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PREFACE TO THE ENGLISH EDITION.

To introduce to the English student a text-book which has
so rapidly attained wide circulation and usefulness throughout
the schools and colleges of the German-speaking countries, little
preface or eulogium is necessary. The Author’s aim has been
twofold : he has endeavoured not only to explain in the simplest
language the elementary facts of Vegetable Anatomy and His-
tology, of Physiology and Classification, but also to awaken
the interest and enthusiasm of the student from the very out-
set, by introducing him to the fresher fields of the science, and
by setting before him many of the latest and most interesting
results of their exploration; so placing him, as the title of
the original work has it, “at the newest stand-point of the
science.” 1In this relation, it is only necessary to refer to
Part I11,, or, more particularly, to the section-on the Fertilisation
of Flowers, from which the reader can at once proceed to the
original classics of Darwin and Miiller, of Delfino and Hilde-
brand, and even face the unsolved problems which wait beyond.

In the systematic portion, the student will find the diffi-
culty of mastering the Natural Orders diminished in practice
by the help of the Analytical Tables at the end of the
book, and even more by the broad and simple grouping of
the Orders into their larger alliances. The postponement of
the section dealing with the Cryptogams, until the requisite
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knowledge of microscopic structure has been obtained, and the
exposition of their relation to Phanerogams, will also be found
useful.

The qualities of the translation appear to me as little in
need of advertisement as those of the original, and I need
only say, that its reconciliation of accuracy with freedom, of
letter with spirit, are by no means due to the trifling verbal
changes of my revisal, but to the conscientious and apprecia-
tive labours of Miss HARRIS SMITH.

PATRICK GEDDES.

BotaNICAL LABORATORY,
UniveRsiTY o EpINBURGH, April 1885,
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INTRODUCTION.

ALL objects to be found in the world are either artificial or
natural. Artificial objects are such as have been made by man
with the hand, or by the aid of tools or machinery, from the raw
material afforded by nature. Nafural objects exist independent
of human interference.

The science which treats of natural objects is termed Natural
History. Natural History classifies natural objects under three
heads :—Minerals, Plants, and Animals. The minerals (stones,
metals, &c.) are tnanimate ; they are solid and homogeneous
throughout, immutable in quantity, and not subject to cyclical
change. Plants and animals are animate or living beings; for
the performance of the functions of life they are endowed with
instruments in the shape of orguns, and are accordingly charac-
terised by the name of organisms. An organism is said to be
alive when it is possessed of certain vital properties. The vital
properties common to all organisms are growth and the power of
producing new organisms, or reproduction.

The difference between plants and animals consists in this,
that animals, besides orgauns for growth and reproduction, are
possessed of organs specialised for sensibility. Moreover, most
animals have power to move about from place to place, or the
power of voluntary locomotion. In plants there are no organs of
sensibility or voluntary locomotion.

With regard to this subject, Linneus, the Swedish naturalist
(fl. 1750), says:—* Plants grow and live ; animals grow, live, and
feel.” This, however, only applies to the more fully developed or
higher animals or plants, for among, the less fully developed or lower
animals many are permanently fixed during life (e.g., the corals, and
the Cirripedia among Crustaceca). In a considerable number of the
lower animals, the organs of sensibility are eutirely awanting. On
the other hand, we find among the lower orders of plants, species
which during some period of their life have the power of free move-
ment (e.g., Bucteriu). Further, we find in many of the higher plants

A



2 INTRODUCTION.

movements of one part or another at certain periods of the day
(periodic movements), and these may be brought about by external
influences, as light, change of temperature, &c. To this class belong
the closing of the flowers at night, and movements of the leaves.
The lower the animals and plants, the greater is the resemblance
between them.! :

The following are some of the other distinctions which may be
drawn between the higher animals and plants. Animals have at the
anterior extremity of the body a single opening—the mouth—by which
food is taken into the organism ; plants obtain nourishment by their
roots, which are placed at the posterior extremity of the organism.
Animals have a stomach; plants have none. Among animals the
green colour peculiar ta plants, with the exception of fungi, is ex-
ceedingly rare,

The study or science of plants is called Botany.® This
science is frequently divided into Physiological Butany and
Systematic Botany. Physiological Botany deals with the ex-
ternal form and internal structure of plants, and with the
functions or uses of their various parts.® Systematic Botany
deals with the principles of classification of plants, or the dis-
tinctions between the various orders, and with their distribution
over the surface of the earth.

! Among the least developed or lowest organisms it is often extremely difficult
to decide whether they belong to the animal or to the vegetable kingdom.

* The term Botany is derived from the Greek word botané, herb, plant.

3 The structural aspects in general are best kept separate as Morphology, with
those of minute structure as llag::loyy ; those of function are Physiology proper.



PART L

MORPHOLOGY.

ALL the parts or organs which go to make up the plant asa
whole may be classified under the four following heads :—

1. The Root.
IL. The Ascending Axis or Stem.
III: The Leaves and Homologues
of Leaves.
IV. Hairs and structures of like

nature.

A young plant just sprung from
the seed is termed a seedling. In
Fig. 1 we have a seedling maple, in
which we can readily recognise the
above-named parts. Below we see a
part (b ¢) somewhat wavy in outline,
and covered with delicate hair-like
processes. This is the root, which is
entirely underground. Just above
this we find the stem (b @), and this
bears at its upper extremity several
leaves (¢ ¢ d).

The following are the distinguish-
ing characteristics of these structures.

1. Roots are found beneath the sur-
face of the ground; they serve to fix
the plant in the earth,and grow from
above downwards. They never bear
leaves nor homologues of leaves ; they
commonly branch or divide.

c

Fia. 1.

L Maple (Acer platanoides)
seedling, nat. size. II. The Root,
ef(L); x6 times. abd Stem,de
Root, ¢ ¢ Seed-leaves, d Bud,'n
Secondary Roots, 0 o Surface of
the ground.

I1. Stems grow for the most part above-ground, and serve as
a support for all the other atrial parts: they grow from below
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upwards. They bear leaves or homologues of leaves, and are
usually branched.

III. Leaves and homologues of leaves (leaves proper and
flowers) grow on the stem or its branches. Leaves are usually
flat, and are almost always of a pleasing and characteristic
green colour.

IV. Hair Structures mostly appear simply as hairs on the
surfaces of the root, stem, and leqves, or their appendages.

I1—THE ROOT.

The Root is that part of the plant which is found under the
ground, and grows from above downwards. By means of it the
plant is fixed, and obtains nourishment from the surrounding
soil. The root has numerous branches, twigs, and filaments,
by which its hold upon the soil is rendered very secure. In
some few plants the root is wanting.

The nourishment absorbed by the filaments or rootlets consists
chiefly of wafer, and such mineral matters as are soluble in water
(salts). A very slight experiment is sufficient to show that the root
absorbs nourishment in a liquid form, and so furnishes sustenance to
the plant. If the soil in a flower-pot in which plants are growing is
allowed to get quite parched, the plants soon shrivel up and die. On
the other hand, if a plant be dug up and the roots placed in water, it
will continue to live and grow for a considerable time.

The Colour of the root is usually somewhat black, grey, brown,
yellow, or red, almost never distinctly green. Leaves, leaf-scales,
or buds (eyes) are not found on the roots.

In many plants we find a primary root, from which secondary
or branch roots are given off. ‘The primary root (b e, I., Fig. 1)
is that part which we find in the middle of the whole root net-
work, and which grows straight downwards. It is the first to
form when the young seedling bursts from the seed, and is
simply the direct prolongation of the stem. All secondary roots
spring from the primary root ; from these again smaller rootlets
are given off, and so on, until at last we get the numerous ramiti-
cations found among the roots of many of our most familiar
plants.

Many plants possess the power of forming new roots, when, after

the primary and secondary roots have been cut away, they are placed
in damp mould or water. If, for instance, the root be cut away frun
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the seedling maple (at b, I., Fig. 1) and the cut end placed in water,
it will form a number of new secondary roots. In Figure II. we have
a young plant, the root of which has been removed ; during the fort-

Fie. 8.

Fic. 2. Fic. 5. Fic. 4.

Lower end of the Fig. 3.— Fasciculated root of Turk's
stem of the maple, cap lily (Lilium Martagon) ; half nat.
the primary root cut size. Fig. 4.—Fibrous root of a grass
away ; nat. size. (Poa annua); nat. size. Fig. 5.—Pre-
a b Stem, w w Roots. morse root of Plantago major; nat.

rize, longitudinal section.

night which it has been kept in water, it has produced the secondary
roots w w, which now absorb nourishment. All plants which may be
propagated by cutting, such as fuchsias, oleanders, currants, pelargoni-
ums, &c., have this power of producing new roots.

In many plants the growth of the primary root soon stops, in
fact shortly after the seed has sprouted. We then find only
secondary roots springing from the root end of the stem (as in
Turk’s cap lily, Fig. 3), which form a regularly shaped bunch of
strong root fibres.

ExampLes.—All our common trees and shrubs have primary and

secondary roots. The grasses, the various species of lilies, and such
exotics as palms and bananas, have only secondary or adventitious roots.

‘When there is no primary root, or when the primary root is
very slender, we have what is termed a fasciculated root, which, if
the secondary fibres are very fine, is further called fibrous (Fig. 4).
Roots may become enlarged for storage purposes ; note those fas-
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ciculated roots of which the fibres are soinewhat thickish, as those
of the Turk’s cap lily (Fig. 3). If the fibres are much thickened,
the roots are said to be tuberous. If the primary root is much
thicker than the
branches, and ends
abruptly in a blunt
or rounded point, the
root is said to be pre-
morse (Fig. 5). The
primary root, when
it greatly exceeds the
secondary fibres in
strength and thick-
ness, is called a tap-
root. According to
their shape,tap-roots
. are termed fusiform
" or spindle - shaped,
and napiform or
turnip-shaped. Fusi-
form or spindle-
Fie. 7. Fic. 8. Fia. 9. shaped roots are
Fig. 7.—Spindle-shaped root of €longated, broad in
carrot (Daucus Carota); § nat. size. the middle, and
Fig.8.—Aquaticrootof Hydrocharis . : .
morsus rane ; nat. size. Fig. 9.— tapering especially
Napiform root of the radishtg the lower end
(Raphanus sativus) ; nat. size. . .
(Fig.7). Napiform or
turnip-shaped roots have the primary root almost
round, or rounded and wider than high (Fig. 9).

Fic. 6.

Monotropa Hypo-
pitys, a  parasite
conmon on the

ts of the pi . .
It e y ow i Examplee—The grasses (rye, wheat, barley) have

colour ; § nat. nize. Jilrous roots.  Lilies, Turk’s caps, tulips have also
a  Flower spike ; tibrous roots, with the tibres slightly thickened ; the
Uc Leafscales.  (ahlia and meadow-sweet have tuberous roots; pre-

morse—Plantago, and devil's bit scabious, fustform—
carrot, parsnip ; mapiform—turnip, radish.

According as they are succulent and juicy, or hard and dry, roots
are characterised as fleshy (beet-root, radish) or woody (roots of trees).
Fleshy roots usually die off at the end of autumn, while many woody
roots are permanent—that is to say, they remain living for two or
more years, and in the beginning of spring send up new shoots and
lcaves,
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Many plants which live on the surface of water, have roots
which float about freely without penetrating the underlying
mud. These are termed aquatic roots. They are long and
slender, do not usually branch, but are covered with large num-
bers of delicate rootlets of equal length (Hydrocharis, Fig. 8).

Usually roots are buried in the soil, but in some instances
they grow above-ground, and are known as aérial rovts. One
class of these roots is particularly worthy of note, namely, those
of the climbing plants, such as ivy. These spring from the
stem, are short and thick, and enable the plant as it grows to
cling firmly to walls, trunks of trees, or other support.

Certain plants obtain nourishment neither from the earth nor
from the water, but fromn other plants into which they send their
roots. Such plants are termed parasites (Gr. parasitos—para,
beside, siteo, to feed). Many prey upon the roots of cereals
(Gerardia), others upon stems and trunks of trees (dodder,
mistletoe). Many parasitic plants have no green leaves, but
instead have small yellow or brownish scales (b ¢, Fig. 6); as a
rule the whole plant is distinguished by this yellow or brownish
colour.

Although in this climate we have few or no examples of plants
of great size bearing aérial rootlets, they-are very numerous in the
tropics. The mangrove forests, which run along the swampy sea
coasts in the Torrid Zone (in Central America and India, for example),
are entirely composed of trees bearing aérial roots. The gnarled and
twisted root branches rise out of the slime and mud in which they are
fixed, so that the lower end of the trunk is a considerable height
above the ground. From every bough and twig thread-like aérial
roots are given off, which grow downwards and penetrate the ground,
thus supporting the tree on all sides. The mangrove forests, with
their countless aérial roots, form-an impenetrable thicket, peopled with
swarms of mosquitoes. The air is tilled with poisonous exhalations
from the swampy ground, where crabs, molluscs, and other sea creatures
find a congenial abode. In India there are certain trees of the fig
species (banyan, Ficus Indica) which likewise give off aérial roots,
from which, after they have become fixed in the ground, new plants
originate.

Under aérial roots we must consider those of certain peculiar
tropical plants which do not grow in earth, but on the trunks and
branches of trees (Fig. 10). Their roots cling fast to the crevices of
the bark and the little niches formed where branches are given off,
but do not penetrate the tissues of the tree like the roots of true
parasites. They grow on the tree without taking any nourishment
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from it. Epiphytes (Gr. epi, upon, phyton, a plant), or air-plants, is
the name which has been given to them. They are peculiar to
tropical forests. Like moss and creepers in our own country, they

Fie. 10.

Orchid, with mots attached to the trunk of a tree
(Oncidium Papilio, an orchid bearing tubers on its
roots),

frequently cover the trunks and branches of the trees so completely
as to hide them from view. 7The epiphytes most frequently met with
in the tropics are Orchids (Oncidium, Fig. 10, Epidendrum, Odonto-
olossum, 1n the tropical regions of America; Comparettia in Peru),
and plants of the pine apple order (7illandsia, in Tropical America).

I1L.—THE STEM.

In common parlance the word stem is used to denote that
part of a plant which is visible above ground, and bears leaves
gither on itself or on its branches. In botany it is used in
a somewhat wider sense, as the following paragraph will show,

Root and stem together form the support for all the other
parts of the plant,—leaves, flowers, and hairs; taken conjointly,
ihey, ie., the root and stem, may be conveniently termed the
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axis. The root is the descending, the stem the ascending axis.
Usually the root, as we have already seen, grows beneath the
surface of the earth, the stem above it. This remark, however,
holds good only of one class of stems, namely, aérial stems. In
many plants the stem is wholly or in part underground, where
it grows in a horizontal direction. An underground or sub-
terranean stem is easily distinguished from a root by its bearing
leaves, leaf-scales, and buds (the eyes), which are not met with
on roots.
1.—SUBTERRANEAN STEMS.

Underground stems are of three kinds, rhizomes, tubers, and
bulbs.

Fi6. 11.

Rhizome of anemone (4 nemone nemorosa) ; nat. size.
a Scar of leaf-scale, d Bud, b Leaf-stalk, ¢ Flower-
stalk, f Roots (fibrous).

(1.) The Rhizome or Rootstock—When a subterranean stem is
cylindrical in shape it is called a rootstock or rhizome (Gr. rhiza,
a root). An example is given in Fig. 11. At the growing point
is a bud (d), from which shoot up in spring time a flower-
bearing stalk (c), and leaves (), which appear above the
around. In the course of the summer the axis of the bud de-
velops into a new portion of rootstock, on which we can detect
leaf-scales, or the scars of scales which have already fallen
off (a). Therhizome here and there gives oft fibrous roots (ff).
In autumn the atrial leaves die down, while the rootstock lives
on through the winter, and in spring develops the bud at its
apex in the manner above described. The rhizome is perennial.

ExamprLes.—The anemone (Fig. 11) and lily of the valley are
examples of plants with horizontal and creeping subterranean stems.
Many aquatic plants whose roots creep through mud have also

rhizomes. The bog-bean (Menyanthes trifoliata) which is commeon in
marshy spots, has a thick greenish rhizome, often over two yards in
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length. The large, greenish, much-scarred rootstock of the yellow
water-lily and of calamus are also familiar.

Fia. 13.

Fic. 12,

Tubers.—Fig. 12 (I, IL).—Root of
orchid (Platanthera bifolia). 1. Tuber,
nat. size ; 1L The same, in longitudinal
wection, twice nat. size. Fig. 13 (IIL.).—
Tuber of Gymnadenia conopsea, nat. size ;
& Stem, v Tubers, & Bud, w Roots.

(2.) The Tuber—Another form
of subterranean stem is the tuber
(Fig. 12, 13). 1In this case one
part of the stem is developed
into a thick, usually fleshy mass
of rounded or irregular shape, on
the surface of which are found
one or more buds. From these
the next year’s plants are pro-
duced. From the tuber nume-
rous roots originate (w w).

Fig. 12, I, represents the
tuber of a common orchid (Pla-
tanthera bifolia) ; Fig. 12, 11, the
same in longitudinal section, so
as to show the bud and leaflets.
Fig. 13 is the palmate tuber of
another orchid (Gymnadenia con-
opsea). The potato tuber is an-
other example of a thickened sub-
terranean stem. The eyes are axil-
lary buds.

(3.) The bulbis a subterranean,
suddenly thickened stem, en-
veloped in leaves, which are

either short and scale-like, or thick and fleshy.
The thickened stem is called the dulb core (a,
Fig. 14), the surrounding leaves, if thin and
dry, bulb scales, if thick and succulent, bulb

coatings.

The ascending part of the thickened

stem (a, Fig. 14) bears one or more buds, from
which new stems and new bulbs are formed

next year.

From the lower end numerous fas-

ciculated or fibrous roots are given off (¢, Fig.
14); these are merely adventitivus; the primary
root is always awanting.

Ruld of Tark'scaplily
(Liliem  Martagon
longitudinal sectinn,
« Buld oore, & Bulb
scales, ¢ Bud, d Stem,
¢ Ruots; twice nat.sizo.

ExanpLes.—Tulip, leek, and hyacinth have tuni-
» cated bulbs; the white lily, the tiger lily, and the
Turk’s cap lily have scaly bulbs.
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2.—AERIAL STEMS.

The aérial stem—the stem in the general sense of the word—
is elongated and linear or cylindrical. It gives off branches, and
almost always bears green leaves and flowers.

Stems may be classified according to their shape, as seen in
transverse section (see Fig. 15). According to this plan we get

i vv:&_r. i
i, .
1 u 111 v v
F1c. 15.
The Stem.—1. Cylindrical ; II. Semi-cylindrical ; II1.

Quadrangular; IV. Quadrilateral ; V. Triangular; VI,
Trilateral.

six different kinds—cylindrical (Fig. 15, L, circular in transverse
section), semi-cylindrical (11., semi-circular in transverse section),
square or quadrangular (I11., square in transverse section),
quadrilateral (IV., square in transverse section, but differing
from the former in having the sides of the square concave),
triangular (V., three-cornered in transverse section, the sudes of
the triangle being st,rawht) and trilateral
(VL, three-cornered in transverse section,
but differing from triangular stems in having
the sides of the triangle concave). '
Stems may be either soft or hard and
woody. Soft stems are always more or less
succulent, and are green or greenish in
colour; in which case they are said to be
herbaceous, the plants with such stems being : J
called herbs. Herbaceous stems are often Fro. 16
hollow. A peculiar form of the hollow stem  Part of the culm of a
is the culm, of which we have a good :::gu;.” "I"”g;';‘:e"i o
example in the grasses (see Fig. 16). The theoutside;II. Inlongi-
culm is a hollow (but solid-jointed) stem, fdinal soction ; w":lt
which bears leaves at each joint (k). The & Joint, w Partition.
Jjoints give the stem a knotty appearance on the exterior. In
the interior we find, corresponding to each joint, a trans-
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verse partition (), which can easily be seen in a longi-
tudinal section (II.). Herbaceous stems are more comnmon
than woody stems, but the latter do
not die down in autumn like the
former, but live on for years—are
persistent.  They are protected exter-
nally by a thick rind, the bark.
Plants possessed of such stems are
termed woody. In most cases these
stems are branched. If they begin
to branch close to the ground the
plant is a shrub, if they rise to a
considerable height above the ground
before beginning to branch, the plant
is a tree.
A peculiar form of wondy stem
is the cawuder, the name technically
applied to the trunk of palms, e.g.,
Lodoicea Seychellurum, the Seychelles
Palim (Fig. 17). These stems rise like
a tall slender column, often to a
areat height, without giving off any
branches. At the upper extremity
they bear a crown of large leaves.
The caudex is usually covered with
Fra. 17. scars throughout its entire length :
Seychelles Palm (Lodvicea  these are the marks left by the falling
Seychellarum). . .
away of leaves in former years.

Between woody and herbaceous stems we find many partaking of
the nature of both, but which cannot properly be classed with _either.
In some plants, for example, the stem is woody at the lower part, but
the branches and ultimate ramitications are herbaceous. The latter
die down in autumn, but grow anew in spring from the more hanly
and persistent parts. The term cauder may also be applied to herba-
ceous stems which do not bear leaves except at the top.

Among the different species of plants we have all varieties of height,
circumference, and diameter of the stem. The stems of herbaccous
plants are for the moxt part slender and short; yet the tropical
bananas, which are neither more nor less than herbs, grow to a height
cqual to that of a tree.  Their succulent stems have as great a circum-

ference as an ondinary tree trunk. Among woody plants, the trees
frequently attain to a gigantic height, an enormous circumference, and

-———
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a great age. The highest are found among the palm, the pine, and
the myrtle families. The cabbage palm (Areca oleracea) of South
America grows to a height of 150 or 160 feet; the wax palm of
the Andes (Cerozylon undicola) to 160 or 180. One species of pine
(Pinus Lambertiana) in North-western America is frequently over 200
feet, as is also the araucaria (Araucaria excelsa) of Norfolk Island.
The colossal cypress of California (Sequoin igantea) attains a height
of 260, the gum trees of South Australia (Eucalyptus obliqua and
E. piluluris) of 280 feet; while another species (E. amygdalina) is
said to reach the enormous height of 460 feet. The first two species,
for all their great height, have a circumference of only 15 feet. We
have given some examples of trees which attain great height ; let us
now take a few of thuse which attain to great circumference and
correspondingly great age. Oaks have been felled in Poland which
had a circumference of 46 feet, and whose age, when calculated accord-
ing to the number of annual rings, must have been 710 years. In
Lithuania a lime tree was felled which measured 78 feet round, and
had 815 rings. A yew found in the north of Wales measured 46 fect
round, and must have been 1400 years old. The famous dragon-tree
of Orotava, in the island of Teneriffe (Dracena Draco), was 63 feet
high, 45 feet round, and was supposed to be several thousand years
old. But these are all excelled by the baobab of Africa (Adansoniu
digitata). Some of those trees were found in Senegal measuring from
60 to 70 feet high and 93 feet round, while their age was calculated
to be over 5000 years. .

These vegetable giants may be compared with the plants which
grow in close proximity to perpetual snow—Alpine and Polar vege-
tation. Their stems, frequently woody, are so short that they can
scarcely be said to rise above the ground at all. At this low elevation
they bear a crown of thick-set leaves, from the midst of which a
flower-stalk is developed during the short summer.

3.—PECULIAR FORMS OF STEM.

(1.) Twining Stems.——Many plants
attain to a good height although their
stems are slender and weak. This
they do by supporting themselves on
strongerplantsgrowing in their neigh-
bourhood. Because they thus support
themselves by circling their stems’
around the stems or trunks of those
plants, they are called twining plants.
The twining stem may be either her-
baceous or woody. Fie. 18.

Exaupres. — Familiar instances of ox'l;:f:fuhf).hartgfeﬂ, (@ e

twining plants are given by bindweed ¢ b Leaves.
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and hops. In the forests of Waldern the trees are usually covered
with hundreds of twiners called lianas (from Spanish liar, Fr. lier, Lat.
ligare, to bind). It is these which render tropical forests so impene-
trable. A more or less familiar representative of the lianas is a certain
species of cane (Calamus rotung), an East Indian climbing palm.

(2.) Tendrils—In many plants certain parts of the stems have
developed into distinct organs for laying hold of anything
that may offer itself as a support. These are termed ftendrils

Fia. 19. Fie. 20.
1. Tendril of wild vine (4 mpelopeis Aede- Leaf-like stem of Phyl-
racea) ; II. End of a tendril; a Stem; lanthus..I.With flowers
b Young leaf ; ¢ ¢ Stipules ; d Tendril ; f  (8); IL. With fruits (/) ;
End of tendril ; nat. size. half nat. size.
(Fig. 19). In most cases the tendril (d) originates opposite a
leaf (b), is frequently branched, and itself bears small scale-like
leaves (¢). Fig. 19, IL, represents the end of a tendril which
had attached itself to a crevice in a wall.
(3.) Stolons.—A stolon is a prostrate stem, or rather branch of
astem. At intervals it strikes root, and at this point a new

plant develops—e.g., the strawberry plant.
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(4.) Thorns.—A spine or thorn is a short hardened branch
terminated by a point (a, Fig. 18). It is covered with bark, and
frequently bears leaves (b).

(5.) Leafy stems.—In some cases stems have been developed
80 as to have the appearance and fulfil the functions of leaves.
Such are called leaf-like stems. In Fig. 20 we have the leafy
stem of a tropical milkweed, Phyilanthus (from the Gr. phyllon,
a leaf, and anthos, a flower, because the flower seems to grow
out of a leaf). What appear to be the veins of the leaf, but are
in reality branches from the primary stem, are united by masses
of green leaf-like substance; they bear flowers at the end (I. %),
which later on become the fruit (IL f).

II.—THE LEAVES AND HOMOLOGUES OF LEAVES.

Leaves grow on the stem or its branches. Their growth takes
place mainly in two directions, namely, in length and breadth ;
accordingly they are of a flat shape. Stems and roots have all
the three dimensions,—length, breadth, and thickness ; in the
langnage of geometry, they may be said to have dody. They
are most developed as regards length; the development of
breadth and thickness is about equal. This does not mean,
however, that leaves have no thickness whatsoever, only their
thickness is small compared with their length and breadth.
Leaf-organs include leaves proper and flowers.

A.—LEAVES (PROPER).

This term is also used by botanists to indicate those structures
popularly called the “leaves” of plants ; they are almost always
green and flat. We have to distinguish, however, between coty-
ledons or seed leaves and true foliage leaves.

1.—The Cotyledons.

If we cut the seed of a plant in two transversely, eg., a bean
(Fig. 21, I, a b), we find it to be composed of two thick,
hardish parts, which are very important in connection with the
growth of the young plant. If the bean be buried in moist soil
it absorbs water; this causes the two parts (¢ ¢) to swell out
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and burst the external coat (f), and the young plant contained
in embryo in the seed hegins to grow.
Downwards it sends the root (w, 1IL.),
upwards the stem (s), which later on
bears leaves (b, d) and flowers. Along
with the stem, the two parts (c ¢) already
developed are pushed above the surface
of the ground, assume a green colour, and
become two thick fleshy leaves. As
these lie ready formed in the seed, they
are called seed leaves or colyledons. There
are either one or two seed lcaves in the
seed, very rarely more.

The cotyledons are formed at the expense
of the parent plant, and contain nourishment
for the seedling. When the sced begins to
germinate, and the young root is still unable
to absorb nourishment from the soil, the
Fre. 21 nutritive matter stored up in the cotyledons

T makes its way to the growing parts of the
rufg‘::‘;;‘ ?’é‘e" ad(P ’i"l"’,‘i,'l‘l‘; plant, and provides it with means for farther
varae in cross section; T11 Srowth. The nutritive properties of legumi-
Seedling ; nat. size. f Shell nous plants (beans, lentils, peas), upon which
of the seed, ¢ ¢ Cotyledons, their value as articles of food depends, are
;:‘:‘f:; 3"&3“' s Stem, b ontirely owing to the store of nourishment

! ’ accumulated in the cotyledons. What was
fit food for the plant is it food for us. Cooking does for man what
wermination does for the plant,—rendering the nutritive matter cap-

able of utilisation by the organism.

92.—The Foliage Leaves.

The ordinary or true leaves are developed from leaf-buds in
the following manner :—If we examiue a leafy branch in summer,
we find in the arils of the leaves,—that is to say, at every point
where leaves spring from the stem,—and in the angle betwcen
the stem and the leaf, a leaf-bud. Leuf-buds form little pro-
minences of a greenish or brownish colour, and in the early
stages of growth are sometimes called “eyes” {rg., in the rose).
In the course of the summer they attain their full size, and
become plainly discernible when in autumn the accompanying
leaf falls off, leaving a scar behind it (b, Fig. 22, 1.).  The surface
of such a scar has the appearance shown in Fig. 22, I The
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buds () live over the winter, and give rise next spring to a new
leafy twig or shoot, so that ‘where this
year we had merely a leaf, we have next
vear a branch bearing leaves of its own.
This branch in the course of the summer
develops as many buds as it has leaves.
The whole of the coming shoot is con-
tained in the bud, as we can see if we
cxamine a longitudinal section of a bud
with the lens (Fig. 22, I1.). In the middle
is a somewhat blunt-pointed body, the
{future Lranch or axis (a). On both sides,
closely packed and folded together, lie the
young leaves, which are already of a bright
green colour (b b). Externally, the bud
is coated with hard, dry, brown scales,— *
the bud-scales (d, Fig. 22, 1I.; k, Fig.
22, 1).

The leaf-scales are of great importance to
the bud, since they render it capable of Fia. 22.
standing the winter. Closely overlapping one _ Elm (Ulmus campestris).
another as they do, they form a sort of I. Shoot, with buds ; nat.
armour, which protects the tender internal &> g&ioB:d ou l‘mat“é
parts from harm. Many bud-scales have & times. % Buds, b gleaf.
bitter taste, which prevents insects from scar,d d Bud-scales, a Axis
attacking their precious contents, Many of branch yet in the bud.
secrete a sticky, gammy, or resinous substance, and thus cement them-
selves together, forming an effectual protection against cold and damp.
One can easily see the extent to which this secretion of resin and gum
goes on by a glance at the opening buds of the horse chestnut, which
are so thickly coated over with the sticky fluid that they shine when
the sun’s rays strike upon them, and, if touched, adhere to the fingers.
If, however, all these precautions should prove unavailing, and the
bud should be destroyed,—as may happen by frost, for example,—
the plant does not remain throughout the summer bare and leafless.
Beneath the bark there are yet other buds, which only develop
further when by any mischance the ordinary buds are destroyed.
These are termed latent buds.

(a.) Parts of the Leaf.

In a typical leaf the following parts may be distinguished.
Between the stem and the blade of the leaf, there is, as it were,
B



18 MORPHOLOGY.

a secondary stem bearing the leaf at the further end. Thisis
the leaf-stalk or petiole (sb, Fig. 24, 1. IL) The flat green part is

Fia. 23. Fia. 24.
Fig. 23.—Leaf of honeysuckle (Lonicera
Xylosteum) ; nat. size. b a Apex, a d

Longitudinal diameter, d ¢ Transverse dia-
meter. Fig. 24.—Leaves of bird cherry
(Prunusavium). I.End of a shoot; nat. size.
1I. Stipules ; twice nat. size. 3 Stem, s b
Leaf-stalk or petiole, n Stipules, b Base of
the leaf, a Apex, k Midrib, i Veins, £ Blade.

the lamina or blade. Two
parts of the leaf may be
yet more particularly de-
nominated, viz., the base of
the leaf, or that part where

" the petiole ends and the

blade begins, and the apex,
or uttermost tip of the leaf,
situated at the opposite
extremity of the blade from
the base. The leaf blade
is penetrated by wveins or
nerves. In many instances
the veéin which traverses the
blade in the long direction,
ie., from base to tip, and
which represents the pro-
longation of the petiole, is
the strongest ; it is called the
midrib (h, ¥ig. 24). When
the other veins likewise

spring from the same point at the
base of the leaf, and run parallel to one
another to the tip (Fig. 25, 1) the leaf is
said to be parallel veined. When they

spring in pairs from the midrib and
1 u run towards the margin, they are

- simply called veins or veinlets, ac-
fa. 25. cording to their size, and the leaf is

Venation.—I. Parallel

IL Reticulated.  8aid to e ret iculated.

(b.) Shapes of Leaves.

Leaves vary much in shape, but there are three simple forms
from which the more complex are all derived. These are
orbicular or circular, elliptical, and ovate (Fig. 26). In the circle
the longitudinal and transverse diameters are equal (I, @ b and
de¢). They bisect each other at the point ¢, the centre of



FOLIAGE LEAVES, 19

the circle. In the ellipse (II.) the longitudinal diameter or
major axis (a b) is greater than the transverse diameter or minor
axis (d e); these two likewise bisect each other at the centre of

a n : .
d - d g {
(O u~y" m b/

Fie. 26.
The three primary types of leaves.
L. Circular. II. Eliptical. III. Ovate.
ab=de ab>de ab>de
ac=0bc ac=be¢ ac>bc

the ellipse. In the oval (IIL.) the longitudinal diameter (a b)
is greater than the transverse (d ¢); they intersect each other
in such a manner that only d e is bisected at the point ¢, while
e b is divided into two unequal parts, and ¢ is uot the centre of
the figure, but lies in the lower half.

The three primary types of leaves may be expressed by the
following formulee :—

I. Circular or Orbicular. II. Elliptical IIL. Ovate.
ab=4de ab>de ab>de
=be¢ ac="bc ac>be

Exampres.— Circular leaves — alder, aspen; elliptical — beech,
cherry ; ovate—honeysuckle (Fig. 23).

From the primary types we have the following derivative
forms :—

(1.) Reniform or kidney-shaped, and cordate or heart-shaped,
are formed by excision of part of the base of the blade (Fig.
27, I. 1IL). Reniform or kidney-shaped leaves have the base
rounded on either side of the midrib. The outline of the base
of the leaf is gently curved, not forming a sharp angle where it
meets the lower end of the midrib. The term kidney-shaped or
reniform is applied in its most restricted sense to leaves of the
circular type having this form of base (I.). Leaves of corre-
sponding shape derived from the ellipse are termed oblony
_ reniform (IL), those derived from the ovate form, ovate reniform

(ITL.).
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ExaupLEs.—Reniform — Ground ivy; oblong reniform—marsh
marigold ; ovate reniform—white water-lily,

Cordate or heart-shaped
leaves (Fig. 27, IV.-VI)
have the outline of their
rounded base turned in
so as to form a notch or
sinus where it meets the
midrib. In the strictest
sense of the term the
word heart-shaped is ap-
plied to ovate leaves hav-
ing this peculiar form of
base (VL). Elliptical

Fro. 27 leaves with the same base
SHAPES OF LeAvES.—L Reniform; I1I. Ob- are termed oblong-cordate

long reniform ; 111. Ovate reniform ; IV, Orbi- (V-)' orbicular, orbicular-
cular cordate ; V. Oblong cordate ; V1. Cordate. cordale.

\ 4 VI

EXAMPLF,S.—Cor:lu!e—-syringa, lungwort, bitter-sweet ; oblong-cor-
date—yellow water-lily ; orbicular-cordate—lime, figwort.

(2.) By addition to the apex pointed leaves take their rise. The
addition forms an acute angle, into whose vertex the midrib is
prolonged. If this takes place with the elliptical form as
primary type, the leaf is pointed clliptical (Fig. 28, 1.),if with the
ovate, pointed ovate (Fig. 28, I11.). Both shapes are alike, except
that in the pointed ovate the greatest transverse diameter is
found lower down than in the pointed elliptical.

Cordate and reniform leaves may also have a point of the above
kind ; they are then called pointed cordate and pointed reniform.
ExauMpLES.— Pointed elliptical—sage ; pointed cordate—syringa.

(3.) If both the apex and the base are pointed, the leaf is said
to be lanceolate, when formed on the primary elliptical type
(Fig. 28, T1L.) ; ovate lanccolute when formed on the ovate tvpe
(Fig. 28,1V.). Lanceolate and ovate-lanceolate leaves look very
much alike. The following are some points of distinction
between them:—In lanceolate leaves the transverse diameter
intersects the longitudinal diameter in the middle, in ovate
lanceolate, a little below the middle of the leaf. The former
Lave the greatest bLreadth at the middle, the latter a little
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below the middle. In lanceolate leaves the point at the hpex
and the point at the base are of the same size and shape; in
ovate lanceolate the point at the base is broader and less acute
than that at the apex.

Fic. 28.

SHAPES OF LEaVEs.—I. Pointed elliptical ; 11. Pointed ovate ;
III. Lanceolate ; IV, Ovate lanceolate.

ExaupLes.— Lanceolate—willow-herb, flax, buckthorn, oleander;
ovate lanceolate—bugloss.

Note.—Lanceolate leaves which are very long in proportion to their
breadth are called narrow or linear lanceolate.

(4.) Ovate reniform and cordate leaves are further modified
to form hastate, or halbert-shaped, and sagitiate, or arrow-shaped,
leaves (Fig. 29). Hastate leaves are ovate reniform leaves with a
pointed apex, and two long
pointed projections at the
base instead of the wusual
rounded lobes. The same
applies to sagiltate leaves,
only the primary type in
their case is cordate (Fig. 29,

IL). The principal distinc-
tions between the two shapes
of leaf are as follows:—The

pointed lobes at the base of Fia. 29.
hastate leaves form a curve SHAPES oF Leaves.—T. Hastate ;
at their junction with each IL Sagittate.

other and the midrib; those of sagittate leaves form an angle.
The lobes at the base of hastate leaves point outwards from the
leaf-stalk ; those of sagittate leaves droop somewhat downwards
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ExaMpLEs.—Sagittate—Arum, sagittaria or arrow-head ; hastate—
sheep’s sorrel.

Note.—Sagittate leaves whose lobes, instead of being sharply pointed,
are rounded, are called cordate sayittate (bindweed).

(5.) Many leaves not only have an incision at the base, but a
series of incisions all along their edges (Fig. 30). These are
arranged as it were in pairs, passing inwards from the margin
on either side towards the midrib. When the notch or sinus,
formed by the junction of two incisions, is acute, the leaf is said
to be cleft (1.); when a rounded curve is formed the leaf is said
to be lobed. The leaf, ¥ig. 30, L, is cleft orbicular, because its
primary type is the circle; Fig. 30, 1L, is lobed elliptical, because
its primary type is the ellipse.

ExamMpLES.—Cleft orbiculur—lady’s mantle ; lobed elliptical—osk.

In all leaves hitherto described the green blade forms an undi-
rided whole ; they are called simple leaves.

Fia. 30. Fic. 31.
Suares or Lxaves.—L. Cleft ; 11. Lobed. I. Palmate ; 11. Pinnate.

(6.) When the incisions penetrate so deeply as to reach the
point where the veins spring from the midrib, the leaf becomes
cut up into distinct parts or segments, called leafiets.  All leaves
composed of several segments or leaflets are called compound.
There are two kinds of compound leaves, palmate and pinnate.
In palmate leaves (Fig. 31, L, corresponding to Fig. 30,1.) the
leaflets all originate from one point at the base of the leaf; in
pinnate leaves (Fig. 31, I, corresponding to Fig. 30, I1.) the leaf-
lets are arranged along the midrib in pairs.

ExampLes.— Palmate—horse chestnut, lupin ; pinnate—locust tree,
vetch,
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(7.) Pinnate leaves are of several kinds (Fig. 32).

(a.) The trifoliolate leaf is composed of & pair of leaflets and
an odd terminal one ; all three leaflets spring from one point.

The trifoliolate leaf forms the link between the pinnate and palmate
forms. It may even be regarded as a palmate leaf, having only three
leaflets.

ExaMpLEs. — Trifoliolate—white and red clover, laburnum, sorrel,
bogbean.

(b.) Impari-pinnate leaves are composed of a certain number
of pairs of leaflets with an odd leaflet at the end, .., they have
always an odd number of leaflets (5, 7, 9, 11, 13).

ExawpLes.—Impari-pinnate—locust tree, rose.

(c.) Pari-pinnate, or abruptly pinnate, leaves are similar to the
tmpari-pinnate, but the odd leaflet is awanting (Fig. 32, I1L.), e,
they have always an even number of leaflets (4, 6, 8, 10, 12).

Exampres.— Pari-pinnate—wood vetch (orobus).

-
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T1c. 32.

CoMPOUND Leaves.—I. Trifoliolate ; I1. Impari-pinnate ; 1I1. Pari-pinnate ;
IV. Alternately pinnate ; V. Bipinnate.

(d.) Alternately pinnate leaves (Fig. 32, IV.) are impari-pinnate
leaves, of which only the alternate leaflets of each pair are
developed. The number of leaflets may be either odd or even
(3,4,5,6,7).

ExavrLes.—Alternately pinnate—the potato.  Alternately pinnate
leaves may also be modifications of the pari-pinnate form, in which
case there is no leaflet at the end.

(e.) Bipinnate or twice-pinnate leaves (Fig. 32, V.) have com-
pound leaflets where the ordinary pinnate leaf would have
simple leaflets.

ExaupLEs.—Bipinnate—water hemlock ; many ferns.

¢
i
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Note.—A distinction is to be made between ¢mpari-bipinnate (Fig.
32, V.) and pari-bipinnate leaves. Also the simple leaflets of bi-
pinnute leaves may be further broken up into compound leaflets when
the leaf is said to be ¢tripinnate or thrice-pinnate.

The gradual transition
of leaves from simple to
compound is well exempli-
fied in the case of the
Philodendron and Tor-
nelia or Monstera species,
These are climbing plants
of Tropical America which
grow in mud, or cling to
surrounding treesby means
of aérial roots. In the
early stages of growth the
leaves of those plants are
perforated by somewhat
long-shaped openings,
which by -and-by unite

Fia. 33. with the margin and form

Perforated leaf of Monstera deliciosa ; deep indentations.  De-

ry natural size. hind these we frequently

find another row of openings, which in their turn unite with the

indentations of the margin, and the formerly cordate leaf becomes
almost impari-pinnate.

(8.) Peculiar forms of Leaves—We have now obtained some
notion of the principal shapes to
be met with among leaves. There
yet remain, however, several im-
portant forms which we must con-
sider before going further.

(a.) Lincar leaves are long, narrow,
and flat, not unlike a foot-rule. It
in addition to this they are stif},
they are said to be sword-shaped.

ExauprLes. — Linear — rye, oats,
harley, wheat; sword-shaped — iris,
calamus, gladiolus.

Fi6. 34. Fia. 35.
Fig. 84.—Palmately decompound  (b.) Acicular leaves or needles are

leaf of the buttercup (Ranunculus
arris). Fig. 35.—Ncedles of the pine
(Pinus sylvestris) ; nat. vize.

strong, stiff, narrow, and pointed.

Exampres —Needles ave character-
istic of the pines (Fig. 35), and occur also among many of the myrtles.
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(¢.) Decompound, digitately or palmately decompound leaves
(Fig. 34) are midway between cleft and palmate, or lobed and
pinnate. The indentations of their margins are so deep that
they almost reach the midrib. A small strip of the green blade
is, however, left on either side of this and of the other veins.

ExamMpLES of leaves between cleft and palmale are buttercup (Fig. 34),
between lobed and pinnate, cummin, fool's parsley, carrot, and other
Umbellifere.

(d.) Many plants bear leaves of different shapes. On many the
root-leaves, or leaves growing on the lower part of the stem
immediately above the root, differ from those which grow higher
up. More rarely we find two quite different sorts of leaves on
the same branch (Fig. 36).

ExampLes.—Shepherd’s purse is
a plant whose root-leaves differ
from the ordinary leaves. The gum
trees (Eucalyptus) of Australia,
already referred to, bear, in the
carly stages of growth, two different
sorts of leaves on the same branch.
‘Water plants,some of whose leaves
are above water, some below, have
often two different sets of leaves,
one specialised for floating on the
surface, the other adapted for
remaining always submerged. In
the water buttercup (Fig. 36), the
floating leaves are simply lobed

(b) ; those which are perpetually Fic. 36.
submerged are .m“Ch divided, and  ppgger buttercup (Ranuncrlus aquatilis);
almost thread-like. nat. size. s Stem; f Fruit; a Sub-

ed ; b Floating I
(9) The Margin—Cleft and ™83 & Flosting leaves

lobed leaves are the result of marginal indentations so deep
that the shape of the leaf is essentially altered thereby. It
very seldom happens that the margin is quite smooth and
entire; usually it is toothed or notched, so that, although
essentially changed in shape, the leaf yet assumes a certain
definite and characteristic appearance. The principal forms of
marginal outline are the following (Fig. 37) :—

(a.) Serrate—The margin is said to be serrate when it has small
sharp teeth, like those of a saw, which form an acute angle with
one another where they meet. (b.) Doubly serrate is the name
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applied to a serrate margin where we find a large and a small
tooth alternately. (c.) A runcinate leaf is one which has large
irregularly shaped
teeth, usually di-
rected downwards,
each tooth fre-
quently having its
margin broken by
smaller serrations.
Fo. 37. (d.) The margin is

The Margin.—1. Serrate ; I1. Doubly serrate ; said to be dentate
I1L Dentate; IV. Crenate. - or toothed (III.)

when the sharp-pointed teeth form an obtuse angle with one
another where they meet, or where we have a flowing curve
between the points. (e) A leaf is said to be spinous when
the teeth end in strong, sharp, thorny prolongations. (f.)
Crenate or scalloped (1V.) leaves are like those with a serrate
margin, only here the teeth are rounded instead of pointed.

ExampLes.—Margin entire—iris, locust, pea, laburnum ; serrafe
—strawberry, rose, apple ; doubly serrate—birch, briar, elm, alder;
runcinate—dandelion ; dentate—nightshade, hawkweed; spinous—
holly, thistle ; erenate—ground ivy, garlic-mustard.

Leaves may be either thin and flexible, or thick and stiff (leathery).
The former, in our climate, diec down in autumn, and their place is
taken in spring by a fresh set. The thicker sort are frequently able to
resist the cold of winter, and because their leaves do not fall off
regularly like those of their more delicate neighbours, plants possess-
ing them are called evergreens. Indigenous trees bearing such leaves
are holly, laurel, box, pines, and firs.

The size of leaves in the Temperate Zones is not very remarkable.
The largest we have do not exceed 18 or 20 inches in length. In
warm countries, however, leaves sometimes attain a prodigious size.
The largest leaves (pinnate) are to be found among the palms, those of
the cocoa palm measuring frequently 10 or 12 feet, while the leaves of
the jagua palm of the Orinoco reach a length of over 15 feet. These
are cqualled by the elongated simple leaves of the hanana. Many of
the tropical arums have likewise gigantic leaves ; those of Culudiumn
are cordalte sagittate, and attain a length of 6 feet.

3.—RKinds of Leaves.

We have already explained that stem and root together are
to be regarded as the axis of the plant. Structures of the nature
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of root or stem are azial organs; leaf and hair structures are the
appendages of the axis. Leaf structures include the seed-leaves,
already described, flowers, whose description will follow later on,
and foliage leaves proper.

The typical fully developed leaf consists of three parts, the
blade, the petiole, and the base of the petiole. The blade and the
Jpetiole have already been described in a general way ; the base of
the petiole is that part of the leaf-stalk which lies next the stem,
usually in some measure embracing it. It is frequently mem-
branous and grooved on the upper side (Figs. 34, 36, b).

Sometimes all three parts of the leaf attain full development ;
sometimes one, or even two, may be suppressed.

1. When the base of the petiole only is fully developed, the
petiole and blade being wanting, we get a leaf-scale. Such scales
are not unfrequently met with on underground parts of the stem,
and are sometimes called subterranean leaves or under-leaves.

ExaMpLES of these are found in the external scales of various bulbs,
e.g., onion, crocus, fritillary, Turk’s cap lily (Fig. 3, Fig. 14); aleo in
the leaf-scales of the anemone (Fig. 11) and the bud-scales of tubers
(potato, wild hyacinth, Fig. 12, k).

Leaf-scales are not so frequently met with on that part of the
stem which is above ground, nor are those which we have
termed wunder-leaves, but they do occur sometimes, eg., in
Monotropa Hypopitys (Fig. 6). We must, however, reckon as
“under-leaves ” the scales which envelop leaf-buds (Fig. 22).

2. When the base of the petiole and the blade are well
developed, and the petiole is awanting, or when the blade only
attains perfection, petiole and base being absent, we get what is
called a sessile leaf.

In many sessile leaves the blade develops so as entirely to
surround the stem, when the latter looks as if it had been
pushed through the leaf; the leaf is then termed perfoliate
(Fig. 40). When the blades of two opposite sessile leaves grow
together by union of their bases, so as to have the appearance
of a single leaf with a stem passing through it, the leaf is said
to be connate (Fig. 38).

ExampLes.—Sessile—flax, henbane, woodruff (Fig. 55), garden
poppy ; perfoliate—wax-flower (Cerinthe major), round-leaved hare’s

ear ( Bupleurum rofundifolium, Fig. 40); connate—lesser dead-nettle,
garden honeysuckle (Fig. 38).
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3. When petiole and blade, or petiole with its expanded base
and blade, are all fully developed, the leaf is said to be petiolate.
Fie. 38, The petiole is in most
cases stem-like (Fig. 15).
It may be cylindrical,
semi-cylindrical, &e. In
many leaves the blade
consists merely of a nar-
row strip running along
either side of the petiole,
in which case the leaf is
said to be winged. In
others the base of the
petiole is expanded so as
to form a pair of small
leaf-like appendages or
stipules, when the leaf is
said to be stipulate (a,

Fia. 39. Fia. 40. Fi h
ig. 39). Union of the
Fig. 38.—Connate leaves of honcysuckle (Loni- 1 .° ) 1

cera Caprifolium) : nat. size. Fig. 39.—Impari- lobes of the blade above
pinnate leaf of rose (Rosa centifolio), with ad- (he petiole gives rise
nate stipules at base of petiole (a); half nat. .

size. Fig. 40.—Perfoliate leaf of hare's ear to the pdtatc or shicld-

(Bupleurum rotundifolium) ; nat. size. 8’1(1}7(’(1 leaf (Fig- 41)0 The
petiole in such leaves is not united to the blade at the base of
the latter, but in the centre of the under side, the outspread blade
thus locking like a disc or plate
supported on a slender stalk.
ExanpLes. — Petivlated leaves :
cherry, oak, birch, elm; winged—
citron, mullein; stipulute —rose (Fig.
39); shield - shaped — penny - wort
(Fig. 41). The base of the petiole is
very strongly marked in buttercup
(Fig. 34, petiolate leaf), and amony
the grasses (Fig. 44, sessile leaves).

Stipules.—The stipules (n, Fig.
42) are lateral appendages, at the
Manb o e ol ‘base of the petiole. They may
mn-";.r,,ﬂff?j,x"n':é.i’,’:”f‘{’,fe:';i represent the free edges of the
from above. II. From the side. expanded base of the leaf-stalk
near its point of origin from the stem. They are found on

Fie. 41.
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many plants, but frequently fall off very early (eg., in many
foliage plants), and by the time the foliage leaves are fully
developed have entirely disappeared. They mostly appear in
pairs, occasionally singly. Their form is very diverse. Just as
in leaves, so also in stipules, we have all manner of modifica-
tions of the outline. Frequently they attain a considerable
size, eg., in the pansy (n, Fig. 42), where the pinnately cleft
stipules are almost as large as the ordinary foliage leaf (b).
Sometimes they take the shape of thorns, as in gooseberry
(n, Fig. 43). The ligule of grasses may also be classed among
stipules (Fig. 44, k). The linear leaves of grasses have no petiole,
but instead, a large sheath (s), which embraces the stem. At
the junction of this sheath with the blade we find a small
transparent, colourless scale, the ligule ().

Fia. 42, Fic. 43. Fic. 44.

Fig. 42.—Pinnately cleft etipules of pansy ( Viola tricolor).

¥ig. 43.—Spinous stipules of gooseberry (Ribes Grossularia).

Fig. 44.—1. II. Ligule of a grass (Poa annua) ; & Base of
petiole ; A Stipule or Ligule; b Foliage leaf, nat. size. Fig.
44, 1L, twice nat. size.

Upper or Floral Leaves—According to the position which
leaves occupy on the stem, they are termed under, middle, and
upper or floral leaves. Under-leaves are those before described,
which grow on the underground parts of the stem, or form bud-
scales ; middle leaves include all those on the part of the stem
which is above-ground, with the exception of those in the
immediate neighbourhood of the flower, which are called upper
or floral leaves. Floral leaves may form either a spathe or a
bract. They serve to cover and protect the flower from injury
while it is yet in the bud. In many cases these leaves have
reached a considerable size, while the flower bud is still very
small. Some flowers have neither spat/e nor bract.



30 MORPHOLOGY.

(a.) Bracts—DBracts cover single flowers while yet in the bud
(Figs. 45 and 61). They arise from the stem at the same point
as the flower-stalk, and are usually
situated below it. They are small as
a rule, and may be linear, lanceolate,
cordate, or ovate in shape. Occasion-
ally they are compound (deeply cleft
in the lousewort (Pedicularis), and they
frequently assume bright colours, eg.,

violet in the purple cow-wheat).
(b.) Spathes—A spathe is a floral
F leaf which is attached to a cluster of

1G. 45. A

Bract (2) of the flower (b) flowers, not merely a single blossom.
of a bell (Campanula Tracke- It grows on the common foot-stalk or
g;‘t’f'tiz;m”e”w;“swm’ peduncle. In Fig. 47 we have the
spathe (v) on the peduncle (s) of the
flower of the lime. The spathe is in this case of a yellowish green

Fia. 46. Fie. 47.

Flower-sheath of the marsh Spathc (r) of the lime
calla (Calla palustris) with (Tilia europea). & Com-
the young fruit ; nat. size. mon flower-stalk ; nat. size.

colour, somewhat leathery in texture, traversed by a network of
small veins, and obtusely lanceolate in shape. In many cases
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the spathe is very large, stiff, and not green in colour. It then
encloses the flower cluster in the bud, and is called the sheath.

ExaumpLes. — The palms have a green flower-sheath, the much
cultivated calla (Richardia Africana) a white one. -Fig. 46 shows
the white sheath of the common marsh calla ; in the arum the sheath
entirely surrounds the flower cluster, and is golden green in colour.

When there are several bracts beneath a cluster of flowers
they form what is called ¢mvolucre. The <nvolucre bears the
most intimate relationship to the flower, and shall therefore be
treated of with it. (Under this term is included the circle of
bracts of the Composite, aud the involucre and bractlets of
Umbelliferee.) In certain plants the bracts assume the form
of ordinary leaves, e¢.g., wood anemone. Here we find three
large, green, trifid, much indented leaves, from the midst of
which rises the flower-stalk, with no middle leaves, but floral
leaves or bracts only.

4.~—Leaves modified to fulfil Special Functions.

It has already been said that stems are frequently modified so as to
form organs of prehension, or Zen-
drils ; leaves may be modified to
serve the same purpose. We have
thus stem fendrils and leaf tendrils.
A leaf tendril is simply the midrib
of a leaf which has lost all traces
of blade ; it is capable of twining
around the stems of other plants.
In Fig. 48 we have the leaf tendril
of the pea. The leaf in this case
is impari-pinnate : the first and
second pairs (1, 2) are normal, the
third, fourth, and fifth (3, 4, 5),
and the odd leaflet, have been
modified to form tendrils. Both
stem and leaf tendrils have the
same function to fulfil during the
life of the plant, viz, that of
prehension.  Looked at merely
with regard to their functions,
they are absolutely alike, but as
parts of the vegetable organism
they are essentially different; the

former are homologues of the stem, Fia. 48.
the latter of the leaf. Leaf tendrils of the pea (Pisum sativum).
& Stem ; n Stipules ; half nat, size,
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In many plants we find peculiar developments of the petivle, most
intimately connected with the habits of the plant. The surface of
many of the rivers of Tropical America (Surinamn, the Antilles) is
covered by vast numbers of specimens of a common water-plant named
Pontederia. The stem of this plant grows in a horizontal direction
close under the surface of the water, bearing at intervals a number of
leaves and a thick tuft of aquatic roots (Fig. 8). The leaves (Fig. 50)
are bright green, glossy, smooth, and of a somewhat circular shape.
Externally, the petiole is swollen out balloon-wise towards the middle,
internally it is perforated like a sponge: the whole forms a bladder
filled with air, which supports the plant on the surface of the water.
A more familiar example of the same structure is given by our own
water-chestnut (T'rapa natans).

In other plants we find that the blade of the leaf is capable of

moving on the petiole.
In such cases we find
a cushion-like promi-
nence, often covered
with hairs, at the upper
end. In Fig.49 we have
an example of such a
leaf in the threc-lobed
wood -sorrel.  During
the day the three leaf-
lets are outspread (Fig.
49, I.),at night, or when
the air becomes cool,
they hang down to-
wards the petiole (Fig.
49). Noteworthy also
in this respect are the
movements of Hedyra-
rum gyrans. Like sor-
rel, Hedysarum has
Fia. 49. F1a. 0. three leaflets, one large

Fig. 49.—Leaf of wood-sorrel (Oxalis Acetosrlla), 1. and two small. In
during the day; IIL during the night; nat. size. Warm weather the small

Fig. 50. —Leaf of Pontederia (Pontederia crassipes) leaflets keep up a per-
with bladder-like petiole ; nat. size. petual swaying move-
ment, like the swinging of the pendulum of a clock.

Very remarkable are the leaves of a certain section of plants, which
have been called dusect-eating ov ¢nsectivorous plunts.  These do not,
like other plants, obtain nourishment by means of their roots, but by
their leaves, in the manner presently to be described.  On the surfaces
of their leaves provision is made for catching insects, which, once
caught, are held fast until they die of hunger and exhaustion. There-
after a viscid fluid, having digestive properties, begins to ooze out from
certain glands, which by-and-by covers the dead insect, and from its
Lody all the nutritive material it containa. This process over the
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fluid is reabsorbed by the leaf along with the animal matter it has
extracted, the latter being then utilised for the nourishment of the
tissues of the organism. Many and varied are the contrivances for
catching insects which these plants exhibit. In the Venus' fly-
trap (Dionea muscipula) of America, the midrib forms a sort of
hinge, on which the two halves of the leaf fold together, while the
bristles which fringe the edges become firmly interlocked. The insect
is thus imprisoned in a living tomb, which does not open until all
movement on his part has ceased—in other words, until he is dead.
In our own sundew (Drosera) the whole surface of the leaf is covered
with long, straight, glandular hairs. If an insect alights upon this
plant, the hairs immediately begin to bend over, so as to enclose it and
press it down towards the surface, while the viscid secretion exudes
copiously from the red glands, causing speedy death to the prisoner.

Fi1c. 51.

Two pitchers of Nepenthes. To the right N. Outramiana ; to
the left N. robusta ; three-fourths nat. size.

C
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Most wonderful of all, however, are the pitcher plants of the
tropics (Nepenthes, Fig. 51). In these the midrib of the leaf is pro-
longed beyond the blade, and bears at its apex a daintily shaped
pitcher. The pitcher is somewhat pear-shaped, and has a lid, which
secretes a sweetish viscid fluid, while the walls of the pitcher also
secrete a large quantity of fluid. When the lid has opened, the
pitcher is visited by numerous insects, attracted by its tempting con-
tents. Many of these unwary visitants venture down into the fluid,
where they are speedily caught and suffocated. They are afterwards
digested and utilised by the plant as food.

5.—Phyllotaxis, or Arrangement of Leaves.
Phyllotazis is the technical term used to designate the distri-
bution of leaves on a branch or stem. If the leaves are arranged

singly on the stem so as to look at first sight as if quite irregular,
the arrangement is said to be alternate (Fig. 53). If the leaves

Fie. 52. Fio. 53.

Fig. 52.—Decussate leaf ment of the syringa
(Syringa ris). Fig. 53.—Alternate leaf arrange-
ment of the bird cherry (Prunus avium) ; { nat. size.
spring from the stem at the same height, and one on either side,
80 as to form a pair, the arrangement is said to be opposite.
Again, if pairs of opposite leaves are so arranged that the long
diameter of the first pair runs from right to left, of the second
pair in a direction at right angles to that of the first, of the
third again from right to left, the arrangement is said to be
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decussate (Fig. 52). When several leaves stand circularly round
the stem at the same height, the arrangement is said to be
whorled or verticillate (Fig. 55).

Note.—A branch with opposite leaf arrangement may be dis-
tinguished from a pin- 9
nate leaf by the fact g
that buds are found in
the axils of its leaves.

ExaupLEs.—Alternate
—apple, cherry (Fig. 53)
oak ; opposite—snow-
berry (Fig. 54; in snow-
berry the leaf arrange-
ment on young shoots
is decussate), ash ; de-
cussate—syringa (Fig.
52), dead-nettle, chick-
weed ; whorled—wood-
ruff (Fig. 55).

Laws of Phyllo-
taxis.—Even in cases
where the distribution
of leaves seems most
irregular, a certain sys-
tem—theresult of defin-
ite laws—still prevails,
although frequently

Fia. 54. Fiq. 55.
very difficult to make Fig. 54.—Opposite leaves of snowberry (Symphori-

carpus racemosus) ; half nat. size. Fig. 55.—Whorls
that,

out.  Suppose of woodruff (4sperula odorata) ; nat. size.

while slowly rotating
a stem about its own axis, we draw on its surface a line
beginning at the base of the foot-stalk of the first leaf, there-
after prolonging it so as to pass through that of the second,
third, and so on, the result will be a spiral or helix which
touches the point of origin of all leaves on the stem.! If, starting
again from the first leaf, we endeavour to find the one directly over it,
we shall find that the spiral, before touching it, has made a certain
number of turns (1, 2, 3, 5, &c.), and in so doing has passed through
the points of attachment of a certain number of leaves (3, 5, 8, 13, &c.)

1 To illustrate this spiral arrangement, take a cylinder of given length and cut
out in paper a right angled triangle, of which one of the sides enclosing the right
angle shall be equal in length to the cylinder. By this side fasten the triangle
to the latter, parallel to its long axis, and then wrap it round. The hypotenuse
will then form on the surface of the cylinder a spiral, the turns of which are less
steep and more numerous the greater the length of the hypotenuse (Fig. 56).
‘When the triangle is unrolled, the unattached base will also form a spiral with an
equal number of turns. These will be all in one plane, while the turns of the
spirals of the hypotenuse will not.
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The two together may be expressed by a fraction, the number of
turns being placed as numerator, the number of leaves as denominator,
e.g., 3 This fraction expresses the % arrangement. That is to say,
in a plant whose leaf arrangement is ex-
pressed by the fraction §, two turns of the
spiral will touch five leaves, and the sixth
leaf will be the one directly over the first.
The leaves 1 to 5 form what is called a leaf-
cycle.  In Fig. 56, II. we have a diagra-
matic representation of the % leaf arrange-
ment. At I. begin the two turns of the
spiral which pass through leaves 1, 2, 3,
5; leaf 6 stands directly over 1, and
forms the commencement of the second
cycle, II. Fig. 56, I. is a diagram of the
1 arrangement, that is to say, of a leaf
arrangement in which the first, fourth,
seventh, tenth, &c., leaves are directly over
one another, each removed from the other
by a single turn of the spiral (L, IL, IIL,
IV., &c.). Each turn passes through three
L leaves—three compose the cycle.
| | In young growing shoots where the leaves
Fia. 56 stand far apart, the study of the leaf ar-
s rangement is rendered still more compli-
IL““ arrangement, cated by the stems twisting. It is much
. § arrangement. .
II. § arrangement. more easy when we come to stems which are
short in proportion to their thickness, and
which thus have their leaves arranged in a rosette (e.g., Pluntago major).
In this plant the leaves of later growth are smaller than the older ones.
In order, therefore, to determine the arrangement we connect by a curve
the first leaf with the next of the same size, and continue this process in
gradually lessening circles, until we reach a point where we come to a
leaf on the same radius as the one we started with. We then count
the number of turns necessary to reach this point, and the number of
leaves touched thereby, and then, as before, place the former as
numerator and the latter as denominator of our fraction. Fig. 57, II.
shows the 3 arrangement of the rosette of Plantago thus worked out.
Fig. 57, L the } arrangement of a similar rosette. In the 3 arrange-
ment leaves 1, 6, 11, &c. lie over one another; from 1-6, from
6-11, &c., two spirals are traversed each time. In the § arrangement
1,9, 17, &c. lie over one another; from 1.9, from 9-17, three spirals
- are always traversed.

Not only do we have {, %, 3 arrangements, but many others, which
need not be entered into here. The most usual are such as are formed
by the addxtlon of the numerators and denommators of the fmctlons
1 and }, or } and § 5 thus ﬁrxt m zes—,, L EL oo kb i &
second series—%, § % & Tw D ¥b 15 &o
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The } arrangement is termed distichous or two-ranked ; it is charac-
teristic of many lilies,
the aloe, agapanthus,
and gladiolus. The
% arrangement is the
most common ; ex-
amples of it occur
in the elm, cherry,
oak, &c. The ar-
rangements of the
scales on the cones .
of com:ferte (ﬁl‘S, Fre. 57.
pines) is very com- Rosettes of leaves. I.§ arrangement. II. § arrangement.

plicated, and their spirals very numerous.

m
—

B.—THE FLOWER.

All those leaf-like organs which are in any way connected
with the formation of the fruit are included under the general
name of flowers. This holds good in botanical as well as
popular language. As all the parts which go to form the flower
are arranged in close proximity to one another, and separated
from swrrounding parts of the plant by a special stem (the
JSlower-stalk), the flower, as such, is easily recognised. Although
in general appearance flowers are very unlike ordinary foliage
leaves, yet all their parts partake of the nature of leaves.

Looked at from the outside, we see that a flower is composed
of several leaves, of 2
which there may be an
outer whorl, coloured
green (k, Fig. 58).

Within this whorl we

find a second group,

usually much larger i

than the first, and

easily distinguished

by their brilliant 1V 11
colour. These are

Fie. 58.

frequentlyso arranged - ¢ Weioelia ianonica. 1. Entire
. ower of Weigelia japonica. I. En ower ;
as to form a COVETINY 11 The same with upper part of corolla cut away ;
for the protection of I{il- Sf;‘&éllin “';,08:', Viﬁ:); IV. Stamen viewet} %?if
. side ; alyx, rolla, ¢ Stamen, a Anther, f Fila-
the more essential pents, g Style, n Stigma. 1. IT. nat. size; IiT. IV,

organs which they magnified 3 times.
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enclose (b, Fig. 58). These two kinds of leaves are called the
Sfloral envelopes. The outermost green-coloured envelope is the
calyr (k); the inner brightly coloured one is the corolla. The
leaves of the calyx are the sepals, those of the corolla the pefals.

ExawpLes.— White corolla—lily, white dead-nettle, mock orange
blossom, chickweed, cherry blossom, apple blossom ; rose pink—
Weigelia, red foxglove, rose ; deep red—poppy, pheasant’s eye ; yellow
—laburnum, yellow iris, turnip, buttercup ; blue—ground ivy, blue-
bell, speedwell, violet ; lilac—syringa.

If viewed from above, or with calyx and corolla removed
(Fig. 58, IL.), we see inside the flower a number of small, usually
yellow, bodies (s, Fig. 58). They are attached to long delicate
stalks, and if pressed burst and set free a quantity of yellow
dust. They are termed stamens, and are composed of two parts,
the filament (f) and the anther (a), which is rounded or oblong
in shape.

In the middle of the flower is a small round body, green in
colour, called the ovary. The ovary ends above in the thread-
like style (g, Fig. 58), the top of which is ex-
panded so as to form the stigma (n). The
ovary itself cannot be seen in Fig. 58. In Fig.
59 we see the ovary of a pink removed from the
flower—calyx, corolla, and stamens have all
been cut away. The ovary (f) in this case has
three stigmas (g), not merely one like Weigelia.
The ovary by-and-by forms the fruit; it con-
tains a number of small white grains—the seed.

Ovary(f)of Silene In Fig. 59, s indicates the stem which bears
inflata.” s Flower- the flower, viz, the Aower-stalk. This is fre-
::‘;l,t" '!'I ];f;ff quently, though not always, expanded at the
nat. size. upper end, where it forms what is called the
thalamus or receptucle, which supports all the parts of the flower
—sepals, petals, stamens, and ovary.

Fic. 59.

