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PREFACE
In writing the present volume, I have endeavoured to place

the subject before elementary students in such a way as to

exercise to the full their powers of observation, and to enable

them to make accurate deductions for themselves from the

facts which they observe. To attempt the study of Botany
without the practical examination of plants is futile. Students

of plant-life must look at plants, and this book is specially

designed for use during the process. Considerable experience

as examiner in Botany as taught in schools has convinced me
that comparatively few learners have the advantage of seeing

specimens with the aid of a compound microscope, although

the treatises usually employed should involve the frequent use

of such an instrument. Under these circumstances, I have in

the following pages assumed that a compound microscope is

not employed, and for their proper understanding such an

instrument is quite unnecessary. An ordinary inexpensive

lens should be used to aid the naked eye ; but, on the other

hand, in commencing the study of Botany a compound
microscope is absolutely needless, and, in the case of young
beginners, does more harm than good. The section on
Physiology has been so written that no knowledge of the

histology of plants is assumed—a feature which is, I believe,

here introduced for the first time. Though by no means a

"cram-book" for elementary examinations, a thorough know-

ledge of the contents of this book will enable a candidate to

pass with distinction.

In order to lay more emphasis on the observation of facts,

and with a view to simplify the >yhole matter, I have inserted

no unnecessary technical terms, but, for the convenience

of students who afterward use "Floras," I have added an

appendix for use as a dictionary, but not for the purpose of

elementary study.
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Some words of explanation may be required in reference

to the definitions of flowers and fruits. In more advanced
works we are told that a flower is a collection of sporophylls

inserted on a simple axis. This definition seems to me im-

perfect. That the young carpels and stamens are homologous
with leaves, and particularly with sporophylls, is proved

beyond a doubt. But the mature carpel with the ripe ovules

is no longer homologous with a sporophyll ; it is a sporophyll

containing parasitic and symbiotic gametophytes. The sym-

biosis of the gametophytes and the sporophylls before, during,

and subsequent to fertilisation constitutes a phenomenon which
is unique in the vegetable kingdom. Consequently, it appears

that, when judged by the facts of the case and on historical

grounds, it is at least incomplete and inexpedient to employ
to the cone of Equisetum the same term as to the flower of a

Buttercup. A single flower of a Buttercup is no more a mere
collection of sporophylls than a frog is a fish because it passes

through the tadpole stage. In reference to the definition of

a fruit, I have followed that given in the "Lehrbuch der

Botariik" written by Professors Strasburger, Noll, Schenck,

and Schimper. The definition of a fruit is thus brought closer

to the popular usage of the term, while we are extricated from
any dilemma in reference to distinguishing between an inferior

and a false fruit. ..

In conclusion, it should be stated that for the most part the

illustrations have, after careful consideration, been specially

executed by my friend Mr A. H. Church of Jesus College,

Oxford, to whose skill and care I am much indebted. To him,

also, I owe a careful revision of the proofs of this book.
Further assistance in the matter of illustrations has been
rendered by Mr A. Robinson of the University Museum,
Oxford. Students who desire a simple introduction to the

study of Microscopical Botany are recommended to procure

Dr D. H. Scott's "Structural Botany"; while those who
wish for a comprehensive work, dealing with the science as

a whole, will find all they require in " The Student's Text-book
of Botany," by Professor S. H. Vines. Finally, such students as

desire to identify wild British plants, and to do field-work,

will find Hayward's "Botanist's Pocket Book" an excellent

little work which contains all the necessary information.
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ELEMENTARY BOTANY

CHAPTER I

INTRODUCTION

Plants, like animals, are living beings, and may be regarded

from two standpoints. In the first place, a plant may be con-

sidered as a living machine designed to execute certain work
and consisting of definite parts or organs, to each of which
there is allotted a particular office or function. After this

definition we naturally inquire how a plant lives, feeds, grows,

and multiplies, We then ask precisely what work is performed

by the various organs, such as the leaves, stems, and roots.

This aspect of botany is termed Physiology. Again, we may
look at a plant simply as a machine consisting of various parts

or members, which are arranged in a particular order and have

certain shapes. In fact, we learn the exact form of the

plant without taking notice of the work it does. This

department of botany is termed Morphology. Studied from

this point of view, we find that plants exhibit resemblances to,

and differences from, one another. For instance, a Fern seems
very unlike a Mushroom, and yet both are alike in so far as

neither of them possesses flowers. On the other hand, a tuft

of Grass and a Buttercup are widely different in appearance,

but at the same time they resemble each other insomuch as

they both produce true seeds from flowers. These points of

likeness and unlikeness among plants lead us to arrange the

latter into groups. This grouping is described as Classification,

and constitutes Systematic Botany. For our present purpose,

let us be content to divide plants into two great classes

—

namely. Flowering Plants and Non-Flowering Plants. In the

first group are included all plants which bear seed-producing

flowers, whether they have showy blossoms such as those of

the Buttercup, Wallflower, and Dandelion, or blossoms which

we hardly notice, such as those of Grasses, Oaks, and Hazels.

Non-Flowering Plants bear no seed-producing flowers : amongst
A



2 INTRODUCTION

them are the Ferns, Mosses, Seaweeds, and Fungi. In this

book we treat only of flowering plants, so far as they can be
studied with the naked eye aided by a simple lens.

Method of using this book.—This book is divided into

three Parts :—Part I. relating to General Morphology (and

including a special .chapter on the Scotch Pine) ; Part II.

referring to the Classification of Angiosperms ; and Part III.

relating to the Physiology of plants.

Beginners should first read chapters ii. to v. in Part I.,

and should practically examine the roots, stems, and leaves

described. They may then pass on to the study of Physi-

ology contained in Part III. (chapters xv. to xxii.) ; or

they may read the remaining chapters of Part I. (omitting

that which relates to the Scotch Pine), at the same time

studying the families specially marked at the commence-
ment of Part II. (chapter xiv.). In this book the char-

acters of each family are denoted by a description of one
or more representatives which are types, of that family.

While a student is reading the description of one of these

types, he must have before him a' specimen of the plant

described, so that he can constantly examine and refer to it.

Should any point in the description be beyond the compre-
hension of the learner, reference should be made to the

teacher or, by means of the index, to the explanations given

in Part I. The families should not be studied in the exact

order in which they are placed in the book : the season of

the year and other considerations will determine the order in

which the types are to be examined. As examples of flowers

appropriate for beginners we may mention the Buttercup,

Poppy, Wallflower, Pea, Rose, Primrose, Dead Nettle,

Hyacinth, and Daffodil. In beginning the study of the types

for the first time, students should entirely ignore, and omit
to read, the characters given at the commencement of the

description of each family.

If the beginner has studied the systematic portion of the

book thus outlined before working at the Physiology,

he should then pass on to Part III.

Finally, when the student has acted as previously,advised,

the whole of Part I. should be read over again : and the

remaining types and families in Part II. might also be dealt

with.



CHAPTER II

THE DISTINCTION OF A FLOWERING PLANT
INTO ROOT AND SHOOT

Everyone is familiar with the fact that ordinary flowering

plants possess roots, stems, leaves, and flowers. The roots of

a plant constitute its root-system, and are usually concealed

in the soil; whereas the stems, leaves, and- flowers of the

plant together compose the shoot-system, and are generally

visible and above ground. But stems and leaves are occasion-

ally embedded in the soil ; whilst roots may be found raised

above the ground on sub-aerial parts of the plant. Hence we
cannot define a root as being the subterranean part of the

plant, nor the shoot as being the sub-aerial portion. It will,

therefore, be well to consider first what we mean by the terms

".root" and "shoot." For this purpose the seedling of a

bean may be examined. The seedling consists of a main
axis, which bears certain structures—the lateral members

—

on its sides. The ascending portion of this axis is the stem,

which possesses the flattened leaves as its lateral members.
At the tip of the stem the leaves are crowded together to form
a bud. The main stem may also produce lateral stems—the

branches—which are like itself. The descending part of the

main axis of the seedling is the main root, which has no leaves,

and therefore, does not terminate in a bud.* The root does,

however, bear branches similar to itself which are called the

lateral roots.
i

Even inside the seed of the Bean, the young plant, or embryo,
displays this distinction into root and shoot. The bean-seed

(fig. i) is externally clothed by a shell-like seed-coat termed the

testa (ts). The testa has a minute pore ivi) at one end of the

scar (hi) on its side. The whole of the space enclosed within

* The tip of the root is covered by a Httle cap termed the root-cap, which
can only be properly seen by the aid of a compound microscope.

3
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the testa is occupied by the embryo. The embryo (fig. 2) has

a small rod-like main axis, which is composed of the primary or

main root, the radicle {r) ; the primary or main stem {pi) ; and

a part of the axis, the hypocotyl (hp), which connects the root and

stem. The tip of the young root lies close within the pore

of the testa. No lateral roots occur on the radicle at this stage.

The main body of the embryo is constituted of the two large

fleshy leaves—the cotyledons (cot), which are attached to that

Fig. I.—Seed of Bean. Fig. 2.—Embryo of Bean, with
Cotyledons separated.

portion of the axis which is termed the hypocotyl. Lying

hidden between the two cotyledons is the minute main stem,

which terminates in a small bud. Thus, beginning at the root,

the axis has no lateral members on its root-portion : above

succeeds the hypocotyl* with two lateral cotyledons : still

higher the axis represents the young main stem, and bears a

few lateral commencements of leaves.

When the seed germinates, the various parts of the embryo
emerge. The radicle elongates and becomes the primary

root : it grows -downwards and produces lateral roots which

may branch in their turn. The little stem grows upwards

and sends out from its sides, leaves, branches, and flowers

;

its branches may in turn bear, not only leaves, but also

branches of their own. We thus see that the development

of this flowering plant from its embryo consists in the

elongation of its primary axis, and the production of lateral

members on that axis. The parts possessed by a mature

flowering plant, whether it be a large tree or a small herb,

are all to be traced back to the primary axis.

* It is impossible to define exactly the limits of the hypocotyl unless

the compound microscope be employed.
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We can now define a root and a shoot. A stem is an axis

which bears lateral members—the leaves—dissimilar to itself.

A stem together with its leaves constitutes a shoot. A shoot

terminates in a bud, and is usually the ascending portion

of the plant : at least, parts of it are generally green. Lastly,

the shoot bears the flowers. A root is an axis whifh cannot

produce leaves as lateral members of itself: consequently it

does not terminate in a bud.* A root can only produce as

lateral members branches like itself: as a rule it is a
descending axis, and has no green colouring-matter.

THE ROOT.

If we fix a germinating bean (or pea) in a bottle contain-

ing air which is saturated with moisture, in the manner shown
in fig. 3, when once the root has commenced to grow
straight, we can follow the method of growth. To accomplish
this, we make a number of transverse marks
in Indian ink at equal and short distances

along the root. After twenty -four hours'

growth it will be found that the distance be-

tween the consecutive marks remains, the

same, excepting near the tip of the root,

where the marks have become separated by
longer intervals. This shows that the root

increases in length by elongation which only

takes place in the region of its apex : conse-

quently, the youngest part of a root is that

which is nearest its apex, whereas the oldest Fig. 3.

is that nearest its base.

A short distance behind its apex (fig. 4 rx) the root has

a broad encircling band of fine silky hairs

—

root-hairs (rh).

As the root grows at its apex new root-hairs form constantly

behind the tip, which, of course, has been carried forward, so

that the youngest root-hairs are those nearest the tip. These
hairs live for a short time only, for they soon shrivel and peel

off, and therefore they are found solely on the young and
more terminal portions of a root.

A root may bear branches structurally similar to itself.

These arise on the main root at points nearer to the root-.

* It has a root-cap, which is not possessed by a stem.
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apex than the last-formed lateral roots ; so that the youngest

and smallest of fhem are seen to be nearest to the tip of

the main root (fig. 4). T/ie lateral roots are therefore said

to arise in acropetal succession. They do not appear at

indifferent points; on the contrary, they emerge only on
certain determined sides of the main root, so as to form

regular ranks or rows along the length of the latter. For

Fig. 4.—Development of a typical Dicotyledon.

example, the branches of a Wallflower-root form two rows,

while those of the Creeping Buttercup-root are ranged in

four rows.*

Adventitious Boots.—Lateral roots frequently arise on stems

—for instance, on the creeping stems of the Strawberry

(fig. 54), Creeping Buttercup, and Grasses; or on the under-

ground parts of the stem of the Primrose or on " Cuttings."

Inasmuch as these roots do not arise in the normal method

—

* One important character concerning the origin of lateral roots is that

they arise as internal growths, which push their way through the rind of

the mother-root, and eventually reach the soil. They are said to be
endogenous (arising within) in origin.
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that is, as acropetal branches of another root— they are

said to be adventitious. The difference between adventi-

tious and normal lateral roots is well illustrated by considering

the rOot-system of Dicotyledons and Monocotyledons. One of

the general characteristics of a Dicotyledon is that its embryo

in the seed has two cotyledons {e.g. Bean, Hazel, Oak).

Frequently the root-system of Dicotyledons is formed after

the manner described as occurring in the Bean, and well

illustrated by fig. 4. The embryo of a Monocotyledon, on

Fig. 5.—Development of a typical Monocotyledon.

the other hand, possesses only one cotyledon {e.g. Grasses,

Lilies). Nearly always the root-system of a Monocoty-

ledon develops in a manner entirely different from that

pursued by the Bean. The young primary root (r) of the

embryo grows for a short time only and produces at the

most few lateral roots, eventually shrivelling up ; but, sooner

or later, lateral roots arise successively higher up the stem, first

on the hypocotyl (a), then on the stem {a)—as is denoted

in fig. 5. Consequently, in full-grown Monocotyledons

practically the whole root-system is adventitious, and there

is no main-root with branches. [In fig. 5 the roots have

pulled the base of the shoot down into the soil.]
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Shapes of Boots.—The roots may be thin and fibrous, or

they may present various forms between this and a swollen or

tuberous condition. The main root of the Carrot and Turnip,
thickens and forms the swollen part which we eat. The
Dahlia-plant produces a number of adventitious tuberous
roots, which grow out from the base of the stem. As will be
shown later on, these thick fleshy roots serve as reservoirs in

which food is stored for future consumption by the plant.

Aerial Boots.—Some plants, like the Ivy, climb by means
of adventitious roots which, in place of dipping down into the

soil, adhere to the surface of a tree, wall, or rock. Roots
above the surface of the soil are described as being aerial

roots.



CHAPTER III

VEGETATIVE SHOOT—LEAVES

A SHOOT, in addition to possessing stems and leaves, may bear

flowers. If we exclude the flowers, the remainder of the shoot

may be spoken of as constituting the vegetative shoot. For
the present, flowers will not be considered.

By making marks in Indian ink at equal distances along the

stem, it is easily shown that a stem grows in length only near its

tip. We can see this apical growth even more simply by
observing the leaves constituting a growing bud. At first they

are packed close together, but as the terminal part of the stem

elongates they become separated by distinct intervals along the

latter (figs. 6-11). Thus the youngest part of a single stem is

nearest its tip, and the oldest part is that portion which is

nearest its base.

If we pull the leaves from an actively growing bud of a

Wallflower or Sunflower, we see that the external leaves of the

bud are inserted lower down the stem than the internal leaves,

and are larger than the latter; and the inmost leaves are the

smallest, and are inserted nearest the actual end of the stem.

Thus leaves arise* only in the region of the apex of a stem and
appear in acropetal succession—that is, the youngest leaf is the

one which is nearest the end of the stem. As the tip of the

stem elongates, the leaves are, so to speak, left behind, and
continue to grow till they attain their full size.

The leaves are attached laterally to the stem at certain

points, which are termed nodes. These points of attachment

are separated by portions of the stem—the intemodes—which

are devoid of leaves but connect the successive nodes (see

figs- 4> S)-

* The leaves arise as external lumps on the side of the stem, and are thus

exogenous in origin.

9
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If the young part of a shoot be examined, it will be found

that in the angle between the upper face of each leaf and

the stem there is a bud (fig. 3 i). This angle is described as

the axil of the leaf. Thus we may say that a lateral bud*

arises on a stem in the axil of every leaf. These buds are the

beginnings of the lateral shoots or branches, and can develop

into shoots (fig. 3 ii.). We see, therefore, that lateral shoots

arise in the axils of leaves—in other words, the branching of the

Figs. 6-Ti.—Development of bud of Hazel. (After Dennett.)

shoot is axillary. A shoot possessing an unbranched stem is

described as simple (figs. 3, 4, the two left-hand drawings), but

when the stem is branched, the shoot is said to be compound
(figs. 3, 4, the right-hand drawing).

Normal buds, then, are terminal or axillary. A bud does

not necessarily develop at once into a branch. It may
remain in a resting or dormant condition, and is then

described as a resting-bud, to distinguish it from an active

bud.

' The bud appears as an external outgrowth of the stem ; it is exogenous.
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Adventitious Shoots.—Lateral shoots may arise on some
flowering plants in places other than the axils of leaves. Such
shoots are said to be adventitious. For instance, adventitious

shoots may burst out from the roots of Poplars, Rose-trees,

Hazels, and raise themselves above the surface of the soil.

Again, adventitious shoots may spring from cut fragments of

Dandelion-roots, or from Begonia-leaves pegged down to

produce cuttings. When young branches shoot out from

older parts of tree-trunks they are often axillary branches,

and their appearance is merely due to the sudden activity

of resting-buds which were formed years before. But in

the case of Willow-trees from which the upper shoots have

been lopped, many entirely new lateral buds arise on the

upper part of the trunk. These grow out to form branches

which are adventitious, because they are not due to the de-

velopment of resting axillary buds. In all these cases of

adventitious branching the shoots produced have stems and
leaves, and therefore are shoots.

ARRANGEMENT OF THE LEAVES.

The leaves are attached to the nodes of the stem. On
the stems of some plants (e.g. Buttercup, Wallflower) no two

leaves are inserted at the same level on a simple stem—that

is, there is only one leaf at each node. This leaf-arrange-

ment is described as alternate or, better still, as spiral

{acyclic). On other stems two or more leaves are attached

at the same level and at the same node of a stem. The
leaf-arrangement is then described as nihorled {cyclic),

and the collection of leaves at each node constitutes a

whorl.

Whorled (Cyclic) Leaves.—In this leaf-arrangement the

leaves at a single node are disposed in a very regular

manner. They are inserted in such a way that the

angular distance between each two adjacent leaves is the

same. Thus, if there be two leaves at the node, they are

inserted on the opposite sides of the stem (say the north

and south sides), as in the Chickweed (fig. 43) and Dead
Nettle; if there be four leaves, they are ranged like the

four points of a compass (say N. S. E. W.) ; if there be

three leaves at a node, each is separated from its neighbour
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by one-thiid of the circumference. The relative disposi-

tion of the leaves at the different nodes is equally regular.

In some cases the leaves at the successive nodes are

exactly above one another (superposed), so that there are

just as many rows of leaves along the stem (longitudinal

rows) as there are leaves at each node— for instance,

there will be two longitudinal rows of leaves if there are

two leaves at each node. But on other stems with whorled

leaves, the leaves at one node stand above the gaps

midway between the leaves of the next lower or next

higher node ; thus the leaves

at the successive nodes exactly

alternate with one another.

Consequently, the leaves of

every second node will stand

above one another. In this

case there will be exactly twice

as many Idngitudinal rows of

leaves as there are leaves at

a single node. For example,

the Dead Nettle, the Chickweed
(fig. 43), have two leaves at

each node, but those at the

successive nodes alternate so

that there are four rows along

the stems.

Alternate or Spiral (Acyclic)

Leaves.—When only one leaf

stands at each node (fig. 12),

the leaves are arranged in

spirals, and not in circles or

whorls. They form rows, and
are ranged one above the other

along the stem, as is the case

with whorled leaves. Each leaf

is separated from the one at

the next node, either below or
'°f Hazel with J leaf- above it, not Only by a vari-

able distance along the stem,

but also by a certain invariable angular distance round the

stem. For example, on Grass-stems and most Hazel-stems

Fig. iz.—Erect shoot
arrangement.
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there is one leaf at each node, and each leaf is inserted on the
side exactly opposite to that on which the leaf at the next node
is attached ; consequently we have to travel half-way round the
stem (as well as go higher up) in order to reach the single leaf

at the next higher node : the divergence, or angular distance,

is described as being ^. Again, in some Hazel-shoots (fig. 12)
we have to travel one-third of the way round the stem in

passing from one leaf to its predecessor or successor, and
the divergence is said to be -g-. On the stems of the Oak,
Red Currant, Pear, Poplar, Musk Rose, the divergence is

|. The consequence of this constancy of the divergence
between the leaves of the successive nodes of a stem is

that the above-mentioned longitudinal rows of leaves are

formed. In the Grasses and most Hazel-shoots with ^ diver-

gence, the leaves are ranged in two rows ; in the Hazel-shoots

with ^ divergence, in three rows ; on Pear-trees, etc., with f
divergence, in five rows. Thus in each case the numerator of

the fraction denotes the number of longitudinal rows of leaves.

And the numerator of the fraction represents the number of

times it is necessary to travel round the stem in passing from
one leaf on a stem to the next one vertically above it, at the

same time touching all the leaves on the way thither. This
gives us an easy method for determining the exact leaf-

arrangement of a shoot. The commonest series are repre-

sented by the fractions ^, ^, f, f, j%. This series can be
remembered with ease if we note that

—

i + i_ 2 i + 2_ 3 2 + 3 _ 5

2 + 3 5' 3 + 5 8' s-f-8 13-

Possibly the most simple way to understand the 'Spiral method
of arrangement of leaves is to look at the cone of a Pine-

tree, or to remember that the leaves are distributed like the

steps of a spiral staircase.

Diagrams to represent the leaf-arrangement.—We can denote

the method of arrangement of the leaves on a stem by a plan

or map, representing a side view of the surface of the stem

unrolled into one plane, much as we show the surface of the

spherical earth with its two hemispheres extended on a single

flat map. Or, on the other hand, we can for a moment imagine

that a shoot is like a large bud, and that we are looking down
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on the top of the stem. We then draw a plan such as would

be seen in cutting across a bud, the outermost leaves being

those which are inserted at the lowest level, and the innermost

leaves being those which are nearest the apex. Thus the

diagram represents a sort of ground plan of the leaves and

Fig. 13. Fig. 14.

Fig. 15- Fig. 16.

Stem. Figs. 13, 14, 15, 16, will explain this second method
of representing leaf-arrangement by diagrams. Fig. 13
represents whorled arrangement with two leaves in each whorl.

Figs. 14, 15, 16, are diagrams of spirally-placed leaves with

divergences of ^, ^, and f respectively.

FOLIAGE-LEAVES.

A complete type, of green leaf (fig. 17) consists of three

parts : (i.) a flattened green dlade or lamina {sp), which is the

most conspicuous portion of the leaf; (ii.) a narrow, elongated

stalk or petiole (st), which connects the blade with (iii.) the
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expanded and flattened basal sheath, by which the leaf is

attached to the stem. The sheath frequently bears two lateral

outgrowths known as the stipules {nb).

(i.) THE SHEATH.

The sheath of a leaf may be well developed {e.g. Butter-
cup, Carrot, Cowparsnip), but frequently it is not distin-

guishable.

The stipules (fig. 17 nb) usually take the form of two
flattened expansions of the leaf-sheath. They are parts of a
single leaf A leaf possessing stipules is

described as stipulate ; a leaf devoid of
stipules is said to be exstipulate. Most
frequently the stipules are small, and
serve merely to protect the young grow-
ing leaves of a bud : in which case they
drop off {e.g. Pear) or shrivel as they
unfold from the bud. But the stipules

may form good-sized green plates, which
persist as long as the leaf -blade

—

e.g. Hawthorn (fig. 58 n), Pea (fig. 59 n),

Violet. In the rhubarb-family, the two
stipules of each leaf are replaced by a
membranous pipe embracing that part

of the stem which is near the leaf

The leaf of a grass has a long tubular

sheath which surrounds the stem, but

is usually split down; one side. The leaf

possesses no stalk, so that the sheath is

directly continuous with the blade. At the junction of the

blade and sheath a. small membranous plate—the ligule—
stands out from the upper face of the leaf.

-sp

Fig. 17.—Leaf of Pear.
. (After Dennert.)

(ii.) STALK OR PETIOLE.

The stalk varies in length : in fact, it may be entirely absent,

in which case the leaf is said to be sessile. Generally the

stalk is attached to one end of the blade ; rarely it is fixed

to the lower face of the lamina, as in the garden Tropceolum

(commonly, though incorrectly termed " Nasturtium ").
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(iii.), BLADE or LAMINA.

The blades of foliage-leaves exhibit great diversities of form

and size.

In form the lamina is usually a flat expanded plate or

ribbon-like structure ; but it exhibits all variations from the

narrow needle of the Scotch Pine to the circular disk of

TropcRolum. Its apex may be drawn out into a fine point

or end bluntly, or even terminate in an indentation. The
margin is even (entire) or

uneven (toothed, saw-like,

scalloped, etc.).

Venation ofthe Lamina.—
The substance of the blade is

traversed by veins or nerves

which frequently stand out

more or less prominently.

The arrangement of the veins

may be grouped under two

general headings—(i.) paral-

lel-veining ;
(ii.) net-like vein-

ing. In parallel-veiaed leaves

a number of veins, approxi-

mately equal in size, run side

by side from the base of the

lamina towards its tip. The
veins are more or less parallel,

and are connectedbya limited

number of smaller ones which
join them at right angles.

This type of venation is characteristic of Grasses, Lilies, and
most other Monocotyledons. In net-veined leaves the finer

veins are numerous, and form a complicated network (fig. i8).

Most Dicotyledons have net-veined leaves. There are two

sub-types of net-like venation

—

pinnate and palmate veining.

A lamina which is pinnately-veined (feather-veined) has a single

main vein—the mid-rib— which traverses the centre of the

blade, running from the base towards the apex ; this mid-rib

gives off from its two sides smaller veins, which are arranged

much like the pinnse of a feather

—

e.g. Hazel (fig. i8). Pear,

Primrose. A palmately-veined leaf, in place of possessing a

Fig. i8.—Venation of Hazel leaf.

(After Dennert.)
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single mid-rib, has several large main veins which radiate in

various directions from the base of the lamina towards its

margins

—

e.g. Mallow.

Division of the Lamina.—The form of the lamina may be
very simple, because all the spaces between the nerves are com-
pletely occupied by leaf-substance

—

e.g. Pear, Hazel. Often,

however, incisions of considerable depth proceed from the

margin, thus tending to complicate the form of the lamina
and to split it into smaller sub-divisions. The degree to which
the leaf is divided into smaller parts varies ; for instance, the

incisions are shallow in the Oak-leaf, but they are deep in the

Buttercup-leaf. So long as the divisions do not reach the

large nerves, the leaf is said to be simple (figs. 19-22, 24-26).

Figs, ig-23.—Division of pinnately-veined lamina.

When the lamina is divided by incisions which reach the

main ribs there is no longer one single lamina, but there

exist a number of distinct leaflets, and the leaf is described

as compound (figs. 23, 27)

—

e.g. Rose, Pea (fig. 59), Clover.

Figs. 24-27.—Division of palmately-veined lamina.

Since a compound leaf consists of a number of distinct leaflets

attached to a common stalk, it may be asked why should we
not term it a branch and describe the leaflets as leaves.

Several reasons may be given which serve to show that a com-

pound leaf is a single leaf, and is not a branch.
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(i) It does not arise in the axil of a leaf j on the contrary,

it has a bud in its axil.

(2) Often it possesses two stipules at the base of its stalk—e.g. Rose, Pea (fig. 59 n).

(3) The leaflets do not necessarily arise in acropetal succes-

sion on the stalk of the compound leaf, neither does the

latter terminate in a bud.

(4^ The leaflets have no buds in their axils.

(s) A leaf is always lateral on an axis, but a leaflet may
be terminal on a leaf-stalk

—

e.g. Rose.

When the leaflets are ranged along the sides of an
elongated stalk, the leaf is said to be pinnately-compound
(fig. 23)

—

e.g. Rose, Pea. On the other hand, when the
leaflets spring from a single point at the summit of the stalk,

the leaf is digitate (fig. 27)

—

e.g. Clover and Strawberry, with
three leaflets (fig. 54), Horse-chestnut with about seven
leaflets.

SIMPLIFIED LEAVES.
Some leaves are much simpler than the green foliage-leaves.

They may be described as simplified leaves, and be arranged
under four heads : Scales, Cotyledons, Prophylls, and Bracts.

Usually they are not difierentiated into sheath, stalk, and blade;
frequently they represent merely parts of complete leaves.

SCALES.
Scales are small, simple leaves, usually with even (entire)

margins. They possess littie or no green colouring-matter, but
are brownish or pale in colour. They are without stalks, and
are attached to the stem by a relatively broad base. Scales
occur upon parts of the stem which are above ground in the
form of bud-scales, as in the Hazel and Oak, or quite apart from
the buds, as in the Scotch Pine and Asparagus. But they are
also present on subterranean stems, as in the Hyacinth, some
Grasses, and Potato-tubers. Scales are therefore not defined
by their position on the stem. A scale may represent the
persistent base of a foliage-leaf, the upper portion of which has
died away (as in some bulbs) ; in other cases the scales may
be arranged in pairs, and are merely the stipules of leaves the
blades of which never develop (as in the resting-buds of the
Hazel) ; finally, some scales represent complete leaves (as in
the bulb of a Lily).
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COTYLEDONS.

One characteristic of an ordinary Dicotyledon, the Bean
for example (fig. '2), is that the first two leaves produced

by the embryo are inserted opposite to each other on the

primary axis, and in form they differ from the subsequently

produced foliage-leaves. These two leaves are known as

the cotyledons. [Frequently the cotyledons are termed

seed-leaves, because they are found inside the seed. But

this expression seed-leaves is a bad one, because it seems

to suggest that the seed bears cotyledons, whereas it is to

the stem of the embryo inside the seed that these leaves

belong.] Cotyledons are simple leaves, usually with margins

devoid of any incisions ; only very rarely do they possess

stipules or definite sheaths, though occasionally they have

distinct stalks. When the

seed germinates the cotyle- sc f j^
dons may remain hidden in \ i

, l.,||,_|/

the soil, in which case they ^8*f?^?-..-^^^^^»^^
are not green in colour

—

e.g.
^^:'-'-:'-'-''^-C-:------^^^^^^

Bean ; but in other cases ^y^^sjr^':-::-'y^'-''^-^l-ii^^^^

the cotyledons emerge (fig. 4) ''''"^Jj^i^^V.y-y.?-:^^^;^^^
from the soil and become f ^^nnii^^^BB**^^
green

—

e.g. Beech, Sycamore, '-

Mustard ^^iViUSLaiu.
, T^. ^ 1 Fig. 28.-Vertical section through a

Opposed to the Dicotyle- grain of viTieat.

dons are Monocotyledons,

whose embryos possess only one cotyledon each. That is to

say, the first leaf formed by the embryo is attached to the

axis at a lower level than any other leaf. We may select

the grain of the Wheat, for the purpose of examining a

Monocotyledonous embryo.

Structure of a grain of Wheat (fig. 28). — As will be

shown later, the grain of wheat is not a seed, but is a fruit

with a single seed which occupies the whole of its cavity.

The grain is smooth and convex on the one side, and

deeply furrowed down the middle of the other side. Its

main mass is formed by a substance termed the endosperm

(e). The embryo is a small body placed at the bottom

corner of this endosperm. Looking at the convex surface

of the grain from the outside, there is a pale patch which

indicates the position of the embryo. The latter is rather



20 SIMPLIFIED LEAVES

complicated in form. The root-system consists of a short

primary root (/-), with a peculiar sheath, and several small

lateral roots. The axis (ft) above the primary root bears

a number of alternate sheathing-leaves. But one character-

istic feature of the embryo of this and other grasses is

that, attached to the hypocotyl, is a shield-like outgrowth

—

the scutellum (sc)—which separates the rest of the embryo
from the endosperm. Botanists are not agreed as to which
portion of the embryo represents the cotyledon. There
are the three following views :—(i) The scutellum is the

cotyledon. (2) The first sheathing-leaf and the scutellum

together constitute the cotyledon. (3) The scutellum is

merely a " subsidiary outgrowth " (emergence) of the hypo-
cotyl : and the first sheathing-leaf represents the cotyledon.

Comparison between a Wheat-grain and a Bean-seed and
their Germination.

Grain of Wheat.

1. Is a fruit which contains one
seed. The wall is composed of the

fruit-wall (pericarp), together with a

very thin testa, which can be distin-

guished only with the help of a
compound microscope^*

2. The space within the testa is

occupied by endosperm and an
embryo. The seed is consequently
described as endospermic.

3. Embryo has one cotyledon.

4. In germination.

(a) The endosperm shrivels as

the seedling develops ; it is

the food - supply of the

embryo. The scutellum
is the sucking-organ which
absorbs nutriment for the

benefit of the young plant.

[b) The main root forces its way
through a, peculiar root-

sheath,

(f) The main root soon ceases

to grow, and adventitious

roots arise on the stem.

Bban-Seed.

I. Is a seed.

Its wall is formed by the thick

testa only.

J.. The space within the testa is

occupied by an embryo only. There
is no endosperm. The seed is said

to be non-etidospermic.

3. Embryo has two cotyledons.

4. In germination.

(a) The cotyledons shrivel as

the seedling develops.

They contain the food-

supply of the embryo.

(A) The root has no peculiar

root-sheath.

(f) The main root continues to

develop and produces
acropetal lateral roots.

* Recent investigations tend to show that, in reality, the testa is entirely

destroyed before the grain is ripe.
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PROPHYLLS OR PROPHYLLA.

In many Dicotyledons the first two, therefore the lowest two,

leaves borne on each branch are small and scale-like, These
two simple leaves—the prophylls—are inserted on opposite

faces, the right and left sides of the branch. In Mono-
cotyledons, on the other hand, there is only one of these

simple leaves at the base of the branch, and it is inserted

alone on the upper face of the branch—that is, on the face

which is directed towards the main axis. We can easily re-

member these facts if we recollect that in Dicotyledons and
Monocotyledons the leaves first formed on any stem are

usually simplified. The first leaves of the primary stem are

cotyledons ; those of a lateral stem are prophylls. In Dicoty-

ledons the primary axis has two cotyledons, the branch two

prophylls; in Monocotyledons the primary axis possesses one

cotyledon, the branch one prophyll.

BRACTS.

Often the leaves situated on that region of the stem which

bears the flowers are simpler, and usually smaller, than the

foliage - leaves of the same plant. These simplified leaves

borne in the region of the flowering part of the shoot are

termed bracts— e.g.^ Daisy, Bluebell, Hyacinth. In the

majority of cases, bracts are small, without stalks, and attached

by broad bases ; their margins tend to be entire. Bracts

may assume the form of small scales, as, for example, in the

case of the glumes of grasses (fig. 231), the chaffy bracts of

the Sunflower (fig. 208). Exceptionally large sheathing bracts,

which enclose the whole inflorescence, occur in the Arum,
also in the Snowdrop, and are termed Spathes (fig. 226).

CONSIDERATIONS WITH REGARD TO SCALES,
PROPHYLLS, COTYLEDONS, AND BRACTS.

The remarks in the few preceding paragraphs render it

obvious that scales are defined by their form, and are not

confined to any particular regions of the shoot ; but the other

three varieties of simplified leaves occupy certain definite

positions on the plant, and are defined as well by their position

as by their simple forms. That they all represent true leaveS

is proved by the following considerations:— (i.) They are

lateral appendages of the stem arranged like foliage-leaves.
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and have buds in their axils. Often it is an easy matter to

cause these axillary buds to develop into branches; for in-

stance, if we nip off the stem of a Scarlet Runner just above

the points of insertion of the cotyledons, the buds in the axils

of the latter will shoot out and become branches, (ii.) In

many plants transitions from foliage - leaves to bracts {e.g.

Rose, Christmas Rose), or to scales {e.g. buds of the Horse-

chestnuts), or even to cotyledons, occur, (iii.) It is possible

to cause foliage-leaves to appear in place of scales; for ex-

ample, some stems {e.g. Potato-tubers), which are normally

subterranean, when caused to develop above ground, pro-

duce foliage-leaves instead of small scales.

BUDS.
.ffistivation is the term applied to denote the arrangement

of the different leaves of a bud with reference to one another.

In the bud the leaves forming a single whorl or spiral may
not be in contact, in which case the aestivation is said to be

Figs. 29-37.—Diagrams of Vernation. In figs. 32-37 the shaded face Qf leaf is the
upper face. The leaves are transversely cut.

Open. When their edges just touch, without overlapping, the

aestivation is valvate. Finally, when the leaves overlap the

aestivation is imbricate.
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Vernation is the term applied to denote the manner in which
each single leaf is packed in the bud. Each leaf may be flat or

plane (figs. 29, 32). In some cases the leaf is^/i&^ in various

ways along the courses of the chief veins. The two halves of

the lamina maybe simplyy»/(/i?^together along the mid-rib, like

two pages ofa book
(figs. 30, 33); or

there may be a
number of folds

(fig- 34) along
several of the large

veins, especially in

leaves with parallel

venation {e.g. many
grasses) and with

palmate venation,

so that the young
leaf reminds us of

a closed fan or a

pleated garment. - -
^j^jtipuies.

In other mstances
the leaf is rolled from side to side. Each half of the lamina

may be rolled towards the middle line of the upper face of the

leaf, as in the Pear (figs. 31, 35, 38), or towards the middle line

of the lower face (fig. 36). Occasionally the whole lamina is

rolled sideways in one direction (fig. 37). Finally, the leaf

may be coiled from the apex of the leaf towards the base, like a

watch-spring.

Fig. 38.- -UryrolHng of leaves (3i, . ^3i ^4) of bud of Pear.
(After JDennert.)
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STEM AND SHOOT

40 39

DEFINITE AND INDEFINITE GROWTH IN LENGTH.

An ordinary stem of a flowering plant elongates solely by
means of growth at its apex. The apex may continue to grow
for a long period, so that the stem will bear many leaves and
lateral buds ; such a stem is said to be unlimited or indefinite.

in its growth. On the other hand, the

apex may soon cease to grow, so that the

stem attains only a limited or definite

length. The Scotch Pine (fig. 62) has
shoots which exhibit both these methods
of growth. The main trunk and con-

spicuous branches are of indefinite growth,
and bear leaves only in the form of scales

;

they constitute the so-called long-shoots.

In the axils of most of the scales on the

long-shoots there arise lateral dwarf-shoots

(fig. 39). Each dwarf-shoot consists of

a short definite stem, bearing just below
its apex two needle-like green foliage-

leaves (/), and below these a number of
scale-leaves {s) : the apex {a) of the stem
lies between the two needles (fig. 40).
Stem or axes of different orders (fig.

41)-—A stem is an axis bearing leaves.

This definition gives us no means of
stating simply whether the stem be a
main stem or a lateral one : hence it is

advisable to adopt some terms by which
we can explain to which stem we are

alluding. The main stem (i.) is described as an axis (stem) of
the first order, or. as the primary axis. A lateral axis (11.)

24

Fig. 3^.—A dwarf-shoot
of Pine, in axil of scale (sc).

Fig. 40.—Vertical section
of ditto.
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Fig. 41.

arising on the primary stem is termed an axis of the second

order, or a secondary axis. A lateral axis (iii.) arising on a

secondary axis is an axis of the third

order, or a tertiary axis ; and so on.

Formation of false-stems or sym-
podia.—A simple stem being un-

branched obviously must be an axis

of the first, second, or third, etc.

order. Frequently, branched stems

are formed which, at first sight, seem
to be simple ; this is particularly the

case in plants possessing stems of

definite growth.

The formation of such a falsely

simple stem—a sympodium—may be

illustrated by considering the growth

of a grass which lives for several years and possesses a sub-

terranean shoot-system. Following out the development of a

horizontal under-ground stem of a grass, it will be seen that the

end of the stem eventually bends out of the soil, becomes erect,

and terminates in an in-

florescence. But the base

of the erect portion of

this stem produces a bud
which grows for a certain

distance in the soil and
presents the false appear-

ance of being a continua-

tion of the original stem.
'

This lateral axis in turn

bends out of the soil and
produces flowers as did

the first stem. A third

axis arises on the second

lateral axis and behaves in

exactly the same manner
as its predecessors. Fig.

42 is a diagram of a

grass which is supposed tq be flowering at the present time

(in summer). A year ago, axis i. bore flowers (which are now
invisible), and it also possessed a leafy branch (11.), the

Fig. 42.—Method of growtli of a perennial
Grass.
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termination of which had emerged from the soil. This
year, axis ii. is flowering, and its branch (axis in.) has just

emerged from the soil with its foliage-leaves, and will next year

terminate in an inflorescence. Axis iii. has a branch of its own,
(axis IV.), which next year will push above the soil and assume
the present condition of axis in., and in the second year after

will flower. It will thus be seen that the creeping subterranean

axis is not a true axis, but is composed of the subterranean

portions of axes i., u., in., iv., apparently strung together end
to end. Each true a;xis is roughly L-shaped, and the sym-
podium is made up of the bases of successive Ls.

Some of our trees, especially Willows, Elms, Limes, Beeches,

have sympodial branches, which are produced in a slightly

different manner. In these trees the terminal buds of the

branches often die in autumn, and in the following year the

highest axillary bud on each shoot grows out and behaves as if

it were the true terminal bud. Again, in the Hazel occasionally

an axillary inflorescence arises close to the apex of a shoot, and
as it develops it causes the terminal bud to die and drop off"

(see fig. 131).

ARRANGEMENT OF BRANCHES.

So far as we have considered a flowering plant, we have
found that every leaf has a bud in its axil. An axillary bud
is simply a small lateral shoot which may develop into a
branch. If all the axillary buds of a plant were to grow out,

the branches would be arranged on exactly the same plan as

the leaves {i.e. in whorls or in spirals). But many leaves have no
branches in their axils ; this is due to the fact that, though the

buds are present they remain inactive. Thus we may range
buds under two heads : those which are active or growing, and
those which are inactive or resting. The disposition of branches
on a stem depends, therefore, not only on the arrangement of

the leaves, but also upon the behaviour of the axillary buds.

Bacemose branching.— When a stem grows strongly and
produces a considerable number of branches which remain
smaller than itself, the branching is said to be racemose (fig. 4).

Cymose branching.—When a stem grows only for a limited

time and produces only a few branches which subsequently

develop more vigorously than the stem which bears them, the

branching is said to be cymose (fig. 43).
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HERBACEOUS AND WOODY
STEMS.

There is considerable variety

in the toughness, consistence,

and longevity of stems. A
stem may be soft and relatively

short-lived : in which case it is

said to be herbaceous. A
plant, the above-ground stems
of which are invariably her-

baceous, is described as a
herb. With the exception of

our herbaceous climbers {e.g.

Convolvulus) nearly all British

herbs are plants of low stature,

like the Buttercup and Prim-
rose. Opposed to herbs are

trees and shrubs whose stems
are hard and woody, and cap-

able of existing for consider-

able periods. A tree is dis-

tinguishable from a shrub by
its possession of a distinct

main-trunk which bears bran-

ches. A shrub is usually

smaller than a tree, and, in

place of having a main-trunk,

possesses several woody bran-

ches which spring from a

common point : e.g. Black-

berry.

SECONDARY INCREASE IN
THICKNESS OF STEMS.

The old part of the stem of

a grass, a palm, or almost any
Monocotyledon, is no thicker

than the young part near the

apex. The stem of the Mono-

Fi^. 43.—Cymose branching of Chickweed (Stellaria media). The main stem (axis i.)

ends in a flower I., which is bent down in the figure. On the main stem there arise two
branches (axes 11.), each ending in a flower n. (which is bent down in the illustration),

and having two branches (axes iii.), which terminsfte in flowers in. ; and so on.
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cotyledon cannot increase in thickness when it has one?

ceased to elongate. But the reverse is the case with Dicoty-

ledonous trees. An old part of an Oak stem is much
thicker , than a young part near the apex : the older the

stem the thicker it is. After the stem of a Dicotyledon has

ceased to elongate it may be able to grow in thickness. If we
examine the trunk of an oak-tree which has been cross-cut,

we note the bark lying outside the wood. In the centre of the

trunk there is a dark patch of heart-wood, which is surrounded

44 45 46

Figs. 44-47.—Cross-sections of steins showing annual thickening rings of wood.
Fig. 44 is one year old. Fig. 45 is two years old. Fig. 46 is three years old. Fig. 47
is five years old, and shows the bark peeling off. r denotes wood formed in the first

year ; 2, the wopd formed in the second year ; and so on.

by the lighter-coloured splint-wood. Still looking at the cross-

section of the trunk, we note that there are a number of ring-like

markings ranged round the centre. We find that in a two-year-

old stem there are two rings, in a three-year-old stem three

rings ; in fact, that the number of rings corresponds with the

number of years of growth of that portion of the stem. For this

reason the rings are termed annual rings. Each ring denotes one
year's growth in the thickness of the stem. There are also

numberless radial lines which are the medullary rays. The
knots met with oh cutting across timber are the remains of

portions of branches, which have been buried in the wood as

the stem thickened.

SUBTERRANEAN SHOOTS.

A stem may protrude into the air and be sub-aerial; or live

under water and be submerged; or lie buried in the soil and
be subterranean.

In the case of many plants only a part of the shoot is raised
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out of the soil, the remaining portion being underground. The
subterranean steins are distinguishable from roots (i.) by their

possession of leaves and buds; (ii.) by reason of their con-
tinuity with axes which bear foliage-leaves, or by their aris-

Fig. 48.—Base of Potato-plant,, showing tubers. (After Baillon.)

ing in the axils of leaves. There are four common types of

subterranean shoots

—

rhizomes, tubers, corms, and bulbs.

A rhizome is a more or less elongated subterranean shoot

which frequently extends in a horizontal direction in the soil.

Its stem often bears scales which are membranous, and it usually

gives off adventitious roots. Nearly all rhizomes are sympodia,
as, for instance, in Grasses, in Iris, and in the Dandelion, their
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subterranean portions being formed of the persistent bases of
successive lateral axes, whose sub-aerial portions produce
flowers and then die. The development of the rhizome of a
grass as given on page 25 illustrates the mode of formation of
the underground sympodia. The Woodsorrel (Oxalis acetosella)

affords an exception to this rule ; the axis of its rhizome is a
single true axis which does not emerge from the soil; the
shoots (flowering axes) which protrude into the air are axillary

branches of this horizontal subterranean stem, which bears

scale-leaves and compound foliage-leaveS.

A tuber is a subterranean shoot, which consists of a short

swollen stem bearing small membranous scales. The tuber
gives off adventitious roots. The Potato-tuber is a tuberous
stem ; its " eyes " are buds which arise in the axils of minute
scale-leaves. The difference between these tubers and tuberous
roots is well brought out by a comparison between the Dahlia
and the Potato-plant. The subterranean tuberous bodies of the

Dahlia arise on the base of the stem, in positions which bear
no relation to the leaves on that stem ; they possess no leaves.

(They arise endogenously, and their tips are clothed with root-

caps.) In fact, they are adventitious roots. The tubers of
the Potato-plant are thickened portions of lateral stems which
definitely arise in the axils of leaves (fig. 48) at the base of the
main stem of the plant; furthermore, they bear scales, and
when caused to develop above the soil they produce foliage-

leaves. (They are exogenous in origin.)

A conn is a subterranean shoot which consists of a short

thickened stem more or less invested by membranous scales.

The corm has relatively larger scales than a tuber.

Life-History of the Garden-Crocus {Crocus vernus) (figs.

49-52).—Each corm of this plant is the swollen basal part of
an axis which terminates in a flower ; but the corm does not
develop on that axis until after the latter has blossomed.
Examining a plant in spring (fig. 50), shortly after the flower

has withered (or even whilst it is flowering), we note that there

is a yellowish wrinkled corm, on the upper face of which is

either the stump or the scar of the flowering axis of the preced-

ing year. This is encased in brown scales, and represents an
axis which we will term "axis 11." On its upper face there is

also inserted the axis which terminates in the recently withered
flower {fl). This is really a lateral branch of "axis 11.," and
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may be termed " axis iii." The flowering stem—axis in.—has
below its terminal flower several bracts, beneath which are a
limited number of long, narrow foliage-leaves (/) with broad
basal sheaths ; and still lower down the stem a few sheathing

scales succeed. Already the base of this flowering axis in. is

swelling, above the insertion of its lowest scales, to form a new
corm, so that one slender internode intervenes between the

Figs. 49-52.—Yearly history of Garden Crocus. Fig. 49.—Plant resting in winter.
Fig. 50.—Plant flowering. Fig. 51.—Plant fruiting. Fig. 52.—Plant preparing for

winter-rest after fruiting.

older corm and the younger one. The new corm is growing

at the expense of the food manufactured by the foliage-leaves,

and also the nutriment which is being supplied by the mother-

corm (axis ii.). The latter is gradually shrivelling up and
parting with its contents. In the axil of the uppermost foliage-

leaf of the flowering stem (axis in.) is a bud (p), which will

next year develop into a flowering axis (axis iv.) and will pro-

duce a new basal corm. Thus each year a new corm arises

above the preceding one, and represents the uppermost axillary

branch of its predecessor, by which it is fed. Therefore,

axis II. is a branch of the shrivelled axis i., which is to be seeii

in the resting corm during winter (fig. 49). Occasionally

several axillary buds develop on an axis, and each produces a
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corm, so that when the mother-corm shrivels up, the several new
corms become separate and form distinct individuals. The
adventitioiis roots are given off jfrom the old corm, and serve

to supply water and nutriment to the flowering axis and to the

developing corm.
A bulb is a subterranean shoot which consists of a short bun-

like stem with fleshy scales. The main mass of the bulb is

made up of leaf-structures. In the case of the bulb of the

Tulip the scales are

complete scale-leaves,

and the plant has

foliage-leaves in addi-

tion. But the scales

of some bulbs are not

complete leaves, they

are merely the persis-

tent basal portions of

green leaves, the
blades of which have
decayed- For in-

stance, the single stem
of a Snowdrop, which
terminates in an in-

florescence, bears two
long, narrow foliage-

leaves, which are
attached to its base.

As the season ad-

vances, the green
upper portions of
these two leaves decay
and theirbases thicken

to form two fleshy
scales. The bulb of a

Snowdrop consequently consists mainly of two thick scales borne
on a short axis. In the axil of one of the scales is a bud which,
in the following year, will develop to form a new flowering

axis. As the latter grows, the two scales will shrivel as they
pass their contents on to the growing stem. This new flower-

ing shoot will subsequently behave just like its predecessor,

and the brown shrivelled remains of the two old scales will be

Fig. S3. — Vertical section of bulb of Hyacinth
jr is the flattened axis ; 7? is the inflorescence axis
a is an additional lateral bud forming a small bulb.
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seen outside the daughter-bulb. The Hyacinth-bulb (fig. 53)
has scales of both sorts ; there are true scale-leaves {fs), as well

as scales {fb) which are the persistent basal parts of green
leaves (/). In all these bulbs each new one {b) arises as an
axillary bud on the bulb of the previous year. The older bulb-
scales shrivel and give their contents to the younger parts.

The lower surface of the stem of the bulb gives off adventitious
roots.

SUB-AERIAL STEMS—DIRECTION OF GROWTH.
Occasionally the foliage-bearing part of a stem which is

above ground is so short that the leaves form a tuft, apparently

Fig. 54.—Strawberry plant, showing runners. (From Dennert.)

springing from the ground

—

e.g. Dandelion and Daisy. The
leaves are then said to be radical in position.

Fig. 55.—Plant ol Convolvulus arvensis^ which is prostrate becaitse it has met with
no support up which it can climb. (After Dennert.)
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As a rule the sub-aerial foliaged axis is of

appreciable length. It may be erect, as in the

Sunflower, or it may be extended horizontally

over the surface of the soil (fig. 55). The
"runners" of the Strawberry are creeping

stems which have long internodes and produce
tuft-like shoots and adventitious roots at the

nodes (fig. 54). Between erect and prostrate

stems various transitional stages occur.

CLIMBING PLANTS.

A prostrate trailing plant usually has long,

slender stems which call in the assistance of

the soil to bear the weight of the branches and
leaves. Another group of plants—climbers

—

also require external support ; they rise above
the soil and lean against, or fix themselves to,

other plants, rocks, walls, etc. Like the

majority of prostrate plants, climbers have
slender stems, usually with long internodes

—

in fact, a climbing plant may become prostrate

if it finds no external object up which it can
climb (fig. 55). Climbing plants may be
ranged for the present Tinder four heads

:

root - climbers, twiners, irritable - climbers,

scramblers.

(i.) Root - Climbers. — The Ivy ascends by
means of numerous aerial adventitious roots,

which are • given off by the stem and serve to

fix it to the supporting object.

(ii.) l?wining Plants are those possessing

stems which twist round the supporting objects.

In most cases the twining stem twines in a
definite direction ; for example, the Bindweed
{Convolvulus) cUmbs in a left-handed spiral, as

is shown in fig. 56 ; whereas the stems of the

Hop and Honeysuckle ascend in a right-

handed spiral. The differences between these

Cmwivuius twiners and the following class of climbing

(AS'De P^^"*^^ ^"^6 "^ot sasy to explain in this ele-

nert.) ' mcntary work, but it may be generally stated

Fig.

S6.

Twining
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that twining plants can only twine round supports which

are erect or nearly so.

I?

1

(iii.) Tendril-Climbers and Irritable Climbers.—Some plants

{e.g. Pea and Vine) possess peculiar slender climbing organs
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termed tendrils (figs. 57, 59). A tendril is a simple or

branched string-like irritable* structure which is capable of

coiling round, or fixing itself to, suitable objects. Tendrils

and other irritable climbing organs can embrace slender

supports which are horizontal in position. The leaf-stalks of

the garden Tropmolum and of Clematis, also the finely-divided

leaves of the Fumitory, act like tendrils and coil round slender

stems.

(iv.) Scramblers do not adopt any of the methods above
mentioned; they merely lean against or scramble over other

plants. Some clamber up by the aid of hooks or prickles, as

in the case of Galium (Cleavers) and Rubus (Brambles).

SUBSIDIARY OUTGROWTHS (Hairs, etc.).

So far we have mentioned roots, stems, and leaves, but have
given no account or explanation of the hairs, hooks, and prickles

scattered over various parts of plants. We have learnt that

roots, stems, and leaves all arise, and are arranged, in accord-

ance with certain definite laws. Furthermore, they are recog-

nisable by their structure. The hairs, prickles, etc., which are

irregularly arranged over the plant, cannot be regarded as being
roots, stems, or leaves, because they do not occupy the definite

positions assigned to these members. In particular, hairs are

found on roots, stems, and leaves : prickles occur on leaves

and stems ; these structures are not axillary in position, nor do
they have buds in their axils. We therefore require a term
to include all outgrowths which are neither roots, stems,

nor leaves, but are, more or less, irregularly disposed on
those members. We may term these structures ^'subsidiary

outgrowths." [In the majority of text-books "subsidiary out-

growths" are referred to under the heading of "hairs and
emergences"; but it is impossible to give the corhplete defini-

tion of a hair or an emergence without assuming a knowledge
of microscopical botany.]

METAMORPHOSED SHOOTS.

Stems and leaves assume many different forms, and they
may present appearances so changed, or metamorphosed, as to

*See the section on Physiology.
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render it a matter of difficulty to recognise them as such.
For instance, stems may assume the appearance of leaves;
stems, leaves, or parts of them, may appear in the form
of spmes or of tendrils. It is mainly by the study of their
arrangement that we can recognise as such these meta-
morphosed stems and leaves, and can distinguish them from
" subsidiary outgrowths."

SPINES, THORNS, AND PRICKLES.

Many plants are armed with sharp-pointed woody structures,
which may represent stems, leaves, or subsidiary outgrowths.

(i.) Stem-spines.—The
spines of the Hawthorn
(fig. 58) occupy the po-
sition of branches, for

they stand in the axils of
leaves ; they bear small

leaves, whicli soon fall

off. These spines, there-

fore, represent stems of
definite growth, whose
growing points become
hard and woody. Certain
branches of the Pear-tree

often end in spines,

which, therefore, are
metamorphosed stems.

(ii.) Leaf-spines.—The
leaves of Thistles and of the Holly have spinose outgrowths,
which are obviously portions of the lamina. The Barberry-
plant has branched spines, in whose axils branches arise

:

hence they are metamorphosed leaves. This view is confirmed
by the fact that on a stem of the Barberry it is often possible
to see all the transition stages between the gr'een leaves and
the branched spines. Each foliage-leaf of many Acacias has
two spines occupying the position of the two stipules : therefore
the spines are metamorphosed stipules.

The Common Furze or Gorse {Ulex europaa) has thorns,
some of which possess axillary buds, and others of which
terminate stems. Thus in this plant both leaves and stems
have changed to form spines.

Fig. 58.—Shoot of Hawthorn with a stem-spine
(rf) in the axil of a leaf. « represents stipules

;

b denotes the lamina. (After Dennert.)
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(iii.) Spines, Prickles which are subsidiary outgrowths.—
The leaves and stems of Brambles (fig. 57) and of many Roses
have prickles, woody hooks, or long spines scattered over them
in indefinite positions. These structures, therefore, represent

"subsidiary outgrowths."

TENDRILS.

(i.) Leaf-tendrils.—The leaves of the Pea (fig. 59) are pin-

nately-compound, and have large green stipules. The positions

which should be occupied

by the terminal leaflet and
the two or more pairs of

uppermost leaflets are taken

by a single terminal tendril

and two or more pairs of

lateral ones. The tendrils

of the Pea, therefore,

represent metamorphosed
leaflets.

(ii.) Stem -tendrils.—
The tendrils of the

Passion - flower arise in

the axils of leaves, and
are therefore modified

branches.

The tendrils of Bryonia
dioica (fig. 57) are not so

easily understood. They
probably represent meta-

morphosed shoots, the leaves of which are absent.

Fi^. 59.—Compound leaf of Garden Pea.
»= stipules ;_/(5/= leaflets ;^y= leaflets converted

into tendrils. In this leaf the terminal tendril

is wanting. (After Dennert.)

LEAF-LIKE STEMS (CLADODES).

The green feathery part of an Asparagus-shoot consists of

numerous green stems arising in the axils of minute colourless

scales. The Butcher's Broom (Ruscus aculeatus) has short,

flattened, leaf-like branches, each terminating in a sharp point.

That these leaf-like members are lateral stems is evident from
the fact that they bear leaves and flowers, and arise in the axils

of the true leaves, which are inconspicuous scales.
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THE LIFE-HISTORY OF FLOWERING PLANTS

Whilst flowering plants display a considerable uniformity

in their general conduct, they vary amongst themselves in

regard to details, such as the duration of their existence,

and their precise behaviour during life. Even a single indi-

vidual does not acquit itself in a constant and uniform manner
throughout life. Its variations in conduct are largely associated

with corresponding changes of season. For example, flowering

plants in Britain, for the most part, grow actively during summer,
but at the onset of winter they tend to enter into a passive or

resting condition, during which growth is practically at a stand-

still. We can therefore regard the life of a plant as made up of

actively vegetating or growing periods and resting periods.

Though the British flowering plants commence and conclude

their phases of active growth at different times of the year, yet

for the vast majority of them the period from spring to autumn
is the vegetative season, whilst winter is the resting season.

FREQUENCY OF FLOWERING AND DURATION OF LIFE.

Some plants blossom only once in their lives, and die as soon

as their seeds have ripened ; they are described as being mo?to-

carpic. Opposed to these are others which flower repeatedly

and produce crops of flowers year after year : these are termed
polycarpic plants.

Monocarpic plants may be further sub -divided into three

groups, according to the age at which they produce their single

crop of flowers. A plant which germinates, produces its

flowers and fruits, and then dies, all in one vegetative season,

is termed an annual—e.g. Wheat and Field Poppy. Some
annuals complete this cycle of -Hfe within a few weeks, so that

in one vegetative season several generations of individuals may
be derived from one plarit : these are small herbs, and are

39
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distinguished by the name of ephemerals—e.g. Chickweed and
Shepherd's Purse. Annuals proper can produce only one
generation in a single vegetative season, because their

life extends over several months. A plant which germinates

and vegetates in its first active season, and blossoms and dies

in its second year, is described as a biennial—e.g. Turnip.

Finally, a plant which is capable of existing for several years is

termed a perennial; and if it can blossom only once it is

described as a monocarpicperennial—e.g. some Palms.

Polycarpic plants are all perennials. They vegetate and
produce flowers and seeds season after season

—

e.g. Dandelion,

British trees and shrubs.

It is more important to lay stress upon the number of times

a plant can flower than to consider whether the plant be annual,

biennial, or perennial; for the distinctions amongst these

latter are largely arbitrary. For instance, many plants which
are described as annuals can germinate in autumn, rest during

the winter, and flower in the following spring—in fact, they act

as biennials. Again, if by artificial or natural means the forma-

tion of fruits or flowers on an annual be prevented, the annual

may live for years—in fact, it becomes a perennial : e.g.

Mignonette artd Annual Meadow-Grass. The Daisy, which is

perennial in England, is annual at St Petersburg.

METHODS OF RESTING.

Ephemerals and annuals rest during the winter in the form

of seeds. In most cases their vegetative organs are dead. But
some annuals, when sown in autumn, can pass the winter in

the form of young green plants.

Biennials and perennials retain only certain portions of their

vegetative organs at the resting season. There are certain

broad distinctions between the modes of resting of herbs and
of woody plants belonging to these classes.

Resting condition of perennial herbs.—A number of peren-

nial herbs retain their sub-aerial stems and green leaves during

the winter ; amongst these are many Grasses, and Wallflowers

in gardens. But in the majority of perennial herbs the parts of

the shoot which are above the soil die down, and only sub-

terranean portions of the plant continue to exist at the resting

season. Herbaceous perennials may rest in the form of sub-
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terranean shoots :—rhizomes {e.g. Dandelion), tubers {e.g.

Potato), bulbs {e.g. Hyacinth), corms {e.g. Crocus)—or in the

form of roots. In the following vegetative season these

underground parts send up shoots which force their way out

of the soil and bear foliage-leaves and flowers.

Besting Condition of Trees and Shrubs.—In perennial

woody plants a considerable part of the sub-aerial shoot

persists during winter. The woody stems and the' buds, usually

covered with scales, represent the resting tree or shrub. Some
of these woody plants shed their foliage-leaves before winter

sets in

—

e.g. Hazel and Larch—and are described as deciduous.

Others retain their green leaves during that season, and are

termed evergreens—e.g. Pines, Firs, Yew, Ivy, Box, and Heaths.

But even the evergreens do not retain the whole of their

leaves for an indefinite period : each year the oldest leaves

drop off, so that a green leaf lives only for a few years.

METHODS OF VEGETATIVE MULTIPLICATION.

Many flowering plants are able to increase in number with-

out the intervention of seed-production. Portions of the plant

become separated from the mother-plant by the decay of parts

which connect them with the latter. These disconnected

younger sections, having produced roots of their own, become
distinct individuals. For example, the long internodes of the

Strawberry-runners may decay and the tufted shoots at the

nodes consequently become separate plants. Again, the

decay of those parts of the stem which connect the tubers of

a Potato with the mother-plant has the same result, for each

tuber can produce a new Potato-plant. Frequently in bulbous

plants young bulbs arise in the axils of several scales, or a

number of little bulbs may appear side by side in the axil of

one scale ; in either case, the death of the old bulb leads to

separation of the daughter-bulbs. The horizontal lateral roots of

the Hazel, Poplar, and Rose, give off erect adventitious shoots

—

the so-called suckers—which force their way out of the soil and

assume the appearance of ordinary shoots. The suckers may
become separate individuals by the decay of the connecting

root and the production of adventitious roots at the bases of

their own stems. "Cuttings," as taken by gardeners, also

illustrate the vegetative multiplication of plants.
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ORDER OF SUCCESSION OF EVENTS.

After germination, a plant at first confines itself to vegetative

growth and finally bears flowers and fruits. Even in each

vegetative season a shoot tends to adopt the same course of

action—first its vegetative buds flush, the foliage-leaves unfold,

and the stems elongate, and eventually the flowers open.

In some plants this order of succession in one single vegeta-

tive season is changed : the flowers may appear before the

leaves unfold, as is the case with the Hazel, Almond, and
some Cherries.
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Dissected flower of Buttercup.

THE FLOWER

FLOWER OF A BUTTERCUP (Figures 6o, 6i).

If we examine the flower of a Buttercup, we note that it

consists of four kinds of members inserted laterally upon a

central axis. This is

seen with particular

clearness if we cut the

flower down the centre

(fig. 6i).

The portion of the

axis which bears these

lateral members is

termed the receptacle

(r).

The outermost series

of lateral members is

formed by a whorl of

five small, green, leaf-like sepa/s (sp. cat).

Standing immediately within the gaps between the five

sepals, and thus al-

ternating with them,

are five yellow, leaf-

like petals (/. cor.).

Again, within
these succeed
numerous yellow \K ^S^ ^'^^M^^SIMiMWIWIK}///^J

stamens (and).

Each stamen con-

sists of a stalk—the /

filament {/)—and a
"''

head— the anther

id). The young
anther has four

closed little cham-
bej-g . tj^g pollen- Fig. 6i.—Vertical section of flower of Buttercup.

sacs—which contain innumerable microscopic rounded bodies

43
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—the pollen-grains. When the anther is fully ripe, the pollen-

sacs open down their sides and allow the pollen to escape in

the form of fine yellow dust.

The centre of the flower is occupied by many small green

carpels {gyn) situated laterally on the terminal portion of the

axis. Each carpel, at its summit, terminates in a minute
glistening tip— the stigma (si), which is connected by a
scarcely appreciable short stalk— the slyle (s)— with the

swollen basal portion—the ovafy {ov). The ovary is inserted

directly on the receptacle. The ovary forms a closed chamber
which contains a minute egg-shaped body—the ovule (o)—
attached to its floor.

FLOWERS OF THE SCOTCH PINE (Figures 63-67).

The flowers of the Scotch Pine are very different in appear-

ance and in structure. This plant has two kinds of flowers

(fig. 62)—those which possess stamens (m), and those which
bear carpels (c, cP).

The stamen-bearing flowers are yellow cones clustered

together (fig. 62 m). Each cone (fig. 63) is a single flower jvith

a short stalk, and stands in the axil of a scale (sc). The
simple axis of the cone has a basal portion which bears simple
bract-scales (5). Above these, on the axis, are inserted lateral,

scales (fig. 63/(7, fig. 64), each of which has two pollen-sacs

attached to its lower face. These latter scales are stamens,

for they possess pollen-sacs. The flower thus consists of a

simple axis—the" receptacle—with spirally arranged lateral

stamens. At its base the receptacle is continuous with a
short portion of the axis—the flower-stalk—to which bracts

are attached.

The carpel-bearing flowers (fig. 62 <:, cP) are also cones, and
present the appearance of . erect reddish buds. Each cone
(fig. 65) arises in the axil of a scale : its simple axis is con-

tinuous with a short stalk which bears a few bracts (sc).

Above these bracts the simple receptacle has scale-like

members of somewhat complicated form, each member con-

sisting of a small scale (cp), from the upper face of which a
larger scale (ps) protrudes : again attached to the upper sur-

face of each larger scale are two ovules (fig. 66 ov). These
peculiar double-scales are carpels, for they bear ovules. The
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flower thus consists of a simple axis with spirally-arranged

carpels; it has a short stalk, which is continuous with the

receptacle.

DEFINITION OF A FLOWER.

Widely different as they are, the flowers of the Scotch
Pine and Buttercup agree in that each consists of a simple
axis bearing lateral members unlike itself. Thus the flower

agrees with a simple shoot as regards its component parts, and
there are reasons for regarding the flower as actually equivalent

to a shoot—(i.) a flower always occupies the position of a shoot

:

it either terminates a shoot {e.g. Tulip, Bulbous Buttercup), or is

in the axil of a foliage-leaf (e.g. Poor-man's Weather-glass), or of
a bract {e.g. Scotch Pine, Hyacinth). Thus the receptacle of a
flower is a simple stem, because it is continuous with a stem
which bears leaves, or is axillary in position, (ii.) The lateral

floral members— sepals, petals, stamens, and carpels—are

leaves, as is proved by the following considerations :

—

{a) Like leaves, they are arranged laterally on stems in

whorls {e.g. petals of the Buttercup), or in spirals {e.g. stamens
and carpels of the Buttercup and Scotch Pine).

{b) They are often distinctly leaf-like in form {e.g. sepals

and petals of the Buttercup, stamens and carpels of the Scotch
Pine).

{c) Frequently plants possess lateral members, which are

arranged like leaves and assume forms intermediate between
bracts, sepals, petals, or stamens. Thus in the Christmas
Rose there are all stages of transition between the foliage-

leaves, bracts, and sepals. In the White Water-lily there are

numerous lateral 'floral members which in form are inter-

mediate between petals and stamens.

{d) The flowers of a plant may assume peculiar abnormal
forms in which the lateral floral members are strangely

modified; such flowers are described as being monstrous. In
" Double Buttercups " some of the stamens are replaced by
petals ; in green roses green leaves appear in place of carpels.

{e) Lateral floral members differ from ordinary leaves in that

they have no buds in their axils; but in some monstrous
flowers buds do appear in their axils.

Thus the position of a flower and the arrangement of its
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various parts prove that it is equivalent to a simple shoot.

