinction between the different

forms depend either on the degree of development of the

individual cells, or on the mode in which they combine.

Even among the Unicellular Algae the greatest variety of

forms is found, from the globular Pleurococcus (Fig. 59,

p. 37), and the rooting spherical cell of Botrydium (Fig. 81,

p. 55), to the species of Caulerpa (Fig. 380) of tropical seas,

two feet in length, and simulating the appearance of stem,

leaves, and roots. Sometimes the single cell branches

copiously, its branches becoming most intimately connected

with one another in such a peculiar way that a tissue-like

structure is produced, as in Ccleochcete scutata, and a section

through the whole presents the appearance of a number of

cell-cavities, where we have actually only protuberances of

a single cell. Sometimes these protuberances lie in such

regular layers one over another, that a transverse section

might be imagined to exhibit one medullary and two' cor-

tical layers, as in Udotea cyathiformis, A number of Uni-

cellular Algae often constitute a colony of cells genetically

and organically united, which behaves to its environment

in all respects as a single individual (Figs. 58, 59, p. 37).

The Multicellular Algae are either filiform, the cells arranged

in a single row or thread (Fig. 54, p. 32); or the cells form

a flat surface or single layer only one cell thick (Fig. %2^

p. 56) ; or, finally, a solid mass of cells in three directions.

Within these three classes even a greater variety of form

prevails than in the Unicellular Algae ; some of the larger

species of Fucus^ for example, often bearing a resemblance

to branched trees. In the massive Algae it is very common
for there to be a differentiation to this extent into epidermis

and fundamental tissue, that the outermost layers consist of

smaller cells with thicker walls, while the interior cells are often

much larger, and sometimes of great length. It is, however,

possible at most to speak only of a pseudo-parenchyma;

. there is nothing of the nature of primary parenchyma or

cambium ; and the entire process of growth is governed by
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a single apical cell. True roots provided with a root-cap

are also altogether wanting.

The cell-walls usually consist of ordinary unlignified

cellulose, which is coloured blue by iodine and sulphuric

acid. It is worthy of note that the cell-walls of Algae have

a great disposition to become converted into a mucilaginous

substance, causing the entire organism sometimes to become

surrounded by a gelatinous envelope, while in other cases a

stalk-like mass of jelly connects the Alga with others of the

same kind, or fixes it to its substratum. Many are cal-

careous, and the calcium carbonate is, in some cases, as

Co7'allina^ deposited in the cell-wall ; while in others, as

Cymopolia^ it is excreted into the intercellular spaces. The
cell-walls of the Diatomaceae form, in

consequence of the deposition in them

of silica, actual coats of mail which are

not destroyed either by decay or at a

red heat. Although the Diatoms are at

most o*i mm. in diameter, these sili-

ceous coatings form strata which are

not without importance in building up

the crust of the globe, as in the case of

emery and infusorial earth (Fig. -t^"^^

p. 22, and Fig. 381).

It is rare for the cells of Algae to

possess a nucleus ; but they often con-

tain starch. The presence of chloro-

phyll is of special importance ; and this

is invariable, although often concealed

by pigments of various colours. These
combinations of colours are remarkably

constant in large natural groups. Thus
the Nostocaceae are of a bluish or light-

green colour, the Diatomaceae yellow, the Fucaceae brown or

olive, and the Florideae of a beautiful rose-red. Both the

chlorophyll and the other colouring matters sometimes form

Fig. 381. — Grajjtmato-
phora subtilissima, a
Diatom (x 1550); see
also Figs. 8, 11, and 38.
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granules in the living cells, sometimes broad bands often

curved spirally, as in Spirogyra (Fig. 41, p. 25), sometimes

elegant discs, the forms of which are characteristic of par-

ticular genera. It is also not uncommon for the chlorophyll-

grains to be imbedded in coloured fluids. On the death

of the plant these colouring matters commonly undergo a

change, so that, when dried, Algae seldom retain the beauti-

ful colours of the living plant.

The reproduction of Algae is effected in a number of

different ways ; viz. :

—

1. By Fission or Division ; the plant dividing into two

new individuals. This occurs especially in the Diatomaceae.

2. By Gemmce^ which become detached from the parent-

plant as single cells, rarely as masses of cells, and grow into

new independent plants. Of this nature are the tetraspores

of the Floridese (Fig. 382) ; and a similar mode occurs also

in Spirogyra^ Zygnema, Ulothrix^ &c.

3. By Swarmspores or Zoospores (Fig. 82, p. 56, and Fig.

385). One or more naked primordial cells are formed by

free-cell formation in a particular cell of the parent-plant,

become free by rupturing its cell-wall, and then swim about

in the water for a longer or shorter time, like infusoria, by

means of two, four, or a larger number of vibratile cilia with

which they are provided. They are microscopic and desti-

tute of a cell-wall ; but, after gradually coming to rest, de-

velope a cell-wall of cellulose, and then grow into a new
Alga. They occur in both freshwater and marine Algae,

Vaucheria, (Edogonium, &c.

4. By the formation of Oospores or Embryos from the

coalescence of the contents of two cells. The simplest

variety of this process is that known as C071jligation^ in

which no difference is perceptible between the fertiHsing

and the fertilised cells (Fig. 54, p. 32, and Fig. z^z\ This

occurs in the Conjugatae and Diatomaceae. Less frequently

two swarmspores, one of which exceeds the other in size

many times, coalesce, the product of their union being a
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single reproductive cell, as in Pandorina and Ulothrix,

This last form of conjugation constitutes a connecting link

between the modes of reproduction by swarmspores and by

oospores. Those processes of impregnation are more com-

plicated in which the two cells which share in the produc-

tion of the embryo are unlike. The fertilising [male] body

is in these cases termed a spermatozoid^ aittherozoid^ or

Fig. 382. — Tetra- Fig. 383. — Conjuga- Y\g. -^Z^.— Vaucherta hainata-. aoo%o-
spores of CoT-al- tion of Closterhan nium open at the apex ; b antheridium
Ihia cupressina, Ltiunla, a Desmid also open, from which the antherozoids
enclosed in the con- (greatly magnified). are escaping ; c parent filament ; ^single
ceptacle cut open. antherozoids more strongly magnified.

{a-c X 400.)

Sperm-cell ; the mass of protoplasm which has to be fer-

tilised [female cell], an oosphere or Germ-cell. The latter

are many (often several hundred) times larger than the

former. The antherozoids are first formed in a cell which

is called an aittheridiiim^ and the oosphere is the result of

the contraction of the protoplasm of a special cell termed

the oogojiiiim. In Vaucheria, Fig. 384, a number of elon-

gated antherozoids are formed in the antheridia, here called

' horns ;
' these penetrate into the oogonium through an

opening formed in its cell-wall at the period of its maturity,

and finally reach the oosphere. The latter clothes itself,
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after fertilisation, with a membrane of cellulose, and becomes
the oospore or embryo. This embryo assumes the form of

a resting-spore^ which does not germinate at once, but is set

Fig. 385.—I. A, Filament of CEdogoniwn ciliatum : n cells

which produce the swarmspores ; o g- oogonium with
dwarf-male ^z ; b, oogonium at the moment of impregna-
tion ; o oosphere : z antherozoid in the act of entering ;

fit dwarf-male ; c, O. geinilliparum : piece of a filament

in which the swarmspores z are being formed, from which
the dwarf-males are produced ( X 250). II. Swarmspores
of (Edogonium : a, before escape from their mother-cell

;

B, in the act ofescaping ; c, when set free. (After Prings-
heim.

)

free when the Alga itself decays, sinks to

the ground, remains dormant through the

winter, and germinates in the spring. In

CEdogonium (Fig. 385) the oogonium is a cell of the filament

itself. The multicellular antheridium or ' Dwarf Male ' is

formed from a peculiar swarmspore \androspore\ which

attaches itself to the oogonium. Only a single antherozoid

is formed in each cell of the antheridium, which escapes
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through a sUt and forces itself into the oogonium through an

opening formed at the same time in its cell-wall, and finally

reaches the oosphere, which then developes into a resting-

spore. In the Florideae the antherozoids ^
[are unprovided with cilia and] are only

moved about passively in the water ; they

attach themselves to a hair-like cell, the

trichogy7te, emptying their contents into it.

The result of this impregnation is seen

sometimes at the base of the trichogyne

(in Nemalium^ Fig. 386), sometimes in

adjoining cells (in the Ceramiaceae), some-

times (in Dudresnaya) in altogether dif-

ferent branches, on which cystocarps ^xo^

formed, which contain the oospores.

In many sections of Algae difterent

modes of reproduction occur in the same

species ; and these are often associated

into an Alternation of Generations ; by

which is meant that the mode of repro-

duction varies according to the genera-

tion. This occurs especially in the fresh-

water Algae, where an individual which is

developed out of a swarmspore itself pro-

duces sexual organs, and vice versa.

Fig. 386.— Fertilisation

of Nenialium nml-
tifidzim ; the globular

Algae are submerged water plants, or antherozoids at the apex
. of the trichogyne.

at all events require water for their pro-

cesses of development, and especially for their reproduc-

tion. Certain vital phenomena, as for instance the alter-

nation of generations and the production of swarmspores, are

sometimes dependent on immersion in water following

the drying-up of the cells. The degree of concentration

of the fluid in which Algae grow has also a great influ-

ence on their development. Chlorococcics infusionum, for

example, propagates itself in a less dense nutrient fluid

by means of swarmspores, in a more concentrated me-
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dium by breaking up into motionless globules ; and when
these spherical cells become closely crowded together by

the gradual evaporation of the fluid, they coalesce into a

pellicular stratum, the individual globules assuming a poly-

gonal form in consequence of their mutual pressure. This

latter form was at one time described under the name Lim-

fiodictyon Roemu7'iaiiu7n, Algae are rarely true parasites,

although they very commonly inhabit the surface of other

plants ; they much more often obtain their food by direct

assimilation. They may be classified according to their

habitat into Freshwater and Marine Algae. The former are

mostly green, and are found plentifully in any stagnant

water or ditch in the spring and summer, and not unfre-

quently contribute, by their process of vegetation, to the

removal of substances decaying in the water. The red,

green, and brown marine Algae are larger and ofmuch greater

beauty ; some of these live only in the breakers, others only

on the quiet bed of the ocean. They very often occur in

great masses ; the largest of these is the ^ sargasso sea,' which

occupies several thousand square miles in the Atlantic be-

tween 19° and 34° N. iat. and 34° and 36° W. long., the

surface of the sea being covered with detlched sterile masses

of the *gulf-weed,^ Sai-gassian nataiis (Fig. 387). Sarcina or

Me7'is7iwpoedia vejitricuH is commonly found in the gastric

juice of man ; and it is still an undecided question whether

these cube-shaped cells united together in strings are of

pathological character or not. The number of types included

in Algae is not remarkably large ; but that of the individuals

which are collected in masses is enormously great.

The gelatinous substance of the cell-walls gives to

several kinds of Algae the property of being used as articles

of diet, such as the species of Laminaria and Ulva (green

laver) on the coasts of Scotland and Ireland, and the ^ carra-

geen moss ' which is obtained from Sphcerococcus crispus and

mammillosiis. The ashes of the larger mg^rine Algae were at

one time largely employed, as kelp, in the manufacture of
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alkali, and still are for that of iodine. Gigarthina helmiu-

thochortos furnishes ' worm-moss/ but is usually adulterated

with other species of marine Algae.

It cannot be said that there is at present any classifica-

tion of Algae on a truly scientific basis. In its place a

Fig. 387.—The gulf-weed, Sargassiwt natans, with globular berry-like swimming-
bladders (natural size).

selection may be made of typical forms, round which the

rest group themselves.

The NosTOCACE/E form filiform unbranched rows of cells. The
filaments are free in Oscillatoida ; while in Nostoc they are enclosed in

gelatinous envelopes, and by the melting of these are often united into

larger colonies. The vegetative cells, which are capable of dividing

into daughter-cells, contain a homogeneous or granular protoplasm of a
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bluish-green colour, caused by the mixture of the colouring matter of

chlorophyll with a blue and yellow pigment. The form of the in-

dividual cells is discoid or nearly spherical. But little is known of

their mode of reproduction.

The HYDRODiCTYEiE contain pure chlorophyll, and are distin-

guished by producing a large number of swarmspores which, after

coming to rest, unite into a family. This is of tabular form in Pedias-

trum (Fig. 58, p. 37) ; in Hydrodictyon a sack-like wide-meshed net.

The VOLVOCINE^ form colonies which are quadrangular in

Gonium^ spherical in Volvox [and Stephanosphcera\ the cells being im-

bedded in a hyaline jelly. The whole colony is carried in a circular

and progressive movement by the vibratile motion of the cilia which

project from the separate individuals through the jelly into the water. ^

The CoNjUGATiE are distinguished from all other Algae by their

reproduction by the process of Conjugation. In the Zygnemese and

Mesocarpeoe the conjugation takes place between cells belonging to

different unbranched filaments (Fig. 54, p. 32) ; in the Desmidieae

(Pig. 383, p. 251) between isolated cells. [The resting-spore resulting

from the conjugation is called a zygospore.
'\

The Diatomaceae (Bacil-

lariese) are nearly allied to the Desmidieae. Their cell-wall is trans-

formed into a siliceous coating, often showing markings of the most

beautiful delicacy (Fig. 38, p. 22, and

381, p. 249) ; and the two halves fit

into one another like the halves

of a pasteboard box. They are pro-

pagated by repeated bipartition : but

the diameter of the successive genera-

tions gradually diminishes until at

length it attains a minimum. This

process is then interrupted by the form-

ation of larger cells or auxospores, and

individuals are produced which reach

the maximum size of the species, but

„^ ^ ^, 7 7- _ o in other respects exactly resemble their

social Diatom, attached to a thread parent-cells. In these the process of
of a Conferva (greatly magnified).

, ^ip^.tition is then again commenced.

1 \Proiococcus is a genus of Unicellular Algae but imperfectly known,

and generally referred to this family. The species consist of single

swarmspore-like bodies with a more or less evident gelatinous envelope of

cellulose, through which protrude two vibratile cilia. They move

actively, and are multiplied by division during the active state, finally

settling down into a resting-state. See also p. 261.

—

Ed.]
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They excrete a thin jelly, in which they often live enclosed as colonies

(Fig, 388). They are especially distinguished by their apparently

voluntary movements.

The Siphoned consist of a single sac-like, often branched cell,

the free part that does not root in the ground containing a parietal

layer of protoplasm v^ith abundance of grains of chlorophyll, [but form-

ing no nucleus]. They are propagated by oospores, swarmspores, and
gemmae, as in Vaucheria (Fig. 384, p. 251). To this class belong also

Botrydiicin (Fig. 81, p. 55) and Caulerpa (Fig. 380, p. 247).

The FucACEi^ are large brown or olive-coloured seaweeds, often

many feet long [as in Sargassum, Fig. 387, p. 255], and of a cartila-

ginous texture. They are attached to stones [or other Algae] by a

branched attachment-disc. Their

branches, which are often beauti-

fully dichotomous, all lie in one

plane, or can be reduced to one

without violence to the plant. From
the dead plant cold fresh water

extracts a leather-brown pigment.

They very commonly form air-cavi-

ties in the interior of the tissue [or

occasionally elevated on distinct

stalks, as in the gulf-weed (Fig.

387)], which swell outwards like

bladders and serve as swimming-

bladders [as in the common bladder-

wrack, Fiicus- vesiculosus\ They

are propagated by oospores (Fig.

389). The oospheres are set free

by the bursting of the oogonia, and

are fertilised outside the plant by

the antherozoids. Some species

are monoecious, bearing both kinds

of reproductive organs [which are

contained in male and female con-

ceptacles] on the same plant; others

are dioecious, one individual pro-

ducing antheridia only, another in-

dividual oogonia only.

Nearly allied to the P\icace3e

are the LAMiNARiEi^, which re-

semble stalked leaves (Fi<j. 390).

S

F—

Fig. 389.

—

FticMs vesiculosiis ; I. f
thallus

; t fructification ; v air-

bladder (natural size); 11. anther-
ozoids (greatly magnified).

They are reproduced by rather
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large swarmspores provided with two cilia, which are formed in in-

definite numbers in special cells. No process of impregnation has been

at present detected in them.

The Floride^ are red or violet-coloured seaweeds, the green

colour of their chlorophyll-grains being concealed by a red;pigment

which can be extracted by cold fresh water. They are propagated

[sexually] by means of oospores formed in capsular fruit -like cells, the

cystocarps (see Fig. 386, p. 253), and [asexually] by tetraspores (Fig.

382, p. 251), produced in fours in special cells.

The CEDOGONiEi^i, to which allusion has already been made, differ

so greatly from other Algae in the processes which accompany their

reproduction, that they cannot be included in any of the classes already

named, but form a distinct one by themselves (see Fig. 385, p. 252).

The SCHIZOMYCETES form a kind of supplementary class ; a group

of small organisms so near the extreme boundary of visibility that the

separate individuals appear only as minute dots or rods even under the

most powerful enlargement. All these organisms are characterised by

the ease with which they break up into their separate cells as soon as

they come into contact with the atmsophere, from which circumstance

they have received their name. They include the forms known as

TermOj Bacterium^ Vibrio^ Spirilhun^ Leptothrix^ &c. (Fig. 391).

There are, however, apparently dis-

tinct genera and species belonging

to this class, which exist on par-

ticular nitrogenous compounds, and

which are probably the cause of

different modes of decomposition of

their substratum. They multiply

by transverse division into two simi-

lar daughter-cells, which either be-

come isolated at once, or remain

connected for a considerable time,

and thus develope filiform or tabular

colonies of cells. They usually grow in water, splitting up the nitro-

genous compounds which are contained in it into ammonia which sup-

plies them with nutriment, and other substances which arise as second-

ary products of decomposition. Such decompositions of nitrogenous

substances are known as putrefaction^ and the Bacteria are the sole

causes of it, while the moulds and infusoria commonly found in putre-

fying substances must be considered only as accompaniments of putre-

faction. Solid nitrogenous compounds which are insoluble in water

are rendered fluid by the agency of Bacteria. These bodies usually

s 2

Fig. 391.—I. Bacteria ; II, Vibriones
III. chain of Leptoihrix

',
IV. gela-

tinous colony of Zoo^loea cholera ; V.
Sporonema gracile, (x 1000.)
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possess a power of movement of various degrees of activity, consisting

in vibrations and a creeping motion backw^ards and forwards ; but the

causes and mechanism of these movements are not yet certainly known
in any case. As soon as the nitrogenous substances in the substratum

are entirely consumed, the Bacteria gradually cease multiplying, and

pass over from their motile to their stationary condition, usually excret-

ing at the same time an intercellular substance, and congregating into

gelatinous colonies (Fig. 391, iv.). In this state, when they are know^n

as Zoogloea, they still continue to grow, divide, and, under certain cir-

cumstances, again to become active. Those Bacteria which develope

in damp air on nitrogenous nutrient substances also form gelatinous

masses ; they usually produce, as secondary products of their process of

assimilation, red, violet, yellow, green, and brown colouring substances.

The Schizomycetes, being all unicellular, are at present included under

Algae, among w^hich they show the nearest affinity to the Nostocacese.

They were at one time placed among Fungi, to which they show an

analogy in their mode of life, since they live on organic substances,

obtaining their nutriment from them ; all fluids, in fact, which con-

tain organic substances undergoing decomposition, have particular forms

of the Schizomycetes, and usually in large numbers. It is, neverthe-

less, still an open question w^hether these organisms belong to the

animal or vegetable kingdom, or whether they occupy an intermediate

position between the two, partaking of the characters of both, or may
be erected into an independent kingdom, the Protista [of Haeckel], the

point of departure of the two others.

When water which contains living Bacteria is evaporated, a great

number of these organisms are carried into the air, and in particular the

most minute globular forms, the Microbacteria. The germs of Bac-

teria which, in consequence, rise into the air whenever putrefying fluids

are evaporated, are carried down everywhere by rain, are sucked in

with the air in breathing, and hence become causes of putrefaction in

all nitrogenous substances exposed to the air, since their vitality is not

lost in the atmosphere. Of this nature are many and possibly all causes

of putrefaction and the propagators of contagious diseases. These Jatter

are mostly immotile globular Bacteria {Sphcsrobacteria), often united

together into clusters, drinking-water being usually considered the

medium of their propagation. The blood of animals attacked by con-

tagious diseases generally contains, a considerable time before their

death, a prodigious number of Bacteria— straight, rigid, cylindrical rods

which are bent at an obtuse angle in one or two places, extremely

slerider, and usually not more than from '004 to •012mm. in length.

In the intestines, excrements, and vomit of cholera-patients are found,
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at least at the commencement of the attack and possibly as its cause,

enormous quantities of organisms, the identity of which with Zooglced

To 7Jto, or their difference from it as a separate organism under the

name Z, cholerce (Fig. 391 iv.), has not yet been determined. Under

the Schizomycetes must also be included Leptothrix buccalis (Fig. 391

III.), an organism which always occurs in the mouth, especially in the

mornirg, but is in general without significance as a morbificant.

It consists of extremely delicate transparent filaments, which, neverthe-

less, appear to be composed of separate cells, since they bteak up into

sharply defined pieces simply on being touched. To this class belongs

also the substance known as Monas prodigiosan closely resembling the

red corpuscles of the blood, which sometimes appears in prodigious

quantities on bread and similar substances.

[As Protococcus is one of the types of organic life to

which special attention is called in the new syllabus for

the science examinations at the University of London, a

somewhat more detailed account may be given of what is at

present known respecting it. It is found very abundantly

in the mud where rain-water collects, and in similar situations.

In its most ordinary form, each individual consists of a

single, nearly spheroidal, cell from '003 to '00001 inch in

diameter ; and varying in colour from bright green to bright

red, according to the relative proportion of a green and a

red colouring matter diffused throughout the protoplasm, or

occurring in the form of granules. In this form it multiplies

with great rapidity by fission, i.e, by simple cell-division
;

and is also stated occasionally to increase by gemmation

or budding. The individual Protococcus performs all the

functions of an ordinary vegetable cell, respiring, i.e,

absorbing oxygen and giving off carbon dioxide in the

dark, in consequence of the oxidation of its substance,

and probably also in the daytime, although the process is

then concealed by the opposite process of nutrition, or the

decomposition of carbon dioxide and elimination of oxygen,

which is effected by the chlorophyll under the influence of

sunlight. The change to the active condition takes place in

the following way. The protoplasm withdraws itself from
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the cell-wall at all but two points, where it protrudes through

the wall in the form of long vibratile cilia, by the motion of

which it is propelled through the water. The cilia are ex-

tremely delicate, and are invisible except when moving very

slowly, or when artificially coloured by some reagent, as

iodine, which, however, kills the plant. In this condition it

sometimes loses its cell-wall, and swims about as a naked

primordial cell. Eventually, however, it loses its cilia,

clothes itself with a coat of cellulose, and becomes quiescent.

In this state it may retain its vitality when dried up, even

for years ; and will then resum.e its activity when again placed

in water.

—

Ed.]

Class II. Fungi.

The elements of which the vegetative parts of Fungi

that do not subserve the process of reproduction^ consist,

are hyphce^ or filaments of cells destitute of chlorophyll,

which usually branch repeatedly by lateral ramification, and

grow only at their apices. In a small group which forms a

transitional step from Algae to Fungi, the Phycpmycetes,

the entire vegetative portion of the Fungus consists of

a single undivided cell. The next group in the ascending

series, the Mould-fungi, consists only of a single often much
branched filament of cells. Even in the highest forms the

filaments either run parallel to one another, or in an irre-

gularly complicated mass, but often forming structures of an

externally definite form characteristic of particular species.

Sometimes the hyphce are compacted at particular parts into

a dense parenchymatous structure, known as 2.pseudo-paren-

chyma., as on the surface of the larger Fungi, where it forms

their skin.

A number of unicellular organisms, such as, especially,

the Yeast-fungi^ which form cloudy or slimy precipitates or

pellicles on the surface of organic bodies in a state of de-

composition, are also usually included in this class. It is,

however, still doubtful whether these organisms are only
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particular stages in the development of higher Fungi, or are

independent forms of life arising from specific germs of their

own ; the beer-yeast, for example, being a low type of the

Ascomycetes. (For further particulars see p. 277).

The cell-wall of Fungi consists of cellulose, which how-

ever is only very rarely coloured blue by iodine and sul-

phuric acid, and is therefore considered a special modifica-

tion, under the name Fungus-cellulose. Very often the

outer layers of the cell-wall swell up and pass over into a

gelatinous or mucilaginous condition.

The cells of P\mgi contain neither nucleus, starch-

grains, nor chlorophyll ; but their characteristic contents

are a fatty oil. Calcium oxalate is very commonly found

on the surface of the cells, very rarely in their interior.

The thallus of Fungi consists of tw^o principal parts, the

mycelium and the receptacle. The former is developed at

once on germination, and either consists of simple filaments,

or forms loose flocculent masses, branching bundles, pelli-

cular expansions (as Penicillium when growing on fluids), or

finally, compact tuberous masses, the ' sclerotia/ as in ergot.

Its term of life is longer or shorter, often several years, and

it produces the receptacles only once or repeatedly {i.e, may
be either monocarpic or polycarpic).

The 7'eceptacle or stroma is, as a rule, the most con-

spicuous part of the Fungus, and is popularly regarded as

the whole, as in the mushrooms. Fertile hyphce, consisting of

only a single filament, usually erect, are distinguished from

true receptacles of a compound structure.

In the fertile hyphae the terminal cells of the principal

filament and its ramifications become the mother- cells of

the reproductive cells or spores, their growth as a rule then

ceasing. A fresh growth of the lower portion, however,

frequently begins after the ripening of the first spores, which

soon again terminates with a new formation of reproductive

organs, the j)rocess being sometimes again repeated after a

time.
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The receptacle varies greatly in its external form ; but

the production of spores is almost always limited to a par-

ticular part, the hymeiiium. Thus, for example, in the

mushroom-shaped Fungi (Agaricini) the spores are formed

only on delicate plates on the under side of the pileus.

In many cases the receptacle is naked ; in others the lower

side of the pileus is covered with a membrane which is

ruptured when near maturity (Fig. 392) (velum partiale or

Fig. 392.—Mushroom, Agariais canipestris ; one young globular and two mature
receptacles, a pileus ; b lamellae ; c annulus (natural size).

annuhis) ; or often the pileus and stalk are both enveloped

in such a membrane (velum U7iive7^sale), or occasionally both

are present (Fig. 393 i). In the Phalloideae and Tuberacese,

as Bovista and Ttibe?-^ the hymenium, to which the term

gleba is also given in these cases, is distributed into

chambers, and is found in simple or double sacs or recep-

tacles, the peridia (Fig. 394), enclosed on all sides. The

Pyrenomycetes, finally, have small flask-shaped receptacles,
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Fig. 393,— I. Agaria^s rubescens ; the receptacle (natural size) ; .? stipes ; v velum
universale, a velu7n partiale or annulus. II. Part of a longitudinal section
through the hymenium of another species : a pseudo-parenchynia ; b hymenuim ;

c spores, (x 400.)
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the conceptacles or perithecia^ usually opening outwards by

a small orifice, the simple internal cavity of which is almost

completely filled up by the soft hymenium (Fig. 395).

The reoroductive cells are either the result of a process
IT.

Fig. 394.—Truffle, Tiiber iiielanosporuin \ I. receptacle (the part that is eaten);
II. a part of the receptacle, with spores in different stages of maturity, the

outer cortical layer below (strongly magnified) ; III. sporangium with two spores
(more strongly magnified).

of impregnation or not ; in the latter case they are called

simple spores^ and their mother- cells sporaitgia ; in the

former case differdnt names are

given to them according to their

mode of formation.

Reproduction by spores is by

far the most common mode among
Fungi. The spores, however, vary

greatly in their form and mode of

formation ; in some species two,

three, or even four forms have been

observed, forming a single cycle of

Fig. 395. — Nectria inaicrata development. Their modc of form-
(Sphseriaceae) : a mature pen- . ... ..,,._-
thecium ; b spore-sacs or asci. atiou IS of three principal diTierent
(x about 150.) , . ,

^ '
kinds :—
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1. By Division ; i,e. by the contents of a sporangium

breaking up entirely into spores (in the Mucorini, Fig. 396),

or being transformed by segmenta-

tion into a sporidesinium (Fig. 397).

2. On basidia ; i.e. on the apex

(Fig. 398 L, II.), or on the more

fiUform or pointed protuberances,

sterigmata (Fig. 398 in.) of special

cells. Such spores are called basi-

diospores^ acrospores, or

cxospores\ and they may
either be formed simulta-

neously or may become de-

tached successively. The
former mode occurs in the

Agaricini (Fig. 393 11.,

p. 265) ; the latter in

Penicillium (Fig. i, p. 7).

Those that become de-

tached in succession, or abstricted, usually form threads,

the younger spores placed on the apex of older ones, and
III.

Fig. 396,

—

Ascophora Mticedo : I. an entire

plant with six sporangia in different stages
of development (strongly magnified) ; II.

single sporangium with spores 3 (x 200).

Fig. 397.—Compound Fig. 398.— I. c Basidiospores of an Agaric; a cells of the
spore {sporides- hymenium ; b basidium (x 300): II. ^ basidiospores of
miu7ii) of Sphceria Geaster hygroinetHcus ; 7n mycelial filament ; b basidium
Scirpi (after De (after De Bary ; x 390) ; III. a three basidia or sterigmata
Bary

;
x 390). of ^Jirz^/a ^/zVz^/,^?^.^: ; <5 basidiospore (strongly magnified).

the oldest on the basidium. In a few cases, as Cystopus
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and Peronospora^ sporangia are formed instead of spores

on the basidia. Spores which become abstricted in this

way from the apex of filaments have been termed conidia
;

if formed in special receptacles or pycnidia^ they are stylo-

spores,

3. In asci or t7iec(B (Fig. 399). The spores, here called

ascospores^ thecaspores^ or endospores, are usually formed

II.

Fig, 399. _I. Transverse section through a receptacle of Ascoboliis pulcherrimns
(magnified) ; II. a part of a receptacle consisting of asci in various stages of de-

velopment, and paraphyses (more strongly magnified).

simultaneously in definite number (in most species eight),

in the interior of a sac-like cell, the Ascus or Theca, which

they do not entirely fill up. The asci are usually surrounded

by paraphyses^ i.e, unbranched unicellular or multicellular

hairs which are formed beside them, usually in large numbers

and running in the same direction. Special receptacles in

which asci are formed are called /^r///^<^^/<^ (Fig. 395, p. 266).

The further behaviour of the spores also exhibits a

variety of difi'erences. The Swarmspores or Zoospores

break through the wall of the cell in which they are

formed and which is called a zoosporangium ; and then

swim about for some hours or even days, as if endowed with

voluntary power of motion, by means of their vibratile cilia;

after which they become fixed and develope into new plants

(Figs. 400^ 401). The greater number of spores, however,

are not endowed with motion of this kind. In some in-
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stances they germinate immediately after attaining maturity,

in other cases where they have thicker coats, only after a

Hi. IV.

Fig. 400.—Swarm-
spores of Pero7io-

spora infestans.
(X 390-)

Fig. 401.— I. Fly which has putrefied in water and become surrounded by the fila-

ments of Saprolegiiia ferax (natural size) ; II. end of one of these filaments
(greatly magnified) ; III. protoplasm of the end of the filament collecting into

globular masses : IV. biciliate swarmspores produced from the protoplasm escap-
ing from the cell. ( x 300).

definite longer time, so that they appear especially adapted

for hibernation, and are termed resting-spores or teleuto-

spores. Differences also exist in the mode of germination,

many spores developing at once into a new plant, while

others first produce spores of a second order or sporidiu^

which then put out sacs ox pro-mycelia (Fig. 407, p. 273),

and these then either repeat the same process or develope

into perfect plants. To this class belongs the so-called

Buddifig of yeast, i.e. a continual formation of sporidia
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under special circumstances (Fig. 402). Resembling this is
^

the mode of reproduction by gemmce. Special filaments of

the Fungus break up by repeated transverse division into a

row of cells capable of germination, which then propagate

the parent organism by multi-

plication in the ordinary manner.

In only comparatively few

cases is a sexual reproduction by

oospores (embryos) known among
Fungi, resulting from the reci-

FiG. 402. —Beer-yeast, Saccharomyces Fig. 403.—-Process of impregnation
{Toridd) CerevisicB. (x 450.) of Saprolegnia i7toiioica'. a an-

theridia ; t fertilising tubes
which penetrate into the oogonium
s ; r r mycelial filaments.

procal influence on one another of two cells of different

kinds. In the SaprolegnieiB (Fig. 403) and Peronosporeae

die female cells or oogonia are spherical, full of protoplasm,

and usually terminal. Their protoplasm collects into one

or more globular masses, the oospheres^ which have at first

a smooth surface, but no cell-wall. During the formation

of the oogonium slender branches from its pedicel or from

neighbouring filaments grow out towards it. The upper end

of one or more of these branches becomes firmly adherent

to the oogonium, no longer grows, swells up somewhat, and

becomes separated by a septum into an independent cell,

the fertilising antheridium. As soon as both the oogonium

and antheridium have attained their full size, and the 00-

sphere is at least in process of formation, the antheridium

puts out one or more beak-like protuberances, the fe7^ti-

lising tubes^ which pierce the wall of the oogonium. In the
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1

Saprolegnieae these tubes give way at the end, and inject

their contents—minute motile bodies scarcely '002 mm. in

size, the antherozoids—into the oogonium. In the Perono-

sporeae, on the contrary, the fertilising tubes do not burst, but

only touch with their apex the oospheres, which then become

covered with a cell-wall of cellulose, and develope into the

unicellular oospores. Closely allied to this is the mode of

fertilisation in the genus Erysiphe, The antheridium does

not here put out any fertilising tubes, but only becomes closely

adpressed to the oogonium ; this latter does not produce a

simple oospore, but developes into a perithecium which is

multicellular and contains the spore-forming sacs. The
process of Conjugation in some Mucorini must also be men-

tioned. An instance of this occurs in Rhizopiis nigricans.,

in which, when two filaments come into contact, each puts

out, in the direction of the other, a cylindrical protuberance

resembling the filament itself (Fig. 404). These two pro-

II. III. IV. V.

Fig. 404.—Formation of the zygospore of Rhizoptis nigricans : I.-V. successive
stages of development ; V. .? the mature zygospore, (x 60.)

tuberances become closely adpressed to one another by
their ends, and grow into a club-shaped body, in which a

quantity of protoplasm collects. When both have attained

a certain size, a single cell, the conjugati7ig cell {c), becomes
separated at the upper end of each, the partition-wall be-

tween the two soon disappears, and they unite into a repro-
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ductive cell, the zygospore. This continues to grow, and at

length attains a diameter of more than 0*2 mm. To this

class belong also the spermatia of the Ascomycetes (Fig.

405), Uredineae, and some other Fungi, which are believed,

Fig. 405.—An ascus of Peziza sur- Fig. 406.

—

Puccihia grafninis : a b
rounded by filaments from which cells of the leaf of the host (i^^r<5(?rzV

spermatia are being detached vulgaris) \ the spermatia c are
(greatly magnified). escaping from the spermogonium

(after De Bary, x 200).

and probably not without reason, to contain sexual elements.

They are small, usually narrow, rod-like bodies which are

abstricted singly or in rows (as in the Uredineae) from the

apex of narrow filaments (sterigmata or basidia). They are

almost always formed in large numbers, and often in special

receptacles, the spermogonia (Fig. 406).

It has long been known that certain forms of Fungi are

always produced in a definite order of succession with re-

spect to one another j but Tulasne was the first to show, in

185 1, that one and the same species may have organs of

reproduction of several different kinds, and that the phe-

nomenon referred to has the most intimate connection with

their course of development. Still more recent investigations

have shown that many Fungi, in addition to this Folymo?pky

of the reproductive organs, exhibit also, in the course of

their development, a regular Alteriiation of Generations ; so

that many genera which had previously been considered dis-
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tinct on the ground of the nature of their spores, must now
be regarded as different forms of the same plant. Thus, for

example, the mycelium of the Peronosporieae produces first

conidia and afterwards oospheres. From the germination of

the zygospore of Rhizopiis nigricans a germinating filament

arises, which developes directly into a number of sporangio-

phores ; when its spores (conidia) germinate on a suitable

substratum, a mycelium is produced on which arise first

zygospores, and subsequently sporangiophores around these.

From the mycelium of Mncor Mucedo are developed first of

all vigorous receptacles with terminal sporangia ; the same

mycelium frequently puts up at a later period receptacles

with a great number of small sporangia, sometimes called

spoi'angioles^ which contain only two or a small number of

spores ; and this form is described by some under the names
Thamnidium elegans and Ascopho7'a elcgans.

According to some authorities again, beer-

yeast, Saccharomyces i^Tortdd) Cerevisice, is

developed in wort from the spores ofthe same
Mucor\ while others, with greater probability,

regard it as an independent organism.

The most familiar instance of this alter-

nation of generations occurs in some Ure-

dineae, as in the common ^rust' of corn,

Piiccinia graminis. The resting-spores of

this Fungus produce on germination a pro-

mycelium which bears three or four sporidia

(Fig. 407) ; these produce first spermogonia
(Fig. 406), then cup-shaped organs which
were at one time described as a distinct

species under the name yEcidium, The cEci-

diosporcs formed in these organs give rise

to resting-spores (tclcutosporcs), ^y\{^^\, again bdntXa'L'T^
either originate the whole series afresh, or

^^"'^^

produce the urcdosporcs, out ofwhich nothing but fresh uredo-
spores arise, l^he form of the Uredinese which produces the

T

407,—Pt<cci7iiaFig.

graminis
; a ger-

minating teleuto.
spore with a pro-
mycelium from
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uredospores was also formerly regarded as a distinct genus

under the name Uredo,

In the Pyrenomycetes there are four kinds of reproduc-

+^^ive organs, which are, as a rule, produced at different times

on the same mycelium or receptacle. These Fungi usually

first produce conidia, then spermatia enclosed in spermo-

gonia, then stylospores within pycnidia, and finally asco-

spores in perithecia. Any of these members of the series

may, however, be wanting, except the perithecia.

All Fungi—since they do not form chlorophyll—require

for their nourishment the previous formation of an organic

substance ; they do not possess the capacity of assimilating

food-materials, i.e. of transforming them into substances

which will directly support their life. Many are therefore

Sap7'ophytes^ growing on dead organic substances in a state

of decomposition ; others are Ptwasites^ growing on living

animals or plants. Many Fungi are Endophytes^ living in

other organisms ; only a few Epiphytes^ living upon them.

Many Fungi go through their whole cycle of develop-

ment on the same substratum ; in others the alternation of

generations already described is connected with a change of

the 'h3St' on or in which they live. Thus, the resting-spores

of Puccinia hibernate on the haulms of grasses ; while the

germinating filaments developed by the sporidia which are

produced from them in the spring never germinate on grass,

but penetrate into the epidermal cells of the leaves of the

barberry, and rapidly develope there into the Fungus pre-

viously known as JB^cidium Be?'beridis. The spores of this

form, again, when they enter the stomata in the leaves of suit-

able grasses, produce in them, and in them only, the my-

celium of the Puccinia^ which bears uredospores and resting-

spores.

The parasitic Fungi disturb the normal development of

their host, and cause contagious and not unfrequently fatal

diseases. Thus the mildew of young vines is due to a para-

sitic Fungus, Oidium albicans. The Fungus attaches itself
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to the orifice of a stoma, and quickly multiplies there, form-

ing a white mould which is the cause of a great variety of

unhealthy conditions.

The disease caused by Achorion Schoenleinii^ called

' Favus,' usually attacks the part of the head of man which

is covered with hair, and produces there the characteristic

straw-coloured crab's-eye-shaped incrustations ; and since its

spores grow into the hair, this obstinate disease ends in

complete and permanent loss of hair. The phenomena are

similar of Herpes tondens or to?isiira7ts, which also attacks

the hairy part of the head. The spores of Trichophyton tonsu-

rajts penetrate in enormous numbers into the hairs, make
them brittle, and cause them to break off at the skin. All

these diseases, as well as others which might be added, are

contagious. Of the Fungi which inhabit the bodies of

living animals, and with the development of which par-

ticular diseases and modes of death of animals are con-

nected, a number of different forms and species are known.

It will be sufficient to state that Herpes tondeiis may be con-

veyed from men to animals, and vice versa \ and that

another Fungus, Botrytis hassiana^ is the cause of the mus-

cardine-disease which is so destructive to silkworms. The
diseases of plants caused by Fungi have already been

alluded to.

Saprophytic Fungi allied to the Schizomycetes are the

cause of the phenomena of fermentation, decay, and putre-

faction. These processes of decomposition vary according

to the organism which occasions them, even in the same
substratum, many and perhaps all species of Fungi giving

rise to a special decomposidon of their own. As little

allusion as possible will here be made to the confusion

and uncertainty recently imported into these practically

important questions. Even the most easily decomposable
organic substances, such as albumen, blood, and milk, only

decompose very slowly when protected from the access of

T 2
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Fungus- spores ; and may, under these conditions, remain

fresh even for some years. As soon, however, as access of

these organisms is rendered possible, a rapid and active

decomposition immediately sets in. With free access of air,

decay, i.e. an active oxidation, takes place, the products

being water, carbon dioxide, and simpler organic compounds.

When the access of air is less complete the mode of decom-

position is different, and less simple substances, usually of

an offensive odour, are formed under the influence of Bac-

teria ; and the process is called putrefaction. Another set

of processes of decomposition allied to these are called by

the special name of Fermentation ; such are the formation of

alcohol from saccharine solutions, as also the lactic, butyric,

acetic, and mucilaginous fermentations. The greater part

of the substance infested by the organisms which incite fer-

mentation breaks up in the process into simpler compounds,

the organisms themselves taking up only comparatively

very small quantities of nutriment. When the organisms

which cause decomposition find the oxygen needful for their

growth free, they absorb it eagerly, and multiply rapidly
;

but when, on the other hand, they have no access to free

oxygen, they withdraw it from its combinations ; and this

gives an impetus to further decomposition. If, for example,

' mother of vinegar,^ Mycode7'ma aceti, the cause of acetic

fermentation, is grown on the surface of an alcoholic fluid

adapted for its nourishment, the alcohol is converted into

acetic acid during the multiplication of the Mycodei^ma
;

and it has been discovered that this process is dependent

on the absorption of oxygen by the Fungus out of the at-

mosphere, and its transmission to the alcohol. When the

growth of the Fungus has once been induced, the Myco-

derma continues to convert fresh portions of the alcohol

into acetic acid. Hence, because all acetic fermentation is

accompanied or caused by the propagation of the Myco-

derma aceti., the manufacture of vinegar maybe improved by

its cultivation in a scientific manner. When the Mycoderma
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propagates itself on vinegar, it decomposes it into carbon

dioxide and water.

\Torula or Saccharoinyces Cei'evlsice being one of the

types of vegetable life to which special attention is called in

the syllabus of the University of London, the following is

given as an epitome of our present state of knowledge con-

cerning it, according to Professor Huxley. Yeast is the

brownish fluid which possesses the property of causing in any

solution which contains sugar the change known as Fe7'menta-

tion, that is, the conversion of the sugar into alcohol, which

remains in the fluid, and carbon dioxide (carbonic acid gas),

which is given off in the form of bubbles. Yeast, when

evaporated at a low temperature, is reduced to a powdery

mass which retains for a considerable period its property of

fermenting saccharine fluids. Fermentation is prevented by

boiling either the yeast or the saccharine fluid, or by pre-

viously straining the yeast through a very fine filter, such as

porous earthenware ; nor does any change take place if,

after boiling the fluid, it is allowed to come into contact

only with air which has been passed through cotton-wool.

Hence it is concluded that the fermentation is caused by a

solid substance contained in the yeast, which cannot pass

through the earthenware or cotton-wool ; and if yeast is

examined under a low magnifying power, it is found to con-

tain a number of nearly spherical transparent granules,

averaging about '0003 of an inch in diameter, each of which

is a Torula. Each individual is an ordinary vegetable cell,

usually containing a vacuole, but never a nucleus ; and the

cells are either solitary or associated in heaps or strings. On
analysis it is found to consist of carbon, hydrogen, oxygen,

nitrogen, sulphur, phosphorus, potassium, magnesium, and

calcium ; the last four in very small quantities. Its chief

proximate constituents are (i) a protein-compound analo-

gous to casein
; (2) cellulose

; (3) fat or oil
; (4) water ; the

larger part of the mineral substances being contained in the

protoplasm. The Torula is the sole cause of fermentation
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in the sugar, and is believed to be always present in the air

in the form of invisible dust. If a small quantity of yeast is

added to a large quantity of a clear saccharine "fluid, and
the fluid kept warm, it will gradually become more and more
turbid, and a scum of yeast will collect, containing a pro-

digious quantity of Torula-ctVi!^, The ordinary mode of re-

production is by what is termed budding (Fig. 402, p. 270),

each cell giving rise to minute buds, which grow rapidly,

attain the size of the parent-cell, and eventually become
detached, but not generally until they have themselves de-

veloped a second generation of buds. They very commonly
adhere together in the form of heaps or strings. A second,

but rarer, mode of multiplication is by endogenous division.,

the protoplasm of a 'cell dividing into usually four masses,

each of which surrounds itself by a cell-wall ; and the

daughter-cells are eventually set free by the dissolution of

the wall of the parent-cell. This is a form of free cell-

formation (see p. 33). In order to show that the substances

of which the Torula consists, protein, cellulose, and fat (oil^,

were not present in the nutrient fluid, but have been manu-

factured by the yeast-fungus out of it, it is best to take a

nutrient fluid of definite chemical composition, a convenient

one being that known as ' Pasteur's solution.' ^ The power

of constructing protein out of such a substance as ammonium,

tartrate, and the investment of the protoplasm by a con-

tinuous coat of cellulose, are the chief properties which

determine the To7'ula to be a vegetable. It allies itself to

Fungi in containing neither starch nor chlorophyll, and hav-

ing consequently no power of decomposing carbon dioxide.

In the process of fermentation nearly the whole of the sugar

is converted into an equal weight of alcohol and carbon

dioxide ; but a small quantity of glycerine and succinic acid

^ Potassium phosphate, 2 parts ; calcium phosphate, 2 parts ; mag-
nesium sulphate, 2 parts; ammonium tartrate, 100 parts ; cane sugar,

1,500 parts ; water, 8,394 parts.
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are also produced ; and one or two per cent, is not yet ac-

counted for, but may perhaps be assimilated by the Torula.