Although one would scarcely infer from their appearance that the
stamens and ovary were leaves, they are nevertheless to be classed as
such. Evidence for this statement is drawn from the fact that in
certain flowers we find stamens half transformed into petals. This
transformation or metamorphosis can be produced in many flowers by
special culture,—in fact the phenomenon may be observed in most of
those garden flowers which we call double. If this doubling is perfect,
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all the stamens will have become transformed into petals. Usually,
however, it does not go
8o far, and we thus find
stamens in every stage
of transition. A good
example is found in
mock orange blossom
(Fig. 60). The illustra-
tions show every stage
between the perfect
stamen (I.) and the per-
fect petal (VI.) The
filament is indicated by Fie. 60.
the letter f, the anther Transformation of stamens into petals (read from
. by b; in VI the fila- I to VL); twice nat. size. f Filaments, b Anther.
ment is represented by the midrib.

The position in which the ﬂoral envelopes may stand with
regard to the ovary differs
much in different flowers.
If calyx and corolla are
united fo the top of the
ovary, the ovary being
thus placed deneath them
(Figs. 61, 62), the floral en-
velopes (k b) are said to
be epigynous, the ovary (f)
inferior. If, again, the
floral envelopes arise from
under the ovary, the ovary _
being thus :ynclosed by (& Wifwﬁ%,u,ﬁﬁonﬁeuﬂﬂﬁ;ﬁ‘f
them (Fig. 64), the floral :‘::gm::i, thrg. hgi:m"yp {‘m’:‘
envelopes (b) are said to stalk, » Bract, f Ovary, & Calyx, b Corolla,
be hypogynous, and the *Stamens, g Stigma.
ovary (f) superior. If the calyx and corolla arise round the
ovary, the floral envelopes (k b) are said to be perigynous, the
ovary (f) mediate or half inferior (Fig. 63).

Fic. 61. Fic. 62.

ExaupLes.—Flower epigynous, ovary inferior—epilobium, dogberry,
apple blossom, pear blossom, canna, Weigelia, orchis, aristolochia ;
flower perigynous, ovary mediate—mock orange blossom ; flower
hypogynous, ovary superior—tulip, lily of the valley, pink, buttercup,
water lily, poppy, celandine.

The sepals of the calyx, the petals, even the stamens, are
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frequently not distinct from one another, but are wholly or in
part united. The sepals of the calyx, or the petals of the corolla,

Fia. 63. Fi1g. 64.

Perigynous and hypogynous arrangement. Fig. 63 (I. II.). —Perigynous
flower of mock orange (Philadelphus coronarius). 1. Viewed from outside ;
II. Longitudinal section ; nat. size. Fig. 64 (III.).—Flower of lily of
the valley (Convallaria majalis), longitudinal section ; twice nat. size ;
k Calyx, b Corolla, s Stamen, f Ovary.
&c. may be united inter se, or the different parts may be united

with each other, ¢.g., calyx with corolla, corolla with stamens, &c.

1.—The Floral Envelopes.

Under this title is included all that set of organs whose
function it is to form a protection for the other parts of the
flower which lie within them. The
larger the floral envelopes the
better they fulfil this function;
if small, they are less serviceable.

ExaupLes. —Flowers with larye floral
envelope—tulip, lily, blue-bell, fox-
glove, larkspur, monk’s-hood ; Alowers
with small envelopwes—elm, oak, sting-
ing nettle, hemp.

When the floral envelopes are Fic. 65.
large (well developed), the corolla, = Female fower of black poplar(Popu-
and occasionally also the calyx, are 11t "2”'6'1,“; iy ::)P:ﬁfm
of a brilliant colour; these are mas; c Protective scales.
Slowers in the true sense of the word. We must, however,
remember that the flower may also be green like the leaves,
and scarcely apparent at all.

Very occasionally the floral envelopes are entirely wanting,
in which case the flower consists only of stamens and ovary (ey.,
Llack poplar, Fig. 63).

The tlorul envelopes may be either single or dovble.  'When
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double the outer is termed the calyx, the inner the corolla, as
has been already said (p. 38).

If the floral envelopes are double, it is easy to distinguish one
from the other when they are of different colours. Sometimes,
however, the calyx is of the same colour as the corolla, in which
case the flower is said to have a perianth. They are then usually
to Le distinguished either by their position or by their shape.
An example of a flower in which calyx and corolla look alike is
the tulip, which is shown (somewhat reduced) in Fig. 66. The

Fia. 67.

Fic. 66 Cup-shaped flower of

. o, bell hyacinth (Muscari
‘Pemnth of tulip (Twlipa Gesne- racemosum), seven times
riana). 1., II., IIL, Ca(l%x, or enlarged. I, IL, IIL,

external envelope ; 1, 2, 3, Corolla, Sepals of calyx; 1, 2, 3
or internal envelope ; j’nat. size. Pipt&: :f ,:,:uyﬁ;‘ e

leaves opened downwards are the sepals (L, IL, ITL.), those closed
are the corolla (1, 2, 3). All six leaves have the same colour
and almost the same size, but the sepals differ from the petals in
being broader, and in having a stronger midrib, as may be seen
in the figure.

ExampLes.— Flowcers with perianth are tulip, fritillary, snake's-head,
lily, star of Bethlehem, rush.

In many flowers with double floral envelopes, calyx and corolla have
grown together. If the union is of a very intimate nature, calyx and
corolla have the same colour—brilliant, like that of all typical corollas,
An example of this is Muscari racemosum (Fig. 67). The three sepals
(I, IL, IIL.) and the three petals (1, 2, 3) are completely united.
‘They form a hollow cup, which is closed except at the edge. There
the sepals and petals cease to be united, and form the six-toothed rim
of the flower; both are dark blue in colour. Lily of the valley and
hyacinth have also flowers of this kind.
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When there is but one floral envelope, either calyx or corolla
is absent. Such flowers are also said to have a perianth. Single
perianths are rare: one is seen in Fig. 68. The perianth (p)

has three leaves, s s
are the stamens. The
perianth is small, un-
attractive,and greenish
in colour. The ane-
mone (Fig. 69) has a
large, distinct single
Fie. 68. Fia. 69, perianth; it is formed

Single Perianth. Fig. 68.—Mercury (Mercuri- by six ovate white
alis annua), magnified eight times; p Leaves of tal
perianth ; &8 Stamens. Fi16. 69.—Wood anemone petals.
(A4 nemone nemorosa) ; nat. size,

ExawpLEs. — Single
perianth—goose-foot, aristolochia, anemone, spurge, hemp, mercury,
stinging nettle, hazel-wort.

In flowers with a double perianth it often is not easy to
distinguish calyx from corolla ; in all other flowers with two floral
envelopes they are easily to be recognised by differences in form
and colour. '

A. The Calyz—The calyx is the outermost
envelope of the flower; it consists of a circle
of leaves arranged round the flower-stalk in a
whorl (Fig. 70). The sepals of which the calyx
is composed are frequently green in colour.
Their shape is simple, mostly pointed or lanceo-
late ; a midrib is frequently present.

If the sepals are separate from each other

e 70, throughout their whole length, they are said
m;;]eyr:y tk,}“b::: to be free (eg., Fig. 70, which represents a five-
ldeus). ~ & Stam- cleft calyx). More frequently, however, the
enes twice mab sepals are partly or entirely united, i.e., the calyx

is yamosepalovs. If they are united only near
their bases the calyx is said to be parted (e.g., Fig. 71, 11.; calyx
five-parted). If the union is so complete as to leave only the
points free, the calyx is said to be toothed (eg., Fig. 71, IIL ;
calyx five-toothed). More rarely we find the sepals united at
their bases, while the points are connected by a delicate, trans-
parent membrane (Fig. 71, IV., membranous calyx).
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ExampLes.—Sepals free—buttercup (five), wallflower (four) ; parted
—wild rose, mullein (five-parted) ; foothed—thorn apple, hen-bane,
bladder campion, mallow, bindweed ; membranous—sea pink.

Fie. 71.

Calyz. 1. Mallow (Malva sylvestris); thrice nat. size.
II. Mullein ( Verbascum Thapsus); thrice nat. size. III.
Bladder campion (Silene inflata) ; nat. size. IV. Sea pink
(Armeria vulgaris) ; six times enlarged. b Flower-stalk,
a Epicalyx ; & Calyx ; A Membranous part of calyx.

When there is outside the calyx a whorl of green, sepal-like
scales, forming as it were an outer calyx, the structure receives
the name of epicalyx (Fig. 71, I a).

ExampLEs.—An epicalyx is found on the potentilla, mallow, and
sea-pink. (In the last case it consists of bracts; in the second of a
bract with its stipules, in the first of the united stipules of the sepals.)

In many plants the calyx falls off as soon as the flower opens ; it is
caducous. The flowers of the poppy and of the celandine have a
two-leaved, bright green calyx, which falls off as the corolla expands,
so that the fully opened flower has the appearance of a perianth.
The calyx, therefore, is to be sought for only on the unopened bud.
The opposite of this is the persistent calyx, which does not fall off
with the petals and stamens, but is to be found even on the ripe fruit.
Apples and pears afford the best examples of the persistent calyx ;
it appears as a small bunch of withered leaflets at the top of the fruit.
The strawberry and the rose also have a persistent calyx. In the rose
the so-called dog-hip, assuming a fleshy texture and enclosing a number
of sceds (see Fruit), is often regarded as modified from the calyx.

According to its shape, the free-leaved or polysepalous calyx is
rotate or flat, the gamosepalous is campanulate or bulged (Fig. 71,
L), cup-shaped, inflated (Fig. 71, 111.), funnel-shaped (Fig. 71,1V.),
tubular,cylindrical,and occasionally quite irregular (monk’s-hood).

Peculiar forms of calyx are the labiate calyx, the spurred
calyx, and the downy calyx.

(1.) The labiate calyx (Fig.72)is one in which the sepals are
united, and which is divided into two opposite parts, which
meet each other somewhat after the fashion of lips. The upper
part (@) is called the upper lip, the under part (0) the under lip.
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(2.) The spurred calyx (Fig. 73) has likewise the sepals united,
as a rule. In it one or more sepals seem to coalesce, so as to form
a long hollow tube (n) closed at the lower end.

(3.) The most ex-
traordinary of all the
forms of the calyx
is the downy calyx,
or pappus. (Gr. pap-

pos, Lat. pappus, the
name applied, even

pm 7. by the ancients, to

Fia. 72.
Fig. 72.—Labiate calyx of sage (Saia oficinali). plants having a
a Upper lip; b Under lip ; three nat. size. Fig. 73.— W X, egq.
Spurred calyx (n) of monk’s-hood (Tropedum majus) ; do ny. caly ; 9
nat. size. Fig. 74.—(I., IL) Pappus of water-hemp dandelion, &c.) The

(Eupatorium cannabinum) ; in L twice, in II. four times downy ca]yx does not

nat. size. .
consist of green

leaves, but of numerous delicate greyish hairs. Each hair is
usually fringed on both sides by finer hairs, so that they look
like small feathers. The pappus stands erect, and does not fall
off with the flower, but remains attached to the fruit, to which,
when fully ripe, it serves as a means of transport (Fig. 74).
(Many, however, regard the pappus as not corresponding to the
calyx, but merely to epidermic hairs.)

ExampLes.—Calyx rotute or flat—buttercup, strawberry, speedwell
crane’s-bill ; cup-shaped—rose ; campanulate or bulyed —campion ;
tubular or cylindrical—lungwort, gentian, thorn apple, yarden pink ;
labiate—dead-nettle, prunella, thyme, sage ; spurred—[ndinn cress ;
dvwony (pappus)—dandelion, thistle, goat’s-beard.

B. The Corollu—The corolla or inner whorl of the double
floral envelope can be much more easily distinguished from the
ordinary foliage leaves than the calyx. The petals of the corolla
ure delicate in texture, often extremely beautiful and brilliant
in colour. Usually the petals of the corolla are entire, roundish,
elongated, ovate, or lanceolate in shape (Figs. 61, 62, 63). Occa-
sionally they are cleft (Fig. 75). Sometimes the lower part of
the blade of a petal is suddenly tapered when the tapered part
recewes the name of claw or unguis; the petal is then said to

unguiculate. The petals may be swmooth and flat,
be crumpled in various ways.
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The petals of the corolla are either separate or partly united.
In the former case they are said to be free, and the corolla
is polypetalous (or, better, apopetalous).
Usually there are three, four, or five petals;
in the latter case the flower is gamope-
talous or sympetalous. If the petals are
united only at their base, the corolla is said
to be parted (three, four, or five parted, just
like the calyx). However the petals are
1more often united in such a manner that only Fia. 75.
their ¢ips remain free. These form what Fiower of ragged robin
is technically termed the limb or border; ([ychnis fos-cuculi) with
according as it is made up of four, five, or cleft potala ; nat. uize.
more coalesced petals, it is called four, five, &c. lobed or tipped.

ExampLrs.—Polypetalous corolla — buttercup, violet, strawberry,
cherry ; gamopetalous—primrose, lungwort, syringa, bilberry ; parted
—speedwell, nightshade.

Corollas are either regular or irreqular. They are said to be
reqular when the petals are all of one shape and size, or when
in gamopetalous flowers the lobes are all one shape and size.
Irregular corollas are such as have some or all their petals of
different shapes and sizes, or in gamopetalous flowers, such as
have the lobes of different shapes and sizes.
Flowers with a regular corolla have usually
a regular calyx likewise; in flowers with
an irregular corolla, the calyx is usually also
irregular (e.g., labiate flowers, &c.).

The forms of the regular corolla are
very diverse. The principal are the
following :—

1. Rotate (Fig. 76).—All the petals free,
or only united at the base ; flat shape, spread
out all in one plane.

2. Urceolate (Fig. 77).—The petals united (goreos sfemetis) s o
up to the tips, thus forming a hollow vase or size. (Hairs omitted to

. . ..\ Ppreserve distinctness.)
urn. The throat (the opening at the swunmit)
is narrow, and is formed by the extreme tips of the petals.

3. Campanulate (Fig. 78, Fig. 45).—The petals united up to
the tips; they bulge out towards the summit, and narrow as
they approach the stalk. The throat is surrounded by the free
tips of the petals.

Fia. 76.
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4. Infundibuliform or funnel-shaped (Fig. 79).—Similar to the
the united petals arranged in the form of an inverted

Fi16. 78. Fie. 79. F1a. 80. Fie. 81.

Forms of Corolla. Fig.77.—Urceolate flower of a heath ( Erica Tetraliz). Fig. 78.—
Campanulate flower of blue-bell (Campanula rotundifolia). Fig. 79.—Funnel-shaped
flower of convolvulus (Convolvulus arvensis.) Fig. 80.—Salver-shaped flower of phlox
(Phlox paniculata.) Fig. 81.—Tubular bellflower of comfrey (Symphytum oficinale) ;
all nat. size, except Fig. 77, which is magnified three times.

cone, .., having straight outline gradually narrowing towards the
stalk. The throat is either like that of a campanulate flower,
or the petals are united throughout, forming an entire rim.

5. Salver-shaped. (Fig. 80).—Petals united so as to form a
hollow tube, with expanded surface, the upper parts of the
petals alone being free.

6. Tubular campanulate.—The united part of the petals form
an inflated tube, so that the flower may be said to have features
characteristic of both the salver-shaped and the campanulate varie-
ties, e.¢., in Fig. 81 the flower is campanulate at a, tubular at b.

All the above forms of corolla are likewise to be found among
polypetalous flowers.

ExampLEs.—Rotate— buttercup, borage, forget-me-not, speedwell ;
campanulate — blue-bell.; funnel-shaped — convolvulus, bindweed ;
tubular—phlox, wild bugloss ; fubular campanulate—comfrey ; urce-
olate—bilberry, heath.

The forms of the irregular corolla are just as varied as those of
the regular. Many flowers are only slightly irregular; their
petals may differ somewhat in size and shape, but this difference

is not so marked that we can call the flower
, quite irregular (Fig. 84). Tubular campanu-
3 late and other corollas are occasionally ir-

regular, because the free edges of the petals
Fia, 82 forming the throat of the flower are not

Cofmdbumufn&f alike in size (Fig. 85).

vize. s Spur. Exanpres.—Slightly trreqular—carrot, par-

snip, hemlock, speedwell ; irrequlurly tubular—foxglove.
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The principal forms of the perfectly irregular corolla are the
following :—

(1.) Spurred (Fig. 82).—The corolla may vary much in shape.
One (s, Fig. 82) or more of its petals are prolonged so as to form
a closed tube, which may be either long or short. This tube is
the spur. The petals may be either free or united.

(2.) Ligulate or strap-shaped (Fig. 83).—In the figure we see
the corolla to be composed of five united petals. At the base

Fie. 83. Fic. 84. Fie. 85.
Ligulate corolla of the chamomile Fig. 84.—Rotate corolla of speedwell
(Anthemis arvensis); twice nat. (Veronica Chamedrys). Fig. 85.—
size. » Tubular portion, z Ligu- Tubular floret of the cornflower
late portion, g Style and Stigma. (Centaurea cyanus) ; twice nat. size.

they form a short tube (r), and are prolonged upwards into a
narrow linear leaf or strap (2). At the summit of the latter are
five points corresponding to the five petals, out of which this
peculiar corolla is formed.

F1a. 86. F1e. 87. II1

Fig. 86.—Labiate corolla of hemp-nettle (Galeopsis versicolor); thrice
nat. size. Fig. 87.—Personate corolla of snapdragon (A ntirrhinum majus);
nat. size. k Calyx, r Tubular portion of corolla, s Throat, ¥ Lower lip, n
Lobes of the same, o Upper lip.

(3) Labiate (Fig. 86, I. 11.)—Flowers with a labiate corolla
are, like those above mentioned, gamopetalous. Below, the
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petals form a tube (tubular portiom, 7); at the throat (s) the
free edge of the tube divides into two halves (0 n). These are
placed opposite each other, one above, one below. The upper
half, which is frequently much bulged, is called the wpper lip
(0); the lower, which is elongated, and very often cleft, is
named the lower lip (w). A flower of which the throat (m, Fig.
87) is closed by a projection of the lower lip, called the palate,
is said to be personate or masked.
(4.) Papilionaceous—Flowers with a papilionaceous corolla
(Fig. 88) have five free irregularly shaped petals. The upper
i1 and largest petal is called
the vexillum or standard
(a, I. IL.), the two at the
sides are the ale or wings
(6, 1. IIL), and the two
lower (united) together
form the carina or keel
—~ == (¢, L IV. V.. The last
named surrounds the
i1 stamens and the pistil
(V). The calyx (d)
Fia. 88, of papilionaccous flowers

Papilionaceous flower of laburnum (Cytisus |g usually labiate.
laburnum). 1. Entire flower; I1. Vexillum; III.
Ale; IV. Carina—nat. size; V. twice nat. size. ExaMpLEs. — Spurred—
a Vexillum, b Ale, ¢ Carina, d Calyx, ¢ Flower- fumito dali iol
- o ry, corydalis, violet,
stalk, f Filament, g Anther, & Pistil. toadflax ; ligulate — daisy,

aster, dandelion, sunflower, goat’s-beard, chicory; labiate—clover,
stachys, sage, nettle, ground ivy; persunate—
snapdragon, toadflax ; papilionaceous—laburnum,
bean, pea, robinia, clover, lupin.

Corona.— By the term corona is meant
certain outgrowths from the petals, having
the same characteristics as these, and even
the same shape. Tt forms as it were a corolla
within the corolla (Fig. 89, n). In some plants
the parts of the corona are free, and form a

Fic. 89. ring of small, frequently hairy, scales around

Flower of red the throat of the corolla. Sometimes they

campion  (Lycknis gre united, funnel-shaped, and pretty often of

divrna) ; nat. size ; . .
divrna) ;. * considerable size.

*
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Exampres.—In the narcissus the corona is large and ufn.ited ; in
the red campion (Fig. 89) the parts are separate.

2.—The Stamens.

The stamens (s, Fig. 58, 61-64) lie within the floral envelopes,
next to the corolla. Although to all appearance very unlike
leaves, they are yet, as already seen (Fig. 60), indisputably to be
considered as leaf structures. The number of stamens usually
corresponds to the number of petals, or it may exceed that of
the petals, but ‘seldown falls below it.

ExampLEs.— Flowers with fewer stamens than petals—speedwell
(Fig. 84), sage, valerian, syringa. Stamens and petals equal—dogberry
(Fig. 62), Weigelia (Fig. 58), carrot, violet. Stamens more numerous

than petals—mock orange (Fig. 63), buttercup, rose, cherry blossom,
meadow-sweet, strawberry.

The stamens are eitherinserted on |, s.&
the receptacle or are adnate to the ?
calyx or corolla. According to the K 4
insertion of the stamens, we have a
flowers classified as thalamifloral, =
calycifloral, or corollifloral (Fig. 90 ;
I 1I

Figs. 91-93).
1. Thalamifloral (Fig. 90,1, Fig.  Fie. %0. .
91).—Flowers are said t0 be thala- 4, e of weomenn 1 Thes

mifloral when the sepals (%), petals lamifloral ; II. Calycifloral ; IIL
. Corollifioral. ¢ Flower-stalk, a

(b), stamens (3), and ovary (g) arise Receptacle, & Calyx, b Petals, &

from the top of the expanded leaf- Stamens, g Pistil.

stalk—the thalamus or receptacle (¢, comp. Fig. 59, 7).

2. Calycifloral (Fig. 90, 11, Fig. 92).—Flowers are said to be
calycifloral when only the calyx and the ovary are inserted on
the receptacle. In this case the calyx is frequently cup-shaped,
and has the petals and stamens emerging from its throat.

3. Corollifloral (Fig. 90, IIL, Fig. 93).—Flowers are said to
be corollifloral when the calyx, petals, and ovary are inserted
on the receptacle, the stamens being attached (usually adnate)
to the corolla.

Note.—The word thalamifloral is derived from Lat. thalamus
(Gr. thalamos), a receptacle, and flos, a flower. Calycifloral comes
from Lat. calyz or calix (Gr. kalyz), a cup, and flos. Corollifloral
is derived from Lat. corolla, dim. of corona, a crown or wreath, and

flos.

I

D
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If we remove the petals from a corollifioral flower, we find that the
stamens, being adherent, come away along with them. If in a calyci-
floral flower we remove part of the calyx, we find both stamens and
petals adhering to it. In a thalamifloral flower we can remove all the
sepals and petals, after which we shall have the stamens and the ovary
still adhering to the receptacle.

Fia. 91. Fie. 92. Fia. 93.

Fig. 91.—Thalamifloral flower of celandine (Chelidonium majus);
nat. size. Fig. 92.—Calycifloral flower of cherry (Prunus Cera-
sus) ; twice nat. nize. Fig. 93.—Corollifloral flower of prunella
(Prunella rulgaris); in section, nat. size.

ExampLes.—Thalamiflorals—anemone, buttercup, marsh marigold,
poppy, celandine, lady’s smock, campion, lime; calyciflorals—laburnum
(Fig. 88), cherry, strawberry, bramble, rose, bilberry ; corolliflorals—
forget-me-not, lungwort, potato, dead-nettle, speedwell.

b
b
f f
I8 Fic. 95.

Fio. 94. Stamens.—I. Tulip (TWipa Gesneriana) ;
Stamens.—I.-IIIL Gladiolus  twice nat. size. II. Canary grass (PAalaris
(Gladiolus imbricatus); IV. arundinacea); four times nat. size. IIL
Snap - dragon (Antirrhinum  Deutszia (Deutzia glabra); four times en-
majus). 1. II. nat. size ; III.  larged. IV. Broom-rape (Orobanche rubra) ;
three times enlarged ; IV, five  three times nat. size. V. Heath (Erica
times enlarged. f Filament, Tetraliz) ; three times nat. size. VL Pru-
b Anther, ¢ Slit, along which  nella (Prundla vulgaris); five times nat.
anthers open. size. fFilament, b Anther, s Slit,a Appen-
. dage, A Hairs.
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A stamen consists of two parts, the filament and the anther,
the latter being borne on the point of the former.

A. The Filament.—The filament (f, Fig. 58, 60, 94, 95) takes
its name from its thread-like appearance. It is usually cylin-
drical in shape, and tapers towards the summit (f, Fig. 58, IIL
IV.; Fig. 94,1 to III. ; Fig. 95, V. V1.). Itis whitish or yellowish
in colour, occasionally of some darker tint (e.g., dark blue in the
tulip, Fig. 95, I.). Sometimes the filament is flattened laterally
(Fig. 95,111, a); it may also bear appendages of different shapes
and sizes in the neighbourhood of the anther (a, Fig. 95, V. VI.).

When all the filaments in a flower are separate from each
other they are said to be free; when they coalesce by their
bases, or throughout their whole length, they are said to be

Stamens may be united in several ways.

(1.) All the filaments in a flower may be adherent to one another.
In this case the filaments are united so as to form a cylinder or
tube, which bears at its upper end numerous anthers on the free points
of its filaments. The filaments are then said to form a bundle
(Fig. 96, 1.), and the stamens are called monadelphous.

(2.) Al the filaments of the flower may be united, but in such a
way that they do not form a single bundle, but two, three, or five.

Two, three, four, or many stamens may coalesce so as to form a
bundle (Fig. 96, II., IIL.). They are then said to be polyadelphous.

Fre. 96.

Union of Stamens.—I. Filaments forming a single bundle ;
IL One of the five bundles from the flower of Vismia ; III. One
of the bundles from Corydalis bulbosa ; 1V. Two bundles (9 +1)
from Colutea arborescens ; V. Bundle of filaments united by the
anthers from hawk-weed (Hieracium umbellatum). b Anthers,
f Filaments, ¢ Filaments united.

(3.; One filament (d) may be free ; all the rest united to form one
bundle. The number of filaments thus united is nine. This form of
conlescence of the stamens is characteristic of most of the Papilionaces
(Fig. 96, IV.), and is described as diadelphous.
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ExawrLes.—(1.) a. Five filaments in one bundle—bryony, cucum-
ber, pumpkin, flax ; b. ten filaments in a bundle—geraniums, crane’s-
bill ; ¢. many filaments in a bundle—mallow, hollyhock.

(2.) a. Six filaments in two bundles—fumitory ; b. eight filaments
in two bundles—milkwort (Polygala); c¢. Many filaments in three or
five bundles—St. John's worts.

(3.) Nine stamens united, a tenth free—clover, bean, lentil.

B. The Anthers—At the summits of the filaments are the
anthers. On each filament two, one to the right, the other
to the left (Fig. 58, 94, 95). They may be elongated and
narrow (Fig. 58, 94, I. to III,, 95, IL.), or rounded (Fig. 94, IV,
95, IIL, V.), or angular; in the pumpkin, cucumber, and such-
like plants they are variously twisted.

While the partial or entire coalescence of filaments is com-
paratively common, the coalescence of anthers is extremely rare.
It is characteristic of the Composite, however. In Fig. 96, V.,
we have the five stamens of hawk-weed. The filaments (f)
are perfectly free; the anthers (b) are united throughout their
whole length.

When the flower opens the anthers are usually of a bright
yellow colour, the upper surface perfectly smooth and flat, as
is easily seen when they are viewed with a lens. After a time,
however, each anther bursts open along its entire length by
means of a slit (¢, Fig. 94, s, Fig. 95). Through this slit is shed a
large quantity of fine floury dust, the polien (from the Lat. pollen,
fine flour). The pollen is of a bright or deep yellow colour, and
is usually somewhat sticky, so that after it is set free from the
anther, it remains adherent to the external surface for a con-
siderable time, covering it entirely.—(See b, Fig. 95, III,, and b,
Fig. 95, 1) In many plants, however, the pollen is not sticky,
in which case, when the plant is shaken, it rises as a dusty cloud
of yellow grains, to fall again, often in showers, at some distance,
(e.9., pollen of hazel, elin, and pine).

Some idea may be formed of the enormous quantity of pollen
formed in many flowers by observing what happens when we shake
a hazel-tree when in blossom. From every catkin rises a cloud of dust,
every particle of which is formed by a single pollen grain. Each grain
is so small as to be invisible to the naked cye, and even with a lens is
only distinguishable as a tiny dot. A still greater quantity of pollen
is obtainable from pines and firs. When in spring the wind blows
over a pine wood, the pollen is borne along as a thick yellow cloud.
The ground beneath the pine trees is frequently quite covered by the
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golden dust, as is also the surface of every pool, marsh, and ditch in
the nelghbourhood At such times country folks are wont to say
it has been raining sulphur.

The opening of the anther is effected in most cases by means ofa
longitudinal slit (Fig. 94, Fig. 95, IL). Occasionally the slit is trans-
verse, or a passage may be made for the pollen by a round opening
(Fig. 95, V.). The scattering of the nettle pollen is accomplished in
a very remarkable manner. In the bud the parts of the small green
perianth of the flower are folded inwards, and beneath them lie the
four stamens, which from their appearance have been aptly compared
to springs. When the flower opens and the petals begin to expand a
little, thus relaxing their hold on the stamens, the latter suddenly
spring up ; by this violent movement the anthers are burst open, and
the pollen is scattered far and wide.

3.—The Ovary or Pistil.

The ovary lies in the centre of the flower, forming there a
green knob-like prominence. It does not fall off with the other
parts of the flower, but remains long after they have died off,
and develops into the fruit. According to the relation which

Fia. 97.

Ovaries.—1. Tulip (Tulipa Gesneriana). 1. General appearance (nat. size).
IL Cross section (four times nat. size). IIL Thalictrum aquilegifolium (five
times enlarged). 1V. Marsh St. John's wort (Hypericum Elodes), general appear-
ance (four times enlarged). V. Carpel (seven times enlarged). VI. The same in
cross section (ten times enlarged). VII. Canna Indica (nat. size). VIIIL. Green
hellebore ( Helleborus viridis), longitudinal section. IX. Transverse section ; three
times enlarged. X. Hepatica triloba, partly open ; five times enlarged. ¢ Flower-
stalk ; d Fruit-stalk ; 5. Point of msertlon oi leaves ; & Ditto of stamens ;
J Ova.ry ; 9 Style; n Stlgma e Seed ; ¢ Hairs ; a b shows point of section.

its position bears to that of the other organs of the flower, the
ovary is spoken of as superior or inferior, as has already been
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explained. In the ovary the following parts are to be dis-
tinguished : the ovary proper, the style, the stigma, and the seed
(Fig. 97).

A. The ovary in the restricted sense (f, Fig. 97) is composed
of one or more strong, fleshy, leaf-like structures (pistil leaves
or carpels), which have grown together by their margins.
Externally the line of coalescence is marked by ridges or sufures
(Fig. 97, IV, VIL). Ovaries which are composed of only one
carpel are called monocarpellary or simple (Fig. 97, VIIL-X.);
ovaries composed of several carpels are called polycarpellary or
compound (Fig. 97, I. IL.).

If the ovary is simple (Fig. 97, VIIL) the margins of the leaf
forming the single carpel are incurved, and coalesce in the long
direction (along ¢). There we find the ridge or suture formed
by the junction of the margins ; thus externally simple ovaries
have one suture.

If the ovary is compound (e.g., tricarpellary, as in Fig. 97, IV.),
the leaves or carpels coalesce with their margins side by side
(right margin of the first joins with left of second, &c.), and
form a sac whose walls are made up of as many parts as there
are carpels. A corresponding number of sutures may be seen
on the outside.

The relations of these parts are well brought out in those compound
ovaries, whose carpels have only partly coalesced. In Fig. 97, IV,
we have the ovary of the Marsh St. John's wort (Hypericum Elodes).
In it we see the three carpels which have coalesced up to about the
point f; in the upper part, g, they are free and plainly distinguish-
able one from another. In Fig. 97, V., we have one of the three

carpels by itself. The ovary of the tulip is also composed of three
carpels, but in this case they have completely coalesced (¥ig. 97, I IL.).

The manner in which the union of the carpels is brought
about is usually the following (by way of example let us take a
three-celled ovary, Fig. 98) :—

- ~. VAR

S

Fic. 98.

Arrangement of Carpels.—I. One-celled ovary. II. Incipient three-
celled ovary c4(}{>.nl'titimm incomplete). IIL IV. V. Forms of fully deve-
loped three-celled vvary.
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(a.) First, the carpels or leaves of which the pistil is com-
posed have their contiguous margins united without incurving
(Fig. 98, 1), and form what is called a compound, one-celled, or
unilocular ovary.

(8.) Next, the margins are slightly turned in, and the turned-
in parts coalesce (Fig. 98, IL). The ovary is still one-celled,
but incomplete partitions extend from its walls towards the
centre; there are as many partitions as there are carpels in the
ovary. Such an ovary is said to be incompletely several-celled.

(c) Next, the margins are much turned in, so much, indeed,
that their edges meet in the middle, where they coalesce (see
ante, simple one-celled ovary). In addition to this, the carpels
grow together all along their turned-in surfaces (Fig. 98, IIL.).
A several-celled ovary is thus formed which has as many cells
as there are carpels in its structure.

Several-celled ovaries may also arise in the following manner :—

(d.) The carpels coalesce, as in b. Besides partially coalescing with
one another, they unite with a thickish axis, which stands up in their
midst. This axis, which traverses the ovary throughout its entire
length, is a pillar-like prolongation of the receptacle—not a part of the
carpels, but a continuation of the flower-stalk.

(e.) The carpels unite, as in a; throughout the sac thus formed the
flower-stalk is again prolonged, and from it wing-like partitions run
to meet the carpels. The ovary is thus divided into two or more cells,
according to the number of the partitions (Fig. 98, V.).

The partitions which divide the ovary into cells are termed
dissepiments.

ExaupLEs.—One-celled or simple ovaries—buttercup, Thalictrum
(Fig. 97, 1IL), green hellebore (Fig. 97, VIIL), Hepatica (Fig. 97, z),
arrow-head, cherry ; compound : (a.) one-celled—tooth-wort (Fig. 99,
I'V., composed of two carpels), violet (Fig. 99, IL., composed of three
carpels) ; grass of Parnassus (Parnassia palustris, composed of four
carpels), primrose (Fig. 99, III., composed of five carpels), poppy (in-
complete many-celled, composed of an indefinite number of carpels) ;
(b.) several-celled—carrot, potato, convolvulus (two-celled) ; tulip (Fig.
97, II.), canna (Fig. 99, L.), iris, fritillary (three-celled) ; mock orange
blossom, holly, heath, bilberry (four-celled) ; apple blossom, crane’s-bill
(five-celled) ; water lily (many-celled).

Commonly there is only one ovary in a flower, occasionally
several or many. In this case the ovaries are simple, and stand
close beside one another.
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ExampLes. — Four ovaries — dead-nettle, ground ivy, lungwort ;
many—buttercup, strawberry, arrow-head.

The shape of the ovary may be round, oval, cylindrical, three,
four, five, or more cornered, flattened, &c. Usually it somewhat
resembles the shape of the fruit which is by-and-by to be deve-
loped from it.

B. The Style and Stigma.—At the upper part of the pistil we
find a spot which is easily recognised by its roughness or hairi-
ness. Further, its surface, if the flower is fully open, is usually
covered with pollen. The stigma, as this part is called, has also
a peculiar form, which distinguishes it from other parts of the
pistil (n, Fig. 58,97). In some cases the stigma is found directly
on the summit of the ovary (eg., in the poppy, yellow water
lily, tulip, Fig. 97), but more usually we find between the ovary
and the stigma a thread-like structure, the style (g, Fig. 58, 61,
62, 97, III,, IV.) The style may be short, moderately long, or
very long (meadow saffron, crocus), its length frequently corre-
sponding to that of the flower (Fig. 58). In shape it is usually
tubular, cylindrical, or angular, rarely leaf-like (e.g., iris). Its
surface is frequently beset with numerous hairs, and in many
cases it is traversed internally by a canal, so that the whole
forms a sort of tube. A pistil has either one or several styles.
The single style may be simple or branched. When branched,
each branch has a stigma. These are usually equal in number
to the number of carpels (Figs. 59, 97, I'V.); that is to say, each
style is simply the prolongation of a single carpel (Fig. 97, IV.
V).

The stigma varies much in shape; the more important forms
will be considered hereafter.

ExaMpLEs.—OQvaries with single simple styles—fritillary, primrose,
violet, pennyroyal (in this plant four carpels have a common stigma),
laburnum (Fig. 88, V.); simple ovary with four-branched styles—
mock orange blossomn ; ovaries with several styles—flowers of the pink
order, e.s., bladder campion (Fig. 59, three styles), catchfly (Lychnis
viscaria, tive styles).

C. The Ovules—In the cells of the ovaries are found the
ovules. These are small, rounded or oval, white bodies, with or

without a short stalk, but in any case attached to the inner
surface of the carpels (¢, Fig. 97, 11, V,, VIIL, X.). When the
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ovary develops into the fruit the ovules form the seed. In the
more simple forms of ovary there is often but one ovule, in
which case the ovary is said to be one seceded (Fig. 97, X., €)=
more frequently, however, the ovary contains several or many
ovules (Fig. 97, VIIL, ¢). In several-celled ovaries each cell
contains one or more ovules (Fig. 97, II.) All ovaries containing
more than one ovule are said to be several or many-seeded, as
the case may be.

ExaspLrs.—One-celled ovaries—Hepatica, cherry, plum, buttercup
(with one ovule) ; violet, primrose, poppy, hellebore, bean (with severul
ovules). Several-celled ovaries—palms (in each cell a single ovule),
tulip, iris, foxglove, water lily (in each cell several ovules).

Ovules may be attached to the ovary in various ways. The
following are the most common forms of arrangement, or, as it
is technically termed, placentation.

a. Central Placentation.—When the placentation is central the
ovules are attached to the middle of the ovary. In several-celled
ovaries this attachment takes place along the line of union of
two dissepiments (Fig. 99, L, Fig. 97, I1L). In one-celled ovaries
the ovules are attached to the central column, formed by the
prolongation upwards of the flower-stalk (Fig. 99, ITL).

b. Parietal Placentation (Fig. 99, I1.).—This form of placenta-
tion is most common in one-celled ovaries.” The ovules (¢) are
attached to the walls (/) of the ovary, in the manner shown in
the figure.

Fia. 99.

Placentation.—1. Canna indica, nat. size ; IL. Violet ( Viola odorata),
twice nat. size ; II1. Primrose (Primula officinalis), three times en-
larged ; IV. Toothwort (Lathrea squamaria), twice nat. size;
J Wall of ovary, w Dissepiment, p Placentce, ¢ Ovules.

¢. Ovules may be attached not directly to the central column
or to the walls of the ovary, but to structures called placenie,
specially developed for their support. These may be either
central or parietal. This is placentation in the true sense of the
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word. In fact the term is only extended to other forms of
attachment by courtesy, as it were, seeing that they have no
distinct placente for the support of the ovules. In Fig. 99,
IV., we have a one-celled ovary with two carpels; in the middle
of each carpel is a thick fleshy prominence (p), the placenta
with a large number of small ovules (¢) attached.

Exampres.—Severalcelled ovaries with central ovules—tulip, fritil-
lary, crane’s-bill, fuchsia; one-celled ovaries with ovules attached to
central column—primrose, catchfly, pink ; one-celled ovaries with
parietal ovules—violet, grass of Parnassus, gooseberry, orchis ; ovaries
with placente—mock orange blossom, campion, pumpkin.

Besides the forms of placentation already described, we may have
the ovules attached all over the surface of the dissepiments (poppy,
water lily).

4.— Bisexual and Unisexual Flowers.

All flowers in whick both stamens and pistil are present are said
to be biserual or hermaphrodite. Just as in mathematics words
are frequently expressed by signs (eg., « for “angle”), so in
botany the sign & is used to denote a hermaphrodite flower.
This sign is used alone or as a prefix to the word flower, thus,—
§ or ¥ -flower=hermaphrodite flower.

All flowers are not bisexual. Some plants have two Ainds
of flowers; in the one we find only stamens, while the pistil is
awanting; in the other
we find only pistils, while
the stamens are awanting.

Flowers containing only
stamens are amale (sign
d); flowers containing
only pistils are female

Fia. 100. (sign ). Flowers which
Male (( Si{)’ and ;"?;‘;‘&Sz }o)hg‘;‘;“;;f arowhesd  gre either male or female
are said to be uniserual.

In Fig. 100, [., we have a male flower of arrow-head. Within
the floral envelopes (sepals shaded dark, petals light) are seen
numerous stamens, but no pistil. In the female flower (II.)
there are no stamens, but numerous pistils.

Male and female flowers often grow together on the same
plant, and even on the same branch; ¢.g., in burr-reed (Fig. 101).
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The male flowers (3) grow in compact heads at the upper end
of the branch, while the female (¢) are found in similar heads
at the lower end. Plants in which stamens
and pistils occupy different flowers on the
same individual are called mon@cious. On
other plants stamens and pistils occupy
different flowers on different individuals.
The plants are then said to be dizcious,
and the individuals either male or female.
Finally, some flowers have neither
stamens nor pistils, but only calyx and
corolla (Fig. 83). Such flowers are said to
be neuter. All plants which bear neuter
flowers have at the same time other
flowers with stamens and pistils.

ExampLes.—Hermaphrodite-tulip, fritillary,
anemone, fox-glove, primrose ; mule und female
JSlowers—monwcious—burr-reed, birch, stinging-
nettle, hazel, arrow-head, pumpkin, cucumber ;
diecious—mistletoe, hops, poplar, dog’s mer-
cury ; neuter — large outer flowers on com-
posite head of the cornflower, and the outer
and larger flowers of the guelder rose (the
highly cultivated species of the guelder rose
has only neuter flowers).

5.— Anthotaxis or Inflorescence. Fia. 101.

It rarely happens that a plant bears  Burrreed (Sparganium
. simplex), § male, @ fe-

only single or very few flowers. An ex- paje fowers ; nat. size.
ample of such a plant is the tulip.
Usually a plant bears blossoms in considerable or large numbers.
In many plants they arise in the axils of leaves, either singly or
in groups. In the first case the inflorescence is axillary, in the -
latter whorled (Fig. 102).

In most plants the blossoms are borne on a special shoot,
frequently much branched, which is at once distinguishable from
the leaf-bearing stems of the plant by the numerous flowers
arising from it. Such a flower-shoot is termed an tnflorescence.
An individual plant may have one, several, or many in-
tlorescences.
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Inflorescences are characterised by differences in the size,
number, and shape of the flowers composing them, and by the
order in which the individual blossoms
open. The kind of inflorescence is
also determined by their general arrange-
ment and relative positions, which are
dependent on the mode 6f branching.
In many even the form of the calyx
and corolla are of importance.

The mode of branching—one of the
most essential considerations in the study
of inflorescence—is often somewhat diffi-
cult to make out. To understand it
properly we must first get a clear idea
of the difference between the primary
and secondary axes (Fig. 103).

The primary axis is that branch of
the inflorescence from which all the
other branches spring. It is, therefore,
to the inflorescence what the stem is

Fie. 102, to the plant, forms like the latter the
dﬂﬁ%?’(tgﬁ:ﬁof lzvhiw central support, and is usually stronger
1 nat. size. abum) than any of its ramifications (A, B,

Fig. 103).

The secondary axes are the branches (u) given off by the
primary axis, which they seldom equal in thickness. Each
secondary axis bears one or several tlowers. All inflorescences
whose secondary axes bear each a solitary flower are said to be
sumple ; all those whose secondary axes bear each several or
many tlowers, are said to be compound.

The order in which the flowers open in an inflorescence is
another important feature. We may have the central flowers
opening first, the outermost one last, in which case the central
flowers are the oldest, the outermost, the youngest. In Fig. 104
we have an inflorescence of this type; the circles of different
sizes represent flowers in different stages of evolution. 1 is
the oldest, 8 the youngest. This mode of evolution is termed
centrifugal, because its progress is from the centre (A, B)
outwards.

The second mode of evolution (Fig. 103) is exactly the opposite

-~
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of the one above described. The outermost flowers are the
oldest, and open first (1, 2), the central flowers the youngest,

57 8¢
3 A,

Fie. 103. Fre. 104. Fie. 106.
Inflorescence. Manner in which inflorescence flowers.
4 S{?anryugs. Fig. 104, Centrifugal ; 105, Centripetal,
n Secondary axis, s
d Dracts, 1—7 <
flowers, i

and open last (7, 8). This mode of evolution is termed centripetal
because its progress is from the margin inwards towards the
centre (4, B). If such inflorescences are long and narrow, the
flowers at the foot open first, those at the top last (Fig. 103).

Let a perpendicular line (| ) represent the primary axis (centre)
of the inflorescence; an arrow (—>) the direction in which the
evolution of the flowers proceeds, the centrifugal mode will be
represented thus €<——>, the centripetal thus —j<—.

When the primary axis of the inflorescence is very long,
i.e., longer and stronger than its branches, it is termed a raceme
(Fig. 103). In other cases it is of the same length as the secondary
axes (Fig. 104), or it may be much shorter (Fig. 105).

Let a point (.) represent a shortened primary axis, then the
sign (—>-<-) will represent a centripetal inflorescence with
shortened axis, the sign (<—-—>) a centrifugal inflorescence with
a shortened axis, while —-{<— represents a centipetal inflores-
cence with an elongated axis.

According to these points of distinction inflorescences are
classed as racemose, umbellate, or cymose.

I. Racemose Inflorescence—The primary axis is elongated,
and is longer and stronger than its branches. The evolution of
the flowers is centripetal ; the lowest flowers open first, those at
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the summit last—sign —>}<¢— The racemose type includes
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Fia. 106.
Forms of Inflorescence.—1. Spike ; IL. Compound raceme ; III. Panicle.

the spike, the catkin, the cone, the spadiz (Fig. 103), the raceme,
and the panicle.

II. Umbellate Inflorescence.—The primary axis is shortened,
and ends suddenly; all the flower-stalks spring from one point;
the evolution of the flower is centripetal; the marginal florets
open first, the central last—sign —»-<— The umbellate type
includes the capitulum or head, the anthodium, the simple and
compound umbel (Fig. 107).

\\q/
P
1 3
FPorms of Inflorescence.— 1. Anthodium ; [II. Capitulum ;
ITI. Compound umbel.

Fia. 107.

II1. Cymose Inflorescence—Both primary and secondary axes
are elongated, the latter being as strongly, or even more strongly,
developed than the former. The evolution of the flowers is
centrifugal ; the central or highest flowers open first, the mar-
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ginal or lowest last—sign <—>-. In many only the right or
left side of the inflorescence is developed—sign |—>- or <—| The
cymose type includes corymb and loose corymb,? the dickotomous
or biparous cyme, the compound dichotomous cyme, the scor-
pioid cyme, and the helicoid cyme.

Fie. 108.
FPorms of Inflorescence.—I. Dichotomous cyme ; II. Scorpioid cyme ;
III. Helicoid cyme.

Tabular View of the various Forms of Inflorescence.

I. Racemose Type—(<—4—>)
A. Lateral axes unbranched, each bearing only one flower
(spike-like form).
a. Flowers sessile on the primary axis ; branches
wanting or very short.
* Primary axis thin and dry.
1. Flowers loose ; not scale-like. . SPIKE

2. Flowers closely set, forming a
cylindrical-shaped head ; florets

scale-like, . . . CatkIN.

8. Flowers closely set, formmg a thick-
ish cylinder ; each floret with

scaly bracts, . . Cone.
** Primary axis thick and ﬂeshy H ﬁowen
closely set, . . . . . Sraprx.
b. Flowers on pedicels, . . . . Racrxe.

B. Secondary axes branched, each with levenl or many
flowers (panicled inflorescence).

a. Branching of the secondary axes regular, each ( CoMpPoUND
bearing a single cluster, . . . RACENME.

b. Branching of the secondary axes ; u-regulu, . PanicLE.

! English and French botanists do not usually regard the corymb as cymoe,
but refer it to the racemose type. (77.)
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IL. Umlellate Inflorescence—(—p--<—)
A. Secondary axes not branched, each bearing a single
flower.
a, Secondary axes shortened ; flowers sessile, or
with very short stalks,
* Bracts absent or small, . . . ANTHODIUM.
** Bracts, large, numerous, overlapping each
other, forming a common involucre,  CAPITULUM.
b. Secondary axes not shortened ; flowers stalked, SimpLE UnBEL.
B. Secondary axes bnnched, each beanng one or more § COMPOUND
simple umbels, . . . U Uwssre

II1. Inflorescences—(<€——> or <—)

A. Inflorescence, branched right and left from the primary
axis (in most cases shortened)— <>
a. Secondary axes not branched (each bearing a
single flower).

* Flower-stalks (secondary axes) arising
from the primary axis at different
heights, of unequal length, so that all
the flowers lie in one plane, . . Coryms.!

** The same flower-stalks (secondary axes)
very unequally developed, so that the
shape of the inflorescence is not the

same in all cases, . . . Loosr Corrws.'
b. Secondary axes branched (each vmh several
flowers).

* Primary axis terminated by a flower, be- \
neath which two opposite secondary
axes arise, each likewise ending in a
flower. Primary axis terminated by a | Dicaasreu
flower, beneath which two opposite ! or “DicHoro-
secondary axes arise, cach likewise end- | yovs Cyur"
ing in a flower, beneath which two op-
posite tertiary axes arise on each fork,
each again with terminal flower, &c.

** Secondary axes giving off three, four, z CoMPOUND

or more branches, often irregularly, { DicHoruMous
otherwise like the dichotomous cyme, Crur
B. Secondary axes developed only on one side of the
primary axis (either left or right), giving the in-

florescence a one-sided appearance. All the dary
axes unite, forming an apparently continuous primary
axis (false axis) <—|
a. Falee axis, spirally twisted, 3 S‘g:::"’
o . . . . Hewricorp
b. False axis, forming a zig-zag line, . 3 Cre.

! Sce note on precediug page.
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Description of the various Forms of Inflorescence.

(1.) The Spike (Fig. 112).—The primary axis is long and
slender, often undulating. On its surface are little depressions,
from which arise the sessile flowers. The lowermost flowers
open first, those at the apex (terminal flowers) last.

ExaupLes.—The spike occurs chiefly among the grasses (rye, barley,
cat’s-tail, foxtail), but among these the inflorescence is not simple, but
compound,—i.e., where we should expect only a single flower we get
a small spike or spikelet. In other plants (oak, mercury) the florets
of the spike form clusters (Fig. 114, L.).

(2.) -The Spadiz (Fig. 46) is a spike with a thick, fleshy axis,
the florets set very close together. Between the spike and the
spadix we have a type in which the flowers are not arranged so
closely as in the spadix, nor so widely apart as in the spike.

Fie. 109. Fia. 110. Fic. 111. Fre. 112. Fie. 113.

Forms of Inflorescence.—Fig. 109.—Raceme of bell hyacinth (Muscari racemosum) ;
nat. size. Fig. 110.—Spadix of pond-weed (Potamogeton lucens); nat. size.
Fig. 111.—Cone (with ¢ flowers) of the pine (Pinus sylvestris) ; three times en-
larged. Fig. 112.—Spike of a grass (Lolium perenne) ; nat. size. Fig. 113.—Cat-
kin (with ¢ flowers) of the birch (Bctula alba) ; nat. size.

ExampLEs.—Arum, lily of the Nile (Richardia africana), pond-
weed ( Potamogeton).

(3.) The Catkin (Fig. 113) is a spike with slender axis and
small, green, close-set flowers. The flowers are concealed by large
scaly bracts, which lie so flat and close together as to give the
catkin a cylindrical shape. The catkin separates as a whole

from the plant when withered, the & after the flowers are past,
E
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the ¢ after the fruit is ripe. The spike again does not separate
as a whole, but the individual florets drop off, leaving the axis
behind. -

Exampres.—Catkins are found cn many trees (catkin-bearers)—
hazel, walnut, poplar, willow, alder, aspen, beech, birch.

(4.) The Cone (Fig. 111) is a catkin, whose scaly bracts become
woody when the fruit is ripe. It is rounded and elongated in
shape. When ripe the individual flowers or fruits do not drop
off, but the inflorescence falls as a whole, as in the case of the
catkin.

Exampres.—The cone is the characteristic inflorescence of the pines
(fir, larch, pine), whence they are termed conifere or cone-bearers.

(5.) The Raceme (Fig. 109) is a spike with stalked flowers. The
lowermost flowers open first,
the uppermost last. The
raceme may be either erect
or drooping.
ExawprLes.—Inflorescence
racemose—hyacinth, lily of the

valley, barberry, foxglove, hare-
bell, heath,

(6.) The Panicle (Fig. 114,
I1.) is a raceme with irregu-
larly branching secondary
axes. The lowest (sometimes
also branched) are the longest,
further up they are shorter.
The shape of the panicle is
irregular.

ExawpLes. — Many grasses
have their flowers in panicles—
sedge, oats, quaking-grass, brome-
arass,

(7.) The Capitulum or Head

Fie. 114, (Fig. 114, I11.).—The primary
Types of Inflorescence.—1. Spike of mer- 4 xig terminates suddenly, and

cury (Mercurialis annua); II. Panicle of . .
brome-grass (Bromus mollis) ; I11. Capitu- bears at its summit a large

"": or head of clover (Trifolium pratense) ; pumber of close-set sessile or
Ak sz very short - stalked flowers,
forming a ball-shaped head.
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ExampLes.— Capitula—clover, mountain jasione, scabious, devil's
bit scabious.

(8.) The Anthodium (Fig. 115) resembles the capitulum. The

primary axis ends suddenly, and widens out into a convex disc,
the receptacle on which the sessile florets are inserted. In
many cases the florets are of two kinds, ligulate at the circum-
ference (ray-florets, z, Fig. 107, I, Fig. 85), tubular centrally
(disc florets, », Fig. 107, IL).
At the base of the antho-
dium are & number of bracts,
which overlap each .other,
forming an involucre (k).

Exampres.—The anthodium is
the characteristic inflorescence of
the Composite. Examples of
flowers having an anthodium en-
tirely composed of ligulate florets
are — dandelion, goat’s - beard,
chicory, lettuce ; flowers with an-
thodium composed of tubular as
well as ligulate florets are—sun-

flower, daisy, camomile, corn-
marigold.

(9.) The Simple Umbel (Fig.
116) is like the capitulum,
only its florets are borne on
longd stalks. . All the florets Fro. 115
stand at the same level, at least . Lo
by the time all are full blown. Anthodium of 'h:,':l: (f;,:“ um oleracewm) ;
At the spot where the secon-
dary axes arise from the stem is a rosette of bracts forming
an snvolucre.

ExaupLEs.—Simple umbel—Primrose, sanicle, pennywort (Hydro-
cotyle).

(10.) The Compound Umbel (Fig. 117) differs from the simple
umbel in this, that instead of bearing a single terminal flower,
each secondary axis bears a secondary umbel, which, like the
simple umbel, is surrounded at its base by an involucre.

ExawprLes.—The compound umbel is the characteristic inflorescence
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of the Umbelliferae—water hemlock, fool's parsley, carrot, chervil,
celery, caraway.

Fie. 116. Fia. 117.
Simple umbel of the oxlip (Primula Compound umbel of the water-
elatior) ; nat. size. A Involucre. hgmlock (Cicuta virosa) ; half nat.
size,

(11.) The Corymd (Fig. 104) is an inflorescence having the
primary axis suddenly shortened. The secondary axes each
bear one flower; arise, as in the raceme, at different levels; but
end, as in the umbel, at the same level. There is a single

Fia. 118, Fia. 119. Fia. 120.

Corymb of the rush Corymb (of anthodia) of mil-  Dichasium of chickweed
(Juncvs effusus) ; foil (Achillea millcfolium); (Stellara media); nat. size.
nat. size. a Culm, nat. size.

b Bract.
vract in connection with each flower, and no involucre as in the
umbel. The corymb of the rush is exceedingly irregular, pro-

bably a degenerate cyme (Fig. 118).
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ExaupLes.—Corymb (of anthodia)—tansy, milfoil, corn-marigold.

(12.) The “ Dichotomous Cyme” or Dichasium (Fig.120) is one
of the most regular forms of inflorescence. The primary axis
terminates suddenly in a flower; beneath this flower arise two
secondary axes; each of these branches similarly ends in a
flower, and gives off two tertiary axes, and so on (thus producing
a superficial resemblance to true dichotomy).

ExaumpLes.—Most of the pink order— (chickweed, &c.).

(13.) The Compound. Dichasium (Fig. 119) is very similar to the
simple dichasium. From beneath the terminal flower of the
primary axis spring, not two, but several secondary axes, e.g.,
three, four. Each of the secondary axes terminates in a single
flower, from under which again arise a number of branches, and
S0 on.

ExaupLes.— Compound dichasium—elder, valerian, wild euphorbia.
It is not unusual to find the terminal flowers suppressed.

(14.) The Scorpioid Cyme is a one-sided inflorescence. We
may suppose it to be developed from the dichasium in the fol-
lowing manner (comp. Fig. 108, I. II.). The primary axis is
terminated by the flower 1; from beneath this one branch is
given off, say, to the left (in the dichasium two are given off at
the same spot, one to the left, the other to .
the right); this secondary axis is terminated
by the flower 2, from beneath which another
branch (3) is given off to the left, and so on.
This one-sided mode of branching gives rise
to a one-sided inflorescence; the numerous
branches together form a scorpioid axis, closely
curled at the tip. The Helicoid Cyme (Fig.
108, IT1.) is a similar one-sided inflorescence.
It, too, is a development of the dichasium. As
in the scorpioid cyme, a simple lateral branch
is given off from the primary axis, say, to the Fra. 121.
left ; from this one is given off to the right, pouble scorpioid
from this one to the left, and so on, left and cymeof the marshfor-

. . get-me-not (Myosotis
right lateral branches always alternating. A palustris); nat. size.
zigzag false axis is thus formed.

Note.—The scorpioid and the helicoid cyme often closely resemble

the spike and the raceme ; they may be distinguished as follows :—
In the spike and raceme the floret and the bract belonging to it are to
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be found on the same side of the axis, in the scorpivid and helicoid
cyme the floret is found on one side of the false axis (e.¢., the right),
the bract on the other (e.g., the left) (comp. Fig. 103 with 108, IIL).

ExampLEs.—The helicoid cyme is rare; examples are found in the
day-lily and the perforated St. John's wort. The scorpioid cyme is
characteristic of the borage family (e.g., forget-me-not, heliotrope).

The forms of inflorescence are of importance with regard to the
classification of plants. Large groups of plants are thus classified,
e.g., the Catkin-bearers (catkins), the Conifere: (cones), the Umbelli-
fere (compound umbels), the Composite (anthodia). Further, we
find a certain form of inflorescence to be characteristic among
most of the plants of a class, even although it is not made the ground
of classification—grasses (spike and panicle), the pinks (dichasium)
rushes (irregular corymb), borages (scorpioid cyme).

Sometimes we find a combination of two modes of branching in
one inflorescence. In the panicle, e.g., the branches almost always
bear spikes (Fig. 114, IL); the corymb, instead of having a single
terminal floret on each of its branches, may have an anthodium (kig.
119), &e.

6.—The Fruit.

It has already been said that the organs of the flower, after
they have attained a certain age, wither and fall off. To this
general statement the ovary forms an exception ; after the other
parts of the flower have faded, the ovary enlarges and finally
develops into what is familiar to us as the fruit. The fruit
consists of a hard or fleshy envelope, containing one or more
cavities or “cells.” Adhering to the walls, or attached to short
stalks, we find the seeds enclosed in these spaces. In the seed
is the germ of the new plant; we all know that when it is sown
in the soil a young plant is developed from it. Reproduction
of plunts %s effected by means of the seed.

The ovary only develops into the fruit, and the ovules into seed,
if during the period of tlowering pollen has had access to the stigma.
More will be said of this hereafter.

When a flower contains only one ovary, there will be only
one fruit; ¢g., we only get one cherry from a single cherry
blossom. In those fruits again which have several or many
ovaries, we find several or many fruits; in fact just as many
as there were ovaries. As in this case the fruits lie close
together so as to form a cluster, the fruit taken as a whole
is termed aggregate.

ExaupLes.—The best known aggregate fruits are raspberry and
Lramble. They are formed of a number of small individual fruits,
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crowded together in one mass, each somewhat rounded in shape, not
unlike a plum.

In certain instances the ovary alone does mot constitute the
fruit, but other organs of the flower take partin its composition.
Two well-known instances are the rose and the strawberry. The Aip
is the name we give to the fruit of the rose; it consists of a red,
fleshy envelope, inside of which we find a number of hard, elongated,
hairy seeds. The red envelope is not, as we might suppose, the swollen
pistil, but_the end of the axis, which has become enlarged, cup-shaped,
and rather fleshy ; the seeming seeds are not merely seeds, but fruite.
In the strawberry the red succulent part is formed by the axis or
receptacle ; the little seed-like bodies which dot its surface are the fruit.
The pseudo-carpous fruit of the rose and strawberry are at the
same time aggregate.

. Pericarp is the general name for that part of the fruit which
is not the seed. The pericarp may be thick or thin, fleshy
(succulent), or dry. Sometimes we can distinguish in it several
layers, which are then called the external, internal, and middle
pericarps, or epi-, endo-, and mesocarp respectively. These three
layers are well seen in the plum. Here the external pericarp is
the thin, purplish, rather bitter skin which covers the surface of
the plum; under this lies the greenish yellow, succulent meso-
carp (the flesh), and within this is the internal pericarp. The
last is very hard .and woody, and contains a single seed. We
call it the stone of the fruit.

When the fruit is ripe, .c., fully developed, it in many cases
falls to the ground. In others it splits up into separate parts,
and these fall singly. Other fruits again burst open and scatter
the seed abroad, while the husk remains hanging on the plant.

ExampLes.—Fruits which remain entire—cherry, plum, apple,

bilberry, cocoa-nut. Fruits which split into parts—carrot, caraway,

maple.  Fruits from which seed 18 scattered—poppy, rape-seed, pink,
laburnum, thorn apple.

Fruits vary much in the number of seeds which they contain.
Some have but one, others two or three, others many.

The ecternal appearance and character of the fruit depend
on the character of the pericarp. Fruits are distinguished by
the manner in which they open, the number of seeds, the
number of cells, and so on.

According to the character of the pericarp, all seeds are
divided into dry, and succulent or fleshy, and these (according as
they open or not when ripe) may be dehiscent or indehiscent.
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I. Dry Fruits—The pericarp is thick and leathery, never
soft and juicy. Dry fruits include the grain, the nut, the winged
nut, the samara or winged fruit, the cremocarp, the schizocarp,
the siliqua, the legume, the capsule.

11. Succulent Fruits.—When ripe the pericarp is altogether or
partly soft and succulent, often very juicy. Succulent fruits
include the drupe, the berry, the pepo or gourd-fruit, the pome,
the soft capsule, and the walnut.

Tabular View of the various Kinds of Fruit.

1. Dry Fruits.

A. Indehiscent, one or two seeded (nuts, &c.).
a. One-seeded.
* Wingless,
1. Pericarp, thin and 1eathery, seed adherent, GRAIN.
2. Pericarp, thick, hard, and woody, easily
separated from the seed, . . . Nor.
** Winged, . . WinGEp Nur.
b. Two-seeded. When npe spllttmg mw t.wo hdves,
held together by a stalk.
* Wingd, . . . . . . SAMARA.
** Wingless, . CREMOCARP.
B. Dchiscent ; mostly with several seeds (dry dehmeent
fruits, capsules).
a. Simple, dry, dehiscent fruits (formed by one
carpel), one-celled, seeds one or more.
* Opening along one suture ; seeds one or more ;

mostly aggregate, . . ScHIZOCARP.
** Dehixcing along two sutures, al“ ays wuth
several seeds, never aggregate, . . LEcuMk

b. Compound dry dehiscent fruits (composed of t\no
or more carpels), cells one or scveral, seeds
always numerous.

* Elongated, composed of two carpels, two-

celled (with partition), seeds adherent to

the two margins of ventral suture, dchiscing
along both sutures, . StLiQua.

** Rounded, composed of uvcral carpels (e.g.,
five, ten), dehiscing by pores or by a lid, . CapstLk

1I. Succulent Fruits,

A. Succulent indchiscent fruits  The seed or seeds
surrounded by a succulent pericarp, which becomes
juicy when ripe.

a. One-celled.
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11. Succulent Fruits—continued.
* One-seeded ; seed with woody inner pericarp

(stone), . . . . . . DRuPE.
** Usually with several seeds ; no woody inner
pericarp.
1. Fruit containing few seeds, usually
attached to the centre, . . . BERRY.
2. Fruit, many-seeded, seed attached to { PEroor GourD
dissepiments in crossing centre, i FRuir,
b. Several-celled, . . . . . . . Pour
B. Succulent dehiscent fruits : —
Pericarp soft, but not juicy.
a. Several seeded, . . . . . . Sorr CarsuLk.
b. One-seeded, . . . . . . . WALNUT.

Description of the various Fruits.

(1.) The Grain (Fig. 122) is indehiscent, and has a dry
leathery pericarp, containing one seed, to which it is adherent ;
the pericarp, therefore, cannot easily be separated from the seed.

u

Fia. 122, Fia. 123. Fic. 124, Fia. 125. Fie. 126.

FPruits.—Fig. 122, —Grain of the oat (4dvena sativa) ; 1I. Cross section of the
same. Fig. 123.—Nut of the oak (acorn). Fig. 124.—Winged nut of elm (/lmus
campestris). Fig. 125.—Samara of maple (4cer platanoides). Fig. 126.— Cremo-
carp of Heracleum sphondylium ; nat. size. b Stalk, ¢ Cupule.

ExaMpres.—The ‘grain is the characteristic form of the fruit of
grasses and the Composite. Caryopsis is the term which applies more
especially to the grasses. Achene is the name given to the fruit of
Composite. Examples of the caryopsis are rye, wheat, barley, oats,
millet, maize, rice, &c.; of the achene—daisy, dandelion, thistle, sun-
flower, &c. The caryopsis is to be distinguished from the achene by
its inseparable pericarp and by its being channelled externally in the
long direction.

(2.) The Nut (Fig. 123) is likewise a dry, one-seeded, in-
dehiscent fruit. Tts pericarp is thick, leathery, or wood, and not
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adherent to the fruit, so that the latter remains intact after the
shell is broken. Sometimes, but not always, the lower end of
the nut is surrounded by a kind of involucre called the cupule
(¢, Fig. 123).

Exaupres.-—Hazel-nut, acorn, cocoa-nut (but not the walnut).

(3.) The Winged Nut (Fig. 124) is a dry, one-seeded, indehis-
cent fruit, the tough pericarp of which is extended so as to
form a broad flat rim around the fruit, which serves the latter
as wings.

ExampLes.—Birch, elm, ash.

(4.) The Samara or Winged Fruit (Fig. 125) differs from the
winged nut in having two seeds. When ripe, it splits into
two halves, each winged, but still held together by a thin,
divided stalk. After a time these usually fall away singly.

ExampLe.—The samara is characteristic of the maples.

(5.) The Cremocarp (Fig. 120) is similar to the samara, but is
wingless. When ripe it splits into two halves, which fall
singly, and are ridged or prickly externally.

Exaupres.—All Umbelliferee (caraway, hemlock, parsley, fennel,
chervil, cow-parsnip, &c.).

(6.) The Schizocarp (Fig. 97, II1., VIIL, X) is a dry, dehiscent,
always simple fruit, composed of one carpel. It may have one
or several seeds. If several, they are attached to the suture,
forming one row. Dehiscence takes place along the suture.
Schizocarps are mostly aggregate.

ExaMpLES.—Anemone, meadow rue, liver-wort, arrowhead.

Note.—The shade-loving herb-Christopher or baneberry (Acten

apicata) has its fruit in the form of a dark blue tleshy schizocarp,
which causes it frequently to be mistaken for a berry.

(7.) The Leyume (Fig. 127) is a dry, dehiscent, simple fruit,
composed of one carpel. It has several seeds placed in a row.
It dehisces by two sutures. Legumes are never aggregate; each
flower produces only one. The legume is long and narrow in
shape.

Exaupres.—All papilionaceous flowers have fruit in form of a
legume, e.g., lupin, laburnum, beans, lentil, pea, vetch. In the fruit

of the bladder-senna (Colutew arborescens) the pericarp is inflated like
a bladder ; the fruit may be said to be a bladder-like legume.
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Note.—The term lomentum is applied to a certain form of legume
which is constricted into joints, this giving it a beaded appearance.
At each constriction there is a dissepiment,
so that the pod is divided into as many
cells as there are expansions. The lo-
mentum does not burst open along its
length, but falls to pieces by dividing at
the dissepiments (e.y., Ornithopus).

The Siliqua (Figs. 128, 129) is a dry,
dehiscent fruit, formed by two carpels,

and having two cells in valves. It is >
many-seeded ; the seeds are arranged
in two rows.

~—

It dehisces by two sutures from
below upwards, or wice wversa, the
central membranaceous dissepiment
remaining attached to the stalk.