Further, we are familiar with the fact that seeds form in con-

nection with flowers, but on no other part of the plant. We
may, therefore, give the following definition of a flower :

—

A
flower is a simple shoot, or part of a simple shoot, which is set

apart for the purpose of effecting reproduction by means of seeds.

The lateral members—sepals, petals, stamens, and carpels

—

represent leaves, and may be described as floral leaves.

Comparing the flowers of the Scotch Pine and Buttercup,

it is apparent that there is a great difference between . their

carpels. They are types of the two great natural classes into

which we divide flowering plants, (i.) Gynmosperms, which
include Pines, Firs, Cedars, etc., have their ovules freely

exposed on open carpels, (ii.) Angiosperms, which include the

majority of familiar flowering plants— Buttercups, the Wall-

flower, the Hazel, Grasses, and Lilies, for instance—have
closed carpels, so that the ovules are concealed inside an
ovary. Further, a carpel of an Angiosperm has several differ-

entiated parts—an ovary, a stigma, and usually a style.



CHAPTER VII*

G YMNOSPERMJE

CONIFERJE (PINE FAMILY)

Trees or shrubs with simple leaves and- inconspicuous naked
diclinous Flowers. The ovules are borne on open carpels.

Type: SCOTCH PINE (FIJVUS SYLVESTRIS).

Vegetative Characters.—A tall evergreen, resinous tree.

(Consult fig. 62 for an explanation of the following descrip-

Fig. 62.—Diagram of branching of Pinus sylvestris, also showing
the position of flowers.

tion.) The obvious branches (lateral long-shoots) are arranged

in false whorls. The vegetative shoots and leaves are of two

* Beginners should omit this chapter.

47



48 GYMNOSPERM^.

kinds (see p. 24). At the end of each active vegetative season
the terminal bud (is) of the main stem (or of a lateral long-shoot
(/,V) ) enters into a resting condition, and close beneath it the
axillary buds form a whorl-like collection of scaly resting buds.
These terminal buds, and the lateral ones (excepting such as

develop into cones), grow out in the following year to form
long-shoots. Consequently, the number of false whorls of

long-shoots denotes the number of years of growth of the
stem which bears them ; it is, however, necessary to add
three to the number thus obtained if we wish to calculate

the age of a tree, because no false whorls are formed till the

end of the third year of the

life of the main stem. In fig.

62 the part of the stem above
the top whorl of branches,

and opposite i. is a one-year-

old stem ; that part (11.) be-

tween the uppermost whorl
and the second whorl is a
two-year-old stem, and so on.

Inflorescence and Flowers.
—The staminate and carpel-

lary flowers have been described
on page 44. They arise in the

axils of scale -leaves on the

long-shoots. (Consult fig. 62.)

The open flowers are found
only on the young shoots of
the current year. The car-

pellary flowers (c, cP) are small
erect lateral cones, often two
or three together, immediately
behind the terminal bud of
the long-shoot. They occupy
positions similar to the lateral

buds which would grow out to

form long-shoots. But the
staminate flowers ini) are in-

serted laterally on the more
long-shoots of the current year— that

the uppermost false whorl of

Fig. 63.—Vertical section of staminate
flower of Scotch Pine.

Fig. 64.—Stamen of ditto.

basal parts

is, they are

of the

just above



CONIFERS 49

branches, and occupy positions taken by dwarf-shoots on
vegetative branches. Above the spike-Uke inflorescence of
staminate flowers, a 66 65

few foliaged dwarf-

branches are seen.

On older shoots, two
to three years old,

the spurs {n) or scars

of the fallen stamin-

ate flowers denote
the points at which
the latter were at-

tached. Thus a car-

pellary flower takes

the place of a lateral

long-shoot ; whereas

a staminate flower

replaces a vegetative

dwarf-shoot.

Pollination and
its consequences.

—

The flowers are pol-

linated bytheagency
of the wind. When
ready for pollination

in May, the carpel-

lary cone stands

erect (c, cP). Its

axis (receptacle)

elongates, and thus

causes the carpels

to separate to a

slight extent. The
pollen-grains which

are blown againstthe
cones naturallyreach the crevices between the carpels. They then

roll down the prominent rib of the placental scales, and thus meet

with the integuments of the ovules. The integuments curl up

slightly, and carry the pollen towards the top of the nucellus

—that is, towards the bottom of the micropyle-passage. In

the Pine, the pollen-grain itself reaches the micropyle, whereas

Fig. 65.-

67 68

-Vertical section of carpellary flower of

Scotch Pine.

Fig. 66.—Carpel of ditto.

Fig. 67.—Carpel of fruit of ditto, with two' seeds {s)

having wings (h/) in contact with them.
Fig. 68.'—Vertical section of seed of ditto :_

tf=endo-

sperm ; C£7^= cotyledons ;
^=:plumule; r=radicle; ?«=

micropyle.
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in Angiosperms it is conveyed only as far as the stigma. After

pollination the carpels again close together, and the placental

scales become hard, green, and woody. Each cone gradually

bends over till it finally points downwards {c-F), and its closely-

set scales become brown in colour. Finally, the hard brown
scales separate at their tips, and allow the seeds to be set free.

The escape of the seeds does not take place till more than a year

after pollination ; a few seeds may escape in the October of the

year following pollination, but the majority (<rZ>) remain on the

tree till about two years subsequent to pollination, when the

woody carpels gape apart as they dry. The fruit of the Pine is a
cone of woody carpels. '. The ovule develops into a hard endo-
spermic seed (fig. 68), containing an embryo which possesses

a whorl of cotyledons {cot). Attached to the seed is a separ-

able wing (fig. 67 w), which is not really a part of the seed,

because it is formed by a layer of the scale. The wings act as

sails, through the aid of which the seeds are scattered by the

wind; the wind blows the seed, causes it to spin, and so

delays its journey to the soil. In addition, the cones drop off

and are blown along the ground, shedding at the same time

any seeds they may contain.

As other members of the Coniferae we may quote the Larch
(which is deciduous), the Yew (the seed of which has a red

fleshy aril), and the various Cypresses, Cedars, and Monkey-
puzzles cultivated in gardens.



CHAPTER VIII

ANGIOSPERM^

INFLORESCENCE

Each flower of a plant may be solitary, either in a terminal

position, as in the Tulip, or in the axil of a foliage-leaf, as in the

Poor-man's Weather-glass. On the other hand, a plant may
have its flowers grouped together and subtended by simplified

leaves in place of foliage-leaves. Such a group of flowers is

described as an inflorescence. The distinction between a flower

and an inflorescence lies in the circumstance that the axis of a

flower is unbranched, whereas the axis of an inflorescence is

branched. The axis of a flower bears floral leaves ; whereas

the axis of an inflorescence bears lateral shoots in the axils of

bracts. We may therefore define an inflorescence as a branched
shoot set apart for the purpose of accomplishing reproduction

by means of seeds. Like a vegetative stem, the main axis of

an inflorescence may be continuous with the axis of a foliaged

shoot, in which case it is said to be terminal—e.g. Foxglove

and Wallflower ; or the inflorescence may arise in the axil of a

leaf, when it is described as axillary—e.g. Pea and Hazel.

Just as a vegetative stem may branch in a racemose or a

cymose manner, so may a reproductive axis. Remembering
that a flower represents a simple shoot, and occupies the

position of bud, it is easy to define racemose and cymose
inflorescences (compare page 26).

A. RACEMOSE INFLORESCENCES.

In this type of inflorescence the main axis grows more
strongly than its lateral axes, and bears a considerable number
of branches. These branches may themselves be flowers, as

in the Hyacinth, in which case the inflorescence is said to be
of the simple racemose type. Or the main inflorescence-axis

SI
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may bear lateral inflorescences in place of flowers, as in the

Figs. 69-75.—Diagrams of Racemose inflorescences. The arrows denote the
general order of succession in the opening of the flowers.

Parsley, and the inflorescence is described as being compound

I. Simple Racemose Inflorescences.—The main axis of the

inflorescence directly bears a number of flowers.

(a) The flowers are separated by distinct internodes, so that

the axis is elongated.

(a) The flowers are stalked (fig. 70) = Baceme.
Examples—Hyacinth, Foxglove,

(p) The flowers are not stalked.

(i.) The main axis is not fleshy (fig. 71)
= Spike.

Example—Spikelet of Grasses,

(ii.) The main axis is fleshy (fig. 72) = Spadix.

Example

—

Arum.
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(iii.) A catkin (fig. 131, ^) is an inflorescence

of inconspicuous sessile, staminate or

carpellary, flowers : after flowering it

usually drops off as a whole. It is

racemose in type, but in the axils of

the bracts cymes may occur in place of

single flowers, in which case the catkin

is a compound inflorescence.

(b) The flowers are set close together on a shortened main
axis.

(a) The flowers are stalked = Umbel.
The umbel exhibits a considerable number

of flowers springing from the shortened
terminal . part of the axis. Usually there is

a terminal flower in the inflorescence. An
umbel is essentially a condensed simple

raceme (fig. 74).

Example—Ivy.

(p) The flowers are not stalked (fig- 75) = Capitulum.
The shortened terminal part of the main

axis bears a number of closely - clustered

stalkless flowers, forming a capitulum or

head.

Examples — Sunflower ( fig. 208 ),

Dandelion (fig. 253), Daisy.

II. Compound Racemose Inflorescences.—The main axis of

the inflorescence does not itself bear flowers, but has lateral

branches which are inflorescences. The main type of branch-

ing of the inflorescence is termed the main or primary inflor-

escence, and the lateral inflorescences are styled the secondary

inflorescences, etc.

(a) The main axis is elongated, so that its branches are

separated by distinct internodes.

(a) The main axis bears lateral racemose inflor-

escences with stalked flowers (fig. 69)
= Panicle.

(p) The main axis bears somewhat shortened lateral

inflorescences which are spikes (fig. 231)
= Compound Spike.

Example—Wheat.
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(/;) The main axis has its lateral inflorescences set closely

together to form an umbel, and the lateral inflor-

escences are in turn umbels (fig. 73)
= Compound Umbel.

Examples—Parsley, Carrot.

B. CYMOSE INFLORESCENCES.
In this type of inflorescence every axis grows only for a

limited, definite period, and terminates in a flower ; each axis

possesses only a very few (usually one or two) branches, and

y

gi

Figs. 76-81.—Diagrams of Cymose inflorescences. The arrows denote the general
order of succession in , the opening of the flowers. Fig. 8i also shows a sympode
formed from fig. 80 by the successive displacement of each terminal flower : each dotted
line denotes a single axis.

these latter grow more strongly than the inflorescence-axis which
bears them. Usually the flowers at the apex of a cymose
inflorescence open before those on the branches, so that they

4o not open in acropetal succession.

There are three main types of cymes

—
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(i) Several - branched. The main inflorescence-axis has
more than two branches (figs. 76, 79).
Example—Some Spurges.

(2) Two-branched. The main inflorescence-axis has only
two branches (figs. 77, 43), and is termed a forked-
cyme = Dicliasiuin.

Example—Many members of the Pink-family.

(3) One-branched. The main inflorescence-axis has only
one branch (figs. 78, 80, 81) = Monochasium.

Example—Some Geraniums.
The so-called scorpioid cyme of the Borage-
family is most properly regarded as a mono-
chasium : its axis is a sympodium (compare
figs. 80 and 81).*

In cymose inflorescences often the main (primary) inflor-

escence and lateral (secondary, etc.) inflorescences are of
different types. The main inflorescence, for example, may be
a several-branched cyme, and its branches may be dichasia,

and their branches ultimately bear monochasia (as in the Petty
Spurge). Frequently the main inflorescence is a dichasium
and the lateral inflorescences are monochasia (as often in the
Dead Nettle family).

BRACTS.

These are usually small and simple (see page 21). Jn the
Wallflower-family the inflorescence is frequently devoid of
bracts. In capitula the individual flowers may be without sub-
tending bracts, as in the Dandelion. The opposite extreme is

reached in the Arum, where a large bract—the spathe—encloses

the inflorescence. Capitula and umbels usually have closely-

set collections of bracts, termed involucres ; even single flowers

may have similar involucres beneath them, as in the Mallow.
Prophylls.—On page 2 1 it has already been mentioned that

the first leaf of a branch in Monocotyledons, and the first two
leaves in Dicotyledons, are often small and simple, and occupy
definite positions with reference to the main axis. These

* Some modern botanists, laying undue stress on the development of this

inflorescence, conclude that it is racemose in type, and that the axis is a
true axis. This view is undoubtedly incorrect.
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leaves are termed the prophylls. The same holds good for the

branches of inflorescences. Thus the stalk of each lateral

flower of a Monocotyledon often has a prophyll on that face

(posterior face), which is towards the axis bearing it. In

Dicotyledons, the stalk of a lateral flower often has two
prophylls on its sides, as is shown in fig. 98 fir, and is

clearly seen in the Violet (fig. 158, j). These prophylls are

therefore bracts occupying definite positions in the inflorescence.

Occasionally no prophylls occur on the flower-stalk : examples,

Wallflower, Arum maculatum.



CHAPTER IX

THE FLOBAL LEAVES

PEEIANTH

Of the floral leaves which, together with the receptacle, con-
stitute a flower, those which are inserted outside the stamens
and carpels compose the perianth. The perianth may be
clearly differentiated into sepals and petals, or all its leaves may
be alike.

CALYX.
The whole collection of sepals belonging to a single flower

constitutes the calyx. In its simplest condition the calyx con-
sists- of a whorl or spiral of separate, simple sepals (e.g. Butter-

cup, Poppy), which are attached to the receptacle usually by
relatively broad bases. The calyx is then said to be poly-

sepalous. Often, however, the sepals are combined to form
a more or less cup-like calyx (e.g. Pea, White Dead Nettle), and
are then described as being gamosepalous. Even when the
calyx is gamosepalous it is usually possible to ascertain the

number of sepals which comprise it, because from the rim of
the cup a corresponding number of free portions, lobes or

teeth, protrude. For example, the gamosepalous calyx of the

Dead Nettle has five long teeth, and consists of five sepals.

The sepals may form a single whorl of two (e.g. Poppy) or

more (e.g. five in the Buttercup) members. Less frequently

the flower has more than one whorl of sepals, as in the Wall-

flower, in which the sepals form two whorls of two each. On
the other hand, the sepals may be arranged in a spiral manner.

In the case of the flowers of many plants the calyx merely
serves to protect the inner parts of the flower whilst the latter

is in the bud-condition. When this protective function is no
longer called for, because the flower has opened, the sepals

may fold back, as in some Buttercups, or fall off, as in the

57
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Poppy (fig. 153 Sep). When the younger flowers are crowded
together and do not require protection on the part of the calyx,

the latter is frequently small or even absent, as in the Daisy-

family. As a rule the sepals are green, but in some flowers the

sepals are brightly coloured

—

e.g. Clematis and Anemone—and
are said to he. petaloid ; in this case they perform the functions

of petals in serving to attract the notice of insects. In the

Wallflower-family two of the sepals tend to be sac-like at their

bases, and serve as receptacles for honey. Sometimes the

calyx persists even when the fruit is formed; an interesting

example of this occurs in the Dandelion (fig. 1 29), the flower of

which possesses a circle of many fine silky hairs, forming the

pappus, in place of the calyx. The pappus aids in the dispersal

of the fruit by the agency of the wind.

Epicalyx.—Outside the calyx of a flower there sometimes
,ep^ stands a whorl, or whorl-like collection, of

members apparently forming an outer calyx,

which is known as the epicalyx. The epi-

calyx of the Mallow (fig. 163 be) is in reality

not a part of the flower, but is an involucre

of bracts. The epicalyx (fig. 82 ep) of the

Strawberry-flower consists of a whorl of five

Fig. 8z. — Calyx and Small green members, which alternate with
epicalyx of Strawberry, the five sepals and represent the stipules of

the latter : in this instance the epicalyx is truly a part of the

flower, as it is a portion of the calyx.

COROLLA.

The whole collection of petals of a single flower constitutes

the corolla. In its simplest condition the corolla i% polypetalous,

—that is, it consists of a number of separate petals, as in the

Buttercup, Wallflower, and Poppy. Each petal (fig. 83) is

typically bright-coloured, flattened and inserted by a relatively

narrow base ; often it is distinguishable into two parts, a lower

narrow portion {cl)—the claw—and an upper broad part {la)—
the blade. In many flowers, however, the petals composing a

single whorl are combined to form a shorter or longer tube,

and the corolla is said to be gamopetalous—e.g. Primrose, Dead
Nettle,, and Potato (fig. 84 co).

The petals form a single whorl {e.g. Buttercup, Primrose) or
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two {e.g. Poppy) or more whorls. In some flowers the petals

are spirally arranged

—

e.g. " Double Buttercups."

When the perianth of a flower does not con-

sist of sepals and petals clearly distinguishable

from one another, but is composed of a single

whorl

—

e.g. Clematis—or a continuous spiral of

floral leaves, we assume that the corolla is

absent, and describe the flower as apetalous ; in

fact, we regard the single whorl or spiral of the

perianth as representing a calyx. To this rule

there are exceptions; as eixamples of which

plants belonging to the Daisy-family and Pars-

ley-family may be cited. Each flower of the

Parsley (compare fig. 183) has a calyx {cci) in the form of a small

green ring with five minute teeth; its corolla consists of five white

petals alternating with

the calyx-teeth. But the

flowers of some other

representatives of the

same family, though they

possess five white floral

leaves occupying the

same position with refer-

ence to the stamens and
carpels as in the Parsley,

yet have no appreciable

ring of teeth to corre-

spond with the calyx of

this plant. It is clear

that in this case the single

perianth-whorl of five white floral leaves represents the corolla,

and the calyx is absent. Similarly, in the Daisy-family, the

calyx is frequently small or absent (fig. 209).

The chief function of the corolla is to render the flower

conspicuous so as to attract the notice of insects (see page 80).

When the flower does not profit by insect-visits the corolla is

small and inconspicuous, as in certain flowers of the Violet,

or absent, as in the Hazel. Even in cases in which the

visits of insects to a flower benefit the plant, the petals are

absent when the notice of the insects is sufficiently secured

by the attractive nature of conspicuous sepals {e.g. Clematis),

Fig. .84.—Vertical section of flower of Potato :

c:ir=calyx; c(j = coroUa; a=anther; /£)=pores of

anther; ot= ovary; j^= stigma.
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stamens, or bright-coloured bracts. Occasionally the petals

further allure insects by manufacturing honey—for example,

the little' pockets at the base of the Buttercup-petals are honey-

manufacturing organs

—

nectaries—(figs. 60, 61 n). Finally the

petals may serve as a receptacle and hiding-place for the honey
poured out by the nectaries

—

e.g. spur of the Violet. In other

words, the corolla is concerned in securing insect visits : accord-

ingly, when the seeds begin to form in the flower, the corolla is

no longer required, and it speedily withers.

PERIANTH.

When the perianth consists of two or more whorls of members
which are all alike, the latter are termed perianth-leaves. For
instance, Tulips and Hyacinths have perianths composed of

two whorls of floral leaves which are all similar, and cannot be
differentiated into three sepals and three petals. The perianth

may be brightly coloured {petaloid), as in Tulips, Lilies, and
Hyacinths ; or it may be green {sepaloid). If the perianth-

leaves be separate, they are said to be polyphyllous—e.g. Tulip

;

if they form a coherent tube the perianth is gamophyllous—e.g.

Hyacinth (fig. 213).

Naked flowers (figs. 132, 148).—Flowers may be devoid

of sepals— e.g. some Compositse; or without petals— e.g.

Clematis; finally, they may possess no perianth whatever, in

which case they are said to be naked—e.g. the stamen-bearing

flowers of the Hazel and the Petty Spurge, and the flowers of

Arum maculatum. Such flowers, consist solely of one or more
stamens or carpels, or both of these, inserted upon a receptacle.

ANDK(ECIUM.

The whole collection of stamens of a flower constitutes the

andrxcium.

A stamen usually consists of two parts, the filament and the

anther. Occasionally the filament is absent, and the anther is

consequently sessile. More rarely the anther is absent, and the

sterile stamen thus formed is termed a staminode. The anther

generally consists of two halves or lobes, and each half has two

pollen-sacs in which the pollen-grains are lodged (fig. 85).

Occasionally an anther represents half a complete anther and
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Fig. 85.—Part of a
stamen with the top of
the anther cut off.

possesses only two pollen-sacs

—

e.g. Mallow and Hazel. The
two lobes of the anther are connected by a

^,1 continuation of the filament, which is termed
the connective (co). The connective may be
a narrow, almost imper-

^ ceptible, continuation of

the filament, so that the

two halves of the anther

are close together; or it

may be wider, and thus

cause the anther-lobes to

be clearly separated. Oc-
casionally the connective

is continued beyond and
above the rest of the anther to form a flap-

like process

—

e.g. Violet (fig. 158, 5, c), and
some Compositae.

The stamens may be separated from one
another, or they may be united by their

filaments or anthers. In the Mallow (fig.

161) and some of the members of the Pea-

family, the filaments of all the stamens in a

flower are united for a certain distance so

as to form one bundle ; in some other members of the Pea-

family (fig. 87) nine of the ten stamens are similarly united

(an. t) by their filaments,

but the tenth is separate

(/. a). In the Daisy-

family the filaments of the

stamens are separate, but

1
their anthers cohere (fig.

202).

Like the sepals and
petals, the stamens may
form one whorl—«.^.Violet;

or several whorls (two

whorls in the Wallflower, Geranium, and Hyacinth; many
whorls in the Poppy). Or the stamens may be arranged

spirally on the receptacle

—

e.g. Buttercup.

Usually all the stamens of a flower are similar in form and
size. In the Wallflower-family (fig. 88), however, the androe-

Fig. 86. — Longi-
tudinal dehiscence of
anther, showing the
escaping pollen (^).

anf
Fig. 87.—Flower of Garden Pea, with calyx

and corolla removed.
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cium consists of six stamens,, of which two have shorter filaments

{at) than the remaining four (am). Many members of the

Foxglove—and Dead' Nettle-family (figs.

191, 193) have flowers with four stamens,

two of which have shorter filaments.

Again, in some members of the Geranium-
family, the flower may possess five stamens
with anthers, and five without.

Dehiscence and insertion of the anther.

—When the anther is ripe, the pollen-sacs

open in such a manner as to permit the

escape of the pollen. Usually each anther-

lobe opens by one split down the line

which denotes the junction of the pair of

pollen-sacs (figs. 85 d, 86) : its dehiscence
is longitudinal. Occasionally the anther
opens by small circular holes

—

e.g. Potato
(fig. 84 pd) : this dehiscence is porous.
Or, finally, the anther may open by small

doors or valves

—

e.g. Barberry : this de-

hiscence is valvular. When an anther
opens on the face towards the centre

of the flower, its dehiscence is introrse— e.g. Violet and
Daisy-family ; but when it opens towards the periphery

of the flower, dehiscence is extrorse ; finally, when the

anther dehisces neither in an inward nor an outward
direction, but opens along the edges, the dehiscence is

marginal. Unfortunately the terms extrorse and introrse

are also employed in another sense. An anther which is

inserted in such a manner that its lobes and pollen-sacs

appear to face the centre of the flower is described as introrse

:

when the pollen-sacs appear to face the periphery of the flower

the anther is extrorse; finally, there remains a third class of

anthers, in which two pollen-sacs face the centre of the flower,

and two face the periphery. Frequently the direction of
dehiscence corresponds with the mode of insertion of the

anther, but this is not invariably the case; for example,

though an anther with introrse dehiscence is often found to

be introrse in insertion, it is not always the case.

Fig. 88. — Flower of
Wallflower, with calyx and
corolla removed : w=nec-
tary ; at^ flwz = stamens ; ov
= ovary; j= stigma-lobe.
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GYNiECIUM.
The whole collection of carpels of a single flower constitutes

the gynaecium.

APOCARPOUS GYN^piUM.

The simplest type of carpel met with amongst Angiosperms
is that of the Pea or Bean (fig. 91). Its summit is formed by
the stigma, which is connected by the stalk-like style with the
pod-shaped ovary. The ovary forms a closed vessel with a
single cavity, in which are -a number of ovules. That precise

part of the ovary upon which the ovules are immediately in-

serted is described as the placenta;

in this case the placenta assumes the

form of a protruding line running
straight up the one side of the

ovary, and bearing a double row
of ovules. The carpel of the Pea
looks much like a small leaf, the

two halves of which have folded

along the mid-rib and joined at the

margins, the ovules being attached

to the incurved margins. And we
assume that the carpel is a leaf

which has thus become coherent

at its margins. Figs. 89, 90, 91,

show the successive stages by whfch
such a carpel could have been built

from a leaf with marginal ovules. A Gymnosperm— Cycas—has

an open carpel, very like that shown in figure 89. When their

ovaries have become fruits, the carpels of the Christmas Rose
and the Winter Aconite are half-opened, as shown in fig. 90.

In a simple closed carpel like that of the Pea, the line which
corresponds to the fused margins of the leaf is termed the

ventral suture (fig. 119 vs), whilst the line which corresponds to

the mid-rib is the dorsal suture (ds).

Each carpel of the Buttercup (fig. 60) is essentially like that

of the Pea, excepting that it contains only one ovule (p), which
is attached to the floor of the ovary-chamber.

The flower of the Pea contains only one carpel : that of the

Buttercup has many carpels ; but in both cases the gynaecium

Figs, 89-91.—Single carpels.
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is said to be apocarpous, because it is not made up of several,

carpels joined together. Fig. 92 shows an apocarpoiis gynse-

cium composed of three carpels.

SYNCARPOUS GYN^CIUM.

When a flower possesses more than one carpel, and its

carpels cohere together to form a single body, the gynsecium
is said to be syncarpous. In such a gynsecium the ovule-

containing parts (ovaries) of the carpels are joined together to

form a single ovary,

which is alsodescribed

as being syncarpous
(figs- 93. 94, 95)- But
the styles may remain
separate along their

whole lengths (fig.

9S) ; or along part of

their lengths (fig. 95).
Again, not only may
the ovaries be com-
pletely fused, but also

the styles, so that only
Figs. 92-95.—A gynaecium composed of three carpels. ,i , .

Fig. 92 is an apocarpous gynsecium; the other three tne StlgmaS remam
figures represent syncarpous gynacia. distinct in the form of
Stigma-lobes (e.g. Wallflower); or finally, the ovaries, styles, and
Stigmas of the constituent carpels are completely joined together—e.g. Primrose. The syncarpous ovary, representing as it does
parts of several carpels, may have several chambers, each
corresponding to one carpel.* Thus the Hyacinth has three

carpels joined to form a single ovary, which is three-

chambered; or the syncarpous ovary may have one general

chamber, the wall of which is formed by several carpels,

joined together (e.g. Violet).

PLACENTATION.

The mode of arrangement of the ovule-bearing portions

—

the placentae—of the ovary is referred to under the head of

* Rarely these chambers of the ovary are further sub-divided by additional
partitions, so that the chambers of the ovary are more numerous than the
carpels composing it

—

e.g. Labiatse, Boraginacese.
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placentation. When the ovules are attached to the walls of

the ovary the placentation ii, parietal (fig. 93, e.g. Violet, Poppy,
Wallflower, Pea) ; an ovary with parietal placentas is usually

one - chambered, but in the Wallflower-family the ovary has

two parietal placentas, and yet is two-chambered. When the

ovary is syncarpous and has several chambers, and the ovules

are attached to the central axis of the ovary (where the carpels

meet), the placentation is axile (fig. 94, e.g. Hyacinth). If a

chamber of an ovary contains only one ovule which is attached

to its floor, the placentation is basal (e.g. Buttercup). Finally,

when the ovary is one-chambered, and possesses a number
of ovules attached to a swelling springing from the floor of

the ovary, the placentation is central {e.g. Chickweed) or free-

central (fig. 95, e.g. Primrose).

Methods of ascertaining the number of carpels which compose

a syncarpous gyncRcium.—By definition a syncarpous gynaecium

consists of several carpels joined together. The following rules

enable us to learn how many carpels enter into the composition

of an ovary :

—

(i.) When an ovary has several chambers, each chamber
represents one carpel.*

(ii.) If the ovary be one-chambered and the placentation

parietal, the placentas correspond with the joined ventral sutures

(margins) of the carpels, and consequently denote the number
of carpels.

(iii.) If there be several styles, style-branches, or stigma-lobes,

their number corresponds with the number of the carpels.

Occasionally, however, the styles or stigmas branch so that

this rule does not hold.

(iv.) When the fruit is ripe, the wall of the ovary frequently

opens along as many lines as there are carpels.

(v. and vi.) Development, and comparison with closely-

related plants, often aid us in determining the number of

carpels (see next chapter).

As examples of the application of these methods, we may
select the two cases. The Pea has a one-chambered ovary,

with one style, one stigma, and one parietal placenta down one

side. The gynaecium, therefore, consists of one carpel and

is apocarpous, in spite of the fact that in the fruit-condition

* Exceptions to this rule occur in the Labiatse and Boraginaceae.

E
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it opens along two lines. In the Wallflower the gynsecium
consists of a two-chambered ovary with two parietal placentas,

and one style with two stigmas ; in the fruit-condition the ovary

opens along two lines; therefore the gynaecium consists of

two carpels which are joined together (syncarpous).

'THE ABSENCE OF STAMENS OR CARPELS.

The majority of familiar flowers possess both stamens and
carpels, and are said to be monodinous (e.g. Buttercup, Wall-

flower, Pea, Hyacinth). But the stamens and carpels of some
plants do not occur in the same flowers, which are then de-

scribed as being diclinous (e.g., Hazel, Scotch Pine). A plant

having diclinous flowers naturally will possess two kinds of

flowers : staminate flowers, which have stamens but are without
carpels ; and carpellary flowers, endowed with carpels but
devoid of stamens.



CHAPTER X

ARRANGEMENT OF THE FLORAL LEAVES

Like the leaves on the vegetative part of a stem, the floral

leaves are arranged in whorls or in spirals. When all its floral

leaves are arranged in whorls, a flower is said to be cyclic (e.g.

Wallflower, Geranium, Hyacinth) ; but when they are inserted

in spirals, the flower is acyclic. Finally, if some of its floral

leaves are in spirals and others in whorls, the flower is hemi-

cyclic {e.g. most species of Buttercups).

CYCLIC FLOWERS.

In the case of a cyclic flower which may be described as

a model or a typical flower the following rules hold good :

—

(i.) The number of floral leaves in each and every whorl of

the flower is the same, (ii.) The successive whorls alternate,

(iii.) The floral leaves in each whorl are all alike. To take an

example : suppose that a flower possesses five sepals, in each

other whorl of the flower there should be five floral leaves ; so

there might • be five sepals, five petals, ten stamens, and five

carpels. The five petals will alternate with the five sepals, and
will be succeeded by an alternating whorl of five outer stamens

(which are therefore opposite to the sepals) ; the five other

stamens will form an inner whorl, and will alternate with the

five outer stamens (and therefore be opposite to the petals)

;

finally, the five carpels will alternate with the five inner

stamens. Comparatively few cyclic flowers conform with all

the three rules laid down ; they exhibit variations.

(i.) Obdiplostemony.— Some flowers have two alternating

whorls of stamens, there being in each whorl the same number
of stamens as there are petals in a whorl ; but the outer whorl

of stamens are opposite to the petals in place of alternating

with them. In addition, it is frequently the case that when the

number of carpels is the same as that of the petals, the

67
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carpels alternate with the inner whorl of stamens, so that they

are opposite to the petals in place of being opposite to the

sepals (fig. 1 66). Such flowers are said to ht obdiplostemonous

{e.g. Geranium, Oxalis).

(ii.) Unequal Growth.—In many flowers the floral leaves

which form a single whorl are not all alike in size and shape.

Fig. g6.—Vertical section of flower of Garden Pea. Fig. 97.—Separated petals of ditto.

The flower as a whole, or the whorl itself, is then said to be
irregular. The corollas of the Pansy, Pea (figs. 96, 97), and
Dead Nettle are irregular. In the Dead Nettle (fig. 191) two
stamens with short, and two with long, filaments form one
whorl. On the other hand, the androecium of the Wallflower

(fig. 88) consists of two stamens with .shorter, and four with

longer, filaments ; but the two short stamens form one whorl,

and the four long ones comprise another, so that the androecium

is not irregular. When all the floral leaves of each separate
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whorl of the flower are aUke, the flower is regular {e.g. Wall-
flower, Poppy, Geranium, Hyacinth).

(iii.) Atrophy and Suppression.—By the' word atrophy we
mean the dwarfed development of a structure : atrophy, there-

fore, is a special example of unequal growth. Staminodes are

examples of atrophy; they are stamens which have not pro-

duced their anthers. Comparing various flowers of the

Umbelliferae or Compositae : in some we find the calyx repre-

sented by five minute teeth (fig. 183 ex), it has undergone
atrophy ; in still others no calyx is represented, it is entirely

missing, and we then speak of the suppression of the calyx.

In the Foxglove and the Dead Nettle, though there are five

sepals and five petals represented in each flower, only four

stamens occur. In each case one stamen which should

alternate with two of the petals is missing. In the Primrose
and the Iris a whole whorl of stamens is suppressed : in the

former flower, the outer whorl is absent (see p. 149), so that

the five stamens are opposite to the five petals ; in the latter

flower the three inner stamens are wanting (see p. 173), so

that the three carpels are opposite to the three stamens.

(iv.) Fusion or Cohesion.—It has already been noted that

the sepals, petals, stamens, or carpels may be combined in

place of being separate. Occasionally some of the floral

leaves forming a whorl are so intimately joined together that

there seems to be a smaller number than is really the case.

Thus, in flowers the corolla of which is two-lipped and consists

of five petals, two of the petals forming one lip may be so

closely fused that the double nature of the lip is not distinguish-

able. In this case we know that the lip represents two petals

either because it is opposite to one sepal or to one stamen :

if it represented a single petal it should alternate with two
sepals or two stamens (see p. 154).

(v.) Branching or Doubling.—The floral leaves may be
branched or doubled so that a whorl appears to represent

more members than is really the case. For instance, the four

stamens of the staminate Hazel-flower are almost completely

divided down the middle, so that a careless observer might

imagine that eight stamens were present (fig. 132).

In all these instances of deviations from the typical cyclic

flower it is possible to understand the real structure of the

flower, by considering the rules already given. In particular.
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there should be an equal number of floral leaves in each

whorl, and the successive whorls should alternate. Often we
are assisted in comprehending the apparent exceptions to these

rules by observing the structure of flowers belonging to plants

closely related, and therefore included in the same family (see

Foxglove-family, page 157). And again we know that a foliage-

leaf commences as a single little lump on the surface of the

stem. A separate floral leaf arises in the same manner. If,

therefore, we see five lumps grow out to form the commence-
ment of the androecium of a flower, and they alternate with

five outgrowths which are the beginnings of the petals, we
can assume that the androecium is constituted of five stamens,

however the stamens may cohere or branch subsequently.

Symmetry of Cyclic Flowers.—If we compare the flower

of a Geranium or Hyacinth with that of a Pea (figs. 96, 97)

98 99

Fig. 98.—A regular actinomorphic cyclic flower on an axis {ax) in the axil

of a bract (^r) : ^r=lateral prophylls; a.j = anterior sepal ; /=posterior petal.

The dotted line down the axis and over the flower is median.
Fig. 99.—The same flower showing the various floral leaves.

or Clover, we note that, in the case of the first two plants,

all the parts are regular, and are arranged in such a manner
that the flower can be divided down the centre into two equal
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XiX.

and similar halves by vertical cuts made in several different

planes (directions); whereas in the other two plants named
me parts are not regular, and the flower can be equally

halved by a cut made only in one direction

—

i.e. passing
through the middle of

the standard and be-

tween the two keel-

petals. All these
flowers mentioned are

said to be symmetrical,

because it is possible

to divide them into

two similar halves. The
Geranium and Hya-
cinth flowers are sym-
metrical in several

planes (directions), or

actinomorphic : the Pea
and Clover flowers

are symmetrical in

one plane (direction)

only, or zygomorphic. The zygomorphy of flowers is caused
by the irregular growth, by suppression, by fusion, or by
doubling of their parts.* When a cyclic flower cannot be
divided into two equal halves, it is said to be asymmetrical

{e.g. some members of the Pink-family). It is convenient

to have some method of describing the relative positions

occupied by the parts of a flower and the stem on which
the latter is inserted. The half of the flower which faces

the bract, or leaf, in the axil . of which the flower stands, is

said to be the anterior h'alf; whilst the half of the flower

which faces the inflorescence - axis is the posterior half.

The plane dividing the flower vertically into its posterior

and anterior halves is the transverse plane. Whereas

-.as

.hr.

Fig. 100.—Floral diagram of same flower.

* In the majority of books a flower is not said to be zygomorphic when
its solitary deviation from an actinomorphic flower is tlae suppression of

some of its carpels. For example, many regular flowers possess five

sepals, five petals, but only two carpels. If we assume that each floral

leaf cut must be exactly halved, these flowers are, strictly speaking,

symmetrical only in one . plane : nevertheless, they are usually described

as actinomorphic.
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the vertical plane at right angles to the transverse plane,

and, therefore, passing through the middle of the bract

and the inflorescence-axis, is described as median. These

definitions will be understood more easily if a Pea-flower

(fig. 96) be examined. The standard is posterior (nearest the

inflorescence-axis), the two keel-petals are ariterior (nearest

the bracts) : furthermore, the standard is median in position,

as it is inserted in a vertical plane passing through the middle

of the bract and the inflorescence-axis : whereas the wings and

the two keel-petals, being on each side of the median line,

are lateral in position. Thus the standard is median-posterior,

the wings are lateral, and the "keel-petals are anterior-lateral

(see also fig. 98).

ACYCLIC AND HEMICYCLIC FLOWERS.

Many of the remarks made in reference to cyclic flowers are

also true of acyclic and hemicyclic flowers. But the defini-

tions with regard to the symmetry of cyclic flowers usually

do not hold good for hemicyclic and acychc flowers, because

the divergences of the various floral leaves are not constant

throughout the whole flower. For instance, the sepals may
be two-fifths, the petals three-eighths, and the stamens five-

thirteenths. This renders it impossible to divide the flower

with mathematical accuracy into two equal halves. Never-
theless, acyclic and hemicyclic flowers which present the

appearance of actinomorphic flowers are usually described as

actinomorphic (e.g. Buttercup), and those which resemble

zygomorphic flowers are described as zygomorphic (e.g.

Monkshood).

FLORAL DIAGRAMS.

In order to represent graphically the relative arrangement of

the parts of a flower, we construct maps or ground-plans, which

are known z.'a floral diagrams. The simplest method of gaining

an idea of a floral diagram is to cut across a flower-bud through

the sepals, petals, stamens, and ovaries, and then to look down
upon the cut surface exposed. The floral leaves will be seen

to form successive circles or spirals. Figs 100 and 101 show
floral diagrams. The sepals naturally stand at the outside,

and the carpels in the centre (compare pages 13, 14). It is
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®

also well to include in the diagrams the inflorescence-axis,

and the bract or leaf in the axil of which the flower stands:

we at once see which is the

anterior and which the posterior

part of the flower. The diagram

will show where suppressions, etc., j^..

have taken place (see figs. 192,

194, 219).

.Estivation. — A cut made
across a flower-bud further reveals

the nature of the aestivation of

the calyx and corolla. The
sepals and petals, like leaves of

vegetative buds, may be arranged

in an open, a valvate (fig. 102),

or an imbricate (figs. 103, 104)

manner (see p. 128); especially

frequent is the two fifths

aestivation of the calyx (fig. 104). The corolla is often

contorted (fig. 103; fig. 166)—that is, one edge of each petal

overlaps the edge of one adjoining petal, whilst its other margin

is overlapped by the margin of the petal on its other side. The
102 103 104

Fig. loi.—Floral diagram of

Garden Pea.

CXJO
Fig.s. 102-104.—Diagrams of eestivation.

aestivation of the corolla of the Pansy (fig. 158) and Pea (fig.

1 01) is characteristic, and is described as descending-imbricate.

In the bud, the posterior petals (or petal) enfold with their edges

the lateral petals, and these in turn overlap the anterior petal

(or petals). When the aestivation of the corolla is precisely the

reverse, it is ascending-imbricate.*

* In a complete floral-diagram the eestivation of the calyx and corolla,

the insertion of the anthers, as well as the position of main axis and bract,

should be denoted ; but young beginners might omit these details.
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Floral formulae and symbols.—Certain symbols and formulae

may be employed to denote briefly the morphology of a flower.

The signs and
J, denote actinomorphic and zygomorphic

flowers respectively ; the direction of the arrow serves als6 to

show the plane of symmetry. A vertical arrow
J,

corresponds
with a median-zygomorphic, and a horizontal arrow -» with
a transverse-zygomorphic, flower. The signs (? , ? , $ , denote
respectively staminate, carpellary, and monoclinous flowers.

The capital letters K C (P), A and G represent the calyx,

corolla (perianth), androecium, and gynsecium. The number
placed immediately after each capital letter shows the number
of leaves in that particular whorl or spiral. If the gynaecium
be syncarpous, its number is enclosed in brackets, otherwise

the number is not in brackets ; if the ovary be inferior, a hori-

zontal line is drawn above its number, if it be superior the line

is placed below the number. The sign oo denotes that more
than twelve floral leaves are present, it therefore means
numerous.

Floral for,mula of the $ flower of the Buttercup,

© K5 C5 Aoo Goo

Floral formula of the $ flower of the Pea,

J,
K5 C5 A5 + 5 Gl

Floral formula of the cj flower of the Hazel,

© PO A42 GO
Floral formula of the ? flower of the Hazel,

® PO (?) AO G (2)

SHAPE OF THE RECEPTACLE.

Hypogjmous flowers (fig. 105).—In some simple flowers the

portion of the stem which bears the floral leaves—that is, the

receptacle—is distinctly elongated {e.g. Scotch Pine, figs. 63,

65 ; Buttercup, fig. 61). More frequently the internodes of the

receptacle are much shorter, though the flower-stalk terminates

in a rounded convex end {e.g. Wallflower, fig. 156; Poppy, fig.

153; Violet, fig. 158; Primrose, fig. 187). In such flowers

the carpels occupy not only the most central, but also the

highest, position; and petals and sepals are inserted at

successively lower levels. The flower is then said to be
hypogynous, and the gynaecium is superior.
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Perigynous flowers (fig. io6).—The end of the flower-stalk of
some other flowers is hollowed out to form a basin-like or deep
urn-like concave receptacle. The carpels are attached to the

Figs. 105-107.—Vertical sections of flowers, showing the shape of
the receptacle (r) which is shaded black : ow=ovary.

I

base (e.g. Cherry, fig. 177), to an outgrowth from the base
(e.g. Blackberry, fig. 173), or to the sides and base {e.g. Rose,
fig. 168), of the concavity, whilst the sepals and petals are

inserted on its rim. The flower is then perigynous; the

gynsecium is still described as superior.

Epig3mous flowers (fig. 107).—Finally, there are flowers

possessing a receptacle which is hollowed, as in the perigynous

flowers, and the carpels are not only concealed in the concavity

thus formed, but they are actually fused with and coherent to

its sides. It thus becomes impossible to separate the wall of

the ovary (or ovaries) from the receptacle, and the sepals and
petals appear as if they were inserted upon the ovary (or

ovaries). The flower is then described as epigynous. The
gynKcium is, in this case, said to be inferior {e.g. Heracleum,

fig. 183; Daisy-family, figs. 202, 209, 211; Honeysuckle, fig.

199; Daffodil, fig. 215). It will be seen that the wall of an
inferior ovary really consists of portions of the carpels and of

the receptacle.

Otherpeculiarities of insertion.—In hypogynous, perigynous,

and epigynous flowers, frequently the stamens are attached to

the petals {e.g. Primrose, Dead Nettle, Daisy-family) ; they are

then said to be epipetalous. When the stamens are inserted

on the perianth-leaves they are described as being epiphyllous
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(fig. 213). In the Orchids the stamens and style combine to

form a central column.
Disk.—Frequently the receptacle of a flower has upon it

certain subsidiary outgrowths, which collectively form the disk.

The disk may take the form of a whorl of two or more little

swellings {e.g. Geranium, Chickweed) or scales ; or it rnay be
in the form of a single horse-shoe-like or ring-like outgrowth at

the base of the style or stamens (e.g. Daisy-family), or may be a

lining to the concave receptacle (e.g. Rose). Very frequently

the disk secretes honey : in which case it is a nectary or a

collection of nectaries.



CHAPTER XI

NECTARIES—POLLINATION

NECTARIES.

At the base of each petal of the Buttercup there is a small pit,

the lining of which pours out sugar, and is termed a nectary or

honey-gland. The petals of the Winter Aconite and Christmas

Rose assume the form of tubes, which likewise excrete sugar,

and are thus nectaries. The flower of the Monkshood (figs.

151, 152) has only two nectaries, which are attached by long

stalks and represent portions of two posterior petals (//),
which are concealed beneath the large blue cowl-like posterior

sepal. The two anterior stamens of the Violet or Pansy (fig.

158) send narrow band-like processes {ap) into the spur of the

anterior petal; on each of these processes is a spot which

denotes the location of the honey-gland. Thus, in the Pansy
or Violet, we can distinguish between the nectaries which are

portions of the stamens and make the honey, and the nectar-

receptacle which is the spur of the anterior petal and receives

the sugar manufactured by the nectaries. In the Marsh Mari-

gold, and in Arum, parts of the gyneecium act as honey-glands

;

whilst in the Mallow the five nectaries are on the five sepals

(fig. 161 «). In fact, sepals, petals, stamens, or carpels may be

partially or wholly modified to excrete sugar. In other cases,

however, the nectaries do not represent portions of the floral

leaves, but are parts of the receptacle. For instance, in the

flower of the Wallflower (figs. 88, 156 ri) there are two honey-

glands, each being in the form of a green ring-shaped out-

growth round the base of one of the short stamens ; the two

lateral saccate sepals act as honey-receptacles to receive the

sugar overflowing from the two nectaries which lie above them.

POLLINATION.

Under certain circumstances the ovules of a plant change into

seeds ; in fact, seeds cannot be formed excepting from ovules

77
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Consequently, flowers which possess stamens, but have no
carpels, do not bear seeds. Whereas flowers devoid of stamens,

but endowed with carpels, may produce seed. Experiment has

shown that the ovules do not change into seeds unless pollen

grains have previously been conveyed on to the stigma (or, in

Gymnosperms, into the micropyle of the ovule). The pollen

in some way exerts a fertilising influence on the ovule.

The transference of pollen from an anther to the receptive

part of the carpel of a flower is referred to under the term

pollination.

Cross - Pollination and Self- Pollination.—The simplest

method of pollination is the transference of the pollen from

the anther to the stigma of the same flower ; this is described

as self-pollination, and the flower is said to be self-pollinated.

When, on the other hand, the stigma of a flower receives pollen

from the flower of another individual-plant of the same kmd, it

is, said to be cross-pollinated. Lastly, pollen may be transferred

from one flower on to the stigma of another flower of the same
individual-plant; this is obviously a stage between cross-pollina-

tion and self-pollination, but there is no simple word or term

in use by which to distinguish it.

CROSS-POLLINATION.

It has been proved that in many species of plants cross-

pollination leads either to larger crops of seeds, or to the pro-

duction of seeds which are better in quality than is the case

when the same plants are self-pollinated. Accordingly, many
arrangements exist in flowers which are calculated to hinder

self-pollination and facilitate the more invigorating cross-

pollination.

Arrangements for hindering Self-pollination:—
(i.) Sometimes the stamens and carpels do not occur in the

same flowers, consequently the pollen must be conveyed from
one flower to another. The stamen-bearing (staminate) and
carpel-bearing (carpellary) flowers may occur on the same
individual-plant, as in the Hazel, Oak, and Pine. Or the two
kinds of flowers may be on different individual-plants, as in the

Willows, in which case the stamens are borne on one tree and
the carpels on another tree.

(ii.) Sometimes the stamens and carpels in one flower
ripen at different times; the consequence is that, though the
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flower possesses both stamens and carpels, the pollen and the

stigmas are not ready for pollination at the same time. When
the stamens shed their pollen before the stigma is ready to

receive it, thfe flower is said to be proterandrous (e.g. Daisy-

family, Mallow). But when the stigma is ripe before the

anthers are able to dehisce, the flower is described as pro-

terogynous.

(iii.) Sometimes the pollen has no fertilising effect on the

ovules of the same flower, so that when the- stigma receives

pollen from the same flower no seeds result (e.g. some Orchids).

(iv.) The. relative arrangement of the parts of the flower, in

some cases, prevents the pollen reaching the stigma of the

same flower (see Pansy, on page 129; also see the long-styled

form of Primrose, on page 150).

Cross-pollination by the aid of the wind—Wind-pollinated

flowers.—In the case of ordinary flowering plants with flowers

raised above ground or above the water, it is necessary for

pollen to be transported through the air if the flowers are to be
cross-pollinated. The pollen has no power to move unaided,

only rarely does the plant itself assist by throwing the pollen

violently (as in the Stinging Nettle) ; so that the pollen is

necessarily conveyed from one plant to another by the aid of

the wind or by the agency of animals. Flowers which are

cross-pollinated by the aid of the wind are described as wind-

pollinated flowers. Flowers which are cross-pollinated by the

agency of animals are animal-pollinated: in Britain the only

animals which are of importance in effecting the cross-pollination

of flowers are insects : hence we speak of insect-pollinated flowers.

As examples of wind-pollinated flowers, we may mention

Hazels, Poplars, and Grasses (see pages 109-112, 182-184). In

regard to these wind-pollinated flowers, it will be noted that

:

(i.) They are small, inconspicuous, and unscented.

(ii.) They have no nectaries.

(iii.) Their pollen is powdery, and not sticky.

(iv.) The anthers are attached to long filaments, and hang

freely out of the flowers, or are arranged in easily movable

inflorescences, so that the pollen is readily ,
shaken out by a

gentle breeze.

(v.) The stigmas are well-developed, and often feathery

or thread-like, so that a large surface is exposed to receive

any pollen blown thither by the wind.
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(vi.) Usually a large amount of pollen is produced.
These characters serve to illustrate the general peculiarities

of wind -pollinated flowers. The wind-pollinated flowers of
the Pine differ in that the pollen is blown on to the open
carpels, but here the open crevices of the carpellary cone
must be regarded as exposing the large surface to receive

the poljen.

Cross-pollination by the agency of insects— Insect-pol-

linated flowers.—The Buttercup, Wallflower, Poppy, Pea, and
Hyacinth all possess flowers which are cross -pollinated by
the agency of , insects. They serve to illustrate the general

features of insect-poHinated flowers.

(i.) They are brightly coloured or scented.

(ii.) They usually possess nectaries, for the sake of whose
honey insects visit them ; occasionally {e.g. Poppy, Potato) in-

sect-pollinated flowers do not manufacture honey, but supply
their insect-visitors with food in the form of pollen.

(iii.) The pollen-grains, in place of being powdery, are usually

sticky, so that they adhere to the bodies of insects.

(iv.) There is a certain correspondence between the positions

of the anthers and the stigmas of the flowers.

(v.) The stigma is not feathery or pencil-like, but, as a rule,

is relatively small.

These general statements are liable to exceptions ; some
insect-pollinated flowers are inconspicuous, and, so far as we
can smell, are also scentless {e.g. Virginia Creeper). Insect-

pollinated flowers have one advantage over wind-pollinated

flowers ; they are pollinated by agents which move in definite

directions—namely, from flower to flower. Wind-pollinated

flowers are pollinated by the wind, which blows the pollen in

any direction ; so that for every pollen-grain which reaches the

flower of another individual-plant' of the same kind, millions of

other pollen-grains fall to the ground and are wasted. The
insect-pollinated flower can afford to manufacture less pollen,

and is more economical than a flower pollinated by the aid of

the wind. The various colours and scents of flowers not only

serve to attract insects, but they assist the insect in identifying

the flower it wishes to visit. For example, we often see a bee
confining its visits to one kind of plant—say a Poppy—during

the whole of a morning. The fact that honey is sipped by
insects visiting the flowers, together with the fact that wind-
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pollinated flowers have no nectaries, denotes that the nectaries

serve to entice insects.

The insects which visit flowers in order to obtain honey or

pollen, belong to the families of the Beetles, Flies, Bees (in-

cluding Wasps and Humble-bees), and Butterflies (with Moths).
The majority of Flies and Beetles have very short tongues, and
are not intelligent, so that they can only obtain such honey as

is easily accessible ; the hover-flies form an exception to this

rule, for they possess long tongues. The Bee-family provides

the most important pollinating insect-agents ; the simplest

members have only short tongues ; but many species of bees
and wasps are clever, and possess long tongues, consequently

they are able to discover and obtain honey which is carefully

concealed and deeply placed. Finally, many Butterflies and
Moths, with tongues even longer than those of humble-bees,

can reach honey which is so deeply placed at the bottom of

long tubes as to be inaccessible to the latter insects.

We find that flowers of different shapes and tints do not

receive equal attention from all these families of insects.

Flowers like those of the Parsley-family, with freely-exposed

honey (fig. 183), or the Buttercup, with honey scarcely con-

cealed (fig. 61), receive relatively more visits from the short-

tongued insects— flies and beetles— than do flowers with

deeply-concealed honey {e.g. Geranium, fig. 165). Opposed
to these flowers which are suited to the requirements of many
kinds of insect-visitors are others which are specially adapted
to receive certain particular classes of insects. The flowers of

the Pea, Vetch, Clover, and Violet have their honey so well

concealed that only clever insects with tolerably long tongues

can reach the nectaries (figs. 96, 158); they are pollinated

by the agency of bees, and are specially adapted to receive

their visits, and may therefore be termed " Bee-flowers." The
Monkshood (fig. 151) and Foxglove (fig. 193) are similarly

"Humble-bee flowers" (see pages 120, 157). Finally,

Pinks and the Honeysuckle are adapted to receive Butterflies

and Moths respectively : their honey is not fully accessible to

bees.

Comparing the actinomorphic flowers of the Buttercup with

the zygomorphic " Bee-flowers " mentioned, it will be noted

that the buttercup-flower may be entered from any side, and
the visiting insect may crawl about in the flower and receive

F
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pollen on various parts of its body. On the contrary, the
" Bee-flower " is so constructed that its honey cannot be
obtained unless the insect visits in a certain special manner;
the consequence is that the visiting insect receives pollen

on a certain definite region of its body, and may unerringly

convey that pollen to the stigma of the flower next visited.

For instance, in the pea-flower it is the under-surface of the

bee's body which comes into contact with the pollen and
stigma ; in the Foxglove, it is the back of the humble-bee
which is pollen-dusted and meets with the stigma. This ar-

rangement in these "Bee-flowers," therefore, not only allows

the flower to economise in pollen, but it also places the pollen

and honey in a position of greater safety in regard to the

injurious action of rain and the inroads of marauding insects.

For further illustrations, refer to Ranunculaceae (p. 121),

Papilionaceas (p. 138), Labiatae (p. 155), Scrophulariaceae

(p. 157), Caprifoliacese (p. 160), Araceae (p. 180).

SELF-POLLINATION.

Although in the case of many plants cross-pollination leads

to the production of better seeds, or more seeds, than self-

pollination, yet some plants produce quite as many seeds,

and those of as good quality, by self-pollination as by cross-

pollination. Cross-pollination has this advantage over self-

pollination, that it frequently affbrds a better crop of seeds.

But self-pollination is superior in one respect, it is easily secured

and rendered certain : the pollen simply has to come into

contact with a stigma which is ready and close at hand.

The self-pollinated plant is not dependent on the presence

of another individual -plant of the same kind in the im-

mediate neighbourhood : furthermore, it neither demands the

attendance of special insects nor the influence of wind in a

certain direction to carry the pollen to another individual.

Many flowers are self-pollinated, either spontaneously or by
the agency of insects. Insects wandering over the Buttercup-

flbwer frequently eiifect self-pollination. In Malva rotundifolia

(see page 134), and in some members of the Daisy-family,

the stigmas curl down until they reach the pollen -laden

anthers, so that the flower spontaneously pollinates itself.

The flower of the Poor-man's Weather-glass {Anagallis), if it
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be not cross-pollinated within the first three days, remains per-

manently closed, and its anthers, coming into contact with
the stigma, effect self-pollination. The Pansy (see page 129)
has two kinds of flowers, the large variegated ones, which are

cross-pollinated, and smaller ones, similar in shape, which
remain closed and pollinate themselves. Finally, the Violet

and the Woodsorrel, in addition to possessing their familiar

conspicuous flowers, which are cross-pollinated, also have
minute green and bud-lrke flowers of quite different form.

These latter never open : they are peculiar self-pollinating or

cleistosamic flowers.



CHAPTER XII

OVULE—FERTILISATION—SEED—FRUIT

OVULE.

An ovule (figs. io8, iii) is a more or less egg-shaped body
attached to the placenta by means of a stalk—the funide if).

The main body of the ovule consists of a central egg-shaped

mass — the nucellus —
which is surrounded by
one or two coats — the

integuments (in). Each
integument is attached by
its base to the nucellus,

but elsewhere it surrounds

the nucellus like a narrow-

mouthed bag, which is

open at the top. The
opening at the top of the

integument or integu-

ments is the micropyk
(ni) ; it allows free com-
munication between the

nucellus and the chamber
of the ovary. In the

nucellus itself, near the

space. This is in reality

Figs. 108-110.—Ovules.

Figs, iit-113.—^Vertical sections through ovules.

micropyle, there is a minute clear

a closed bladder, and is termed the embryo-sac.

There are three common types of ovules, whose forms are

best explained by the figures given, (i) An orthotropous

ovule is one in which the stalk (funicle) is in the same straight

line as the straight nucellus (figs. 108, 11 1). (2) An anatropous

ovule is one in which the nucellus itself is straight, but is

inverted, and consequently appears to be attached by its side

84
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to the funicle (figs. 109, 112). (3) A campylotropous ovule is

one in which the nucellus is itself curved ; often it is kidney-
shaped (figs, no, 113).

FERTILISATION AND CHANGES IN THE OVULE.

When a healthy pollen-grain reaches a suitable stigma (fig.

1 14 sg) it germinates by sending a slender tube {pt) down the

style. The end of this pollen-tube eventually enters the

micropyle (w), and comes into contact with the nucellus

close to the top of the embryo-sac (es).*

The consequence of fertilisation is

that the ovule grows and becomes a seed

(compare figs. 114 and 115). The most
important change in the ovule is that

a minute new plant—the embryo

—

develops inside the embryo-sac. The
" embryo-sac grows and becomes, wholly

J.

a; or partially, filled with endosperm, which
surrounds the
embryo. This
endosperm may
be present still

in the seed, and

Fig. 114.—Vertical section ^^ ^eed IS Said p,f
through a carpel and an anatro- tO be endospermic
pous ovule, showing the pollen- ^ A ti'
tube entering the micropyle. ^S- VjraSS anu

Violet (figs. 118, wi?

158). Or the endosperm formed in

the ovule may be gradually absorbed

by the growing embryo, so that in the

ripe seed there remains no trace of it

:

, ^>. "1,1 _7. i-"^ jDuiLeruup, Willi ui

the seed is then said to be 7ion-enaosper- anatropous seed : per

mic-e.g. Bean and Wallflower (fig. 116). ^:^^,iJ:='^^^^^Z.
In most flowering plants, whilst the em-
bryo-sac, the contained endosperm, and the embryo are grow-

* This process can only be followed properly by the aid of a compound
microscope. In a few Angiosperms the pollen-tube does not enter by
the micropyle, but pushes its way through the substance of the ovule till

it reaches the embryo-sac. In the Pine and Gymnosperms the pollen-

grain itself reaches the micropyle and then sends out a tube.

emh
Fig. 115.—Vertical sec-

tion through a fruit of
the Buttercup, with one
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ing, the nucellus is being absorbed by them, and no trace of
it remains in the mature seed. In such cases the whole
of the seed within the testa represents the embryo-sac and its

contents. In some plants the nucellus is not entirely absorbed,
but persists and forms an endosperm-like layer within the

ii6

V 'e 'h

Figs. 116-T18. — Vertical sections of seeds: /i = scar on seed; w =
micropyle ; /,^j= testa; e= endosperm

; /?«=perisperm ; co, ci?/= cotyledon
;

;i>/= plumule ; r = radicle. Fig. 116. — Wallflower. Fig. i-Lj.—Stellaria.
Fig. 118.

—

Iris.

testa: this is termed the. perisperm—e.g. Stellaria (fig. 117).
The testa is formed by the growth and hardening of the
integument or integuments, and the micropyle of the seed
represents the micropyle of the ovule. The funicle or

stalk of the seed is identical with the funicle of the ovule.

The subjoined table represents the corresponding parts in the

ovule and seed :

—

Ovule Seed

(a) The contents of the embryo-sac = Embryo and Endosperm.
(b) Nucellus.... =Perisperm.
(c) Integuments . . . = Testa.

\d) Micropyle . . . = Micropyle.

(«) Funicle . . . = Funicle.

As examples of different types of seeds, the following may
be cited as occurring in both Monocotyledons and Dicoty-
ledons.

(i.) No endosperm, no perisperm : Pea, Bean, Wallflower,

Mustard, Pear, Apple, Hazel, Oak, and Chestnut (figs, i, 116).
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(ii.) Endosperm, but no perisperm : Buttercup, Violet,

Mallow, Castor Oil plant, and Grasses (fig. 118).

(iii.) Perisperm with scarcely a trace of endosperm : Stellaria

(fig. 117).

Outgrowths on Seeds.—The Violet and the Spurge have
each a little lump near the micropyle (fig. 158). Many
outgrowths are concerned with the scattering of the seed : for

instance, the long silky hairs or the seeds of Poplars, Willows,

and Willow-herbs, facilitate the dispersal of the seeds by the

wind.

FRUIT.

The consequences of fertilisation are not confined to the

ovules ; the carpels, and frequently other parts, of the flower are

stimulated into vigorous growth, whereas the remaining parts

Fig. iig.—Fruit (legume) of Garden Pea,

wither and fall off more speedily than they would have done
had fertilisation not taken place. That portion of a single

flower which persists after fertilisation until the seeds are

ripe is termed the fruit. There is one part of the flower

which invariably persists — the ovary (or ovaries) — this

remains to form a protective case round the ripening seeds.

Obviously the receptacle, or a portion of it, also remains.

The corolla and stamens almost always wither soon and
fall, consequently they play no part in the formation of the

fruit ; whereas the calyx not infrequently persists.

The Pea (or Bean, or Clover) may be selected as having

one of the simplest of fruits. Its ovary, composed of one

carpel, enlarges and becomes the familiar pea-pod (fig. 119),

and constitutes the fruit inside which are the seeds. The
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Wallflower is slightly more complicated, in that the ovary is

syncarpous, being composed of two carpels ; but in this flower,

as in the Pea, it is the single ovary alone which, by its growth,

gives rise to the single fruit (fig. 120). The Buttercup differs

from the two preceding examples in that every flower has a

number of separate ovaries, each representing one carpel. Each
ovary enlarges and eventually encloses one seed (fig. 115)-

This flower thus gives place to a number of apocarpous seed-

containing vessels, each similar to the pea-pod in so far as it

consists of a single ripened carpel. We can, therefore, divide

fruits into two groups : (i.) Simple fruits, produced by a single

ovary which is composed of one {e.g. Pea) or more carpels

{e.g. Wallflower), (ii.) Compound fruits, produced by a

number of apocarpous carpels in one flower {e.g. Buttercup).

Thus the fruit of a Buttercup is a compound fruit and consists

of a number of simple fruits.

The external wall of the chamber, or chambers, of a simple

fruit is termed the pericarp. In the case of the simple fruits

already mentioned, the pericarp is derived solely from the

carpels ; it is the original wall of the ovary, which has grown.

But if we consider a'simple fruit derived from a single inferior

ovary {e.g. Honeysuckle, Parsley, Yellow Flag, Orchid), the

wall of the fruit represents part of the receptacle as well as

portions of the carpels (see p. 75).

Again, if we examine a ripened (fertilised) Dandelion-head

(fig. 129), we shall see that it consists of a number of simple

fruits. Every one of these is formed by the growth of a single

inferior ovary, each of which belongs to a separate flower.

This Dandelion-head is formed as a result of the fertilisation

of a number of flowers. A fruit is formed frqm one flower,

consequently the Dandelion-head' is not a fruit, not even a

compound fruit: it is a collection of fruits, or an infruct-

escence.

Comparing the behaviour of the pericarp,of the simple fruits

of the Pea, Wallflower, Buttercup, and Dandelion, we see

that the pericarp of the first two gapes open, or dehisces, when
it is ripe, so that the carpels are freely open ; whereas, on the

contrary, the fruits of the last two do not open of their own
accord. If we now examine the fruit of a Parsley-plant (or any

Umbellifer), we note that it is formed by a single inferior, two-

chambered ovary, composed of two carpels. When the fruit
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is ripe the two carpels separate, but do not open. We
may, therefore, divide simple fruits into three groups :

—

(i) Dehiscent fruits, the carpels of which open spontaneously.

(2) Indehiscent fruits, the carpels of which remain closed,

and, if syncarpous, do not separate. (3) Separating fruits,

which are always syncarpous, and the carpels of which separate

without opening.

Again, comparing the fruits of the Pea, Wallflower, and
Buttercup with those of the Honeysuckle, Gooseberry, and
Currant, the first three have a thin, dry, hard or brittle

pericarp ; whereas the second three possess a fresh, more or

less fleshy or succulent pericarp. We may, therefore, further

classify fruits into (i) dry fruits; (2) fleshy or succulent

fruits.

CLASSIFICATION OF SIMPLE FRUITS

DEHISCENT FRUITS (Carpels opening)

A. DRY (Dehiscent).

(i.) One-carpellary (composed of one carpel).

(a) Opening down the ventral suture only, contain-

ing one or more seeds {e.g. Pseony, Winter-

Aconite) = Follicle.

ip) Opening down the two sutures, dorsal and
ventral, and containing one or more seeds

{e.g. Pea, Bean, Clover) = Legume.
(ii.) Two-carpellary (composed of two carpels).

{a) The two carpels separate as two valves, com-
mencing from below upwards, and leave the

seeds attached to a persistent frame-like parietal

placenta which is termed the replum. The
chamber of the fruit may {e.g. Cruciferce) be
divided into two chambers by a thin septum
which spans the space between the two parietal

placentae and persists in the fruit (fig. 120);

or there may be no such septum, so that the

ovary is one-chambered as is the fruit

—

e.g.

Chelidonium (fig. 121). A number of seeds

are present in the fruit = Siliqua.



Fig. I20.—Siliqua of
Wallflower : re ~ re-

plum
; fs = false sep-

tum ; o = seed ; v =
valve ; s£^~ stigma.

Fig. 121.—Siliqua of
Chelidonium : r= re-

plum.

Fig. 122.—Capsule of
Iris dehiscing along
three dorsal sutures
{ds)\ 2'^=:ventral suture;
5= seed.

Fig. 125. — Capsule
of A nagallis dehiscing
transversely: c=calyx

;

J= seeds ; j^= style.

Fig. 123. — Capsule of
Foxglove dehiscing along
two ventral sutures, and
leaving the seeds attached
to the axile placenta (//)

;

sy=^ty\& ; cjtr=calyx.

Fig. 124. — Capsule of
Stellaria media dehiscing
for a certain distance along
three dorsal sutures and
three ventral sutures ; ex
= calyx.

Fig. 126. — Capsule of

Poppy dehiscing by
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The siliqua is typically pod-like in shape,
but a short broad form is often distinguished

as a Silicula (e.g. Shepherd's Purse),
(iii.) Two or more carpels = Capsule.

{a) Usually a dry dehiscent fruit formed by more
than two combined carpels, dehisces longi-

tudinally, and causes the pericarp to split into

a number of valves. The splits may descend
from the apex to the base of the fruit, or they
may be merely confined to the upper part, in

which case the separate valves are tooth-like

{e.g. Cerastium, Primrose). Longitudinally

dehiscing capsules are of four kinds.

(a) Splitting along the ventral sutures.

(P) Splitting along the dorsal sutures

{e.g. Violet, fig. 158; Iris, -fig.

122).

(•y) Splitting along the ventral sutures, and
separating from the partition walls of

the capsule so as to leave the seeds

attached to a middle axial column {e.g.

Foxglove, fig. 123).

(8) Splitting for a certain distance along

both dorsal and ventral sutures, so

that there are twice as many valves as

there are carpels (especially in capsules

with tooth - like dehiscence) {e.g.

Stellaria media, fig. 124).
{b) Capsule with transverse dehiscence. The top of

the capsule separates like a lid {e.g. Poor-man's
Weather-glass, fig. 125).

{c) Capsule opening by a number of little holes or

pores in the pericarp {e.g. Poppy, fig. 126).

{d) Capsule opening irregularly.

B. FLESHY (Dehiscent).

Some follicles are soft and green when they dehisce. The
green succulent capsules of the Balsam open violently, and fling

their seeds to some distance. The capsule of the Woodsorrel
has a soft pericarp, which splits open and allows the seeds to
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be violently ejected. The Horse - Chestnut capsules are

succulent. The Walnut-fruit is not a nut : it is a stone-fruit,

the outer fleshy layer of which bursts irregularly; its so-called

nut is therefoi'e a "stone."