It will grow and multiply actively in a solution in which

sugar and ammonium nitrate replace the ammonium tartrate;

and in this case the carbon must be obtained from the sugar.

Although oxygen is essential to its life, it will live in sac-

charine solutions which contain no free oxygen, appearing,

under these circumstances, to get its oxygen also from the

sugar. It will also flourish in solutions in which the am-

monium tartrate is replaced by sugar and pepsin, in which

case the nitrogen of the protein-compounds must be derived

from the pepsin.

Penicillium and Mticor may be regarded as types of two

different classes of the filamentous Fungi. In the former,

the whole Fungus, both the concealed part or myceliuTii^

and that portion which is exposed to the atmosphere, the

aerial hyphce, consist of cells which agree in every essential

point (except the absence of a nucleus) with the typical cell,

varying only in size and form. The only reproductive bodies

are conidia^ that is, ordinary cells of a spherical form pro-

duced at the ends of the aerial hyphae, and detached in suc-

cession. They are true spores (see p. 178). They have

the same property as the single Torula-o.^'^ of retaining

their vitality for a long period when dried ; and, from their

extreme lightness, are in this form disseminated with the

greatest facility through the air. On reaching a nutrient

substratum they germinate. A bulging makes its appearance

at one or more points of the cell-wall, and the cell rapidly

lengthens in one or more directions, and becomes a radiat-

ing and branched, but still unicellular, hypha. Subsequently

the protoplasm divides transversely, septa of cellulose are

formed, and the hypha becomes multicellular. It is a uni-

versal characteristic of all Fungi that the hyphae divide

transversely only, never longitudinally ; they never anasto-

mose, though they may become interlaced into a dense weft.

Some branches of the hyphae extend downwards, forming
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the mycelium, while others direct themselves upwards, and

constitute the aerial hyphae, which break up into conidia.

In Mucor the spores, instead of being naked exposed

cells, are produced within special bodies known as sporangia

or asci, roundish heads borne at the extremity of filaments

which rise vertically into the air from the hyphae. The wall

of the sporangium is rough from minute particles of calcium

oxalate. The sporangium is easily ruptured, dispersing the

spores ; the greater part of its wall then disappears, but a

small collar frequently adheres to the filament. The cavity

of the filament does not communicate with that of the

sporangium, but is separated from it by a partition which

bulges into the cavity of the sporangium, forming a central

pillar or projection, and termed tht columella. The germina-

tion of the spores resembles in all essential points that of

Penicilliimi^ the organism remaining for a time truly uni-

cellular. The sporangiophores^ or filaments which bear the

sporangia, are given off vertically ; the free end dilates into

a rounded head which developes into the sporangium, and is

separated by a septum which constitutes the columella.

The protoplasm in the sporangium becomes gradually sepa-

rated into a number of masses by free cell-formation, each of

which excretes a cellulose coat, and becomes an ascospore.

Mucor is also propagated sexually by conjugation, ix. by

the production of zygospores in the manner already described

(p. 271). The cell-wall of the zygospore becomes separated

into two layers, an outer one of a darker hue, the exospore,

and an inner colourless layer, the endospore. The germina-

tion of the zygospore, which takes place only after a period

of rest, resembles that of an ordinary spore.

—

Ed.]

The classification of Fungi is still in process of continual change

and improvement. The following is that adopted by De Bary :

—

I. PHYCOMYCETES.

a. Saprolegniece, b. Peronosporece. c. Miicorini.

The vegetative part of the Fungus vv^hich does not subserve the pro-

cess of reproduction consists, in many forms altogether, in others at
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least during the early period of growth, only of a single tubular cell.

They therefore present a point of transition to the Algae through the

Vaucherieae. The Saprolegniece (Figs. 401, 402) usually grow on the

bodies of insects putrefying in water, and cover them completely with

radiating tufts. An alternation of generations takes place in them

between individuals which produce swarmspores and oospheres. The

Pero7tosporece live within the tissue of Phanerogams, the branches of the

mycelium penetrating between the cells, and drawing their nutriment

from them by means of special organs, the haiistoria. The mycelium

produces first receptacles from which conidia are abstricted, and these

always project above the surface of the host,—in Peronospora through

the stomata. These conidia are not usually immediately capable of germi-

nation, but only in contact wath water, as drops of dew and rain, develope

a few swarmspores (Fig. 400), which attach themselves to the surface of

a plant, and put out germinating filaments which penetrate into it
;

and the cycle of development then begins afresh. Under favourable

circumstances oogonia and antheridia are produced at the extremities

of the mycelial threads, but only in the interior of the plant. The
oospores either form swarmspores or germinate directly. Peronospora

infestans is the cause of the potato-disease. The Mttcorini are pro-

pagated by conidia and spores formed in sporangia (ascospores) as well

as by zygospores. Their root-like branches afterwards become multi-

cellular by the formation of septa. The common green and brown

moulds, Mitcor Mucedo and Penicillium glaiiaim or criLstaceuin belong

to this family (Figs, i, p. 7, and 396, p. 267). Luxuriant conidio-

phores of these Fungi sometimes unite into a leaf-like arborescence,

known as Coremium. The term ' mould ' is not one of scientific

exactness ; in popular language the name is applied to flocculent and

filamentous structures which form on decomposing organic bodies.

11. HYPODERMIyE.

a. UredinecE. b. UstilaginecB.

These Fungi live in cellular tissue, usually beneath the epidermis

of flowering plants. They all form resting-spores, from which, under

favourable circumstances, cecidia and spermogonia are developed in

the UrediiiecE^ but not in the Ustilaginede. To this class belong Ustilago

carbo^ the ' smut ' of cereal crops, and Pttccinia gratninis or ' mildew '

(Figs. 406, 407, pp. 272 3).
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III. BASIDIOMYCETES.

a. 7\'e77iellini. b. Hymenomycetes. c. Gastero7?iycetes.

There is still much to learn with regard to the cycle of development

of the Basidiomycetes ; and no alternation of generations has yet been

established in them. The Tre7nellini are distinguished by their jelly-

like substance, and the two other families by their receptacles. In the

Hymenomycetes are included the commonest and best known of all Fungi,

the jnushrooms. The body which is ordinarily called the mushroom is,

as has already been mentioned, only the receptacle, which springs from

a mycelium growing in the ground, the wood, or elsewhere. A number
of these Fungi, as Agaricus campestris the common mushroom, A. cce-

sarens^ A. procerus the 'parasol-mushroom,' A. prtmuhis the 'plum-

mushroom,' A. deliciosits^ Boletus edulis^ Cantharellus cibarius the

'edible chantarelle,' &c. , are edible ; while others, as Agmncus mus-

carius the 'fly amanita,' A. emeticus^ &c., are poisonous. Merulius

lacrymans is the dry-rot so destructive to timber. Among officinal

species are Boletus laricis and Folyporus fomentarius. Among the

more common Gasteromycetes are Lycoperdon bovtsta the ' puff-ball,'

and Phallus impudkiis \\i^ 'stink-horn' (Figs. 392, 393, pp. 264-5).

IV. ASCOMYCETES.

a. Protomycetes, b. Ticberacece. c. Onygenei. d. Pyreno77iycetes.

e. Disco77iycetes.

The spores of the Ascomycetes are formed in asci by free cell-for

maticn. In the P7^oto77iycetes the filaments which bear the asci (asco-

phores) are not united into a receptacle, as in the other families, and

there is no alternation of generations in their cycle of developirent.

This latter is also wanting in the Tuberaceae (truffles) and the Ony-

genei ; but occurs in the Pyrenomycetes and Discomycetes. The

Tube7'-acece form roundish tuberous usually subterraneous bodies, which

are often surrounded by a copious branched mycelium. Scarcely any-

thing is known with regard to their mode of reproduction ; ascospores

are at present the only kind of spores which have been observed in

them ; and these are often set free by the rupture of the peridium.

Their mycelium disappears when the fructification ripens, and the re-

ceptacle then lies naked in the soil (Fig. 394, p. 266) ; while in the Oity-

genei it is imbedded in a flocculent mycelium. The asci of the /^;r-
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nomycetes are formed in the interior of small flask-shaped or roundish

receptacles, which are here termed pcrithecia. Their alternation of

generations has already been described.

To this class belongs Claviceps pur-

pii7xa, the ' sclerotium ' of which is

officinal under the names ergot and

' Secale cornutum' (Fig. 375, p. 228).

The Discomycetes are distinguished

from the Pyrenomycetes mainly by the

hymenium being superficial. In the

Clavariese, which are branched in a

fruticose manner, it covers the surface

of the branches ; in the Helvellese and

Morchellese, on the contrary, the outer

surface of the folded pileus ; while in

Peziza it clothes the inner surface of

the cup, which is sometimes stalked

and sometimes sessile. The morel,

Morchella esculenta (Fig. 408), is a

well-known edible Fungus. ^

There are a number of Fungi, as,

for instance, some moulds, which it is

not at pi'esent possible to classify under

this system. They are probably only

forms of other Fungi, the relationship

of which to other form.s has yet to be

certainly determined.

THE MYXOMYCETES.
1^1, A/r , J- i.- • T, J Fig. 408. — The morel, Morchella
1 he Myxomycetes are distmguished \scnlenta (natural size).

from all other plants by the fact of

their cells being without a cell-wall during their vegetative period,

and not combined into a tissue. It is only when their protoplasm

1 [De Bary has published a series of elaborate investigations of the

Ascomycetes, leading to the conclusion, that, in at least one group, the

Pyrenomycetes, the ascospores are the result of a true process of impreg-

nation, viz. the contact of the apex of a male organ, which he termed
\.\iQ polli?todmm, with a fema'e organ, the carpogonium or ascogonui7ii.

The most recent researches, however, of Cornu and Van Tieghem
throw the greatest doubt on the accuracy of De Bary's conclusions,

and, indeed, on the existence of any form of sexual reproduction in the

higher Fungi.—Ed.
J
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comes to rest from unfavourable external conditions, or their growth

has ceased on the formation of fruit, that the protoplasm breaks up

into small cells provided v^ith a cell-v\^all, but not forming a true

tissue. They live on decaying and putrefying vegetable substances.

In its membraneless condition the protoplasm displays an extraordinary

motility ; and then, independently of the currents in its interior, the

whole mass creeps over or in its substratum like an animal. But w^hen it

passes over into the fructifying state, it breaks up into large receptacles

or sporangia, filled with small spores, usually accompanied by a reticu-

lation of thin-walled tubes opening into one another, a hair-like weft

termed a capillitiiun. The germinating spore, now provided with a

cell-wall, allows the whole of its protoplasmic contents to escape in the

form of a naked mass which assumes an elongated pointed shape, and

acquires a cilium at one end, and thus becomes transformed into a

swarmspore, which either takes on a rotating motion, or, changing its

form, creeps about in an animal-like fashion like an Amoeba. These

swarming bodies multiply by division during two or three days ; and

then a new process begins, two or more coalescing into a homogeneous

mass of protoplasm or Plasmodium, which also moves about in an

amoeboid manner. The plasmodium often creeps about for the space

of a foot, the motion being caused by the projection at its margin of

arm-like protuberances, which increase in size by fresh masses of pro-

toplasm flowing into them. When this takes place for some time in

one direction, the whole plasmodium has in this way shifted its place.

These processes usually occupy a few hours ; in the so-called ' flowers

of tan,' ALthalium septicum, one or two hours is sufficient for the still

motile Plasmodium to become changed into the fertile discs. When
the vital conditions are unfavourable, the swarming bodies and the

young Plasmodia become surrounded by a membrane, or encysted, like

the infusorial animalcules, and, if kept dry, remain in this condition for

months without losing their power of life ; when placed in w^ater they

recur to the motile condition. Mature plasmodia pass into the resting

state when the amount of moisture or the temperature is low, forming

a sieve-like plate or irregular tuberous body (sclerotium), and finally

break up into a large number of round or polyhedral cells of a diameter

of 0*025 t^ o •033mm., and of a waxy or brittle texture. When placed

in water the cell-walls which had been formed are again absorbed, and

the Plasmodia re-assume their motile condition.
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Class III. Lichenes.

Lichens (Figs. 409-417) usually consist, when mature, of

a well-developed layer of tissue, the thalhis, composed,

I.
IT.

Fig. 409,

—

Usnea barhaia'. I. natural size with the spoon-shaped apothecia ; II.

longitudinal section through the middle of the apex of the thallus ; the cortex, the
gonidial layer g, and the medulla are clearly distinguishable (x 515); III. a
single gonidium (x 700); IV. development of the soredia, a gonidial group of

eight cells ; b a similar group in a more advanced stage of development ; c longi-

tudinal section of a mature soredium ; d the same with the gonidia more distinctly

separated ; e a germinating soredium ; /"the same further developed (x 500-700).



286 Structural ana Physiological Botany.

like that of Fungi, of rows of cells which form a fibrous

weft or pseudo-parenchyma. In addition to this there are

also round or oval cells of a green or blue-green colour,

the gojiidia or gemmae. Three types of structure of the

thallus may generally be distinguished : the Stratified, the

Pictorial, and the Gelatinous, furnishing the characteristics

of these three descriptions of Lichens ; but there are some

anomalous forms which cannot be included under either of

these types.

Sections through the thallus of the stratified or Hetero-

meroiis Lichens (Fig. 409 11.) almost always show two distinct

layers of tissue, a comparatively thin, usually transparent

but close outer layer or cortex, and an inner looser hyphal

layer enclosed by the former, the medulla. The two layers

are, however, formed of ramifications of the same filaments.

At the line where they meet the gonidia almost always con-

stitute a zone of variable thickness, th.^ g07tidial layer (Fig.

409 II. g). In the Fruticose Lichens, the cortex commonly

constitutes a layer of uniform thickness all round ; while in

the Foliaceoiis forms it is usually different on the upper surface

exposed to the light, and on the under surface. The thallus

of the Crtcstaceous Lichens presents an afiinity to the

latter form in being fixed to the substratum by capillary or

bristle-like rhizines, so that it cannot be removed without

injury.

The Pictorial Lichens or Graphidese form tliin patch-

FiG. 410.

—

Graphis elegalls,^V\c\.ox\2\ Fig. 411.— Chain of gonidia of a Pictorial

Lichen (natural size). Lichen, Graphis scripta (x 390.)



special Morphology and Classification. 287

like incrustations on stones and the bark of trees (Fig. 410).

The chief pecuHarity of their thallus consists in the nature

of their gonidia, which are often united into many- celled

alga-like rows of cells (Fig. 411), increasing in length by

division of the terminal cell.

The thallus of the Gelatinous Lichens (Fig. 412) has a

leaf-like or an arborescent form, or consists of granules

w^hich constitute an incrustation. When dry it is cartila-

ginous or brittle, and then absorbs water eagerly, swelling

up into a gelatinous body. Sections (Fig. 412 i.) show that

I. II.

Fig. 412.—I. Longitudinal section through the thallus of a Gelatinous Lichen, Mal-
lotiuni Hildenbra7tdii {x igo) ; IL piece of a very thin section through the

under side with moniliform chains of gonidia (after De Bary, x 390).

it consists of gonidia and narrow filaments of cells imbedded

in an apparently homogeneous jelly. The contents of the

cells are always colourless and invisible, and apparently

contain no organised constituents such as grains of starch.

The cell-walls of many Lichens (as, e.g.^ the so-called ^Ice-

land moss,' Cetraria islandica)^ swell up, when boiled in

water, into a homogeneous jelly, forming the so-called

* moss- or lichen-starch,' or Lichenin.

Among the organs of reproduction of Lichens are the

soredia (Fig. 409 iv.), which are developed in the gonidial
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layer
;

groups of gonidia becoming enclosed in peculiar

fibrous envelopes, and, when so completely inwoven, grow-

ing rapidly, and thus exercising a pressure on the cortex

which ruptures it. The soredia which protrude through the

crevices caused in this way increase in the same manner or

develope into new individuals. In addition. Lichens are

also provided witli spermogonia and spermatia^ correspond-

ing in all respects to those of the Ascomycetes. Finally,

they also possess peculiar receptacles or apothecia (Fig. 409
I., p. 285). These are either open from the first, and then

expand and bear the hymenial layer on their surface (Fig.

413) ; or they open only at the apex by a narrow canal ; or

Fig. 413.—Vertical section through the middle of a young apotheciuin of Lecajtora
S7ibfusca ; the club-shaped asci are developed at the apex oi the ascophorou^-
hyphae, and lie imbedded in the hymenium ; the layers at each side contain
spherical gonidia ( x loo).

they remain closed, and enclose a fertile nucleus. Hyme-
nial layers of the first kind correspond to the receptacles of

the Discomycetes, and the Lichens to which they belong

are called gymnocarpoiis ; those of the two last kinds re-

semble the perithecia of the Pyrenomycetes, and the

Lichens are called a7igioca7pous . The development of the

apothecia always begins in the interior of the thallus.

When mature they consist of the external tissue or

excipiihim ; of a layer in which larger and stouter hyphal

filaments are developed than those found in the remainder

of the tissue, the ascophorous hyphce or subhymenial layer

;

and of the true hymenial layer^ composed of parallel hyphae

ox paraphyses and of the asci. These latter usually contain
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eight spores formed simultaneously. When the same thallus

bears both apothecia and spermogonia, the Lichen is said

to be monoecious ; when these organs are found on different

individuals, it is dioecious. No true process of impregna-

tion has yet been observed.

Lichens possess a peculiar double nature. Their

gonidia contain chlorophyll, and are algoid bodies ; and

their ' presence is the only certain distinction between

Lichens and Fungi; the Ascomycetes among the latter hav-

ing an especially close relationship to the Lichens through

their apothecia. In only a few cases have the gonidia been,

detached from the thallus and made to develope inde-

pendently, by the formation chiefly of swarmspores. From
this fact the theory has originated that Lichens are ascomy-

cetous Fungi which are parasitic on particular Algae, the

Fig. 414.

—

Cladonia digitata, a
Fruticose Lichen ; a apothecia

;

h cup; c foliaceous thallus (natu-
ral size).

Fig. 415.

—

Ceiraria islaridica, a Fruticose
Lichen ; the margin of the thallus is

fringed, and bears spermogonia on the
edge of the fringe ; there are no apothecia

.

gonidia. This theory has been confirmed by the produc-
tion of a perfect Lichen, Collema glaucescens^ by sowing its

u
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spores on the gODidia-forming Alga, Nostoc lichenoides. An
opposite view is entertained by others, that Lichens are a

distinct class of plants by themselves, the gonidia of which

sometimes become detached from the parent-plant, and

then carry on an algoid existence, in which state they have

often been erroneously described as Algse.

Lichens are classified as under, viz. :

—

I. Lichens with a stratified thallus :— Heteromerous Lichens.

1. Fruticose Lichens ; thallus more or less arborescent in

form (Figs. 409, p. 285 ; 414, 415).

2. Foliaceous Lichens ; thallus leaf-like (Figs. 416, 417).

3. Crustaceous Lichens ; thallus crustaceous.

II. Lichens with unstratified thallus :—Homoomerous Lichens.

1. Gelatinous Lichens ; thallus gelatinous (Fig. 412, p." 287).

2. Pictorial Lichens ; thallus forming a very thin irregular

incrustation (Fig. 410, p. 286).

The gelatinous lichenin, characteristic of many Lichens, renders

them useful as articles of food to northern nations and their domestic

anmials, or as medicinal products.

Of this character are the so-called

' Iceland moss,' Cetraria islandica,

(Fig. 415), the 'rein-deer moss'

Cladonia rangiferina,) and Sticta

ptdnioiiacea. Pm'melia parietina is

also used as a febrifuge, from its

containing a bitter principle which

is present also in other kinds.

Several other Lichens, as Roccella

tinctoria^ Lecanora tartai^ea, Vario-

laria dealbata^ Gyrophora piistulata^

and Lecanora atra, are also important articles of commerce, in conse-

quence of a pigment which is blue or red according to the mode in which

it has been prepared, and which is known as orchil, litmus, and

cudbear. Par7nelia escidenta of Asia Minor, the Sahara, Persia, &c., is

believed to be the ' manna ' of Scripture.

Lichens are most abundant in the colder regions of the globe, and

occur on the utmost limits of vegetation. From this circumstance, and

from the ease with which they grow where the means of living are ex-

tremely scanty^some of them flourishing on bare hard rocks, and others

even thriving on glass and iron—they are of considerable importance in

the economy of Nature.

Fig. 416.

—

Pnnnelia tiliacea, a Foli-

aceous Lichen, with apothecia.
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Class IV. Characece.

As Lichens mark the passage from Fungi to Alg^, so

do the Characeae that from Algae to Muscineae ; for al-

though v^ery similar in habit to many Algae, and therefore at

'/C

Fig. 417.

—

^ticta Puhnonacea, a Foliaceous Lichen, with apothecia.

one time included in that class, they are nevertheless really

more nearly allied to Mosses, not only in their mode of

germination, but because they are Acrogens in contradistinc-

tion to Thallogens. They grow in fresh water, and consist

of cellular filaments, which are branched in a verdcillate

u 2
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manner at regular intervals (Eig. 418 i.). There are only
two genera, Chara and Nitella. known as -'Brittle-worts/

II.

Fig. 4,1^.— Charafragilis : I. natural size ; II. germina-
ting spore (magnified) ; the lower part as far as the
second whorl of roots is the pro embryo ; III. part of
the fertile thallus (more strongly magnified) ; beneath
the ovoid nucule b is the spherical globule a.

including a considerable number of species distributed over

the whole globe. In Nitella each internode consists of only
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a single cell, while in the stem of Chara there is a central

or axial cell, surrounded in a spiral manner by other cells,

which form a cortex. Multiplication takes place pardy by

single cells becoming detached, partly by impregnation. In

some species, as Chara hispida (Fig. 419) an antheridium or

Fig. 419.— Fertile branch Fig. 420.

—

Nitella syncarj>a : I. end of a cellular fila-

ol Chara hispida (mag- ment from a globule, with antherozoids in the interior

nified). of the cells; II. a free antherozoid ( x 500).

globule and a female organ called the nucule stand beneath

a lateral branch ; in other species the two organs, which

may be recognised in an immature condition as small red

knobs on the plant, are found on different individuals.

Tht globule (Fig. 418 in., a) is a sessile globular body, and

consists of eight cortical cells which open when ripe. In

the interior are a number of cellular filaments (Fig. 420 i.),

coiled round one another, from each separate cell of which

IS developed an antherozoid or spermatozoid (Fig. 420 11.).

The nucide (Fig. 418 111., b) consists of an axial row of cells

which is closely surrounded by five tubes coiled spirally

round it. The oospore is developed, as the result of im-

pregnation, from the large apical cell of the inner axial row,
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the oosphere. In the autumn, when the annual plant dies

down, the oospore falls to the bottom of the water, the

young plant developing from it in the spring. The first

algoid cells of the young plant are considered a pro-em-

bryo, on which the plant itself grows as a lateral branch

(Fig. 418 II.). The process of impregnation itself takes

place in this manner. At the moment of maturity the neck

of the five peripheral tubes of the nucule becomes loosened,

and between the five clefts thus formed antherozoids pene-

trate into the oosphere. The Characese have no economi-

cal or medicinal value, but are of importance in respect to

our knowledge of the life of plants.

[Several species of Chara are common in freshwater

ditches, ponds, and streams, forming tangled masses, easily

distinguished from Alg?e by the verticillate arrangement of

the branches, and by the gritty nature of the whole plant

caused by the deposition of calcareous matter ; when de-

caying the plant emits an offensive smell, resembling that of

sulphuretted hydrogen. Nitella is not so abundant, and is

destitute of the calcareous incrustation. The plant is, in each

case, fixed in the soil by slender root-filaments or rhizoids.

The central or axial cell of each internode in Chara is

very large compared with the size of the cells which sur-

round it, and which form the C07'tical layer. Each node

consists of a transverse plate of small cells resembling those

of the cortical layer, and separating the internodal cells

from one another. The branches and secondary branches

(sometimes called leaves) resemble the stem in structure, the

latter always ending in a mucli-elongated pointed cell. The
apex of the stem forms a compact terminal bud, beneath

which the internodes become gradually longer as you

approach the base of the stem. Growth, i,e, the formation

of new nodes and internodes, takes place immediately

beneath this terminal bud, new rhizoids being first formed,

and then branches bearing in their axils the reproductive

organs, which are easily made out as minute orange-red
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bodies. A vegetative mode of reproduction sometimes

takes place by means of bulbils^ which become detached.

The 'punctmii vegetationis/ which is in the centre of the

terminal bud, consists of two cells lying one above another

;

while beneath the lower of these is another cell which

divides longitudinally, and developes into the cellular trans-

verse partition or node. Below this again is a single elon-

gated internodal cell, and beneath this again a rudimentary

node, and so on. The internodal cells increase in size, but

never divide. The leaves or lateral branches, on the other

hand, are developed from outgrowths of some of the peri-

pheral cells of the node. The cortical layer which surrounds

each internode is developed, not from the internodal cell,

but by continual growth and division of the peripheral

nodal cells, which from the first overlap the internode, and

gradually assume a spiral arrangement. The cells of Chara

always contain a nucleus, and afford a remarkably good
illustration of the phenomena of rotatio7t (see p. 10). This

movement is exhibited especially in the inner layer of

protoplasm next the central vacuole, the nucleus being

carried round in the stream ; while the outermost layer

which includes the chlorophyll-grains is quite motionless.

The eight cortical cells of which the wall of the

antheridium or globule consists, are sometimes called

shields ; the four nearer the base are four- sided, the four

nearer the apex three-sided. From the middle of the inner

face of each shield, a cylindrical cell, termed a manuh'iiim^

projects inwards, nearly to the centre of the hollow globule;

and at the extremity of each manubrium is a roundish

hyaline cell, the head ox capitulum. The shields, manubria,

and capitula form therefore together twenty-four cells,

which, together with the pedicel-cell of the globule, consti-

tute its framework. Each capitulum bears six smaller cells,

secondary heads or capitula) and from each of these grow
four long whip-shaped filaments, the number of which there-

fore is about 200. Each of these 200 filaments divides
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transversely into from 100 to 200 cells, and in each of these

cells an antherozoid is produced (Fig. 420, i. il) by a pecu-

liar transformation of its protoplasmic contents, provided

with two cilia, by means of which it moves rapidly about

when it escapes by the separation of the shields and rupture

of the parent-cell. The number of antherozoids produced

by a single globule may therefore be from 20,000 to 40,000.

The alternation of generations is exhibited in Characeae

in the pro-embryo which constitutes the non-sexual genera-

tion. The sexual generation is developed from the growth

of a single cell of the pro-embryo, situated at some distance

below its free extremity ; this cell giving rise to a set of

leaves, among which a bud appears which grows into a new
Chara,—Ed.]

Class V. Hepaiicce.

The Hepaticae or Liverworts are elegant delicate plants,

usually of a bright green colour, which form a beautiful

transition from the Thallogens to the Ac-

rogens. Many of them, as Anthoceros (Fig.

421), are true Thallogens having no leaves,

and are included in the class only on account

of their mode of reproduction. Some bear a

great external resemblance to certain Lichens
;

and in others the true leaves are only repre-

sented by scales. These forms, the Thalloid

or Frondose Hepaticce (Fig. 422), are con-

trasted with the Foliose forms ; but even in

these latter the leaves never have even a

mid-rib, even when the stem contains vas-

cular bundles of low organisation in the form

of cambium- strings. Usually, especially in

Jungeri7iannia (Fig. 423), the leaves stand in

two rows, running in right- or left-handed

spirals. In some genera with stems creeping

on the earth or on the bark of trees, besides these larger

Fig. 421.

—

Antho-
ceros IcBvis ; a a

burst sporogonium,
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leaves, which are all on the upper side, there is a third row

of smaller leaves (Figs. 424 11., 425), the awphigastria,

adpressed to the under side of the stem. The Hepaticae

III. IV.

Fig. 422.

—

Marchantia polymorpha ; I. thallus with five antheridial receptacles

(natural size); II. thallus with an arcHegonial receptacle (natural size); III.

elater-cell with a continuous doubly spiral thread or elater(x 200); IV. arche-

gonium ; a central cell, b oosphere with nucleus, c neck ( x 200).

never have true roots ; root-hairs or rhizoids replace them

both in position and in function.
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The internal structure of the stem is extremely simple.

In the Foliose Hepaticae it consists of an elongated paren-

chyma more strongly thickened externally, and thus forming

Fig. 423.— Jwtgerinaimia
7ieviorosa ( x 10).

Fig. 424.— I. CalyJ>oeeta Tri-
cho7iianis ; II. under side of
the stem with amphigastria
(magnified).

F1G.425. - I. Under
side of the stem
of Frtillania Ta-
rnarisci with the
amphigastria, and
th'^ peculiar inden-
tations or ' earlets

'

of the true leaves

(magnified) ; II.

leaf with ' earlet
'

of Frttllaiiia di~

/<3;/'<^z'^(magnified).

a cortical layer passing over gradually into the central tissue.

The Thalloid Hepaticae, on the contrary, have a well-
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marked epidermis, in which are a few scattered stomata,

and which puts out root-hairs from its under side. In the

most highly developed order, the Marchantieae, we find the

first rudiments of vascular bundles, in the form of elongated

cells containing little or no chlorophyll but often crystal?.

The leaves consist of a single layer of uniform tabular

cells.

There are two modes of reproduction : by fertilised

oospores, and by asexual buds or gemmae. The latter are

groups of cells which become detached from the plant, and,

under favourable circumstances, develope into new indivi-

duals. In the Thalloid Hepaticae they are usually found

at the bottom of saucer- or spoon-shaped organs, the

cupiiles (Fig. 349, p. 179) ; in other families they arise on

the margin of the leaves or at the apex of the stem.

The sexual organs arise on the stem of the mature

plant ; some species being monoecious, and others dioecious.

The male organ, or antheridiiim^ is a stalked, usually spheri-

cal body, consisting of a cellular envelope or coat, and an

internal portion formed of delicate cells. These last escape

when the organ is mature, a spermatozoid or antherozoid

having previously been developed in each cell, consisting of

a spirally coiled thread furnished at the end with two long

vibratile hairs or cilia. The female organ, or archegonium

(Fig. 422 IV.) is a flask-shaped organ, enclosing near its base

a large central cell, A canal leading to the central cell is

formed in the neck of the archegonium by the disappearance

of the septa of the axial bundle of cells, the canal-cells ; the

canal appears to be at first closed outwardly, but opens at

the period of maturity by the separation of the apical cells,

and thus gives access to the antherozoids. Before the

antherozoids reach the central cell, the oosphere has been

formed in the latter by free cell-formation, and gradually in-

creases to such a size as completely to fill up the central

cell, the sporogoniinn being developed from it after impreg-
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nation. The rudiment of this organ is first of all surrounded

by a cell-wall, and then gradually developes—under the

shelter of the archegonium, which grows with it and which

is from this time called the calyptra—and developes into

the stalked sporogonium. The sporogonium does not any-

where unite in its growth with the vegetative structure, even

when its pedicel penetrates into its tissue. When mature,

the sporogonium, elevated by the sudden and rapid increase

in length of the pedicel or seta^ ruptures the ca'yptra, opens,

and allows the escape of a great number of spores. As
a rule, several archegonia are grouped together; but it is

very rare that more than one matures, the rest being abor-

tive. In some genera the archegonium is surrounded in

addition by a so-called ' calyx ^ \qx perichc^tiwn\^ consisting

of several connate leaves. In the sporogonia of the Hepa-
ticae there usually occur, in addition to the spores, also

peculiar elongated cells termed elaiers^ furnished with a

brown spiral band, which is sometimes simple, as in Fi'uL

lania, sometimes double (Fig. 422 iii.). Rarely, as in

Anthoce7'os^ a row of cells or columella remains in addition

in the axis of the sporogonium (Fig. 421). The sporo-

gonium usually opens with four, in Anthoceros with two

valves j in the Riccieae it bursts irregularly. On germina-

tion the spore first puts out an irregular, often filiform, struc-

ture, the pro-embryo^ on which the bud is produced from

which the young plant arises. The course of development

of the Hepaticse shows a clearly marked alternation of

generations. The first (sexual) generation begins with the

germinating spore, and closes with the act of fertilisation
\

the second (asexual) generation consists of the sporogonium.

The Hepatic^ are classified into four families :

—

*
>-6-

'
.

jj^r \ I. RicciE^. The thallus is expanded flat and floats, in water ; the

• -^sporogonium. is imbedded in the thallus, and does not project above it
;

it dehisces irregularly, and contains no elaters.

2. Anthocerote^. The thallus is expanded flat ; the pod-like
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stalked sporogonium has a columella
;

[the elaters have no spiral

bands] (Fig. 421, p. 296).

3. Marchantie^. The flat coriaceous thallus is branched di-

chotomously [and possesses a mid- rib] ; the sporogonia are collected on

a stalked organ or archegonial receptacle, and burst, into four valves
;

[they contain elaters] (Fig. 422, p. 297).

4. JuNGERMvVNNiE^. [The vegetative structure is usually differ-

entiated into a stem and distinct leaves] ; the sporogonium bursts into

four valves [and contains elaters] (Fig. 423, p. 298).

The Hepaticae are distributed throughout the world, but are of no

economical importance.

Class VI. Micsci,

The Musci or Mosses are nearly related to the Hepaticse;

but are in general of a higher type, no longer possessing any

of the characteristic features of Thallogens, but having a

cylindrical stem covered with leaves (Figs. 427, 434). The
stem of the order known as Sphagnaceae is divided by nar-

row elongated cells, which are often ligniiied, into a central

large- celled axial and a looser cortical portion consisting of

only a few cells (Fig. 426 i). True vascular bundles are

altogether wanting ; but in most other families of Mosses

there is in the centre of the stem an axis of simple struc-

ture, which does not contain true vessels, but which is often

described as a vascular bundle (Fig. 426 11.), This often

consists oLly of a few thick- or thin-walled cells, not sharply

distinguished from the parenchyma of the stem, which serve

for the conduction of the sap, and therefore perform the

function of a vascular bundle. In some Mosses there are,

however, cells with thicker walls, on which may be seen a

very delicate spiral striation, and which therefore, altogether

call to mind a vascular bundle. These are sometimes

central ; but sometimes, as in Polytrichtim^ give place to

a central medulla. Lateral branches from these bundles

sometimes pass into the leaves as veins. The leaves are

often narrow, of very thin or even membranous texture, and
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I.

Fig. 426.—I. Part of a transverse section through the stem of Sphagnum cymbi-

foli2an ; E epidermal cells; R thickened and coloured cortical cells; p paren-
- chyma of the stem (x 320); II. central portion of a transverse section through

the stem of Climachwi dendroides ; G central axis ; p brown parenchyma of

the stem ( x 400).
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of simple structure. They usually consist, with the exception

of the veins, of only a single layer of parenchymatous cells;

IV

Fig, 427. —Hair-moss, PolytricJnmi co7ii77ttme ; I. plant with theca (magnified);
II. theca with calyptra. III. without calyptra (magnified) ; IV. plant with
perigoninm surrounding the antheridial^ receptacle, and exhibiting prolification

(magnified) : V antherozoid ( x looo).

hut exceptions occur in the case of Sphagnum and other

Mosses. In Polytrichitm the surface also has cells pro-
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vided with peculiar lamellae ; otherwise there is, as a rule,

no special epidermal tissue with stomata, hairs, &c., even

when this is found on the stem and reproductive organs.

There are never true roots ; the nutriment being absorbed

through root-hairs. At the apex of the stem, or growing

laterally on it, are often several leaves of a somewhat dif-

ferent form to the rest, forming the perigonium^ a kind of

envelope which protects the organs of reproduction growing

within it (Fig. 427, iv.).

The organs of reproduction at first altogether resemble

those of the Hepaticae ; but in the course of their develop-

ment the following differences arise :—The archegonium of

Mosses is ruptured by the young spo7'ogo7iiicm^ and usually

in such a way that the lower part remains as a sheath or

vaginula^ while the remainder is elevated in the form of a

cap or calyptra^ surmounting the capsular ^ fruit,' the inm^

theca^ or sporangium ; and is finally carried away by the

wind, rain, or other accident. The axis of the sporangium is

occupied by a central column or columella^ around which the

unicellular spores are formed. In order to allow these to

escape, the sporangium, which varies greatly in form in the

different genera, opens by means of a lid or operadum\ less

often, in the Andreaeaceae (Fig. 429), by four longitudinal

slits, or, in the Phascaceae, irregularly. The opening re-

sulting from the operculum being thrown off, is called the

stoma ] its margin is either smooth {gymnostomous'), or is

furnished with two rows of cilia or teeth of beautiful form,

constituting together the peristo77ie (Fig. 430), the nature of

which furnishes a character for the classification of the

genera. The antheridia are usually in groups, and are sur-

rounded by an envelope of peculiar leaves, the perigonium

(Fig. 427 IV.). Among the antheridia are filiform struc-

tures—possibly abortive leaves—the paraphyses. [The

antheridia produce a number of extremely minute anthero-

zoids (Figs. 427 v., 428)]. On germination the spore puts

out first of all a pro-embryo, which is either filiform, when it
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is called a protonema, or thalloid, when it is a prothallium
;

and on it the young plant is developed.

Besides the reproduction by spores, Mosses are also

propagated asexually by gemmcB and by stolons. Those

ir;

'S:}^^0^^4p

Fig, 429.

—

Andrecea alpes-

tris \ theca bursting into

four valves.

Fig. \'z'^.~Ftmaria hygrometrica; I. longitudinal Fig. 430.—Stoma of the
section through the upper part of a plant with arche- theca of Fontinalis an-
gonia <^ and leaves <5 (x 400); 11. antheridium burst- tipyretica, with an inner
ing, and allowing the antherozoids a to escape and outer peristome
(x 350)- (after Schimper, x 30).

forms in which the, growth is terminated by the production

of antheridia or archegonia at the apex of the stem often

exhibit proliJicatio?i of the bud, as in Polytrichum (Fig.

427 IV.). Axillary buds by the side of the theca or of the

antheridia often develope also by a process of renewal,

forming growths known as innovations.



3o6 Structural and Physiolog zeal Botany.

The Musci are divided into two sub-classes, as follows :

—

I. Sphagnace^. Bog-mosses,

According as the Sphagnacese grow in water or on a solid sub-

stratum, they form a filiform or thalloid pro-embryo. In the sporo-

I. carps are produced two kinds of

spores ; the larger are called

7nacrospores^ the smaller mi-

crospores ; the former only ger-

minate. The mode of growth

is shown in Fig. 431. [This

section includes the single genus

Sphagnum.^

Fig. 431.

—

SphagiiMn acutifoliuvt ', I. part of the stem
with two sporogonia a and four antheridial receptacles b

(after Schimper, x 3) ; II. an antheridial receptacle

separated, with the perigonial leaves removed from the
lower part so as to expose the stalked globular antheridia
(more strongly magnified).

Fig. 432. — Splach-
nuni anipttUaceum
(Acrocarpi ; magni-
fied).

2. Bryine^. True Mosses.

Pro-embryo always filiform (protonema) ; only one kind of spore.

1. Schizocarpi or Andreceacece. The ripe theca opens by four longi-

tudinal slits (Fig. 429).

2. Cleisiocarpi or Phaseacece. [The roundish theca ruptures the

calyptra laterally, without raising it up as a cap ; no operculum.]
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3. Stegocarpi or Bryacece. [The theca is covered by a calyptra, and

opens by throwing off an operculum.]

Fig. 434.

—

Hyp7tMmfilicinuvt (Pleurocarpi ;

natural size).

II IIL

Fig. 433.

—

Brytmt argenieum (Acro-
carpi) ; I. the whole plant (magni-
fied) ; II. theca with operculum

;

III. theca burst, showing the peri- Fig. 435. — Hypmmt poptiletwt (Pleuro-

stome (more strongly magnified). carpi ; magnified).

X 2
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a. Acrocarpi. The theca springs from the apex of the main (

stem or its branches ; e.g. Funaria^ Splachniim^ Dicranum,

Biytim^ Polytrichum, &c. (Figs. 427, 432, 433).

b. Pleurocarpi. The theca springs from the axil of a leaf; e.g^

Hypmii7i^ Fontinalis^ &c. (Figs. 434, 435).

c. Enthophyllocarpi. The lateral or terminal theca springs from

a duplication of the leaves.

Mosses are generally distributed over the surface of the earth ; only

a few grow in water. They are of no economical importance ; the

species of Sphagnum contribute largely to the formation of peat.

Class VII. Filices.

Ferns have usually a simple or branched creeping rhi-

zome, either below or above the surface (Fig. 436) ; rarely

an erect woody stem, which is then always simple (Fig. 437).

In either case the stem always continually dies off slowly at

its lower end, or becomes lignified. Large numbers of ad-

ventitious roots provided with root-hairs break out from the

lower part of the stem or from the rhizome, while the upper

part frequently puts out aerial roots. The stem is covered,

when young, with an epidermis provided, where above-

ground, with stomata. The subjacent cortical tissue either

consists entirely of thin-walled parenchymatous cells, or be-

comes differentiated into an outer cortex consisting of thick-

walled cells, and a thin-walled parenchymatous inner cortex

(Fig. 438 r' and r^''), the latter passing over gradually into

the fundamental tissue. The activity of the cambium of

the vascular bundles is limited, as also is their diametral

growth, the vascular bundles growing chiefly at the apex.

The bundles of the entire plant are in direct communication

with one another above and below, and thus form a system

of fibro-vascular bundles. They divide and ramify in the

stem, forming a complete network, and send out branches

into the leaves. In the roots, on the contrary, the bundles

coalesce into a single central or axial vascular bundle. The
separate bundles, as seen in transverse section, are some-

times roundish and sometimes ribbon-shaped, and are
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usually separated from the cortical and medullary cells

by a vascular bimdle-sheathy consisting of prosenchymatous

cells thickened on one or on all sides, and generally fibri-

Fig. 436.—Black s^^Xe&rmort, Asplenitim Adimttum-nigrmn, showing a part of the
rhizome (natural size, with a single pinna magnified).
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form and strongly lignified. The oldest parts of the bundles

contain narrow vascular cells with annular or spiral thicken-

ings ; the portions formed later having, on the other hand,

scalariform cells. ^ True vessels occur but rarely. In the

Fig. 437.

—

Alsophila aculeata ; a tree-fern (greatly reduced).

woody parts of the bundles there are also parenchymatous

cells containing starch, and the bast-portion is constructed

^ [The abundance of scalariform cells and scalariform vessels (Fig,

69, p. 46), is one of the chief characteristics of the woody tissue of
Ferns, as contrasted with that of flowering plants, though they are by
no means peculiar to this class of plants.

—

Ed»]



r-S

St

Ylg. 438.—I. Transverse section through the rhizome of the common "brake, Pteris
«^2^z7m«, showing the distribution of the vascular bundles (natural size); II. a
part of the preceding figure ; o epidermis ; r' thick-walled, r" thin-walled cor-

tical tissue ; s vascular bundle-sheath ; x cells with the wall thickened on one
side outside the latter ; st bundles of fibriform cells (x no).
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of parenchyma which also contams starch, and of bast-tubes

and sieve-tubes (Fig. 438 11.).

The leaves of Ferns are commonly known as fronds.

They originate, like those of higher plants, as small cellular

elevations beneath the

^ punctum vegetationis
;

'

but increase in length, like

branches, at their apex,

below which the lamina is

then formed. The leaves

are rolled up, when young,

in a circinate manner ; after

maturity, they are thrown

off periodically. They are

produced only at the apex

of the stem. Their form

varies greatly, from lanceo-

late and entire in the harts-

tongue, Scolopendrium^ to

doubly or trebly pinnate in the Aspidiums. Except in the

Hymenophyllaceae they are almost always composed of

several layers of cells, which very commonly separate into

two clearly distinguishable laminae, the upper one consisting

of cylindrical cells placed vertically to the surface, and fit-

ting more or less closely to one another, the lower of a looser

tissue formed of cells of a more spherical form. Both sides

of the leaf a,re covered by an epidermis provided with nume-

rous stomata. The stem and the rachis of the leaves are

clothed, in most species, with brown dry lanceolate or hair-

like epidermal structures of a thin membranous texture, the

palece.

The sporangia are arranged in masses at definite spots,

usually on the under side of the leaf, and are outgrowths of

its epidermis (Fig. 439). The separate sori [or collections

of sporangia] vary in form and arrangement, and afibrd dis-

tinguishing characteristics for the genera. They are round-

Fig. 438 III.—Transverse section through
the stem of a tropical Fern ; a b layers of
lignified nearly solid parenchymatous
cells, surrounding the vascular bundle c ;

1-5 the points of attachment of five leaves

already thrown off (natural size).
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ish in Polystichum, linear in Asplenium, They are occa-

sionally naked, as in Folypodium (Fig. 439 v.) ; but more

I. IV.

V.

HI.

VII.

VI.

Fig. 439. — Plnnse of fronds of Ferns with sori ; I. Aspidhun, the sporangia
visible at the margin of the pekate indusium ; II. Aspleniwn : III. Pteris
aqzdlina ; IV. the same with the indusium thrown back to show the mode of
attachment of the sporangia ; V. Polypodium, indusium wanting ; VI. Hyineno-
phylluin or filmy fern ; VII. the same ; the indusium partly removed to show the

sporangia (all magnified).

often covered by a membranous skin, the indusium [which

is usually an extension of the epidermis] (Fig. 439 i.). In
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most Ferns the sporangia are provided with an elastic ring,

the annulus^ running over the apex, which [by its contrac-

tion] causes the sporangium to burst [to allow the escape of

the spores] (Fig. 440 i.); less often it surrounds the sporan-,

Fig. 440. — Sporangia of

Ferns; I. Aspidiumy^\\h.
vertical annulus : II.

Trichomanes with hori-

zontal annulus ; III. Os-
-1711tnda regalis, royal
fern, with incomplete
annulus (all greatly magnified).

Fig. 441.—Reproduction of a Fern, Pteris serrulata; I.

the prothallium proceeding from the spore ; a spore, b
rhizoids, x y antheridia (x 80) ; II. an archegonium near
the period of opening, a central cell (x 400); III. the
young plant springing from the cordate prothallium ; w
first leaf, r first root (natural size).

gium in a horizontal or oblique direction (Fig. 440 11. iii).

On germinating, the spore first gives rise to a green thalloid
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leaf-like often kidney-shaped structure, lying flat on the

surface of the ground, the prothallium or pro-embryo (Fig.