According as the partition is broad or Fic. 1_27' F 1a.128. Fia.129.
narrow, the siliqua is termed latiseptate Fruits.—Fig.127.1.—Legume

: iR of lupin (Lupinus multifioru
or anqustiseptate. A very short siliqua _mtf’ si;;’ﬁ' The uﬁe i’g

(Fig. 128) is called a silicula. cross section. Fig.128.—Siliqua
- . f shepherd’'s purse (Cupsella
Exampres.—The siliqua is the charac- ‘;u,,‘:, ;l;,:o,.,-:) ;Pthm tgme}s”en-

teristic fruit of the crucifere ; wallflower, larged. II Crosssection. Fig.
wild mustard, cress, penny-cress, shep- 129.—Siliqua of Matthiola in-
herd's purse, whitlow-grass, watercress, ~ 44 ; nat. size.

(9.) The Capsule (Figs. 130, 131) is a dry dehiscent fruit, com-

Fia. 130. Fic. 131. Fia. 132

Pruits.—Fig. 130.—Capsule of poppy ( Papaver somniferum);
nat. size. Fig. 131.—Empty capsule of chickweed (Stellaria
media); six times nat. size. Fig. 132, —Cross section of
cucumber (Cucumis sativus) ; nat. size.

posed of several carpels. It is easily distinguished by its shape
from such forms as the siliqua and legume; it is rounded or
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very slightly elongated, never long, narrow, and flattened like
those forms of fruit. It is many-seeded, never one-seeded.

The number of carpels constituting the pericarp varies, Usually
there are ten or five carpels, but sometimes, as in the Lychnis tribe,
which almost all have capsules, we get besides five and ten, six, four,
or three carpels. Capsules composed of two carpels are not uncommon,
e.g., in the Personate. The seeds are either attached to the walls of
the capsule, or to a central column. The dehiscence is either by
valves, pores, or a lid.

(a.) Valvular Dehiscence(Fig.131).
—This species of dehiscence takes
place in the long direction. The
carpels usually separate along their
sutures. The capsule begins to open
at the end nearest the stalk, and
the dchiscence ends at the top,
where we usually find as many
teeth as there are carpels in the
capsule.

(b.) Porous Dehiscence (Fig. 130).
—When the fruit is ripe, openings
or pores form in the sides of the
capsule, through which the seeds
fall out.

Fie. 133. (c.) Transverse or Circular De-

Pyxis of “monkey-pot” (Lecythis hiscence (Fig. 133).—A groove is

"”‘:l's‘;)e nff:?lf,fgwtmv'fm lec‘;‘;’u‘l’; formed round the circumference of
5;0“ dd ﬂd ‘pf Seed adhering the capsule (e, Fig. 133),along which

to internal surface of capsule. Their the upper part of the capsule sepa-
peculiar irregular shape is due to the rates from the lower. The upper
pressure they have undergone during part s called the lid; it falls off,
development. and the seed is set free. This

form of capsule is called a pyxis or pyridium (Gr. pyxis, a box).

ExampLes.— Valvular capsules—pink, cuckoo pink, corn-cockle;
porous capsules—poppy, blue-bell ; Pyriidia—pimpernel, monkey-pot
(Fig. 133).

(10.) The Drupe is a juicy, simple, one-seeded, indehiscent
fruit. The pericarp is divided into three layers—external skin-
like, middle fleshy, and internal woody. The woody pericarp
contains the softish seed, which lies free in the inside. The
woody pericarp and seed together form the stone (plum, cherry,
&e.).

ExaupLrs.—All the “stone fruits” aro drupes — peach, apricot,
plum, sloe, cherry, damson.
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(11.) The Berry is a juicy, usually simple and several-seeded,
indehiscent fruit. The pericarp is in two layers—an outer
skin-like, and an inner succulent layer. The seeds do not lie
in a woody layer of the pericarp, their attachment is usually
central, occasionally parietal (gooseberry).

Exaumpres.—Bilberry, laurel, grape, gooseberry, currant, snowberry.

(12.) The Pepo or Gourd-Fruat (Fig. 132) is, properly speaking,
a large berry with a thick pericarp. It containsa large number
of seeds which are attached to partition-like placentee. When
ripe it contains, like the berry, a large quantity of juice.

ExamprLEs.—Pumpkin, cucumber, melon.

Note.—Fruits of the orange species (orange, citron, lemon) are also
to be regarded as a variety of berry. They are multicellular, and each
cell is filled with pulp, which surrounds the seed.

(13.) The Pome is a succulent, several-celled, several-seeded,
indehiscent fruit. The pericarp consists of three layers—an
external skin-like, & middle fleshy, and an inner parchment-like
layer, which forms the cells. Usually there are five cells. If
the seeds are woody and hard the pome is said to be drupaceous.

ExampLes.—Apple, pear, quince ; druj;aceous—hawthorn, medlar,

(14.) Fleshy Dehiscent Fruits are rare, and require no peculiar
names. Their pericarp is fleshy, but not juicy.

Such a fruit is, e.g., the walnut. Its seed is surrounded by the
woody inner layer of the pericarp. The outer layer is fleshy, very
unpleasant to the taste, and of a green colour; it opens when the
fruit is ripe. The walnut may therefore be compared to a dehiscent
stone fruit.

The horse-chestnut is an example of a fleshy cupsule. At first it is
two-celled and six-seeded, but in development it becomes three-valved
and two-seeded ; the green prickly and fleshy pericarp opens when
ripe, and the two large sceds fall out.

The fruit of the balsam may be most conveniently compared to a
fleshy siliqua. On account of its peculiar mode of dehiscence this
plant is called touch-me-not (Impatiens noli-me-tangere). 1f the ripe
capsules of the balsam are touched they open at once, the fleshy
valves curl themselves up like a watch-spring, and the seeds are
scattered by the sudden movement.

We already know that plants may be arranged according to their
mode of inflorescence, They may also be arranged according to the
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form of their fruit. Thus the grasses have a caryopsis, the Composite
_ an achene, the maples a samara ; similarly a cremocarp characterises
the Umbelliferee, a schizocarp the Ranunculacee, a legume the Papi-
lionace, a siliqua the Crucifere, a capsule the poppy, pink, primrose,
blue-bell, lily, iris, orchis, violet ; a drupe the almond, a berry the bil-
berries, a pome the apple, a pepo the pumpkins, and so on.

C.—THE SEED.

In the young ovary are found, as we have already seen, the
ovules. While the ovary is developing into the fruit, the ovules
are developing into the seed. The fruit may contain one, several,
or many seeds.

The essential parts of the seed are the embryo, from which
the young plant is developed, and the seed-coat or integument,
which covers the embryo and protects it from injury (Fig. 21).
Besides these two parts, there is found in many seeds a homo-
geneous white, grey, or yellowish-looking mass, which may be
either floury, fleshy, hard, or tough, and which serves as a store
of nourishment for the young plant during the early stages of
growth. This mass is the albumen.

ExaMpLES.— Well-known examples of exalbuminous sceds (seeds
without albumen) are the bean, pea, lentil, &c. ; seeds
containing a large quantity of albumen are, e.g., those
of the grasses, or the nut of *Phytelephus macrocarpa,
in which the albumen is 8o hard that it can be worked
like ivory.

The arrangement of embryo and albumen in the
seed is seen in Fig. 134, where we have a longi-
tudinal section of a grass seed much enlarged.
The surface of the seed is covered by a strong
integument, the seed-coat (s) which in this case is
yellowish in colour. At the base of the seed is
the germ or embryo (Gr. embruon, a seed), which
is again ade up of several parts. The upper

Fic. 134.  prominence is the germ into that part of the plant

Longitudinal which appears above the ground, the lower () is
m“;.’fl, e the germ of the root. The former (f) is called
ule, 0 Radicle, the plumule, the latter (1) the radicle. Beside
mﬁ:‘;w‘ the plumule, but more towards the centre of the

seed, is a rather long, narrow leaflet, which, when
the seed sprouts, is the first to appear above the ground and
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assume a green colour. As this leaf is already formed in the
seed it is called the seed-leaf or cotyledon. Close to the embryo
is the large floury mass of albumen (¢), which forms the earliest
nutriment of the young seedling.

In cases where the albumen is awanting the nutriment is
stored in the cotyledons themselves. We have already seen the
seed of the bean (Fig. 21). In it we find the germ of the future
plant (¢) enclosed in the strong white seed-coat (f, II.) and two
cotyledons (e ¢), which are thick and fleshy, and loaded with
nutritive material.

By the examination of the grass seed and of the bean, we
learn that some seeds have two cotyledons, others only one.

IV.—HAIRS, &ec.

Hair structures are not, like flowers and leaves, confined to a
certain part of the plant, but are to be found on root, stem, and
leaf structures. ,

They are usually small and
fine, and therefore run a greater
risk of being overlooked in a
superficial scrutiny. Hair struc-
tures are found only on the
surface of organs, to which they
give a velvety, woolly, or rough
appearance. Hairs are either
cylindrical and pointed, or they
are cylindrical with a kuob-like
head (Fig. 135).

There are always hairs on
the surface of roots (root-hairs).
The extreme ramifications of the

rootlets are usually quite covered Fic. 135, Fia. 136.

with them. The shape of these mﬁﬁuﬁ&Mﬁgﬁ"ﬁf"g’lﬁf

hairs is cylindrical ; glandular dular ham;( : wix fzimen enlarged. Fig.
hairs never occur on roots. }3?;EP$~ lon of the rose (Hosa centi-

The absorption of water from the ground by roots, already spoken
of, is mainly accomplished by the root-hairs. These can penetrate the
smallest interstices, the spaces between grains of sand, &c., and attach
themselves to the smallest particles with great firmness, the plant
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being thus very closely connected with the ground. The water pene-
trates the delicate colourless walls of the hairs, gets into the roots, and
is by them conveyed to the other parts of the plant. See Part IV.

The stem and leaves also abound with hairs; if entirely with-
out them, they are said to be naked. Hairs on the stem and
leaves either serve to protect these organs against cold, &c., or
against the approach of animals, or they may serve as a means

of transport for the fruit.

Many plants indigenous to lofty mountains or the polar regions are
so thickly covered with woolly hairs that their form is almost con-
cealed. In such cases the hairs are to the plants what fur is to
animals. Plants which grow in the desert are often for similar reasons
well protected by hairs.

A well-known form of defensive hair is that of the nettle. The
pain which ensues upon touching this plant is due to the fact that the
surfaces of the leaves are covered with long fine hairs, which contain
a poisonous fluid. The walls of these stings are hard and brittle, like
glass; when the hand comes in contact the sharp points pierce the
skin and there break off, upon which a small quantity of the poison
is emitted. It is this which causes the burning, itching sensation,
which fortunately soon passes off. The same effects are caused by
the sting of many exotics. The fruit of Mucuna pruriens, a papilion-
aceous plant common in the Moluccas, is covered with stiff straight
hairs ; if these are touched they enter the skin, break off, and cause a
severe, almost intolerable, itching and burning sensation.

Almost without exception flowers bear hairs on one part or
another, which either play a part in connection with insect
fertilisation, or protect the flower against damp, and the aggres-
sive attacks of animals. Of this we shall hear more in Part
III. The fruit and seeds of many plants are frequently very
hairy. The hairs may serve as wings, and admit of the seeds being
carried by the wind, so that plants possessing such seeds have a
good chance of being widely spread. This, too, will be further
considered in Part 1II.

We usually apply the term hair to superficial appendages of
the plant, when they are thin, delicate, and flexible. Stiff hairs
are termed bristles, strong and woody hairs become prickles
(Fig. 136).

The most familiar examples of woody hairs or prickles are
those of the rose and bramble. They are confined to the stem and
to the veins of the leaf. If we peel off the rind of a prickly stem,
the prickles come away along with it. DPrickles are thus easily
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distinguished from thorns (Fig. 18). The thorn is a modified
branch, covered with a thickish rind, while the prickle is a
modification of the epidermis. The distinction between prickles
and thorns should be carefully kept in view. In like manner
we must guard against confounding the true thorn with thorns
whieh are modifications of leaves (leaf thorns, Fig. 43). The
external resemblance between prickles, thorns, and leaf thorns
arises from the fact that during the life of the plant they all
perform similar functions; they ward off, with their sharp
points, the attacks of predatory animals. This function they all
perform in the same way, yet the first are hair-structures, the
second stem-structures, the third leaf-structures.



PART IIL

SYSTEMATIC BOTANY.

FLORAL DIAGRAMS.

ESSENTIALLY the flower is composed, as we already know, of ¢
three parts, the floral envelopes (calyx and corolla), stamens, and
pistil. The calyx surrounds the flower externally, next comes
the corolla, next the stamens, and last of all the ovary or
pistil.
If we look at a typical flower from above (Fig. 137, 1.) we at
once see that the centre of the ovary is exactly the central point
of the flower; that is to say, if we draw from the points a, b, d,
¢, f, the extremities of the petals, straight lines to the point c,
the lines ca, cd, cd, ce, cf will all be equal.

b They are the radii of a circle, which passes
¢ peripherally through the points a,3, d, ¢, /, and

! whose centre is c.

d It is easy to see that not only can a circle

be drawn so as to touch all the extremities of
the petals, but other circles can also be drawn
which shall touch peripherally the extremities
of the stamens and sepals, they being likewise
equidistant from the centre (Fig. 137, 1.). We
therefore speak of a circle of petals, a circle of
sepals, and a circle of stamens. Technically
Fio. 187. these circles are called whorls.

Diagram of a  If through the point ¢ (Fig. 137, L.) a line is
;'}'fe““l,:] ﬁ'.’:;e:i,o,,g'; drawn perpendicular to the surface of the flower,
IL. From the side. it will pass through the centre of the ovary and
be continued in the stalk (g , Fig. 137,11.) This will represent
the axis of the flower.

The Floral Diagram.—If a section of a flower is made in a
direction at right angles to the axis (i.c., a transverse section), we
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find, at least in the bud, the corolla inside the calyx, the stamens
inside the corolla, and, in the centre of all, the ovary.

In Fig. 138, I. we have a bud of mock orange blossom (Phila-
delphus coronarius), whose axis lies in the vertical line 4. If
with a sharp knife we make a section through the bud at B,
at right angles to 4, we see what is represented in Fig. 138,
II. Externally the bud is surrounded by four thick, narrow,
green sepals (k);
then come four white
petals (b) overlapp-
ing each other (black
in the figure for the
sake of clearness),
then a large number I
of young stamens A
(s), their anthers Fic. 138.

cut across, and fin- Mock orange blossom (Philadelphus coronarius).—I.
all he f 1 Bud, nat. size ; II. section of the same through B ; III.
y the four styles section through C. A Axis; k Calyx; b Petals; s

( ) their stigmas Stamens ; f. Style. (II. and III. four times enlarged.)
cut away. This section gives us a very good idea of the more
apparent parts of the flower, but as yet we know nothing of its
ovary. To discover its structure, we must make a second
section through C (Fig. 138, L), also at right angles to the
Axis 4, and therefore parallel to B. We shall then see what is
represented in Fig. 138, IIL.: the ovary is four-celled ; in each
cell are two placente, with numerous ovules.

If we now make a drawing of what we see when we lay the
two sections one on the top of the other, in such a way that
their centres correspond, we shall get the Figure 139. In this
diagram we have a representation of @/l the more important
parts of the flower, as if they lay in one plane.

A section of this sort is termed & floral diagram.

There are but few plants in which we can see all the parts of the
flower and their mutual relationships in a single section. We have an
example of this, however, in the tulip (Tulipa Gesneriana). If we
make a section through the flower about half-way up, we shall find
that it passes through the six parts of the perianth, the stamens, and
the ovary. The single section gives us the complete floral diagram.
Whereas in this case we find that the floral diagram is simply a some-
what diagrammatic representation of the transverse section, we must
remember that it is possible to have many varieties, differing from
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this in being either simpler or more complicated. We may concen-

trate on the more general relations of part to part, and thus obtain a

diagram simple, clear, and capable of being

understood at a glance ; or we may attempt

to delineate the more minute features of

structure and relationship, and thus obtain a

diagram less easy to understand, but more

exact as to particulars. In any case, the

diagram is the simplest possible expression

of the characteristic peculiarities of the

flower, and, given only a knowledge of the

rules regulating its construction, any one can

Fic. 139. easily represent thereby the structure of

Floral diagram of mock 30y flower which may fall under his con-

orange blossom (Philadel- sideration. Moreover, it is only by famili-

phus coronarius). akCalyx, arity with the art of diagrammatic repre-

:‘)V: P‘::‘gz " ?m;“ / sentation that one can hope to obtain a full

rY, w0 Dissepimen and clear idea of the characteristics of the

groups into which plants are divided, and of the relationships which

exist between one group and another. We shall now proceed first of

all to study the rules which govern the construction of the diagram,

and to consider the various forms which it may assume, after which it

will be possible for us to take a general view of the leading natural

orders. We shall begin with the very simplest forms, and pass

upwards to the more complex, until we arrive at those which show us

all the most important relations which exist between the parts of the
flower.

Construction of the Floral Diagram.

Usually the floral diagram consists of five concentric circles
(Fig. 140). On the first (1) lie the sepals of the calyx (calyx-

Fia. 140.
Outlines for construction of floral diagrams.

circle), on the second the petals of the corolla (corolla-circle), on
the third and fourth (3, 4) the stamens (stamen-circle) on the
innermost (5) the ovary (ovary-circle). The number of parts
forming each circle may always be traced back to the following
Jundamental types : —
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(1) The Three-leaved Type (trimerous).—Flowers with three
sepals, three petals, 2 x 3 stamens, and three-celled ovary.

(2.) The Four-leaved Type (tetramerous).—Flowers with four
sepals, four petals, 2 x 4 stamens, a four-celled ovary.

(3.) The Five-leaved Type (pentamerous.)—Flowers with five
sepals, five petals, 2 x 5 stamens, a five-celled ovary.

Corresponding to these floral types we have #rimerous,
tetramerous, pentamerous floral diagrams.

To construct a ¢rimerous diagram, draw, first, five concentric
circles (Fig. 140, 1.), divide the outermost into six equal parts,
and connect the points @ a® ¢ e* d d* in its circumference with
the centre (c) by means of straight lines; a ¢, ¢ ¢, and d ¢ may be
drawn in as dark, a® c, e! ¢, and d? ¢ as dotted lines. The dark
lines are the radiz, the dotted lines the inter-radiv. The tri-
merous diagram has three radiv and three inter-radii. Now
draw in (as in Fig. 141, 1) on the three radii of circle 1 the
three sepals, on the three inter-radii of circle 2 the three petals,

Fie. 141. .
Trimerous, tetramerous, and pentamerous floral diagrams.
on the radii of circle 3 and inter-radii of circle 4 the six
stamens, and, finally, insert the ovary as shown in the figure,
and the trimerous floral diagram is complete.

To construct the tetramerous diagram, begin as before by
drawing five circles (Fig. 141, I1.), and divide the circumference
of the outermost into four equal parts. By connecting the
points a, b, d, e by straight lines passing through the centre (c)
of the circles, we get the four radiia ¢, bec,dc,and ec. If we
now bisect « acbdand . bcd, and produce the lines a? ¢ and
b ¢ to the points d! and e?, we obtain the inter-radii a? ¢, b? c,
d'c and e'c. The tetramerous diagram has thus four radi:
and four inter-radii. The parts of the flower may now be
filled in, as shown in the description of the construction of the
trimerous diagram.
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The pentamerous diagram is constructed in a similar manner.
The circumference of circle 1 (Fig. 140, IIL.) is divided into ten
equal parts, and we then proceed as in the construction of the
trimerous diagram. We thus get the five radit a¢,bc,d ¢, e,
Jf¢, and the five inter-radis a'c, bc, dic, etc, f*c. The parts of
the flower are drawn in as before.

In the trimerous and pentamerous diagrams every second radius is in
the same straight line as every second inter-radius ; in the tetramerous
diagram every two radii and every two inter-radii are in the same
straight line.

The size of the angles is worth noting :—

(a.) In the trimerous diagram taca' = 60°, Lace=120°
(b.; In the tetramerous diagram raca® = 45°, cacdb = 90°
(c.) In the pentamerous diagram caca® = 36°, achb= 72°

Number and Arrangement of the Parts of the Flower.

From the floral diagram we are able to make out the follow-
ing points :— : ’

(a.) The number of parts in the flower;

(8.) The position which they occupy relatively to one another.

It leaves us, however, in ignorance of their form.

(a.) Number of Parts. — The very expression tri-, tetra-, or
pentamerous floral diagram is an index to the normal number of
parts to be met with in each whorl of the flower. As a rule all
the parts are either in threes or fours or fives; much more
rarely we find that one part falls below or rises above the others
in the number of its divisions. When this does happen, the

1 1 irregularity is generally in the

o ovary, the number of whose parts
@)

%, seems to be most subject to varia-
'®’ /J} tion. In Fig 142, for example,
W e : ;
\\_,/ we have two diagrams of Deutzia
: glabra, a common greenhouse
Fre. 142,

Di of Deuteia olabra. one P180L-  The calyx, the corolla,
with Ethree-ee]]ed, the "f,ghe.-’wm, and the two whorls of stamens
four-celled ovary. are each pentamerous, but the
ovary is trimerous (is three-celled, I.). The same plant may also
have a four-celled ovary (II.) In the flower of love-in-a-mist
(Nigella arvensis) are five sepals, eight petals, 5 x 8 stamens,
aud five ovaries (fruit a schizocarp, ovaries partly united).
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(b.) Arrangement of Parts—All the parts of the flower are so
arranged that either a radius or an inter-radius passes through
their centre (they are either on a radius or an inter-radius).
If there are, as often happens, two whorls of stamens, the
arrangement is usually as follows :—The sepals are on the radii,
the petals on the inter-radii, the stamens of the outer whorl on
the radii, the stamens of the inner whorl on the inter-radii, the
cells of the ovary on the radii. This holds good either of the
tri-, tetra-, or pentamerous floral diagram (Fig. 141).

In this case the sepals, outer stamens, and cells of the ovary lie all
in one straight line on the radii, the petals and inner stamens in one
straight line on the inter-radii.

When one of two parts lies on the radius, the other on the
inter-radius, they are said to be alternate, because the central
axes of the members of the one set occupy the spaces between
the members of the other (e.g., sepals and petals in the three
diagrams in Fig. 141). The whole diagram is said to be alternate
when all the parts of the flower are arranged alternately on
radii and inter-radii (Fig. 143, 1); such diagrams are very
common. There are probably no diagrams in which all the
members of the different whorls are opposite (i.e., situated either
on radii or inter-radii, Fig. 143, IL), and which are accordingly
called opposite floral diagrams. (The diagrams in Fig. 143 have
only one whorl of stamens, not two, like those we have hitherto
dealt with.)

The Theoretical Diagram.—If we compare the diagrams of a
number of similar plants, we observe that they are either
perfectly alike, or at least agree in
most points, and present only
slight variations. All plants of
the lily species, for example, are
pretty similar; such are the tulip,
the hyacinth, the white lily,
the tiger lily, the Turk’s-cap
lily, the snake’s-head, and fri-
tillary, &c. All these have a similar trimerous diagram—
three sepals (I, IL, IIIL, Fig. 144), which are not green, but
- coloured like the flower; three petals (1, 2, 3, Fig. 144), 2 x 3
stamens, and a three-celled ovary, each cell containing two seeds,

Fic. 143,
Diagrams.—I. Alternate, I1. Opposite.
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as is seen in transverse section (comp. Fig. 141, 1.). The parts
are all alternate.

Plants similar in some re-
spects to the lilies are the
rushes, the palms, the bam-
boos, and the grasses. Let us
examine the diagram of each
of these plants in turn.

The flowers of the rushes
appear at first sight Lo be very
unlike lilies, but this apparent
want of resemblance is due
to the fact that the rushes have
very small and inconspicuous

Fie. 144.

floral envelopes, while those
Flower of the tulip (Twlipa Gesneriana) ;

two-thirds nat. size I TL, IIL, Outes Of the lilies are very large
perianth (sepals); 1, 2, 3, Inner perianth and striking. The number

(petals). and arrangement of parts is
exactly the same in rushes and in lilies, so that, indeed, the
floral diagram of the lily (Fig. 141, 1.) would stand equally well
for that of the rush.

The flowers of the palms resemble those of the rushes in this
respect, that their flowers are likewise small and inconspicuous.
They, too, have three sepals, three petals, 2 x 3 stamens, and a
three-celled ovary. But while the cells of the ovaries of the
lilies and rushes always contain several seeds, those of the palms
contain only one. This peculiarity can easily be expressed
diagrammatically, as is shown in the diagram (Fig. 145, L.).

In tropical countries a common plant is the bamboo, which,
properly speaking, is a sort of grass, although it grows as high as
ur ... v .

-e

Fic. 145.
Diagrams.—1. Palm ; II. Bamboo; 1IL, IV. Grasses.

a tree. Their manner of growth and general appearance is not
unlike that of many palms, and the same applies to the structure
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of their flowers. These exactly resemble the flowers of the palm
in the number and arrangement of their parts, but the calyx is
entirely awanting, and the ovary is one-celled and one-seeded.
1f we construct a diagram of the bamboo, its appearance is some-
thing as follows (Fig. 145, II.):—As already said, there is no
calyx ; the calyx-circle therefore remains blank. If the calyx
were present it would have three sepals, to correspond with the
prevailing number of the other parts of the flower. In order to
indicate that the three sepals are awanting, we mark the place
they would bave occupied by three dots. The diagram of the
bamboo begins in reality on the second circle, where we find the
three petals; then follow the third and fourth circles, each with
three stamens alternating with one another, and lastly comes
the fifth with the one-celled, one-seeded ovary. It follows from
the shape of this ovary that it, too, must be trimerous; we can
see in the diagram the three carpels of which it is composed.

The floral diagrams of the true grasses are of a yet more
simple type. A grass which comes very close to the bamboo
in structure is the 7ice-plant (Fig. 145, I11.). Its flower is to
be distinguished from that of the bamboo by the following
peculiarities :—Whereas the bamboo flower has three petals,
that of the rice plant has only two; the missing petal should
occupy the position indicated in the diagram. Moreover, one
carpel of the one-celled ovary is undeveloped, namely, that
which lies nearest the two petals. Let these missing members,
too, like the missing sepals, be indicated by dots, and we shall
get the diagram, Fig. 145, TIL

The flowers of our common meadow grasses essentially re-
semble the one just described, only in their case the three
stamens of the fourth circle (the inner whorl) are also awanting ;
the grass diagram is given in Fig. 145, IV.

A study of Fig. 146 will make this clearer. In I. we have an entire
grass spikelet, bearing two flowers enclosed in two scale-like bracts
(glumes) (a, b). In 1L we have the lower flower more highly magni-
tied. At the termination of the flower-stalk are two  flowering bracts ”
(the outer and inner palee) which enclose the true flower. This con-
sists of two small white, often thickish, petals (z, the lodicule), three
long stamens (e ¢), and a rounded ovary, with two long feathery

stigmas (f). From the fact that there are two stigmas we infer that
the ovary is composed of two carpels.

We thus sce that in the flowers of these plants, the bamboos
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as well as the grasses, certain parts are absent which we should
expect to find, from our knowledge of the typical structure of

Fie. 146.
A grass (Holcus lanatus).—1. Spikelet with two flowers
(enlarged) ; II. The lower flower, more g Flower-

stalk, @ b Glumes, ¢ d Palee, ¢ Lodi e Stamens,
J Ovary with stigmas, A Stalk of single flower.

flowers closely related to them. From this point of view one
might therefore call such flowers irregular or undeveloped. By
comparison of these flowers with those of kindred plants, it is
possible for us to indicate in their diagrams the exact positions
which the missing parts ought to fill. The right hand diagram
in Fig. 147 shows the floral diagram of a grass, such as we obtain
by direct observation ; the other shows the diagram of the same
plant completed by filling in the missing parts, whose position
we know by comparative observation.

Such diagrams as show only the
parts actually found in the bud are
called empirical (i.e., directly observed)
diagrams. Such diagrams as show
not only the parts found in the bud,
but also indicate all others which are

. o known to be wanting from general
hpme:lf‘:wx;::.dw comparative obserrat?or{ are called
theoretical diagrams.

When the flower is yet in the early stages of development
(t.e., is a very small bud), we often find rudiments of those parts
which are awanting in the full-blown flower, and which are indi-
cated in the theoretical diagramn by dots. For example, in lowers

Fia. 147.
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where the second whorl of stamens is absent in maturity, it
may be found in embryo in the bud. Its presence is indicated,
like that of the other whorl, by a series of small prominences.
Its development is arrested, however; the stamens cease to
grow, and by and by all trace of them disappears. In other
cases, again, no trace of missing organs is found, even in the bud,
e.g., the inner whorl of stamens in the grass-flower.

Male and Female Flowers—Curious examples of arrested
development of parts occur among those flowers which we
before spoke of as male (3) and female (@). These, too, can
easily be represented diagrammatically. In male flowers the
ovary circle is absent; their diagram therefore assumes the
form shown in Fig. 148, L.; in female flowers all the stamens
are absent, see Fig. 148, IL. ; the
diagram of a neuter flower is
shown in Fig. 148, III ; the
diagram explains itself. Plants
bearing flowers, some of which
are male, others female, require a
diagram for the representation of
each sex.

In male flowers the ovaries, in
female flowers the stamens, are usually

entirely ‘suppressed ; but in many . . .. L Male: IL
lants, some of whose flowers are Diagrams. T o

ﬁmle, others female, we find in the Female ; ILL Neuter flowers.
male flowers rudimentary ovaries, in the female rudimentary stamens.
These appear as little knobs, projections, or hair-like bodies, and
show plainly that the peculiar form of the fully developed flower is
the result of suppression. These traces or rudiments teach us that the
unisexual flower is developed from the ordinary hermaphrodite form.

Regular, Symmetrical, and Irregular Flowers—If in any of the
typical floral diagrams (¥ig. 141) we prolong one of the radii or
inter-radii to the circumference of the circle, we find that it
divides the diagram into two halves, a right and a left. The
halves are symmetrical—that is to say, the one is of exactly
the same shape and size as the other. If we draw one of the
diagrams on paper, and cut it into halves with a pair of scissors,
and afterwards apply the cut edge to the surface of a mirror, we
see as it were & complete diagram, the one-half formed by the
paper, the other by its reflection. Everything which in the one

Fia. 148.
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lies, say, to the right, occupies in the retlection a corresponding
position to the left, and vice versa.

These remarks do not apply to one particular radius or inter-
radius, but to all alike, so that we can divide the trimerous
diagram in three, the tetramerous diagram in four, the pent-
amerous diagram in five different ways, into symmetrical halves.

All diagrams (and their corresponding flowers) which can be
divided into two exactly similar halves, in a variety of ways, are
regular.

There are other diagrams, however, which can be divided
into similar halves only in one direction, ¢.g., bird-vetch (Vicia
cracca), Fig. 149, 1. This can only
be divided symmetrically in the
. direction indicated by the arrow;
! a section made so as to cross the
arrow at any point cuts the flower
into two parts, one of which would
contain a greater number of the
. Symmetrical diagram of bird- organs of the flower than the

vetch (Vicia eracca) ; IL Unsym- Other.
metrical diagram of ladies’ mantle 4| diagrams (and their corre-

Alchemilla arvensis

( e g sponding flowers) which can only be
divided into two exactly similar halves in one direction are
symmetrical.

Fic. 149.

Symmetrical diagrams often develop from regular forms by sup-
pression of parts in the latter. One example of this we have already
had when considering the theoretical diagram (Fig. 145). The diagrams
of the palm and bamboo are reqular ; they can be cut into symmetri-
cal halves in three different directions. The diagrams of rice and
other grasses, again, are symmctrical, because they can only be cut
into symmetrical halves by a line running in a vertical direction
through their centre.

Symmetrical diagrams may arise in many different ways from the
primary types, by extinction of certain parts. Nature, too, we find,
forms the most varied symmetrical lowers, which may all be traced
back to the regular three, four, or five parted original.

Finally, there are certain diagrams (and corresponding flowers)
which cannot in any way be cut into two symmetrical halves.
An example of such a diagram is that of ladies’ mantle
(Alchemilla arvensis), Fig. 149, II. The flower helongs to the
tetramerous type ; it has, however, only one stamen, which lies
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to the right, and one ovary, which does not lie in the centre of
the flower, but is pushed upwards a little (is eccentric).

All diagrams (and their corresponding flowers), which cannot be
divided into similar halves are irregular.

ZSTIVATION, OR ARRANGEMENT OF THE FLORAL ENVELOPES.

When considering the flower of mock orange blossom (Fig.
139), we saw that in the bud the floral envelopes all overlap
each other in a certain manner. Even in a fully opened flower
we can easily see that the right margin of one petal extends for
some way over the left margin of

the next. This is termed overlap- T ===~ u

ping, because one part of one leaf :
partially overlaps a part of the

next. — \/

Floral leaves may be arranged

in the bud in various ways; the 1I_- v

most important are as follows :— ‘
(1.) When there are four petals

or sepals arranged in opposite pairs, \\__2" 4

so that both margins of the two outer Fio. 150,

overlap both margins of the tWo  gvation I Valvate; IL
inner, the arrangement is said to be Twisted; IIL Decussate; IV.
decussate or alternate (Fig. 150, ITL.). Quinouncial.

(2.) When the leaves are so arranged that one margin of one
leaf overlaps the margin of the one following it, and has its
other edge overlapped by the one preceding it, the ®stivation is
said to be twisted (Fig. 150, IL.).

(3.) When in a pentamerous flower two leaves have both
their margins overlapped, two others have both their margins
overlapping, and a fifth has one margin overlapped, the other
overlapping, the arrangement is said to be gquincuncial
(Fig. 150, IV.). .

(4.) When the margins of the leaves meet each other but do
not overlap, the arrangement is said to be valvate (Fig. 150, L.).

We need scarcely say that it is very easy to show in the
floral diagramn the manner in which the leaves overlap. In most
of the foregoing diagrams, however (with the exception of Figs.
138 and 139) no attention has been paid to this, and in future
it will only be indicated where it is of special importance.
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When a flower is fully expanded it is frequently extremely difficult,
nay, impossible, to tell in what manner the parts of its floral envelopes
are arranged. The bud, therefore, is usually chosen when the mode of
arrangement is to be examined. All that need then be done is to
make a transverse section in the manner shown with the bud of
Philadelphus (Fig. 138), when the mode of arrangement at once becomes
evident. .

Coalescence or Cohesion of Parts—We have already seen in
Part I. that it is very common for one part of a flower to unite

with another. For example, similar parts may

—t unite, e.g., the sepals of the calyx, the petals
(AR of the corolla, or adjacent stamens; while
‘3‘ almost without exception the carpels of the

ovary have completely coalesced. In addition
to this, however, we may have adnation or
Fro. 151 union of dissimilar parts, eg., the stamens

Disgram of dead- With the petals, or with some part of the
::::;e :vllfthmi::i ;ﬁ ovary, &c. These peculiarities may also be per-
petals. fectly well indicated in the diagram. If the

petals have coalesced among themselves, as in
the case of the dead-nettle (Lamium album, see Fig. 151, also Fig.
102), this may be shown in the
diagram by short curved lines
drawn between them (see Fig.
151). 1If, as very often happens,
we have besides a union of the
stamens with the petals as in
1 Symphytum officinale (see also
corolliflorals in general), the
coherence of the petals is de-
noted by the curved lines, the
adnation of the stamens by short
strokes uniting them with the
Fro. 152. petals (Fig. 152, I. IL).

Coalescence of Parts.—I. Corolls of 1N Fig. 152 we have also the
Symphytum oficinale, with adnate diagram of a flower whose sta-
::,‘,m ol na:w:;m nlllj l?w 2? mens have cohered (Geranium
meadow crane's-bill (Geranium pra- pratense) ; it needs no furtherex-
tense), with stamens united. .

planation.

Reduplication of Parts—Whereas in many flowers we find

certain parts awanting or suppressed, in others we find that they
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exceed in number those of the fundamental type. This augmenta-
tion of number is termed reduplication, by which term is
expressed the fact that the augmentation has not taken place at
haphazard, but in accordance with the general type upon which
the flower is formed. Reduplication, or regular multiplication,
may be either tangential or radial.

By the term radial is meant the direction corresponding to a radius
or inter-radius, by fangential the direction at right angles to the
former. The tangent may be expressed by a line drawn at right
angles to the extremity of a single radius.

(1.) As the result of tangential reduplication, we find the
doubled, tripled, or quadrupled floral members on circles
exactly corresponding
to those of the floral |
diagram of the funda-
mental type. In Fig.

153, 1. we have the dia-
gram of Alisma Plan-
tago; it is formed on
the trimerous type.
Sepals and petals are
normal, but the inner Fro. 155,

whorl of stamens is o . i of Parts.—L Disgram of Alisma
absent, the outer re- Plantago; stamens and ovary tangentially redupli-

duplicated, so that in- ﬁfﬁyiﬁdﬂm&?‘ Aquilegia wulgaris ; stamens
stead of one stamen at
each of the proper points in this stamen-circle, we find two.
The ovary circle is at the same time quadrupled, so that
instead of the normal three cells we have twelve.

This diagram, therefore, does not differ from the type in the number
of its stamens, but in their position (comp. Fig. 141, 1.). 'We thus see

how important, for the drawing of a correct diagram, is an exact
knowledge of the position of the parts.

(2.) As the result of radial reduplication we find that
between the normal number of circles in the type (usually four
or five) it is necessary to insert, at one point or another, other
circles, on which in the diagram the parts may be laid down,
say, from 6 to 14. An example will serve to make this clearer.
In Fig. 153, I1. we have the diagram of Aquilegia vulgaris. The
flower is pentamerous, but in place of the normal two stamen-



96 MORPHOLOGY.

circles, we have here nine, with five stamens each. The first
five are situated on the radii, the second on the inter-radii, the
third again on the radii, and so on. The normal number of
the stamens which we should have expected is here increased to
forty-five.

The consequence of both forms of reduplication is the same,
namely, to increase the number of organs. There is this difference,
however : in tangential reduplication the normal number of the
circles is not altered, and the reduplicated parts all lie at equal
distances from the centre ; whereas, in radial reduplication, the normal
number of circles is increased, and the distances of the reduplicated
parts from the centre are either increased or diminished. Both forms
of reduplication may occur in the sepals, the petals, the stamens, and
the ovary. 'When both forms occur in one flower, the result is such
as we see in the stamens of the mock orange, for example, whose
arrangement we are now for the first time in a position thoroughly to
understand (comp. Fig. 138 and Fig. 139).

Peculiar Variations and Irregularities in the Diagram.—
Hitherto we have only spoken of tri-, tetra-, and pentamerous
diagrams, but it must be remembered that besides these we have
also forms with two and six floral members on a circle, 7.¢., di- and
hexamerous diagrams. These, however, are so rare that in a text-
book of such limited scope as this they may fittingly be omitted.

Further, we sometimes meet with diagrams in which the
number of parts in the individual circles differ. This is to be
regarded simply as a variation of one or other of the original
types dependent upon peculiar circumstances in the develop-
ment of each circle, and not as a separate form. This subject
has been already referred to ; for an example see Fig. 142.

Finally, we must note that sometimes we find a certain floral
member not lying on any of the ordinary radii or inter-radii of
the type, but on a special radius of its own. Such cases are
rare, however, and will be treated of further on.

PRINCIPLES OF CLASSIFICATION.

Most of the different plants and animals in the world have
been submitted by botanists to a searching scrutiny, with the
result that although certain classes may be different, there are
yet certain points of similarity characterising whole species,
certain points of dissimilarity distinguishing them from others.
Every one will admit, for example, that the sweet violet and the
pansy are more alike than the pansy and the dead-nettle
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(Galeopsis), or that the dead-nettle and the hemp-nettle (see Fig.
86, also Figs. 189 and 192), are more alike than the hemp-nettle
and the pansy.

In this way plants and animals have been classified according
to their greater or less resemblance to each other. This classifi-
cation has been so arranged that in the vegetable kingdom, with
which we have here to do, those plants which agree in the
greatest number of points have been placed nearest each other,
those which agree in the fewest, farthest away from each other.

The classification of all plants according to their points of
simalarity is called Systematic Botany.

Before entering on the study of the principles of classification
in either botany or zoology, we must first get a distinct idea of
what is meant by a species (of plants or of animals).

To define species is no easy task: we shall best be able to
understand its meaning if we take a few examples.

As every one knows, the young organisms produced by a
particular anjmal or plant all possess many points of similarity,
although they are never exactly alike. For example, we should
never mistake the young of the cat for the young of any other
animal, because all possess in common certain distinctive
peculiarities which we always associate with the animal in-
dicated by the term “cat” At the same time we are always
able, by differences in colour, marking, and so on, to distinguish
the individual members of such a group of similar animals one
from another—that is to say, we discover among them many
points of dissimilarity. If, however, we compare the points of
similarity with the points of dissimilarity, we shall find that the
former jfar exceed the latter, and that the disagreement only
occurs in certain minor particulars. The excess of points of
similarity over points of dissimilarity is so apparent, that we
should never hesitate in classing these young animals as cats,
even if we did not know that they were the offspring of the
same animal. The same applies to the horse, differences of
colour, size, and strength in the individual never being capable
of misleading us as to the species of animal he belongs to.

Nor is it otherwise when we come to plants. The different
sorts of pansies in our gardens would never be mistaken by any
one for any other flower, although they present the utmost
variety of colour and size. (These varieties are the result of
Jong years of cultivation of the common wild heart’s-ease).

G .
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We may, therefore, define species as follows:—By  species ”
we understand the total number of individuals, whether animals
or plants, which do not differ from cach other any further than do
the offspring of a single individual, animal or vegetable.

A greater or less number of species having certain distinguish-
ing features in common is called a genus. This, too, can best
be shown by an example:—The horse, the ass, and the zebra
are animals which may be distinguished from each other at a
glance. If now we leave the points of difference out of account,
and concentrate on the points of agreement, we shall find that
these three animals resemble each other in a number of ways.
All have almost the same formation of skull, twelve front teeth,
four side teeth, and twenty-four back teeth, while in each only
one toe (the hoof) is fully developed, &c. &c. These points of
agreement are such evident proofs of relationship that they
justify us in classing these animals together in ome genus
(horse). In like manner the cat, the lion, the tiger, the leopard,
the lynx, &c., form one genus (cat), and the dog, wolf, fox, and
jackal, another (dog).

In plants, e.g., the pansy, the sweet violet, and the dog violet
belong to one genus (violet), for although these three species
seem to be distinct from one another in size and colour, and in
the shape of the leaves, yet the form of the flower, the arrange-
ment of the petals, the formation of the capsule, the placentation
of the seed, and so on, are so much alike that we must regard
the flowers as belonging to one genus (violet).

From what has been already said, it follows that the meaning
attached to the word genus is somewhat arbitrary, and depends on the
degree of importance which one attaches to the various points of
agreement between different species. As, however, the genus is a
necessary item in the classification of natural objects, its limits have
for long been prescribed, at lcast in the case of the better known
animals and plants.

On the classification of animals and plants into genera and species,
the prevailing zoological and botanical nomenclature depends. It was
first introduced by Linnwus about the year 1735. All the scientific
names used in botany and zoology are derived from Greek or Latin.
Greek words, when used for this purpose, are Latinised.! The

v Ezamples.—The full botanical nawme of the anemone is Anemone nemorosa.
The plant had already been called Ancmone leimonia (growing in the meadows) by
Theophrastus, and Pliny introduced the term into Latin (Hixt. Nat. XXI.,, 11).
Alyssum, in another case, was the Latin form of the Greek Alysson, Origanum of
Oreinanon, &c.
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reason of this is that we may suppose students of botany and zoology
to have some acquaintance with Latin; and that, therefore, whatever
may be their native tongue, Latin names will be understood by all. Tt
would be utterly impossible for any scientist to be familiar with all
the common names of the various plants and animals in all the living
languages, yet this would be necessary (were there no general medium
of expression) for the study of zoological or botanical works in the
various languages. Latin affords this general medium, and the Latin
names of animals and plants are therefore those used in the scientific
world, no matter what may be those used popularly in England,
Germany, France, or Italy.

Linneus named genera as well as species in this manner; we have
therefore generic and specific names for all plants and animals. In
order to give a scientific name to any organism, we place the name of
the genus before that of the species, so that animals and plants may
be said to have, like man, a Christian name and a surname. The
genus horse is in Latin Equus, the species horse caballus; in zoology,
therefore, the horse is known as Equus caballus.

The Linnzan method of naming animals and plants is termed the
double or binomiul system of nomenclature, Here are some examples:—

ANIMALS. PLANTS.
GeNus—Horse, Equus. ' GeNus—Violet, Viola.
1. Species—Horse = Equus caballus. 1. Species—Pansy = Viola tricolor.
2. Ass = Equus asinus. 2. Sweet violet = Viola odorata.
3. ., Zebra = Equus zebra. 3, Dog violet = Viola canina.
Genus—Dog, Canis. Genus—Poplar, Populus.
1. Species—Dog = Canis familiaris. 1. Species—White poplar = Populus alba.
2. Wolf = Canis lupus. 2. Aspen = Populus tremula.
3 Jackal = Canis aureus. 3., Black poplar = Populusnigra.
4. Fox = Canis vulpes. [ R Pyramidal poplar = Populus
pyramidalis.
GENus—Cat, Felis. GeNUS—Plum, Prunus.

Species—Cat = Felis catus. 1. Species—Sloe = Prunus spinosa.

» Lion = Felis leo. 2., Cherry = Prunus cerasus.
Tiger = Felis tigris. 3 Bird Cherry = Prunusavium.

’ Leopard = Felis pardus. | 4. ,, Damson= Prunus domestica.

’ Lynx = Felis lynz. . 5 Apricot = Prunus armeniaca.

Ll ol ol ol e
-
:

In like manner several Genera are united to form a Family,
several Families to form an Order, several Orders to form a
Class, several Classes to form a Tpe, and all Types to form a
Kingdom (animal or vegetable).

In the following table the greater the division the nearer it
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stands to the left side of the page, and the larger the type in
which it is printed :—

KINGDOM.
TYPE.

CLASS.
ORDER.
FAMILY.
GENUS.
SPECIES.
Ezamples.—TRE Liox (Felis Leo).

KiNepox—Animal Kingdom (4 nimalia).
TYPE—Animals with backbone ( Vertebrata).
Crass—Animals which suckle their young (Mammalia).
ORDER—Beasts of prey (Carnivora).
FauiLy—Cat-like beasts of prey (Felide).
GrNus—Cat (Felis).
Specirs—Lion (Felis Leo).

SYSTEMATIC ARRANGEMENT OF THE HIGHER
PLANTS.

In the following remarks we shall confine ourselves solely to
the consideration of the higher plants, namely, those which have
flowers consisting of floral envelopes, stamens, and ovary. These
are termed Phanerogams or Flowering Plants. Of the lower
plants, z.e, the fungi, alg:e, mosses, ferns, horse-tails, and even
conifers, we shall at present say nothing. Their structure is
much more difficult to understand, and may therefore be more
appropriately examined when our knowledge is somewhat more
extensive.—(See Part V.)

No phanerogams are altogether without flowers, but in many
they are so small that they can only be seen by the aid of a
lens.

It was formerly supposed that some’ plants had no reproductive
organs, but research has proved this to be incorrect. Linnswus even
went the length of =aying that all plants whatsoever must have flowers
and fruit, even those in which the most improved optical appliances
have as yet been unable to discover any.!

' Linnzus says—* Omnir species vegetabilium flore ¢t fructu instruitur, etiam
ubi visus eox non detexit.”
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Monocotyledons and Dicotyledons.—In the seed of every phane-
rogam there is, as has been already said, the germ of a new
plant, which has either one or two seed-leaves (cotyledons).

All plants having only one seed-leaf are termed Monocotyledons;
all plants having two seed-leaves are termed Dicotyledons.

As all phanerogams have either one or two seed-leaves, it
follows that the division of plants into monocotyledons and
dicotyledons is of the greatest immportance. Of course, the best
way to find out whether a plant is a monocotyledon or a dicoty-
ledon would be to plant one of its seeds, and see whether one or
two leaves appeared when it began to grow. Owing to the
circumstances of the case, however, this is very seldom possible,
so we have to resort to other means in order to obtain the
necessary information. An experienced botanist may examine
the embryo with a lens,and thus be able to discover the number
of cotyledons it contains, but in very small seeds such examina-
tion is accompanied by extreme difficulty.

Without going to the seed, however, there are certain
characteristics distinguishing monocotyledons from dicotyledons
which are easily recognisable. These are as follows :—

(1.) The flowers of monocotyledons are nearly all arranged in
whorls of three, the dicotyledons in whorls of five or four.

All our indigenous monocotyledons have trimerous flowers with the
exception of Smilacina bifolia, Paris quudrifolia, and a few others,
whose flowers are tetramerous. The greater proportion of dicotyledons
have pentamerous flowers, but tetramerous flowers are not unusual.
‘I'rimerous dicotyledons are almost unknown in this country.

(2.) The leaves of monocotyledons have parallel venation,
those of dicotyledons are reticulated.

The leaves of our indigenous monocotyledons are always simple.
The veins usually spring from one point at the base (Fig. 50), and
run parallel to each other through the length of the leaf, or they have
a strong midrib (Fig. 33, @) from which secondary veins arise. In the
latter case the veins of the third order run parallel to one another, and
do not form an irregular network.

The leaves of dicotyledons may be either simple or compound.
Branches are always given off from the midrib, and the small veins
form an irregular meshwork (Fig. 23, a.) By this latter feature
we are able to distinguish the leaves of such a plant as Plantago
major, where the principal veins all arise near the base, as those
of a dicotyledon.
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TypE 1.
MONOCOTYLEDONS.

Monocotyledons are plants which have only one seed-leaf.
Their flowers are arranged in whorls of three (occasionally four).
their leaves are mostly simple, their venation parallel.

The most common form of tlower is the regular trimerous one,
which is thus the fundamental type on which all monocoty-
ledonous flowers are constructed (Fig. 154). It has two floral
envelopes, whose parts are arranged alternately, and are some-
times wholly or in part united, in which case the flower has a
six-toothed rim (Fig. 155). It has six stamens arranged in two
whorls alternating with each other, and with the parts of the
floral envelopes ; the ovary is three-celled, the cells opposite the
sepals and many-seeded, the seeds arranged in two rows (Fig. 156).

Fie. 154, Fia. 155. Fie. 156.
Floral diagram of Flower of monocotyledon Ovary of tulip
trimerous  flower (bell hyacinth, Muscari (Twlipa Gesnert-
of monocotyledon, racemosum) ;  parts  of ana) ; section
with two whorls of floral envelopes coalesced. about six times
stamens, enlarged.

Variations from the fundamental monocotyledonous type may occur
in the following ways :—

1. By suppression of one or both floral envelopes ;

2. By suppression of one staminal whorl, or of both, with the
exception of one or two members ;

By reduplication of stamens ;

By development of single-sceded cells in ovary ;

By development of single-sceded ovary ;

By reduplication of cells of ovary or of one-seeded ovary.

S

>
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Variations which inay come under 1, 2, and 5 have usually the result
of producing a symmetrical flower.

The flowers stand singly on the stem, or form a spike, a
panicle, a spadix, a raceme, or a loose corymb.

The fruit is a capsule, berry, nut, caryopsis, or achene; and
may be six, four, three, two, or one celled.

The stem of all our indigenous monocotyledons is herbaceous,
sometimes jointed. Monocotyledonous ¢rees (palms, dracenas)
are only found in the tropics.

The leaves of indigenous monocotyledons are parallel veined,
simple, narrow, linear, or sword-shaped, lanceolate, ovate, never
compound. (The palms form the only exception to this last
statement.)

The root is formed only of secondary rootlets. The growth of
the primary root is arrested soon after the seed has sprouted.

Monocotyledons are to be found in all parts of the world.
There are about 19,000 species known.

KEY T0O ORDERS OF MONOCOTYLEDONS. !

1. Floral envelopes large, usually forming a perianth.
Fruit usually a capsule.

A. Flowers regular or symmetrical, with three or more stamens.
a. Ovaries many, or one and six celled ; flowers { 1. HELOBLE or
mostly unisexual, MagsH Liuigs.

b. Ovary single, with not more than four cells,
flowers hermaphrodite.

2. ENSATE or
SworD LiILIEs.

8. CORONARIE

1. Ovary inferior,

2. Ovary superior,

or LiLiEs.
B. Flowers symmetrical, stamens one or two, 4. o?&ﬁl;;:
II. Floral envelopes small and scale-like, or absent ; fruit
never a capsule.
: 5. Sreabicr-
4. Inflorescence, a spadix, surrounded by a spathe, . FLORE or Spa-
DIXx-FLOWERS.

B. Inflorescence, a spike, panicle, or loose corymb, with-
out a spathe.

or GLUME

6. GLUMACEX
FLOWERS.

! Compare table at the end of the book.
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HeLoBIEZ OR MARSH LILIES.

The marsh lilies (Helobiee') are monocotyledons, with large
regular flowers. The calyx is composed of three greenish or
brownish sepals, the corolla of three white petals (in Butomus
wmbellatus both sepals and petals are bright pink). Stamens
six or many ; ovary either simple, six-celled and many-seeded,
or ovaries many, one-celled, one-seeded ; fruit, a dry capsule or
achene ; flowers seldom ¥, usually moncecious or dicecious ; in-
florescence, a loose panicle, or flowers standing singly, with two
scale-like bracts at the base of the stem (Fig. 157); leaves

Fie. 157.
& flower of water
soldier  (Stratiotes
aloides) ; nat. size.

simple, sword-shaped, elongated, lanceolate,
sagittate, or reniform; the base of the leaf-
stalk embraces the stem like a sheath ; stem
angular, often spongy internally, sometimes
very short.

The marsh lilies abound all over the world ;
they are found in marshy spots; many are
water plants with submerged or floating leaves.
They are divided into three orders:—

(1.) Alismacea.—Calyx green; petals white;
stamens six or many; ovaries numerous,
superior ; flowers hermaphrodite or monce-
cious (Figs. 158, 159); fruits numerous,
crowded together, forming a rounded aggre-
gate fruit, each part a one-seeded achenme of
triangular shape (Figs. 160, 161).—[50.]*

The Alismacewx are small, annual herbs, which
grow in shallow water, with leaves and flowers
above the surface. They are found in the
Northern Hemisphere, in Central and South
America, North Africa, and New Holland. In-
digenous to this country, Alisma (hermaphrodite

flowers with six stamens) and Sugitturiu (monce-
cious flowers with numerous stamens).

(2.) Dutomea.—Floral envelopes similar, rose pink ; stamens

! Plants which grow in marshy spots (Gr. kclos, a bog ; bion, life).
? Numbers standing thus [ ] at the end of the description of an order are
intended to indicate approximately the number of known species.
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nine in two whorls (6 + 3); ovaries six, each many-seeded (Fig.
162), superior; fruit capsular; flowers in umbels, §.—[13.]

Perennial marsh plants, with short stems and long, sword-shaped,
stiff root-leaves. Inflorescence borne at end of a long leafless stalk
(scape). TFound in Tropical and Central America, where we have
several genera with green sepals. Our indigenous genera of Butomew
are found throughout the temperate regions of both hemispheres.

)

Fie. 158. Fia. 159.
Alisma Plantago. Sagittaria sagittefolia, & and 9.

(3.) Hydrocharidew.—Calyx green, herbaceous; petals white
(Fig. 157) ; stamens twelve or numerous, united or free; nine
to fifteen barren, 7.e, without anthers. Ovary inferior; incom-
pletely six-celled and many-seeded, with six divided stigmas
(Fig. 163). Flowers moncecious, the @ with six or more
barren stamens. Fruit in the form of a berry. One or several
flowers are enclosed in two membranous or leaf-like bracts,
growing at the base of the flower-stalk.—[30.]

Fic. 160. Fie. 161.
Fig. 160. —Arrowhead (Sagittaria sagittefolia) ; male and female flowers ; nat.
size. Fig. 161.—Arrowhead (Sagittaria sayittefolia) ; ovaries (1.) and single fruit
(IL.), the second enlarged.

Fic. 162. Fic. 163.
Butomus umbellatus. Hydrocharis Morsus ranc.

Perennial water-plants with shortened stems and submerged or
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floating leaves. Hydrocharis Morsus rane is confined to Europe (leaves
floating, reniform); so also is the water soldier (Stratiotes aloides)
leaves submerged, linear, spinous-dentate. ~Other genera occur in
North America, Africa, Australia, and Southern Asia. Of late yearsan
American species, Anacharis canadensis, a small plant with incon-
spicuous flowers, has made its way into many European lakes and
canals, where it threatens to interfere with the navigation.

IL
ENSATE ! (SWORD LILIES).

The Ensate or Sword Lilies are monocotyledons with large
regular (occasionally slightly symmetrical) flowers. Floral
envelopes of six parts, all brightly coloured, either separate or
partly united. Stamens three or six. Ovary inferior, three-
celled, one or many seeded. Fruit, a capsule.

Land or marsh plants with tubers or bulbs ; stem frequently only
leafy below ; leaves mostly stiff, simple, and sword-shaped, partially
embracing the stem. Two orders.

(4.) Iridacea.—Floral envelopes forming a perianth, of six
parts (the outer envelope often very unlike the inner), regular,

occasionally slightly symmetrical. — Stamens
/ N three, placed opposite sepals (inner whorl
¢ undeveloped, Fig. 164). Ovary three-celled

4

\Q / and many-seeded, with three more or less
e united styles; the three stigmas often petaloid.

~—"

—[600.
Fia. 164, [ O]

Yellow iris ([ris Indigenous to the warmer parts of the Temperate

peeud-acorus).  Zones of both hemispheres ; especially abundant at

the Cape. In this country many species are cul-

tivated, and the yellow iris (Iris pscud-acorus) grows wild in marshy
spots. The crocus and gladiolus also belong to this order.

(5.) Amaryllidacew.—Floral envelopes forming a perianth of
six parts (occusionally united, and sometimes with

7 ' outer unlike inner), always regular, sometimes
l\

—_
[ Fou Y . ST

@ with a corona. Stamens six, in two whorls of
¢ ‘/ ' three each (Fig. 165). Ovary three-celled, and
\.’F'/ one or more frequently many seeded, with united

Fio 165,  Style and stigma.—[400.]

Snowdrop (Galas-  Warm, temperate, and tropical regions ; the snow-
thus nivalis). drop (Galanthus nivalis), the snowflake (Leucojum

s Leaves sword-like (Latin, ensis, a sword).
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vernum), and the narcissus (Narcissus pseudo-narcissus) are familiar
flowers of this order. Amaryllis and American aloe (4gave Americana)
are favourite greenhouse plants of this order. The Bromeliacece (pine-
apple family) are related, but we have no representatives in our flora.

111
CoORONARLE (Lilzes).

The Coronarie! are monocotyledons with large and con-
spicuous perianths, or small dry membranous floral envelopes,
arranged in one whorl of four, or more usually in two whorls of
three or four parts. The flowers are regular; parts of the perianth
separate or united (Fig. 66, Fig. 67 «). Stamens four, six, or
eight. Ovary superior, one, two, or three celled, three or many
seeded. Fruit, a capsulé or berry.

Mostly perennials with bulbs (Fig. 3 @, Fig. 14 a), rhizomes, or tubers;
stem frequently leafless, except at lower part (scape). Leaves simple,
mostly narrow, sometimes grass-like. Two orders.

(6.) Liliacew.—Perianth large, petaloid, with six, or, rarely,
with four or eight parts; ovaries two, three, or four celled, few
or many seeded (Figs. 166-168); fruit, a capsule or berry. Leaves
usually grass-like.—[1600.]

o-'t {/‘\}
\‘ ) \./

Fic. 166. Fie. 167. Fic. 168.
Tulip (Tulipa  Paris quadrifolia. Smilacina bifolia.
Gesneriana).

The lily order, which comprises a large number of genera, is
scattered over the surface of the globe ; it is abundant in the warm
temperate regions of both hemispheres. Its members are mostly
herbaceous (e.g., all our indigenous species), seldom tree-like, its most
tree-like representatives being the dracenas of the East Indies and
the Canaries.

3 From corona, a crown.
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FAMILIES OF LILIACEZE.

I. Fruit a capsule, flower with parts in threes,
4. Floral envelopes united, with six-toothed rim.
a. With tuberous or fibrous roots ; fruit mostly

many-seeded, . . . . . 1. Day LiLies.
b. With bulbous roots ; fruit few-seeded, . 2. HYACINTHS.
B. Floral envelopes free, or very slightly united.
a. Fruit a capsule ; cells few-seeded, . 3. LEeEks, &c.
b. Fruit a capsule ; cells many-seeded, . 4. TuLies,
II. Fruit a berry; flowers with parts in threes or fours ;
parts of the perianth free or united, . . 5. Aspamacus, &c.

(1.) Day Lilies (Hemerocallidee).—We have no species of this
family indigenous. Many species have, however, been introduced as
greenhouse or garden plants, e.g., Hemerorallis, with yellow or orange-
coloured flowers, Agapanthus, with blue flowers growing in simple
umbels on a long stalk, and Funkia, with broad leaves and bright lilac
flowers. (2.) Hyucinths (Hyucinthea).---Examples of this are the well-
known common hyacinth (Hyucinthus orientalis), and the bell hyacinth
(Muscari racemosum, Fig. 109 «, and Fig. 155 a). (3.) The Leek
SJumily (Scillew).—The leek and onion genus (Allium) is especially
important as articles of food. Besides, we may note the beautiful blue
flowered Scilla, a favourite garden spring flower, Gayeu, and Ornitho-
galum (star of Bethlehem). (4.) Tulips (Tulipe).—Examples, tulips,
lilies, and fritillary (Fritillaria imperialis). (5.) The Asparagus family
(Smilacew).—These are plants with parts in threes or four ; in threes
—asparagus (Asparagus officinalis) ; in fours—Smilacina bifvlia and
Paris quadrifolia.

(7.) Rushes (Juncacee).—Perianth small, parts dry, membran-
ous, brownish, not brightly coloured, in threes. Ovary three
or one celled, many-seeded or three-seeded. Fruit a three-
valved capsule. Leaves grass-like.—[250.]

Small grass-like herbs, with jointed, simple, or branching stems, and
scaly rhizome. Common throughout the world, especially in the

Temperate Zones—rarer in the Tropics ; represouted even in the Polar
regions. Juncus and Luzula are our commonest genera.

V.
OrcHIDS (Gynandre).

The Orchids (Gynandre) are monocotyledons with conspicuous,
beautifully coloured, symmetrical flowers. Floral envelopes
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double, trimerous; calyx and two petals form a casque-shaped
upper lip (e, b, ¢, ¢, f, Fig. 169), the third petal (@) unites with two
stamens (I /), forming the large winged
labellum. Ovary (g) inferior, usually
elongated and twisted, whereby it
happens that the uppermost petal (the
labellum) is the lowest part of the

flower, the sepal diametrically opposite, p
the highest. Of the stamens (s) usually
only one is fully developed (in Cypri-
pedium two); filament confluent with
the style, anther has two pollen masses.
Ovary three-valved, one-celled, and
many-seeded, seeds minute, and at-
tached to parietal placentee. Fruit, a t
capsule. Leaves simple. Fic. 169.

(8.) (Orchids) Orchidacew.— Characters Swtwgmt:f:};:‘;o”""
as above. Of this order we have several ' )
dozen species. All the native species are herbs growing in woody or
marshy places ; height 4 to 25 inches. Numerous species occur in the
Tropics, where they exceed all other plants in the size, peculiarity,
and splendour of their flowers. Many grow on the branches and
stems of trees (Fig. 10), others have a climhing stem with agrial
roots like the ivy, and grow upon rocks, &c., e.g., the vanilla (Vanilla
planifolia) of Central America. From the long siliqua-like capsule
of the latter the well-known aromatic spice is obtained.

Indigenous genera are Orchis, Ophrys, Neottia, Cephalanthera, and
Cypripedium, or lady’s slipper.—[ca. 6000.]

Connected with the orchids are the Scitaminece, /!7\
of which order the bananas (Musacew) are members.
Musa sapientum and M. para«disiaca are species to be
met with everywhere in the Tropics. Ginger also \ /
\N/

belongs to the Scitaminec, the ginger in common use

being the root of Zingiber officinale. From the root

of Curcuma longa, another of the Scitaminer, we Fia. 170,
obtain a kind of arrowroot. The last order connected  Qpehis maculata.
with the orchids which we need mention is the

Marantacee, to which helongs the much cultivated

Canna.
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V.
SPADICIFLORA.

The Spadicifiore * are monocotyledons with floral envelopes
either absent or small ; perianth when present with four or six
parts; ovary superior; flowers united to form a fleshy spike
(spadix). In Fig. 171 the flowers are ¢ and ; the former
are shaded darker, and consist of four large anthers; the latter
consist of a four-celled ovary surrounded by a perianth of
four thick short parts. In some species all the & flowers are at
the summit, all the ¢ at the base of the spadix ; in others, again,

the flowers are scattered irregularly.
The spike is often branched, eg., in the
palms. The whole inflorescence is en-
veloped in a large bract or spatha, green
in the palms, but petaloid in other
species (Araceer). Fruit, a nut or berry.
Chiefly tropical ; often large trees with
unbranched trunks and beautiful pin-
nate leaves. Home species mere herbs.
Two orders:—

(9.) Arums (Aracew)—Flowers her-
maphrodite (Fig. 173) or moncecious
(Fig. 172); when monccious & often
placed above Q. Inflorescence, a spadix
thick and fleshy, the summit fre-
uently without flowers; surrounded
at the base by a simple bract (Fig. 46);
bract occasionally united throughout
its entire length to spadix (Fig. 172,
I.); floral envelopes usually absent,
or with four or six parts, scale-like.

Fe. 171, When perianth is present the number

Spadix of  npecicsof Panda- of stamens corresponds to that of the
nacec (Carludovica Hookeri) pal‘ts of the perianth; where the
with § and ¢ flowers : mat perianth is absent the stamens are

arranged around a disk supported on
a column (Fig. 172, I1.); ovaries (Fig. 172, IIL) free, three or
one celled, one or many seeded; fruit dry or a tleshy berrv.—
[750.]

' Tatin, apadie, and flos, Aoris, a flower.
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‘The Aracee are conspicuous, sometimes large herbs, with
shiny, broad, often sagittate, more rarely incompletely pinnate or

Fie. 172,

Spathicarpa,a South American species of 4racece, showing
bract adnate to spadix. —I. Inflorescence, nat. size ; II. & ;
IIL flower ¢, eight times enlarged ; 8 bract, ¢ column, p disk,
b anther, f ovary, g knob.like prominences on ovary.

palmate, leaves (Fig. 33). The bract is usually bril- / — \

liantly coloured, rarely green (Spathicarpa, Arum), J @ - L )
frequently white (Richardia africana), bright red @
(Anthurium Scherzerianium), yellowish (Monstera), L /
&c. The Spadiciflore are mainly natives of the (]
tropics, commonly found growing in marshy spots. ~——
Some, like many orchids, grow on trees. Two Fre. 173.
families :— Acorus Calamus.

(1.) Arums (Aroidew).—Flowers dicecious. Land plants. Arum
maculatum (native species).—Lily of the Nile (Rickardia africana), a
common greenhouse plant, Spathicarpa, &c.

(2.) Orontie (sweet-flags).—Flowers §: Land and marsh plants.
Marsh calla (Calla palustris) and Acorus Calamus (sweet-flag). The
rhizome of the latter is large, greenish, scaly, and strong smelling ; it
is used in medicine.

The Lemnacew are sometimes reckoned as a third family. They are
small plants, which float on the surface of water, and seldom flower.
Lemna minor, gibba, polyrhiza, trisulca (home species).

The Pundanacee and Cyclanthacee of the tropics are nearly related
to the Aracece. These are tree-like plants, with pinnate or sword-
shaped leaves, a straight unbranched stem, roots also little branched,
and partly above ground. Fig. 171 shows a full-sized spadix of one
of the Pandanacew (Carludovica Hooker?).

(10.) Palms (Principes).— Flowers small, unisexual, with
double perianth; both whorls similar, stamens six (rarely
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numerous), free or united ; ovary superior, having three carpels,
each cell one-seeded; frequently, when mature, with only one
cell and one seed fully developed. Inflorescence a branched
spadix, thickly covered with flowers, and enclosed by several
green bracts at the base (s, Fig. 174) ; fruit a nut (Fig. 175) or a
berry ; one or two seeds (Fig. 176).—[1000.]