INDEHISCENT FRUITS

One-Seeded.

Fig. 128.—Vertical sections of the
drupe of Ciierry : in the right-hand figure

the fruit is cut vertically through the
ventral suture i^s) and dorsal suture : in
the left-hand figure the fruit is vertically

cut in a plane at right angles to the pre-

ceding one : J^= stony layer of pericarp
;

^j= testa of seed ; coi= cotyledon.

A. DRY (Indehiscent).

Pericarp stone-like (e.g. Hazel, fig. 138). =Nut.
Pericarp leathery, or hard skin-like.

(«•) Pericarp not adhering to the testa (e.g.

Buttercup, fig. 115; Daisy-family,

figs. 127, 212). =AcIiene.

(p) Pericarp adhering closely to the testa,

or the testa absent (e.g. Grains of

Grasses, Wheat, fig. 28). = Caryopsis.

B. FLESHY (Indehiscent).

(i) The inmost layer of the pericarp is stone-like = Drupe.

(a) The outer layer of the pericarp of a drupe is like a

thin "skin," the middle layer is usually soft

and juicy, and the inmost layer is very hard
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and stone-like. The simplest drupes are

composed of one carpel, with one stone

enclosing one seed (e.g. Cherry, fig. 128,

Plum, Apricot). The most complicated drupes

are syncarpous, and have several stones,

because the walls of each of the ovary-

chambers has become separately changed into

a stone with one seed inside it. It must be
noted that the stones {e.g. Hawthorn) of stone-

fruits are not seeds. A seed is produced from
an ovule only, whereas the hard stone of a

drupe is formed by a layer of the ovary-wall.

{b) The pericarp is soft and fleshy throughout {e.g.

Grape, Gooseberry, Currant, Orange, Cucum-
ber) = Berry.

{c) The fruit of the pear and apple. is quite peculiar,

and is termed a Pome. The component five

carpels are fused with the hollow receptacle

by their outer faces, hence the gynsecium is

inferior (fig. 178). The carpels are also com-
bined with one another by their sides, but

may be free towards their centres (ventral

sutures), thus the gynaecium is only incom-

pletely syncarpous (fig. 179). In the fruit a

parchment-like membrane forms round each

chamber, just as stones may form round the

several chambers of a stone-fruit, whilst the

rest of the pericarp grows vigorously and
remains fleshy (figs. 180, 181). The seeds

are contained in the five parchment-walled

chambers (fig. 182). The pome is inter-

mediate between a berry and a stone-fruit,

also between a compound and a simple fruit.

SEPARATING FRUITS (SCHIZOCARPS)

These all possess more than one carpel. The constituent

carpels separate as closed one-seeded chambers.

{a) The fruit separates into as many closed one-seeded one-

chambered parts as there are carpels. Each part

represents a closed carpel, and is termed a inerioarp
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{e.g. two - carpellary fruits of the Parsley-family, fig. '

185, and Sycamore) or a coccus (if the ovary consists

of more than two carpels, e.g. Mallow, fig. 164)
= ScMzocarp.

{b) The two-carpellary fruit is divided into four one-chambered

one- seeded parts which separate as little "nuts."

Each "nut" therefore represents half a carpel {e.g.

fruits of the Labiata, and many Boraginacece).

COMPOUND FRUITS.

The compound fruit may possess a number of follicles

{e.g. Paeony, Winter Aconite), of achenes {e.g. Buttercup, Rose,

fig. 170, Strawberry, fig. 172), of drupes {e.g. Blackberry, fig.

17 s, Raspberry), inserted on a receptacle. But obviously it

cannot possess a number of siliquas or capsules, because these

are always syncarpous frUits.

DESCRIPTIONS OF COMPLETE FRUITS.

The classification of fruits so far given refers only to the

nature and behaviour of the pericarp. A few examples will

illustrate the application of this classification to complete

fruits.

(i) Pea : the fruit is simple (legume) and is the ripened

carpel.

(2) Honeysuckle ;. the fruit is simple (berry), is the ripened

inferior ovary, and therefore includes the receptacle.

(3) Dandelion : the fruit is simple (achene), and consists of

the ripened inferior ovary (carpels and receptacle) and pappus.

(4) Raspberry: the fruit is compound; the simple fruits are

drupes ( = carpels) inserted on a receptacle, which also bears

a persistent calyx.

(5) Strawberry : the fruit is compound, and consists of

many achenes ( = carpels), and a large fleshy receptacle bear-

ing a calyx with an epicalyx.

(6) Rose :

' the fruit is compound, consisting of many
achenes ( = carpels) attached to and concealed in a hollow

receptacle which bears a persistent calyx.



CHAPTER XIII

THE DISPERSAL OF SEEDS, AND A SUMMARY WITH
REGARD TO THE FLOWERS

In one season a single plant, say a Foxglove, may produce
thousands of seeds. If every one of these seeds is to be
afforded an opportunity of

developing into a mature
plant, means must be pro-

vided to enable the seeds

to reach suitable spots at

some distance from the

mother-plant. The seeds

of flowering plants are con-

veyed through the air in the

same manner as the pollen,

in so far that they are either

violently ejected {e.g. Bal-

sam, Oxalis), or are carried

by the wind {e.g. Dande-
lion), or borne by animals

{e.g. Rose, Cherry, Galium).

Explosive fruits are not

common. The capsule of

the Violet opens into three

boat - shaped valves, each

containing a double row of

smoothly - polished seeds.

The sides ofthe boat-shaped

valves contract as they dry,

and fling out the seeds. To
understand this mechanism,
we have only to remember
the manner in which an

orange-pip springs out when
squeezed between two
fingers.

Dispersal by the wind.

i'P

Fig. T2Q.—Right-hand figure is a vertical

section of infructescence of Dandelion: br—
involucre. Left-hand figure is a vertical sec-

tion of a single fruit (achene) with a pappus

0^) on a long beak; ^£:=pericarp ; ^f=testa
of^the seed; cf?^= cotyledons ; r= radicle.

—To facilitate dispersal by the

95
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agency of the wind, the fruits or seeds are very small; or

they oppose a large surface to the wind. The large surface

may be merely due to the flattened form of the fruit or seed,

or it may be caused by the possession of wings

or tufts of hair. It is to be noted that when
fruits (or their carpels in the case of schizocarps)

are closed and indehiscent, they (or the meri-~

carps) are the parts scattered, and adapted to

aid dispersal ; the seeds in this case are passively

borne inside the fruits. But if the fruit dehisces,
•

or is open {e.g. Gymnosperms), the seeds are

the parts scattered, and, as a rule, it is they

and not the fruits which are adapted for transference to

distant spots. The following table shows the corresponding

mechanisms, or forms, in fruits and seeds to aid dispersal

by the wind :

—

Fig. 130.—Samara
of Elm.

Mechanism or

Form.
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the wind, or by clinging to animals, the fruits are dry, whereas
seeds or fruits which are dispersed by being carried inside

animals are usually possessed of conspicuous and fleshy coats,

which invite animals to notice and eat them. The fruits

being eaten, the seeds are protected by an indigestible stone
(in drupes) or testa (in berries and Gymnospermous fruits), and
pass through the body of the animal uninjured. When the
fruit is indehiscent it is usually the pericarp which is succulent
and invites the animals which effect the dispersal of the fruit.

When, on the other hand, the carpels are, open, as in Gym-
nosperms and dehiscent fruits, the seed is often brightly

coloured, and may have a . succulent inviting outgrowth (the

aril).

Seeds Dispersed.



98 FUNCTIONS OF REPRODUCTIVE PARTS

in order to withstand the action of the digestive juice of

animals which eat the fruits.

SUMMARY OF THE FUNCTIONS OF PARTS OF
FLOWERS, FRUITS, AND SEEDS.

1. The calyx usually protects the young flower bud {e.g.

Poppy). It may also serve as a means of attracting insects

by its colour {e.g. Clematis), or act as a factory {e.g. Mallow),

or as a receptacle for honey {e.g. Wallflower). Sometimes the

calyx aids in the dispersal of the seeds by the agency of the

wind {e.g. pappus of Compositse).

2. The corolla serves to attract insects which will effect cross-

pollination. It may further bear nectaries {e.g. Buttercup).

3. The androecium.—The pollen pollinates the flower,

and is indispensable for the production of seed. The
anther manufactures the pollen. The filaments bring the

anthers into the position which will lead to cross-pollination

by wind or insects, or to self-pollination. As good ex-

amples, illustrating the fact that the length of the filaments

is to be explained in accordance with the method of pollina-

tion, we have but to compare and contrast the flowers of the

Primrose, of Grasses, and the cleistogamic flowers of the Violet.

The time and direction of dehiscence also are related to the

method of pollination; we note, for instance, the introrse

dehiscence of the Violet and of Composites, the extrorse dehis-

cence in the Buttercup when the flower opens.

4. The gynsecium.—The embryo-sac in each ovule is the

region in which the embryo and its food (endosperm) arise.

The ovary protects the ovules. The stigma receives the pollen-

grains. The style raises the stigma to the proper height so as

to bring about cross-pollination or self-pollination. The size,

shape, and time of ripening of the stigma and style bear relation

to the method of pollination (see Grasses, Compositse, Violet).

5. Sugar.—Sugar is excreted in flowers in order to attract'

insects which will effect cross-pollination. Sugar is manufactured

in many fruits, and is responsible for their sweetness of flavour,

in order to allure animals (mainly birds in this country) which

will disperse the seeds.

6. Pericarp.—The pericarp protects the seeds and often

facilitates their dispersal. Often it is brightly coloured so as

to attract the notice of animals. It may or may not dehisce.
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7. The testa serves to protect the embryo and food-sub-
stance of the seeds. Consequently it is thin and delicate when
the seeds are adequately protected by the pericarp.

8. Wings, hooks, and hairs on seeds orfruits serve to facilitate

the dispersal of the seeds. Sometimes the hooks or spines may
also aid in protecting the fruits against animals which would
eat them and destroy the seeds.
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CHAPTER XIV

CLASSIFICATION
When a number of plants are so closely alike that they obviously

may be the offspring of one original parent, they are said to be
a number of individuals all belonging to one species. But if

two or more plants are very similar, yet exhibit certain constant

slight distinctions, they are described as being different species

of one genus. For example, in English meadows there are to

be found three common kinds of Buttercups—the Bulbous
Buttercup, the Creeping Buttercup, and the Meadow Butter-

cup. As they possess so many characteristics in com-
mon, they are included in one genus. Ranunculus; but as

they each display certain characteristics peculiar to them-

selves, they receive distinct species-names, and are known as

Ranunculus bulbosus, R. repens, and R. acris respectively.

When the divergences between two or more plants are more
considerable,' they are referred to different genera. For ex-

ample, the Clovers are included in the genus Trifolium.

Comparing the various genera thus constituted, they exhibit

amongst themselves both resemblances and dissimilarities.

Those genera which are sufficiently alike are grouped together

to form a family or order ; so that all genera are included in

certain orders. Thus the Buttercups {Ranunculus) and the

Marsh Mallow {Caltha) are included in one order, the Ranun-
culaceas; whilst the Clovers {Trifolium) and Vetches {Vicia)

belong to another order, the Leguminosae. In like manner
the families may be grouped together to form cohorts, then

series, then sub-classes, and finally classes ; but this statement

will be more easily understood after glancing through the follow-

ing scheme of classification of some of the Angiosperms :—

ANGIOSPERMS.

Class I. : Dicotyledons.—^Seedling has two cotyledons. Leaves

net-veined. Floral leaves in fours and fives.
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Class II. : Monocotyledons.—Seedling has one cotyledon.

Leaves parallel-veined. Floral leaves in threes.

Class I.: dicotyledons

Sub-Class I. : APETAL^. Petals absent.
I

1. CupulifercB. Flowers epigynous diclinous. $ flowers

in catkins. Fruit ' indehisjcent one-seeded. Trees or

shrubs.

2. SalicacecE. Flowers hypogynous diclinous. $ flowers in

catkins. Fruit dehiscent with many seeds. Trees or

shrubs.

[3. Euphorbiacece.* Flowers diclinous. In the fruit the three

(sometimes two) carpels separate and open ; one or two
seeds in each chamber.]

Sub-Class II. : POLYPETAL.^. Corolla polypetalous.

I. Thalamiflorse.—Flowers hypogynous without

a well-developed disk.

(a) GyncRcium apocarpous.

4. Ranunculacea" Stamens indefinite,

(b) Ovary syncarpous with parietalplacentation.

5. Papaveracea. Flowers actinomorphic. Sepals and petals

in twos or threes. Stamens indefinite.

6. Fumariacece. . Flowers zygomorphic. Sepals and petals

in twos.

7. Cruciferm'. Flowers actinomorphic. Sepals and petals

four each. Stamens two short and four long.

8. ViolacecB. Flowers zygomorphic. K5 C5 A5 G (3).

(c) Ovary syncarpous. Placentation free-central.

9. Caryophyllacea . Flowers actinomorphic. Stamens ten

or fewer.

* This is not the correct systematic position of the Euphorbiacese ;

but the family is placed here because it is easier for beginners to identify

plants belonging to it when it is classed amongst the Apelalje.
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(d) Ovary syncarpous. Placentation axile.

10. Malvacem. Flowers actinomorphic. Stamens indefinite,

filaments united and adhering at the base to the

corolla. Anthers one-lobed.

II. Disciflorae. Flowers hypogynous with a distinct disk.

11. GeraniacecR . Flowers actinomorphic. Stamens 5 + 5

(obdiplostemonous) or five only. Fruit beaked with

five chambers, each with one seed.

12. Oxalidacea. Flowers actinomorphic. Stamens 5 + 5

obdiplostemonous. Fruit five - chambered, with a

number of seeds in each chamber.

III. Calyciflorse. Flowers perigynous or epigynous.

(a) Perigynous usually. Gyncecium apocarpous.

13. PapilionacecB' . Flowers zygomorphic, papilionaceous,

weakly perigynous. Stamens ten, with the filaments

all combined, or one separate from the other nine.

Carpel one.

14. RosacecB' . Flower actinomorphic. Stamens usually in-

definite (rarely epigynous).

(b) Epigynous. Gynacium syncarpous.

15. Umbellifera . Flowers actinomorphic in umbellate in-

florescences. K5 or C5 A5 G (2). Fruit a schizocarp.

Sub-Class III. : GAMOPETAL^. Corolla gamopetalous.

(a) Flowers Hypogynous. Gyn^cium syncarpous.

(i) Flowers actinomorphic (stamens equal in number to the

petals ; corolla regular.)

16. Primulacece° . Placentation free-central. Stamens equal in

number to the petals opposite to them.

17. Convolvulacece. ' Ovary two- (three-) chambered, with two

ovules in each chamber ; sometimes each chamber sub-

divided by a false partition into two halves, each con-

taining one ovule. Twining herbs.

18. SolanacecB. Ovary two-chambered, with several ovules in

each chamber.
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19. Boraginacea. Ovary four-lobed, four-chambered, with one
ovule in each chamber. Fruit four nutlets.

(2) Flowers zygomorphic (stamens fewer than the petals

;

corolla irregular).

20. LabiatcR. Ovary four-lobed, four-chambered, with one
ovule in each chamber.

2 1. ScrophulariacecB. Ovary two-chambered, with several ovules

in each chamber.

(b) Flowers Epigynous. Gynaecium syncarpous.

22. Caprifoliacece. Ovary two- (three-) chambered. Leaves
> opposite.

23. Composite . Inflorescence a capitulum. Anthers united.

Ovary one-chambered, with one ovule.

Class II.: monocotyledons

I. Perianth Petaloid. Ovary syncarpous.

(a) Flower actinomorphic (perianth regular, ovary inferior).

24. Liliacece" . Stamens six.

(b) Flower actinomorphic. Ovary inferior.

25. Amaryllidacece. Stamens six.

26. Iridacece. Stamens three.

(c) Flower zygomorphic. Ovary inferior.

27. OrchidacecR. Perianth irregular. Usually only one anther

present ; it is gynandrous.

II. Perianth small or absent,

(a) .Flowers ? c? on a spadix usually in a spathe.

28. Aracece.

(b) Flowers usually ? in spikelets invested by chaffy

bract-scales.

29. Graminece.

[It will be well for young beginners to confine their attention

to those families which are specially marked with the sign ° in

the above list.]
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DICOTYLEDONS.

CUPULIFEE^ (Oak Family).

Trees or shrubs. Leaves simple. Monoecious. Staminate
inflorescence usually a catkin. Flowers small, inconspicuous,
apetalous. Perianth small, green, or absent. Carpels two or
three (rarely four or six), syncarpous, inferior, usually with a two
or three-chambered ovary ; one or two ovules in each chamber.
Fruit one-seeded, indehiscent, often a nut. Seeds without
endosperm.

Type: HAZEL {Corylus avelland).

Vegetative Characters.;—Shrub : the main stem breaks
up into several larger branches a short distance above the
ground. The main root present in the seedling grows only for

a short time ; it gives off several lateral roots which run hori-

zontally close beneath the surface of the soil. These horizontal

roots (or the base of the stem) frequently produce slender

adventitious shoots

—

suckers—which grow vertically upwards.
These shoots, in turn, can produce adventitious roots of their

own at their bases, and subsequently may become disconnected
from the mother-plant by reason of the decay of the connect-
ing parts. Thus the Hazel may multiply by suckers (compare
Raspberry canes and Rose trees).

Leaves alternate, arranged in two rows, or on vigorous

suckers often in three rows, with small stipules which soon fall

;

the margin is twice-serrate. It will be noted that in the bud-
condition the two halves of each leaf are folded together along

the mid-rib : the one half of the leaf is slightly larger than the

other and overlaps the latter in the bud.

On the approach of winter the stem ceases to elongate, and
produces a terminal resting-bud. This resting-bud is clothed

externally by leaves whose stipules are developed into scales,

but which possess no lamina. Inasmuch as the leaves are

ranked into two rows, their stipules naturally are arranged into

two double rows. Consequently these bud-scales are arranged

in pairs on opposite sides of the stem, and each pair of scales

represents the two stipules of one leaf The lateral (vegetative)
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resting-buds are similar, but they have in addition two scale-

like prophylls inserted below the remainder of the scales.

Within the scales are hidden the young foliage-leaves. In

February or March the plant blossoms before its vegetative

buds unfold ; when the latter become active their scales drop

off after being forced apart by the growing stem and by the

emerging foliage-leaves (figs. 6-11). Inasmuch as these scales

were set close together, after they have fallen their scars form

small groups; whereas the fallen foliage-leaves, having been

separated by longer internodes, are represented by scars which

are widely separated along the stem. Consequently, on parts

of the stem which are from one to three years old, it is

easy to recognise which portions bore scales. Each such

group of scale-scars represents one winter. We can, there-

fore, tell the age of a tolerably young stem by counting

the number of its groups of scale-scars. Thus, if we com-
mence at the apex of a resting vegetative shoot, the por-

tion of the stem which connects it with the first group of

scale-scars represents one year's growth. Again, travelling

farther down, that part of the stem which connects this first

group of scars with the next lower group represents another

(previous) year's growth, and hence it is two years old, and
so on.

Inflorescences.—The stamens and carpels do not occur

together in the same flowers. The staminate flowers are

arranged in pendulous spike-like inflorescences — catkins.

The carpellary flowers are grouped together in small bud-like

inflorescences, which can be recognised by the tufts of red

stigmas which protrude from their tips. Both kinds of inflor-

escences are borne upon certain axillary dwarf-branches. In

order to understand the arrangement of these dwarf-branches,

we will follow the growth of a vegetative bud which com-
mences to sprout in spring. The bud opens, the stem

emerges and grows during the summer, and bears foliage-

leaves. In the axils of these leaves three varieties of buds

arise—vegetative buds, buds enclosing the young carpellary

flowers, and buds destined to grow out into branches bearing

the staminate inflorescences. The first two forms of buds are

externally similar ; they are resting-buds, and remain dormant

during the following winter. But the third type of bud
grows out at once and develops into a dwarf-branch. This
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branch has no foliage-leaves, but it bears on its basal parts a

number of scales, whilst its

terminal portion is a staminate

inflorescence (catkin). In ad-

dition, lateral catkins may arise

in the axils of one or two of

the higher scales of this dwarf-

branch. The scales soon drop

off. Thus, when we examine

the Hazel-trees flowering in

February (see fig. 131), we find

the staminate catkins ( c? ) are

arranged, usually several to-

gether, on short branches of

the previous year's stem : the

catkins rest naked through the

winter. The buds ( $ ) enclos-

ing the carpellary flowers now
show that they are not vegeta-

tive resting-buds, a tuft of red

stigmas protrudes from their

tips. These buds also stand

laterally on a part of the stem

which was formed in the pre-

vious year; also occasionally

in the axils of the basal scales

of the dwarf- branch which

bears the catkins.

Staminate Inflorescence

(fig. 131^). — The inflores-

cence consists essentially of a

number of bracts and axillary

flowers, which are spirally ar-

ranged on a long axis. There

is one flower in connection with

each bract. Two prophylls

(fig. 132, pr), representing the

first two leaves on the flower-

stalk, are present, but are

fused with the bract {br), for

no flower-stalk occurs. The staminate flower (fig. 132) con

Fig. 131.—Shoot of Hazel bearing in-

florescences. The stem fromthe scale-scars

(jc) was produced in the previous'year. The
dotted leaves have fallen off; i/=vegetative

buds.



DICOTYLEDONS

Fig, 132.—Staniinate flower of Hazel
inserted on bract (6r), with which two
prophylls (pr) are fused.

Fig. t33.—Diagram of ditto.

sists solely of four stamens, which are attached to the bract

in place of being on a flower-stalk in the axil of that bract.

Each stamen is halved almost

to the base of its filament,

so that at first sight there

appear to be eight stamens,

each of which possesses only

half a complete anther. The
anther is crowned by a tuft

of hairs.

The bud of the dwarf
branch (fig. 134) which
produces the carpellary in-

florescence is often
,
loosely

described as being the in-

florescence. The bud is

really the commencement of

a foliaged branch which terminates in an inflorescence; but
the foliage-leaves do not unfold till

after the flowering is over. On the

axis of this bud the most external

and lowest leaves are two prophylls

;

then succeed three to four pairs of

scale - Uke stipules (sc), and' within

these two to four foliage-leaves. ' Thus
so far the bud is Uke a vegetative

bud; but above these foliage-leaves

follows the true inflorescence. The
carpellary inflorescence consists of

four to eight spirally-placed bracts

(i>r) with axillary flowers, which are

borne on a shortened axis. In the

axil of each bract (fig. 135) there

stand the buds of two carpellary

flowers, so that the whole inflores-

cence possesses eight to' sixteen

flower-buds. But only a few of the

flower - buds develop into mature
flowers. Each carpellary flower has

a minute, indistinctly lobed, green Fig. 134.—Vertical section of

perianth (pe), which is inserted on the Xeity^Ml^sclT'"" " "
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ovary. The flower is therefore epigynous. The inferior ovary
is two-chambered, and is surmounted by two long purplish-red

thread-like stigmas (sg) ; thus the gynaecium consists of two

Fig. 135.—Two carpellary

flowers of Hazel in the

axil of a bract (^r).

Fig. 136.—Diagram of ditto.

carpels, and is syncarpous. The ovules do not develop until

after the pollination of the stigma (fig. 137); consequently it is

useless to look for ovules before pollination. Each chamber
of the ovary (ov) then contains one ovule (o). At the
base of each flower {i.e. below the

insertion of the ovary) there is a

little cup-like envelope (dr.i)—an

involucre. It is well to note that .y^'

this is not a calyx or a perianth
; oy

it is a collection of bracts.*

Fruit. — After pollination the

ovules are produced, but, as a

rule, only one ovule in an ovary

develops fully so as to form a

seed. The fruit (fig. 138) is a

nut containing the one seed. The
involucre originally investing the

base of the ovary grows vigorously and forms the green

cup (fig. 139, cp) round the fruit. Seed.—The kernel of

the nut is the seed ; it has a thin papery testa (ts), but

possesses no endosperm. The main mass of the seed is

* It is impossible to explain in this book the exact method in which this

involucre is formed ; but in reality it represents three joined bracts which
are also prophylls. The diagram 136 explains the nature of the cupule

and the inflorescence in the axil of each bract.

Fig. 137.—Vertical section of re-

cently pollinated gynaficium of Hazel.
Fig. 138.—Vertical section of nut of

Hazel.
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constituted of the two large fleshy cotyledons (cot) of the
embryo. Dissemination.—The fruits merely fall to the ground,
or may be carried away by animals (especially squirrels) for

future use.

Pollination.— The flowers are wind-pollinated. When the

staminate catkins have ma-
tured they bend down, and,

as their bracts separate, the

anthers dehisce and drop
pollen on to the bracts below
them. The pendulous cat-

kins are easily shaken by
the wind, and the pollen

may reach the tufts of

stigmas.

(i.) Note the inconspicuousness of the flowers which are not
visited to any appreciable extent by insects.

(ii.) That a large amount of dry pollen is produced, and
easily shaken from the flowers.

(iii.) The large filamentous stigmas.,

(iv.) The absence of nectaries.

All these are common features of wind-pollinated flowers.

Fig. 139.—Two nuts of Hazel invested
with cupules (c/).
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Table Illustrating the Floral Characters of

Other Cupulifer^.
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SALICACE-a: (Willow Family)

Trees or shrubs. Leaves alternate stipulate. Dioecious.

The inflorescences are catkins. The staminate flower consists

of two or more stamens and a disk. The carpellary flower

consists of a hypogynous disk, and a syncarpous superior

gynaecium composed of two carpels ; ovary, two-chambered,

with many ovules on two parietal placentae : stigmas, two.

Type I. : COMMON SALLOW or WILLOW {Salix caprea).

Vegetative cliaracters.—A tree or shrub, with alternate,

stipulate leaves. Each resting-bud is completely encased in

9

Figs. 140-145.—Inflorescence and flowers of Salix caprea (Willow). Fig. 140.—Vertical
section of staminate inflorescence.

_
Fig. 141.—Staminate flower inserted on a bract.

Fig. 142.—Diagram of ditto. Fig. 143.—Carpellary inflorescence. Fig. 144.—

A

carpellary flower inserted on a bract. Fig. 145.—Diagram of ditto.

two bud-scales. Many of the terminal buds of the branches

die in late autumn and drop off during the winter, and in the
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following year the highest axillary bud of these branches shoots

out, and thus continues the growth of the branch. Thus the

Willow-branches are sympodia. Inflorescences : the stamens
and carpels do not occur on the same individual, the plant is

dioecious. The flowers are arranged in catkins which are

erect, not pendulous. Each catkin arises, in July, in the axil

of a foliage leaf, on a part of the stem formed during that year.

The foliage-leaves fall off in autumn. Consequently, when the

catkins burst out in the following year (from March to May),

they are seen to be in the axils of fallen leaves on a part of the

stem which was produced during the previous year. The inflor-

escences (figs. 140, 143) open before the foliage-leaves emerge
from their buds. The axis of the inflorescence bears at its base

a few scales, and higher up a number of scale-like bracts and
axillary flowers. One flower stands in the axil of each bract.

The staminate (<?) flower (fig. 141) consists of two stamens

(a) and a greenish nectary (n) situated on the base of a bract (d).

The stamens have long filaments, extrorse anthers, and sticky

pollen. The carpellary ( ? ) flower (fig. 144) is also inserted

on a bract (d) ; it consists of a nectary (n) and a syncarpous

gynfficium composed of two carpels. The ovary (ov) is stalked,

and has one chamber which contains many ovules attached to

two parietal placentae. The single short style forks above into

a two-armed stigma (sg). The nectary is regarded as part of

the flower, and, being inserted below the ovary, the flower is

described as hypogynous. Fruit and dissemination.—The
fruit is a two-valved capsule which allows the escape of the

numerous minute seeds. The seeds are scattered by the wind,

and each seed is possessed of a tuft of silky hairs, which forms

the sailing mechanism.

Type II. : POPLARS (Populus).

Poplar-trees differ from the Willows in having pendulous

catkins, staminate flowers with from four to an indefinite

number of stamens [some Willow flowers have as many as five

stamens], and dry pollen. Moreover, the flowers have no
nectaries, though they possess a hypogynous basin-like out-

growth, which is regarded as either a disk or as a perianth.

Pollination of the Willow and Poplar.—The Willow is insect-

pollinated, whereas the Poplar is wind-pollinated. In accord
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ance with these facts we note that the catkins of the Willow
are erect, its flowers produce honey, and its pollen is sticky.

But the catkins of the Poplar hang loosely and are easily

shaken by the wind; the flowers produce no honey; the pollen

is dry ; and finally the stigma, being lobed to a greater extent

than in the Willow, it offers a larger surface for the reception

of the pollen.

EUPHORBIACEJE (Spurge Family)

Plants sometimes having a milky juice. Flowers usually

apetalous, diclinous, hypogynous. Perianth small or absent.

Gynsecium, syncarpous, with a lobed three- (rarely two-)

chambered ovary, having one-two ovules in each chamber.
Fruit a capsule. Seeds endospermic.

Type : PETTY SPURGE {Euphorbia peplus).

Vegetative characters.—An annual herb containing a white

milky juice and with simple leaves. Inflorescence : the stem,

which is simple or has two large branches, terminates in a

compound inflorescence, which is an umbel-like cyme of three

Fig. 146.—Cyathium oi Euphorbia pephts.

branches. Each of the latter is in turn a two-branched cyme
(dichasium), the branches of which may again be forked

cymes (dichasia). But throughout the whole inflorescence the

actual termination of each shoot is formed by a peculiar

inflorescence termed a Cyathium, which looks like a simple

flower (figs. 146, 147).—The cyathium has a cup-like in-
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volucre (?'«) formed by the union of five bracts IJjr) which

collectively surround a number of flowers. At the points of

junction of four of these bracts are four crescent-shaped

nectaries («), often described as glands. Within the involucre a

cLn

Fig. 147.—Vertical section of cyathium o^ Euphorbia pectus.

number of stamens (a, an, an) and small scales {sc) appear to be

ranged round a long-stalked three-lobed ovary (pv). Staminate

flower (fig. 148) : each apparent stamen is really a naked stamin-

ate flower consisting of only one stamen situated on a flower-

stalk. A joint in the stalk of the stamen represents the point

at which the filament is inserted on the flower-

stalk. The part below the joint is the flower-stalk

{st\ and the portion above is the stamen with a

filament (/). [In a plant which is closely related

to Euphorbia there is a little perianth at the joint.]

The floral formula is KO CO Al GO. These
stamen-like flowers are arranged in five lines

oppositethe five bracts* (figs. 149, 150). Each of

these radial lines of staminate flowers represents

an inflorescence standing in the axil of a bract

(diagram 149). Carpellary flower (figs. 146, 147)

:

the single central gynaecium with its long stalk oj Euphorbia

represents a simple naked nower composed or adjoining scale

three carpels. In some, spurges there is a distinct ^'^^

hypogynous perianth, consisting of three or six perianth-leaves ;

even in the Petty Spurge there is a trace of this perianth (j>e).

The ovary {ov) is three-lobed and three-chambered, with one

* This is more clearly seen in a large cyathium like that of Euphorbia
lathyris.

staminate iiower
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ovule {o) in each chamber. There are three forked styles

with stigmas {sg) on the summit of the ovary. The floral

formula is KO (minute) CO AO G (3). Fruit.—The three-lobed

ovary forms a three-valved capsule. Seed.—Endospermic.
We see therefore that the cyathium (figs. 149, 150) is a

cymose inflorescence consisting of one terminal carpellary

Fig. 149.—Diagram of cyathium
of Euphorbia, i, 2, 3, 4, 5 are
bracts.

Fig. 150.—Scheme of cyathium
of Eupfwrbia. i, 2, 3, 4, s are
bracts.

flower and lateral staminate inflorescences arising in the ajcils

of five bracts which form the involucre.

KANUNCULACEJE (Buttercup Family)

Usually herbs. Leaves alternate (except Clematis). Flowers,

usually showy, acyclic or hemicyclic, regular (except Monks-
hood and Larkspur), hypogynous. Sepals polysepalous,

often petaloid. Petals polypetalous or absent. Stamens
numerous. Carpels usually more than one, apocarpous,

superior. Seed endospermic. >

Type I. : BUTTERCUPS {Ranunculus acris, R. bulbosus,

R. repens).

Vegetative characters.—Perennial herbs. Leaves alternate,

simple, deeply divided. Stipules are absent, but there is a

leaf-sheath at the foot of the petiole. In the first two species
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the stem is erect, and in R. bulbosus it is swollen at the base.

In R. repens the stem is not erect, but forms creeping runners,

which are fixed to the soil by adventitious roots given off from
the nodes. Inflorescence :—cymose ; the axis ends in a

flower. When present, the lateral inflorescences are two-

branched (dichasia) or one-branched (monochasia). Note the

two small prophyllst on each lateral axis of the inflorescence,

and that in the region of the flowers the leaves are

simplified; they are bracts. Flower (figs. 60, 61).—The
flowers of these three species of buttercup are so alike that one
general description will suffice. The flowers are hemicyclic,

monoclinous ( $ ), regular, and hypogynous. Sepals {cal, sp)

five, separate, green. Petals {cor, p) five, alternating with the

sepals, separate. Note that there is a little pocket—the nectary

(n)—at the base of the inner face of each petal. Stamens (and)

numerous (00), hypogynous, spirally arranged, separate.

Carpels {gyn) numerous ( 00), apocarpous, superior, spirally

arranged on a conical receptacle (r). Each carpel contains one
basal ovule (o) in its one-chambered ovary ; style, very short

;

stigma, knob-like. Fruit :—compound, consisting of numerous
achenes (fig. 115) upon a common receptacle. (Each achene

is derived from one carpel.) Seed endospermic (end) with a

minute embryo (emd). Pollination.—The outermost stamens

ripen before the inner ones and before the carpels. Their

anthers dehisce towards the petals. At this early stage the

flower is practically staminate, for the stigmas cannot be
poUinated because they are not ripe, but are covered by the

closed anthers of the inner stamens. Gradually the rest of the

stamens ripen and dehisce, but the stigmas are ready for

pollination before the innermost stamens have dehisced.

Thus, when it first opens, the flower cannot be pollinated,

subsequently it can be either cross-pollinated or self-polHnated.

Many kinds of insects (beetles, flies, bees, and butterflies) visit

the flowers for the sake of the scarcely-concealed honey or for

the pollen, and act as polHnating agents.

Type II.: MONKSHOOD (Aconitum napellus).

The Monkshood differs from the Buttercups in the

following points :

—

Inflorescence, a terminal raceme. Calyx

(ps, as, Is) blue, petaloid; of the five sepals the posterior
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one (ps) is hood-like; irregular. Petals eight; the two
posterior (//) petals are long-clawed nectaries concealed under
the large posterior sepal/ the other petals {af) are small or

absent. There are three separate carpels, each with many
parietal ovules in the ovary. The fruit consists of three

follicles. The flower is irregular, and is zygomorphic in a

median plane. Pollination.—The flower is proterandrous

;

Figs. T5T, TS2.—Flower of Monkshood : ^?-=bract
; ^r=prophylls.

pollination by its own pollen appears to be thus rendered

impossible. Cross-pollination is accomplished exclusively by

the aid of humble-bees. As the humble-bee alights on the

flower, it uses the two lateral sfepals as a platform, and the

consequence is that the lower surface of the bee's body comes
into contact with the anthers and stigmas. In freshly-opened

flowers it is the anthers against which the insect strikes. But
in older flowers the stamens have bent back, and the stigmas,

which are now ripe, touch the lower surface of the body of the

bee at precisely the same spot as do the anthers in a younger
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flower. This arrangement favours cross - pollination. The
insect, when visiting the inflorescence, commences at the
lowest flowers, and travels up the inflorescence. In this manner
pollination by the pollen even of the same plant is averted.

The long-stalked nectaries are completely concealed from out-

side view, nor can their honey be reached excepting with great

difficulty by any insects other than humble-bees. The Monks-
hood-flower is a flower especially adapted for pollination by the
agency of these particular insects, consequently it is absent from
those regions of the earth which are without humble-bees.

Comparison between the pollination andflowers of the Butter-

cup and of the Monkshood.— The yellow Buttercup - flower

is actinomorphic, and is directed upwards. Inasmuch as its

nectaries are feebly concealed and easily accessible, insects

with quite short tongues can discover and reach the honey.
The flower is therefore visited by many (more than sixty) kinds
of insects. These alight on the petals or on the carpels, and
may cause cross-pollination or self-pollination. The blue Monks-
hood -flower is zygomorphic, and is inclined to the horizon.

Its honey is carefully concealed and protected, so that only
specialised insects can discover and reach it. The flower is

pollinated exclusively by one group of insects—humble-bees

—

which visit in one particular way, and necessarily effect cross-

pollination as they go from plant to plant. Self-pollination is

impossible in the Monkshood-flower. The Monkshood- and
Buttercup-flowers thus illustrate the fact that the colours and
shapes of flowers are associated with the varieties of insects

which visit and pollinate those flowers. We also see that the

irregular zygomorphy is a means employed to cause the visiting

insect to deal with the flower in a particular manner so as to

ensure cross-pollination. Finally, we note that the zygomorphic
flowers are associated with certain classes of insects, not, as is

the Buttercup, with many varieties of flower-visiting insects.

[Table
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PAPAVERACEiE (Poppy Family)

Herbs with milky juice. Leaves exstipulate. Flowers
usually showy, regular, hypogynous. Sepals, two (three),

polysepalous. Petals, 2 + 2, polypetalous. Stamens numerous.
Carpels, from 2 to 00 , syncarpous : ovary one-chambered, with

many ovules on parietal placenta. Fruit dehiscent. Seeds
endospermic.

Type I : FIELD-POPPY (Papaver rhoeas).*

Vegetative characters.—Annual herbaceous plant, with

milky juice (latex) and bristly hairs. Leaves alternate, stalked,

Fig. 153.—Vertical section of flower of Poppy.

without Stipules, simple, pinnately cleft. Flower (fig. 153)
solitary, terminal, actinomorphic, hypogynous. Sepals (sep)

two, separate, falling off as the flower opens. Petals (/ ),

2 -(- 2, separate, arranged in two alternating whorls of two each
;

the outer two .also alternate with the two sepals. The petals

are crumpled in the bud ; each petal may have a black spot at

the base of its inner face. Stamens numerous ( 00), hypogynous.

Carpels from eight to twelve, syncarpous, superior. Ovary

(pv) one-chambered, with from eight to twelve parietal

placentae (//) protruding inwards from the wall, and having

many ovules on their faces (also fig. 155). Stigmas (fig. 154 s)

from eight to twelve, sessile, forming velvety bands radiating

* The flowers of almost any sort of Poppy may be examined in place

of the one here described.
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from the centre of the roof of the ovary. We should expect
the stigmas to he above the gaps between the placentae,

because a stigma usually stands above the dorsal suture

(mid-rib) of the carpel to which it belongs. But in the

Fig. 154.—Qynsecium and
one stamen of Poppy.

Fig. 155.—Cross-section of
ovary of Poppy.

Poppy the stigmas stand directly above the placentae, instead

of alternating with them. When stigmas are thus superposed
on the placentae they are said to be commissural. Fruit

(fig. 126) a capsule, opening by lateral pores which alternate

with the stigmas. Seeds minute, and easily transported by
the wind. Pollination : the flower has no nectaries, but is

visited by insects desiring its pollen.

Type II. : COMMON CELANDINE {Chelidonium majus).

Herb with yellow juice and yellow flowers. Its flowers differ

from those of the Poppy in that the gynaecium consists of two
combined carpels, with two commissural stigmas surmounting
a one-chambered ovary possessed of two parietal placentse.

The fruit (fig. 121) is a siliqua, which has no septum; conse-

quently the persistent placenta (r) {repluni) forms an empty
frame which bears the ovules.

Uses, Peculiarities, etc. of Papaveraces.— The latex of

Papaver somniferum is the source of opium. Eschscholtzia

is a familiar garden plant, with flowers tending to become
perigynous.

CRUCIFER.iE (Wallflower Family)

Herbs. Leaves alternate, exstipulate. Inflorescence, race-

mose, usually without bracts. Flower, regular, hypogynous.
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Sepals, 2 + 2, polysepalous. Petals, 4, polypetalous. Stamens,

2 + 4, two short and four long. Carpels, 2, syncarpous

:

ovary, divided by a false septum connecting two parietal

placentae ; ovules numerous. Fruit usually a siliqua. Seed,

no endosperm.

Type I. : WALLFLOWER {Cheiranthus cheiri).*

Vegetative characters.—A perennial herb, slightly woody
at the base. Leaves alternate, exstipulate, simple. Inflores-

cence : a raceme without bracts. Note the absence of

prophylls from the flower -stalks. Flower (fig. 156) actino-

156 IS7

Fig. 156.—Vertical section of flower of Wallflower.

Fig. 157.—Floral diagram of ditto.

morphic, hypogynbus, brown or yellow, sweet-scented. Sepals

2-1-2, separate. The four sepals are arranged in two alternating

whorls of two each. The two lateral sepals {c) form the inner

whorl, and are inserted higher on the receptacle than the two

outer median sepals. The lateral sepals are slightly enlarged

* Almost any Crucifer will serve in place of the Wallflower, so uniform

is the structure of the flowers, excepting as regards the nectaries.
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and pouched at their bases : the little pouches act as recep-

tacles to hold the honey poured out by the nectaries. Petals Q>)
four, separate, arranged in one whorl alternating with the four

sepals. Note the blade (la) and claw (cl) of each petal

(fig. 83). Stamens {iigs. 156, 88) 2 + 4, hypogynous, separate.

There are two short stamens {at) and four long ones (am).

The two shorter stamens are opposite the inner (lateral) sepals,

and are inserted at a lower level than the four long stamens.

Therefore the two shorter stamens form an outer whorl, and the

four long ones constitute an inner whorl of stamens. Nectaries

(figs. 156, 88) : a green nectary (n) is situated at the base of each
of the two shorter stamens. Carpels (figs. 156, 88) two
syncarpous, superior. Ovary (ov) : the two parietal placentae,

bearing numerous ovules, are connected by a delicate parti-

tion (septum) which divides the cavity of the ovary into two
chambers. When an ovary is divided into several chambers,
and contains numerous ovules, the placentation is usually axile;

but in the Cruciferae the ovules are attached to the walls, and
not to the axial partition. It is for this reason that the

partition is, regarded as not originally a true part of the

carpels, and is therefore termed a false septum (fig. 156).

The short style is surmounted by two commissural stigma-

lobes (s). Fruit (fig. 120) a pod-like siliqua. It is

necessary to distinguish between the persistent placentae

forming the replum (re) and the false septum (Js). Seed
(fig. 116) contains no endosperm, the embryo is bent. The
seeds are compressed, and are easily carried about by the

wind, and are thus able to reach the tops of walls, on which
the plants frequently grow.

Type II. : SHEPHERD'S PURSE (Capsella bursa pastoris).

This plant is an annual little weed, in reality an ephemeral,

flowering at nearly all seasons of the year. The inflorescence

and flowers are constructed on the same plan as those of the

Wallflower. The length of the four long stamens is such as

to occasion regular self-pollination. The fruit is of peculiar

shape, and is a shortened siliqua.

Uses, peculiarities, etc., of Cruciferae.—-Though they appear

so different. Cabbages, Cauliflowers and Broccolis, Brussels-

sprouts, Turnips, Rape, and Mustard are plants all belonging

to the same genus

—

Brassica. They are placed in one single
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genus, because the flowers, fruits, and seeds are closely alike.

The Cabbage (Brassica oleraced) is cultivated for the sake of

its large leaves. The Brussels-sprouts is merely a variety of

cabbage producing many large green axillary buds which form

the edible portions. The Cauliflower and Broccoli are other

varieties of the cabbage, cultivated for the sake of their much-
branched inflorescences, the stems of which are fleshy and
colourless, the flowers being reduced to minute buds. The
"heart" of a Cauliflower or Broccoli is a branched terminal

inflorescence. The Turnip (Brassica campestris) is a biennial

possessing a tuberous main root, which we eat as a vegetable.

The Swede is a variety of the Turnip, also cultivated for the

sake of its swollen tap-root. The Rape is still another variety

of B. campestris, and from its seeds colza-oil is obtained. The
seeds of the Black Mustard {Brassica nigra) are the source of

the condiment mustard. We use the young plants of the

White Mustard {Brassica alba) in the composition of salads

;

this is the Mustard cultivated with Cress to form "mustard and
cress." Cress {Lepidium sativum) is also one of the Cruciferse.

The edible part of the-Horse-Radish {Cochlearia armoracia) is

the rhizome (not the root) : the leaves of the Horse-radish are

stipulate. The swollen red tubers of the Radish {Raphanus

sativus) are formed mainly by the hypocotyl. Water-cress

{Nasturtium officinale) also belongs to this family. A few

Cruciferse are cultivated in gardens for the sake of their

flowers ; such are the Stocks, Candytuft (with zygomorphic

flowers).

VIOLACEiE (Violet Family)

Herbs. Lea^ves alternate, stipulate. Flowers often showy,

irregular, hypogynous. Sepals five, polysepalous. Petals five,

polypetalous. Stamens five. Carpels three, syncarpous ; ovary

one-chambered, with three parietal placentae bearing many
ovules. Fruit, a three-valved capsule.

Type : PANSY ( Viola tricolor).

Vegetative characters.—Herb. Stem branched, with or with-

out a rhizome. Leaves alternate, stalked; stipules large,

leaf-like. Leaves rolled towards their upper faces in the bud.

Inflorescence.—The flower is solitary, axillary. Note the two

prophylls (fig. 158-3, /r) inserted at a considerable distance up
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the flower-stalk. Flower median-zygomorphic, hypogynous.

Sepals five, separate. Note the prolongation of the sepals

below their points of attachment. Petals five, separate,

irregular. The anterior petal is produced into' a long spur

Fig. 158.—Pansy, i. Vertical section of flower : j=sepal
;
^=Iateral petal ; f^=spur

of anterior petal ; fl/=appendage of one of two anterior stamens. 2. Floral diagram.
3. Flower-bud, showing aestivation: f=descending process of sepal. 4. Fruit: //=
placenta. 5. Flower with calyx and corolla removed : /z^=appendages of two anterior

stamens; _/==filament; a= anther ; (r= continuation of connective ; j=swollen end of

style ; z'= shutter of stigma-cup. 6. Gyneecium : _OT'= ovary. 7. Seed with lump (c).

8. Vertical section of seed: fa=lump : 7K=micropyle ; ^= testa ; tf = endosperm.
(r-6 based on Kny's figures of Pansy.)

(fig. 1 58-1, sp) which conceals the two nectaries and acts as

a honey receptacle. The petals are arranged in the bud con-

dition in the manner known as descendrng-imhricaXe. Stamens

(fig. 158-5) five, hypogynous. Anthers (a) introrse, arranged

close together round the single gynsecium. The connectives

are continued above the anthers, and form little flaps (c). The
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filaments (/) are very short. The filament of each of the two
anterior stamens sends a slender elongated process or appendage
(ap) into the spur of the anterior petal. The green spots at

the ends of these two appendages secrete honey, and are the
nectaries. Carpels (fig. 158-6) three, superior, combined. Ovary
{pv) one-chambered, with three parietal placentas which bear
many ovules. Style {si) one, club-like, with a stigma in a pit

(cK) On the anterior surface of its summit (s). Fruit (fig. 158-4)
a capsule splitting down the dorsal sutures. The three valves

contract and jerk out the smooth seeds. Seed (figs. 158-7-8)

endospermic, with a lump {c, cd) near the micropyle. Pollina-

tion.—The anthers dehisce towards the gynaecium at the same
time as the stigma ripens. At first sight it appears that self-

pollination is inevitable ; and, indeed, self-pollination does take

place in the whitish-yellow small-flowered variety of the Pansy

( V. tricolor var. arvensis). But in the large-flowered variety of

Pansy, which possesses variegated flowers, self-pollination is

hindered by a very neat mechanism. The stigma-cup has a
little shutter or flap (fig. 158-5, v) hinged on to its lower edge,

A bee visiting the flower alights on the anterior petal, and, in

order to sip the honey, it must push its tongue into the spur of

the petal. In so doing, the tongue necessarily passes along the

hairy groove between the stigma and the anterior petal. The
pollen collects in this groove. Consequently, when the bee
alights, its tongue first rubs against the stigma and drags open
the " shutter," so- that any pollen previously present on the

bee's tongue is rubbed into the stigma-cup. As the tongue is

pushed farther towards the honey it comes now for the first

time into contact with the pollen belonging to the flower itself;

and in this way the tongue becomes coated with the flower's

own pollen. When the bee has obtained some honey and pro-

ceeds to withdraw its tongue, the backward movement of the

latter closes the 'shutter of the stigma-cup, and thus prevents

the pollen of that flower from being rubbed into the stigma-cup.

In the large blue or variegated flowers of the large-flowered

variety of Pansy, the honey is so deeply placed (because the

spur is long) that it can be reached only by insects with long

tongues : these flowers are pollinated chiefly by bees and
humble-bees. On the other hand, in the small yellow or

yellowish-white flowers of the other variety of Pansy the honey
is more easily accessible ; consequently these flowers are visited

I
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by insects with shorter tongues (beetles and flies) as well as by
bees. It is well to note that the yellow-flowered form has more
accessible honey and a wider circle of visitors than the blue-

flowered form, which is a " bee-flower " ; and to compare this

with the case of the yellow Buttercup and the blue Monkshood.
Some of the flowers of the small-flowered variety do not open,

but pollinate themselves.

The Violets belong to the same genus
(
Viola) as the Pansy,

and have their flowers constructed on the same general plan
;

but the structure of the stigma varies in different species.

Many violets have two different kinds of flowers. In the

springtime they produce the familiar white or blue flowers

;

but later in the year they bear a second crop of flowers which
are minute and bud-like, and incapable of opening. These
closed flowers pollinate themselves and are hence said to be
cleistogamic.

CARYOPHYLLACE.iE (Pink FamUy)

Herbs. Leaves opposite. Inflorescence cymose. Flowers

regular, cyclic, hypogynous. Sepals four or five. Petals four,

five (or none), polypetalous. Stamens usually eight or ten,

often obdiplostemonous, usually hypogynous. Carpels from two

to five, syncarpous, superior ; ovary one-chambered ; ovules

many, on a central placenta; styles from two to five. Seed
perispermic, embryo curved.

Type I. : CHICKWEED {Stellaria media).

Vegetative Characters.—Annual herb; much branched in a

cymose manner (fig. 43). Note the line of hairs on one
side of each internode, continuous with a fringe of hairs

on the bases of the leaves. Leaves opposite, exstipulate,

simple, entire ; lower leaves stalked, upper leaves sessile.

Inflorescence axillary, commences as a two-branched cyme
(dichasium). Flower (fig. 159)? regular, cyclic; small, white.

The flowers vary considerably, but a complete typical flower

will be described first, and then the variations will be noted.

Sepals (ex) five, separate. Petals (co) five, separate. Note the

deep division of each petal. Stamens 5-1-5, hjrpogynous.

The stamens composing the outer whorl {ap) are opposite to

the petals : whilst the five inner stamens (as) alternate with

them. The flower is therefore obdiplostemonous. Anthers
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introrse. Nectaries («) five, very small knobs standing outside

the five inner stamens and, therefore, opposite the sepals.

Vertical section of flower of Stellaria media.

Carpels three, syncarpous, superior : styles three : ovary (pv)

one-chambered, with many ovules on a central placenta.

Fruit (fig. 1 24) a capsule, opening by six valves. Seed (fig. 117)
small, kidney-shaped, with perisperm. Variations in the

flower.—The sepals and carpels

remain constant in number (ex-

cepting that very rarely the sepals

may be six in number). In

some flowers the five stamens

which should be opposite the

petals are wanting : in others

there are only three stamens,

which are opposite three sepals :

in still other flowers no stamens

are present, so that the flower is

carpellary. Again, in some cases

the petals are wanting. Pollin-

ation.—The plants are found in

flower throughout the year.

The honey is accessible to

short-tongued insects, and the flowers are cross - pollinated

Fig. 160.—Floral diagram of
Stellaria media.
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by the agency of many kinds of insects (bees, beetles, flies,

etc.). Self-pollination often takes place in open flowers,

because the stigmas come in contact with the anthers ; but it

also occurs in flowers which remain closed. These closed self-

pollinating flowers are merely ordinary flowers which fail to

open ; they are not reduced and altered as are the cleistogamic

flowers of the Violet.

Other Types: PINK {Dianthus): CATCHFLY {Silene):

CAMPION {Lychnis).

The flowers of these plants differ from those of the Chick-

weed more particularly in having a tubular gamosepalous calyx

and long-clawed petals. Their honey is consequently con-

cealed at the bottom of a long tube, and cannot be reached by
short-tongued insects. These flowers are exclusively pollinated

by insects with long tongues

—

i.e. mainly by butterflies and
moths. The comparison between these flowers and those of

Stellaria gives us additional evidence for the view that the

shapes of insect-pollinated flowers bear relation to the sorts of

insects which pollinate them (see pages 8i, 82 and iig-121).

It is important to note that Pinks are pollinated by butterflies

flying during the daytime, and that they often have a pink
colour and delicious scent. Contrast this with the white

colour of the flowers of Lychnis vespertina, which open at

dusk, give out their strongest scent at that time, and are

pollinated by night - flying moths. The white colour renders

flowers more conspicuous at night.

MALVACEJE (Mallow FamUy)

Herbs or shrubs. Leaves alternate, stipulate. Flowers

regular, hypogynous, often showy. Sepals five, gamosepalous,

valvate. Petals five, nearly polypetalous, joined to the stamens

at the base. Stamens numerous, filaments united. Anthers

with only two pollen-sacs each. Carpels from three to 00,

syncarpous (or apocarpous). Ovary with from three to many
chambers.

Type : MALLOWS {Malva sylvestris and M. rotundifolid).

These two species may be treated together, as they are very

similar.
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Vegetative characters.—Herbs with hairs. Leaves alternate,

stipulate, simple, palmately-veined, lobed, margins scalloped.

The leaves are folded in the bud. Inflorescence, axillary tufts

Fig. 161.—Vertical section of flower ai Malva sylvestris.

Fig. 162.—Upper part of stamen of ditto, showing dehiscence of anther.
Fig. 163.—Portion of flower of ditto, showing calyx, epicalyx (3c), and part of

style : the stamens and petals are removed.

too complicated for description here. Three bracts close

beneath the calyx form an involucre, which is known as the

epicalyx (be). Flower (fig. i6i) actinomorphic $ , cyclic,

showy. Sepals {sp) five, combined, valvate in the bud.

Nectaries five pits on the bases of the five sepals, protected

by hairs on the margins of the bases of the petals. Petals

five, contorted in the bud. The petals are united to one
another and to the stamens by their bases. Stamens numer-

ous, united by their filaments to form a tube {cot), epi-

petalous. The numerous stamens are in reality produced

by a branching of five stamens placed opposite the five petals.

Each anther has only two pollen-sacs, and represents only half

a complete anther; it is kidney-shaped (fig. 162). Carpels

(figs. 161, 163) several, syncarpous, superior. Ovary {ov)
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with several chambers, each representing one carpel

and containing one ovule attached to the axile placenta.

Style (sf) one, which divides above into as many branches

as there are carpels and ovary - chambers : each branch
of the style is stigmatic on its inner and upper surface.

Fruit (fig. 164) a schizocarp

splitting into one-seeded cocci

(cc). Pollination.— In both

these species of Mallows the

stamensripen before the carpels,

and their opened anthers form
a group round the closed erect

style-branches. As the stigmas

ripen and commence to separ-

ate, the filaments gradually

bend backwards and outwards.

In M. sylvestris the anthers are

carried completely out of reach

of the stigmas, so that the

But in M. rotundifolia the

anthers are not borne so far backwards, whilst the style-

branches gradually curl over and bring the stigmas into contact

with the open anthers : thus the flower can regularly pollinate

itself. The flowers oi M. sylvestris axe more showy, and are

visited more frequently by insects which cause cross-pollination.

Thus we see that of these two flowers which are so much alike,

the more conspicuous is more frequently visited by insects, and
consequently more extensively cross-pollinated. This tends to

prove that conspicuousness of flowers aids in attracting insects.

On the other hand, the less conspicuous flower of M. rotun-

difolia is more often self-pollinated. This fact goes to show
that the more perfectly cross-pollination by insects is ensured,

the more precautions are taken to avert self-pollination; and
that, on the other hand, when cross-pollination is not ade-

quately secured, the flower makes provision for the formation

of seeds by self-pollination. Putting both results together, we
see that flowers are conspicuous in order to attract insects

which shall effect cross-pollination.

Fig. 164.—Fruit of Malva sylvestris :

j/= sepals ; cc= cocci.

flower cannot pollinate itself
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GERANIACE-E (Geranium Family)

Herbs with stipulate leaves. Flowers usually regular,

h)rpogynous. Sepals five. Petals five, polypetalous. Stamens

5 + 5, obdiplostemonous, or only five ; filaments slightly

united at their bases. Carpels five, syncarpous; ovary, five-

chambered. Fruit possessing a "beak."

Type: HERB ROBERT (^Geranium, robertianum).

Vegetative characters.—Herb, strongly scented, erect or

spreading. Leaves alternate, stipulate, siinple, deeply divided.

The leaf is in the first place incompletely divided into three

sa

Fig. 165.—Vertical section ot flower of Herb Robert.

primary divisions, thus showing that the venation is essentially

palmate, though the finer nerves are pinnate. Branching and
Inflorescence.—The branching at the summit of the stem is

cymose: the primary method of branching is forked (dichasium),

but the subsequent branches are monochasia. The flowers are

ultimately arranged in pairs. Each pair represents a mono-
chasium with a terminal flower and a lateral flower which arises

in the axil of the larger of the two prophylls of that axis.

Flower (fig. 165) actinomorphic, §, cyclic: purplish-red.
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Sepals (s) five, imbricate. Petals (/) five, separate. Stamens

5 + 5, with their filaments sHghtly combined at their bases.

4k The stamens {pa) forming the
""

outer whorl are opposite the

petals (obdiplostemonous) and

are shorter than those {sa) op-

posite the sepals ; anthers, in-

trorse. Nectaries \n) five lumps

opposite the sepals, and lying

\ between them and the five inner

stamens. Carpels five, syncar-

pous, superior. Ovary (pv) five-

lobed, five-chambered ; each

chamber contains two ovules

attached to the axile placenta.

Style single, but dividing above

_ into five branches with stig-

Fig. 166.—Floral diagram of Herfc Robert.
jjja,s (sg). It is important tOnOte

that the ovary-chambers and five style-branches are opposite to

the petals. Thus the five carpels

are opposite to the petals instead

of being opposite to the sepals

:

this is an additional peculiarity of

many obdiplostemonous flowers.

Fruit (fig. 167).—The main single

part of the style elongates, and

becomes a strong "beak." Only

one ovule in each chamber forms

a seed. When the fruit is ripe,

as it dries, the five carpels separate,

one by one or simultaneously, from 1

below upwards in such a manner
that the five seed - containing

chambers (cocci) are carried up
by elastically curling strips of the

"beak," and are thrown off. The
fruit is a peculiar schizocarp,

because the carpels do not

open whilst still attached to the

mother - plant. In some of the

British species of Geranium the Fig, 167.—Fruit of Herb Robert.
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carpels open, and the seeds are violently thrown out as the strips

of the beak contract, so that their fruits are explosive capsules.

OXALIDACE^ffi (Woodsorrel Family)

This family is often included in the Geraniaceae. The
typical floral formula is the same in both families K5 C5 A5 + 5
G^). The Oxalidacese differ from Geranium in the following

respects :—(i.) The leaves are compound. (ii.) Often there
are more than two ovules in each of the five chambers of the
ovary. (iii.) There are five styles, (iv.) The capsular fruit

has no "beak."

Type: WOODSORREL {Oxalis acetoselld).

Herb with a rhizome, which is a true axis and not a
sympode. The leaves are compound, digitate, with three

leaflets. Note their day- and night- movements (figs. 249,
250). Inflorescence is cymose. Flowers @ white, (i.) The
petals are contorted in the bud. (ii.) The five nectaries are

opposite the petals, and lie between them and the five outer
stamens, (iii.) The plant produces small cleistogamic flowers

in addition to ordinary white ones. (iv.) The fruit is a
capsule dehiscing along the dorsal sutures : the seeds are

ejected violently from it by the elastic contraction of a white
fleshy coat which envelops each seed separately like an
outer testa.

PAPILIONACEiE (Pea Family).

Herbs or shrubs. Leaves alternate, stipulate, usually com-
pound. Flowers irregular, cyclic, weakly perigynous. Sepals

five, gamosepalous. Petals five, polypetalous, consisting of a
standard, two wings, and a kejel. Stamens ten, weakly
perigynous; filaments of all, or of all but one, combined.
Carpel one, superior. Fruit usually a legume. Seed non-

endospermic;

Types : GARDEN PEA {Pisum sativum) : WHITE
CLOVER (Trifolium repens).

Vegetative characters.— Herbs, with alternate compound
stipulate leaves. The Clover is a creeping perennial, its leaves

(figs. 251, 252) having three leaflets and two small stipules
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each. The pea is a climbing annual with pinnate leaves

(fig. 59) and large green persistent stipules (n) ; some of the

leaflets are converted into tendrils {6r). Inflorescences

axillary : capitulum in the clover
;

peculiar, two-flowered in

the pea. Flowers (figs. 96, 97) median-zygomorphic, irregular,

9 , cyclic, perigynous. Sepals five, combined to form a five-

toothed cup. Petals five, polypetalous, irregular. The
posterior petal {sd) is the largest, and is termed the standard

(vexillum) ; the two lateral petals (w) are termed the wings

(«/«) ; whilst the two anterior petals (A), which have separate

claws, cohere by their blades, and form the boat-shaped

keel (carina). The jestivation (fig. loi) is descending-imbricate

(see page 73). Stamens (fig. 87) ten, weakly perigynous.

The single posterior stamen (pa) is separate, but the filaments

of the nine others cohere to form a tube (an. t), which is open
only along its posterior face (as well as at the summit).

Though the ten stamens represent two whorls of five each, all

ten are inserted at the same level on the receptacle. The
stamens lie hidden inside the keel, and they in turn conceal

the single ovary. The base of the inner face of the staminal

tube acts as a nectary. Carpel one, superior ; ovary (ov) one-

chambered, bearing a double Une of ovules on the parietal

placenta; style one; stigma (sg) simple. Fruit (fig. 119), a

legume. Seeds non-endospermic. Pollination.—Like the

flowers of all the Papilionaceas, these flowers are specially con-

structed for pollination by means of bees. The bee alights on
the flower in such a way as to use the alae as a platform. This

depresses the alae, which in turn drag the keel (carina) down.

In this manner the upwardly directed stigma and the pollen

inevitably come into contact with the under-surface of the bee's

body. The bee thrusts its tongue into the slit on the upper

(posterior) face of the staminal tube and sips the honey which
accuinulates between the base of the ovary and the base of the

staminal tube. When the bee flies away, the two alae and the

keel rise up again and assume their former positions. The bee,

visiting flower after flower, may thus effect cross-pollination.

The flowers may self-pollinate themselves. In these flowers we
may note : (i.) How completely the alae and carina protect the

honey and pollen from rain and marauding insects. (ii.) The
honey can only be reached from above (from the posterior face

of the staminal column), (iii.) The alae, when forced down,
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drag the carina with them, because they are inter-locked with
{e.g. Pea), or actually joined to {e.g. Clover), the sides of
the carina. [Try and see what causes the wings and keel to

return to their places when the pressure of the bee is removed.]

OTHER TYPES OF PAPILIONACE..E.
In the flower of the Broom and some other Papilionaceae the

filaments of all ten stamens are joined together, but there still

remains a small window-like opening on each side of the base
of the posterior stamen. These two openings render the
honey accessible to bees. The White Clover has a creeping
stem ; the Broad Bean

(
Vtcia faba) is an erect plant ; the Pea,

Vetches, and others climb by tendrils, which are modified
leaflets ; whilst the Scarlet Runner {Phaseolus) has a twining
(left-handed) stem by which it climbs erect slender supports.

The Papilionacese have on their roots peculiar swellings or

tubercles, which are caused by microscopic fungi. The com-
pound leaves of many types display day- and night- movements.

ROSACEAE (Rose Family)

Herbs or shrubs. Leaves usually alternate, stipulate.

Flowers regular, usually perigynous. Sepals usually 4 or 5.

Petals usually 4 or 5, polypetalous. Stamens usually numerous,
bent inwards in the bud. Carpels, from i to 00 , usually apocar-

pous, usually superior ; styles more or less separate ; often

I or 2 ovules in each carpel. Fruit various. Seeds with

very little or no endosperm.

Type I. : DOG ROSE {Rosa caninay

Vegetative characters.—Shrub, with numerous prickles,

which are "subsidiary outgrowths." Leaves alternate, with

persistent stipules, pinnately compound with a terminal

leaflet ; margins of the leaf saw-like (serrate). Inflorescence

terminal; the flower terminates a branch ; in addition, one or

two subjacent bracts may have a flower in the axil of each.

[Look for the transitions between the foliage-leaves and bracts.]

Flower (fig. 168) actinomorphic, <? , cyclic; coloured and
scented. Sepals (cal) five. The sepals are imbricate in the

bud. The two external sepals have " beards " on both lateral

" Any Rose, save a double variety, may be selected for examination.
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margins
J

a third sepal has one exposed margin which is

and

Fig. i68.—Vertical section of flower of Dbg Rose.
Fig. i6g.—A carpel of ditto, with the ovary cut down the centre.

bearded, and the other margin concealed

and not bearded (entire) ; finally, the fourth

and fifth sepals are completely overlapped

by the others, and have both margins even.

Petals (cor) five, separate. Stamens (and)

numerous, perigynous, curved inwards

in the flower-bud. Receptacle (re) [often

termed the calyx-tube^ deeply hollowed, so

as to be urn-shaped, with its opening

narrowed above. The sepals, petals, and
stamens are inserted round the margin
of the opening ; they are all perigynous.

A disk (d) clothes the lips and coats the

lining of the receptacle-tube above the

insertion of the carpels. The disk has

not been seen to pour out honey. Carpels

numerous, apocarpous ; the many separate

ovaries (ov) are concealed inside tube

of the receptacle, and are inserted on its

base and sides. They are superior, because

they are not indistinguishably fused with

^
Fig. 170.—Vertical sec-

tion of compound fruit of
Dog Rose : ov — pericarp
of a simple fruit ; ts=
testa of seed ; f=enihr30
re= concave receptacle.
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the receptacle. Each one-chambered ovary (fig. 169, ov) contains

one ovule {o), and is surmounted by a single style {st), which
emerges through the mouth of the receptacular tube and
bears a simple stigma {sg). Fruit (fig. 170) compound, con-

sisting of numerous achenes concealed in the red hollowed
receptacle, which bears a persistent calyx. (Each achene is, of

course, developed from one of the separate carpels.) Seeds
having no endosperm. Dissemination.—The achenes are

scattered by the agency of birds, which peck at the red

receptacle and incidentally dislodge the achenes. The red

colour serves to render the fruit easily visible to birds.

Type II. : STRAWBERRY (Fragaria vesca).

The floral formula is the same as for the Rose, K5 C5 A 00

Goo. Beneath the calyx, and alternating with the sepals, is a

whorl of sepal-like members which forms an
epicalyx (fig. 82). The epicalyx represents, in this

case, the stipules of the sepals, which have joined

together in pairs. The shape of the receptacle

is curious (compare fig. 173, representing the

Blackberry flower), it is like a shallow saucer (re)

with a large lump irp) rising from its centre.
"

The sepals, petals, and stamens are attached to carpfiofStVaw-

the rim of the saucer, and are therefore perigynous.
the' otSv^cuI

Numerous apocarpous carpels are inserted on the down the

central outgrowth. The disk {d) is like a ring,
'"''^'^''•

and lines the space between the rim of the saucer and the

place of attachment of the central swelUng ; it excretes honey,

and is a nectary. Each carpel (fig.

171) has its style {sy) attached to

the side of the ovary {ov). The
ovary contains one ovule {p). Fruit

(fig. 172).— After pollination, the

central mass of the receptacle {re)

enlarges greatly, becomes first white

in colour, and finally changes into the

red, sweet, juicy "strawberry" which

we eat. Each carpel remains small

172.—Vertical section of and forms an achene {ae) with one
compound fruit of Strawberry, seed (j) inside it. The Complete fruit

of the Strawberry is compound, and consists of many achenes

Fig.
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inserted upon an enlarged fleshy receptacle, to which the calyx

{sp) and epicalyx {ep) still adhere. Dissemination.—The fruits

are dispersed by birds, which eat the juicy receptacle and
incidentally swallow the little dry achenes. These achenes have
indigestible hard pericarps, and consequently pass uninjured

through the bird's body. Vegetative characters (fig. 54).

—

Note the "runners," also the stipulate leaves with three leaflets.

Types III. : BLACKBERRY {Rubus fruticosus) and
RASPBERRY {Rubus idcBus).

The flowers (fig. 173) are structurally very like those of the

Strawberry, the only important distinctions being that there is

173 174
Fig. 173.—Vertical section of flower of Blackberry (in the figure, the

terminal part of the receptacle {rp) is drawn more spherical than it is in
reality).