441 III.), which puts out root-hairs \^'hizoids~\ from its under

side, and forms the archegonia and antheridia among them.

In the former are produced the ciliated antherozoids (Fig.

442) ; from the latter, which agree in almost all points with

Fig. 442.—Antheridia of Adianttmt capillus-veneris, maidenhair-fern : I. not yet
mature; II. the antherozoids fully developed ; III. the antherozoids escaping
from the burst antheridium ; / prothallium, a antheridium, ^ antherozoids, b
mother-cell of an antherozoid ( X 500).

the archegonia of Mosses, the young plant is developed,

after the fertilisation of the oosphere by the antherozoids;

the prothallium then disappearing.^

An alternation of generations is very strongly marked in

Ferns; the first [sexual] generation includes the formation of

the prothallium and sexual organs ; the second [non-sexual]

1 [The central cell of the archegonium divides first into foiir cells,

of which the two lowest subdivide and become imbedded in the sub-

stance of the prothallium. The two upper of the four cells also sub-

divide, one developing into the rhizome, the other into the first rootlet

of the young Fern.

—

Ed.]
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generation the spore-producing Fern-plant itself. Ferns are

- also reproduced by means of gemmcE which grow on the

stalk or surface of the leaves.

Ferns have been applied to but very few economical

uses. The rhizome of the ' male fern/ Nephrodiumfilix-mas,

and of the common polypody, Polypodium vulgare, and the

paleae of a Sumatran species, Cibotium glaiicescens^ are used

in medicine as vermifuges.

[The following is, with some modifications, the classification of

Ferns adopted by Mettenius :—
1. HymenophyllacecE. Sporangia formed on a prolongation of a

vein projecting beyond the margin of the leaf, and surrounded by a

cup-shaped indusium. Annulus oblique or transverse, and dehiscence,

therefore, longitudinal : leaves often very thin and delicate : Hymeno-

phyllum, Trichomanes, Loxsoma, &c. (Figs. 439 VI., vii., 440 ii.)

2. Gleicheniacece. Sporangia sessile, with a complete transverse

annulus : dehiscence longitudinal : Gleichenia.

3. Schizceacece. Sporangia sessile or shortly stalked ; annulus com-

plete, forming an apical cap-like zone, dehiscence longitudinal: Schiz(za,

Anemia^ Lygodiuin.

4. OsmundacecE. Sporangia shortly stalked; annulus runninground one

side only; dehiscence longitudinal ; Osmunda, Todea. (Fig. 440 ill.).

5. Cyatheacece. Annulus complete, oblique, eccentric ;
dehiscence

transverse ; sorus generally on a strongly developed receptacle :

Alsophila, Hemitelia, Cyathea ; most tree-ferns.

6. Polypodiacece. Annulus vertical and incomplete ; dehiscence

transverse :

—

Acrostichujn, Folypodijim, Adiantum^ Fteris, Blechnum,

Asplenium, Scolopendrium^ Aspidmm, &c. (Fig. 439 l-V., 440 I.).

7. MaraitiacecE. Sporangia placed singly on lateral veins of the

pinnae : Marattia.—Ed.]

Class VIII. Equlsetacece,

The aerial stem of the Horsetails springs from a creeping

rhizome which produces at its nodes a number of adventitious

roots. The stem is herbaceous, usually furrowed, simple or

branched, jointed, and provided at the joints Or nodes with

toothed sheaths formed by the coalescence of the leaves at

their base. The habit of the plant depends on this mode



Fig. 443 \.—Eqtn-
setum sylvatictcni ;

a a fertile shoot,

not containing
chlorophyll, bear-

ing the sporangia

at its summit ; h a
fertile green s-hoot;

between these a
sterile green shoot

(reduced) ; these

three kinds of

shoots do not

always occur.
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in which the leaves, are formed, and on the verticillate ar-

rangement of the branches which spring from buds in the

cortex (Fig. 443). While, in respect of their vegetative

organs, they can be compared only with the Australian

IV.

Fig. 443 II,—A peltate scale bearing the sporangia on its inner side facing the stem,
five being visible (magnified); III. spore with the elaters unrolled which vi^ere

previously coiled spirally round it (greatly magnified) ; IV. E. JiMviatile ; rhi-

zome covered everywhere with root-hairs, and having four tubers about the size of
hazel-nuts which would, under favourable conditions, develope into new stems.

dicotyledonous Casuarinese and the extinct Calamites, in

their mode of reproduction the Equisetaceae closely resemble

Ferns. In the internal structure of the stem the air- cavities

are of great importance. Its centre is occupied by a large

central air-cavity (Fig. 444 A, c) ; and in the surrounding

ring of tissue, which is often rather narrow, there is almost

always a cortical air-cavity (Fig. 444 A, r) between each



Fig. 444.—A. Transverse section through the rhizome of Eqtdsettmt littorale ; g
vascular bundle surrounded by a sheath ; o central, r cortical air-cavities ( x 26)
B. transverse section through a young stem of E. sylvaticuni ; o epidermis
c collenchyma ; r cortical parenchyma, many of the cells containing chlorophyll
s vascular bundle-sheath ; g vascular bundle ; l cortical air-cavity ; l' central air-

cavity ; \J' air-cavity of the vascular bundle ; st stoma (x 150).
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pair of vascular bundles g. In addition, there often occur

also the so-called ' essential ' air-cavities (Fig. 444 B, l^) in

the vascular bundles. In some species the epidermis, which

consists of a single layer of cells and is more or less strongly

silicified, has stomata (the ' Equiseta phaneropora ^) ; while

in others ('Equiseta cryptopora'), it is penetrated by crevices

beneath which are the true stomata. The stomata (Fig. 444
B, st) are always placed in a single or in several rows between

the elevated ridges of the stem. The cortex consists of thin-

walled or of only moderately thickened parenchyma. It is

separated on the inside from the vascular bundles by a

sheath which sometimes encloses all the bundles together

(Fig. 444 B, s) ; while at other times each separate bundle is

surrounded by a sheath (Fig. 444 A, g). The vascular

bundles ascend in a vertical direction, and parallel to one

another, through the internodes, and form annular coils in

the nodes. The ' essential ' air-cavity occupies the largest

part of the woody portion of each vascular bundle ; one or

more vascular cells project into it on each side ; and its

outer part is formed of elongated parenchymatous cells

containing starch. Two other groups of vascular cells are

found on the cortical side of the bundle. The bast-portion

contains three elements
;

parenchyma, bast-fibres, and

sieve-tubes ; it lies between the four groups of vascular cells

and the vascular bundle-sheath. In the root is an axial

bundle of vascular cells surrounded by elongated parenchy-

matous cells, with which sieve-tubes and bast-fibres are inter-

mixed. The sporangia are capsules placed on the under side

of scales belonging to the fructification (Fig. 443 11.). The
fructification or receptacle is often placed on special shoots

which are distinguished by their external form and by their

brown colour from the sterile green stems (Fig. 443 i.).

The spores are provided with two hygroscopic bands or

elaters (Fig. 443 iii.), only loosely attached to them [formed

by the splitting into narrow strips and the partial detaching

of the exosp07x or outermost of the three coats of the spore,
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and serving, by their hygroscopic properties, to assist in

their dissemination]. On germination the spore gives rise

first to a flat pro-embryo or prothallium, upon which are

produced, in some species only one, in others both kinds of

reproductive organs, antheridia and archegonia (Fig. 445)

;

III.

Fig. 445.

—

Equisetu7n 7naximu'}n ; I. prothallium v with eleven antheridia « (x 30) ;

II. prothallium v with archegonium « (x 30) ; III. an antherozoid (x 500).

the former species being therefore dioecious, the latter mon-
oecious. In the antheridia are developed a number of

motile antherozoids ; in the archegonia, as in Mosses, a

single central cell containing an oosphere, which, after im-

pregnation, developes gradually into the young plant. The
alternation of generations is therefore precisely similar to

that of Ferns. The Equisetacese are also propagated in a

vegetative non-sexual manner, by means of subterranean

stolons and tubers (Fig. 443 iv., p. 318).

The class includes only a single genus, Equisetum. A quantity of

silica is deposited in the stems, and especially in the epidermis ; E,

Y
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hyemale being on this account especially used as a substance for polish-

ing, under the name of * Dutch rushes.' E. arve?ise h a troublesome

weed.

Class IX. OphioglossacecE.

The ^plants belonging to this class were till recently in-

cluded among Ferns ; but are sufficiently distinguished from

them by their underground pro-embryo, which is destitute

of chlorophyll ; by the mode of development and the form"

of the sporangia; and finally, by the stem never branching.

The primary root seldom branches ; and the small, flat stem is

enclosed by the sheathing base of the leaf. The number of

leaves, which are always annual, is small ; our two native

species, Ophioglossum vnlgatu7n (Fig. 446), and Botrychium

Limaria, never producing more than one each year. The
leaves are also remarkable for the slowness of their growth;

those of the latter species requiring four years for their de-

velopment, the first three of these being spent entirely be-

neath the soil. As soon as the plant has attained a certain

age, the leaf branches, one half developing into a receptacle

or spike of sporangia, [the other into the green lamina of the

leaf]. The sporangia are not produced each from a single

epidermal cell, and therefore of the nature of trichomes, as

in Ferns ; but are rather entire lobes of the leaf, the internal

tissue of which is the origin of the mother-cells of the

spores. In Ophioglossum the sporangia are arranged in two

rows in a simple spike (Fig. 446 i., 11.), and are coherent

;

in Botrychium^ on the contrary, they are distinct, and form

a branched spike or panicle. The tetrahedral spores pro-

duce, on germination, prothallia, on which are developed

the reproductive organs, antheridia and archegonia ; but

the process of impregnation and the first stages of develop-

ment of the oospore have not yet been observed. There is

the same alternation between a sexual generation producing

antheridia and archegonia, and a non-sexual generation pro-

ducing spores, as in the last two classes. In Ophioglossum
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there is also a vegetative mode of reproduction by means of
adventitious buds on the roots (Fig. 446 i.). The prevalent

Fig. 446.—Adder's-tongue, Ophioglossum vulgatmn ; I. whole plant (natural size) •

U. a part of the fertile portion of the leaf with four sporangia in the act of burst-
ing (magnified).

Y2
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form of tissue is parenchymatous fundamental tissue, con-

sisting of long, nearly cylindrical cells, thin-walled and full

of sap, and with large intercellular spaces. Both sides of the

leaves are covered by an epidermis provided with numerous

stomata. The vascular bundles form a network in the stem,

the tissue which occupies the space between the meshes

being frequently changed into scalariform vessels, so that

the stem then forms a closed hollow cyUnder. This often

takes place only on one side.

[The adder's- tongue, Ophioglossum vulgatum, and the moonwort,

Botrychmm Luitaria, are the only British representatives of the class,

which comprises only a very small number of species. None are of any

economical value.]

Class X. Rhizocarpece,

The Rhizocarpeae are plants floating on the surface or

creeping along the bottom of water, and derive their name
from the circumstance that their fructification is placed at

the base of the leaves or between the fibres of the roots.

From their mode of life they have also been called ' Hydro-

pterides ' or Water-ferns. The stem has a simple vascular

bundle in its axis, which branches with the stem and also

passes into the leaves, and is surrounded by an annular

layer of lignified cells and a parenchymatous cortex. The
woody part (xylem) of the bundle consists of very thick-

walled vascular cells, among which occurs here and there an

elongated parenchymatous cell, while the bast-portion con-

tains parenchyma, vessels, and bast-fibres. The root has

also a central bundle, which is, however, surrounded by a

sheath. The fructification consists of conceptacles or

sporocarps^ containing a number of sporangia collected in

groups or sari. The spores themselves are of two kinds :

macrospo?'es^ and mic7'ospores several hundred times smaller.

They are formed in different sporangia, maci'osporangia and

microsporangia ; the two kinds being found either in the
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same or in different sporocarps (Figs. 447 n-. 449 !•)• The

antheridia are either formed directly from the microspores, as

in Marsilca and Pilularia ; or, in Salvinia, the microspores

I.

'^\Q.H,6f1.—Salvinianatans; I. apiece of the plant FiG. 448.

—

Marsilea qtiadri-

with two aerial leaves, and one deeply divided folia, with two sporogonia
root-like submerged leaf with sporogonia (natural (natural size).

size) ; W. a section through two sporogonia ; a
sporogonium with macrosporangia, b with microsporangia (greatly magnified).

germinate and produce spore-sacs, the apices of which de-

velope into antheridia. At the apex of the macrospore is a

papilla of protoplasm from which is developed the primary

cell of the prothallium or pro-embryo (Fig. 449 i. a). The
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contents of this apical papilla, which is enclosed in the gela-

tinous envelope that surrounds the whole spore, divide^

when the spore begins to germinate, into a central cell and
several superficial ones. The latter become filled with

chlorophyll, and grow into a body which is placed like a

cap on the apex of the macrospore, and then form the cells

I. 11.

lY.

/^^

IIL

Fig. 449.

—

Marsilea salvatrix ; I. a macrcspore before fertilisation with its mucila-
ginous envelope.; the pro-embr^^o is developed from the roundish papilla p at the
apex of the spherical spore (x 15); (5 microspores (x 15), c single microspore
(x 100) ; n. antherozoid with its attached vesicle (x 690); III. pro-embryo with
oospore seen in transverse section ; the spherical oospore o has already a cell-wall

(x 200); IV. young plant seven days later still attached to the spore/ (x 7)
(all after JIanstein).

which immediately surround the central cell, and which

therefore constitute the archegonium. At the proper time

one or more antherozoids force themselves through the neck

of this archegonium, and presumably disappear in the in-

terior of the central cell, i.e. in an oosphere. The oospore

or fertilised oosphere then becomes surrounded by a cell-

wall (Fig. 449 III., <?), divides into new cells, and gradually

grows into a new plant (Fig. 449 iv.). In their alternation
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of generations Rhizocarpeae do not differ from the other

classes of Vascular Cryptogams. Salvinicv (Fig. 447) is

absolutely rootless. On the older parts of the plant the

leaves stand in whorls of three, the two upper leaves of the

whorl beijng aerial leaves with entire margins, the lower one

a submerged leaf divided into very narrow root-like seg-.

ments.

The European genera of Rhizocarpeae are only three, which are

classified, as follows, into two orders :

—

1. MarsileacecB. Perennial plants creeping in mud; the micro-

sporangia and macrosporangia are contained in the same sporobarp:

Marsilea, Pihdaria.

2. SalviniacecE. Annual plants floating on water ; the microspo-

rangia and macrosporangia ai*a formed in different sporocarps :

Salvinia,

Only one other genus is known in addition to the above, Azolla,

[belonging to the Salviniaceae]. The sporocarps of several Australian

species of Marsilea are known as ' nardoo, ' and are used by the natives

as an article of food.

Class XL Lycopodiacece,

The plants belonging to this class present so many
diversities, especially in relation to their vegetative organs,

that they might well be distributed into several classes.

The true Lycopodiece (Fig. 450 a) have a procumbent stem

which usually dichotomises repeatedly, the branches extend-

ing in all directions. The Selaginellece (Fig. 450 b) have

also a procumbent stem which branches dichotomously,

but the branches develope only in one plane, so that the

plant presents an external resemblance to the Junger-

manniese among the Hepaticae. In both these families the

leaves are simple, sessile, and with a single central vein
;

but in the Lycopodieae all the leaves are of the same size

and arranged spirally on the stem, while in the Selaginellese

they are placed in four rows, and are of different sizes, the

lateral rows consisting of larger, the upper and under
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A. I. p.. II. B. I. B. III.

A. IL

FiG. 450.—A, Lyrerpodiiim clavatnm ; I. fertile branch or receptacle
(natural size) ; II. small leaf or bract bearing a sporangium (greatly

magnified) ; B. Selnginella incpqnalifolia ; I. fertile branch (natural

size); II. microsporangium ; III. macrosporangium (the two last

greatly magnifiecl). .
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rows of smaller leaves. In both families a mimber of

adventitious roots are produced on the under side of the

stem facing the ground, and the stem contains an axial vas-

cular bundle. In contrast to these two families, which are

both terrestrial, is a third, the Isoetece (Fig. 451), consisting

of aquatic plants with a simple cylindrical but only slightly

developed stem and elongated grass-like leaves. The single

genus belonging to this family, Isoetes, is the only one at

present known among Cryptogams in which the stem per-

manently increases in thickness ; and this takes place by an

annual formation of new masses of tissue round the cen-

tral vascular bundle, the older ones gradually dying off on

the outside. Since this process takes place almost entirely

at two spots directly opposite to one another, the stem ul-

timately has the form of a plate or disc (Fig. 451 11.). The
axis of the stem is occupied in all the Lycopodiacese by

one or several vascular bundles separated from one another

by intermediate parenchymatous fundamental tissue (Fig.

452). In the Selaginellese the vascular bundle is connected

with the cortex by a very loose spongy tissue, so that it

appears to He almost isolated in a cylinder filled with air

and connected with the walls only here and there by
parenchymatous cells. In the other families of the class a

sheath of thick-walled fibriform cells arranged in several

layers takes the place of this spongy tissue (Fig. 452 s).

The structure of the vascular bundle itself is always uniform.

The xylem-portion consists of wider vascular cells in its

inner, of narrower vascular cells in its outer part ; the bast-

portion possesses vessels, fibres, and parenchymatous tissue.

The axial vascular bundle sends out ramifications into the

branches and leaves.

In all the Lycopodiaceae the fructification takes the

form of sporangia or capsules which burst open when ripe,

seated in the axils of the leaves, and often, as in Lycopodium^

constituting a pecuHar spike-like receptacle.

The famihes Selaginellese and Isoetese have two kinds
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Fig. 45 e.—Isoeies laciistris ; I. the whole plant (natural size) ; II. transverse section

through the peculiarly thickened stem (natural size); III. macrospore (x 60);
IV. longitudinal section through the pro-embryo with an archegonium « (x 40) ;

V. microspore with three mother-cells of antherozoids (x 500) ; VI. antherozoid
- (x 500).



Fig. 452.—Transverse section through the stem of Lycopodium an7iothniiii ; o epi-

dermis ; A R outer cortex
; j r inner cortex : s fibrous sheath ; p vascular bundle

sheath or the thin-walled parenchyma surrounding the vascular bundle ; h
xylem-, b bast-portion of ihe vascular bundle \ Bsp,Bcp' , leaf-traces, or branches of

the vascular bundle proceeding to the leaves ( x 120).
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of sporangia (Fig. 450 b, ii., hi.) : macrosporangia^ in

which are formed four large macrospoi-es ; and microsporangia^

in which a greater number of much smaller spores, the mi-

C7'ospores^ are developed. The microspores are the an-

theridia, and break up into a small number of cells, one

of which remains unproductive and may be regarded as

an abortive pro-embryo, while antherozoids are developed

in the remainder. The macrospores, on the other hand, as

in the Rhizocarpeae, produce a transitory pro-embryo or pro-

thallium, which bears archegonia opening outwardly (Fig.

450 B, IV.), and in their interior a central cell with its oosphere.

In the Isoeteae the pro-embryo entirely fills up the macro-

spore ; while in the Selaginellese it is attached to its apex

as a cap-shaped appendage. After fertilisation, which pro-

cess has not yet been directly observed, the embryo is, in

Isoetes, developed directly from the oosphere, while, in Sela-

ginella, the latter forms at first a filiform suspensor, on which

the young plant is then developed. The mode of reproduc-

tion of the Lycopodieae is still unknown, and at present

only one kind of spore has been observed in them, corre-

sponding in its external characters to the microspores of the

other families. Il is obvious that there is in the Lycopodi-

aceae an alternation of generations resembling that which

prevails in other Vascular Cryptogams. They are also pro-

pagated in a non-sexual vegetative manner by means of

gemmce^ that is, by buds formed in the axils of the leaves,

which become detached from the parent-plant and develope

into new individuals.

[The Lycopodiaceae are divided into three families, as under :

1. Lycopodieae. Terrestrial plants with small leaves all of one size
;

only one kind of spore known : Lycopodium^ Tmesipteris^ PhylloglossuiHy

Psilotum.

2. Selaginellecp. Terrestrial plants with small leaves of two differ-

ent sizes ; two kinds of spores : Selaginella.

3. Isoetece. Aquatic plants with long grass-like leaves ; two kinds

of spores : Isoetes.^

The number of species is about three hundred ; all comparatively
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small plants ; whereas, in past geological epochs, plants belonging to

this class, as Lepidodemlron, attained a height of 30, and a diameter

of one metre. The only European genera are Lycopodium, Selagmellay

and Isoetes. The yellow spores of several species of Lycopodium^ L.

davatiim, aimolimun, and Selago are officinal, and are used for making

artificial lightning. [Several species are commonly known as ' stag's-

horn-mo5S ' or 'club-moss.']

FLOWERING PLANTS.

Class XIL Gymnospermce,

[The main characteristic of Gymnosperms, as distin-

guished from the other classes of Flowering Plants, consists

in the absence of an ovary, the seeds being borne naked on

the upper side of the woody scales which some consider to

be the carpels. With this is necessarily connected a dif-

ference in the mode of fertilisation and in the structure of

the pollen-grains, which has already been explained (p. 191).

In their reproductive organs, therefore, the Gymnosperms
exhibit a decidedly lower type of organisation than Mono-
cotyledons or Dicotyledons, and in many respects occupy

an intermediate position between these classes and Cryp-

togam?. The pollen-grains suggest a homology with the

microspores of Selaginella ; and the corpuscula or secondary

embryo-sacs with the central cell of the archegonia in Vas-

cular Cryptogams. In the anatomical structure of the wood
Gymnosperms resemble Dicotyledons in all essential par-

ticulars (see p. 356).] The class is divided into three

orders :
—

Order i. Cycade^. The Cycadcae (Pig. 453) are all tropical trees

with simple stems, resembling Palms in their habit and Ferns in the mode
of development of their leaves. Their columnar stems attain a consider-

able diameter, are tuberous or globular when young, and often even

at a later period, and bear two kinds of leaves ; the one dry brown,

hairy, sessile scales of a coriaceous texture and comparatively small

size, the other large, stalked, simply pinnate foliage-leaves. They are
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Glioecious. Both kinds of flowers are always placed in terminal cones

at the apex of the stem, in the centre of the crown of leaves, and have

Fig. ^S3'—Cycas circinalis, a Cycad (greatly reduced).

no floral envelope or perianth, but consist simply of an axis, which is

in the one case densely covered with stamens, in the other case bears
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I.

Fig. 454.

—

Pinus sylvestris, the Scotch fir ;

I. a branch (reduced) ; II. a male flower^
(natura size).
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the ovules. The two cotyledons are unlike in form, are connate with

one another at their apex, and remain, on germination, enclosed in the

albuminous seed. The pith of some species, as the East Indian Cycas

circinalis^ and the South African Encephalartos lanuginosus^ afford a

kind of s^go. [Principal genera: Cycas, Stangeria, Dioon, Encephalartos,

Zamia.\

Order 2. Conifers. Trees or shrubs, with stems growing at their

apex for not unfrequently several centuries, and attaining a height of

200 or 300 feet or more. Either all the leaves have the form of foliage-

leaves, as in Juniperus and Thuja, or foliage-leaves alternate with

membranous scales which serve to protect the buds, as in the Abietinepe.

The leaves are small, usually acerose (Fig. 454), and endure for several

vears, and the plants are therefore evergreen. The flowers are always

incomplete (without perianth), and either monoecious, as in Abies, or

dioecious, as in the yew and juniper. The male flowers, which are

often incorrectly called catkins, bear leaf-like or scale-like bracts on

the lower end of a common axis, and at the upper end a number of

stamens. The female flowers are of various forms, and are either solitary

or united into peculiar cone-like inflorescences. In the Cupressinea:

(Figs. 455, 456) the stamens are broad, and bear two or three pollen-

FiG. 455.—Ripe cone of

Cupressus (natural

size).

Fig. 456. — Berry-like

fruit of the juniper

(natural size).

Fig. 457.—Male flower of the

yew ; I. before, II. after the

discharge of the pollen (magni-

fied).

sacs on a shield-like mid- rib. The ovules are erect and orthotropous,

and stand in the axils of the bracts or carpellary scales. In some genera,

as Thtija^xA Cupressus, the fruit is a cone ; in others, as Juniperus, it is

berry-like, and formed by the coalescence and softening of several female

flowers. The embryo has two or three cotyledons, which remain in

the ground on germination. The fruit of the juniper, Juniperus com-

munis, is officinal, and is applied to many purposes ; as also are the
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young branches of the poisonous savine, Juniperus Sabina, and the rosin

from the North Amei'ican Callitris quadrivalvis. The anthers of the

Taxinece (Fig. 457) are two-lobed. The erect ovules (see Fig. 328,

p. 154), which are either solitary or arranged in groups on a special

branch, and either terminal or lateral, develope into nut-like seeds

surrounded by a more or less thickened and fleshy envelope or aril.

The embryo has two cotyledons which in some genera rise above the

ground, while in others they do not. The poisonous leaves of the yew,

Taxus baccata, are officinal. The AbietinecE (Figs. 454, p. 335 ; 458.

459) approach the Taxinese in their two-lobed anthers, and the Cupressinese

I. II. III.

IV.

Fig. 458.—Larch {Pimis Larix) ; I. a seed-scale d from
a young cone, seen from the inner side, with the bract
a, and the two inverted naked ovules d ; II. ripe
cone; III. a scale rt: from a ripe cone, seen from the
outer side, d the bract which has not grown along with
the scale, and is therefore smaller ; IV. the seed d with
its wing a ; V. longitudinal section through the seed,
the small embryo k lying in the endosperm e.

Fig. 459-—Anthers of
^ rmccaria.

in their fruit, which is a cone ; but differ from both these suborders in

their anatropous ovules with the micropyle directed downwards, and
in the number of their cotyledons, which varies from five to twelve
[or rather from two to fifteen]. The cone is also constructed differently

from that of the Cupressinese, being composed of imbricate bracts and
Z
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carpellary scales, each of which bears two winged ovules. These

scales overtake in their growth the bracts which are situated between

them, and which are arrested in their growth and become coriaceous

or woody. The cedar of Lebanon, Cedrus Libani, is of historic interest,

but has now nearly died out, and is related to the exotic Araucariese.

The best-known European representatives of the sub-order are the Scotch

fir, Pinus sylvestris, the Spruce fir, Pinus excelsa, the larch, Larix

europcea^ [and the stone pine, Pinus Pinea.'] The various trees belonging

to it are of the highest value for a great variety of purposes ; the wood
being employed for fuel and for building purposes, for joining and

turning work, for the manufacture of musical instruments, &c. [and for

the navy]. The wood of the root is lighter and is less used for fuel than

that of the trunk, but is richer in resinous substances, and therefore

more serviceable for the production of tar. Pinus sylvestris^ Pinea,

nigricans^ and Pinaster, all yield common turpentine, from which tur-

pentine-oil, pine-resin, colophony, and pitch are obtained. Venetian

turpentine is prepared from the larch. Abies balsamea and canadensis

of North America yield Canada-balsam ; Dammm'a orientalis from the

Moluccas, and D. australis from New Zealand, the Dammar resin or

kauri-gum. Pinites succinifer is one of the extinct sources of amber.

The starchy and oily seeds of Piitiis Pinea and P. Cenibra are edible.

Many of the resins and volatile oils are officinal. [Principal genera :

—

Arancaria, Dannnara, Pinus ^ Larix, Ced^^zis, Picea, Abies, Sequoia,

Cryptomeria, Taxodium, Frenela, Callitris, Liboced^^us, Tluija, Biota,

Cupressus, yuniperus, Taxus, - Torreya, Phyllocladus, Salisburia,

Cephalotaxus.'\

Order 3. Gnetace^. To this order belong only three genera, of

remarkably different habit. The various species of Ephedra are shrubs

destitute of foliage-leaves, with long slender cylindrical green-barked

branches ; at the joints of the stem are two opposite minute leaves,

which grow together into a bidentate sheath, and from their axils spring

the lateral branches. In Gnetiim the leaves are also opposite on the

jointed stem, but are stalked, and have a broad lanceolate lamina.

Wehvitschia mirabilis, the only representative of the third genus, never

has more than two leaves, but these are of immense size, and are, ap-

parently, the cotyledons.

Class XI 1 1. Monocotykdones.

The embryo has only one cotyledon. The perianth is

simple, or, when double, without distinction of calyx and

corolla, and the prevalent number of its parts is three or six.
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The stem in its young state is always provided with an

epidermis, the cells of which often contain siHca, as in

Grasses and Palms, giving the surface a vitreous appearance.

The simple cortex consists of polygonal or roundish paren-

chymatous cells, among which are sometimes formed strongly

thickened cubical sclerenchymatous cells, as also fibriform

cells and bast-vessels. When very young the cortex is

separated from the subjacent tissue by an annular layer of

formative tissue, or cambium-sheath, in which the vascular

bundles are formed ; but the cambium possesses in general

only a limited activity; and when this is exhausted, the stem

no longer continues to increase in diameter at that spot

;

the cortical parenchyma then passes over gradually into fun-

damental tissue, or is separated from it by the lignified

cambium-sheath (Fig. 460 i., v). The vascular bundles

stand singly in the fundamental tissue ; and as they con-

tinue to develope in the tissue in which they lie, they do

not grow in a vertical direction, but turn towards the pith
;

and from there, again bending outwards, pass into the

leaves. In this course they must necessarily cross the

cambium-sheath ; and at the place where this happens the

bundle branches, one branch entering the leaf through the

cortex, the other taking a similar course to the next older

bundle. When a number of bundles have been formed in

this manner, every bundle which bends from the inner to

the outer portion of the plant must cross all the younger

ones in succession (Fig. 460 11.). The fibrovascular bundles

are necessarily closed, in contrast to the open bundles of

Dicotyledons and Gymnosperms. The term E?tdogens was
previously appHed to Monocotyledons [and still is com-
monly in works on Descriptive Botany]^ because it was
thought that the vascular bundles originated in the centre

of the stem, and grew outwardly only in order to enter the

leaves (see Fig. 95, p. 68).

In many species the course of the vascular bundles is
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Fig. 460.— I. Part of a transverse section through the stem of Tradescantia Selloi
',

o epidermis, with a stoma sp ; r cortex ; v thickening-ring with the outer vascu-
lar bundles^'; g'' inner vascular bundles (x 75); 11. course of the vascular

bundles ci Iris in longitudinal section (diagrammatic).
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essentially different from this, passing through the separate

internodes in a parallel direction, while they bend irregularly

and branch in the nodes. This occurs, for example, in

the culms of Grasses, and may be compared with their

course in Equisetaceae (seep. 320). The pith also disappears

at a very early period in these cases, from rupture and desic-

cation, and probably also partly from resorption, so that

the stem subsequently becomes hollow.

The separate vascular bundles are in general more highly

developed than in the classes already described ; but their

increase in thickness is limited, and soon ceases. The xylem-

portion of the bundles may consist of prosenchyma, vessels,

and parenchymatous cells; the bast-portion of bast-fibres,

sieve-tubes, and parenchymatous cells, with which are some-

times associated laticiferous vessels. The prosenchymatous

cells are sometimes more, sometimes less strongly thickened,

but always hgnified, and have a smaller number of scattered,

slightly bordered, oval pits; sometimes they are pointed

at the ends, forming a prosenchymatous tissue, and re-

semble elongated parenchymatous cells. The bast-fibres are

of similar structure, but, as a rule, more pointed. The
vessels of the xylem- portion are annular, spiral, reticulated,

or pitted. It is not uncommon also to find single vascular

cells not united with others into true vessels. The lateral

walls of the sieve-tubes are usually horizontal, and provided

with sieve-discs ; the partition-walls, on the contrary, are

mostly smooth, and only rarely, when united in growth with

similar ones, also penetrated by sieve-pores, thus forming

conducting sieve-cells. The parenchymatous cells, both of

the xylem- and of the bast-portion, are usually elongated, and

hence resemble prosenchymatous cells ; but always have hori-

zontal partition-walls, and are either not at all lignified, or, at

all events, less so than the prosenchymatous cells. The
laticiferous vessels are also sometimes found outside the

vascular bundle ; and are then, when they contain raphides

and belong to the cortex, called vesicular vessels. The ar-
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rangement of these separate elements of the vascular bundles

of the stem is in general as follows (see Figs. 93, 94, pp. 65,

66). At their inner side next the pith is a bundle of prosen-

chymatous cells, and in close contact with this aie the

vessels and vascular cells, which are partly surrounded by

the parenchymatous cells of the xylem, partly intermingled

with them. Then follows an easily distinguished thin-walled

part consisting of sieve-tubes, conducting sieve-cells, and

parenchymatous cells belonging to the bast-portion ; and

finally, towards the cortex, a bundle of bast-fibres. Some-

times the bundles of fibres of the xylem and the bast coalesce

laterally with one another by means of narrower or broader

groups of prosenchymatous cells, so as to form a closed. ring

surrounding the other elements of the vascular bundle.

The root of Monocotyledons has an epidermis pro-

vided with numerous root-hairs. The cortex is parenchy-

matous, and is often differentiated into an outer and an

mner cortex. It is frequently separated from the inner por-

tions by a sheath. The vascular bundle forms a closed

hollow cylinder which encloses the central pith. The bast-

cells, which are usually elliptical, lie between the radially

placed vessels of the xylem. The xylem- and the bast-portions

of the vascular bundle are separated by prosenchymatous

cells. The bast-portion consists of sieve-tubes lying within

and of bast-parenchyma pressed outwards.

The leaves are penetrated by fibrovascular bundles.

When several enter a leaf, they may first unite into a leaf-

stalk, or may be separated in their entire course, as occurs

in many sessile leaves, like those of Grasses. The xylem-

portion of the bundle faces the upper, the bast-portion the

under side of the leaves. The skeleton of the leaf, formed

of the vascular bundles, is surrounded by the parenchyma

of the leaf. This parenchymatous portion or mesophyll

separates—independently of the epidermis, which is always

present and is provided with stomata and often with hairs

—

into two layers, the upper layer consisting of cylindrical, the
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under of rounder cells ; the latter being, therefore, of a

looser texture and often penetrated by wide air-passages.

[The following are the more important orders of Monocotyledons,

arranged, with slight variation, according to Bentham and Hooker, those

of less importance, and even one or two of the cohorts, being omitted :

Division I. Flowers ghcviaceons.

Cohort I. Glumales. Flowers in the axils of scales (glumes),

which are arranged in spikelets
;

perianth absent, or consisting of

minute scales or hairs or bristles ; stamens one to three, rarely more
;

ovary unilocular with one ovule ; fruit a caryopsis ; endosperm fleshy or

floury ; embryo immersed or not. Grasses or grass-like herbs.

Order I. Gramine^. Perianth absent, or of two, rarely three or

six minute oblique scales ; anthers versatile ; fruit grooved on one side
;

embryo outside the endosperm on one side of its base ; stem usually

fistular, terete ; leaf-sheaths split to the base.] Herbs, rarely, as in

the bamboo, woody, shrubby plants ; the cylindrical, usually hollow,

stem, septated at the nodes, is called a citlm. At the point of union

of the divided leaf-sheath and the lamina— which is always entire and

parallel-veined— is a membranous structure [of a stipular character], the

ligiile (Fig. 147, p. 92). The flowers are hermaphrodite, seldom monoe-

cious, as in the maize, and are usually arranged in a panicle or spike,

which, however, bears secondary spikes or spikelets instead of flowers.

Each of these spikelets (Fig. 461) consists of a rachis, on which are placed

the small inconspicuous flowers, concealed among closely crowded foliar

structures. The two lowermost of the scale-like bodies usually have

no flowers in their axis, and thus serve as a common envelope for the

whole spikelet, and are termed glumes. The flowers, which are ar-

ranged m two rows, are solitary in the axils of the next scales ; and

since each flower has also at its base a special scale, it has two belong-

ing to it, which are called palecB, an exterior or inferior, and an in-

terior or superior one. The inferior pale has a mid-rib, which is often

prolonged at the apex into a bristle, projecting from the back of the

pale, and is called an aivn (Figs. 462, 463). The inner pale has no
midrib, but often two lateral nerves, and is hence bidentate at the apex.

Within the paleae, and alternating with them, are two, rarely, as in

the sugar-cane, three minute scales, the lodicules^ which correspond to

the perianth. The stamens are three, rarely two (in Anthoxanthuni),

or six (in the rice), the anthers being versatile at the end of long fila-

ments (Fig. 270, p. 138). The ovary is superior, unilocular and with

a single ovule, and usually bears two, less often (in N'ardus) one, or
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(in the sugar-cane) three stigmas. The fruit has a dry pericarp, and is

an indehiscent caryopsis, the seed adhering in its growth to the pericarp

and often to the palese. The embryo is small, on the outside of a

large floury endosperm, and is enveloped by the single large cotyledon.

F--GL

Fig. 461.—I. Expanded spikelet of the oat, with^ fertile and a barren flower fs :

G glumes ; ve outer pale, with awn a ; vi inner pale ; within are the feathery-
stigmas ; II. fertile flower with the outer pale removed (all much magnified) ;

III. diagram of a spikelet with two fertile and one barren flower a ; b palese ; g l
glumes ; IV. longitudinal section of a seed ; a endosperm ; c the single cotyle-
don ; G plumule ; R radicle ; t testa ; o hairs (greatly magnified).
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Fig.
Dactylis glotne-

rata, with ter-

minal awn.

Seed of Fig. 463.—Outer palese

of the two barren
flowers of a spikelet

oi AnthoxajitJuinr, b

with a straight, «with
a bent dorsal awn.

which is called the scutellicm (Fig. 461, iv.)
;
[though the scutellum is

by some considered an outgrowth of the axis]. The Grasses constitute

one of the largest orders in the

vegetable kingdom, and are uni-

versally distributed, but form

meadows only in the temperate

zone. Many genera are culti-

vated for the sake of the nutri-

ment contained in the seed, and

form our cereal crops. Among
these are wheat T7dticu7n vul-

garCy spelt T. spelta, rye Secale

cereale, barley Ho7'deum vidgare^

hexastichon, and other species,

various species of oat Avena,

millet Panicuni mih'acewjt,

maize or Indian corn Zea Mais,

rice Oryza sativa, and Egyptian millet SorgJmm vidgare. The seeds

of many species, especially wheat, contain gluten (protein) in addition

to starch. Sugar occurs in the stem of most Grasses, but chiefly in the

sugar-cane, SacchariL7ii officinaruni. Among officinal products are

the rhizome of the couch-grass, Ti'iticum repens. Among the more

serviceable meadow-grasses are Ajtthoxanthttni odoi^atttm, Alopecurus

pratensis, Phleum pratense, Agrostis vtdgaris, Holcus lanatus, Avefia

jiavescens and pubescenSy Briza mediae Poa a7t7ttta, t7Hvialis, and p7'a-

tensisy Dactylis glo77ieratay Cy7tosii7'us c7'istatiLSy Festuca ovi7ia, p7^ate72sis,

i'ub7'ay and elaiio7^y Bro77ius 7nollis, and Lolium pe7'e7ine. The largest

species is the East Indian bamboo, Ba77ihusa aru7idi7iacea (Fig. 464),

30 to 60 feet high. [Important genera :
—A7td7'opogo72, Paftictn7i,

Digitaria, Seta7Ha, Zizafiia, 07yza, A77thoxanth7i77i, Phala7'isy Zea,

CoiXy Phleu7}iy AlopectwuSy Ag7^ostis, Militi77i, Mac7^ochloay Stipa, Cal-

a77iagostiSy A7'undOy Ph7'ag77iites, A77i77iophilay Cy7iodo7ty Spa7'tinay Aii^a^

A7n%e7iathe7nL77iy Ave7ta, Holcus, Poa, Glyce7'iay Briza, Melica, Moli7iia,

Dactylis, Cy7iosu7'us, Festuca, B7'077itis, Ba77ib7isa, Loliimt, T7dticu77i,

Elymus, N'a7'dus, Ho7'deu77t, Secale, So7'ghu7Ji, Saccha7'7i77i.'\

07'de7' 2. Cyperace^. Perianth absent or consisting of bristles,

rarely scales, or of a sheathing bract ; anthers basifixed; fruit compressed

or trigonous ; embryo at the base of endosperm ; stem usually solid and

triangular ; leaf-sheaths entire. Perennial plants of grass-like habit,

often with creeping underground tuberous rhizomes (Fig. 465). The

aerial portion of the stem is, with the exception of the inflorescence, un-

branched, unseptated, and usually triangular; the leaves are all radical,
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with a sheathing but not split base, and no ligule ; the lamina is parallel-

veined^ and often three-edged. The flowers are arranged in spikes,

Fig. 464.

—

Bambiisa Tkotmrsii, the bamboo (greatly reduced).

panicles, capitula, or cymes, and are either hermaphrodite or diclinous,

and in the latter case usually, as in Cai^ex^ the male and female flowers
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are placed in different spikes on the same stem. Each flower stands

in the axil of a bract, which is called a glume or pale, two of these

Fig. 465.— Creeping rhizome of Carex (greatly reduced).

pales usually occurring in each flower ; and then the inner one is either

adherent to the rachis, or, as in Cai^ex, is transformed into a sheathing

bag or utricle enclosing the flower. The
genera with hermaphrodite flowers are

either entirely destitute of a perianth, as

Cyperus (Fig. 466) and Cladiuin, or it is

composed of bristles, either few in number,

as in Scirpus .2<x\A Rhynchospora, or in large

numbers, and in that case forming a tuft of

hairs closely resembling cotton-wool spring-

ing from the inflorescence, as in the cotton-

grass, Eriophorum. In Carex the male

flower consists of three stamens, the female

flower of a tubular envelope, the utricle,

surrounding the free ovary, which is gene-

rally unilocular and one-seeded, but with

three stigmas (Fig. 467)., The fruit is a

caryopsis ; the small embryo is surrounded

by the floury endosperm. The rhi/ome of many Cyperacete is rich in

starch and gelatine ; and that of Cyperus esculentus is used as an article

Fig. 466.—Flower of Cyperus
longus with the parts sepa-

rated (magnified).
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of food in the South of Europe ; several species of Carex are offi-

cinal. Papyrus antiquorum^ the papyrus of Egypt and Sicily, was the

first material used as paper. [Principal genera :

—

Papyrus^ Cypertts^

Eleocharis, Eriophorum^ Scirpus^ Isolepis^ Schcenus, Cladium^ Rhyncho-

spora, Carex.

1

I. II.

Fig. 467.—I. Male flower, II. female flower of Carex (magnified).

Division II. Flowers petaloid. Ovary inferior {with a few ex-

ceptions). Perianth usually distinct^ in two rows, and coloured,

[Cohort II. Amomales. Albumen (perisperm) floury ; embryo

distinct ; flower usually hermaphrodite and very irregular ;
perianth

of five or six segments ; stamens six, one or five with anthers, the rest

petaloid, or all with anthers in BromeHaceae ; ovary usually trilocular
;

fruit a berry or capsule. Tropical plants with large stalked leaves with

broad lamina, the lateral veins at right angles to the mid-rib. The

cohort comprises the orders Cannacece {Ca?zna, Maranta) ;
Zingiberacea;

[Zingiber^Amomum^ Alpinia)\ Musacea: [Musa^ Strelitzia)\ Bromeliacecs

(Bromelia, Tillaudsia).

Cohort III. Orchidales. Endosperm absent or cellular ; embryo

very obscure ; flower hermaphrodite and very irregular
;

perianth of

six, rarely three, segments ; stamens one, two, or three, confluent with

the style (gynandrous) ; fruit a capsule.

Order i. Orchide^. Stamens one or two, confluent with the

style and stigma j ovary unilocular, rarely trilocular ; seeds very
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minute.] Our native orchids have a tuberous root (Figs. 119, 120,

p. 81), and an annual herbaceous stem. The tropical species, on the

contrary, have often a perennial, and some of them a climbing stem, or

peculiar aerial pseudo-bulbs. The amplexicaul or sheathing leaves

are always entire, usually lanceolate, fleshy or succulent, rarely scale-

like. The flowers are rarely solitary, usually in spikes, racemes, or

panicles ; and the superior perianth consists of two whorls, each of three

leaves. Of these the inner whorl is always irregular, and often has a

spurred lip or lahelhtm^ the remaining five leaves of the perianth forming

together the galea or helmet. The stamens are united with the style

into a. fleshy column or gynostegium, upon which the anthers are so

placed as to stand above the stigma, which is but little developed, and

consists usually of a large viscid surface. Of the six stamens which are

probably originally present, only one, less often two, attain perfect de-

velopment. When only one is thus developed, it is always opposite the

labellum ; but when two, then one is on each side of the gynostegium.

Only a few Orchids have the pollen-grains perfectly distinct ; usually

they are united together in fours, and these again into granular masses
;

or the grains are combined by a viscid fluid into a club-shaped mass or

pollinium within each anther-lobe (Fig. 468, v.). The two poUinia

terminate at their lower end in a pedicel consisting of the dried-up

viscid substance, connected together by a viscid gland or rostellum as in

the bee-orchis, or distinct as in Orchis Morio, Sometimes the rostellum

is concealed in a fold of the stigma. The fruit is a capsule, usually

dehiscing longitudinally. The numerous very small exalbuminous seeds

are usually covered with a reticulated testa, and do not contain any

trace of a cotyledon. In the tubers are mucilage and starch ; Orchis

Morio, mascula, militaris, and other species, yield salep. The fruits of

some species are rich in aromatic substances ; the officinal vanilla is

obtained from Vanilla aromatica, planifolia, and perhaps some other

species from tropical America. [Principal genera :

—

Dendrobium, Mas-
devallia, Malaxis, Bolbophyllum, Cattleya, Epidendrum, Odontoglossum,

Maxillaria, Vanda, Saccolabium, Stanhopea^ Oncidium, Lycaste, Ang7'CE-

cum, Catasehtm, Oi^chis, Serapias, Aceras, Satyrium, Ophrys, Platan-

thera, Gyinnadenia, Habenaria, LiDiodorum, Corysanthes, Vanilla,

Listerd, Neottia, Epipactis, Spiranthes, Cypripedium,]

[Cohort IV. Narcissales. Flowers hermaphrodite, regular or ir-

regular
;
periant?! usually petaloid ; stamens three or six, inserted on

the perianth-tube : ovary trilocular ; seeds with copious fleshy or horny

endosperm, and a distinct embryo ; leaves parallel -veined. Principal

orders :

—

Iridece {Gladiolus, Iris, Crocus, Tigridia) ; Amaryllidece i^Ga-

lanthus, N'arcissics, Crinum, Pancratium^ Amaryllis, Leucojum, Agave].