The palms are mostly high trees with unbranched, occasionally
branched (Hyphene thebaica) stems, which bear at their summit a

Fic. 174, Fia. 175.
Fig. 174.— Small spadix of a palm (Borassus flabelliformis).
7ig. 175.—Nut of sago-palm (Sagus Rumphii); three-
fourths nat. rize.

crown of several or many large leaves (see Fig. 17). The stem is

covered through its entire length with the scars of the leaves of former

vears, The stem is sometimes not cylindrical, but

is thicker at the middle than at either end (Oreo-

f/‘ ® o dora  vegia, Jubaa spectabiliz); it grows straight

\‘Q / upwards, or is climbing (Colamus equestris, Spanish

cane). The leaves are very large, either pinnate or

pinnately cleft (cocon-palm, Cocos nucifera ; sugar-

p.o 176. palm (Arenga  saccharifer«a) ; palmate (Livistona

Diagramof palm (ustralis, Chamerops humilis) or simple (Lodovicea

flower. Herma- Seychellarum). The fruits are nuts (cocoa, Sey-

phrodite. chelles-palm) or berrics (date-palm). The nuts of the

sago-palm are covered with hard, regular, woody scales, for which
reason this group is termed Laprdomrp«z or scaly-fruited palms.
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The palms are almost exclusively confined to the Tropics, Chamce-
rops humilis being the only species found wild in Europe. It extends
as far north as Nice, where it forms a thick underwood; it grows
plentifully in the more southern part of the course of the Ebro. The
uses of the palm are manifold : the fruit, the seeds, the young sprouts
of many species are used as food ; from others wax is obtained (e.g.,
the wax-palm, Ceroxylon andicola, whose stem is covered with a
thick layer of wax, which may be scraped off and prepared for use),
or oil (e.g., the oil-palm, Elais guineensis, from which we get the red
palm oil), or again, sago from the pith (sago-palm, Sagus Rumphii, a
native of the East Indies); from the sap, which flows from the trunk
when the latter is tapped, an invigorating drink is made (wine palm,
Oenocarpus distichus, Raffia vinifera). The thin flexible stems of the
rattan palms are well known as * Spanish canes,” while the hard
endosperm of Phytelephas macrocarpa of South America is used as
a substitute for ivory. From Calamus Draco, an East Indian species,
a kind of dragon’s blood is obtained—a red resinous substance con-
tained in the fruit, and which, when extracted, is dried for use. The
large leaves of many species are used by the natives of the tropics to
cover their huts, and as a substitute for clothing, and so on.

VI.
GLUMACEZ.

The Glumacea are monocotyledons in which the floral envelopes
are either absent or very small and husk-like. If the floral
envelopes are present, the parts are bristle-like, six bristles or
two, small and scale-like. Flowers arranged in spikes, panicles,
or loose corymbs (Fig. 114, II.); usually hermaphrodite;
sometimes moncecious or dicecious ; they do not possess coloured
bracts. Ovary superior. The fruit (Fig. 122, a) is a simple
one-seeded caryopsis or achene.

The Glumaceee are grass-like herbs, with inconspicuous greenish
flowers, narrow, linear leaves, which embrace the stem like a sheath,
a cylindrical or triangular jointed stem, and a fibrous root. They are
found universally from the Equator to the Poles. Two sub-orders :—

(11.) Grasses (Graminex). — Flowers small, outer perianth
absent, inner two (lodicule), thick, whitish, or 0 ; stamens three
(occasionally many, six, two, or one); ovary one-celled, one-
seeded, composed of two carpels (Fig. 177) (rarely of only one
or of threej, bearing two large, white, feathery stigmas. Each
flower is protected by two bracts or ““ flowering glumes,” the palee
(c d, Fig. 146 a), the outer usually awned, the inner two:nerved.

u .
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The flowers are arranged in spikelets of two (comp. Fig. 146, L)
or more, which have two bracts or “glumes” (a b) at their
bases. The spikelets again are arranged so as to
forin spikes or panicles, so that the panicle of
such a grass as rye is said to be compound.
The fruit is a grain, smooth or furrowed
longitudinally (the furrow shows the line of
Fie.177.  coalescence of the two carpels); the seed is in-
Disgram of  separable from the pericarp (caryopsis). The large
grass-flower. o uantity of albumen renders the fruit extremely
nutritious ; hence the importance of the grasses as articles of
food.—[3800.]

The grasses are universally distributed, extending as far north as the
utmost limit of vegetation, but chiefly characteristic of the Temperate
Zones. With us they are herbs ; in the Tropics they not rarely assume
the proportions of trees (e.g., bamboo grasses). They are either
annuals or perennials. The stem is round, hollow, and prominently
jointed ; the leaves are narrow and linear, and have each a ligule at
their base (Fig. 44, 2). The uses of the grasses as food for man and
beast are well-known. The most important grasses of cultivation are
rice (Oryza sativa), maize (Zea Mais), millet (Panicum miliaceum),
durra (in Arabia durra, in the Soudan ngdngala, Sorghum vulgare),
oats (Avena sativa), rye (Secale cereale), wheat (Triticum vulgare,
Spelta, dicoccum, turgidum, and monococcunt), barley (Hordeum vulgare,
Zeocriton, distichum, hexastichum). Sugar is obtained from the sugar-
cane, a grass reaching a height of about ten feet, originally indigenous
to Asia, but now largely cultivated throughout the Tropics. The
sugar is contained in the sap of the plant. Just before it flowers the
stem is cut and the sap is extracted by pressure. The .more
familiar wild grasses are rye-grass (Lolium perenne), the poisonous
darnel (Lolium temulentum), Plleum, Alopecurus, Dactylis, Briza or
quaking grass, Bromus (Fig. 144, IL.) Festuca, &c.

(12.) The Sedyes (Cyperacea:).—The flowers are hermaphrodite
or unisexual, monccious or dicecious. Floral envelopes usually
absent ; in their place a cup-shaped sac, surrounding the simple
ovary, or a few or many bristles (Fig. 178). Stamens three,
inserted below the ovary (hypogynous). Ovary one, one-celled,
with one ovule, surmounted by one style, having two or three
stigmas.  Fruit nut-like; pericarp not adherent to the seed,
as in the grasses (achene).—[2000.]

The sedges are annual or perennial herbs, with a branched, sheathed,
and scaly rhizome. Their distribution is universal. Stem jointed,
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usually triangular, and leafless, except at the lower end. Leaves long,
narrow, and linear, flat or roundish. Two families :—

1. Sedges proper (Caricinee).—Flowers unisexual,

-
usually moncecious ; represented in this country by the / P ‘\
genus Carez (sedges) containing about sixty British '

species. :

2. Cyperinee.—Flowers hermaphrodite. To this
family belongs the famous papyrus of the ~
ancients (Papyrus antiquorum), now only to be Fio. 178.
found in the region of the White Nile, and in a .~
particular part of Sicily ; other well-known genera S;,W,;u,_
are Scirpus (bulrush) and Eriophorum or cotton
grass.  Cyperus esculenfus, a species common in the region of the
Mediterranean, bears esculent tubers.

TyeE II.
DICOTYLEDONS.

The Dicotyledons are plants with two seed-leaves. Their flowers
are arranged in whorls of five or four (Fig. 179), their leaves are
simple or compound, their venation reticulated.

The typical form of dicotyledonous flower is regular, penta-
merous (or tetramerous), with two floral envelopes, two whorls of
stamens, and a whorl of carpels,
the arrangement of all the parts
being alternate. The members of
each floral whorl may be wholly
orin part united. The sepals are
as frequently united as free, the

petals among a large section Fie. 179. Fro. 179 a.
of dicotyledons are always un- Regular tetramerous and pentamerous
ited, while the coherence of grams.

stamens is more rare. Flowers in which the stamens are
adnate to the united corolla are more common (Fig. 180).
The number of stamens and carpels is very variable.

The following are some of the more common modes of variation from
the fundamental type :—

Variations may arise—

(1.) By suppression of one or both floral envelopes ;
(2.) By suppression of either the inner or outer whorl of
stamens ;
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(3.) By abortion of individual members of the staminal whorl ;

(4.) By radial or tangential reduplication of the stamens ;

(5.) By reduction of the number of seeds (one or more) in the
ovary ;

(6.) By development of one-celled ovary, or non-development
of several carpels ;

(7.) By reduplication of the cells of the ovary, or augmentation
in the number of ovaries ;

(8.) By departure of the ovary from the line of the radius
or inter-radius ;

(9.) By flowers being dimerous or hexamerous.

Symmetrical flowers occur more frequently than among the mono-
cotyledons. Other exceptional forms will be noticed in their proper
place.

The forms of inflorescence are very varied among the dicoty-
ledons ; we may have a spike, a catkin, a raceme, a capitulum,
an anthodium, a simple or a compound wmbel, a corymb, a
dichasium, a cyme, a scorpioid or helicoid cyme. (The forms in
italics do not occur among the monocotyledons, while among
dicotyledons we never find the spadix, the panicle, or the com-
pound inflorescence so characteristic of Graminez).

The stems of our native dicotyledonous plants are herbaceous
(never a culm) or woody, forming a trunk. All our native trees
(with the exception of the conifers), our shrubs and shrub-like
plants, are dicotyledons.

The leaves of the dicotyledons may be either simple or com-
pound. All our native species with compound leaves are dicoty-
ledons.

The oot consists usually of a strong, thick primary rovt (tap-
root), with a number of much more delicate and slender secondary
T00L3.

Dicotyledons occur in all parts of the world. There are over
80,000 species known.

The dicotyledonous type includes such a vast number of
species, that we shall not proceed, as in the case of the mono-
cotyledons, to divide them at once into orders, but for the sake
of simplicity, into two Groups.

Group 1. SYMPETAL.E—Corolla always present, conspicuous,
with united petals.

Grour II. CuoriPETALE—Corolla usually present, small or
conspicious, but never with petals united.
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Group I.
SYMPETALZE.

The Sympetala:® have always two floral envelopes, the external
green (calyx), the internal brightly coloured (corolla);
individual sepals frequently, the
petals always, united or co-
herent. Both whorls are either
four or five lobed. Only one
whorl of stamens is present;
its members (2, 4, 5,8, 10, never
numerous) usually opposite the F1e. 180.
sepals, seldom opposite the SYmPetz?:;g?zgY}g’:mg ovaries
petals (primrose). The stamens
are frequently adnate to the corolla (Corolliflore), rarely, like
the corolla, arising from the receptacle (Heaths). Ovary usually
composed of as many carpels as there are sepals; when fewer,
mostly two (Fig. 180). Ovary occasionally composed of four
divisions, with a common style. Several or many separate
ovaries in one flower never occur.—{35,000.]

KEY To ORDERS OF SYMPETALZE.?

L Fewer carpels than sepals.
A. Ovary superior.
a. Ovary single-celled, single-sceded, . 1. PLUMBAGINES.
b. Ovary singlecelled, several-seeded, or con-
sisting of four nutlets, each single-seeded.
* Ovary single, two-celled, several-seeded.
1. Corolla regular.

a. Leaves opposite, . . . 2. CONTORTA.
b. Leaves alternate, . . . 3. TUBIFLORE.
2. Corolla symmetrical, . 4. PRRSONATE.
* * Ovary, four separate nutlet.s, each
single-seeded, . . . . 5. NUCULIFERE.

B. Ovary inferior or half inferior.
a. Ovary several-celled and several-seeded.
* Flowers mostly unisexual, stamens partly

united, . 6. CUOURBITACEE.
* * Flowers hermnphrodlbe, stamens free
1. Stamens adnate to calyx, . . 7. CAMPANULACEE.
2. Stamens adnate to corolla, . . 8. CAPRIFOLIACEE.
b. Ovary single-celled and single-seeded, . 9. AGGREGATZR.

1 Greek, syn, together ; petalon, a petal.
2 Comp. Table IL., ‘‘General View of the Sympetal,” at the end of the book.
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II. Carpels of the same number as the sepals.

A. Ovary single-celled, flower corollifloral, . . 10. PRIMULINA.
B. Ovary several-celled, flower thalamifloral, . . 11. BICORXES.
I

PLUMBAGINES.?

The Plumbaginacee (thrifts and plantains) are sympetalous
dicotyledons, with one-celled, one-seeded, superior ovary, which
later forms a capsule or achene. Corolla four

/ \\ or five lobed, often deeply cleft, inconspicuous,
() usually dry and membranous. Stamens four or
five, alternating with or opposite to the petals.
& ;! Flowers hermaphrodite (Fig. 181).
Leaves simple, lanceolate or broadly ovate; stem
Fia. 181 undeveloped, leaves often spreading on the ground.
Plantago major. Flowers arranged in thick spikes or heads. The
thrifts are perennial herbs, or half shrubs of the
temperate regions. Represented by one order.
(13.) Plantaginacece.—Fruit a one-celled capsule with central
seed ; dehiscence circumscissile.—[210.]
We have several species of the genus Plantago (Plantago major,

media, lanceolata, with four stamens and one style). The common
thrift (Armeria vulgaris) is related. It has five stamens and five styles.

II.
CONTORTZ. *

The Contorte are sympetalous dicotyledons, with one-celled,
many-seeded, or two-celled, few-seeded superior ovary, composed
of two carpels. The calyx has its sepals united, four or five
lobed. The corolla is regular, tetramerous or pentamerous,
stamens two or five (rarely four), adnate to corolla. Styles,
one or two. Astivation mostly convoluted or twisted.

Trees, shrubs, or herbs with opposite, mostly decussate, leaves con-
taining an acrid juice. Two orders.

(14.) Gentianacew (Gentians).—Floral envelopes five-lobed
(rarely four-lobed), large, and conspicuously coloured (mostly

! From plumbago, the name of a plant. (The word is also dog-Latin for
black-lead.)

3 Latin, confortus, twisted.
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blue), persistent when withered. Ovary one-celled, with parietal
placentz (Fig. 182), or two-celled, with seed in centre. Fruit
usually a capsule.—[500.]

The Gentians are small herbs or shrubs, having ———
mostly a smooth, hairless surface. Leaves simple,
undivided, often with entire margin; no foot-stalk. " )
Flowers single, and terminal or axillary (seldom in
spikes, heads, or whorls). Root a rhizome or fibrous. \g‘\\ :/
Although the Gentians are found all over the world,
their chief habitat is the colder regions. They are Fro. 182.
common in the Arctic regions, and below the snow- .
line on lofty mountains; their flowers are frequently f::t';';w(g;:_
very beautiful. Native species are bogbean (Meny- qnie).
anthes trifoliata), Erythrea, &ec.

(15.) Oleacex.—Floral envelopes four-lobed, mostly small or
medium sized, seldom absent (ash); stamens two, opposite the
sepals. Ovary two-celled, each cell two-seeded ; one style. Fruit
a capsule, nut, or berry (Fig. 183).—[280.]

The Oleacee are trees or shrubs with opposite leaves, simple

entire or impari-pinnate, and flowers in compound
clusters. They grow chiefly in dry parts of the

Temperate Zones in both hemispheres, also in warmer 4
regions. They are specially abundant along the . f ()
shores of the Mediterranean. The most familiar E‘ @ L

species are the olive (Olea Europea) in Southern

Europe ; the privet (Ligustrum vulgare, leaves simple, —
flowers white, berries black) ; the syringa (Syringa vul- Fic. 183.
garis and S. Persica, leaves simple (Fig. 52), flowers
lilac or white, fruit a dry brownish capsule) ; and the
ash (Frazmua excelsior), leaves impari-pinnate, floral envelopes dry or
abeent ; fruit a winged nut.

Syringa vulgaris.

II1.
TUBIFLORAE.}

The Tubiflore are sympetalous dicotyledons, with two-celled,
few or many-seeded superior ovary, composed of two carpels.
Calyx free, sepals united, calyx five-lobed ; corolla regular, five-
lobed ; stamens five, adnate to corolla, alternating with the
petals. Style one. Fruit, a capsule or berry.

Herbs, half-shrubs, shrubs, or trees, with scattered or alternate, never
opposite, leaves. Two orders in this country.

1 Latin, tubus, a tube ; flos, s flower.
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(16.) Convolvulacee (Bindweeds).—Corolla tubular or funnel-
shaped, five-plaited, convoluted or twisted in the bud; calyx
_ — often large, persistent; ovary two or four-celled,

ﬁé\\? with one or two seeds in each cell. The ovary

{' [ 9‘ v stands on a thick, yellowish cushion-like disk, which

N f/' /, partly surrf)unds it at its base. 'Fm:it a few-seeded

capsule (Fig. 184 ; comp. also Fig. 79).—[800.]

. Fio. 184. The bindweeds are herbs or shrubs, mostly with twin-
Bindweed (Caly- jno stems containing a milky juice; leaves scattered,
stegia sepium).

simple, palmate, or pinnate ; flowers large, axillary or
terminal. The bindweeds are very numerous in the Tropics, common
in the Temperate Zones, entirely unknown in the Arctic regions.
Bearbind (Calystegia sepium) and bindweed (Convolvulus arvensis,
Fig. 79) are our representative species. The tubers of Butatas edulis
(“sweet potatoes”) are used as food in the Tropics. A parasitic
species, dodder (Cuscuta), infests our flax and clover.

(17.) Solanacee (the Nightshades).—Corolla tubular or funnel-
shaped, five-plaited in the bud, five-toothed. Calyx herbaceous,
persistent, and frequently altered after flowering. Ovary com-
posed of two carpels, two-celled, each cell many-seeded. One
style, stigma often bifid. There is no fleshy disk beneath the
ovary. Fruit a two-valved capsule, or a berry ; placente very
thick, often fleshy, bearing numerous seeds (Fig. 185).—[1250.]

——— The nightshades are herbs, shrubs, or trees with
compound leaves, and flowers either axillary or ter-
minal. They are most common and most beautiful
in the Tropics, especially in America, but they are
also known in the Temperate Zones of both hemi-
spheres. Many are very poisonous (narcotic) ; many

Frc. 185. are used in medicine. The fruits and tubers of some

Henba species are used as food, eg., the tomato, which

enbane (Hy- . . .

oscyamus Niger), 19 the fruit of Lycopersicum esculentum, and the

potato, which is the tuber of Solunun tuberosum.
Atropa Belludonna (deadly nightshade), and Hyoscyamus niger (hen-
bane) are indigenous.  Datura Stramonium (the thorn-apple) is intro-
duced. Of foreign species we may specially note the capsicums
(Capsicum annuum and C. baccatum, or cayenne pepper), and the
tobaceo plant (Nicotiana tabacum).

1V.
PERSONAT.%.

The Personada® are sympetalous dicotyledons with two-
celled, superior, many-sceded, rarely few-seeded, ovary, composcd

! Latin, po svnatus, masked ; persona, a mask.
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of two carpels; calyx free with united sepals, four or five lobed,
usually somewhat labiate. Corolla five-lobed, and decidedly
bilabiate, ringent or personate (Fig. 87); the flower irregular
but symmetrical (Fig. -186). When the flower is personate,
it is sometimes spurred (Fig. 187, I.IL.). Very
rarely the corolla is not labiate, but four-lobed
and regular (Fig. 84), or five-lobed (Fig. 187,
V., VL), and only slightly irregular. Stamens
usually four, two long and two short (the upper-
most absent, Fig. 186). Sometimes five are Fro. 186,
present (Fig. 187, V.), or two (Fig. 84). Fila- poprg mouth(dntir-
ments adnate to corolla. Fruit a two-celled, rkinum majus).
two-valved capsule (Fig. 187, IIL, IV, VIL). Style one; stigma
bifid.—[1900.]

h

Fic. 187.

Personate.—1., IV. Toadflax ( Linaria vulgaris). I. Flower,
nat. size; II. Same, under-lip bent back; III. Ovary,
twice enlarged ; IV. Same in cross sectiom, six times en-
larged ; V., VIL Mullein ( Verbascum Thapsus) ; V. Flower,
nat. size ; VI. Same, longitudinal section ; VII. Ovary,
twice enlarged ; e Flower-stalk ; d. Calyx ; a Upper lip;
b Lower lip; ¢ Spur; s Stamens; f Ovary; g Style;
k Stigma ; ¢ Ovules ; k Placenta.

Herbs, rarely shrub-like plants or shrubs. Stem cylindrical, more
rarely quadrangular. Leaves opposite, in whorls or scattered, simple
or cleft, sessile or stalked. Flowers axillary, in whorls or in spikes,
always hermaphrodite.

(18.) Personate (Scrophulariacee), a very large order, of which
representative genera are found at the Equator as well as at the
Poles. The following are the chief indigenous families : —
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I. Flowers flat, rotate, almost regular, rim four or
fiveé-toothed.

A. Rim five-toothed, stamens five, . . . 1. VERBASORE.
B. Rim four-toothed, stamens two, . . . 2. VERONICEX.

IL. Corolla campanulate, labiate, ringent or personate.

A. Tube of corolla spurred or knobbed, . . 8. ANTIRRHINEE.
B. Tube of corolla witheut spur or knob.
a. With green foliage leaves.
* Corolla campanulate, slightly labiate, rim
four or five cleft.
1. Rim of corolla bilabiate, . . 4. SCROPHULARLL
2. Rim of corolla not labiate, only :
slightly four-lobed, . . 5. DiGITALER.
** Corolla ringent, with large casque-
shaped upper lip, . . . 6. RHEINANTREZE.
b. Parasitic plants with brown scales instead of
leaves, . . . . 7. OROBANCHEX.
1. Verbascew (vervains), represented in this country by the large
vervain genus (Verbascum), mostly yellow-flowering species (Fig.
187, V.-VIL). 2. Veronicee (the veronicas), distinguished by
having blue flowers (Fig. 84). 3. Antirrhinee (snapdragons), the
most important species are Anfirrhinum (snapdragon, Fig. 87) and
Linaria (toadflax, Fig. 187, I-IV.). 4. Scrophularie, indigenous genus
Scrophularia, with greenish brown or greenish yellow inconspicuous
flowers. 5. Digitalee (foxgloves), the foxglove genus (Digitalis).
6. Rhinanthew, plants of this order are remarkable for turning black
when dried. Flowers conspicuous, bluish red, purple, yellow, &ec.
Melampyrum, Pedicularis (louse-wort), Rhinanthus (yellow-rattle).
Euphrasia (eye-bright). These are mostly semi-parasitic on the roots
of other plants. 7. Orobanchee (broom-rapes), parasitic plants of
brownish colour, with small, scale-like leaves, bilabiate corolla and
one-celled ovary with parictal placente. Illustrative genus Orobanche,
with many species very difficult to distinguish from one another, often
infesting cultivated plants.

V.
NvcvLiFErR &

The Nuculifera are sympetalous dicotyledons with superior
ovary, divided into four fruitlets having a common style. Each
fruitlet is called a nucule ; the nucules are elongated and rounded
or angular in shape; they each contain one seed. The corolla

! Latin, nuculus, a nutlet (dim. of nux) ; fero, I bear.
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is five-lobed, regular or irregular; so also is the calyx.
Stamens five or four, rarely two; adnate to petals,

usually alternating with them. Flowers always

hermaphrodite.

Herbs or shrub-like plants, frequently very hairy.
Leaves opposite or scattered. Two orders.

(19.) Labiate.—Corolla distinctly symmetrical \
(Fig. 188), bilabiate; upper lip large, mostly
casque-shaped, concealing the stamens and style
(Fig. 189, 0) ; lower lip having several teeth, flatter
than the upper lip, without spur-like prominence.
corolla long, rounded, often inflated at the base.

either five-toothed (Fig. 189,
1), or labiate (V.. Stamens
usually four, two long and two
short. Style basilar, i.c., arising
from between the lobes of the
ovary ; stigma double, the two
parts unequal in length.—[2600.]

The order Labiate contains many
species, and is distinguished from
all others by the bilabiate, bilater-
ally symmetrical, united corolla,
and the peculiar ovary with four
nutlets. Its members are mostly
herbs or shrub-like plants, seldom
true shrubs, with quadrangular,
hollow stems, with swollen nodes.
The leaves are decussate, simple
or indented. Flowers in spikes,
tufts, or whorls (Fig. 102). The
Labiatee are most plentifully re-
presented in the warm Temperate
Zones, but are met with all over the
world. They are specially numerous
along the Mediterranean coast, from
Portugal to Asia Minor ; the flora of
Mexico is also distinguished for the
large number of Labiate it embraces.

B Y
€ocd
=)
J

Fia. 188.
Dead-nettle (La -

mium album).

Tube of
Calyx

Fie. 189.

Labiate.—1. I1. Dead-nettle (Lamium
album). I. Flower, nat. size ; IL
Same, longitudinal section; IIL-V.
Self-heal (Prunella vulgaris); IIL
Flower viewed from the side, twice
nat. size ; IV. Corolla, upper lip bent
back, thrice nat. size ; V. Calyx, three
times enlarged ; & Calyx ; a Upper lip of
same ; b Lower lip; o Upper lip of
corolla ; ¥ Lower lip of same ; r Tube
of corolla ; & Stamens ; g Style.

The Labiate are divided into the following families : —
I. Rim of corolla not labiate, almost regular, four or five

lobed ; tube shorter than or of equal length

calyx; stamens two or four,

with the
. 1. MENTHOIDEE.

.
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11. Corolla labiate.
A. Ubpper lip present, large or of medium size.
a. Stamens two ; upper lip very large, .
b. Stamens four ; upper lip large or of medium size.
* Filaments separate, bending from or towards
each other above, . 3. SATUREINEE.
** Filaments running parallel wuth uch other
under the lower lip.
1. Upper (or inner) stamens shorter than the
lower (or outer).
+ Calyx bilabiate ; upper lip entire or three-

19
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toothed, . 4. SCUTELLARINES.
+ Calyx straight or slanung. three tn wn
toothed, or almost untoothed, . . 5. STacEYDRAX
2. Upper stamens longer than the under, . 6. NepETRE
B. Corolla one-lipped (upper lip very small), . . 7. AJvGEE

From the above list we see that in the Labiate the size of the upper
lip is subject to great variation. It may be totally absent, small,
middle-sized, or large. A noteworthy fact is that there is a relationship
between the size of the upper lip and the geographical distribution
(Figs. 190-193). In Western Europe (Spain and Portugal) the 4jugec,
which have scarcely any upper lip, prevail ; in the south of France and
Western Italy the Satureinec, also with small upper lip (Fig. 191); in
Germany, Switzerland, and North Italy the Stachydece, with moderawly
well-developed upper lip (Fig. 192), in Southern Russia, Asia Minor,
and Persia, the Phlonudeae (Fig. 193), with very large casque-shaped

upper lip.

F A

Fi1c. 190. Fic. 191. Fic. 192, Fic. 193

Flowers of Labiate. Fig. 190.—Ajuga reptans. Fig. 191.—Origanum vulgare.
Fig. 192.—Galeopsis rersicolor (hemp-nettle). Fig. 193.— Phlomis Roeseliana, nat.
size. Figs. 190-192 somewhat enlarged.

The following are some of the indigenous genera of Labiate :—

(1.) The Mints (Menthoidew).—Of these mint (Mentha), a genus
comprehending many species, and Lycopus. (2.) Monardew.—The
sage germs (Sulvia), including two wild apecies. (3.) Satureinew.—
Marjoram origanum (Fig. 191), thyme (Thymus), &c. (4.) Scutel-
larinew.—Sculellaria and Prunclla (comp. Fig. 189, I1IL V.) (5.)
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Stachydee.—The dead-nettle order (Lamium, Fig. 102 and Fig. 189,
I IL.), hemp-nettle (Galeopsis, Fig. 192), wound-wort, Stachys, &ec.
(6.) The Nepetee or Cat-mints.—Catmint (Nepeta) and ground ivy
(Glechoma). (7.) Ajugee.—Ajuga and wood-sage (Teucrium).

(20.) Boraginacee (the Borage family).—Flower regular or very
slightly symmetrical, never labiate. Calyx free, five-lobed,
sepals united, corolla five-lobed, prolonged below
into a tube. Stamens five, sometimes concealed

by processes of the corolla. The four lobes of {
the ovary united in pairs. Fruit four nutlets 8

(Fig. 194).—[1200.] \\
The Boraginacez are herbs or shrubs whose leaves /

and stems are usually covered with stiff, bristly Fia. 194.
hairs. The stem is cylindrical, the leaves simple, Lung-wort (Pulmo-
alternate. The Boraginacee are found in the warm naria oficinalis).
and in the temperate zones. Home genera are

hound’s-tongue (Cynoglossum), borage (Borago), Anchusa, Symphy-
tum, Echium, Pulmonaria (lung-wort), Lithospermum, Myosotis (forget-
me-not), &e.

VI.
CUCURBITACEA.!

The Cucurbitaceee (gourds) are sympetalous dicotyledons with
inferior three-celled, many-seeded ovary ; flowers moncecious or
diecious ; stamens united in two pairs, the fifth remaining
free (Fig. 195). Calyx superior, five-lobed;
corolla also five-lobed. Anthers twisted. Fruit
a pepo, three-celled, many-seeded (Fig. 132). .

Stigmas three, very thick. l

(21.) Cucurbitaceee, the cucumber order.—

Annual, more rarely perennial plants, with cylin-

drical branched creeping stems, and scattered Fie. 194.
simple or palmate leaves—the leaves often very big"‘ggpogﬁ%‘;‘:
large. The stems are frequently prolonged into presented as her-
much-twisted tendrils.—[500.] mephrodite.

The Cucurbitacee is mainly a tropical order, having a few represen-
tatives in temperate regions, none in Arctic. The succulent fruits are
much esteemed as an article of food, either fresh or preserved, e.g., the

' New. Lat., pepo, a gourd ; fero, I bear.
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gourd (Cucurbita Pepo, originally a native of the East), the cucumber
(Cucumis sativus), the melon (C. Melo), and the water melon (C. citrul-
lus). The snake-gourd (Trichosanthes anguina) is much prized by the
natives of the Tropics ; its hard rind is utilised to form various sorts of
vessels, The poisonous bryony (Bryonia dioica) is the only indigenous
species.

VIL
CAMPANULACEE.!

The Campanulacee (Bell-flowers) are sympetalous dicotyledons
with inferior or median ovary, two-celled, many-seeded. Flowers
hermaphrodite, regular. Stamens free; fruit a capsule.

(22.) Campanulacee—Calyx half or wholly superior, four
or five-lobed, like the corolla. Ovary consisting of two, three, or

several carpels (Fig. 196). One style. Stigmas
as many as cells of the ovary, usually three.

{ —[500.]
@ ) Herbs, rarely shrubs. Stem cylindrical, leaves

alternate, rarely opposite, simple or lobed, sessile or

stalked. The Campanulacece are common in the tem-

Fm 195 perate and colder regions, being found even on lofty

Campanula (Cam- Mountains ; they are not so characteristic of the

panula patula). tropical flora. Most species are found in Europe,

Asia, and North America. Jasione, Phyteuma, and

the various species of Cumpanula (hare-bell, Canterbury bell, &c.) are
indigenous to this country.

VIII.
CAPRIFOLIACEE.3

The Caprifoliacee are sympetalous dicotyledons with inferior,
several-celled, several-seeded ovary, and hermaphrodite flowers
with stamens adherent to the corolla-tube (the point of attach-
ment often very low down). Flowers four or five lobed, regular or
bilaterally symmetrical ; fruit a berry, rarely a capsule.

(23.) Caprifoliacece—Calyx epigynous, like the corolla four
or five lobed. Ovary composed of three or four carpels, three or
four celled, each cell two-seeded (Fig. 197), or one-seeded, very
rarely several-seeded.

' Latin, campanula, a bell. ? Latin, caper, a goat ; folium, a leaf,
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Shrubs or low trees (sometimes shrub-like climbing plants), with
opposite simple, entire, or lobed leaves. Flowers single or in pairs,
also in simple or compound clusters. A small group
found in the temperate regions of both hemispheres.
Native genera—Adoxa, Sambucus (the elder), Vibur-
num (guelder rose), Lonicera (honeysuckle, several
species). A common garden-plant is the snowberry
(Symphoricarpus racemosus).

Related to the Caprifoliacew is the large order Ruls-
acee (Madders), with regular four or five-lobed flowers,
and inferior two-celled ovary. Of the four hundred = =
species known, only a few are native to this country; Lo,,icj:u Xylo-
these are mostly low herbs with whorled sessile leaves, steum).
and small flowers— Galium, Asperula (wood-ruff). The
order is only typically developed in the Tropics, where many species
attain the height of trees. Coffee is made from the berry of the
tropical genus Coffea, quinine from the bark of the South American
Cinchona.

Fia. 197,

IX.
AGGREGATZE.!

The Aggregate are sympetalous dicotyledons with inferior
one-celled, one-seeded ovary, from whose summit arise the calyx
(mostly hairy) and corolla. Petals and stamens of equal number,
always four or five. Inflorescence aggregated into a dense head
or capitulum swirounded by an involucre, whence the name
given above. The following two orders are important :—

(24.) The Dipsacew or Scabious Order—Calyx apparently
double, having an epicalyx or involucel—both tubular; corolla
arising from the throat of the

——
calyx, tubular, five or four l(.)bed: f' | ‘\
occasionally almost labiate; q }
stamens four, alternating with ‘ »
YA

the lobes of the corolla, some-
times of unequal length. Style ~ Ceee’
one, longer than the corolla, Fie. 108. Fio. 199.
stigmaoften short,bifid. Achene Succisa protensis.  Clirsium oleraceum.
indehiscent, surrounded by the persistent involucel, and sur-
mounted by the persistent calyx, brownish in colour (Fig. 198).

Herbs with opposite simple, pinnate or bipinnate leaves. The
flowers, always hermaphrodite, grow in compact heads, surrounded by

1 Latin, aggregatus, past participle of aggrego, I heap up.
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an involucre of bracts. Indigenous to the Temperate Zones. Home
genera, Dipsacus (including teazle (. Fullonum), whose dried capitula
are used to comb up the nap on cloth), and Scaliosa, including various
species of scabious.—[120.]

(25.) Composite.—Calyx! represented by simple bristles or
feathered hairs (Pappus, comp. Fig. 74 and Fig. 96, V.), which
often persist and crown the fruit ; corolla either regular, tubular,
and five-lobed (Fig. 74), or somewhat irregular, and tubular

‘ (Fig. 85), or ligulate (Fig. 83).
Stamens five, attached to tubu-
lar corolla, and alternating with
its lobes (Fig. 199). Filaments
free, but anthers united into a
tube around the style. Style
one, stigma bifid. — [10,000
species.]

Inflorescence a capitulum or
anthodium, consisting either of
tubular florets (Fig. 200), or of
florets tubular in the centre,
ligulate at the circumference
(comp. Fig. 107, IL), or of
ligulate florets alone (dande-
lion). The external florets are
often either female or neuter.
Each capitulum is surrounded
by a number of imbricated

Fia. 200. bracts, forming an involucre.
Capitulum of thistle (Cirsium oler- - o .
aceum) ; nat. size. The capitula either grow singly
at the end of a long flower-
stalk (daisy), or often in a corymb (Fig. 119).

The Composite are herbs or under-shrubs (rarely shrubs), annual
or perennial, with fibrous or tuberous roots. The leaves are alternate,
opposite, or whorled, simple or compound, the upper leaves usually
smaller than the lower. The Composita is the largest of all the
natural orders, embracing about one-ninth of all the known species
of plants. Members of the order are to be found in all parts of the

world, from the Equator to the extreme limit of Polar vegetation. The
following are our most important native families :—

! The late appearance in development of the pappus, and it epidermic character,
are frequently urged against its being regarded as calyx. —Tr.
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L. Capitula, either composed entirely of tubular
florets, or centrally of tubular, peripherally of
llgu]ate florets.  Juice watery (Tubuliflorce).

4. Style not thickened, cylindrical or club-shaped
at the apex.
a. Style warty, or slightly hairy at the apex.
* Style club-shaped,

—

b. Style linear and cylmdncal, blunt at the
apex, and covered with long hairs,
* Anthers without appendages at the
base.

1. Pappus either awanting or stiff,
like bristles crowning the
fruit.

+ Leaves usually opposite,

anthers black, . 3.

1+ Leaves usually alternate,
anthers yellow, . . 4.
2. Pappus downy, . . 5.

* * Anthers with a.ppendng-es

at the base, . 6.

B. Style much thickened at the apex, and there

very hairy, . . 7.

II. Florets all ligulate. Juice milky (Ligulifiore).
4. Pappus entirely absent, involucre composed of

from five to eight bracts, . . 8.

B. Pappus present, involucre composed of an in-
definite number of bracts.

a. Pappus short, bristly; the bristles

flattened, blunt at the apex, free or

slightly united, . . .9

b. Pappus feathery or hairy.

* Pappus feathery (at least on the
central florets) ; the hairs rarely
simple at the apex, divided at the
base.

1. Each whorl of pappus hairs un-
equal in length ; receptacle
naked, or covered with fine

filaments, . . 10.

2. Each whorl of pappus hnrs of

equal length ; receptacle naked, 11.

* * Pappus hair-like, hairs
always simple.

1. Achene flattened, . 12.

2. Achene cylindrical or

angular, not flat, . 13.

1
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. EuPATORIE.
* * Style linear, . 2.

ASTEROIDF.

HELIANTBEX.

ANTHEMIDEE.
SENECIONEA.

GNAPHALILE.

CYNAREE.

LAPSANEE.

CICHOREE.

LEONTODONTRX.

TRAGOPOGONERF.

LACTUCER.

HIERACEE.
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The following are typical representatives of these orders :—1. Eupa-
torie— Eupatorium cannabinum, Fig. 74 (hemp-agrimony), Tussilago
Farfura (coltsfoot), Petasites officinalis. 2. Asteroidew (the (wters) —
Aster sinensis (the common aster of cultivation), Bellis perennis (the
daisy), and Inula (elecampane). 3. [lelianthew (sunflowers).— Helian-
thus annuus (the common sunflower, a native of America); Bidens
(bur-marigold), a native of this country). 4. Anthemidee (the
camomiles).—Artemisia (wormwood), Achillea, Fig. 119 (milfoil),
Anthemis, Matricaria Chamomilla (the camomile), 7anacetum vulgure
(tansy), Chrysunthemum. 5. Senecionee (the groundsel).—-Arnica
montana, Senccio (groundsel). 6. Gnaphaliw.— Filago, Gnaphalium,
Helichrysum arenarium. All plants of this family are remarkable for
the thick, ragged white or grey hairs by which they are covered (the
various species are classed together as Immortelles). 7. Cynarew (the
thistles).— Cirsium (fuller’s thistle), Carduus (common thistle), Arctium
(burdock), Centaurea (cornflower). 8. Lapsanew.— Lapsana, Arnoseris
(lamb’s succory). 9. Cichorice.— Cichorium Intybus (common chicory),
and C. Endivia (salad endive). 10. Leontodonteee (dandelions).—
Leontodon (yellow hawkbit), Pieris. 11. Tragopogonee (the goat's-
beard).—7Zragopogon (goat's-beard). 12. Lactucew (lettuces), Lactura.
—Tarazacum officinale (common dandelion), Sonchus (sow-thistle)
(Fig. 200). 13. Hieracie (hawkweed).—Two genera, including
numerous species, Crepts (hawk’s-beard), and Hieracium (hawkweed).

X.

PRIMULIN.E.

The Primuline are sympetalous dicotyledons which have
carpels, sepals, and petals isomerous (5). The ovary is one-
celled and many-seeded, the ovules attached to
a central placenta. Stamens five, adnate to
corolla, and superposed to its lobes. Fruit a
capsule (Fig. 201, Fig. 99, IIT.). One order.

(26.) Primulacce (the DPrimrose Order).—
Herbs, mostly with simple persistent short

Fie. 201. stem ; leaves simple, mostly entire, growing
P"m:'l‘“e(” rimula close to the ground; flower-stalk unbranched,
atior).
bearing ﬂowers in a terminal umbel. In other
cases the flowers stand singly, or in clusters, &c. Flowers
always hermaphrodite.

The Primulaceze belong principally to the flora of the north tem-
perate regions of both hemispheres, partly also to that of high moun-
tains.  Many species are cultivated. Native genera:— Primula
officinaliz  (the common primrose), P. elatior (oxlip), Trientalis
europeea, Hottonia palustris (bog primrose), Lysimachia, Anagalliz
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arvensis. The auricula (Primula auricula), the Chinese primrose
(Primula sinensis), and the cyclamen (Cyclamen europeum and C.
persicum) are favourite garden plants.

XI.

BICORNES.?

The Bicornes, or heaths, are sympetalous dicotyledons with
epigynous stamens. Carpels (four and five) as many as the
lobes of calyx or corolla. Ovary four or five-
celled, many-seeded; seeds not attached to a
central placenta. Fruit a berry or a capsule.
Two orders.

(27.) Vaccinie, or IVhortleberries. — Calyx
adherent to the ovary, four or five-lobed; sepals,
like the petals, united; petals deciduous. Bilbe

. Ty
Stamens twice as many as petals, arranged (Vaccinium Myr-
in one whorl epigynous. Ovary inferior, cells tillus).
four or five; one style. At the summit of the ovary is a thick
fleshy disk (Fig. 202); fruit a berry.—[50.]

The Vaccinice are gregarious plants of the Northern Hemisphere,
growing only in the temperate and colder regions. They are found on
barren, sandy, or turfy moors. All plants of this order are shrubs,
many of them only a few centimetres high (Fig. 203). The leaves are
small and simple, often thick and leathery, usually evergreen. They
spring from the branches at irregular intervals. Flowers mostly
reddish; berries red or dark purple. Native species— Vaccinium

Ozxycoccus (cranberry), V. Myrtillus (bilberry), V. uliginosum (black
whortleberry), and V. Vitis-Idea (red whortleberry).

Fie. 202,

Fi1c. 208.

Cranberry ( Vaccinium Ozycoccus).—I. Plant, nat. size; II. Flower,
four times enlarged ; III. Fruit, nat. size.
(28.) Ericaceee (the heaths).—Calyx and corolla each united,

! Latin, bis, twice, cornu, a horn; because the stamens have two hornlike
appendages at the base of the anthers.
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four or five lobed. Below the ovary the receptacle is widened
so as to form a ring, from which arises the persistent corolla.
Stamens arising from the expanded thalamus, as many or twice
as many as the petals, in both cases forming only one whorl.
Cells of the ovary four or five, opposite the petals; style one.
Fruit a capsule or berry (Fig. 204).—[1150.]

The Ericacee are shrub-like plants, shrubs, or trees (e.g., Arlutus
Unedo, a species indigenous to South Europe and Asia Minor), with
scattered or whorled, leathery, often needle-shaped,
leaves, single or clustered flowers, and nostly peren-
nial roots. They are confined chiefly to the northern
temperate regions and South Africa ; in New Holland
they are represented by the Epacridacez, an allicd sub-
order. The heaths, properly so-called, are the most
important. The name ‘heath” is given to large

Fie. 204. tracts of country, corresponding in some degree to the
Heath (Andro- Asiatic and South African steppes, when overgrown
meda polifolia). With Calluna vulgaris, the common heath. Familiar
also is the bell-heath (Erica Tetralix, Fig. 77), which
grows in damp, turfy spots. In Lapland the genus Erica is represented
by such numerous and varied species, that it has not yet been found
possible to exhaust them: every valley, every mountain, possesses
some peculiar endemic variety. The fact of there being so many
species of Erica in Lapland is all the more remarkable, seeing that
elsewhere throughout the whole Northern Hemisphere we find but a
few species prevailing everywhere.

Other noteworthy native plants of the order Ericaces are Arctosta-
phylos Uva-Ursi, Andromeda, Pyrola (the winter-green), and Mone-
tropa (Fig. 6, a), a degenerate root-parasite.

Group II.
CHORIPETALE.!

The Choripetalee have either the floral envelopes almost
entirely absent, or only one present, or normally both present. If
only one is present (perianth), its parts may be either free or
united ; if two are present, the petals of the inner whorl (corolla)
are always frce. The stamens are arranged either in one, or, as
is more usual, in two whorls (several whorls may arise through
radial reduplication), the first or outer whorl being mostly opposite
the sepals, the second or inner opposite the petals. The number
of stamens varies from one to many ; they are not united to the

v Greek, chorix, free, not united ; petalon, a petal,
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corolla, but are inserted on the receptacle or on the rim of the
calyx (Thalamifloree and Calycifloree). The ovary usually con-
sists of as many carpels as there are sepals (four or five), but it
may consist of more or less. In many flowers there are several
or many ovaries, each composed of a single carpel.—[45,000.]

KEY To ORDERS OF CHORIPETALA.!

1. Flowers inconspicuous, floral envelopes entirely
awanting or small, never brightly coloured,
never double. Ovary one-celled, very rarely
threecelled ; flowers rarely hermaphrodite,
inflorescence usually a catkin,
A. Flowers unisexusl, ¢ in catkin, . . . |l AMENTACE& or
CATKIN-BEARERS.
B. Flowers hermaphrodite or unisexual, & not in {2, URTICINE or
catkins, . . . NETTLES.
IL Floral envelopes large, double or smgle, the
latter always in the form of a perianth (if
the perianth is greenish, the flowers do not
form catkins, and are § flowers with single-
seeded ovaries).
4. Seed on central placents, ovary one-celled, always
single. Stamens one to ten. Fruit a nut or
capsule, . 3. CENTROSPERM.E.
B. Seed not as in t.he lstter clus. Ovu-y mostly :
several-celled (if one-celled it forms a berry, or
there are several in one flower),
a. Flower a simplc perianth, with united parts, 4. MONOCHLAMYDEE.
b. Floral envelopes double, or forming a perianth
with several petals.
* Ovary inferior.
1. Calyx almost absent, flowers in umbels, 5. UMBELLIFLORE.
2. Calyx present, flowers not in umbels.
a. Fruit a capsule or berry.
+ Calyx and corolla pent- or tetr-
amerous, in the latter case having

many stamens, . 6. SaxIFRAGINZE.
+t+ Calyx and corolla d:- or tetr-
amerous ; stamens four or eight, . 7. MYRTIFLORZ
(in part).
B. Fruit a few-seeded pome, . . 8. RoSIFLORE
(in part).

** Ovary superior.
1. Stamens inserted on the throat of the
calyx.

! Compare Tables III. and IV., “General View of the most important Chori-
petale,”’—2\ and B, at the end of the book.
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a. Flowers regular.
+ Ovary one, two-celled, several-

seeded, . 7. MYRTIFLORE.
++ Ovary one, onemlled md one-
seeded, or several one-seeded cells, 8. RosirLorz
B. Flowers symmetrical (Papilionace), 9. LrGuMiNosL
2. Stamens inserted on the ovary.
a. Ovary one, composed of one carpel,
or several, each one-seeded, . . 10. POLYCARPICE.
B. Ovary one, composed of from two to
many carpels, one to five celled ; cells
two or many-seeded.
+ Petals four or numerous, . .11, RHGADINE,
++ Petals five.
® Ovary one-celled, . . 12. CIsTIFLORE.
©@® Ovary several-celled.
1 Stamens numerous, . 13. COLUMNIFERE.
% Y Stamens five, seven, elght,
or ten.
O Stamens united, . 14. GRUINALES,
30 Stamens free.
1t Whorl of stamens
decamerous, or seven | 15. .EscULINE or
eight members fully Hognsk CHESTNUTS.
developed, .
1 1 Whorls of swnens
pentamerous,  all
the members fully
developed, . . 16. FranNguLINE

L
AMENTACEE.!

The Amentacex (catkin-bearers) are choripetalous dicotyle-
dons, with very simple, inconspicuous flowers. Bracts absent,
or reduced to a mere scale; calyx and corolla not to be distin-
guished. Flowers always unisexual, either moncwcious or
dicecious. The g always in catkins (Fig. 205); externally
only the scaly bracts are visible, under which lie the tlowers,
consisting only of stamens, either single or in groups. Ovary
usually one-celled and two-seeded, rarely three-celled and six-
seeded, or one-celled and many-seeded. Fruit an indehiscent or
winged nut, in which only one seed is developed (the other
ovules are suppressed), occasionally a two-valved, several-seeded
capsule.

' Latin, amentum, a catkin.
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The Amentacez are trees or shrubs with simple leaves. They are
divided into three orders : —

(29.) Betulacex (the Birch Order).—Flowers
moncecious. The ¢ quite without floral en-
velopes, or these only rudimentary ; stamens
two to four, concealed beneath a stiff scale
(bract, Fig. 206, 207, ) ¢ tlowers united to
form a short rounded catkin (1IL.), every two
or three enclosed by a bract (IL). Fruit a
two-seeded winged nut, or a one-seeded nut,
the base of which is surrounded by a leaf-like
cup formed by the development of the bracts |
(hazel-nut).—[200.] \

Fig. 205.
The Betulacez are trees or shrubs of the northern  ppale catkin of

colder temperate regions, some species of which the birch (Betula
even pass up as far as the northern limits of vegeta- alba), nat. size.
tion (Betula nana or dwarf birch). Native species are

the common birch (Betula alba), Betula pubescens, Alnus glutinosa (the
alder), Corylus Avellana (hazel), and Carpinus DBetulus (hornbeam).
In Italy Corylus tubulosa (the filbert) is also found.

Fo'e
o «
"
,A\
K(c<>)
* w—-/
Fira. 206. Fre. 207.
Flowers of Hazel (Corylus Avellana). — 1. Male
hazel (Corylus flower. II. Female flower, eight times en-
Avellana). larged. IIL 9 catkins, four times enlarged.

(30.) Cupuliferee (the Oak Order)—Flowers moncecious, &
tflowers in catkins or clustered. Floral envelopes absent, or four
to five lobed ; stamens five or ten (Fig. 209), adherent to the
scales of the perianth. ¢ flowers; ovary adnate to the united
perianth, with three stigmas at the apex (Fig. 210). Ovary two
to six celled, each cell one or two seeded. Fruit a nut, with only
one cell developed and one seed (the rest abortive); base of
the nut surrounded by a hard cup (¢, Fig. 208), formed by
development and enlargement of the bracts which, in the flower,
encircled the ovary.—[200.]
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The Cupuliferz are indigenous to the Temperate Zones of both hemi-
spheres, but are scantily represented in the region of the Equator. The

‘S
®

Fie. 208. Fie. 209. Fia. 210.

Oak (Quercus Robur). Fig. 208.—Fruit, nat. size. Fig. 209.—
Floral diagrams.  Fig. 210.—Two ¢ flowers, somewhat enlarged
—c Cup, d Bract, & Perianth, n Stigmas.

order consists mostly of trees which grow together in large numbers,
and form forests. It includes the oak genus (Quercus), containing
many species; among others, our common oak (Quercus Robur), the
holm oak (Quercus Ilex, with leathery evergreen leaves), plentiful in
Italy and in the southern spurs of the Alps, and the cork tree
(Quercus Suber, a native of Spain and North Africa), whose bark forms
the cork of commerce. The Cupulifere also includes the genus beech
(Fayus), one species of which (Fayus sylvatica, the common beech) is
one of our most familiar forest trees. Fagus ferruginea is to the woods
of North America what Fagus sylratica is to ours. In Chili we have F.
obliqua, and in Tierra del Fuego F. antarctica and betuloides forming
extensive forests. The esculent chestnut also belongs to this order
o (Castanea vesra); it is a native of
\Q\\y“ }' /)f/ :; v, Southern Switzerland and Italy.
\\::\\ Kot el /"/;l./',’.i/, (31.) Salicinee (the Willow Order)
\ \_\:\W\\ B Y . ~ . .
RN S —Flowers diacious. & and ¢
;;\ ) /, b Hlowers, both in catkins. Floral
; - = envelopes are absent in both sexes,
their places being taken either by
a fleshy protuberance (in the wil-
lows), or by a cup-like shell (the
Fia. 211 poplars, Fig. 211, a). & flowers,
¢ flower of the black poplar ; 1. 212
(Pooudus wigea) Cup-n}l:n%ed stamens few (eg., two, Fig. 212, &),
development of the receptacle; 6 OF ANy (as many as twenty-four) ;
Ovary with two bifid stigmas; ¢ they are free or united by their fila-
Scaly bracts. v )
ments. ¢ flowers, each tlower pro-

tected by a scaly bract (¢, Fig. 211), the edge of which is so

N
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much split up as to look like a fringe of hairs; ovary (b, Figs.
211, 212, Q) one, free, many-seeded, seeds arranged B
in several rows. Style one, stigmas two, bifid. Fruit d ' ‘
a two-valved capsule, seeds clothed with downy hairs. @

—{180;] 9®

Trees or shrubs of the temperate and colder regions.

Native genera—the willow (Saliz) and the poplar (Populus), F'e- 212
The most important of the willow are the common willow- Saliz caprea.
tree (Salix fragilis), the weeping willow (S. babylonica), the osier willow
(S. viminalis), and goat-willow (S. Caprea). In Alpine and Arctic
regions we find S. Lapponum (the Lapland willow) and 8. reticulata,
which only attain a height of a few centimetres. To the poplars
belong— Populus alba (the white poplar), P. tremula (the aspen),
P. pyramidalis (Lombardy poplar), and P. nigra (the black poplar).

1I.
URTICIN E.!

The Urticine, or nettles, are choripetalous dicotyledons with
very simple, inconspicuous flowers. The floral envelopes are
better developed than among flowers of the last order; the
perianth consists of from four to six greenish scale-like parts.
Flowers unisexual or ¥. Stamens usually of the same number
as the teeth of the perianth, and placed opposite to thesc.
Catkins with bracts are never found. Ovary mostly one-celled
and one-seeded. Fruit an indehiscent or winged nut.

Trees, shrubs, or herbs with simple, frequently lobed, leaves. Two
orders are important :—

(32.) Ulmacee (the Elm Order).—Flowers § in scaly clusters or
tufts; perianth simple, five to six lobed and campanulate; stamens
as many as the lobes of the
perianth, and placed opposite to
these (Fig. 213). Ovary superior,
one-celled, one-seeded ; stigmas
two. Fruit an indehiscent samara
(Fig. 214).—[140.]

The Ulmacew come in between the

Betulacez and the Urticacee. They Fia. 213. Fio. 214.

: Fig. 213. — Elm (Ulmus cam-
are trees or herbs, with alternate, pestris 8 ). Fig. 214.—Samara of

simple leaves.  Ulmus campestris the elm (Ulmus campestris) ; nat. size.
(the common elm) and U. montana

are native species. Related to the elms are the Platanee or plane-

! From Latin, urticus, the stinging nettle (uro, I burn).
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trees, of which Platanus orientalis and occidentalis are familiar
species. . .

(33.) Urticaceae (the Nettle Order).— Flowers moncecious or
diecious, in panicles or tufts.  Perianth simple, tetramerous
(2 + 2, Fig. 215); in the @ flowers the two inner parts are

~ considerably larger than in the 3. Stamens four,
0-(‘ . ’> opposite the parts of the perianth. Ovary supe-
]

rior, one-celled, one-seeded, with one (tapered)

or two stigmas. Fruit an indehiscent nut or a
? O berry.—[1700.]

Fio. 215. In the temperate regions the nettles are herbs or
Stinging nettle shrub-like plants, frequently with stinging hairs.
(Urtica dioica). 81ways without milky juice. The representatives of

the class in warmer regions are frequently trees con-
taining milky juice. There are four families : —

1. Urticew (the Nettles).—Fruits single nutlets ; one stigma ; with-
out milky juice; succulent herbs ; chief genera the stinging nettles
(Urtica urens and dioica) and pellitory (Parietaria).

2. Morewe (the Mulberries).—Fruits aggregate, indehiscent ; mostly
two stigmas ; nearly all shrubs or trees with milky juice. Lo the
Morex belongs the mulberry trees (Morus alba and nigra), cultivated
as affording food for silkworms. The mulberry originally comes
from China.

3. Cannabinew (the Hemps).—Fruits single, indehiscent ; stigmas
two ; no milky juice; herbs and low shrubs. Hemp (Cannabis
sativa) and hops (Humulus Lupulus) are important species belong-
ing to this family ; their uses are well known.

4. Artocarpew (the DBread-Fruits)—Fruit a single-seeded berry, or
a peculiar aggregate fruit ; trees and shrubs with alternate leaves and
milky juice. The Artocarpes include the great tig genus (Ficus);
several species important, e.g., Ficus Cuarica (the fig-tree), introduced
from the east into Greece, Italy, and Spain, where it is largely
cultivated, and yields the common fig (in the pulp of which the
true fruits are imbedded) ; also the india-rubber tree (Ficus elastica), a
native of the East Indies, whose milky juice is a source of the india-
rubber of commerce. The fruits of bread-fruit trees (Arfocarpus incisa,
&c., cultivated in the Tropics) ave highly prized as articles of food.

I11.
CENTROSPERM.E.!

The Centrospcrme are choripetalous dicotyledons with double
floral envelopes, forming a calyx and corolla, or with only
3 Greek, centron, the centre ; sperma, a seod.
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one floral envelope developed. (In the latter case they may
be distinguished from plants of both the foregoing classes by
their never being trees or shrubs, by never bearing catkins, and by
their flowers being almost always hermaphrodite.) Each flower
contains one ovary, which is always one-celled, never several-celled,
though occasionally divided by false dissepiments (comp. Fig. 98,
IL.); it is one or many-seeded. The ovule or ovules are always
central, never parietal. They are attached to a frec central placenta,
a mode of attachment found in none of the other Choripetala.

The Centrospermz are herbs or shrub-like plants, with simple leaves
and flowers, which are frequently arranged in heads or tufts. They
form two orders, the first of which has flowers with a perianth, the
second double floral envelopes.

(34.) Oleracee (the Spinach Order).—Flowers with perianth,
di-, tri-, or tetramerous, rarely absent. Stamens arranged in one
or two whorls, of which the members are

frequently not all developed, so that no

general statement can be made as to their

number ; eg., there may be one, two, three, @
1 o

four, five, six, sevem, eight, or numerous
stamens in a flower. Ovary free, one-
celled, and almost always one-seeded ; the Fio. 216,

large ovule attached to the middle of the thf;"]g '*ﬁi:‘lvf:;"yﬁ‘;‘;

floor of the ovary by a long, often curved (1) Chenopodium, (IL)
stalk (Fig. 216); styles several. Fruit a glf‘::rmE';:gl"e'r:”‘""“‘"
hard, indehiscent nutlet.—[1200.] .

Herbs or shrub-like plants with opposite (decussate), alternate, or
whorled leaves, and very inconspicuous greenish flowers. They are
found chiefly in dry places in the Temperate Zones. To many salt is
necessary for their proper development, and hence many species grow
exclusively by the sea shore or by sult springs. Two families.

Polygonee (the Svrrel Fumily).—Leaves provided with membranous
stipules, either free or united in the form of a sheath around the
stera. Perianth with from three to —
eight parts; stamens three to nine, /6 o
or numerous ; ovary always one-seede, {
with several styles or stigmas; fruit g .
nut-like (Fig. 217). Shrubs or herbs \ )/
with simple leaves, found in all climates, \ >
Native genera are Itumex (dock) and Fic. 217. Fia. 218.
Polygonum, which includes the buck-  Fig. 217.— Polygonum amphi-
wheat (P. Fugopyrum) and many species. bium. Fig. 218. — Blitum virga-
Rhubarb (Rheum rhaponticum, §c.) is tum.
also one of the Pulygonew.
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2. Chenopodiw (the Goosefoots). — No stipules. Perianth mem-
branous, green, rarely brightly coloured, in the & flowers three to
five lobed, in the 9 flowers mostly two-lobed. Stamens free, inserted
on the bases of the perianth lobes; as many or fewer, never more
numerous than these. Ovary one-celled, one-seeded, with two or four
lobed stigma. Fruit dry, indehiscent (Fig. 218). Habitat, temperate
regions, the sea shore, and salt steppes (Central Asia and Siberia).
Home genera—Atripler (orach), Chenopodium (goosefoot), &c. Culti-
vated species Spinacia oleracea (spinach) and Beta vulgaris (beet-root).
Soda used to be obtained from the ashes of several other species found
in salt marshes (e.g., Salsvla Kalz).

(35.) Caryophylleez (the Pinks).—Ovary one-celled, composed
of from two to five carpels; at first many-celled, placentation
—=-m axile, afterwards (by absorption of septa) central,
with many ovules. Fruit a capsule, opening by

e
L€ @‘ teeth. Stamens usually five or ten; hypogynous,
(Y ‘y like the tloral envelopes inserted on the receptacle
\{"’/ (Fig. 39). Floral envelopes double, consisting

F¥ia. 219, mostly of a green calyx and a brightly coloured
Silene inflata.  corolla; both pentamerous (Fig. 219).—[1000.]

Herbs of the temperate regions, well represented in our own floru.
Three families.

1. Silenew (Pinks).—Sepals united into a five-toothed calyx ; petals
five ; stamens ten, inserted on a thickened receptacle under the ovary ;
fruit many-seeded ; styles two to five. Leaves opposite, without
stipules. Home genera—Dianthux {including garden pinks, carnations,
&c.), Saponaria (soap-root), Silene (catchfly), Lychnis (campion),
Agrostemna (corn-cockle), &c.

2., Alsiner.—Calyx tetr- or pentamerous, sepals distinct or deeply
cleft ; stamens ten or fewer, forming a circle ; petals five ; fruit many-
seeded; styles two and five. Leaves opposite, without stipules. Home
genera—Sagina, Spergula, Arenaria (sand-wort), Stellaria (stoch-
wort), Cerastium, &c.

3. Puronychiew.—Calyx tetr- or pentamerous; petals small or absent ;
stamens three or five, united to the calyx ; fruit mostly one-seeded ;
leaves opposite, with scarious stipules. Small weeds with inconspicuous
flowers. Herniaria, Illecebrum, and Seleranthus are typical genera.

IV.
MONOCHLAMYDEA.?

The Monochlamydea are choripetalous dicotyledons, with
unisexual or hermaphrodite flowers, having mostly a brightly

' Gireek, monos, one ; chlamys, a mantle.
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coloured perianth. The petals of the perianth are united into a
longer or shorter tube, with three to five lobed or irregular
throat. Ovary superior or inferior, three to many seeded, never
with central placenta; fruit usually dehiscent. Flowers never
in catkins. Three orders.

(36.) Euphorbiacee (Euphorbias).—Flowers moncecious. Peri-
anth hypogynous, four to five lobed, the lobes alternating with
a fleshy involucre, enclosing five & and one ¢
flower; the whole forms what is termed a
Cyathium. Stamens free, often numerous;
ovary mostly stalked, three-celled, each cell
one-seeded ; fruit when ripe dividing into three
at the common central column (Fig. 220).—

[3500.] Fia. 220.
. . Euphorbia
The Euphorbiacer are herbs, shrubs, or trees, with Cyparissias.

cylindrical or angular stems, containing milky juice.

The leaves are scattered (in some cases are abortive), simple, and
entire, rarely palmate. The Euphorbiacee are most numerous and
attain their greatest development in the Tropics ; in this country they
are chiefly represented by the genus Euphorbia, which contains many
species. Ricinus communis is much cultivated for the sake of the
castor-oil yielded by its seeds. (Phyllanthus (Fig. 20) also belongs to
this order.)

(37.) Thymecleacew (the Lace-Bark Order).— Flowers regular,
% ; Perianth hypogynous, four to five lobed, tubular: stamens
four or eight, adnate to the tube of the corolla;
ovary sessile, one-celled, one-seeded, with one
style and one stigma; fruit a berry (Fig. 221).—
[300.]

The Thymel®aceze are low shrubs with simple
leaves. They belong to the warmer regions of hoth Fie. 221.
Temperate Zones, and are especially numerous in South Daphne

Africa. They grow in dry places. Daphne Mezereum, Mezereum.
with red poisonous herries, is a typical home species. -

(38.) Aristolochiacew (Aristolochias).—Flowers
% ; perianth epigynous, almost regularly three
lobed, or forming a long tube with irregular
throat. Stamens (with or without filaments) »
united to the ovary, six or twelve. Ovary six- Fro, 229,
celled, each cell with two rows of ovules. Stigmas Asarum
six, or one, six-parted (Fig. 222).—[200.] europaum,
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The Aristolochiaces are land plants of the Torrid and Temperate
Zones ; they have a persistent, sometimes climbing stem, and alternate
simple leaves. Aristolochia Clematitis and Asarum europeum are
representative native species. A noteworthy allied order are the
Rafflesiace, of which Rafflesia Arnoldi, an entirely leafless gigantic
parasitic plant of Java and Sumatra, is a remarkable species. Its
flowers are the largest known, measuring about a yard across. When
faded they turn of a brownish colour, and smell like carrion, deceiving
even the flies, which come and lay their eggs on them. Mistletoe
(Viscum album), the well-known parasite, is also allied.

V.
UMBELLIFLOR.E.}

The Umbellifloree are choripetalous dicotyledons with herma-
phrodite flowers, double floral envelope, and a perfectly inferior
ovary. Calyx usually very slightly developed, in which case
it forms a cushion-like ring, crowning the ovary immediately
below the insertion of the petals. Corolla tetr- or pentamerous,
its members alternating with those of the calyx, frequently not
all of similar shape. Only one pent- or tetramerous whorl of
stamens is developed, its members inserted at the throat of the
calyx, and opposite the sepals. Ovary large, elongated, two-
celled, each cell one-seeded (very rarely five-celled and five-
secded). Styles one or two, inserted on the flattened disk
crowning the ovary. Inflorescence a simple or compound umbel
or umbellate cyme. Two orders:—

(39.) Umbelliferee.—Calyx very slightly developed, ring-like
or five-toothed. Petals five, inflexed tip; frequently of different
shapes, the flower being thereby rendered symmetrical (Fig. 233,
[.). Calyx and corolla alike arise from the disk on the top of the
ovary (IL.). Stamens five, alternating with the petals (occasionally
fewer by suppression). Sepals and petals rolled inwards in the bud.
Ovary composed of two carpels (II. f, IIL.-VL), united through-
out their entire length, each having a short, simple style (g IL.).
The upper surface of the carpels forms a two-fid fleshy disc
in the centre of the flower (d I, I1.) The ovary (fII) is two-
celled, each cell containing one large ovule, pendulous by a long
stalk. When the fruit is ripe the two carpels separate and form
two merocarps 2 (IV.), which remain attached above to a forked

' Latin, umbela, dim. of umbra, a shade ; foreo, to flourish.
? Greek, meris, & part ; carpos, a fruit.



UMBELLIFERZ. 143

carpophore (comp. Fig. 126). The external surface of the
pericarp is variously channelled and ridged (V., VI). The
inflorescence is sometimes a simple (see Fig. 105, eg., water
penny-wort, Hydrocotyle), more usually a compound umbel (comp.
Fig. 107, 11L. a, and Fig. 117, a), provided with bracts and
bractlets, rarely a capitulum (Eryngium, Dondia).—[1300.]

VI

Fic. 223.

Umbelliferce.—1. Floret of Heracleum Sphondylium ; six times
ed. II. The same of Pastinaca satirva, longitudinal section ;
fifteen times enlarged. III. Diagram of Umbellifere (Heracleum
Sphondylium). IV. Fruit of carraway (Carum Carui) ; enlarged six
times. V. Cross section of fruit of Cicuta virosa (water hemlock).
VI. The same of Caucalis daucoides. b Petals, s Stamens, f Ovary,
e Ovules, g Styles, d Disk, p Flower-stalk.

The Umbelliferse are anuual or perennial herbs, rarely shrubs. The
stem is frequently hollow, its external surface channelled. It is
angular and jointed, a leaf arising at each joint. The leaves are rarely
simple (Bupleurum, comp. Fig. 40), but as rarely really compound.
They are almost always pinnately cleft, and that so deeply that the
indentations almost reach the midrib. They are either pinnate, bi-
pinnate, tripinnate, or compoundly pinnate. The roots of many
Unmbelliferee are fleshy and esculent—Daucus Carot« (carrot), Pusti-
naca sativa (parsnip), Apium graveolens (celery). The fruits of others
are used as spice, or yield aromatic oils—e.g., carraway (Carum Carus),
feunel (Feeniculum officinale), dill (Anethum graveolens), anise (Pimpi-
nella Anisum), coriander (Coriandrum sativum). In some cases the
whole plant is used in food—e.g., parsley (Pefroselinum sativum).
Several native species of Umbelliferee are poisonous—e.g., water hem-
lock (Cicuta virosa, Fig. 117), the hemlock (Contum maculatum), and
fool's parsley (Ethusa Cynapium). The Umbelliferee form a very
distinct natural order, the various genera of which are easily recog-
nised by their peculiar and similar habit. They are found plentifully
in the Temperate Zones of both hemispheres, not at all in the Arctic
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regions, and very sparingly in the Tropics—in fact, only on mountains
where the climatic conditions resemble our own. They are indigenous
to Central and South Europe, the East, and Central Asia. Other
species worthy of note are Sanicula europea, Eryngium (sea-holly),
ALgopodium Podagraria, Pimpinella Saxifraga (pimpernel), Sium,
Libanotis, Angelica sylvestris, Archangelica officinalis (angelica), Peure-
danum, Heracleum Sphondylium, Lazerpitium, Torilis, Anthriscus,
Chevophyllum, &e.
(40.) Cornacea (the Dogwood Order).—Calyx a slightly-toothed
ring : stamens four, opposite the sepals; style
— one; ovary two-celled and two-seeded; fruit
\ drupaceous (Fig. 224 and Fig. 62).—[80.]
" }) A small order of the north temperate regions.
\Q / Native species Cornus sanguinea (dogwood), and C.
-~ = mascula (the Cornelian cherry). Related are the
Fro. 224. Araliacew or ivy order, with similar but pentamerous
Daogwood (Cornus flowers, and two or five-celled ovary. Hedera Helir
sanquinea). (ivy), and Aralia Sieholdit, a favourite greenhouse

plant.