Fig. r74.—Cross-section of a single ovary of ditto.

no epicalyx, and the carpels contain two ovules each (fig. 174).

After pollination the behaviour is different, however. The
central outgrowth {rp) of the receptacle which bears the

carpels does not develop into a large fleshy mass ; it remains
relatively small. But the carpels enlarge considerably and
become one-seeded stone-fruits (drupes), which conceal the

receptacular lump in their midst. Thus the fruit (fig. 175)
of the Blackberry or Raspberry is compound : it consists of

a collection of small stone-fruits (d) inserted upon a receptacle

which bears'also a persistent calyx {sp). Dissemination.—The
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fruits are distributed by birds in the same manner as in the

175 176

Fig. 175.—Vertical section of compound fruit of Blackberry :

j^= sepals ; j/=shrivelled stamens; (/=drupes.
Fig. 176.—Vertical^ section of a single drupe of ditto : end

=stony layer of pericarp; ^j= testa of the seed ; coi=CQ\.y-
ledons.

Strawberry, but the stony endocarps (fig. 176, end) protect the

seeds.

Types IV. : CHERRY, PLUM, and APRICOT {Prunus).

Prunus (including

flowers (fig. 177)
constructed on the

same plan as those

of the Rose; but

there is only one
carpel, containing

two ovules, at the

bottom of the deep
receptacular tube

(re) of each flower.

After pollination

great differences in

the behaviour of

Prunus and of the

Rose set in. The
receptacle-tube of

Prunus drops off,

and the single

carpel grows greatly

the Cherry, Plums, and Apricot) has

Fig. 177.—Vertical section of flower of Cherry.

and becomes a one-seeded stone-fruit
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(drupe) (fig. 128). Thus the fruit is simple, and consists

of one drupe. The stipules of Prunus are not persistent, but

drop oiif.

Table showing some Distinctions between different

Species of Prunus.

I. Leaves rolled [('')
^™bioT"*'

^''''°''\^^^-^^ ^Pr^^ius domestica).

(convolute)
\

' ^

in the bud.
\{b) Fruit velvety, yellow.

—

K'^noaV^Prunus armeniaca).

II. Leaves folded

(conduplicate) -

in the bud.

\a) Fruit black, red, or"j

yellow, smooth, VCherry (Prunus cerasus).

without "bloom." J

(b) Fruit inore or less-j pe^ch (Prumts fersica).
greenish, usually L^ ^^^^^ ^^j^^y „f ^^e Peach is

velvety.
j known as the Nectarine.)

Types V.: APPLE and PEAR {Pyrus):

VI. : HAWTHORN (Cratrngus).

The genus Pyrus includes both Apples and Pears. The flower

(fig. 178) of Pyrus possesses five sepals (ex), five petals (cor\

numerous stamens (a), and usually five carpels (fig. 179 cp).

Not only is the receptacle {re) hollowed to form a cup '(as in

the Rose), but the outer faces of the carpels are fused with the

lining of the receptacle;J;ttbe. Thus the flower is markedly

epigynous. The five carpels are also united to one another

by their sides, and, at the most, are only free from each

other along their ventral sutures and styles; consequently, a

five-chambered inferior ovary is produced. In the flower of

the Pear the five styles are separate but in the Apple the styles

are united at their bases. Each of the five ovary-chambers

contains not more than two ovules. As the frtdt (figs. 180,

181, 182) ripens, the lining of each chamber of the ovary

becomes a parchment-like endocarp {cp). The portion (re)

lying outside this core of five endocarps enlarges greatly, and

is responsible for the production of the large, fleshy part of

the Apple or Pear fruit. The fruit is a peculiar inferior fruit

known as a pome. Dissemination.—^The fruits are adapted



Figs. 178-181.—Apple. Fig. T78.— Vertical section of flower. Fig. 180.—Ditto

of fruit. Fig. 179.—Cross-section of ovary. Fig. iSi.—Ditto of fruit.

145
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Fig. 182.—A parchment-
like chamber removed from
fruic of apple, containing a
seed : ts= testa of seed ; cot=
cotyledons.

to invite the visits of fruit-eating beast's, which inadvertently

swallow the seeds as they eat the fleshy

parts of the fruit.

The Hawthorn (Cratcegus oxyacanthd)

'7s has flowers very similar in plan to those

of the Apple and Pear; but the ovary

... consists of two carpels only, and has
'"' two chambers. In the fruit the endocarp

around each chamber becomes hard and
stony (not parchment-like), so that the

fruit is a stone-fruit with two stones.

Birds are responsible for the distribu-

tion of these red fruits, which are

commonly called " haws " or Hawthorn-
berries (though they are really stone-

fruits). The leaves (fig. 58) have large stipules {n), and in

the axils of some leaves protective thorn-branches (d) arise.

UMBELLIFEE^ (Parsley Family)

Herbs. Leaves alternate. Inflorescence simple or compound
umbel. Flower usually regular, cyclic, epigynous, small. Sepals
five or none, small. Petals five, polypetalous. Stamens five.

Carpels two, syncarpous ; ovary inferior, two-chambered, with
one ovule in each chamber; styles two. Disk, epigynous.
Fruit a schizocarp.

There is such a uniformity in the general habit of the Um-
belliferae, and in the structure of their flowers and fruits, that it

is unnecessary to select any particular type. The CARROT
{Daucus carota), the COW-PARSNIP {Heradeum sphondylium)
may be mentioned as easily obtainable and recognisable.

Vegetative characters.—The stems are hollow. The leaves

are alternate, deeply divided, with broad large sheaths. In-

florescence a compound umbel. There is usually a general

involucre at the base of the whole inflorescence (main umbel),
and also small involucres at the bases of the secondary (partial)

umbels. In some plants the axis of an umbel ends in a flower

which differs in colour from the rest of the flowers. In the

Carrot this central flower is red, whereas the other flowers are

white. Flower.— Usually § , usually actinomorphic, cyclic,

usually white or yellow. Floral formula is K5 C5 A5 G(2). In



POLYPETAL^—UMBELLIFER^ 147

the Cow-parsnip, and to a less degree in the Carrot, the flowers

(fig. 183) at the margin of the inflorescence are zygomorphic by

..an

-M

-.Sg

Fig. 183.—Vertical section of a marginal zygomorphic flower of

Herachum sphondylium,

reason of the special enlargement of the anterior petals (ap),

which are directed outwards. Sepals (ex) five or none ; when
present the calyx is small, and is only re- /»

presented by five teeth ; in some Umbel-
liferae the calyx is absent. Petals {ap, pp),
five, separate, often bent inwards at their

tips. Stamens {an) five, epigynous, sepa-

rate, alternate with the petals, bent in-

wards in the bud. Carpels two, syncar-

pous, inferior ; ovary two - chambered,

with one ovule in each chamber ; styles

two, short. Disk.—The fleshy disk {d)

lies on the roof of the ovary chamber,

and the styles appear to emerge from

this disk. The disk is a nectary. Fruit, pj^ j8^._Fiorai diagram

The fruit (figs. 181;, 186) is a SchizOCarp of zygomorphic flower of

sphttmg into two one-seeded closed men-
carps, which remain for a time attached to the persistent

thin portion of the axis {cK) {carpophore) of the fruit. The
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fruits have oil canals {v) in their walls which are ribbed.

The oil -canals of the mericarps

of the Cow - parsnip are of a

characteristic club-shape (»). Seed
{sd) endospermic. Pollination.—
The flowers are small, and there-

fore not conspicuous, but they are

crowded together in order to form
a showy mass of bloom which
shall serve to attract the notice

of insects. In the Cow-parsnip
this showiness is further enhanced
by the enlargement of the petals

at the margin of the inflorescence.

The flowers are for the most part regular, with honey so freely

exposed that insects possessing even the
shortest tongues can sip at the honey.
The consequence is that these flowers

are largely visited and cross - polUnated
by short - tongued insects, especially by p-jg ,86. -Part of
flies, beetles, and wasps ; but are largely mericarp of Heradexm

neglected by long-tongued insects, such ^f^l^yUum cn^ ^o^-.

as moths and butterflies.

Fig. 1B5. — Fruit (schizocarp) of
Heracleum sphondyliuni : r=ribs

;

v=oiI-canals; j^=stigma \ch = car-
pophore.

USES, PECULIARITIES, etc., of Umbellifer^.

The Carrot and Parsnip {Fastinaca) are cultivated for the

sake of their large tap-roots ; Parsley {Petroselinuni) for its green
leaves ; Celery (Apium graveolens) for its partially etiolated

leaf-stalks and stem-base. The Hemlock {Conium) and some
other Umbelliferae are poisonous.

PRIMULACE.ffi (Primrose Family)

Herbs. Flowers regular, hypogynous, often showy. Sepals

five, gamosepalous. Petals usually five, gamopetalous.

Stamens usually five, opposite the petals, epipetalous. Carpels

superior, syncarpous ; ovary one-chambered, with many ovules

on a free-central placenta ; style one ; stigma simple. Fruit a

capsule.
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Type I.

Vegetative characters.

rhizome. Leaves radical,

PRIMROSE {Primula vulgaris).

-Perennial herb with a stout vertical

exstipulate, simple. Inflorescence

Fig. 187.—Vertical sections of the two forms of flowers of Primrose, showing
the corresponding positions of anthers and stigmas.

an umbel at the summit of a bare inflorescence-axis. Bracts

are present, but there are no prophylls on the flower-,stalks.

Flower (fig. 187) actinomorphic, ?, ^
cyclic, hypogynous. Two different forms

of flowers occur on different individuals.

Sepals {ex) five, combined. Petals (cor)

five, combined to form a corolla with a

long tube. Stamens five, inserted on the

corolla. The five stamens are opposite

(not alternate with) the five petals.

Anthers with introrse dehiscence.

Carpels five, syncarpous, superior.

Ovary (pv) one-chambered, with many
campylotropous ovules on a free-central

placenta. Style one. Stigma knob-like.

As there is only one style, a simple stigma,

and the ovary is one-chambered with a central placenta, it be-

J.—Floral diagram
of Primrose.
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comes a matter of difificulty to prove that there are five carpels.

The facts that the capsule opens by five double-teeth, and that

in " monstrous " flowers five leaves often replace the single

gynsecium, suggest that the gynaecium represents five carpels.

R:Tiit (fig. 189) a capsule dehiscing by five double-teeth. Seeds

shield-like in shape, endospermic. Pollination.—The flowers

of some Primrose plants have stamens inserted in the throat

^j of the corolla, so that the five anthers form

a circle just within the mouth of the corolla-

tube ; in these flowers the style is short,

the stigma is hidden deep down in the

corolla-tube : this is the short-styledform of

flower (fig. 187, left-hand figure). In other

plants the relative positions of the anthers

and stigma are just reversed, and a long

style raises the stigma to the mouth of the

corolla-tube, whilst the shortness of the

filaments and their insertion lower down
the corolla-tube cause the anthers to be
hidden inside the tube : this is the long-

styled form of flower (fig. 187, right-hand

figure). Comparing the two forms of

flowers, we see that the anthers of

one form stand at just the same level up the corolla-tube

as does the stigma of the other form (see fig. 187). Honey
is excreted by the base of the ovary. An insect with a

sufficiently long tongue, when it goes from one form of flower

to the other, will accurately transfer the pollen from the anthers

of the one on to the stigma of the other in each case, because
the pollen is deposited on a particular part of the insect's

tongue. Spontaneous self-pollination is possible in the short-

styled form.

Fig. i8p.—Fruit of
Primrose.

Type II. : POOR-MAN'S WEATHER-GLASS

(Anagallis aroensis).

A small annual herb with red flowers. [There are very few

British plants with red flowers.] Flowers solitary in the leaf-

axils. The flowers are constructed on the same plan as in the

Primrose, but with a shortened tube : K5 C5 A5 G(5). There
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is only one form of flower however. The fruit (fig. 125) is a

capsule with transverse dehiscence. Pollination.—The liower

closes in dull weather ; it also opens by day and shuts in the

evening. It has no honey, but is visited for the sake of its

pollen. If it has not been cross -pollinated after opening
regularly for three days, the flower finally closes, and the

stigma is brought into contact with anthers which are coated

with pollen. Thus self-pollination is inevitable in the absence
of cross-pollination.

CONVOLVULACEJE (Convolvulus Family)

Twining herbs with alternate, simple, exstipulate leaves.

Flower regular, hypogynous.' Sepals five. Petals five, gamo-
petalous. Stamens five, epipetalous. Carpels two, syncarpous,

superior; ovary usually two-chambered, with two ovules in

each chamber ; style two - branched ; stigmas two. Fruit a

capsule.

Type I. : BINDWEEDS (Convolvulus).

In addition to the family characters given above, the follow-

ing are worthy of note :— Convolvulus twines in a left-handed

direction (fig. 56). Flower.—Sepals five, separate. Petals

five, combined, plaited and contorted in the bud. Stamens

five, with anthers shaped like arrow-heads. Ovary two-

chambered, with two ovules attached to the base of each

chamber. Disk ring-like with angles, and surrounding the

base of the ovary : it secretes honey. The flowers close in

the evening.

SOLANACEiE (Potato Family)

Herbs. Leaves alternate or paired, exstipulate. Flower

usually regular, cyclic, hypogynous. Sepals five. Petals five,

gamopetalous. Stamens five, epipetalous. Carpels two, syn-

carpous, superior; ovary two - chambered, with many ovules

on an axile placenta.
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Type : NIGHTSHADE {Solanum nigrum).

A

—Floral diagram of

Solanum.

Vegetative characters.—Annual herb. Leaves exstipulate,

alternate, but near the flowering portion of the stem the

leaves are seemingly arranged in

pairs of one large leaf and one
smaller one at a node. The branch-

ing is really cymose, and each in-

florescence appears to spring from
the side of the stem, yet not to arise

in the axil of a leaf.* Inflorescence

cymose ; note that no prophylls are

visible on the flower-stalks. Flower
(fig. 84) actinomorphic, $ , cyclic,

hypogynous. Sepals (ex) five com-
bined. Petals {co) five, combined.
Stamens (a) five, alternating with

the five petals and inserted on the

corolla-tube ; the anthers are close together in the centre

of the flower, each opening by two pores at its summit.

Carpels two, syncarpous, superior. Ovary (pv) two-chambered,

with many ovules on a thick axile placenta. Style one. Stigma

{sg) one. [Try and see that the two carpels are not median
or transverse in position, but are oblique.] Pollination.—The
flower has no nectary, but is visited for the sake of its pollen.

Fruit a berry. Seeds kidney - shaped. Dissemination.—
In spite of their being poisonous, the berries are eaten by
birds, which consequently are responsible for the dispersal of

the seeds.

The Potato-plant {Solanum tuberosum) has flowers so similar

to those of the Nightshade that they may be selected for examin-

ation in place of the latter. The plant is a perennial with

subterranean tuberous shoots. The unequal size of the leaflets

composing a leaf is specially worthy of note (fig. 48).

USES, PECULIARITIES, etc. of Solanace^e.

Many Solanaceae contain powerful poisons, some of which

are used as medicines. Belladonna is obtained from Atropa

* This characteristic method of branching, and the peculiar paired

arrangement of the leaves, cannot be explained in this book.
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belladonna. The Tobacco-plant (Nicotiand) contains a poison-

ous alkaloid, nicotin. The Tomato (Lycopersicwni) is cultivated

for the sake of its fruits (berries). Cayenne pepper is obtained
from the red fruits of Capsicum. Some Solanacese are orna-

mental plants grown in gardens

—

e.g. Petunia, Datura (with

prickly capsules), Nicotiana.

BORAGINACE.S (Forget-me-not Family)

Herbs, often with stiff hairs. Leaves alternate, entire,

exstipulate. Inflorescence, a scorpioid cyme. Flowers regular,

cyclic, hypogynous. Sepals five, gamosepalous. Petals five,

gamopetalous. Stamens five, epipetalous. Carpels two, syn-

carpous, superior ; ovary four-lobed, divided into four chambers
each containing one ovule ; style one, inserted between the

four lobes of the ovary. Fruit a schizocarp separating into

four nutlets.

Type : SCORPION GRASS, FORGET-ME-NOT {Myosotis).

The flowers exhibit the characters given above. In addi-

tion, we observe that the scorpioid cyine is a curved cyme
looking like a raceme r the best method of regarding this

inflorescence is to consider the axis as a sympode (see figs. 80,

81) made up of a number of monochasia (one-branched cymes).

In each flower we note—(i.) Five little scales attached to the

corolla and roofing over its mouth. These form the corona

which protects the pollen and honey, (ii.) The five stamens

are hidden in the corolla-tube, and have introrse anthers,

(iii.) The honey is excreted by the fleshy base of the ovary

and collects at the bottom of the corolla-tube.

The Heliotrope {Heliotropium), commonly cultivated in

hot-houses, differs in having an ovary which is not lobed.

LABIAT.^ (Dead Nettle Family)

Herbs or shrubs with four-sided stems. Leaves opposite,

exstipulate. Inflorescences opposite, axillary, cymose clusters.

Flower irregular, cyclic, hypogynous. Sepals five, gamo-

sepalous. Petals five, gamopetalous, usually two-lipped.

Stamens two or four, epipetalous; if there be four, two are

longer and two shorter. Carpels two, syncarpous ; ovary four-
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lobed and divided into four chambers, each containing one
ovule; style attached between the bases of the four lobes of

the ovary. Fruit a schizocarp of from one to four nutlets.

Typp : WHITE DEAD NETTLE (Lamium album).

Vegetative characters.—Perennial herb with a four-sided

stem. Leaves opposite, exstipulate, with scalloped or saw-like

margins. Inflorescence.—Each infioresence which stands in

the axil of a leaf is a dichasium with a terminal flower and
two lateral one - branched
cymes (monochasia). Flower
(fig. 191) median-zygomor-
phic, $ , cyclic, hypogynous.
Sepals (ex) five, combined.
Petals {pp, Ip, ap) five, com-
bined to form a two -lipped
corolla. In order to under-

stand that there are five petals

represented in the corolla, it

is necessary first to remember
that the petals alternate with

the sepals. It will then be
seen that the three-lobed lower

lip represents one anterior

petal {ap) and two lateral

petals {Ip) alternating with

two anterior sepals. In like

manner the upper lip of the

corolla represents two pos-

terior petals (//), one on each
side of the median posterior sepal (see diagram fig. 192). The
slight notch in the apex of the upper lip also denotes that the

latter represents two closely joined petals. A ring of hairs {h)

lines a zone of the corolla-tube. Stamens four, the two anterior

stamens having longer filaments than the other pair, inserted

on the corolla. In order to understand the androecium we
must again remember that the stamens should alternate with

the petals. There should, therefore, be a median posterior

stamen, but no such stamen is present. We therefore con-

clude that the median posterior stamen has been suppressed

:

Fig. igi.—Vertical section of iiower of
Dead Nettle.
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and the other four stamens alternate with the petals (see

diagram). The anthers are in pairs close together under the

arching upper lip of the corolla : they have peculiar diverging

anther-lobes. Carpels two, syncarpous, superior. The ovary

(pv) is four-lobed and divided into four chambers, each with

one ovule (<?). The style is attached to the ovary at the base

of the junctions of the four lobes : it l(Sy) is single, but forks

above and is capped by two stigmas. The two stigmas

indicate that only two carpels are represented in the gynsecium.

Thus the ovary should be two-

chambered, but each chamber is

further divided into two halves by
a false septum. The two stigmas

are median in position, thus indi-

cating the two carpels are median.

Nectary (n) a fleshy hypogynous
outgrowth of the receptacle lying

at the anterior face of the ovary.

Fruit. — Each chamber of the

ovary becomes a one-seeded in-

dehiscent nut-like body (nutlet).

The fruit may be described as

a peculiar schizocarp. Pollina-

tion.—We note—(i.) The flowers

are not erect but point obliquely upwards, and are median-

zygomorphic. (ii.) The upper lip protects the pollen and

honey from rain. (iii.) The honey is deeply placed and

concealed ; it collects at the bottom of the corolla-tube.

A ring of hairs in the latter acts as a rampart to protect

the honey from marauding insects which would not effect

cross-pollination, (iv.) The flower is specially adapted for

cross-pollination by the agency of humble-bees. The humble-

bee alights on the middle lobe of the lower lip, pushesits head

down the tube in order to reach the honey which is at the

anterior face of the ovary. The back of the bee thus comes

into contact, 'first with the anterior stigma, and immediately

afterwards with the anthers. The consequence is, that pollen

lodged on the bee's back by a previously visited flower is

conveyed to the stigma of a flower before the pollen of this

latter is touched by the humble-bee; and cross-pollination

results. We note how perfectly the humble-bee fits into

Fig. 192.—Floral diagram of

Dead Nettle.
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the flower. This flower is a good example of one which
is pollinated by pollen conveyed on the back of a bee. In
the Pea-family, on the other hand, the pollen is transferred

from flower to flower on the under surface of the bee's body.
In accordance with this we observe that in the Dead Nettle

the honey is accessible on the lower (anterior) face of the

ovary, and the bee has, so to speak, to crouch down to

obtain the honey; whereas in the Pea the honey can only

be reached on the upper (posterior) face of the ovary. ~In
both the Pea and the Dead Nettle the anterior part of the

corolla acts as a platform on which the bee alights. The
Purple Dead Nettle has a corolla with a shorter tube, and may
be pollinated by ordinary bees, as well as by humble-bees.

USES, ETC. OF LaBIATjE.

Many Labiatae contain odorous ethereal oils which are used
for various purposes. Ethereal oils of Peppermint and Thyme
are familiar. Thyme (Thymus), Mint (Mentha), Sage (Salvia)

are used for culinary purposes, and their aroma is due to the

ethereal oils which they possess.

SCROPHULARIACE.ffi (Foxglove Family)

Herbs. Flowers irregular, cyclic, hypogynous. Sepals

five, gamosepalous. Petals five, gamopetalous, often two-lipped.

Stamens usually four, often two shorter, two longer (some-
times two or five), epipetalous. Carpels two, syncarpous,

superior ; ovary, two-chambered, with many ovules on an axile

placenta ; style one. Fruit usually a capsule.

Type I. : FOXGLOVE (Digitalis purpurea).

Vegetative characters.—Tall herb. Leaves : lower ones
radical, crowded and stalked ; upper ones alternate, sessile.

Inflorescence a terminal raceme. Flower (fig. 193) median-
zygomorphic, $ , cyclic, hypogynous. Sepals (ps, ex) five,

combined. Petals (cor) five, combined to form a large tube

with five short, broad, free lobes ; the anterior part of

the corolla (lower lip) is longer than the posterior portion

(upper lip). The corolla is spotted. Stamens (an) four,

attached to the corolla, two stamens with longer filaments
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than the other two; the medium posterior stamen is absent
(see Labiatae for method of proof); anthers inclined together
in pairs, and with divergent lobes. Disk (n) forms a ring round
the base of the ovary; it is a nectary. Carpels two, syncarpous,
superior. Ovary {ov) two-chambered, with numerous ovules on
an axile placenta. Style {sy) one. Stigma two-lobed. The

..ps

Fig, 193.—Vertical section of flower of
Foxglove.

Fig. 194,—Floral diagram
of Foxglove.

carpels are median in position. Fruit (fig. 123) a two-valved

capsule, leaving the numerous seeds attached to the thick axile

placenta (j>l). Pollination.—The stamens dehisce before the

gynaecium is ripe : that is, the flower is proterandrous. The
flowers are cross-pollinated by the agency of humble-bees only.

The humble-bee creeps bodily into the flower (we notice that it

just fits the flower), and its back comes into contact with the

stigma-lobes and anthers. Thus, as in the Dead Nettle, the

pollen is conveyed from flower to flower on the back of the bee.

THE SUPPRESSION OF STAMENS in the Scrophulariace^.

The androecium of different Scrophulariacese is interesting in

showing the gradual suppression of special stamens. The Mullein

{Verbascum) has a nearly regular flower with five stamens,

which alternate with the five petals (fig. 195). The Snapdragon
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{Antirrhinum) and the Toadflax (Linarid), with irregular

flowers, have four stamens, alternating with petals, and in

addition they may have a fifth stamen, which is smaller, and

^..^ a^ .
is median posterior

# y Z' \ f % f"'\ in position (fig. 196)

;

* i \ j \ ] \ y in the Figwort {Scro-
~—

•

^—* ^—^ -. . phularid) the same
195 196 197 198 arrangement is found,
Figs. 195-198.—Diagrams of the androscium of but the median pOS-

Scrophulariaceae. ... .
• .

tenor stamen exists

in the form of a scale-like staminode. In the Foxglove and
many other types the posterior stamen has completely dis-

appeared, so -that only four stamens are present (fig. 197).

Finally, in the Speedwell
(
Veronica) the two anterior stamens

have also vanished, so that the flower possesses only two lateral

stamens (fig. 198). The flower of the Speedwell is not two-

lipped ; it has a very short corolla-tube, and the two
posterior petals are so closely united as to look like a single

petal.

THE SHAPES OF SCROPHULARIACEOUS FLOWERS AND
THE INSECTS POLLINATING THEM.

In the Scrophulariacese we can see that the varied forms of

flowers pollinated by insects are to be explained by observing

the insects which pollinate them. The Speedwell (Veronica

chamcedrys), with open small flowers, having a very short

corolla-tube and easily accessible honey, is especially cross-

pollinated by certain flies—hover-flies : it is a Hover-fly-flower.

The Figwort {Scrophularid), with short, wide chocolate-coloured

flowers, and easily visible honey, is particularly cross-pollinated

by wasps : it is a Wasp-flower. The Foxglove, Snapdragon,

and Toadflax possess flowers with long corolla-tubes and
deeply-placed honey ; the visiting insect creeps bodily into the

tube, and its body must fit the flower if cross-pollination is to

be ensured; thus large-bodied bees are the sole cross-pollin-

ating agents : they are Bee-flowers, especially Large-bee-

flowers. The Snapdragon - flower is closed, so that only a

strong insect can push its way in and reach the honey; the

pollen and honey are consequently well protected against rain

and marauding insects.
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CAPBIFOLIACE^ (Honeysuckle Family)

Shrubs or herbs. Leaves opposite, exstipulate, or with

minute stipules. Flowers regular or irregular, cyclic, epigynous.

Sepals five, small, gamosepalous (with three to five lobes).

Petals five, gamopetalous. Stamens five, epipetalous. Carpels

usually three (three to five), syncarpous, inferior ; ovary with one
or several chambers, containing one or more ovules. Seeds

endospermic.

Type I. : HONEYSUCKLE {Lotiicera peridymemum).

Vegetative characters.—Woody climber with opposite ex-

stipulate leaves. Inflorescence. ^—Head-like cymes terminate

a number of the upper branches ; small bracts are present.

Flower (fig. 199) median-zygomorphic, two-lipped, § , cyclic,

epigynous. Sepals five, combined to form a five-toothed calyx

{ex). Petals five, combined to form a corolla with a very long

Fig. igg.—Medirin vertical section of flower of Honeysuckle : ^=disk.

tube {cor), and two lips; the upper lip has four teeth, and

therefore represents four petals (//) ; the lower lip is not

toothed, and represents the single anterior petal {ap). Stamens

{a) five, inserted on the corolla-tube, alternating with the

petals. Carpels three, syncarpous, inferior. Ovary {ov) three-

chambered, with several ovules in each chamber on an axile

placenta. Style one. The style {sy) is very long, and brings

the stigma far beyond the mouth of the corolla-tube. Stigma

{sg) knob-like. Fruit, a red berry, containing a few seeds.

Note that the head of flowers forms a cluster of fruits (in-
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fructescence, fig. 201). Pollination.—The honey is secreted

along the posterior middle line of the corolla («) by the fleshy

part of the base of the tube, and collects there. As the

corolla-tube is long, the honey can be fully reached only

Fig. 200.—Floral diagram of Honey-
suckle.

Fig. 201.—Infruct-
escence of Honey-
suckle : ^r= bracts

;

ex = calyx of each
fruit ifiru).

by insects with very long tongues—that is, solely by butter-

flies and moths. The flower is cross-pollinated chiefly by
the night-flying hawk-moths. The light colour and sweet

scent, especially strong at night time, serve to attract the notice

of moths. The position of the stigma obviously renders self-

pollination by the flower itself well-nigh impossible. [Endeavour
to follow out the dehiscence and movements of the stamens.]

Types II. and III. : The ELDER {Sambucus nigra) and
GUELDER-ROSE ( Viburnum opulus).

Although the flowers of these two plants are constructed on

the same general plan (K5 C5 A5 G(3) ) as those of the Honey-
suckle, they differ from the latter very widely as regards their

shapes. Their flowers are erect and regular, and their corolla-

tubes are very short. Accordingly, we find that their insect-

visitors are widely different from those of the Honeysuckle.

The honey is freely exposed in the Guelder-Rose, whilst the

Elder flowers, though they secrete no honey, are highly-scented,

and are visited by insects desiring their pollen. Thus, in both

these plants, the insect-food is very easily accessible ; and the

chief pollinating agents are short-tongued beetles and flies.
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The seed-producing flowers of both plants are small and
relatively inconspicuous

;
yet, being grouped together, they

form showy masses of bloom. The inflorescence of the

Guelder-Rose consists of two kinds of flowers : (i.) Those in

the centre, which are normal in structure, each being endowed
with perfect stamens and carpels, and a small regular corolla

;

(ii.) others ranged round the margins of the inflorescence,

having their stamens and carpels so reduced as to be useless,

yet each possessing a large and conspicuous corolla. The
marginal flowers are incapable of taking any direct share in

the production of seeds ; their sole office is to attract insects

to the central blossoms, which alone make seeds. The
" Snowball Tree " is an artificial variety of the Guelder-Rose

:

all its flowers are changed into the non-productive marginal

flowers with showy corollas.

COMPOSITJE (Daisy Family)

Herbs, rarely shrubs. Leaves exstipulate. Inflorescence

a capitulum with an involucre. Flowers small, regular or

irregular, cyclic, epigynous. Sepals small or absent, sometimes

replaced by a pappus. Petals five (or four), gamopetalous,

valvate in the bud. Stamens five (or four), epipetalous

;

anthers united. Carpels two, syncarpous, inferior; ovary

one-chambered, with one basal ovule. Seeds non-endospermic.

Type I.: DANDELION {Taraxacum officinale).

Vegetative characters.—A perennial herb containing a milky

juice, with simple radical leaves, and a bare inflorescence-axis

terminating in a capitulum. The Dandelion has a tap-root

surmounted by a short erect rhizome. The rhizome is a

sympode. Each year the visible axis, which bears the radical

leaves at its base and terminates in an inflorescence, dies down
nearly to its base. A bud in the axil of one of the radical

leaves on this persistent basal part grows out the following year,

and produces a similar radical tuft of leaves and a terminal

inflorescence. This in turn dies down to near its base, and an

axillary bud on it grows up in the next year to produce a new
flowering axis. Thus the rhizome is made up of the per-

sistent bases of all these successive branches strung together

to form a false axis or sympode. The rhizome is pulled
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underground by the contraction of the roots, and consequently
the leaves are, in each year, pressed close to the surface of

the soil. Inflorescence (fig. 253).—The part which is popularly

spoken of as the " Dandelion-flower " is an inflorescence, and
consists of many (100 to 200) flowers inserted close together on

a dilated terminal part

of the stem. This state-

ment is easily proved
by pulling out one of

the flowers from the

capitulum, and seeing

that it consists of suc-

cessive whorls of floral

leaves. The inflor-

escence-axis bears, im-

mediately beneath the

insertion of the flowers,

a number of bracts

forming an involucre,

which surrounds the

collection of flowers.

The dilated terminal

part of the inflor-

escence-axis is often

termed the " recep-

tacle " ; but it must be
remembered that this

has no connection with

the receptacle of a
single flower. Within
the general involucre

the central bracts have
been suppressed; and
only the outermost
series of flowers stand
in the axils of bracts

which form the green
involucre. The capitulum (figs. 253, 254) of the Dande-
Uon displays movements. It closes in the evening or in

dull weather, and opens in the morning or in sunlight. In
addition, the inflorescence-axis executes certain movements

Fig. 202.—Flower of Dandelion. Left-hand figure
is a complete flower : right-hand figure is a vertical
section.
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when flowering and fruiting. Flower (fig. 202) median-

zygomorphic, ^ , cyclic, epigynous, yellow. Calyx, repre-

sented by a circlet of silky hairs forming the pappus

{pp). Petals five, combined to form a corolla con-

sisting of a short tube {cf), which expands on the anterior

(outer) side into a strap-shaped lower lip {cor). The
strap has five teeth at its termination, ^|^

and thus shows that the corolla con- ^'

sists of five joined petals. In the ^ .- ^ ^
central flowers of the capitulum the

lower face of the strap is coloured /"/

like the upper face; but the lower y
'

face of the strap of the marginal <

flowers is of a darker tint than is
'

the upper face. Stamens {an, fi) five,

inserted on the corolla-tube ; the five

anthers {an) united to form a tube

round the style. The anthers dehisce

marginally in such a manner that the

pollen is poured out towards the style, „. ^T , j.K ,,.^ .. T-«T_iL F>g- 203.—Floral diagram
thus dehiscence is introrse. liach lobe of Dandelion,

of the anther has a small pointed tooth-

like process from its lower end : the connective is also con-

tinued upwards to form a membranous curtain. The filaments

{fi) are separate. Carpels two, syncarpous, inferior. Ovary

{ov) one-chambered, with one basal ovule {0) standing up

from the floor of the chamber. Style {sy) single, but forked

above to form two branches bearing the stigmas {sg). The
stigmas only line the upper faces of the two branches of the

style. The circumstance that the style has two branches

serves to denote that the gynsecium does not consist of one

carpel only, but is constituted of two carpels and is syncarpous.

Especially worthy of note are the hairs on the upper part of

the style and on the lower (outer) parts of the branches of the

style. Nectary {n) a ring-like disk round the base of the

style. Fruit (fig. 129, left-hand). — The fruit is one-seeded

and indehiscent (achene), and is surmounted by a long beak

bearing a circlet of many silky hairs forming the pappus. If

the pappus be regarded as a calyx, the fruit consists of an

inferior ovary (with receptacle) and a persistent calyx (pappus).

We note that the fruits together form a capitulum of fruits
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(fig. 129, right-hand): this collection is an infructescence (not a

compound fruit), because it is formed by a number of flowers

(not by one flower only). Dissemination.—The fruits are dis-

'

207 persed by the wind,

and the pappus
forms a parachute.

Pollination. — The
flowers are prote-

randrous. The
anthers dehisce

ig '
.

around the style be-

fore the latter has

m' \, attained its full

length, and whilst

the two terminal

arms of the style

are still applied to

each other (fig. 204).

The style then elon-

gates and the hairs

on its sides brush

the pollen out of the tube formed by the ring of anthers

(fig. 205). Inasmuch as these hairs serve to hold and
carry up the pollen, they are termed "collecting-hairs."

The style thus acts like a brush employed in sweeping a

chimney. Insects now visiting the flower to sip at the nectar

touch the pollen thus carried up on the style. Soon the arms

of the style separate and the stigmas on their upper faces are

ready for the reception of pollen (fig. 206). An insect dusted

with pollen, and visiting flowers at this later stage, will

transfer pollen on to the stigma, and thus may effect cross-

pollination. But if the stigmas are not pollinated, the branches

of the style continue to curl downwards, and even execute

complete curves at their ends, so that eventually they touch

the collecting hairs (fig. 207), and are self-pollinated.

Types II., III., IV. : DAISY (Beuis perennis) : SUN-
FLOWER {Helianthus annuus) : OX-EYE DAISY
\Chrysanthemum leucanthemum).

These three plants also have capitula of flowers (fig. 208),

which differ from the Dandelion-heads in that they possess

Figs. 204-207.—Diagrammatic figures of the behaviour
of the antherSj style, and stigmas of Dandelion.
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two sorts of flowers. In the two Daisies the numerous central

flowers—termed the disk-flowers— are yellow; whereas the

marginal flowers—termed the rayflowers—form a single white

series immediately within the involucre. In the Sunflower the

conspicuous ray-flowers are yellow, and form a single series

Fig. 208.—Vertical section of capitulum of Sunflower ; rc=receptacle of
inflorescence : /A = green bracts; ^=disk flower with style, arms already
protruding : a = younger disk flower, with anthers visible.

surrounding the central brown mass composed of innumerable
little disk-flowers.

The disk-flowers (figs. 210, 211).—Each flower is regular,

and has a tubular five-toothed corolla (cor\ within which succeed
five epipetalous stamens with united anthers (a) ; in the centre

is a gynsecium {ov, sy, sg) like that of the Dandelion-flowers.

There is no pappus in the two Daisies, but the calyx is re-

presented by epigynous scales (sep, s) in the Sunflower. Thus
in their general structure these flowers agree with those of the

Dandelion, but they differ from the latter in being actinomorphic.

The ray-flowers (figs. 208 rf, 209), though superficially more
like the flowers of the Dandelion, are in reality constructed on
a different plan. Their calyx is absent in the case of the two
kinds of Daisies, but in varieties of the Sunflower there are

from one to five minute scales (ex). The corolla is tubular at

the base, and represents at this point five petals (judging by
comparisons with the other flowers) ; but above the tubular part,

the three more anterior petals grow out to form a long strap.

That the strap thus represents three petals is feebly denoted
by its terminal teeth in the Ox-eye Daisy, but is much more
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distinctly seen in some other species of Chrysanthemum, the

straps of which have three terminal teeth. The straps of

the Sunflower and Daisy are not toothed at their ends. Thus

Figs. 209-212.—Sunflower. Fig. 209.—Ray-fiower. Fig. .210.—Disk-flower. Fig. 211.

—Vertical section of Disk-flower. Fig. 212.—Vertical section of achene : /c=pericarp ;

/j=testa; C(7^= cotyledons ; r=radicle.

the strap of the Dandelion represents five joined petals, and
the flower may be described as a true ligulate (strap-like)

flower; whereas the strap of the corolla belonging to the ray-

flowers of the three other types represents only a part of the

corolla (three petals), and may be referred to as Si. false ligulate

flower. The ray-flowers of all three types possess no stamens
;

in the two Daisies they have a gynsecium, and are therefore

carpellary flowers : but in the Sunflower they have no style and
stigma, though an empty ovary-tube is present.

We note each disk-flower of the Sunflower arises in the axil

of a scale-like bract (figs. 208, 210 b); whereas the inflor-

escence-receptacle of the two Daisies, like that of the Dande-
lion, only has those bracts which form the involucre.
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Pollination.—Cross-pollination is accomplished much as in

the Dandelion. The flowers are proterandrous, and the pollen

is carried out of the corolla-tube of the disk-flowers by collect-

ing-hairs on the unopened style. The hairs, however, are

limited to the outer surfaces of the style-branches : and so

long as these latter are not separated, the collecting - hairs

form a tuft somewhat like a paint-brush. This terminal

brush sweeps the pollen upwards. These collecting-hairs are

absent from the style of the carpellary ray-flowers, because
they are obviously useless to a flower which produces no
pollen. The ray-flowers serve to make the inflorescences more
conspicuous ; in the Sunflower this is the only service they

render to the plant (compare the Guelder-Rose).

Type V. : CORN-FLOWER {Centaurea cyanus).

The Corn-flower has no strap-like flowers. Its capitulum

is composed solely of tubular flowers. The central flowers,

though blue in colour, are very like the disk -flowers of the

Daisy, but with a pappus of hairs. The marginal flowers are

large, somewhat irregular, and are devoid of stamens, style,

stigma, and ovules. Pollination.—-The collecting-hairs are

arranged on a globular swelling of the style just beneath the

point at which the latter forks. In freshly-opened flowers the

filaments of the stamens rapidly contract when the anthers are

touched for the first time, and consequently the pollen is

suddenly exposed on the collecting hairs.

GENERAL REMARKS on the Composite.

In examining the Compositse the chief points to note

are—(i.) The inflorescence - receptacle ; its form,; the pres-

ence or absence of scale -like bracts amongst the flowers,

(ii.) The opening and closing movements of the capit-

ulum. (iii.) The calyx and pappus, (iv.) The form of the

corolla, (v.) The presence or absence of stamens and carpels

in the flowers, (vi.) The occurrence or non-occurrence of an

outgrowth of the connective, and of appendages of the anthers,

(vii.) The arrangement of the stigma-lines on the arms of the

style and the disposition of the collecting-hairs, (viii.) The
presence or absence and the form of the pappus on the fruit.
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Cultivated plants—Uses, etc.—The root of the Chicory

(Cichoriuni) which has capitula of blue ligulate flowers, is the

source of the substance "chicory," which is used in the

adulteration of Coffee. The Lettuce {Lactucd) has yellow

ligulate flowers. The tubers of the Jerusalem Artichoke

(Helianthus tuberosus) are subterranean stems which are con-

sumed as vegetables. But the " tubers " of the Dahlia are very

thick adventitious roots. The Artichoke {Cynard) possesses

fleshy capitula which are edible. The Marigold {Calendula)

has carpellary disk-flowers, and staminate ray-flowers : it often

produces several kinds of fruits in the same inflorescence.

The so-called double varieties of Dahlia, and the cultivated

varieties of Chrysanthemum, are plants whose disk-flowers have
been artificially converted into false ligulate flowers. Other

familiar garden plants are Cineraria, Gaillardia, Calliopsis,

Pyrethrum, Everlasting Flowers {Helichrysum).
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MONOCOTYLEDONS
LILIACE^ (Lily Family)

Perennial herbs with bulbs or rhizomes. Flowers usually

regular, hypogynous. Perianth 3 + 3, petaloid. Stamens 3 + 3.

Carpels three, syncarpous, superior ; ovary three-chambered

;

style usually single. Fruit, a capsule or berry.

Type: GARDEN HYACINTH {Hyadnthus orientalis).

Vegetative cliaracters.—Perennial herb with a coated bulb
(for description, see page 33, also fig. 53). Foliage-leaves

radical, long, narrow, with sheathing bases, parallel-veined.

Fig. 213.—Vertical section of flower of garden Hyacinth.
Fig, 214.—Floral diagram of ditto.

Inflorescence.—A bare inflorescence-axis terminates in a raceme

of pendulous flowers, which stand in the axils of small narrow
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bracts. Flower (fig. 213) actinomorphic, $, cyclic, hypo-
gynous. Perianth {F, p) 3 + 3, brightly coloured, combined to

form a single tube with six free segments. Stamens (a) 3 + 3,

inserted on the perianth-tube ; anthers introrse. Carpels three,

syncarpous, superior; ovary (pv) three-chambered, placenta axile,

with a number of ovules in each chamber ; style, one ; stigma,

three-lobed. Pollination.—The flower-buds are directed up-

wards, but they bend downwards as they open. This pendulous
position of the flowers serves to protect the pollen. Apparently
no honey is excreted

;
probably long-tongued insects stab the

fleshy parts of the perianth and suck the juice. The stamens
and carpels ripen simultaneously. Fruit a three-valved capsule

dehiscing along the dorsal sutures. Seeds numerous, endo-
spermic. Dissemination.—After pollination, as the fruit ripens,

each flower-stalk once more bends upwards and straightens.

The ripe capsules consequently become erect, and the seeds

do not drop down immediately round the parent plants (as

ttjey would if the capsule were pendulous), but are wafted away
by the wind.

OTHER TYPES, USES, etc. of Liliace^.

The Asparagus has certain slender gi-een stems and definite

green branches, which might be mistaken for leaves.. The
leaves assume the form of minute pale scales, in whose axils

the green branches arise. The edible parts of the Asparagus
are the succulent basal shoots which just protrude above the

soil. The Asparagus has small flowers, which are frequently

diclinous; its fruits are berries. The Lily-of-the-Valley {Con-

vallarid) possesses a sympodial rhizome and a raceme of

pendulous white flowers, which, in their main features, agree

with those of the Hyacinth. Onions and Garlic are cultivated

for the sake of their bulbs. The Bluebell, Tulip, Lilies, Fritil-

laries, Meadow Saffron are familiar plants belonging to this

family.

AMARYLLIDACEiE (Daffodil Family)

The characters are practically the same as those of the Lily-

family, except that the flowers are epigynous : P3 -h 3 A3 -I- 3

G(3).
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In the DAFFODIL {Narcissus pseudo-narcissus) (fig. 215)

and in .the Narcissus we note— (i.) The spathe ;
(ii.) the petaloid

Fig. 215.—Vertical section' of flower of Daffodil.

tubular perianth {P,p), on which is inserted a yellow outgrowth

—the corona (cti).

In the SNOWDROP {Galanthus nivalis), the bulb consists

of the swollen bases of the two foliage-leaves of the previous

year inserted on a short axis. The plant has only two foliage-

leaves each year. The inflorescence-axis bears a spathe and a

single pendulous flower. The two whorls of the perianth are

composed of separate perianth-leaves ; the outer whorl differs

in appearance from the inner whorl, so that we may speak

definitely of three sepals and three petals. The stamens are

not inserted on the perianth, they are epigynous. Each anther

opens by two terminal pores. (See also page 32.)

IRIDACE.^ (Crocus Family)

Perennial herbs with rhizomes or corms. Flowers usually

regular, cyclic, epigynous, conspicuous. Perianth 3 + 3, peta-

loid. Stamens three, with extrorse anthers. Carpels three,

syncarpous ; ovary three-chambered, with many ovules on

axile placentae ; stigmas three. Fruit a capsule.
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Type I. : YELLOW FLAG {Irispseudacorus).*

Vegetative characters.—A perennial herb with a creeping

sympodial rhizome. The leaves are mostly radical, sword-like,

and overlap in an equitant manner. Inflorescence.—The main

type of branching is cymose. Flower (figs. 216, 217) actino-

morphic, ?,
p. 1^ \ \ cyclic, epigyn-

ous. Perianth

3 + 3, united to

form a long
tube, pe'taloid,

•'^"";^^^{'f~ \̂f , Wli/^\JXM yellow. The
r --^ :^iS"''*'ISjss,\M ll f^^^Smi^^milf free parts of

the three peri-

anth - leaves,

which represent
the outer whorl
(P), are bent
downwards,
and each has a
narrow band of

Fig. 2i6.—Flower of Yellow Flag. h^irs along itS

middle line. The free portions of the inner perianth-leaves (/)
are smaller and incline upwards. Stamens (a) 3 -f- o, inserted

on the perianth opposite to the outer whorl of perianth-leaves

;

anthers extrorse. Carpels three, syncarpous, inferior; the

ovary (pv) three-chambered, with many ovules on an axile

placenta. The style {sy) is single below, but above it divides

into three broad flattened petaloid branches, which are opposite

to, and arch over, the three stamens (see also fig. 2 1 8). On the

surface of each band-like branch of the style there is a small

thin shelf isg), whose upper face is the stigma. The three

chambers of the ovary and the three branches of the style

are opposite to the three stamens. This fact convinces us that

the three carpels do not alternate with the three stamens.

Why are the carpels thus opposite to, or superposed on, the

stamens ? If we look at a floral-diagram of a Liliaceous plant,

and compare it with that of the Yellow Flag, we note that the

* The flowers of other species of Iris grown in gardens are sufficiently

like the one here described, to be examined in place of the latter.
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two are alike, except that the inner whorl of stamens is missing
from the latter. If we now add these three missing stamens to
the Iris-diagram,

all the successive

whorls of the

flower alternate in

the usual manner.
We therefore sup-

pose that in the
Yellow Flag (and
other Iridaceae)

the inner whorl of
stamens is sup-

pressed; and, con-

sequently, in a
floral diagram (fig.

219) we put dots
to represent the

missing whorl, and
write down the

androecium as

3 -t- o (not as
three). Fruit (fig.

122) a capsule

splitting along the

dorsal sutures.
The numerous flat

endospermicseeds
are dispersed by
the wind.

Pollination. —
[In order to under-

stand the method
of pollination, a careful examination of the flowers themselves
is absolutely essential.] The honey is excreted by the inner

face of the base of the perianth-tube, and collects round
the base of the style. If an insect is to obtain honey, it

must therefore be able, in some way, to reach down nearly

to the bottom of the long perianth-tube. Consequently,
only insects with long tongues can sip the honey. The Yellow
Flag has two varieties of flowers. The one variety is especially

Fig. 217.—Vertical section of flower of Yellow Flag.
Fig. 2r8.—Stamen with the overhanging . arm of

style and stigma (y^) of ditto.
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suited for pollination by humble-bees ; and has the three

branches of its style quite a noticeable distance above the free

parts of the three outer perianth-leaves, so that a humble-bee

can creep under the arms of the style.

The other variety of flower is adapted

to a long-tongued hover-fly (Rhingia

rostratd); and its style-arms stand so

close above the outer perianth- seg-

ments that a humble-bee cannot crawl

under them. Either insect visiting

the flower suited to it alights on the

reflexed portions of the outer perianth-

leaves ; and as it crawls under one of

the arms of the style, it touches with

its back, first the stigma, and secondly

an anther. It then pushes its tongue

down the perianth-tube, sucks the

honey, and finally backs out of the

flower. The stigma is not touched

by the retreating insect, because

it is situated on the upper face of the ledge which is

pushed upwards and backwards as the insect withdraws. In
this manner cross-pollination is ensured and self-pollination

averted. The flowers of the YeUow Flag again illustrate the

principle that the shapes of insect-pollinated flowers are to

be associated with the kinds of insects which pollinate them.

Flowers of different shapes are adapted to different circles of

insect-visitors. The Yellow Flag, in particular, has both "Bee-
flowers" and "Rhingia-flowers."

Fig. 2ig.—Floral diagram
of Iris.

Type II. : CROCUS {Crocus).

The underground shoot is a corm (figs. 49-52). [Dig up
Crocuses at different seasons of the year, and observe the

method of development of the new corms on the old ones.]

The leaves are not equitant. The flowers are constructed on
the same general plan as those of the Yellow Flag : P3 -1- 3

A3 -1- G(3). The flower-stalk is short, whereas the perianth-

tube is extremely long. The branches of the style are not so

conspicuous as those of the Yellow Flag : they are band-like,

but aijs coiled to form tubes.
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ORCHIDACEJE (Orchid Family)

Perennial herbs. Flowers very irregular, epigynous. Perianth

3 + 3, petaloid. Usually only one fertile stamen present

;

gynandrous. Carpels three, syncarpous ; ovary one-chambered,

with three parietal placentae bearing many ovules. Fruit a
capsule containing innumerable minute seeds.

Type: EARLY ORCHIS {Orchis mascula).

Vegetative characters.—A perennial herb with oval sub-

terranean tubers. There are two tubers visible : one is darker

in tint, softer, and terminates above in the flowering axis. It

is the older tuber at the apex of which there originally occurred

a bud which has now developed into the flowering axis. At the

base of the latter are inserted spirally - arranged leaves with

sheathing bases : the lowest of the leaves are mere sheathing

scales. The second tuber, originally developed in the axil of

the lowest scale, is lighter in colour and firmer in texture than

the mother-tuber. When the inflorescence-axis decays, the-

older tuber shrivels up, and in the following year the younger

tuber will in turn produce another stem bearing foliage-leaves

and flowers, as well as an axillary tuber destined to flower in

the third year. Each tuber thus lives for two vegetative

seasons only. Although a tuber arises as an axillary bud on

its predecessor, it is not wholly constituted of shoot : its basal

portion is made up of several fleshy adventitious roots which

are closely combined. An Orchid-tuber, therefore, consists

of root and shoot. The foliage-leaves are parallel-veined and
often spotted. Inflorescence : a spike with small bracts.

Flower (figs. 220, 221, 222) median-zygomorphiCj $, two-

lipped, epigynous : colour varying from pinkish-purple to white.

Perianth (P, p,p. '0 3 4-3. The six perianth-leaves are combined
only at their bases. The free portions of five of them [three

outer (P) and two inner (/)] form an upper lip, whilst the

sixth (a median inner one) forms a lower lip—the labellum

(/. /). The labellum has a long spur (sp). Stamens and
carpels.— The centre of the flower is occupied by a short,

thick mass—the column—which is formed by the cohesion

of the filaments with the style. The column is inserted

directly upon the inferior ovary. Looking at the centre



176 MONOCOTYLEDONS

of the flower we see, immediately over the entrance to the

spur and attached to the column, two lateral stigma-lobes

(sg), and just above these a median beaked structure—the

rostellum {f)
—^which is supposed to represent a third stigma-

lobe, though it is incapable of acting as a receptive stigma.

Above and behind the rostellum is a single median stamen,

consisting of two lobes (a) separated by a somewhat broad
connective (cd). In addition to this fertile stamen there

occur two lateral stamens without anthers—staminodes (si)—
attached as appendages to the column, behind the two lateral

stigma-lobes. The single anther stands erect, and dehisces

towards the rostellum. Each anther-lobe is one-chambered,

and contains many pollen-grains adhering together to form
a pear-shaped mass— the poUinium {po, fig. 223)—which
possesses a short stalk—the caudicle (c). The rostellum is

shaped like a little bowl {b\ and contains a gummy mass.

The caudicles are attached by their bases to two small balls

[d) of this gummy substance. The ovary is one-chambered,
with many ovules (forming after pollination) on three parietal

placentae. Pollination.—There is no free honey in the flower

;

insects pierce the internal lining of the spur and suck the juice

from the wound. The flower is visited by bees and flies. The
labellum acts as a platform on which the insect alights. A bee
pushing its tongue into the spur must of necessity touch the

rostellum ; the consequence is that one or both pollinia are

transferred to its head, where they adhere by means of the ad-

hesive bases of their caudicles. At first the pollinia stand erect

on the head of the bee, but they subsequently bend slowly

forward, though remaining fixed at their bases. As a result of

this movement, the pollinia will inevitably be pushed against

the stigma-lobes of a subsequently visited orchid-flower. Did
the pollinia remain erect they would, in all probability, be
rubbed against the rostellum of a flower visited later : so that

no pollination would take place. [The action of the bee in

pollinating Orchis - flowers may be imitated by thrusting a
sharp-pointed lead pencil into the entrance of the spur ; the

separation of the pollinia and their subsequent movements
will then also be seen.] True morphology of the flower.—
Hitherto no reference has been made to a peculiarity in the

Orchis-flower. The wall of its inferior ovary in its growth
causes the flower to execute half a revolution— in fact,
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Figs. 220-223.

—

Orchis -ma&cula. Fig. 220. — Front view of flower. Fig. 221.

—

Median vertical section of flower above the ovary, and an external view of ovary and
bract. Fig. 222.—Front view of the stamens and stigmas : left-hand figure, before

removal of one polHnium ; right-hand figure, after removal of one poUinium, also

showing the ruptured rostellum. Fig. 223.—One pollinium and caudicle. (In fig. 221,

unfortunately, the letter h is used to denote the bract, as well as the bowl-like part

of the rostellum.)
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to twist so that the true anterior part of the flower occupies

a posterior position. Thus the labellum is in reality a

median posterior perianth-leaf, and all the other floral-leaves

have their true positions reversed in the same manner. The
flower consists thus of six perianth-leaves, the

median posterior being

the labellum ; three

gynandrous stamens,

only one (median an-

terior) of which is

complete ; a gynsecium

composed of three car-

pels, syncarpous, with

three stigma-lobes, the

anterior median lobe of

which no longer func- Fig. 225.—Fruit of
4,' „„ „ „4.;^,„„ U,,*. Orchis inascKla : d=
tions as a stigma, but subtending bract ; j=
is the rostellum (see s^="^s-

fig. 224 for further details). The floral formula is P3-I-3

Al-1-2 G(3). Fruit (fig. 225) a capsule dehiscing along the

dorsal sutures, and allowing the innumerable minute seeds
to be dispersed by the wind.

[In place of Orchis mascula, other British species of Orchis

may be selected for examination, and the various points

described above will be easily seen.]

Fig. 224.—Floral diagram
of Orchis,

AEACE.S (Arum Family)

Smooth herbs with leaves which are often broad and net-

veined. Inflorescence a spadix with a spathe ; no bracts

subtending the separa,te flowers; no prophylls in the inflores-

cence. Flowers small, inconspicuous. Perianth small or

absent. Fruit, a berry.

Type : THE CUCKOO PINT (Arum maculaUcm).

Vegetative characters.—Herb with a corm. The leaves

are radical, each possessing a basal sheath, a petiole, and a
net-veined spotted lamina shaped almost like an arrow-head.

Inflorescence (fig. 226).-—A large sheathing bract—the spathe
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—encloses the part of the flowering axis which bears the
flowers. The flowering axis

above the point of insertion

of the spathe bears—(i.) At its

base, a zone of many sessile

ovaries {ov)
; (ii.) higher up,

an encircling band of incom-
plete or rudimentary ovaries

{sf) ;
(iii.) still higher, a belt

of numerous sessile anthers

{a)
; (iv.) above these again,

a zone of hairy structures {sf),

the hairs of which span the ^-l

space between the floral axis

and the narrowed portion of

the spathe -sheath. Finally,

the purple-tinted terminal part

of the axis {sx) is thickened,

but devoid of any lateral

structures. This axis, with

its stamens and ovaries, does

not represent a single flower,

for the ovaries are inserted

below the stamens on the

convex axis. It is an inflor-

escence consisting of many
carpellary and staminate

flowers borne on a fleshy

axis. This view is shown to

be correct by the circum-

stance that in some other

Araceae each of the numerous
little flowers of the spadix

possesses a small perianth of

its own. The carpellary

flower (fig. 228) consists

solely of one single carpeL

The ovary {ov) is one-cham-

bered, and contains several

ovules {o) attached to its

Wall The stigma {sg) is
pig. 226.—Vertical section of spadix and

sessile. Above these fertile f?Lrt oi s.^&t)s.^ o( Arum maaaatum.
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Fig. 227.—A sta-

men of Arujn
maculatum. p e 1 1 a r y flower of

Arum inaculatuni.

carpellary flowers are a number of sterile carpellary
flowers Xsf) without ovules. The staminate flower consists

of a small group of three or four stamens (or at the very
base of the staminate region each flower may have only
one or two stamens). The anthers are

sessile (fig. 227). Above the staminate qv
flowers the band of hairy structures repre-

''

sents a belt of sterile flowers

{sf). Fruit.—After pollina-

tion each ovary gives rise to

a single red berry (fig. 229).

Thus the carpellary inflor-

escence produces a cluster

of berries (fig. 230), which
is an infructescence, because

it is formed by several flowers,

and not by one. Pollination.

—In spite of their incon-

spicuousness, the flowers are insect-pollinated \ the inflor-

escence emits a peculiar odour, and the purple tip of the

spadix aids in alluring the small flies which

effect cross-pollination. The whole inflor-

escence forms a trap to catch these minute

flies, which creep down the spathe into the

chamber formed by the tube of the latter.

The ovaries mature before the stamens, and
at this stage of

flowering the pali-

sade of hairs span-

ning the mouth of

the spathe - tube
does not prevent

the entrance of the

midges, though it

hinders their de-

parture. If the

flies have come
from another
spathe, they bear

pollen and pollin-

ate the stigmas of the ovaries which are now ready.

Fig. 23g, A berry of Arum
maculaium cut open.

Fig, 230.—Infruct-
escence of Arum
ntaculatum.

After
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time, the stigmas wither and secrete honey which is sipped

by the imprisoned midges. Only then do the anthers ripen

and pour out their pollen, with which the captive-insects

become sprinkled. Finally the bars of the prison are loosed,

for the hairs forming the palisade wither and allow the flies

to escape dusted with pollen. The whole inflorescence is

therefore specially constructed so as to accomplish the cross-

pollination of the flowers by the agency of small flies.

GEAMINACEiE (Grass Family)

"Herbs. Stems cylindrical, hollow except at the nodes.

Leaves alternate, ligulate, with sheaths usually split down
to the base. Flowers ranged in spikelets with chaffy bracts.

Flowers regular, inconspicuous, hypogynous. Perianth absent

(or perhaps represented by two minute scales). Stamens
usually three, with dangling anthers ; ovary one-chambered,

with one ovule ; stigmas usually two, feathery or brush-like.

Types : WHEAT, COUCH-GRASS, MEADOW-GRASSES,
FOXTAIL, COCKSFOOT.

Our British Grasses are herbs with cylindrical stems which
are hollow except at the nodes.

The leaves are alternate, and ranged in two rows along the

stem. They are long, narrow, parallel - veined, and usually

have prominent ribs. The base of the leaf surrounds the

stem in the form of a sheath which is, in most cases, spHt

down one side. At their regions of insertion the sheaths are

thickened, and thus cause the nodes to appear swollen. Each
leaf has a ligule (see page 15). In the bud the leaves are often

rolled ; but the Meadow-Grass and Cocksfoot have their young
leaves folded.

Branches which bear foliage-leaves arise only in the axils of

radical leaves. In some Grasses these axillary branches burst

through the enveloping sheaths, and, running horizontally

underground for some distance, lead to the formation of sym-

podial rhizomes with scale-leaves, as described on page 25.

On the other hand, the branches which arise in the axils of

the radical leaves may at once ascend, after either bursting

through the surrounding sheaths or pushing their way between
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the latter and the stem. Even in one and the same Grass-

plant both horizontal and ascending branches may occur

together. It is the

method of branch-

ing, together with

the direction of

growth of the
lateral shoots,

which determines

whether the par-

ticular Grass will

form a simple tuft,

a series of tufts, or

a mat-like layer.

Some Grasses

annual {e.g.are

3
Fig. 232.—A spikelet of Wheat.

Wheat), others are perennial (e.g. Couch-Grass).

Some annual Grasses, when sown in autumn,

become biennial in that they rest during the

winter and do not flower until

the following spring.

Inflorescence.—The flowers

are arranged in small spikes

which are termed spikekts.

A head of wheat (fig. 231),

for instance, at first sight looks

like a spike with two rows of .

sessile flowers : whereas, in

reality, it is a spike of spike-

lets. A spikelet (figs. 232,

233) consists of a stem bear-

ing a few alternating bracts

arranged in two rows, and
a small number of sessile

flowers with prophylls. The
lowest two bracts (G, g) on

the spikelet axis are termed

glumes; one of them, the

lower glume (G), is inserted

nearly opposite to, but at a slightly lower level than, the

other, which is the upper glume (g). These two glumes have

of Fig. 233.—A scheme of
a spikelet of a Grass.
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Fig. 234. — A flower of
Wheat enclosed in its two
paleas.

Fig. 235.—Diagram of
flower of Wheat.

no flowers in their axils j they constitute, in fact, a small
involucre. Above them, on the spikelet axis, are bracts which

form two rows, have single flowers in

their axils, and are termed flowerifig

glumes or lower pales or palea {P-^, P„,
Ps, -Pi, P,). These
latter alternate as A
do the glumes, so

that the first or

lowest ofthem (P^)
stands above the

lower glume (G) :

the second {P2) is

inserted on the op-

posite side of the

axis and is above
the upper glume

(g). The flowering

glumes, and ' less

frequently the barren glumes, may have their mid-ribs con-
tinued into a tail-like " awn."

There are from three to five

flowering glumes and flowers

in a spikelet of the wheat.

The flower-stalk is scarcely

perceptible, but, as is usual

amongst Monocotyledons, it

bears a single prophyll (p)
which is typically on the face

(posterior) towards the in-

florescence-axis. This pro-

phyll is scale-like, and is

termed the upper pale or

upper palea. Each flower

(fig. 234) lies partially hidden
between its prophyll (the

upper pale) and its sub-

tending bract (the flowering

glume). Itis important to note

that each flowering glume
is on the axis of the spikelet, and is usually one-ribbed

:

Fig. 236.—Dissected parts of flower of
Wheat with the lodicules, and two investing
paleae. The ovary (pv) is cut vertically, and
shows one ovule {o).
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whereas the upper pale is on the almost imperceptible

flower-stalk, and is often two-ribbed In many Grasses, on
each flower-stalk, higher up than the upper pale, are

inserted two minute scales—the lodicules (figs. 233, 236 /).

Some botanists regard these latter as representing a simple

perianth
J others are of opinion that they represent a small

divided bract, in which case they are not a portion of the

flower proper. The Flower consists of three (rarely two)

stamens inserted below the ovary, and possessing dangling

anthers ; together with a one-chambered ovary containing one
parietal ovule, and surmounted by two brush-like or feathery

stigmas. It is usually supposed that the gynaecium represents

one carpel, the style of which has branched. If this view be
correct, it must be described as being apocarpous.

Different types of Grasses.—The spikelets may be arranged

in panicles or in spikes. In each spikelet there may be one or

more flowers. The lodicules may be present or absent. The
accompanying table (see opposite) illustrates the general details

in some common types of Grasses. (In all these the gynascium

is the same throughout as regards its general constitution.)

Pollination of Grasses.—In some grasses (e.g. Poa and
others) the upper and lower pales enveloping a flower

separate considerably ; the anthers emerge and dehisce

quickly, and the stigmas separate. It is the lodicules

which cause the opening; they swell and force back the

lower paleae. After a time the lodicules shrivel up, and
consequently the paleas close. In other grasses the palese

scarcely open, and the stigmas are brush-like (not feathery).

As the lodicules are not called upon to force the palese

apart, they are absent (e.g. Timothy-grass) or very minute
(e.g. Foxtail-grass). The grasses are cross-pollinated by the

agency of the wind; the long filaments, with their dangling

anthers, are easily shaken by even light lareezes, and the large

brush-like or feathery stigmas display a large surface to receive

the wafted pollen. Many grasses are regularly self-pollinated

(e.g. Wheat, Barley, Oats).

Fruit.—After fertilisation the one-ovuled ovary gives place

to a dry one-seeded indehiscent fruit very like an achene;

but the seed is so closely adherent to the pericarp (original

wall of the ovary), and the testa so thin, that it is impossible

to distinguish the testa and pericarp without the aid of a
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compound microscope, or, more frequently, the testa is com-
pletely destroyed before the fruit is ripe. This fruit is distin-

guished under the name of caryopsis. A grain of wheat
(fig. 28), or a so-called grass-seed, is in reality a fruit, because
the ovary takes part in its formation. Often, the palese persist

and continue to envelop the ripe fruit. Usually the fruit is

grooved along one side (ventral side). Seed. — This has

already been described (page 19); it is endospermic, with an
embryo of peculiar structure.
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CHAPTER XV

THE NUTRITION OF THE PLANT

1. A Plant absorbs (feeds itself).—If healthy seeds be sown
under suitable conditions, they germinate, and finally give rise

to plants much larger than themselves. A small acorn de-

velops into a huge oak-tree : a tiny turnip-seed produces a large

turnip-plant. The plants obviously weigh more than the seeds

from which they have developed, and they must therefore con-

tain more matter or substance than was originally possessed by
the seeds. This substance gained by the plant during its

growth has not been created out of nothing ; it must have been
derived from matter previously present outside the plant. Thus
it is certain that the plant takes in, or absorbs, substance from
the outside world—that is, takes food from the soil or from the

atmosphere, or from both.

2. What does a Plant absorb ? A seed, or a whole plant,

is composed of solid substance and water ; in addition it con-

tains gases, which we will not discuss for the present. If we dry

a seed, or a plant, at a temperature slightly higher than the

boiling-point of water (ioo° Centigrade), the water will be
driven off in the form of steam, and only solid substance

will remain. An ordinary seed, though it appears to be quite

dry, contains at least one-tenth of its whole weight of water,

whilst there is still more water in growing plants ; for instance,

nine-tenths of the weight of a turnip - plant is due to the

water. If we weigh separately a plant and one of its seeds,

both before and after drying them, we find that there is more
water and more solid substance in the plant than in the seed.

We thus see that as a plant grows it absorbs not only water

but also other substances.

3. Chemical Composition of a Plant.—In order to learn

what substances, in addition to water, are taken into the plant,

we must find out what simple chemical substances {elements)

axe present in the plant. If we still further heat a completely

dried seed or plant there will be an additional loss in its

weight, because some of the substances composing the plant
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are decomposed, and some combine with the oxygen in the

air, and pass off in the form of gases (carbonic acid, ammonia,
water, etc.). There remains behind only a little mass of solid

called the ash. Examining the gases which pass off and the

ash which remains, we learn that the following elements are

always present in plants:

—

Carbon (C), Hydrogen (H), Oxygen
(O), Nitrogen (N), Sulphur (S), Phosphorus (PV Potassium
(K), Magnesium (Mg), Calcium (Ca), Iron (Fe). [Sodium
(Na), and Chlorine (CI).] Occasionally other elements also

occur. These elements are combined to form the various

chemical compounds of which the plant is composed. The
grown-up plant contains a larger quantity of each of these

elements than did the seed from which it developed. The
growing plant, therefore, must have absorbed these elements

from the soil or from the atmosphere.

4. Composition of the Air and of the Soil.—The atmos-
pheric air consists mainly of free nitrogen (N)* and free

oxygen (O), very little carbonic acid (CO 2), traces of ammonia,
(NHg), and water vapour (HgO).
The soil is mainly made up of small particles or grains,

amongst which there are little spaces occupied by air and
water. The grains of soil contain salts which are soluble in

water : thus the water in the soil is not pure, it is a solution

of certain salts. These soluble salts contain all the elements

required by the plant. In addition, the soil contains the

decaying remains of dead plants and animals, or humus. The
accompanying table shows which are the commonest inorganic

salts dissolved in the water of the soil. We particularly note

the absence of carbon from this list

—

Name.
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5. Cultivation ofPlants inArti-

ficial Soils or Solutions.—The
soil contains all the chemi-
cal elements required by a

plant, but the atmospheric air

contains only four* elements

(N, O, C, H). Those chemi-

cal elements present only in

the soil are obviously ab-

sorbed from that source. But
with regard to the four elements

present in the soil as well as in

the air, experiment alone can

decide whence the plant obtains

them. In order to decide this

question, and to ascertain which
elements are absolutely essential

to the existence of plants, we
cultivate plants with their roots

dipping in water containing only

certain definite salts dissolved

in it (fig. 237); or we may
make a simple artificial soil by

pouring this nutritive solution on

pure insoluble sand.