-1.A ceras an^/iro/o/>^ora, man orchis ; whole
plant (natural size) : II. flower of an orchid looked
at in front, the ovary being concealed ; l p anther

lobes, each containing a poUinium ; st stigma; k

rostellum (magnified); III. diagram of the flower of

an orchid ; IV. gynostegium of Cypripedhmi, seen

laterally ; above to the right the anther, to the left the

stigma (magnified) ; V. pollinia oi an orchid with
their pedicels, united by the rostellum (greatly magnified) ; VI. burst capsule (natural sise) :

VII. transverse section of an ovary (magnified).
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Cohort V. DioscoRALES. Flowers dioecious, regular; perianth herba-

ceous ; stamens six, inserted at the base of the perianth-segments
;

ovary trilocular ; fruit a berry or capsule ; seeds with copious fleshy

endosperm, and a distinct included embryo. Climbing herbs or small

shrubs, with netted-veined leaves. Oxd^ox Dioscoreacece [Dioscorea^ Tamils^

Testudinaria).

Division III. Flowsrs petaloid. Ovary superioi^

Cohort VI. POTAMALES. Ovary apocarpous (rarely reduced to one

carpel); flowers hermaphrodite or unisexual
;
perianth of three, four,

or six segments, or absent ; stamens one to six ; seeds exalbuminous
;

embryo conspicuous. Usually water-plants. Principal orders :

—

ButomacecB [Butomics) ; AlismacecE [Alistna, Sagiitaria) ; Potamece

{Potamogeton); Naiadece [Zostera^ Naias).

Cohort VII. PalmALES. Ovary syncarpous (rarely apocarpous);

flowers unisexual, arranged on a simple or branched spadix, enclosed

in a spathe or not
; perianth of distinct bi-seriate coriaceous segments,

green, rarely coloured or absent ; fruit a one- rarely two-seeded drupe

or berry; seed albuminous. Shrubs or trees with flabellate or pinnately

divided, rarely simple leaves.

Order i. Palm^. Flowers usually diclinous on a branched spadix;

perianth green ; stamens usually six, hypogynous or perigynous ; ovary

tri- rarely uni-locular, or of three separate carpels ; styles short, free or

connate ; loculi with one, rarely tv/o, ovules ; seed large ; embryo
minute, sunk in a pit of the fleshy or horny endosperm. Trees or

shrubs.] Although the Palms appear to belong to the more highly

developed Monocotyledons from their stately arborescent stems and their

large leaves, the insignificance of their flowers reminds

one of the lower families, and the habit of many
species even of the Grasses ; while the structure of the

flower and inflorescence allies them to the Arales

(Figs. 469, 470, 471). The stem is usually simple,

rarely dichotomously branched, as in the doom-palm,
generally erect, sometimes climbing, as in the rattan,

and commonly bears a crown of leaves only at its

summit. The leaves, often called fronds, are Fig. 469. — Flower

fan-shaped in the fan-palms, pinnate in the feather- 4 ^^^ European
1 ^ T-i-i rx^-,., dwarf-palm,

palms, rarely undivided. The flowers are placed on Chamcerops Jm-

a simple or branched rachis, which is surrounded in ''"^'•'•

vernation by a common envelope or spathe ; they are originally perfect,

but almost always become, in the course of development, diclinous or

polygamous from the abortion of stamens or pistils. The six perianth-
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leaves are in two whorls. The stamens, three, six, or more in number,

are adherent to the perianth-segments. The superior ovary is either uni-

FiG. ^-jo.—Livisionia ansiralis, a fan-palm (greatly reduced).

locular, consisting of three united carpels, or trilocular and apocarpous.

Each of the three loculi contains a single ovule, which is generally erect
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and orthotropous; but two of the ovules usually disappear before matur-

ing into seeds. The fruit is a one- or three-seeded drupe or berry, the

Fig. Af'jx.—Seaforthia elegans, a feather-palm (greatly rediicedy

seed consisting of a minute embryo buried in a very large oily or

homy endosperm, which is at first milky, afterwards solid, and often

A A
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hollow. The embryo lies in a hollow in the periphery of the endo-

sperm (see Fig. 305, p. 148), and is covered by a thin layer of the

latter like a lid. There are about three hundred species of palms,

nearly all tropical. The only native European species is the dwarf-

palm, Chamce7'ops humilis (P"ig. 469), which is found as far as 45^ north

latitude. The uses of palms are innumerable. The inhabitants of

entire territories live on the fruits of some kinds, as the date-palm,

Phoenix dactylifera, in India, Arabia, Persia, and Egypt, and the cocoa-

nut palm, Cocos micifera, in all tropical countries. The stems of some

species, as Sagus Rumphii, Corypha tinibraculifei^a^ and Borassus

JiabeUifo7'mis^ contain a starch known in commerce as sago. The leaf-

buds of Areca oleracea^ Cocos nucifera^ &c., are eaten as vegetables;

and the sap which flows from the punctured leaf-buds and stems is

fermented, and yields palm-wine. Arenga saccharifera from the

Moluccas, and Cocos itucifera^ yield palm-sugar ; Copernica cerifera

palm-wax ; and the oily endosperm of many palm- seeds, especially of

the West African Elaeis guineensis, is used in the production of palm-

oil. The endosperm of species of Phytelephas is known in commerce

under the name 'vegetable ivory.' Palm-bast is obtained from many
kinds ; that of the leaf-sheath of Attalea funifera of Brazil bears the

special name 'piassava.' The young pinnate leaves of many palms

are manufactured into textile fabrics, hats {Carludovica palmata fur-

nishes the Panama-hats), and mats; and the stems are made int

canes. [Principal genera :

—

Chafjtcedorea, Areca, Arenga, Oreodoxa,

Ceroxyloit, Caryota, Calamus, Sagus, Borassus, Copernicia, Rhapis,

Chai?ice?'ops, Sabal, Phoenix, Cocos, FAaeis, Jubcea, Livistonia.

Cohort VIII. Arales. Ovary syncarpous ; flowers hermaphrodite

or unisexual, arranged in a spadix or spike, with or without a spathe,

or sunk in pits of a minute scale-like frond
;
perianth of distinct pieces,

white or green, or of minute scales, or absent ; fruit a drupe or berry

with one, few, or many small albuminous seeds. Herbs, often very

large, rarely trees ; leaves simple or pinnatifid, very rarely pinnately

divided, sometimes netted -veined.

Order I. Aroide^E. Flowers hermaphrodite or diclinous, in cylin-

dric or oblong spadices, enclosed in a green, white, or coloured spathe
;

perianth absent, or of from four to eight scales ; stamens few or many,

anthers sessile or on very short filaments, extrorse or opening by pores
;

ovaries aggregated in from one to four loculi; styles distinct or absent;

ovules one or more, basal or parietal ; berry one- or more-seeded ; seeds

minute ; endosperm fleshy or floury or absent. Herbs, stemless or with

erect or scandent stems ; leaves usually large, simple or pinnatifid,
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usually netted-veined. Principal genera :

—

Acorns^ Orontmm^ Antlm-

riu7/i, Pothos^ Calla^ Richardia^ Colocasia^ Caladium^ Arum.

To this cohort belong also Pandanacece^ and several other less im-

portant orders.

Cohort IX. LiLiALES. Ovary syncarpous ; flowers hermaphrodite,

very rarely unisexual, solitary or in spikes, racemes, or panicles,

rarely capitate
;
perianth of six (very rarely four) nearly similar pieces,

or gamopetalous and six-lobed, regular (jar^ly irregular), usually all

coloured and petaloid (sometimes coriaceous or subglumaceous); embryo

immersed in a copious endosperm (not external to nor in a lateral cavity).

07^der I. LiLiACE^. Stamens six, hypogynous or perigynous
.;

anthers usually introrse ; ovary tri-loculao', ovules usually many in

each loculus ; style entire ; fruit a capsule ; seed glabrous, v\^ith a

membranous or crustaceous testa ; endosperm fleshy. Stemless herbs

or shrubs with a simple or branched trunk ; root fascicled or stem

bulbous. Principal genera:

—

Tulipa, Yucca, Fritillaria, Lilium, Gageci,

Agapantkus, Phor7nium, Hemerocallis, Aloe, Scilla, Allium, Hyacinthits.,

Orinthogahmi, Funkia^ Asphoddus.'\ Among useful and medicina^l

species are the Aloe socotrmaj the Scilla or sqiuill, the various -species of

Alhum which yield the onion, leek, garlick, &c,. , the Aspm^agus offici-

nalis, and Phormium tenax or New Zealand flax.

[Mr. Bentham, in a paper read before the Linnean Society, but noj:

yet published, arranges the monocotyledonous orders in four series,

viz.\— I. EpigyN/E. Flowers with a double, usually petaloid, perianth;

ovary usually inferior, syncarpous. 2. Coronarie^. Flower-s with

a double, usually petaloid, perianth; ovary superior, almost always

syncarpous. 3. Nudiflor^. Flowers usually achlamydeous, or with

a dry scarious perianth ; ovary .mostly apocarpous. 4. Glu males..

Perianth replaced by membranous scales (pales or lodicules); ovary

always uniovular. The orders ,are arranged thus in the four series ,:

—

I. Epigyn.^. IL Coronarie^.

Hydrocharidcce. Eoxhurghiaceae.

Scitamineae (including Musaceae, Liliafese (including Smilacese,

Orchidese. [&c.). Melanthacese,, &c..).

Burmanniacese. Poniederiaceae..

Irideae. Philydraceae.

Amaryllideae (including Haemo- Xyridese.

Taccaceae. [doraceae.

)

Commelynaceae.

Dioscorideae. Junceae.

Bromeiiaceae (?). Palmse.

a a 2
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III. NUDIFLOR^. IV, GlUMALES.

Pandanese. Eriocauleae.

Aroideae. Centrolepidece.

Typhacece. Restiacese.

Lemnaceae. Cyperacese.

Naiades (including Juncagineae). Graminea^.

Alismaceae (?). Ed.]

Class XIV. Dicotyledones

.

Dicotyledons are distinguished from Monocotyledons

by the embryo having two cotyledons, by the structure of

the stem, and by the prevalent number of parts in the floral

whorls being [4 or] 5.

The stem. consists, as a rule, of four parts, strongly dif-

ferentiated from one another,—Epidermis, Cortex, Fibro-

vascular Bundles, and Fundamental Tissue.

A well-developed epidermis provided with stomata and

often with subsidiary organs, entirely covers the younger

parts. Earlier or later, often even in the first year, it is

thrown off by the formation beneath it of a corky tissue, that

part of the plant then losing its green colour.

The cortical tissue is very commonly separated into two

portions, an outer and an inner cortex. At an early period

in its development bast-fibres, bast-vessels, and laticiferous

vessels are generally distributed through it, in addition to

the parenchymatous tissue which is always present ; the

vessels containing, according to circumstances, chlorophyll,

starch, crystals, tannin, latex, oil, resin, &c. In the course

of its growth the cortex undergoes peculiar changes, with

which we are not yet thoroughly acquainted, especially

in the case of perennial plants. It is at first greatly

stretched from within by the tissue formed beneath it, and

finally split. The crevices and wounds thus formed are

partly filled up by the new cells of the bast-portion of the

vascular bundles and those of the intermediate tissue, partly
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covered up by the cork-tissue. The cortex very commonly

exhibits also crevices and furrows on the outside, and is often

partially thrown off in the form of ba^^k. The portions of the

cortex which are fresh formed every year are collectively dis-

tinguished as secondary cortex, in contradistinction to the layer

oi pri77iary cortex already formed in the ' punctum vegeta-

tionis/ No new elements are formed in the primary cortex
;

while the secondary consists of the bast-portion of the vas-

cular bundles and of intermediate tissue.

With the exception of a few abnormal cases, the fibro-

vascular bundles either lie, as in Monocotyledons, isolated in

the fundamental tissue (Fig. 472 a), or constitute a hollow

cylinder traversed by narrower intermediate striations, the

medullaiy rays (Fig. 95, 11. p. 68). They are developed in

the neighbourhood of the ^ punctum vegetationis,' either

out of isolated cambium-bundles, or out of separate parts

of a closed cambium- or thickening-ring (Fig. 472, b ; see

also p. 64). There is thus formed on the inner side of each

vascular bundle a xylem-portion, on the outer side a bast- or

phloem-portion, these two parts remaining separated from

one another by the thin-walled formative tissue. The mode
of the further development of the vascular bundles has not

yet been fully determined ; because it is scarcely possible to

observe the first formation of the cambium-bundle in the

* punctum vegetationis,' or in seedlings, the investigation of

which could alone give the clue. It is therefore not yet

accurately known whether the leaves are penetrated by

ramifications of the vascular bundles of the stem, or whether

they form bundles of their own which unite with the cauline

bundles (those of the stem). The latter view seems to be

supported by the fact that in a large number of cases fully

developed bundles arise first at the apex of the leaf, their

further development advancing thence downwards towards

the base. It is, nevertheless, not improbable, from the

regularity of their growth, that this latter development of

the vascular bundles follows those cambium-strings which
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T^.p .„2 —A Part of a transverse section through the stem of Bryoni^ aiha' o epi-

dermis ; c outer cortex (collenchyma) ; R inner cortex ; v ring of kgnified cells ;

r parenchyma of the stem ; G vascular bundle ( x 80).
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branched off from the stem together with the leaves at the

time when the latter first began to be formed. The circum-

stance that branches of the vascular bundles which pass from

the stem into the leaves—the so-called leaf-traces—do not

bend into the leaf immediately that they branch off, but

often remain as a separate bundle running through a con-

siderable length of the stem, causes the appearance of the

vascular-bundle-system to be often very complicated, es-

pecially when several leaf-traces which have branched off

from different cauline bundles enter the same leaf

In Fig. 473 we have a diagrammatic representation, after Nageli,

of the course of the vascular bundle through twenty-two internodes of

the apex of the stem of Iberis

amara. Each of the leaves

has a vascular bundle, the

leaf - traces of which are

drawn as far as the points

of attachment of the leaves.

The internodes are separated

by the horizontal lines. Each

leaf-trace appears, therefore,

when seen in transverse sec-

tion, to run as a separate

bundle through ten or eleven

internodes, and invariably

unites with the bundle from

the fifth leaf below; thus the

fifth with the tenth, the tenth

with the fifteenth, &c. If

transverse sections are made
through the internodes, the

number of vascular bundles

which will be found exposed

on each section is indicated

by the number given on the

left-hand side of the figure.

In the leaf-trace of the twenty-second leaf are found fully developed

vessels, the probable subsequent course of which is indicated by the

dotted line.

The course of the vascular bundles is not, however, always

Fig, 473.—Diagrammatic representation of the
course of the vascular bundles in Iberis amara
(after Nageli).
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so simple as in these cases ; for although the bundles of most

Dicotyledons run in a vertical direction, they nevertheless

occasionally unite, and form combinations which are often

rendered yet more complicated by new separations. In the

Labiatse, Umbelliferae, Balsamineae, and many other her-

baceous plants with jointed stems, the vascular bundles are

arranged in a circle, and all run in a parallel direction

through the internode. In the node, however, they branch,

and are here united with the vascular bundles of the leaves,

as we have seen to be the case with Grasses (see p. 341).

The vascular bundles always become closer as they

descend in the stem, the separate bundles approaching

nearer and nearer to one another through increase in their

thickness, often coalescing into a ring which is interrupted

only by narrow medullary rays (Fig. 95, 11. p. 68). The
development of the vascular-cells or vessels then always

begins on the inside of the cambium-bundles, and advances

thence outwardly with centrifugal growth, so as to render

possible a smaller or larger development of pith.

It will be seen from this description that there is no dif-

ference between the mode of growth ofannual and perennial

Dicotyledons, when young plants of the latter are examined,

or shoots still in their first year of growth. After this, growth

ceases in annual plants ; while in those that are perennial

further changes, which will be afterwards referred to, take

place in the spring, when vegetation wakes from its winter-rest.

With reference to the composition of the vascular

bundles, a distinction must be drawn between herbaceous

and woody plants. In herbaceous plants they are separated

by layers of an intermediate tissue of more or less con-

siderable thickness, so that they either lie isolated in the

tissue of the stem, or form a ring which is only inter-

rupted by narrower intervals of intermediate tissue (Fig.

472). This intermediate tissue, apart of the fundamental

tissue, is often composed of cells which are narrower and

otherwise of different form from those of the pith and cortex^
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and it then constitutes the medullary rays. The vascular

bundles grow for some time by means of the cambium which

lies between their xylem- and bast-portion. The xylem-

portion consists of elongated wood-cells, which sometimes

resemble an elongated parenchymatous, sometimes a fusiform

prosenchymatous tissue, and in addition of vessels and a

thin-walled parenchyma that is but little or not at all ligni-

fied ; while the bast-portion contains on its outer side a

bundle or crescent) of bast-fibres, which sometimes consist

of true prosenchymatous, sometimes of elongated paren-

chymatous cells. In contact with it on the inside are thin-

walled sieve-tubes and elongated parenchymatous cells. In

many plants bast-cells are also formed next the pith on the

axial side of the vascular bundle ; in others laticiferous

vessels also occur, usually in the bast-portion of the vascular

bundle, but also in the cortex.

The vascular bundles of woody dicotyledonous plants

have, at the end of their first year of growth, the structure

already described, but are already distinguished by the

regularity of their bast-bundles, as well as by possessing ves-

sels dispersed through the xylem. The stems of many tropical

trees in which the growth is never subject to intermission,

as the cocoa and coffee-bushes, remain in this condition,

and only gradually increase in diameter by the formation of

portions of the vascular bundles exactly resembling those

already in existence. But in those tropical trees and shrubs

which cast their leaves periodically and have closed buds, like

the bread-fruit tree, the activity of the thickening-ring is

renewed afresh on the recurrence of the active period of

vegetation, as in our deciduous trees ; and fresh medullary

rays and new xylem- and bast-portions of the vascular

bundles are formed in exact continuation of the similar parts

already in existence. This process is repeated every year,

a new layer of cells being annually separated on each side of

the thickening-ring, which may even be recognised at a later

period as a sharply defined annual ring (Fig. 95, 11. p. dZ),
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There may be several reasons for this sharp definition of the separate

annual rings. It is possible that the cells formed in the spring, those

of the spring-wood, are larger than those of the autumn-wood (see Fig.

479? P- 373); or their walls may be thinner, or the cells otherwise of

a different kind; and the abundance and size of the vessels in the spring-

wood must also be taken into account. The structure of the root cor-

responds to that of the stem in the presence or absence of annual rings.

The separate annual rings are not always of a uniform thickness, but

are often more strongly developed on one side than on the other.

From these facts it is possible to form an idea of the life of the tree

during each year of its growth. Its age is estimated from the number

of these rings ; from their breadth it is known what years were favour-

able, and what unfavourable to its growth ; and some knowledge can

even be attained respecting the growth of the roots, since the growth of

any side of the stem is known to correspond nearly to the development

of the roots that branch out on that side.

Sometimes even in the earliest, but always in the later years,

the vascular bundles become penetrated in a fanlike manner

by new parenchymatous cells formed inside them and arranged

in bands, the secondary medidlaiy rays. Those cambium-

cells which were at one time called cells of the medullary

rays, always produce only the same kind of cells; so that the

secondary medullary rays, when seen in transverse section,

always reach to the thickening-ring ; but they never get as

far as the pith. The breadth of these rays varies in different

plarts ; in some species they are one cell, in others several

cells wide ; broad and narrow bands sometimes alternate with

one another ; but they never penetrate through the whole

length of the plant, as can be easily seen on tangential sec-

tions (Fig. 474). Both the primary and secondary medullary

rays are generally easily recognised by the naked eye, and

form the pattern on the wood ordinarily known as the

' silver grain.' They consist of parenchymatous cells usually

elongated in the radial direction (see Figs. 474, 475).

Both the xylem- and the bast-portion of the vascular

bundles of the stem of Dicotyledons consist—with the

exception of the fundamental tissue of the medullary

rays—of elements which may be arranged into three
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groups :—prosenchyma, parenchyma, and vessels. The
prosenchymatous cells of the xylem—which are also called

Fig. 474.—^Tangential section through the wood of the maple ; g vessels ; Hywood-
fibres ; s ' silver-grain ' { x 200).

wood-cdls^ wood-fibres, simple bast-like wood-fibres, or

libriform fibres—-are always fusiform, comparatively strongly

thickened and lignified, unbranched, and, as a rule, furnished
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with extremely small bordered pits (Fig. 14, p. 13). Even

when the latter are larger, they differ in size and form from

those of the vessels which occur along with them. The

Fig. 473. — Transverse section through the wood of the oak ; ii/' thin-walled.

h/" strongly thickened wood-fit res ; h/ parenchyma of the xylem; s fibres

of the ' silver-grain '
;

g" small vessels ; adjoining g' is a very large vessel,

the size of which is only slightly indicated by the curved border-line.

wood-cells of the inner spring-wood are, as a rule, much less

strongly thickened than those of the outer autumn-wood

(Fig. 479, p. 373). There is nowhere found in the wood-cells
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any strongly developed spiral thickening, nor usually even

the spiral striation already mentioned (p. 16). In the winter,

especially when vegetation is dormant, they usually contain

starch. It is comparatively rare for the wood-cells to

become septated, when their thickening-layers are nearly

completely formed, by one, still more rare by several parti-

tion-walls, into daughter-cells, which are then enclosed by the

thick-walled wood-cells^ and are termed septated wood-cells.

They rarely possess pits ; and, when present, they are cleft-

shaped, and placed obliquely in a spiral running to the left.

In the winter they usually contain a small quantity of starch.

The parenchymatous cells of the xylem, which are scarcely

ever wanting in woody Dicotyledons, are distinguished from

the other elements of the vascular bundles by their walls

being less strongly thickened; by their having pits which

are always closed and never bordered, and by the absence

of any spiral thickening. They may be formed in three

different ways :—by direct growth from a cambium-cell, or as

a daughter-cell either in a cambium- or in a young prosen-

chymatous cell. In the first case they are isolated ; in the

two latter cases they are still enclosed within the walls

of their parent-cells. These cells also usually contain starch

in winter.

The vessels of the xylem have usually bordered pits.

In the early condition of the vascular bundles, annular,

spiral, and reticulated vessels are found only near the pith,

in the medidlary sheath ; the younger parts, on the con-

trary, contain nothing but pitted vessels. The partition-

walls of the separate vascular cells are either horizontal or

oblique, and scalariform or penetrated by pits, i.e. by a

round orifice. A scalariform perforation has at present only

been observed in pitted and reticulated, but not in spiral or

annular vessels. When the walls of the vessels are not

spirally thickened, the pits are most numerous on the side

where the vessel borders other vessels or thin-walled wood-

cells. At these spots the borders of the pits are also the
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largest, and the pits themselves always open ; in other

cases they are always closed. When the walls of the vessels

are also thickened spirally, as is the case in the so-called

tracheides (Fig. 35, p. 20), this thickening sometimes dis-

appears at those parts of the vessels which adjoin the xylem-

parenchyma or medullary rays; but remains, the pits

diminishing greatly in number or altogether disappearing,

when the tracheides are surrounded by strongly thickened

wood-cells. As regards the size or diameter of the vessels,

those of the first annual ring are narrower than the succeed-

ing ones ; and this is especially the case in the large vessels

of the spring-w^ood. In the oak, for example, the vessels do

not attain their full size before the sixth and succeeding

rings. The vessels become lignified at an early period, and

are then filled with air ; it is only when young that they

contain sap. When, in a few cases, substances of the nature

of gum, resin, or latex occur in them, as in the cherry, these

have passed over into them from adjoining elements of the

tissue, but have not been formed in them.

The whole of the elements of the xylem need not be

present. With regard to their relative position, the separate

elements are arranged in rows or groups, or irregularly

without any definite arrangement ; but even then they are

distributed in such a characteristic manner that anyone with

experience can determine from a small fragment of wood
the genus, or not unfrequently even the species, froQi which

it was taken (Fig. 475). The inner portion of the wood^ the

cells of which have become firmer and stronger from their

walls having undergone lignification for a longer period, is

called the duramen^ in contradistinction to the albiirmcvi,

or younger layers, the w^alls of which are less thickened and

lignified, and which still contain sap. When a very in-e-

gular or twisted course of the separate elements of the wood
is caused by branches, or buds, or any similar cause, a very

peculiar appearance is imparted to those spots, and they are

termed knots.
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The prosenchymatous cells of the bast, which are also

called bast-tubes^ bast-fibres^ or bast-cells^ are as a rule fusiform

and unbranched. Septated bast-cells, similar to the sep-

tated wood-cells (p. 366),

are less common than the

latter, but occur in the

grape-vine and cactus.

When young the bast-cells

contain a protoplasmic sap,

at a later period usually

air. In the Asclepiadeae

and Apocynacese they con-

tain a peculiar greenish sap

related to the latex of other

plants. The bast-paren-

chyma agrees almost en-

tirely in its development

and structure with the

xylem. The vessels of the

bast are sieve-tubes or lati-

ciferous vessels.

The presence or ab-

sence, and the arrangement,

of the separate elements in

the cortex, are so charac-

teristic of most stems that

they can be determined

from these characters. A
general idea may be ob-

FiG. 476. — Part of a transverse section foinpri \\\t q f-rnn c:\7Prc z:^ c^r-
through the bast of the wild lettuce, Lac- ^^^^^Q Dy a traUSVCrSC SeC-

tuca scariola
;
b/ bast fibres

;
b^ bast tioU thrOUffh a baSt-buudlc

parenchyma ; m' outer, m inner laticifer- y
ous vessels ; R/ cortical parenchyma ; h^ of the wild IcttUCC (Fig.
wood-fibres ( x 400). .

\ o

476).

In woody Dicotyledons the pith .and the parts of the

cortex which do not belong to the vascular bundles are very

inconsiderable in comparison with these latter. The pith of
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the stem only increases for a short time, and then only by

the increase in size of the separate cells, and occupies there-

fore but a small space in comparison with the wood and the

fundamental tissue of the medullary rays. It consists of a

parenchymatous tissue, in which other elements, as latici-

ferous vessels, are sometimes, though rarely, enclosed.

Deviations are not unfrequent from the normal structure and course

of the vascular bundles here described. In many water-plants, such as

Hippuris^ Myriophyllum, Ceratophyllum^ and Trapa, a sheath is formed

which limits the increase in diameter of these plants. (Fig. 94, p. 66.)

The roots of Dicotyledons always possess, when young,

a thin-walled epidermis, which soon becomes replaced, like

that of the stem, by cork-tissue. The cortex of the root

is also very similar to that of the stem, consisting of the

same elements; and its cells contain the same substances

within them. It is very usual for a vascular bundle-sheath

to separate the axial bundle from the cortex. While, as has

already been mentioned (p. 362), the vascular bundles of

the stem have a centrifugal growth, the development of

those of the root is in many plants centripetal ; i.e., the

first vessels are formed on the outside of the formative

tissue, and their further development and hgnification ad-

vance from the centre towards the axis (Fig. 477, i.). The
development of the pith is by this means so much checked

that it is always less developed in the root than in the stem
;

and in many roots it has entirely disappeared when their

vascular bundles have attained their full development. As
soon as the vascular bundles have met in the axis of the

root, their development progresses outwardly, the new
vessels, the bast-bundles, pressing themselves towards the

periphery (Fig. 477, 11.). A growth of this nature is found

especially in herbaceous plants, e.g. Cicuta, and in those in

which the stem has isolated vascular bundles. The root of

other, especially of woody Dicotyledons, shows a similar

structure to that of the stem. The cell-cavities, both

of the xylem- and bast-cells, are however considerably

B B
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larger in the root than in the stem ; this being the cause of

the smaller specific gravity, and the less value as fuel, of the

root as compared with the stem. The annual rings are also

often much narrower. The essential peculiarity of the root

is the possession of a root-cap (see p. 72).

Fig. 477 I.—Transverse section through a young i-oot o^ Ran7tnciilns acris ; g group
of vessels just formed; b young bast-bundle; s vascular bundle-sheath; r cor-

tical parenchyma ; m pith ( x 200).

The leaves of Dicotyledons present no essential differ-

ence from those of Monocotyledons [except in the arrange-

ment of the vascular bundles or veins]

.
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The structure of the wood of Dicotyledons agrees in its

main features with that of Gymnosperms (see p. 2)?iZ)'> ^ class

of a generally lower type of organisation. The main dis-

tinction lies in the structure of the individual vascular

bundles. In Gymnosperms there are in general no true

II.

Fig. 477 II.—Transverse section through an older root of Ranuncuhis acf7s ; g
vessels formed centripetally ;

g' young vessels formed centrifugally ; b b bast-
bundles ; s vascular bundle-sheath ( x 200).

vessels; rows of vascular cells, which occur only in the medul-
lary sheath, taking their place, and even then manifesting

only a spiral or reticulate thickening (Fig. 478). The small

exotic order of Gnetaceae furnishes an exception, the whole
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of the wood containing true vessels with bordered pits.

The wood of Conifers consists mainly of elongated cells

possessing as a rule large pits on the side that faces the

medullary rays. The characteristic position of the pits,

which in the cells of the stem are usually arranged in one, in

Fig. 478.—Longitudinal section through the medullary sheath of the spruce-fir ; a-e

spiral vessels or vascular cells ; f-i transitional forms into the ordinary wood-
fibres; k normal wood-fibre ; m cells of the pith (x 400).

those of the root often in several rows, as well as that of the

resin-passages, which are especially abundant in Coniferae,

form an excellent diagnosis to distinguish the different kinds

of wood (Fig. 479). The structure of the swollen stem of
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the Cycadeae is similar, the large pith containing a quantity

of starch (known as sago), and surrounded by a com-

Fig. 479.—Transverse section through the wood of the Scotch fir with moderately
large annual ring ; x x boundary of the annual ring ; s silver-grain (x 200).

paratively slightly developed wood. Gum-passages replace

in them the resin-passages of the Coniferae.
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[Dicotyledons are subdivided as under, viz. :

—

Division I. Apetal^, iNCOMPLEXyE, or Monochlamyde/e.
Periaiith consisti7tg of ofily a single whorl of leaves^ or entirely

absejzt, or occasionally ofa double whorl ofsepaloid leaves,

SUBDIVISION I. Ovary superior ; perianth usually distinct.

Cohort I. Chenopodiales. Flowers usually hermaphrodite; peri-

anth green or coloured, usually regular, sometimes in two whorls, tube

short or absent, segments imbricate in bud ; ovary of one, rarely several

carpels ; ovules solitary, rarely two or more, basal ; embryo usually

coiled or curved. Herbs or shrubs. This cohort includes the orders

Pkytolaccacece (Phytolacca) ; Polygonacea; {Eriogomtm^ Polygonum^ Fago-

pyrum^ Rheum ^ Rumex) ; Amaranthacece (Amaranthus, Celosia) ;

ChenopodiacecB (Beta, Che7topodium, Atriplex, Spinacia, Salicornia,

Salsold) ; and Nyctaginece (Mirabilis, Bugiuvillea).

Cohort II. Laurales. Flowers usually unisexual ; perianth ^een
or coloured, usually regular ; ovary unilocular ; stigma one ; o-vule

solitary; embryo straight, with or without endosperm. Mostly aromatic

trees or shrubs ; almost entirely tropical. Orders r

—

MonimiacecE-

{Monimia, Laurelia) ; Myristicacece (Myristica) ; Lattracece (Cinna-

montiin^ Persea, Sassafras, Laurus, Cassytha^ Camphora,. Nectaridra^

Oreodaphne).

Cohort III. Dafhnales. Flowers usually hermaphrodite ; peri-

anth green or coloured, regular or irregular, often" tubidar ; ovary uni-

locular, rarely bilocular ; stigma one ; ovule usually solitary, pendu-

lous or suberect ; embryo straight^ with no or yery little endosperm.

Trees or shmbs, mostly tropical or southern. Principal orders :

—

Thymelmacece (Daphne, Pimelea) ; Elceagnacece (Hippophae, Elceagftits) ;

Proteacece (Leucodendron, Grevillea, Baiiksia, Protea, Vaked),

Cohort IV. Urticales. Flowei-s diclinous, or less often polyga-

mous or hermaphrodite
;
perianth green, usually regular, rarely absent

;

stamens opposite the perianth-lobes or sepals ; ovary unilocular, rarely

bilocular ; stigmas one or two ; ovule solitary, micropyle always

superior ; fruit usually an achene or samara ; embryo straight, with or

without endosperm. Principal orders :— Urticacece
(
Urtica, Boehmeria,

Parietaria); Moi'acece (Artocarptts, Ficus, Dorstenia, Moms, Madura)
',

Cannabinece (Cannabis, Humtdus)\ Ulmacece (Ulmtts).

Cohort V. Amentales. Flowers diclinous, in catkins, cones, or

heads
;
perianth absent or sepaloid, or of one or more bristles, bracts,

bracteoles, or scales ; ovary uni- or bi-locular ; seed without endo-

sperm. Trees or shrubs, with alternate, simple, usually stipulate leaves. ]
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Fig. 480.—Bract o^
the birch, Betula,
with three samarse
in its axis,

Order i. Betulace^.* (Fig. 480.) Trees or shrubs, with alter-

nate simple leaves, and free deciduous stipules. Flowers monoecious,

both male and female arranged in catkins, and subtended by scale-like

bracts. Male flowers in threes in the axil of

a bract, and formed of a two- or four-cleft perianth,

in front of the teeth ofwhich the stamens are placed
;

female flowers also in twos or threes in the axil of

a bract, but consisting simply of a free ovary with

two loculi, in each of which is a pendulous ovule ;

fruit usually a samara, and seeds exalbuminous.

The two genera of this order, Betula the birch,

and Almis the alder, furnish useful woods. From

the bark of the birch is obtained the birch-oil used

in the manufacture of Russia-leather, and impart-

ing to it its peculiar odour.

Orders, Salicace^. (Fig. 481). Trees or

shrubs, with simple alternate leaves and deciduous

stipules. Flowers dioecious, and both male and

female always in catkins j instead of perianth, each

kind has a few small scales or a glandular or cup-

shaped fleshy disc. The male flower? consistj iii

addition, of from two to twenty-four free or monadelphous stamens;

and the female of a free bicarpellary pistil, standing in the axil of

a scale, and having generally two stigmas. The unilocular ovary con-

tains a number of pendulous ovules attached to two parietal placentae 5

and the fruit is a two-valved capsule ; the seeds without endosperm,

but furnished with a tuft of hairs. The two genera of which this order

is composed, Salix the willow, and Populus the poplar, are divided

into a large number of species, varieties, and hybrids, distributed over

the whole globe. The nearer they approach the p"6les, the smaller are

they in stature ; and the arctic willow, Salix poJafis, is only an inch in

height. Some species, as i^, purpurea and rtibra^ unfold their catkins

before their leaves • among the best-known species are S. babylonica

the weeping willow, S. vitellina the osier, S. dtba the white willow,

Popuhis tremula the aspen, P, nigra the blaclc poplar, P, pyramidalis

the Lombardy poplar, P. alba the white poplar, and P. bahamifera

the American balsam poplar. The wood of some species is valuable

on account of its toughness and elasticity, and Is used for basket-work

and other purposes. The bark of othei^, as S, peiitandra and

fi-a^ilis^ is officinal, affording the substance known as salicine.

^ [The orders Betulaceoe and Salicaeege, together with CupuUferae
and Corylacese from the cohort Quernales, constitute the Amentace^ of

the syllabus of the University of London,

—

Ed.]
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To this cohort belong also the small orders Platanacece [Platanus)
;

Myricacece {Myrica)\ and CasuarinacecE [Casuarma).

[Cohort VI. EuPHORBiALES. Flowers hermaphrodite or diclinous
;

perianth green, coloured or absent ; ovary bi- or multi-locular \ ovules

Fig. 481.— Sallow, Salix Caprea ; I. male catkin (natural size) ; IL male flower
(magnified) ; III. female catkin (natural size) ; IV, female flower (magnified) ; V»
transverse section of ovary ; VI. fruit ; VII. ripe seed (magnified).

one or many in each loculus, pendulous, anatropous ; fruit usually a

uni- or multi-locular capsule ; seeds solitary or numerous.]

Order I. Euphorbiace^. (Figs. 482, 483.) Trees, shrubs, or

herbs, containing a watery, often acrid, more rarely tasteless latex.

The stem of some species is fleshy, resembling that of the cactus, and

is then leafless, or the leaves are replaced by small scales, spines, or
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hairs. Flowers solitary or collected into an inflorescence, and herma-

phrodite, monoecious, or dioecious. The tropical species especially are

so polymorphic, and yet so nearly related, that their classification is at-

tended with extreme difficulty. The genera of northern Europe agree

in never having a double perianth separable into calyx and corolla ; in

the styles and stigmas being distinct ; in the fruit being a three-valved

•I.

Fig. A^^.—Ejipkorbm Lnikyris ; I. part of a plant (natural size); II. inflorescence;
III. male flower (magnified).

capsule, the valves separating elastically from a central axis ; and in the
seed being straight, the embryo lying in the centre of a fleshy and oily

eadosperm. [Among the more important genera of this very large order,

which is divided into a number of suborders, are PhyllanthiLs, Anti-
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dt'sjna, Croton^ Hippomane^ Crozophora, Merciirialis, Acalypha^ Ccele-

bogyne, Ricinus^ Majtihot, Jatropha^ Euphorbia^ Siphonia.'] A large

number of species possess a poisonous latex, which is especially danger-

ous in some tropical kinds, as Hippomane Mancinella of tropical America.

On the other hand the dried latex of Euphorbia officmarum and of some

other African species, is used in medicine under

the name euphorbium ; and of late years also the

oil-glands and hairs of the East Indian Rotilera

tinctoria, known as camala, and previously used

only as a dye. Other officinal preparations are

cascarilla, the bark of Croton Eluferla; castor-

oil, derived from the seeds of Ricimis coni-

section' through the viitnis^ and croton-oil from those of Croton

fruit of Mercurialis TMiitm. Shell-lac is obtained from the East-
pe} 6717118 (magnitied). _ _ ^ , , ^ • j •

Indian Croton lacctferiim ; caoutchouc or mdia-

rubber from the dried latex of Siphonia elastica and brasiliensis from

Brazil and Guiana. The starchy rhizome of Manihot titilissima, culti-

vated in many tropical countries and especially in America, affords,

after the removal of the acrid latex, tapioca, from which cassava-bread

is made. The castor-oil plant is cultivated for the beauty of its foliage.

[To this cohort belong also BuxacecE (Buxzis), and several other un-

important orders.

Cohort VII. PiPERALES. Flowers hermaphrodite or diclinous,

usually in spikes or catkins
;

perianth rudimentary or absent ; ovary

unilocular with a single ovule, or of several free carpels with two or

more ovules. Orders :

—

Fiperacece (Piper^ Cubeba, Peperomia)
; ChlQi'^

anthacecB
(
Chloranthus).

SUBDIVISION II. Ovary inferior
; permith more or less distinct in either

male orfeinakfiowers, or both.

Cohort VI 11. AsARAles, Flowers hermaphrodite or diclinous

;

perianth usually coloured ; stamens epigynous in the hermaphrodite

flowers
; ovary uni- or multi-locular ; fruit a capsule or berry. Orders:—

Aristolochiacece {Asarum, Aristolochia) ; RafflesiacecE^Rafflesia^ Hydnora^
Cytin 7is).

Cohort IX. Quernales, Flowers; cliglinous ; the ma.l§ flowers in

catkins, the female solitary QV in spikes j peria^nth gr^en, that of the

male flower lobe4 ox reclueed to a scale, of the female flower minute,

^-6-lQbed or toothed ; ovary i-64ocular \ ovule solitary basal, or

one or more pendulous ; fruit one-seeded 5 seed without endosperm.

Trees with simple or compound leaves].

Order I, Cijpu;,ifer/e, Trees or shrubs with simple alternate
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leaves, deciduous stipules, and monoecious flowers. Male flowers ar-

ranged in catkins, with a 4- or 5 -cleft perianth or none at all, and

five to ten stamens attached to the perianth or bracts; female flowers

solitary, or in clusters or spikes, their perianth superior, with a toothed

often almost obsolete margin ; ovary with from two to six stigmas, and

the same number of loculi; in each loculus one or two pendulous ovules

with two integuments. Fruit indehiscent, and, by abortion, usually

unilocular and one-seeded, and surrounded at its base by a cup-shaped

envelope, the ctipule, as in the oak, or entirely enclosed within it, as

in the beech. This cupule proceeds from an inferior disc (Fig. 303,

p. 147), and not from a leaf of the perianth, as in the Corylacese. The
seed is without endosperai, and has a large embryo with thick fleshy

cotyledons. The fruit of the Spanish or sweet chestnut, Castanea vesca,

is edible. The two British oaks Quercus sessiliflora (Robur) 2C£\(i pedun-

culata, and Q. CerHs and infectoria from Asia Minor and Turkey, are

valuable for their wood, and the latter especially for its galls, from which

tannin is obtained. Almost the whole of the cork of commerce is the

produce of Q. suber from Spain, South Italy, and northern Africa. The
wood of Q. tincto7'ia of North America is used as a yellow dye. The
beech, Fagtts sylvatica, is valuable for its wood and the oil of its seeds.

0?^der 2. CORYLACE^. (Figs. 484, 485.) This order is so closely

allied on the one hand to the Cupuliferae, on the other hand to the Betula-

cese, that we may trace a gradual transition

between the three. From the Cupuliferas

it is distinguished by the presence of a

spurious foliar cupule, and by the ovules

having only a single integument ; from the

Betulacese by the cupule, the superior

though usually rudimentary perianth of

the female flowers, the absence of a peri-

anth to the male flowers, and by each

anther-lobe bearing a tuft of hairs

(see Fig. 268, p. 137). The best-known

representatives of the order are the

hornbeam, Carpinus BetuluSy valu-

able for its timber, and the hazel OT

filbert, Corylus Avelhna, for its fruit ^-«d F,g. 484 -Fr-uit ofthe hornbeam,
wood, C<^rpi7itis BehtltcSy with its

[To this cohort belongs also the order si?^"'"''''*
P''^^"''' ^°^'"^'

Juglandece {Juglans, Carya)>

Cohort X, Santai,al,e,s. Flowey-s hermaphrodite or diclinous,
; peri-,

anth usually conspiQUOua? Qoloured, polymoT-phic, ^^^d v^lyate • ovavy
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imi- or multi-locular, loculi with one or many ovules, ovules usually

reduced to a naked nucleus ; fruit a one-seeded berry or drupe. Para-

sitic herbs or shrubs. Orders '.—Loranthacece (Loranthtis, Viscum^

Mysode7idron)\ Santalacece {Thesium^ Santalum)\ Balanophoracece (Cj/-

nomorium^ Balanophora, Langsdorffia).

I. II. III. IV.

Fig. 485.—The hazel, Coryhis Avellana; I. branch with male and female flowers

(natural size); II. male flower; III. female inflorescence; IV. female flower
(magnified) ; V. fruit with laciniated spurious cupule (natural size).

Division II. Gamopetal^. —Flowers furnished with both calyx

and co7^olla, the latter gamopetalous.

SUBDIVISION I. Ovary supe^^ior [rarely inferior).

Section I. Flowers veiy i7'regitlar {rarely regular).

Cohort I. Personales. Corolla gamopetalous, hypogynous, often

bilabiate ; stamens fewer than the corolla-lobes, rarely as many,, un-

equal, usually four and didynamous, rarely two ; ovary 1-2- rarely



special Morphology and Classification, 38 \

4-locular ; style simple ; stigmas one or two ; ovules usually very

numerous ; fruit usually a capsule. Herbs, rarely shrubs or trees, with

exstipulate leaves.]

Fig. 486.

—

Antirrhinum ffiajus

(natural size).

Fig. 488.—Flower of fox-

glove. Dis-^^alis piirpurea
natural size).

Or^^rl. ScROPHULARIACE^. (Figs. 486-488). Mostly herbaceous

plants, with alternate, opposite, or verticillate exstipulate leaves. Calyx

and corolla bilabiate, rarely nearly regular, and 4- or 5 -cleft ; stamens
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usually four and didynamous, less often two, as in Veronica ; ovary

superior, and generally surrounded by a disc, syncarpous and bilocular,

with a large number of anatropous ovules, attached to an axile placenta

divided by the dissepiment. Fruit capsular, rarely baccate ; seeds

with endosperm and straight embryo (see Figs. 249 and 297, pp. 130,

144). [The genera are very numerous, and include Salpiglossis^

Schizanthtis^ Calceolaria^ Lirtaria, AniirrhinuiJi^ Maurandia, Lophosper-

mum, Paulownia^ Scrophularia^ Penstemon^ Mimnlus^ Gratiola, Digitalis,

Vero7tica, Bartsia, Euphrasia, Melainpyrum, Rhinanthtts, Pedictilaris,

Verbascum.'l The most important medicinal species is the foxglove,

Digitalis purpurea ; the leaves of Gi^atiola officiitalis are also officinal.

A large number of genera are cultivated in gardens for the beauty of

their flowers. Many species are root-parasites.

[To this cohort belong also the orders Utriculariacece
( Utricularia,

Pinguictda) ; Orobanchacece [Orobanche, Latki^cea)-, Gesneracece (Gesnera,

Gloxinia, Achinienes, Columnea, Cyrtandra); Bigiioniacece (Bigiionia,

Catalpa, Tecoma, Eccreinocarpus)', AcanthacecB [Ruellia, Goldfussia,

Acanthus, Justicia, Adhatoda) ; Sesaniacece {Sesaimmi, Craniolaria,

MartyIlia, Pedaliu7n).