VI.
SAXIFRAGINA.!

The Sazifragine, or Saxifrages, are choripetalous dicotyledons
whose flowers, in contradistinction to those of the Umbellifior,
have a well developed calyx, which, like the corolla, is pent- or
tetramerous. Petals sometimes not well developed. Stamens
five or numerous, arranged in one or two whorls, sometimes
reduplicated ; when there is only one whorl present, it is usually
opposite the sepals. Ovary rarely four-celled, usually two-celled,
many-seeded. Corolla and stamens (as in the Umbellifers)
either epigynous or perigynous. Flowers regular
or symmetrical. Important orders, three.

(41.) Saxifragacea (the Saxifrage Order)—
Calyx tetr- or pentamerous, free, or adhering to
the ovary ; petals four or five (rarely suppressed) ;
stamens in one whorl (four or five), or in two

Fic. 225. whorls (eight or ten); ovary composed of two
Saxifrage (Sazi-  carpels, one or two cclled, many-seeded. Fruit a
Jraga gramulata). o psule (Fig. 225).—[800.]

Small herbs of the Temperate and especially of the colder Zones,

' Tatin, sexum, & rock ; frango, I break.
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Alpine and sub-Alpine plants (Switzerland). Several native species—
saxifrage (Sazifraga, pentamerous flowers, two-celled
ovary), and Chrysosplenium, tetramerous flowers, one-

celled ovary. Parnassia palustris is related. , ;f/.\

(42.) Ribesiacee (the Currant Order)—Calyx q‘ ¢ 8‘
four or five lobed, slightly adhering to the ovary ; N }
petals four or five, inserted on the throat of the \Q‘%—
calyx ; stamens four or five, opposite the sepals, Fro. 926
arranged in one whorl; ovary one-celled, many- T
seeded, with parietal placente. Fruit a berry C"f:b','.f,,(,,li'b“
(Fig. 126).—[60.]

Shrubs, mostly thorny, with alternate leaves and esculent fruit,

common in temperate regions. The gooseberry (Ribes Grossularia)
and the currant (R. rubrum), &c., are our best-known species.

(43.) Philadelphacee (the Mock Orange Blossom Order)—Calyx
tetramerous ; petals four; stamens-in two P
whorls of four, or more numerous, rarely
ten ; ovary three or four celled, each cell
many-seeded. Fruit a capsule (Fig. 227). {

—[50.] \ /

Thornless shrubs, with simple, opposite SR "V
leaves, natives of tht’a '.l‘etnperabepZo’nes.pp The W
mock orange blossom (Philadelphus Coro- S
narius—comp. Fig. 63, 1. IL), intfoduced into Fia. 227.
this country from South America, is now Mock orange blossom

largely cultivated, as are also various species of (Philudelphus Corenarius).
Deutzia (comp. Fig. 142, a).

VII.
MYRTIFLORZ.

The Myrtifiore (Myrtles) are choripetalous dicotyledons, our
native species having well-developed sepals and petals. Calyx
di-, tetra-,or pentamerous; corolla tetra- or pentamerous. Stamens
either as many (two or four) as the sepals, and arranged in one
whorl, or twice as many (eight or ten) in two whorls. Ovary
two or four celled, few or many seeded, inferior or superior.

Note.—The Myrtiflore and the Saxifragine are very much alike.
Our native myrtles may be distinguished from our saxifrages in two
ways :—(a.) Their ovary is completely inferior, that of the saxifrages
median ; (b.) In the myrtles we find eight stamens and a four-celled

K .
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ovary, or two stamens and a two-celled, two-seeded ovary, features
never found in the saxifrages. Of the Myrtifloree there are numerous
orders ; the following are indigenous :—

(44.) Onagracex (the Evening Primrose Order)—Qvary com-
pletely inferior ; sepals two or four; petals two or four ; stamens
two to eight ; ovary either two-celled, with each cell one-seeded,

s e - or four-celled and each cell

P SN many-seeded ; style one, stig-

{ (@\.} . f‘ ¢ ' ’w ma four-cleft; seeds mostly

\' )/ ‘l“ .. e]ongated.- F;'lllt a siliqua or

n\\_//,‘ capsule (Fig. 228).—[300.]

L I The Onagracese are found

Fia. 228. everywhere, but mostly in the

1. Willow herb (Epilobium angustifolium). warmer regions of North and

IL. Nightshade (Circea lutetiana).  South America. Native genera

are Epilobium (willow herb, of

which there are many species—Fig. 61); Enothera (the Evening

Primrose, introduced from Virginia in the seventeenth century);

Circeea (enchanter’s nightshades), and Trapa (Trapa natans is the water

chestnut). Many species of the genus Fuchxia are well-known culti-
vated plants.

(45.) Lythracee (the Loosestrife Order).—Ovary superior ; calyx

Py toothed, persistent, tubular ; petals and sepals
¢ Ze™a > equal in number; petals alternate with the

’{ .' :} sepals, and adherent to the calyx, as are also

We &'/ thestamens. Ovary two-celled, many-seeded ;

Jw?/” style one. Fruit a capsule (Fig. 229)—

g

[300]
Fio. 229, " The Lythracess abound in warmer and sub-
W“&‘fgﬂfﬁ’{"m’m tropical regions; in this country they are but

sparingly distributed. Our most important species,
Lythrum Salicaria, has six sepals, six petals, and twelve stamens.

VIIL
RosIFLORE.

The Rosiflore are choripetalous dicotyledons with well
developed double floral envelope, corolla and calyx always
regular, and either superior (as in the apples) or inferior (as
in the almonds and roses). Calyx penta-, rarely tetramerous,
forming below a more or less elongated tube called the Receptacle.®

' Many botanists regard this as belonging to the axis.—Tr. ’
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The five petals and the stamens arise from the throat of the
receptacle (Calycifloree, comp. Fig. 90, IL, and Fig. 92, a). The
number of stamens is indefinite, rarely few (as many as the
petals), usually numerous (12 to 100). ,

The ovary is very varied in its form.
Either it is single, and one or several
celled, or it is apocarpous, and we get
several or many simple ovaries in a single
flower. Each one-celled ovary has a style
(Fig. 230); if the ovary is apocarpous,
then there are as many styles as cells or
carpels. The style is either at the apex
of the ovary (Fig. 230, I, IV, V., IX)),
or it arises from the side (II, IIL);
stigma small, not prominent (V.-IX),

knob-like (I.-1IL), or feathered (IV.). Fc. 230.
Each ovary either single-seeded (L-IV.) Ovaries of Rosifiore.—
or several-seeded (VI., VIL). };hg"?n(mﬁ}mﬁxlg;

Three orders of Rosiflore are indigenous (Akhmla:i: vulgaris) i IIL
i . Lesser jes’ mantle (4.
to this country :— arvensis); V. Salad-burnet

(46.) Pomacess (the Apple Order)— *Grumiie thaper fos:
Corolla superior. Calyx five-toothed, cam- cosus); VL Spirea lanceo-
lata ; VIL Quince (Cy-
panulate or cup-shaped below, more or1ess iz ulgaris); VIIL Pear
adherent to the ovary, persistent. Petals (Cl;lw wmmuncif): I)X-
five; stamens about twenty; both inserted orty (Prunus Ceraaus).
on the throat of the calyx; ovary one, inferior, two to five
celled, each cell at least two-seeded ; styles two or five. Fruit
a pome, surrounded by the withered calyx (Fig. 231).—[160.]
Trees or shrubs with scattered, stalked, mostly simple, leaves,
and small stipules. They are natives of the Temperate regions, bear
esculent fruits, and have accordingly been cultivated
from the most ancient times. Home species are
the medlar (Mespilus germanica), the Hawthorn
(Crategus Ozyacantha), the quince (Cydonta wvul-
garis), the apple-tree (Pyrus Malus), the pear-tree (P.
communis), the mountain ash (P. aucuparia), &c.

(47.) Amygdalaceee (the Almond Order).— Fia. 281,
Corolla inferior; calyx free, pentamerous, de- Pear (Pyrus com-
ciduous; petals five; stamens twenty, free, like munis).
the corolla inserted on a disk within the calyx. Ovary one,
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one-celled and two-seeded, with one style. Fruit a drupe,
containing only one seed (the other abortive, though in the
almond two seeds are frequently found in one
fruit) (Fig. 232).—[100.]

The Amygdalacee are trees or shrubs with
scattered, simple, dentate leaves and small stipules
(comp. Fig. 53). They are nearly all indigenous to
the North Temperate regions; the fruit (a drupe)

Fie. 232. and seeds of many are highly prized as articles of

(Prunus Padu food. The young shoots, the leaves, and the seeds

8). . . ) . .

yield prussic acid. The most important species

are the almond (Amygdalis communis), the peach (A. Persica), the

apricot (Prunus Armeniaca), the sloe (P. spinosa), the greengage

(P. insititia), the damson (P. domestica), the plum (P. cerasifera),
the Cherry (P. avium), the dwarf-cherry (P. Cerasus).

(48.) Rosacee (the Rose Order).—Corolla inferior; calyx four
or five lobed, forming below a tube or cup which contains the
ovaries ; ! the five (seldom four) petals are, like the
numerous stamens (12-100), inserted on the throat
of the calyx. Ovaries several, each one-celled
and one-seeded, or several-seeded. Fruit mostly a
nutlet ; morerarely drupaceous (Fig. 233).—[1070.]

Trees, shrubs, or herbs of the Temperate regions of

Fio. 233, both hemispheres; leavescompound, stem and leaf-stalks
D°gca':°m(1)7““ often beset with thorns or prickles. Three families.

1. Spirec.—Fruits mostly five, cach two to four
sceded, dehiscent. Shrubs and shrub-like plants, with pinnate or com-
pound leaves, and flowers in large clustered panicles ; indigenous to the
North Temperate regions. The Spirew include the genus Spires, to
which belong several home species ; many have been introduced into
our gardens from Asia.

2. Potentillex.—Fruits many, one-seeded, nut-like or drupaceous,
indehiscent ; calyx persistent. Shrubs and herbs of the Temperate and
Arctic regions of both hemispheres ; some also Alpine. Important
home genera—Geum, Rulus (bramble and raspberry), Fragaria (straw-
berry), Potentilla ; these are nearly all represented by numerous species.

3. Rose.—Fruits many, one-seeded, nut-like; calyx, when ripe,
fleshy and coloured, forming a thick covering (hip) for the fruits.
Indigenous to the warmer regions of the North Temperate Zone. The
genus Rosa includes many species which grow wild in this country.
The cultivation of Rosa centifolia (the garden rose) is as old as history
itself. Otto or attar of roses is the essential oil obtained from the
petals of R. centifolia and R. damascena. Related to the Rosaces are
the Chrysobalanew, trees with simple, stalked, mostly leathery leaves,
found only in the Tropics. The fruits of some species are esculent.

! See Note, p. 146, —Tr.
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IX.

LEGUMINOSE.!

The Leguminose are choripetalous dicotyledons with superior
ovary and two floral envelopes. Calyx (Fig. 234, d) free; petals

united, five - toothed or
five - lobed, bilabiate, or
withlobes of similar shape
and size. Corolla spring-
ing from the bottom of
the calyx, irregular,
originally composed of
five petals; by union
of the two lower petals
apparently reduced to
fowr. (In a few ex-
ceptional cases all the
petals are united at their

Fia. 234,

Laburnum (Cytisus Laburnum).—I. Entire

bases.) The upper petalis flower; II. Standard; ITL. Wings; IV. V.

Keel ; d Calyx ; ¢ Flower-stalk ; f Filaments ;
stalked and bent back (a), g Anthers ; & Style and Stigma. S

it is called the vezillum or

standard ; the two side petals are the ale or wings (b, b), the two
lower (united) form the carina or keel. Within these are the

stamens and the ovary. The
comparative size of the diffe-
rent parts of the corolla is
subject to great variations in
the different genera. In Fig.
235 we have a full-sized
representation of the beautiful
coral-red flower of Erythrina
Crista galli, an almost tree-
like, papilionaceous plant.
The vexillum (a) and the
carina (c) are large and con-
spicuous; the wings seem
almost entirely absent; all
that remains of them are the

Fie. 235.
Flower of Erythrina Crista galli ; nat.

small red petals (3), one on size. (The description of the parts in Fig.
each side of the vexillum. 234 applies alw to Fig. 235.)
! Latin, kyumen, a pod.
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The stamens, ten in number, spring like the corolla from the
bottomn of the calyx. Either they all unite to form one bundle
(Fig. 234, V.), or nine are united, the tenth free (comp. Fig. 96,
IV.), (Fig. 236, 1. IL). The ovary is peculiar, and is charac-
teristic only of the Leguminose. It is composed of one carpel,

which lies opposite the lowest

sepal. It is one-celled and several-

N
y seeded, the ovules (several or
( @ ) many) lying in two long rows
N opposite to the vexillum. Style
I one. Fruit a legume, dehiscent by

Fic. 236. both sutures, or lomentum (comp.

L Vetch(Vicia Cracca). Stamensin Fig, 127). Only one sub-order
two bundles (9 + 1). II. Laburnum . Y e qs
(Cytisus Laburnum). Stamens allin Of Leguminose is indigenous to

one bundle. this country.
(49.) Papilionacew.—The characteristics of the Papilionaces
have been given above.—[3000.]

The Papilionacez form one of the largest and most well-defined
natural orders, the peculiar structure of their flowers and fruit render-
ing them easily distinguishable. Many species are cultivated as garden
plants for the sake of their handsome flowers ; many for the sake of
their seeds, which form food both for man and the domestic animals.
‘The order is represented in all climates ; in the Tropics the prevailing
species are mostly trees and shrubs ; in sub-tropical regions, shrub-like
plants ; and in the Temperate and colder Zones, mere herbs. Hence,
from the character of the Papilionacez in any region, we may form
an idea of the general characteristics of its entire flora.

Our home Papilionacee may be divided into several familios and a
number of sub-families, which are distinguished from one another by
the formation of the legume, by the manner in which the filaments
are united by the form of intlorescence, &c. As, however, these
features are not constant in all members of each group, it will be
sufticient here simply to indicate some of the more important European
wenera. These are—Ulex (whin), Sarothamnusz (broom), Genidta,
Cytisur (laburnum), Lupinus (lupin), Ononis, Anthyllis, Medicago
(snail clover), Melilotus, Trifolium (clover, many specics), Lotus,
Rolinia (locust, introduced from North America), A«fragalus, Orni-
thopus, Onobrychis, Vicia (vetch), Ervum (lentil), Pisum (pea),
Lathyrus (everlasting pea), Phaseolus (bean). Many foreign species
are noted for their useful products, e.g., Tragacanth (Astragalus verus,
A. ereticus, A, Tragacantha, from which gum is obtained), Glycirrhiza
(liquorice), Cirer (chick pea), Indigofera tinctoria (indigo), &ec.

Reluted to the Papilionacex are the Mimosew or acacias. These
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are tropical trees, more rarely shrubs, with bi-pinnate or compound
pinnate leaves. Acacia nilotica abounds in the valley of the Nile
and the oases of the Libyan desert; A. Sajal is characteristic of the
Tintumma steppe in the southern part of the Sahara; from A. Vereck,
a-native of Tropical Africa, gum arabic is obtained ; from 4. Catechu,
in the East Indies, gum catechu. ‘

A third related order are the Ciwesalpinie, mostly trees, growing only
.in warm climates. Senna leaves are obtained from a species of Cassia ;
the pod of Ceratonia Siliqua is the well-known locust or carob bean ;
logwood is the wood of Hwmatoxylon campechianum, a West Indian
species, Brazil wood of Cwsalpinia echinata, a Brazilian species.

‘

X.
PoLycArPICA.!

The Polycarpice are choripetalous dicotyledons with superior
pistil. Stamens and floral envelopes are inserted on the re-
ceptacle (Thalamifloree). They are dis-
tinguished, on the one hand, by their
numerous separate one-celled ovaries, each
composed of one carpel, on the other,
by their usually indefinite hypogynous
stamens. The Berberidece, however, have,
like the preceding order, a single ovary
composed of one carpel, and a definite
number of stamens, while the Nymphawacea
orders furnish a transition to the next
order (p. 155), chiefly on account of the Fic. 237.
peculiar formation of the ovary, as we Single and several-seeded
shall presently see. ovaries of Ranunculacee,

Usually both floral envelopes are present, more rarely (Ranun-
culaceer) we find a perianth of six or more parts; calyx penta-,
rarely hexamerous; petals five, six, or numerous, never four (as
in the following class). Stamens six or numerous (by radial
reduplication). The separate ovaries are composed of one carpel,
are one-celled and mostly one-seeded, more rarely several-seeded
(Fig. 237). Three orders represented in this country.

(50.) Berberidee (the Barberry Order)—Sepals four or six,
often petaloid ; petals also four or six, opposite to sepals, each

v Greek, polys, many ; carpos, a fruit.
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with an appendage on the inner side of its base. Stamens
as many as and opposite to the petals. Ovary
one, simple, one-celled, few-seeded; style one.

S\
ﬁ"“ Fruit a berry (Fig. 238).—[100.]
ng A small order of the Northern Tem i
perate regions
\V} (Europe, Siberia, China, Japan, North America).
Fio. 238,  Shrubs, often thorny, rarely shrub-like herbs, with
Borbel:r ( Ber- stalked, alternate leaves. Native species Barberry
beris vulgaris), (Berberis vulgaris ; flowers hexamerous) ; Epimedium
(an Alpine species, flowers tetramerous) has been in-
troduced ; also the Mahonia (Mahonia Aquifolium, a North American
species ; flowers hexamerous).
Related to the Berberidess are the Menispermacee, Myristicacee,
Anonaceee, and Magnoliacew, mostly trees of tropical and sub-tropical

Fic. 239. Fia. 240. Fic. 241.
Traveller's Joy Anemone Buttercup
(Clematis Vitalba). (Anemone nemorosa). (Ranunculus acris).

regions. “ Cocculus Indicus” consists of the poisonous berries of
Anamirta Cucculus, an Fast Indian species of Menispermacez ; the
nutineg is the seed of Myristica fragrans, a species of Myristicaces
found in the Moluccas; the tulip-tree (Liriodendron tulipifera) and

the magnolia (Magnolia sp.) are trees of

the order Magnoliacee, much cultivated
K for their handsome flowers.
(51.) Ranunculacee (the Crowfoot

“‘ Order)—Sepals usually five, more
t“' rarely three, four, or six; petals equal

é" * ‘0‘ to and alternating with the sepals, or
N : (4 more numerous (¢.g , three or four times
as many), simple, or developed into

Fic. 243, peculiar sac-like structures. In many
Aquilegia vulgaris. cases the flower consists of a perianth

of four, five, six, or more parts (Figs. 239, 240). Flower either
regular or symmetrical (Fig. 242). Stamens indefinite, variously
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arranged (Figs. 239-243). Ovaries usually several or many,
very rarely one. Each ovary simple, composed of one carpel,
one or few seeded. Fruits aggregate, often forming a rounded
mass, the individual fruitlets either indehiscent achenes, or,
if several-seeded, dehiscent by one suture.—[1200.] '

The Ranunculaces are herbs, more rarely shrubs, with alternate or
opposite stalked leaves, usually much cleft (Fig. 34). They are to be
met with all over the world, but chiefly in the temperate and colder
regions. Many species are poisonous.

Famalies of Ranunculacec.

L. Leaves opposite, flowers simple, a four-parted
perianth ; shrubs, . . . . .

II. Leaves alternate ; flower a simple perianth, or
with calyx and corolla ; petals and sepals five
or more ; herbs.

A. Fruitlets one-sceded, indehiscent.

a. Ovule pendulous. Flower a perianth, or
with calyx and corolla ; in the latter case
the petals flat, with no scales at the base, 2. ANEMOXEZ.

b. Ovule erect. Flower with calyx and corolla ;
petals mostly with scales at the base, . 3. RANUNCULEE

B. Fruitlets several-seeded, mostly dehiscent.

a. Anthers opening outwards. Flowers some-
times symmetrical, the envelopes often
forming a perianth, . . . .

b. Anthers opening inwards. Flowers always
regular, the envelopes never forming a
perianth, . . . . . .

1. CLEMATIDEE.

4. HELLEBORE®.

5. PEONIEX,

Important types of these families are—1. Clematidew.—Traveller’s
joy (Clematis vitalba) and other cultivated species of Clematis; climb-
ing shrubs, mostly with large violet flowers, and tetramerous perianth.
3. Anemonee.—Meadow rue (Thalictrum), hepatica (Hepatica tri-
loba), pasque-flower (Pulsatilla pratensis), wood anemone (Anemone
nemorosa with white, A. ranunculoides with yellow flowers), Adonis
(Adonis wstivalis and vernalis). 3. Ranunculew (the crowfoots).—
Water buttercup (Batrachium, with white flowers and submerged
leaves, finely divided, Fig. 36), buttercup (Ranunculus, many home
species, mostly with deeply cleft leaves). 4. Helleborew (the helle-
bores).—Marsh marigold (Caltha palustris), hellebore (Helleborus),
Nigella, Aquilegia (columbine), Delphinium (larkspur), Aconttum
(monk’s-hood), nearly all cultivated species. 5. Pwoniew (the peonies).
—Herb Christopher (Actea, with small white flowers), peony (Pwonia,
with large bright or deep red flowers, a favourite garden plant).
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(52.) Nympheeacex (Water-Lilies).—Sepals mostly five, quin-
cuncial (Fig. 244, I.), green or petaloid, corolla regular,

I
Fic. 244.

Water-lily (Nuphar luteum).—I. Flower. II. Petals. b Stamens
(s) and ovary (f) viewed from above ; nat. size.

petals numerous (b, Fig. 244, IL.); stamens many, partly petal-

oid, forming several (eg. five) whorls. Ovary many-celled
(Fig. 245, 1.-1IL.), resting
on a flat disk (f, Fig. 244,
II.).  Fruit capsular.—
[35.]

The Nympheacee, a small
order characteristic of warm
and temperate regions, are in
many respects remarkable.
As regards their petals, for
instance, we find in a single

ﬁ | flower all the stages of transi-

tion between a perfect petal
aund a perfect stamen (Fig.

b c) d c 245, IV. a-e); they there-
v fore afford the strongest evi-
Fie. 245. dence for the theory of the

Water-lily (Nuphar luteum).—I. Ovary. development of stamens from
11. The same, in longitudinal section. II1. leaf organs. Further, the
fi:‘!:‘:» ;:‘n’"’t:':f‘ﬁ‘m-wsln d“;m' Nymphweacexe link together

" ’ y 3
nat. sizermslll‘ one mf: a half times en- the P?" cnrpl?m and tl.l ¢
larged. o Flower stalk ; f Ovary ; k Cells Rheadina.  The carpels, in
of ovary ; ¢ Ovules ; n Stigma. two foreign lutus-like families
of Nympheacewe (Cubomber
und Nelumboner), are separate, forming in a single flower several
one-celled, many-seeded ovaries, while the flowers of our own water-
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lilies have but one many-celled ovary, composed of many carpels, each
cell containing numerous seeds. In structure, as in external appear-
ance, this ovary considerably resembles that of the Rheeadine. .

The Nymphaacese are herbaceous water-plants, with long-stalked,
circular, reniform, or ovate floating leaves, and large handsome flowers.
They are confined to Tropical and Temperate regions, the most beautiful
species being found in the Tropics. Our yellow water-lily (Nuphar
luteum) and white water-lily (Nymphea alba) are well-known. Of
foreign species we may note the lotus-flower (Nelumbium speciosum of
the Ganges and Nile ; was held sacred by the Hindoos and Egyptians)
and the Victoria regia. The latter, which grows in still waters along
the Amazon and other rivers of Tropical South America, is the largest
of all water-plants. Its leaves may reach six feet in diameter ; they
are circular in shape, green above, red and prickly below. The
flowers are white, strong perfumed, and may measure as much as
eighteen inches across.

XI.
RH@ADINE.2

The Rhaadine or Poppies are choripetalous dicotyledons with
superior ovary ;‘the stamens and both floral envelopes are
inserted on the receptacle. Flowers tetramerous, with two or
four sepals and four petals, an arrangement highly character-
istic. The ovary is composed of two or many carpels, and
is few or many seeded. Stamens either indefinite and free,
or few and partly united, or, again, six free, of which the two
outer (episepalous) are short, the four inner (epipetalous) long.
(This last arrangement is characteristic of Fumariacez.) The
Rheeadine form a link between the Polycarpice and other
classes. Familiar orders are as follows :—

(63.) Popaveraceee (Poppies).—Calyx composed of two carpels,
caducous; corolla regular; petals four, in whorls of two (Fig.
246, III, VIIL), the outer alternating with the sepals, the
inner opposite to them. Stamens indefinite, ovary composed of
nmany (IL), or one or two (VI.,, VIL) carpels. In the former
case the ovary is incompletely many-celled, many-seeded, with
ovules attached to parietal placentz. In the latter case the
ovary is one-celled, with ovules arranged in four rows. Fruit,
in the former case, a capsule, with porous dehiscence (I.), in the
latter case a siliqua (IV., VI.).—[60.]

! Latin, rkaas, a poppy (from the Greek word for the name given to the plant

by Theophrastus ; rojas is derived from roia or roa, the pom nate, so called
because of its colour). ’ cgraante “
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The Papaveracex are herbs of the North Temperate Zones; they
contain white or yellowish milky juice. Common genera are the corn
poppy (Papaver) and the celandine (Chelidonium). The narcotic

Fia. 246.

Papaveracee.— 1.-IIL.  Corn poppy
(Papaver Rhaas). I. Stamens and
capsule ; twice nat. size, II. Cross
section of capsule, four times enlarged.
III. Diagram. IV.-VIII. Celandine
(Chelidonium majus). IV. Flower ;
V. Bud; VI. Siliqua, nat. size; VII.
Part of the same enlarged; VIII.
Diagram. & Flower-stalk, & Calyx, bl
Petals, s Stamens, f Ovary, n Stigma,
k (VIIL) Cells of the ovary, e Ovules.

opium is obtained from the milky
juice of the unripe capsule of
Papaver somniferum.

(54.) FPumariacee (the Fumi-
tory Order).—Sepals two, small
or absent; corolla irregular;
petals four, in two whorls of
two, one petal of the outer whorl
spurred (Fig. 247 and Fig. 82).
Stamens six, in one whorl, alter-
nating with the sepals, united in
threes (in some foreign species
stamens four, distinct). Fruit a
several-seeded siliqua, or a one-
seeded nut.—{[100.]

A small order; delicate smooth
herbs of Europe, North Africa,
North Asia, and North America.
Corydalis (fruit a siliqua) and
Fumitory (Fumaria, fruit a nutlet)
are found wild in this country.
Dicentra (Dielytra) spectabilis is a
favourite garden plant.

(55.) Crucifera (Cross-Flowers).
—Calyx of four sepals, in two
whorls of two, often caducous;
corolla regular, petals four (one
whorl); stamens six, in two
whorls, the outer with two long

stamens, each opposite to one of the inner sepals; the inner with

A four short stamens, each opposite to one
of the four petals. Ovary composed of
/:\ two carpels; carpels opposite the outer

sepals, containing four rows of ovules,

\.' divided by a false dissepiment (replum,
N Fig. 248). Fruit a siliqua, dehiscing
¥ro. 247, from below upwards (comp. Fig. 129),

Corydalis bulbosa. or a nut.—[1200.]

LS
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The Crucifers form a large and well-defined order common to both
Temperate regions, but especially well represented in the Northern
Hemisphere ; there are also Arctic and Alpine varieties.

We have in this country some ten families, chiefly /A\
to be distinguished from one another by differences in / \
the fruit and seed, but a more minute consideration L7\

of these is unnecessary in this work. Home repre- ¢ @@ ’
sentatives of this order are—Nasturtium (water- y
cress), Arabis, Cardamine, Hesperis, Sisymbrium,
Erysimum, Brassica (which includes cabbage, turnip,
rape, or colza, &c.), Sinapis (mustard), Alyssum, Fia. 248.
Draba, Cochlearia (scurvy-grass), Thlaspi, Lepidium Typical flower of
(cress), Capsella (shepherd’s purse), Isatis (woad), ~ Crucifere.
Raphanus (radish), &c. Cheiranthus Cheiri (the wallflower), Matthiola
tncana and M. annua (stocks) are cultivated species.

XII.
CISTIFLORA.

The Cistifiore are choripetalous dicotyledons with superior
ovary. Calyx, corolla, and stamens are inserted on the receptacle.
Sepals five, petals five, in two whorls, alternating with each other ;
stamens opposite the sepals, a3 many as the petals and sepals,
or more numerous and variously arranged. Ovary usually com-
posed of three carpels (Fig. 99, II.), one-celled,
placentation parietal (the characteristic feature 20
of the class). The class includes numerous small m
orders, the most important of which is the order— V

(56.) Violacee (Violets) —Flowers symmetrical; & //
stamens five, inserted on a disk; fruit a capsule "

(Fig. 249).—[240.] Fia. 249.

The Violacese are found in all parts of the world (pzclf ::z]:;)

(their tropical representatives have regular flowers);

in this country they are herbs. The native genus Violet (Viola),
includes a number of well-known species. The Droseracee (Sundews)
and the Cistace® (rock-roses) are related.

XIIIL
COLUMNIFERE.?
The Columnifere are choripetalous dicotyledons with superior
ovary. Sepals, petals, and stamens are inserted on the receptacle.

' Latin, columna, a pillar ; fero, I bear.
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Calyx and corolla regular, pentamerous, alternate ; an epicalyx
is also frequently present. Stamens always numerous, united
into one, three, or several bundles (Fig. 96, II.). Ovary three
or five celled, with three or five free styles. Fruit a capsule,
rarely a berry (Fig. 250).—[210.]

(57.) Hypericacea (St. John's Worts).—Calyx four or five lobed,
sestivation quincuncial and convoluted. Petals five (or four).
Stamens many, united to form three or five bundles (Fig. 96, IL.).
Ovary three or five celled, with three or five free styles. Fruit

* a capsule, rarely a berry (Fig. 250).—[210.]

The Hypericacez form the connecting link between the Cistiflors and
the Columniferaa, being reckoned by many botanists as belonging to
the former. Our indigenous Hypericacez are mostly

herhs or shrub-like plants, but in the Tropics the
/ g! “.‘\ order includes several trees, with simple, undivided,
oppoeite leaves, whose surface is dotted with trans-
parent glands. One genus—Hypericum (flowers

@'ﬁ/ yellow) —represents the order in this country. H.
calycinum, an Oriental species bearing large hand-
Fre. 250. some yellow flowers, is a favourite garden plant.

(Hyporoum® port (58 Tiliacew (Limes or Lindens)—Calyx

Joratum). of five or four sepals, wmstivation valvular (Fig.
251, 1). Petals five or four likewise. Stamens numerous,
free, or united into several bundles. Ovary usually five-celled,
with one style (IL.). Fruit
nut-like, mostly indehiscent,
R often by suppression one-
i / o[ \ celled and one-seeded.—
., [330.]
“':‘o The Tiliacees are trees or

shrubs with scattered l.eavee;
Fic. 251, they are found mostly in the

Tropics, a few genera only in
CdLyu,:dezu&m;g’:'wllﬁ! —m 1L Temperate regions. In this
Flower stalk ; k Calyx; f Ovary (I n country the lime-trees (TWia
twice nat. size). parvifolia and T. grandifolia)
are familiar.

(69.) Malvacew (Mallows)—Calyx rarely three, usually five
lobed, valvate in estivation; an epicalyx is often present
(Fig. 71, 1.). Petals as many as with the lobes of the
calyx ; mstivation imbricate. Stamens numerous, united into a
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single bundle, the united filaments forming a thick tube (the
column, Fig. 96). Ovary composed of many carpels, which are
sometimes not perfectly united, each cell one or several seeded
(Fig. 252).—[700.]

Our indigenous mallows are herbs or shrub-like plants, but in the
Tropics, their original home, the class includes many trees bearing

beautiful flowers. In this country the class is repre-
sented by the mallow (Malva) and the hollyhock

(Althea rosea), while Hilbiscus and Abutilon are \

/4

7

favourite greenhouse plants. From the cotton plant

(Gossypium) we obtain the cotton of commerce, and \
~—”

the fine hairs covering the seeds of the cotton-tree
(Bombax) are also utilised in the manufacture of
cotton. A cotton-plant (Gossypium herbaceum) is Fio. 262.

now being largely cultivated in South Europe. M‘li;l‘:" mf:{“"’“

XIV.
GRUINALES.!

The Gruinales (crane’s-bills) are choripetalous dicotyledons
with superior ovary. Calyx, corolla, and stamens are inserted
on the receptacle. All the organs of the flower are pentamerous
(very rarely tetramerous), and form five whorls (two whorls
of stamens, rarely only one); sepals and petals usually free,
stamens united to form a single bundle; the
stamens are either united throughout the whole
length of their filaments, or only at the base.
Ovaries five, united, each with two ovules, one
of which is suppressed, so that the fruit is one-
seeded. One order is important :—

(60.) Geraniacew (the Crame's-bills)—Charac- ' 263

teristics as above. °£‘.'.‘.7,I’,’3Le.‘.i‘)'

Indigenous genera are Geranium (crane’s-bill) and Erodsum ; many
species of Pelargonium are favourite garden and greenhouse plants,

- - Ny

XV.
ZASCULINE.?
The &sculine (horse-chestnuts and maples) are chori-
petalous dicotyledons with superior ovary. Sepals, petals, and
! Latin, grus, a crane.

? Latin, @sculus, the horse-chestnut (reemingly believed by the Ancients to be
a species of oak).
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stamens inserted in the receptacle. Calyx and corolla pent-
amerous, stamens also originally pentamerous, but as a rule
several members of the staminal whorl are suppressed; the
ovary is two or three celled, few-seeded. Two orders.

(61.) Sapindacee (the Horse-Chestnut Order)—Calyx pent-
amerous; sepals united; corolla irregular; stamens seven,
of unequal length (Fig. 254). Ovary three-celled, each cell
two-seeded. let a one to three seeded dehiscent, fleshy
capsule.—{[700.]

Fio. 264. Fic. 255. F1a. 256.
Horse-chestnut Samars of the maple (A4 cer platanoides). Maple (dcer
(Asculus Hippo- Pseudo-Platanus).

castanum).

Trees of the warm and North Temperate regions, with beautiful
palmate leaves ; the two most important species grown in this country,
are the hors&chestnut Asculus Hippocastanum (with white ﬂowers,
a native of Persia), and Esculus carnea.

(62.) Acerinee (the Maple Order).—Calyx usually five (rarely
four, six, or nine) lobed; petals as many as the lobes of the
calyx, and alternating with these, all of like size and shape, and
of the same greenish colour as the calyx. Stamens usually
eight, inserted on a thick, fleshy disk, which supports centrally
the two or three celled winged ovary. Cells of the ovary two-
seeded. Fruit a samara (Figs. 255, 256).—{50.]

Lofty trees of the North Temperate Zone, with opposite, usually
palmately-lobed leaves ; the wood of all the species is firm and tough.
The sap of the I\orth American sugar maple (Acer saccharinum) is
manufactured into sugar. Acer campestre, A. platanoides, A. Pseudo-
Platanus, are species found in this country ; 4. Negundo and saccha-

rinum, from North America, and A. monspessulanum, from South
Europe, are occasionally introduced by horticulturists,
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XVI
FRANGULINZ.!

The Franguline, or Buckthorns, are choripetalous dicotyle-
dons with superior ovary. Sepals, petals, and stamens inserted
on the receptacle; flowers always regular; stamens five, epi-
petalous ; ovary mostly two-celled, the cells one or two seeded.
Two orders.

(63.) Rhamnacex (the Buckthorn Order).—Floral envelopes
small, penta-, rarely tetramerous; stamens five (four), opposite
to the petals. Ovary two to four
celled, cells one-seeded; style (‘\ Q\
one; stigmas equal in number (
to the cells of the ovary. Fruit Q@’)
baccate (Fig. 257).—[430.] -

hrubs of tropical and temperate

S'ons; Rham7?us cathartz'cus (the Fia. 267. . Fre. 258 ..
buckthorn), and R. frangula are Aldt;; (Rhlaamnu: Vine (PVitis vini-
familiar home species. rangula). Jera).

(64.) Ampelide (the Vine Order)—Calyx entire or slightly
four to five toothed; petals five (four); stamens as many as
the petals, and opposite them. Ovary two-celled, each cell two-
seeded ; one style and one stigma; fruit a berry (Fig. 258).—
[250.]

Indigenous to the warm and temperate regions; climbing shrubs,
bearing tendrils and lobed or palmate leaves. To this order belongs
the common vine ( Vitis vinifera), perhaps originally a native of Tem-

perate Europe. About 1300 species of Vitis have been artificially
produced, and are now widely cultivated in Europe. Various species

of Ampelopsis (Virginian creeper) are frequently seen in our gardens.
! Latin, frangula, the buckthorn.



PART 1IL

PHYSIOLOGICAL BOTANY.
FLOWERS AND INSECTS.

IN Part I. we considered the plant as a whole, then each set of
organs in particular, the mutual relations of the various organs,
and the forms which each may assume in different plants.

In Part II. we examined the more important groups of the
so-called higher plants or Phanerogams. From this examination
we gained a knowledge of the peculiar forms of floral structure,
&c., characteristic of those groups, and saw how the same organs
may appear in different species under the most diverse aspects.

As yet, however, nothing has been said as regards the functions
of those organs. Here and there something of them may have
been hinted at in a casual manner, but even these hints only
applied to such general functions as are universally known. We
may have said, for example, that it is the function of the root to
absorb liquid nourishment, or that the flower only exists for the
development of the fruit, but nothing further. To take another
example : although we may now know a good deal as regards
the shape and general appearance of the foliage leaves, we have
learned absolutely nothing of the duties which they fulfil during
the life of the plant.

A knowledge of the peculiar functions of an organ is, however,
just as important as a knowledge of its peculiar form. Accord-
ingly, we shall now proceed to take up in Part I11. the Functions of
the Flower. We shall thus have an opportunity of making use of
the knowledge we have already acquired, while adding to it new
facts regarding the uses of the various sets of organs. We shall
see, moreover, that the form exhibited by a particular flower or a
particular organ is assumed in accordance with the functions it
has to perform.
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I.—FERTILISATION.

A flower consists, as we already know, of the floral envelopes,
the stamens, and the pistil. Of these the non-essential parts are
the floral envelopes ; the essential, the stamens and the pistil.

The stamens and the pistils are either found together in the same
flower (hermaphrodite flowers, ¥ ), or the stamens are confined to one
flower (male flower, 3 ), the ovary to another ( female flower, Q). When
male and female flowers grow together on the same individual, the
plant is said to be monacious; when the male flowers are confined to
one individual, the female to another, the plant is said to be dizcious.
We must note also that certain species bear flowers, which have
neither stamens nor pistil (neuter flowers), as is the case with the
Guelder rose, Hydrangea, &c., but such flowers never develop fruit.
The flowers of any plant are never exclusively neuter, but are partly
neuter, partly hermaphrodite or unisexual.

1.—The Floral Envelopes.

It by no means follows from what has been said as regards
the floral envelopes being non-essential parts of the flower, that
they are in any way to be regarded as
superfluous. Thus it is easy to see,
for example, that the beautiful blue
corolla of the campanula serves as a
protective covering for the stamens and
pistil which it conceals. It shelters
the internal organs against wind and
weather. It has been discovered that
pollen is soon rendered useless by the
least exposure to damp, and in the case Fre. 259.
of the bellflower we see how well cal- , Flowerof Campanula Trache-

. lium in its natural ition
culated the corolla is to prevent the (nat.size). a Stem ;s Flower-
occurrence of such a casualty. The ;‘::ksiize” Corolla; v Bract;
figure shows the flower in its natural ’
position on the upright stem (a). The flower-stalk (s) bends
over from the stem, so that the throat of the flower (b) is directed
downwards. The outer surface of the flower being convex, any
rain that may fall on it simply forms into drops and trickles off,
none being permitted to make its way to the interior of the
flower. '
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2.—The Stamens.

We already know that a stamen consists of two parts, the
Jilament, which is crowned by two small, mostly yellow, sac-like
bodies—the anther. We saw further that, when the flower is in
bloom, the anthers open by a longitudinal or transverse slit, or
by pores, through which the pollen or yellow dust contained in
the anther is shed. The structure
of an anther may be well seen in a
thin transverse slice taken from an
anther of sufficient size (say of the
fritillary). The section must be
placed between two pieces of glass
and examined with a lens. In the

Fio. 260. middle of the slice will be seen a

Transverse section of the anther thin round space, with a dark centre
ggi’)f';'iﬁﬁ“f?g’n (gg;“‘:""’ ';Wa (a), the transverse section of the fila-
Filament ; bb Anthers ; c Suture ; ment. On either side are the
d Stiv A ¢ Internal ;l‘!':'l‘fypgile‘:e; anthers (b3). They are composed of
w Outer wall (somewhat diagram- & membranous outer wall (w) en-
matic). closing a cavity (¢). Previous to the
opening of the anthers this cavity is filled with pollen grains (s).
There are usually thousands of pollen grains in each anther.
When the stamen is ripe, the anther opens along a notch or
suture, which runs throughout its whole length (the section
passes through it at the point ¢). This is the dehiscence of the
anther. Having separated, the free edges of the suture curl
outwards or inwards, leaving an opening (as at d) through which
the pollen may pass out. As the pollen grains are in many
cases rather sticky, they usually adhere to the external surface
of the anther (Fig. 95, I.-IIL.).

3.—The Pollen.

When looked at through the microscope, pollen is seen to
consist of a large number of small rounded bodies, all of pretty
much the same size.

Let us compare the pollen grains of several different plants

The pollen grain of the hazel (I.) is rounded in
on the surface, but with three small protuberances
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(%), at one end of each of which is a small round orifice. In
other plants, eg., hazel-wort (IIL.), the surface of the pollen
grain is not quite smooth, but is dotted with little wart-like
prominences. Others again, eg., the

colt’s-foot (II.), have the surface of

the pollen grain beset with strong

prickles. In the hepatica (IV.) the

pollen grain is not rounded but

elliptical in shape. Other forms are

rare. The pollen of the pines (V.)

is well worthy of note. Each grain

is slightly elongated, and has at the

sides two small, delicate, mem-

branous sacs, on the surface of which

a dark network is seen. These sacs

(air-sucs) are filled with air, and

serve to support the grain in' the

atmosphere, so that it may be carried Fia. 261.

a long way by the wind. Pollen Grains.—I. Hazel (Cory.

lus Avellana); II Colt’s-foot (Tus-
In some cases (e.g., the pollen of the silago Farfara); 111. Hazel-wort

Orchids and Asclepiads), the pollen (4sarum curopeum); IV. Hepatica
grains do mnot separate after the de- (Hepatica triloba); V. Pine (Pinus
hiscence of the anther, but remain 8ylvestris), —magnified 300 dia
bound together by a number of elastic et ; # Air-sacs.

threads. They are then said to form pollen-masses or Pollinia.

The number of pollen grains produced by a single flower is enormous,
as any one will readily admit who has shaken a hazel-bush when in
blossom. The individual grains are almost invisible to the naked eye,
yet when the catkins are shaken the air is filled with a cloud of whitish
yellow dust,—the pollen. If we catch a little of it on a piece of black
paper, we see the grains as small yellow dots, but it is impossible to
count them. It has been calculated, however, that a single flower of
hibiscus produces about 4900 grains, one of dandelion 243,600, one
of the peony 3,654,000.

There is an apparatus called the micrometer, by which, under the
microscope, we can measure the actual size of a pollen grain. In the
following table we have the diameter of the pollen of a number of
early spring flowers, &c. :—

Hazel (Corylus Avellana), . . . . ‘03 mm.
Speedwell ( Veronica hederefolia), . . . ‘04 mm.
Chick-weed (Stellaria media), . . . ‘04 mm,
Colt's-foot (Tussilago Farfara), . . . ‘04 mm.

Asarabacca (Asarum europeum), . . . ‘04 mm.
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Hellebore (Helleborus viridis),
Hepatica (Hepatica triloba),
Banana (Musa ferruginea),
Strelitzia (Strelitzia Regine), .

‘04 mm.
‘06 mm.
12 mm.
*13 mm.

In most of the cases above cited the diameter of the pollen grain is
‘04 or y§5 millimetre. There are thus 25 to the millimetre. The pollen
grains of the banana are comparatively large—8 to the millimetre.

The pollen shed from the anthers, whether sticky or dry,

sooner or later reaches the stigma.

Of the manner in which

this is accomplished we shall learn more hereafter.

THE STIGMA.

The stigma is found at the summit of the ovary. Either it

N

Fia. 262,

Stigmas.—1. TI. Ararabacca (dsarum eurv-
preum), viewed from the side and from above ;
four times enlarged ; III. Begonia (ZBegonia
cucullata), six times enlarged ; 1V. Plantain
(Plantago major), five times enlarged; V. (7T¥i-
glochkin maritimum), ten times eunlarged; VI,
(Arundo Donax), four times enlarged ; b Floral
covelopes ; f Ovary ; g Style ; n Stigma.

-

lies directly on the sum-
mit, or, as more usually
happens, the ovary is pro-
longed above into a deli-
cate stalk, at the point
of which is the stigma.
The stigma, as a rule,
is easily recognised. In
many cases it is made
conspicuous by its shape,
e.g., in Weigelia (Fig. 58),
where it forms a knob-like
prominence. But even
when its shape is not
at all conspicuous, it may
be distinguished from the
ovary and the style by
its rough surface. While
the ovary and style are
smooth, the stigma is
entirely covered by ir-
regularities, or by long,
stiff, usually greyish, hairs
{Fig. 262). In the figure
I. and II. represent the
stigma of hazol-wort. The
style (g) is perfectly
smooth, and divides into
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air branches at its upper end; each of these branches is beset
with hairs at its extremity (n), and these hairy parts are the six
stigmas. The stigmas of the begonia (IIL) are similar. The
thick, short, smooth style (g) divides into six branches, each of
which has a large, rough, twisted stigma (n); the stigmas are
united in pairs at the base. In Plantago (IV.) the greater part
of the simple, unbranched style (g) is occupied by stigma (n),
which forms a stiff brush-like body, covered with short thick
bairs. Stigmas having very long hairs are those of Triglochin
and the grasses. The stigma (n) of T'riglochin (V.) lies directly
on the summit of the long triangular ovary (f). It consists of
a number of distinct, stiff, rather rigid hairs, which radiate from
the centre in all directions. The stigmas (n) of the grasses
(e.g., of the reed Arundo Donax, VL.), have a feathered arrange-
ment of the hairs.

Supposing that a pollen grain lights on the stigma, it is
detained there by the rough hairy surface. If the hairs are
long, the arrangement for detaining the tiny pollen grain is
particularly complete. Moreover (and this is especially so in
cases where the hairs are short), a viscous fluid exudes from the
stigma and covers its whole surface, so that the pollen grain,
often sticky of itself, cannot but adhere. Once on the stigma, the
pollen grain is a permanent prisoner, not even the most violent
shaking of the plant by the wind being sufficient to set it free.

5.—Fecundation.

The pollen grain having arrived at the stigma, let us now try
to follow its further progress. If we watch it for some time we
notice certain very remarkable changes taking place. With the
aid of a microscope we can see projecting from the pore in one
of the protuberances a slender process, the pollen-tube (see Fig.
263). The figure represents a pollen grain of willow-herb magni-
fied 600 diameters. The grain, like others already mentioned,
is almost globular in shape, having three protuberances (k), each
very thin at the apex. It is surrounded externally by a double
coat (« 7), the internal cavity being filled with a viscid substance
(¢), which contains a large number of minute granules—the pro-
toplasm. The pollen-tube emerges as a short, colourless process
(8) of the protoplasmic contents (¢) of the grain, covered by a
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delicate continuation of the inner coat. Gradually the pollen-tube

increases in length, penetrates the stigma, and becomes deeply

imbedded in its tissues.

The longer it grows the

further it pushes its

way down through the

stigma and style, until

at last it reaches the

interior of the ovary.

Here it meets with the

ovules, with one of

which it becomes

united. The ovule con-

tains a cavity filled

with fluid, the so-called

embryo-sac. Thepollen-

tube impinges upon

the embryo-sac, pene-

trates it, and com-

Fia. 263, mupicabes some portion

Pollen grain of willow-herb (Epilobium angusti- of its contents. Only

folium), magnified 600 diameters.  Pore; a Outer; after the contents of

g%:;gpm:cr;zltl::&ube, h Coat of pollen-tube; the pollm -tube have

mangled with those of

the embryo-sac s the latter in a position to develop the embryo

of a new plant. If this mingling does not take place, the ovule

cannot become a seed; on the contrary, it speedily ceases to

grow, and shrivels up or disappears.

The mingling of the contents of the pollen-tube with those of the

embryo-sac s the essential feature of the process of fecundation.

6.—Cross Fertilisation.

Many plants, as we already know, are kermaphrodite, t.ec.,
their flowers possess both stamens and ovary. One would
naturally suppose that in such flowers the pollen is simply
shed on the stigma, where the grains develop their pollen-tubes,
and the process of fertilisation completed as already described,
the organs brought into contact being those of the same flower.
But in many instances this is by no means the case. It has
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been shown by experiment that, as a rule, the pollen of a given
flower is incapable of fertilising the ovules of that flower.
Usually fertilisation is only effective when the pollen is brought
to the ovule from another flower of the same species.

The following experiment suffices to show that the pollen of many
plants produces no effect when laid on the stigma of the same flower.
Two tulips in separate pots were brought into the house shortly before
the flowers opened. The flower-buds were isolated by tying large
gauze bags over each. When full-blown the covering was removed
from one flower, and by means of a fine camel’s-hair brush, a little of
the pollen from one of the ripe stamens was laid on the stigma.
Pollen from the same stamen was then laid on the stigma of the other
tulip, after which both plants were again enveloped in their gauze
coverings and left undisturbed. The result was that the ovary
fertilised with the pollen of the other flower, developed into a perfect
fruit containing seeds capable of germinating, while that of the flower
fertilised with its own pollen formed a stunted capsule, with seeds in-
capable of germinating.

The conveyance of pollen from the stamens to the stigma
being termed fertilisation, the conveyance of the pollen to the
stigma of the same flower is distinguished as self-fertilisation, or
close-fertilisation ; the conveyance of pollen from the stamens of
one flower to the stigma of another as cross-fertilisation. In the
last case two flowers are said to cross with each other.

We may therefore express the result of the above experimeut
thus :—Cross-fertilisation produces the greatest number of seeds
capable of germinating, while self-fertilisation tends to produce
Jew or no seeds capable of germinating.

It has been shown by experiment that even in cases where seeds
capable of germninating are produced by self-fertilisation, there are
certain important differences between them and seeds produced by
cross-fertilisation.

1. Self-fertilised ovaries on the whole produce fewer seeds than
cross-fertilised ovaries of the same plant.

2. The seeds produced by self-fertilisation are on an average smaller
and lighter than those produced by cross-fertilisation.

3. Plants which spring from seed which is the result of self-
fertilisation are on an average smaller and weaker than those pro-
duced from seed which is the result of cross-fertilisation. The former
also produce fewer seeds than the latter.

The correctness of these generalisations is easily shown. If we
treat a number of plants after the manner described in the last
experiment, fertilising some with their own pollen, some with the
pollen of another individual of the same species, we can in due time
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. collect the ripe sceds from the two sorts and compare them. We
shall then see that the cross-fertilised flowers have produced more and
heavier seeds than the self-fertilised. If an equal number of seeds
be selected from each sort, and sown in a flower-pot in such a way
that each sort will be kept apart, there will be a marked difference
between the two sets of seedlings thus ohtained. The seedling pro-
duced from the seeds of the cross-fertilised flowers will be much
stronger than those produced from the other, a fact which becomes
more and more evident with the continued growth of the plants.

Thus, in the struggle for eristence, seeds which are the result of cross-
Jertilisation always tend to survive those which are the result of self-
Fertilisation,

In nature, self-fertilisation is not unknown, but in many
plants it only occurs if cross-fertilisation has not taken place.
There are, however, some few plants in which self*fertilisation
seems the rule. In most species regular or occasional cross-
fertilisation—crossing between different individuals—takes place.
In plants possessing male and female flowers this is a matter of
course. But even among hermaphrodite flowers cross-fertilisation
is common, nay, as we shall see further on, in many cases self-
fertilisation is absolutely impossible. Pollen is conveyed from
one flower to another, either by the wind or by the intervention of
animals, especially of insects. How this is effected we shall see
in the next chapter.

II.—WIND-FERTILISATION.

In many plants the transference of the pollen of one flower to
the stigma of another (crossing) is accomplished by the wind.
The extreme minuteness and lightness of the pollen grains
enable them to keep afloat in the air for a long time. The
wind thus frequently carries the pollen to considerable distances,
where it may alight on the flowers of other individuals of the
same species, thereafter remaining adherent to their stigmas.
All plants fertilised by the wind are called anemophilous or
wind-fertilised plants.

There are also certain species of plants in which the transference of
pollen is effected by means of water. Such, for example, is the well-
known Vallisneria ( Vallisneria spiralis). This is a diecious plant with
bright green, linear, submerged leaves. It is a native of Italy, where

it grows at the bottom of shallow streams. The female flowers open
at the surface of the water, being borne on long spiral pedicels. The
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male flowers break off under water from the parent organism, float
to the surface, open there, and are carried by the current to the female
flowers, which they fertilise.

The arrangements found in anemophilous plants for effecting
cross-fertilisation, and for rendering self-fertilisation almost im-
possible, are as follows :—

(1.) Wind-fertilised plants flower for the most part in spring,
at a time, that is, when high winds prevail.

(2.) The quantity of pollen produced is enormous.

(3.) The pollen grains are dry, not viscid.

(4.) The inflorescences, flowers or stamens, are so placed as to
be easily shaken by the wind.

(5.) The stigma is large, exposing to the pollen grains that
may be ﬂying about in its vicinity a very broad and hairy -
surface.

(6.) The position of the stigma in the flower is such as to be
easily reached by the floating pollen grains.

(7.) The floral envelopes are small, and do not cover stamens

_and stigma.

(8.) Many wind-fertilised plants are dicecious, one individual
bearing only male, another only female flowers.

(9.) In those wind-fertilised flowers which are moncecious, or
which bear hermaphrodite flowers, self-fertilisation in the same
flower, or in the flowers of the same individual, is commonly
prevented by the fact that their stigmas and anthers ripen at
different times.

Arrangements for ensuring Cross-Fertilisation in
Anemophilous Plants.

(1.) The majority of our pative deciduous trees are wind-
fertilised. To this class belong, for example, the catkin-bearing
trees (p. 134), the birch, the hazel, the aspen, the poplar, the elm,
the oak, and others. In these the flowers develop before the
leaves, so that the trees are in full blossom while the leaves are
yet in the bud. Only in a few cases are flowers and leaves
developed simultaneously.

The trees above mentioned tlower very early in the year—the
hazel in February and March; the aspen, the poplar, the black
poplar, the elder, and the elm, in March or April; the beech,
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the hedge-beech, the birch, and the oak in April or beginning of
May. At this time high winds are common, and the trees being
leafless, the wind can easily shake out the pollen from their
anthers and carry it away. If the trees were then in full leaf,
this could not be so readily accomplished, for the wind could not
penetrate the foliage so as to reach the stamens thus protected.
Moreover, the pollen, once shaken out, would simply fall upon
the leaves, there to remain and wither uselessly. Finally there
would be a great risk of the pollen never reaching the stigmas,
were they also concealed beneath a mass of foliage.

(2.) Quantity of Pollen—In the case of the anemophilous
plants, the quantity of pollen produced by a single flower is
enormous. From a single blossom we frequently get a quantity
sufficient to fertilise over a thousand ovaries. Suppose a plant
of this kind to bear as many female as male flowers,? then
Yo% ths of all the pollen produced might go to waste, if only the
remaining 45yth were equally distributed over the stigmas of
the female flowers. It is very evident that in the course of
transport by the wind much pollen unavoidably gets lost. In
the great majority of cases the pollen never reaches a stigma at
all, but, falling on whatever surface may present itself, is simply
wasted. Were it not for the enormous quantity of pollen pro-
duced, fertilisation could not be effected to nearly such an extent
as takes place under existing arrangements.

(3.) Characteristics of the Pollen Grains.—The grains of pollen,
in the case of the anemophilous plants, are on the surface even,
smooth, and dry (Fig. 261,1.). When shaken out of the anthers
by the wind, they therefore do not adhere to each other, but
separate and float singly in the air. The anemophilous plants
have dusty pollen. Had the grains of pollen a viscid surface, a
number of them would stick together, and such an aggregation
would, by reason of its greater weight, fall so much sooner to
the ground, and so fail in its function of fertilisation. Most of
the anemophilous plants, moreover, having but one-seeded
ovaries, a single pollen grain reaching the stigma often suffices
to effect fertilisation. By the adhesion, therefore, of several
pollen grains, the quantity of fertilising material would only be
reduced.

' The male flowers, however, usually far exceed the female in num!liers.
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Among the anemophilous plants the conifers have pollen grains,
which are provided with definite organs for effecting transport (the
pines, for example, Fig. 261, V. a, p. 165). Their surface is greatly
enlarged by means of delicate hollow air vesicles, by which provision
they are enabled to float for a very long time in the atmosphere.

(4.) Position of Flowers and Stamens—The stamens, and of
course the flowers, hold such a position on the plant as to be to
the utmost degree exposed to the wind. Many anemophilous
plants are trees, and for this reason much more accessible to the
wind than are herbs rising but a little way above the ground.
But irrespective of this point, the position of the flower is such
as to cause it to be easily shaken by the wind. Either the
whole inflorescence is such that the slightest breath will move
it, or that of the individual flowers or stamens is so.

Typical inflorescences of this sort are found in most of the
catkin-bearing trees (hazel, birch, poplar, walnut, oak, &c.). The
catkin is pendent at the time of flowering (Fig. 113, a, p. 65).
The common peduncle (the main axis) is very slender, thread-
like, and easily set in motion. In other plants, in many
grasses, for example (Fig. 114, IIL.), particular parts of the in-
florescence (the spikelets) possess the last-named characteristic
in a marked degree. The wild oat-grass (Avena fatua), the
quaking grass (Briza media, Fig. 264), the wind-grass (4grostis)

Fro. 264. Fie. 265. Fie. 266.

Fig. 264.—Inflorescence of the quaking grass (Briza media) ;
natural size. Fig. 265.—Flower of the meadow rue (Thalictrum
minus) ; three times enlarged. Fig. 266.—Flower of the wheat
(Triticum vulgare) ; six times enlarged. n Stigmas, s Stamens.

and others derive their very names from the mobility of their
inflorescence. In dog’s mercury the clustered inflorescences

stand up stiff and straight, as do likewise the filaments
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which are longer than the petals of the perianth (Fig. 68,
a, p. 38). The whole inflorescence forms, so to speak, an elastic
rod, which the merest touch will set into quick and long con-
tinuing vibrations, in the course of which it rains down showers
of pollen.

In other wind-fertilised plants the inflorescence is not itself
easily shaken, but the individual florets are set a-quaking by the
lightest breeze. They are attached to long, slender, and delicate
peduncles, their own weight causing them to assume a drooping
position. Examples of plants having this type of inflorescence
are sorrel, spinach, rhubarb, and hemp.

In many anemophilous plants, again, both inflorescence and
flowers are rigid, the stamens being alone exposed to the influ-
ence of the wind. In this case the filaments are long and
slender, and have drooping anthers, even when the flower itself
grows straight upwards. When the scattering of the pollen
depends on the fact that the stamens are easily moved by the
wind, the stamens always protrude beyond the floral envelopes.
Fig. 265 shows the blossom of the lesser meadow rue (ZThalic-
trum minus). The numerous stamens have very heavy anthers,
and are considerably longer than the petals of the perianth ; like
the whole flower, they are directed downwards. In Fig. 266
we have the flower of a grass (wheat, Triticum vulgare). In
contrast with the one we have just considered, this stands erect.
Its three stamens (s), however, project far beyond the rim of the
perianth, and curve downwards so as fully to expose the long,
bright yellow anthers to the wind. The merest touch suffices to
set them in motion, causing them to shed from their anthers
clouds of yellow pollen.

(5.) Form of the Stigma—The stigmas of wind-fertilised
flowers are large, and bristle with long stiff hairs, which diverge
from each other,and form an admirable trap for the detention of
stray grains of pollen. They, therefore, most commonly assume
the appearance of a feather, or thick tuft of feathers (Fig. 262,
V. VL, o, p. 166), of a whitish or grey colour. In some rare
cases the stigma is of a different colour—red, for example, in the
hazel.

The stigmas of wind-fertilised plants are usually large, particularly

in cases where the flower-stalks bear single or few florets. If, on the
he flowers form into thick clusters, tufts, or heads, the
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individual stigmas are smaller. In such a case all the stigmas of the
inflorescence collectively offer a sufficiently broad surface for the pollen
grains to light on. The flowers on the female catkins of the poplars,
for example, are arranged pretty closely ; the individual stigmas are
therefore in this instance small. The same arrangement is observed
in the burr-reed, where the female florets form thick tufts. In a plant
similar to the burr-reed—the well-known mace-reed (Typha angusti-
Joliu)—the individual stigma is quite small, and assumes the form of a
diminutive club-shaped knob. Seeing, however, that there are thou-
sands of stigmas ranged close beside each other, composing the well-
known mace of the plant, which is four or five inches long, and turns
brown after a time, we have here a very broad surface on which the
pollen grains may alight. In the case of the female flowers of the
conifers (Fig. 111) the florets form a thick inflorescence ; stigmas there
are none, but when the flowers open the naked ovules are seen each to
have on their surface a drop of viscid fluid, which serves to detain any
grains of pollen that may reach them.

(6.) Position of the Stigma.——As with the position of the
stamens, 80 that of the stigma, in relation to the various parts of
the flower, is always such as to render it readily accessible by
the pollen. What has been said of the position of the one
applies equally well to that of the other. As in the case of the
stamen, the stigma also projects beyond tl.e petals, either at the
apex, or laterally (Grasses, Fig. 266, n).

(7.) Size of the Floral Envelopes.—On contemplating the sta-
mens and stigmas of wind-fertilised plants, it is evident that the
petals of these plants must of necessity be small ; because, were
they large—did they enclose (as in the case of many plants not
dependent on the wind for fertilisation) the stamens and stigmas
—the wind would be quite unable to shake the pollen from the
anthers, and just as little able to deposit it on a stigma com-
pletely enveloped in a large corolla. The floral envelopes of
wind-fertilised plants are small, non-conspicuous, and green in
colour. Wind-fertilised plants thus seem to have no flowers in
the popular sense (see p. 40). Flowers with large and brightly
coloured petals are to be found only in plants which are not
wind-fertilised. In only a few wind-fertilised plants are calyx
and corolla forthcoming; usually petals and sepals form a
perianth, but even that is frequently absent.

(8.) Diwcious Plants—When it so happens that all the flowers
with stamens ( &) are confined to one individual, all the flowers
with ovaries () to another, cross-fertilisation must necessarily
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occur in every case. The dicecious state may therefore be
described as an arrangement by which self-fertilisation, or a
crossing between flowers of the same individual, is rendered
impossible.

(9.) Dichogamy.—Even, however, in anemophilous plants
which are hermaphrodite, or in which male and female flowers
are found on the same individual, we frequently find arrange-
ments calculated to prevent self-fertilisation, and to favour cross-
fertilisation. Suchan arrangement is that whereby intercrossing
is secured by a difference in the time of maturity of stamens and
stigmas. The stamens are mature when the anthers dehisce, and
the pollen is shed. The stigma, again, is said to be mature
when it is capable of receiving pollen on its surface, and of being
penetrated by the pollen tube. Not till then do the hairs of the
stigma become completely developed, nor is the viscid fluid
secreted (see p. 167). Only when all these conditions are fulfilled
are stamens and stigmas said to be ripe. After stamens and
stigmas have been mature for a certain time they begin to get
dry. The pollen of the former in that case becomes useless, and
the latter are no longer in a fit state to receive the pollen and
become fertilised.

By the word dichogamy we describe what occurs when in a
g flower, or & and @ flowers on the same plant, the stamens
and stigmas mature at different times; but we must further
distinguish the two following kinds of dichogamy.

(a.) The stamens are already ripe while the stigmas are as
yet unable to utilise the pollen, and only after the stamens are
withered do the stigmas come to maturity. Development of
the stamens before the stigmas is called Protandry (sign &-9).

(5.) The stigmas are already ripe, while the anthers have not
yet opened so as to shed their pollen. When, later on, the
stamens ripen, the stigmas have by that time withered. The
development of stigmas before the stamens is called Pro-
togyny (sign 9-4.)

If all the individuals of dichogamous species of plants were
to tlower at precisely the same time, their fertilisation would be
altogether impossible. It is, however, well known that in no
kind of plant is such the case. If, for example, in a meadow a
certain species is well represented, only a few specimens will
be seen flowering at the beginning of the season. These have
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developed earliest, and are already in bloom, while the majority
are yet in bud. Then these come into flower, and finally,
after almost all are done flowering, a few stragglers will
be found still surviving, and putting forth blossom. This
difference in the time of flowering proceeds from many causes.
Many individuals are enabled to develop earlier owing to their
proximity to water, or to their advantage-
ous situation as regards sun or soil, or the
seed from which they spring may have
been healthier and better developed, &ec.
Thus, through this difference in the time
of flowering, an exchange of pollen between
the individuals of a dichogamous species
is ensured.

An example of protogyny (9- & ) among
moneecious flowers we have in the
burr-reed (Sparganium simplex) (Fig.
267), already mentioned. The flowers
are arranged in heads, those at the
top of the stalk (&) being composed
solely of male flowers, those further
down (9) solely of female flowers. The
female florets are the first to mature,
and through the agency of the wind
receive the pollen from male flowers of
another individual already ripe. After
a time the stigmas wither, and now the
male flowers develop and shed their
pollen, the lowermost first, the upper
subsequently. The figure represents a
burr-reed in flower, the two heads of Fro. 267.
female florets already past. Of the male MOI:'(O ;°Fg')’°:,'fs th?ﬁtf:f:_'
florets the lowermost head is just begin- reed (Sparganium simplez);
ning to shed its pollen, while the four ﬁ:’lesf',',‘f;,m? Female, ¢
above it have as yet no ripe stamens. In
this plant, therefore, the crossing of two flowers of the same
individual cannot by ordinary means be effected. On the con-
trary, only crossing between two flowers of different individuals
takes place, quite as in dicecious plants.

: M
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IIL—TRANSFERENCE OF POLLEN BY ANIMALS.

The number of plants in which the pollen is carried to the
stigma by the wind is not very large when compared with the
number of plants in which crossing is effected by animals.
More than all other kinds of animals, it is insects which perform
the office of conveying the pollen to the stigma of another
flower; at all events, in the case of all our native non-
anemophilous plants. In contradistinction to the anemophilous
plants, such are called entomophilous or insect-fertilised plants.

That animals, and more particularly insects, transfer pollen
to the stigma of other flowers is a very remarkable fact. It is
all the more remarkable, because these creatures can have no
idea whatever of the process of fertilisation, which men them-
selves have only made out with the aid of the microscope.
They effect the transportation of the pollen, then, without
having the least notion of the office they are discharging.
In insect-fertilised flowers the parts are so arranged that the
insects in visiting the blossoms come into contact with the
anthers. A portion of the viscid pollen thus adheres to their
bodies, which are mostly hairy. If, later on, they come to
another flower of the same species of plant, the same part of
their body comes into contact with the stigma of that tlower,
to which, therefore, some of the pollen with which it is covered
is of course transferred.