A good nutritive solution

(termed a "culture solution")

can be made up as follows :

—

Fig. 237.—A grass-plant
grown with the aid of a
culture-solution.
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A seed provided with this nutritive solution, under suitable

conditions (see after), can produce a seedling, which in turn

may develop into a plant with flowers and fruit. The plant

therefore has every chemical element it requires.

6. A green plant can manufacture complex organic (carbon-)

compounds from simple inorganic food.—The solid matter

of a seed, or of the plant derived from it, consists mainly of

organic compounds—that is, it consists chiefly of compounds
of carbon which readily combine with oxygen. Comparing
the seed and the plant, apart from the ^reat increase in the

amount of water in the plant, the most marked difference in

the composition of the two is the immense addition to the

quantity of the organic carbon compounds. Cultivated with

the "culture-solution" described, the plant has only inorganic

food at its command ; in particular, its carbon-containing food

is available only in the form of the carbonic acid (CO 2) present

in the air. Animals cannot build up organic compounds from

simple inorganic food ; this power is confined to plants.
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ABSORPTION OF CARBONIC ACID BY THE
GREEN PLANT

If a few green leaves, or a green branch, be placed in a closed,

moistened, air-tight bottle and exposed to the light, the

carbonic acid contained in the air within the bottle will dis-

appear and an equal volume of oxygen will replace it. This

shows that green leaves, or green parts of a plant, can obtain

carbon from the carbonic acid of the air. If, however, the

bottle and the contained leaves be placed in darkness, the

carbonic acid will not disappear. This experiment illustrates

the fact that light is required in order to enable the green parts

of plants to obtain carbon from carbonic acid. Again, if the

leaves be killed (by steamin'g, freezing, drying, or poisoning by
chloroform) before they are placed in the bottle, the carbonic

acid will not disappear even in the presence of light. This

demonstrates that the green parts must be living if they are to

obtain carbon from carbonic acid of the air. But if, instead of

placing green parts of plants in the bottle, we put parts with-

out the green colouring-matter, such as petals, roots, pieces of

fungus, the carbonic acid does not vanish. This serves to

show that onlyparts containing green colouring-matter can obtain

carbonfrom carbonic add in the atmosphere.

We have not yet seen how the green parts obtain the carbon

from carbonic acid, or how it is that an equal volume of

oxygen appears in the atmosphere in place of the carbonic

acid. This is most easily shown by experiments on green

submerged water-plants. If we cut across the shoot of

such a water-plant, and leave it in the water exposed to light,

a stream of bubbles will arise from the cut end of the stem

(fig. 238). These bubbles consist of oxygen which is being

exhaled by the plant. No bubbles of oxygen will be given off

193 N
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in darkness, nor if the plant be killed, nor if the water con-

tains no carbonic acid, nor if the roots which are without

green colouring-matter be used instead

l|IU=^==^ ^,iJ of the green shoot. Consequently we
jpiU 11 conclude that the oxygen is given off

ImLgg^-^.,^-_^^J
I

only from the parts which are receiving

||L^^^^i^Srl73
I

carbon from the carbonic acid. In

Ill^^^^^toSl other words, the living plant exposed

llE^^^^^^^11 ^° ^^^ ^€!A takes in carbonic acid by

||^^^^^^^^3IP means of its green parts, it retains tbe
^BlBms^simimssair

^^-^^^^-^ ^s food but gives the oxygen
Fig. 238. - Evolution of ijack to the air.

bubbles of oxygen from the _ _ «. « j. ^x.

cut end of a stem under water. Influence of Temperature on the
(BaseduponA.Mayer'sfigure.) absorption of carbonic add and on

the evolution of oxygen by green parts. — If the experi-

ments just described are to be successful, the green parts

must be exposed to a proper temperature. If the bottle or

the water be kept too cold, or too hot, there will be no absorp-

tion of carbonic acid, and no evolution of oxygen. There are

three important temperatures—(i.) the lowest temperature, or

minimum, at which the plant can still absorb carbonic acid and
exhale oxygen

;
(ii.) the highest temperature, or maximum, at

which these processes still go on
;

(iii.) the best or most suit-

able temperature, or optimum, at which the_ plant is perform-

ing these processes most rapidly. Of course, the optimum
temperature lies between the minimum and maximum.

Influence of the intensity of Light on the absorption of

carbonic acid and evolution of oxygen by green parts.—Light

is essential to the process. Commencing with darkness, as we
increase the intensity of the light to which the plant is exposed

the two processes become more and more active. This may
be illustrated by a simple experiment made on the cut shoot of

the water-plants. We note that near the window, exposed to

the sun, the bubbles of oxygen come off rapidly, but when the

plant (in the water) is transferred to a gloomier part of the

room the bubbles appear more slowly, till in absolute darkness

they cease entirely.

Chlorophyll, or the green colouring-matter.—The substance

which causes the green colour of leaves and stems may be

termed chlorophyll. Placing leaves in water, the chloro-

phyll is not removed from them, for it is insoluble in water.
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But an impure solution of chlorophyll may be obtained by
extracting the leaves by the aid of methylated spirits. The
leaves in time become whitish in colour, and the solution

becomes coloured. The solution is green in colour when
we look through it ; whereas it appears to be blood-red if

we inspect it when placed before a dark background. Light
decomposes the chlorophyll in the alcohol-solution, also in

plucked leaves themselves. This is all the more curious

because chlorophyll does not form in flowering plants unless

the latter be exposed to the light. A plant grown in darkness

has whitish or yellowish leaves. Bringing this bleached plant

into the light, the leaves soon assume a green colour ; light is

essential to the formation of chlorophyll. If the bleached
plant be killed before being exposed to the light it will not
produce chlorophyll ; the plant must be living if it is to make
chlorophyll. Again, if a germinating seed be supplied with the

solution mentioned on page 191, excepting that the iron be
omitted, the plant grows for a time, but is yellow. If we now
supply the iron, it becomes green. Therefore iroti is required

for the formation of chlorophyll. Finally, a certain degree of
warmth is essential for the manufacture of chlorophyll.

Probably the autumn tints of leaves are partially associated

with the decomposition of the chlorophyll under the influence

of light and the slowness of the production of new chlorophyll

because of the low temperature prevailing.
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ASSIMILATION OF CARBON

In the previous chapter it has been shown that the green

parts absorb carbonic acid and return to the air the oxygen

contained in the carbonic acid. The green parts, therefore, act

as a reducing mechanism,* and it follows that in them some
organic compound is formed at the expense of the carbon

obtained. For let us remember that our definition of an

organic compound is a carbon-containing body which is capable

of combining with oxygen. The first step, in following the

career of the absorbed carbonic acid, is to ascertain what

organic bodies are found in the plants.

First, there is no pure free carbon found in plants, so that

the absorbed carbonic acid does not simply lose its orygen,

and thus lead to the formation of pure carbon. There are

three universally present and important classes of organic

compounds found in all flowering plants. They are Proteids

(Albuminoids), Carbohydrates, and Fats or Fatty Oils. These
show their organic nature in being able to burn—that is, they

are able to combine with the oxygen of the air and give off

carbonic acid.

I. Proteids are very complex compounds of carbon, con-

taining also hydrogen, oxygen, nitrogen, sulphur, and some-

times phosphorus. The white of an egg is a good example of

a proteid, and the " lean " of meat is mainly proteid. Proteids

stain deeply with many dyes : they assume a yellow or brown

colour with iodine. There is one substance which is mainly

composed of proteids, and which is the most important part of

a plant or animal—in fact, it is the only living part of living

beings, and is termed protoplasm. Continued growth of a

living being (plant or animal) implies an increase in the amount
of protoplasm. Hence, if a plant is to continue growing, it

* By a "reducing mechanism" is meant a mechanism which wholly or

partially deprives certain oxygen-containing compounds of their oxygen.

196
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will require constant supplies of carbon, hydrogen, oxygen,
nitrogen, sulphur, and phosphorus, all of which are required to

build up protoplasm. In addition, protoplasm contains water.

In flowering plants the living protoplasm can be studied only

by the aid of the compound microscope. It then reveals itself

as a colourless, transparent, viscid substance, often with small

granules in it : it is capable of growing, dividing, and moving
about. All the complex processes performed by plants are due
to the action of protoplasm. Therefore, in studying plants

without the aid of a compound microscope, we are largely

engaged in learning the properties of this living substance

—

protoplasm.

II. Carbohydrates are simpler bodies than proteids ; they

contain no nitrogen. Sugars are carbohydrates which are

soluble in water. The sugar used for domestic purposes is

Cane-sugar (C12 Hog On), which occurs in many plants

(notedly in Sugar-Maples, Beet, Sugar-Cane). Grape-sugars

(Cb H12 Oe) also are found in plants. The test for grape-

sugar is to warm Fehling's blue solution, which, on the

addition of grape-sugar, forms a yellow precipitate. Starch

(Ce Hio O5) is a solid body which is insoluble in water.

By the use of dilute acids, or of certain "ferments," starch

may be converted into sugar. Starch is easily recognised

by its character of becoming blue on the addition of iodine.

A drop of iodine placed on the cut surface of a potato-

tuber, on ground rice or corn, causes a deep blue spo't, thus

showing that these bodies contain starch. Cellulose.—The
solid framework or skeleton of a plant is mainly constituted

of cellulose, or bodies allied to cellulose. Cellulose is a
solid, colourless substance insoluble in water. When treated

with sulphuric acid, it swells up and forms a substance like

starch-paste, and then it will turn blue when treated with

iodine. More prolonged treatment with the dilute acid causes

the cellulose to change into sugar. Unchanged cellulose is

stained yellow by iodine. Wood and Cork may, for the present,

be regarded as peculiarly modified celluloses. Thus the

familiar carbohydrates are all sugars or substances easily

convertible into sugars.

III. Fats and Oils.—These might be included under one
name, as a fatty-oil is merely a liquid fat. They are composed
of carbon, hydrogen, and oxygen, but contain no nitrogen.
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They are poorer in oxygen than are carbohydrates. They
will not dissolve in nor mix with water.

Formation of Starch at the expense of the carbonic acid

absorbed by leaves.—If we cultivate a bean-seedling with the

aid of the inorganic culture-solution mentioned on page 191,

but keep it constantly in absolute darkness, we shall find that

the organic substance in the seedling is not greater in quantity

than it was in the seed. This is due to the fact that, in the

absence of light, the plant cannot absorb carbonic acid. The
plant is starving. If we now pluck some of its leaves, put them

in methylated spirits to decolorise them, and iinally place them
in a solution of iodine, the leaves

will assume a yellow colour. They
contain no starch. If we now
expose the plant to the light for

several days the leaves become
green, and soon absorb carbonic

acid ; and when we treat these

leaves as we did the others, they

assume a deep blue colour (appear-

ing black) in iodine. Therefore

these green leaves contain starch.

In the bean-plant the absorption

of carbonic acid by green leaves

exposed to the light causes starch to

be manufactured. If we expose

only the roots to the light, starch

will not appear in the starved

plants: this illustrates the fact

that chlorophyll is essential for

the formation of starch at the

expense of carbonic acid. Again, if

we expose the leaves of the starved

plant to the light, but remove the

carbonic acid from the air sur-

rounding the plant, no starch

will appear. This proves that

it is the carbonic acid which

supplies the carbon essential to build up the starch. The
same experiments may be performed on a green bean-plant

which has been grown in the presence of light but subse-
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quently darkened for some days. A pretty experiment may
be made on a single large leaf of a sunflower. The leaf should
be encased in tinfoil and kept flat, a pattern then cut out from
the upper face of the tinfoil. For instance, the words " starch"
and " light " in capital letters may be cut out. The leaf must be
left for some days (still attached to the plant). It is then re-

moved and tested for starch, and it will be found that, after

treatment with methylated spirits and subsequendy with iodine,
the pattern will be marked in dark blue, whereas the rest of
the leaf will be yellow in colour. Only those parts of the leaf

which have been exposed to the light have manufactured starch
(fig. 239). If we use a plant with variegated leaves which
have patches of white, after darkening the leaves for several
days, and then exposing them to the sunlight for one day, we
find that starch is present only in the green parts of the leaf.

This again illustrates the fact that only the green parts absorb
carbonic acid and build up starch by its aid. If we kill the
leaves they will not manufacture starch.

How does the carbonic acid get inside the leaves? If

we fit a leaf into an air-tight india-rubber stopper, and place
it in connection with the apparatus as

given in figure 240, and we then suck
at the tube, the suction drains away
the air from above the water in the

bottle, and we see bubbles of air com-
ing from the cut end of the leaf-stalk

to the surface of the water. We can
continue this experiment for a con-
siderable time, thus proving that the

air which bubbles from the leaf-stalk

is not simply air which was inside the

leaf; butthat ithascomefromtheatmos-
phere outside the bottle, passing in by ^'s- 240.

the lamina, and travelling down the leaf-stalk. The leaves of the

majority of ordinary plants absorb carbonic acid by their lower
surfaces, and only slightly or not at all by their upper faces.

Hence a leaf coated with vaseline over its whole surface, or over
only its lower face, does not manufacture starch at the expense
of carbonic acid. But if only the upper surface of the leaf be
painted with vaseline, the carbonic acid can enter by the lower
face of the leaf, and starch will appear.
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Green parts wMch do not produce starch.—Some plants

produce little or ho starch in their green leaves. The onion,

for instance, produces sugar. Some other plants produce oils

at the expense of the carbonic acid.

Why is Light essential to the production of organic matter

at the expense of Carbonic ASid?—If we apply a light to

organic material (say wood) we''li;now that it will burn. We
make the burning wood (or leaves or coal) do work by setting

it to drive an engine. The work'is done because heat is given

out by the combination of oxygen with the organic material.

The oxygen and organic material combine and produce
compounds including water, carbonic acid, and ammonia.
Now, if we want to make these latter substances once more
form organic substance, we must remove the oxygen with which
their carbon is combined. In order to remove the oxygen it

is necessary to restore the heat (or its equivalent) which was

given away when the organic matter combined with the

oxygen. In other words, to tear the oxygen of carbonic acid

apart from the carbon, force must be applied ; and this force

(or, more properly, energy) is supplied to the leaves in the

form of sunlight. The green part of a plant is a machinefor
,
collecting and holding sunlight, by the aid of which to force apart

the oxygen and carbon of carbonic acid, with the object of build-

ing up organic matter (starch, sugar, fats, etc.). Put into

rough words, a leaf is a "trap to catch a sunbeam."
The transport of Carbohydrates in a Plant.—Starch and

sugar are not only found in the green parts of plants, but they

also occur in parts which have not been exposed to light and
which do not contain chlorophyll. For instance, the subter-

ranean tubers of the Pptato contain much starch ; the fleshy

roots of the Beet and Dahlia are rich in sugars. Starch and
sugar can appear in these underground parts even when the

plant has obtained its carbon solely from carbonic acid. Yet

we have learned that if plants be compelled to obtain their

carbon from carbonic acid, starch and sugar are formed only

in the green parts exposed to light. This proves to us that

the starch or sugar in the roots or tubers .must have been

derived from the organic material manufactured in the green

parts ; it is therefore evident that organic material can travel

inside the plant. This is easily shown by simple experiments

on leaves which manufacture starch. If we pluck some leaves
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which we know to be rich in starch, and keep them for one
or two days in a moist, dark place, we shall find that the starch

will disappear, but an equivalent amount of sugar will appear.

The insoluble solid starch has changed into soluble sugar.

If we perform this experiment on a leaf still attached to the

plant, the starch will disappear, but an equivalent amount
of sugar will not be present in the darkened leaves. In this

case the starch has changed into sugar, but the sugar has

travelled away into the stem. In other words, carbohydrates

travel through the plant in the form of sugar. In the potato-

plant, when the sugar reaches the tubers it changes once more
into starch ; whereas, in the case of the beetroot, the sugar

is deposited as sugar in the root.

Starch, Sugar, and Fats are food-substances.—We at once
ask of what use to a plant are starch, sugar, and fats which
have been manufactured by the leaves ? The question is easily

answered by reference to observations on seeds and plants

grown from them. We find that in a bean-embryo in the

seed there is much starch, and some proteid, as well as a little

cellulose. If we germinate this seed in darkness with the aid

of an inorganic culture - solution (page iqt), when the seed-

ling stops growing we shall find that it contains little or no
starch, but has relatively more cellulose, sugar, and proteids,

than was possessed by the embryo inside the seed. This

proves that the starch has been used up in the manufacture of

the cellulose framework and in building up new protoplasm.

In fact, the starch in the seed is changed to sugar and travels

to the growing parts of the shoot and root, and there acts as

food to the developing organs. Similar observations can be
made on potato-tubers which contain starch. Again, if the

seed contains much fat (or oil), as is the case with the castor-

oil seed, it is the oil which disappears and aids in the con-

struction of new plant-substance. All the chemical processes

involved in the building up of protoplasm from simpler sub-

stances are described under the name of assimilation. In the

process of assimilation of carbon, the earliest easily detectable

products in green parts are sugar, starch, or oil. These
substances may be consumed at once in the manufacture of

new protoplasm and new plant-substance ; or they may be
transported to some distant part of the plant and deposited

there- for future consumption. In the latter case they are
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described as reserve-substances. The proteids, starch, and oil

stored up in seeds are reserve-foods, to be used later on by
the developing seedling. Swollen subterranean stems and
roots are storehouses of starch {e.g. Potato), or sugar {e.g. Beet),

etc., which will feed the sprouting shoot in the following year.

Nutrition of Plants possessing no chloropliyll.— Some
plants, such as Fungi and the Dodder, are devoid of

chlorophyll. Consequently they are incapable of obtaining

their carbon from carbon dioxide : they require supplies of

organic carbon - compounds. Some of these plants absorb
their organic food from other living plants, upon which they

prey. They are then described as parasites {e.g. Dodder,
Broom-rape). Other plants which possess no green colouring-

matter obtain the needful carbon-compounds from the dead
remains and products of plants and animals ; these are described

as saprophytes {e.g. Bird's Nest Orchid, Monotropd). It must
be noted, however, that some parasites, such as the Mistletoe,

and some saprophytes, have green leaves.



CHAPTER XVIII

ABSORPTION OF WATER AND INORGANIC SALTS

Plants take in and give out water.—If flowering plants be
not supplied with water, they not only cease growing, but they

droop, wither, and finally die. This familiar fact demonstrates

that the plants both absorb and give off water.

The roots are the water-absorbing organs.—If we supply

water to the leaves and stems of an ordinary flowering-plant,

but keep the soil dry, the plants

wither. This proves that the

shoot is not able to absorb suf-

fiicient water. It is easy to show
that roots absorb water ; we
merely have to watch the diminu-

tion of the water from culture-

solutions in which the roots are

growing. By the aid of the

simple apparatus given in fig.

241 it is possible to measure
exactly the rate at which the

roots are sucking water in.

The roots also absorb salts

dissolved in water.—This state-

ment is easily proved by observ-

ing that the salts in culture-

solutions decrease in amount as

the roots absorb water.

Salts can be taken in by a root only when they are dis-

solved in water.—It is not easy to prove this statement without

the use of the compound microscope; but three experiments

illustrate the truth. If, instead of growing seedlings with the

help of a culture-solution, we give them water to which have

been added insoluble salts of all the chemical elements required

203

Fig. 241.—A thin, bent glass-tube

filled with water, and a plant, are

fixed, as figured, by means of an air-

tight cork, into a bottle full of water.

As the root absorbs, the rate at which
the water is sucked along the tube is

noted by the aid of a graduated piece

of cardboard.
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by the plant : we shall note that the root will absorb the water

but the salts remain as a powder in the vessel, and soon the

plants cease to grow. If we get some powdered eosin, and
add it to the water, the eosin will dissolve and form a red
solution. Now, putting the uninjured roots of a plant to dip
in this solution, the roots become red externally and internally,

and the red colour will extend for some way up their interior.

Trying the same experiments with red particles of carmine,
the carmine does not dissolve, it remains suspended in the

water in the form of fine granules (like red mud), nor will any
red colour pass into the root. Thus the eosin passes into

the root because it is dissolved in water ; the carmine remains
outside the root because it is still solid and undissolved. A
floweringplant can absofd only liquids or gases : it cannot take

in solid bodies.

Boots pour out an acid substance which, can dissolve some
minerals in the soil.—If the roots of a plant be made to grow
over and against a slab of marble, in time they make a pattern

of themselves on the surface of the marble. This is due to

the fact that the roots excrete a substance which corrodes
the marble by dissolving it wherever the young root touches
the surface. Placing a piece of blue Utmus-paper against the

absorbing part (see next paragraph) of a root, the paper
gradually assumes a red colour, thus proving that the substance
poured out by the root is of an acid nature.

Only the terminal portions of roots absorb liquids.—The
region of the root a short distance behind the tip is the part

which absorbs. This region is usually marked out by the

possession of numerous root-hairs, which aid in the process

of absorption. Sometimes the roots do not possess root-hairs
;

this is often the case with plants grown by means of culture-

solutions, but still it is the same region of the root which takes

in liquid. Hence, if we cut off all the younger terminal parts

of roots the plant is liable to die.

CONDITIONS INFLUENCING THE ABSORPTION OF
WATER BY ROOTS.

(Use the apparatus given in fig. 241 for these experiments.)

The Temperature of the soil, or of the culture-solution, affects

the rate of absorption by roots. If we cool the culture-solution

(by dropping pieces of ice into it or otherwise) the roots absorb
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more slowly. There are -minimum, optimum, and maximum
temperatures for absorption (see page 194). During summer
roots absorb more rapidly than in winter, for one reason,

because the soil is warmer.

Strength of the solutions.—If we make the culture-solution

gradually stronger and stronger, we find that, after a certain

strength is attained, the root absorbs more and more slowly as

the strength of the solution increases, till finally it practically

ceases to take in any liquid. We thus see that the root can

take up only weak solutions of salts.

Transpiration.—Again, carrying the plant into a better-

lighted spot, or where there is a drier atmosphere, absorption

increases in rapidity (see next chapter).

CHEMICAL ELEMENTS ESSENTIAL TO PLANT-LIFE,
AND THEIR ABSORPTION.

It has already been stated that a plant may be successfully

cultivated if supplied with the simple inorganic culture-solution,

mentioned on page 191, if the atmospheric air is also accessible.

In the solution and the atmosphere together there are the

elements carbon, oxygen, nitrogen, hydrogen, sulphur, phos-

phorus, iron, calcium, magnesium,, potassium (as well as common
salt, which the plant can dispense with). Every plant requires

all these elements : if it be deprived of one of them it cannot

continue to live and grow. The first six elements are essential

to build up protoplasm. Iron is required for the formation of

chlorophyll. The carbon is taken in as carbon dioxide by the

green parts. The last six elements must be absorbed by the

roots, because they are not found in the atmosphere : they are

absorbed in the form of salts in solution. Hydrogen and

oxygen are taken in as water (HgO). But oxygen and nitrogen,

so far as we have yet learned in this book, might be absorbed

from the air or from the soil, as they occur in both. The
oxygen will be dealt with in a future chapter. There only

remains nitrogen.

Absorption of Nitrogen.—Does the plant absorb the free

nitrogen from the atmosphere by its shoot, or does it take

nitrogen in by its roots ? If we take away all the combined

nitrogen (nitrates) from the culture-solution already described,

and endeavour to grow a seedling of a Sunflower in the culture-

solution thus impoverished, the plant remains stunted and soon
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dies (fig. 242). It dies

Fig. 242. — Sunflower-
plants. The two left-hand plants
have been cultivated in a soil

containing combined nitrogen
in the form of potassic nitrate.

The two right-hand plants have
been cultivated in a soil similar,

excepting that there is no com-
bined nitrogen in it. (After
A. Mayer.)

for want of nitrogen, though it has

an inexhaustible supply of free

nitrogen in the air around it and in

the air dissolved in the culture-

solution. This proves tha,t the plant

cannot obtain from the air the nitrogen

it requires. The plant must have com-
bined nitrogen—preferably nitrogen

containing salts—supplied to its roots.

Hence the roots absorb all the

elements required by the plant with

the exception of carbon.* The
members of the Bean-family (Legum-

inosce) form an apparent exception to

this rule. They have peculiar swell-

ings on their roots — the so-called

tubercles or nodules—which are caused

by microscopic fungi or bacteria.

These Leguminosm can live and grow
vigorously when the nitrogen is

supplied to them only in the form

of free nitrogen gas. But if the roots

of a leguminous plant are not infected

with the tubercle-bacterium, the plant

remains stunted and soon dies when
not supplied with nitrates or other

compounds of nitrogen. In some
way the bacteria enable leguminous

plants to employ free nitrogen as

food.

CURRENT OF WATER AND SALTS UP THE STEM
TO THE LEAVES.

If we observe the amount of water absorbed by the roots

dipping in a culture-solution, we see that it is many times as

great as the volume of the roots. The roots are not large enough

to have retained all the water they absorbed ; it is therefore

evident that some of the liquid must have passed up into the

stem. Salts also are carried up into the stem and to the

leaves, as is shown by the fact that large quantities of the

* The roots can also absorb organic carbon-compounds, though they can-

not take in carbonic acid.
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elements absorbed only by the roots are found in the stem
and leaves. The water travels up the woody part of a stem.

This can be demonstrated by cutting a ring of bark (right

03
Fig. 243.—Branch of a tree from which a ring of harlc has been

cut, with its lower end dipping in water.

down to the wood) from the stem or branch of a tree (see

fig. 243). In spite of this injury to the stem the water con-

tinues to travel up, as is evident from the fact that the leaves

attached above the ring-like cut do not wither (see next

chapter) and the base of the stem or root continues to absorb

water. It is not easy to prove that the salts dissolved in the

water"go up the wood with the water. But we canMllustrate
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the process by putting the cut end of a branch in a coloured
watery solution (say of eosin). The colour gradually passes up
the wood, and finally extends along the nerves of the leaves

:

thus showing that the colouring-matter travels up the wood
with the water in which it is dissolved. If the branch has no
general woody body, but possesses separate strings (vascular

bundles) of woody tissue, the water and colouring - matter
will travel up the isolated bundles.



CHAPTER XIX

TRANSPIRATION

If we measure the amount of water absorbed by a green plant

grown by the aid of a culture-solution, we see that it soon
exceeds the volume of the whole plant. This proves that not
only does the plant absorb water by means of its roots, but
that it also gives some water back to the air by the aid of its

shoot. This fact is also shown by the familiar experience that

a plant, or a cut shoot, withers if it be not supplied with water.

In these cases the water passes off in the form of an invisible

vapour: it is evaporated from the shoot of the plant. The
evolution of water in the form of a vapour from those parts
of living plants which are in contact with the air is termed
transpiration. It is important to note especially that transpir-

ation refers only to water given off in the form of a gas, and
that it does not include water which exudes in the form of

drops. As we shall see later, the leaves of some plants, in

addition to transpiring, excrete liquid water.

How to measure transpiration.—{i.) Method of weighing.—
We take a potted plant, cover the earth in the pot around the

base of the plant's stem with a piece of tinfoil, and now weigh
the plant, together with the pot and its contents. We weigh a
second time after the lapse of an hour or two. The weight

has decreased because the plant has lost water by transpiration.

The loss of weight does not exactly represent the weight of

water transpired, because the plant has become slightly heavier

by reason of the carbon which it has absorbed from the atmos-

phere. But the gain in weight due to the absorbed carbon is

so excessively small, compared with the weight of water tran-

spired, that we may neglect it and regard the loss of weight as

measuring the amount of water transpired. The tinfoil is

placed over the soil in the pot in order to prevent water from
evaporating from the surface of the soil. [This experiment is

best performed on a fine day or in a dry room : see later.]

209 o
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(ii.) Cobalt-paper method. — If we soak some white filter-

paper in a weak solution of cobalt chloride, and dry it near
a fire or in the sunlight, the paper will assume a blue colour.

When this blue paper is brought into contact with damp air it

gradually assumes a red colour, and the damper the air is, the

quicker does ' the red tint appear. Therefore, held near a

transpiring leaf, the rate at which the blue paper turns red

affords us a means of judging the speed at which the leaf is

making the air around it damp, or, in other words, it shows us

how fast the leaf is transpiring.

Leaves are tlie chief transpiring organs of a plant.—If we
compare (by weighing) the rate at which two branches of a tree

transpire, we find that a branch bearing many leaves transpires

much faster than the branch having few leaves. Again, if we
cut the leaves off a branch, we ascertain that the branch tran-

spires very much more slowly than when the leaves were
present. We therefore conclude that the leaves, exposing a
large surface to the air, are the parts of a plant which are

mainly responsible for transpiration ; a green stem does tran-

spire to a certain extent, but a woody stem scarcely transpires

at all.

Usually tlie lower face of a leaf transpires more rapidly

than the upper face.—We can easily prove the truth of this

statement by experiments by the cobalt method on leaves of a
plum, cherry, pear, oak, etc. The leaf is placed between two
pieces of glass, with a piece of cobalt paper on part of each
face. The cobalt paper in contact with the lower face soon
becomes red, whereas the piece touching the other face

remains blue for a longer period. This rule generally holds

true only for leaves which are extended so as to have one
surface pointing upwards and one facing downwards ; leaves

like those of the onion, which are nearly erect, transpire

equally on all faces.

The rate of transpiration vai^ies with the temperature of

the air.—A plant placed in a warm position in a room tran-

spires more rapidly than in a cool position in the same room.

A rise of temperature causes a plant to transpire more rapidly,

and a fall in temperature retards the process.

Light favours transpiration.—This may easily be illustrated

by comparing the rate of transpiration of a plant or leaf at first

placed near a window for a time and then taken into a darker

part of the same room.
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The rate of transpiration depends upon the moistness of
the surrounding air.— A plant placed under a glass bell-jar

soon begins to transpire very slowly, because the air becomes
saturated with moisture ; whereas if pieces of calcium chloride

be suspended near the plant it transpires rapidly, because the

calcium chloride sucks the moisture from the air and renders

it dry. Thus we find the drier the air is the more rapidly a
plant loses water by transpiration.

Movements of the Air (Wind) often increase the rate of

transpiration.—This is not as easily proved in a simple

manner, but a familiar fact illustrates its truth. Plants placed

in draughty passages in a house are liable to wither and fade

sooner than those placed in ordinary rooms, because they

transpire more rapidly without being able to make up by
a corresponding increase in the rate of absorption of water.

These facts explain various more or less familiar phenomena.
Plants transpire more rapidly at daytime than by night, because
the air is warmer and often drier, and because the leaves are

exposed to light. Again, if cut flowers or shoots be placed at

once in a dark box they remain fresh for a longer time than
if they are exposed and carried for the same length of time in

the hand. The fading is due to transpiration without corre-

sponding absorption. In the dark box, transpiration is slower

because of the absence of light and the stillness of the air

inside the box, also because the air in the box soon becomes
damp.

Function of Transpiration.—We have seen that the root

absorbs water and dissolved salts, and that this solution is then

carried up the stem to the leaves, and finally a large part of

the water is returned to the air. Why should the plant take

the trouble to drink in so much water, carry it up to the leaves,

and then throw most of it away? Transpiration confers at

least two important benefits on the plant. In the first place,

the water transpired brings with it salts in solution : the salts

are required as food. But the available salts are only present

in the soil in the form of very weak solutions ; and even if

they were present in the form of strong solutions the roots

could not absorb them. The result is that the plant is com-
pelled to absorb a great quantity of salt-solution in order to

obtain the salts it requires. The water is taken in largely in

order that the plant may have the salts. When the solution
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has travelled up to the factories of the plant—the leaves—the

water has performed its carrying work and can be thrown

away to make room for fresh supplies of salt-solutions. In

the second place, transpiration helps to draw the salt-solution

up the stem, and even causes the root to absorb liquids more
quickly. It is easy to show that transpiration influences the

rate at which the root takes in water : for if we place a glass

bell-jar over a plant fitted into the apparatus figured on page 203,

the root will gradually absorb more
and more slowly as transpiration is

retarded by the increasing moisture of

the air under the bell-jar. Again, if

we remove the bell-jar and transfer the

plant and apparatus to a well-lighted

window, the roots will absorb more
rapidly than ever, because transpiration

has been accelerated by the strong light.

We can indeed use this fact as a rough

method for judging of the rate at which
transpiration is going on, merely measur-

ing the speed at which absorption by the

root, or the cut end of a stem, is pro-

ceeding. It is important to remember,
however, that the root does not neces-

sarily absorb the same quantity of water

as the leaf transpires. Plants not

watered, and plants whose roots are

kept colder than the shoot, are liable to

fade—that is, to lose more water than

they absorb.

Fig. 244.—Apparatus for in-

ducing the excretion of drops
ofwater from cut shoots. Thf

EXCRETION OF LIQUID WATER
FROM LEAVES.

Early on a summer morning pearl-

like drops of water may be seen glisten-

ing on the leaves of many plants.

These are usually described as dew-

drops—that is, they are supposed to

have been derived from -the air. Frequently, however, this

description is incorrect, because the drops have been pumped
out from the leaves. For instance, water is thus excreted from

clear space below the plant-

stem is occupied by water
inside the short arm of the

glass-tube : the water is being
forced into the stem bjr mer-
cury (which is shaded in the

iigure).
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the leaf-teeth of many plants (Buttercups, Poppies, Violet,

Strawberry, Gooseberry and Currant trees. Foxglove, Daisy)

;

from the leaf-tips of others (Grasses, Stitchwort) ; from
spots on the leaf-margin (garden " Nasturtium ") ; or from the
upper faces of the leaves. These drops appear especially when
transpiration is slow, though absorption by the root is rapid.

Consequently, if we place a potted plant under a bell-jar and
warm the roots, we can easily induce the excretion of

liquid water from the leaves. In most cases the water will not
ooze from the leaves if the leaves or branches are removed
from the plant, even if their ends are dipping in water. If,

however, we force water up the cut end of the stem, by means
of a column of mercury, as shown in fig. 244, water will more
or less rapidly come from the leaves. This suggests that the
root in some way pushes the water up the stem and forces it

out of the leaves. But in some cases the water will appear
even if the leaves are separated from the roots, as in the
Fuchsia, just as sugar-solution will pour out of the nectaries of

cut flowers. p.

ROOT-PRESSURE.

If we cut across the stem of a Vine in early

spring, the cut surface of the stump attached to

the root will "bleed": in other words, a solution

is forced out of the- cut surface. By fixing a long

vertical glass tube to the stem, as in fig. 245, we
see that the root is able to push the water high up
the tube. The power which the root possesses of

forcing water upwards is termed root-pressure. If

we warm the roots the root -pressure is rapidly

increased ; cooling the roots has the opposite effect,

so that the column of water remains stationary or ^

rises slowly. Thus root-pressure depends on the

rate at which the root is absorbing water. If the

leaves of a plant are transpiring rapidly and we
cut the stem across, we shall see no "bleeding,"

there is at first no sign of root-pressure, though in

many plants it will appear after a time if the roots be kept
warm and transpiration be arrested.*

* This absence of root-pressure in rapidly transpiring shoots does not
imply that the force which causes root-pressure has stopped.

Fig. 245.
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CAUSE OF THE ASCENT OF THE WATER UP
THE STEM.

So far nothing has been said concerning the forces which

cause water to travel from the root-stem up to the leaves.

This question cannot be fully answered. There are two forces

which aid the process—(i.) Root-pressure pushing the water up
from the roots; (ii.) transpiration pulling the water to the

leaves. Beyond these two bare statements it is impossible to

go at present.



CHAPTER XX

RESPIRATION

In all the experiments previously described we have assumed
that the shoot of the plant is supplied with atmospheric air.

The green parts can take carbonic acid from the air. The free

nitrogen of the air can be dispensed with. The question now
arises " Does the plant require or use the free oxygen of the

air?"

If we put a number of moistened germinating seeds, or young
flowers (not green),' into two bottles which we close up by
means of air-tight corks, after a lapse of some (say twenty-

four) hours changes have taken place in the air inside the

bottle. We open one bottle, pour in some lime-water and
shake it up. The lime-water becomes milky : thus showing
that there is more carbonic acid in the contained air than there

was at first. At the commencement of the experiment the

lime-water would not become milky. We open the other

bottle and thrust a lighted taper into it. The taper is at once
extinguished : a fact which proves that the free oxygen inside

the bottle has, wholly or partially, disappeared. These experi-

ments illustrate the fact that growing flowering plants consume
oxygen and give out carbonic acid. Another simple experi-

ment proves the same. Before closing the bottle containing the

seeds, we place in it a vessel containing a solution of potassic

hydrate ; we also fit a bent glass tube into the cork (as in fig.

246) and pour a coloured liquid into the tube. The liquid will

stand at the same level in both arms of the tube. We then fit

the cork into the bottle. The carbonic acid present in the air

of the bottle will be constantly absorbed by the potassic

hydrate. Now, if the seeds merely gave out this gas with-

out taking in any other gas from the air, the amount of air

inside the bottle would remain the same throughout the

experiment and the liquid in the two arms of the tube would
remain at the same level. (For, the decrease of the amount of
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Fig. 246.

gas due to the absorption of the minute amount of carbonic acid
present in the air at the commencement of the experiment
would be imperceptible.) But we find that, on the contrary,

the liquid rises in that arm of the

tube which is in direct communication
with the air inside the bottle (see

^ fig. 246). This proves that the seeds

are absorbing gas from the contained

air. The absorbed gas is oxygen.

The evolution of carbonic acid implies

that the organic substance of the plant

is being split up into simpler con-

stituents, one of which is carbonic
acid. Though it is not capable of

simple proof, water is also produced as

a result of this decomposition. The
fact that the plant loses some of its

solid substance by this process is

well illustrated by the following

experiment. Seeds or potato

-

tubers are germinated in darkness, being suppHed only
with air and pure (distilled) water. Growth continues for a
time, but the plants are growing at the expense of the reserve-

foods contained in their substance, for they are receiving

no food capable of building up organic matter. After they
have grown for a time we examine them chemically, and
find (by calculation) that they contain less organic substance
than they did in the seed- or tuber- condition. They have
lost substance, particularly carbon, because of the evolution
of carbonic acid gas derived from their organic substance. All

the facts above cited prove that in actively-living plants there

is a process going on by which the organic matter of the
plant is being broken down and carbonic acid is being
evolved, and that the decomposition is accompanied by an
absorption of oxygen. This process is termed respiration.

It will be noted that the process of respiration involves an
excretion of carbonic acid and an absorption of oxygen. The
assimilation of carbon by green parts exposed to light involves

processes which are just the reverse. Hence it is not easy to

prove that green parts of plants exposed to light are respir-

ing; for, carbonic acid is being absorbed much more rapidly
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than it is being excreted. Still, green parts can be shown to

respire if they be kept in darkness. Respiration is always

going on in actively-living parts, and in all parts of the plants.

The absorption of carbonic acid by the plant only takes place

in green parts, and only when the parts are exposed to light.

There is another difference between respiration and the assimi-

lation of carbon from carbonic acid. The volume of oxygen

absorbed is not necessarily equal to the volume of carbonic

acid released during respiration—in fact, the plant may for a

time respire and evolve carbonic acid, when it is not pro-

vided with oxygen. Whereas, when carbonic acid is absorbed

in the process of assimilation, an equal volume of oxygen

is always released, and no oxygen is evolved unless carbonic

acid is absorbed.

Free oxygen is essential to maintain the active life of a

flowering plant.—Oxygen is not only absorbed by a plant,

but it is absolutely indispensable. A pretty experiment illus-

trates this. Two bottles are obtained. Into one a little water

is poured, and into the other pyrogallic acid

dissolved in an equal amount of water. Two
small moist sponges are selected, and cress

seeds sown in the small holes of the sponge.

The sponges are now suspended from the

under-surface of the corks, which are fitted air-

tight into the two bottles (see fig. 247, which

shows the complete apparatus). The seedlings

soon germinate on the sponge which hangs

in the air over the water. On the contrary,

the seeds suspended over the pyrogallic acid

do not germinate : the pyrogallic acid has absorbed all the

oxygen from the air and so prevented growth. If we place a

plant in an atmosphere devoid of oxygen, all the movements of

the leaves and flowers which are signs of active life cease (see

next chapter). We can now explain why land-plants which are

too freely watered die. Gardeners say that their roots "rot

away." The truth is that the earth becomes saturated with

water which drives out the air contained in the soil, and in

consequence the roots cannot obtain sufficient oxygen and die

of suffocation.

Conditions affecting respiration.— (i.) Plants respire in

light and darkness, (ii.) Oxygen. In the absence of oxygen.

Fig. 247.
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respiration continues for a time, but finally stops. This

proves that the absorption of oxygen increases respiration.

(iii.) Temperature. A rise in temperature up to a certain

extent favours respiration. This can be proved by keeping

germinating seeds in a, cold place, when they will respire slowly,

(iv.) Rapidly-growing parts respire vigorously. Any circum-

stances (fall in temperature, stopping supply of oxygen) calcu-

lated to stop growth, retard respiration. This is really putting
" the cart before the horse," because the stoppage of growth

is largely caused by the arrest of respiration, not vice versA. A
passive resting-seed or tuber respires very slowly indeed,

but when growth commences, its respiration is rapid, (v.) Only
livingparts ofplants respire. This is the most important fact

of all, though not easy to prove. We can illustrate it by
killing moistened
seeds by means of

boiling water, and
comparing their
effect on the air

in a closed bottle

with the effect pro-

duced by germin-

ating seeds which
are living.

Respiration
causes a libera-

tion of heat from
the plant.— If a

thermometer be
plunged amongst
a number of ger-

minating seeds or

young flowers, the

mercury will rise,

thus showing that the seeds are warmer than the surrounding
general atmosphere. If the seeds be killed, there will be no
appreciable change in the level of the mercury of the thermo-
meter, thus proving that the rise of temperature is dependent
on the parts being alive. In general, any conditions which
retard respiration will cause the rise in temperature to be
smaller.

Fig. 248.—Apparatus to show the rise of temperature
during respiration, A thermometer-bulb is surrounded by
germinating peas, which are in a glass funnel. Outside is

a reversed box, of wood or cardboard, through a hole in
which the thermometer-tube passes.
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GEOWTH

Definition.—It is not easy to say exactly what we mean by
the word growth. It does not denote simple increase in size

or change in shape. A dead, dry bean-seed will swell when
supplied with water; but if the dead bean-seed be dried

once more, the bean shrinks to its former dimensions. If we
supply water to a living bean-seed the latter does not merely
become larger ; a great change in the form ensues. The little

embryo develops roots and stem and leaves. We know
perfectly well that if we take away the water from the bean-
seedling we cannot once more change it into a bean-seed.

Growth is a permanent change in the form of the plant, and
can take place only in living parts.

CONDITIONS ESSENTIAL TO GROWTH.
(i.) The plant must be living, (ii.) Only parts of a plant

which are in a youthful (embryonic) condition, or can be
brought into a youthful condition, are capable of growing.

This statement can be proved only by the aid of the compound
microscope, but it may be illustrated by examples. We
know, for instance, that we continue to grow in height only up
to a certain age. Again, the young growing points of roots

and stems are the only parts of them which grow in length.

In the grasses there is an apparent exception to this last

statement, for the tissue just above the old nodes can grow

;

but this tissue really remains in a " youthful condition " in

spite of age. (iii.) A supply of water is essential. Water is

required, first, because it is a constituent of the living substance.

Furthermore, it is a food-substance. In the third place, it serves

to carry the nutrient substances to the growing parts. Finally,

it keeps the fresh green parts of plants in a stiff and extended

condition, as is proved by observing the process of fading or

withering of drying parts of plants, (iv.) Oxygen is required
219
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for respiration (see previous chapter), (v.) Appropriate food

material is essential. The plant must have some food-bodies

which it can convert into protoplasm and other substances

constituting the body of the growing parts. This does not

imply that the food-bodies must come from outside the grow-

ing plant. They may be already there, stored up as reserve

material. Growth does not therefore necessarily imply an
increase in the amount of solid substance composing the plant.

Indeed, we have learnt that there is no increase in the dry

weight of seedlings grown in darkness and supplied with only

pure water and oxygen. (vi.) The temperature must be
suitable. A plant placed in too hot or too cold a place

will not grow.

GROWTH IN LENGTH.

It is more convenient and instructive to study growth in

length of stems and roots than to follow their growth in thick-

ness.

CIRCUMSTANCES INFLUENCING THE RATE OF GROWTH
IN LENGTH OF STEMS AND ROOTS.

Temperature.—If we keep a plant in a very cold place its

stem will not elongate ; if we gradually raise the temperature,

a point is reached at which the plant is just warm enough for

the stem to commence to elongate. This is the minimum (or

lowest) temperature for growth in length of the stem of that

particular plant. Warming the plant still further, the stem
elongates faster and faster as we raise the temperature up to

a certain point. At this particular temperature the growth in

length is most rapid ; it is the best, or the optimum, temperature

for growth in length (for that particular plant). If we still con-

tinue to place the plant in warmer and warmer places, every

rise in temperature above the optimum causes growth to be-

come slower and slower. We are, so to speak, overheating

the plant. Finally, a temperature is reached which is the

highest at which the stem can elongate—this is the maximum
temperature. Placing the plant in a place the temperature of

which is higher than the maximum, the stem does not elongate.

Effect of water supply.—If we do not supply water to a

plant, growth in length of stem becomes gradually slower and
slower till it ceases.
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Effect of ligM.—We might expect that a stem exposed to

the light would grow more rapidly than one kept in darkness.

But our anticipations are not realised. Light retards the

growth in length of a stem. In the case of the majority of

plants which possess stems having internodes of easily per-

ceptible length, the stem grows more rapidly in darkness.

The plants grown in absence of light have thin stems with

long internodes and small leaves ; furthermore, they are devoid
of chlorophyll. Such plants are said to be etiolated. In
the case of plants like the Iris or Onion, with more or less

erect radical leaves, the stem does not elongate abnormally
in darkness, nor are the leaves dwarfed.

Nutation.—Even if every external influence (light, tempera-

ture, etc.) be kept unchanged, a stem does not grow evenly at

its tip. Just behind the apex it grows more rapidly on one
side than on the other, so that at this region the stem becomes
a little longer on the more rapidly-growing side, and therefore

bends over towards the opposite side. Soon the elongating

part of the stem proceeds to grow more rapidly on another

side, and the bend takes a new direction. Thus the end of the

stem may be said to nod slowly, and the word nutation (nod-

ding) is used to denote this phenomenon. Each growing part

of the stem, which was originally bent by nutation, finally

straightens itself before ceasing to elongate, so that a mature
stem does not show the zig-zag course which it executed. This

nutation of the stem may be seen especially clearly in twining

plants.

All these variations in the rate of growth in length may be
followed by using the method of making equidistant ink marks
along the elongating parts of the stems (see page 5).

CIRCUMSTANCES INFLUENCING DIRECTION OF THE
GROWTH IN LENGTH OF STEMS AND ROOTS.

Various external agencies influence not only the rate at

which stems and roots elongate, but, to a certain extent,

determine the direction in which those organs shall grow.

Heliotropism.—If potted plants be left for days undisturbed

in front of a window, we know that their stems tend to point

towards the window—that is, towards the light. Ordinary stems

of flowering plants tend to grow towards the light, and _ to

place themselves in a straight line with the source of the light.



222 DIRECTION OF GROWTH

To a certain extent many roots are affected also by the direction

of the light falling on them; like the stems, they tend to

place themselves (or rather their young growing parts) in the

same line as the rays of light, but, unlike the stems, they grow
directly away from the source of light. This influence of the

direction of the rays of light upon the direction of the growth of

parts of plants is described as heliotropism. The roots and
stems thus affected are said to be heliotropic; the stem is

described as positively heliotropic, because it grows towards
the light, whilst the root is said to be negatively heliotropic,

because it grows directly away from the source of light.

Many roots, however, display only very slight, if any, helio-

tropism ; many stems which are not erect are not positively

heliotropic.

Geotropism.—We know that all bodies are attracted to the

centre of the earth by the force of gravity. This force also

influences the direction of the growth, of stems and roots. If

a bean-seed be germinated in absolute darkness, in whatever

manner the seed be placed the main root will bend downwards,

whereas the young stem will curve and grow vertically upwards.

This behaviour is evidently not caused by the directive influ-

ence of light, because the seedling is in darkness. The end of

the root does not bend downwards because of its weight, nor

does it bend downwards because it is attracted by solutions

of salts or water, for the root will force its way down into

mercury which is much heavier than itself If the bean-seed-

ling be germinated on a slowly rotating vertical wheel, the roots

and stems will not grow in any definite fixed direction, because

gravity no longer acts on them in a constant direction. The
influence which gravity exerts on the direction of growth on

plants is described under the word geotropism. A main root

is said to be positively geotropic, because it tends to place itself

in the direction of the action of gravity and grows towards the

centre of the earth. Many main stems and flowering axes are

said to be negatively geotropic, because they tend to place

themselves in the direction of the action of gravity but grow

away from the centre of the earth. Lateral roots and lateral

stems are influenced by gravity in a manner which cannot be

discussed here.

Hydrotropism.—-Many roots grow towards moisture in the

soil, and are said to h& positively hydrotropic.



DIRECTION OF GROWTH 223

In all these directive effects it must be noted that it is only

the young elongating parts which respond to external influences

(light, gravity, water), by curvatures or continued growth in

one direction. Further, it must be noted that the ultimate

direction assumed by a stem or root depends on the sum of

all these influences (together with others not treated here).

For instance, we often find that the directive influence of

water on a main root frequently overpowers the directive in-

fluence of gravity, if the two influences are not working in the

same direction. The consequence is that the root may not

grow vertically downwards.



CHAPTER XXII

IRRITABILITY AND MOVEMENTS OF LIVING
PARTS OF PLANTS

When plants or animals are influenced by a disturbance in the

world outside them, the effect produced is not so simple as is

the case when dead bodies are acted upon. We may illustrate

this statement by an example : Supposing we push a book along

a table, we notice two facts with reference to the behaviour of

the book, (i.) The amount of movement is exactly propor-

tionate to each push we give, (ii.) The book moves in the

direction of the push. We now consider an influence oper-

ating on a living organisih. Suppose a tiny particle of food to

enter the windpipe of a man, it may cause the man to cough so

violently that many of the muscles of his body are called into

play by the paroxysms. There is no proportion between the

insignificant disturbing external cause (the particle in the wind-

pipe) and the very great response. Again, if we place a bean-

seedling on moist earth in a dark place in such a manner that

its main root and main stem lie horizontal, when growth
begins, the end of the stem will bend up, but the tip of the

root will curve downwards. Thus the same disturbing cause

(gravity), acting in same direction on the root and stem,

occasions a different and even opposite response in the two
parts of the plant. This property of responding in a peculiar

manner to external clianges, and which is possessed only by
living plants and animals, is termed irritability. A dis-

turbing external influence which is able to call forth a

response is termed a stimulus.

PERIODIC MOVEMENTS OF LEAVES AND FLOWERS.

At night-time many leaves place themselves in postures

different from those which they assume during the day, and
execute movements to attain their day-position and night-posi-

tion. These movements may be seen in the cotyledons of

224
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- Compound leaf of Woodsorrel

:

Fig. 249. -

day-position.

Fig. 250.—Ditto : night-position.

certain plants {e.g. seedlings of the Sunflower and of Stellaria

media), which either rise or sink as night sets in. The
foliage-leaves of Stellaria media also move : at night the
opposite leaves at each whorl incline towards each other
with their tips pointing more or less towards the apex of the

249 250 stem : at daytime these

leaves diverge and stand

out more nearly at right

angles to the stem. In
compound leaves the move-
ments of the leaflets are

even more striking. By
day the three leaflets of a
leaf of the Woodsorrel
{Oxalis acetosella) are fully

expanded and horizontal

(fig. 249); but at night-

time the leaflets droop
vertically downwards, something like a closed umbrella (fig.

250). The leaves of the Dutch Clover {Trifolium repens) are
expanded by day (fig.

251); but at night the

three leaflets composing
a leaf bend and fold so

that the terminal leaflet

forms a roof over the two
lateral leaflets (fig. 252).

The pinnate compound
leaves of many Legum-
inosae either rise or sink

at night-time, and the

opposite leaflets bend to-

wards each other in pairs

either upwards or down-
wards.

Many flowers and some inflorescences have difl^erent day-

and night- positions. In most cases the flower or inflorescence

(usually capitulum) is open at daytime (fig. 253), but closed

by night (fig. 254); but each flower has its own opening and
closing time. The accompanying table shows the opening and
closing times of some flowers and inflorescences ; it also shows

p

Fig. 251.—Compound leaf of Clover :

position.

Fig. 252.—Ditto : night-position.

day-
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that some flowers {e.g. Lychnis vespertina) are closed by day
but open by night.

Fig. 253.—Capitulum of
Dandelion open.

Fig. 254.—Ditto closed.

Name.
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plant or a Daisy-plant in a dark place, the leaves of the former
and the capitula of the latter will close up. Here the sudden
removal of light acts as a stimulus, and the irritable part of the

plant responds by closing. Bringing these plants back into the

light, the leaves and inflorescences open. Again, if we put a

Tulip-plant with fully-developed but closed flowers into a warm
place, we can cause the flowers to open. When the flowers

are open and the plant is transferred to a cold place, the flowers

commence to close. Here the rise or fall of temperature acts as

a stimulus. (Similar observations may be made on the Crocus.)

Finally, we know that the flowers of Anagallis arvensis (the

Poor-man's Weather-glass) will close at daytime if the air be
damp and the weather dull.

These movements induced by stimuli enable us to illus-

trate the meaning of irritability. If we kill the plants be-

fore trying these experiments, the leaves and flowers will not

respond to the stimuli (of light, heat, etc.). This illustrates

the fact that only living plants (and anirrials) are irritable. But
we can render plants non-irritable .without killing them. If,

for instance, we expose them to chloroform-vapour, or keep
them in a cold place, or in darkness for a considerable time,

they are rendered incapable of responding to stimuli : they are

no longer irritable. Restoring these plants to their ordinary

surroundings, they may soon re-acquire their irritability and
execute movements when stimulated by light, heat, etc.

These experiments incidentally show us that light and heat

may act on a green flowering plant in two different manners.

In the first place, light and heat serve to keep the plant healthy,

so to speak, and thus enable it to respond to stimuli. A green

plant immured in darkness for a considerable time or kept in a

cold place becomes ill and loses its irritability. Thus we may
say that heat and light exert a tonic influence on plants. In the

second place, when the plant is in a tonic (healthy) condition

sudden changes in temperature or light act as stimuli and may
cause movements. Thus light and heat also exercise stimulat-

ing influences on the plant.





APPENDIX*

ON TECHNICAL TERMS

PLANT.

I. Arboreous or arborescent plant= a tree. Fruticose or frutescent plant
= a shrub. Suffruticose or snffrutesoent plant= an under -shrub, a sub-
shrub

—

i.e. a plant having deciduous herbaceous upper parts and a perennial
woody base. Bush= a low much-branched shrub. Terrestrial= growing
on land. Aquatic= growing in water. Parasite=a plant growing attached
to, and deriving food from, another living plant or a living animal. Epiphyte
= a plant living attached to another plant, but deriving no food from the
latter. SapropIiyte=a plant feeding upon decaying animal- or vegetable-

remains.

ROOT.

II. Root-flbrea = the slender elongated portions of roots. Tap-root=

a

stout vertically-descending main root, with or without small branches. A
root is fibrous when it is devoid of a tap-root and consists of a number
of long fibres. A root is tuberous when it is thickened to form short

swollen masses termed root - tubers. Fusiform = spindle - shaped.

Spongiole= the root-tip. Pileorbiza= root-cap. Coleorhiza= an addi-

tional sheath encasing the root and root-cap of a grass-embryo in the

seed. Endorhizal= having the root of the embryo encased in an additional

sheath. ExorMzal =not having the root of the embryo encased in an
additional sheath.

STEM.

III. Tigellum = the main stem of the embryo in a seed ; sometimes is

used as a synonym of the word plumule, which denotes the shoot of the

embryo in the seed.

IV. Adjectives denoting the direction of growth of stems which are

above ground.— Erect = upright. Flexuous = zig-zag. Procumbent or

prostrate = trailing along the ground. Diffuse= procumbent and copiously,

* This Appendix is intended merely for use as a Dictionary in case of necessity ; on no
account should it he studied : for it contains not only many terms which are useless or
obsolete, but also some which are actually incorrect or misleading.
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also loosely, branched. Creeping= trailing and giving offadventitious roots
frotn the stem ; the term creeping is also sometimes applied to subterranean
horizontally elongated rhizomes. Tufted or csespltose=when a number of
short stems, closely set, spring from the rhizome. Soandent = climbing.
Voluble= twining.

V. Characteristic types of stems.—Flagellum or runner — a creeping
stem with long whip-like internodes, and with foliaged tufts at the nodes.
Offset is similar to a runner, but has shorter internodes. Stolon= a trailing

or descending branch which dips into the soil and gives off adventitious
roots. Stoloniferous - possessing stolons. Sucker= a new stem rising
above the soil from, and produced by, a subterranean horizontal stem or
root. The term sucker is also applied to the sucking root-like organs by
means of which parasites absorb food from the plants on which they live.

Pliylloclade= cladode. Culm = a jointed stem like that of a grass.
Fistular stem or leaf is one which is hollow along its whole length.
Scape= a stem rising from the ground, not bearing any cauline foliage-

leavps, but terminating in a flower or an inflorescence. Bulbils = small
axillary buds which separate from the mother-plant and become distinct

individuals.

VI. Gro\yth in thickness of stems. — Endogenous = not undergoing
secondary increase in thickness ; an Endogen is a Monocotyledon.
Exogenous — undergoing secondary increase in thickness ; an Exogen is a
Dicotyledon. These obsolete meanings attached to the words Endogenous
and Exogenous are widely different from the meanings given to them in
the body of this book and in other modern text-books.

VII. A plant is acaulescent when it possesses no foliaged stem rising
appreciably above the ground. Koot-stock = rhizome.

LEAVES.

VIII. Phyllotaxis=leaf-arrangement. Opposite = whorled with only two
leaves at each node. Decussate = opposite with the leaves at the succes-
sive nodes alternating. Verticillate = whorled. Scattered = alternate.
Di-, tri-, tetra-, penta-stichous = alternate, and forming two, three,
four, five longitudinal rows respectively. Cauline leaves, as opposed to
radical leaves, are leaves inserted on a distinct sub-aerial stem.

IX. Adjectives referring to the base of a leaf.

—

Amplexicaul, the leaf

sessile and embracing the stem at right angles. Sheathing= forming a
sheath round the stem. Perfoliate, the stem appears to pierce the base of
the leaf. Connate, the bases of opposite leaves joined together. De-
current, the margins of the leaf seem to be continued down the stem as

ridges.

X. Stipules.

—

FoIiaceous= leaf-like. Adnate, as in the Rose. Axil-

lary, when only one is present and it is on the axillary face of the leaf.

Interpetiolar, when one stipule is present between each two adjacent

leaves in whorled types. Ocbreate= tubular and embracing the stem ; an
ochreate stipule is termed an ochrea. Caducous= falling when the leaf

completely unfolds from the bud. Persistent= lasting as long as the other

parts of the leaf.

XI. Petiole.

—

Pliyllode= a flattened leaf-like petiole of a leaf which is

usually devoid of a lamina.
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XII. Shape of the lamina.

—

Capillary = Ihin and flexible, like animal
hairs. EUlform = thread-like. Acicn^r (fig. 264). Linear (fig. 265).

Subulate = awl-shaped. Lanceolate (fig. 255). Oblong (fig. 266). Ellipti-

cal (fig. 267). Ovate (fig. 256). Orbicular or rotund (fig. 268). Angular=
having three or more angles. Deltoid= like the Greek letter A. Obovate
(fig. 262). Cuneate = wedge-shaped and attached by its point to the petiole.

Spathulate (fig. 261). Cordate (fig. 257). Obcordate (fig. 263). Reniform
(fig. 258). Auriculate, when the base of the lamina assumes the form of

two ear-like processes (auricles). Sagittate (fig. 259). Hastate (fig. 260),

Ensiform= sword-shaped. Falcate = sickle-shaped. Peltate = shield-like

(as m'^Tropaolum).

XIII. Apex of tjie lamina.

—

Acuminate (fig. 269-iv). Acute (fig. 269- in).

Obtuse (fig. 269-11). Truncate = ending abruptly as if cut across. Emar-

Fig. 269. Fig. 270.

ginate (fig. 269-1). Mucronate = ending in a special pointed prolongation

of the mid-rib. Apiculate= ending in a short small point.

XIV. Margin of the lamina.

—

Entire (fig. 270-1). Serrate (fig. 270-11).

Dentate (fig. 270-ni). Denticulate= with very small teeth. Crenate (fig.

270-1 V). Sinuate= wavy. Ciliate= fringed with hairs.

XV. Division and lobing of the lamina.

—

Clett, or termination -fld,
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when the incisions reach half-way, or nearly so, to the middle of the leaf

and divide the leaf into lacinlse ; pinnatifid (fig. 21), palmatifid (fig. 25).

Euncinate = pinnatifid with the pointed lateral sub-divisions directed

towards the base of the leaf {e.^. Dandelion). Pectinate= pinnatifid in a

comb-like manner. Farted, or the termination -partite= when the

incisions reach more than half-way, but not more than three-quarters of

the distance, to the middle of the lamina and divide it into partitions :

pinnatipartite (fig. 22), palmatipartite (fig. 26). The termination

-sect= when the incisions reach more than three-quarters of the distance

towards the middle of the lamina and divide it into segments which are

not yet leaflets. Lyrate= lyre-shaped, when sub-divided in a pinnate

manner with a long terminal sub-division. Laciniate= divided by deep
and irregular incisions into a great number of unequal sub-divisions.

Lobed : in some books a lamina divided to any depth in such a manner
that the sub-divisions have rounded ends is said to be lobed : and the sub-

divisions are lotes : pinnateljr-lobed, palmately-lobed. Finnate-leayes =
pinnately compoimd : Bliachis, rachis, the part of a pinnately compound
leaf which corresponds with the mid-rib of a simple pinnately-nerved leaf

;

imparipinnate = pinnately compound with a terminal leaflet ; paripinnate
= pinnately compound without a terminal leaflet ; bipinnate= doubly or

twice pinnately compound. Palmately compound = digitate ; temate=
having three leaflets ; quinate= having five leaflets.

XVI. PrBBfoliation= vernation. Plane= flat (figs. 29, 32). Reclinate=
with the upper half of the leaf folded transversely upon and against the lower
half. Folded sideways : conduplicate (figs. 30, 33) ; plicate= plaited (fig.

34). Circinate= the apex of the leaf rolled transversely upon the more
basal parts. Rolled sideways : convolute (fig. 37) ; involute (fig. 35)

;

revolute (fig. 36).

XVII. Vernation and sestivation.

—

Induplicate (fig. 31) when the leaves

are open or valvate, and have their margins rolled inwards. Equitant
when each leaf, or its base, embraces its successor just as a saddle fits on a

horse's back.

TEXTURE—CONSISTENCE OF PLANT TARTS.

XVIII. Soarious= thin, dry, and stiff. Membranous= thin, easily

flexible, and more or less transparent. Coriaceous= tough, leathery.

Succulent=juicy. Rigid= resistent.

SURFACE, HAIRS, Etc.

XIX. Glabrous= without hairs. Smooth= without hairs or any rough-

ness. Pubescent= downy, coated with soft short hairs. Pilose= with

scattered long soft hairs. Hirsute= with numerous long rather soft hairs.

Hairs adpressed= when lying flat against the surface. Silky= with long

shining close-pressed hairs. TomentOBe= cottony=with matted soft hairs.

WooUy= with curly wool-like soft hairs. Hispid = with stiff bristly hairs.

Setose= with very stiff' bristles. Ecbinate = aculeate = furnished with

prickles. Spinose— furnished with spines : or being a spine. Spinulose=
with minute spines. Kugose= wrinkled, Tuberculate= beset with many
small wart-like outgrowths. Punctate = dotted. Striate=with parallel
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lines, either slightly raised or specially coloured. Sulcate = with parallel

furrows. Costate = with parallel ribs or ridges. Winged= with longitudinal

flap-like ridges along the sides. Scabrous = rough. Viscous = viscid=
sticky. Glaucous = covered with a whitish layer of "bloom" which
modifies the tints of the underlying surface {e.^. Plum-fruits, Cabbage-
leaves).

INFLORESCENCE.

XX. Axis.

—

Peduncle = the main axis of an inflorescence, whether the

latter consists of many flowers or of one solitary flower. Pedicel= the stalk

of one single flower in an inflorescence. Rhachis, rliacliis= the elongated
flower-bearing part of an inflorescence-axis.

XXI. Bracts.

—

Bracteoles = the bracts on a single flower-stalk in an
inflorescence. Pbyllaries = the bracts forming the involucre amongst
Composite. Palese = chafiy bracts on the receptacle of capitula, and in

spikelets of Grasses.

XXII. Inflorescence.—Centrifagal= with flowers opening from the centre

outward, as in cymose types. Centripetal= with flowers opening from
without towards the centre

—

i.e. in acropetal succession, as in most race-

mose types. Uniparous cyme= a monochasium. Helicoid cyme= a kind
of monochasium. Biparous, or dicbotomous, cyme= a dichasium. Fascicle

=a crowded cymose inflorescence resembling an umbel and corymb com-
bined {e.j. Sweet William). Glomerule= a crowded cymose inflorescence

resembling a capitulum or a shortened spike. Verticillaater=an inflor-

escence consisting of opposite axillary sessile cymes which form a false

whorl. Thyrsus= a panicle-like cyme ; or more accurately an inflorescence

the main type of which is racemose, but the Secondary or ultimate branches
of which are cymes. Strobilus=cone, as appUed to Angiosperms, is a.

spike with large bracts ; as applied to Gymnosperms, it is a single flower

conical in form. Locusta = spikelet. Corymb= an inflorescence like a

simple raceme, except that the stalks of the lower flowers are longer than

those of the upper ones, so that all the blossoms of the inflorescence reach

about the same level.

FLOWER.
XXIII. Dichlamydeous= with a perianth consisting oftwo whorls. Mono-

cUamydeous= with a perianth consisting of one whorl. Achlamydeous=
naked = without a perianth. Asepalous= without sepals. Complete= having
all four kinds of floral leaves. Incomplete= not having all four kinds of

floral leaves. Perfect= bisexual= hermaphrodite= monoclinous. Imper-
fect= unisexual= diclinous. Sometimes the words perfect and imperfect are

used as synonyms ofcomplete and incomplete respectively. Male= staminate.

Female= pistillate= carpellary. Neuter= devoid of stamens and carpels.

Barren or sterile= incapable of producing seeds : sometimes used as syn-

onyms of staminate. Fertile= producing seeds : sometimes employed as a

synonym of carpellary. Dimorphic= having monoclinous flowers of two
kinds. Trimorphic= having monoclinous flowers of three kinds.

XXIV. Number of parts.—A flower or a whorl is di-, tri-, tetra-, and
peuta-merous, when its floral leaves are in twos, threes, fours, and fives

respectively. Isomerous= in number equal to the sepals or petals forming
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one whorl. Aiiisoinerous=in number unequal to sepals and petals which
form one whorl.

XXV. Duration of floral leaves.

—

^Anthesis= the time during which a

flower is in the blossoming (open) stage : or the act of opening of the

flower. Persistent= remaining until the fruit is matured. MarceBCent=
withering without falling. Deciduous= falling before the fruit forms.

Fugacious= falling or decaying in one day. Caducous= falling as the

flower opens.

RECEPTACLE.
XXVI. Torus =tlialamus= receptacle. Calyx-tube= concave receptacle.

Carpophore = that portion of the axis which is prolonged between the

carpels of a syncarpous ovary in the fruiting stage (e.g. Geranium, Parsley).

Stipltate: any part of a flower which is usually devoid of a stalk is

said to be stipltate when it is specially stalked (e.g. stipitate pappus of the

Dandelion).

SHAPE OF THE PERIANTH (including the Calyx
AND Corolla).

XXVII. Mono-, syn- =gamo- -sepalous or -petalous. Chori-, dialy- =
poly-sepalous or -petalous. When a sepal or petal has a narrow claw it

is said to be unguioulate. When gamosepalous or gamopetalous the

combined portion is the tube, the free portions form the limb, and the

region at the junction of the limb and tube is the throat (faux).

XXVIII. Regular forms.—Rotate = wheel-shaped (fig. 271). Camp-
anulate= bell-shaped or cup-shaped. TJroeolate= pitcher-shaped, with the

tube swollen in the middle and narrowed at the top (fig. 273). Bladdery=
inflated= dilated like a bladder (fig. 272). Infundibulum— funnel-shaped

(fig. 274). Turbinate = top- or pear-shaped. Craterlfonn= saucer-shaped.

Tubular= cylindric. Hypocraterifonn= salver-shaped (fig. 275).