Cohort II. Lamiales. Perianth usually bilabiate, rarely nearly or

quite regular, hypogynous ; stamens fewer than the corolla-lobes, rarely

as many, unequal, usually four and didynamous, rarely two ; ovary 2-4-

locular ; style simple ; stigmas one or two j ovules solitary in each

loculus, very rarely two or more ; fruit an indehiscent drupe, or com-

posed of two or four nucules. Herbs, shrubs, or trees, with exstipulate

leaves. ]

Order I. Labiate. (Figs. 489-492.) Herbaceous or sufifruticose

plants, usually with square stem and opposite (decussate) or verticillate

exstipulate leaves. The flowers are arranged in compact cymes {verti-

cillasters) in the axils of the leaves ; and the separate inflorescences are

often so crowded as to give to the whole the appearance of a compound

spike. The tubular, usually bilabiate, calyx is persistent ; the corolla usu-

ally ringent and bilabiate, rarely regular ; in the former case the upper

lip consists of two, the lower lip of three teeth (petals) ; the structure of

the bilabiate calyx being the reverse. Stamens rarely two, usually four,

of two unequal lengths (didynamous) ; but the anthers are not always

perfectly developed, sometimes consisting of one lobe only, the other

lobe being barren, as in Salvia (Fig. 269, p. 138), The mode of de-

hiscence of the anthers also varies ; in Galeopsis it is transverse. The

style is gynobasic, or rises from the base of the deeply four-lobed ovary,

which is placed on an inferior disc ; each division of the ovary contains

only a single ovule, with its micropyle directed downwards. Fruit
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Fig 489. —Lamhivt alhtun ; T. part of plant (natural
size) ; II. longitudinal section of flower (magnified

;

III. floral diagram (see also Figs. 230, 248, 273, pp. 125,

130, 139)-

Fig. ^go.—Aju^a reptans; I. flower; Fig. 491.—Stamen Fig. 492. — Nearly
II pistil (magmtied). i^i F runella regular flower o'f

(magnified). peppermint, Mei„-
tha -piperita (magnified).
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enclosed in the base of the calyx, and consisting of four nucules^ each

containing a single seed. [Among the numerous genera of this large

and important order are Coleus^ Lavandula^ Mentha^ Origanum^

Thymus, Calajnintha, Melissa, Nepeta, Prunella, Scutellaria, Meliltis,

Man'ubium, Stachys, Lamiuni, Ballota, Phlomis, Galeopsis, Teucrium,

Ajuga, Salvia.'Y The plants belonging to it abound in volatile oils con-

tained in special glands, and a large number are consequently officinal;

as Mentha piperita peppermint, M. crispa curled mint, Lavandula

angustifolia lavender. Thymus serpyllum and vulgaris the wild and

garden thymes, Rosj?iarinus officinalis rosemary, Ocyjnum basilicum

basil thyme, Origanum Majorana and vulgare marjoram, &c.

Salvia officinalis is valuable on account of the large quantity of tannin

contained in it ; Plectranthus graveolens of the Mascarene Islands is

the source of patchouli.

[The only other important order of the cohort is Verbenacece., which

includes the genera Verbena, Lantana, Tectona, Clei^odendron, Vitex,

Avicennia.

Section II. Flowers usually regular.

Cohort III. POLEMONIALES. Corolla gamopetalous, hypogynous,

regular or oblique ; stamens as many as the corolla-lobes, epipetalous,

equal or unequal, often exserted ; ovary 1-5-locular, syncarpous

(rarely apocarpous); seeds very numerous, or only one to two in each

loculus. Herbs, rarely shrubs or trees, with exstipulate, alternate or

geminate, rarely opposite, leaves.]

Order \. Solanace^. (Figs. 493-497.) Herbaceous or suffruti-

cose plants with alternate, in the upper part geminate, leaves, one of

each pair being always smaller than the other. Calyx usually 5-

partite and persistent ; corolla regular, deciduous, folded in the

bud, and 4- or 5 -partite ; stamens equal in number to the corolla-

lobes; ovary usually bilocular, or almost 4-locular by false septa,

rarely 3- or 5-locular. The numerous seeds have an abundant

fleshy endosperm ; fruit a capsule or berry. [Among the more im-

portant genera are Nicotiana, Petunia, Datura, Hyoscya7?ius, Nicandra,

Lycopersicum, Lyciujn, Physalis, Atropa, Capsicum, Mandragora,

Solaitum, Nolana ] The useful and officinal plants belonging to it are

numerous, including the potato Solanum tubej^osmn, S. dulcamara

the bitter-sweet, Lycopersicum esculentum of the East Indies the tomato.

Capsicum annuum of the West Indies or Cayenne pepper, Nicotiana

7abacu?n tobacco, Atropa Belladonna the deadly nightshade,

Hyoscyamus niger the henbane, Datura Stramonium the thorn-apple,

Physalis Alkekengi the winter cherry, &c.
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This cohort inckides also the following ord&x?, :—Hydrophyllacecs

(Hydrophyllu??t, Nemophila, Etitoca)', Polemoniacece [Phlox, Collomia,

Gillia, Polemonium, Cobcea) ;
ConvolvulacecE {Quamodit, Batatas, Pharbitis,

Ipomcea, Convolvulus, Evolvulus, Porana, Cuscuta)\ and Borraginea:

{Heliotroptumy Cerinthe, Echutm, Borrago, Symphytum, Anchtisa-

Lycopsis, Lithospermufn, Pulmonaria, Myosotis, Cynoglossum, Ompha-

lodes) .

Fig. 493.—Flower of tobacco,
Nicotiava Tabacum (natural i

size).

Fig. 494.—Flower of thorn-apple, Datura
Stravioiiiuju (natural size). See Fig.

310, p. 150.

Cohort IV. Gentianales. Corolla gamopetalous or rarely nearly

apopetalous, hypogynous , stamens same in number as corolla-lohes or

C C
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/.<^^^

Fig. 495.—Deadly nightshade. Atropa Belladonna ; I. flower ; II. IVuit

(natural size).

Fig. 406.—Henbane, Hyoscyamns ni^er ; I, part of plant ; II. capsule surrounded
by the accrescent calyx ; III. capsule (pyxis) (natural size).
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fewer, epipetalous and usually included in corolla-tube ; ovary usually

syncarpous and bilocular. Herbs, shrubs, or trees, almost always with

opposite or verticillate exstipulate leaves. Orders:— Oleacece {^asmimuii,

Olea, Ligustrinn, Phillyrea, Fi^axinus, Sy7dnga, Forsythia); Apocynacece

[Allajjianda, Tabej^itcemontana, Vijtca, Apocynuin^ Nerium) ; Asclepiadew

(^Vincetoxiciim, Cynanchum, Asclepias, Stephanotis^ Hoya^ Stapelia);

LoganiacecE {Logania, Spigelia, Strychnos) ; GentianacecB {Erythrcea^

Chloray Gentiana^ Villarsia, Menyanihes, Limnanthermtm)

.

Fig. 497.— I. YXomox oiSocannin D 7/ /err, t^m'*'^ (ms-gmfied) ; II. Floral diagram
potato {Sola7tacecB).

Cohort V. Ebenales. Corolla gamopetalous or apopetalous,

hypogynous or epigynous, rarely perigynous ; stamens usually many

more than the corolla-lobes, or if equal in number usually alternate with

them ; ovary 2- or multi-locuiar ; ovules usually few ; fruit rarely

capsular. Shrubs or trees, with alternate exstipulate leaves. Principal

orders :

—

Ebenacece (Diospyros); Styracecs [Symplocos, Styj^ax^ Halesia).

Cohort VI. Primulales. Corolla regular, hypogynous, rarely

epigynous
;
gamopetalous, rarely apopetalous ; stamens equal in number

to corolla-lobes and opposite to them, or if more numerous one series

always opposite, hypogynous or epipetalous ; ovary unilocular, with

free central placentation. Plerbs or shrubs, rarely trees, wtth exstipulate

usually alternate leaves. Orders :

—

PlumbaginecE {Plumbago^ Arnieria,

Statice); Primulacece {Androsace, Soldanella, Cyclamen^ Lysimac/iia,

Pj'imula^ Anagallis^ Hottonia^ Samoliis)\ MyrsinacecE {Myrsme, Ar-

disia, Thtophrastd).

Cohort VII. Ericales. Corolla hypogynous or rarely epigynous,

gamopetalous or rarely apopetalous ; stamens as many or twice as many
as corolla-lobes, hypogynous or epipetalous; ovary mii- or multi-locular;

ovules one or many ; stigma simple, entire or lobed ; seeds minute.

Herbs, shrubs, or trees, often with heath- like leaves, or sometimes

parasitic. Orders :

—

Ericacece [Arbutus, Gualtheria, Andromeda^ Ef'ira,

Calluna, Rhodora, Phyllodoce, Ledttm^ Kalviia, Azalea, Rhododendron,

C C 2
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Fyrola, Clethra) ; MonotropacecE (Moitotropa, Lathrcea) ; Vacciniacece
(
Vac-

cinuim^ Oxycoccos) ; Epacridece (Epacris) ; Pyrolacece {Pyrold). .

SUB-DIVISION II. Epigyjtous; ovary inferior.

Cahcrt VIII. Campanales. Flowers usually irregular, rarely uni-

sexual or collected into involucrate capitula ; stamens as many as corolla-

lobes or fewer ; ovary 2-6-

rarely uni-locular ; style simple
;

stigma often enveloped in a

sheath : ovules numerous, rarely

solitary. Herbs or rarely shrubs,

with exstipulate leaves and often

a milky juice. Principal order :

Canipanulacece (Fkyteuma, yasi-

one, Specularia^ Campanula^

Clintonia^ Lobelia).

Cohort IX. ASTERALES.

Flowers regular or irregular,

often unisexual and collected into

involucrate capitula ; stamens

as many as corolla-lobes,

rarely fewer, epipetalous ; ovary

uni-locular, ovule solitary, (or

rarely 2-3-locular, all but

one then barren). Herbs or

II.

Fig. 498.—Dandelion, Taraxacum officinale', I. entire plant (natural size) ; II. re-

ceptacle with fruits (magnified).

shrubs, rarely trees, with exstipulate leaves ; calyx -limb usually re-

duced to a pappus, or absent. (Figs. 498-503. )]
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I. II. in.

Fig. 499.

—

Senecio Jacobcea ; I. inflorescence (natural size); II. ligulate flower;
III. tubular flower (magnified).

Fig. 500.—Longitudinal section through the capitulum o
Onorpordon acanthiuin (natural size).

Fig. 501.—Tubu-
lar flower of sun-
flower, Helian-
thus amiitnSy
with inferior

ovary (magni-
fied).
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Order I. Composite. This order is not only one of the largest,

but one of the best characterised and most natural in the vegetable

kingdom. It numbers about twelve thousand species distributed over

the whole surface of the globe. The species are herbaceous, rarely

shrubby, and often (Liguli florae) containing a

milky latex ; the leaves are exstipulate and usually

alternate. The flowers are hermaphrodite, male,

female, or neuter (containing neither stamens nor

pistil). They are placed on a common broadly

expanded receptacle, and are crowded into a

capitulum, and surrounded by a general invohicre

of densely crowded bracts. The individual flowers

are usually situated in the axils of small bracts,

which are called palecB, and the receptacle is then

said to be paleaceous ; when they are absent it is

naked. Rarely each flower has a special invo-

lucel. The calyx consists of an epigynous tube,

the free margin of which developes after the

withering of the flower, sometimes remaining

membranous and entire, but usually transformed

into bristles, hairs, scales, or a silky pappus (see

p. 127). The corolla is always gamopetalous,

and is usually 5- but sometimes 4- or 3-

cleft, is either tubular and regular, or bilabiate^

having in the latter case two divisions in the upper

and three in the lower lip, or ligulate. The five

stamens are attached to the corolla-tube and are

alternate with its teeth ; their filaments are free,

but their anthers coherent into a tube (syngene-

sious), always furnished at the apex with one,

sometimes at the base with two appendages. The
ovary is inferior and unilocular, and contain a

single straight pendulous ovule. The style is

divided in the upper part, and is usually furnished

with collecting hairs which act like a brush in col-

lecting the pollen. The fruit is an achene con-

taining a single seed without endosperm. The

flowers (florets) of the central part of the capitulum, are often of a

different structure and colour from those of the margin ; and the two

kinds are hence often called florets of the disc and florets of the ray.

[The order is divided into three suborders, as follows :

—

I. Liguliflorcs, Flowers all hermaphrodite and ligulate ; style with

Fig. 502. — Pistil of

EiipatoriM7n (mag-
nified).

Fjg. 503. — Fruit of
chicory, Cichoriton
Intybus, with co-

ronseform pappus
(magnified).



special MorpJiology and Classification, 391

filiform branches, pubescent ; stigmatic bands separate, and not half as

long as the branches of the style. Herbs with alternate leaves and a

milky latex \~-Catananche, Cichormin, Ficris, Crepis, Hieracitmi, Hy-

fochiEris, Leontodon, Taraxactmi, Lactuca, Sonchus, Tragopogcn,

Scorzonera^ Scolymus.

2. Labiatiflo7'(E. Corolla of the hermaphrodite flowers usually

bilabiate ; of the male and female flowers ligulate or bilabiate :
—

Mutisia.

3. TiLbiLliJiorcB, Flowers sometimes all tubular, regular and her-

maphrodite, rarely irregular and neuter, sometimes those of the disc

tubular, of the ray ligulate, the former hermaphrodite, the latter female

or neuter :

—

Ver^tonia, Eitpatoriuni, 3Iikania, Solidago, Bellis, Aster

^

Erigeron^ Conyza^ Filago^ Gnapkalium, Helichrystc??i, Inula, Pulicaria,

Silphuim, Xanthiui7i, Zinnia, Rudbeckia, Helianthtcs, Coreopsis^

Dahlia, Bidens, Achillea, A7itheniis, ChrysanthemiLni, Matricaria,

Tanacetinn^ Arte7?iisia, Tnssilago, Petasites, Arnica, Doronicujn, Cine-

raria, Senecio, Cale7idida, Echinops, Car Una, Cardmcs, Cnicus, Ono-

pordon, Cynara, Centaurea, Carthajfius.'\

Since the Compositse abound in latex, bitter principles, and volatile

oils, a large number of species are officinal, while others are of technical

or economical value. Among the most important are the following :

—

the flowers of Arnica montana ; chamomile flowers from Matricaria

Chamojuilla and Anthemis nobilis ; wormwood from Artemisia chinensis

and Absinthium ; coltsfoot from Tussilago Farfara ; the leaves of Cnicus

benedictus ; the roots of Lappa tomentosa, officinalis, and minor, and

Anacychis officinarum ; elecampane from Inula Helenium ; taraxacum

from Taraxacum officinale', absinthe from Artemisia Absinthium ',

the ethereal oil of the tansy, Tanacetum vtdgare ; the dried latex of

Lactuca virosa and saliva. Mikania Guaco of Central America is a

remedy against snake-bites ; the crushed flower-buds of Pyrethrum

carneimi from the Caucasus are used as an insecticide. Among culi-

nary vegetables are the lettuce Lactuca saliva, endive Cichorium Endivia,

tarragon Artemisia Dracunculus, chicory Cichorium Litybus, scorzonera

Scorzonera hispanica, the Jerusalem artichoke Helianthus tuberosus, and

the artichoke Cynara Scolyjnus. The seeds of the sunflower, Heli-

anthus annuus, yield a useful oil, as does the fruit of Madia saliva ;

safflower is obtained from the flower-heads of Carlhamus tinctorius.

' Everlastings ' are the dried flower-heads of species of Helichrysum

and Grtaphalium, and G. leontopodium is the * Edelweiss ' of the Alps.

The common marigold is a species of Calendula.

[To this cohort belong also Valerianaceoe
(
Valeriana, Centranthus,

Fedia) ; and Dipsacacece {Dipsacus, Knautia, Scabiosa).
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Cohort X. RuBiALES. Flowers regular or irregular ; stamens as

many as corolla-lobes, epipetalous ; ovary 2- or multi-locular ; ovules

solitary or numerous ; seeds with or very rarely without endosperm.

Shrubs or trees rarely herbs, with opposite or verticillate often stipulate

leaves ; calyx never pappose.

Order i. RUBIACE^. (Figs. 504, 505.) Trees or shrubs, rarely

herbs, with simple, entire, opposite leaves.] The stipules are in many

III.

Fig. soA'— Cyalhwt Aparine ; I. part of plant (natural size); II. flower and fruit
'

(magnified) ; III. longitudinal section through fruit (greatly magnified).

genera so similar to the true leaves as to give the appearance of a spu-

rious whorl. The stamens are equal in number to the corolla-lobes and

alternate with them ; the ovary bilocular, the seeds solitary or rarely

two in each loculus, or multilocular and the seeds several in each division.
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The fruit is a drupe, berry, capsule, or achene, or is sometimes dehiscent

;

the endosperm large and horny, as in the coffee-berry, or fleshy. [The

order is a very large one, and is divided into a large number of tribes.

Fig, 505.—Peruvian Bark, Cinchona condaminea (reduced).

The suborders StellaicE^ Cinchonece^ and Coffeeceoi^ovciO, authors are distin-

guished by the first having the leaves in apparent whorls from the inter-
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petiolar stipules ; the second has opposite leaves and a multilocular

ovary with numerous seeds ; the third opposite leaves and a bilocular

two-seeded ovary. The European species all belong to the Stellatce,

and are herbaceous. Among the more important genera of the order

are the following :

—

Uncaria^ Nauclea^ Cinchona^ Cascm'illa^ Conda-

ininea^ Mussceitda^ Gardenia^ Ixora^ Coffea^ Cephaelis^ Spermacoce^

Ritbia, Galiujji, Asperula.'\ It includes plants of very great medi-

cinal and economical value. Peruvian bark and quinine are obtained

from various species of Cinchona, all natives of central and western

South America ; the best kind is the product of C. Calisaya of Bolivia
;

others of C. glandulifei^a of Peru, C. condamiiiea of northern Peru and

southern Ecuador, and C. siicciricbra of Chimborazo. It is cultivated

with success in Java and India. Coffea arabica, the source of coffee,

grows in Arabia and the East and West Indies. Ipecacuanha is the

root of Cephaclis Ipecacuanha of Brazil. Catechu is the product of the

East Indian Uitcaria Ganibir. The important dye known as madder
is obtained from the root of Rubia tiitctorum.

[The only other order belonging to this cohort is Caprifoliacece [Ley-

cesteria, Syf?iphoricarpus, LinncEa, Weigeliaj Lonicera, Viburnum,

Sambucics).

Division III. CalyciflorcE.—Sepals connate, 7^arely free, often adnate

to the ovary ; petals distinct, in a single whorl, perigynous or epigy-

nous; disc adnate to the base of the calyx, rarely tumid or raised into

a torus or gynophore ; stamens perigynous or epigynous, usually i^i-

serted in or beneath the outer margin of the disc ; ovaryfrequently in-

ferior.

Cohort I. Umbellales.— Flowers usually hermaphrodite ; stamens

usually definite ; ovary inferior, I-, 2-, or multi-locular ; ovules

solitary, pendulous ; styles free or connate at the base ; ovules with the

coats confluent with the nucleus ; seeds albuminous ; embryo usually

minute ; flowers generally in umbels.]

Order I. Umbellifer^. (Figs. 505-5 13.) Herbs, rarely shrubs,

with round or furrowed jointed stem, and alternate usually compound

leaves sheathing at the base. The flowers are hermaphrodite [except

occasionally the outermost in the umbel], and are arranged in simple or

compound umbels, which in some genera are contracted into capitula by

the shortening of the axis ; the inflorescence is usually surrounded by an

involucre consisting of a single whorl of bracts ; when this includes the

entire inflorescence it is called the ^^;2fnz/ zV^z't^/^/^?"^ ; when it includes

only a secondary umbel, a partial involucre or involucel. The calyx-tube
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is adherent to the ovary, but with a free five-toothed or entire margin

[which is however sometimes almost obsolete]. The petals are five, dis-

tinct, entire, emarginate or two-lobed, the outer ones often larger than

Fig. 506.—I. j^tJrusa Cynnpinjft, fool's parsley (natural size) ; II. fruit (magnified)
;

III. section of fruit.

the inner, or rayed ; adherent to the calyx and alternate with its teeth.

The stamens are five, rolled up in vernation; the ovary usually bi-, rarely
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Fig. 507.—Flower of fennel, Foeniculuin officinale, I. Fig. 508.— Rayed flower of
entire ; 11. in longitudinal section (magnified). Venus's comb, Scandix J^cc-

ten-Veneris (magnified).

I. II. III.

Fig. 509.

I.

—I. Fruit of fennel, Fcenictilwut officinale', II. transverse section, e endo-
sperm, o vittae ; III. longitudinal section ; k embryo (magnified).

I.

Fig. 510. — I. Fruit of carrot. Fig. 511.—I. Fruit of hemlock, Coniuvt maciilatiitn

DaticMS C«r<9/a (Orthospermae) ; (Campylospermse) ; II. transverse section ; part of the

II. transverse section ; the four embryo is seen in the centre of the endosperm (mag-
secondary ridges are conspicu- nified).

ous ; of the primary ridges the two lateral ones are scarcely visible, the median (carina) and
intermediate ones are spiny (magnified).
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uni-locular, and contains a single pendulous ovule in each loculus. Each

of the two styles is expanded at its base into the disc^ which crowns the

apex of the ovary and is termed the stylopode. The fruit is a bipartite

I. II.

Fig. 512.—I. Fruit of coriander, Coriandrwn sativum {(Z<x\os-^^xvix^ ; II. transverse
section (magnified).

schizocarp or c7'e??iocarp, separating from below upwards, two halves

{inei'icarps) separatingfrom the columella or carpophoi^e, the carpophore

itself splitting from the apex halfway down or to the base (Fig. 509).

I. II.

Fig. 513.

—

\. Iu^tS. oi j¥lthusa ',
II. leaf of parsley (nature-printed).

The small embryo is enclosed in the apex of a large endosperm. The
free and usually convex outer sides of the mericarps, which are attached

to one another by their inner surfaces, are termed the back, and each



39? Structural and Physiological Botany.

mericarp has five more or less conspicuous longitudinal ridges or

primaryjiiga^ the median of which is the carina ; the two outermost are

the marginal or lateral ; those that lie between the intei'mediate ridges.

Alternate with the primary are often four secondary ridges^ which are

not unfrequently more strongly developed than the primary ones, but

are always at once recognised by their position, the central one or

carina being always a primary ridge. The intervals which separate the

primary ridges are termed /^/rr^wj- ; and beneath their surface are a

number of slightly projecting canals or vittce containing a volatile oil,

which are usually visible only on making a transverse section. The
endosperm is on the ventral side, and is either flat, in the suborder

Orthospej'jnce^ or less often channelled longitudinally by the incurv- •

ing of the margins [Campylospermce) ; or hollowed out [CoelospermcE).

[Among the very numerous genera belonging to this large and important

order are Hydrocotyle, Eryngitun^ Astrantia, Sanicula, Conium^

Smyrninm, BuplcM^ttm, Apium, Cicuta, Ammi^ Cartcm, Siujn, Sison^

y^gopodiuni^ Pinipinella^ Conopodiuin^ Myrrhis, Chcerophyllum^

Anthriscns, Seseli, Foeniculuni^ Crithnium^ CEnanthe, yEtknsa, Meum^
Ligusticiim^ Levisticiwt, Angelica, Archangelica, Ferula, Feucedanum,

Heracleiun, Opopanax, Coriandrum, CwnintLin, Dancus, Petroselininn,

Pastinaca, BtmiiLin, AnethiimJ\ The roots contain abundance of

resin, and the fruits a volatile oil. Among culinary vegetables are the

carrot Fattens Carota, ohox^'A Anthiscus cerefolium, CQlery Apiuni. gra-

veoleiis, parsley Fetroselinuvi sativum, parsnip Fastinaca sativa, fennel

Foeniculum officinale, &c. Among medicinal products are the caraway

Cartim Carui, coriander Coriandrum sativum, water-fennel (Fnanthe

Fhellaftdrium, dill Anethum graveolens, anise Fimpinella Anisum,

pimpinella Fimpinella Saxifraga, archangel Archangelica officinalis,

lovage Levisticum officinale, assafoetida Narthex Assafoetida, ammoniacum

Dorema afnmoniacu7n, and galbanum GalbantLm officinale, the last

three from Persia. The following are poisonous :—Hemlock Conium

maculatum, fool's parsley ALthusa Cynapium, dropwort (Fnanthe fistu-

losa, water-hemlock Cicuta virosa, and wild chervil ChcErophyllnm

tcfjiulum.

[To the same Q,oWox\.\>^(yi\^ Araliaceoe (^Aralia, Hedera, Fanax)', and

Comaeece {Cornus, Benthai7iia, Auciiba).

Cohort II. FicoiDALES. Flowers regular or nearly so ; ovary

syncarpous, inferior half-inferior or superior ; unilocular with parietal

placentae, or 2- to multi-locular with basilar or axile placentae ; seed

albuminous with curved embryo, or exalbuminous with oblique embryo.

Succulent herbs. Orders :

—

Cactacece (MelocactuSy Mamillaria, Echino-
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cactus, Ccreiis, Phyllocachis^ Epiphylhwi, Rhipsalis, Opuntia)\ Ficoidece

{Aizoo7i, Telepkiic?ji)', Mesejubryanthe^nacecE [MesemhryanthemiLvi).

Cohort III. Passiflorales. Flowers usually regular, hermaphro-

dite or unisexual ; ovary usually inferior, syncarpous, unilocular, with

parie'.al placentae, sometimes 3- or multi-locular by the produced

placentae ; styles free or connate. Mostly twining or climbing herbs

or shrubs, commonly furnished with tendrils. Principal orders :

—

Pas-

sifiorace(E {Malesherbia^ Passijiora^ Tacsonia^ Modecca, Caricd)\ Cucur-

bitacecB (Luffa, Momordica^ CtLciunis, Citrulhcs, Cncici^bita, Bryonia^

Elateriiwi, Sicyos, Gynostemvid)', Begoniacece (Begonia),

Cohort IV. Myrtales. Flowers regular or nearly so, usually

hermaphrodite ; ovary syncarpous, usually inferior ; styles united, very

rarely free
;
placentae axile or apical, rarely basal. Trees, shrubs, or

rarely herbs, with simple usually entire leaves.]

Order I. Myrtace^. Trees or shrubs, rarely herbs, usually with

opposite exstipulate leaves, which appear *punctated by glands contain-

ing a volatile oil ; flowers solitary in the axils of the leaves ; stamens

numerous, with the filaments sometimes coherent into one or more
bundles ; ovary inferior or half-inferior, uni- or multi-locular ; the fruit

a berry or capsule, generally crowned with the calyx-limb. [Among the

more striking genera of this large and important order, chiefly natives

of tropical or subtropical countries, are Callistemon, Melaleuca, Metro-

sideros, Calothammcs, Leptospernmni, Eucalyptus, Psidmm, Myrtus,

Piijienta, Eugenia, Caryopkyllics, Barringtonia, Bertholettia, Lecythis,

A^apoleona.'] The flower-buds of Caryophyllus aromaiicus of the Moluccas

and Antilles are the cloves of commerce ; other officinal products of

the order are cajeput-oil from Melaleuca minor of the Moluccas, and
kino, the dried sap oi Eucalyptus resinifera ofAustralia; Eugenia Pimenta-

of the West Indies is known as allspice. The wood of Metrosideros

vera of Australia is the hard and valuable iron-wood. Several species

of the Australian genus Eucalyptus or gum-tree, especially the Tasmanian

E. globulus, are much cultivated for the rapidity of their growth and the

anti-miasmatic properties of their leaves. The fruit oiPsidium pyriferu7n

is the guava of the West Indies; Brazil nuts are the seeds oi Bertholettia

excelsa of Brazil ; the fruits of Lecythis ollaria are known as ' monkey-
pots.'

The other important orders of the cohort are Melastomacece {Mela-

stoma)', Lythracecs {Lythru7n, Lagerstrcemia)', Onagi^acece [Epilobiinn,

Fuchsia, Jussieua, Circcea, Godetia, Clarkia, CEitothera)', Rhizophoraceai

(Bhizophora)', Combretacece (Quisqualis, Combretuvi, Terviinalis).

Cohort V. ROSALES. Flowers usually hermaphrodite, regular or

irregular ; carpels one or more, usually quite free in the bud, sometimes
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variously united afterwards with the calyx-tube, or enclosed in the

swollen top of the peduncle ; styles usually distinct or only one.]

Orde7' I. Leguminos^. Herbs, shrubs, or trees, with stipulate

leaves, usually alternate and compound. Calyx either imbricate or val-

vate in bud, 2-lipped, 5 -cleft or 5 -toothed, the odd section being

below ; very rarely 4-cleft
; petals equal in number to the calyx-

teeth, seldom fewer ; stamens usually double as many, often much
more numerous. The monocarpellary, unilocular, free, superior ovary

develops into a legume or lomentum, bearing on its ventral suture the

seeds, which have no or very little endosperm.

This very large and important order is divided into three well-marked

suborders, as follows :

—

I. PapilionacecB. (Figs. 514-516.) Herbs, shrubs, or trees of very

various habit, usually with alternate and compound, pinnate or digitate

leaves. The petiole has two stipules, and sometimes each pinna has also a

stipella ; the stipules are sometimes transformed into thorns [or tendrils]

;

and the petiole frequently ends in a tendril. The flowers are seldom

solitary, usually collected into spikes, racemes, or umbels, but never in

compound inflorescences. The calyx is gamosepalous, 5-toothed, and often

2-lipped ; the corolla attached to its base, and irregular, 5 -leaved, and

papilionaceoMs. The two inferior petals are mostly more or less coherent

and form the keel or carina (see Fig. 253, p. 152), the two lateral ones

being the wings or alce^ and the superior the standard or vexillum. Some-

times all the petals are coherent into a tube [as in Trifolium\ The fila-

ments of the ten stamens are either coherent into a tube (monadelphous)

surrounding the pistil, or nine of them form a tube open above, the tenth

lying in front of the cleft (diadelphous). The ovary is superior, bearing the

ovules on its ventral suture ; usually unilocular, but sometimes, as in

Astragahis (Fig. 288, p. 142), almost bilocular from the folding in of the

margin of the carpel. The fruit is a unilocular capsule (legufne), splitting

into two valves by both dorsal and ventral suture; but sometimes nearly

bilocular, like the ovary, or multilocular by the formation of masses of

cellular tissue between the seeds ; and then it sometimes breaks up into

sections by the contraction of the pericarp between the seeds, w^hen it

is termed a lomentum (Fig. 516, II.
) ; rarely indehiscent, as in the sainfoin.

The seeds are usually exalbuminous, rarely with a small endosperm
;

the embryo curved, with the radicle lying on the cleft of the cotyledons.

[Among the more important genera are Baptisia, Crotalaria, Lupinus,

Genista, Ulex, Cytisus, Ononis, Trigonella, Medicago, Melilotus, Trifolium^

Ajithyllis, Lotus, Fsoralea, Indigofera, Wistaria, Robinia, Colutea^

Astragalus, Oxytropus, Glycyrrhiza, Ornithopus, Coronilla, Hippocrepis.

Hcdysarum, Onobrychis, Adesmia, Arachis, Desmodium, Cicer, Vicia
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Lens^ Lathyrns^ Pisum^ Kennedya^ Butea, Phaseolus, Dolichos, Dalbergm,

Pterocarpiis, Sophora^ Myroxylon, Swartzia.'\ The most valuable

agricultural and culinary plants are the scarlet-runner and French bean,

Phaseohis imtltifloriis and vulgaris ; the field and garden-pea, Pisum

sativum ; the vetch, Vicia sativa ; the bean, Vicia Faba ; the lentil,

Fig. 514.—Sweet-pea, Lathyrus odoratus ; I. natural size ; II. floral diagram,

Ervum Lens ; the chick-pea, Cicer aritinuin ; the lucerne, Medicago

sativa ; the sainfoin, Ojtobrychis sativa', the white lupin, Lttpimcs albtts;

and the clovers, Trifolium pratense^ repens^ and incarnatum. Among
officinal products are the root of the rest-harrow, Ononis spinosa^ and

D D
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the foliage and inflorescence of the melilot, Mdilotus officinalis. Liquorice

is obtained from the roots of Glycyr7'hiza echinata and glabra from

southern Europe ; several species of Myroxylon of Peru and Colom-

bia yield balsam of Peru ; the boiled sap of the bark of Drepano-

carpus senegalensis is known as * kino africanum ; ' gum-tragacanth is

obtained from several species of Astragalus from Asia Minor ; and

indigo from the East Indian Indigofera tincto-ria ; sandal-wood is the

I. 11.

Fig. 5x5. — Twisted legume of Fig. 516.—I. Legume of Ci^^/^if? ; II. lomen-
lucerne, Medicago sativa (mag- turn of Hedysarum (natural size),

nified).

timber of Pterocarpiis santalimis from the East Indies. [The seeds of

Arachis hypogcea (earth-nuts) are eaten in . the West Indies ; Colutea

arborescens is the bladder-senna.]

2. Ccesalpiniece. This suborder is distinguished from the Papiliona-

ceae by the almost regular not papilionaceous corolla, which is, however,

sometimes absent, by the straight embryo, and by the ten or fewer

stamens being all free (not coherent). They are always trees or shrubs.

[Important genera :

—

Ccssalpinia, Hcematoxyloii^ Gleditschia, Cassia^

Ceratonia, Baiihinia^ Cercis^ Amherstia^ Tamarvidus, Hy^nencea,

Copaifera.'] This suborder is entirely extra-European, but yields a

considerable number of officinal or economical products. Tamarinds

are the fruit of the East Indian Tamarindus iudica ; the leaves of

Cassia lanceolata and elongata are senna ; balsam of copaiba comes

from several species of Copaifera^ natives of the West Indies and

Guiana ; Ceratonia Siliqua of the eastern Mediterranean is the carob
;

and Dipteryx odorata of Guiana the poisonous tonka-bean. Ccesal-

pinia echinata and brasiliensis of Brazil yield Brazil-wood, containing a
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red colouring principle ; C. Sappan is the red sappan-wood of Eastern

India, and Hceniatoxylon campechianum of Central America, logwood.

3. MimosecB (Fig. 517). This suborder is also extra-European and

chiefly Australian and East Indian. They are distinguished from the

Fig. 517.—Sensitive-plant, Mhnosa p^idica (natural size) (see p. 202).

Papilionaceae by the valvate aestivation of the calyx, and the regular,

often gamopetalous, corolla. The stamens are sometimes very nu-

merous, and either coherent or free. [The leaves are often replaced

by phyllodes, ) see p. 91). Principal g^n^xd. '.—Mimosa, Acacia, The
suborder includes the sensitive plants Mimosa pudica and sensitiva

D D 2
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(see p. 202), and the true Acacias.
'X

Gum arable is obtained from

Acacia Seyal^ tortilis, and Ehrenbergiana, all natives of tropical Africa
;

* terra japonica,' or catechu, is the sap of Acacia Catechu of Bengal

and Coromandel.

Order 2. RosACEi^. The leaves are stipulate ; the calyx regular and

usually gamosepalous and 5-partite, the odd section superior; the co-

rolla regular ; the petals distinct, attached to the margin of the calyx,

and equal in number with its teeth ; the stamens perigynous, usually many

times the number of the petals, andbent inwards in vernation ; the ovary

sometimes monocarpellary, but more often multicarpellary, the carpels

being either free or coherent with one another and with the calyx ; the

fruit dry or succulent, a berry, drupe, or a number of achenes or follicles ;

the seeds exalbuminous. This large and important order is again divided

intO' suborders :

—

I. Pomece. (Figs. 518, 519). Trees or shrubs with alternate simple

leaves furnished with free deciduous stipules. The flowers are regular and

0'-...

Fig. 518. — Longitudinal section

through the flower of the pear
(magnified).

Fig. 519. — Longitudinal section through an
apple ; C dry persistent calyx-limb ; e loculi

with cartilaginous pericarp ; t mesocarp
(reduced).

arranged in short terminal umbels, racemes, or cymes, often corymbose
;

the calyx-limb is 5 -cleft or 5 -toothed, imbricate in aestivation, and re-

maining dry and persistent on the fruit ; the stamens numerous, and, like

the five petals, attached in a ring to the base of the calyx (Fig. 518) ;

the ovary is as a rule 5-, more rarely 2- or 3-locular, each loculus

usually containing two ovules ; styles equal in number to the loculi.

The fruit [or pseudocarp*(see p. 147)] is succulent, a berry or pome, or

formed of a number of drupes, the pericarp being thin, cartilaginous,

or stony. Principal genera :

—

Pyrus, Cotoneaster, Cratcegus^ Malus,

Sorbus, Mespilus, Cydo7na.'\ Among edible fruits are the apple and

pear Pyrus Malus and commujzis, the quince Cydonia vulgaris, the
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medlar Mespihis gei^manicaj the hawthorn or whitethorn Crat(2gus

oxyacantha^ and the mountain ash SorbtLs aucuparia.

2. Rosece (including Sanguisorbeae, Dryadeae, and Spiraeeae) (Figs.

520-522). Herbs, shrubs, or trees, usually with pinnate or digitate

leaves, provided with stipules adherent to the base of the petiole. In

I. XL

Fig. 520.

—

Sangidsorha officinalis; I. flower;

II. fruit (magnified).

Fig. 521.—Fruit ofdewberry (7? z^-

btis ccpsius) ; I. natural size ;

II. a single drupel (magnified).

the number and structure of the parts of the flower Roseae agree for the

most part with Pomeae, but are best distinguished by the numerous

free and unilocular ovaries, not adherent to the calyx. The 5-, rarely

4- cleft gamosepalous calyx has a tube of various structure, and is often

surrounded by a 4- or 5 -cleft epi-calyx

or involucre, the leaves of which alternate

with the sepals ; the petals are perigynous

[sometimes wanting] ; the stamens rarely

so few as five, usually 12 to icx), free and

also perigynous ; the ovaries mostly with

only a single anatropous ovule ; and

the style usually more or less lateral.

[Principal genera :

—

Rosa, Alchemilla, Fo-

terium, Sanguisorba, Agrimonia, Rzibus,

Fragaria, Geum, Comarum, Fiyas, Fo-

tentilla, Spircea.'\ The fleshy calyx-tube

of some species of rose forms an edible

pseudocarp known as a hip ; true edible fruits are borne by the raspberry

Rubus IdcEzis, and blackberry R, friLticostis ; an edible receptacle or

pseudocarp (see p. 146) by the strawberry Fragaria vesca, elatior, and

grandifolia. Oil of roses is obtained from Rosa moschata and daina-

scena ofAsia Minor. The bark of Quillaja sapojtaria of Chile is sapona-

ceous, and known as soap-wood ; the flowers of Margera antheUnintica

Fig. 522.— Floral diagram of
the rose. See Fig. 256, p.

133.
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of Ab37ssinia are a powerful anthelmintic ; the root of Geitin urbaniun

and of Tormentilla recta are also officinal.

3. A?nyodalecs (or Drupacese). Shrubs or trees with simple alter-

nate leaves provided with free deciduous stipules. This suborder is

distinguished from the rest of the order by the ovary, which is composed

of a single superior carpel not adherent to the calyx, and which deve-

lopes into a drupe (see p. 152). In the course of development the peri-

carp becomes differentiated into three layers, of which the outermost or

epicarp forms a more or less tough skin, the middle layer, the inesocarp

or sarcocarp^ a more or less pulpy flesh, and the inner one, the endocarp

OY putamen ^ a hard stone. The fruit contains one or rarely two seeds

with fleshy cotyledons, and radicle directed upwards (see Figs. 220 and

325 I. pp. 119, 153), [Principal genera :

—

Amygdalus, Cerasus,

Fersica, Prunus, Ar??ieniaca.'\ This suborder is marked by the ten-

dency to form substances containing hydrocyanic acid, which is found

especially in the seeds of the peach, apricot, cherry, plum, sloe

Pnmtcs spinosa, bitter almond, and in the leaves of the cherry-laurel

Prunus laitro-cetasus. Edible fruits or seeds are furnished by the

almond Amygdalus communis^ peach Pei^sica vtdgaris^ nectarine

P. l(sris, cherry, species of Cerastis, apricot Armeniaca vulgaris^ and

plum Prunus do??iestica. [The stem of many species yields gum, and

the wood a valuable timber for cabinet-work.

Besides other less important orders belonging to this large cohort,

are SaxifragacecE [Saxifraga^ Chrysosplenium^ Hoteia, Astilbe, Cunonia^

Hydrangea, Escallonia^ Deutzia, Ribes, Cephalotus^ Philadelphus,

Parnassia) ; Crasstdacece (Tillcsa, Cofyledojt, Crasstila. Sedum, Sem-

pervhnini^ Bryophyllum^ Echeveria^ Umbilicus) ; Droseracecz [Drosera,

Dioncea ; see pp. 163, 203).

Division IV. Disciflor^.—Sepals distinct or united^ free or adnateto

the ovary ; petals distinct; disc usually conspicuous as a ring vr

cushion, or spread over the base of the calyx-tube^ or confluent with the

base of the ovajy, or broken up into glands ; stamens usually definite,

inserted upon or at the outer or inner base of the disc ; ovary

superior.

Cohort I. Sapindales. Flowers often irregular and unisexual
;

disc tumid, adnate to the base of the calyx or lining its tube ; stamens

perigynous or inserted upon the disc, or between it and the ovary,

usually definite ; ovary entire, lobed, or apocarpous ; ovules one to two

in each loculus, usually ascending with a ventral raphe, or reversed, or

pendulous, from a basal funiculus, rarely indefinite and horizontal ; seed

usually exalbuminous ; embryo often curved or crumpled. Shrubs or
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trees, mostly with compound leaves. Principal orders :

—

Sapindacece

(Fatilliiiia, ^sctilus, Sapindus, Pavia, Acer, N'egundo, Dodojtcpa,

Staphylea) ; Terebinthacece (Rhus, Pistacia, Mangifera, Anacardium).

Cohort II. Celastrales. Flowers hermaphrodite, regular ; co-

rolla hypogynous or perigynous ; disc tumid, adnate to the base of the

calyx-tube or lining it ; stamens as many as the petals or fewer, rarely

twice as many, perigynous or inserted outside the disc or on its edge
;

ovary usually entire ; ovules one to two in each loculus, erect ; raphe

ventral. Shrubs or trees, rarely herbs, usually with undivided leaves.

Principal orders :

—

Celastracece {Euonyinus, ElcBodejidroit, Celastrus,

Hippocratid) ; RhamnacecB {Paliurus, Zizyphus, Rhamnus, Ceano-

thiis) ; AmpelidecB (Cissus, Vitis, A?npelopsis).

Cohort III. Geraniales. Flowers often irregular ; disc usually

annular, adnate to the stamens or reduced to glands, rarely absent
;

ovary multicarpellary, syncarpous or subapocarpous; ovules one to two,

rarely numerous in each carpel, ascending or pendulous ; raphe usually

ventral. To this very large cohort belong the following orders, in

addition to others of less importance:

—

Linacece [Linum, Efythroxylon);

Malpighiacece (Malphigid)', ZygophyllacecE (Tribulus, Zygophyllum,

Fagonia, Giiaiacwn)', Geraniacece {Geranium, E^-odium, Pelargonium,

TropcBolum, Limnanthes, Oxalis, Biophytum, Averrhoa, Impatiens)
;

Rutacece (Ruta, Dictamnus, Peganum, Diosma, Barosma, Eriostemon,

Correa, Zanthoxylum, Citrus, yEgle, Limonia)', SimarubacecE [Quassia,

Samadera, Simaba, Cneorum, Simaruba, Brucea, Ailantus, Balanites,

Picra?}inia) ; BurseracecE [Boswellia, Canarium, Balsamodendron, Bur-

sera, A77iyris) ; Meliacecs [Melia, Swietenia, Cedrela, Chloroxylon).

Division V. THALMiFLORi^.

—

Sepals usually distinct and separate,

freefrom the calyx ; petals hi one, two, or many whorls, hypogynous ;

stamens hypogynous, rarely inserted on a longer or shorter receptacle

or on a disc ; ovary superior.

Cohort I. MalVALES. Flowers usually regular ; sepals five, rarely

two to four, free or united, valvate or imbricate
;
petals as many as

sepals, or absent ; stamens usually indefinite and monadelphous ; ovary

3-locular or more, rarely monocarpellary
;

placentation axile.

Shrubs, rarely herbs or trees, with alternate, usually stipulate, simple

or compound leaves.]

Order I. Malvace^. (Fig. 523.) Herbs, shrubs, or trees, with

simple, alternate, stipulate leaves. The calyx is 3- to 5 -cleft, and usually

surrounded by an epi-calyx or involucre of bracts ; the petals are equal in
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Fig K2^.—Malva sylvestris; I. portion of plant (reduced); II. the monadelphous

stamens (magnified) ; III. the pistil ; IV. the fruit (natural size).
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number to the lobes of the calyx, and contorted in aestivation [while the

calyx is valvate] ; the filaments of the numerous stamens are coherent at

their base with the petals, and united into a tube which encloses the

superior ovary ; the anthers are unilocular and dehisce in a semicircular

line ; the ovary multicarpellary, the carpels arranged round a central

axis, and either free or united ; the fruit a capsule or schizocarp ; the

cotyledons of the straight embryo are folded together, and the seed has

little or no endosperm. [Principal genera :

—

Malope, Althcea^ Lavatera,

Malva, Hibiscus, Gossypitim, Sida, Abutilon, Adansoitia, Bombax,

Eriodendron, Dzirio.] Many plants belonging to this order are officinal

on account of the quantity of mucilage they contain, as the roots of

Althcea officinalis, the flowers of the hollyhock Althcea rosea, and of

A. sylvestrisj and the foliage of Malva rotundifolia. Cotton consists

of the hairs attached to the testa of several species of Gossypium,

especially G. herbaceu7n, arboreu^n, and religiosum, natives of all tropical

countries. The baobab, Adansonia digitata of West Africa, is one of

the most gigantic of trees. [The fruit of Durio is edible.

The other orders of the cohort are SterculiacecB {Lasiopetahun,

Btittneria, Theobronia, Sterculia, Thoinasid) ; and Tiliacece (Grewia,

Tilia, Triunifetta, Corchorus, Elceocarpus).

Cohort II. GUTTIFERALES. Flowers regular ; sepals and petals

each usually four or five, imbricate in bud ; stamens usually indefinite
;

ovary 3- to multi-locular, rarely I- or 2-locular
;
placentation axile.

Trees or shrubs, rarely herbs. Principal orders :

—

Hypericacece {Hyperi-

cum)-, GuttifercB (Clusia, Garcinid); Camelliacece [Ternsh^o^mia, Camellia,

T/iea, Caraipa, Mai'cgravia)\ Dipterocarpacece {Diyobalanops, Diptero-

carpus, Shorea, Vaterid).

Cohort III. Caryophyllales. Flowers regular; sepals two to

five, rarely six
;
petals usually as many as sepals ; stamens as many or

twice as many, rarely more or fewer ; ovary unilocular, or imperfectly

2- to 5-locular
;

placentation free central, rarely parietal ; ovules

campylotropous ; embryo usually curved, in a floury endosperm.]