At this point, however, one will be ready to ask, what is the
motive prompting the insects to visit the flowers of a plant regu-
larly and frequently ? Seeing they have no manner of interest
themselves either in the crossing or non-crossing of flowers, it is
plain that we must seek some other motive as that to which their
visits are to be attributed. Now, within such flowers are materials
which are sought after by insects as food, and this it is which
occasions them to make the regular visits in question. The
greater part of their life is spent in search of such food. The
diligence of the bees in gathering honey from the flowers is
proverbial, and pocts have often rhymed over the butterfly, and
how it flits about from flower to flower. Few, however, are
aware of the weighty mission in the vegetable world with which
these and a whole host of other insects are encharged.
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1.—ADAPTATIONS IN FIL.OWERS FOR FERTILISATION BY INSECTS.

Just as in wind-fertilised plants we discovered a series of
peculiarities calculated to secure to them the advantage of cross-
ing by the agency of the wind, so also do we find the form and
relative position of the parts of insect-fertilised plants adapted
in every respect to secure crossing by insects. Such flowers
either offer special allurements to the insects, or have pecu-
liarities of structure which subserve the work of crossing by
animal agency ; and, moreover, have commonly such an arrange-
ment of parts as to exclude those insects which would only con-
sume their honied store without in any way promoting their
fertilisation.

A. Modes of Attracting.

Insects are attracted to flowers either by their brilliant colour,
their perfume, or the store of honey which they contain.

(1.) Colour.—The larger a flower is, the more beautiful and
brilliant its colour, the greater is its chance of being seen from a
distance. Insects are just as sensible as human beings of differ-
ences in size and colour, and pass over small and obscure flowers
to frequent others of more striking appearance.

The eyes of insects are usually two in number, hemispherical in
shape, and each composed of a number of small hexagonal prisms,
whence they are said to be compound or facetted. Some insects (bees,
for example) have, in addition to those, three simple (supplementary)
eyes on the top of the head.

Flowers are rendered conspicuous by the brilliant colouring of
the floral envelopes. The coloured part is usually the corolla,
more rarely the calyx, or calyx and corolla together. Large
floral envelopes are of advantage to insect-fertilised flowers,
inasmuch as they give better protection to the parts which they
enclose, while their conspicuousness makes the flower all the
more striking.

While, therefore, the flowers of wind-fertilised plants are small,
inconspicuous, and green in colour (for reasons see p. 175),
insect-fertilised flowers are comparatively large and brilliant.

In many plants the individual flowers are large and striking, in
others conspicuousness is produced by the fact that many flowers are
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aggregated so as to form collectively a large snflorescence. More rarely
it happens that the flowers or clusters of flowers owe their con-
spicuousness to other parts than the envelopes; for example, the
male catkins of the willow, which appear before the leaves, are
visible at a considerable distance. Their conspicuousness, which
attracts many insects, is due to the beautiful brimstone colour
of the anthers. Similarly the conspicuousness of the blossoms of
many Australian myrtles is due to the colour of the numerous long
filaments. The figures 268 and 269 represent the flowers of two such
myrtles (Fig. 268, the Eucalyptus ; Fig. 269, Metrosideros burifolia).
Both possess a funnel-shaped calyx, the lip of which is either entire
(Fig. 268) or five-toothed. In both flowers the petals are absent.
The numerous stamens arise in a circle from the calyx, and are easily
distinguishable at a distance. The colour of the filaments is pure
white (in the plants shown in the figure), bright red, or dark blue, and
the anthers are also frequently brilliantly coloured. It is the colour
of these parts which attracts insects; these plants can easily dispense
with a protecting floral envelope, they being indigenous to parts of the
Australian Continent, where little or no rain falls during the flowering
season.

Brilliantly coloured flowers scem to be as attractive to insects as they
are to man. It is no uncommon
thing to see a large wasp -like
fly (Syrphus) hovering long over
the brilliant yellow flowers of
the mullein (Verbascum), with
their purple filaments and orange
anthers, as if in admiration of
this gorgeous display of colour.
Equally attractive to a smaller

Fia. 268. Fic. 269. species (Ascia) is the beautifully

Flowers of Australian myrtles ; insects streaked blue corolla of the speed-

are attracted by the numerous brilliantly well (see Fig. 84, a). Other

%"il"“’;‘;s"'_‘mi:: ahgf:" b "2’?;‘_)' insects which live as larve on
Metrosideros buzifolia ; nat. sizs,  putrid flesh (e.s., the blue-bottle)

seem to prefer pale or dark
purple blossoms, 7.e., such as resemble in some measure the colour of
putrid meat.

(2.) Perfume.—The perfume of flowers is likewise a means of
alluring insects. Many insects, the bees for example, seem to
be attracted by the same odours as ourselves. The perfume of
the violet, for instance, is a great favourite with these insects.
The blossoms of other plants, again, possess the offensive smell
of decomposing matters, such as putrid meat, &c., and this is
equally attractive to the various species of carrion flies.

Such flowers as are fertilised Ly night insects are dis-
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tinguished by a strong perfume. In their case moths are
the chief agents in effecting the transference of pollen. Such
plants are also distinguished by large, pale, mostly white or
bright yellow flowers, which of themselves render the plants
perceptible at some distance; yet, nevertheless, they would be
but seldom visited by the moths, were they not attracted by the
strong, sweet, penetrating scent. Well-known plants, fertilised
by moths, and having pale sweet-scented flowers, are the honey-
suckle (Lonicera Periclymenum) and the butterfly orchis (Haben-
aria bifolia).

It would appear that insects hdve the power of perceiving even
faint perfumes at considerable distances. Their organ of smell is
situated in the antennz, which in many species are very large, long,

and tufted or fringed. In all probability the sense of smell is con-
siderably more developed in many insects than in man.

(8.) Food.—The insects in their visits to the various kinds of
tlowers having always the obtaining of food as their main object ;
it is necessary for such flowers as would enjoy frequent and
continued visits to keep an abundant store for the benefit of
their guests. In the eyes of the more intelligent species
of insects, colour and fragrance are but slight attractions
compared with a plentiful supply of honey, and can only win for
flowers possessing them the most occasional visits. That with
insects utilitarian considerations preponderate over ssthetic
ones, we have abundant evidence, for example, in the case of
bees and butterflies. Thus, when a number of conspicuous
flowers, some containing, some destitute of honey, stand side by
side, the bees will be observed at first to enter either indis-
criminately, but, becoming aware by experience of the fruitless-
ness of their toil, they at length entirely confine their visits to
those in which they have found the food they are in quest of.

The foods obtained by insects from flowers are principally
(a) honey or nectar, and (b) pollen.

(a.) Homey (Nectur).— Most insect - fertilised flowers secrete
a certain quantity of a clear sweet fluid, which is termed
nectar.! Essentially nectar consists of water in which sugary
matters are dissolved. If, for example, we draw the corolla of
the white dead-nettle (comp. Fig. 102, a) out of the calyx, and

! From the Greek, nectar, the drink of the gods in Olympus. The word was
applied by Virgil (Georgics, IV., 163, 164), to the honey of bees.
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apply the lower end of the tube to the tip of the tongue, the
sweetness of the nectar it contains is at once apparent. That
part of the flower which is occupied by the nectar is called the
nectary. The nectary may be found in very different situations
in different plants, being developed sometimes on the corolla,
sometimes on the stamens, oftenest, however, in relation to
the pistil.

If from the flower of the buttercup we remove one of the
five yellow petals (b, Fig. 270, I.), we find at the lower end (claw)
a thickish rounded scale, which forms with the blade a
sort of pocket. This is the nectary, and while the plant is
in flower it contains a drop of clear watery fluid—the nectar
(¢, IL). In the yellow-rattle (Rhinanthus, 1I1.) the nectary
is formed by a scoop-shaped scale attached to the bottom
of the ovary. This scale contains a globule of honey (¢).
In the case of umbelliferous plants (for instance, Anthriscus
“sylvestris, IV.), the nectary is a two-lobed, thick and fleshy
disk (n), resting on the surface of the ovary, and situated in the
middle of the flower (Fig. 223, 4, p. 143). The nectary occupies

a v
Fic. 270.
Nectaries.—I. Buttercup (fhanunculus acris) ; II. The
same in longitudinal section ; IIL Yellow rattle (Rhinanthus);
IV. Umbellifer (Anthriscus sylvestris) ; V. Monk's-hood
(Aconitum Napellus). 1. III. three times enlarged ; II.
eight times enlarged ; IV. six times enlarged ; V. nat.
size. n Nectary; b Petal ; ¢ Nectar ; f & Ovary ; s ¢ Stalk.
an entirely different position in the flower of the violet (IIL, Fig.
271). Here two out of the five stamens form the nectary. The
anthers (a a) are attached to extremely short filaments, and are
united. Each of the two lower filaments is continued back-
wards into a small Lright green process (z), which lies within
the spur of the lower petal, and secretes the honey. In the
hellebore (Helleborus viridis, Fig. 271, 1.), the small green incon-
spicuous petals are pouch-shaped, and when open are entirely
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filled with nectar. A very similar arrangement is found in
the columbine (Aquilegia vulgaris, Fig. 271, IL), where each of
the five dark blue petals forms a funnel-shaped vessel tapering
off into a long curved spur. The spur is thickened at its lower
end (n), and here the honey is secreted. The nectary of monk’s-
hood (Aconitum Napellus, Fig. 270, V.), is yet more singular in
shape. Deep within the flower are two long curved filamentous
processes, each surmounted by a caplike structure (z). The
latter is elastic, and in its innermost recesses the honey is
secreted. The peculiar nectaries in this case are simply modified
petals. Among our native plants the most ornamental nectary
is that of the grass of Parnassus (Parnassia palustris, Fig. 272),
Within the flower, between the petals (b I.) and the stamens (f)
are five peculiarly shaped organs (), each of which is a nectary
(IL.). The honey is secreted at the lower end, the spot being
surrounded by some eleven white stalk-like processes, each sur-
mounted by a yellow knob ().

Fie. 271. Fia. 272,

Fig. 271.— Nectaries.—1. Hellebore (Helleborus viridis); II.
Violet ( Viola odorata) ; IIL. Columbine (dquilegia vulgaris). I II.
three times enlarged ; III. nat. size ; n Nectary; a Anthers; 2
Lengthened connective.  Fig. 272.—Grass of Parnassus (Parnassia
palustris) ; I. Flower, nat. size; II. Nectary, six times enlarged.
p Peduncle ; b Petals ; f Anthers; s Nectary ; n Portion where
nectar is secreted ; ¥ Glandular process.

From these examples it is sufficiently clear that the nectary may be
found in the most various parts of the flower. In the ranunculus,
hellebore, columbine, and monk’s-hood the nectary is formed by part
of the petals, in the violet by the stamens, and in the umbelliferous
plants the nectary is borne upon the ovary. Thus the nectary may
be represented by an independent organ, or one or other of the normal
organs of the flower may be modified so as to form it.

(8.) Pollen—The pollen of many flowers is likewise utilised
by insects as food. Many beetles, for example, consume the
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pollen inside the flower itself ; others, like the bees, collect it
on certain structures which they possess for the purpose, and bear
it with them to the hive. Here they brush it from the body,
and mix it with the honey which they have brought home,
kneading the whole into a soft granular mass, which they devote
to the nourishment of their larvee. This it is which is called bee-
bread. That those plants whose pollen is abstracted in great
quantities by insects for the preparation of honey, &c., produce
far larger quantities of pollen than is necessary for fertilisation,
is a fact sufficiently obvious.

Besides nectar and pollen, some obtain other sorts of food from the
flowers they visit. Butterflies, for instance, pierce the delicate wall of
the spur of many species of orchids with their long proboscis, and
abstract the fluid collected on its inner surface. Other insects devour
certain parts of the corolla or the stamens. Such cases are, however,
to be looked upon as exceptional—nectar or pollen being the usual
attraction.

3.—Form of the Flower.

In addition to the powerful attractions of colour, fragrance,
nectar, and pollen, many flowers manifest yet other contrivances
for securing fertilisation by insects. Thus, for example, we have in
insect-fertilised plants, as in wind-fertilised plants, characteristic
peculiarities in the pollen or the stigmas. Animportant feature,
too, is the position of the nectary, which is always adapted
(especially in relation to the position occupied by stamens and
stigmas) to promote the end in view. The various parts of the
flower are always so arranged as to afford protection to the
nectar against damage by rain, and at the same time facilitate
the entrance of insects in quest of food. In fine, the whole
structure of the flower is, in many cuses, determined by the fact
that the plant is dependent upon insect-fertilisation for survival,
as we shall see in a later chapter.

(4.) Peculiarities of the Pollen.—While the pollen of anemo-
philous plants takes the form of a fine dust, the individual
grains of which are dispersed by the wind (see p. 172), that of
most insect-fertilised plants consists of sticky granules, which,
by their viscidity, are enabled to adhere to one another when set
free from the anthers; first of all, indeed, their tendency is
to remain adherent to the anthers themselves. Wind-fertilised
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plants might therefore be called “plants having dusty pollen,”
insect-fertilised plants “plants having viscid pollen.” There
are but few insect-fertilised plants in which the pollen is
not more or less viscid.

We can easily see how important the viscidity of their pollen
must be to insect-fertilised plants. If, like that of wind-ferti-
lised plants, the pollen of insect-fertilised plants were dry and
dusty, it would be carried away by the gentlest breath of wind,
and would be incapable of adhering to the bodies of insects
visiting the flower. When, however, each pollen grain possesses
a sticky surface it readily adheres to the body of any insect
coming in contact with it, and is thus carried to another flower,
not even the movement of the insect in flying being sufficient to
shake it off.

(5.) Peculiarities in the Forin and Structure of the Stigma.—
Just as in the plants formerly considered, the form and struc-
ture of the stigma were seen to be adapted to fertilisation by the
wind, so we shall find in the plants now under consideration
peculiar adaptations of that organ to fertilisation by insects. In
contrast to that of wind-fertilised plants, the stigma of insect-
fertilised plants is usually small. The ovary in the former
is dependent for fertilisation on stray pollen grains deposited
on the surface of its stigma by the wind. For the welfare of
the flower, therefore, it is best that that surface should be as
broad as possible. In insect-fertilised flowers, on the other
hand, the position of the stigma issuch that insects entering the
flower in search of honey must touch it before reaching the
nectary. Some of the pollen brushed off by their hairy bodies
from the anthers of other flowers is thus deposited on the stigma,
which, the better to detain it, is coated with a sticky fluid.
Extent of surface is thus of no importance in the stigma of an
insect-fertilised plant, seeing that it must be brushed against Ly
all insects entering the flower.

(6.) Position of the Nectary.—In insect-fertilised plants the
position of the nectary is always such that an insect, in order to
reach it, must come into contact with both anthers and stigma,
either at once or in succession. It never happens, for instance,
that the nectary is situated at the lip of the corolla, stamens and
stigma at the base. Quite the reverse is, in fact, the case.
While stigma and anthers reach to or even beyond the rim of
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the corolla, the nectary, with its honey, lies hidden in the deepest
recesses of the flower. Only in a few instances (with flat, eg.,
rotate flowers) does the honey run a risk of being spoiled by
rain, and so rendered unattractive to insects. In such flowers
we find thick tufts of hair or small scale-like appendages arising
from the corolla in such a way as to protect the nectary from
all external harmful influences (e.g., many Boraginace).

(7.) Guides to Insects—When an insect attracted by colour
or fragrance alights on a flower in which honey is secreted, it is
of great importance to the plant that its visitor should find what
he is in search of without delay. The shorter the time he spends
over one plant the more he can visit in a given time, the more there-
fore can he fertilise. Accordingly we find that almost all plants
which secrete honey are characterised by certain distinguishing
marks, all pointing as clearly as possible to the exact spot where
their treasure may be found. These marks are to the insect
what the finger-post is to the wayfarer, guiding and directing
him to his desired destination. They take the form of specks,
spots, lines, and streaks on the corolla, distinguished from the
general surface of the petals by their colour, and all converging
towards one point. That point is the spot where the nectar is
to be found. More rarely, brightly coloured hairs arranged on
the surface of the corolla, stamens, &c. take the place of the
more familiar streaks, spots, &c.

A few examples will best serve to make us familiar with the
various markings which serve insects as guides to the honey.

1l v

Fia. 273.

Guides to the Honey.—I. Pansy ( Viola tricolor) ; II. Carthusian
pink (Dianthus Cartusianorum); I11. Wound-wort (Stachys palustris);
two times enlarged ; IV. Field pink (Dianthus deltotdes).

In the pansy (Fig. 273, L), we find a number of straight or
curving lines, sharply defined from the general yellow colour

 ~
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of the petals by their purple or dark blue colour, and all con-
verging towards the centre of the flower. Here we have the
entrance to the spur in which the nectar secreted by the two
stamens (p. 182) is collected. The case of the pink is somewhat
similar. On its five rose-coloured petals are fifteen blackish lines.
These all converge to the centre of the flower, like the radii of a
circle. Similar markings may be observed in the flower of the
speedwell (comp. Fig. 84, a), only that here the numerous
lines are of dark colour on a ground of bright blue. Light
coloured markings on a dark ground oecur in the flower of
the wound-wort (II1.). The flower is of a general dark purplish
brown hue; the markings are formed by a number of bright
red patches and lines, all pointing to the throat of the flower
(see Fig. 86). Very similar are the markings on the hemp-
nettle (Guleopsis versicolor ; see Fig. 86, a), only here the colour
of the petals is rose pink, the markings dark purple. The
field pink (Dianthus deltoides, 1V.), too, has markings which are
brighter than the ground colour of the corolla. The petals are
of a reddish purple tint, their bases being distinguished by five
whitish spots, while over the general surface of each are scattered
numerous smaller points, likewise white in colour.

That these markings really conduct the insects to that part of the
flower where the honey is concealed is well ascertained. Firstly, the
fact has been established by careful observation ; and, secondly, it might
be inferred from the circumstance that all anemophilous plants, and
all such insect-fertilised flowers as are visited by the insects at night,
have no special markings. In the case of the anemophilous plants
markings would only serve to deceive insects, seeing that they secrete
no honey, while in the case of the night-flowers all guides would be
useless, since the darkness would render them invisible, and insects
in search of honey would be as dependent on their sense of smell and
touch as if no markings were present.

(8.) Form of the Flower.—The form of the flower, especially
that of the corolla, is, in respect of fertilisation by insects, by no
means a matter of indifference. Frequently the flower is so
constructed as to offer a convenient support to the insects that
may have alighted on it while in the act of sucking the honey.
If, for example, we glance at the labiate flower copied in Fig.
86, a, we shall see at once that the casque-shaped upper
lip (o) completely covers the anthers and stigma, while the
three-cleft lower lip (x) is admirably adapted to form a support
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on which an insect may rest while penetrating the flower in
search of the nectary. We see, therefore, how in this flower the
form of the corolla is most intimately connected with the visits
of insects. In Fig. 274 we have a similar flower, that of the
white dead-nettle (Lamium album), and a humble-bee at work
in it. Seated on the lower lip, the bee is busy sucking the
honey. Fig. 275 shows the position taken by the honey-bee on
the flower of the violet while extracting the nectar from the spur.
In the twayblade (Listera ovata, one of the orchids, Fig. 277)
one of the petals is much elongated, and serves as a convenient
resting-place for the small beetles (Grammoptera among others)
which visit the flower. The long curved stamens of the horse-
chestnut (Lsculus Hippocastanum) are utilised by the humble-
bee for a like purpose (Fig. 276).

The form of the flower, however, is modified in connection
with other conditions than these. Many plants are so entirely
dependent upon insects for fertilisation, that if no insects visit
them, fertilisation does not take place at all, self-fertilisation
being impossible. Others, again, when the normal insect-
fertilisation does not occur, have arrangements whereby self-

F1a. 276.

Fic. 274. Fia. 275. Fie. 277.
Fig. 274.—A humble-bee (Bombus hortorum) on the flower of the white
dead-nettle.  Fig. 275.—Honey-bee (4 pis mellifica) in the flower of a
violet. Fig. 276. —Humble-bee in the flower of horse-chestnut. Fig.
277.—A beetle (Grammoptera) on the flower of the twayblade (Listera
orata) ; four timex enlarged.

fertilisation is accomplished, so that the production of seed is so
far secured, even although it may be inferior in point of size
and quality to that of cross-fertilised plants.
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In cases where self-fertilisation does not occur under any
circumstances, the form or relative position of the various organs
of the flower is usually such that anthers and stigma cannot
possibly come in contact. The relative position of the floral
organs is of course dependent on the whole structure of the
flowers in the different species of plants, and no general rules on
the subject can be laid down. In a subsequent chapter we shall
have something to say of the peculiarities of certain home
species in this respect.

Here we may cite in passing a few of the more common
peculiarities of insect-fertilised plants, by which, just as in the
case of wind-fertilised plants (see p. 171), self-fertilisation is
rendered either altogether impossible, or at any rate very difficult.
In the plants referred to (see p. 176) self-fertilisation we saw
was prevented by their being dicecious, or if hermaphrodite, by
dichogamy. The samec peculiarities prevail among the insect-
fertilised plants. In some of the latter, however, there is in
operation, over and above, a peculiarity which we may term
* inequality of styles,” or di- (¢ri-) morphism.

(a.) Diecious Flowers—The restriction of anthers to one
flower and ovaries to another, renders, as already repeatedly
stated, cross-fertilisation absolutely necessary.

(b.) Dichogamy.—The meaning of this term has already been
explained (see p. 176). While in the case of wind-fertilised
plants protogyny chiefly prevails, in insect-fertilised plants
protandry is more common (g-¢). The anthers, as a rule,
develop first, and after they are past the stigma matures.

(c.) Imequality of Styles—Inequality of styles is a peculiarity
exclusively characteristic of hermaphrodite insect-fertilised
plants. Plants possessed of this peculiarity have two or three
different forms of flower. Each individual, however, only bears
one form of flower. One individual may have one form, another
the second, another the third. Each flower contains both
stamens and carpels, but the situation of these organs, their size,
&ec., differs in the different forms.

Many plants possess two different soits of flowers, and such,
therefore, may be designated dimorphic. One of the best
known dimorphic plants is the primrose (Primula vulgaris and
elatior). 'We shall therefore choose it.as our first example
of inequality of styles (Fig. 278). 1In 1. and III. are re-
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presented the two different forms assumed by this flower.
These two are distinguished from each other externally, in so
far as I. has at the throat, a (entrance to the corolla tube), a

Fio. 278.

Dimorphous flowers of the primrose (Primula elatior).—I.,
II. Short-styled form; IIIL., IV. Long-styled form; nat. size.
a Throat of the corolla, S s Stamens, G g Styles.

swelling, and IIL. at the corresponding point has nonme. In
section, the two flowers are seen to differ internally as follows :—
The first flower (II. corresponding to I.) has stamens with very
short filaments arranged around the entrance to the corolla tube
(s). The style in this case is short, the stigma being situated
about half-way up the tube. In the second flower (IV. corre-
sponding to IIL) the positions of stamens and stigma are
reversed. In it the stamens are not at the entrance to the tube,
but are placed half-way down (s), while the style is double the
length of that of 1L, and the stigma (s) is situated almost in the
throat of the corolla. The first has a short style, and stamens
inserted high up in the corolla tube, the second a long style, and
stamens inserted far down in the corolla tube.

The first represents the short-styled, the second the long-styled
form of the primrose. Similar dimorphism is observed in the
flowers of the lung-wort (Pulmonaria officinalis, Fig. 279). In
this plant also we find short-styled and long-styled flowers
borne by different individuals. The short-styled flower (I.) has
a funnel-shaped corolla tube; at its entrance are attached the
five anthers, surmounted by five tufts of hair (S, IL). The
thread-like style reaches about half-way up the tube (9). In
the long-styled form (III., IV.) the tube suddenly narrows at
its upper end (a), being thereafter prolonged downwards in the
form of a cylinder. The stamens are inserted about half-way
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up, while the style is so long as to project somewhat from the
throat of the corolla.

By very exact observations it has been shown that pollen
from the stamens of a short-styled flower is powerless to fertilise
its own stigma, but is capable of fertilising that of any long-

Fie. 279.

Dimorphous flowers of the lung-wort (Pulmonaria officinalis).—
L, II. Short-styled form; IIL, IV. Long-styled form; two
times enlarged. a Throat, S s Stamens, G g Styles.

styled form. The pollen of long-styled flowers again will only
fertilise stigmas of the short-styled form. Taking, therefore, the

letters used in Figs. 278 and 279, we may express these relations
as follows :—

Flower I. Flower II.
l Fertile. '
G S
Non-fertile. { L} Non-fertile.
S
I Fertile, ,
Long- Short-
styled. styled.

Neither in primrose nor lung-wort, therefore, can self-fertilisa-
tion be effected, even although the pollen may reach the stigma.
To such plants cross-fertilisation is absolutely necessary, and is
all the more easily secured, that an insect in visiting, say, the
short-styled form, brushes against the anthers with a certain
part of his body, and carries off with him, when he leaves the
flower, a quantity of their pollen. Suppose that next he enters
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a long-styled flower, that part of his body on which the pollen
is deposited will now brush against the stigma, to which some
of the pollen grains brought from the short-styled flower will
remain adherent. This arrangement secures cross-fertilisation
almost as well as that in which male and female flowers are
borne by different individuals. Native dimorphic plants are
all species of primrose (Primula), the lung-wort (Pulmonaria
officinalis), the water primrose (Hottonia palustris), some flaxes
(Linum), and the buckwheat (Polygonum Fagopyrum).

A still more complicated arrangement for ensuring crossing is that
known as trimorphism. In trimorphic plants we find not only
two, but three different forms of flowers. One of the best known
trimorphic plants is the loosestrife (Lythrum Salicaria, Fig. 280),
which is frequently found growing in our marshy meadows. Flowers
of the first form have a very long style (G), five somewhat shorter
stamens (stamens of medium length) S, and five very short (%)
stamens. Flowers of the second form contain five long stamens (S),
a style of medium length (g), and five short stamens (s). The third
form has five long stamens (S), five stamens of medium length (z), and
a short style (¢). In all these flowers fertilisation only takes place
when the pollen of the long stamens (S) reaches the stigma of the
long style (); or, secondly, when the pollen of the stamens of
medium length (s) is transferred to the cortesponding stigma (g) ;
or, thirdly, when the pollen of the short stamens (s') comes into con-
tact with the short style (¢). All other crossing, e.g., long style with

Fia. 280.

Enlarged diagram of stamens and style of loosestrife
(Lythrum Salicaria) to show trimorphism.

pollen of medium sized and short stamens, medium sized styles with
pollen of long and short stamens, short style with pollen of long
and medium sized stamens, are respectively unfruitful. If the three
lengths of style are represented by G (three different sizes), the three
lengths of stamens by S (different sizes), then all possible crossings
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between the three forms having fertilisation as their result, may be
expressed by the following plan :—

Flo‘i'er L Flower II Flower III.
Nas—— o _
S G S
N g N
S_ ﬁS — G
Long- Medium- Short-
styled. styled. styled.

6.—Exclusion of Insects whose visits would be injurious.

Many plants possess contrivances for keeping off from their
flowers such insects as might visit them only for the sake of
robbing them of the food they supplied, without effecting the
transference of the pollen. Such contrivances are highly neces-
sary, as thieves of this kind are by no means uncommon in
the insect world. ‘

The pungent, disagreeable smell of many flowers is one excel-
lent adaptation for keeping away enemies, insects being as
susceptible as man in this respect. Moreover, foul smells attract
such insects as live on putrid flesh, &c.,and thus flowers possess-
ing them get a chance of being fertilised, while at the same time
acting as a protection to their sweet-smelling neighbours, who
would only be injured were carrion flies and the like to find
their way to them.

Other flowers repel many insects by their colour. Dark
purple-coloured flowers, for example, are usually sought only by
the carrion flies referred to above ; their colour attracts these
creatures, while it is avoided by those which do not live on
putrefying matters.

The flowers of many water plants are, from their situation,
inaccessible to wingless insects,—the ants, for example. Such
are the flowers of the water-lily, water-buttercup, frogbit, &ec.

N
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Many peculiarities of structure have also been developed
by plants for the purpose of excluding enemies from their
flowers. Prickly stems, thorny bracts, and such-like, render it im-

— tvo

Fic. 281.

I. Flower of the enchanter’s nightshade
(Circea alpina), five times enlarged. II. Of
the gooseberry (Ribes Grossularia), nat. size.
III. Of Tellima grandiflora, twice enlarged.
IV. Of speedwell (Veronica coficinalis), four
times enlarged. V. Of the bearberry (drcto-
staphylos Uva-U'rsi), six times eularged. VI.
Of Cynoglossum pictum, four times enlarge:.
VII. Of the nodding campion (Lycknis nutan«)
at miduight, nat. size.— (After Kerner.)

secreting hairs (a).

possible for soft insects
to enter the flowers.
Sometimes the leaves or
stems (catchfly) secrete
a viscid fluid, which
effectually arrests little
animals on their way to
the flowers. The protec-
tive function is, how-
ever, most frequently
exercised by modifica-
tions of the flower-stalk,
calyx, and corolla itself.
These may be illustrated
by a few examples.

In many plants the
calyx or the inferior
ovary is coated with a
viscid gummy or resin-
ous fluid, which pre-
vents small creeping in-
sects from entering the
flower. In general this
fluid is secreted by glan-
dular hairs. In Fig.
281, I, we have the
flower of the enchanter’s
nightshade (Circea al-
pina), the ovary of
which bristles with stiff,

Similar structures are found on the droop-

ing flower of the gooseberry (Ribes Grossularia, Fig. 281, 1L a).
These hairs are sometimes replaced hy stiff prickles, whose

points are directed backwards.

These are well-marked in the

involucre of the centaury and thistle (Fig. 115, p. 67). In
other cases (Fig. 281, III. 0) the petals are bent back so as to
bar the entrance to the interior of the flower. Frequently the sur-
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face of the flower is covered by a network of hairs, which prevents
many insects from reaching the nectary. Such a network is found
on the petals of the speedwell (Veronica oficinalis, Fig. 281, IV.),
the entrance to the throat of the corolla being closed by a ring of
stiff bristles. The nectary of the flower of the bearberry (Arctosta-
phylus Uva-Ursi, Fig. 281, V.) is sufficiently well protected by
a large number of interlacing hairs, which occupy the interior of
the flower. Sometimes special processes are developed, which act
as valves, closing the entrance to the nectary. For instance, five
of these valves are found in the flower of the hound’s-tongue
(Cynoglossum pictum, Fig. 281, VL), in which the five hood-like
flaps (k) form a barrier against the entrance of small insects.
Only humble-bees, honey-bees, and other larger insects have
strength enough to thrust their proboscis between them. In the
nodding campion the arrangements for attracting desirable insects,
and for excluding undesirable ones, are both very perfect. Wing-
less insects are shut out on the one hand by the sticky stems of the
plant, and on the other by the glandular hairs of the calyx and
peduncle (Fig. 281, VIL). The plant is fertilised by the agency
of moths, and therefore its pure white petals only unclose at
night, at which time also it gives out a strong, sweet fragrance.
The visits of day insects are unwelcome. Accordingly, in the
day-time the flower is scentless, and only the dirty green of the
under surface of its petals is visible.

2.— Adaptations in Insects for the Fertilisation of Flowers..

The following are the chief subdivisions of the Class Insecta:
—Coleoptera (Beetles), Diptera (Flies), Hemiptera (Bugs, Aphides,
&c.), Hymenoptera (Bees, Wasps, Ants, Sawflies), Lepidoptera
(Moths and Butterflies) Neuroptera (Caddis Flies, &c.), Orthop-
tera (Crickets, Grasshoppers, Cockroaches, &c.).

Of these the Coleoptera, the Lepidoptera, the Diptera, and the
Hymenoptera are the orders most concerned in the fertilisation
of flowers. More rarely, fertilisation is effected by one or other
species of Hemiptera, Neuroptera, and Orthoptera, but these are
not of sufficient importance to demand further attention here.
We shall therefore confine our remarks to the orders constituting
the former group, and consider the various physical peculiarities
by which insects belonging to them are enabled to effect the end
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in question. Such peculiarities chiefly take the form of spectal
structures (invariably confined to the head), by means of which the
insects are enabled to reach and abstract the honey contained in the
flower. We shall also have to consider the organs concerned in
the transport of the pollen.

(1.) Lepidoptera (Butterflies and Moths).—The order Lepidop-
tera comprises many species of great importance in effecting the
process of fertilisation. Their large wings are well adapted for
rapid flight from flower to flower, and their long proboscis
enables them to reach the honey even when the nectary lies at
the bottom of a very long and narrow corolla tube.

The position assumed by the butterflies when engaged in
abstracting the honey deserves notice. The wings, which during

flicht flutter to and fro with a rapid
motion, are folded together perpendicu-
larly over the body, in which position
they are maintained so long as the
insect remains poised on the flower
(Fig. 282). The butterfly is thus en-
abled nore readily to escape detection
by its many enemies (e.g., birds) than if,
when resting, its brilliant wings were
outspread. The under surface of the
wings is usually of a much less striking
colour than the upper, and consequently
does not prove so attractive. It even
happens in many instances that butter-
flies only visit such flowers as are of the
same colour as their own wings, this pre-
caution, of course, rendering detection
Fra. 282, extremely difticult. Many blue butter-

A -butterfly (Hipparchia flies show a marked preference for blue
Janira) at rest on a cluster of meadow flowers, while in the Alps the
flowers ; nat. size. scarlet lilies and many of the orange-
coloured Coniposite are visited almost exclusively by butterflies
of like hue. The moths, while extracting honey, do not assume a
position similar to that of the butterflies, but hover over the
flowers, their wings rapidly vibrating meanwhile.

The bhutterflies are excellent honey-hunters, because, as
already said, their proboscis is very highly developed. It arises
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from the head midway between the eyes (z, Fig. 283), and
frequently exceeds the entire body of the insect in length.
When not in use, it is kept coiled up like a watch-spring (I.
IL), but can be uncoiled at will, and thrust deep down into the
nectary of a flower. The proboscis is hollow, and the honey is
sucked up by the extreme tip.

In the butterfly the proboscis is the only part of the mouth
that is fully developed. In many insects the mouth is very
complicated in structure; but in the butterfly a number of the
parts are almost entirely suppressed. The labial paipi (I.,
IL, IIL.), however, are usu-
ally pretty well marked.

They are long and narrow,
and are densely covered with
hairs. To these hairs the
pollen adheres, while the
butterfly is engaged in suck-
ing the honey, and by them
it is carried to the stigma of
the next flower the insect
enters.

The proboscis is usually Fie. 283.

from 3 to 7 cm. long, but _ Head of Pieris rape (cabbage butterfly),
. tropical ths it four times enlarged. I. Side view, showing
In many tropical motllS 1l 4he proboscis coiled up. II. Front view of

attaing a length of over 20 the same. IIL. Side view, showing pro-
. boscis uncoiled. r Proboscis; p Labial
cm. It isby the greatlength o, o Eyes; f Antenne.
of their proboscis that many
butterflies are enabled to suck the honey from flowers having
very long and narrow corolla tubes, where it would be quite
inaccessible to other in-
sects. We need scarcely
say that this feature is a
great advantage to the
butterfly order, for it
means that they have

the monopoly of the Fia. 284.

: Flower of honeysuckle (Lonicera Periclyme-
honey of flowers with a num) frequented by privet hawk-moth (Sphinz
long, tubular corolla. The ligustri), nat. size. a Nectary ; b Entrance to

honey-suckle (Lonicerq the throat of the corolla.
Periclymenum, see Fig. 284) is a good native example of a flower
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with a tubular corolla, in which the nectary (a) is so situated as
to be beyond the reach of the various bees and butterflies with
short proboscides, likely to be attracted by it in the daytime.
In this case the honey is entirely reserved for one of the evening
moths (Sphinz ligustri) which possess a proboscis of almost
exactly the same length as the corolla of the flower—.c., about
40 mm. Attracted by their fragrance, the insect will hover over
a cluster of flowers for a time. Finally selecting one, it uncoils
its long proboscis, thrusts it deep into the innermost recesses of
the corolla, and, at its leisure, sucks the sweets denied to less
fortunate members of its kind.

(2.) Coleoptera (Beetles)—As fertilisers the beetles are not so
important as the butterflies and moths. Only a small propor-
tion pay regular visits to flowers, the greater number deriving
their food from quite other sources. Many species which do
frequent flowers only effect injury, devouring, as they do, some
of their most important organs—e.g., the stamens or the ovary.
Others, however, and especially those whose small size adinits of
their creeping into the interior of the flower, frequently promote
cross-fertilisation, the viscid pollen adhering to the general sur-
face of their body, from which it is brushed off by the stigma of
the next flower they enter. Such flower-beetles as Anthrenus,
Meligethes, Malachius, and certain smaller sorts are extremely
useful in this way.

In other species certain parts of the body are specially adapted
for obtaining food from flowers. Thus, in the crown-beetle
(Cerocoma Schexffert, Fig. 285, 1., I1.), the middle of the antennsz
are characterised by very strong and well-defined expansions, and
are partly covered with hair. The palpi are very long, and the
tongue is provided with two tufts of hair. These form together
a large yellow crest on the anterior portion of the head (Fig. 285,
IL). In midsummer this beetle is occasionally to be met with
on the flower of the milfoil (comp. Fig. 119, a, p. 68) and corn
marigold. If one of these beetles be caught and examined with
a lens, the crest is usually found to be covered with a multitude
of little yellow pollen grains.

Among the long-horned beetles the Lepturida are specially
well-adapted for procuring food from flowers. The anterior part
of the body (head and thorax) is narrow and elongated, so as to
cnable the insect to push its way pretty deeply into the interior
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of the flower. The mouth parts are well developed, and stand
straight forward from the head. The labium is usually hairy, and
is thus extremely useful in extracting honey (Fig. 286, L, I1.)?

IIb

Fic. 285. Fic. 286.

Fig. 286.—Crown beetle (Cerocoma Schefferi).—I. Beetle, nat. size.
II. Head, ten times enlarged. Fig. 286.—Longicorn beetles. —I. Pachyta
octomaculata, three times enlarged. II. a b Leptura livida, a head, nat.
size, labium. (IL & b according to H. Miiller.)

(8.) Diptera (Flies).—Compared with the beetles, Diptera or
Flies take & very prominent position as promoters of cross-
fertilisation. One great advantage which they have over the
former class is their power of free and rapid motion. While the
beetles are almost without exception compelled to adopt a slow

F16. 287. Fie. 288. Fia. 289.

Tig. 287.—Humble-bee fly (Bombylius major), nat. size. Fig. 288.—
Empis livida (after Meigen), four times enlarged. Fig. 289.—Syrphus,
nat. size.

mode of locomotion, the movements of the flies are among the
most rapid known in the insect world. The number of native
species of Diptera is very large; of those which frequent flowers

! The rest of the Lepturide live for the most part in or on wood. In contrast
to the species just described, the thorax is broad, the mouth situated towards the

under side of the head, and the maxillie either very slightly hairy or totally desti-
tate of hairs.
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we shall here consider but a few (Figs. 287-291). One of the
Jargest and most rapid flying of the Diptera is the humble-bee
fly (Bombylius major, Fig. 287). 1In this species the proboscis,
which is situated on the anterior position of the head, is of con-
siderable length, so that the insect can reach the honey even
when it is secreted some way down the corolla tube. The
manner in which Bombylius hovers over a flower while extracting
the honey, closely resembles that already described as character-
istic of the moths among the Lepidoptera.

The Empide (Fig. 288) are easily distinguished by the
peculiar formation of the head and proboscis. The latter is
not directed forwards, but almost perpendicularly downwards,
and the head itself is round; the whole thus bearing some
resemblance to the long-beaked head of a crane. Many of the
Syrphide are also honey-suckers. In structure they resemble
the common house-fly more than the Diptera we have just
considered. The posterior part of the body is mostly distin-
guished by a number of bright and dark coloured bands and
specks. As typical examples we may mention the large Syr-
phus (Fig. 289), the allied Eristalis tenar and arbustorum
(Fig. 291), and the cone-fly (Rhingia rostrata, Fig. 290).
The latter may easily be recognised by its peculiar pro-
boscis, which is kept coiled up
under a small conical projection on
the anterior part of its head. The
sucking apparatus of the Diptera

Fre. 290. Fra. 291, consists of & suctorial proboscis,

Fig. 290.—Cone-fly (Rhingia ros- resembling in a general way that
trata), nat. size. Fig. 291.—Eristalis of the common house-fly. It is
arbustorum ; nat. style. tubular, short, and thickened at its
extremity, so as to form a disk, upon which are furrows and
hairs. It is by means of this disk that the honey is taken up.
The proboscis of the Diptera being almost always short and
blunt, they can only extract honey from such flowers as have an
open corolla. Insects of this order, then, need only be sought for
on flat flowers, and there indeed they may be seen on any sunny
day, rapidly creeping about, and greedily imbibing the nectar.
The Umbellifere (V., Fig. 117, a, p. 68) are special favourites
with them, the nectar being found on the disk (Fig. 270,
IV.) in the centre of the flower, which can very ecasily be
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reached. The Diptera are never found on flowers with long
corolla tubes. Only such forms as the humble-bee flies, Syr-
phide, Empide, and a few others have a proboscis large
enough to enable them to obtain honey from flowers of slightly
tubular form. The proboscis of Bombylius (Fig. 292, L) is
about 1 cm. long. It is strong and stiff, cleft at the extremity
(0), and thickly beset with hairs. Certain other structures
entering into the formation of the mouth (eg., the lip, a, the
mandible, d, and the maxille, ¢ c) almost equal it in length. The
cone-fly (Rhingia rostrata), in common with many other broad-
headed flies, possesses the power of coiling up its proboscis, the
length of which is about 12 mm. (Fig. 292, IL-IV.). That
anterior portion of the cone-fly’s head (IL.) is prolonged forwards
so as to form a sort of beak (s). When not in use, the proboscis
i3 kept coiled up beneath this prolongation. When required,
the extremity of the proboscis
(b IIL) is first inclined down-
wards, and the organ is next
suddenly shot out to its full
length. When fully extended
the proboscis projects far beyond
the beak-like anterior portion of
the head (IV.). The extraction
of the honey is effected by means
of the cleft tip (). The cleft ex-
tremity is used in sucking.

Fie. 292.

Structure of the mouth of the Diptera
—I. Humble-bee fly ; I1.-IV. Cone-fly ;

We have already seen that
many flowers are exclusively
visited by Lepidoptera, their
honey not being within the
reach of insects belonging to

II. Side view of head, with the pro-
boscis coiled; III. Do., the proboscis
beginning to uncoil ; Iv. Do., com-
pletely uncoiled. e Eye, f Anbennm,
Beak, ¢t Palpi, b Extremity of p
boscls a Lip, d Mandible, chanll&
(IL. IV afberH Miiller).

any other order. Such, for
instance, are honeysuckle and privet. Very few flowers, how-
ever, are frequented solely by Diptera; for the length of the
proboscis, even in those Diptera in which it is best developed, is
attained, if not surpassed, by many of the Hymenoptera (humble-
bees, honey-bees, &c.). The latter class, therefore, share with
the Diptera the privilege of frequenting certain species of
flowers. We shall now pass on to consider them for a little.
(4.) Hymenoptera (Bees and Wasps)—Of all insects the
Hymenoptera are, on account both of their physical structure
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and their peculiar instincts, the best adapted for the task of
extracting and collecting honey from flowers. The species com-
prised in this order, and more especially the bees, are all
characterised by a superior share of intelligence, not only as
honey hunters, but in many other respects. Their mode of living
together in large, well-ordered communities, presided over by a
queen, has long been a subject of marvel and of study. Out of
the wax, which exudes at the joints of the abdominal segments
of their bodies, they construct a “ comb,” consisting of a number
of united cells. The cells when finished are filled with honey
or “ bee-bread,” a substance composed of a mixture of honey and
pollen. This bee-bread forms the food upon which the young
larvee are reared.

The bees are the greatest promoters of cross-fertilisation, not
only among the Hymenoptera, but among all insects whatsoever.

Over 200 species of our native bees (Apide) are known as
frequenting flowers, the most familiar being the common honey-
bee (Fig. 293). The task of collecting and storing honey is

Fia. 293.

Fia. 204. Fie. 295. Fic. 296.
Hymennptera.—Fig. 293.—Honey-bee (4Apis mellifica), Queen ;
nat. size, Fig. 204.— Hairy-bee (Anthophora retusa). Fig. 295.—
Earth -bee (Andrena Schrankella). Fig. 296. — Humble-bee
(Bombus terrestris).
performed exclusively by the neuters (workers). The humble-
bees do not fall far short of the honey-bees in the assiduity with
which they frequent flowers, and they surpass the latter in size
and in length of proboscis. Our most common species are the
earth humble-bee (Bombus terrestris, Fig. 296), the garden
humble-bee (Bumbus hortorum), the moss-bee (Bombus mus-
corum), and the stone-bee (Bombus lapidarius). Very similar to
the humble-bees in appearance and structure are the hairy-bees,
one of which is shown in Fig. 204 They are readily dis-
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tinguished, however, as we shall presently see, by the formation
of the hind legs. In Fig. 295 we have a sand-bee (Andrena
Schrankella, a species representing one of the largest genera),
which may be seen in early spring on catkins and other spring
flowers.

We have already said that, over and above their high intelli-
gence, bees are remarkable for having certain parts of their body
specially modified in connection with the acquiring of honey
and pollen. We must therefore further consider the structures
concerned in effecting this end, viz.—the suctorial apparatus and
the apparatus for collecting pollen.

The suctorial apparatus is in most bees developed in very
great perfection. In many (Figs. 294-296) the proboscis is of
considerable length, in some cases being as long as the body. It
consists (Fig. 297) of the long vermiform tongue (r) (as in the
butterflies), the upper surface of which is mostly well provided
with oblique rows of long bristles. The maxille (k) and part
of the labial palpi
(t) are modified into
flat, leaf - like, linear
processes, which are
arranged around the
tongue (r), and thus
complete the suctorial
proboscis.  While,
therefore, the suc- ,
torial apparatus of Fie. 207.
the butterfly consists i OfSu‘:l‘em\l")?:wnI'I "i’t:;l vxe\tvell Hz:g:':,
simply of a coiling Maxills, ¢ Labial palpn, o Mandibles, ¢ Antenne,
or suctorial tongue, it a Eyes.
must be noted that in the bee other parts are concerned in
the formation of the tubular sucking apparatus. In many
bees, besides, the tip of the tongue is peculiarly modified, so as
to enable the insect to taste the honey before beginning to
collect it, an arrangement by which honey of unpleasant taste
can be rejected.

Apparatus for collecting Pollen.—Of all insects the bees alone
have certain parts of their body specialised for the collection of
pollen. The structures developed for this end are in their way
pexfect. They may Le found either on the ventral surface of
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the posterior portion of the body or on the legs. Accordingly,
bees may thus be divided into two groups—(1.) Bees having
structures for the collection of pollen on the ventral surface of
the body ; and (2.) Bees having such structures on their legs.
To the first group belong the mason-bees (Osmia) and the leaf-
cutter bees (Megachile). In these species the ventral surface of
the abdomen is furnished with long stiff retroverted hairs, by
means of which the pollen is brushed from the anthers as the
insect passes in or out of the flower. The grains get entangled
among the hairs, from among which the bee afterwards dislodges
them by means of its legs.

This contrivance is admirably adapted for obtaining pollen
from flowers having a flat corolla, but not for such as have the
anthers concealed in a deep tube. Our most highly developed
bees (humble - bees, honey-bees, &c.) have therefore apparatus
suitable for collecting pollen from flowers of all shapes.

The most highly developed bees collect the pollen on the
hind legs, but all do not possess the structures adapted to this

Fie. 298. Fic. 299. Fi1a. 300.

Hind legs of bees, showlnf structures for collecting pollen.
Fig. 298.—Hairy-bee (Anthophora rctusa); four times enlarged.
Fig. 299.—Humble-bee (Bombua terrestris) ; four times enlarged.
Fig. 300.—Honey-bee (4dpis mellifica, ¥); five times enlarged.
r Trochanter, s+ Femur, ¢ Tibia, a Prickles on do., p Tarsus (Pollen-
brush), f Other segnents of the foot, & Claws.

purpose in like perfection. Fig. 298 represents one of the lnnd
legs of the hairy-bee (4 nthoplzma retusa, comp. Fig. 294);

here see the trochanter (r), the femur (s), the tibia (t), the tarsus
(p), the four other joints of the foot (f), and, finally, the two
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claws (k). The tarsus (p) and the tibia (¢) bear the structures
by which the pollen is collected ; both are seen to be laden with
many grains of pollen (left white in the illustration). The tibia
and tarsus are broad and flat, and are thickly covered with hairs.
The pollen is brushed from the anthers by means of the hairs
on the tarsus (p), and is afterwards transferred to those of the
tibia (f) where they are suffered to remain until the hive is
reached. In the humble-bee (Fig. 299, Bombus terrestris) the
same arrangements are carried out in yet greater perfection.
The tibia () is smooth on the outer surface, while the inner
surface is covered with long stiff hairs, which form with the
surface of the tibia a little depression, into which the pollen is
brushed by the short hairs of the tarsus. In the honey-bee the
arrangements are similar to those just described, but the hairs
of the tarsus are much better adapted to their purpose (Fig.
300). They are disposed in eight or nine rows, while in the
humble-bee they are distributed irregularly. By this regularity

Fia. 301. Fic. 302.

Fie. 303.

Humming-birds.—Fig. 301.—Helivthrix aurita ; § nat. size. Fig. 302.
—Heliactinus cornutus ; § nat. size. Fig. 8303.—I. Sword-beak (Doci-
mastes ensifer); II. A flower visited by it for its honey (Datura);
2 nat. size.—(After Brehm.)

of arrangement the honey-bees are enabled to brush the pollen
from the anthers far more effectually. The pollen, once removed
from the anthers, is next transferred to the hairs, or to the sur-
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face of the tibia, to which, being viscid, it readily adheres.
After the process of collecting has been carried on for some
time, the pollen forms thick yellow masses, which completely
envelop the legs. Laden with the fruits of its toil, the
insect wings its way homeward, and deposits them in the
bee-hive.

(5.) Birds.—While our native flowers are many of them
entirely dependent on insects for the transference of pollen, the
process of cross fertilisation is, in many tropical species, always
effected by birds, which visit the flowers on account of their
nectar.

In America the humming-birds (Zrockilide, Figs. 301-303),
and in Africa the honey-eaters (Cinnyride) are the great pro-
moters of cross-fertilisation.

The honey-birds are found in the tropical regions of Africa, Asia,
and Australia, while the humming-birds belong to Tropical and South
Anmerica. . The former suck the honey with their long tubular tongue,
which is brush-like at the tip. Their relation to flowers has not yet
been sufficiently investigated, but a good deal is known respecting
those of humming-birds.

The humming-birds are small (the largest species attaining to
about the size of a swallow, the smallest not much larger than a
" humble-bee) and of delicate structure. They are famed for
their magnificent plumage, which almost always displays metallic
tints. Their flight does not resemble that of any of our native
birds, being maintained by rapid vibrations of the wings, which
enable them to remain apparently motionless in one spot for a
considerable time. Their passage from place to place is effected
by a series of rapid darts, almost too swift for the eve to follow.
Their flight might perhaps be best compared to that of a moth.
Like these insects, the humming-birds hover for long over a
flower, sipping the honey with their long, thin bill, and in other
particulars also—in colour and form,for example—humming-birds
and moths offer some remarkable parallels. Representatives of
each may be found, to distinguish between which needs a
close scrutiny, and which, when on the wing, might perplex the
best observer. To all outward appearance the humming-birds
are birds when at rest, insects when in motion.

The tongue of the humming-bird is admirably adapted for
extracting the honey from flowers, being really a suctorial tongue
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in the truest sense of the expression. Long and tubular, often
bifid and hairy at the tip, this organ serves to catch the insects
that may be concealed in the flower (Fig. 103, I.). The beak is
long, thin, and pointed ; the upper jaw closes over the edges of
the lower jaw, thus forming a kind of tube encasing the tongue.
In almost all species the beak is straight or very slightly curved
(Figs. 301-303) ; in the sicklebeak alone (the Eufoxeres aquila
of the Equator, for example) it is sickle-shaped. The length of
the beak varies in accordance with the length of the corolla tube
of the flowers habitually visited by the different species. In
the Heliactinus cornutus of Brazil (Fig. 302) it is 15 cm. long,
in the Heliothriz aurita of Minas Geraés in Brazil (Fig. 301)
about 2 cm. The longest beak among the humming-birds is
that of the Docimastes ensifer of Venezuela (Fig. 303, L), that
of the female being 8, of the male 10 cm. long. Fig. 303, II.,
shows a flower of the Datura species frequented by the last-
named ; we here see how the length of the beak and that of the
corolla correspond.

We thus see that in the tropics there are not only wind and
insect fertilised flowers, as with us, but also certain which are
bird-fertilised, .., plants in which the transference of the pollen
is effected by humming-birds, &c.

3.—EXAMPLES OF INSECT-FERTILISATION.

We shall now speak of the process of fertilisation in certain
well-known plants, as serving to illustrate very strikingly the
remarkable correspondence between the bodies of insects and the
form of many flowers, and further, how entirely dependent on
insects many are for the continuance and increase of the species.
We have chosen only such flowers as have very perfect arrange-
ments for fertilisation, these being best calculated to demonstrate
the points in question.

(1.)—The Wild Sage (Salvia pratensis).

The wild sage is pretty common in the sunny meadows of
Central Europe. It grows to a height of from 4 to 2 m. The
flowers are labiate (p. 123), bright blue in colour, and are
arranged in the form of a spike on a long, straight stalk. The
lower lip of the corolla is admirably adapted for supporting the



208 EXAMPLES OF INSECT-FERTILISATION.

body of an insect while sucking the honey from its nectary (L.
Fig. 304). The upper lip is casque-shaped. Its lateral edges

Fie. 304.

Sage (Salvia pratensis).—I. Flower from the side;

g Style ; s Stamens. II. The same, showing a humble-bee

(Bombus lapidarius) in the act of extracting the honey, its

back at the same time brushing the pollen from the

anthers ; nat. sizez. III. Lower part of the stamens

e ed ; a Processes ; b Point of union between these

and the filament ; ¢ Spoon-shaped disk.
are so closely approximated that, even when viewed from below
the two stamens (L.), its contents can scarcely be seen.

The anthers are thus completely secured against harm from
rain. The nectary is situated at the base of the corolla tube,
and secretes a large quantity of honey. The stigma is viscid,
and is borne on a long style occupying exactly the middle line
of the corolla, and projecting for some way beyond it.

Suppose a humble-bee, having just come from a sage-flower,
alights upon the one under our consideration. Before entering
the corolla his hairy back must needs touch the stigma, depositing
thereon some of the pollen brought from the stamens of the
flower he has just left. This tribute of pollen must be paid
before he can reach the honey he is in quest of. Having settled
on the underlip, the bee next proceeds to push its long proboscis
downwards towards the nectary, the entrance to which is
indicated by a purplish spot. But in the throat of the corolla
tube are two longish, narrow processes (a «, IIL.) pointing
obliquely outwards: to these the two stamens are attached at
the point b. Below this point they are attached to a broad
spoon-shaped disk, which stretches across the tube and prevents
rain from reaching the nectar which lies concealed beneath it.
[Immediately the disk is touched by the proboscis of the bee,
however, it tilts upwards, the two filaments (which are attached
to it, and capable of being rotated between the two processes
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above-mentioned) being at the same time tilted forwards and
downwards. The stamens thus escape from the upper lip, and
bend over so that their anthers come into contact with the bee’s
back, and have some portion of their pollen brushed off by the
hairs with which it is covered. In Fig. I. the dotted lines show
the stamen before and after (s) the disk is raised. In Fig. II.
we have a sage blossom showing the anthers in contact with the
back of a bee. The bee having extracted all the honey from
the nectary, withdraws his head and proboscis, whereupon the
disk resumes its former position, and the anthers are drawn up
under the upper lip. The bee now leaves this flower, flies to the
next, first touches the stigma, there deposits part of the pollen
brought with it from the flower it has just left, penetrates the
tube with its proboscis, pushes back the stamens, gets covered
with pollen, and, in a word, repeats the process above described
in every sage flower it visits. This peculiar and ingenious adjust-
ment of parts in the sage, ensures the occurrence always and
only of cross-fertilisation by means of the bees.

(2.)—The Tooth-wort (Lathrea squamaria).

When in spring-time the woods awake from their long winter
sleep, and the dead brown carpet of fallen leaves is bright with
many-coloured flowers—

“ When daisies pied, and violets blue,

And lady-smocks all silver white,

And cuckoo buds of yellow hue,

Do paint the meadows with delight "—
a small inconspicuous plant may be found opening its delicate
pink buds in the sunshine. The flowers of this plant, the tooth-
wort, grow in compact clusters, on a short stalk. Leaves it
has none, being a parasite, but the underground stem bears a
number of thick yellowish scales, which are modifications of
leaves. So pale and delicate it looks, that we feel almost as if
it were an intruder among its gay companions. Examined closely,
we find that this plant is a great favourite with the humble bees,
who find a goodly store of nectar in its blossoms, and achieve its
fertilisation in a very remarkable manner.

The formation of the flower of the tooth-wort is as follows
(Fig. 305). The large bladder-like calyx (¢, I1IL.) completely

0
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surrounds the labiate corolla (L.).

EXAMPLES OF INSECT-FERTILISATION.

Both calyx and corolla are of

a purple colour, with the exception of the lower lip of the latter,

Q@Z%u xE )55
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Fia. 305.

Tooth-wort (Lathreea squamaria).—I. Flower
with calyx removed ; II. Flower with ripe stigma
(partly in longitudinal section) ; III. The same,
with ripe nngers; IV. Cross-section of flower,
viewed from the front; V. Entrance to the
corolla (stigmna ripe); VI. The same (stamens
ripe) ; VIL Ovary and nectary ; VIIIL Interior
of anther (open) ; IX. Diagrammatic representa-
tion of anthers. I, II, I%m VIIL, two to two
and a half times enln. ed; VIIL six times
enlarged. ¢ Calyx; o {ggper lip of corolla ; u
Lower lip; s ¢ Stigma Ovary ; n N
b b Anthers; A Appendages of the anthers : ;
f Filaments. The arrow in II1. shows the course
of the proboscis of the bee.

which is of a creamy
white towards the tip.
The upper and lower lips
(o u, L) lie close together,
leaving onlya small open-
ing in front, so that even
in storiny weather all rain
is excluded. At the base
of the ovary (%, VIL)
is the glossy yellow,
rounded nectary (n). The
middle of the lower lip
is traversed by a longitu-
dinal furrow, correspond-
ing to the nectary. Along
this furrow the bee must
push his proboscis in order
to reach the honey.

The plant is proto-
gynous (p. 176). The
knob-like viscid stigma
is of a fine reddish purple
tint, and occupies the
middle of the opening left
between the upper and
lower lips of the corolla
(st, V.)." In penetrating
the flower with his pro-
boscis the bee must touch
the stigma with his head.
i depositing thereon the
pollen brought with him
from another flower. Be-

low the stigma (b &', I1L.) lie the anthers. The insect has to push
its proboscis past these, too, but as they are still unripe, it brushes

off no pollen.

After the stigma has been fertilised it becomes discoloured
and begins to shrink, as does also the style in some degree,
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while the upper lip lengthens so as to enclose the stigma (o, VL.).
The stamens now rapidly increase in length, so as to occupy the
entrance to the corolla, the anthers at the same time opening
introrsely by longitudinal fissures (VIIL), and shedding the dry
dusty pollen. This, however, does not fall down into the flower,
but into the space enclosed by the anthers, which lie close
together, and have the lower part of their inner surface covered
with shaggy hairs. By this arrangement not a single pollen
grain is allowed to escape. The base of each stamen is pro-
longed into a short blunt process (VIIL). If we push a needle
slowly along the furrow of the lower lip of the corolla we touch
these processes, whereupon the anthers separate and a large
quantity of pollen is shed, much as sand is sprinkled from a sand-
box. If the needle be withdrawn in time, a small quantity of
pollen will be retained by the speedy closing of the anthers.

‘We are now in a position to understand how the transference
of the pollen is effected by the humble-bee. Suppose the insect
to visit, in the first place, a flower in which the stamens are
ripe: clinging to the flower with its fore legs, it thrusts its head
and part of the thorax into the corolla, so as to be able to push
its proboscis down into the nectary. The stigma is now in such
a position that it cannot be disturbed by the insect, being con-
cealed by the upper lip and anthers, but every motion of the
bee’s proboscis causes the anthers to spring apart and shed their
pollen on the insect’s head and thorax. Its task finished, the
bee passes to another flower, in which we shall suppose the
stigma only is ripe. Upon this, part of the pollen lying on the
insect’s head is deposited, while he is pushing his proboscis deep
into the nectary in search of its hidden sweets. The pollen is
enabled to adhere to the stigma by means of the viscidity of the
latter.

(8.)—Fumitory (Corydalis cava).

In this species of fumitory we have a remarkable example of
insect-fertilisation, which differs in certain important respects
from the manner in which that process is effected in the two
foregoing plants. The flower (Fig. 306, 1.) has two small sepals,
which drop off early, and are not represented in the accompanying
figure, and two large outer petals of peculiar shape (comp. Fig.
247, p. 156). The upper (a) is prolonged so as to form a large
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spur (c), at the lower end of which the nectar is secreted. The
lower (b) is totally different in shape, and serves as a support
for the bee (Anthophora) while engaged in sucking honey from
the flower. The two outer petals enclose two inner ones
(d@ L, I, IIL) of peculiar shape. They are united by their
tips, and enclose stamens and stigma. The structure so formed
we shall designate the Zood. In the hood we find at ! (I1.) an

Fi1c. 306.

Fumitory (Corydalis cava).—I. Flower, side view; IL Do, the
lower outer petal removed ; III. Do., after partial removal of upper
outer petal, hood drawn down ; IV. Stamens ; V. Stigma. (L., IL, ITI.
three times enlarged ; IV., V. six times enlarged). a Upper outer petal,
b Lower outer petal, ¢ Spur, d Hood, ! Joint of hood, ¢ Tube formed
i),y filaments, k& Anthers, & Stigma, g Style, ¢ Stigma with pollen, f

eduncle.

indentation above and one below, the upper being the deeper of
the two. The hood is thus rendered to a certain degree mobile.
1f, for example, we touch the hood at the point d (I.) it
will move in a downward direction, and the stamens and stigma
will be liberated (d ¢, IIL). The stamens are six in number,



FERTILISATION OF ORCHIDS. 213

arranged in two bundles of three each (Fig. 247, Fig. 96, IIL,
p. 51). The six filaments form a narrow tube (¢ IIL, IV.)
within which are the ovary and the style. The stigma (& V.)
lies between the anthers ; it is disk-like, and is provided with
eight horns. Previous to the opening of the flower the pollen
from the anthers is shed upon the stigma while it lies in con-
tact with them. We should, therefore, conclude that here we
had a clear case of self-fertilisation. Not so, however. If the
flowers of the fumitory are enclosed in a gauze bag, so that all
insects are excluded from them, no seed will be produced (comp. p.
169). For the production of seed cross-fertilisation is absolutely
necessary, and once again bees are the agents by whose inter-
ference it is effected. The insect on reaching the flower pushes
its head between the hood and the upper petal, where is the
entrance to the nectary. The hood is thus pressed downwards,
so that the pollen-laden stigma rubs against the ventral surface
of the bee’s body, and deposits thereon a quantity of pollen.
When the insect leaves the flower, the hood, in virtue of its
elasticity, resumes its normal position, and encloses the stigma
as before. The bee now passing to another flower, the same
process is repeated, but in addition a quantity of pollen from
the first flower is deposited on the stigma of the second. In
the fumitory we have, therefore, an example of a plant adapted to
both self and cross fertilisation, but in which the latter only is
effectual in producing seed.

(4.)—Spotted Orchis and Purple Orchis (Orchis
maculata, O. mascula).

The fertilisation of the orchids is so remarkable, and presents
such strange peculiarities, as to render these plants worthy of the
closest scrutiny. Let us first of all recall their structure (comp.
p- 108). The flowers are arranged in close spikes, and are rre-
gular (Fig. 307); the following parts are to be distinguished.
On the top of the spirally twisted ovary (g) are the three narrow
purplish parts (@ b ¢) of the outer perianth. These form the
upper portion of the flower. Between and within them are
two smaller petals (¢ f), very narrow, and cleft at the tip. These
are two of the petals proper. The third is directed downwards (d) ;
it is much larger, has two lateral appendages, and is conspicu-
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ously marked by streaks indicating the position of the nectary (L.).
It forms the landing stage upon which insects rest while sucking
the honey. The streaks all tend to-
wards the centre of the flower, at which
point (z) we find the entrance to the nec-
tary, which is situated in the spur (n).
Immediately over the entrance to the
spur is a small club-shaped projection
(8), to which the stamens and stigma
are attached. These are of very pecu-
liar structure, which cannot be made
out except with the aid of a good

magnifying lens.
In Fig. 308 we have the stamens and
stigmaof the spotted orchis (Orchismacu-
Fie. 307. lata),tentimes enlarged. Aboveisa club-
”mim")’f‘ orchid_ (Orchis  shaped structure (@ IIL, TV.), which,
Front view; II. Side view. when viewed from the front, is seen to
]”Ogv’:'y ftac?f ‘go“r:f‘e;"’;; be divided into two halves (a a, IIL).
Lower lip; U Its lateral sp- Each half forms a membranous sac, open
t’:ntg:g ;pu'; g*:“gmm'e:‘“ in front throughout its whole length.
The membrane forming the wall of the
sac is of a dull purple colour. Under the lens each sac is seen
to contain a greenish-grey spheroidal mass, the surface of which
is much furrowed. This mass consists of a number of pollen
grains, which adhere to one another; each sac is an anther lobe.

The pollen masses (Fig. 308, IIL., and Fig. 309) are attached
to very delicate stalks (s, Fig. 309, I, IL), which are attached
below to a flat viscid disk (4). While the pollen masses are yet
in the sacs, the stalk and disk fit into a pouch-like protuberance,
indicated by Ain Fig. 309, III. This cup-like structure is elastic,
so as to admit of its being easily pressed downwards. It reverts,
however, to its original position when the pressure is withdrawn.
The cup or rostellum, as it is called, is the dorsal part of the
stigma, and contains the viscid disks to which the stalks of the
pollen masses are attached.

The following pretty little experiment may now be made :—
Push the point of a very finely sharpened lead pencil into the
spur of the flower (», Fig. 308), in the direction indicated by the
arrow (L.).  The rostellum is thus touched, upon which it moves
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back, and the disk (k) of the pollen mass comes into contact with
the pencil point. When the pencil is withdrawn, the two

Fia. 308.
Spotted orchis (Orchis maculata).—1. Flower, side view. II.
Do., front view. III. Stamen and stigma, front view. IV. Do.,
side view. (L., II., nat. size. ; III., IV,, ten times enlarged.)

I., II. Letters as in Fig. 807, IIL.,, IV. a Stamen;
mass ; r Rostellum ; ¢ Stigma ; n Entrance to spur;

outer perianth petal.

Pollen
Middle

pollen masses will be found adhering to its surface (I., Fig. 309).
Held against the light, we see with the lens that the stalks of

the pollen masses by-and-by
begin to move, so that at
length the masses, instead of
being perpendicular to the
surface of the pencil (1.), are
parallel with it (IL). If we
now push the point of the
pencil (IL.)into another flower
in the same manner as be-
fore, it will be found that the
masses are so placed as to

Fre. 309.

Pollen masses of the orchid adhering

to pencil points. p Pollen masses; s
Stalk ; & Disk, six times enlarged.

come into immediate contact with the spot indicated by the letters
¢t (I, Fig. 308). This spot is the stigma, which is viscid.
When the pencil is withdrawn, part of the pollen will be found

to have adhered to it.
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From this experiment we can easily understand how the
process of insect-fertilisation is carried on. The Empis fly
(Empis livida, Fig. 288) may be taken as a typical fertiliser of
these orchids. Attracted by the brilliant colour of a flower, it
alights on the broad lower lip, and, guided by the numerous
spots and streaks, it thrusts its proboscis into the nectary. In
doing so its head knocks against the rostellum, which imme-
diately springs back, and the two pollen masses are clapped on
to the insect’s eyes. This can scarcely be supposed to be an
agreeable surprise for him, but nevertheless he does not let it
stand in the way of his enjoyment, but composedly retains his
position in the flower until he has extracted all its honey. He
then goes to another flower with like intent. Meanwhile, how-
ever, the pollen masses have bent over, so that as soon as he
enters the corolla they are at once pushed against the stigma.
Upon leaving this flower he again carries off its pollen, which is
left on a third stigma, and so on. These arrangements, complicated
though they are, are yet so exact that cross-fertilisation is effected
in almost every case.