XXIX. In regular or irregular forms.

—

Calcarate= spurred= having a

deep pointed bag termed a spur. Saccate= having a shallow rounded
bag. Gibbous = having a slight projection.

XXX. Irregular forms.

—

Bilabiate= two-lipped. Ringent=gaping, is a

term applied to a two-lipped gamopetalous corolla when the entrance to the

tube is clearly open. Personate = masked, is a term applied to a two-

lipped gamopetalous corolla when the entrance to the tube is blocked by a

projection—the palate—from one of the lips (e.g. Snapdragon).
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ANDRCECIUM.
XXXI. Male parts or organs of a flower= stamens.
XXXII. Number of stamens.

—

laostemonous = equal in number to a
single whorl of the perianth. Diplosteinonous= having twice as many
stamens as there are members in one whorl of the perianth, and the

stamens alternating correctly. Mon-, di-, tri-, pent-, dec-, or poly-

androus= having one, two, three, four, five, ten, or indefinite (more than
twelve) stamens respectively in a flower.

XXXIII. Length of the filaments.

—

Included = with the anthers not
reaching beyond the corolla. Exserted = with the anthers protruding
beyond the corolla or corolla-tube. Decimate = with the stamens ex-

serted and all bent to one side. Didynamous = when the androecium
consists of four stamens, two of which have longer filaments than the

other two. Tetradynamous = when the androecium consists of six

stamens of which four have longer filaments than the other two.

XXXIV. Cohesion.

—

Mon-, di-, tri-, or poly-adelphous= with the fila-

ments united to form one, two, three, or many bundles respectively.

Syngeneslous= with the anthers combined.
XXXV. Anther.

—

Cells= the chambers of the mature anther. Quadri-
locular=four-celled, when the four pollen-sacs remain distinct in the ripe

anther. Bilocular= two-celled, when two cells are formed by the fusion

in pairs of the four pollen-sacs. Unilocular= one-celled, usually because
only half the anther is present and its two pollen-sacs combine. Tlieca=
anther-lobe. DitUeoous = with two lobes, therefore being a, complete
anther. Monotlieoous=with one anther-lobe, therefore representing only

half an anther. Dimidiate= having only one lobe, because the other

is suppressed or nearly so. Adnate = dorsifixed= when the direct con-

tinuation of the filament appears to run up the whole length of the anterior

or posterior surface of the anther : the anther is therefore either introrse or

extrorse in insertion. Innate =ljasifixed= when the continuation of the

filament appears to run up the centre of the anther, and the anther seems
to constitute the actual end of the stamen : dehiscence is usually marginal.

Versatile= when the anther is attached to the filament only at a single

point so that it can swing freely. Apicifixed = suspended = when the

anther hangs so as to appear to be fixed by its top to the filament. The
direction of the two anther-cells or two anther-lobes is either parallel or

diverging at an angle. Divaricate= when the two lobes diverge so much
that they appear to be placed end to end. Didymous= when the two lobes

combine at a point above their middle. Two-horned= when the two erect

anther-lobes diverge above. Sagittate= when the anther-lobes diverge

below so that the anther is shaped like an arrow-head. Appeudiculate=
bearing appendages. Sutural dehiscence= longitudinal dehiscence. Oper-

cular dehiscence= valvular dehiscence.

GYN^CIUM.
XXXVI. Pistil= gyneecium : in some books, however, the term pistil is

used to denote a single ovary with a style and, stigma, in which case the

Buttercup-flower, for instance, has a number of pistils. Female parts or

organs of a flower= carpels. Mono-, bi-, tri-, and poly-carpellary=
gynsecium consisting of one, two, three, and many carpels respectively.
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Mono-, bi-, tri-gyuous are vague terms occasionally used as synonyms
of terms explained in the preceding sentence.
XXXVII. Style.

—

Terminal = attached to the top of the ovary.

Lateral= ventral= attached to the side of the ovary. Basilar= attached
to the base of the ovary. Gynobasic= when the ovary has several distinct

lobes but only one single style, which is attached to the base of the

lobes at their central point of junction [e.g. LabiatEe).

XXXVIII. Stigma.

—

Capitate= ending in a rounded head.
XXXIX. Ovary.— Simple= consisting of one carpel. Compound=

syncarpous. Looulus= cell= chamber. Uni-, bi-, tri-, quadri-, and
pluri- or multi-looular= having one, two, three, four, and many chambers
respectively. Dissepiment= septum =-- partition.

XL. Ovule.

—

Nucleus = nucellus. Foramen =micropyle. Clialaza=the
region at which the integuments are attached to the base of the nucellus.

Hilum=the region of attachment of the ovule to the funicle. Rapbe,
Rbaphe= the ridge which denotes the course of the funicle up the side of an
inverted ovule ; it connects the hilum and chalaza : the raphe is ventral
when it is on that side of the ovule which faces the placenta, arid con-

sequently is between the placenta and micropyle ; it is dorsal when it is on
the side away from the placenta, so that the micropyle is situated between
the placenta and the raphe ; finally the raphe is lateral when it lies between
the ventral and dorsal positions. Prlmine (testa)= the outer integument.
Secundine (tegmen) = the inner integument. Ampliitropous= half-inverted

—that is, between anatropous and orthotropous. Erect= standing upright

from the floor of the ovary-chamber. Ascending= directing obliquely

upwards from an axial or parietal placenta. Horizontal = directed

horizontally from an axial or a parietal placenta. Pendulous = directed

obliquely downwards from an axial or a parietal placenta. Suspended=
hanging vertically downwards from the roof of the ovary-chamber.

POLLINATION AND FERTILISATION.

XLI. Fecundation = fertilisation. Fertilisation= a term used in many
books to denote pollination. Autogamy=self-pollination. Allogamy=
cross-pollination. 6eltonegamy= pollination by pollen from another
flower on the same individual plant. EntomopbilouB= insect-pollinated.

Anemopbilous = wind - pollinated. Dichogamy = the ripening of the

stamens and carpels of one flower at different times.

SEED.

XLII. Spermoderm= testa= the coat of a seed ; or if the coat be double
it is the outer layer, and the inner layer is the tegmen or endopleura.
Albumen == the endosperm or perisperm, or both together, in a seed.

Albuminous = possessing albumen. Exalbuminous = devoid of albumen.
Aril= a special accessory envelope outside the testa and partially encasing

a seed. Stropbiole and caruncula= peculiar single outgrowths on seeds

(e.g. Violet).

FRUIT.

XLIII. Aggregate fruit= compound fruit. Multiple or collective fruit =
infructescence. Fseudocarp or false fTuit ; in some books a fruit is defined



VARIOUS PARTS 237

as being the ripened seed-containing carpels of a single flower, and fruits into

whose composition other parts enter are described as pseudocarps or false

fruits {e.^. Strawberry, Rose). The pericarp of a fruit is often distinguish-

able into two or three layers ; an outer one—the epicarp or exocarp ; an
inner one—the endocarp : and when a third layer is present, a middle one
—the mesoearp. Putaiuen= a stone-like endocarp. PjTene=a stone of a

drupe. A capsule with longitudinal dehiscence along the ventral sutures

is septicidal ; along the dorsal sutures is loculicidal ; and finally, when
dehiscing so that the valves separate from the partitions of the ovary it is

septifragal. Pyxls=pyxldium=a capsule with transverse (oircumscissile)

dehiscence. Lomentum= a pod-shaped fruit which breaks transversely into

closed one-seeded joints. Glans= a nut with an involucre. Oypsela=an
inferior achene like that of the Composite. Nucule= nutlet (e.^. LabiatEe).

Creniocarp= dIaoliemum— the schizocarp of UmbelliferEe. Carcerulus==

an indehiscent several-chambered dry fruit («.^. Labiatae). Pepo = aberry

like a cucumber or gourd. Hesperidium = a berry like an orange, ^terio
= eterio=a compound iiruit like that of the Buttercup (an seterio of achenes)

or that of the Blackberry (an seterio of drupes). Drupel= a drupe of a

compound fruit. Cynarrliodium=a compound fruit Uke that of the Rose.

Syconium or syconus= an infructescence like the "Fig-fruit." Soroai3=
an infructescence like a " Pine-apple " or a " Mulberry."

TERMS APPLIED TO VARIOUS PARTS.

XLIV. Arcuate= bent like a bow. Aristate= having a thread-like,

usually stiff, termination or appendage : having an awn. Articulate=
jointed. Elongate= at least three times as long as broad. Globose =
approximately spherical. Inflexed=bent inwards or towards the upper

face. Reflexed= bent outwards, backwards, or towards the lower face.

Rostrate= ending in a straight elongated beak-like process.
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Absorption, 190— of Carbonic acid, 193— of Oxygen, 215-217— of Salts, 203-206
— of Water, 203-205
Acaulescent, 230 vn.
Achene, 92
Achlamydeous, 233 xxiii.

Acicular (fig. 264)
Aconitiim, 72, 77, 119- 121 (%s.

151. 152)
Acropetal succession, 6, 9
Actinomorphic, 71, 81 (fig. 98)
Aculeate, 232 xix.

Acuminate, 231 xill.

Acute, 231 XIII.

Acyclic, II, 12, 67, 72.

Adnate, 230 X., 235 xxxv.
Adpressed, 232 XIX.

Adventitious
Roots, 6, 7
Shoots, II

Aerial roots, 8
Estivation, 22, 73 (figs. 29-31, 102-

104)
Eterio, 237 XLiii.

Aggregate fruit, 236 XLIII.

Agropyrum, 185
Alse, 138
Albumen, 236 XLII.

Albuminoids, 196
Albuminous, 236 XLii.

Allogamy, 236 XLi.

Almond, 42
Alopecurus, 185
Alternate, 11, 12

Amaryllidaceae, 170- 171

Amphitropous, 236 XL.

Amplexicaul, 230 ix.

Anagallis, 45, 150, 151, 226, 227
(fig. 125)

Anatropous, 84 (figs. 109, 112, 114,

IIS)

Andrcecium, 60, 98, 235
Anemone, 122
Anemophilous, 236 XLI.

Angiosperm, 46, 51-185
Angular, 231 xil.

Animals
dispersal of seeds by, 96
food of, 192
pollination by, 79

Anisomerous, 234 xxiv.
Annual, 39
Annual Meadow Grass, 40, 181,

185
Annual rings, 28 (figs. 44-47)
Anterior of flower, 71 (fig. 98)
Anther, 43, 60-62, 235.
Anthesis, 234 xxv.
Antirrhinum, 158, 234 xxx.
Apetalee, 104
Apetalous, 59
Apical growth, 5, 9
Apicifixed, 235 xxxv.
Apiculate, 231 xill.

Apium, 148
Apocarpous, 63
Appendiculate, 235 xxxv.
Apple. See Pyrus
Apricot, 143, 144
Aquatic, 229 i.

Aracese, 178-181

Arboreous, arborescent, 229 i.

Arcuate, 237 XLiv.

Aril, 97, 236 XLii.

239
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Aristate, 237 xliv.
Arrangement of

branches, 26
floral leaves, 67
flowers, SI-SS
lateral roots, 6
leaves, 11

Artichoke, 168
Articulate, 237 XLiv.
Artificial soils, 191

Arum, 21, 56, 178-181 (figs. 226-

230)
Arum family. See AracejE

Ascending ovule, 236 XL.

Ascending-imbricate, 73
Ascent of sap, 206
— of water, 206, 214
Asepalous, 233 xxiil.

Ash, 190
Asparagus, 170
Assimilation, 201
— of carbon, 196-201

Asjmimetrical, 71
Atropa, 152
Atrophy, 69
Auricle, auriculate, 231 XII.

Autogamy, 236 XLI.

Autumn tints, 195
Axil of leaf, 10

Axile placentation, 65
Axillary stipule, 230 X.

Axis, S

Bacteria, 206
Balsam, 91, 95
Barberry, 37, 62
Barley, 184
Barren flower, 233 xxiii.

Basal placentation, 65
Basifixed, 23S xxxv.
Basilar s^le, 236 xxxvil.
Bean. See Vicia

Bean family. See Papilionaceje

Beech. See Fagus
Bee-flower, 81, 82, 130, 138, 158,

174
Beet, 197, 200-202

Beetles, 81, 160

Belladonna, 152
Bellis, 40, 164-167, 213, 227

Berry, 93

Betula, 113
Bicarpellary, 235 xxxvi.
Biennial, 40
Bigynous, 236 xxxvi.
Bilabiate, 234 xxx.
Bilocular anther, 235 xxxv.
— ovary, 236 xxxix.
Bindweed. See Convolvulus
Biparous, 233 XXII.

Bipinnate, 232 XV.
Birch. See Betula
Birds, 141, 142
Bird's Nest Orchid, 202
Bisexual 233 XXIII.

Blackberry. See Rubus
Black Mustard, 127
Bladdery, 234 xxviii. (fig. 272)
Blade of leaf, 16, 17, 231, 232— of petal, 58
Bleeding, 213
Bloom, 233 XIX.

Bluebell, 170
Boraginaceae, 153
Box, 41
Bract, 21, 55, 233 XXI.

Bracteole, 233 XXI.

Bramble. See Rubus.
Branching, of floral leaves, 69— of root, 4-6— of stem 24-26
Brassica, 126, 127
Broad-bean, 139
Broccoli, 126, 127
Broom, 139
Broom-rape, 202
Brussels-sprouts, 126, 127
Bryonia, 38 (fig. 57)
Bud, 18, 22, 23, 26 (figs. 6-11,

29-38)
Bulb, 32 (fig. 53)
Bulbil, 230 V.

Burr, 96
Bush, 229 I.

Butcher's Broom, 38
Buttercup. See Ranunculus
Buttercup family. See Ranun-

culaceas

Butterflies, 81, 132

Cabbage, 126, 127, 233 xix.

Caducous^230 x., 234 xxv.
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Csespitose, 230 iv.

Calcarate, 234 xxix.
Calendula, 168, 226
Calliopsis, 16S
Caltha, 77, 122
Calyciflorfe, 105
Calyx, 57, 98
Calyx-tube, 140, 234 xxvi.
Campanulate, 234 xxvill.

Campion. See Lychnis
Campylotropous, 85 (figs, no, 113)

Candytuft, 127
Cane-sugar, 197
Capillary, 231 xil.

Capitate, 236 xxxvni.
Capitulum, 53 (figs. 75, 208, 253)
Caprifoliaceae, 159-161

Capsella, 40, 91, 126

Capsicum, 153
Capsule, 91 (figs. 122-126), 237

XLIII.

Carbohydrates, 197, 200
Carbonic Acid

absorption of, 193
evolution of, 215-217

Carcerulus, 237 XLIII.

Carina, 138
Carpel, 44, 63-66

Carpellary flower, 66
Carpophore, 234 xxvi.

Carrot. See Daucus
Caruncula, 236 XLII.

CaryophyllacejE, 130-132
Caryopsis, 92, 185 (fig. 28)

Catchfly, 132
Catkin, 53, 109 (figs. 131, 140,

143)
Caudicle, 176
Cauliflower, 126, 127

Cauhne, 230 viii.

Cayenne pepper, 153
Cedar, 50
Celandine. See Chelidonium
Celery, 148
Cell, 235 XXXV., 236 XXXIX.
Cellulose, 197
Centaurpa, 167
Central placenta, 65
Centrifugal, 233 xxii.

Centripetal, 233 xxii.

Chalaza, 236 XL.

Cheiranthus, 6, 40, 56, 66, 68, 77,
88, 89, 125, 126 (figs. 83, 88,
116, 120, 156, 157)

Chelidonium, 89, 124 (fig. 121)
Chemical composition of

air, Igo
plant, 189
soil, 190

Chemical elements, 189, 205
Cherry, 42, 143, 144 (figs. 128,

.
177)

Chickweed. See Stellaria

Chicory, 168
Chlorophyll, 193, 194, 202
Choripetalous, 234 xxvii.
Chorisepalous, 234 xxvii.
Christmas Rose. See Helleborus
Chrysanthemum, 165-16S
Cichorium, 168
Ciliate, 231 xiv.

Cineraria, 168
Circinate, 232 XVI.

Circumscissile, 237 XLIII.

Cladode, 38
Classification, i

Claw, 58
cleavers. See Galium
Cleistogamic, 83, 130
Clematis, 36, 96, 122
Climbing plants, 34-36 (figs. 56,

57)
Clover. See Trifolium

Coccus, 94
Cochlearia, 127
Cocksfoot Grass, 181

Cohesion, 69
Coiled vernation, 23
Coleorhiza, 229 II.

Collecting hairs, 164, 167
Collective fruit, 236 xliii.

Column, 175
Colza oil, 127
Commissural, 124, 126

Complete, 233 XXIII.

Compositae, 59, 61, 69, i6i-r6S,

237 XLIII.

Compound leaf, 17 (figs. 23, 27)— fruit, 88, 94— ovary, 236 XXXIX.
— shoot, 10
— racemose, 53 (figs. 69, 73)
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Compound spike, 53— umbel, 54 (fig. 73)
Conduplicate, (figs. 30, 33)
Cone, 44, 233 XXII.
Coniferae, 47-50.
Conium, 148
Connate, 230 ix.

Connective, 61

Contorted, 73 (fig. 103)
Convolute (fig. 37)
Convolvulus, 34, 151 (figs. 55, 56)
Convolvulacese, 151
Cordate (fig. 257)
Coriaceous, 232 xviil.

Cork, 197
Corm, 30 (figs. 49-52)
Cornflower, 167
Corolla, 58, 98.

Corona, 171
Corylus. See Hazel
Corymb, 233 XXII.

Costate, 233 XIX.

Cotyledons, 4, 19 (figs. 2, 4, 5)
Couch Grass, 181 -185

Cow Parsnip. See Heracleum
Cratsegus, 15, 37, 146 (fig. 58)
Crateriform, 234 XXVIII.

Creeping, 230 IV.

Cremocarp, 237 XLiil.

Crenate, 231 XIV.

Cress, 127
Crocus, 30, 41, 174, 227 (figs.

49-52)
Crocus family. See Iridacete

Cross-pollination, 78-82
CrucifersE, 55, 124-127
Cuckoo Pint. See Arum
Cucumber, 237 XLiiI.

Culm, 230 V.

Culture solution, 191

Cuneate, 231 xii.

Cupuliferae, 107-113
Currant, 13, 97, 213
Cuttings, 6, 41
Cyathium, 116- 118 (figs. 146-150)

Cycas, 63
Cyclic, leaf-arrangement, 11

— flower, 67-72
Cymose, branching, 26 (fig. 43)— inflorescence, 54 (figs. 76-81)

Cynara, 168

Cynarrhodium, 237 XLIII.

Cypress, 50
Cjfpsela, 237 XLIII.

Daffodil, 171

Daffodil family, 171
Dahlia, 30, 168, 200
Daisy. See Bellis

Daisy family. See Compositse

Dandelion. See Taraxacum
Datura, 153
Daucus, 8, 15, 146
Dead Nettle. See Lamium
Dead Nettle family. See Labiatse

Decandrous, 235 xxxii.

Deciduous, 41, 234 xxv.
Declinate, 235 xxxiii.

Decurrent, 230 IX.

Decussate, 230 viii.

Definite growth, 24
Dehiscence, of anther, 62 (fig. 86)— of fruit, 89-91 (figs. 119-126)

Delphinium, 122
Deltoid, 231 xn.
Dentate, 231 xiv.

Denticulate, 231 xiv.

Descending-imbricate, 73
Development of

bud, 9 (figs. 6- II)

Dicotyledon, 4ifig. 4)
floral leaf, 70
grass, 25, 181, 182
leaf, 9, 70
Monocotyledon, 7 (fig. 5)

root, 5-7

Diachenium, 237 XLIII.

Diadelphous, 235 xxxiv.
Diagrams of flowers, 72— leaf-arrangement, 13 (figs. 13-16)

Dialy-petalous, dialy-sepalous, 234
XXVII.

Diandrous, 235 xxxil.
Dianthus, 132
Dichasium, 55 (figs. 43, 77)
Dichlamydeous, 233 xxiii.

Dichogamy, 236 XLI.

Dichotomous, 233 xxil.

Diclinous, 66
Dicotyledons, 7, 19, 21, 28, 56,

104-168
Didymous, 235 xxxv.
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Didynamous, 235 xxxiii.
Diffuse, 229 IV.

Digitalis, 82, 156-158, 213 (figs.

123. 193. 194)
Digitate, 232 XV.
Digynous. See Bigynous
Dimerous, 233 xxiv.
Dimidiate, 235 xxxv.
Dimorphic, 233 xxiii.

Diplostemonous, 235 xxxir.
Direction of growth, 33-36, 221,

229 IV.

Disciflorse, 105
Disk, 76
Dispersal of seeds, 95-97.
Dissepiment, 236 xxxix.
Distichous, 230 vni.
Dithecous, 235 xxxv.
Divaricate, 235 xxxv.
Diverging, 235 xxxv.
Division of lamina, 17
Dodder, 202
Dog Rose. See Rosa.
Dorsal raphe, 236 XL.— suture, 63 (fig. 119)
Dorsifixed, 235 xxxv.
Double-Buttercup, 45, 59
Double varieties, 168
Doubling of floral leaves, 69
Drupe, 92, 97 (fig."^ 128)

Drupel, 237 XLiii. (figs. 175, 176)

Dry fruit, 89
Dwarf-shoot, 24 (figs. 39, 40)

ECHINATE, 232 XIX.

Elder, 160

Elements, 189
Elliptical (fig. 267)
Elm, 26, 96 (fig. 130)
Elongate, 237 xi.iv.

Emarginate, 231 xiii.

Embryo, 3, 19, 20
Embryo-sac, 84, 85
Endocarp, 237 XLiii.

Endogen, 230 vi.

Endogenous, 6, 230 vi.

Endopleura, 236 XLii.

Endorhizal, 229 II.

Endosperm, 19, 85-87 (figs. 68, 115,

118)

Endospermic, 85

Ensiform, 231 xii.

Entire, 231 xiv.

Entomophilous, 236 XLI.

Ephemeral, 40
Epicalyx, 58
Epicarp, 237 XLin.
Epigynous, 75 (fig. 107)
Epipetalous, 75
Epiphyllous, 75
Epiphyte, 229 i.

Equitant, 172, 232 xvil.

Eranthis, 63, 77, 122

Erecti stem, 34, 229 iv.— ovule, 236 XL.

Eschscholtzia, 124
Eterio. See .^terio

Ethereal oil, 156
Etiolated, 148, 221

Euphorbia, 87, 116-118 (figs. 146-

150)
Euphorbiacese, 1 1 6- 11

8

Everlasting Flowersj 168
Exalbuminous, 236 XLII. (fig. 116)
Excretion

by Roots, 204
of Carbonic acid, 215
of Oxygen, 193
of Sugar, 213
of Water-vapour, 209
of Water-liquid, 212

Exocarp, 237 XLIII.

Exogen, 230 vi.

Exogenous, 9, 230 vi.

Exorhizal, 229 II.

Explosive fruits, 95
Exstipulate, 15
Exserted, 235 xxxiii.

Extrorse, 62

Fading. See Withering
Fagus, 19, 113
Falcate, 231 xii.

False fruit, 236 XLIII.

— septum, 126, 155— stem. See Sympodium
Fascicle, 233 xxii.

Fat, 197
Fatty Oil, 197
Faux, 234 xxvil.

Fecundation, 236 XLi.

Fehling's solution, 197
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Female, 233 xxiil., 235 xxxvi.
Fertile, 233 xxiii.

Fertilisation, 85, 236 XLi. (fig. 114)
Fibrous, 8, 229 11.

Fig-fruit, 237 XLlli.

Figwort, 158
Filament, 43, 235
Filiform, 231 XII.

Fistular, 230 v.

Flagellum, 230 v.

Fleshy fruit, 89
Flexuous, 229 IV.

Flies, 8i, 160
Floral diagrams, 72
Floral formulae, 74
Floral leaves, 46, 57-75
Flower, 43-46, 57-85, 225, 233
Folded vernation, 23 (figs. 30, 33, 34)
Foliaceous stipule, 230 x.

Foliage-leaves, 14-18
Follicle, 89
Free-central placentation, 65 (fig.

95)
Forget-me-not, 153
Forget-me-not family. See Bora-

ginaceDS

Food-reservoirs, 8

Foramen, 236 XL.

Foxglove. See Digitalis

Foxglove family. See Scrophu-
lariaceEe

Foxtail-grass, 181-185

Fragaria, 18, 34, 41, 94, 141, 142,

213 (%s. 54, 82, 171, 172)
Fritillary, 170
Fruit, 87-94, 236 (figs. 119- 130)
Frutescent, fruticose, 229 i.

Fuchsia, 213
Fugacious, 234 xxv.
FumariaceK, 104
Function of

calyx, 57, 58, 98
corolla, 59, 98
gynsecium, 98
leaves, 193, 210
outgrowths on seeds, 99
pericarp, 98
root, 203-205
root-hairs, 204
stamens, 98
testa, 99

Fungi, 202
Funicle, 84, 86
Furze, 37
Fusiform, 229 II.

Fusion, 69

Gaillardia, 168

Galanthus, 32, 171

Galium, 36, 96
Gamopetalse, 105
Gamopetalous, 58 (fig. 84)
Gamophyllous, 60
Gamosepalous, 57
Garlic, 170
Geitonogamy, 236 XLl.

Geotropism, 222
Geraniacese, 135, 136
Geranium, 135, 136, 234 xxvi.

(figs. 165-167)
Germination, 4, 19, 20, 201

Gibbous, 234 XXIX.
Glabrous, 232 xix.

Glans, 237 XLiii.

Glaucous, 233 XIX.

Globose, 237 XLiv.

Glomerule, 233 xxii.

Glume, 21, 182-185 (figs. 231-236)

Gooseberry, 213
Gorse, 37
Gourd, 237 XLIII.

Grain, 19, 92 (fig. 28)

Graminacese, 6, 12, 13, 15, 16, 21,

23, 25, 40, 181-185, 213 (figs-

28, 42, 231-236)
Grape-sugar, 197
Grsiss, Grass family. See Gramin-

aceje

Gravity, 222

Green colouring-matter. See Chlo-

rophyll

Growth, 219
Growth in length, 5, 9, 220-223

Growth in thickness, 28 (figs. 44-

47)
Guelder Rose, 160, 161

Gymnospermje, 46-50

GynEEcium, 63-66, 98, 235 (figs. 89-

95)
Gynobasic, 236 xxxvii.

Hairs, 36
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Hastate (fig. 260)
Haw, 146
Hawthorn. See Cratsegus

Hazel, 26, 61, 69, 74, io7-ii2(figs.

12, 18, 131-139)
Heart-wood, 28
Heat, evolution of, 218
Helianthus, 21, 164-168 (figs. 127,

208-212)

Helichrysum, 168
Helicoid, 233 xxii.

Heliotrope, 153
Heliotropism, 221
Helleborus, 22, 45, 122

Hemicyclic, 67, 72
Hemlock, 148
Heracleum, 146-148 (183-186)
Herb, herbaceous, 27
Herb Robert. See Geranium
Hermaphrodite, 233 xxiii.

Hesperidium, 237 XLIII.

Hirsute, 232 xix.

Hispid, 232 XIX.

Honeysuckle. See Lonicera.

Honeysuckle family. See Capri-

foliacese

Hop, 34
Horizontal ovule, 236 XL.

Horse-chestnut, 18, 22, 92
Horse-radish, 127

Hover flies, 81, 158, 174
Humble-bees, 8i

Humble-bee-flower, 81, 120, 155,

157, 158
Humus, 190
Hyacinth, Hyacinthus, 33, 169, 170

(figs. 53, 213, 214)
Hydrotropism, 222

Hypocotyl, 4 (fig. 4)
Hypocrateriform (fig. 275)
Hypogynous, 74 (fig. 105)

I.MBRICATE, 22, 73 (figs. IO3, IO4)

Imparipinnate, 232 xv.

Imperfect, 233 xxiii.

Included, 235 xxxiii.

Incomplete, 233 xxill.

Indefinite growth, 24
Indehiscent fruit, 89, 92, 93 (figs.

28, US, 127, 128)

Induplicate, 232 xvii. (fig. 31)

Inferior ovary, 75 (fig- 107)
Inflated, 234 xxviii. (fig. 272)
Inflexed, 237 XLiv.
Inflorescence, S1-S6, 233
Infructescence, 88
Infundibuliform, 234 xxviii. (fig.

274)
Innate anther, 235 xxxv.
Insect-pollination, 79-81, 158, 180

Integument, 84, 86
Internode, 9
Introrse, 62
Involucre, 55
Involute (fig. 35)
Iridacese, 171-174
Iris, 172-174 (figs. 118, 216-219)

Iron, 195
Irregular dehiscence, 91— flowers, 68 (figs. 96, 97)
Irritability, 224
Irritable-climbers, 35
Isomerous, 233 xxiv.
Isostemonous, 235 xxxii.

Ivy, 8, 34, 41, 53

Jerusalem Artichoke, 168

Keel, 138

Labellum, 175
Labiatee, 96, 153-156, 236 xxxvii.,

237 XLin.
Laciniee, 232 xv.

Laciniate, 232 XV.
Lamina, 14, 16-18

Lamium, 12, 57, 154-156 (figs. 191,

192)
Lanceolate (fig. 255)
Larch, 41, 50
Larkspur, 122

Lateral bud, 10
— root, 6
— style, 236 XXXVII.

Leaf, 3, 5, 9-23, 224, 230
Leaf-blade. See Lamina.

Leaflet, 17

Leaf-sheath, 15

Leaf-stalk, 14, 15

Leaf-spine, 37
Leaf-tendril, 38 (fig. 59)
Legume, 89 (fig. 119)
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Leguminosse. See Papilionacese
Lepidium, 127
Lettuce, 168
Life-history, 39-42
Light, 193, 194, 200, 210, 217, 221,

227
Ligule, 15, 181

Liliacese, 16, 169-170
Lily, 18

Lily family. See Liliacece

Limb, 234 xxvii.
Linaria, 158
Linear (fig. 265)

.

Lobe of anther, 60, 235 xxxv.,
(figs. 85, 86)

,
Lobed leaf, 232 xv.
Loculicidal, 237 XLIII.

Loculus, 236 XXXIX.
Locusta, 233 XXII.

Lodicule, 184, 185
Lomentum, 237 XLiii.

Longitudinal dehiscence

of anther, 62 (fig. 86)
of fruit, 91 (figs. 120-124)

Long-shoot, 24.

Long-styled, 150
Lonicera, 34, 94, 159-160 (figs. 199-

201)
Lychnis, 132, 226
Lycopersicum, 153
Lyrate, 232 xv.

Male, 233 xxiii., 235 xxxi.
Mallow. See Malva
Mallow family. See Malvaceae

Malva, 17, 55, 61, 132-134 (figs.

161-164)

Malvaceje, 132-134
Marcescent, 234 xxv.
Marginal, 62

Marigold. See Calendula
Marsh Marigold. See Caltha
Meadow-Grasses, 181-185

Meadow-Saffron, 170
Measurement of

absorption of liquid, 212

growth in length, 5, 9
transpiration, 209

Median plane, 72
Medullary rays, 28
Membranous, 232 xviil.

Mentha, 156
Mericarp, 93
Mesocarp, 237 XLiii.

Metamorphosed shoots, 36-38
Micropyle, 84, 86
Midges, 180

Mignonette, 40
Mint, 156
Mistletoe, 97
Monadelphous, 235 xxxiv.
Monandrous, 235 xxxil.

Monkey-puzzle, 50
Monkshood. See Aconitum
Monocarpellary, 235 xxxvi.
Monocarpic, 39
Monochasium, 55 (figs. 78, 80, 81)

Monochlamydeous, 233 xxiti.

Monoclinous, 66
Monocotyledon, 7, 16, 19, 21, 27,

56, 106, 169-185
Monogynous, 236 xxxvi.
Monopetalous, 234 xxvii.

Monosepalous, 234 xxvii.

Monothecous, 235 xxxv.
Monotropa, 202
Monstrous flower, 45
Morphology, i

Moths, 81, 132, 160

Movements of flowers, 225-227
(figs. 253, 254)— leaves, 224-227 (figs, 249-252)

Mucronate, 231 xill.

Mulberry, 237 XLiii.

Mullein, 157
Multilocular, 236 xxxix.
Multiple fruit, 236 XLiii.

Multiplication, 41

Mustard, 19, 126, 127
Myosotis, 153

Naked, 60
Narcissus, 171 (fig. 215).

Nasturtium, 127
Nectarine, 144
Nectar-receptacle, 77
Nectary, 60, 76, 77, 213
Net-veined, 16

Neuter, 233 xxiil.

Nicotiana, 153
Nightshade. See Solanum
Nitrogen, 205



INDEX 247

Node, 9
Nodule, 206
Non-endospermic, 85 (fig. 116)

Nucellus, 84, 86
Nucleus, 236 XL.

Nucule, 237 XLiii.

Nut, 92 (figs. 138, 139)
Nutation, 221
Nutrition, 189-214

Oak. See Quercus
Oak family. See Cupuliferse

Oats, 184
Obcordate (fig. 263)
Obdiplostemonous, 67 (fig. 166)

Oblong (fig. 266)
Obovate (fig. 262)
Obtuse, 231 XIII.

Ochrea, ochreate, 230 X.

Offset, 230 V.

Oil, 197, 200, 201
Onion, 170.

Open Eestivation, 22, 73 (fig. 102)

Opercular 235 xxxv.
Opium, 124
Opposite, 230 VIII.

Orange, 237 xuii.
Orbicular, (fig. 268)
OrcMdacese, 175-178
Orchid family, 175-178
Orchis, 76, 175-178 (figs. 220-

22s)
Organic compound, 192
Orthotropous, 84 (figs. 108, in)
Ovary, 44, 63-66, 236 (figs. 92-95)

Ovate (fig. 256)
Ovule, 44, 84, 236 (figs. 108-114)

Oxalidacese, 137
Oxalis, 30, 83, 91, 95, 137, 225

(figs. 249, 250)
Ox-eye Daisy, 165-167
Oxygen, 215-217, 219

Palate, 234 xxx.
Pale, palea, 183-185, 233 xxi.

Palmately lobed, 232 xv.
— veined 16 (figs. 24-26)

Palmatifid, 231 XV. 232 XV. (fig.

25)
Palmatipartite, 232 xv. (fig. 26)

Pansy. See Viola

Panicle, 53 (fig. 69)
Papaver, 123, 124, 213 (figs. 126

153-155)
PapaveracesE, 123, 124
Papilionaceae, 61, 137-139, 206,

225
Pappus, 58, 163, 164 (figs. 129,

202)
Parallel-veined, 16

Parasite, 202, 229 I.

Parietal, 65 (fig. 93)
Paripinnate, 232 xv.
Parsley family. See Umbelliferee
Parsnip, 148
Parted, 232 xv.
Partitions, 232 xv.
Passion-flower, 38
Pastinaca, 148
Pea. See Pisum
Pea family. See Papilionaceae

Pear. See Pyrus
Pedicel, 233 XX.
Peduncle, 233, xx.
Peltate, 231 xii.

Pendulous, 236 XL.

Pentamerous, 233 xxiv.
Pentandrous, 235 xxxil.
Pentastichous, 230 viii.

Pepo, 237 XLiii.

Peppermint, 156
Perennial, 40
Perfect, 233 xxiii.

Perfoliate, 230 IX.

Perianth, 57, 58, 60, 234
Pericarp, 88, 98, 237 XLiii.

Perigynous, 75 (fig. 106)

Periodic movements, 224
Perisperm, 86 (fig. 117)
Persistent, 230 x., 234 xxv.
Petal, 43, 58-60
Petaloid, 58, 60.

Petiole. See Leaf-stalk

Petroselinum, 59, 148, 234 xxvi.
Petty Spurge. See Euphorbia
Petunia, 153
Phaseolus, 139
Phyllary, 233 xxi.

Phylloclade, 230 v.

Phyllode, 230 xi.

Phyllotaxis, 230 vili.

Physiology, I, 189-227
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rileorhiza, 229 11.

Pilose, 232 XIX.
Pine. See Pinus
Pine-apple, 237 XLiii.

Pink, 132
Pink family. See Caryophyllacese
Pinnate, 232 XV.
Pinnately-lobed, 232 xv.
— veined, 16 (figs. 18-22)
Pinnatifid, 231 xv., 232 XV. (fig. 21)
Pinnatipartite, 232 xv. (fig. 22)

Pinus, 24, 44, 47.50 (figs. 39, 40,
62-68)

Pistil, 23s XXXVI.
Pistillate, 233 xxiii.

Pisum, 17, 35, 38, 63, 65, 70, 72,

74, 82, 87, 94, 137-139 (figs.

59, 87, 96, 97, loi, 119)
Placenta, 63-66
Placentation, 64-65
Plaited (fig. 34)
Plane, 23, 232 xvi. (figs. 29, 32)
Plicate (fig. 34)
Plum, 143, 144, 233 XIX.

Plurilocular, 236 xxxix.
Poa, 185
Pollen, 44, 60 (figs. 86, 205, 206)
Pollen-sac, 43, 44, 60-63 (figs. 85,

86)
Pollen-tube, 85 (fig. 1 14)
Pollination, 77-83, 236
PoUinium, 176
Polyadelphous, 235 xxxiv.
Polyandrous, 235 xxxii.
Polycarpellary, 235 xxxvi.
Polycarpic, 40
PolypetalsE, 104, 105
Polypetalous, 58
Polyphyllous, 60
Polysepalous, 57
Pome, 93, 144 (figs^ 180, 181)

Poor-man's Weather - glass. See
Anagallis

Poplar. See Populus
Poppy. See Papaver
Poppy family. See Papaveraceaa

Populus, II, 41, 96, 115
Porous dehiscence of anther, 62

(fig. 84)— of fruit, 91 (fig. 126)

Posterior, 7

1

Potato, 22, 30, 41, 62, 152, 200-

202 (figs. 48, 84)
Potato family. See Solanaceje

Prsefoliation, 232 xvi.

Prickle, 38
Primary axis, 24 (fig. 41)
Primine, 236 XL.

Primrose. See Primula
Primrose family. See PrimulacesE

Primula, 6, 16, 64, 69, 149, 150
(figs. 187-189)

Primulaceee, 148-151
Procumbent, 229 IV.

Prophyll, 21, 55
Prostrate, 34, '229 iv. (fig. 55)
Protection of embryo, 97
Proteids, 196
Proterandrous, 79, 157
Proterogynous, 79
Protoplasm, 196
Prunus, 42, 143, 144 (figs. 128,

177)
Pseudocarp, 236 XLiii.

Pubescent, 232 XIX.

Punctate, 232 xix.

Purple Dead Nettle, 156
Putamen, 237 XLIII.

Pyrene, 237 XLin. <

Pyrethrum, 168

Pyrus, 13, 15, 16, 17, 23, 37, 144-

146 (figs. 17, 38, 178-181)
Pyxidium, pyxis, 237 XLIII. (fig.

125)

QUADRILOCULAR, anther, 235
XXXV.

— ovary, 236 xxxix.
Quercus, 13, 17, 28, 113
Quinate, 232 xv.

Raceme, 52 (fig. 70)
Racemose, 26, 51-54
Rachis, 232 xv., 233 xx.
Radicle, 4
Radish, 127
Ranunculacese, 118-122

Ranunculus, 6, 15, 17, 43, 45, 57,-

63, 74, 81, 88, 118, 119, 121,

213, 237 XLIII. (figs. 60, 61,

115)
Rape, 126, 127
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Raphanus, 127
Raphe, 236 XL.

Raspberry. See Riibus

Rate of growth, 220
Receptacle, 43, 44, 234
Receptacle of inflorescence, 102

Reclinate, 232 XVI.

Reflexed, 237 XLiv.
Regular, 69
Reniform (fig. 258)
Replum, 89 (figs. 120, 121)

Reserve substances, 202
Respiration, 215
Resting

bud, 10, 26
methods of, 40

Revolute (fig. 36)
Rhachis, 232 xv. , 233 xx.
Rhaphe, 236 XL.
Rhingia, 174
Rhizome, 29
Rhubarb family, 15
Rigid, 232 xvill.

Ringing experiment, 207
Root, 3, 5-8, 203-205, 217, 220-

223, 229
Root-cap, 5
Root-climber, 34
Root-fibre, 229 11.

Root-hair, S, 204
Root-pressure, 213
Root-stock, 230 VII.

Root-tuber, 229 11.

Rosa, Rose, 11, 17, 18, 38, 41, 94,
139-141, 237 xun. (figs. 168-

170)
Rosaceae, Rose family, 139-146
Rostellum, 176
Rostrate, 237 XLiv.

Rotate (fig. 271)
Rotund (fig. 268)

Rubus, 36, 38, 94, 142, 143, 237
XLiii. (figs. 57, 173-176)

Rugose, 232 XIX.

Runcinate, 232 xv.

Runner, 34, 230 v. (fig. 54)
Ruscus, 38

Saccate, 234 xxix.

Sage, 156
Sagittate (fig. 259) : 235 xxxv.

SalicaceEE, 114-116
SaUx, II, 26, 96, 114, 115 (figs.

140-145)
Sallow. See Salix

Salvia, 156
Samara, 96
Sambucus, 160, 161

Saprophyte, 202, 229 I.

Scabrous, 233 xix.

Scale, i8, 30-33
Scandent, 230 IV.

Scape, 230 V.

Scarious, 232 xviii.

Scarlet Pimpernel. See Anagallis

Scarlet Runner, 139
Scattered, 230 viii.

Schizocarp, 93
Scotch, or Scots, Pine. See Pinus

Scorpioid, 55
Scorpion Grass. See Myosotis

Scrambler, 36
Scrophularia, 158
Scrophulariacese, 156-158
Scutellum, 20
Secondary axis, 25 (fig. 41

)

Secundine, 236. XL.

Seed, 85-87, 95-99, 236 (figs. 115-

118)

Seed-leaves. See Cotyledons
Self-pollination, 78, 82
Sepal, 43, 57-58
Sepaloid, 60
Separating Fruit, 89, 93
Septicidal, 237 XLlii.

Septifragal, 237 XLiii.

Septum, 236 XXXIX.
Serrate, 231 xiv.

Setose, 232 XIX.

Sheathing, 230 ix.

Shepherd's Purse. See Capsella

Shoot, 3
Short-styled, 150
Shrub, 27, 41
Silene, 132
Silicula, 91
Siliqua, 89 (figs. 120, 121)

Silky, 232 XIX.

Simple
fruit, 88-94
leaf, 17 (figs. 18-22, 24-26)

ovary, 236 XXXIX.
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Simple
racemose, 52, 53 (figs. 70-72,

74> 75)
shoot, 10

Simplified leaves, 18-22

Sinuate, 231 XIV.

Smooth, 232 XIX.

Snapdragon. See Antirrhinum
Snowball tree, 161

Snowdrop. See Galanthus
Solanacese, 151-153
Solanum, 22, 30, 41, 62, 152 (figs.

48, 84, 190)
Sorosis, 237 XLIII.

Spadix, 52, 179
Spathe, 21, 55, 178, 179 (fig. 226)
Spathulate (fig. 261)
Speedwell, 158
Spermoderm, 236 XLII.

Spike, 52 (fig. 71)
Spikelet, 182 (figs. 232, 233)
Spine, 37 (fig. 58)
Spinose, 232 xix.

Spinulose, 232 xix.
Spiral, II, 12

Splint-wood, 28
Spongiole, 229 11.

Spur, Spurred, 234 xxix.
Spurge family. See Euphorbiaceje

Stamen, 43, 44, 60-62

Staminate, 66
Staminode, 60
Standard, 138
Starch, 197, 198, 200, 201
Stellaria, 12, 40, 130-132, 213 (figs.

43. ii7> 159. 160)

Stem, 3, 5, 24-38, 220-223, 229, 230
Stem-spine, 37 (fig. 58)
Stem-tendril, 38
Sterile flower, 180, 233 XXIII.

(fig. 226)

Stitchwort, 213
Stigma, 44, 63-66, 236
Stimulus, 224
Stinging Nettle, 79
Stipitate, 234 xxvi.
Stipulate, 15

Stipule, 15, 230 x.

Stock, 127
Stolon, Stoloniferous, 230 v.

Strawberry. See Fragaria

Striate, 232 XIX.

Strobilus, 233 xxii.

Strophiole, 236 XLll.

Style, 44, 63-66, 236
Sub-aerial, 28
Submerged, 28

Subsidiary outgrowths, 36
Subterranean, 28

Subterranean shoots, 28-33
Subulate, 231 XII.

Sucker, 41, 107, 230 v.

Succulent, 232 xviii.

— fruit, 89
Suffrutescent, Suffruticose, 229 i.

Sugar, 98, 197, 200, 201

Sugar-cane, 197
Sugar-maple, 197
Sulcate, 233 XIX.

Sunflower. See Helianthus

Superior ovary, 74, 75 (figs. 105,

106)

Superposed, 12, 124
Suppression, 69, 154, 155, 157,

158, 172, 173
Suspended anther, 235 xxxv.
— ovule, 236 XL.

Sutural, '235 XXXV.
Swede, 127
Sweet William, 233 xxii.

Sycamore, 94
Syconium, Syconus, 237 XLIII.

Symbols, 74
Symmetrical, Symmetry, 70, 71
Sympetalous, 234 xxvii.

Sjimpode, Sympodium, 25, 55 (^gs.
.' 42,81)

Syncarpous, 64 (figs. 93-95)
Syhgenesious, 235 xxxiv.
Synsepalous, 234 xxvii.

Systematic Botany, i

Tap-root, 229 11.

Taraxacum, 11, 29, 41, 88, 94,

161-164, 226, 234 XXVI. (figs.

129, 200-207, 253, 254)
Tegmen, 236 XLii.

Temperature, 194, 204, 210, 218,

220, 227
Tendril, 36, 38 (figs. 57, 59)
Tendril-climbers, 35
Terminal inflorescence, 51
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Terminal style, 236 xxxvii.
Ternate, 232 xv.
Terrestrial, 229 i.

Tertiary axis, 25 (fig. 41)
Testa, 3, 97, 99, 236 XLii.

Tetradynamous, 235 xxxiil.
Tetramerous, 233 xxn'.
ThalamiflorEe, 104
Thalamus, 234 xxvi.
Theca, 235 xxxv.
Throat, 234 xxvil.
Thyme, Thymus, 156
Thyrsus, 233 xxii.

Tigellum, 229 ill.

Timothy Grass, 184
Toadflax, 158
Tobacco, 153
Tomato, 153
Tonic influence, 227
Toothlike dehiscence, 91
Torus, 234 XXVI.
Tomentose, 232 xix.
Tube, 234 XXVII.

Tuber, 30, 175 (fig. 48)
Tubercle, 139, 206
Tuberculate, 232 Xix.

Tuberous root, 229 11.

Tubular, 234 xxviii.

Tufl:ed, 230 IV.

Tulip, 32, 45, 170, 227
Turbinate, 234 xxviii.

Turnip, 8, 40, 126, 127
Tragopogon, 226
Transpiration, 205, 209
Transport of

carbohydrates, 200
salts, 206
water, 206, 214

Transverse, plane, 71— dehiscence, 91 (fig. 125)
Trees, 27, 41
Triadelphous, 235 xxxiv.
Triandrous, 235 xxxn.
Tricarpellary 235 xxxvi.
Trifolium, 17, 18, 137-139, 225,

226 (figs. 251, 252)
Trigynous, 236 xxxvi.
Trilocular, 236 xxxix.
Trimerous, 233 xxiv.
Trimorphic, 233 xxiii.

Tristichous, 230 VI 1 1.

Triticum, 19, 20, 181-185 (figs. 28,

231-236)
Tropjeolum, 16, 36, 213, 231 xii.

Truncate, 231 XIII.

Twining stem, 34 (fig. 56)
Two-horned, 235 xxxv.
Typical Flower, 67

Ulex, 37
Umbel, S3 (fig. 74)
Umbelliferse, 59, 69, 81, 88, 96,

146-148, 237 XLIII.

Unguiculate, 234 xxvii.
Unilocular, 235 xxxv. : 236 xxxix.
Uniparous, 233 xxii.

Unisexual, 233 xxiii.

Urceolate, 234 xxviii. (fig. 273)

Valvate, 22, 73
Valvular dehiscence, 62
Vegetative multiplication, 41— shoot, 9-38
Ventral raphe, 236 XL.
— style, 236 XXXVII.
— suture, 63 (fig. 119)
Verbascum, 157
Vernation, 23 (figs. 29-38)
Veronica, 158
Versatile, 235 xxxv.
Verticillaster, 233 xxii.

Verticillate, 230 VIII.

Vetch, 139
Vexillum, 138
Viburnum, 160, i6t

Vicia, 3, 139 (figs. I, 2)

Venation, 16 (figs. 18-22, 24-26)

Vine, 35, 213
Viola, 61, 73, 77, 83, 95, 127-130,

213, 236 XLII. (fig. 158)

ViolaceEE, 127-130
Violet. See Viola

Violet family. See Violacese

Virginia Creeper, 80
Viscid, Viscous, 233 xix.

Wallflower. See Cheiranthus

Wallflower family. See Cruciferse

Walnut, 92
Wasps, 81, 158
Water, 203-205, 209-213, 219, 220,

222
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Watercress, 127
Water Lily, 45
Wheat. See Triticum
White Clover. See Trifolium
White Dead Nettle. See Lamium
White Mustard, 127
Whorled, 11

Willow family. See Salicacece

Wind, dispersal by, 95— influence of, 211
Wind-pollination, 79
Wings, 138
Winged, 233 xix.

Winter Aconite. See Eranthis

Withering, 203, 209, 211

Wood, 197
Woodsorrel. See Oxalis

Woodsorrel family, 137
Woody stem, 27
Woolly, 232 XIX.

Yellow Flag. See Iris

Yew, 50, 97

Zygomorphtc, 71 (figs. 96, 97)

W. M. WHITE AND CO., LIMITED, RIVERSIDE PRESS, EDINBURGH.



CLASSIFIED CATALOGUE
OF

EDUCATIONAL WORKS
PUBLISHED BY

GEORGE BELL &> SONS

LONDON : YORK STREET, COVENT GARDEN

NEW YORK: 66, FIFTH AVENUE; AND BOMBAY

CAMBRIDGE : DEIGHTON, BELL & CO.

December, 1897



CONTENTS.
PAGE

GREEK AND LATIN CLASSICS:
Annotated and Critical Editions .... 3

Texts 9
Translations 10

Grammar and Composition 15

History, Geography, and Reference Books, etc. . 18

MATHEMATICS

:

Arithmetic and Algebra 19

Book-keeping 20

Geometry and Euclid 21

Analytical Geometry, etc 21

Trigonometry 22

Mechanics and Natural Philosophy ... 22

MODERN LANGUAGES:
English . . 24
French Class Books 29
French Annotated Editions 31

German Class Books 31

German Annotated Editions 32

Italian 34
Bell's Modern Translations' 34

SCIENCE, TECHNOLOGY, AND ART:
Chemistry 34
Botany 35
Geology 35
Medicine 36
Bell's Agricultural Series 36

Technological Handbooks 37
Music 37
Art 38

MENTAL, MORAL, AND SOCIAL SCIENCES:
Psychology and Ethics 39
History of Philosophy 40
Law and Political Economy 40
History 41

Divinity, etc 42

Summary of Series 45



GREEK AND LATIN CLASSICS.

ANNOTATED AND CRITICAL EDITIONS.
AESCHYLUS. Edited by F. A. PALEY, M.A., LL.D., late Classical Exa-

miner to the University of London. 4M edition, revised. 8vo, %s.

[Bib. Class.

— Edited by F. A. paley, m.a., li-.d. 6 vols. Fcap. 8vo, is. td.

\Camb. Texts with Notes.

Agamemnon. Persae.
Choephoroe. Prometheus Vinctus.
Eumenides. Septem contra Thebas.

ARISTOPHANIS Comoediae quae supersunt cum perditarum' fragmentis

tertiis curis, recognovit additis adnotatione critica, summariis, descriptione

raetrica, onomastico lexico hubertus A. holden, ll.d. [late Fellow of
Trinity College, Cambridge]. Demy 8yo.

Vol. I., containing the Text expurgated, with Summaries and Critical

Notes, l8f.

The Plays sold separately :

Acharnenses, 2.s. Aves, 2s.

Equites, \s. td. Lysistrata, et Thesmophoriazu-
Nubes, 2s. sae, 4;.

Vespae, 2s. Rariae, 2.S.

Pax, 2s. Plutus, 2.S.

Vol. IL Onoraasticon Aristophaneum continens indicem geographi-

cum et historicum. t^s. td.

— The Plutus. Edited, with Notes, by M. T. quinn, m.a., Lond. 3^. td.

\_Pub. Sch. Ser,

— The Peace. A revised Text with English Notes and a Preface. By
F. a. paley, m.a., LL.D. Post 8vo, 2.s. td. [Pub. Sch. Ser,

— The Acharnians. A revised Text with English Notes and a Preface.

By F. a. paley, m.a., ll.d. Post 8vo, 2.s, td. [Pub. Sch. Ser.

— The Frogs. A revised Text with English Notes and a Preface. By F. A.

paley, m.a., LL.D. Post 8vo, 2s. td. [Pub. Sch. Ser.

CAESAR De Bello Gallico. Edited by George long, m.a. New edition.

Books L-III., IS. td. ; Books IV. and V., is. td. ; Books VI. and VII.,

IS. td. [Gram. Sch. Class.

— De Bello Gallico. Book I. Edited by GEORGE LONG, M.A. "With

Vocabulary by w. F. R. shilletO, m.a. is. td. [Lower Form Ser.

— De Bello Gallico. Book II. Edited by George long, m.a. With
Vocabulary by w. F. R. shilleto, m.a. Fcap. 8vo, is. td.

[Lower Form Ser,

— De Bello Gallico. Book III. Edited by George long, m.a. With
Vocabulary by w. F. R. shilleto, m.a. Fcap. 8vo, is. td.

[Lower Form Ser.

— Seventh Campaign in Gaul. B.C. 52. De Bello Gallico, Lib. VII.

Edited with Notes, Excursus, and Table of Idioms, by rev. w. cook-
worthy COMPTON, M.A., Head Master of Dover College. With
Illustrations from Sketches by E. T. COMPTON, Maps and Plans, yd
edition. Crown 8vo, zs. td. net.

" A really admirable class book."

—

Spectator.

" One of the most original and interesting books which have been

published In late years as aids to the study of classical literature. I think
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—

continued.

it gives the student a new idea of the way in which a classical book may
be made a living reality."

—

Xev. J. E. C. Welldon, Harrow.
— Easy Selections from the Helvetian War. Edited by A. M. M. STED-

MAN, M.A. With Introduction, Notes and Vocabulary. i8mo, is.

{^Primary* Classics.

CALPURNIUS SICULUS and M. AURELIUS OLYMPIUS
NEMESIANUS. The Eclogues, with Introduction, Commentary,
and Appendix. By c. H. keene, m.a. Crown Svo, 6s.

CATULLUS, TIBULLUS, and PROPERTIUS. Selected Poems.
Edited by the REV. A. H. wratislaw, late Head Master of Bury St.

Edmunds School, and F. N. SUTTON, b.a. With Bipgraphical Notices of

the Poets. Fcap. Svo, 2s. dd. ~ \Gram, Sch. Class.

CICERO'S Orations. Edited by G. long, m.a. Svo. {Fib. Class.

Vol. I.—In Verrem. &s.

Vol. II.—Pro P. Quintio—Pro Sex. Roscio—Pro Q. Roscio—Pro M.
TuUio—Pro M. P'onteio—Pro A. Caecina—De Iniperio Cn. Pompeii

—

Pro A. Cluentio—De Lege Agraria—Pro C. Rabirio. 8j.

Vols. III. and IV. Out ofprint.— De Senectute, De Amicitia, and Select Epistles. Edited byCEORGE
LONG, M.A. New edition. Fcap. Svo, y. [Gram. Sch. Class.

— De Amicitia. Edited by george long, m.a. Fcap. Svo, is. 6d.

[Camb. Texts with Notes.

— De Senectute. Edited by george long, m.a. Fcap. Svo, ij. 6rf.

\_Camb. Texts with Notes.
— Epistolae Selectae. Edited by george long, m.a. Fcap. Svo, is. td.

[ Camb. Texts with Notes.

— The Letters to Atticus. Book I. With Notes, and an Essay on the
Character of the Writer. By a. pretor, m.a., late of Trinity College,

Fellow of St. Catherine's College, Cambridge, yd edition. Pos't Svo,

4J. 6ar. IPub. Sch. Ser.

CORNELIUS NEPOS. Edited by the late rev. j. f. macmichael,
Head Master of the Grammar School, Ripon. Fcap. Svo, 2s.

[Gram. Sch. Class.

DEMOSTHENES. Edited by R. whiston, m.a., late Head Master of
Rochester Grammar School. 2 vols. Svo, 8s. each. [Bib. Class.

Vol. I.—Olynthiacs—Philippics—De Pace—Halonnesus—Chersonese
—Letter of Philip—Duties of the State—Symmoriae—Rhodians—Mega-
lopolitans—Treaty with Alexander—Crown.

Vol. II.—Embassy— Leptines— Meidias— Androtion—Aristocrates

—

Timocrates—Aristogeiton.

— De Falsa Legatione. By the late R. SHILLETO, M.A., Fellow of St.

Peter's College, Cambridge. 8th edition. Post Svo, (>s. [Pub. Sch. Ser.— The Oration against the Law of Leptines. With English Notes.
By the late B. w. beatson, m.a.. Fellow of Pembroke College, yd
edition. Post Svo, 3^. dd. [Pub. Sch. Ser.

EURIPIDES. By F. A. paley, m.a., ll.d. 3 vols. 2nd edition, revised.

Svo, 8s. each. Vol. I. Out ofprint. [Bib. Class.

Vol. II.—Preface—Ion—Helena—^Andromache—Electra—Bacchae

—

Hecuba. 2 Indexes.

Vol. III. — Preface— Hercules Furens—Phoenissae—Orestes—Iphi-

genia in Tauris—Iphigenia in Aulide— Cyclops. 2 Indexes.
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EURIPIDES. Electra. Edited, with Introduction and Notes, by c. H.
KEENE, M.A., Dublin, Ex-Scholar and Gold Medallist in Classics. Demy
8vo, \os. 6d.

— Edited by F. a. paley, m.a., ll.d. 13 vols. Fcap. 8vo, i^. dd. each.

[Cami. Texts with Notes,

Phoenissae.
Troades.
Hercules Furens.
Andromache.
Iphigenia in Tauris.
Supplices.

Alcestis.
Medea.
Hippolytus.
Hecuba.
Bacchae.
Ion (2j.).

Orestes.
HERODOTUS. EditedbyREV. I. w. blakesley, b.d. 2 vols. 8vo, I2j.

IBib. Class,— Easy Selections from the Persian Wars. Edited by A. G. liddell,
M.A. With Introduction, Notes, and Vocabulary. l8mo, is. 6d.

\Primary Classics,

HESIOD. Editedby F. A. PALEY, M.A., LL.D. znd edition, revised. Svo, 5^.

IBib. Class.

HOMER. Edited by F. A. PALEY, M.A., LL.D. 2 vols. 2nd edition,

revised. 14^. Vol. II. (Books XIII. -XXIV.) may be had separately. 6s.

[Bib. Class.

— Iliad. Books I. -XII. Edited by F. A. paley, m.a., ll.d. Fcap. 8vo,
'4^. 6d.

Also ifi 2 Parts. Books I. -VI. 2s. 6d. Books VII. -XII. 2s.6d.

[Gram. Sch. Class,

— Iliad. Book I. Edited by F. A. paley, m.a., ll.d. Fcap. 8vo, is.

[Camb. Text with Notes,

HORACE. Edited by rev. a. j. macleane, m.a. ^h edition, revised by
GEORGE LONG. 8vo, &s. [Bib. Class.

— Edited by A. J. macleane, m.a. With a short Life. Fcap. 8vo, 3^. 6d.

Or, Part I. , Odes, Carmen Seculare, and Epodes, 2s. ; Part II., Satires,

Epistles, and Art of Poetry, 2s. [Gram. Sch. Class.

— Odes. Book I. Edited by A. J. macleane, M.A. With a Vocabulary
by A. H. DENNIS, M.A. Fcap. 8vo, is. 6d. [Lower Form Ser,

JUVENAL : Sixteen Satires (expurgated). By Herman prior, m.a.,

late Scholar of Trinity College, Oxford. Fcap. 8vo, 3^. (>d.

[Gram. Sch. Class,

LIVY. The first five Books, with English Notes. By j. prendeville.
A new edition revised throughout, and the notes in great part re-written,

by J. H. FREESE, M.A., late Fellow of St. John's College, Cambridge.
Books I. II. III. IV. V. With Maps and Introductions. Fcap. 8vo,
IS. 6d. each.

— Book 'VI. Edited by E. s. Weymouth, m.a., Lond., and G. F. Hamilton,
B.A. With Historical Introduction, Life of Livy, Notes, Examination
Questions, Dictionary of Proper Names, and Map. Crown Svo, 2s. 6d.— Book XXI. By the rev. l. d. dowdall, m.a., late Scholar and Uni-
versity Student of Trinity College, Dublin, B.D., Ch. Ch. Oxon. Post
Svo, 2s. [Pub. Sch. Ser.— Book XXII. Edited by the rev. l. d. dowdall, m.a., b.d. Post 8vo,
2s.

'

[Pub. Sch. .Ser.
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LIVY. Easy Selections from the Kings of Rome. Edited by A. M. M.
STEDMAN, M.A. With Introduction, Notes, and Vocabulary. i8mo,
T.S. 6d, [Primary Class,

LUCAN. The Pharsalia. By c. E. haskins, m.a., Fellow of St. John's
College, Cambridge, with an Introduction by w. E. heitland, M.a.,
Fellow and Tutor of St. John's College, Cambridge. 8vo, 14J.

LUCRETIUS. Titi Lucreti Cari De Rerum Natura Libri Sex. By
the late H. A. J. MUNRO, m.a.. Fellow of Trinity College, Cambridge.
i^h edition, finally revised. 3 vols. Demy 8vo. Vols. I., II., Introduc-
tion, Text, and Notes, \%s. Vol. III., Translation, 6i.

MARTIAL: Select Epigrams. Edited by F. a. paley, m.a., ll.d.,
and the late w. H. STONE, Scholar of Trinity College, Cambridge. With
a Life of the Poet. Fcap. 8vo, i^^ td. {Gram. Sch. Class.

OVID : Fasti. Edited by F. A. paley, m.a., ll.d. Second edition.

Fcap. 8vo, 3J. 6d. [Gram. Sch. Class.

Or in 3 vols, is. 6d. each [Grammar School Classics'], or 2s. each [Camb,
Texts with Notes'], Books I. and II., Books III. and IV., Books V.
and VL

— Selections from the Amores, Tristia, Heroides, and Metamor-
phoses. By A. J. MACLEANS, M.A. Fcap. 8v0, IS. dd.

\Camb. Texts with Notes.
— Ars Amatoria et Amores. A School Edition. Carefully Revised and

Edited, with some Literary Notes, by J. HERBERT Williams, m.a.,
late Demy of Magdalen College, Oxford. Fcap. 8vo, 3^. dd.— Heroides XIV. Edited, with Introductoi-y Preface and English Notes,
by ARTHUR palmer, m.a., Professor of Latin at Trinity College, Dublin.
Demy 8vo, (>s.

— Metamorphoses, Book XIII. A School Edition. With Introduction

and Notes, by CHARLES haines keene, m.a., Dublin, Ex-Scholar and
Gold Medallist in Classics, ^h edition. Fcap. 8vo, is. 6d.

— Metamorphoses. Book XIV. Edited by c. H. keene, m.a. Fcap. 8vo.

[In the press,

— Epistolarum ex Ponto Liber Primus. With Introduction and Notes,
by CHARLES HAINES KEENE, M.A. Crown 8vo, 3J-.

PLATO. The Apology of Socrates and Crito. With Notes, critical

and exegetical, by wiLHELM WAGNER, PH.D. \2th edition. Post 8vo,

is. dd. [Pub. Sch. Ser.— Phaedo. With Notes, critical and exegetical, and an Analysis, by
WILHELM WAGNER, PH.D. 11th edition. Vost&yo, ^s. 6d. [Pub. Sch. Ser.

— Protagoras. The Greek Text revised, with an Analysis and English
Notes, by w. wayte, m.a.. Classical Examiner at University College,

London, ph edition. Post 8vo, 4J. 6d. [Pub. Sch. Ser.— Euthyphro. With Notes and Introduction by G. H. WELLS, M.A.,

Scholar of St. John's College, Oxford ; Assistant Master at Merchant
Taylors' School, yd edition. Post 8vo, 3^. [Pub. Sch. Ser.

— The Republic. Books I. and II. With Notes and Introduction by
G. H. WELLS, M.A. 4/A edition, with the Introduction re-written. Post

8vo, is. [Pub. Sch. Ser.

— Kuthydemus. With Notes and Introduction by G. H. wells, m.a.

Post 8vo, 4J. [Pub. Sch. Ser.

Phaedrus. By the late w. H. Thompson, d.d., Master of Trinity College,

Cambridge. 8vo, y. [Bib. Class.
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PLATO. Gorgias. By the late w. H. Thompson, d.d., Master of Triniq

College, Cambridge. New edition, ds. [Pub. Sch. Serl

PLAUTUS. Aulularia. With Notes, critical and exegetical, by w.
, WAGNER, PH.D. ^th edition. Post 8vo, us. 6d.

_
[Pub. Sch. Ser.

— Trinummus. With Notes, critical and exegetical, by wilhelm
WAGNER, PH.D. yh edition. Post 8vo, i^f. 6^. [Pub. Sch. Ser.

— Menaecliniei. With Notes, critical and exegetical, by wilhelm
WAGNER, PH. D. 2nd edition. Post 8vo, 4? . dd. [Pub. Sch. Ser.

— Mostellaria. By E. a. sonnenschein, m.a.. Professor of Classics at

-Mason College, Birmingham. Post 8vo, Ji. [Pub. Sch. Ser.

— Captivi. Abridged and Edited for the Use of Schools. With Intro-

duction and Notes by J. H. freesb, m.a., formerly Fellow of St. John's

College, Cambridge. Fcap. 8vo, is. 6d.

PROPERTIUS. Sex. Aurelii Propertii Carmina. The Elegies of

Propertius, with Enghsh Notes. By F. A. PALEY, M.A., LL.D. 2nd
edition. 8vo, 5^.

SALLUST : Catilina and Jugurtha. Edited, with Notes, by the late

GEORGE LONG. New edition, revised, with the addition of the Chief

Fragments of the Histories, by J. G. frazer, m.a.. Fellow of Trin. Coll.,

Camb. Fcap. 8vo, 3j. dd., or separately, 2s. each. [Gram. Sch. Class.

SOPHOCLES. Edited by REV. F. H. blaydes, m.a. Vol. I, Oedipus
Tyrannus—Oedipus Coloneus—Antigone. 8vo, 8j-. [Bib. Class.

Vol. II. Philoctetes—Electra—Trachiniae—Ajax. By F. A. paley,
m.a., LL.D. Svo, 6s., or the four Plays separately in limp cloth, 2s. td.

each.

— Trachiniae. With Notes and Prolegomena. By ALFRED PRETOR, m.a.,

Fellow of St. Catherine's College, Cambridge. Post Svo, 4J. 6rf.

\Pub. Sch. Ser.

— The Oedipus Tyrannus of Sophocles. By B. H. Kennedy, d.d.,

Regius Professor of Greek and Hon. Fellow of St. John's College, Cam-
bridge. With a Commentary containing a large number of Notes selected

from ihe MS. of the late T. H. steel, m.a. Crown Svo, 8/.

A School Edition Post Svo, 2s. 6d. [Pub. Sch. Ser.

— Edited by F. A. paley, m.a., ll.d. 5 vols. Fcap. Svo, is. 6d. each.

[Camb. Texts with Notes.

Oedipus Tyrannus. Electra.

Oedipus Coloneus. Ajax.

Antigone.

TACITUS : Germania and Agricola. Edited by the late REV. P. FROST,

late Fellovir of St. John's College, Cambridge. Fcap. Svo, 2s. 6d.

[Gram. Sch, Class.

— The Germania. Edited, with Introduction and Notes, by R. F. Davis,

m.a. Fcap. Svo, is. 6d.

TERENCE. With Notes, critical and explanatory, by wilhelm wagner,
PH. D. ird edition. Post Svo, ^s. id. [Pub. Sch. Ser.

— Edited by WILHELM WAGNER, PH.D. 4 vols. Fcap. Svo, is. dd. each.

[Catnb. Texts with Notes.

Andria. I Hautontimorumenos.
Adelphi.

|
Phormio.
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THUCYDIDES, Book VI. By T. w. dougan, m.a., Fellow of St. John's
College, Cambridge ; Professor of Latin in Queen's College, Belfast.

Edited with English notes. Post 8vo, 2s. [Pub. Sch. Ser.

— The History of the Peloponnesian War. With Notes and a careful

Collation of the two Cambridge Manuscripts, and of the Aldine and
Juntine Editions. By the late RICHARD shilleto, m.a., Fellow of

St. Peter's College, Cambridge. Svo. Book I. 6s. 6d. Book II. $' 6d.