Order I, Caryophyllace^. (Figs. 524, 525.)* Herbs, very rarely

shrubs, with simple, entire, opposite leaves, springing from tumid nodes,

and cymose inflorescence. The flowers are regular and pentamerous
;

the calyx 5 -cleft or 5 -toothed, sometimes of 5 distinct sepals ; the

corolla of 5 distinct petals, which are often deeply bifid ; the stamens

10, in two rows, though all are not always perfectly developed, the five

inner ones often coherent with the base of the petals ; the pistil consists

of from two to five carpels ; the placentation is free central, from the

original dissepiments breaking away from the outer wall of the ovary

before maturity ; the styles are free and equal in number to the original
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divisions of the ovary ; the fruit a capsule dehiscing with teeth. The
seeds have a floury endosperm, and a long curved embryo, which either

entirely surrounds the endosperm or lies on one side of it. Some species

are monoecious, dioecious, or polygamous, from the abortion of pistil or

stamens. [Principal genera :

—

Agrostem^na^ Silene, Lychnis^ Cuaibahts^

Viscaria^ Saponaria^ Gypsophila^ Dianthus, Cerastium, Stellaria, Air-

na7'ia, Alsiiie, Spergttla.'] With the exception that some species are

Fig. 524.— Dianikiis Caryophyllus \

I. portion of plant (natural size) ;

II. stamens (magnified). See Fig.

255, P- 132.

Fig. 525.—White campion, Lychnis vesper-

tina-, I. fruit (natural size); II. trans-

verse section through ovary. See Fig.

254, p. 132.

saponaceous, the order is entirely destitute of economic properties ;
but

many are grown in gardens for the beauty of their flowers.

[The only other order of importance belonging to the cohort is

Portidacacece {Claytonia, Forhdaca, Sesuvium, Molhtgo).

Cohort IV. PoLYGALALES. Flowers regular or irregular ; sepals
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and petals five each, rarely four or three ; stamens as many or twice as

many as petals ; ovary 2-lociilar, rarely unilocular or more ; endo-

sperm fleshy, rarely absent. Herbs, shrubs, or trees, with exstipulate

leaves. Principal order Folygalacece (Folygala, Kra?neria, Securidaca).

Cohort V. Parietales. Stamens definite or indefinite ; carpels

connate into a unilocular ovary with parietal placentation, rarely spuri-

ously bilocular or more by the prolongation of the placentae (carpels

occasionally free ; ovary occasionally 3-locular or more).]

Order 1. Papaverace^e. (Fig. 526.) Herbs with a yellow or white

latex. The sepals are two, distinct, deciduous ; the petals four, arranged

11.

Fig. 526.- -I. Floral diagram o{ Papaver; II. capsule (siliqua) of
Chelidojiiuut (natural size).

in two whorls, regular [and deciduous] ; the stamens indefinite, free and

hypogynous ; the ovary unilocular or spuriously multilocular ; the seeds

with a small straight embryo at the base of a copious endosperm ; the

fruit a capsule, either bursting into two valves, and resembling a siliqua

(Fig. 526, II.), or opening by pores, four to twenty in number, situated

beneath the peltate stigma (see Figs. 233, 294, 313, pp. 126, 144,

158). [Principal genera:— Platystemon^ Chelidonium^ Sa?tgtnnana,

Papaver, Pschsc/joltzia, Argemone^ Glaucium, Meconopsis, Rcc??2ei'ia^'

Among ofiicinal products of the order are the foliage of the larger

celandine Chelidonhim niajtis^ the petals of the common poppy Papaver

Rhceas^ and the dried latex of the unripe capsules of the opium-poppy

Papaver souiniferMin. The latter is an important article of commerce

from Egypt, Turkey, [India, and China], yielding opium and laudanum.
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Order 2. CRUCiFERyE. (Figs. 527-530.) Herbs with alternate

exstipulate leaves. The sepals are four, usually deciduous ; the petals four,

Fig. 527.— Vesicaria tdriculata Fig. 528.— Wallflower, Cheiranthus Cheiri.

(Siliculosae, natural size). (Siliquosse) ; I. part of plant ; II. siliqua

(natural size).
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alternate with them, arranged in a cross, and usually unguiculate ; the

stamens six, tetrady7tamous^ the two shorter ones belonging to an outer

whorl and opposite to the carpels, the four longer ones to an inner whorl

and attached in front of the placentae (see Figs. 200, 204,

pp. 111,112). The ovary is superior ; the fruit as a rule a bilo-

cular capsule, bursting from the base upwards ; if it is several

times longer than broad, it is termed a siliqua (Fig. 528,

II.) ; if only slightly or not at all longer than broad a silictila

(Fig. 527). According as the dissepiment or repluin^ when
seen in transverse sections, occupies the shorter or longer

IV.

I. II. III.

Fig. 529. — Tetradyna-
mous stamens and pistil

of Brassica nigra ; a
shorter, b longer sta-

mens.

Fig. 530.—I. Schizocarps of /.s-rt;z'/j'ifzVz(:z*^rz'rt;
; II. trans-

verse section of angustisept silicula of Capsella ; III,
transverse section of latisept silicula a of Camelina ;

b four seeds ; IV. lomentum oi Raphanus.

diameter, the silicula is said to be angustisept^ as in the shepherd's purse,

Capsella (Fig. 530, II.), or latisept as in Camelina (Fig. 530, III.). Less'

often the siliqua splits transversely, forming a lomentMin, as in the radish,

Raphamis (Fig. 530, IV.), or the fruit is a schizocarp, often at first

bilocular, but ultimately unilocular by the disappearance or perforation

of the dissepiment, as in the dyer's woad Isatis (Fig. 530, I.). The seeds

are exalbuminous, with a curved embryo, the position of which is an im-

portant character in the classification of the genera belonging to the order

(see p. 157). [This large and important order is divided into several

suborders, and includes a large number of genera, of which the fol-

lowing are the more important :

—

Matthiola, Cheiranthus, Nastttrtiutn,

Barbarea, Arabis, Carda7?iine, Anastatica^^Lunaria, Aubrietia, Vesicaria^

Alyssum, Draba, Cochlearia^ Schizopetalum, Hesperis^ Malcolmia,

Sisymbrium, Erysimum, Braya, Camelina, Brassica^ Sinapis, Em-
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castrunt^ Diplofaxis, VeUa, Capse/la, Senebiera, Lepidiunt^ Megacarpcsa^

Thlaspi, Iberis, Teesdalia^ Isatis^ Myagru77t, Btinias, Crainbe, Cakile^

E^'ticaria^ RaphamiS'> Dentaria, Alliaria, Armoracia, Pringlea.^ It

furnishes a large number of culinary vegetables. The common
cabbage, Brassica oleracea, is the parent-form of all the varieties, as

kohl-rabi, savoy, Brussels sprouts, broccoli, cauliflower, &c. [the two

latter forms owing their peculiarity to a suppression of the floral organs,

and an abnormal development of the pedicels of the inflorescence]. The
seeds of other species contain an oil known as rape-seed oil. The
turnip and Swede are varieties of Brassica Naptis. Other culinary

species are the water-cress NastiLrtium officinale, and the garden-cress

Lepidium sativum. The rhizome of Cochlearia Armoracia is known as

horse-radish ; the root of Raphanus sativus is the common radish
;

mustard is obtained from the seeds of Sinapis nigra, [The antiscor-

butic properties possessed by so many plants belonging to this order

are due to the presence of a principle containing sulphur.] A large

number of species are grown for the beauty of the flowers, among
others the so-called ^ rose of Jericho,' Anastatica hierochnntica. [The

leaves of the woad, Isatis iincforia, yield a blue dye.

The remaining orders of importance belonging to the cohort are

FiimariacecE {Hypecoiini, Dicentra^ Fiimaria, Corydalis) ; Capparidece,

{Cleomey Capparis) ; Resedacece [Reseda) ; Ctstacece (Cistus, Helian-

theinum) ; Violacece ( Viola, lonidium, Alsodeia) ; Bixacece {Bixa, Coch-

iospe7'miim, Flacourtia).

Cohort VI. Ranales. Stamens almost always indefinite
;

carpels free or immersed in the receptacle, very rarely syncarpous
;

micropyle usually inferior ; embryo minute in a fleshy endosperm.
]

Order I. Ranunculace.^ (Figs. 531-533). Herbs with alternate, or

less often shrubs [with opposite] leaves, exstipulate and often divided and

semi amplexicaul. The sepals are from three to six, [deciduous] and often

petaloid ; the petals from 4 to 15, arranged in one or more rows,

[some or all of them] often small and assuming the form of nectaries,

(Fig. 533 III.) ; or the corolla is entirely absent ; the stamens free, in-

definite, and hypogynous. The fruit consists of an indefinite number of

one-seeded, indehiscent achenes, each representing a carpel with its

own style and stigma [Ranuncuhcs, Aneinone\ or of several follicles,

i.e. capsules opening by the ventral suture only, [Caltha, Pceonia, Del-

phinium, Aconitum\ or is more rarely a one- or several-seeded

berry \ActcBd\. The small embryo is enclosed in a copious fleshy

endosperm. [Among the more important genera of this large order

are Clematis, Thalictriim, Anemone, Adonis, Myosurus, Ranuncuh^s,

Caltha, Hydrastis, Trollins, Helleborus, Erarithis, Nigella, Aquilegia,
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Delphinium^ Aconiticm^ Acfcsa, Cimicifuga, Pceonia.'\ Officinal pro-

ducts are the roots of the hellebore Helleborus viridis, the tubers of the

Fig. 531.—Marsh marigold, Caltha ^alustris ; I. part of plant ; II. fruit,

consisting of follicles (natural size).

monkshood Aconitum Napelhts^ the seeds of DelphinitLm Staphisagria

of Europe, and the foliage of Anemone Pulsatilla. Many are poisonous,

Fig. 532.—Pheasant's eye,^^<9«zV; I. longitudinal section through seed; II. longi-
tudinal section through flower (magnified).

as the various species of Helleborus and Aconitum, and Ranunculus
sceleratus

; and a large number are grown as ornamental plants.
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[The remaining more important orders of the cohort are Magnoliacece
{Magnolia, Liriodejtdron, Brimys, Illicium) ; Anonacece [Uvaria,
Anona)

; MenispeDnacecz {Cissanipelos, Cocculus, Anamirta, Meni-

Fig. 533.—Monkshood, Aconitnm Napelhis -, I. part of plant (natural size); 11.
floral diagram

; III. flower (magnified), the coloured calyx having been removed,
showing the two petals a developed into nectaries, the remaining petals being
reduced to scales or altogether abortive.

spo-mmn)
; BerberidecE (Berberis, Mahonia, Epimedium, Podophyllum)

;

Nymphcsacec^ [Nuphar, Nympkcsa, Euryale^ Victoria, Caboniba, A^e-

htmbium)^
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CHAPTER VII.

THE CHANGES WHICH HAVE TAKEN PLACE IN THE VEGE-

TATION OF THE GLOBE IN THE COURSE OF GEOLOGICAL

PERIODS.

Geology, or the history of the formation of the earth, proves

that the distribution of land and water on the surface of the

globe has not always been the same as it is now j many dis-

tricts which are now continents were at one time seas, and

vice versa. The main agent in carrying away masses of land

from one spot and reconstructing them in another, has been

water, either slowly by gradual action, or suddenly by mighty

convulsions. Some idea may be conceived of the extent of

this agency, from the reflection that the mass of particles in

a state of suspension and solution which the river Ganges

now carries down to the sea every year is equal in bulk to

seventy pyramids as large as the largest of the Egyptian

pyramids, that of Cheops. Wherever the substances that are

carried down are deposited at the bottom of the sea or in

sea-basins, strata are formed which at first fill up the un-

evennesses of the ground, the uppermost layers then forming

gradually more and more horizontal deposits. On strata of

this nature already in existence fresh layers of difi'erent sub-

stances are everywhere deposited. Such a straiijication of

the crust of the globe has not however occurred once only

or a few times at one particular spot ; but at almost every

place where the surface has been excavated it manifests a

structure stratified in the greatest variety of ways.

Nothing is more natural than that in these changes which

have taken place on the surface of the earth, multitudes of

plants^ should have become enclosed in the soft deposits of

^ No account is taken in the sequel of the preservation of animal

remains.

E E
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mud, and their remains preserved in the rock which results

from the hardening of the mud. The soft and delicate

parts could not be perpetuated in this manner; and it is

found in fact that only the harder parts, like the wood, bark,

o i:

.2 ^

and fruits, are preserved (Fig. 534). The softer portions

have been more or less quickly decomposed ; although, under

specially favourable conditions, there has been some preser-

vation even of them. The delicate parts, for example, are
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found enclosed in amber, and even in diamonds, or have

been covered up by the hardening mud, and have at least

left i7npressions in it, from which the form and even the

species can be recognised. The numberless small cavities

—cells and intercellular spaces—which are found in the

substance of the plant are also not unfrequently filled with a

fluid, the mineral constituents of which—usually silica—be-

come gradually solid, and thus preserve the structure of the

plant in a fossil form, the organic parts undergoing decom-

position. From the mode in which these impressions and

fossils are formed, it is evident that they can be found only

in stratified rocks. The number and systematic position of

the fossil remains obtained in this manner vary greatly in

the different superincumbent strata ; but are subject to the

following general rules :—In the lowermost and consequently

the oldest strata no remains of plants now living are found.

In the higher strata are found gradually more and more

highly organised kinds, and more nearly allied to those at

present existing ; this being most strikingly manifested in

the uppermost or most recent beds, in which a number of

fossil plants, or their impressions, are found, which belong

to our existing flora. If, indeed, an attempt is made to

form, from the few remains at present found, an idea of the

entire vegetation—not, perhaps, of the whole earth, but of

those regions which have furnished most material for ex-

amination—the result may not differ very widely from the

reality. It is best to commence with the oldest strata, from

which a gradual approach may be observed towards the

existing vegetation of the earth.

In considering the variety of the fossil remains in the

different strata, special attention must be paid to the changes

which have taken place in the climate of the earth in the

course of the different geological periods. ^

^ [In his Genei'a et Species Plantarum Fossiliu7n^ published in 1850,
Unger reckoned the number of genera and species of fossil plants known
up to that time as under:—Exogens, 151 genera, 547 species ; Endo-

E E 2
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In reference to the relative position of the strata, and to

the fossil remains (chiefly those of animals) found in them, a

number oigeological systems are distinguished, which are again

divided into groups.

The lowest strata of the Primary or Palceozoic age {i,e.

the period of the oldest living beings)

—

viz. the strata of the

Siluria7t ^ system—contain the earliest remains that have

been preserved of the vegetable world. Only a few marine

Algae are known ; but others may have altogether perished,

their existence being indicated only by the occurrence of

carbonaceous or bituminous limestone.

In the Devonian system the number of species, genera,

and families has greatly increased. In addition to a con-

siderable number of Algae, the first land-plants have made
their appearance. They consist almost entirely of the re-

mains of Vascular Cryptogams, with a few Cycadeae and

Coniferae. The aspect of this period, as also of that next

in succession, must have been extraordinarily uniform and

monotonous ; but vegetable life had extended over the sur-

face of the earth in a variety and luxuriance of forms far

surpassing our existing vegetation.

In the Carboniferous period Ferns attained a special de-

velopment. We find lofty trees or shrubs with multipinnate

leaves several feet in length, forming magnificent groups of

plants, in the shade of which other smaller species grew

as underwood (Figs. 540-542). Among the largest forms

of which these forests were composed were certain Lyco-

podiaceae—to which nothing now existing is comparable

—known as Sigillai'ice and Lepidodendra (Figs. 535-539).

gens, 43 genera, 142 species ; Gymnosperms, 56 genera, 363 species ;

Cryptogams, 152 genera, 1,172 species; Doubtful, 35 genera, 197
species. Since that time the number of both genera and species has been
enormously increased, especially by the additions to the Tertiary flora

made by Heer and Ettingshausen.

—

Ed.]
' [Geologists now distinguish the oldest stratified beds from the

superimposed Silurian as the Laurentian and Cambrian systems. They
contain but few remains of organic life.

—

Ed,]
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The former had a columnar unbranched stem, 20 metres in

height, and rising from a square base i metre in diameter,

Fig. 537.— I. Fertile branch; II,

terminal branch of Lepidoden-
dron (reduced).

Fig. 535.— Branching stem oi Leh'dodendron, from the

coal-beds of Bohemia (reduced).

the bark being covered with a number of longitudinal rows of

diamond-shaped leaf-scars
;
[and it is now generally believed
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that the fossils known as Stig?naria^ and formerly regarded as

a distinct plant, are in reality the roots of Sigillaria.] The

Fig. 538.—Stem of Sigillaria, from English Fig. 539.—Leaf-scar of Sigillaria
coal-bed reduced). Grceseri (natural size).

Fig. 540.

—

Aimidai rafertilis. FiG. $^i.—S^heno^hyllnm anmilatttm.

Lepidodendra, on the other hand, had much-branched stems,

30 or more metres in height, and 4 metrei: in girth, and
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were also beautifully marked with scars. Associated with

these were gigantic Equisetaceae known as Calamites^ of

which those now existing are as dwarfish representatives

as the Lycopodia are of the Sigillariae and Lepidodendra.

There existed, however, also in those forests—the true

primeval forests of the earth—herbaceous plants (Ferns),

such as Aiimdaria, Asterophyllum^ and Speiwphylliim^ as

well as some Monocotyledons, Cycadeae, and Coniferae ; and

Fig. 542.

—

Neuropteris heterophylla.

even the number of species was quite considerable. The
Sigillariae, Lepidodendra, Calamites, Asterophyllites, and

possibly also the Tree-ferns, attained in this formation their

maximum development ; in the succeeding one their number
diminishes. In connection with other plants, and perhaps

also with sea-weeds, they form the vakiable deposits of coal.

In this form they have undergone sometimes more, some-

times less change, no trace of their vegetable structure
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often remaining, while the accompanying beds of earth

receive their impressions, and preserve a correct image ot

them. It frequently happens, however, that entire stems

have become fossilised (Fig. 534, p. 418), and still show their

cellular structure in a wonderfully beautiful manner. We
have no knowledge of the length of time during which the

Carboniferous period lasted ; but if it may be estimated from

the thickness of the deposits of coal, many authorities would

place it at millions of years.

It is impossible to suppose that deposits of coal occurred only in.

the Carboniferous period ; they are found in almost all strata higher

in the series, but in a different from. In the uppermost we find peat^ the

coal-formation of the present ; below it is lignite or brown coal, bear-

ing sometimes a greater resemblance to peat, sometimes to the true coal

which lies beneath it. The origin of the latter from peat is therefore

not improbable, and in some cases is unquestionable. The mode of

formation of peat must therefore be first investigated. When Algse and

other plants grow undisturbed in perfectly stagnant water, to the bottom

of which they fall quietly as they decay, the layer of organic matter

thus formed grows gradually thicker and thicker ; the reeds, rushes,

sedges, and Equiseta retreat from the shore, the dense matting of their

roots gradually advancing farther and farther on the muddy soil.

Every year the dead leaves and stems of the water-lilies, water-Ranun-

culi, Potamogeta, and Lemnse fall to the bottom ; the mass of vegetable

remains and the roots and rhizomes which penetrate among them be-

come denser and denser, and more and more space is constantly taken

from the water, until at length a densely interwoven substance results,

resting on a soft layer of mud. Sphagna, Eriophora, marsh trefoil,

Vaccinia, and other plants, establish themselves on this unstable

foundation. The vegetable remains covered in this way, and protected

against the action of the air, still decay, but not so completely ; they

are continually losing oxygen, hydrogen, and nitrogen, while the

carbon accumulates. The mass is also increasing upwards ; for long

after the lower parts of the bog-mosses (Sphagna) which take an es-

pecially important part in these processes have died off, the upper

parts still maintain a vigorous life, drawing up the water from below

like a sponge. The substructure, which was at first very soft, becomes

therefore gradually denser in the course of time, until at last a firm peat-

7noss is formed beneath the superficial vegetation. The ground is how-

ever constantly kept moist by the peat, and a luxuriant vegetation is
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h€nce developed on it, fed by the abundance of food-material which it

contains. As soon as it becomes firmer, trees and shrubs, willows,

alders, and buckthorns, spring up on it, and finally also conifers ; but

the life of these larger plants is as a rule somewhat limited ; and when

they are blown down by the wind or fall by their own weight, the peat-

moss grows over them, and in the course of years they become entirely

covered up by it. There, excluded from the action of the air, they do

not decay, the structure of their wood being retained perfectly for cen-

turies. This is the mode in which peat is formed.

Even in lignite the remains of plants can be abundantly recognised.

This is less the case in true coal, and scarcely at all in anthracite, the

hardest coal with most of a mineral character. It is often possible to

determine the plants w^hich have contributed to the formation of coal

only from the fossils and impressions found in the accompanying beds

of earth. The exclusion of the atmosphere, and the pressure, often

immense, which beds of peat that have been flooded and buried

beneath the surface have had to sustain from the superincumbent

layers of earth, explain their transformation, first into lignite and then

into true coal. In many beds of coal, as for instance those of Silesia,

. their origin from layers of peat is sufficiently evident ; in others this

explanation does not seem to apply, and we must assume that drift-

wood has been the source from which they were formed. Even at the

present time the gigantic rivers of America tear down from their banks

and carry away trunks of large trees ; and when these trunks have

become completely saturated by water, they are left behind by the

current, and sink either in an inland lake, at the mouth of the river, as

in the Mississippi, or in the sea as drift-wood, and thus form immense de-

posits which may very easily be transformed into coal. But these trunks

must retain some traces of their journeyings, and must be intermixed

with the remains of water-animals, and, when the deposition takes

place in the sea, of marine plants. These phenomena are in fact ob-

served in many of the coal-formations of north Germany, the produc-

tion of coal having taken place in the manner already indicated. The
formation of coal from the deposition of successive layers of plants in

primeval forests is very improbable.

It is remarkable that after the Carboniferous period the

luxuriance of vegetation appears to have diminished. As if

the earth were already exhausted, one form after another

of the existing vegetation disappears ; and in the Fer??iia?t

series, only the lower strata, the New Red Sandstone^
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contain any quantity of plants, and then chiefly in a siUcified

state. The Magnesian Limestone which rests upon it con-

tains but very few vegetable remains. The Permian has

only one form in common with the lower, and only a few

with the upper strata of the Carboniferous system. The
prevalent forms are still Sigillarise, Calamites, Ferns, Lepi-

dodendra, &c. ; but in addition are found Palms and

Cycadeae, the latter order attaining here their maximum
development.

A different vegetation characterises the Secondary or

Mesozoic strata. The forms characteristic of the Palaeozoic

beds, Sigillarise, Lepidodendra, and Asterophyllites, disap-

pear, and others make their appearance which bear a greater

resemblance to those of the present day. The Coniferas

began in the Devonian, attained a maximum in the Carboni-

ferous, and again diminished in the Permian system.

In the lowest system belonging to the Secondary strata,

the Trias^ Coniferae must have formed the main part of the

forests ; while of Cryptogams, so largely developed in the

lower rocks, only Ferns remain, those however belonging to

new, and partly to peculiar and highly developed genera.

The chief forms of Coniferae in these forests were species of

Voltzia (Fig. 543) and Albertia, The former were lofty

trees, not unlike our Cryptomeria, while the latter had broad

leaves penetrated by delicate longitudinal veins. With

them are associated certain Cycadeae {Zainites^ Figs. 545,

546) and water-plants, as well as Calamites with verticillate

leaves, and gigantic Equisetaceae, which may have clothed the

margins of the sheets of water. Of the three well-characterised

sections into which the Trias is divided, the lowest or

Bunter Sandstein contains but few vegetable remains, the

middle or Muschelkalk scarcely any, and the uppermost or

Keuper only a few. The flora of the Trias, in its gigantic

Ferns and peculiar Coniferae, bears a greater resemblance to

that ofNew Zealand than of any other country at the present

time.
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Fig. 543-—Terminal, middle, and fertile branch of Voltzta {Schizoneura)
heterophylla, from the Vosges.

Fig. 544.—a fertile and barren pinna of a Fe
frond, Go^iiopteris Murreyana.

FiG. 545.—Stem of Cycadoidea 77ze^alophylla
(Cycadeae), from Portland Isle.

Fig. 546. — Branch of
Presleamnn (Cycadeae).
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The uniformity of vegetation characteristic of the Carbo-

niferous is still more marked in the Triassic system.

Next in succession above the Trias is the Jurassic sys-

tem^ which again is divided into three sections, the Lias^ and

the Lowei: and Upper Oolite. The fossil remains found in this

formation lead to the conclusion that the marine plants of

the Lias did not differ essentially from those of the present

time in their external appearance, although the species m.ay

have been very dissimilar. The case is different with the

terrestrial vegetation, in which we still find a considerable

coincidence with that of the Keuper. The prevalent forms

in the forests consisted of Cycadeae, of which fifty-eight

species have been described. From this point, this beau-

tiful form of vegetation, w^hich in regard both to its habit

and to its morphological and anatomical structure occupies

an intermediate position between the Ferns, Palms, and Coni-

ferae, decreases, only a few species existing at the present

time. With these were associated numerous Coniferae nearly

related in form to our Araucarias and Thujas. The under-

wood of the forest still consisted of Ferns, along with fleshy

Fungi. The marsh-loving Calamites have disappeared, and

the Equisetaceae of that period scarcely exceeded our own
in size. Plants allied to Typhaceae, Naiadeae, Cyperaceae, and

Juncaceae, fringed the edges of the water. This sketch gives,

however, only an imperfect idea of the vegetation of that

system ; for its coal shows that in magnitude it must have

resembled that of the Carboniferous period. The vegetation

of the Lower Oolite presents no great difference from this.

A number of sea-weeds have been preserved ; the earlier

forms of Ferns and Cycadeae disappear, and others take their

place more nearly related to those of the present time. The

flora of the Upper Oofite does not include any marine plants,

only a single freshwater Alga, and in other families also

fewer forms than the Middle period. There would seem to

have been an exhaustion of the earth similar to that which

apparently succeeded the Carboniferous period.
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In the Cretaceous system appear the first dicotyle-

donous trees. The lowest strata contain mostly marine

plants, sea-weeds and sea-grasses, with a few trunks of a

species of cypress which floated on the sea in the form of

drift-wood. The fossil remains of the Middle Cretaceous are

much richer. The Cycadeae dimmish in numbers ; but in

their place appear the first exogenous trees, Juglaiidites and

Acerites, related to our walnuts and maples. Among the

Ferns, which had hitherto formed almost the entire under-

growth of the forests, rose shrubs allied to our willows
;

alders and horn-beams, Almtes and Carpinites^ attained the

size of trees ; and we find also allies of our Myrica or

sweet-gale. We have no certain knowledge of the existence of

herbaceous Monocotyledons ; but certain impressions which

bear a resemblance to lilies or gingers make it probable.

The marine and littoral plants of that system are similar in

essential points to those of the Lower Cretaceous. The
Upper Cretaceous, including the Chalky affords only a very

few vegetable remains, and those entirely of Algae.

The lowest of the Tertiary or Cainozoic rocks are the

Eocene. In this period dicotyledonous trees first begin to

contest the supremacy with Cryptogams and Cycadeae, and
the entire outward form of the vegetation approaches that of

our time. The lowest strata of this system furnish a marine

flora consisting of sea-weeds. This is succeeded by a

beautiful littoral flora, with Equisetaceae, Characeae, and

Naiadeae. Land-plants finally appear ; and among these

palms are especially conspicuous, and with them bananas,

Myrtaceae, Lauraceae, and other exogenous and coniferous

trees, which must, according to our present knowledge, have

belonged to a tropical climate. Remains of the Ferns,

Cupressineae, and Cycadeae belonging to this system have

been found in Greenland in 70° N. lat. We know of no
country at the present time which affords a similar grouping

of plants to the flora of the Eocene formation, taken as a

whole. That of the basin of the Mississippi probably
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presents the greatest similarity to it; but there are also

points of resemblance to those of California, New Zealand,

and Australia.

The next systems, the Miocene and Pliocene^ are se-

parated somewhat arbitrarily from the preceding and from one

another, if the floras only of the formations be considered
;

the transition from one to another, and from these to the pre-

sent, being quite gradual. We find, the higher we ascend in

the Tertiary strata, an increasingly greater number of forms

which indicate a cooler climate. The tropical plants gradu-

ally disappear, and are replaced first by subtropical forms,

and then by those adapted to a temperate climate. Especi-

ally in the Middle Tertiary or Miocene system we find

large masses of carbon deposited in the earth in the form of

beds of ' brown coal ' or lignite. It is evident that the

German deposits of lignite are almost entirely composed

of the remains of Coniferae ; while in the marls, the sandy,

loamy, and argillaceous strata which accompany the lignite,

a number of the impressions of exogenous leaves are

always found. But these coniferous forests did not exhibit

a dull uniformity, as is the case with those of the present

time ; there was, on the contrary, an abundant and cheerful

variety of forms, as is seen even now in the forests of

Canada and Asia, though not to so great a degree. There

must also have been enormous quantities of resin exuded

by some of these trees, genera resembling Thuja and

Cupressus^ the preserved stores of which are eagerly sought

for ; this resin, hardened by external conditions, being now
known as amber. In addition to the Conifers already

mentioned, we find, in what appears to be near the close

of the Tertiary period, that the forests of northern and

central Europe consist largely of dicotyledonous trees—oaks,

beeches, birches, alders, and willows. Plants belonging to

the Primulaceae, Scrophulariaceae, Crassulace^, and other

existing orders, sprung from the ground beneath the trees,

covered with moss and fungi, and adorned with Rhododen-



Palceophytology, 43

1

drons, Azaleas, and other beautiful bright-coloured Ericaceae.

Species of honeysuckle formed bushes or climbed up the

trees, on which grew parasitic plants allied to our mistletoe.

In Italy are found the remains of species of Salisburia and

Liriodendron^ the allies of which now grow only in Japan and

South America. Many species of these recent formations

probably exist to the present day. Up to the year 1853,

Goeppert had described the remains of 162 plants belonging

to 64 genera preserved in amber
; 30 of these he recog-

nised with certainty as belonging to the present time,

while others do not admit of a perfect identirication.

The Post-pliocene^ Pleistocene^ or Alluvial formation in-

cludes deposits believed to be formed immediately before

the historic period. It is to these strata that the remains of

the mammoth, mastodon, and other gigantic animals belong

;

but the number of species of jDlants found is only small,

and these have only been partially determined with certainty.

How unequal has been the preservation of the remains of

this period is shown by the circumstance that our only source

of knowledge of the existence at that time of our pines and

arbor-vitae is the fact that the remains of food found in the

hollow teeth and stomachs of mastodons which had become
enveloped in ice belong to these plants.

From these Alluvial formations we pass to the present

age, with its forests, meadows, steppes, deserts, seas, lakes,

and marshes, each of which has its peculiar flora ^.nd its

special physiognomy. Among the endless variety of species

of plants by which this latter is determined there are a

certain number of leading forms which arrest the atten-

tion of the observer. Among these are Hymenomycetous
Fungi, Lichens and Algse, Mosses and Lycopodiaceae, Ferns

and Equisetace^, Coniferae, Cycadeae and Palms, Grasses,

bulbous plants, Agaveae and Aloineae, Scitamineae and

Musaceae, Aroideae, Orchideae, banes, ^ Casuarinaceae, willows,

' Climbing or twining plants, mostly tropical, and often with ten-

drils, Passifloraceae, Bignoniacese, Aristolochiaceae, reeds, palms, &c.,
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Cupuliferaej Ericaceae, Myrtaceae, Melastomaceae, Lauraceae,

Compositae, Umbelliferae [Labiatae, Cruciferae, Primulaceae],

Cactaceae, arborescent Euphorbiaceae, [Mesembryanthe-

maceae], [figs], Malvaceae, Mimoseae, and Nymphaeaceae.

CHAPTER VIII.

BOTANICAL GEOGRAPHY.

Botanical Geography treats of the distribution of plants

on the surface of the earth ; it collects the plants of any par-

ticular country into a Flora, and investigates the causes,

operating either at the present time or in the past, which

have led to each species acquiring its special habitat, and

have resulted in only a few plants—termed cosmopolitan—
becoming distributed over the whole globe, or even over a

large part of it.
^

The earth does not everywhere produce those plants which are

especially adapted to each particular region. If this had been the case,

the same species would be constantly met with in widely separated

countries that enjoy a similar climate, and no immigration of foreign

plants would take place, such as often happens before our eyes. Each

species has, in fact, become disseminated only at particular spots ; it has

its centre of distribution at the spot from whence it originally sprang
;

but the limits of these centres are often obscure, because plants have

found conditions suitable for their existence outside these bounds, and

feebly represented by our grape-vine, ivy, hop, honeysuckle, [Convol-

vulus], &c.
^ The phyto-geographical map at the end of the volume must be

consulted in connection with this chapter. It indicates the boundaries

of the twenty-four phyto-geographical regions adopted by Grisebach in

his ' Vegetation der Erde,' each region being coloured uniformly. The
regions of a more generally wooded character are coloured green and
dark blue, the steppes and deserts yellow and red, while those regions

which have no special character of their own are of some other colour.

[The statements of Grisebach—on whose work the whole of this chapter

is founded—are somewhat too unqualified, both with regard to the boun-
daries between the regions and to the characters which distinguish them
from one another.— Ed. ]
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have thus occupied more and more ground by migration. All plants

are, however, not equally capable of migration ; if this w^ere the

case, the strongest would everywhere have replaced the rest, and have

occupied the whole of the space devoted to vegetation. The unlimited

distribution of plants is also prevented by seas, deserts, mountain

-

chains, differences of climate, and even by the existence of other plants

and animals.

X natural flora results from the interchange of a number of forms

belonging to different centres of vegetation, and their union into a whole

with definite characters. The limits of such a flora are determined

by climate, or by the hindrance to the distribution of species afforded

by a broad ocean or other obstacle ; and these floras are the more natural,

the more sharply they are defined, and the less their aboriginal inhabi-

tants have mingled with immigrant forms. The most effectual hindrance

to this intermingling is presented by the ocean. Almost as completely

the great Sahara separates the flora of tropical Africa from that- of

the Mediterranean region ; and the forest-region of equatorial America

is an insurmountable obstacle to the migration of the native plants of

the grassy plains of Venezuela and Brazil. The chief factor, however,

in the separation of floras is difference in climate.

The comparison of different floras, and of the regions to which

they belong, brings out the law that the species of a genus or the

genera of an order are the more nearly related to one another— in other

words more closely resemble one another—the less the distance between

their centres of distribution, or the mo4"e similar the climates of these

centres. It is scarcely possible, for example, to have greater differences

of climate than those which subsist between the base and the summit of

lofty mountains ; and yet the vegetable productions of the most ele-

vated regions not unfrequently bear the closest systematic relationship

to those of the warm valleys out of which the mountain rises ; a phe-

nomenon which suggests the supposition that the plants of the heights

have ascended from the valleys, and have adapted themselves to the

new vital conditions as far as was necessary to their perpetuation. But

the transitions from one species to another which might be expected

in the gradually ascending mountain regions are most commonly want-

ing ; the Alpine species make their appearance, and those of the plains

disappear, suddenly, at particular elevations. Contiguity of locality

is, however, except in the case of mountain-ranges, usually accompanied

by resemblance in climate. But there are also resemblances of climate

without geographical contiguity ; and allied genera or species appear in

the most widely separated regions, if their climate is similar. Well-

known examples of this fact are furnished by the beeches of Japan

F F
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and the Straits of Magellan, and by the heaths of the Cape of Good
Hope and of western Europe.

Since one of the main problems of phyto-geography is the inves-

tigation of the means by which a plant ensures its existence, a physio-

logical system may be contrived, according to the plan proposed by

Humboldt, in which those organs of a plant which serve for the main-

tenance of its life—in other words its habit—are first taken into account
;

these characters determining to a great extent the natural features of

the vegetation. A certain connection can indeed usually be recognised

between the external form of the vegetation and the climatal conditions

which determine its geographical distribution. On this plan the vege-

table kingdom may be divided into the seven following classes :

—

I. Woody plants ; 2. Succulent plants, such as the cacti
; 3. Climbing

plants (lianes)
; 4. Parasites or epiphytes, like the mistletoe

; 5. Her-

baceous plants ; 6. Grasses
; 7. Cellular plants ; and each of these

groups may be divided into a greater or smaller number of sections.

In order to obtain an idea of the entire vegetation of

the globe, the surface of the earth has been divided by

Grisebach into twenty-four natural floras, or regions of vege-

tation. Each of these floras is again subdivided into zones,

the phyto-geographical character of which is determined bv

its elevation above the sea-level ; a succession of zones being

thus obtained, until at length the line of perpetual snow

sets a limit to almost all vegetable life.

The determining conditions and the actual boundaries

of these floras are, however, at present but imperfectly

known, [and, indeed, any such division must be considered

as very inadequately representing the endless variety and

complexity of nature. In all such classifications there is a

definiteness and sharpness of outline, which is really an

inherent logical defect of all classifications of natural

phenomena, rather than a representation of anything that

has an exact counterpart in nature]. The districts charac-

terised by the occuiTence of similar forms and often identical

species, occupy as a rule lower zones of elevation with an

increase in the latitude [north or south], and advance from

elevated regions in lower latitudes to less elevated regions

in higher latitudes. Thus a number of species of the Swiss
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and Italian Alps occur at a much lower elevation on the

mountains of Norway and in Lapland ; and plants found

above the snow-line on Mont Blanc belong also to the Arctic

flora. The floras of mountain and of Arctic regions never-

theless exhibit some considerable difl'erences.

At the base of the mountains of the equatorial zone, from

the sea-coast to the height of about 630 metres, the external

conditions, and therefore also the character of the vegeta-

tion, are similar to those of the plains. This is the zone of

palms and bananas. It is followed, as far as a height of

1,300 metres, by the zone of tree-ferns and figs. In India

these lofty trees are covered by multitudes of Piperaceae,

Aroideae, and Orchideae. In the islands of the southern ocean

the figs are replaced by arborescent Urticacese ; and the

valuable Cinchoneae are characteristic of the South American

region. In the zone of myrtles and laurels, which suc-

ceeds as far as a height of 1,900 metres, trees with thick

shining leaves are predominant, Myrtaceae, Camelliaceae,

Magnoliaceae, and others ; but the Acacias and Ericaceae

also attain here their maximum development, and evergreen

oaks are very abundant. The laurels occur especially

towards the upper limit of this zone, and are found also

abundantly in the next, that of evergreen trees, which ex-

tends from about 1,900 to 2,500 metres. Next comes the

zone of trees with deciduous foliage, which extends to a

height of about 3,200 metres, and under the tropics is seen

only on the elevated plains; and a luxurious arborescent

exogenous vegetation scarcely reaches beyond 2,800 metres.

At this point a variety of Coniferae make their appearance,

such as with us are intermingled with the exogenous trees.

From 3,200 to 3,800 metres is the zone of Coniferae, and from

that to 4,500 metres that of Rhododendrons. Lofty trees now
disappear, and are replaced by luxuriant meadows and pas-

tures, among the brilliant herbaceous vegetation of which

Rhododendrons and Azaleas are conspicuous, not only by

their shining coriaceous leaves, but also by their magnificent
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clusters of flowers, often of gigantic size. The eighth and

last zone, that of Alpine herbs, extends from the elevation

of 4,500 metres to the limits of perpetual snow. Here are

found chiefly low-growing perennial plants with woody-

roots, a small amount of foliage, and comparatively large

brightly-coloured flowers ; and almost all the herbaceous

plants are marked by containing resinous and bitter substances.

The Alps and other mountains of Central Europe pos-

sess, on the other hand, only six phyto-geographical zones.

The zone of fruit trees, that of the spurs of the moun-
tains, rises on an average to about 660 metres. The apple

and the grape-vine usually ascend to this elevation, while the

walnut reaches as high as to 1,000 metres. In this zone the

vegetation of the plain is predominant; the woods consist

mainly of beeches, birches, alders, larches, and pines, and

the upper limit of the oak occurs here. The zone of beeches,

or the lower mountain zone, extends in the Alps to a height

of 1,500 metres, in the Sudetes of Silesia to 1,000, and in the

Hartz mountains only to 600 metres. The birch, the syca-

more, the service, the hazel-nut, the wild cherry, and many
heibaceous plants, such as species of La^mum^ Flantago^ Ar-

temisia, Taraxacum, Asperula, and Chrysanthemum, attain

their upper limit here, and disappear with the beech. At the

same time we reach the lower limit of Rhcdodendron,

Gentiana, Primula, &c. The zone of pines, or the upper

mountain region, reaches in Switzerland an elevation of

1,800, in the Sudetes of 1,500, and in the Hartz mountains of

1,000 metres. Here we have the upper limit of the

spruce fir and larch, while the Rhododendrons attain their

maximum development. Pinus Mughus and Ce7nbra form

great forests in this zone of the Alps, extending also

into the next in succession, the lower Alpine region. This

ascends to the upper limit of Piitus Mughus, an elevation

of about 2,300 metres. In the granitic Alps of Switzerland

this tree is often replaced by the green alder. This is also

the highest limit of animal life in the Alps ; only a few
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species being found at a greater height. The zone of Alpine

herbs, or the upper Alpine zone, extends to the limit of

perpetual snow, 2,800 or 3,000 metres. Of woody plants

this zone has only the dwarf willows, with perhaps a few

Rhododendrons, the beautiful mountain heath, Erica car-

7iea, and the single Azalea found in the Alps, A. procumbens.

In the zone of Cryptogams, or the snow region, above the

limit of perpetual snow, all phanerogamic vegetation has

disappeared j only Mosses and Lichens are still found, and

the ' red-snow, ^ F?vtococcus mvalis, temporarily colours the

white tracts of snow.

It will illustrate how the distribution of plants in altitude is modi-

fied by local circumstances, to mention that in the northern Alps the

upper limit of the cultivation of the grape-vine is 500 metres, in the

central Alps 600, while in the groups of Monte Rosa and Mont Blanc it

ascends to 900 metres.

REGIONS OF VEGETATION.

I. The Arctic Region,

The Arctic flora embraces those regions of the extreme

north which lie beyond the polar limits of the forests. Its

character is determined by the shortness of the period of

vegetation, and the comparatively low temperature during

this period. The plants belonging to it must be able to

undergo a period of hibernation of at least nine months

each year. The portion of them which rises above the sur-

face is comparatively small, and their underground stems

are almost always perennial ; annual plants are almost en-

tirely wanting. Hepaticse, Lichens, Grasses, and Cyperaceae, a

few shrubs and sub-shrubs—willows, birches, and Vacciniacese

—as well as evergreen Rhododendrons and Andromedas,

form the flora characterised [in part] by the size and bril-

liant colour of its flowers. There are no cultivated

plants. In this region occur the ' Tundren,' broad plains

covered with Mosses and Lichens. The Mosses are partial

to moisture, and hence form the ' moist Tundren \
^ the
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brown, black, gray, or yellow Lichens grow, on the contrary,

on the sandy products of the decomposition of masses of

granitic rock, and form the ' dry Tundren/ These latter

furnish food for animals, and are therefore more valuable

than the former.

2. The Etiropceo-Siberian Forest-Renoii.

The general climatic character of this region, which gives

rise to the uniform nature of its vegetation, is the uniform

average temperature of its entire vegetative period, and the

absence of a rainless season to interfere with the growth of

its trees. Combined with these is a condition peculiarly

favourable to its arboreal vegetation, a period of activity

always amounting to more than three months in each year,

which distinguishes it from the Arctic Region ; while the

permanent moisture of the ground from constant rainfall,

separates it from the steppes which lie to the south and from

the Mediterranean district.

On the borders of the ocean, especially on the A^tlantic

coasts, the sea produces an effect on the climate, moderating

both the cold of winter and the heat of summer, and thus

producing a mild maritime climate, in contrast with the more

widely extended contmental chmate. The longer duration

of the period of vegetation, and the gradually increasing

temperature of the summer, are noticeable in passing

through this region from north to south.

There are also large tracts of country in which the

forests ha^e been made to yield to cultivation, and which

render the general term for the region somewhat inapplicable.

This clearing of the forests in Europe has also made the

climate more continental by diminishing the rainfall.

This destruction of forests alters the climate, not only because

the trees shade the ground and hence keep it cooler, but •

also because they retain in the soil and in their tissue larger
;

quantities of moisture, which are gradually restored to the

atmosphere by transpiration.
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Dependent on these conditions, the whole of this forest-

region from the Atlantic to the Pacific Ocean may be

divi4ed into seven zones :— i, the French zone of the sweet

chestnut ; 2, the German zone of Pinus Ficea
; 3, the

Hmigarian zone of Qtiercus Cerris
\ 4, the central Russian

zone of exogenous forests
; 5, the northern zone of Coni.

ferae ; 6, that of Qicei^ciis Jiwngolica ; and 7, that of Betula

Er7?iani.

Among all the forest-trees of Europe the beech is the

most characteristic of a maritime climate j but the zone of

the beech passes gradually into those of the chestnut, Pinus

Picea, and Quercus Cerris. These three zones correspond

to particular districts of the maritime climate characterised

by the difference in mean temperature between the coldest

and warmest months of the year. In the first zone, the

mean monthly temperature varies between i2°'5 and r7°*5 C. ;

in the second between i7°*5 and 22°*5 ; and in the third

between 2 2°* 5 and 2
3°

-5 C. The characteristics of the

central Russian zone of exogenous trees, of the northern

zone of Coniferae, and of that of Quercus inongolica, depend

on their continental separation from the influence of the

ocean. The broad girdle of forests of the Russian lowlands,

which consist mainly of oaks, is limited on the north by the

decreasing temperature, on the east by the insurm.ountable

barrier of the Ural mountains. To the north of it is found

therefore a belt of Conifers—pines and larches—accompanied

by birches, which reaches to the Arctic Region, and across

the Ural through Siberia, till at length it reaches the Amoor
and the sea-coast of Ochotsk. The zone of the Amoor or

northern Mantschuria has a completely continental cha-

racter. The trees, among which QjMrcics mongolica is the

most characteristic, belong for the most part to European

genera, but to peculiar species ; the Siberian Coniferae occur

here only on the mountains. The last zone, that of Betula

Ermajii^ owes its peculiarity—a long period of vegetation

with a diminished summer temperature—to the neighbour-
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hood on the one hand of Siberia and on the other hand of

the sea.