(56.)— Fly-Orchis (Ophrys muscifera).

The process of insect-fertilisation in the orchids is in every
way the most beautiful and interesting we have yet contem-
plated. It gains yet more in importance from the fact that,
besides the two already considered, nearly forty different
species of these plants are to be found in Britain. All
bear a certain resemblance to each other in structure, but
the arrangement of parts differs in each, no two being exactly
similar. If we also include foreign species, we shall find
that among the orchids alone the arrangements for fertilisa-
tion are far more numerous and varied than we could ever
have imagined.

The fly-orchis (Ophrys muscifera), for example, is fertilised in
much the same manner as the species last under consideration,
yet there are certain differences to be et with in the details
of the arrangements by which fertilisation is effected. In
Fig. 310 we have the flower of a fly-orchis, I. showing the
front, L. the side view. In general appearance this flower
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is said to resemble a fly (whence the name), but it requires
some stretch of the imagination to see this.

The lower lip (labellum, w) is large, and serves as a landing-
stage for insects. It is marked by brownish purple streaks, and
has a moist surface. The moisture is licked up
by the insects (flies), which, while consuming
it, gradually move upwards from the margin to
the centre (¢), where are the two pollen sacs
(¢ a, IIL). While in the ordinary orchids
there is but one rostellum, which forms a cup
to contain the stalks of the pollen masses, in
the fly-orchid it is bilobed, so that each mass
has a cup to itself (r ). When the insect
pushes back the rostellum and liberates one
of the pollen masses, that organ, being in-
elastic, does not spring back to its old
position.

If in the orchids the rostellum were inelastic,
one of the pollen masses might be lost (its
adhesive disk getting dried up) if the insect were
not able to carry off both at once. But, being
elastic, the rostellum is enabled to surround the Fic. 310.
remaining pollen mass, which is accordingly pre-  Fly-Orchis (Ophrys

served until some other insect carries it away %?;ﬁ_m()ﬁl';izg ;

and utilises it for purposes of fertilisation. The III. Stamen, ten times
elasticity of the rostellum is thus of great advan- enlarged ; f Ovary;
tage to the orchids, but in such a flower as the 3 Lower é“?; ¢
fly-orchis, where each pollen mass has a separate ~ O " sacs ; ¢ Stigna,
cup, such a property would be of no use, and, accordingly, has not

been developed.

The stalk of the pollen mass of the fly-orchis is S-shaped.
About six minutes after the mass has been removed from
the sac, this stalk will be found to have assumed a hori-
zontal position. Now six minutes is just about the time an
insect takes to get to another flower and finish sipping
its store of honey, so that when the insect withdraws its
head from the nectary, the pollen mass is ready for trans-
ference to the stigma (¢ I, IL.). The latter is represented by
the broad heart-shaped surface immediately below the ros-
tellum. The insect, in the act of leaving the flower, knocks
its head against this surface, on which part of the pollen is
thus deposited.
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(6.)—The Butterfly Orchis (Habenaria bifolia).

Asregards fertilisation, the butterfly orchis comes next in order.
The perianth (I, Fig. 311) is composed of three broad white
outer petals (o, u, #), and

three narrow, lanceolate

inner petals (v,!). The

lowermost petal is

directed downwards, and

is known as the tongue.

In the centre of the

flower (n) is the entrance

to the nectary, which is

of great length, the honey

- being secreted at the

Fie. 311. lower extremity. Imme-

Butterfly orchis (Habenaria bifolia).—1. Flower, diately over the entrance
nat. size ; II. Pollen sacs, front view ; ]1IL..V, ]
Pollen masses in different positions. IL-V. ten tO the nectaryarethe two

o g 1 By By, polln smes (@) Thi
segments ; | Tongue ; a Pollensacs ; k Entrance to SPecies is a night flower,
purs » (IL) Stigma; L Diek; ¢ Pedicels; p and as such it is charac-

ollen masses ; ¢ ¢ Rudiments of anther. .

terised by a pale yellow
colour and the absence of all markings. The flower diffuses a
very strong sweet fragrance, especially by night. Fertilisation
is effected by means of nocturnal moths, &c., which have a long
proboscis (Hadena, Plusia, Cucullia, &c.), for which reason the
. plant has acquired its inaccurate popular name.

The structure (1I.) of the anther is somewhat different
from that of the two orchids already considered. The longi-
tudinal fissure by which each is traversed is not median,
Lut lateral, and cannot be seen when the sacs are viewed
from the front. The pollen masses are elongated (p, IIL),
and have a curved stalk. There is no cup containing fluid,
but the two viscid disks lie close to the entrance to the spur
(h, IL.; k is one of the disks). As the moth sinks his long
proboscis into the spur, the disks come into contact with its
posterior extremity or with the insect’s head (eyes). To one or
other of these they adhere, being coated on the under side with
a sticky fluid which readily hardens in contact with any foreign
body. While the moth is on his way to another flower, the
pedicels bend in the same manner as those of other orchids.
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Here, however, the bending goes on to such an extent that the
anterior portion of the pollen mass is directed downwards and
inwards, while its thick end splits asunder. The pollen masses
are then in such a position that when the insect passes to
another flower they must come in contact with its stigma. The
stigina is situated exactly between the adhesive disks over the
entrance to the spur (n), so that the moth cannot reach the
nectary without having some portion of the pollen rubbed by
it from its head.

(7.)—Helleborine (Cephalanthera pallens).

This orchid differs considerably from those we have hitherto
considered. 'With the latter
cross-fertilisation was a neces-
sity, but in Cephalanthera
seed is produced as the result
both of self and of cross
fertilisation.

Fig. 312, I, represents a
flower (natural size) as seen
from the side. The flower is
epigynous. The white petals
of the perianth are closely ,
united and curved inwards at 3
the tips, so that the entrance
to the corolla is almost tube-
likee. When the side petals
(II. IIL.) are removed, the
narrow labellum, together with b
a long cylindrical column (s),
may be seen. (These struc-
tures are shown apart in Fig. Fio. 312.

IV) The column is directed .. Helleborine (Cephalanthera pallens.)—l.
Flower, side view ; 11. Do. after removal

towards the upper part of the of the lateral petal ; 1II. Do. longitudinal
.3 section ; IV, Flower after removal of all
ﬂm{ver. 1t tapers off su(.ldenly the petals with the exception of the
at its upper end, where it sup- labellum, side view; V. Anthers and
- stigma, side view; VI. Same as IV,

ports a large knob, the anther stamens and stigma, front view. I.-III.
(a, IV.-VIL). The anther nat. size; IV. VL. two and a half times
: s enlarged ; V. three times enlarged ; VII.
consists (as in examples 4 P R enlarged. fOvary; v Bract;
to 6) of two elongated sacs 5 Labellum: s Column; a Anthers; &

(VL, VIL), each of which con. Follen masses ; u Stigma
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tains a pollen mass. Immediately below this structure is the
broad, disk-like stigimna. While the flower is yet in the bud, the
pollen masses are liberated from the sacs and bend forwards,
their lower ends still attached to the inner surface of the
sacs (IV., V.). Each mass meanwhile splits into two (VIL),
after which pollen tubes (comp. p. 168) are developed, pene-
trate the stigma, and reach the ovules. Fertilisation is
thus effected without transference of pollen from another plant.
In addition to this, however, cross-fertilisation is by no means
uncommon.

The labellum (3, IL-IV., V1) is of very peculiar shape. It
is divided into two halves (f, b, IV.), between which is a narrow
junction. When the flower is open the boat-like anterior portion
is bent somewhat downwards (b, IV., VL.), so as to form a con-
venient though narrow entrance to the flower. The labellum
has no nectar by which to attract insects, but it is dotted
with numerous fleshy protuberances (Fig. VI.) which seemingly
answer quite as well. The insects in devouring these come into
contact with the anthers, and get dusted over with its granular
pollen. On leaving for another flower the pollen is carried with
them, and deposited on its stigma, which they cannot but touch
as they consume their repast.

Cephalanthera pallens is thus a plant in which self-fertilisation
is common, particularly when the flower is not visited by insects.
Cross-fertilisation, however, also occurs, and is of importance to
the plant, inasmuch as cross-fertilisation is always productive of
better seed (comp. p. 168-170).

(8.)—Birti-wort (Aristolochia Clematitis).

Of all plants, the birth-wort may be reckoned that in which
the arrangements for insect-fertilisation are the most complete
(Fig. 313). The yellow flowers are arranged in a whorl
round the stem (L), their colour making them very con-
spicuous. Moreover, insects are attracted by a peculiar and to
us very disagreeable odour. In the long tubular flower (seen
Fig. IL in longitudinal section) there are three parts to be dis-
tinguished : the wide, funnel-shaped throat (s, the entrance to
the corolla), the long and narrow tube (), and a lower cauldron-
shaped expansion (k), which rests on the ovary and encloses the
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stigma and stamens. The two last-named parts are united so as
to form a fleshy hexagonal body, from whose upper surface arises
the stigma, while the six stamens () are directly united to its
sides. The inner surface of the tube is thickly beset with stiff
hairs, the points of which are directed downwards. These hairs

fe:-9
Fie., 318.
Birth-wort (A ristolochia Clematitis).—1. Inflorescence, nat. size.
II. Transverse sections of flower before fertilisation ; ITI. Do. after fer-
tilisation. Two times enlarged. s Throat ; r Tube; A Hair; &
Cauldron-shaped expaunsion ; n Stigma ; a Anthers ; f Ovary.
are moveable at their point of articulation with the tube.
The inner side is quite covered with thick, stiff hairs, which,
however, are readily moveable at the point of attachment (%),
and the ends of which are directed downwards.

The fertilisation of these plants is effected by small gnat-like
insects. These fly into the wide opening of the flower and crawl
down the tube, a task of no great difficulty, seeing that the
downward direction of the hairs causes them to offer no hindrance
to the passage of aninsect. Eventually they reach the expansion
at the lower end of the tube, which they take possession of as a
safe hiding-place. When desirous of leaving the flower, they
naturally try to return by the way they came. But now the
hairs lining the tube, instead of parting to make way for them,
effectually bar all means of egress, and the insects are caught
like fish in a net. Running hither and thither in search of some
outlet from their prison, they of course cross the large stigma,
upon which is deposited the pollen they have brought with them
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from some other flower. The stigma of the birth-wort ripens
before the anthers, so that this flower is protogynous. Im-
mediately after the stigma has been fertilised, the anthers
open (III. a), and are emptied by the imprisoned insects in the
course of their distracted running to and fro. Meanwhile
certain changes take place in the tube. The hairs lining it
wither and shrink together, so that the road to the throat of the
corolla once more presents no obstacle to the passage of insects
(r, IIL). The peduncle also bends over, so that the flower
assumes a somewhat drooping position. The tiny prisoners now
make their way outwards as fast as possible, and fly off to
another flower, where the above process is again repeated. Once
more they are imprisoned, and once more they deposit their
burden of pollen on the stigma, only to have it replaced by a
fresh supply from the opening anthers. Finally, they once
more regain their freedom, but, untaught by experience, speedily
lose it in some other flower.

Conclusion.—In the foregoing chapters we have gained some
acquaintance with the manifold arrangements by which self-
fertilisation is prevented, and cross-fertilisation secured. The
importance of the latter process was insisted on from the very
outset (see p. 168). We have seen how the almost endless
variety in the form of flowers, and in the position and mutual
relations of the different organs, can only be explained when we
consider their requirements in respect of insect-fertilisation.
The first two parts of this work treated of the form of the flower ;
the third, which treated of the relation between plants and insects,
has taught us how that form has come to be what it is. In the
first two parts we were concerned with the form of the flower in
general ; in the third, with the form of the flower in particular,
and with the causes by which its peculiarities are determined.

Although, speaking generally, we may say that crossing is the
normal mode of fertilisation in many plants, we must not forget
that in many others self-fertilisation is equally normal and
almost equally successful. Such, for example, is the case with
many insect-fertilised plants which are so circumstanced as not
to be within reach of frequent and regular visitation. Fertilisa-
tion may not then be productive of such great results; but, in
any case, self-fertilisation is to be preferred to no fertilisation at
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all—imnperfect to total fruitlessness. It would, however, appear
that even where self-fertilisation is the rule, cross-fertilisation
from time to time occurs, the result being invariably improve-
ment of the offspring.

Most plants are dependent on insects for the transference of
pollen, these again being dependent on flowers for the means of
continued existence. This mutual inter-dependence of insects
and flowers—of the animal and the vegetable world—is one of
the most surprising and remarkable phenomena in nature.

TRANSPORT OF SEEDS AND FRuITS.

Having completed our study of the arrangements for cross-
fertilisation, and for securing the utmost possible perfection in
the nature of the seed, let us now look for a little at the means
by which the future welfare of the young plant is provided for,
and such advantages as good soil, &c. secured to it.

Dissemination is, as we shall shortly see, of the highest import-
ance to the plant. “Suppose that a cherry tree, having had its
blossoms fertilised by insects, bears exactly a thousand cherries,
each one containing a seed capable of germination. All things
being equal, we should thus have, were the cherry seeds sown, a
thousand young cherry trees next year. But if the cherries were
allowed to ripen on the tree, and, when they dropped off, to sink
into the ground immediately beneath the parent plant, it would
be impossible for all to germinate. Firstly, a thousand cherry
trees could not all flourish in a spot where formerly there was
only room for one ; and, secondly, the light and air and moisture
would all be required by the parent plant, with the result that
most, probably all, of the young plants would perish. We
therefore find in the fruit of the cherry tree certain arrange-
ments calculated to secure favourable conditions for the develop-
ment of the young embryo it contains. Its beautiful red colour
attracts the notice of many birds, which eagerly devour its juicy
pericarp (comp. p. 76). The birds frequently carry the cherries
to some quiet nook a long way from the parent tree, there to
enjoy them unmolested. The hard kernel containing the seed
is of course left intact, and is dropped on the ground. Here
the young embryo, as it develops, has a far better chance in the
struggle for life and light, than if crowded upon by others of its
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own kind. We thus see of what great advantage to a plant is
the esculent pericarp of its fruit.

Most fruits and seeds have some special adaptation for securing
their transport. The transport of the ripe seeds or fruits is
effected by watcr, wind, animals, or by spontaneous movements of
the seeds themselves.

1.— Water.

Water is a very efficient agent in the dispersion of seeds and
fruits. Still waters, stagnant pools, ponds, lakes, &c., are of less
consequence in this respect than running streams or ocean
currents. Of the importance of the latter we have ample
evidence when we consider the flora of the banks of some river,
rising, say, among the mountains, and then wending their way
towards the sea through ‘level plains and grassy meadows.
Their lower course is frequently characterised by certain
species of mountain plants, whose seeds have been brought
down from the uplands by the waters, and cast ashore at some
point where they have found conditions .favourable to their
germination. At the North Cape, the seeds and fruits of various
Mexican species have frequently been found borne thither and
cast ashore by the waters of the Gulf Stream. . In like manner
the hard seeds of the “ paternoster seed ” (Abrus precatorius) are
washed up on the shores of many tropical countries by ocean
currents, and the tree is thus common all along their sea-coasts.
The wide range of the cocoa-nut palm (Cocos nucifera) is also
thus accounted for. Its large nuts, with which we are all
familiar, may be carried by ocean currents for hundreds and
even thousands of miles, after which, when washed ashore, they
are still capable of germinating.

Fruits or seeds dispersed by water have the following dis-
tinctive characteristics :—

(1.) They are lighter than water, bulk for bulk, and so are
enabled to float on its surface.

(2.) They are impermeable to water, and so do not spoil in
course of transport.

(1.) Seeds or fruits which are heavier than water sink to the bottom,
and there perish. The fruit of the ivory nut (Phytelephas macro-
carpa, see p. 113), for example, cannot on this account be transported

by water. Some fruits (e.g., those of the water-lily) are enabled to
keep atloat by means of large air-spaces which they contain.
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(2.) Many seeds are easily damaged by water, and so cannot avail
themselves of this means of transport. Those which are transported
by water usually have some provision for secuting them from the
injurious effects of damp. Many (e.g., the fruits of the arrowhead
(Sagittaria sagittifolia, Fig. 161, IL., p..105) have a smooth, oily rind,
which the water cannot penetrate. In others, again, the rind is woody
and fibrous (cocoa-nut), and so thick that the water cannot reach the
seed. Seeds may remain unharmed in fresh water longer than in salt,
the many mineral constituents of the latter enabling it to penetrate
more quickly to the contained embryo. Comparatively few plants
have as yet been found whose seeds or fruits are capable, like the
cocoa-nut, of resisting salt water during an indefinite period.

2.—Wind.

Regarded as a means of transport, wind is much better than
water, inasmuch as it bears the seeds much more swiftly to their.
destination. Moreover, while water can only carry the seeds to
river banks or sea coasts, wind can bear them to the most in-
accessible spots among the mountains, &c. Very lofty mountain
chains and broad arms of the sea do, however, usually act as a
barrier to the dispersion of seeds,—the former because their
summits rise above the height of a particular aérial current, the
latter because the seeds gradually sink while being carried across
them, and, falling into the water, perish before they reach the
opposite side.

Special organs for the conveyance of seed by the wind usually
take the form of hairs or feather-like structures, attached either
to the fruit as a whole, or to the individual seeds. A broader
surface is thus obtained, while the weight is not sensibly
increased, and the seed is therefore enabled to remain longer
suspended in the air. Sometimes the hairs, &ec. are so disposed
that the seed on separating from the plant falls with a rotatory
motion, by which the wind is enabled to catch it up more readily.

Organs for flight are more commonly found on fruits than on
seeds. Some fruits, indeed, owe their popular names to the fact
of their being possessed of such organs.

In the bignonia (Bignonia echinata of New Granada) the seeds are
provided with delicate membranous transparent wings, by which they
are kept suspended in the air, while describing large circles, after the
manner of a bird of prey.

The winged fruit of the maple is familiar to all (Fig. 125, p. 73).

A single fruit, after separating from the plant, rotates slowly down-
ward through the air. The wind thus has an opportunity of catching

P
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it up and bearing it to some distance. The winged nuts of the

Fic. 314.

Bract of the lime-tree

elm (Fig. 124, p. 73) and the ash have
similar arrangements for ensuring dissemina-
tion.

In the lime the bract at the base of the
inflorescence serves the same purpose as the
wings of the maple, &c. After the fruit is
ripe the inflorescence drops off and falls to
the ground, in the position seen in Fig. 314.
While falling, it slowly rotates around the
peduncle (main axis).

Downy or hairy appendages are
common on seeds and fruits, and form
very efficient instruments for their dis-
persion by the wind. In many plants
the seeds are completely covered with
long hairs; in others, again, the hairs

(Tlia parvifolia), which 8ré arranged in tufts at certain parts.
serves to support the fruit (Of these numerous and beautiful arrange-

in the air; position during
d_ewent from the tree ; nat.

s1ze,

ments we can here only glance at a few
of the more perfect.

The willow is an example of a plant having hairy seeds, the hairs

Fic. 315.

Pappus on achenes. —
I. Pasque flower (Pul-
satilla pratensis). 1II.
Alpine anemone (Pul-
satilla alpina); twice
e .

in this case forming a tuft. In the Pasque lower
(Pulsatilla pratensis, Fig. 315, 1.) and the
Alpine anemone (Pulsatilla alpina, Fig. 315, I1.)
the style of the ovary remains attached to the
fruit. The style is covered with silvery, shining
bairs, by which the fruit is enabled to remain
suspended in air.

In the Composite, the calyx, with few
exceptions, is specialised as a means of
flight ; it forms what is called the pappus of
the fruit (p. 128), and consists of a number
of long, rigid hairs, arranged in a circle at
the upper extremity of the achene (p. 73).
Each hair is either simple (as in the dande-
lion) or feathered (as in the Pennisetum).
Figs. 317 and 318 represent the achenes of
two of the Composite, surrounded by such
a crown of hairs. Fig. 317 is a fruit of
the dandelion. Its upper extremity is pro-

longed so us to form a thin style like process, far surpassing
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the fruit proper in length, and bearing at its tip the delicate
pappus, which may here be compared with a parachute. In con-
sequence of this arrangement the achene falls to the ground in
the position shown in the figure. The parachute in Fig. 318
(hawkweed, Hieracium prealtum) is of similar construction,

Fic. 316. Fie. 817. Fi1c. 318. Fia. 319.

Pappus. —Fig. 316.—Pennisetum. Fig. 317.—Dandelion (Tarazacum
officinale). Fig. 318.—Hawkweed (Hicracium prealtum). Fig. 319.—
Bulrush (Typha angustifolia) ; about four times enlarged.

only that it rests immediately on the fruit, and is less widely
expanded. The bulrush (ZTypha angustifolia, Fig. 319) pro-
duces a large number of small, indehiscent fruits. The lower
extremity of each is prolonged downwards so as to form a slender,
delicate pedicel, from which arise at three or four points a
number of silvery hairs. These are arranged in whorls, and
support the fruit in the air. The pappus of the Mexican
Pennisetum (a species of grass) is very remarkable. The stalk
of each spikelet is covered with numerous strong hairs, some of
which are feathered. These surround the fruit, and enable it to
be transported by the wind to great distances.

3.—Animals.

In the dispersion of seeds, as in the crossing of flowers,
animals play a highly important part. Whereas cross-fertilisa-
tion -is mainly effected by insects, the dispersion of seeds and
fruits is commonly promoted by the agency of larger animals,
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such as birds and mammalia. The characteristics of fruits
designed to be dispersed by animals coincide very closely with

those of flowers fertilised by insects (p. 178, &c.). They are as
follows :—

(1.) They are conspicuously coloured, so as to render them
visible at a distance.

(2.) One or other portion is fleshy and succulent, and suitable
for food. The fleshy portion is usually the pericarp.

(3.) Their seeds are hard externally, so as to protect the
young embryo from harm until it has reached a spot
where it may germinate in safety.

(1.) Colour.—The colour of edible fruits is usually such as to
make them readily distinguishable some way off. This is managed
by the development of such tints as may most easily be made
out against the green background of foliage—red, black, yellow,
white, &e. Most of our native edible fruits are red (of all shades,
from deep crimson to pale pink); others are black or bluish-
black ; a few white or yellow. If the individual fruits are small
(e.g., berries), they are made more conspicuous by being aggre-
gated into bunches (compound fruits). Their position is also
of importance in this respect, for such as are hidden by leaves
cannot possibly attract attention so easily as those which stand
out from the surrounding foliage. Some fruits even remain on
the parent plant for some time after the disappearance of the
leaves, this being their only chance of securing the coveted
attentions of birds, &c.

Native plants having red edible fruits are—the barberry (Berberis
vulgaris), the spindle -tree (Euonymus europwus), the strawberry
(Fragaria vesca), the rose (Rosa canina), the hawthorn (Cratequs
Ozxyacantha), the raspberry (Rubus Idwus), the rowan (Pyrus aucu-
paria), the currant (Ribes rubrum), the dogwood (Cournus mas), the
elder (Sumbucus racemosu), the guelder rose (Viburnum Opulus), the
woodbine or honeysuckle (Lonicera Periclymenum and Lonicera
Xylosteum), the red whortleberry (Vaceinium Vitis idau), the cran-
berry (Vuccinium Orycorcos), the bearberry (Arctostaphylos Ura
Ursi), the holly (Llex Aquifolium), the daphne (Daphne Mezerenm), the
arum (Arum maculatum), the asparagus (Asparagus officinalis), the
lily of the valley (Convallaria majalis), &c. Blue, bluish-black, or
black edible fruits are those of the alder (Rhamnus cathartica), the
sloe (Prunus spinosa), the bramble (Rubus polymorphus), the elder
(Sambucus nigra), the bilberry (Vaccinium Myrtillug), the crowberry
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(Empetrum nigrum), &c. White berries are those of the mistletoe
(Viscum album), and snowberry (Symphoricarpus racemosus) ; yellow,
those of some species of honeysuckle (Lonicera tartarica).

In the barberry, the rowan, and the elder we have examples of
fruits where a large number are clustered together so as to render
them more conspicuous.

The bright scarlet fruits of the barberry hang in loose clusters,
while those of the rowan and the elder are arranged more closely,
the berries of the rowan being red, those of the elder black. We
bave already said that fruits can more easily be detected by birds,
&c., the fewer leaves they have about them. In early autumn, for
example, the thrushes may he seen picking only such elder berries as
grow at the extremities of the branches. Not until later in the
season, when food is getting scarce and the leaves are falling, do they
begin to look for those lying hidden beneath the foliage.

(2.) Foods.—The fruits most sought after by animals are those
which they can utilise as food. These are almost all fleshy
fruits, in which some part has developed into a soft, juicy pulp,
which constitutes the food in question. The part so developed
is generally either the pericarp (p. 71), or the calyx (as in the
rose), or the receptacle (as in the strawberry). We thus see
that very various parts of the fruit may become succulent, just
as we formerly saw that very various parts of the flower may
secrete honey. The seed alone cannot be consumed (being
frequently very hard), for were it easily destroyed, the con-
tinuance of the species would be imperilled.

The seed may be dispersed in two ways. Either the bird
flies off with the fruit in its beak, and having consumed the
edible parts, drops the seed on the ground, where, if circum-
stances are favourable, it germinates, or the seed is actually
swallowed, and is only sown after having passed through the bird’s
stomach and intestines. Owing to the hardness of the shell in
which it is enclosed it escapes digestion, and passes out of the
body in the faeces, which afterwards act as manure to the
germinating embryo, and so favour its further development.

(3.) Protection of the Seed.—The seed, as already remarked, is
protected by the hard woody endocarp or shell. More rarely
it is the mesocarp which becomes woody (see p. 71). In any
case the woody layer is always hard and thick enough to resist
the sharp beak of a bird, or the effect of the digestive juices in
the stomach.

It rarely happens that the seed itself is the food sought after by
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animals, Even when such is the case, however, dissemination is
effected, for animals in storing up the seeds as a provision for the
winter occasionally drop them as they carry them off to their nests,
and if this happens where the soil is congenial, the embryo is enabled
to develop. Thus the squirrels must be very active agents in the
dissemination of the hazel, considering the large quantity of its nuts
which they store up every autumn.

Fruits of the kind hitherto considered may be conveniently
termed fleshy fruits. They are all attractive to animals on
account of the food they afford.

There remains, however, yet another class of fruits whose
seeds are dependent on animals for dispersion. These, on
account of certain qualities which we shall presently describe,
may be termed adhesive fruits. Their external surface is beset
with small points, bristles or prickles, by which they are enabled
to cling to the fleece or plumage of any animal with which they
may come in contact. They are thus frequently carried to great
distances, eventually getting brushed off in one way or another,
and so placed in a position favourable to germination.

The fruits of the hound’s-tongue (Cynoglossum officinale, Fig.
320), for example, are covered with little, curved, hook-like

Fia. 320. Fic. 321. Fie. 322.

Adhesive Fruits. Fig. 320.—Hound's-tongue (Cyno-
glossum officinale). Fig. 321.—Jack-in-the-hedge (Galium
Aparine). Fig. 322.—Wood-avens (Geum wurbanum),
six times enlarged.

prickles, which cling very firmly to any rough surface. The
surface of the spheroidal fruits of the common “run-the-hedge”
(Galium Aparine, ¥ig. 321), is furnished with similar hooked
prickles. In the wood-avens (Geum wurbanum, Fig. 322) the
style is persistent, and develops so as to form a strong hook at
the summit of the fruit. Every one is familiar, too, with the
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burdock. Its bracts are covered with little hooks, by means of
which the whole inflorescence (the plant is one of the Composite)
clings with such firmness to the wool or hair of passing animals,
that it can scarcely be got rid of again. On the whole, how-.
ever, the dispersion of adhesive fruits is more a matter of chance
than that of the fleshy fruits, and does not occur so frequently,
animals not being dependent on such fruits for food.

While wind and water (more especially the former) are not to
be despised as dispersive agents, it is to be noted that animals
are unquestionably superior in this respect. Birds, for example,
will carry the seeds of a certain species of plant for great dis-
tances in perfect safety, whereas, if borne by the wind, they
would be dropped on the first obstacle that presented itself, or
perhaps fall to the ground only a short distance from the parent
plant. The wind, we said, could not carry seeds over lofty
mountain chains or wide arms of the sea, but to birds of passage,
for example, these form no obstacle. Many ‘inaccessible heights
are by their agency covered with verdure. Take the following
as an example of their usefulness in this respect. The American
currant (Phytolacca decandra), an American plant, was long ago
introduced into the south of France, and extensively cultivated
at Bordeaux, the dark red juice of its berries being used to
colour the wines produced in the district. These berries are
greedily devoured by certain species of birds, with the result
that the plant has now spread over all Southern France and
Switzerland, and is now common even in the Tyrol.

4.—Mode of Dehiscence.

We have already (see p. 77) had occasion to observe that the
pod of the balsam (touch-me-not, Impatiens noli tangere), will
spring open at the slightest touch, and scatter its seeds to a great
distance. ~Similar phenomena are also seen in other plants.
A certain species of cucumber (Momordica Elaterium) indigenous
to Southern Europe, and more particularly to Greece, has a
green prickly fruit about 5 cm..long. When ripe, the slightest
touch is sufficient to cause the fruit to spring from its stalk.
The seeds are embedded in a quantity of viscid fluid, and
when the fruit springs from the stalk, are sent with a gentle
whizzing sound to a distance of five or six yards. In many
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papilionaceous flowers the valves of the pods as they open
curl up, and jerk the seeds to some distance. The three-celled
capsule of the violet (Fig. 99, IL, p 57), dehisces by three
separate valves, each of which is bordered by a row of seeds-
The valves as they dry roll together until their edges meet, when
the seeds are suddenly scattered far and wide. Many similar
instances might be cited, but these are sufficient to show that
the movements of the fruit in dehiscing are no unimportant
means of dispersion ; compared with those previously considered,
however, they sink into unimportance. @Water, wind, and
especially animals, are the great agents concerned in the dis-
persion of plants over large areas. The “struggle for existence ”
is thus maintained between species and species on somewhat
equal terms, and the chance of extermination in a great degree
diminished.



PART 1IV.

ANATOMY AND PHYSIOLOGY.
INTRODUCTION.

Scope of the Science of Botany.—The sciences dealing with
organisms (that is, with animals and plants, see p. 97), viz.,
Zoology and Botany, pursue in modern times the same method
of investigation, and start from the same fundamental principles.
The justification of this unity of method and fundamental prin-
ciple lies in the fact, which must never be lost sight of, that
both animal and vegetable structure and function are now known
to be based on the same essential phenomena.

‘When, about two hundred years ago, the study of animals and
plants began to be taken up with some degree of earnestness,
naturalists first of all directed their efforts to a comparison of
the form assumed by similar organs in different organisms, with
the result that much variety was found to prevail. It was also
found that the same peculiarities were possessed by a number
of animals or a number of plants in common, and these common
characteristics were used as a means of distinguishing species.
Further, known species were arranged together in larger groups,
in such a manner that species possessing the greatest number of
characteristics in common were placed nearest to each other,
those with fewer characteristics in common further away. A
classification of plants and animals according to anatomical -
structure was thus formed, and received the name of System.

" In the province of Botany, Joseph P. Tournefort, Linnzus, A.
L. de Jussieu, and A. P. de Candolle were more particularly con-
cerned in the elaboration of this system ; in that of Zoology,
Linnzus, Jean Lamarck, and Georges Cuvier. The creator of
the modern system was, however, Linneus, whose works on this
subject afford the type on which all subsequent attempts at
classification have been formed.
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JosepH PittoN DE TOURNEFORT was born in 1656 at Aix, in Provence,
and from 1683 was Professor at the Jardin des Plantes in Paris, where
he died in 1708. His principal work appeared in 1708 under the
title “ Institutiones Rei Herbarizz” (Principles of Botany).

Karn LiNNE (usually Latinised as Linneus) was born in 1707 at
Résbult, in Sweden, was appointed Professor of Botany at the
University of Upsala in 1741, and died there in 1778. His writings
are extremely numerous, had passed through many editions by the
beginning of this century, and up till forty years ago were the sole
standard for botanical classitication. The great work of Linneus, in
which he unfolded a new system, classifying the three kingdoms of
Nature, appeared in 1735 in folio : ¢ Systema Nature, sive Regna tria
Nature systematice proposita” (The System of Nature, or the Three
Kingdoms of Nature systematically presented).

ANTOINE LAURENT DE JUSSIEU was born in 1748 at Lyons, and in
1770 was made Professor at the Jardin des Plantes; he died in Paris
in 1836. His most important botanical works are *“ Genera Plantarum
secundum ordines naturales disposita,” 1789 (Plants grouped accord-
ing to their Natural Orders), and “ Principes de la méthode naturelle
des Végétaux,” 1824,

AuGusTIN PYRAME DE CANDOLLE was born in 1778 at Geneva, and
died there in 1841. He began the work lately concluded by his son,
Alphonse de Candolle, who is still living at Geneva. This work is in
seventeen volumes, and is entitled “ Prodromus systematis naturalis
Regni Vegetabilis,” 1824-1873 (Essay towards a Natural System of
Classification in Botany). This very important work contains the
systematic classification of the dicotyledons (see p. 115), with a precise
description of all known species.

JeAN LaMARCK was born in 1744 at Barentin, in Picardy, became
Professor of Natural History at the Jardin des Plantes, and died in
Paris in 1829, having been blind for a number of years. Of his
numerous zoological and botanical works we may mention “ Systeme
des Animaux sans Vertebres,” 1801, and “ Philosophie Zoologique,”
1809.

GEeorees CuviEr was born 1769 at Mompelgard in Wiirtemberyg,
removed at an early age to France, and in 1795 was appointed
Professor of Zoology in Paris. He was not only a zoologist, but the
founder of comparative anatomy. He died in Paris in 1832. His prin-
cipal work is “ Le Regne Animal distribué d’aprés son organisation.”

While attention was thus being directed towards a systematic
classification of animals and plants, individual naturalists began
to devote themselves to the study of their vital phenomena.
In the ancient world the Greek philosopher Aristotle of Stagira
had led the way in this department of inquiry, his researches
being, however, confined solely to the animal kingdom. Down
to the close of the seventeenth century the vital phenomena
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of plants had not yet been brought within the scope of human
study. It was Marcello Malpighi and Nehemiah Grew who
began the investigation of the minute structure of plants, and
of their vital processes, their labours being followed up by those
of Hales, Ingen-Houss, and especially Théodore de Saussure.

ARISTOTLE, the celebrated Greek philosopher, was born in 384 B.c,,
at Stagira, and died in 322 B.c., at Chalecis, in Eubea. Among his
numerous writings are many treatises on animal structure and functions,
which were much read in the Middle Ages. These remained for long
the only works on natural history, no attempt being ever made to
improve upon them.

MarceLLo MaLpigHI, born in 1628 at Crevalcuore, near Bologna, was
after 1656 Professor at Bologna, Messina, and Pisa. In 1691 he was
appointed physician in ordinary to Pope Innocent XII., and died in
Rome in 1694. Malpighi was a man of great versatility, being cele-
brated as a physician, as an anatomist, and as a physiologist. He was
the first to write a treatise on the structure of plants—¢ Anatomia
Plantarum ” (1675).

NEeHEMIAH GRrew was born in 1628 at Coventry. He studied
medicine, and practised as a physician. In 1677 he was nominated
Secretary of the Royal Society of London. He died in 1711. His
work on the structure of plants bears the title “The Anatomy of
Plants, with an idea of a Philosophical History of Plants ” (1672).

StepEEN HALES was born in 1677 in Kent, and died in 1761. He
was at once naturalist and theologiun. His principal work on the cir-
culation of sap in plants is entitled  Statical Issays” (1727).

Jan Ingen-Houss was born at Breda, in Holland. He became a phy-
sician, settled in London, near which city he died in 1799. His great
work bears the title ¢ Experiments upon Vegetables, discovering their
great power of purifying the common Air in the Sunshine, and of injur-
ing it in the Shade and at Night” (1779).

THEODOKE DE SAUSSURE, the most celebrated of the older school of
physiological botanists, was born in 1767 at Geneva, where he died in
1845. His great work, “ Recherches Chimiques sur la Végétation,”
appeared in 1804.

Since 1840 the science of the vital phenomena of organisms
has been largely developed, and it is now thoroughly recognised
that the problems concerned with the phenomena of animal and
vegetable life afford one of the greatest fields for the scientific
inquiries of the future.

Seeing, however, that the manifold phenomena of life are
bound up with individual parts or organs of the body, and are
called forth by the operation of one or more of these organs on
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others, it follows that exact knowledge of these phenomena can
only be the result of careful study of the various parts of the
organism. Anatomy, or the science of structure, must precede
physiology, or the science of function. These two branches of
our subject now fall to be taken up in their order.

The science of botany, as of zoology, is divided into two great

arts—
P (1.) Morphology, or science of Form.
(2.) Physiology, or science of Function.

(1.) Morphology, or the science of form, embraces in its widest
sense all that can be known of the form of any part of an
organism. Morphology has to do both with the internal and
with the external parts of the body. Strictly speaking, it
should begin with the simplest—that is, the smallest—parts, and
go on to examine how these are combined so as to form more
and more highly complicated organs. In this way it would
finally attain to a complete conception of the organism itself,
In an elementary text-book, however, there are many difficulties
in the way of this course, even though it be the right one.
Here it will be advisable to start with the external form, this
being much more easily understood than the internal structure.
We, therefore, divide the science of morphology into the three
following parts :—

(a.) External morphology (science of external forms), or

science of forms in the narrower sense (organography).
(5.) Internal morphology, microscopic anatomy, or histology.
(c.) Comparative morphology, including classification.

(a.) External morphology {organography) has to do with the
form of the external and more general characteristics of the
plant, treating of the different forms of leaves, flowers, &c., for
example. It shows how to form a distinct general idea of what
is comprehended under the term leaf, flower, &c., and from that
to gain a clear conception of the organism as a whole.

Of the organography of plants, we already know something
from Part L.

(b.) Histology, or internal morphology of the organs, teaches
how all the organs treated of by external morphology are
composed of a greater or less number of individual parts.
Properly, it should proceed from the simple to the complex.
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Beginning with the smallest recognisable parts of the organism,
it acquaints us with the nature of these elementary factors, shows
how these fit into each other, and how out of them are built up
the most complicated structures. The compotent elements being
too small to be perceived by the naked eye, histology in the
main has been developed only in modern times, ... since
microscopes and other appliances have been introduced.?

(c.) Comparative Morphology and History of Development.
—General morphology (and anatomy) may investigate any form
of animal or plant whatsoever, without regard to the distinctions
of species (see p. 97). Comparative morphology (including
comparative anatomy) deals with the same organs in a whole
series of different animals or plants. It has to do not only
with the form and texture of that organ, but also with its posi-
tion in or on the body, and with the number of smaller parts
concerned in its structure. It must thus give some account of
how the same organ varies in structure in different organisms.
Accordingly it is enabled to separate the essentially like from
the essentially unlike, series being thus obtained, the extremes
of which, though apparently widely different from each other, are
yet bound together by an unbroken chain of intermediate forms.

In many cases, however, it is not enough to compare the
actual organ in different beings, but it is necessary to study it in
all stages of its growth and development. This latter is the
special province of embryology, which is an important and in-
dispensable branch of comparative morphology. Among other
things, it brings to light many important points of resemblance,
which the fully developed organ fails to show.

By the methods here given, comparative morphology finally
arrives at the comprehensive conception of an organ of whatever
kind, a conception distinguished from that of pure (not compara-
tive) morphology, inasmuch as it is to be regarded as an inference
drawn from a series of observations. The corresponding con-
ception of pure morphology, on the other hand, is obtained from
a single observation.

If, for example, we describe with the utmost precision all the organs
of any plant whatsoever, we have only succeeded in solving a problem

! The compound microscope was invented at the end of the sixteenth century
by Hans and Zecharias Janssen, two opticians of Middelburg, in Holland ; it was
essentially improved in the first half of this century by Amici (1827) ; also by Hugo
von Mohly(lsm) and others.
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in pure morphology. If, however, we compare even in the roughest
manner the different kinds of stem to be met with in various plants,
_and thus get a comprehensive notion of what is meant by the term
axis (pp. 8-15), we have entered upon the field of comparative
morphology, and have pursued a more scientific mode of inquiry than
in our former study. A truly scientific treatment of morphology and
anatomy is possible only by the comparative method.

There are two points from which comparative morphology may
view the organs of a given animal or plant.

(1.) According to their structure, position, and development,
organs which agree in these points (which are morphologically
comparable) are said to be homologous.

(2.) According to their function in the living organisms, all
organisms which are capable of being compared in respect of
their functions (which are physiologically comparable) are said
to be analogous.

Equivalent or homologous organs are often very dissimilar in
the external form, which they assume in different organisms. In
all cases, however, the minute structure and the position is the
same.

The fore legs of mammalia, the wings of birds, and the fins of fishes
are homologous or equivalent organs, all of which are included under
the general term fore limbs. Their outward form, which is modified
according to the respective functions they have to discharge in par-
ticular cases, is very different in different animals. The structure,
however, is the same in all. All the thres organs above mentioned,
for example, contain corresponding bones, and their position, both
to each othér and in relation to the vertebral column, is the same in
every case. So in plants, hairs and prickles (pp. 79-81) are homologous
organs, though very different in their external form.

Similar or analogous organs for the most part resemble one
another in outward form. They may, however, differ widely in
structure and position in different organisms.

The wings of birds and the wings of insects are similar or analogous,
and therefore in respect of function comparable, organs. Both are
used as organs of flight, and accordingly have a similar outward form.
‘When, however, we come to consider their anatomical structure and
their position, we find that there'is no comparison between them. Stem
and leaf tendrils (sec Figs. 19 and 48, p. 14 and 31) are analogous organs ;
both are used in climbing, and are externally of very similar form.
We know, however, that the former belong to the stem, the latter to
the leaf. Organs at once hoth equivalent and similar are, for example,
the wings of bats and the wings of birds.
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In common language analogous parts have mostly the same name,
while homologous parts have frequently different names.

For comparative morphology, the structure of the organs,
their position, &c. (that is, their equivalence or homology) is the
main matter. From this point of view, function and the ex-
ternal form conditioned by it (that is, similarity or analogy) is
a subordinate consideration. Comparative morphology arranges
the organs according to homology, not according to analogy.

In Part I. we therefore distinguished the organs of the plant into
root, stem, leaf, and hair structures, including, under the head of
stem-structures, for example, stem-tendrils (p. 14), under that of leaf-
structures, leaf-tendrils (p. 31)—by no means ranking the two side
by side as organs for climbing (comp. also thorn and prickles,
pp. 79-81).

If we compare all the homologous organs in the bodies of
known organisms, we shall find many possessed by a number
of species vn common, and agreeing in structure to a greater or
less extent. Organisms having many homologous organs of
similar structure are said to be related. The degree of relation-
ship is in accordance with the number and agreement of the
homologous parts. System (p. 96) consists in the arrangement
of animals and plants according to the relationship existing
between them. System is based on the results of comparative
morphology (and on the history of development), and is the
outcome of the study of homologous parts in different species.

A corollary deducible from this proposition is that that system
alone is valid, or is a natural system, which takes account of all the
structural peculiarities of organisms, both in their acfual and in
their embryonic or developing state. All systems based one-sidedly
on isolated structural peculiarities are to be rejected as artificial ;
equally clear is it that in general analogies are not to be depended on
in the formation of a system. It would be an entire mistake, for
example, to cluss whales with fishes, as Aristotle has done, because
of their fins, or to divide plants into trees, shrubs, and herbs after the
- manner of Tournefort and most of his predecessors.

(2.) Physiology, or the science of function, in its widest sense
comprehends all studies directed to the knowledge of organic
life. By the term life, we mean the sum of all expressions or
phenomena of life, that is, all the processes which, standing in
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intimate connection with each other, tend to the preservation of
the organism. The sudden cessation of all manifestations of life
is called death, and its immediate consequence is the dissolution
of the organised parts of the body into non-organised chemical
combinations (gases), under the influence of the oxygen of the
atmosphere (putrefaction, slow combustion). The origin and
ultimate cause of all vital phenomena are physical and chemical
processes (molecular movements). The factors proper in the
vital processes are the elementary or ultimate constituents of
all the tissues of the body. Physiology must therefore start
with the study of the vital phenomena in these elementary
constituents, viz., the cells, and thence pass to the investigation
of the more complicated processes, in which a large number of
cells co-operate.

Physiology may also investigate the function of each organ
as a whole, omitting the study of the ultimate parts. It does
not restrict itself, however, simply to the discovery of the
functions of a given organ, but likewise considers the influence
exercised by the surrounding media on the development of that
organ. Of this branch of physiology,! we already know some-
thing from the foregoing section ; it seeks to explain the func-
tional import and origin of morphological characters.

Physiology, or the science of vital function, is based partly on
physics and chemistry, partly on morphology and anatomy. Its
facts are tested by experiment. By experiment we are enabled
to modify the natural conditions by which a given function is
produced, and thereby to bring about some variation or abmor-
mality in that function. In this way we may increase at will
the number of possible observations, and thus we are enabled to
distinguish between the essential and the non-essential, the
normal and the abnormal. The first condition of all correct
knowledge of any vital function is, that the experiments con-
ducted with a view to its investigation be arranged in a full and
logical series, and carried out without error. The physiological
botany of modern times is entirely founded on experiment, a
method of investigation introduced mainly by Théodore de
Saussure, and elaborated chiefly by Nigeli and Sachs.

! Physiology literally means the nature of growth (Greek, physis and logos).
Another branch of physiology is peychology (psyche), or the science of nervous
action. This department, however, lies quite outside the sphere of botany.
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In his work already referred to (p. 235), Théodore de Saussure dealt
mainly with the processes of alimentation and respiration, and was the
first to give a complete and pertinent series of experiments.

JuLius voN Sachs, born 1832, at Breslau, now Professor of Botany
at Wiirzburg, experimented on the chemical changes which take place
in seeds during germination, on the growth of the root and the stem
(the mechanics of growth), on the influence exercised on growth by
light and heat, &c. His principal works are—* Handbuch-des Experi-
mentalphysiologie der Pflanzen,” 1866 (Manual of Experimental
Physiology of Plants), “ Lehrbuch der Botanik,” 1874 (Text-Book of
Botany, Eng. Trans., 2d Ed., 1884); and * Vorlesungen Ueb. Pflanzen-
Physiologie ” (Lectures on Vegetable Physiology).

While we divide morphology into pure and comparative
morphology, a corresponding division of physiology is as yet
impossible. At present we have only pure physiology; the
elaboration of comparative physiology lies mainly in the future.
The physiological botanists of these days find that the problems
of the former science afford ample scope for their best thought
and effort ; and, indeed, when we come to consider the youth of
the study, we cannot wonder that it has not yet developed a
comparative branch. Not a little has been done towards this
even already, however, both by observation and experiment
(see pp. 162-232),

I.—THE CELL
1.—MEANING OF THE TerM “ CELL.”

If we cut across the stem of a herbaceous plant, eg., the
cucumber, we find that on pressing it gently a quantity of
fluid—the sap—oozes out. The stem is thus not of the same
consistence throughout (is not homogeneous), but is composed of
solid and fluid constituents; its structure is peculiar. Suppose
we now cut from the stem in question as thin a slice as possible,
and hold it up, between two glass plates, to the light, we then
see, with the naked eye, and still more distinctly with a lens,
" that it consists of a net-like tissue, somewhat resembling thin
gauze or tulle.

The appearance of the stem in longitudinal section is similar.
With a sufficiently powerful lens we can see that each mesh of
tissue contains a small quantity of turbid fluid. This is what
is popularly called the sap.

Q
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The stem, like every other part of the plant, consists of an
enormous number of minute vesicles or “cells,” ranged side by
side. Each of these is enclosed on all sides by a delicate mem-
brane, and is filled with a somewhat tenacious slimy substance.
Every tissue of the plant consists of a very large number of
minute (microscopic) cells.

The name cell (Latin cella, dim. cellula, a chamber or cell) was

applied because a section of tissue composed of these cells bears some
resemblance to a honey-comb.

So much by way of introduction: let us now consider the
characteristics of the cell in general. These may be well
studied in many plant hairs, which consist of a single row of
cells, and are easily prepared for the microscope.” All that is
needed is to cut the hair from the plant with a pen-knife, put it
in a drop of water between two glass plates, and it is ready for
inspection. We shall here examine the delicate hairs which
cover the surface of the stamens of Tradescantia (7radescantia
virginica). In this example the structure of the cells (Fig. 323)
is easily recognised. Each cell is elliptical in shape (I.), and is

Fia. 323,

Cells from the staminal hairs of Tradescantia vir-
ginica.—I. Full-grown cell; IT. End cells of a very
young hair; III. Old cell after being treated with
alcohol.  w Cell-wall, p Protoplasm, s Cell-sap cavities,
k Nucleus, n Nucleus in act of division; 600 times
enlarged.

attached above and below to other single cells. It is surrounded
by a very delicate colourless membrane, the cell-wall (), which
under the microscope (in “optical section”) shows as a double
line, enclosing a space. The space enclosed by the cell-wall is for
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the most part filled with a somewhat turbid, viscid, semi-fluid
mass ( p), through which are scattered granules of various sizes;
this is cglled the plasma or protoplasm.* Protoplasm is not a solid
substance, but a kind of fluid. In the example under considera-
tion it is readily distinguished by its peculiar streaming move-
ment, which is well seen under the microscope. Somewhere
near the cell-wall is found a thickish, spheroidal mass, the
nucleus (k). It is soft and plastic, as we shall shortly see. It
occupies, especially in young cells (IL), a large portion of the
interior (k). Within it a darker spot—the nucleolus (II., n)
—is frequently to be distinguished. Besides protoplasm and a
nucleus, the cell contains a number of spaces of different size (s).
These are termed vacuoles, and are filled with clear watery fluid.
They are separated from each other by bands of protoplasm
(I, IL). The watery fluid contained in the vacuoles may be
extracted by means of strong alcohol, sulphuric acid, or glycerine.
Figure III. represents a cell similar to I., which has been steeped
some seconds in absolute alcohol; thc watery fluid is in great
part withdrawn, and the protoplasm (p) has in consequence
contracted, so as to form an irregular, sac-like structure enclosing
the nucleus (%), while the cell-wall (w) has become very distinct.
Protoplasm, cell-contents, and nucleus are the usual contents of
the cell. Besides these there are often, in certain sorts of cells,
other solid contents, granules, crystals, &c. These will be
considered later on. In the meantime let us proceed to a more
minute examination of the constant cell-contents.

Our present way of regarding the substance of the vegetable cell was
established at the end of the first half of this century, chiefly by Huco
voN MosL. H. v. Mohl was born in 1805 at Stuttgart, and died in
1872 at Tubingen. Of his numerous writings, those of importance, as
bearing on the cell, are ¢ Grundziige zur Anatomie u. Physiologie der
vegetabilischen Zelle,” 1851 (Principles for the Anatomy and Physi-

ology of the Vegetable Cell), and * Vermischte Schriften botanischen
Inhalts,” 1845 (Miscellaneous Essays on Botany).

2.—THE CELL-WALL.

Until recently it was supposed that the cell-wall was to
be found in connection with all cells. It is, however, now
known that in some cases the cell-wall is absent. Thus the

! From the Greek plasma, something formed ; protos, first. Protoplasma = first
formed matter.
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lowest of all living organisms, the Amceba, consists simply of a
mass of protoplasm, which moves freely in water, unenclosed by
any external membrane.

‘We must, nevertheless, regard this body as a cell, seeing it has
all the essential properties of such. It absorbs water from the
outside, and by this means forms vacuoles in its interior. It
commonly possesses a nucleus, and it multiplies by division
after the manner of other cells.

Even in higher plants, cells consisting simply of a minute proto-
plasmic mass, unenclosed by a membrane, are occasionally found in
very young organs. To distinguish them from those enclosed by a
wall, they are called naked cells. We thus see that the cell-wall is by
no means essential to the conception of the cell. The analogy between
the vegetable cell and a closed cell or chamber is accordingly apt to be
misleading.

Where, as is usually the case, the cell is enclosed by a mem-
brane, the latter always owes its origin to the protoplasm. It is
developed while the cell is yet in a very early stage of its exis-
tence,—while, in fact, it is being formed by division of an ante-
cedent cell. During the first stages of development the cell-wall
consists of a very delicate transparent membrane, composed of a
peculiar substance termed cellulose. This membrane is perme-
able to water and other fluids, though not possessing any definite
openings by which these can pass through. By this property of
the cell-wall fluids are enabled to pass from one cell to another,
although the membrane surrounds each in unbroken continuity
(comp. p. 245).

Cellulose (C4H, ,O;) is an organic substance consisting of carbon,
hydrogen, and oxygen, and is classed among the group of carbo-
hydrates. Certain sorts of paper—filter paper, for example—consist
of almost pure cellulose.

That a membrane of cellulose is permeable to certain fluids, may be
demonstrated by the following experiment (Fig. 324) :— Over one end
of a cylinder (a), about 15 c¢cm. in length and 2 cm. in diameter,
stretch a piece of moistened parchment paper, which is almost pure
cellulose.  An artificial cell is thus formed, which must be filled up
to the point ¢ with a saturated solution of sulphate of copper. By
means of the apparatus shown in Fig. 324, the cylinder is then sus-
pended in a vessel of water (0) in such a way that the level of the
tluid inside the cylinder shall correspond with the level of the fluid
on the outside at the point ~.  After a few days, the fluid in the
cylinder will be found to have risen to d, while both it and the water
contained in the vessel outside will be light blue in colour. While
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the experiment has been going on, the following changes have taken
place :—Part of the water from b has passed through the membrane
Jf into a, whereby the level has risen
to d. At the same time a sufficient
quantity of the blue sulphate of

copper has passed through f into 2,
sufficient to render the solutions in
a and b of equal strength. There
has thus been diffusion on the part
of both fluids. From a to b the
fluid has passed by the process
known as exosmosis,—from & to a
by that known as endosmosis. Ex-
amination will show that the mem-
brane f is still without any visible
opening.  Cellulose appears pri-
marily as a delicate layer of single
granules, which afterwards coalesce
80 as to form a continuous but perme-
able membrane.

The cellulose membrane forming the cell-wall is always
originally thin, elastic, and highly ductile. At a later stage of
its existence it possesses the property of growth. It then
increases in volume—in length, breadth, and thickness—and at
the same time undergoes a series of physical and chemical
changes. As the cell-wall increases in volume (especially in
thickness) its shape becomes more definite, and tends to remain
more constant, while the chemical and physical changes which it
undergoes later on are calculated to fit it for the performance
of the special function which it has to discharge in the organism
of which it forms a part.

The membrane, having attained a sufficient degree of thick-
ness and closeness of texture, forms the perfect cell-wall.

(1.) Mode of Growth—The process of growth takes place in
the cell-wall by the secretion of minute particles (molecules)
of protoplasm, which separate from the general mass forming
the cell-contents, and attach themselves to the enveloping mem-
brane. This constitutes the process of growth by intussusception.
If the deposition of new molecules takes place in a horizontal
direction, the result is increase of surface ; if the deposition takes
place in a perpendicular direction, the result is increase of thick-
ness. This refers to the membrane as a membrane, without
regard to the shape it may assume in a particular cell.
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If the cell-wall were absolutely homogeneous, such a deposition
of new molecules as that above described could hardly take
place. On the hitherto generally accepted theory of Nigeli
the minute structure of the cell-wall is as follows:—The
ultimate molecules of cellulose are conceived of as small
spheroidal granules surrounded on all sides by water. The
molecules lie above and beside one another, so that in any
small portion of membrane we have solid matter and water
regularly alternating. If the space between two molecules of
cellulose is greater in diameter than the molecules themselves,
it will be possible for a minute particle of new matter, if
segregated from the general mass, to intercalate itself between
these two molecules of cellulose. If such molecular intercalation
is of frequent occurrence, we have perceptible increase in the
size of the membrane or growth. It thus follows that the pro-
cess of growth does not take place by simple accretion, as was
formerly supposed, but by intercalatian of new molecules among
others already existing, i.c., by intussusception.® Growth is the
consequence of this diffusion of certain constituents of protoplasm
throughout the cell-membrane.

(2.) Thickening, Lignification, Cuticularisation—A cell-wall
may increase in thickness without undergoing any chemical
change. The fully developed cell-wall may still consist of
cellulose. This is what is meant by thickening of the cell-wall
It may be general or local, e, while
some parts increase in thickness others
do not, or the thickening process may
stop sooner at one point than at another.

In the cells of collenchyma we find an
cxample of such partial thickening. The
cells of collenchyma are similar to the cells

Fic. 325. of parenchyma (see below), but have their

Collenchyma cell from walls thickened where they are attached to
the stem of Richardia other cells. In Fig. 325 we have a collen-
africana. —w  Unthick- chyma cell from the stem of the well-known
ened cell-wall ; v Thick- |jly of the Nile (Rickardia africana). In
:;'::f;f ;_elllffc‘l(}o’ :‘il;:; transverse section the cell is seen to be penta-
enlarged. gonal; it is united with the other cells in

such a manner that every three cell-walls
meet in one point. At this point we find a thickening similar to

1 (See, however, for an essential revival of the older theory, “Strasburger
Ueb. d. Bau u. d. Wachsthumn d. Zellbaute :” Jena 1862, —Tr.)
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these marked » v in the figure. This is produced by the con-
currence of the three cells, and runs parallel to the long axis of
each. The intermediate portions of the cell-wall (w w) are not
thickened. The characteristic appearance of the collenchyma cell is
due to these irregularities in the thickness of its wall.

The process of thickening is usually accompanied by physical
and chemical changes in the cell-wall which cause it to assume
new properties. In some cases it acquires a high degree of
elasticity, and in others it loses its permeability, &c. The two
most important modes of thickening, accompanied by chemical
change, are lignification and cuticularisation.

Lignification of the cell-wall takes place as follows:—The
cell-wall, increasing in thickness by intussusception, becomes
differentiated into two, afterwards into
three layers. First the place of the
primary membrane (p. 245) is taken
by the so-called middle lamella (I, Fig.

326), from which is by-and-by differ-

entiated a second layer (s) on the

inner surface. Both of these are

chemically different from the primary

cell-wall. By-and-by there develops

between the middle lamella and the Fio. 326

inner layer a third layer (w), which Lignifed cells from the
usually surpasses the other two both epicarp (see p. 71) of an un-
in thickness and in strength of texture. ;i(l))g tizin‘:\h(-’ :gk"': I’:&m‘:
The third layer consists of woody sub- of cell, ¢ Middl:glu;en.,  The
stance or liqm'n, which rt.aseml.)les tﬁ‘;:ti:z::"‘"f:;'::‘;g :rf, Yor?i(:.y
cellulose, but is by no means identical

with it. These three laminz are easily recognised in many
cells (comp. 328, p. 252, and Fig. 329, p. 253). The third or
middle layer usually appears to be made up of a large number
of concentric laminz. By lignification the cell becomes much
harder, and more capable of resisting external influences, at the
expense, however, of a great deal of its original elasticity. The
" protoplasm cannot penetrate the thickened parts of the lignified
cell-wall, which nevertheless are freely permeable by water.

The lamination of the middle layer is due to the unequal dis-
tribution of the water it contains. A lighter layer alternates regularly
with a darker one. The lighter layers are more watery than the other,
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that is, their molecules are separated from each other by larger aqueous
envelopes. The darker layers again are less watery, i.e., they have the
molecules, of which they are composed, arranged more closely together,
so that there is not so much room for water in the interstices.

The process of cuticularisation of the cell-wall is similar to
that of lignification. In this case, likewise, the thickening cell-
wall is subjected to peculiar changes, being converted into cork
or suberin. It is thus rendered highly elastic, impermeable to
water and air, and occurring, as it does, on or close under the
surface of vegetable organs, serves as a protective layer against
injurious external influences, such as damp and cold. Later
we shall examine more thoroughly the two most important forms
of cuticularised cell layers.

(3.) Deposition of Mineral Constituents in the Cell-Wall—
Occasionally certain mineral matters are found deposited in the
cell-wall, changing its appearance more or less. ‘These deposi-
tions consist either of calcium carbonate or of silex, the latter
being frequently found in large quantities. In many cell-walls
the silex is disposed so as to form a regular network, which
renders the surface rough to the touch. The silex may also be
deposited in the form of crystals.

This is the case with grasses having sharp-edged leaves, for ex-
ample. In these prominent crystals of silica are found in the cells
of the epidermis. The epidermic cells of the horsetails (Equisetacee)
are also highly impregnated with siliceous matter. As the silex
resists the action both of acid and of heat, the siliceous skeleton of a
leaf may easily be obtained by treating specimens (leaves of grasses,
horsetails, &c.), with sulphuric acid, and subjecting to strong heat on
a plate of platinum, or simply by boiling them in strong nitric acid.
By this means every particle of organic substance will be destroyed,
and a complete skeleton of the tissue will remain, formed entirely of
silex. Diatoms are similarly prepared.

Besides these comparatively rare mineral substances, which
may be directly observed under the microscope, there are in
every cell-membrane small particles of various minerals of such
minuteness as to baftle the most powerful lenses. As, however,
they are not liable to be affected by leat, they may be got at by
burning the cell-walls.  After leaves have been subjected to this
process, the mineral constituents will be found in the shape of a
fine white powder, the so-called “ash” of the leaf. When we
consider the infinitesimal quantity of ash obtained by burning
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a piece of the best Swedish filtering paper (which consists
entirely of cellulose), we get an idea of the smallness of the
per-centage of mineral matter to be met with in vegetable
tissues.

3.—ForMs oF CELLs.
A. Shape as determined by Surface Growth.

The shape of the cell is determined by the form assumed by
the enclosing membrane,—that is, the change of shape which
the cell undergoes in the course of its existence is determined
by the manner in which the membrane is forced to grow,
especially increasing either in length or breadth. )

The form of cells is always at first tolerably regular, spheroidal,
cubical, &c., that is to say, the cell is developed pretty equally
in all three directions. Later on, however, it in most cases
becomes polygonal, as the result of the mutual pressure exerted
by the cells in a given tissue during the process of growth. As
this pressure is not usually exerted equally in all directions, the
shape of the cells is rendered irregular. Cells are most com-
monly spheroidal, elliptical, or cylindrical, or they may assume
the form of four, five, six, or many sided prisms, cones, tetra-
hedrons, and various parallelopipeds, or again they may be disk-
shaped, star-shaped, or multipolar.

Microscopic sections, as a rule, only show us one aspect of a cell.
In order, therefore, to become acquainted with the shape of a cell as a
whole, it is necessary to examine it, not only in transverse, but also in
radial and tangential section. Spheroidal, elliptical, and cylindrical
cells all show in transverse section a circular form, and it is not until
we have examined each in longitudinal section also that we become
acquainted with its true shape.

From what has been already said, it is evident that the shape
of each individual cell will depend entirely on the nature of its
environment during the process of growth. On the whole, the
shape of the cells forming a particular tissue is of subordinate
importance. A much more important feature, and one, too,
which, as we shall presently see, is of no little consequence from
a functional point of view, is the division of cells into paren-
chyma and prosenchyma. By parenchyma cells are meant all
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cells which are pretty equally developed in all three directions,
Their walls are for the most part, but not always, very thin (see
farther under Parenchyma, p. 277).

By prosenchyma cells are meant such as are specially deve-
loped in a longitudinal direction, while comparatively unde-
veloped as regards breadth and thickness. Such cells are usually
very slender, and pointed at the ends, so as to look somewhat
spindle-shaped. Their walls are frequently, but not always.
firm in consistence. Prosenchyma cells are never found in
the younger and more delicate parts of a plant, which are com-
posed entirely of parenchyma cells. Only as the organ grows
older is prosenchyma developed from parenchyma, by processes
yet to be described.

Besides the cell forms already mentioned, which, on the whole,
are simple, there occur in the lowest plants (in the Alge, for
example) cells of very peculiar shape. Many of these plants
consist of a single cell. This, however, is frequently branched
after the manner of higher plants, with root, stem, and leaves.

Fig. 327 represents a unicellular alga
(Botrydium granulatum), occasionally
found on the clayey soil of dried-up
swamps and pools. It consists of a
a thick balloon-like head (@), which
is supported on a slender stem, and is
of a beautiful green colour. Below,
the stem branches so as to form a
kind of root (), by which the plant is
firmly fixed in the ground. Here, then,
is one cell imitating, so to speak, the
structure of a higher multicellular plant.
This resemblance is still more striking
in Caulerpa and Bryopsis, two genera
of Alg:we largely represented in European
seas, Like DBotrydium, these are uni-
cellular ; the tilamentous part of the
cell forms a horizontal stem, which, at
intervals, sends out tufts of root-like

Fio. 327, processes in a downward direction, and

A unicellular Alga (Botrydium so-called * fronds in an upward direc-
granulatum), fifteen times en- tion. The ‘“fronds” are lobed or pin-
larged. a Part above the soil nate, and consist of prolongations of the
(head) ; w Part under the suil cell.wall and contents flattened out at
(root). their upper extremities, so as to re-
semble the blade of an ordinary leaf.
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B. Shape as determined by inorease tn Thickness.

(L) Pits—Increase in the thickness of the cell-membrane
never takes place uniformly at all parts. In many cases the
process of thickening is arrested at an early stage of growth, the
points at which this has occurred being marked throughout the
after existence of the cell by small circular spots. These, as the
neighbouring parts of the membrane go on increasing in thick-
ness, are transformed into small tubular canals, which radiate
throughout the cell-wall (¢, Fig. 326). The small, round, mem-
branous spot is termed a pit; or if the surrounding parts are
much thickened, so as to render it tube-like, a canal. These
canals form a means of communication between the interior of
the cell and the periphery. The pits in neighbouring cell-walls
always correspond, as do likewise the canals: so that between
every two cells we have one or more of these corresponding
depressions. Each pair of these is at first separated by a delicate
membrane (the middle lamella) stretched transversely between
them ; but, later on, this membrane disappears, and free com-
munication between adjoining cells is thus established.

It sometimes happens that in much thickened or lignified
walls two canals unite, and so have a common opening into the
lumen of the cell. We thus have what is termed a branched
canal.

Branched canals may be well seen in the thickened parenchyma
cells of the walnut (Fig. 326). Still better examples occur in the cells
of the woody inner pericarp of the same fruit when nearly ripe, in the
bast-cells of the dahlia-tuber, &c.

The number of pits in a cell is very variable. In some cases
they are few in number; in others they are so numerous that
the cell when viewed from above seems to be entirely dotted
over with them, while the thickened parts form a delicate lattice
work between. In cross section the pits are usually round,
elliptical, or polygonal (four to eight sided); in rare cases they
are long, narrow, and elongated at both ends, so as nearly to
resemble slits.

A very peculiar form is seen in the wood-cells of the Coniferz,
where we have what are terined bordered pits. If a longitudinal
section is made through the young shoot of a conifer, like the
common yew (Zaxus baccata, Fig. 328), the following peculiar
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structure will be observed. Each individual cell (L., Fig. 328)
forms a long cylindrical tube, the wall of which is pretty strong,
besides being. thickened internally (s), after a fashion to be
described later on. The surface of the cell is studded with a
number of lenticular protuberances (a, a’), the centre of which is
marked by a round or slit-like depression—the pit. In trans-

Fie. 328,

Pitted cells of a one-year-old stem of the yew (Tarus baccata).—I. Three wood
cells in longitudinal section ; 1000 timnes enlarged. a Bordered pits with circular
opening ; «’ Do. with slit-like opening. 4 Diagrammatic representation of pit B
in longitudinal section. II. Piece of the same stem in transverse section ; 1000
times enlarged. & & Wood cells, m Pith, ! Middle lamella, v Middle lamina, ¢
Inner lamina, a @ Bordered pits cut across their longest diameter, b Do. showing
underlying space, ¢ Do., transverse nection below the middle. III. Disgrammatic
representation of a young pit. IV. Do. of an older pit ; letters same as in I1.

verse section, cutting across a pit at the point C, we see that the
pit is situated between two adjacent cells (e, 1I.). It forms a
narrow elliptical space, the walls of which are pierced on either
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side by a small opening.— (See diagrammatic representation, 4,
B, Fig. 328, 1). The interior corresponds to the larger circle
of the pit in I, while the openings are represented by the
smaller circle (¢). At the point b (IL.) we have a pit from a part
of the section where it is so thick as to show that half of the
space which lies below the point of section. The pit ¢, again,
has been cut across below the centre, so that the openings into
the interior are not seen.