VIRGIL. By JOHN conington, m.a., and henry nettleship, late Corpus
, Professor of Latin at Oxford. Svo. \.Bi6. C/ass.

Vol. I. The Bucolics and Georgics, with new Memoir and three Essays

on Virgil's Commentators, Text, and Critics. 5*4 edition, revised by
F. HAVERFIELD, M.A. los. 6d. \_In the press.

Vol. II. The Aeneid, Books I. -VI. ' i,th edition, los. 6d.

Vol. in. The Aeneid, Books VII.-XII. yd edition. \os.(>d.

— Abridged from professor conington's Edition, by the rev. j. g. shep-
PARD, D.C.L., H. nettleship, late Corpus Professor of Latin afthe
University of Oxford, and w. WAGNER, PH.D. 2 vols. Fcap. Svo,

4J. (>d. each. [Gram. Sch. Class.

Vol. I. Bucolics, Georgics, and Aeneid, Books I. -IV.

Vol. II. Aeneid, Books V. -XII.
Also the Bucolics and Georgics, in one vol. y.

Or in 9 separate volumes (Grammar School Classics, with Notes atfoot ofpage),
price IS. 6d. each.

Bucolics.
Georgics, I. and II.

Georgics, III. and IV.
Aeneid, I. and II.

Aeneid, III. and IV.

Or in 12 separate volumes (Cambridge Texts with Notes at end), price

Is, 6d. each.

Aeneid, V. and VI.
Aeneid, VII. and VIIL
Aeneid, IX. and X.
Aeneid, XL and XIL

Bucolics.
Georgics, I. and II.

Georgics, III. and IV.
Aeneid, I. and II.

Aeneid, III. and IV.
Aeneid, V. and VI. (price 2j.)

Aeneid, VII.
Aeneid, VIIL
Aeneid, IX.
Aeneid, X.
Aeneid, XL
Aeneid, XII.

— Aeneid, Book I. conington's Edition abridged. With Vocabulary

by w. F. R. shilleto, m.a. Fcap. Svo, \s. 6d. {Lower Form Ser.

XENOPHON : Anabasis. With Life, Itinerary, Index, and three Maps.
Edited by the late j. F. macmichael. Revised edition. Fcap. Svo,

3J. 6d. [Gram. Sch. Class.

Or in 4 separate volumes, price is. 6d, each.

Book I. (with Life, Introduction, Itinerary, and three Maps)—Books
II. and IIL—Books IV. and V.—Books VI. and VII.

— Anabasis, macmichael's Edition, revised by j. E. melhuish, m.a.,

Assistant Master of St. Paul's School. In 6 volumes, fcap. Svo. With
Life, Itinerary, and Map to each volume, is. bd. each.

\Camb. Texts with Notes.

Book I.—Books II. and III.—Book IV.—Book V.—Book VI.—
Book VII.
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XENOPHON. Cyropaedia. Edited by G. m. gorham, M.A., late Fellow
of Trinity College, Cambridge. New edition. Fcap. 8vo, 3^. dd.

[Gram. Sch. Class.

Also Books I. and II., is. 6d. ; Books V. and VI., is. 6d.

.^Memorabilia. .Edited by percival frost, m.a., late Fellow of St.

John's College, Cambridge. Fcap. 8vo, 3^. [Gram. Sch. Class.

— Hellenica. Book I. Edited by L. D. dowdall, m.a., b.d. Fcap. 8vo,
2J. [Camb. Texts with Notes.

— Hellenica. Book II. By L. D. dowdall, m.a., b.d. Fcap. Svo, 2s.

[Camb. Texts with Notes.

TEXTS.
AESCHYLUS. Ex novissima recensione F. A. paley, a.m., ll.d. Fcap.

Svo, 2s. [Camb. Texts.

CAESAR De Bello Gallico. Recognovit G. LONG, A.M. Fcap. Svo,

is. (sd. [Camb. Texts.

CATULLUS. A New Text, with Critical Notes and an Introduction, by

J. P. POSTGATE, M.A., LITT.D., Fellow of Trinity College, Cambridge,
Professor of Comparative Philology at the University of London. Wide
fcap. Svo, y.

CICERO De Senectute et de Amicitia, et Epistolae Selectae. Recen-
suit G. LONG, A.M. Fcap. Svo, is. 6d. [Camb. Texts.

CICERONIS Orationes in Verrera. Ex recensione G. long, a.m.

Fcap. Svo, 2s. 6d. [Camb. Texts.

CORPUS POETARUM LATINORUM, a se aliisque denuo recogni-

torum et brevi lectionum varietate instructorum, edidit Johannes perci-
val postgate. Tom. I.—Ennius, Lucretius, Catullus, Horatius, Vergilius,

Tibullus, Propertius, Ovidius. Large post 4to, 2ls. net. Also in 2 Parts,

sewed, gs, each, net.

^*^ To be completed in 4 parts, making 2 volumes.

CORPUS POETARUM LATINORUM. Edited by walker. Con-
taining :—Catullus, Lucretius, Virgilius, Tibullus, Propertius, Ovidius,

Horatius, Phaedrus, Lucanus, Persius, Juvenalis, Martialis, Sulpicia,

Statius, Silius Italicus, Valerius Flaccus, Calpurnius Siculus, Ausonius,

and Claudianus. I vol. Svo, cloth, l8s.

EURIPIDES. Ex recensione F. A. paley, a.m., ll.d. 3 vols. Fcap.

Svo, 2s. each. [Camb. Texts.

Vol. I.—Rhesus—Medea— Hippolytus— Alcestis—Heraclidae—Sup-

plices—Troades.

Vol. II.—Ion—Helena—Andromache—Electra—Bacchae—Hecuba. .

Vol. III.—Hercules Furens—Fhoenissae—Orestes—Iphigenia in Tauris

—Iphigenia in Aulide—Cyclops.

HERODOTUS. Recensuit j. G. blakesley, s.t.b. 2 vols. Fcap. Svo,

2s. 6d. each. [Camb. Texts,

HOMERI ILIAS I.-XII. Ex novissima recensione F. A. paley, a.m.,

LL.D. Fcap. Svo, IJ. 6rf. [Camb. Texts.

HORATIUS. Ex recensione A. j. macleane, a.m. Fcap. Svo, is. 6d.

[Camb. Texts.

JUVENAL ET PERSIUS. Ex recensione A. J. macleane, a.m.

Fcap. Svo, IS. 6d. [Camb. Texts.

LUCRETIUS. Recognovit H. A. J. MUNRO, A.M. Fcap. Svo, 2s.

[Camb. Texts.
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PROPERTIUS. Sex. Propertii Elegiarum Libri IV. recensuit A.

PALMER, coUegii sacrosanctae et individuae Trinitatis juxta Dublinum
Socius. Fcap. 8vo, 3^. dd.— Sexti Properti Carmina. Recognovit JOH. percival postgate,
Large post 4to, boards, y. 6d. net.

SALLtjSTi CRISPI CATILINA ET JUGURTHA, Recognovit

G. LONG, A.M. Fcap. 8vo, IS. 6d. [Cami. Texts.

SOPHOCLES. Ex recensione F. a. paley, a.m., ll.d. Fcap. 8vo, 2s. 6d.

YCamb. Texts.

TERENTI COMOEDIAE. gul. wagner relegit et emendavit. Fcap.

8vo, 2s. [Camb. Texts.

THUCYDIDES. Recensuit j. G. Donaldson, s.t.p. 2 vols. Fcap.

8vo, 21. each. [Camb. Texts.

VERGILIUS. Ex recensione J. conington, A.M. Fcap. 8vo, 2j.

\_Camb. Texts.

XENOPHONTIS EXPEDITIO CYRL Recensuit j. F. macmichael.
A.B. Fcap. 8vo, i^. 6d. [Camb. Texts,

TRANSLATIONS.

AESCHYLUS, The Tragedies of. Translated into English verse by
ANNA SWANWICK. ^th- edition reviled. Small post 8vo, 5;.— The Tragedies of. Literally translated into Prose, by T. A. Buckley, b. a.

Small post 8vo, y. 6d.

— The Tragedies of. Translated by Walter headlam, m.a.. Fellow of

King's College, Cambridge.
"

[Preparing.

ANTONINUS (M. Aurelius), The Thoughts of. Translated by
GEORGE LONG, M.A, Revised edition. Small post 8vo, 3^. 6d,

Fine paper edition on handmade paper. Pott 8vo, 6s.

APOLLONIUS RHODIUS. The Argonautica. Translated by E. P.

COLERIDGE, M.A. Small post 8vo, Jj.AMMIANUS MARCELLINUS. History of Rome during the

Reigns of Constantius, Julian, Jovianus, Valentinian, arid Valens. Trans-
lated by PROF. c. D. YONGE, M.A. With a complete Index. Small post

8vo, "js. 6d.

ARISTOPHANES, The Comedies of. Literally translated by w. j.

HICKIE. With Portrait. 2 vols. Small post 8vo, 5^. each.

Vol. I.—Acharnians, Knights, Clouds, Wasps, Peace, and Birds.

Vol. II.—Lysistrata, Thesmophoriazusae, Frogs, Ecclesiazusae, and
Plutus.

— The Acharnians. Translated by w. H. Covington, b.a. With Memoir
and Introduction. Crovfn 8vo, sewed, is.

— The Plutus. Translated by M. T. quinn, m.a., Lond. Cr. 8vo,

sewed, is.

ARISTOTLE on the Athenian Constitution. Translated, with Notes
and Introduction, by F. G. kenyon, m.a.. Fellow of Magdalen College,

Oxford. Pott 8vo, printed on handmade paper. 2nd edition. 4s. 6d.

— History of Animals. Translated by Richard c&esswell, m.a. Small
post 8yo, Ss.— Organon : or. Logical Treatises, and the Introduction of Porphyry. With
Notes, Analysis, Introduction, and Judex, by the rev. o. k. uvvtN, m.a.

2 vols. Small post 8vo, 3/. 6d. each.
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ARISTOTLE. Rhetoric and Poetics. LiteraUy Translated, with Hobbes'
Analysis, &c., by T. BUCKLEY, B.A. Small post 8vo, t,s.

— Nicomachean Ethics. LiteraUy Translated, with Notes, an Analytical

Introduction, &c., by the Venerable archdeacon browne, late Classical

Professor of King's College. Small post 8vo, $s.— Politics and Economics. Translated, with Notes, Analyses, and
Index, by E. walford, M.A., and an Introductory Essay and a Life by
DR. GILLIES. Small post 8vo, y.— Metaphysics. Literally Translated, with Notes, Analysis, &c., by the

REV. JOHN H. m'mahon, m.a. Small post 8vo, t,s.

ARRIAN. Anabasis of Alexander, together with the Indica. Trans-
lated by E. J. CHINNOCK, M.A., LL.D. With Introduction, Notes, Maps,
and Plans. Small post 8vo, ^s.

CAESAR. Commentaries on the Gallic and Civil Wars, with the Supple-
mentary Books attributed to Hirtios, including the complete Alexandrian,

African, and Spanish Wars. Translated by w. A. m'devitte, b.a.

Small post 8vo, $s.

— Gallic War. Translated by w. A. m'devitte, b^a. 2 vols., with Memoir
and Map. Crown 8vo, sewed. Books I. to IV., Books V. to VII.,

CALPURNIUS SICULUS, The Eclogues of. The Latin Text, with
English Translation by E. J. L. SCOTT, m.a. Crown 8vo, y. 6d.

CATULLUS, TIBULLUS, and the Vigil of Venus. Prose Translation.

Small post 8vo, 5^.

CICERO, The Orations of. Translated by prof. c. d. yonge, m.a.
With Index. 4 vols. Small post 8vo, 5^. each.

— On Oratory and Orators. With Letters to Quintus and Brutus. Trans-

lated by the rev. j. s. watson, m.a. Small post 8vo, 5j.— On the Nature of the Gods. Divination, Fate, Laws, a Republic,

Consulship. Translated by prof. c. d. yonge, m.a., and francis
barham. Small post 8vo, Jj.— Academics, De Finibus, and Tusculan Questions. By PROF. c. T>.

YONGE, M.A. Small post 8vo, t,s.

— Ofiices; or, Moral Duties. Cato Major, an Essay on Old Age; Laelius,

an Essay on Friendship ; Scipio's Dream ; Paradoxes ; Letter to Quintus

on Magistrates. Translated by c. R. EDMONDS. With Portrait, ^s. 6d.

— Old Age and Friendship. Translated, with Memoir and Notes, by
G. H. WELLS, M.A. Crown 8vo, sewed, is.

DEMOSTHENES, The Orations of. Translated, with Notes, Arguments,
a Chronological Abstract, Appendices, and Index, by c. raNN KENNEDY,
5 vols. Small post 8vo.

Vol. I.—The Olynthiacs, Philippics. 3^. 6</.

Vol. II.—On the Crown and on the Embassy, ^s.

Vol. III.^Against Leptiues, Midias, Androtion, and Aristocrates. ^s.

Vols. IV. and V.—Private and Miscellaneous Orations. 5j. each.
— On the Crown. Translated by c. rann Kennedy. Crown 8vo,

sewed, Is.

DIOGENES LAERTIUS. Translated by PROF. c. D. YONGE, m.a.
Small post 8vo, 5^.

EPICTETUS, The Discourses of. With the Encheiridion and
Fragments. Translated by GEORGE LONG, M.A. Small post 8vo, Sj.

Fine Paper Edition, 2 vols. Pott 8vo, los. 6d.
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EURIPIDES. A Prose TnmiUtioii, from the Text of Paley. By
E. P. COLERID-JE, M.A. 2 vols., Jr. each.

Vol. I.—Rhesus, Medea, Hippolytus, Alcestis, Heraclidae, Supplices,
Troades, Ion, Helena.

Vol. II.—Andromache, Electra, Bacchae, Hecuba, Hercules Furens,
Phoenissae, Orestes, Iphigenia in Tauris, Iphigenia in Aulis, Cyclops.

»*« The plays separately (except Rhesus, Helena, Electia, Iphigenia in
Aulis, and Cyclops). Crown 8vo, sewed, ts. each.— Translated from the Text ofDindor£ By T. A. Buckley, B.A. 2 vols.

small post 8vo, Sx. each.
GREEK ANTHOLOGY. Translated by George surges, m.a. Small

post 8vo, 5j.

HERODOTUS. Translated by the rev. henry cary, m.a. Small post
8vo, js. 6d.

— Analysis and Summary of. By j. T. whbeler. Small post 8vo, S^-
HESIOD, CALLIMACHUS, and THEOGNIS. Translated by the

REV. J. BANKS, M.A, Small post 8v0, $5.

HOMER. The Iliad. Translated by T. A. Buckley, b.a. Small post
8vo, 5^.— The Odyssey, Hymns, Epigrams, and Battle of the Frogs and
Mice. Translated by T. A. Buckley, b.A. Small post 8vo, 5^.— The Iliad. Books I. -IV. Translated into English Hexameter Verse,
by_ henry smith weight, b.a., late Scholar of Trinity College, Cam-
bridge. Medium 8vo, 5j.

HORACE. A New Prose Translation by A. Hamilton bryce, ll.d.
With Memoir and Introduction. Small post 8vo. 3;. 6d.

Also in 4 vols., crown 8vo, sewed, is. each.

Odes. I. and II.

Odes. III. and IV., with
the Carmen Seculare
and Epodes.

— Translated by Smart. Revised edition. By x. A, bucklby, b.a. Small
post 8vo, 3j. 6d.

— The Odes and Carmen Saeculare. Translated into English Verse by
the late JOHN conington, m.a., Corpus Professor of Latin in the
University of Oxford, i ith edition. Fcap. 8vo. Jr. 6d,

— The Satires and Epistles. Translated into English Verse by prof.
JOHN conington, M.A. &tk edition. Fcap. 8vo, y. 6d.

— Odes and Epodes. Translated by sir Stephen e. db vere, bart.
yd edition, enlarged. Imperial i6mo. 7'^- ^'^- net.

ISOCRATES, The Orations of. Translated by j. H. fregse, m.a., late

Fellow of St. John's College, Cambridge, with Introductions and Notes.

Vol. I. Small post 8vo, Sj.

JUSTIN, CORNELIUS NE:P0S, and EUTROPIUS. Translated

by the rev. j. s. watson, m.a. Small post 8vo, 5^.

JUVENAL, PERSIUS, SULPICIA, and LUCILIUS. Translated

by L, EVANS, M.A. Small post 8vo, %s.

LIVY. The History of Rome. Translated by dr. sfillan, c. edmonds,
and others. 4 vols, small post 8vo, $s. each.

Boolu I., II., III., IV. A Revised Translation by j. H. freese, m.a,,

late Fellow of St. John's College, Cambridge. With Memoir, and Maps.

4 vols., crown 8vo, sewed, i^. each.

Satires.

Epistles and Ars Poetica.
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LIVY. Book V. and Book VI. A Revised Translation by E. s. WEYMOtTTH,
M.A., Lond. With Memoir, and Maps. Crown 8vo, sewed, \s. each.

— Book IX. Translated by FRANCIS storr, b.a. With Memoir. Crown
8vo, sewed, ij.

LUCAN. The Pharsalia. Translated into Prose by h. t. riley, m.a.

Small post 8vo, S^.— The Pharsalia. Book I. Translated by Frederick conway, m. a.

With Memoir and Introdiiction. Crown 8vo, sewed, \s.

LUCIAN'S Dialogues of the Gods, of the Sea-Gods, and of the

Dead. Translated by HOWARD WILLIAMS, M.A. Small post 8vo, t^s.

LUCRETIUS. TranslatedbytheREV. J. S.WATSON, M.A. Small post8vo,Sj.
— Literally trans, by the late H. A. J. MUNRO, M.A. i^h edition. Demy 8vo, fo.

MARTIAL'S Epigrams, complete. Literally translated into Prose, with

the addition of Verse Translations selected from the Works of English

Poets, and other sources. Small post 8vo, Ts. 6d.

OVID, The Works of. Translated. 3 vols. Small post 8vo, 5j. each.

Vol. I.—Fasti, Tristia, Pontic Epistles, Ibis, and Halieuticon.

Vol. II.—Metamorphoses. IVitk Frontispiece.

Vol. III.—Heroides, Amours, Art of Love, Remedy of Love, and
Minor Pieces. With Frontispiece.

— Fasti. Translated by H. T. riley, M.A. 3 vols. Crown 8vo, sewed, \s. each,

— Tristia. Translated by H. T. riley, m.a. Crown 8vo, sewed, is.

PINDAR. Translated by DAWSON w. turner. Small post 8vo, Sj.

PLATO. Gorgias. Translated by the late E. M. cope, m.a., Fellow
of Trinity College. 2nd edition. 8vo, "Js.

— Philebus. Translated by F. A. paley, m.a., ll.d. Small 8vo, 4J.

— Theaetetus. Translated by F. A. paley, m.a., ll.d. Small 8vo, 4J.

The Works of. Translated, with Introduction and Notes. 6 vols. Small

post 8vo, 5j. each.

Vol. I.—The Apology of Socrates—Crito—Phaedo—Gorgias—Prota-
goras—Phaedrus—Theaetetus—Eutyphron—Lysis. Translated by the

REV. H. CARY. .

Vol. II.—The Republic—Timaeus—Critias. Trans, by HENRY DAVIS.

Vol. III.—Meno—Euthydemus—The Sophist—Statesman—Cratylus

—Parmenides—The Banquet. Translated by G. surges.

Vol. IV.—Philebus—Charmides—Laches—Menexenus—Hippias—Ion

—The Two Alcibiades—Theages—Rivals—Hipparchus—Minos—Cli-

topho—Epistles. Translated by G. burges.

Vol. v.—The Laws. Translated by G. surges.

Vol. VI.—The Doubtful Works. Edited by 6. surges. With General

Index to the six volumes.

Apology, Crito, Phaedo, and Protagoras. Translated by the rev. h.

CARY. Small post 8vo, sewed, \s., cloth, is. 6d.

— Dialogues. A Summary and Analysis of. With Analytical Index, giving

references to the Greek text of modem editions and to the above transla-

tions. By A. DAY, LL.D. Small post 8vo, S^.

PLAUTUS, The Comedies of. Translated by H. T. riley, m.a. 2 vols.

Small post 8vo, Ss. each.

Vol. I.—Trinummus—Miles Gloriosus—Bacchides—Stichus—Pseudolus

^Menaechmei—Aulularia—Captivi—Asinaria—Curculio.

VoL II.—Amphitryon—Rudens—Mercator—Cistellaria—Truculentug

—fgrss—Cjtsii)?—Po^nulus—Epidicus—MostpUarja—Fragments.
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PLAUTUS. Trinummus, Menaechmei, Aulularia, and Captivi.

Translated by H. T. rii.ey, m.a. Small post 8vo, sewed, is., cloth, is. 6d.

PLINY. The Letters of Pliny the Younger. Melmoth's Translation,

revised, by the KBV. F. c. T. BOSANQUET, m.a. Small post 8vo, Sj.

PLUTARCH. Lives. Translated by A. Stewart, m.a., late Fellow of

Trinity College, Cambridge, and GEORGE LONG, M.A. 4 vols, small post

8vo, y. 6ii. each.
— Morals. Theosophical Essays. Translated by c. w. king, m.a., late

Fellow of Trinity College, Cambridge. Small post 8vo, Sj.— Morals. Ethical Essays. Translated by the rev. a. r. shilleto, m.a.

Small post 8vo, 5^.

PROPERTIUS. Translated by REV. P. J. F. gantillon, m.a., and
accompanied byPoeticalVersions, from various sources. Sm. post 8vo, 3^. 6d.

PRUDENTIUS, Translations from. A Selection from his Works, with

a Translation into English Verse, and an Introduction and Notes, by
FRANCIS ST. JOHN THACKERAY, M.A., F.S.A., Vicar of Mapledurham,
formerly Fellow of Lincoln College, Oxford, and Assistant-Master at

Eton. Wide post 8vo, 7s. 6d.

QUINTILIAN : Institutes of Oratory, or. Education of an Orator.

Trans, by the rev. j. s. watson, m.a. 2 vols; small post 8vo, $s. each.

SALLUST, FLORUS, and VELLEIUS PATERCULUS. Trans-

lated by J. s. WATSON, M.A. Small post 8vo, 5^.

SENECA: On Benefits. Translated by A. stewaet, m.a., late Fellow

of Trinity College, Cambridge. Small post 8vo, y. 6d.

— Minor Essays and On Clemency.- Translated by A. STEWART, M.A.

Small post 8vo, $s.

SOPHOCLES. Translated, with Memoir, Notes, etc., by E. P. COLERIDGE,
M.A. Small post 8vo, S^.

Or the plays separately, crown 8vo, sewed, is. each.

— The Tragedies of. The Oxford Translation, with Notes, Arguments,

and Introduction. Small post 8vo, 5^.

— The Dramas of. Rendered in English Verse, Dramatic and Lyric, by
SIR GEORGE YOUNG, SART., M.A., formerly Fellow of Trinity College,

Cambridge. 8vo, 12s. 6d.

— The CEdipus Tyrannus. Translated into English Prose, By prof. b.

H. KENNEDY. Crown 8vo, in paper vn-apper, is.

SUETONIUS. Lives of the Twelve Caesars and Lives of the

Grammarians. Thomson's revised Translation, by t. forester. Small

post 8vo, 5^.

TACITUS, The Works of. Translated, with Notes and Index 2 vols.

Small post 8vo, S^- each.

Vol. I.—The Annals.

Vol. II.—The History, Germania, Agricola, Oratory, and Index.

TERENCE and PHAEDRUS. Translated by H. t. riley, m.a. Small

post 8vo, Sj.

THEOCRITUS, BION, MOSCHUS, and TYRTAEUS. Translated

by the rev. j. banks, m.a. Small post 8vo, 5.r.

THEOCRITUS. Translated into English Verse by c s. calverley,

m.a., late Fellow of Christ's College, Cambridge. New edition. Crown
8vo,

Jj.
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THUCYDIDES. The Peloponnesian War. Translated by the rev. H.

DALE. With Portrait. 2 vols. , 3J. dd. each.

— Analysis and Summary of. By j. . T. wheeler. Small post 8vo, 5^

.

VIRGIL. Translated by A. Hamilton bryce, ll.d. With Memoir and
Introduction. Small post 8vo, 3^. dd.

Alsb in 6 vols., crown 8vo, sewed, is. each.

Georgics.
Bucolics,
.ffineid I.-III.

iEneidlV.-VI.
iEneid VII.-IX.
.ffineid X.-XII.

XENOPHON. The Works of. In 3 vols. Small post 8vo, 5^. each.

Vol. I.—The Anabasis, and Memorabilia. Translated by the REV. j. a.

WATSON, M. A. With a Geographical Commentary, by w. F. ainsworth,
F.S.A., F.R.G.S., etc.

Vol. II.—Cyropaedia and Hellenics. Translated by the rev. j. s.

WATSON, M.A., and the rev. h. dale.
Vol. III.—The Minor Works. Translated by the rev. j. s.

WATSON, M.A.— Anabasis. Translated by the REV. J. S. WATSON, m.a. With Memoir
and Map. 3 vols.

— Hellenics. Books I. and II. Translated by the rev. h. dale, m.a.

With Memoir.

SABRINAE COROLLA In Hortulis Regiae Scholae Salopiensis con-

texuerunt tres viri floribus legendis. 4/A edition, revised and re-arranged.

By the late benjamin hall Kennedy, d.d., Regius Professor of Greek
at the University of Cambridge. Large post 8vo, \os. 6d.

SERTUM CARTHUSIANUM Floribus trium Seculorum Contextum.

Cura gulielmi haig brown, Scholae Carthusianae Archididascali.

Demy 8vo, <,s.

TRANSLATIONS into English and Latin. By c. s. calverley, m.a.,

late Fellow of Christ's College, Cambridge, ^th edition. Crown 8vo, <iS.

TRANSLATIONS from and into the Latin, Greek and English. By
R. c. JEBB, LITT.D., M.P., Regius Professor of Greek in the University of

Cambridge, H. JACKSON, M.A., LITT. D., Fellows of Trinity College, Cam-
bridge, and w. E. currey, M.A., formerly Fellow of Trinity College,

Cambridge. Crown 8vo. yd edition, y.

GRAMMAR AND COMPOSITION.

BADDELEY. Auxilia Latina. A Series of Progressive Latin Exercises.

By M. J. B. BADDELEY, M.A. Fcap. 8vo. Part I., Accidence, tfh

edition. 2S. Part II. S/A edition. 2s. Key to Part II. 2S. 6d.

BAIRD. Greek Verbs. A Catalogue of Verbs, Irregular and Defective ;

their leading formations, tenses in use, and dialectic inflexions, with a

copious Appendix, containing Paradigms for conjugation. Rules for

formation of tenses, &c., &c. By j. s. baird, t.cd. New edition, re-

vised. 2s. 6d.

— Homeric Dialect. Its Leading Forms and Peculiarities. By j. s. baird,

t.cd. New edition, revised. By the rev. w. gunion rutherford,
M.A., ll.d.. Head J^sister at W?stmirj§ter SchooJ. \s.



1

6

George Bell& Sons'

BAKER. Latin Prose for London Students. By Arthur baker,
M.A., Classical Master, Independent College, Taunton. Fcap. 8vo, ar.

BARRY. Notes on Greek Accents. By the right rkv. a. barry,
D. D. New edition, re-written, is.

CHURCH. Latin Prose Lessons. By A. j. church, m.a.. Professor of

Latin at University College, London, gth edition. Fcap. 8vo, 2s. 6d.

CLAPIN. Latin Primer. By the rev. a. c. clapin, m.a., Assistant

Master at Sherborne School. 4/A edition. Fcap. 8vo, is.

COLERIDGE. Res Romanae. Being aids to the History, Geology,

Archaeology, and Literature of Ancient Rome, for less advanced Scholars.

By E. P. COLERIDGE, M.A. With 3 maps. 2ndedition. Crown 8vo. 2s.6d.
— Res Graecae. Being aids to the study of the History, Geography,

Archseology, and Literature ofAncient Athens. By E. P. COLERIDGE, M.A.

[/» the press.

COLLINS. Latin Exercises and Grammar Papers. By T. Collins,

M.A., Head Master of the Latin School, Nevpport, Salop, ith edition.

Fcap. 8vo, 2s. 6d.

— Unseen Papers in Latin Prose and Verse. With Examination Questions.

7M edition. Fcap. 8vo, 2s. 6d.

— Unseen Papers in Greek Prose and Verse. With Examination Ques-
tions, yh edition. Fcap. 8vo, 3^.

— Easy Translations from~Nepos, Caesar, Cicero, Livy, &c., for Retrans-

lation into Latin. With Notes. 2J.

COMPTON. Rudiments of Attic Construction and Idiom. An Intro-

duction to Greek Syntax for Beginners who have acquired some knowledge
of Latin. By the REV. W. COOKWORTHY compton, m.a.. Head Master
of Dover College. Crovni 8vo, y.

FROST. Eclogae Latinae ; or, First Latin Reading Book. With Notes
and Vocabulary by the late rev. p. frost, m.a. Fcap. 8vo, is. 6d.

— Analecta Graeca Minora. With Notes and Dictionary. JVew edition.

Fcap. 8vD, 2s.

— Materials for Latin Prose Composition. By the late rev. p. frost,
m.a. New edition. Fcap. 8vo, 2i. Key. 4j.net.

— A Latin Verse Book. New edition. Fcap. 8vo, 2j. Key. t,s. net.

— Materials for Greek Prose Composition. New edition. Fcap. 8vo,

2s. td. Key. 5J. net.

— Greek Accidence. New edition, is.

— Latin Accidence, is.

HARKNESS. A Latin Grammar. By albert harkness. PostSvo, 6j.

KEY. A Latin Grammar. By the late T. H. key, m.a., f.r.s. 6tA thou-

sand. Post 8vo, %s.

-r- A Short Latin Grammar for Schools, itth edition. Post 8vo, 3,1. 6d.

HOLDEN. Foliorum Silvula. P.irt I. Passages for Translation into

Latin Elegiac and Heroic Verse. By H. A. holden, ll.d. nth edition.

Post 8vo, ^s. 6d.

— Foliorum Silvula. Part II. Select Passages for Translation into Latin
Lyric and Comic Iambic Verse, ^^rd edition. Post 8vo, 5^.

— Foliorum Centuriae. Select Passages for Translation into Latin and
Greek Prose, loth editiori. Post 8vo, 8^.

JEBB, JACKSON, and CURREY. Extracts for Translafion in

Greejc, Latin, pnd English. By R. c. jebb, mtt.d., m,p., Regius Pro-
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JEBB, JACKSON, and CM'KKE.-^—continued.
fessor of Greek in -the University of Cambridge ; H. JACKSON, LITT.D.,
Fellow of Trinity College, Cambridge; and w. E. currey, m,a., late

Fellow of Trinity College, Cambridge. Crown 8vo, is. 6d.

Latin Syntax, Principles of. i^.

Latin Versification. I^.

MASON. Analytical Latin Exercises By c. p. mason, b.a. 4M
^ edition. Part I., is. 6d. Part II., 2s. 6d.

— The Analysis of Sentences Applied to Latin. Post 8vo, is. 6d.

NETTLESHIP. Passages for Translation into Latin Prose. Pre-

ceded by Essays on :—I. Political and Social Ideas. II. Range of Meta-
phorical Expression. III. Historical Development of Latin Prose Style

in Antiquity. IV. Cautions as to Orthography. By H, nettleship,
M.A., late Corpus Professor of Latin in the University of Oxford. Crown
8vo, 3J. A Key, 4s. 6d. net.

Notabilia Quaedam ; or the Principal Tenses of most of the Irregular

Greek Verbs, and Elementary Greek, Latin, and French Constructions.

jVeia edition. Is.

PALEY. Greek Particles and their Combinations according to Attic

Usage. A Short Treatise. By F. A. paley, m.a., ll.d. 2s. 6d.

PENROSE. Latin Elegiac Verse, Easy Exercises in. By the rev. j.

PENROSE. JVew edition. 2s. (Key, 3^. 6d. net.)

PRESTON. Greek Verse Composition. By G. preston, m.a. yh
edition. Crown 8vo, 4r. 6d,

PRUEN. Latin Examination Papers. Comprising Lower, Middle, and
Upper School Papers, and a number of the Woolwich and Sandhurst
Standards. By G. G. PRUEN, M. A. , Senior Classical Master in the Modern
Department, Cheltenham College. Crown Svo, 2s. 6d,

SEAGER. Faciliora. An Elementary Latin Book on a New Principle,

.By the REV. j. L. seager, m.a. 2s. 6d.

STEDMAN (A. M. M.). First Latin Lessons. By A. M. m. stedman,
M.A., Wadham College, Oxford, yd edition. Crown 8vo, 2s.

— Initia Latin a. Easy Lessons on Elementary Accidence. 2nd edition.

Fcap. Svo, IS.— First Latin Reader. With Notes adapted to the Shorter Latin Primer
and Vocabulary, yd edition. Cxov/a^vo, is. 6d.

— Easy Latin Passages for Unseen Translation, yd and enlarged

edition. Fcap. Svo, is. 6d.

— Exempla Latina. First Exercises in Latin Accidence. With Vocabu-
lary. Crown Svo, is.

— The Latin Compound Sentence ; Rules and Exercises. Crown Svo,

IS. 6d. With Vocabulary, 2S.— Easy Latin Exercises on the Syntax of the Shorter and Revised Latin

Primers. With Vocabulary. 6t/i edition. Crown Svo, 2s. 6d.

— Latin Examination Papers in . Miscellaneous Grammar and Idioms.

5M edition. 2S. 6d. Key (for Tutors only). 2nd edition. 6s. net.

— Notanda Quaedam, Miscellaneous Latin Exercises. On Common
Rules and Idioms, yd edition. Fcap. Svo, if. 6;/. With Vocabulary, 2J-.

— Latin Vocabularies for Repetition, Arranged according to Subjects.

5/A edition. Fcap. Svo, is. 6d.

— Steps to Greek. i2mo, is.

— Easy Greek Passages for Unseen Translation. Fcap. Svo, is. 6d.

— Easy Greek Exercises on Elementary Syntax, \^{n preparation.
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STEDMAN (A. M. M.). Greek Vocabularies for Repetition, and
edition. Fcap. 8vo, is. 6d.— Greek Testament Selections for the Use of Schools, ^rd edition.

With Introduction, Notes, and Vocabulaiy. Fcap. 8vo, 2s, 6d.

— Greek Examination Papers in Miscellaneous Grammar and Idioms.

^rd edition. 2s. 6d. Key (for Tutors only), 6^. net.

THACKERAY. Anthologia Graeca. A Selection of Greek Poetry,

with Notes. By F. ST. JOHN Thackeray. 6M edition. i6mo, 4f. dd.

— Anthologia Latina. A Selection of Latin Poetry, from Naevius to

Boethius, with Notes. By rev, f. ST. JOHN thackeray. Ith edition.

i6mo, 4^. id.

— Hints and Cautions on Attic Greek Prose Composition. Crown
8vo, 3^. fid.

— Exercises on the Irregular and Defective Greek Verbs, is. 6d.

WELLS. Tales for Latin Prose Composition. With Notes and
Vocabulary. By G. H. WELLS, M.A., Assistant Master at Merchant
Taylor's School. Fcap. 8vo, 2s,

HISTORY, GEOGRAPHY, AND REFERENCE BOOKS,
ETC.

TEUFFEL'S History of Roman Literature. $th edition, revised by
DR. SCHWABE, translated by professor g. c. w. warr, m.a.. King's
College, London. Medium 8vo. 2 vols. yu. Vol. I, (The Republican
Period), iS^f- Vol. II. (The Imperial Period), 15J.

KEIGHTLEY'S Mythology of Ancient Greece and Italy. 4/A edition,

revised by the late leonhard schmitz, ph.d., ll.d.. Classical Examiner
to the University of London With 12 Plates. Small post 8vo, ^s.

DONALDSON'S Theatre of the Greeks. 10th edition. Small post 8vo,
t,s.

DICTIONARY OF LATIN AND GREEK QUOTATIONS; in-

cluding Proverbs, Maxims, Mottoes, Law Terms and Phrases. With all

the Quantities marked, and English Translations. With Index Verborum.
Small post 8vo, 5^'.

PAUSANIAS' Description of Greece. Newly translated, with Notes
and Index, by A, R. shilleto, m.a. 2 vols. Small post 8vo, 5^.. each.

STRABO'S Geography. Translated by w. falconer, m.a., and H. c.

HAMILTON. 3 vols. Small post 8vo, S'f- each.

AN ATLAS OF CLASSICAL GEOGRAPHY. By w. hughes and
G. LONG, M.A. . Containing Ten selected Maps. Imp. 8vo, 3j,

AN ATLAS OF CLASSICAL GEOGRAPHY. Twenty-four Maps
by w. HUGHES and GEORGE LONG, M.A. With coloured outlines.

Imperial 8vo, 6s.

ATLAS OF CLASSICAL GEOGRAPHY. 22 large Coloured Maps.
With a complete Index, Imp, 8vo, chiefly engraved by the Messrs,

Walker, 7*, 6d,
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MATHEMATICS.
ARITHMETIC AND ALGEBRA.

BARRACLOUGH (T.). The Eclipse Mental Arithmetic. By titus
BARRACLOUGH, Board School, Halifax. Standards I., II., and III.,

sewed, bd. ; Standards II., III., and IV., sewed, dd. net ; Book III,
Part A, sewed, /^. ; Book III., Part B, cloth, \s. 6d.

BEARD (W. S.). Graduated Exercises in Addition (Simple and Com-
pound). For Candidates for Commercial Certificates and Civil Service
appointments. By w. s. beard, f.r.g.s., Head Master of the Modern
School, Faieham. yd edition. Fcap. 4to, is.— .S«« PENDLEBURY.

ELSEE (C). Arithmetic. By the rev. c. elsee, m.a., late Fellow of
St. John's College, Cambridge, Senior Mathematical Master at Rugby
School, l^th edition. Fcap. 8vo, 3^. 61/. \,Camb. School and College Texts.— Algebra. By the rev. c. elsee, m.a. it/i edition. Fcap. 8vo, 41.

[Camd. S. and C. Texts.
FILIPOWSKI (H. E.). Anti-Logarithms, A Table of. By H. E.

FILIPOWSKI. yd edition. 8vo, \^s.

GOUDIE (W. P.). See Watson.
HATHORNTHWAITE (J. T.). Elementary Algebra for Indian

Schools. By J. T. HATHORNTHWAITE, M.A., Principal and Professor
of Mathematics at Elphinstone College, Bombay. Crown 8vo, 2.S.

MACMICHAEL (W. F.) and PROWDE SMITH (R.). Algebra.
A Progressive Course of Examples. By the rev. w. f. macmichael,
and R. PROWDE smith, m.a. ^th edition. Fcap. 8vo, 3^. td. With
answers, 4J. (>d. \Camh. S. and C. Texts.

MATHEWS (G. B.). Theory of Numbers. An account of the Theories
of Congruencies and of Arithmetical Forms. By G. B. mathews, m.a.,
Professor of Mathematics in the University College of North Wales.
Part I. Demy 8vo, 12s.

MOORE (B. T.). Elementary Treatise on Mensuration. By B. T.

MOORE, M.A., Fellow of Pembroke College, Cambridge. 2nd edition,

revised. 3J. (>d.

PENDLEBURY (C). Arithmetic. With Examination Papers and
8,000 Examples. By Charles pendlebury, m.a., f.r.a.s.. Senior
Mathematical Master of St. Paul's. loM edition. Crown 8vo. Com-
plete, with or without Answers, 4J. ()d. In Two Parts, with or without
Answers, 2s. 6d. each.

Key to Part II. 2nd edition. Js. 6d. net. [Cami. Math. Ser.— Examples in Arithmetic. Extracted from Pendlebury's Arithmetic.
With or without Answers, ^th edition. Crown 8vo, 3^., or in Two Parts,

IS. 6d. and 2s. [Camb. Math. Ser.— Examination Papers in Arithmetic. Consisting of 140 papers, each
containing 7 questions ; and a collection of 357 more difficult problems.
4<A edition. Crown 8vo, 2s. 6d. Key, for Tutors only, Ks. net.

PENDLEBURY (C.) and TAIT (T. S.). Arithmetic for Indian
Schools. By c. pendlebury, m.a. and T. s. tait, m.a., b.sc,
Principal of Baroda College. 2nd edit. Cr. 8vo, 3J. [Camb. Math. Ser.

PENDLEBURY (C.) and BEARD (W. S.). Commercial Arithmetic.
By c. pendlebury, m.a., and w. s. beard, f.r.g.s. Crown 8vo. 2s, 6d,
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PENDLEBURY (C.) and BEARD (W.S.). Elementary Arithmetic.
^rd edition. Crown 8vo, is. 6d.— Arithmetic for the Standards. Standards I., II., III., sewed, 2d. each,

cloth, ^d. each; IV., V., VI., sewed, ^d. each, cloth, 4d. each; VII.,

sewed, 6d., cloth, 8^. Answers to I. and II., 4d., III. -VII., 40'. each.

— Graduated Arithmetic, for Junior and Private Schools. In Seven Parts,

in stiff canvas covers. Parts I., II., and III., 3(^. each ; Pans IV., V.,

and VI., 4d. each ; Part VII., 6d. Answers to Parts I. and II. , 4d. ; Parts

III.-VII., 4d. each.— Long Tots and Cross Tots, Simple and Compound. Paper cover, 2d.

Answers, ^d.

POPE (L. J.). Lessons in Elementary Algebra. By L. j. pope, b.a.

(Lond. ), Assistant Master at the Oratory School, Birmingham. First Series,

up to and including Simple Equations and Problems. Crown 8vo, is. 6d.

PROWDE SMITH (R.). See Macmichael.
SHAW (S. J. D.). Arithmetic Papers. Set in the Cambridge Higher

Local Examination, from June, i86g, to June, 1887, inclusive, reprinted

by permission of the Syndicate. By s. J. D. SHAVir, Mathematical

Lecturer of Newnham College. Crown 8vo, 2s. 6d. ; Key, 41. 6d. net.

TAIT (T. S.). See Pendlebuty.
WATSON (J.) and GOUDIE (W. P.). Arithmetic. A Progressive

Course of Examples. With Answers. By j. watson, m.a.. Corpus
Christi College, Cambridge, formerly Senior Mathematical Master of the

Ordnance School, Carshalton. yiA edition, revised and enlarged. By w.
p. GOUDIE, B.A. Lond. Fcap. Svo, 2S. 6d. [Cami. S. and C. Texts.

WHITWORTH (W. A.). Choice and Chance. An Elementary
Treatise on Permutations, Combinations, and Probability, with 640 Exer-

cises and Answers. By w. A. whitworth, m.a., late Fellow of St.

John's College, Cambridge, ^k edition, revised and enlarged. Crown
8vo, ds. \Camb. Math. Ser.

— D C C. Exercises, including Hints for the Solution of all the Questions in

"Choice and Chance." Crown Svo, iis. \Camb. Math. Ser.

WRIGLEY (A.) Arithmetic. By A. wrigley, m.a., St. John's College.

Fcap. Svo, y. 6d. [Cami. S. and C. Texts,

BOOK-KEEPING.
CRELLIN (P.). A New Manual of Book-keeping, combining the

Theory and Practice, with Specimens of a set of Books. By Phillip
CRELLIN, Chartered Accountant. Crown Svo, 3^. 6d.

— Book-keeping for Teachers and Pupils. Cr. Svo, is, bd. Key, 2s. net.

FOSTER (B. W.). Double Entry Elucidated. By B. w. foster.
14/A edition. Fcap. 4to, t,s. dd.

MEDHURST (J. T.). Book-keeping by Double Entry, Theoretical

and Practical, including a Society of Arts Examination Paper fully

worked out. Byj. T. medhurst, a.k.c, f.s.s.. Fellow of the Society of

Accountants and Auditors (incorporated), and Lecturer at the City of

London College. Crown Svo, 2s. .

Examination Papers in Book-keeping. Compiled by JOHN T. med-
hurst, A.K.C., F.s.s. 4M edition. Crown Svo, y. Key, 2s. 6d. net.

THOMSON (A. W.). A Text-Book of the Principles and Practice

of Book-keeping. By professor a. w. Thomson, b.sc. Royal

Agricultural College, Cirencester, 2nd edition, revised. Crown 8vo, Jj.
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GEOMETRY AND EUCLID.
BESANT (W. H.). Conic Sections treated Geometrically. By w.

H. BESANT, sc.D., F.E.S., P'ellow of St. John's College, Cambridge.
^th edition. Crown 8vo, 4^. dd. Key, 5^. net. [ Camb. Math. Ser.

BRASSE (J.). The Enunciations and Figures of Euclid, prepared for

Students in Geometry. By the rev. j. brasse, d.d. New- edition.

Fcap. 8vo, \s. Without the Figures, (>d.

DEIGHTON (H.). Euclid. Books I.-VI., and part of Book XL, newly
translated from the Greek Text, with Supplementary Propositions,

Chapters on Modern Geometry, and numerous Exercises. By HORACE
DEIGHTON, M.A., Head Master of Harrison College, Barbados. yh
edition. 4^. 6(/., or Books I. -IV., 3^. Books V.-XI., 2s. dd. Key, 5j. net.

\Camb. Math. Ser.

Also issued in parts :—Book I., \s. ; Books I. and II., u. 6d. ; Books
I. -III., 2s. 6d. ; Books III. and IV., Js. 6d.

DEIGHTON (H.) and EMTAGE (O.). An Introduction to Euclid,
including Euclid I. 1-26, with explanations and numerous easy exercises.

By HORACE DEtGHTON, M.A., and o. EMTAGE, B.A., Assistant Master of
Harrison College. Crown 8vo, is. 6d. [Camb. Math. Ser.

DIXON (E. T.). The Foundations of Geometry. By edward t.

DIXON, late Royal Artillery. Demy 8vo, bs.

MASON (C. P.). Euclid. The First Two Books Explained to Beginners.

By C. p. MASON, B.A. ind edition. Fcap. 8vo, 2j. dd.

Mcl50WELL (J.) Exercises on Euclid and in Modern Geometry, con-

taining Applications of the Principles and Processes of Modem Pure
Geometry. By the late J. Mcdowell, m.a., f.r.a.s., Pembroke College,

Camb., and Trin. Coll., Dublin, ^h edition, (js. [Camb. Math. Ser.

TAYLOR (C). An Introduction to the Ancient and Modern Geo-
metry of Conies, with Historical Notes and Prolegomena. 15J.

— The Elementary Geometry of Conies. By c. taylor, d.d.. Master
of St. John's College. Tth edition, revised. With a Chapter on the Line
Infinity, and a new treatment of the Hyperbola. Crown 8vo, 4J. (>d.

[Camb. Math. Ser.

'^'E.'B^ (R.). The Definitions of Euclid. With Explanations and
Exercises, and an Appendix of Exercises on the First Book, by R. webb,
m.a. Crown 8vo, is. 6d.

WILLIS (H. G.). Geometrical Conic Sections. An Elementary
Treatise. By H. G. Willis, m.a., Clare College, Cambridge, Assistant

MasterofManchester Grammar School. Crown 8vo, 5j. [Camb. Math. Ser.

ANALYTICAL GEOMETRY, ETC.
ALDIS (W. S.). Solid Geometry, An Elementary Treatise on. By w.

s. ALDIS, M.A., late Professor of Mathematics in the University College,

Auckland, N. Z. ^h editiont revised. Crown Svo, 6j. [Camb. Math. Ser.

BESANT (W. H.). Notes on Roulettes and Glissettes. By w. H.
BESANT, sc.D., f.r.s. znd edition, enlarged. Crown Svo. 5^.

[Camb. Math. Ser.
CAYLEY (A.). Elliptic Functions, An Elementary Treatise on. By

ARTHUR CAYLEY, Sadlerian Professor of Pure Mathematics in the Univerr
sity of Cambridge. 2nd edition. Demy Svo. 15^.
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TURNBULL(W. P.). Analytical Plane Geometry, An Introduction to.

By W. p. TURNBULL, M.A., Sometime Fellow of Trinity College. 8vo, I2J.

VYVYAN (T. G.). Analytical Geometry for Schoolsf By rev. t.

VYVTfAN, M.A., Fellow of Gonville and Caius College, and Mathematical
Master of Charterhouse. 6tk edition. Syo,4s.6d. [CaM.S.andC. Texts.

— Analytical Geometry for Beginners. Part I. The Straight Line and
Circle. 2nd edition. Crown 8vo, 2S. 6d. [Cami. Math. Ser.

WHITWORTH (W. A.). Trilinear Co-ordinates, and other methods
of Modern Analytical Geometry of Two Dimensions. By w. A. whit-
worth, M.A., late Fellow of St. John's College, Cambridge. 8vo, i6s.

TRIGONOMETRY.
DYER (J. M.) and WHITCOMBE (R. H.). Elementary Trigono-

metry. By J. M. DYER, M.A. (Senior Mathematical Scholar at Oxford),

and REV. R. H. WHITCOMBE, Assistant Masters at Eton College. 2nd
edition. Crown 8vo, ^s. 6d. [^Camb. Math. Ser.

PENDLEBURY (C). Elementary Trigonometry. By charles
PENDLEBURY, M.A. , F,R.A.s., Senior Mathematical Master at St. Paul's

School. 2nd edition. Crown 8vo, 4^'. 6^/. [Camb. Math. Ser.

VYVYAN (T. G.). Introduction to Plane Trigonometry. By the

REV. T. G. VYVYAN, M. A., formerly Fellow of Gonville and Caius College,

Senior Mathematical Master of Charterhouse, yd edition, revised and
augmented. Crown 8vo, 3J. 6d. [Camb. Math. Ser.

VS7ARD (G. H.). Examination Papers in Trigonometry. By G. H.

WARD, M.A., Assistant Master at St. Paul's School. 2nd edition. Crown
8vo, 2s. 6d. Key, $s. net.

MECHANICS AND NATURAL PHILOSOPHY.
ALDIS (W. S.). Geometrical Optics, An Elementary Treatise on. By

w. s. ALOIS, M.A. t^th edition. Crown 8vo, 4J. [Camb. Math. Ser.

— An Introductory Treatise on Rigid Dynamics. Crown 8vo, 4J.

[Camb. Math. Ser.

— Fresnel's Theory of Double Refraction, A Chapter on. 2nd edition,

revised. 8vo, 2s.

BASSET (A. B.). A Treatise on Hydrodynamics, with numerous
Examples. By A. B. basset, M.A., F.R.S., Trinity College, Cambridge.
Demy 8vo. Vol. I., price los. 6d. ; Vol. II., 12S. 6d.

— An Elementary Treatise on Hydrodynamics and Sound. Demy
8vo, 7j. 6d.

— A Treatise on Physical Optics. Demy 8vo, i6s.

BESANT (W. H.). Elementary Hydrostatics. By w. H. besant,
sc.D., F.R.s. \(>th edition. Crown 8vo, 4J. 6(/. Solutions, Jj. net.

[Camb. Math. Ser.

— Hydromechanics, A Treatise on. Part I. Hydrostatics, t^th edition,

revised and enlarf;ed. Crown 8vo, ^^s. [Camb. Math. Ser.—A Treatise on DynamiVs. 2nd edition. Crown 8vo, los. 6d.

[Camb. Math. .Ser.

CHALLIS (PROF.). Pure and Applied Calculation. By the late

REV. J. CHALLIS, M.A., F.R.S., &c. Demy 8vo, iSj.

— Physics, The Mathematical Principle of. Demy 8vo, 5^.

— Lectures on Practical Astronomy. Demy 8vo, loj.
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EVANS (J. H.) and MAIN (P. T.). Newton's Principia, The Tirst

Three Sections of, with an Appendix ; and the Ninth and Eleventh
Sections. By j. H. ijvans, m.a., St. John's College. The <,th edition,

edited by p. t. main, m.a., Lecturer and Fellow of St. John's College.

Fcap. 8vo, 4J. \Camb. S. and C. Texts.

GALLATLY (W.). Elementary Physics, Examples and Examination
Papers in. Statics, Dynamics, Hydrostatics, Heat, Light, Chemistry,
Electricity, London Matriculation, Cambridge B.A., Edinburgh, Glasgow,
South Kensington, Cambridge Junior and Senior Papers, and Answers.
By w. GALLATLY, M.A., Pembroke College, Cambridge, Assistant

Examiner, London University." Crown 8vo, 4j. \_Camb. Math. Ser.

GARNETT (W.). Elementary Dynamics for the use of Colleges and
Schools. By WILLIAM GARNETT, M.A., D.C.L., Fellow of St. John's

College, late Principal of the Durham College of Science, Newcastle-upon-
Tyne. '3th edition, revised. Crown 8vo, 6s. [Camb. Math. Ser.

— Heat, An Elementary Treatise on. 6th edition, revised. Crown 8vo,

4J. 6d. [Cami. Math. Ser.

GOODWIN (H.). Statics. By h. Goodwin, d.d., late Bishop of

Carlisle. 2nd edition. Fcap. 8vo, y. [Cami. S. and C. Texts.

HOROBIN J. C). Elementary Mechanics. Stage I. II. and IIL,
IS. 6d. each. By j. c. horobin, m.a.. Principal of Homerton New
College, Cambridge.

— Theoretical Mechanics. Division I. Crown 8vo, 2s. 6d,

*„* This book covers the ground ofthe Elementary Stage of Division I.

of Subject VI. of the " Science Directory," and is intended for the

examination of the Science and Art Department.

JESSOP (C. M.). The Elements of Applied Mathematics. In-

cluding Kinetics, Statics and Hydrostatics. By c. M. jessop, m.a., late

Fellow of Clare College, Cambridge, Lecturer in Mathematics in the

Durham College of Science, Newcastle-on-Tyne. 2nd edition. Crown
8vo, 4J. 6d. \Camb. Math. Ser.

MAIN (P. T.). Plane Astronomy, An Introduction to. By P. T. main,
m.a.. Lecturer and Fellow of St. John's College. 6th edition, revised.

Fcap. 8vo, 4f. [Camb. S. and C, Texts.

PARKINSON (R. M.), Structural Mechanics. By r. m. Parkinson,
ASSOC. M.i.c.E. Crown 8vo, 45. 6d.

PENDLEBURY (C). Lenses and Systems of Lenses, Treated after

the Manner of Gauss. By Charles pendlebury, m.a., f.r.a.s.. Senior

Mathematical Master of St. Paul's School, late Scholar of St. John's

College, Cambridge. Demy 8vo, p.
STEELE (R. E.). Natural Science Examination Papers. By

R. E. STEELE, M.A., F.C.S., Chief Natural Science Master, Bradford

Grammar School. Crown 8vo. Part I., Inorganic Chemistry, 2s. 6d.

Part II., Physics (Sound, Light, Heat, Magnetism, Electricity), 2s. 6d.

[SchoolExam, Series,

WALTON (W.). Theoretical Mechanics, Problems in. By w. Wal-
ton, M.A,, Fellow and Assistant Tutor of Trinity Hall, Mathematical

Lecturer at Magdalene College, yd edition, revised. Demy 8vo, l6s.

WALTON (W.). Elementary Mechanics, Problems in. 2nd edition.

Crown Svo, 6s. [Camb, Math. Ser.
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DAVIS (J. F.). Army Mathematical Papers. Being Ten Years'
Woolwich and Sandhurst Preliminary Papers. Edited, with Answers, by
J. F. DAVIS, D.LIT., M.A. Lond. Crown Svo, zs. 6d.

DYER (J. M.) and PROWDE SMITH (R.). Mathematical Ex-
amples. A Collection of Examples in Arithmetic, Algebra, Trigono-
metry, Mensuration, Theory of Equations, Analytical Geometry, Statics,

Dynamics, with Answers, &c. For Army and Indian Civil Service

Candidates. By j. m. dyer, m.a.. Assistant Master, Eton College
(Senior Mathematical Scholar at Oxford), and R. prowde SMITH, M.A.
Crown Svo, 6s. [Camb. Math. Ser.

GOODWIN (H.). Problems and Examples, adapted to "Goodwin's
Elementary Course of Mathematics." By T. G. vyvyan, m.a. yd
edition. Svo, 5^. ; Solutions, yd edition, Svo, gj.

SMALLEY (G. R.). A Compendium of Facts and Formulae in

Pure Mathematics and Natural Philosophy. . By G. R. smalley,
F.R.A.s. New edition, revised and enlarged. By J. Mcdowell, m.a.,

f.r.a.s. Fcap. Svo, 2^^.

WRIGLEY (A.). Collection of Examples and Problems in Arith-

metic, Algebra, Geometry, Logarithms, Trigonometry, Conic Sections,

Mechanics, &c., with Answers and Occasional Hints. By the REV. A.

WRIGLEY. \oth edition, 20th thousand. Demy Svo, 3J-. 6d.

A Key. By j. c. PLATTS, m.a,, and the REV. A. WRIGLEY. 2nd edition.

Demy Svo, $s. net.

MODERN LANGUAGES.
ENGLISH.

ADAMS (E.). The Elements of the English Language. By ernest
ADAMS, PH.D. 26M edition. Revised by j. F. Davis, d.lit., m.a.,

(lond.). Post Svo, 4J. 6d.

— The Rudiments of English Grammar and Analysis. By ernest
ADAMS, PH.D. 19M thousand. Fcap. Svo, is.

ALFORD (DEAN). The Queen's English : A Manual of Idiom and
Usage. By the late henry alford, d.d., Dean of Canterbury. 6th

edition. Small post Svo. Sewed, u. ; cloth,U. 6(/.

ASCHAM'S Scholemaster. Edited by professor j. E. B. mayor. Small
post Svo, sewed, is.

BELL'S ENGLISH CLASSICS. A New Series, Edited for use in

Schools, with Introduction and Notes. Crown Svo.
BROWNING, Selections from. Edited by f. ryland, m.a. [/« tkepress.
BROWNING'S Strafford. Edited by e. h. hickev. With Introduction by

S. K. GARDINER, LL.D. 2f. td.

BURKE'S Letters on a Regicide Peace. I. and II. Edited by h. g. keenb,
M.A., c.i.E. 3^. ; sewed, 7S.

BYRON'S Childe Harold. Edited by H. G. keene, m.a., c.i.e., Author of "A
Manual of French Literature," etc. 3^. dd. Also Cantos I. and II. sewed, ij. 9*/.

Cantos III. and IV. sewed, \s. gd.
— Siege of Corinth. Edited by P. hordern, late Director of Public Instruction in

Burma, is. 6d. ; sewed, is.

CARLYLE'S " Hero as Man of Letters." Edited, with Introduction, by
MARK HUNTER, M.A., Principal of Coimbatore College, as. ; sewed, is. 6d.

CARLYLE'S *' Hero as Divinity." By the same editor. 2s. ; sewed, js. 6d.

CHAUCER'S MINOR POEMS, Selections from. Edited by j. b.

BILDBRBECK, B.A., Profes.sor of English Literature, Presidency College, Madras.
md edition, as. 6d. j sewed, ts. ifd.
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BELL'S ENGLISH CLASSICS—<:!?«/«»«<(/.

DE QUINCEY'S Revolt of the Tartars and The English Mail-Coach.
Edited by CECIL M. barrow, m.a.. Principal of Victoria College, PalghSt, and
MARK HUNTER, B.A,, Principal of Coimbatore College. 3*. : sewed, is.

%* Revolt of the Tartars, separately, sewed, u. kd.

DE QUINCEY'S Opium Eater. Edited by mark hunter, b.a. 4J. id.;
sewed, 3J. td.

GOLDSMITH'S Good-Natured Man and She Stoops to Conquer. Edited
by K. DEICHTON. Each, 2*. cloth ; xs. 6d. sewed. The two plays 'together, sewed,

zs. 6d.
IRVING'S Sketch Book. Edited by r. g. oxenham, m.a. Sewed, is. 6d.

JOHNSON'S Life of Addison. Edited by f. rvland, Author of "The Students'

Handbook of Psychology," etc. zj. 6d.

— Life of Swift. Edited by F. rvland, m.a. as.

— Life of Pope. Edited by F. rvland, m.a. zs, 6d.
*^* The Lives of Swift and Pope, together, sewed, 2s. 6d.
—^ Life of Milton. Edited by r. rvland, m.a. 2S. 6d.
— Life of Dryden. Edited by f. rvland, m.a. as. 6d.
*^* The Lives of Milton and Dryden, together, sewed, 2s. 6d.

— Lives of Prior and Congreve. Edited by f. rvland, m.a. 2t.

LAMB'S Essays. .Selected and Edited by K. deighton. 35. ; sewed, as.

LONGFELLOW, Selections from, including Evangeline. Edited by m. t.

QUiNNj M.A., Principal and Professor of English Language and Literature,

Pachaiyappa's College, Madras. 2s. 6d. ; sewed, is. gd.
*^* Evangeline, separately, sewed, is. ^d.

MACAULAY'S Lays of Ancient Rome. Edited by p. hordern. 2*. 6d.
;

sewed, is. gd.
— Essay on Clive. Edited by CECIL barrow, m.a. 2S. ; sewed, is. 6d.

MASSINGER'S A NewrWay to Pay Old Debts. Edited byK. deighton.
3r. ; sewed, 2s.

MILTON'S Paradise Lost. Books III. and IV. Edited by R. G. oxenham, m.a.,

Principal of Elphinstone College, Bombay. 2r. ; sewed, is. 6d.j or separately,

sewed, 10^. each.— Paradise Regained. Edited by K. deighton. 2s. 6d. ; sewed, is. gd.

POPE, Selections from. Containing Essay on Criticism, Rape of the Lock,
Temple of Fame, Windsor Forest. Edited by K. deighton. 2s. 6d. ; sewed,
IS. gd.

SCOT'r'S Lady of the Lake. Edited by the rev. a. e. woodward, m.a. Cloth,

3f. 6d. The Six Cantos separately, sewed, Bd. each.
SHAKESPEARE'SJulius Caesar. Edited by t. duff barnett, b.a. (Load.), as.

— Merchant of Venice. Edited by t. duff baenett, b.a. (Lond.). 2s.

— Tempest. Edited by t. duff barnett, b.a. (Lond.). 2j.

WORDSWORTH'S Excursion. Book I. Edited, with Introduction and Notes,
by M. T. QUINN, M.A. Sewed, is. 3*/.

Others tofollow,

BELL'S READING BOOKS. Post 8vo, doth, illustrated.

Infants.

Infant's Primer, ^d.

Tot and the Cat. Sd.

The Old Boathouse. dd.

The Cat and the Hen. (>d.

Standard I.

School Primer. f>d.

The Two Parrots. (>d.

The Three Monkeys. 6d.

The Nevy-bom Lamb, dd.

The Blind Boy. (sd.

Standard II.

The Lost Pigs. td.

Story of a Cat. dd.

Queen Bee and Busy Bee, ^4.

Gulls' Crag. td.

Standard III.

Great Deeds in English History.
\s.

Adventures of a Donkey. \s,

Grimm's Tales, is.

Great Englishmen, i.;.

Andersen's Tales. \s.

Life of Columbus, m.

Standard IV.
Uncle Tom's Cabin, is.

Great Englishwomen, is.

Great Scotsnjen. i.r,

Edgeworth's Tales, is.

Gatty's Parables from Nature, 11.

Scott's Talisman, is.
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BELL'S READING ^OQY.%—continued.
Standard V.

Dickens' Oliver Twist, u.
Dickens' Little Nell. \s.

Masterman Ready, xs.

Marryat's Poor Jack, ij,

Arabian Nights. \s.

Gulliver's Travels. \s.

LyricalPoetryforBoys&Girls. is.

Vicar of Wakefield. \s.

BELL'S GEOGRAPHICAL READERS. By M. j. barrington-

Stardards VI. and VII.
Lamb's Tales from Shakespeare

ij.

Robinson Crusoe, i;.

Tales of the Coast, i;.

Settlers in Canada, xs.

Soutbey's Life of Nelson, xs.

Sir Roger de Coverley. \s.

WARD, M.A. (Worcester College, Oxford).
The Child's Geography. Illus-

trated. Stiff paper cover, 6rf.

The Map and the Compass.
(Standard I.) Illustrated. Cloth,

?,d.

The Round World. (Standard II.)

Illustrated. Cloth, xod.

About England. (Standard III.)

With Illustrations and Coloured
Map. Cloth, i^. 4(2'.

BELL'S ANIMAL LIFE READERS. A Series of Reading Books
for the Standards, designed to in ulcate the humane treatment of animals.
Edited by edith carrington and ernest bell. Illustrated by
HARRISON WEIR and Others. *,* Full Prospectus on application.

BROWNING (R.). Handbook to Robert Browning's Works by MRS.
SUTHERLAND ORR. (>th edition. Revised, with a bibliography. Fcap.
8vo. &f.

EDWARDS (F.). Examples for Analysis in Verse and Prose. Selected
and arranged by F. EDWARDS. New edition. Fcap. 8vo, cloth, \s.

GOLDSMITH. The Deserted Village. Edited, with Notes and Life,

by C. P. MASON, B.A., E.G. P. ^th edition. Crown 8vo, xs.

HANDBOOKS OF ENGLISH LITERATURE. Edited by j. w.
HALES, M.A., formerly Clark Lecturer in English Literature at Trinity
College, Cambridge, Professor of English Literature at King's College,

London. Crown 8vo, 3J. (td. each.

The Age of Milton. (1632— 1660). By the rev. j. H. B. masterman,
M.A., with Introduction, etc., by J. BASS mullinger, m.a.

The Age of Dryden. (1660— 1700). By R. garnett, ll.d., c.B.

2nd edition.

The Age of Pope. (1700—1744). By john Dennis. 2nd edition.

The Age of Wordsworth. (1798—1832). By prof. c. h. herford,
litt.D. 2,nd edition.

The Age of Tennyson. (1830—1870). By prof, hugh walker.
2nd edition.

Inpreparation.
The Age of Alfred. By H. frank heath, ph.d.
The Age of Chaucer. By professor hales.
The Age of Shakespeare. By professor hales.
The Age ofJohnson. By thomas seccombe.

HAZLITT (W.). Lectures on the Literature of the Age of Elizabeth.
Small post 8vo, sewed, is.

— Lectures on the English Poets. Small post 8vo, sewed, is.

— Lectures on the English Comic Writers. Small post 8vo, sewed, is.

LAMB (C). Specimens of English Dramatic Poets of the Time of
Elizabeth- With Notes. Spuall post 8vo, 3^. dd.
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MASON (C. P.). Grammars by c. P. MASON, B.A., F.C.P., Fellow of

University College, London.
— First Notions of Grammar for Young Learners. Fcap. 8vo. 105^^

thousand. Cloth, \s.

— First Steps in English Grammar, for Junior Classes. Demy i8mo. 59M
thousand. \s.

— Outlines of English Grammar, for the Use of Junior Classes. 19M
edition, lo^th thousand. Crown 8vo, 2s.

— English Grammar; including the principles of Grammatical Analysis.

38^/; edition, revised. 16yd thotcsand. Crown 8vo, green cloth, 3^. 6d.

— A Shorter English Grammar, with copious and carefully graduated

Exercises, based upon the author's English Grammar, nth edition. ^2»d
thousand. Crown 8vo, brown cloth, y. 6d.

— Practice and Help in the Analysis of Sentences. Price 2s. Cloth.

— English Grammar Practice, consisting of the Exercises of the Shorter

English Grammar published in a separate form, yd edition. Crown Svo, \s.

— Remarks on the Subjunctive and the so-called Potential Mood.
6d., sewn.

— Blank Sheets Ruled and headed for Analysis, is. per dozen.

MILTON : Paradise Lost. Books I., II., and III. Edited, with Notes
on the Analysis and Parsing, and Explanatory Remarks, by c. P. MASON,
B.A., F.C.P. Crown 8vo. u. each.

— Paradise Lost. Books V.-VIII. With Notes for the Use of Schools.

By C. M. LUMBY. 2S. ()d.

PRICE (A. C). Elements of Comparative Grammar and Philology.

For Use in Schools. By A. c. price, m.a.. Assistant Master at Leeds
Grammar School. Crown Svo, 2s. 6d.

SHAKESPEARE. Notes on Shakespeare's Plays. With Introduction,

Summary, Notes (Etymological and Explanatory), Prosody, Grammatical

Peculiarities, etc. By T. DUFF barnett, b.a. Lond., late Second

Master in the Brighton Grammar School. Specially adapted for the Local

and Preliminary Examinations. Crown Svo, is. each.

Midsummer Night's Dream Julius Cxsar The Tempest.

—

Macbeth.—Henry V.—Hamlet.—Merchant of Venice.— King
Richard II.— King John.— King Richard III. — King Lear.

—

Coriolanus.—Twelfth Night.—As You Like it.—Much Ado About
Nothing.
"The Notes are comprehensive and concise."

—

Educational Times.

"Comprehensive, practical, and reliable."

—

Schoolmaster.

— Hints for Shakespeare-Study. Exemplified in an Analytical Study of

Julius Caesar. By mary grafton moberly. 2ndedition. Crown 8vo,

sewed, is.

— Coleridge's Lectures and Notes on Shakespeare and other English
Poets. Edited by T. ashe, b.a. Small post Svo, Jr. 6rf.

— Shakespeare's Dramatic Art. The History and Character of Shake-
speare's Plays. By dr. Hermann ulrici. Translated by L. dora
SCHMITZ. 2 vols, small post Svo, 3^. (>d. each.