Among the cultivated crops of this region the most re-

markable are the potato, apple, grape-vine [and the cereal

grasses]. Of the latter barley extends the farthest to the

north, accompanied by the potato. In Europe generally the

cereals vary with the geographical latitude ; barley in the

north, then rye [and oats], and wheat in the southern parts.

The apple and grape-vine, on the contrary, are more de-

pendent—at least at their northern limits—on direct sun-

shine, and in consequence flourish there only in the most

sunny localities. Special mention must be made of the

turf-forming grasses, and the meadows which they produce,

found to the same extent in none of the neighbouring

regions ; heaths, moors, and alder-fens are also almost

peculiar to this region.

3. The Mediterranean Region.

The most important peculiarities of the climate which

determine the flora of this region are the rainlessness of the

summer and the mildness of the winter. While, therefore,

in the forest-region the chief development of vegetation

takes place in the warmer portion of the year, in the countries

which border the Mediterranean, on the contrary, plants

grow during the spring, remain stationary during the dry

period of summer, and renew their growth under the influ-

ence of the autumn rain. This peculiarity shows itself on

the mountainous border of the region, and in the neighbour-

hood of the Sahara ; but is fully developed only on the shores

of the Mediterranean. The flora of the elevated plains and

mountains indicates an approximation, sometimes to that of

the steppes, sometimes to that of the forest- region, sometimes

to Alpine and Arctic forms.

Agriculture has here this advantage ; that the same plot

of ground will produce several crops in one year, but often

only by carefully regulated irrigation. The olive is a specially
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characteristic product of this region; the further one advances

south, the greater is the number of plants cultivated for food

or for some other useful quality. Along with cereals, the

grape-vine and olive, are found the mulberry, maize, millet,

rice, water-melon, orange, fig, cotton, and even the date-

palm, sugar-cane, plantain, and batatas. Many of these

plants, as well as the Indian fig [Optmtia), agave, and aloe,

grow in this region only under cultivation. One of its

peculiarities is the great abundance of evergreen trees—the

laurel, myrtle, oleander, olive, evergreen oak, &c.—as well as

of thorny shrubs. These latter often cover wide tracts, to

the exclusion of almost all other vegetation, frequently form-

ing dense thickets.

4. The Steppe Region.

This region stretches from the mouth of the Danube to

the affluents of the Amoor ; from the central Volga to the

coast of the Persian Gulfand the crests of the Himalayas. The
gradual rise of the ground from the basin of the Caspian Sea

to the Asiatic highlands neutralises the approach towards the

equator, amounting to 27° of latitude. Throughout this im-

mense region there prevails a uniform alternation of three

periods in the year ; the severe and protracted winter is

followed by a short spring, and this by a rainless burning

summer, which is succeeded almost immediately by the

snow-fall of winter. It is only the short spring that is

favourable to the growth of vegetation. The peculiar plants

of the steppes have therefore, in some cases, a short existence,

in others special means of protection against the drought

of summer. Among the most characteristic forms of vege-

tation are plants with bulbous underground stems, yielding

a volatile oil, or covered with spines or hairs. The dif-

ferent kinds of steppes—grass, salt, and sand—-maintain
peculiar forms of vegetation ; trees, or even shrubs, occur

only where vegetable life is aided by abundance of water

or artificial irrigation. Of cultivated plants, rice, cotton, and
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sesame thrive ; but fruit-trees need protection against the

told of winter.

5. The China-Japanese Region,

The Chinese lowlands, including the Japanese archipelago,

have the advantage over Europe of a more regular distribu-

tion of the rainfall. This is in consequence of the monsoons,

which extend as far as 40° or even 45° N. lat, and cause a

rainy period in the spring. The extremely regular succession

of seasons which results is favourable to a careful garden -like

agriculture, the chief crops being wheat, cotton, indigo, the

sugar-cane, and orange, but especially rice, the m.ulberry, and

the tea-tree. There are no meadows or fodder-crops. The
aboriginal vegetation has been driven back to the high-

lands. A characteristic of the native flora is the large number

of trees and shrubs, many of them, like the Camellia, ever-

green.

6. The Indian Monsoon Region,

This region is not characterised by any special climatal

conditions, but only by the general phenomena of the tropics.

Growth takes place exclusively in the rainy season. Accord-

ingly as the monsoon is a land- or a sea-breeze, is it dry or

moist ; and the monsoon region, in fact, includes every de-

scription of climate which is possible within the tropics.

On its northern border, for example, its conditions approxi-

mate to those of the temperate zone ; and at the foot of the

Himalayas there is an immediate transition from the desert

landscape to the most luxuriant tropical forests. Besides

the gigantic forests, characteristic forms of vegetation are

presented by the savannahs and the jungles. Among the

prominent features of the flora of this region are palms,

bamboos, and tree-ferns ; the banyan, Ficus i?7dica, which

emits aerial roots from its branches to the ground ; man-

groves, which put out roots from the seeds while they still
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remain in the fruits attached to the branches, and thus,

like the banyan, can produce a group of trees from a single

individual ; laurels, teak-trees, lianes, numerous beautiful

Orchideae, Nepenthaceae, and Nymphaeaceae. The most

important food-plant is rice. Cotton, the opium-poppy,

ginger, sesame, and indigo are also widely cultivated crops.

Among fruit trees and useful shrubs, the coffee-plant is

grown in Java, cinnamon in Ceylon, the nutmeg and clove

in the Moluccas ; the bread-fruit and the cocoa-nut-palm

in the South Sea Islands, camphor in Borneo, pepper in

Malabar and Siam. In addition the plantain, orange, and

other sweet fruits are universal.

7. The Sahara,

This is the region of the unchecked prevalence of the

trade-winds in northern Africa, northern Arabia, and southern

India, and is almost rainless. Any vegetation is possible

only from the occasional occurrence of thunderstorms or

dew,- or from the rainfall of adjoining regions being carried

underground as surface-water, and giving rise to springs or

wells. But it is scarcely conceivable that there are even in the

Sahara any large tracts in which a scanty vegetation cannot

thrive at certain times. The nature of the surface indicates

four varieties of landscape :—the stony plains of the Ham-
mada ; the undulating deserts of the Areg covered wath shift-

ing sand ; the deep gullies or Wadis ; and the Oases. The
Hammada brings forth only at particular spots scanty thorny

or leafless shrubs, and sometimes also saline plants. The
Areg sometimes produces Grasses. The rest of the scanty

vegetation of the desert, oily and bulbous plants, &c., retreats

to the Wadis and the Oases with their date-palms. The
date-palm is the only tree which has its original and uncon-

tested home in the Sahara ; the rest, as well as a number of

other plants, have migrated from elsewhere or been introduced

by man.
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8. The Sudan Region.

This region includes Central Africa from 2o°N. lat. to 20°S.

lat., as well as southern Arabia; and enjoys, in general, a re-

freshing rain only when the rays of the sun strike vertically

downwards, remaining at other times under the influence of

the dry trade-winds. Growth is therefore possible only as an

occasional phenomenon ; and the prevalent character of the

vegetation is that of the savannahs. Copious dew and sharp

changes of temperature contribute to render the climate of this

region extremely ill-adapted for the immigration of foreign

forms; so that the aboriginal fauna and flora have been

preserved in their primitive aspect. A characteristic feature

is the gigantic Grasses, often 6 or 7 metres high
;
peculiar to

it are the enormous stems of the baobab and leaves of Miisa

Ensete. Among the more important useful plants are the

tamarind, the fig-sycamore, the palms, especially the doom
palm and the oil palm Elaeis guineensis^ and the succulent and

poisonous arborescent Euphorbias. Acacias and thorny

shrubs are generally distributed. A not inconsiderable por-

tion of the Sudan flora has migrated into Upper Egypt.

South Arabia v/as at one time treated as a separate region,

on account of its balsamic vegetation.

9. The Kalahari Region.

The Kalahari region extends along the Atlantic coast of

Africa from 20° to 29° S. lat. It is altogether destitute of

water, and forms a connecting link between deserts, savannahs,

and steppes covered with shrubs ; and has no oases with a

settled population, but is tenanted only by wandering nomads.

Peculiar to this region is the remarkable Welwitschia (see

p. 338); and the most prominent members of the scanty

flora are spiny Acacias and other shrubs which almost en- .

tirely impede locomotion, a number of bulbous and tuberous

plants, Grasses, and the south African water-melon. There *

are no palms.
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10. The Cape Regmi.

The interior elevated plains of the Cape of Good Hope,

which lie south of the Orange River, slope downwards through

rocky mountains or precipitous descents to the level of the

sea. The climate may be compared to that of the elevated

plains of Spain. In both districts an extraordinary variety

of vegetation is promoted by the unequal distribution of

temperature, of the annual rainfall, and of the humidity of

the air. The highest terrace (about 1,000 metres above the

level of the sea), the Roggefeld, is at times completely bare,

and at other times is covered only by small compositous

bushes. The middle terrace, the Karroo-plain (700 metres),

is also clothed with a uniform steppe-vegetation ; the so-

called ' rhinoceros-bush ' (^Stoebe rhinocerotis) belonging to the

Compositae, covers the widest tracts of country ; it is only

in August that the soil becomes clothed for a few weeks with

a luxuriant green, carpeted with numberless flowers, belong-

ing to the Compositae, Liliaceae, Mesembryanthemaceae, &c.

From the Karroo-plain to the coast the character of the vege-

tation is determined by the evergreen shrubs, constituting

what is called the ' bush.' This is perhaps the richest spot

on the whole earth in species of plants, and is especially the

paradise of flowers. Ericaceae, Proteaceae, Euphorbiaceae,

Stapelias, LiHaceae, Irideae, and ^ everlastings ' {^Helichrysum:,

belonging to the Compositae) are the most conspicuous ele-

ments of the vegetation. Especially noteworthy is the

Pi'ionium or palmet (Juncaceae), the stems of which grow

so closely crowded together that they detain and impede
the courses of rivers like wears.

1 1. The Australian Region.

Northern Australia has a tropical climate with a summer
rainy period. In the sub-tropical zone, from 19° to 29° S. lat,

is a deser^ belt in which the reign of the trade-winds is un-

interrupted. The climate of South Australia may be com-

pared to that of the Mediterranean, the rainfall being limited



44^ StructiLral and Pliysiological Botany.

to the winter ; while in Tasmania rain falls at all seasons.

Most of the rivers are dried up for considerable periods,

and leave gradually diminishing ' creeks ' of water only

where their beds are deepest. Woody savannahs termed
' grass-lands/ and thickets of bushes known as ' scrub,'

occupy the greater part of Australia so far as it has been

opened to colonisation. The grass-land is a carpet of

meadow interspersed with occasional forests of Eucalyptus^

and adorned in the rainy season with numerous bulbous

plants, Liliaceae, Orchideae, &c., and ^ everlastings.' The
scrub consists entirely of densely interwoven shrubs,

Proteaceae, Epacridese, Myrtaceae, Leguminosae, &c., among
which rise sometimes lofty trees, Eucalypti and Acacias

;

but is destitute of herbaceous plants and grasses. In the

valleys of the creeks there is only a dense scrub ; and here,

among other plants, are found the Casuarinas (she- oaks),

palms, and the grass-tree, Xanthorrhxa. In addition,

Australia has also, like the Asiatic steppe- region, grass-,

salt-, and sand- steppes.

12. The North American Forest-Region.

The regions of vegetation of North America correspond

to those of the eastern hemisphere. A broad forest-zone

passes through the whole continent from Behring's Strait to

Newfoundland, and southwards as far as Florida and the

mouths of the Mississippi. The narrow strip of coast of

California may be compared with the Mediterranean region

in its rainless summer period ; and the Asiatic steppes. cor-

respond to the prairies between the Sierra Nevada and the

Mississippi.

As compared with the Europaeo-Siberian, the American

forest-region is colder in the same latitude, and the difference

may be estimated as, on an average, one of io° of lat. Thus,

for example, the average annual temperature at New York, in

4.r° N. lat, is io°*5 C. ; and that of Brussels, in 51° N. lat,

is 10° '4 C. The difference is less than this in tlfe southern
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portions, but increases gradually towards the north. The
temperature diminishes very rapidly as we advance north-

wards, the cold waters of the Polar sea having no sufficient

outflow southwards through the narrow Behring's Strait and

Hudson's Bay. Europe has also the advantage of a less

variable maritime climate, from the inland seas penetrating

to a greater depth. In consequence of this, New York has

the summer- temperature ofRome and the winter temperature

of Copenhagen
;
Quebec the summer of Paris and the winter

of Petersburg. The character of the vegetation is determined

by this alternation of summer and winter temperatures.

The northern belt includes the zone of Pmus alba

and nigra^ which in America replace the European firs.

Coniferous forests, the individuals of which are often of an

immense size, mixed with a few exogenous trees, mark, in

the zone of the Oregon pine, the passage to that of de-

ciduous exogenous trees. These forests are distinguished

from the corresponding oak- and beech-zones of Europe by

the greater variety of their oaks, and by the species of elm,

ash, and maple. The forest-zone of the Southern States

is, as in South Europe, characterised by evergreen ex-

ogenous trees intermixed with representatives of tropical

families. In its moist summer the climate of these States

resembles that of China; the most noticeable crops are

cotton, rice, and the sugar-cane. But these advantages are

again partially counterbalanced by the sandy and marshy

nature of the soil from Louisiana to Virginia, [the Great

Dismal Swamp], covered by Pinus australis, and by the

almost inaccessible swampy lowlands of the Atlantic

coast.

Most European crops thrive in North America as well as

with us ; but the great alternations of temperature are un-

favourable to the more tropical species, as the orange. The
maize is cultivated to higher latitudes than in Europe, while

the cultivation of the grape-vine is scarcely anywhere carried

on with much success.
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13. The PraiiHe Regioii.

The prairies, the steppes of North America, are treeless

plains, in which the severe cold of winter is succeeded by a

short period of active growth ushered in by a transitory

rainy season, and a dry rainless summer. The cause of the

summer drought is the dryness of the prevalent western

Pacific winds ; and this is the result of the moisture of the

air being previously withdrawn by the Rocky Mountains

and the chain of mountains along the Californian coast.

The heavy rains which fall on these mountains are, it is

true, the feeders of great rivers which cross the prairies ; but

these water-courses, which are often of great size, the

affluents of the Mississippi, the Colorado, and the Rio

Grande del Norte, are of but little service for the irrigation

of the soil, because they have worn their way down
into the soil, often to such a depth that no arable land

rs left in the deep chasms or river-beds known as ' canons ^

;

and sometimes there is not even a belt of trees by the side

of the stream. The south-western portion of the region

is covered by an inhospitable salt-desert, where the soil is

often completely bare, or produces a vegetation consisting

almost entirely of a few sparse Chenopodiaceae and social

Artemisias. There are, however, here and there in the pre-

vailing desert, a few scattered oases, among which that of the

Great Salt Lake is the most important. A contrast to the

salt-desert is afforded by the northern portion of the

region, a true grass-steppe, the home of the bison ; while

in the south agaves, aloes, and yuccas abound, and the

Cactacese attain their maximum development. The few

trees and shrubs which are found here and there on the

banks of the rivers and slopes of the mountains, have mostly

migrated from the forest-region. Among the characteristic

forms of vegetation are the Mimosese, especially the genus

Prosopis^ which forms by itself the feature in the landscape
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known as ' mezquit/ while, associated with other thorny

shrubs, it constitutes the ' chaparals/

14. The Californian Region.

The chmate of this strip of coast, which is of a purely

maritime character, is determined by the uniformity of

the temperature—that of summer and winter differing by

only a few degrees—and the regular alternation of a moist

cooler season with a rainless summer. In the mildness and

short duration of the winter, in the rainless summer of tne

forest-region beyond the Oregon, and—m contrast to the

prairies—in the length of the period of active growth neces-

sary for the development of arborescent vegetation, the

climate of California resembles that of the Mediterranean,

although the mean temperature is not so high. The
culture of the vine has struck root here, and that of cereals

and fodder-crops yields in places extraordinary results.

Arboreal vegetation here attains its maximum development

in the gigantic mammoth-trees, the Sequoia [or Wellingtonia\

gigantea, the loftiest of known trees. Other gigantic though

somewhat less lofty conifers, and evergreen exogenous trees,

oaks, limes, ashes, and willows, shrubs alHed to the oleander,

myrtle, and heaths, as well as numerous smaller bushes and

grasses growing in great masses, com.plete the flora of this

small but remarkable region, which often assumes a park-

like character.

15. The Mexican Regio?i.

This region may be divided, according to its elevation

above the sea-level, into three zones :—the gulf-zone, the

zone of the Mexican highlands, and the Pacific zone. The
first, a narrow strip of coast, rises above the dry sea-shore in

gently sloping grass savannahs, interrupted here and there

by woody tracts, and even by groups of palms. A much
G G
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richer vegetation of tropical growths fills the moister

ravines, the 'barrancas/ which score the volcanoes on all

sides. The upper portion of the tropical zone is covered

by damp mountain-woods with evergreen foliage. Asso-

ciated with the lofty exogenous trees are tree-ferns, ar-

borescent Liliacese, numberless lianes, among w^hich are the

sarsaparilla and the vanilla, an immense variety of copiously

flowering Orchideae and BromeHaceae, including the pine-

apple. The cultivation of the coffee, plantain, and sugar-

cane are here carried on with success. A striking contrast

to this wealth is presented by Yucatan, the chief product of

which is its logwood forests. The highland of tropical

Mexico enjoys an extremely uniform climate, with a tem-

perature resembling that of the summer at Paris. In the

character of its vegetation, its agaves, spiny Mimosas, and

cacti, it approaches the southern prairies, but is admirably

adapted to the cultivation of the olive, mulberry, and vine,

and especially of the agaves which yield the drink known as

pulque. The forests consist chiefly of oaks and Coniferae.

The gradual slope of Mexico towards the Pacific, or Pacific

zone, has a less uniform character than the narrow Gulf-

zone. Its flora is less rich than that of the Gulf-zone, the

rainfall being less ; but the sea-coast is bordered by a

tropical forest which yields logwood and the cocoa-nut.

1 6. The West Indian Region,

The West Indies form a phyto-geographical region of

their own. Each of the solstices is followed by a rainy

season, which causes the West Indian archipelago to be well

wooded to the tops of the mountains. The present vegeta-

tion is, however, different from the aboriginal. When first

discovered by Europeans the whole of Jamaica was almost

entirely covered with mahogany trees and Cedrelas ; maize

was the only crop. The forests, however, soon disappeared

on the coasts ; the sugar-cane became the principal product

of the low districts, and coffee-plantations arose on the hills.
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Since the emancipation of the slaves, these crops have been

to a considerable extent replaced by pasture land ; and even

the meadows are being changed by the introduction of foreign

grasses.

17. The Cis-eqiiatorial Region of South Ameiica,

The shores of this region are covered with dense

forests, while in the interior of the continent, where the sea-

winds have been deprived of moisture by the action of the

chains of mountains, extend the great savannahs of Guiana,

and the boundless llanos of Venezuela, covered by an ex-

traordinarily rich fauna, and characterised by a sharp contrast

of dry and moist seasons. These forests, which clothe

especially the shores of the Amazon, are mostly evergreen,

with but few Coniferae, and marked by Passifloraceae, Pipe-

racese, Fhytelephas, Tabeimcemontana^ and a great variety of

palms. The savannahs are grass plains sprinkled but sparingly

wiih trees ; in the spring they resemble the northern prairies,

splendidly gay with the most brilliant flowers ; while in the

autumn they produce thinly-sown corn-crops, till the com-

mencement of the rainy season brings again the grass and

the flowers. The llanos are grass plains often entirely

destitute of trees, sometimes dry deserts, at others flooded,

by continuous rain.

1 8 . The A niazo7i Region

.

The uniformity of a tropical temperature, and the regu-

lar increase of moisture, produce on the banks of the

Amazon and neighbouring streams a forest-region known as

' Hylsea.' In the main stream the greatest height of the

water exceeds the lowest by as much as from 13 to 17

metres ; and since the shores are perfectly flat, the forest is

flooded every year on both sides of the river to a breadth

of several geographical miles. This tract of country is

known as ' igapo,' consisting of forests in which the trunks
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of the trees stand for months in water from 3 to 13 metres

deep. Among the more important trees are Mimosas,

Lauraceae, and Ficuses, intermixed with and overtopped by

magnificent pahiis, among which is the Moriche-palm,

Mauritia flexiiosa ; there are no woody lianes. Beyond
the region of the floods are the Ete- or Giiagu -forests, in

which the prevalent forms are the dusky Lauraceae, with the

brazil-nut, Bertholettia^ covered everywhere by stout lianes.

The forests on the Rio Negro differ from those near the

Amazon in the rarity of palms and lianes. The natural

products of all these forests are unbounded :—brazil-

nut, caoutchouc, cocoa, vanilla, sarsaparilla, with valuable

woods, vegetable fibres, and medicinal plants in the greatest

variety.

1 9. The Brazilian Region,

Along the whole of the south-east coast of Brazil

stretches a chain of mountains, the Serra do Mar, rising to

an elevation of 7,000 feet, the slopes of which are exposed

to the trade-wind, and collect a considerable amount of

moisture. This is succeeded in the interior by a broad

table-land consisting of argillaceous slate, deprived by

the Serra do Mar of the Atlantic moisture, and therefore

covered everywhere, except where there is running water

or bogs, by savannahs, called in Brazil ' campos.' Here,

in the southern summer, the rainy period produces, as if

by magic, a vegetation which is dormant during the dry

season, the alternation being exhibited especially in the

widely distributed savannah-forests, the ^ catingas.' The
campos are naturally divided into a northern plain, a

central table-land, and southern tracts beyond the tropics.

In the northerly campos, as in the llanos north of the

equator, the savannah-grasses flourish with their loose tufts,

and among them rise a few columnar cactus-stems. On
the table-land the number of shrubs with coloured flowers
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increases with the elevation of the ground ; and Melono-

cactus takes the place of the columnar forms. Both sections

possess thickets and forests, but composed of different

trees. The almost unmixed groups oi Ai'aucaria bi'asiliensis

are peculiar to the southern savannahs. To the west the

savannahs extend as far as the affluents of the Paraguay and

Madeira. Here, as on the coast, we come again to primxC-

val forests, the ^ pantanals,' of a tropical luxuriance, which,

like the forests of Hylsea, owe their peculiarities to running

water. To the south of these the plains of Gran-Chaco, and

the woody highland of Paraguay, alternating with open grass-

plains, almost entirely fill up the space between the Ancles

and the southern table-land of Brazil. Here are found the

forests of ^algarob,' belonging to the Mimose?e, and the

Brazilian wax- palm, Copernicia cerifera,

20. llie Tropical Andcean Region.

Throughout almost the whole of this region, like the

last, there is a natural distinction between a chain of moun-
tains rising almost immediately from the shore of the Pacific,

forming a kind of littoral Cordilleras, and an eastern series

of peaks which slope down to the broad lowlands of South

America. In Peru and Bolivia the western chain includes

an extensive highland, the Sierra or Puna district ; while on

the southern tropic both the ridge and the peaks disappear,

and give place to the desert of Atakama. The Pacific

coast of this entire region is an altogether rainless country,

which is only watered in winter by slight mists, the ' garuas ;

^

the Antarctic current of Humboldt w^hich skirts the coasts

bringing constantly fresh quantities of cold water, and

causing the condensation of the aqueous vapour brought by

the sea-winds. Drought prevails therefore not only on the

land, but also on the sea, as is shown by the guano-deposits

of the Chincha Islands. Only on the shores of the short

rivers, or by means of artificial irrigation, can cultivation be
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carried on in detached spots. Even the higher portions of

the coast-range, as well as the Puna district, are treeless, but

are covered with an Alpine herbaceous and shrubby vegeta-

tion. A richer tropical vegetation is to be met with in the

Peruvian Andes only on the eastern slope of the eastern

Cordilleras, or in the valleys which intersect the Puna
district with deep rocky channels, and lead to the lowlands

and the sea. A long rainy season in summer is here a

source of inexhaustible fertihty ; coffee, the plantain, sugar-

cane, and cocoa, are the cultivated crops. While the

botanical features of the district at the foot of the Cordilleras

and in the deep valleys, merge gradually into those of the

Brazihan flora, the upper belt of woods, the Ceja of the

Montana, present some peculiar features, tree-ferns, palms,

Guttiferae, Scitaminese, and especially the most important

of all, the Cinchona or Peruvian bark.

21. The Pampas Region,

By a Pampas is meant a treeless pasture-land covered

with grass ; but in the region of vegetation so designated

must be included the whole country extending from the

boundary of Brazil, where the regular rainy seasons of the

tropical zone cease, across the States of La Plata and Pata-

gonia nearly to the southern extremity of the continent.

The true pampas resembles the grass plains on the Missouri;

and the thickets and thin woods which occur in the provinces

of La Plata lying nearer to the southern limit of the tropic,

resemble the chaparals or raesquit-thickets of Texas and

New Mexico. The nature of the vegetation is here deter-

mined by the distribution of the moisture ; the greater part

of the rainfall takes place in the form of sudden thunder-

storms, while at other times the air is extremely dry, but

with copious dews at night. Long periods of drought inter-

vene, the storms often failing altogether for years. This is

.

the cause of the entire absence or the extreme scantiness of
j
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the arborescent vegetation. The climate is not, however, in

itself unfavourable to the growth of trees, as is the case with

the prairies and the steppes of the Old World. In Uruguay

generally the cultivation of trees is possible ; in Buenos

Ayres the peach is grown for the sake of its wood.

The Pampas-region may be divided into three zones :—

•

the interior north-western Chanar- steppe ; the true Pampas;

and the southern plains of Patagonia. The first is not oc-

cupied to any great extent by grass, but is chiefly covered

by underwood, especially the chanar-shrub, an Acacia known
as ' espinillo,' and species of Cactus. At the foot of the

Andes it includes some salt lowlands, the Argentine

' Salinas,' where the vegetation consists of only a few saline

plants. The true Pampas are grass-plains, in which the

trees are confined to narrow strips of low woods along the

rivers. There are scarcely any native shrubs or herbaceous

plants ; but some from the south of Europe have become

naturalized ; thistles and fennel have increased to an enor-

mous extent ; Onopordon acanthiuin has entirely displaced the

grass over many square miles, and forms impenetrable

thickets, exceeding a man's height. Where the grass-steppe

ceases, at the Patagonian Colorado and Rio Negro, a low,

sparse, thorny, shrubby vegetation begins, growing among
loose stones, until at length this also becomes scarce, and

the arid ground, parched by the dry air, produces only a

few tufts of a hard brown grass. A small Acacia, which is

found alone and solitary in the neighbourhood of the Rio

Negro, is so remarkable a phenomenon to the natives that it

is regarded as sacred.

22. The Chilian Ti'afisition-Region.

This region, which includes the northern and central

provinces of Chile, enjoys a climate similar to that of the

Mediterranean ; but the season of active growth is interrupted

by longer periods of drought ; for during one-half of the
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year vegetation appears dead and the land almost barren.

Even on the sea-coast there is no great quantity of trees
;

the foliage of the bushes is to a considerable extent replaced

by spines ; and the desolate character is intensified by the

wildness of the naked mountains untouched by sea-breezes.

Tropical forms of plants are nowhere found.

23. "The Antarctic Forest-Region.

The Antarctic flora may be compared with that of the

north of Europe and of the European Alps. As in northern

Europe, the equatorial currents of moist air alternate irregu-

larly with the clear sky of the polar currents ; and the rainfall

is, in consequence, distributed through all the seasons of the

year, and vegetation is usually plentifully supplied with

moisture. But since this rainfall is associated with a milder

winter than in the northern hemisphere, the greater number

of the trees preserve their foliage throughout the year. But

notwithstanding this uniform temperature, there is, even in

southern Chile, where snow and frost are unknown, a distinct

period of repose of vegetation during the winter. While

even in the last (Chilian transition) region an increase in the

vigour of vegetation coincides with the rainy season, the

deciduous trees here lose their leaves at the time when

the greatest quantity of rain falls and the temperature is also

falling.

The Antarctic region may be divided into a northern

and a southern zone. Forest prevails everywhere. In the

northern zone, which includes also the island of Chiloe, the

forest is composed of a great number of trees belonging to

different families, including Lauracese, Myrtaceae, Oleaceae,

and even bamboos ; lianes and parasites cover the stems

and fill up the space, as in the tropical forests, but not w4th

the same abundance of forms. In the southern zone, on the

other hand, almost the only trees are beeches ; but since

the most common deciduous species, Fagus antarctica^ is
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accompanied by an evergreen kind, the general aspect of

the forests is quite different from that of northern Europe.

It is only in the extreme south, where the diminished tempe-

rature and the moisture which remains in the ground are

favourable to the formation of peat, that the forests yield lo

open moors. But the vegetation of these moors is peculiar,

consisting of a saxifrage and a plant allied to the lilies, as-

sociated with cranberries, Ranunculi, and rushes.

24. Oceanic Islands,

The native plants of islands often diff'er considerably

from those of the nearest continent ; the aboriginal flora

has been preserved in greater purity than elsewhere ; and it

is to insular floras of this character that the important theory

of the migration of plants owes its origin.

The Azores, Madeira, and the Canaries, an archipelago

formed of lava and volcanic rocks, possess a flora altogether

independent, but enriched from without, and known as the

Atlantic Flora. That of the Azores resembles the Mediter-

ranean flora; evergreen shrubs and forest trees belonging to

the Laurace^, together with beautiful Ferns, cover the

greater part of the islands. Madeira was, at the time of its

discovery, completely clothed with wood down to the shore.

But the so-called cedar of the island, a timber-tree with a

valuable scented wood, disappeared after a great forest-fire.

The vegetation has been completely altered by cultivation.

Together with the sugar-cane, which has taken the place of

the vine—the latter having been almost destroyed by the

vine- disease since 1852—the plantain has been generally

cultivated ; tropical fruit-trees are abundant ; but there are

no palms. Other noteworthy native plants are the dragon-

tree Draccena^ the kixuriant forests of laurels, the shrubby

heaths, magnificent Ferns, and dense underwood, which

characterise the district of the thickets above the laurel-

woods. The flora of the Canary Islands has an African
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character in its lower districts ; the prevalent forms here

are numerous succulent plants, especially Euphorbiaceae,

the date-palm, and tamarisks. These districts are generally

arid, especially since the change introduced in consequence

of the vine-disease ; and the Opuntias, which serve for the

nourishment of the cochineal-aphis, have become one of the

most important objects of cultivation. The remaining dis-

tricts, characterised by laurel-woods, thickets, pines, and

Genistas, indicate an Atlantic flora, although the evergreen

woods have been to a large extent destroyed.

The Cape-de-Verde Islands differ from those already

mentioned in their more tropical climate. The rocks

and loose stones, uncovered by wood or even by the least

stratum of soil, are heated to so high a temperature by the

rays of the sun that it is impossible for the aqueous vapour

brought by the trade-wind to become condensed ; and since

there is sometimes no rainy j^eriod the vegetation of the

islands is sparse. Four-fifths of the surface is said to be en-

tirely unproductive ; the only cultivated plants are a few

introduced cocoa-nut and date-palms, coffee-bushes and

fruit-trees. The native flora is generally similar to the

Atlantic, while the introduced plants indicate the proximity

of Africa.

The volcanic island of St. Helena was, at the time of its

discovery at the comm.encement of the sixteenth century,

covered with wood, but the young branches were so com-

pletely destroyed by introduced herds of goats, which in-

creased with great rapidity, that three centuries later there

was a scarcity of wood, when the goats were taken away and

trees introduced from all parts of the globe. The climate,

refreshed by a steady trade-wind and two rainy seasons, is

extraordinarily fertile ; but the introduced plants, and es-

pecially the European pines, have completely displaced the

native flora.

Madagascar, penetrated by lofty chains of granite moun-

tains, which slope on both sides to a littoral lowland, marshy
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or occupied by lagunes, has a seven months' rainy season.

The greater part of the island is in consequence covered

with moist tropical forests bordered in the interior by elevated

grass savannahs. In the south a scanty thorny vegetation

prevails. The most remarkable product of the forests is

the ' travellers' tree/ Ravenala^ a plantain, the fan-shaped

leaves of which are hollowed out at their point of insertion

into a spacious cavity in which water is caught and retained,

so that when pricked they give out a refreshing fluid.

Here is also found the aquatic Ouvt'ra7tdra or lattice

plant, the leaves of which consist almost entirely of a

perforated lace-like network. There are also epiphytic

Orchids with enormous flowers, tree-ferns, impenetrable

lianes, heaths, bamboos, pitcher- plants, Nepenthes, and a

few palms.

The flora of the Mascarene Islands (Mauritius and

Bourbon) is allied to that of Madagascar. That of the

Seychelles is distinguished by the double cocoa-nut, Lodoicea

Seychellarum, with its gigantic fruits.

The Sandwich Islands enjoy a climate resembling that

of Jamaica. In Hawaii plantations of the cocoa-nut palm

and bread-fruit alternate with sugar-cane fields ; and above

the cultivated plain a belt of wood surrounds the volcanoes.

The commonest native tree, an Acacia known as ' koa,' raises

its crown of leaves above a dense thicket of evergreen

underwood. Ihe once abundant sandal-wood has already

become scarce from the demand for its timber.

The flora of the Feejee Islands approaches nearest to

that of the Indian monsoon region. To the summits of

their basaltic mountains they are covered with the most

luxuriant tropical vegetation. The most important food-

plants are the plantain, cocoa-nut palm, bread-fruit, and in

the cultivated fields tapioca i^Ariun esailentum), yams, Tacca,

and batatas.

New Caledonia exhibits in its flora a resemblance to

that of Australia. Its woods are destitute of undergrowth

;
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Myrtaceae are scattered over its arid grass-plains at wide

distances ; its stony mountains are barren.

The flora of Norfolk Island, not linUke that of New
Zealand, is remarkable for the Norfolk Island pine, Araucaria

cxcelsa.

New Zealand is more nearly related in its flora to the

forest region of south Chile than to Australia, which lies so

much nearer. The evergreen forest, composed of Myrtaceae,

Lauraceas, and broad-leaved Coniferae (among them the

Daimnara australis) includes also tree-ferns and arborescent

Lihaceae, and is often rendered impenetrable by dense thickets

of lianes. Shrubs and Ferns mixed together clothe the

open slopes of the mountains and the dry plains ; Ferns are

often the sole representatives of the grass of other countries,

and clothe boundless stretches of open land ; so that some

resemblance may be traced, in the abundance of its fern

vegetation, between the flora of New Zealand and that of

prehistoric times, especially of the vegetation of the Car-

boniferous formation. Among the Ferns /V^;7> esciilenta is

noteworthy for supplying food ; and of other native products

the valuable New Zealand flax, Fhormium tenax, belonging

to the Liliaceae.

The uninterrupted southern trade-winds impart to the

archipelago of the Galapagos Islands an arid climate.

Ascending above the lava fields, covered with light dwarf

shrubs and Cactaceae almost destitute of leaves, we find on

the mountains a tolerably luxuriant forest-flora, but with no

tropical character. More than one-half of the species are

endemic {i.e. peculiar to the islands); the rest have migrated

from the shores of the Isthmus.

Juan Fernandez is densely covered with forests alternat-

ing with grassy plains. No considerable immigration of

foreign plants has taken place ; and the forests are covered

with climbers, which, like the trees up which they twine,

occur nowhere else on the surface of the earth. Ferns,

tree-ferns, and palms prevail.



Botanical Geography, 461

The Falkland Islands are densely covered with lofty

grasses which have extended themselves over immense layers

of peat.

The vegetation of the basaltic Kerguelen's Land, like

that of the Falkland Islands, consists of a few Grasses inter-

mixed with tufts of an Umbellifer. There are no woody
plants. The most interesting species is the ' Kerguelen's

land cabbage/ a Crucifer, Pringlea antiscorbutica [differing

from most of the Cruciferae of Europe by being mostly wind-

fertilised].

In the extreme southern latitudes south winds laden

with snow alternate with northerly currents of air saturated

with aqueous vapour, and perpetual white fogs of unparal-

leled density spread over the surface of the sea. These fogs

are formed also on the islands which lie near this zone,

almost entirely depriving them of the rays of the sun. Both

flora and fauna are extremely scanty. The remarkable

difference between the climates ofthe two polar zones depends

on the great excess of water in the extreme southern latitudes,

on the consequent cloudy sky, and on the masses of icebergs

which break loose in the summer, and, in melting, reduce

the temperature of the better part of the year. But in these

southern latitudes, where life is now so scanty, there was

once a warmer prehistoric epoch ; for, like the extinct forests^

of Greenland, the evidence of well-preserved fossil stems

proves that a luxuriant arborescent vegetation once inhabited

Kerguelen's Land.
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Brazil-nut, 399
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Cape of Good Hope, 444
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Catechu, 394
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Cayenne pepper, 384
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Cellular plants, d-j
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Chalaza, 146. Fig. 300, 359
Chalk, 429
Chamomile, 391
'Chaparals,' 449
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Chenopodiacese, 374
Chenopodiales, 374
Chicory, 391
Chino-Japanese region, 442
Chloranthacese, 378
Chloranthy, 222
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Ciliate, 99. Fig. 171
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Cistaceae, 414
Clasping root, 72
Class, 238
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Climbing plants, 201. Fig. 113, 114

Closed bundle, 64, 67, 339
Cloves, 399
Club-moss, 333
Clusius, 3
Coal, 423, 424, 428
Coal-measures, Fig. 534
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Coffeese, 393
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Cohn, 6
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Colour of flowers, 128
Colum-ella, 280, 300, 304
Combretacese, 399
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Coriander, 398
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Coronate pappus, 127. Fig. 239, 503
Coronet, Fig. 330
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97-99, 119, 335, 368, 369, 461 IV.

Covering-leaves, 86
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Cremocarp, 151, 397. Fig. 318, 509-512
Crenate, 99. Fig. 159
Crenulate (finely crenate).
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Croton-oil, 378
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Culm, 77, 343. f ig. 142, 464
Cuneate, 97. Fig. 163
Cup, Fig. 414
Cupressinese, 336. Fig. 455^ 456
Cupule, 147, 299, 379. Fig. 303, 349, 485
Cupuliferae, 378. Fig. 223, 303, 379
Currents of water, 159
Cuscuta, 331. Fig. 378 II.

Cuspidate, 105
Cuticle, 58. Fig. 21

Cutting, 180, 181

Cyatheacese, 316. Fig. 437
Cjxadese, 246, 333, 373, 420, 423, 426,

428. _Fig. 453, 545, 546
Cj^lindrical, 106. Fig. 192
Cyme, 122, 382. Fig. 226, 227
Cyperacese, 345. Fig. 465-467
Cypsela, 154. Fig. 235-239, 327, 501,

503
.

Cj'st (a kind of reproductive cell in

certain Fungi), Fig. 376
Cystocarp (the body which contains

the reproductive cells in certain Flo-
ridese), 253

Cytoblast, 11

Cystolith, 20. Fig. 37

r)APHNALES, 374
Darwin, 6, 163

Daughter-cell, 32
Deadly nightshade, 384 Fig. 495
De Bary, 6, 283
De Candolle, 5, 243
Deciduous, 108, 125, 13^^

Decurrent, 92, 94. Fig. 151, 152
Decussate, 76, 87, 382. Fig. 138
' Dedoublement,' 218, 221
Definite inflorescence, 124
Degradation-products, 177
Dehiscence by pores, 141. Fig. 282, 284
Dehiscence by recurved valves, 141.

Fig. 281, 283
Dehiscence of capsules, 148. Fig. -^o^i-

3^3
Dehiscent, 148. Fig. 306-318
Deltoid, 105
Dentate, 98, 127. Fig. 168, 172

EBE

Denticulate (finely dentate).

Dermatogen, 56, 83 11.

Desmidiese, 256. fig. 383
Desmodium, 205
Devonian system, 420
Diadelphous, 139, 400. Fig. 276
Diatomacese, 249, 250, 256. Fig. 38,

381, 388
Dichlamydeous (applied to a flower
which has both calyx and corolla).

Dichogamy, 186
Dichotomous, 76. Fig. 226, 378 i.

Dichotomous cyme, 123. Fig. 226
Diclinous. See Unisexual
Dicotyledones, 156, 246, 356, 429
Dictyogens (a term sometimes given to

those
_
Monocotyledones which have

net-veined leaves).

Didynamous, 138, 380, 382. Fig. 271,

273,.490
Diffusion. See Osmose
Dimorphism, 186
Dioecious (living apart), 112, 257, 289
Dionsea, 203. Fig. 372
Dioscorales, 351
Dioscoreacese, 351
Dioscorides, 3
Diosmose. See Osmose
Dippel, 6
Dipsacacese, 419
Disc, (when applied to the flower, an

elevated portion of the receptacle be-

tween the stamens and the pistil), 80,

397, 406. Fig. 122

Disciflorse, 406
Di.seases of plants, 224
Dissepiment. See Septum
Diurnal position, 206
Division, 250, 267, 278
Dodder. See Cuscuta
Dodonseus, 3
Dormant buds, 83
Dorsal suture, 142
Dorsifixed, 140. Fig. 282
Dotted vessel, 47
Double flowers, 141, 218, 221. Fig. 286
Drosera, 163
Droseraceae, 406. Fig. 263, 372
Drupacese, 406. Fig. 325 i.

Drupe, 152, 406. Fig. 325
Drupel (a small drupe), Mg. 521 11.

Duct (an elongated dotted or pitted ves-
sel).

Duhamel, 6
Duramen, 367
' Dutch rushes,' 322
Dwarfing, 217
Dwarf male. See Androspore

'

"P
ARLETS ' (peculiar indentations in

*-^ the leaves of the Foliose Hepa-
ticse). Fig. 425

Ebenacese, 387

H H 2
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EBE

Ebenales, 387
Edelweiss, 391
Elseagnacese, 374. Fig. 91
Elater, 244, 300, 320. fig. 422 iii., 443

III.

Electrical equilibrium, 214
Elementary organs, 8

Eleutheropetalous. See Apopetalous
Eleutherophyllous. See Apophyllous
Eleutherosepalous. See Aposepalous
Elliptical, 95. Fig. 154
Emarginate, 97. Fig. 167
Embryo, 70, 156, 188, 189, 252. Fig.

83 II., 97, 98, 305, 334-342, 363-365,
458, 509, 511

Embryo-sac, 145, 187, Fig. 300, 359-
362, 364, 367^

Embryonic vesicles, 187. Fig. 360-363
Endlicher, 5, 243
Endocarp, 148, 152, 406. Fig. 395, 325
Endogenous division, 278
Endogens. See Monocotyledones
Endophyte, 274
Endosmose, 164
Endosperm, 156, 190, 414. Fig. 305,

333. 363-365, 458, 461 IV., 509, 511
Endospore, 268, 280. Fig. 399
Enfolding aestivation, 84. Fig. 127
Ensiform (sword-shaped), 94
Enthophyllocarpi, 308
Entire, 98, 131
Entomophilous, 184
Eocene system, 429
Epacrideac, 389
Epicarp, 148, 406. Fig. 305, 325
Epidermal tissue, 56, 57. Fig. 80, 83 ii.,

426
Epidermis, 58, 356. Fig. 21, 64, 80, 85,

86, 100, 438, 444, 452, 460, 472
Epigynse, 355
Epigynous, 115, 140. Fig. 210, 279
Epipetalous, 115, 140. Fig. 271, 272
Epiphyte, 233, 274
Equisetacese, 245, 316, 423. Fig. 83 i.,

443-445
Erect, 145
Ergot, 227, 283. Fig. 375
Ericaceae, 387. Fig. 240, 282, 284
Ericales, 387
' Espinillo,' 455
Eucal5'-ptus, 399, 446
Euphorbiaceae, 376. Fig. 46, 76, 482, 483
Euphorbiales, 376
Europaeo-Siberian forest-region, 438
Evergreen, 108
* Everlastings,' 391, 445
Exalbuminous, 156, 190. Fig. 97, 336-339
Excipulum, 288

Exogens. See Dicotyledones
Exosmose, 164
Exospore, 267, 280, 320. Fig. 398
Exiine (the outer of the two coats of

the pollen-grain, through which the

FOL

inner coat or intine protrudes), Y\\

358, 366
Extrorse, 141
P^yes, 80. Fig. 116, 117

pALKLAND ISLANDS, 461
-*- Family, 238
Farinose, 27
Fasciation, 219
Fasciculated root, 75.. Fig. 106, 107
' Favus,' 275
Feejee Lslands, 459
Female {$), 112, 183. Fig. 202, 260 11.,

303, 481 III. -v., 485 III., IV.

Fennel, 398. Fig. 507, 509
Fermentation, 276, 277
Ferns. See Filices

Fertile hyphae, 263
Fertilisation, 183, 251. Fig. 361, 362

366,^ 367, 385, 386, 403
Fertilising tube, 270. fig. 403
Fibrous root, 74. Fig. 105
Fibrovascular bundle, 64, 320, 339, 357,

371. Fig. 93, 95, 438, 444, 452, 460,

.47?, 473
Ficoidales, 398
Ficoideae, 399
Fig, Fig. 215
Filament, 137. Fig. 267-270, 272-278,
281-285

Filices, 2/5, 308, 420, 423. Fig. 36, 69,
436-442, 540-542, 544

Filiform, 73, 107, 144. Fig. 104, 177
Filiform apparatus, 190. Fig. 361
Fimbriate, 118, 131. Fig. 250
Fission, 250
Fistulose (containing hollow chambers),
"•107

Fleshy, 107. Fig. 192
Floating roots, 73
Floccose^ no
' Floral clock,' 206
Floral diagram, 113. Fig, 204-206, 461

III., 468 III., 487, 489 III., 497 II., 514
II., 522, 526, 533 II.

Floral leaves, 86
Florets of the disc, 120, 390. Fig. 214,

244, 492 III.

Florets of the ray, 120, 390. Fig. 214,

219, 492 II.

Florideae, 249, 253, 259. Fig. 382, 386
Flower, 70, no, 183. Fig. 199-214, 488-

490, 492-497, 507, 508, 532, 533
Flowering plants. See Phanerogamia
Flowerless plants. See Cryptogamia
' Flowers of tan,' 199, 284
Folded vernation, 85. Fig. 132
Foliaceous Lichens, 286, 290. Fig. 416,

4^7
Foliage-leaves, 86, 87, 220. Fig. 138-195,

5^3
Foliose Hepaticse, 256, 298. Fig. 423-

425
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Follicle, 149, 414. Fig. 314, 315, 531 11.

Foramen. See Micropyle
Formative tissue, 41
Fossil, 419. Fig. 534-546
Fovilla (the fluid contents of the pollen-

grain).

Free, 92. Fig. 154
Free cell-formation, 33. Fig. 55 11.

Free central placentation, 145, 409. Fig.

298, 525
Freezing, Effects of, 211
Fringed, 131. Fig. 250
Frond, 312
Fruit, 70, 112, 146, 304. Fig. 305-327,

481, 483, 485, 501, 504, 509-512, 523 IV.

Fruticose Lichens, 286, 290. Fig, 409,

414, 415
Fucacese, 249, 257. Fig. 387, 389, 390
Fuchs, 3
Fumariacese, 414
Fundamental tissue, 57, 67, 361. Fig.

83 II.

Fungi, 225, 244, 262. Fig. i, 65, 347,
374-377, 392-408

Fungus-cellulose, 263
Funiculus, 144, 154. Fig. 97, 299, 316, 326
Furrow, 398. Fig. 509-512
Fusiform (spindle-shaped), 73. Fig. 102

r^ALAPAGOS ISLANDS, 460
^-^ Galea, 349
Galls, 233, 379. Fig. 379
Gamopetalse, 380
Gamopetalous, 129. Fig. 240-249
Gamophyllous, 134. Fig. 207
Gamosepalous, 124. Fig. 229, 230
Gangrene, 224, 233
' Garuas,' 453
Gasteromycetes, 282
Gelatinous Lichens, 287, 290. Fig. 412
Geminate (when two leaves spring from

the same node, but are not opposite),

,P. 384.
Gemmation, 222, 261
Gemmae, 83, 178, 179, 250, 270, 305.

Fig- 349 .

Generating tissue, 41
Generation, 177
Gentianacese, 387
Gentianales, 385
Genus, 238
Geography of plants, 2, 6, 432
Geological systems, 420
Geotropism (turning earthwards), 207
Geraniacese, 407. Fig. 231, 320, 322
Geraniales, 407
Germ-cell, 178, 183, 251
Germinal vesicles. See Embryonic vesi-

cles

Germination, 192. Fig. 368-370
Gesneracese, 382. Fig. 296
Gessner, 3
Glabrous (entirely destitute of hairs).

Gland, 52, 63, no, 384, 399. Fig. 265,

283
Glandular hair, 64, no. Fig. 92
Glans, 154. Fig. 303
Gleba, 264
Gleicheniacea;, 316
Globoid, 31
Globose, 129, 131. Fig. 240
Globule, 293. Fig. 418 iii., 419
Glomerulus, 123
Glumaceous, 134
Glumales, 343, 355
Glume, 86, 343, 347. Fig. 461, 466, 467
Gnetaceae, 338
Goeppert, 5, 6, 431
Goethe, 6, 220
Gonidia, 178, 179, 286. Fig. 409, 411-

4^3
.

Gonidial layer, 286. Fig. 409 11.

Graft, 180, 182. Fig. 353
Graminese, 343. Fig. 70, 93, 142, 292,

368, 461-464
Granulose, 27
Grasses. See Graminese
Gravitation, 215
Gray, Asa, 6

Grew, 5
Grisebach, 432
Guard-cell, 58. Fig. 85
' Gulf-weed,' 254
Gum, 404, 406
Gum-passage, 53, 373
Gutta-percha, 24
Guttiferse, 409
Guttiferale.s, 409
Gymnocarpous Lichens, 288
Gymnospermous (when the ovules are not

enclosed in an ovary), P'ig. 304, 458
Gymno.sperms, 191, 246, 333
Gymnostomous, 304
Gynseceum, in, 142
Gynandrous, 140. Fig. 279, 468 iv.

Gynobasic, 382. Fig 290, 490 11.

Gynostegium, 349, Fig. 468 iv.

ILJAIR, 61, 109. Fig. S7-92
^ ^ Hales, 6

Half-inferior, 115
Hanstein, 6
Hartig, 6
Hastate, 96. Fig. 161
Haustoria, 73, 75, 231, 281. Fig. 378
Head, 295
Healing-tissue, 43
Heat, 208. Fig. 373
Heliotropism (turning sunwards), 207,
214

Hellebore, 415
Hemlock, 398. Fig. 511
Henbane, 384. Fig. 496
Hepaticse, 244, 297. Fig. 349, 421-425
Herbaceous, 77, 107
Hermaphrodite, 112, Fig. 200, 204-210
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Hesperidlum, 154
Heteromorous Lichens, 286, 290. Fig.

409, 414, 416
Heteromorphic (of more than one differ-

ent form), Fig. 177, 195
Heterophyllous, 107. Fig. 177, 195
Heterosporous Vascular Cryptogams,

245, 332
, .

Heterostylism, 186. Fig. 357
Hildebrand, 6

Hilum, 146, 154
Hippocrates, 3
Hirsute, no
Hispid, no
Hoffmann, 6

Hofmeister, 6

Homoomerous Lichens, 290. Fig. 410,412
Honey-dew, 228
Honey-gland. See Nectary
Hooded, 131
Hooker, 6

Horn, 251
Horse-tails. See Equisetacese

Host, 165, 231, 274. Fig. 346, 347, 374,

378
Humboldt, 6, 434
Hyacinth-pest, 231
Hybrid, 194
Hydrocyanic acid, 406
Hydrodictye^, 256. Fig. 58
Hydrogen, 162, 167
Hydrophyllacese, 385
Hydropterides. See Rhizocarpese
Hylaea, 451
Hymenial layer, 288
Hymenium, 264. Fig. 393, 398, 413
Hymenomycetes, 282. Fig. 392, 393
Hymenophyllacese, 316. Fig. 439 vi.,

VII., 440 II.

Hypanthodium, 117. Fig. 215
Hypericacese, 409
Hyphse, 262. Fig. 347
Hypocrateriform, 129. Fig. 247
Hypoderma, 58
Hypodermiae, 281. Fig. 375, 406, 407
Hypogynous, 115, 140, Fig. 209, 294
Hypsophyllary leaves, 86

' ICELAND MOSS,' 287, 290
_' Igapo,' 451

Imbricate, 84, 119. Fies. 127-131, 219
Imparipinnate, loi. Fig. 184
Imperfect, 112

Impregnation. .S^^ Fertilisation

Incised, 99, 125. Fig. 173, 174
Incompletse, 374
Incrustation, 21

Indefinite inflorescence, 123, 409
Indehiscent, 148. Fig. 305
Indian monsoon region, 442
Induplicate aestivation (folded in ;at the

edges). Fig. 126
Indusium, 313. Fig. 439 i.-iv.

LAB

Inferior, 114. Fig. 501
Infiltration, 21

Inflated, 107, 125. Fig. 234
Inflorescence, 116. Figs. 212-227, 481,

482, 485, 486, 499
Infundibuliform (funnel-shaped), 125,

129. Fig. 243
Ingenhousz, 6

Innate, See Basifixed
Innovation, 305
Inorganic substances, i

Insertion, 114
Integument, 145, 155. Fig. 97, 300
Intercellular passage, 36
Intercellular .space, 36. Fig. 23, 60, 6^^,

472 B
Intercellular substance,' 36. Fig. 57

Internode, 76. Fig. 418, 472 b, 504
Interruptedly pinnate, 103. Fig. 186, 187
Intine (the inner of the two coats of

the pollen-grain, the protrusion of

which constitutes the pollen-tube). Fig.

358, 366
_

Introrse, 141. Fig. 274
Intussusception, 15, 27, 177
Inulinc, 31. Fig. 53
Involucel, 120, 390, 394. Fig. 221, 506
Involucre, 87, 118, 120, 390, 394. Fig.

213, 214, 219, 500
Involute vernation, 86. Fig. 136
Ipecacuanha, 394
Iridese, 349. Fig. 121, 261, 293
Iron, 162, 168
Irregular, 124, 129. Fig. 230, 231, 246,

248, 249, 253
Irritability. See Sensitiveness
Isoeteae, 329, 332. Fig. 451
Isosporous Vascular Cryptogams, 245

TUAN FERNANDEZ, 460
J Juglandeae, 379
Jugum, loi, 398. Fig. 184, 185, 187,

309-512
Jung, 4

_

Jungermannieae, 301. Fig. 423-425
Jurassic system, 428
Jussieu, 5, 243

TT-ALAHARI REGION, 444
*^^ Karroo-plain, 445
Karsten, 6

Keel. See Carina
Kerguelen's Land, 461
Keuper, 426
Knot, 367
' Koa,' 459

T ABELLUM, 349. Fig. 468 i

-*-^ Labiate, 382. Fig. 230, 21.

269, 273, 321, 489-492
Labiatiflorae, 391

267,
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LAC

Laciniate, 100. Fig. 177
Lamella (a thin plate), Fig. 392
Lamiales, 382
Lamina, 89, 131. Fig. 142, 147-195,

Laminariese, 257. Fig. 390
Lanceolate, 94. Fig. 153
Lateral, 145. Fig. 341
Lateral dehiscence, 141
Lateral ribs, 105
Lateral root, 73. Fig. 99
Latex, 51, 378, 391, 411
Laticiferous cell, 51
Laticiferous vessel, 51, 341, 368. Fig.

51, 76, 77, 476
Latisept, 413. Fig. 530 in.
' Lattice-plant,' 459
Latticed cell, 49
Lauracese, 374, 452. Fig. 283
Laurales, 374
Laurentian system, 420
Layering, 180
Leaf, 70, 71, 86, 220, 342, 370. Fig. 99,

138-196, 513
Leaf-cycle, 87
Leaf-sheath, 82. Fig. 142, 107
Leaf-spine, 109, 2,20. Fig. 152, 172
Leaf-stalk. See Petiole

Leaf-tendril, 109. Fig. 146, 514
Leaf-trace, 360. Fig. 452
Legume, 150, 400. Fig. 288, 316, 515,

516 I.

Leguminosse, 400. Fig. 9,7-99, 143, 146,

182, 184, 185. 212, 253, 276, 288, 316

324, 5r4--5i7

Lentibulariacese. See Utriculariaceae
Lenticel, 46
Lepidodendron, 420. Fig. 535-537
Leptothrix, 259, 261. Fig. 391 11.

Liane, 431
Liber (the inner fibrous portion of the

bark).

Libriform cell, 364
Lichenes, 244, 215. Fig. 409-417
Lichenin, 287, 290
Light, 211. Fig. 373
Lignification, 22

Lignine, 23
Lignite, 424, 430
ligulate, 129, 390. Fig. 246, 499 ii.

Ligule, 92, 132, 343. Fig. 142, 147,

251, 254
Liguliflorse, 390
Liliaceae, 355. Fig. 112, 287
Liliales, 355
Linacese, 307
Lindley, 6, 243
Linear, 94. Fig. 147
Linnaeus, 4, 238, 240
Linnean system, 5, 240
Liquorice, 402
Litmus, 290
Liverworts. See Hepaticse
Llanos, 451

MES

Lobed, 100, 125. Fig. 179
Lobelius, 3
Loculicidal dehiscence, 149. Fig. 307
Loculus, 140, 144, 148. Fig. 280-284,

296-298, 519
Lodicule, 134, 343
Loganiacese, 387
Logwood, 403, 450
Lomentum, 152, 400, 413. Fig. 324,

516 II., 530 IV.

Longitudinal dehiscence, 141. Fig.

270, 280
Longitudinal section, 69. Fig. 96
Longitudinal tension, 198
Loranthacese, 380. Fig. 378 i.

Lycopodiaceae, ix., 245, 327. Fig. 450-
452, 535-539

Lycopodiese, 327, 332. Fig. 450 a, 452
Lyrate, 99. Fig. 176
Lythracese, 399

lyrACROSPORANGIUM, 324, 332.
Fig. 447, 450

Macrospore, 245, 306, 324, 332. Fig.

447, 449-451
Madagascar, 458
Madder, 394
Madeira, 457
Magnesian limestone, 426
Magnesium, 162
Magnoliaceae, 416. Fig. 314
Male (c?), 112., 183, 251. Fig. 201, 260,

431, 457, 481, 482, 485
Malpighi, 5
Malpighiacese, 407
Malvaceae, 407. Fig. 275, 323, 523
Malvales, 407
' Mammoth-tree,' 236, 449
Mangrove, 75, 442
Manna, 290
Manometer, Fig. 343
Manubrium, 295
Manures, 170
Marattiaceae, 316
Marcescent, 183
Marchantieae, 301. Fig. 349, 422
Marsileaceae, 327. Fig. 448, 449
Martins, 6

Mascarene Islands, 459
Matthioli, 3
Mediterranean region, 440
Medulla, 286, 301. Fig. 409. Also see

Pith
Medullary rays, 68, 357, 362. Fig. 66,

95, 472 B
Medullary sheath, 366. Fig. 478
Melastomaceas, 399
Meliaceae, 407
Menispermaceae, 416. Fig. 341
Mericarp, 151, 397. Fig. 319-323, 509
Meristem, 41
Mesembryanthemaceae, 399. Fig. 210
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MES

Mesocarp, 148, 152, 406. Fig. 305, 325,
519

Mesophyll, 223, 342
Mesozoic strata, 426
Metamorphosis of organs^ 220
Metastasis, 161, 176
Mexican region, 449
' Mezquit,' 449
Microbacteria, 260
Micropyle, 145. Fig. 300
Microsporangium, 324, 332. Fig. 447,
450

Microspore, 245, 306, 324, 332. Fig.

447, 449-451
Mid-rib, 105
Migration of plants, 433
Milde, 6

Mildew, 226, 281
Mimosa. See Sensitive plant
Mimosese, 403, 448. Fig. 143, 517
Miocene system, 430
Mistletoe, 231. Fig, 378 i.

Mitrseform corolla, 133. Fig. 257
Mohl, 5
Molecule, 158
Monadelphous, 139, 400. Fig. 275, 523
Monimiacese, 374
* Monkey-pot,' 399
Monkshood, 415. Fig. 533
Monocarpellary, 142. Fig. 288, 316, 325 1.

Monocarpic, 235
Monochlamydese, 374
Monoch'amydeous (applied to a flower
which has a calyx but no corolla). Fig.

207, 259
Monocotyledones, ix., 156, 246, 338, 428.

Fig. 95, 305, 460
Monocotyledonous (applied to an embryo
which has only one cotyledon).

Monoecious (living together), 112, 257,
289

* Monopetalous.' See Gamopetalous
' Monophyllous.' See Gamophyllous
' Monosepalous.' vS^^ Gamosepalous
Monotropacese, 388
Moracese, 374. Fig. 302
Morphology, i, 69
Mosses. See Musci
Mother-cell, 32. Fig. 83 i., 85, 385, 442
' Mother of vinegar,' 276
Motility of protoplasm, 10, 199, 210
Mould-fungi, 262, 279, 281. Fig. i, 396
Movement of water in plants, 159
Movement, Phenomena of, 195
Mucilage, Conversion into, 23, 249.

Fig. 39
Mucor, 279, 280
Mucorini, 271, 281. Fig. i, 396, 404
Mucronate, 97. Fig. 166
Mulberry, Fig. 302
Multifid, 125
Multiplication of cells, 32
Musacese, 348
Muschelkalkj 426

OCE

Musci, 244, 301. Fig. 426-435
Muscinese, 244
Mushroom, 282. Fig. 392
Mycelium, 263, 279. Fig. 392^ 398, 453
Mycoderma, 276
Myricacese, 376
Myristicacese, 374
Myrsinacese, 387
Myrtaceae, 399, 446
Myrtales, 399
Myxomycetes, 283

TVr AGELI, 6
'^ Naiadese, 351
Naked, 118, 390. Fig. 304
Napiform (turnip-shaped), 73. Fig. 103
Narcissales, 349
Nardoo, 327
Natural systems, 239, 243
Neck, Fig. 422
Neck-cell, 191
Nectary, 53, 135. Fig. 231, 266, 533
Negative heliotropism, 207
Nepenthes, 163. Fig. 193
Net-veined, 106. Fig. 181, 191
Neuter, 112. Fig. 203
New Caledonia, 459
New red sandstone, 425
New Zealand, 460
Nightshade, 384. Fig. 495
Nitella, 294, Fig. 371 i., 420
Nitrogen, 162, 168
Nocturnal position, 206
Node, 76. Fig. 142, 211, 418, 504
Norfolk Island, 460
Normal root, 75. Fig. 101-104
North American forest-region, 446
Nosology, 216
Nostocaceae, 249, 255
Notorhizal, 157. Fig. 337
Nucleolus, II. Fig. 2, 3
Nucleus, 8, II, 145, 156. Fig. 2, 3, 300

360, 422
Nucule, 152, 293, 384. Fig. 321, 418 in.,

419, 490
Nudiflorae, 355
Nut, 154. Fig. 485 V.

Nutation, 201
Nutrient substances, ix., 162
Nutrition of plants, 162
Nyctaginese, 374. Fig. 342
Nymphseacese, 416. Fig. 365

QAK-APPLE, Fig. 379^^ Oak-gall, 235. Fig. 379
Oak-spangle, 235
Oases, 443
Obcordate, 95, 97, 131. Fig. 157
Oblique section, 69. Fig. 96
Obovate, 95
Obsolete, 116, 395. Fig, 507
Oceanic islajids, 457
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OCH

Ochrea, 90
(JEdogonieae, 259. Fig. 371 11., 385
idium, 228, 274. Fig. 376, 377

Oil, 24, 176, 384
Oil-gland, 53
Oil-passage, 52
Oleaceae, 387. Fig. 247, 299
Onagraceae, 399. Fig. 330
Onygenei, 282

Oogonium, 251, 270. Fig. 385, 403
Oolite, 428
Oosphere, 178, 183, 192, 251, 270, 299.

Fig. 385, 422
Oospore, 250, 270, 271. l*ig. 449
Open bundle. 64
Operculum, 245, 304. Fig. 433, 435
Ophioglossaceai, 245, 322. Fig. 446
Opium, 411
Opposite, 76, 87, 158, 409. Fig. 138,

Orbicular, 95. Fig. 155
Orchidales, 348
Orchidese, 348. Fig. 119, 120, 468
Order, 238
Organic substances, i

Orobanchacea;, 232, 382. Fig. 346
Orthoplozic, 157. Fig. 338
Orthospermse, 398. Fig. 510
Orthotropous, 145,336. Fig. 3001., 359
Oscillatoriese (a group of filamentous

Algae, distinguished by the peculiar

oscillating motion of the filaments), 255
Osmose, 160, 163, 176. Fig. 344
Osmundacese, 316. Fig. 440 iii.

Oval, 95. Fig. 154
Ovary, 142. Fig. 287, 290-292, 359,

481 v., 524 II.

Ovate, 95. Fig. 168
Overgrowth, 46, Fig. 68
Ovule, 144, 183. Fig. 297, 298, 300, 359,

360, 458
Ox^'gen, 162, 167

pAL.F:OPHYTOLOGY, 2, 6, 417
-^ Palaeozoic rocks, 420
Palate, 130. Fig. 249
Paleaceous, 118, 390. Fig. 218
Palese, 61, 86, 118, 134, 312, 343, 347.

Fig. 461, 463
Palmae, 351, 451, 452. Fig. 95, 305, 469,

471
Palmales, 351
Palmate, 99. Fig. 181

Palmate tuber. Fig. 120
Palmatifid, 99
Palmatilobed, 100
Palmatipartite, 99. Fig. 183
Palmatisect, 99. Fig. 173
Palmellaceae (a family of Unicellular

Aleae), Fig. 59
Palmet, 445
Palminerved, 105. Fig. 181, 191
Pampas region, 454

PER

Pandanacese, 355
Panicle, 122
' Pantanals,' 453
Papaveraceae, 411. Fig. 233, 294, 313,

52_6_

Papilionaceae, ^oo. Fig. 97-99, 146, 253,
276, 288, 316, 324, 514-516

Papilionaceous corolla, 131, 400. Fig.

253, 514
Papilla, 326. Fig. 84, 295, 449 I.

Papillo.se, 144. Fig. 295
Pappus, 127, 390. Fig. 235-239, 499,

502
Paracorolla. See Corona
Parallel-veined, 105, 106. Fig. 108
Paraphyses, 268, 288, 304. Fig, 399 11.

Parasite, 165, 225, 231, 274, 289. Fig.

346, 347, 374, 378
Paratonic curvature, 207, 214
Parenchyma, 39, 364, 366. Fig. 25, 51,

60-63, 67, 86, 93, 426, 472, 475-477
Parietal, 145, 411. Fig. 296, 326, 468 iii.,

526 I.

Parietales, 411
Paripinnate, loi. Fig. 185.

Passage, 52. Fig. 78, 79
Passifloraceae, 399
Passiflorales, 399
Pasteur's solution, 278
Payer, 6
Peat, 424
Peat-moss, 424
Pedate, loi. Fig. 183
Pedatinerved, 105. Fig. 183-

Pedicel, 116. Fig. 225
Pedicellate, no. Fig. 200
Peduncle, 116. Fig. 221, 225
Peloria, 223
Peltate (shield-shaped, and attached by

the centre), 63, 97, no, 144. Fig. 91,
162, 294, 313, 439 I., 443 II.

Peltinerved, 105. Fig. 162
Pendulous, 145
Penicillate, 144, Fig. 291
Penicillium, 7, 279. Fig i

Pepo, 153
Perennial, 76
Perfect, 112
Perfoliate, 93. Fig. 149
Perforated, 107. Fig. 194
Perianth, 110, in, 133. Fig. 215, 258-

261
Periblem, 56
Pericarp, 148. Fig. 97, 305, 316, 326,

Perichaetium, 300
Periderm, 44. Fig. (>-]

Peridium, 264. Fig. 394
Perigonium, 304. Fig. 427 iv.

Perigynium, 134
Perigynous, 115, 140. Fig. 207, 208,

256
^

Periodical movements, 206, 210
Peripheric, 158. Fig. 340, 342,
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PER

Perisperm, 190. Fig. 365
Peristome, 304. Fig. 430
Perithecium, 266, 268, 271, 283. Fig.

395
Permanent tissue, 41
Permian system, 425
Peronosporese, 230, 270, 281. Fig. 377,
400

Persistent, 126, 134. Fig. 234
Personales, 380
Personate, 130. Fig. 249
Peruvian bark. See Cinchona
Petal, 128, 220. Fig. 250-253, 263, 286,

533
.

Petaloid, 134, 144. Fig. 261, 293
Petiolate, 90. Fig. 148, 154-162
Petiole, 89, 90. Fig. 148, 154-162
Petiolule, 94
Phanerogamia, 67, 243, 333
Phascacese, 306
Phloem. See Bast
Phosphoric acid, 169
Phosphorus, 162

Phycomycetes, 262, 280
Phylloclade, 78. Fig. 112
Phyllode, 218. Fig. 143
Phyllotaxis, 87
Physiology, 2, 6, 158
Phytolaccacese, 374
Pictorial Lichens, 286, 290. Fig. 410,

Pileus, 264. Fig. 392, 393
Pilose, 127. Fig. 235, 236
Pinna, 104. Fig. 184-190, 436, 439
Pinnate, 100. Fig. 184-187
Pinna tifid, 99
Pinnatinerved, 105. Fig. 163
Pinnatipartite, 99
Pinnatisect, 99. Fig. 174
Pinnule, 104. Fig. 188-igo
Piperacese, 378
Piperales, 378
Pistil, III, 142. Fig. 200, 202, 215, 265,

287-299, 322, 502
Pistillate. See Female
Pitcher, 91, 107. Fig. 193
Pith, 67. Fig. 19, 95, 100, 352, 368, 472 B,

477> 478
Pitted, 118

Pitted canal. See Pore-canal
Pitted cell, 20, 372. Fig. 27, 35, 70
Pitted vessel, (^i, 366. Fig. 93, 478
Placenta, 144. Fig. 296-298, 316, 326
Plasmodium, 199, 284
Platanacese, 376
Pleistocene formation, 431
Plerome, 57
Pleurocarpi, 308. Fig. 434, 435
Pleurorhizal, 157. Fig. 336
Plicate vernation, 85. Fig. 133
Pliny, 3
Pliocene system, 430
Plum-disease, 229
Plumbaginese, 387. Fig. 295

PRO

Plumose, 127, 144. Fig. 237, 238, 292
Plumule, 71, 76, 156, 194, Fig. 97, 98,

368, 461 IV.
' Pocket,' 229
' Pod,' 229
Polemoniacese, 385. Fig. 39
Polemoniales, 384
Pollen, 112, 138, 140, 183. Fig. 355
Pollen-grain, Fig. 355, 358, 359, 366,

367
Pollen-tube, 187. Fig. 358, 359, 361,

362, 364, 366, 367
Pollination, 184
Pollinium, 141, 349. Fig. 355 e, 468 v*

,

Pollinodium, 283
Polyadelphous, 139. Fig. 277
Polycarpellary, 142. Fig. 323, 525
Polycarpic, 235
Polygalacese, 411
Polygalales, 410
Polygamous, 113
Polygonacese, 374. Fig. 258, 359
Polymorphy, 272
' Polypetalous.' See Apopetalous
' Polyphyllous.' 6"^^ Apophyllous
Polypodiacese, 316. Fig. 439 i.-v., 440 I.

' Polysepalous.' See Apo.sepalous
Pome, 147, 404. Fig. 519
Pomese, 404. Fig. 518, 519
Pore-canal, 19. Fig. 19, 20, 22-25, 27'

Pore-capsule (a capsule which dehisces
by pores at or near its apex), Fig.

313
Portulacacese, 410
Positive heliotropism, 207
Post-pliocene formation, 431
Potamales, 351
Potamese, 351
Potassium, viii., 162, 169
Potato, 384. Fig. 42, 116, 497
Potato-disease, 230, 281. Fig. 377
Practical botany, 2

Prairie region, 448
Prickle, 63, 109. Fig. go, 198
Priestley, 6

Primary cell-wall, 15. Fig. 19, 20
Primary cortex, 64, 357
Primary meristem, 41
Primary rocks, 420
Primary root, 73. Fig. 99, 102-104
Primary stem, 76
Primine, 145. Fig. 300
Primordial cell, 10, 12, 199, 262

Primordial utricle, 9
Primulacese, 387. Fig. 138, 298, 306,

311
Primulales, 387
Pringsheim, 6

Procambium, 43, 57, 64. Fig. 83 11.

Pro-embryo, 189,, 192, 244, 300. Fig.

418 II., 449, 451 IV,

Progressive metamorphosis, 222

Prolification, 222, 305. Fig. 427 iv.
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Promycelium, 269
Prosenchyma, 39, 364
Prosenchymatous cell, 309, 342, 364,

368. Fig. 14, 15, 26, 27, 438
Protandrous {protos, first), 186
Proteacese, 374
Proteinaceous substances. See Albumi-
noids

Proteine-crystal. See Crystalloid
Prothallium, 305, 315. Fig. 441, 442,

445
Protista, 260
Protococcus, 256, 261
Protogynous, 186
Protomycetes, 282
Protonema, 305
Protoplasm, 8. Fig. 2, 3, 361, 401
Pseudo-bulb {pseiidos, false), 349
Pseudocarp, 121, 127, 146, 404, 405.

Fig. 301, 302. 519
Pseudo-parenchyma, 40, 248, 262. Fig.

393
Pseudo-syncarp, 147. Fig. 302
Pubescent, no
Puccinia, 273, 274. Fig. 406, 407
Pulvinus, 90
' Punctum vcgetationis,' 40, 295. Fig.

60
Putamen, 152, 406. Fig. 325
Putrefaction, 259
Pycnidium, 268
Pyrene, 153
Pyrenomycetes, 274, 283
Pyrolacese, 388. Fig. 334
Pyxis, 149. Fig. 311, 312, 496 in.

QUADRILOCULAR, 6
Quernales, 378

Quincuncial, 84. Fig. 130
Quinine, 394
Quinquelocular, 144
Quinqtiepinnate, 104

DABENHORST, 6
*-^ Race, 237
Raceme, 121. Fig. 225
Rachis, loi, 116
Radical leaves, 107
Radicle, 156, 193. Fig. 97, (

, 461

RafHesiaceae, 378
Ranales, 414
Ranunculacese, 414. Fig. 206, 209, 266,

315, 531-533
Raphe, 146. Fig. 300
Raphides, 30, 168. Pig. 50, 75
Ray, 6
Rayed, 120, 395. Fig. 215, 508
Receptacle, 114, 263, 390. Fig. 213-218,

375, 392-394, 399, 450, 498
Receptacle for sap, 52
' Red snow,' 209

RUT

Reduplicate aestivation (folded oiit at the

edges). Fig. 125
Regions of vegetation, 434, 437
Regidar, 124, 129. Fig. 229, 240-245,

493-494
' Reindeer moss,' 290
Rejuvenescence of cells, 32
Renewal of cells, 32
Reniform (kidney-shaped), 96. Fig. 159
Repand, 99
Replum, 151, 413. Fig. 317, 530
Reproduction, 177
Reproductive cells, 177
Resedacese, 414
Reserve-materials, 159, 172
Reservoir of reserve-materials, 174
Resin, 24, 176, 338, 398
Resin-gland, 53. Fig. 80
Resin-passage, 52. Fig. 78, 79
Resorption, 23
Respiration, 167
Resting-spore, 178, 252, 256, 269
Reticulate cell, 20. Fig. 28

Reticulate vernation, 106. Fig. 181, 191

Reticulate vessel, 47. Fig. 100

Retrogressive metamorphosis, 220

Revolute, 105
Revolute vernation, 85. Fig. 135
Rhamnacese, 407. Fig. 205, 208
' Rhinoceros-bush,' 445
Rhizine, 286
Rhizocarpeae, 245, 324. Fig. 447-449
Rhizoid, 294, 297, 315. Fig. 441 ni.

Rhizome, 79. Mg. 108, 115, 436, 438,

443 I-, 444
Rhizophoraceae, 399
Rhomboidal, 96
Riccieae, 300
Ridges, 398. Fig. 509-512
Ringent, 130. tig. 248
Roggefeld, 445
Root, 70, 71, 72, 342, 369. Fig. 99-107, 477
Root-cap, 72, 370. tig. 83 II., 100

Root-hair, 61, 75. Fig. 345, 443 iv.

Root-pressure, 161

Root-sheath, 6']. Fig. 94
Root-stock. See Rhizom.e
Rosaceae, 404. Fig. 191, 198, 228, 256,

301, 323 I., 518-522
Rosaceous corolla, 133. Fig. 256
Rosales, 399
Rose-gall, 233
Roseae, 405, Fig. 198, 228, 256, 301,
520-522

Rostellum, 349. Fig. 468
Rotate, 125, 129, 131. tig. 245
Rotation of crops, 171
Rotation of protoplasm, 10, 295
Rubiacese, 392. Fig. 139, 504, 505
Rubiales, 392
Runcinate, 99. Fig. 175
Runner, 77, 180
Rust, 226, 273
Rutaceae, 407, Fig. 277
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SAC

C ACCATE, 125. Fig. 232
•^ Saccharomyces. See Torula
Sachs, 6

Sagittate, 96, Fig. 160
Sago, 336, 354, 373
Sahara, 443
St. Helena, 458
St. Hilaire, 6

Salic lease, 375. Fig. 481
Salicine, 375
' Salinas,' 455
Salviniacese, 327. Fig. 447
Samara, 154. Fig. 319, 480
Sandwich Islands, 459
Santalacese, 380
Santalales, 379
Sap, Circulation of, 175
Sapindaceae, 407. Fig. 319
Sapindales, 406
Saprolegniese, 270, 281. Fig. 401, 403
Saprophyte, 87, 165, 274, 275
Sarcocarp, 148, 152, 406. Fig. 305, 325
Saxifragaceae, 406. Fig. 225, 326
Scabrous, 99
Scalariform cell, 20, 310. Fig. -^6

Scalariform vessel, 47, 310, 366. Fig.

69
Scale, 63, 81, 110. Fig. 91, 121, 263, 304,

443 II-, 458
Scale-leaf, 87, 220
Scaly, 81, T34. Fig. 122

Scandent, 79. Fig. 113, 114
Scape, 77. Fig. 108, 121

Scattered, 76, 87
Schacht, 5
Schizseacese, 316
Schizocarp, 151. Fig. 318-323, 523 iv.,

530 I-

Schizocarpi. See Andreseacese
Schizomycetes, 259. Fig. 391
Schleiden, 5
Schwendener, 6
' Sclerotium,' 227, 263, 283, 284, Fig.

375. .

Scorpioid cyme. 123. Fig. 227
Scrophulariacese, 381. Fig. 249, 297,
486-488

Scutellum, 345. Fig. 361 iv. .

Secondary cortex, 357
Secondary embryo-sac. See Corpuscule
Secondary medullary rays, 363
Secondary products of metastasis, 176
Secondary root, 73. Fig. 99, 101

Secondary stem, 76
Secondary strata, 426
Secretional diseases, 224
Section, 69, 238. Fig. 96
Secund (when all the flowers or other
organs grow from one side of the
rachis), Fig. 108, 227

Secundine, 145. Fig. 300
Seed, 70, 112, 154. l^ig. 97, 98, 316, 317,

326, 365, 368-370, 458, 461 IV., 462,

481 VII., 532 I.

Seed-leaf. See Cotyledon
Selaginelleae, 327, 332. Fig. 450 b
' Selective power,' 170
Self-fertilisation, 185
Senna, 402
Sensitive plant, 202, 403. Fig. 517
Sensitiveness, 202, 214
Sepal, 124, 220. Fig. 228-233
Sepaloid, 133. Fig. 258-260
Septated wood-cell, 366
Septicidal, 149. Fig. 308
Septifragal, 149. Fig. 309
Septum (the wall between two adja-
cent loculi of an ovary or fruit). Fig.

307-310
Series, 238
Serrate, 98. Fig. i6g

Serrulate (finely serrate).

Sesamaceai, 382
Sessile, no, 127, 138, 144, 154. Fig.

235, 237, 238, 271, 279, 298
Seta, 300. 1* ig. 427 I.

Setose, no, 118. V'\%. 217
Sheath, 316. Fig. 443 i.

Shell-lac, 378
Shells, Formation of, 16. Fig. 20
Shield, 295. Fig. 418 iii.

Shrub, 76
Sieve-disc, 48. Fig. 72-74
Sieve-tube, 48, 368. Fig. 67, 71, 72, 74,

93
Sigillana, 420. Fig 538, 539
Silica, 169, 249, 321
Silicula, 151, 413. Fig. 317, 530 11. iii.

Siliqua, 151, 413. I'ig. 526, 528
Silky, no
Silurian system, 420
' Silver-grain,' 363. Fig. 474, 475, 479
Simarubacese, 407
Simple, 94, 120

Sinuate, 100. Fig. 180

Siphoneae, 257. Fig. 81, 380, 384
Slit, 100
Smut, 226, 281

Sodium, 162

Soft bast, 50, 66
Solanaceae, 384. Fig. 116, 234, 310,

493-497
Solitary, 116

^

Soredium, 287, Fig. 409
Sorus, 312, 324. Fig. 439
Spadix, 121, 354
Spathe, 86, 121, 351, 354
Spathulate, 97. Fig. 165

Species, 194, 237
Sperm-cell, 251
Spermatia, 272, 288. Fig. 405, 406
Sperm atozoid. See Antherozoid
Spermogonium, 272, 281, 288. Fig. 406,

415
Sphserobacteria, 260
Sphagnaceae, 301, 306, 424. Fig. 426 i.,

Sphere- crystal, 31. Fig. 53

1
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SPI

Spike, I20. Fig. 222
Spikelet, 121. Fig. 461 i.

Spine, 109, 217. Fig. 197
Spiny, 99. Fig. 152, 172, 184, 333, 510
Spiral cell, 20. Fig. 29, 30, 33
Spiral embryo, 157. Fig. 339
Spiral vessel, 47. Fig. 93, 100, 478
Sporangiole, 273
Sporangiophore, 273, 280
Sporangium, 178, 266, 280, 304, 312, 324.

P^S- 394, 396, 427, 429, 433, 439, 44°,

443, 446, 450
Spore, 178, 266, 279. Fig. 376, 377, 393,

394, 396-398, 418 II., 441 I.

Spore sac. See Ascus
Sporidesmium, 267. Fig. 397
Sporidium, 269. Fig. 407
Sporocarp, 324. Fig. 447, 448
Sporogonium, 244, 299, 304. Fig. 421,

427, 431
Sprengel, 6

Spur, 135, 136. Fig. 231, 264, 266
Spurred, 125, 130. Fig. 231, 264, 266
' Spurred rye.' See Ergot
Squamose bulb, 82. Fig. 122

Stag's horn moss. See Club-moss
Stamen, iii, 137, 220. Fig. 201, 207-

21 1_, 265-286, 459, 491, 524, 529
Staminate. See Male
Staminode, 135, 137. Fig. 262
Standard. See Vexillum
Starch, 26, 173. Fig. 42-46
Stegocarpi. See Bryacese
Stellatae, 393. Fig. 139, 504
Stellate parenchyma, 40. b ig. 63
Stem, 70, 71, 75. Fig. 108-122
Stem-tendril, 109, Fig. 196
Steppe-region, 441
Sterculiaceae, 409
Sterigma, 267. Fig. 398 in.

Stigma, 142, 143. tig. 211, 287,290-

?95, 359, 461, 468
Stigmaria, 422
Stinging hair, 63, no. Fig. 88

Stipella, 92
Stipes (in Basidiomycetous Fungi, the

stalk of the pileus). Fig. 392, 393
Stipitate (stalked), 127. Fig. 236
Stipule, 91. Fig. 144-146, 154, 182, 184,

185, 187, 5x4
Stolon (a shoot which, after appearmg
above the surface, afterwards strikes

down into the soil, and roots), 305
Stoma, 58, 161, 304, 320. Fig. 85, 86,

430, 444, 460
Stone-fruit. See Drupe
Stratification, 417
Stratified Lichens, 286, Fig. 409, 414-
416

Strawberry, 146, 405. Fig. 301
' Streaming' of protoplasm, 199
Striation, 16. Fig. 26

Strobilus, 121

Stroma, 263

Strophlole, 155
Style, 142, 143. Fig. 287, 290, 291
Stylopode, 397. Fig. 507 11.

Stylospore, 268
Styraceae, 387
Suber. See Cork
Subfamily, 239
Subkingdom, 238
Subrotund (nearly round), 95
Subsidiary organs, 108, 134
Subspecies, 237
Subtribe, 239
Subulate, 105
Subvariety, 237
Succession of crops, 170
Succulent, 107, 134. Fig. 192, 302, 326
Suction, 160
Sudan, 443
Suffruticose, 77
Sugar, 345
Sulphur, 162, 168

'Sulphur-rain,' 184
Sunflower, 391
Superior, 114
Supradecompound, 103. Fig. 188-190
Suspensor, 189, 332. Fig. 83 11., 363
Sutural dehiscence, 149
Suture, 142
' Swarming,' 10

Swarmspore, 178, 200, 250, 268. Fig. 82,

385, 400, 401
Symmetrical, 124, 129
Sympetalous. See Gamopetalous
Symphyllous. See Gamophyllous
Sympodium, j6, 122

Syncarp, 146
Syncarpous (applied to an ovarj- or fruit

the carpels of which are closely cohe-
rent), Fig. 313, 320, 323,^ 326

Syngenesious, 140, 390. Fig. 278, 499 iii.

Synsepalous. See Gamosepalous

O^ABERN^MONTANUS, 4
^ Tamarind, 402

Tangential section, 69. Fig. 96
Tannin, 379
Tap-root, 73. Fig. loi

Tapioca, 378
Taxinese, 337. Fig. 328, 457
Teeth, 149. Fig. 306, 525 i.

Tegmen, 155
' Tela contexta,' 39. Fig. 65
'Telegraph-plant,' 205
Teleutospore. See Resting-spore
Temperature, 208
Tendril, 108, 203, 400. Fig. 146. 196

514
Tension of tissues, 176, 197
Teratology, 216
Terebmthacese, 407
Terminal bud, 82. Fig. 123
Terminal style, 143. Fig. 289, 291
Ternate. See Trifoliolate
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TER

Terpinnate, 104. Fig. 189
Tertiaiy rocks, 429
^Testa, 70, 155. Fig. 97, 305, 331-334,

365, 369, 37o» 461 IV.

Tetradynamous, 138, 413. Fig. 200,

274, 529
Tetraspore, 178, 250. Fig. 382
Thalamiflorae, 407
Thalamifloral corolla, 114. Fig. 209
Thalamus (the receptacle of a flower, or

part to which the other organs are at-

tached), Fig. 209
Thalloid Hepaticse, 296, 298. Fig. 349,

421, 422
Thallophytes, 69, 244
Thallus, 69, 285. Fig, 389, 409, 414, 415,

418, 421, 422
Theca (repository or urn), 268, 304. Fig.

399. 427, 429, 430, 433
Thecaspore. See Ascospore
Theophrastus, 3
Thickening-layer, 15. Fig. 1Q-21

Thickening-ring, 43. Fig. 460, 472 b
Thorn-apple, 384. Fig. 310, 494
Thymelseaceae, 374. l*ig. 207
Thyrse, 122

Tiliacese, 409
Tissue, 37
Tobacco, 384. Fig. 493
Tomato, 384
Tomentose, 110

Toothed, 125, 131. Fig. 230, 250
Torula, 277. Fig. 402
Tournefort, 4
Trache'ide, 20, 367. Fig. 35
Transition from stamens to petals, 141,

221. Fig. 286
Transpiration, 160

Transverse dehiscence, 141, 149. Fig.

311, 312, 496 HI.

Transverse section, 69. Fig. 96
Transverse tension, 198
' Traveller's tree,' 459
Tree, 76
Tree-fern, Fig. 437
Tremellini, 282

Triangular, 95. Fig. 158

Triassic system, 426. Fig. 543-54^
Tribe, 238
Tricarpellary. 142. Fig. 289

Trichogyne, 253, Fig. 386
Trirhome, 61

Trifid, 100, 125

Trifoliolate, loi. Fig. 182

Trilobed, 100. Fig. 179
Trimorphism, 186

Trisepalous, 125

Tropical Andsean region, 453
Truffle. Fig. 394
Truncate, 97
Trunk, 76
Tuber, 79. Fig. 1 16-120, 443 iv.

Tuberacese, 282. Fig. 394
Tuberous root, 74. Fig. 106, 107

VEL
Tubular, 125, 129, 390. Fig. 244, 499,

501
_

Tubuhflorse, 391. Fig. 499, 500
' Tundren,' 437
Tunicated bulbs, 82. Fig. 122
Turbinate, 125. Fig. 229 i.

Turgidity, 198
Twining-stem, 201. Fig. 113, 114

TJ LMACE^, 374. Fig. 259
Umbel, T20, 394. Fig. 220, 221,

506
Umbellales, 394
Umbelliferae, 394. Fig. 221, 318, 506-

513
Umbellule, 120. Fig. 221
Underground stems, 75. Fig. 108, 115-

122

Unger, 5, 6, 419
Unguiculate, 131. Fig. 250-255
Unguis, 131. Fig. 250-252
Unicellular plants, 55, 248, 261. Fio-

59, 81, 380, 381, 383, 384
Unilocular, 140, 144. Fig. 296, 298,

299, 325 I., 326
Unisexual, 112. Fig. 201, 202'

Unsymmetrical, 107, 124, 223. Fig. 156
Urceolate, 125, 129. Fig. 229 11., 241.

256
Uredinese, 273, 281
Uredo.spore, 273
Urn. See Theca
Urticaceae, 374. Fig. 88, 260
Urticales, 374
Ustilagineae, 281. Fig. 406, 407
Utricle, 347
Utriculariaceae, 382. Fig. 356

YACCINIACE^, 388. Fig. 241
_
Vacuole, 9

Vaginula, 304
Valerianaceae, 391. Fig. 264
Vallisneria, 185
Valvate aestivation, 84, 403, 409. Fig.

124-126
Variety, 237
Variety-hybrid, 195
Vascular bundle. See Fibrovascular
bundle

Vascular bundle-sheath, 309, 369. Fig.
438. 444, 452, 477

Vascular cell, 47. Fig. 478
Vascular Cryptogams, 67, 245, 308, 420
Vascular plants, (yj

Vaucheria, Fig. 384
'Vegetable ivory,' 158, 354
Vegetable Palaeontology. See Palaeo-
phytology

Vegetable pathology, 216
Vegetative cone, 40
Vein, 105
' Velum partiale,' 264. Fig. 392, 393
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VEL

Velum universale,' 264. Fig. 393
Venation, 105. Fig. ie2, 163, 178, 181,

191
Ventral suture, 142
* Venus's fly-trap.' See Dionsea
Verbenacese, 384. Fig. 222, 271
Vernation, 85. Fig. 132-137
Versatile, 140. Fig. 270
Verticillaster, 123, 382. Fig. 469
Verticillate, 76, 87. Fig. 139, 211, 418,

443 I-. 504
Vesicular vessel, 50, 341. Fig. 75
Vessel, 47, 364. Fig. 69, 75-77, 93, 94

474-477 . .

Vexillary aestivation, 84. Fig. 128
Vexillum, 132, 400. Fig. 253
Vibratile cilise, 200, 262. Fig. 371, 385,

420 II., 427 v., 442
Vibrio, 259. Fig. 391 11.

Vine-mildew. See Oi'dium
Violacese, 414
Vittae, 398. Fig. 509
Viviparous, 83, 222

Volatile oils, 384, 391, 398
Voltzia, 426. l^ig. 543
Volvocineee, 256

WADIS, 443
^^ Wax, 54
'Weeping,' 48
Welwitschia, 338, 444

West Indian region, 450
White smut, 231
Whorl, 117. Fig. 139, 211, 418, 443 i.

504
Whorled. See Verticillate

Willow-gall, 233
Winged, 90, 155. Fig. 151, 152, 304, 329
Wings. See Alse
Wood, 371
Wood-cell, 364
Wood-fibre, 364. Fig. 93, 474-476, 478
' Worm-moss,' 255
Wormwood, 391

VYLEM, 66, 324, 341, 357, 364. Fig.

93,452,4726,475

YEAST-FUNGI, 262, 269, 277. Fig.
*• 402

VAMITES, 426. Fig. 545^ Zingiberacese, 348
Zoogloea, 260. Fig. 391 iv.

Zoosporangium, 268. Fig. 401
Zoospore. See Swarmspore
Zygophyllacese, 407
Zygospore, 178, 256, 272, 280. Fig. 54,

404
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