— William Shakespeare. A Literary Biography. By KARL ELZE, PH.D.,

LL.D. Translated by L. DORA schmitz. Small post Svo, Jj.— Hazlitt's Lectures on the Characters of Shakespeare's Plays. Small
post Svo, IS.

— i'ft! BELL'S ENGLISH CLASSICS,
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SKEAT (W. W.). Questions for Examinations in English Litera-
ture. With a Preface containing brief hints on the study of English.

Arranged by the REV. w. w, skeat, litt.d., EIrington and Bosworth
Professor of Anglo-Saxon in the University of Cambridge, yd edition.

Crown 8vo, is. bd.

SMITH (C.J.) Synonymsand Antonyms of the English Language.
Collected and Contrasted by the vf.n. C. j. smith, m.a. 2nd edition,

revised. Small post 8vo, 5^.— Synonyms Discriminated. A Dictionary of Synonymous Words in the

English Language. Illustrated with Quotations from Standard Writers.

By the late ven. c. j. smith, m.a. With the Author's latest Corrections

and Additions, edited by the rev. h. Percy smith, m.a., of Balliol

College, Oxford, Vicar of Great I'arton, Suffolk, ^fh edition. Demy
8vo, 14J.

TEN BRINK'S Early English Literature. Vol. I. (to Wiclif). Trans-
lated into English by HORACE M. Kennedy, Professor ofGerman Literature

in the Brooklyn Collegiate Institute. Small post 8vo, y. td.

— Vol. II. (Wiclif, Chaucer, Earliest Drama, Renaissance). Translated by
W. CLARKE ROBINSON, PH.D. Small post 8vo, y. 6d.

— Vol. III. (to the Death of SuiTey). Edited by professor Alois brandl.
Translated by L. dora schmitz. Small post 8vo, 3.r. 6d.

— Lectures on Shakespeare. Translated by Julia franklin. Small
post 8vo, y. 6d.

TENNYSON (LORD). A Handbook to the Works of Alfred Lord
Tennyson. By MORTON luce. 2nd edition. Fcap. 8vo. 6s.

THOMSON : Spring. Edited by c. p. mason, b.a., f.c.p. With Life.

2nd edition. Crown 8vo, is.

— Winter. Edited by C. P. mason, B.A., F.c.p. WithLife. Crown 8vo, u.
WEBSTER'S. INTERNATIONAL DICTIONARY of the English

Language. Including Scientific, Technical, and Biblical Words and
Terms, with their Significations, Pronunciations, Alternative Spellings,

Derivations, Synonyms, and numerous illustrative Quotations, with various

valuable literary Appendices, with 83 extra pages of Illustrations grouped
and classified, rendering the work a Complete Literary and Scientific
Reference-Book. New edition (1890). Thoroughly revised and en-

larged under the supervision of noah porter, D.D., LL.D. ivol. (2,118
pages, 3,500 woodcuts), 4to, cloth, 3IJ-. 6d. ; half calf, £2 2s. ; half russia,

£2 5j. ; calf, £2 Ss. ; or in 2 vols, cloth, £1 14s.

Prospectuses, with specimen pages, sent postfree on application.

WEBSTER'S BRIEF INTERNATIONAL DICTIONARY. A
Pronouncing Dictionary of the English Language, abridged from Webster's
International Dictionary. With a Treatise on Pronunciation, List of

Prefixes and Suffixes, Rules for Spelling, a Pronouncing Vocabulary of

Proper Names in History, Geography, and Mythology, and Tables of

English and Indian Money, Weights, and Measures. With 564 pages
and 800 Illustrations. Demy 8vo, 3^.

WRIGHT (T.). Dictionary of Obsolete and Provincial English.
Containing Words from the English Writers previous to the 19th century,

which are no longer in use, or are not used in the same sense, and Words
which are now used only in the Provincial Dialects. Compiled by thomas
WRIGHT, M.A., F.s.A., etc, 2 vols. Sf. each.
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FRENCH CLASS BOOKS.
BOWER (A. M.). The Public Examination French Reader. With

a Vocabulary to every extract, suitable for all Students who are preparing

for a French Examination. By A. M. BOWER, F.R.G.S., late Master in'

University College School, etc. Cloth, y. dd.

BARBIER (PAUL). A Graduated French Examination Course.
By PAtJL EARBIKR, Lecturer in the South Wales University College, etc.

Crown 8vo, y.
BARRERE (A.) Junior Graduated French Course. Affording Mate-

rials for Translation, Grammar, and Conversation. By A. barrere.
Professor R.M.A., Woolwich, is. 6d.

— Elements of French Grammar and First Steps in Idioms. With
numerous Exercises and a Vocabulary. Being an Introduction to the

Precis of Comparative French Grammar. Crown 8vo, 2s.

— Precis of Comparative French Grammar and Idioms and Guide to

Examinations, ^th edition, y. dd.

— Recits Mllitaires. From Valmy (1792) to the Siege of Paris (1870).

With English Notes and Biographical Notices. 2nd edition. Crown 8vo, y.
CLAPIN (A. C). French Grammar for Public Schools. By the

REV. A. C. CLAPIN, M.A., St. John's College, Cambridge, and Bachelier-

4s-lettres of the University of France. Fcap. 8vo. 14/A edition. 2s. 6d.

Key to the Exercises. 3^. 6d. net.

— French Primer. Elementary French Grammar and Exercises for Junior

Forms in Public and Preparatory Schools. Fcap. 8vo. lUh edition, is.

— Primer of French Philology. With Exercises for Public Schools.

gth edition. Fcap. 8vo, is.

— English Passages for Translation into French. Crown 8vo, 2s. 6d.

Key (for Tutors only), 4^. net.

DAVIS (J. F.) Army Examination Papers in French. Questions set

at the Preliminary Examinations for Sandhurst and Woolwich, from Nov.,

1876, to June, 1890, with Vocabulary. By J. F. DAVIS, D.LIT., M.A.,

Lond. Crown 8vo, 2s. 6d.

DAVIS (J. F.) and THOMAS (F.). An Elementary French
Reader. Compiled, with a Vocabulary, by j. F. davis, m.a., d.lit.,

and FERDINAND THOMAS, Assistant Examiners in the University of

London. Crown 8vo, 2s.

DELILLE'S GRADUATED FRENCH COURSE.
TheBeginner'sown French Book.

2s. Key, 2s.

Easy French Poetry for Be
ginners. 2s.

French Grammar. 3*. Key, y.

Repertoire des Prosateurs. y. 6d.

Modules de Poesie. y. td.

Manuel Etymologique. 2s. bd. -

Synoptical Table of French
Verbs, td.

ESCLANGON (A.). The French Verb Newly Treated: an Easy,

Uniform, and Synthetic Method of its Conjugation. By A. Esclangon,
Examiner in the University of London. Small 4to, y.

GASC (F. E. A.). First French Book; being a New, Practical, and

Easy Method of Learning the Elements of the French Language. Resel

and thormghly revised. ii6tA thousand. Crown 8vo, \s.

Second French Book ; being a Grammar and Exercise Book, on a new
and practical plan, and intended as a sequel to the " First French Book."

S5</; thousand. Fcap. 8vo, \s. td.
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GASC (F. E. A.). Key to First and Second French Books, ph edition,

Fcap. 8Vo, y. od. net.— French Fables, for Beginners, in Prose, with an Index of all the Words
at the end of the work, fjth thousand. i2mo, i^. 6d.— Select Fables of La Fontaine. 19M thottsand. Fcap. 8vo, \s. 6d.

— Histoires Amusantes et Instructives ; or, Selections of Complete
Stories from the best French modern authors, who have written for the

young. With English notes, lyth thousand. Fcap. 8vo, 2.s.

— Practical Guide to Modern French Conversation, containing:—
I. The most current and useful Phrases in Everyday Talk. II. Every-
body's necessaiy Questions and Answers in Travel-Talk. 19/A edition.

Fcap. 8vo, \s. td.— French Poetry for the Young. With Notes, and preceded by a few
plain Rules of French Prosody. i,th edition, revised. Fcap. 8vo, \s. 6d.

— French Prose Composition, Materials for. With copious footnotes, and
hints for idiomatic renderings. 2yd thousand. Fcap. 8vo, y.

Key. 2nd edition, 6s. net.

^- Prosateurs Contemporains ; or. Selections in Prose chiefly from con-
temporary French literature. With notes, nth edition, izrao, y. bd.

— Le Petit Compagnon j a French Talk-Book for Little Children. 14//^

edition. l6mo, is. 6d.

— French and English Dictionary, with upwards of Fifteen Thousand
new words, senses, &c., hitherto unpublished, ith edition, reset and con-
siderably enlarged. In one vol. Large Svo, cloth, 12s. 6d. In use at
Harrow, Rugby, Shrewsbury, &c.

— Pocket Dictionary of the French and EngUsh Languages ; for the every-

day purposes of Travellers and Students. Containing more than Five
Thousand modern and current words, senses, and idiomatic phrases
and renderings, not found in any other dictionary of the two languages.

New edition. ^Jth thousand. i6mo, cloth, 2s. 6d.

GOSSET (A.). Manual of French Prosody for the use of English
Students. By ARTHUR GOSSET, M.A., Fellow of New College, Oxford.
Crown 8vo, y.

GRANVILLE (W. E. M.). French Correspondence. [/« the Press.

LE NOUVEAU TRESOR ; designed to facilitate the Translation of

English into French at Sight. By M. E. s. iSth edition. Fcap. Svo,
IS. 6d.

STEDMAN (A. M. M.). French Examination Papers in Miscel-
laneous Grammar and Idioms. Compiled by A. M. M. stedman, m.a.
6//i edition. Crown Svo, zs. 6d. A Key (for Tutors only), 6s. net.— Easy French Passages for Unseen Translation. 2nd edition. Fcap.
Svo, IS. 6d.

— Easy French Exercises on Elementary Syntax. Crown Svo, 2s. 6d.— First French Lessons. Crown Svo, is.

— French Vocabularies for Repetition. Fcap. Svo, is.

— Steps to French. iSmo, 8d.

WILLAN (J. N.). Scheme of French Verbs, with Verb Papers, is.
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FRENCH ANNOTATED EDITIONS.
BALZAC. Ursule Mirouet. By honors de balzac. Edited, with

Introduction and Notes, by jambs bo'ielle, B.-^s-l., Senior French
Master, Dulwich College. 3^.

CLARETIE. Pierrille. By JULES CLARfiTlB. With 27 Illustrations.
Edited, with Introduction and Notes, by JAMES boIelle, B.-es-L. 2,s. 6d.

DAUDET. La Belle Nivernaise. Histoire d'un vieux bateau et de son
equipage. By alphonse daudet. Edited, with Introduction and
Notes, by JAMES BOIELLE, B.-te-L. With Six Illustrations. 2s.

FENELON. Aventures de Telemaque. Edited by c. j. delille.
4M edition. Fcap. 8vo, 2s. dd.

GOMBERT'S FRENCH DRAMA. Re-edited, with Notes, by F. E. A.
GASC. Sewed, td: each.

MOLIERE.
Le Misanthrope.
L'Avare.
Le Bourgeois Gentilhomme.
Le Tartuffe.
Le Malade Imaginaire.
Les Femmes Savantes,

Lea Fourberies de Scapin.
Les Pr^cieuses Ridicules,
L'Ecole des Femmes.
L'Ecole des Maris.
Le M^decin Malgre Lui.
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BUCHHEIM (DR. C. A.)—cimHnued.
A Key to the ist and 2nd parts, yd edition, y. net. To the 3rd and

4th parts. 4f. net.

— First Book of German Prose. Being Parts I. and II. of the above.

With Vocabulary by H. R. Fcap. 8vo, is. dd.

CLAPIN (A. C). A German Grammar for Public Schools. By the

REV. A. c. CLAPIN, and F. HOLL-MULLER, Assistant Master at the Bruton

Grammar School. 6th edition. Fcap. 8vo, 2s. 6d.

— A German Primer. , With Exercises. 2nd edition. Fcap. 8vo, is.

German. The Candidate's Vade Mecum. Five Hundred Easy Sentences

and Idioms. By an Army Tutor. Cloth, is. For Army Prelim. Exam.
LANGE (F.). A Complete German Course for Use in Public Schools.

By F. LANGE, PH.D., Professor R. M.A. Woolwich, Examiner in German
to the College of Preceptors, London ; Examiner in German at the Victoria

University, Manchester. Crown Svo.

Concise German Grammar. Wth special reference to Phonology,

Comparative Philology, English and German Equivalents and Idioms.

Comprising Materials for Translation, Grammar, and Conversation.

Elementary, 2s. ; Intermediate, 2s. ; Advanced, 3.r. 6d.

Progressive German Examination Course. Comprising the Elements

of German Grammar, an Historic Sketch of the Teutonic Languages,

English and German Equivalents, Materials for Translation, Dictation,

Extempore Conversation, and Complete Vocabularies. I. Elementary

Course, 2s, II. Intermediate Course, 2s. III. Advanced Course.

Second revised edition, is. 6d.

Elementary German Reader. A Graduated Collection of Readings in

Prose and Poetry. With English Notes and a Vocabulary. 4/^

edition. Is. 6d.

Advanced German Reader. A Graduated Collection of Readings in

Prose and Poetry. With English Notes by F. lange, PH.D., and

J. F. DAVIS, D.LIT. 2nd edition, y.
MORICH (R. J.). German Examination Papers in Miscellaneous

Grammar and Idioms. By R. J. morich, Manchester Grammar School.

2nd edition. Crown Svo, 2s. 6d. A Key, for Tutors only. 5^. net.

PHILLIPS (M. E.). Handbook of German Literature. By mary
E. PHILLIPS, LL.A. With Introduction by dr. a. weiss. Professor of

German Literature at R. M. A. Woolwich. Crown Svo, 3^. 6d.

STOCK (DR.). Wortfolge, or Rules and Exercises on the orderof Words
in German Sentences. With a. Vocabulary. By the late Frederick
STOCK, D.LlT., M.A. Fcap. Svo, IS. 6d.

KLUGE'S Etymological Dictionary of the German Language.
Translated by J. F. Davis, d.lit. (Lond.). Crown 4to, Js. 6d.

GERMAN ANNOTATED EDITIONS.
AUERBACH (B.). Auf Wache. Novelle von berthold auerbach.

Der Gefrorene Kuss. Novelle von OTi'O roquette. Edited by a. a.

macdonell, M.A., PH.D. 2nd edition. Crown Svo, 2s.

BENEDIX (J. R.). Doktor Wespe. Lustspiel in funf Aufziigen von

JULJUS RODERICK BENEDIX. Edited by PROFESSOR F. LANGE, PH.D.

Crown Svo, 2s. 6d,
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EBERS (G.). EineFrage. Idyll von georg kbers. Edited by p. storr,
H.A., Chief Master of Modem Subjects in Merchant Taylors' School.
Crown 8vo, 2s.

FREYTAG (G.). Die Joumalisten. Lustspiel von gustav freytag.
EditedbyPROFESSORF.LANGE.PH.D. ^krevisededition. Crown8vo,2j.6i/.— SOLL UND HABEN. Roman von gustav freytag. Edited by
W. HANBY CRUMP, M.A. Crown 8vo, 2s. 6d.

GERMAN BALLADS from Uhland, Goethe, and Schiller. With Intro-
ductions, Copious and Biographical Notices. Edited by c. L. Bielefeld.
5M edition. Fcap. 8vo, is. 6d.

GERMAN EPIC TALES IN PROSE. I. Die Nibelungen, von
A. F. c. VILMAR. II. Walther und Hildegund, von albert richter.
Edited by KARL neuhaus, ph. d., "the International College, Isleworth.
Crown 8vo, 2s. 6d.

GOETHE. Hermann und Dorothea. With Introduction, Notes, and Argu-
ments. By e. BELL, M.A., andE. WOLFEL. yd edition. Fcap. 8vo, u. 6</.

GOETHE. FAUST. Part I. German Text with Hayward's Prose
Translation and Notes. Revised, with Introduction by c. A. BUCHHeim,
PH.D., Professor of German Language and Literature at King's College,
London. Small post 8vo, 5^.

GUTZKOW (K.). Zopf und Schwert. Lustspiel von karl gutzkow.
Edited by PROFESSOR F. lange, ph.d. Crown 8vo, 2s. 6d.

HEY'S FABELN FUR KINDER. Illustrated by o. speckter.
Edited, with an Introduction, Grammatical Summary, Words, and a com-
plete Vocabulary, by professor f. lange, ph.d. Crown 8vo, is. 6d.— The same. With a Phonetic Introduction, and Phonetic Transcription of
the Text. By professor f. lange, ph.d. Crown 8vo, 2s.

HEYSE (P.). Hans Lange. Schauspiel von paul heyse. Edited by
a. a. macdonell, M.A., PH.D., Taylorian Teacher, Oxford University.
Crown 8vo, 2s.

HOFFMANN (E. T. A.). Meister Martin, der Kiifner. Erzahlung
von E. T. A. HOFFMANN. Edited by F. lange, PH.D. 2nd edition.

Crown 8vo, \s. 6d.

MOSER (G. VON). Der Bibliothekar. Lustspiel von G. von moser.
Edited by F. LANGE, PH.D. 4/A edition. Crown 8vo, 2s.

ROQUETTE (O.). &« Auerbach.
SCHEFFEL (V. VON). Ekkehard. Erzahlung des zehnten Jahr-

hunderts, von VICTOR VON SCHEFFEL. Abridged edition, with Intro-
duction and Notes by HERMAN HAGER, PH.D., Lecturer in the German
Langu^e and Literature in The Owens College, Victoria University,
Manchester. Crown Svo, 3J.

SCHILLER'S Wallenstein. Complete Text, comprising the Weimar
Prologue, Lager, Piccolomini, and Wallenstein's Tod. Edited by DR.
BUCHHEIM, Professor of German in King's College, London. 6th edition,

Fcap. Svo, 5f. Or the Lager and Piccolomini, 2s. 6d. Wallenstein's
Tod, 2s. 6d.

— Maid of Orleans. With English Notes by dr. wilhelm wagner. yd
edition. Fcap. 8vo, is. 6d.

— Maria Stuart. Edited by v. kastner, B.-es-L., Lecturer on French
Language and Literature at Victoria ynjversity, Manchester, yd edition,

Fcap. ?vo, \s. 6^.
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ITALIAN.
DANTE. The Inferno. A Literal Prose Translation, with the Text of the

Original collated with the best editions, printed on the same page, and
Explanatory Notes. By john a. carlyle, m.d. With Portrait. 2nd
edition. Small post 8vo, $s.

— The Purgatorio. A Literal Prose Translation, with the Text of Bianchi

printed on the same page, and Explanatory Notes. By W. s. DUGDALE.
Small post 8vo, ^s.

JBELL'S MODERN TRANSLATIONS.
A Series of Translationsfrom Modern Languages, with Memoirs,

Introductions, etc. Crown Svo, is. each.

GOETHE. Egmont. Translated by anna swanwick.
— Iphigenia in Tauris. Translated by anna swanwick.
HAUFF. The Caravan. Translated by s. mendel.
— The Inn in the Spessart. Translated by s. mendel.
LESSING. Laokoon. Translated by E. c. beasley.
— Nathan the Wise. Translated by R. dillon boylan.
— Minna von Barnhelm. Translated by ernest bell, m.a.

MOLIERE. The Misanthrope. Translated by c. heron wall.
— The Doctor in Spite of Himself. (Le Medecin malgr^ lui). Trans-

lated by C. HERON WALL.
— Tartuffe; or. The Impostor. Translated by c. heron wall.
— The Miser. (L'Avare). Translated by c. heron wall.
— The Shopkeeper turned Gentleman. (Le Bourgeois Gentilhomme).

Translated by c. HERON WALL.
RACINE. Athalie. Translated by R. bruce boswell, m.a.
— Esther. Translated by r. bruce boswell, m.a.

SCHILLER. William Tell. Translated by SIR THEODORE MARTIN,
K.C.B., LL.D. Mnv edition, entirely revised.

— The Maid of Orleans. Translated by anna swanwick.
— Mary Stuart. Translated by J. MELLISH.
— Wallenstein's Camp and the Piccolomini. Translated by j. churchill

and S. T. COLERIDGE.
— The Death of Wallenstein. Translated by s. T. coleridge.

„*„ For other Translations of Modern Languages, see the Catalogue of

Bohn's Libraries, which will be forwarded on application.

SCIENCE, TECHNOLOGY, AND ART.
CHEMISTRY.

COOKE (S.). First Principles of Chemistry. An Introduction to

Modern Chemistry for Schools and Colleges. By Samuel cooke, m.a.,

B.E., Assoc. Mem. Inst. C. E., Principal of the College of Science, Poona.

tth edition, revised. Crown 8vo, 2J. td.

.^ The Student's Practical Chemistry. Test Tables for Qualitative

Analysis, yd edition^ revised and enhr^ed. Bem^ 8vo, Ix.
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STOCKHARDT (J. A.). Experimental Chemistry. Founded on the

work of J. A. STOCKHARDT. A Handbook for the Study of Science by
Simple Experiments. By c. w. heaton, f.i.c, f.c.s., Lecturer in

Chemistry in the Medical School of Charing Cross Hospital, Examiner in

Chemistry to the Royal College of Physicians, etc. Revised edition. S*.

BOTANY.
GROOM (P.). Elementary Botany. By pbrcy groom, m.a. (Cantab.

et Oxon.), F.L.S., Examiner in Botany to the University of Oxford.
With numerous Illustrations, Crown 8vo. [/» the press.

HAWVARD (W. R.). The Botanist's Pocket-Book. Containing in

a tabulated form the chief characteristics of British Plants, with the

botanical names, soil, or situation, colotu", growth, and time of flowering

of every plant, arranged under its own order ; with -a copious Index.

By w. R. HAYWARD. "jth edition, revised. Fcap. 8vo, cloth limp, 4J. 6rf.

LONDON CATALOGUE of British Plants. Part I., containing the

British Phsenogamia, Filices, Equisetacese, Lycopodiaceae, Selaginellacese,

Marsileaceae, and Characeae. 9M edition. Demy 8vo, 6d. ; interleaved

in Ump doth, i^. Generic Index only, on card, 2d.

MASSEE (G.). British Fungus-Flora. A Classified Text-Book of

Mycology. By GBORGE MASSBE, Author of "The Plant World." With
numerous Illustrations. 4 vols, post 8vo, "Js. 6d. each.

SOWERBY'S English Botany. Containing a Description and Life-size

Drawing of every British Plant. Edited and brought up to the present

standard of scientific knowledge, by t. boswell (late syme), ll.d.,

F.L.S. , etc. yd edition, entirely renised. With Descriptions of all the

Species by the Editor, assisted by N. E. brown. 12 vols., with 1,937
coloured plates, £2^ y. in cloth, ^^26 lis. in half-morocco, and ^^30 gs.

in whole morocco. Also in 89 parts, S^-i except Part 89, containing

an Index to the whole work, 7^. 6d.

^•^ A Supplement, to be completed in 8 or 9 parts, is now publishing.

Parts I., II., and III. ready, 5^. each, or bound together, making

Vol. XIII. of the complete work, lys.

TURNBULL (R.). Index of British Plants, according to the London
Catalogue (Eighth Edition), including the Synonyms used by the principal

authors, an Alphabetical List of English Names, etc. By Robert
TtJRNBULL. Paper cover, 2s. 6d., cloth, 3s.

GEOLOGY.
JUKES-BROWNE (A. J.). Student's Handbook of Physical Geo-

logy. By A. J. JUKES-BROWNE, B.A., F.G.S., of the Geological Survey of

England and Wales. With numerous Diagrams and Illustrations. 2nd

,

edition, mzuh enlarged, "js. 6d.

Student's Handbook of Historical Geology. With numerous Diagrams
and Illustrations. 6j.

"An admirably planned and well executed ' Handbook of Historical

Geology.' "—Jtumal ofEducation.

^ The Building of the British Isles. A Study in Geographical Pvolutioij,

With Nfsps. tnd edition revised, yj. 6d.
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MEDICINE.

CARRINGTON (R. E.), and LANE (W. A.). A Manual of Dissec-
tions of the Human Body. By the late R. E. carrington, m.d.

(Lond.), F.R.C.P., Senior Assistant Physician, Guy's Hospital. 2nd
edition. Revised and enlarged by w. arbuthnot lane, M.S., F.R.C.S.,

Assistant Surgeon to Guy's Hospital, etc. Crown 8vo, <js.

" As solid a piece of work as ever was put into a book ; accurate from
beginning to end, and unique of its kind. "

—

British MedicalJournal.
HILTON'S Rest and Pain. Lectures on the Influence of Mechanical and

Physiological Rest in the Treatment of Accidents and Surgical Diseases,

and the Diagnostic Value of Pain. By the late JOHN hilton, f.r.s.,

F.R.C.S., etc. Edited by w. H. A. JACOBSON, m.a., m.ch. (Oxon.),

F.R.c.s. 6th edition, gs.

HOBLYN'S Dictionary of Terms used in Medicine and the Collateral

Sciences. 12th edition. Revised and enlarged by J. A. P. PRICE, B.A.,

M.D. (Oxon.). 10s. (sd.

LANE (W. A.). Manual of Operative Surgery. For Practitioners and
Students. By w. arbuthnot lane, m.b., M.S., f.r.cs.. Assistant

Surgeon to Guy's Hospital. Crown 8vo, %s. 6d.

BELL'S AGRICULTURAL SERIES.

In crown Svo, Illustrated, i6o pages, cloth, 2s. 6d. each.

CHEAL (J.). Fruit Culture. A Treatise on Planting, Growing, Storage

of Hardy Fruits for Market and Private Growers. By j. chbal, F.R.H.S.,

Member of Fruit Committee, Royal Hort. Society, etc.

FREAM (DR.). Soils and their Properties. By dr. william fream,
B.sc. (Lond.)., F.L.S., F.G.S., F.S.S., Associate of the Surveyor's Institu-

tion, Consulting Botanist to the British Dairy Farmers' Association and
the Royal Counties Agricultural Society ; Prof, of Nat. Hist, in Downton
College, and formerly in the Royal Agric. Coll., Cirencester.

GRIFFITHS (DR.). Manures and their Uses. By DR. A. B. Griffiths,
F.R.S.E., F.C.S., late Principal of the School of Science, Lincoln; Membre
de la Societe Chimique de Paris ; Author of " A Treatise on Manures,"
etc., etc. In use at Downton College.

— The Diseases of Crops and their Remedies.
MALDEN (W. J.). Tillage and Implements. By w. j. mAlden,

Prof, of Agriculture in the College, Downton.
SHELDON (PROF.). The Farm and the Dairy. By professor

J. p. SHELDON, formerly of the Royal Agricultural College," and of tlie

Downton College of Agriculture, late Special Commissioner of the

Canadian Government. M use at Downton College.

Specially adapted for Agricultural Classes. Crown Svo. Illustrated. I j. each.

Practical Dairy Farming. By professor Sheldon. Reprinted from the

author's larger work entitled " The Farm and the Dairy.

Practical Fruit Grovying. By j. cheal, f.r.h.s. Reprinted from tjjg

»9tbor's larger work, entitled " fmt CuJtHIS,-"
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TECHNOLOGICAL HANDBOOKS.
Edited by Sir H. Trueman Wood,

Specially adapted for candidates in the examinations of tlie City Guilds
Institute. Illustrated and uniformly printed in small post 8vo.

BEAUMONT (R.). Woollen and Worsted Cloth Manufacture. By
ROBERTS BEAUMONT, Professor of Textile Industry, Yorkshire College,

Leeds ; Examiner in Cloth Weaving to the City and Guilds of London
Institute. 2nd edition. Is. 6d.

BENEDIKT (R), and KNECHT (E.). Coal-tar Colours, The
Chemistry of. With special reference to their application to Dyeing, etc.

By DR. R. BENEDIKT, Professor of Chemistry in the University of Vienna.
Translated by E. KNECHT, PH.D. of the Technical College, Bradford.
2nd and enlarged edition, 6s. 6d.

GADD (W. L.). Soap Manufacture. By w. Lawrence gadd, f.i.c,

F.C.S., Registered Lecturer on Soap-Making and the Technology of Oils

and Fats, also on Bleaching, Dyeing, and Calico Printing, to the City and
Guilds of London Institute, ^s.

HELLYER (S. S.). Plumbing: Its Principles and Practice. By
S. STEVENS HELLYER. With numerous Illustrations. S*.HORNBY (J.). Gas Manufacture. By j. hornby,. f.i.C, Lecturer

under the City and Guilds of London Institute, ^s,

HURST (G. H.). Silk-Dyeing and Finishing. By G. H. hurst, f.cs.,

Lecturer at the Manchester Technical School, Silver Medallist, City and
Guilds of London Institute. With Illustrations and numerous Coloured

Patterns. Js. 6d.

JACOBI (C. T.). Printing. A Practical Treatise. By c. T. jacobi,

Manager of the Chiswick Press, Examiner in Typography to the City and
Guilds of London Institute. With numerous Illustrations. S^-

MARSDEN (R.). Cotton Spinning: Its Development, Principles,

and Practice, with Appendix on Steam Boilers and Engines. By R.

MARSDEN, Editor of the "Textile Manufacturer." 4iA edition. 6s. 6d.

— Cotton Weaving: Its Development, Principles, and Practice.

By R. MARSDEN. With numerous Illustrations, los. 6d.

PHILIPSON (J.). Coach Building. By JOHN philipson, M. INST. m.e..

Past President of the Institute of British Carriage Manufacturers. With
numerous illustrations. 6s.

POWELL (H.), CHANCE (H.), and HARRIS (H. G.). Glass
Manufacture. Introductory Essay, by h. powell, b.a. (Whitefriars

Glass Works) ; Sheet Glass, by henry chance, m.a. (Chance Bros.,

Birmingham): Plate Glass,byH.G. HARRIS,Assoc. Memb. Inst.CE. 3J.6af.

ZAEHNSDORF (J. W.). Bookbinding. By j. w. eaehnsdorf.
Examiner in Bookbinding to the City and Guilds of London Institute,

With 8 Coloured Plates and numerous Diagrams, yd edition, ^s.

MUSIC.
BANISTER (H. C). A Text Book of Music: By H. c. banister.

Professor of Harmony and Composition at the R. A. of Music, at the Guild-

hall School of Music, and at the Royal Normal Coll. and Acad, of Music
for the Blind, lyh edition. Fcap. 8vo. ^s.

This Manual contains chapters on Notation, Harmony, and Counterpoint,

Modulation, Rhythm, Canon, Fugue, Voices, and Instruments ; together

ivith exercises on Harmony, an Appendix of Examination Papers, and a

coi>ious Index and Glossary of Musical Terms.



38 George Bell& Son^

BANISTER (H. C). Lectures on Musical Analysis. Embracing
Sonata Form, Fugue, etc.. Illustrated by theWorks of the Classical Masters.
7Md edition, revised. Crown 8vo, Is. dd.— Musical Art and Study : Papers for Musicians. Fcap. 8vo, 2J.

HUNT (H. G. BONAVIA). A Concise History of Music, from the
Commencement of the Christian era to the present time. For the use of
Students. By rev. h. g. bonavia hunt, Mus. Doc. Dublin ; Warden
of Trinity College, London ; and Lecturer on Musical History in the same
College. 14/A edition, revised to date (1896). Fcap. 8vo, 3^. 6d.

ART.
BARTER (S.) Manual Instruction—Woodwoik. By s. barter

Organizer and Instructor for the London School Board, and to the Joint
Committee on Manual Training of the School Board for London, the City
and Guilds of London Institute, and the Worshipful Company of Drapers.
With over 300 Illustrations. Fcap. 4.to, cloth. "]$. dd.

BELL (SIR CHARLES). The Anatomy and Philosophy of Expres-
sion, as connected with the Fine Arts. By siK Charles bell, k.h.

"Jth edition, revised. S^.
BRYAN'S Biographical and Critical Dictionary of Painters and

Engravers. With a List of Ciphers, Monograms, and Marks. A new
Edition, thoroughly Revised and Enlarged. By K. E. graves and
WALTER ARMSTRONG. 2 volumes. Imp. Ivo, buckram, $/. 3J.

CHEVREUL on Colour. Containing the Principles of Harmony and Con-
trast of Colours, and their Application to the Arts, yd edition, with
Introduction Index and several Plates. Ji.—With an additional series

of 16 Plates in Colours, 7'^. dd.

DELAMOTTE (P. H.). The Art of Sketching from Nature. By p.

H. DELAMOTTE, Professor of Drawing at Ejng's College, London. Illus-

trated by Twenty-four Woodcuts and Twenty Coloured Plates, ananged
progressively, fiom Water-colour Drawings by PROUT, E. w. COOKE, R.A.,

GIRTIN, VARLEY, DE WINT, and the Author. New edition. Imp. 4to, 2lj.

FLAXMAN'S CLASSICAL COMPOSITIONS, reprinted in a cheap
form for the use of Art Students. Oblong paper covers, 2f. 6rf. each.

Homer. 2 vols.—^schylus.—Hesiod.—Dante.
— Lectures on Sculpture, as delivered before the President and Members

of the Royal Academy. With Portrait and 53 plates, ds.

HARRIS (R.). Geometrical Drawing. For Army and other Examina-
tions. With chapters on Scales and Graphic Statics. With 221
diagrams. By R. Harris, Art Master at St. Paul's School. New
edition, enlarged. Crown 8vo, 3J. dd.

HEATON (MRS.). A Concise History of Painting. By the late Mrs.
CHARLES HEATON. New edition. Revised by COSMO monkhouse. ^s.

LELAND (C. G.). Drawing and Designing. In a series of Lessons
for School use and Self Instruction. By Charles g. leland, m.a.,
F.R.L.S. Paper cover, \s.; or in cloth, is.dd.

— Leather Work : Stamped, Moulded, and Cut, Cuir-Bouille, Sewn, etc.

With numerous Illustrations. Fcap. 4to, 5-f.

— Manual of Wood Carving. By Charles g. leland, m.a., f.r.l,s.

Revised by J. J. holtzapffel, A. M. INST.c.e. With numerous Illustra-

tions. Fcap. 4to, 5^.

Metal Work. With numerous Illustrations. Fcap. 410, 5^.
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LEONARDO DA VINCI'S Treatise on Painting. Translated from
the Italian by j. F. rigaud, r.a. ^ With a Life of Leonardo and an
Account of his Works, by J. w. brown. With numerous Plates. 5^.

MOODY (F. W.). Lectures and Lessons on Art. By the late F. w.
MOODY, Instructor in Decorative Art at South Kensington Museum. With
Diagrams to illustrate Composition and other matters. A new andcheaper
edition. Demy 8vo, sewed, 4J. 6a'.

STRANGE (E. F). Alphabets : a Handbook of Lettering, compiled for

the use of Artists, Designers, Handicraftsmen, and Students. With com-
plete Historical and Practical Descriptions. By EDWARD F. strange.
With more than 200 Illustrations. New edition. Crown 8vo. 5^.

WHITE (GLEESON). Practical Designing : A Handbook on the
Preparation of Working Drawings, showing the Technical Methods em-
ployed in preparing them for the Manufacturer and the Limits imposed on
the Design by the Mechanism of Reproduction and the Materials employed.
Edited byGLEESON WHITE. Freely Illustrated, ydedition. Crown 8vo,Sj.

Contents

:

—Bookbinding, by H. ORRINSMITH—Carpets, by ALEXANDER
MILLAR—Drawing for Reproduction, by the Editor—Pottei7, by w. P.

Rix—Metal Work, by R. ll. rathbonb—Stained Glass, by selwyn
IMAGE—Tiles, by owen carter—Woven Fabrics, Pririted Fabrics, and
Floorcloths, by Arthur silver—Wall Papers, by G. c. HAiTfi.

MENTAL, MORAL, AND SOCIAL
SCIENCES.

PSYCHOLOGY AND ETHICS.
ANTONINUS (M. Aurelius). The Thoughts of. Translated literally,

with Notes, Biographical Sketch, Introductory Essay on the Philosophy,

and Index, by GEORGE long, m.a. Revised edition. Small post 8vo,

3J. (>d. , or new edition on Handmadepaper, buckram, 6s.

BACON'S Novum Organum and Advancement of Learning. Edited,

with Notes, by j. dbvby, m.a. Small post 8vo, 5^.

EPICTETUS. The Discourses of. With the Encheiridion and Frag-
ments. Translated with Notes, a Life of Epictetus, a View of his Philo-

sophy, and Index, by GEORGE LONG, M.A. Small post 8vo, 5^., or nea
edition on Handmade paper, 2 vols., buckram, ids. 6d.

HEGEL'S Philosophy of Right. Translated by s. w. dyde, d.sc.
Professor of Mental Philosophy in Queen's College, Kingston, Canada.
Large Post 8vo, "Js. 6d.

KANT'S Critique of Pure Reason. Translated by j. M. D. meiklejohn.
Professor of Education at St. Andrew's University. Small post 8vo, 5^.— Prolegomena and Metaphysical Foundations of Science. With
Life. Translated by E. BELFORT BAX. Small post 8vo, t,s.

LOCKE'S Philosophical Works. Edited by j. a. st. john. z vols.

Small post 8vo, 3^. 6d. each.

RYLAND (P.). Psychology, an Introductory Manual for University
Students, designed chiefly for the London B.A. and B.Sc. By
F. RYLAND, M.A., late Scholar of St. John's College, Cambridge. "Jth
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RYLAND (F.)—^<

edition, rewritten and enlarged, ' With lists of books for Students, and
Examination Papers set at London University. Crown 8vo, 4j. dd.

— Ethics : An Introductory Manual for the use of University Students.

With an Appendix containing List of Books recommended, and Exami-
nation Questions. Crown 8vo, 3^. dd.

— Logic. An Introductory Manual for the use of University Students.

Crown 8vo, 4J. td.

SCHOPENHAUER on the Fourfold Root of the Principle of Suffi-

cient Reason, and On the Will in Nature. Translated by Madame
HILLEBRAND. Small pOSt SvO, S^.— Essays. Selected and Translated. With a Biographical Introduction

and Sketch of his Philosophy, by E. belfort bax. Small post 8vo, 5^.

SMITH (Adam). Theory of Moral Sentiments. With Memoir of the

Author by dugald Stewart. Small post 8vo, 3i. dd.

SPINOZA'S Chief Works. Translated, with Introduction, by R. H. M.

ELWES. 2 vols. Small post 8vo, 5^. each.

Vol. I.—Tractatus Theologico-Politicus—Political Treatise.

II.—Improvement of the Understanding—Ethics—Letters.

HISTORY OF PHILOSOPHY.
BAX (E. B.). Handbook of the History of Philosophy. By B. bel-

fort BAX. 2nd edition, revised. Small post 8vo, 5/.

DRAPER (J. W.). A History of the Intellectual Development of
Europe. By john William draper, m.d., ll.d. With Index. 2

vols. Small post 8vo, ^s. each.

FALCKENBERG(R.). History of Modern Philosophy. By Richard
falckenberg. Professor of Philosophy in the University of Erlangen.

Translated by Professor a. c. Armstrong. Demy 8vo, ids,

HEGEL'S Lectures on the Philosophy of History. Translated by

J. sibree, m.a. Small post 8vo, 5^.

LAW AND POLITICAL ECONOMY.
KENT'S Commentary on International Law. Edited by J. T. abdy,

LL.D., Judge of County Courts and Law Professor at Gresham College,

late Regius Professor of Laws in the University of Cambridge, znd
edition, revised and brought down to a recent date. Crown 8vo, \os. dd.

MONTESQUIEU'S Spirit of Laws. A New Edition, revised and
corrected, with D'Alembert's Analysis, Additional Notes, and a Memoir,
by J. v. pritchard, a.m. 2 vols. Small post 8vo, 3^. dd. each.

PROTHERO (M.). Political Economy. By MICHAEL prothbro, m.a.

Crown 8vo, 4f . 60?.

RICARDO on the Principles of Political Economy and Taxation.
Edited by E. c. K. gonner, m.a.. Lecturer in University College,

Liverpool. Small post 8vo, 5^.

SMITH (Adam). The Wealth of Nations. An Inquiry into the Nature
and Causes of. Reprinted from the Sixth Edition, with an Introduction

by ERNEST BELFORT BAX. 2 vols. Small post 8vo, 3J. dd. each.
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HISTORY.

BOWES (A.). A Practical Synopsis of English History; or, A
General Summary of Dates and Events. By ARTHUR BOWES. \lth

edition. Revised and brought down to the present time. Demy 8vo, \s.

COXE (W.). History of the House of Austria, 1218-1792. By
ARCHDN. COXE, M.A., F.R.s. Together with a Continuation from the

Accession of Francis I. to the Revolution of 1848. 4 vols. Small post

8vo. 3^. td. each.

DENTON (W.). England in the Fifteenth Century. By the late

REV. w. DENTON, M.A., Worcester College, Oxford. Denay 8vo, 12s.

DYER (Dr. T. H.). History of Modern Europe, from the Taking of

Constantinople to the Establishment of the German Empire, A.D. 1453-

1871. By DR. T. H. DYER. A new edition. In 5 vols. £2 12s. 6d.

GIBBON'S Decline and Fall of the Roman Empire. Complete and
Unabridged, with Variorum Notes. Edited by an English Churchman.
With 2 Maps. 7 vols. Small post 8vo, 3^^. 6d. each.

GREGOROVIUS' History of the City of Rome in the Middle Ages.
Translated by ANNIE HAMILTON. Vols. I., II., and III. Crown 8vo, 6^,

each net. Vol. IV. , in two parts, gs. net. Vol. V. , in two parts, 9^. net.

GUIZOT'S History of the English Revolution of 1640. Translated by
WILLIAM HAZLITT. Small post 8vo, 3J. 6d.

— History of Civilization, from the Fall of the Roman Empire to the

French Revolution. Translated by WILLIAM hazlitt. 3 vols. Small

post 8vo, 3s. 6d, each.

HENDERSON (E. F.). Select Historical Documents of the Middle
Ages. Including the most famous Charters relating to England, the

Empire, the Church, etc., from the sixth to the fourteenth centuries.

Translated and edited, with Introductions, by ERNEST F. HENDERSON,
A.B., A.M., PH.D. Small post 8vo, Jj.— A History of Germany in the Middle Ages. Post 8vo, Js. 6d. net.

HOOPER (George). The Campaign of Sedan : The Downfall of the

Second Empire, August-September, 1870. By GEORGE HOOPER. With
General Map and Six Plans of Battle. Demy 8vo, 14s.

— Waterloo : The Downfall of the First Napoleon : a History of the

Campaign of 1815. With Maps and Plans. Small post 8vo, y. 6d.

LAMARTINE'S History of the Girondists. Translated by H. T. RYDE.

3 vols. Small post 8vo, 3^. 6d. each.

— History of the Restoration of Monarchy in France (a Sequel to his

History of the Girondists). 4 vols. Small post 8vo, y. 6d. each.

— History of the French Revolution of 1848. Small post 8vo, 3^. 6i{.

LAPPENBERG'S History of England under the Anglo-Saxon
Kings. Translated by the late B. THORPE, F.s.A. New edition, revised

by E. C. OTTfi. 2 vols. Small post 8vo, 3^. 6d. each.

MACHIAVELLI'S History of Florence, and of the Affairs of Italy

from the Earliest Times to the Death of Lorenzo the Magnificent : together

with the Prince, Savonarola, various Historical Tracts, and a Memoir of

Machiavelli. Small post 8vo, 3^. 6d.

MARTINEAU (H.). History of England from 1800-15. By Harriet
MARTINEAU. Small post 8vo, 3^. 6d.

— History of the Thirty Years' Peace, 1815-46. 4 vols. Small post 8vo,

3^. 6d. each.
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MAURICE (C. E.). The Revolutionary Movement of 1848-9 in

Italy, Austria, Hungary, and Germany. With some Examination
of the previous Thirty-three Years. By c. edmund mauricb. With an
engraved Frontispiece and other Illustrations. Demy 8vo, 16s.

MENZEL'S History of Germany, from the Earliest Period to 1842.

3 vols. Small post 8vo, y. bd. each.

MICHELET'S History of the French Revolution from its earliest

indications to the flight of the King in 1791. Small post 8vo, y. 6d.

MIGNET'S History of the French Revolution, from 1789 to 1814.

Small post 8vo, y. 6d.

PARNELL (A.). The War of the Succession in Spain during the

Reign of Queen Anne, 1702-1711. Based on Original Manuscripts

and Contemporary Records. By COL. THE HON. ARTHUR PARNELL,
R.E. Demy 8vo, 14J. With Map, etc.

RANKE (L.). History of the Latin and Teutonic Nations, 1494-

15 14. Translated by P. A. ashworth. Small post 8vo, y. 6d.

— History of the Popes, their Church and State, and especially of their

conflicts with Protestantism in the l6th and 17th centuries. Translated

by E. FOSTER. 3 vols. Small post 8vo, 3J-. 6ti. each.
— History of Servia and the Servian Revolution. Translated by MRS.

KERR. Small post 8vo, 3^. 6d.

SIX OLD ENGLISH CHRONICLES : viz., Asser's Life of Alfred

and the Chronicles of Ethelwerd, Gildas, Nennius, Geoffrey ofMonmouth,
and Richard of Cirencester. Edited, v^ith Notes and Index, by J. A.

GILES, D.CL. Small post 8vo, ^s.

STRICKLAND (Agnes). The Lives of the Queens of England ;

from the Norman Conquest to the Reign of Queen Anne. By AGNES
STRICKLAND. 6 vols. 5^. each.

— The Lives of the Queens of England. Abridged edition for the

use of Schools and Families. Post 8vo, 6s, 6d.

THIERRY'S History of the Conquest of England by the Normans;
its Causes, and its Consequences in England, Scotland, Ireland, and the

Continent. Translated from the 7th Paris edition by WILLIAM hazlitt.

2 vols. Small post 8vo, 3^. 6ci. each.

WRIGHT (H. F.). The Intermediate History of England, with Notes,

Supplements, Glossary, and a Mnemonic System. For Army and Civil

Service Candidates. By H. F. wright, m.a., ll.m. Crown 8vo, ds. '

For other Works of value to Students of History, see Catalogue of

Bohn's Libraries, sent post-free on application.

DIVINITY, ETC.

ALFORD (DEAN). Greek Testament. With a Critically revised Text,

a digest of Various Readings, Marginal References to verbal and idio-

matic usage, Prolegomena, and a Critical and Exegetical Commentary.
For the use of theological students and ministers. By the late HENRY
ALFOKD.D.D., Dean of Canterbury. 4vols. 8vo. £$ 2s. Sold separately,

The New Testament for English Readers. Containing the Authorized

Version, with additional Corrections of Readings and Renderings, Marginal

References, and a Critical and Explanatory Commentary. In 2 vols.

£2 us: 6d. Also sold in 4 parts separately.
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AUGUSTINE deCivitate Dei. Books XI. and XII. By the rev. henry
D. GEE, B.D., F.S.A. I. Text Only. Zf. II. Introduction andTranslation. 3J.

— In Joannis Evangelium Tractates XXIV-XXVII. Edited by the

REV. HENRY GEE, B'.D., F.S.A. I. Text only, \s. td. II. Translation

by the late rev. canon h. brown. \s. 6d.

BARRETT (A. C. ). Companion to the Greek Testament. By the late

A. c. BARRETT, M. A., Caius College, Cambridge, ph edition. Fcap. 8vo, 5^.

BARRY (BP.). Notes on the Catechism. For the use of Schools. By
the RT. rev. bishop barry, d.d. iith edition. Fcap. 2s.

BLEEK. Introduction to the Old Testament. By friedrich bleek.
Edited by johann bleek and ADOLF kamphausen. Translated from
the second edition of the German by G. H. venables, under the super-

vision of the rev. e. venables. Residentiary Canon of Lincoln. 2nd
edition, with Corrections. With Index. 2 vols. Small post 8vo, 5^. each.

BURGON (DEAN). The Traditional Text of the Holy Gospels Vindi-
cated and Established. By the late john William burgon, b.d.. Dean
of Chichester. Arranged, completed, and edited by EDWARD miller, m.a.,

Wykehamical Prebendary of Chichester Cathedral. Demy 8vo, 10s. 6d. net.

— The Causes of the Corruption of the Traditional Text of the Holy
Gospels. Edited by the rev. edward miller, m.a. Demy 8vo,

lo.r. 6d. net.

BUTLER (BP.). Analogy of Religion. With Analytical Introduction

and copious Index, by the late RT. REV. DR. STEERE. Fcap. 3J. 6d.

EUSEBIUS. Ecclesiastical History of EusebiusPamphilus, Bishop
of Csesarea. Translated from the Greek by rev. c. f. cruse, m.a.

WithNptes, a Life of Eusebius, and Chronological Table. Sm. post 8vo, 5^.

GREGORY (DR.). Letters on the Evidences, Doctrines, and Duties
of the Christian Religion. By dr. olinthus Gregory, f.r.a.s.

Small post 8vo, 3^. 6d. •

HUMPHRY (W. G.). Book of Common Prayer. An Historical and
Explanatory Treatise on the. By w. g. Humphry, b.d., late Fellow of

Trinity College, Cambridge, Prebendary of St. Paul's, and Vicar of St.

Martin's-in-the-Fields, Westminster. 6th edition. Fcap. 8vo, 2s. td.

Cheap Edition, for Sunday School Teachers. \s.

JOSEPHUS (FLAVIUS). The Works of. whiston's Translation.

Revised by rev. a. r. shilleto, m. a. With Topographical and Geo-
graphical Notes by colonel sir c. w. wilson, k. c. b. 5 vols. y. dd. each.

LUMBY (DR.). Compendium of English Church History, from
1688-1830. With a Preface by J. RAWSON LUMBY, d.d. Crown 8vo, 6j.

MACMICHAEL (J. P.). The New Testament in Greek. With
English Notes and Preface, Synopsis, and Chronological Tables. By the

late REV. J. F. MACMICHAEL. Fcap. 8vo (730 pp.), 4J. dd.

Also the Four Gospels, and the Acts of the Apostles, separately.

In paper wrappers, bd. each.

MILLER (E ). Guide to the Textual Criticism ofthe New Testament.
By REV. E MILLER, M.A., Oxon, Rector of Bucknell, Bicester. Cr. 8vo, 4^.

NEANDER (DR. A.). History of the Christian Religion and
Church. Translated by j. torrey. 10 vols. Small post 8vo, 3^. dd, each.

— Life ofJesus Chiist. Translated by J. McCLlNTOCK and C. blumenthal,
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NEANDER (DR. A.). History of the Planting and Training of the
Christian Church by the Apostles. Translated by j. E. ryland.
2 vols. 3^. 6d. each.

— Lectures on the History of Christian Dogmas. Editedby dr. jacobi.
Translated by J. E. ryland. 2 vols. Small post 8vo, 3^. 6d. each.

— Memorials of Christian Life in the Early and Middle Ages. Trans-
lated by J. E. RYLAND. Small post 8vo, y. td.

PEARSON (BP.). On the Creed. Carefully printed from an Early
Edition. Edited by E. walford, m.a. Post 8vo, Jj.PEROWNE (BP.). The Book of Psalms. A New Translation, with
Introductions and Notes, Critical and Explanatory. By the right rev.

J. J. STEWART PEROWNE, D.D., Bishop of Worcester. 8vo. Vol. I.

8M edition, revised. \%s. Vol. II. "Jth edition, revised. i6s.— The Book of Psalms. Abridged Edition for Schools. Crown 8vo.

ytA edition. 10s. 6d.

SADLER (M. F.). The Church Teacher's Manual of Christian Instruc-

tion. Being the Church Catechism, Expanded and Explained in Question
and Answer. For the use of the Clergyman, Parent, and Teacher. By the

REV. M. F. SADLER, Prebendary of Wells, and Rector of Honiton. 43rrf

thousand. 7,s. 6d.

„*, A Complete List of Prebendary Sadler's Works will be sent on
application.

SCRIVENER (DR.). A Plain Introduction to the Criticism of the New
Testament. With Forty-four Facsimiles from Ancient Manuscripts. For
the use of Biblical Students. By the late F. H. scrivener, m.a., D.CL.,
LL.D., Prebendary of Exeter. 4M edition, thoroughly revised, by the REV.
E. MILLER, formerly Fellow and Tutor of New College, Oxford. 2 vols.

DemySvo, 32f.

— Novum Testamentum Graece, Textus Stephanici, 1550. Accedunt variae

lectiones editionum Bezae, Elzeviri, Lachmanni, Tischendorfii, Tregellesii,

curante F. H. A. SCRIVENER, A.M., D.C.L., LL.D. Revised edition. 4J. 6d.— Novum Testamentum Graece [Editio Major] textus Stephanici,

A.D. 1556. Cum variis Icctionibus editionum Bezae, Elzeviri, Lachmanni,
Tischendorfii, Tregellesii, Westcott-Hortii, versionis Anglicanse eraendato-
rum curante F. H. A. scrivener, A.M., D.C.L., LL.D., accedunt parallela

s. scripturae loca. Small post Svo. 2nd edition, "js. 6d.

An Edition on writing-paper, with marginfor notes. 4to, halfbound, I2J.

WHEATLEY. A Rational Illustration of the Book of Common
Prayer. Being the Substance of everything Liturgical in Bishop Sparrow,
Mr. L'Estrange, Dr. Comber, Dr. NichoUs, and all former Ritualist

Commentators upon the same subject. Small post Svo, 3^. 6d.

WHITAKER (C). Rufinus and His Times. With the Text of his

Commentary on the Apostles' Creed and a Translation. To which
is added a Condensed History of the Creeds and Councils. By the rev.
CHARLES WHITAKER, B.A., Vicar of Natland, Kendal. DemySvo, 5^.

Or in separate Parts.— l. Latin Text, with Various Readings, 2j. 6d.

2. Summary of the History of the Creeds, is. bd. 3. Charts of the

Heresies of the Times preceding Rufinus, and the First Four General
Councils, dd. each.— St. Augustine : De Fide et Symbolo—Sermo ad Catechumenos. St. Leo
ad Flavianum Epistola—Latin Text, with Literal Translation, Notes, and
HistoryofCreedsand Councils. 5^. Also separately. Literal Translation.

— Student's Help to the Prayer-Book. 3^.
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SUMMARY OF SERIES.
BiBLIOTHECA ClASSICA.
Public School Series.
Cambridge Greek and Latin Texts.
Cambridge Texts with Notes.
Grammar School Classics.
Primary Classics.
Bell's Classical Transl\tions.
Cambridge Mathematical Series.
Cambridge School and College Text Books.
Foreign Classics.
Modern French Authors.

,Modern German Authors.
" Gombert's French Drama.
Bell's Modern Translations.
Bell's English Classics.
Handbooks of English Literature.
Technological Handbooks.
Bell's Agricultural Series.
Bell's Reading Books and Geographical Readers.

BIBLIOTHECA CLASSICA.
AESCHYLUS. By dr. paley. 8i.

CICERO. By G. long. Vols. I. and II. 8j. each.

DEMOSTHENES. By K. whiston. a Vols. 81. each.
EURIPIDES. By DE. PALEY. Vols. II. and III. 81. each.
HERODOTUS. By DR. BLAKESLEY. 2 Vols. I2J.

HESIOD. By DR. PALEY. 5J.

HOMER. By DR. PALEY. 2 Vols. 14J.

HORACE. By A. J. macleane. is.

PLATO. Phaedrus. By dr. Thompson. 5J.

SOPHOCLES. Vol. I. By F. H. blaydes. %s.— Vol. II. By DR. PALEY. dr.

VIRGIL. By conington and nettleship. 3 Vols. 10*. td, each.

PUBLIC SCHOOL SERIES.
ARISTOPHANES. Peace. By dr. paley. 2J. (>d.

— Acharnians. By dr. paley. 2;. dd.— Frogs. By dr. paley. 2J. fid,

— Plutus. By M. T. OuiNN. 3*. dd.

CICERO. Letters to Atticus. Book I. By A. pretor. 41. 6rf.

DEMOSTHENES. De Falsa Legatione. By e. shilleto. 61.— Adv. Leptinem. By B. w. bbatson. 3J. 6d.
LIVY. Book VI. By E. s. weymouth and G. f. Hamilton. 2j. dd,— Books XXI. and XXII. By l. d. dowdall. 2J. each.
PLATO. Apology of Socrates and Crito. By dr. w. wagner. 31. td. and

2J. dd..— Phaedo. By dr. w. wagner. sj. 6(f.— Protagoras. By vr. wayte. 4J. td.— Gorgias. By dr. Thompson, dr.— Euthyphro. By c. h. wells. 3^.— Euthydemus. By g. h. wells, ^s.

— Republic. By g. h. wells. 5^.

PLAUTUS. Aulularia. By dr. w. wagner. 4^.61^— Trinummus. By dr. w. wagner. 4J. dd,— Menaechmei. By dr. w. wagner. 4^ 6d.— Mostellaria. By e. a. sonnenschein ^s.
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PUBLIC SCHOOL SERIES—<:o«^2«««<f.

SOPHOCLES. Trachiniae. By A. peetor. 41. 6<i
— Oedipus Tyrannus. By b. h, Kennedy, is. 6d.

TERENCE. By DR. w. WAGNER, ^s. 6d.
THUCYDIDES. Book VI. By T. w. dougan. 2s.

CAMBRIDGE GREEK AND LATIN TEXTS.
AESCHYLUS. By dr. paley. 2J.

CAESAR. By G.LONG. 11. 6rf.

CICERO. De Senectute, de Amicitia, et Epistolae Selectae. By G. long.
IS. 6d.

— Orationes in Verrem. By G. long. 2i. 6d.

EURIPIDES. ByDF. PALKY. 3 Vols. 2i. each.

HERODOTUS. By DR. BLAKESLEY. 2 Vols. 2J. 6rf. each.
HOMER'S Iliad. By dr. paley. is. td.

HORACE. By A. j. macleane. is. id.

iUVENAL AND PERSIUS. By a. j. macleane. m. W.
.UCRETIUS. By h. a. j. munro. 2s.

SALLUST. Bye. long. is. 6d. »

SOPHOCLES. By dr. paley. 21. td.
TERENCE. By DR. w. WAGNER, at.

THUCYDIDES. By dr. Donaldson. 2 Vols. 2». each.
VIRGIL. By PROF. CONINGTON. 2^.

XENOPHON. By j. f. macmichael. it. 6d.
NOVUM TESTAMENTUM GRAECB. By dr. scrivener. 4;. 6d.

CAMBRIDGE TEXTS WITH NOTES.
AESCHYLUS. By DR. paley. 6 Vols. i.t. 6rf. each
EURIPIDES. By DR. PALEY. 13 Vols. (Ion, 2j.) u. 6rf. each.
HOMER'S Iliad. By dr. paley. ii.

SOPHOCLES. By DR. paley. 5 Vols. u. 6rf. each.
XENOPHON. Hellenica. By rev. l. D. dowdall. Books Land II. 2J. each.
— Anabasis. By j. f. macmichael. 6 Vols. u. 6^. each.
CICERO. De Senectute, de Amicitia, et Epistolae Selectae. Bye. long.

3 Vols. zs. 6d. each.
OVID. Selections. By a. j. macleane. is. 6d.
— Fasti. By dr. paley. 3 Vols. 2j. each.
TERENCE. By DR. w. WAGNER. ' .4 Vols. is. 6d. esch.
VIRGIL. By prof, conington. 12 Vols. is. 6d. each.

GRAMMAR SCHOOL CLASSICS.
CAESAR, De Bello Gallico. ByG. lonc. 4^. , or in 3 parts, ij. 6rf. each.
CATULLUS, TIBULLUS, and PROPERTIUS. By a. h.wratislaiv

and f. n. SUTTON, "zs, 6d.

CORNELIUS NEPOS. By j. f. macmichael. is.

CICERO. De Senectute, De Amicitia, and Select Epistles. By g. long. 31.

HOMER. Iliad. ByDR. paley. Books I.-XII. 4s. 6d., or in 2 Parts, 2j. 6d. each.
HORACE. By A. j. macleane. 35. 6d., or in 2 Parts, 2s. each.
JUVENAL. By HERMAN PRIOR. 5s. 6d.
MARTIAL. By dr. paley and w. h. stone. 4s, 6d.
OVID. Fasti. By dr. paley. 3J. 6(f., or in 3 IParts, ij. 6rf. each.
SALLUST. Catilina and Jugurtha. By g. long and j. g. frazer. 31. 6d.,

or in 2 Fart.s, 2f.each.
TACITUS. Germania and Agricola. By p. frost, zs. 6d.
VIRGIL, conington's edition abridged. 2 Vols. 4^. 6d. each, or in 9 Parts,

IS. 6d. each.
— Bucolics and Georgics. conington's edition abridged. 3;.

XENOPHON. By J. K. macmichael. 3J. 6rf., or in 4 Parts, ij. 6f^. each.
— Cyropaedia. By g. m. gorham. 3^. 6d., or in 2 Parts, is. 6d. each.
— Memorabilia. By percival frost. 3s.

PRIMARY CLASSICS.
EASY SELECTIONS FROM CAESAR. By A. M. M. stedman. is.

EASY SELECTIONS FROM LIVY. By A. M. M. stedman. is. 6d.
EASY SELECTIONS FROM HERODOTUS. By a. G. liddell. is. 6d
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BELL'S CLASSICAL TRANSLATIONS.
AESCHYLUS. By Walter headlam. 6 Vols. [In the press.

ARISTOPHANES. Acharnians. By w. h. Covington, w.
— Plutus. By M. T. QUINN. IJ.

CAESAR'S Gallic War. By w. a. mcdevitte. z Vols. is. each.

CICERO. Friendship and Old Age. By G. H. wells, ts.

DEMOSTHENES, On the Crown. By c. rann Kennedy, is.

EURIPIDES. 14 Vols. By E. p. COLERIDGE, i^. each.

HORACE. 4 Vols. By A. HAMILTON BRYCE, LL.D. If. each.

LIVY. Books I.-IV. By j. H. freese. ij. each.
— Book V. and VI. By e. s. weymouth, is. each.
— Book IX. By f. storr. is.

LUCAN : The Pharsalia. Book I. By r. conwav. is.

OVID. Fasti. 3 Vols. By H. t. riley. ij. each.
— Tristia. By h. t. rilev. is.

SOPHOCLES. 7 Vols. By E. p. COLERIDGE u. each.

VIRGIL. 6 Vols. By a. Hamilton bryce. is. each.

XENOPHON. Anabasis. 3 Vols. By j. s. watson. w. each.
— Hellenics. Books I. and II. By h. dale. is.

CAMBRIDGE MATHEMATICAL SERIES.
ARITHMETIC. By c pendlebury. 4.?. ert'., or in 2 Parts, 25. 6(/. each.

Key to Part II. js. td. liet.

EXAMPLES IN ARITHMETIC. By \.. tendlebury. 31.. or in 2 Parts,

IS. td. and 2J.

ARITHMETIC FOR INDIAN SCHOOLS. By pendlebury and tait. 31

ELEMENTARiY ALGEBRA. By j. t. hathornthwaite. 2j.

CHOICE AND CHANCE. By w. a. whitworth. ts.

D C C EXERCISES (a companion to "Choice and Chance"). By w. a. whit-
worth. fiS.

EUCLID. By H. deighton. +r. fid., or Books I.-IV., 31. ; Books V.-XI., 2j. dd.

orBookL.K. ; Books I. and II.. IJ. 6rf, ; Books I.-III., 21. 6rf. ; Books III.

and IV., \s. 6d. Key. is. net.

INTRODUCTION TO EUCLID. By h. deighton and emtage. is. 6d.

EXERCISES ON EUCLID, &c. By j. mcdowell. ' 6s.

ELEMENTARY MENSURATION. By b. t, mooee. 31. 6<i

ELEMENTARY TRIGONOMETRY. By c. pendlebury. 41. 6d.

ELEMENTARY TRIGONOMETRY. By dyer and whitcombe. ^s. 6d.

PLANE TRIGONOMETRY. By t. G. vyvyan. ^s.6d.

ANALYTICAL GEOMETRY FOR BEGINNERS Part L By t. u.

vyvyan. 2S. 6d.

ELEMENTARY GEOMETRY OF CONICS. By dr. taylor. ^s. 6d.

GEOMETRICAL CONIC SECTIONS. By Dit. w. h. besant. 4s. 6d.

Key, 5^. net.

GEOMETRICAL CONIC SECTIONS. By h. G. willis. si.

SOLID GEOMETRY. By w. s. aldis. 6s.

GEOMETRICAL OPTICS. By w. s. aldis. ^s.'

ROULETTES AND GLISSETTES. By de. w. h. besant. cj.

ELEMENTARY HYDROSTATICS. By dr. w. h. besant. 41. 6d.

Solutions. 5s. net
HYDROMECHANICS. Parti. Hydrostatics. By dr. w. h. besant. sj.
DYNAMICS. By DR. w. H. besant. tos. 6d.
RIGID DYNAMICS. By w. s. aldis. 41.

ELEMENTARY DYNAMICS. By DR. w. garnett. 61.

ELEMENTARY TREATISE ON HEAT. By DR. w. garnett. ^s. 6d.
ELEMENTS OF APPLIED MATHEMATICS. By c. M. JESSOP. as. 6d.
PROBLEMS IN ELEMENTARY MECHANICS. By w. Walton. 6s.

EXAMPLES IN ELEMENTARY PHYSICS. By w. gallatly. 4J.

MATHEMATICAL EXAMPLES. By dyer and prowde smith. 61.

CAMBRIDGE SCHOOL AND COLLEGE TEXT BOOKS.
ARITHMETIC. By c. elsee. y. 6d.

— By a. wrigley. 2s. 6d.

EXAMPLES IN ARITHMETIC. By watson and goudie. m. 6ii

ALGEBRA. Bye. ELSEE. 41.
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CAMBRIDGE SCHOOL TEXTS—rowftKzW.

EXAMPLES IN ALGEBRA. By macmichakl and prowde smith, y. id.

and \s, 6d.
PLANE ASTRONOMY. By p. t. main. ^s.

STATICS. By bishop Goodwin. 3J.

NEWTON'S Principia. By evans and main. 4s.

ANALYTICAL GEOMETRY. By t. G. vvvyan. ^s. 6d.

COMPANION TO THE GREEK TESTAMENT. By A. c. BARRETT, si.

TREATISE ON THE BOOK OF COMMON PRAYER. By w. g.

HUMPHRY. 3J. 6d.
TEXT BOOK OP MUSIC. By h. c. banister, sj.

CONCISE HISTORY OF MUSIC. By dr. h, G. bonavia hunt. 3J. 6rf.

FOREIGN CLASSICS.
FENELON'S Tdl^maque. By c. j. delille. 21. 6d.

LA FONTAINE'S Select Fables. By p. E. A. gasc. is. 6d.

LAMARTINE'S Le Tailleur de Pierres de Saint-Point. By j. boIelle.
zs. 6d.

SAINTINE'S Picciola. By dr. dubuc. ij. 6i
VOLTAIRE'S Charles XII. By l. direy. is. 6d.

GERMAN BALLADS. By c. L. Bielefeld, ij. 6d.

GOETHE'S Hermann und Dorothea. By E. bell and e. wolfel. ij. 6d.
SCHILLER'S M^allenstein. By dr. buchheim. 5^., or in 2 Parts, M. 6d. each.— Maid of Orleans. By dr. w. wagner. is. 6d.— Maria Stuart. By v. kastner. is. 6d.

MODERN FRENCH AUTHORS.
BALZAC'S Ursule Mirouet, By j. boielle. 3J.

CLARETIE'S PierriUe. Byj. boielle. is. 6d.
DAUDET'S La Belle Nivernaise. Byi. boielle. 2s.

GREVILLE'S Le Moulin Frappier. By j. boielle. 31.

HUGO'S Bug Jargal. Byj. boielle. 31.

MODERN GERMAN AUTHORS
HEY'S Fabeln fiir Kinder. By prof, lange. is. 6d.

with Phonetic Transcription of Text, &c. 2^.

FREYTAG'S Soil und Haben. By w. h. crump. 2s. 6d.
BENEDIX'S Doktor Wespe. By prof, lange. 2s. 6d.
HOFFMANN'S Meister Martin. By prof, lange. is. id.
HEYSE'S.Hans Lange. By a. a. macdonell. is.

AUERBACH'S Auf 'Wache, and Roquette's Der Gefrorene Kuss. By
A. A. MACDONELL. 2S.

MOSBR'S Der Cibliothekar. By peof. lange. zs.

EBERS' Eine Frage. By f. store, zs.

FREYTAG'S Die Journalisten. By prof, lange. 21. id.
GUTZKOW'S Zopf und Schwert. By prof, lange. 21. id.GERMAN EPIC TALES. By dr. karl neuhaus. 21. id.
SCHEFFEL'S Ekkehard. By dr. h. hager. 31.

The following Series are given infull in the body of the Catalogue.
GOMBERT'S French Drama Seepage 31.
BELL'S Modern Translations. See page 34.
BELL'S English Ciasaics. Seepp. 24, 25.HANDBOOKS OF ENGLISH LITERATURE. Seepage 16.
TECHNOLOGICAL HANDBOOKS. Seepage 37.
BELL'S Agricultural Series. Seepage 36.

BELL'S Reading Books and Geographical Readers. See ^. 25, 26.

CHiswicK PKiiSS :— c. whittingham and CO. tooks court, chancery lanb.