All the pits shown in II. are open,—that is, the middle
lamella or membrane, stretching across the lumen of the tube,
has disappeared, so that free communication is established
between the cells. In the young cells of conifers the middle
lamella (p. 247) is always found, and only disappears with age.
In Fig. 328, III, we have a diagrammatic representation of
a young pitted cell, / being the middle lamella; IV. shows
the same cell at a later stage, the middle lamella having now
disappeared.

(2.) Partial thickening of the Cell-Wall—Although the walls
of many cells uniformly increase in thickness, except at such
small spots as are afterwards to develop into pits, there are
others in which this does not take place, the thickening process
being localised in certain larger or smaller areas. As the result
of this the full-grown cell frequently assumes a very peculiar
- appearance.

It sometimes happens, for example, that cells are lignified
only on one side, the other remaining unthickened. Of this
there are numerous ex-
amples in certain cells
of the rhizome of many
monocotyledons, eg.,
those of the lily of the
valley (Convallariama-
Jalis),shown in Fig. 329.
The cell layers denoted
by ¢ and d are com- -
posed of slightly Fic. 329.

thickened parenchyma Cells (a, b) from the ;lhizome of the lily of the
valley (Conrallaria majalis), in transverse section.-
cells. Between them d, d,ye Parenchyma cells ; 900 times enlarged.

are two layers con-
sisting of cells (a, b), the walls of which are conspicuously
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lignified on the side next the centre of the rhizome. The sides
of the cells in the layer b are traversed by large wide pits.

Another example of partial thickening is seen in the case of
collenchyma cells, already mentioned (p. 246).

The most varied forms of partial thickening occur, however,
in those cells which are united to form vascular tissue. Vessels
are long and cylindrical in shape, and their walls are not them-
selves much altered in texture, but are thickened by means of
spiral, annular, or reticulated deposits laid down on their inner
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Fig. 330.—Dia matic representation of a spiral vessel. Fig.
831.—Vessels. 1. Young spiral vessel from stem of a seedling plant
of Vicia Faba ; I1. Annular vessel from the wood of Morus alba ; II1.
Scalariform vessels from the trunk of Nephrolepis exaltata (fern):
IV. Young reticulated vessels from one of the older roots of a seed-
ling of Vicia Faba ; about 600 times enlarged. (L, IIL, IV. General
appearance ; TI. Longitudinal section.)

surface. In Fig. 330 we have a diagrammatic representation of
this mode of thickening. The perpendicular cylinder, here per-
fectly transparent, represents part of a long tubular vessel, the
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walls of which are composed of the middle lamella very slightly
thickened throughout. The partial thickening, effected by
means of a spiral deposit on the inner surface of this membrane,
is represented by the spiral band, shaded dark, which in the
figure is shown in transverse section at two points, and is seen
to be quadrangular. It projects from the general surface a little
way into the lumen of the tube.

According to the form assumed by these deposnts vessels are
dxstmoulshed as follows : —

(a) Spiral Vessels (Fig. 331, 1.).—In these the deposit forms
a continuous spiral. The spiral either runs throughout in one
direction, e.g., from right to left, or it suddenly bends back and
forms an angle whereby the coils are reversed, and runs from
left to right. The turns of the spiral may either be quite close,
or more or less distant.

(b.) Annular Vessels.— In these the deposits are not con-
tinuous, but are in separate rings on the interior of the cells,
and sometimes incline towards the axis of the vessel (Fig. 331,
II). Annular and spiral vessels are frequently so far com-
mingled that each of the rings just described is connected with
the one following it by a short spiral.

(c.) Sealariform Vessels.—Here the secondary deposits take
the form of short bands arranged perpendicularly to the axis of
the vessel, occupying only a portion of its inner surface (Fig.
331, II1.). These bands are placed so close together, that when
viewed in conjunction with the unthickened parts, the latter
look like so many horizontal slits in the wall of the vessel.

(d.) Reticulated Vessels—In these vessels scalariform ridges
are connected by means of short, vertical bars, so as to give
the cell-wall the appearance of being covered by an irregular
network (Fig. 331, IV.).

(e.) Pitted Vessels—These have their walls pretty regularly
thickened up to the points at which the pits (simple or bordered)
occur. Their structure has already been considered (Fig. 328).

4, —CELL-CONTENTS, CELL-SAP, PROTOPLASM, AND
NUCLEUS.

Generally speaking, the cell may be said to have fluid contents,
although strictly the term fuid cannot be applied to all. We
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have already seen (p. 243) that the cell-contents are not homo-
geneous, but, under normal conditions, are made up of three
different substances, the characteristic properties and relations of
which must now be considered.

A. Cell-Sap.

Irregularly distributed through the contents of each cell are
a number of transparent spaces (see Fig. 323, p. 242), the cell-sap
cavities or wvacuoles. These are filled with a clear, transparent
fluid, the cell-sap. Cell-sap consists mainly of water, which con-
tains, first, mineral matters in solution absorbed by the plant
from the soil by means of its roots; and, secondly, various
organic combinations formed within the organism as the result
of its life.

A certain quantity of cell-sap is of course taken up by the
protoplasm, the nucleus, the cell-wall (comp. p. 244), and certain
granular portions of the cell-contents which have yet to be
described. In combination with these the cell-sap undergoes
further changes.

The vacuoles may therefore be regarded as reservoirs, from
which fluid matter may be obtained by
other parts of the cell as necessity
requires. That such is really the case is
evident from the fact that the vacuoles
in a cell vary much in size and number,
gradually shrinking or suddenly dis-
appearing according as their contents
are slowly or rapidly absorbed by the
protoplasm. On the other hand, again,

Fic. 332. surplus Hluid matter drains off from the
]’ Y + 1 .
m Seporcs of “ (I protoplasm and elsewhere, and increases
Ulothrix zomata; II. Dra- the size and number of vacuoles.

parnaldia plumo:a) ¢ Cilia . .. A N
(see below), v Vacuoles, a Red The increase and diminution in the size

:)m yl:}re:: :lull:l.hM;l(!)lo and number of vacuoles may readily be
ArAnot T IAyers observed in the Amceba (see p. 244). As
sﬁ':inge"m};,grﬁ&ef the naked mass of protoplasm mowes) about
Port.) in the water, pushing out its tiny pseudo-

podia in all directions, vacuoles may often
be seen to appear suddemly in the neighbourhood of the nucleus.
These rapidly increase in size, but suddenly disappear as their iuid
contenis are absorbed by the granular protoplasm, or partly expelled.
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After a time a vacuole again appears at some other part of the
organism, only to have its contents absorbed as before, this process
being continually repeated as long as the Amcehba continues to live.
The vacuoles of many Alga (see below) are also inconstant. Two such
may be seen in Fig. 332. The vacuoles (v) are shown at the pointed
end of each cell, I. containing one vacuole, II. two. In the latter (a
spore of Draparnaldiu plumosa) each vacuole takes some twenty-eight
or thirty seconds to reach its full size, and one or other of them dis-
appears every fourteen seconds.

B. Protoplasm.

Protoplasm is found in every vegetable cell, and is indispen-
sable to its life. All cells which do not contain protoplasm are
dead. ‘

Protoplasm consists of various kinds of organic matter and
water. These form a clear, colourless, transparent. substance,
~ composed mainly of albuminous matters. Throughout this sub-
stance (protoplasm proper) are scattered numerous granules of
various sizes, which give to protoplasm its familiar granular
and somewhat turbid appearance (Fig. 323). Most probably
these granules for the most part consist of fafty matter.

Besides these, protoplasm frequently contains other substances, e.g.,
soluble carbokydrates (comp. p. 244), such as sugar, gum, and the
so-called plastic materials, which later on separate from the protoplasm,
penetrate the cell-wall, and cause its growth by intussusception.

The most important constituent of protoplasm is albumen. The
albuminoid or proteids are organic combinations, built up, so far as is
known, only by plants. They always consist of carbon, hydrogen,
oxygen, nitrogen, and sulphur, the presence of the last two elements
essentially distinguishing them from the carbo-hydrates already men-
tioned (comp. p. 244). The albuminoids contain about 54 per cent.
carbon, 7 per cent. hydrogen, 16 per cent. nitrogen, 22 per cent.
oxygen, and 1 per cent. sulphur. These figures, however, are only
approximate, pure vegetable albumen not having as yet been obtained.
The constant occurrence of a small quantity of sulphur (from 8 to 2
per cent.) in albumen is worthy of note. All albuminoids are soluble
in water under ordinary circumstances, but under certain conditions
(e.g., in combination with alcohol) they coagulate and form thick
white masses not soluble in water.

As regards its physical properties, especially when viewed as

a whole, protoplasm is exceedingly difficult to define, being

neither a fluid nor a solid. If highly saturated with water, it is

almost of fluid consistency, while in other circumstances it may
R
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be slimy, mucilaginous, or even horny. It may perhaps be
most fitly compared to soft wax. Like this under the influence
of different degrees of heat, protoplasm, under suitable con-
ditions, may assume all states
between the perfectly solid
and the perfectly fluid: it is a
highly plastic substance (comp.
p- 243).

Living protoplasm is con-
stantly in motion, even that
which under the microscope
seems to us to be at rest in the
cell. The constant absorption
of fluid matter from the vacuoles,
and its separation again from
the general mass of the pro-
toplasm for the formation of
the cell-wall and other solid
tissues, are in themselves suffi-
cient to exclude the possibility
of permanent rest. Besides

Fia. 333.
L Cells with rotating protoplasm from

a leaf of Vallisneria spiralis. 1w Cell
membrane, p Protoplasm, ¢ Chlorophyll
granules, k Nucleus, n Nucleolus. (The
arrows show the direction in which the
protoplasm moves in each cell) IIL
Nucleus from the upper cell to the right.
A G Different forms assumed by the
nucleus during twenty-six seconds. I.
600 times enlarged ; II. 1000 times

the motion thus originated,
however, the protoplasm in a
cell is frequently seen to be
moving in a certain definite
direction, as may easily be
made out under the microscope.

enlarged.

The protrusion of pseudopodia
by the Ameeba (p. 244) and the so-called rotation and circulation
of protoplasm, are to be classed under this head.

The rotation of protoplasm may be well seen in the cylindrical
cells of the leaf of Vallisneria spiralis (Fig. 333). In longi-
tudinal section, the cells are seen to be rectangular. They are
surrounded by a delicate membrane (w), and ‘are completely
filled with transparent protoplasm. Each contains a large
nucleus (k, comp. p. 243) found adherent to some part of the
cell-wall, and numervus small green granules, to which the
beautiful green colour of the leaf is due (¢, chlorophyll granules,
see below); these, too, are all found in connection with the cell-
wall.  The protoplasm (p) moves round the cell in the direction
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indicated by the arrows. In each cell there is an independent
stream, which always moves in the same given direction, bearing
with it the nucleus and chlorophyll granules. These are thus
carried round and round the inner surface of the cell-wall,
pushed over and under each other, and brought into new posi-
tions.. Each circuit takes about thirty seconds.

Circulation of protoplasm may be studied in the hair-cells of
Tradescantia (Fig. 323, @, p). In these the layer of protoplasm
immediately under the cell-wall gives off numerous thread-like
processes, which pass inwards, and divide the cavity of the cell
into a number of spaces, each of which is filled with sap (s s).
The threads contain many small colourless granules, which pass
down one side of a thread (say the right) and up the other (the
left). Owing to variations in the rate of flow of the current, a
thread may be increased or diminished in thickness, split into
several branches, or amalgamated with another. Sometimes the
granules are deposited on the interior of the cell-wall, some-
times they are all, or nearly all, swept away from it ; so that it,
too, is subject to temporary variations in thickness. The aspect
of cells which contain protoplasm in circulation is thus con-
stantly changing.

The distribution of protoplasm in the cell depends on the age
of the cell, its position in the plant, its functional use, and other
often very variable conditions. In the earliest stages of growth
the cell is completely and compactly filled with protoplasm.
Later on, however, as it increases in size, vacuoles or sap-cavities
are formed, until at length the cell becomes one large sap-cavity,
as it were, surrounded by a thin layer of protoplasm. On the
surface of the protoplasm, where it lies in contact with the inner
surface of the cell-wall, a thicker and firmer layer is usually
developed, which becomes visible as a delicate, colourless line,
free of granules, when the protoplasm is so treated as to cause
its separation from the cell-wall (Fig. 323, III.). If, hdwever,
the cell is full-grown, and no longer capable of division (see
below), the protoplasm often shrinks to such a degree as to form
an excessively thin, or even invisible, layer lining the cell-wall.
When the cell is treated with a water-absorbing solution this
may be again distinguished, as showing a fine double line.
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C. The Nucleus.

One of the normal cell-contents is the nucleus, which lies
imbedded in the protoplasm, usually close to the cell-wall. Its
presence, like that of protoplasm, is an indication that the cell
was a living one. In chemical composition it resembles proto-
plasm, from which indeed it is mainly distinguished by certain
physical peculiarities. It is spherical or elliptical in shape, and
consists of a much thickened mass of protoplasm.

Even in the earliest stages of growth the nucleus is present
in the cell. In young cells, indeed, it is very conspicuous, its
size being almost equal to that which it attains when full-grown
(Fig. 323,I1). Growth takes place much more rapidly and to a
much greater extent in the cell than in the nucleus, so that the
larger the former grows, the smaller does the latter become in
proportion. The nucleus has the power of moving from one part
of the cell to another, as is evident from the fact that, while com-
monly found close to the cell-wall (.., at the side, see Fig. 323,
IL, %, below ; Fig. 333, k), immediately before division it is found
in the centre of the cell, where it remains supported by numerous
bands of protoplasm (Fig. 323, II,, n).

The nucleus is surrounded by a delicate outer layer, which is
reabsorbed at the time of division (see below). Within this is a
homogeneous protoplasmic substance or sap in which are sus-
pended numerous granules of considerable size. These granules
are usually arranged for the most part round the circumference
of the nucleus. On the surface or within the nucleus is the
nucleolus, which is a granule distinguished from the others by
its superior size (see =, Fig. 323, 333). Occasionally several or
many nucleoli are to be found.

It can readily be made out from a study of those cells in which
we find rotation of the protoplasm taking place, that the nucleus
is not a solid but a plastic body. In these it can be seen to
change its shape as it is carried round by the current, so as to
suit itself to the variations of pressure to which it is subjected in
coming into contact with other granules. Fig. 333, 4 to G, shows
the various shapes assumed by the nucleus of a cell of the leaf of
Vallisneria spiralis, during a single revolution of the protoplasm
(time twenty-six seconds).
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5.—~OTHER CELL-CONTENTS.

While cell-sap, protoplasm, and the nucleus regularly form a
part of the contents of all living cells, there are other granular
or partly solid matters which are restricted to certain special sets
of cells, and are necessary only for the performance of special
vital functions, or are the result of a special kind of vital
activity. Of these we must notice, first, chlorophyll corpuscles
and starch granules; secondly, protein granules, inulin, and
crystals.

A. Chlorophyll Corpuscles.

The green colour peculiar to certain parts of plants, and not
found in animals, is duve to the presence of chlorophyll cor-
puscles in all or certain of the cells of which such parts are
composed. Cells containing chlorophyll are found in all plants
with the exception of the fungi, none of which have as yet been
found to contain any true green colouring matter.

Chlorophyll assumes the form either of rounded granules,
bands, or irregular masses. The latter forms are specially well
seen in many filiform Alge, particularly in the genus Spirogyra
(Fig. 334). In these the chlorophyll
masses pass along the cylindrical cells
as two intertwining spiral bands. The
spirals of cl}loro‘phyll in Spirogyra are Fro. 834,
shown in ng. 334: the rest of the cell- Spiral chlorophyll bands in
contents being omitted. the cell of Spirogyra. 300 times

In most plants the chlorophyll cor- enlarged:
puscles are rounded, elliptical, or oval in shape (Fig. 335),
when they can easily be distinguished, unless too closely packed
together. The cells of some plants contain only a few or even a
single chlorophyll corpuscle. In the latter case the corpuscle is,
of course, very large. Usually, however, the cell contains a large
number of corpuscles, which either occupy the entire cell or lie
close together round the inner surface of its wall. They are
always imbedded in the protoplasm, and are never found in the
vacuoles.

The substance of which the chlorophyll corpuscle consists is
similar to, if not indeed identical with, protoplasm. It differs,
however, from ordinary protoplasm in having no granules
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scattered through it. The corpuscle is not hard and brittle, but
soft and plastic, and is throughout of a beautiful green colour,
due to the presence of chlorophyll in its substance. The
chlorophyll may be extracted by means of benzoline, ether, or
absolute alcohol, and the protoplasmic matrix in which it was

Fie. 335.

Cells with chlorophyll granules.—I. From the leaf of Marchantia poly-
morpha ; 200 times enlarged. II. Do. single granules; 900 times
en]nrged III. Do. from the leaf of the en bean (Vtcta Faba) ; 300
times enlarged. IV. Do. single granules; 900 times enlarged. V.
From the leaf of a banana (Strelitzia Nicolm) ; 300 times enlarged. &k
Nucleus, p Protoplasm, a Starch granules, ¢ Epidermis, s Stoma, A Air-
space (see p. 282, k).

held suspended left colourless. If green parts of the plant are
steeped in alcohol, they lose their colour in a few days, while
the alcohol (at least in the dark) assumes a beautiful green tint.

According to recent investigations the following is the structure
of the chlotophyll grain :—The protoplasmic matrix is of spongy
texture, and forms a toughish framework, honey-combed by innumer-
able minute cavities. The interstices of this framework are everywhere
permeated by an oily fluid called hypochlorin, which may be extracted
by proper treatment, and is found to be of a somewhat crystalline
nature. The green colouring matter is held in solution in this oil.

The chlorophyll corpuscles are at first extremely small, but
increase in size as they grow older. Finally they divide, two
corpuscles thus appearing in place of one.

In most plants starch granules are formed within the chloro-
phyll corpuscles (Fig. 335, I, IV. a). These appear at first as
minute points, which gradually increase in size as the corpuscle
grows older. Usually there are several starch granules contained
in one chlorophyll corpuscle, and these as they grow appropriate
almost all its contained space, its green protoplasmic contents
Leing reduced to a thin, filmy envelope.
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It would seem that the starch granules are formed from the hypo-
chlorin of the chlorophyll corpuscles. To this statement the bananas
form an exception, the oil contained in their chlorophyll corpuscles
never being elaborated into starch (Fig. 335, V.).

In certain stages of the plant’s life the chlorophyll grains
decay and disappear. In most trees, &c. this happens in autumn,
and shows itself in the change of colour of the leaves previous
to their falling off. The starch granules are then converted into
a saccharine fluid, in which form they are conveyed to the trunk,
where they are again transformed into starch, and stored up in
the permanent tissues of the plant. Meanwhile the green
colouring matter decomposes, its place being taken by yellow
or orange coloured granules, or a reddish fluid. To these changes
are due the brilliant tints assumed by fading leaves.

B. Starch Granules.

The cell-contents hitherto considered have been of a more or
less fluid nature. In the starch granules we now for the first
time meet with the truly solid contents of the cell.

Starch granules are usually formed in full-grown cells; they
represent the surplus of the nutritive material elaborated by the
plant, which is stored up for the formation of new tissue later on.
Every cell containing starch granules forms, therefore, a store of
food upon which the plant may draw whenever necessity requires.

Starch granules (Fig. 336) are elaborated from protoplasm, in
which starch-forming materials are held in solution. The granule
orginates as an extremely small, rounded body, and increases in
size by intussusception.! When fully grown it is marked by
concentric strize, indicating the laminz of which it is composed.
These lamina are alternately of more or less fluid consistence,
and are arranged around the centre of growth, which is usually
a somewhat eccentric point, as growth does not take place
equally in all directions. Hence, too, starch granules are usually
oval in shape (Fig. 336, I.). Rounded and lenticular granules
are, however, also met with (Fig. 336, I11.), as are also granules
of irregular shape (e.g., in the milky juice of Euphorbias). When
the starch granules are much crowded together in a cell, they
press on one another in developing, and consequently assume a

polyhedral form.
1 See p. 246, note.
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Under the microscope the starch granule presents an entirely
colourless appearance; it consists of a loose framework of a

Fie. 336.

Starch Granwles.—1. Parenchyma cell from the
tuber of the potato (Solanum tuberosum), crowded
with starch granules: 150 times enlarged. II.
Single granules from the same cell, showing the
lamine (at a crack); 600 times enlarged. IIL
Starch granules from the endosperm (albumen,
comp. p. 78) of wheat (T'riticum vulgare); 600
times e

cellulose-like substance called starch-cellulose, and of a second
substance called granulose, which is deposited on or about this
framework. Granulose constitutes the starch proper.

Starch or amylum (C,H, ,0;) is a carbohydrate (comp. p. 244) of
the same chemical composition as cellulose, a substance into which
it appears capable of being readily transformed. Starch is a white
powder (potato starch) which, when properly treated (e.g., with
diluted sulphuric acid), first becomes soluble, and finally is trans-
formed into sugar (grape-sugar). The conversion of starch into grape-
sugar takes place within the chlorophyll corpuscles (p. 262) in the
dark. On the addition of water, the envelopes of the starch granules
burst when the temperature is raised to 50° or 60° C. The granules
are then enabled to absorb a large quantity of water, and swell up
into a structureless jelly-like mass. Starch granules may be rendered
readily distinguishable under the microscope by the addition of a
drop of solution of iodine in iodide of potassium. The starch granules
then become dark blue, or almost black in colour, unlike any other
constituent of vegetable tissue. This solution is thus a characteristic
reagent for starch.
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The starch-cellulose and granulose of starch are capable of separa-
tion by soaking in saliva kept at a temperature of 50° or 60° C. In
some cases a few hours will suffice to effect the separation, in others
the process takes several days. The saliva dissolves out the granulose,
and the starch-cellulose framework is left behind. The latter will not
form a jelly, and is rendered yellow, not blue, by the action of iodine.

In course of time starch granules are disintegrated, or con-
verted into soluble starch (dextrin). In many cases this takes
place by the reabsorption of the lamine from the surface in-
wards. In others the disintegration goes on irregularly, and the
grain assumes a worm-eaten appearance. Occasionally, too,
disintegration proceeds from the centre to the surface instead
of from the surface to the centre, as commonly happens.

Starch is a substance universally diffused in the various organs
of the plant; it will come up again for consideration later.

C. Protein Granules, Inulin, and Crystals.

(1) Protein or Alewrone Granules are chiefly found in the
cotyledons of mature seeds, and, like starch, forin a reserve store
of nutritive material. They consist of small grains of albu-
minous substance, and are therefore in chemical composition
closely allied to protoplasm. The protein granules often contain
crystals of calcium oxalate (see below), and always a certain
number of globose masses of magnesium phosphate.  Protein
granules are utilised by the plant in much the same way as
starch granules. As the seed develops they dissolve, and
are carried in solution to those parts where growth is taking
place most actively, where they are built up into the tissues of
the plant. They frequently enter into combination with starch
granules in the same cell (e.g., in the cotyledon of the pea).

(2.) Inulin is a starch-like substance abundant in the root-cells
of many plants, particularly in those of Composita. It is chiefly
interesting from the fact that, unlike the cell-contents we have
hitherto considered, it forms part, not of the protoplasm, but of
the cell-sap. It exists in solution in cell-sap, from which,
however, it may be precipitated in the form of rounded crystals
(see Fig. 337).

Inulin is obtained from the tissues containing it (e.g., the tubers of
the sunflower, dandelion, dahlia, &c.) by steeping these in alcohol,

The inulin is then precipitated in the form of minute crystals, which
are rendered more distinct by the addition of water (Fig. 337).



266 THE CELL.

(3.) Crystals—Crystals form a very common constituent in
the contents of the vegetable cell. They consist for the most
part of oxalate, or of carbonate of calcium, and assume the most
diverse shapes. They appear either singly (Fig. 338, I., IL.) or
in aggregate masses (ITI.). Frequently they are needle-shaped,

ke
\\2 1

Fia. 337. Fie. 338.
Fig. 337.—Rounded crystals of inulin in a cell of the dahlia-bulb
(Dahlia variabilis) ; 500 times enlarged (after Sachs). Fig. 338.—
Crystals from vegetable cells: I. Of carbonate of calcium (rhom-
boidal). II.-V. Of oxalate of calcium. II Four to eight sided,
with truncated ends. IIL Crystal from the nectary of Malva ;
600 times enlarged. 1V. a b, Crystals from the leaf of the fuchsia ;
450 times enhrfed. V. Cell from the pulp of the rose fruit, in the
centre a crystal (k), supported by bands of cellulose (c). (V. after
Poulsen).
and arranged in dense bundles parallel to the long axis of the
cell. Such crystals used to be termed raphides; they occur
in the leaves of the fuchsia, in most species of cactus, &ec.
Occasionally large crystals are found occupying the centre of
the cell, where they are supported by processes from the cell-
wall (V.). Finally, crystals are sometimes found in the cell-wall
itself, e.g., the silica crystals already referred to (p. 248), and
the calcareous crystals of the Coniferw. The incorporation of
calcareous crystuls in the cell-walls of other monocotyledons

and dicotyledons is not very common.

6.—ORIGIN OF CELLS.

The growth of the plant is effected not only by the individual
enlargement of the cells of which all its tissues are composed,
but by their increase in number.
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The cell is at first extremely minute, and shows little or no
differentiation of parts. The thin outer membrane encloses a
nucleated mass of protoplasm in constant movement. Later on,
the protoplasm shrinks, and becomes small in mass compared
with the cell-sap. As this takes place, the cells become
specialised for the performance of their allotted physiological
function, those especially rich in chlorophyll acting for the
elaboration of new nutritive material, those especially rich in
starch for the storing up of the surplus supply.

Cells in the earliest stages of growth are remarkable above all
others for their power of division. Cell-division takes place in
geometrical progression. First, the parent cell divides into two;

Fig. 339.

Cell-division.—Origin of guard-cells of the stomata in the leaf
of Iris pumila (for explanation see text). 880 times enlarged.
—(After Strasburger.)

these again each divide into two and so on, until the single cell
becomes a tissue.

New cells may be formed in different ways. With a few
exceptions, which will be noticed later on (Part V.), new cells
arise by division or segmentation (of a parent cell), by free-cell
Jormation, or by conjugation.

(1.) Cell-Division or Segmentation.—Cell-division is always
preceded by certain peculiar changes in the nucleus (comp.
p. 260), that structure being in fact chiefly concerned in the
process. In the absence of the nucleus, no division could take
place; all cells capable of division are nucleated. The process
of cell-division is very beautifully illustrated in the development
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of the guard cells on either side of the stomata in the leaves of
monocotyledons (Fig. 339). Shortly before division the parent
cell presents the appearance shown in I. It is uniformly filled
with granular protoplasm, and the nucleus is as yet in a state of
rest; in the latter the outer envelope, two nucleoli, and granular
contents are to be distinguished. The first sign of approaching
division is seen in the granules of the nucleus, which first
become coarse (IL.), and afterwards assume a curved, rod-like
form (IIL.), while the outer envelope disappears. Next the
nucleus becomes spindle-shaped, and its granular contents collect
at its centre in the form of a plate or band,—the nuclear plate.
The two halves of the nucleus each appear to be composed of a
bundle of threads radiating from the pointed end towards the
centre (IV.). Division now takes place across the nuclear plate,
and the granular protoplasm separates into two masses (V.).
These collect at either end of the nucleus, and maintain a con-
nection by means of numerous delicate protoplasmic threads
(VL). Each mass next develops an investing membrane, and
the cell presents the appearance of having two distinct nuclei,
connected with one another by threads of protoplasm (VIL),
their rod-like appearance being still distinctly visible.

With the division of the nucleus the first stage of segmenta-
tion is complete, and the second stage, the division of the cell
itself, now commences. The threads connecting the two nuclei
spread out in the middle towards either side, a layer of minute
granules appearing across the part where this extension is most
marked (VIIL). These granules are derived from the cell
plasma, and hecome incorporated with the connecting threads.
The threads continue to extend until they, and with them the
granular layer or ccll-plate, meet the wall of the parent cell (IX.).
The granules of the cell-plate at first consist of starch, being
coloured blue by iodine. They are rapidly transformed into
cellulose, however, when the plate assumes a homogeneous
appearance, and becomes the primary external membrane of the
new cell (X.). The new cell-membrane usually possesses the
property of permeability in a high degree. With the develop-
ment of the cell-wall, the mass of threads connecting it with
the nuclei disappear, and the contents of these are now seen
to resemble those of the nucleus of the original cell (see 1X.
and X.).
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(2.) Free Cell Formation.—Another mode of cell multiplication
is that by which a large number of young cells are simultaneously
developed from a single parent cell, as regularly happens in the
case of many Alge. By way of example we shall here consider
the 'so-called spores of Botrydium granulatum, an alga already
described and depicted on p. 250. A specimen of Botrydium
being kept in water for some days, the earth can easily be
removed from its roots (w) without injury to the plant, which is
then ready for examination under the microscope. If kept on
the slide in a drop of water, the membrane surrounding the
balloon-like head (a) is observed gradually to thicken and swell
up, showing meanwhile distinct traces of lamination (Fig. 340,
1). At the same time the protoplasmic contents get broken up
into minute portions, which, owing to their great number, cannot
I

y

Fie. 340.

Zobspores of Botrydium granulatum. — I. The cell
with spores issuing from it, fifteen times enlarged ; IL
Spores in motion, fifteen minutes after leaving the
parent cell ; IIL Spores at rest—the cilia gone, 1000
times enlarged. a Part of alga above the surface ; w
Root ; ¢ Cilia ; b Cell-wall ; ¢ chlorophyll corpuscles.

at first be really distinguished from each other. During the
night the distended membrane of the parent cell finally gives
way at one point or another, and the young cells are set free (s).
The whole mass is in a state of active motion, each individual
spore continuing to swim about for some time. Each spore is
surrounded by a delicate membrane, and is similar in shapé to
the parent cell. It contains a quantity of granular protoplasm,
and from one to four large bright green chlorophyll corpuscles
(c?, IL). At the pointed end of the cell is a long, colourless,
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hair-like process, the ciliwm, by the vibration of which the
organism is enabled to move hither and thither. On account of
their ability to swim about freely like young animalcules, such
ciliated cells are termed zodspores.

After having continued in motion for some hours, the zogspores
eventually come to rest. They lose their cilia and become
globular in shape; the cell-wall thickens (b, IIL.), and the active
little organisms settle down to the normal stationary vegetable
existence.

Fig. 327 (p. 250) represents a plant of Botrydium granulatum, as
it appeared at eleven o'clock in the forenoon. The whole plant is
there shown, the earth being entirely washed from its roots. Fig.
340, 1., shows the upper portion of the same plant as it appeared at 2.15
next morning. The vesicles in the
zoospores are formed by portions of
the watery cell-contents of . In
II. we have six active zoospores as
observed at 2.30 A.M., and in IIL
three zoospores at rest, as seen at
9.30 a.m.

Conjugation.—This mode of cell-
multiplication is characteristic of
the filamentous Alge, in which it
may readily be studied. The fila-
mentous Alge are to be found in
every ditch and pond, where, espe-
cially in spring, they are to be met
with in the shape of greenish filmy
or fleecy masses. They consist
each of a thread composed of single
cylindrical, elongated cells, placed
end to end. Immediately before

Fic. 341. the process of conjugation takes

Conjugation in Spirogyra cells.— place, two threads (s.c., two plants)

L deT;":t filaments ;‘nugzdb:gl?n;ikz range themselves parallel to each
to form; b Processes in contact; other, so that their cells lie oppo-
¢ Protoplasm paming from ene 21 site and almost in contact. From
conjugation ; 0 o Its cells in diffe- the sides of every pair of cells
rent stages ; 430 times enlarged. ;000055 mext arise (Fig. 341,
1., a), which grow out towards one another, until they finally
meet-(b). Their separation disappears, and direct communica-
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tion is established between the interiors of the two cells (c).
Meanwhile the contents of both sensibly contract, and collect
into an egg-shaped mass. When the cells are placed in com-
munication, the contents of the one pass over and mingle with
those of the other, the two together forming an oval granular
mass scarcely larger than the contracted contents of the single
cell. The new mass of protoplasm (o, IT.) becomes coated by a
firm membrane, remains for a time unaltered, and finally deve-
lops into a new filament by the ordinary mode of division.

II.—VEGETABLE TISSUES (HISTOLOGY),
1.—MobpEs oF CELL-UNION.

In the foregoing chapters we have devoted ourselves to the con-
sideration of the vegetable cell, its structure, origin, and develop-
ment, without inquiring whether it, by itself, constituted the
organism, or was only a part of the organism. We shall now see
how cells unite to form the multicellular organism, and lose their
individuality in the performance of functional activities for which
the co-operation of a large number of similar cells is necessary.

Vegetable organs consisting of a single cell are rare, and are
confined to the lowest groups. Such a unicellular plant is
shown in Fig. 342, which represents an alga (Closterium lunula).
The cell is enclosed in a firm mem- gx
brane, is crescentic in shape, and con-
tains numerous chlorophyll grains, ) :
with larger starch granules arranged Fic. 342.
in fourrows. The nucleus is situated A unicellular alga (Closterium
in the white spot at the centre, and ;%%“ﬂegzmh:af)md“m'
at either end of the organism is a
colourless vesicle, containing a number of minute crystals in con-
stant vibratory motion. This tiny plant derives nourishment
from the water in which it lives, and multiplies by a peculiar
process of conjugation.

Cells may unite to form a tissue in one or other of three ways,
namely, by placing themselves in juxtaposition in one, two, or
three directions.

When cells are attached to one another in one direction only,
the result is a filament. Such an arrangement is seen in the
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filamentous Alge already mentioned (Fig. 334, Fig. 341), eg.,
Spirogyra, Zygnema, Conferva, (Edogonium, &c. The filaments
occasionally branch, as in Cladophora, Bulbochate, Chrodlepus.
In the higher plants, the filamentous arrangement of cells is
found only in hairs and hair-like structures, e.g., the staminal
hairs of Tradescantia, the hairs of the Malvaces, &c.

Again, cells may unite to form a tissue by attaching them-
selves one to another in two directions. The tissue, then, has
length and breadth, but has only the thickness of a single cell.
Tissues of this kind are somewhat uncommon ; the leaves of
most mosses and scale-mosses may be taken as examples.

Finally, cells may unite to form a tissue by attaching them-
selves to each other in all three directions, as is the case with
the tissues of all the higher plants. The tissue, then, has length,
breadth, and thickness, The manner in which cells thus usdite
depends on the form of the individual cells, and on whether
there are several or only one species of cell entering into the
composition of the tissue.

Supposing that a tissue was composed entirely of cubical cells,
these might then be arranged in layers so as to leave no inter-
spaces between them. The same might occur if the cells were
all regular three or six sided prisms.

If, however, the cells of a tissue are irregular or rounded in
shape, smaller or larger spaces—intercellular spaces—will be left
at the points where three or more meet.
Fig. 343 represents a cell from the pith
of the elder; w ware the common walls
of this and adjacent cells; ¢ ¢ the inter-
cellular spaces left where three cells
meet. Here these are small and tri-
angular; in other tissues, especially if
composed of rounded cells, they are
: large, and three, four, or more sided

Fic. 343. (comp. Fig. 329, p. 253).
eldg"%':%&f ,‘:};‘;“;’f she " Another phenomenon, by no means
:mg:]rn'l:lrlged.' I ;J;:ET: ; uncommon in vegetable tissues, is the
spaces. occurrence of intercellular passages.

These are distinguished from intercel-
lular spaces chiefly by their size. They form large cavities, the
sides of which may be formed by four, six, eight, or more cells,
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and serve for the passage either of air or sap through the tissues
of the plant.

The intercellular passages are well seen in Fig. 344, which
shows a portion of a cactus style (Rhipsalis pachyptera) in
transverse section. That part of the tissue marked ¢ ¢ is com-
posed of small polygonal cells, united so as to leave no inter-
spaces either between one another, or between themselves and
the adjoining vessels (9). A second portion (p p) is com-

T16. 344.

Tissue of a cactus style in transverse section
(Rhipsalis pachyptera) ; 300 times enlarged. e Epi-
dermis ; p Fundamental parenchyma; ¢ Prosen-
chyma cells with delicate external envelope; g g¢
Groups of vessels ; I ! Intercellular passages.

posed of large rounded cells, between which intercellular spaces
of moderate size occur. Here, too, are two large intercellula
passages (/) ; in this case they do not serve for the admission
of air, but are filled with brownish coloured fluid.

The Common Cell-Wall—As has already been mentioned
(p. 267), the two young cells formed by division of a parent cell
are separated from each other by a common membrane, which
is formed, after the division of the nucleus, from the granular
layer, dividing the protoplasmic threads which connect the two
resulting nuclei. It therefore follows that each pair of adjacent
cells are originally separated by a single common partition, and
not, as was formerly assumed, by a double wall, of which one
side is developed by one cell, the other by the second. This
common partition, however, subsequently splits along its length,
as is shown by the presence of the intercellular spaces (Fig. 343),
and by the fact that when boiled many parenchyma cell-mem-
branes are capable of being mechanically split up, as above

8
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indicated. We are therefore justified in believing that the wall,
originally common to two cells, becomes in the course of growth
differentiated into two halves, each of which belongs to a

separate cell.

2.—TISSUES IN THE EARLIEST STAGES OF GROWTH.

Among the higher plants the youngest or least developed
parts are always'found at the tip, new organs (leaves, flowers,
&c.) always originating from

that part of the growing shoot.

In a section made through the

leaf-bud of a tree, for example

(see Fig. 22, ante, p. 17), we

can easily distinguish the young

axis (a). At its upper end

is a rounded prominence, the

youngest part of the plant,and

that from which new organs

are subsequently developed:

this is the growing poimt. It

F1e. 345. is shown in the section of the

Section across the tip of the stem of a
young horse-chestnut (£sculus Hippo-
castanum) ; fifty times en —
Growing plant ; B!, B?, B3 B¢ the
two youngest pairs of leaves; f f 13
Vascular bundles of the second youngest ;
S* f! Vascular bundles of youngest;

horse-chestnut bud represented
in Fig. 345.

The growing point consists
of a tissue of minute polygonal
cellswithunthickened walls. No

m Pith or medulla. X
intercellular spaces are present,

and the process of division goes on with great activity. The
cells are filled to overflowing with protoplasm, and certain large
nuclei. Cells of diverse shape do not exist. Tissue of this kind
has received the name meristem, or, from the fact of its forming
the origin of all the other tissues of the plant, primary meristem.
Fig. 346 shows the primary meristem of the receptacle of a
flower .of deadly nightshade (Atropa belladonna). The tissue
is seen to be entirely formed of polygonal cells with unthickened
walls. The cells in longitudinal section are four, five, or six
sided. Not even the superficial layer (o) is differentiated from
those underlying it.

To return to the growing point of the horse-chestnut. If the
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part v in Fig. 345 be highly magnified, we find it to consist of
tissue very similar to that just described as belonging to the
receptacle of the flower
of the deadly night-
shade. The upper part
is composed of the same
polygonal cells, and
there is the same want
of differentiation in
the superficial layer.

Further down, how- .
Meristem (m) from the receptacle of Atropa bella-
€ver, we come upon &  donna,—o Superficial layer ; 300 times enlarged.

layer in which the

cells differ in shape, and in the texture of their outer walls,
from the preceding. They are arranged in vertical (m m) and
horizontal (f f) rows, and are distinguished from the cells
overlying by the greater thickness and strength of their walls.
This is the beginning of the differentiation of the primary

F1G. 346.

Fie. 347.

Longitudinal section through the growing point of the horse-chestnut (&sculus
Hippocastanum) ; 600 times enlarged.—B' B? Youngest pair of leaves; u Un-
differentiated meristem ; e ¢ Superficial h.{er ; m m Cells forming the medulla ;
f f Fibro-vascular bundles in course of development.
meristem into pith, vascular bundles, and cortex or rind, tissues
with whose structure and function we shall become further
acquainted by-and-by. The fact to be noted in the meantime
is that they all originate from the meristem. It is difficult and
often quite impossible to say where the meristem ends and the
differentiated tissues begin, the transition from the one to the

other is so gradual.
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In the higher plants a considerable number of cells go to the
formation of new organs, but in the lower forms (alge, mosses,
ferns, horsetails) these originate from a single cell. This com-
mon parent cell is found at the growing point of the young
shoot, and is termed the apical cell. That of Marsiliu uncinate
(a plant related to the ferns) is shown in Fig. 348. Close beneath
the growing point arise the youngest leaf-shoots, two of which
are seen in Fig. I. At the end of each shoot is a large cell, the
walls of which are rounded externally, but run down obliquely
on the inside (ss). This is the apical cell; it is usually very
distinctly nucleated. All the cells below the apical cell have
developed from it in the order shown in Fig. 348, II. At the

Fre. 348.

The apical cell.—Leaves of Marsilia uncinata. I. Two young
leaves, viewed from the front ; II. Dintinmmﬁc representation
of one of the same ; III. Do. from the side. s Apical cell ;
600 times enlarged.

point where the leaf is now found was originally only the large
rounded apical cell ; this in course of time divided, the wall 12
placing itself obliquely to its long axis. By-and-by the wall
11 was developed, so that the young leaf was now composed
of three cells, the apical cell and two others derived from
it. Division of the apical cell now continued, new cells being
developed to the right and to the left alternately, in the order
indicated by the numbers 10, 9, &c., 1 being the last to appear.
In the event of further division taking place, a new cell would
be formed parallel to 2. The secondary cells themselves divide
into segments, and hence we have the complex assemblage of
cells shown in I. IIL is a shoot similar to I., but turned
through an angle of 90°; the cell-walls are here seen only where
they meet the surface of the young organ.

The development of the root takes place in a similar manner
to that of those parts of the plant which appear above the
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surface. In the higher plants the growing point is composed of
a larger or smaller number of cells; in the lower plants, of a
single apical cell. The subject will be further treated of in a
subsequent chapter.

3.—THE SYSTEMS OF TISSUES.

If a full-grown stem, say that of an herb, be cut across, we
find it to consist of two sorts of tissue, very easy to distinguish
from each other (Fig. 349). The tissue of which it is mainly
composed is of uniform consistency, and is made up of rounded
unlignified cells, with intercellular spaces between them (p. 272).
This is the parenchyma or fundamental tissue.

Irregularly scattered through the fundamental tissue are numer-
ous groups of cells, chiefly distinguished from the others by the
fact that their walls are much thickened, and frequently lignified
(9)- In longitudinal section these are seen to be greatly
elongated (comp. p. 250), the tissue which they form being
termed prosenchyma. This tissue always contains vessels (comp.
p- 250), which traverse the stem in the long direction, forming
the vascular or fibro-vascular bundles.

The cells composing the superficial layer of fundamental

Fia. 349. Fic. 350.

Fig. 349.—Transverse section of the stem of a monocpty!edon '(A:pidiatra datwr)
Fig. 850.—Do. of the stem of a dicotyledon (Kerria japonica) ; ﬁf‘teen. times
elzfnged. ¢ Epidermis, r Rind, m Medulls, g Fibro-vascular bundles (in Fig. 349
scattered, in Fig. 350 arranged in a circle).

tissue (¢) are distinguished from those underlying them by the
superior thickness of their outer walls; they form the epidermis
of the stem. )



278 EPIDERMAL TISSUE.

These three tissues, the epidermis, the fundamental tissue, and the
[ibro-vascular bundles, are found even in the simplest full-grown stems.
We shall presently see, however, that in many, nay in most stems,
these tissues develop in very different ways, and are each capable of
distinction into different layers.

Distribution of the Fibro-vascular Bundles through the Funda-
mental Tissue (Monocotyledons and Dicotyledons).—In the higher
or phanerogamous plants the fibro-vascular bundles are dis-
tributed through the fundamental tissue in two ways, the one
-peculiar to the monocotyledons (comp. pp. 100-102), the other
to the dicotyledons (comp. pp. 115-116).

In the case of the monocotyledons (Fig. 349) the fibro-vascular
bundles are seen in transverse section to be irregularly dis-
tributed through the stem, without being confined to any
particular region.

In the dicotyledons, again (Fig. 350), the fibro-vascular bundles
are seen in transverse section to be arranged in a circle round
the central portion of the stem (g), and are placed (at least in
full-grown stems) so close together that they divide the funda-
mental tissue into two well-defined parts,—the medulla (m) or
central portion, and the cortex (r) or peripheral portion.

From the foregoing it is evident that the higher plants fall naturally
" into the two groups of monocotyledons and dicotyledons. e shall

further see that the fibro-vascular bundles are also different in structure
in the two classes.

4. —EprIDERMAL TISSUES.

All tissues forming the external investment of the vegetable
organism are so modified as to withstand successfully variations
of temperature, &c., which might prove injurious to the delicate
underlying structures. We therefore find the epidermal tissues
best developed in those organs which are most exposed to the
injurious agencies above referred to.

As a rule, only the superficial layer of cells undergoes modifi-
cation, cases in which the underlying layers also become moditied
being rare. Along with the epidermis proper, we shall consider
the hairs, the stomata, and the barl.

A. The Epidermas.

The superficial layer in the stem, leaves, &c. is almost alway~
distinguished from the subjacent layers by the peculiar develop-
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ment of its cell-walls ; it is termed the epidermis. The epidermis
is always composed of cubical, prismatic, or flat-shaped par-
enchyma cells. They are commonly arranged in rows, in such
a manner that the long axis of each cell corresponds with that

.
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Fia. 351. Fia. 352.

Fig. 351. —Epidermis cells from the leaf of Strelitzia Nicolai ;
removed by treating the leaf with boiling water; 200 times enlarged.
Fig. 852.—The same from a one-year-old stem of Kerria japonica,
in vertical section ; 600 times enlarged. ¢ Epidermis cells, w Thickened
external surface, ¢ Cuticle, s Subcutaneous layer, r cortical cells.

of the organ on whose surface it lies (Fig. 351). In cross-section
the epidermal cells are quadratic or oval (¢) in shape, and are on
three sides enclosed by walls similar to those of ordinary cells.
The fourth side, however (that, namely, which constitutes the
outer surface), is very strongly developed ; its thickness varying
according to the toughness of the surface of the organ to which
it belongs. The outermost portion of the cell-wall is invested
by a delicate membrane which runs continuously over the whole
epidermis. This membrane, the cuticle, is composed of a layer
of cork substance (suberin, p. 248), and is frequently much
corrugated. -

The cuticle is of great service in relation to the circulation of
sap in the plant. It is close and firm in texture, and has incorporated
with its substance minute particles of resin or wax. The cuticle is
capable of absorbing moisture resting on the surface of the organ it
covers, while it prevents the sap contained in the tissues of the plant
from passing out and being evaporated.

The layers of cells lying immediately below the epidermis sometimes
differ from the rest of the fundamental tissue in a remarkable manner.
Thus in Fig. 352 we see beneath the superficial epidermic layer a layer
of cells with thickened walls (s 8), under which we first meet with the
usual thin-walled parenchyma cells (r). A layer of permeable collen-
chyma tissue is also sometimes found beneath the epidermis, the cells
of which are similar to those already described on p. 246.
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By peculiar modifications of individual epidermic cells, hairs
and stomata are formed.

(1) Hairs.—Hairs (comp. p. 79) originate by the extra-

ordinary development of an epidermic cell in the long direction

(Fig. 353). If during the develop-

ment of the cell no internal division

takes place, the hair is said to be

unicellular (IIL); in other cases it

is said to be multicellular (I. and

IL). Hairs vary much in shape.

Unicellular hairs are usually cylin-

drical and pointed, while multicel-

lular hairs are frequently clavate.

If the terminal cells are rounded

and much larger than the others, the

hair is said to be capitate. Stellate

hairs are those in which the cell

from which they originate has be-

come branched. Prickles are hairs

Fig. 353. composed of cells having lignified

Hairs.—L Multicellular capitate W811S-
hair from the nectary of Abutilon In many plants the cells constituting

Hildebrandii, 600 ti ; . . . .
IL. Mulﬁ;‘ﬁuﬁf ;unﬁsl_”lﬁ?i:l} the hairs attain a considerable size,

lular hair from the style of a separate from the parent organism, and,
species of Hibiscus, 400 times en- under favourable circumstances, develop

mu g_::; d:::ecltl)l the cell- jnto new plants. This peculiar pheno-

menon is characteristic of many mosses.
We shall here trace out the various steps of the process in a liver-wort,
Marchantia polymorpha (Fig. 354).

Marchantia polymorpha is a delicate green, moss-like plant. It
attains a length of several centimetres, and is attached to the ground
by numerous thread-like roots which spring from its under surface.
Besides the fruits, there sometimes appear on the surface of these
plants tiny cup-like structures, containing numerous small cellular
bodies. When full grown, the latter separate from the cups in which
they have developed, and fall to the ground, where, if sufficiently
supplied with light and moisture, they develop into new plants. They
are technically termed gemmez: their development is as follows : —
A hair-cell—one of the epidermic cells forming the lining of the cup-like
structure—begins to project above the other, and is divided in two by
the partition a (I.). The cell is thus divided into a superior and an
inferior half. Further division takes place in the superior half by the
development of two more partitions parallel to a (b, e, IL.), after which
the vertical partition d. The process continues until the structure
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assumes the form shown in IV. and V., the three original segments
being marked by stronger lines. The superior half is now multi-
cellular, while the inferior half (/) remains unicellular. In the next
stage (VL) the process of cell-division makes rapid progress, develop-
ment, however, in the part between b and ¢ not keeping pace with that
of the rest of the tissue. This becomes gradually more and more
marked (VIIL), a depression being now distinctly discernible at the
point above indicated. When nearly full grown the structure consists

Fi16. 354.

Development of gemme in Marchantia polymorpha.—I. Epidermic cells,
upon which lies the apical cell from which the gemma is developed ; the
first two segments are already present, separated by a partition at a. II.
The same, with two additional segments (b c) developed parallel to a.
II1. The same, showing the segments divided by a vertical partition, d.
IV.-VII. Successive stages of development. The segments increase in
number, the primary partitions being marked by stronger lines ; the cell
(f), upon which the whole structure rests, can now easily be distinguished.
In VI. and VII. a multicellular tissue has been formed. In VIIIL we
have the full-grown gemma, composed of a tissue of parenchyma cells, and
slightly cleft at & (i.e., between the segmentsbandc). The cell-contents
are indicated in I., IL., IIL, and VL. ; they are omitted in the other
figures for the sake of clearness. L-VIL. 600 times enlarged ; VIII. 200
times enlarged.

of a tissue of parenchyma cells, is rounded in shape, has two lateral
indentations, A k (corresponding to b c), and is supported on the
inferior cell, /. After separation from the cup, young shoots arise from
the indentations.

From the foregoing it appears that the original hair-cell is similar to
the apical cell already described (p. 276), and the process of develop-
ment of the gemma of Marchantia resembles in many important
respects the development of the leaves of Marsilia.

(2.) Stomata. — Stomata are to be found in the epidermis
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of most green parts of the plant. When the epidermis is torn
away from the under side of a leaf, we see, interspersed among
the ordinary epidermic cells (e, Fig. 355), a number of crescent-
shaped cells arranged in pairs opposite to one another. These
are the stomata (s). They are found by hundreds in every
leaf, and are distributed with more or less regularity. Thus,
in the example shown in the figure (leaf of snowdrop), they
always occur where the narrow ends of two epidermic cells
come into contact.

Fi1e 365. - Fia. 356.

Stomata. —¥ig. 355.— Portion of epidermis from the under side of the leaf of
Leucojum vernum, 300 times enlarged. ¢ Epidermic cells ; s+ Guard-cells. Fig.
856.—Stomata in a transverse section of the ovary of Agapanthus umbellatus, 600
times enlarged. s The two guard-cells, containing protoplasm and starch granules
(a) ; below, the air space (R), here bordered by five parenchyma cells ( p ), all con
taining chlorophyll corpuscles (5) and two of them with a nucleus; ¢ Epidermic
cells ; ¥ Large nuclei of do. ; ¢ Corrugated cuticle,

The stomata are formed by two symmetrical semilunar cells,
called guard-cells. The concave surfaces of these are to a certain
extent mobile, and capable of being approximated one to the
other. When they meet the stoma is closed; when their con-
cavity becomes more pronounced, the stoma is open (see s,
Fig. 355).

A section passing through a stoma shows that the two guard-
cells (s, Fig. 356) belong to the epidermic layer (¢). The cells
shown in the figure are in shape very like a bean, except that
the end next the surface of the leaf is somewhat pointed. They
contain granular protoplasm and starch grains (a, comp. p. 264).
Between the two guard-cells is an intercellular space (comp. p.272)
forming an opening through the otherwise continuous epidermis,
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and communicating directly with the deeper tissues of the leaf.
Below, the opening widens out into a large cavity (%), bounded
by the walls of a number of ordinary parenchyma cells (p). By
means of the stomata, therefore, direct communication is established
between the interior of the leaf and the external world. The com-
munication is cut off when the stomata are closed.

Stomata are formed by the modification of epidermic cells. In the
leaves of Leucojum vernum this modification takes place in the follow-
ing manner :—By means of a transverse partition, a small portion at one
end of an ordinary epidermic cell is shut off from the rest, and a smaller
cubical cell is thus formed. This again becomes longitudinally divided
into two halves (comp. p. 267), the position of the future stoma being
indicated by a slight curvature of the cell-wall. Later on, the last-
formed partition splits along its entire length (comp. p. 273), and the
two lamelle gradually grow further and further apart. The guard-cells
afterwards become more rounded, and the development of the stoma is
complete.

Stomata are almost entirely confined to the green parts of
plants. They are especially characteristic of the leaves of the
higher plants, appearing for the most part on their under surface.
They are seldom or never found on the upper surface, except in
the case of such water plants as have floating leaves (Nymphea,
Hydyrocharis), the upper surface being then alone in contact with
the air. Stomata also occur on such parts as the stems and
ovaries (see Fig. 356) of plants, when these are coloured green ;
they are not found in true roots.

The jfunction (comp. p. 240) of the stomata is of great impor-
tance. When open they afford a passage for the admission of air
to the vegetable tissues. These the air penetrates chiefly by
means of the intercellular spaces. The intercellular spaces are
lined by parenchyma cells, having excessively thin walls, and
filled with chlorophyll. The air, passing through the cell-walls,
reaches the chlorophyll granules, in which, by the action of sun-
light, a very peculiar change is soon effected. The carbonic
acid gas, of which atmospheric air contains about '04%, unites
with the water in the cell to form a carbohydrate—one of those
chemical combinations which we have already seen (pp. 244 and
264) to be of great importance in the nourishment of vegetable
tissue (e.g., the formation of the cell-wall, &c.). In these cells
therefore, an organic compound is elaborated from two inorganic
substances, carbonic acid and water. As, however, the resulting
carbohydrate contains less oxygen than carbonic acid and water
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together, it follows that, in the process of combination, a con-
siderable quantity of oxygen must be set free. This is returned
to the atmosphere through the stomata. The process is there-
fore one of dearidation. The absorption of carbonic acid by
the cells, its elaboration into a carbohydrate, and the resulting
liberation of oxygen, constitutes the process of “assimilation.”
This is not to be confounded with respiration (the taking up of
oxygen, and giving off of carbonic acid), a process which is carried
on among plants just as among animals (see below).

Of the details of the process of assimilation, as effected under the
influence of sunlight in tissues containing chlorophyll, nothing is as
yet known, and chemists have not yet succeeded in reproducing it arti-
ficially. Let us suppose starch (C¢H,,0;) or sugar (C,H,,O,) to be the
resulting product of assimilation, the process may then possibly be
represented by such formulz as the following :—

6 CO’ + 5 H’O = C.HI.O. + 12 0
Carbonic acid. Water. Starch. Oxygen.
OR
6CO, + 6H0 = CH,, + 120
Carbonic acid. Water. Sugar. Oxygen.

Recent investigations tend to show that hypochlorin (see p. 262)
is the first product of assimilation from which starch, sugar, and other
carbohydrates are after-

wards elaborated.

The liberation of oxygen
involved in the process of
assimilation may be demon-
strated by the following ex-
periment (see Fig. 357).
Let the end of the tube of
a large funnel () be covered
with an indiarubber band
(c), over which is fitted a
glass test-tube (d). Have
ready a quantity of fresh
green leaves mechanically
freed of any air that might
be adhering to them, by
soaking for some time in
water.

Fia. 357.
Apparatus for demonstrating the liberation of
oxygen from the green parts of plants.

Plunge the funnel
into a bath containing dis-
tilled water, and fill the
wide end with the leaves.

Then, as shown in the figure, place the apparatus, wide end downwards
in a glass vessel (a), ana expose the whole to the action of sunlight
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The process of assimilation is continued for some time in the leaves
by means of the air enclosed in their air spaces. By-and-by air
bubbles arise from the leaves, pass upwards, and collect in the test-
tube. At the end of the experiment the presence of a large proportion
of oxygen in the air occupying the space ¢ d, may be demonstrated by
the application of a glowing match, which, on being introduced into
the test-tube, bursts into a flame.

As a rule stomata serve for the absorption and exhalation of gases,
but in some cases the leaves of plants also contain openings for the
discharge of fluids. Thus the submerged leaves of certain water-plants
(Callitricke, Hottonsa, Batrachium) have pores by which water is given
off; similar pores are found at the tips of the teeth in the serrated
edges of many leaves ; these secrete a slimy fluid. Finally, the honey
is discharged from the nectaries of many flowers by means of pores
(comp. p. 182). In such cases the stomata form true organs of
secretion.

B. Cork.

Besides the epidermis proper, and the structures in connection
with it, we have to take account
of the corky layer as one of
the epidermic tissues. The for-
mation of cork regularly occurs
in such plants as attain con-
siderable thickness, and are
exposed to great variations of
temperature (trees, &c.).
Fig. 358 represents the cor-
tical system of a one-year-old
stem of currant bush (Ribes
sanguineum), as it appears in
winter before the new sap
begins to circulate. The stem
is covered by very strong epi-
dermis (e), beneath which are
several layers of irregularly Fra. 35,

shaped . cells (T)’ the_ walls Outer Bark.—Transverse section of
of which become distorted s one.year-old twig of Ribes san-
during growth. Next comes o a0 e e ol e
the corky layer (k), which lowestlayer containing crystals of calcium
v e ’ late £ Cork, the cells of the 1

oxalate ; ork, the cells of the lowest
separates the bark from the layer (g,) containing chlorophyll; b bast-
bast (). cells, passing gradually into layers of soft

The cortical layer is com- Dt-célls- Appesrance during winter.

posed of several rows of tabular cells, arranged above one another
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at right angles to the surface. Their walls are of moderate
thickness, and meet one another without forming intercellular
spaces. In physical properties the cork resembles the cuticle,
being, like it, impermeable by water or air.

The corky layer increases in thickness by division of the
lowermost rows of cells. Eventually a thick coat of this tissue
is formed, which closely envelops the whole stem, and is called
the periderm. As it develops, the overlying epidermis disappears,
and the cork becomes the sole protective layer. While the older
cork cells die, they are replaced by the division of the lowest
layer of cells, the cork-cambium (Fig. 358, g). This constitutes
the formation of the cork, which consists of large masses of
tissue, and in certain plants periodically peels off in laminze.

The surface of wounds in soft growing tissues usually gets coated
over with cork, which prevents the injurious effects of exposure to
the atmosphere.

5.—~F1BRO-VASCULAR BUNDLES.

While the lower plants consist solely of parenchyma, the
higher plants are characterised by the presence in their funda-
mental tissue of prosenchyma cells and vessels. These are
arranged so as to form strings or bundles, which run parallel
to the long axis of the organ to which they belong. They
constitute what is termed vascular tissue, vascular bundles, or
Sfibro-vascular bundles. Plants which have no fibro-vascular
bundles are termed ZThallophytes (Fungi, Alge, Lichens). In
contradistinction to these plants in which fibro - vascular
bundles are present, are termed Cormophytes (Ferns, Coniferse,
Phanerogams). The link between the Thallophytes and the
Cormophytes is formed by the mosses or Muscinee (liver-worts,
bog-mosses, true mosses), in the stem of some of which a single
incipient fibro-vascular bundle can be made out. In the higher
plants the fibro-vascular bundles are arranged in two ways,
as already indicated (p. 277); in the monocotyledons they
are irregularly distributed through the fundamental tissue; in
the dicotyledons and conifers they form a concentric circle.
The ferns so far approach the mosses, inasmuch as their fibro-
vascular bundle or bundles traverse the centre of the stem. In
other plants related to the ferns (e.g., the Equisetums, see below)
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the fibro-vascular bundles are arranged in the same way as those
of the dicotyledons and conifers.

The fibro-vascular bundles traverse the stem and roots in the
long direction. In the former case they frequently anastomose. In
many plants they may easily be distinguished with the naked eye, e.g.
in the broken leaf-stalk of the plantain (Plantago major), where they
appear as brownish threads. The vascular system of the stem is very
complex, branches being given off at intervals to the leaf-stalks, leaves,
and flowers. The venation of the leaves is formed by these vascular
bundles and their branches.

Fi1e. 359.

Simple fibro-vascular bundle from a Calamus stem (4 corus Calamus) ;
transverse section, 300 times enlarged. g g Groups of vessels, ¢ ¢
Cambiform cells, p p Cellular tissue (parenchyma), I ! Air spaces in
the surrounding fundamental tiseue.

Let us now examine a very simple fibro-vascular bundle (Fig.
344, p. 273; Fig. 359, transverse section). In the example
here shown the cellular part of the bundle may be easily dis-
tinguished from the surrounding parenchyma with its rounded or
elliptical cells, by the fact of its containing no intercellular spaces.
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In such a bundle we see two main kinds of tissue. One is
composed of small, polygonal cells, similar to those of the
fundamental tissue forming the great bulk of the stem; the
other consists of a number of larger, more rounded vessels, with
thickened walls (g y). The former is styled cambiform tissue,
the latter vascular tissue (comp. p. 254).

The two kinds of tissue may be seen still better in a
longitudinal section (Fig. 360). The example here shown is
very similar to that in Fig.
344; p p are the thin- walled,
cylindrical cells of the funda-
mental tissue; ccec, the cambi-
form cells, g g are spiral
vessels.

The structure above described
is characteristic only of very
| young and simple fibro-vascular

NG TRRIOX R T
AWV V)
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= l bundles. These originally de-
- g'c g ¢ p velop entirely from procambium

Fic. 360. cells, but as they grow older

style of Cereus ndiflorus ; longi- N . .
tadinal section, 950 times enlngns_ larly in the hardier portions of

g g Vessels, c c Cambiform, p p Funds- the plant (stem, trunk, &c.).
mental tissue. UltinI:ately t(he structure of t.h)e
fibro-vascular bundle is often very complex. The appearance
of the fibro-vascular bundle in the later stages of growth
depends on the manner of its development; it differs in mono-
cotyledons and dicotyledons, at least so far as the bundles of
the stem are concerned. Fibro-vascular bundles are accordingly
divided into two classes, the closed or monocotyledonous, and
the open or dicotyledonous.

(1) Closed (or Monocotyledonous) Fibro-vascular Bundles (Fig.
361).—Closed bundles are entirely composed of permanent
tissue, i.c., tissue the cells of which are incapable of further
multiplication by division. Closed bundles cannot therefore
increase in breadth and thickness. Such a bundle is shown
in Fig. 361; p p is the surrounding parenchyma composed of
thin-walled cells, and containing large three and four sided
intercellular spaces; g g is a group of vessels lying in con-
nection with one another, and forming almost the extreme limit
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of the bundle; these are thick walled and pitted, and enclose
a portion of the permanent tissue (¢ ¢), another small part
of which is found external to (¢ g) and is specially well seen
at d d.

Fia. 361,

Closed fibro-vascular bundle from the rhizome of Convallaria majalis; trans-
verse section ; 450 times enlarged. ¢ g Vessels forming the outer limit of the
bundle (the pits are shown at ¢, but are omitted elsewhere); ¢ ¢ Permanent
tissue, surrounded by vessels ; d d Permanent tissue outside the vessels ; p p
Fundamental tissue, the cells of which have become thicker and smaller at f f ;
a Peripheral layer of parenchyma cells, with walls thickened on one side (comj:.
Fig. 329); g’ g” Vessels belonging to other fibro-vascular bundles.

(2.) Open (Dicotyledonous) Bundles (Fig. 362).—On the whole,
the structure of closed bundles is simple and easily understood ;
T
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that of open bundles is much more complex. In contrast to
the former, open bundles contain a certain layer of cells which
retain their capability of multiplication by division. These cells
are situated \in the centre of the bundle, which may accordingly

Fia. 362,

Open fibro-vascular bundle from a one-year-old tvng of Kerria ;apomm (comp.
Fig. 350) ; 200 times enlarged. & g z Xylem ; o i n Phloém ; A A Wood fibres ; x
Woody parenchyma; g Vessels; b b (,alnblum ;o00nm Bast parenchyma ;
'I‘hukened bast-cells ; & Vascular partition ; ¢’ ¢" Other vascular bundles ; m Plth
(the pits are indicated at ¢) ; s s Medullary raye ; » p Parenchyma cells of the bark,
partly filled with chlorophyll ; ¢ Epidermis (oomp. Fig. 852),

@o on increasing in thickness ad libitum. This central layer of
cells constitutes what is termed the cambium (b b, Fig. 362)
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The layers on the outside of the cambium are composed of bast-
cells, those on inside of wood-cells, hence the division of the
bundle into dast or phloém, and wood or xylem. The bast tissues
are indicated in the figure by the letters o i n, the wood by the
letters & g z.

The cambium cells always have thin walls, and are entirely
tilled with protoplasm. The partitions arising by the division
of the cambium cells are formed in a tangential direction.

The wood or zylem layers of the bundle are chiefly composed
of prosenchyma cells having lignified walls. Some parenchyma
cells are also sometimes present, these being a little modified
from the division of the cambium cells.

The two chief elements found in the xylem are true wood
cells (fibres) and vessels. The former (A % ) constitute the
great bulk of this part of the bundle ; they are narrow, elongated,
and often cylindrical; their walls are much lignified, and
contain simple or bordered, round or slit-like pits. They are
separated from each other by horizontal or oblique transverse
partitions. At the junction of the xylem with the pith, cells
are sometimes found intermediate between wood fibres and
pith-cells ; they are shorter than true wood-cells, are separated
by almost horizontal partitions, and are pitted after the manner
of pith-cells. The pits of the wood-cells are open; the latter
being therefore in direct communication, their fluid contents
soon disappear, and in the later stages of their existence they
contain only air.

The xylem contains a number of vessels (g g), easily distin-
guished from the surrounding tissue by their greater diameter.
These frequently occur in groups of three or more, lying in a
single row, one behind the other, within the layers of wood fibres.
They originate from wood-cells by the absorption of the inter-
vening walls, and are distinguished by their size and by the
variety of their modes of thickening; they may be spiral,
annular, scalariform, reticulated, and pitted (comp. p. 255).
Many transition forms are found between true vessels and
wood-cells. '

The bast or phloém lies, as already stated, outside the cambium
layer. It consists of two sorts of tissue, soft bast and bast fibres.
Soft bast (0 o) originally consists of parenchyma cells derived
from the cambium, in which latticed cells or sieve tubes are
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afterwards developed. These are vessels corresponding to the
vessels of the xylem, and are produced from rows of bast-cells
as the wood vessels are produced from rows of wood-cells. The
sieve tubes receive their name from the peculiar manner in
which their apposed ends are pitted, these being pierced by
numerous holes so as to look like a lattice or sieve. Scattered
through the soft bast, or situated at its extreme edge, are groups
of much thickened cells, which constitute the bast fibres (i ?).

G B M

Fie. 363.

Longitudinal section through a vascular bundle from the one-yearold stem of
Coryls tubulosa ; 600 times enlarged. M Pith ; G Vascular bundles; R Cortical
parenchyma ; m Thin-walled and n Thickened pith cells ; & Woody part of the
vascular bundle ; ¢  Cambium ; b Bast; a7 Spiral vessels; tg Pitted vessels ;
ke Wood fibre cells ; bp Bast parenchyma ; &f Thickened bast fibres.

These are developed like wood fibres by the elongation and
thickening of cells, and are long, tubular, and pointed at the
ends; the individual fibres are thus spindle-shaped. The
walls of these cells are very much thickened, but do not con-

tain pite.
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. Fig. 363 represents a longitudinal section of a fibro-vascular

bundle from the young stem of Corylus tubulosa. The leading
features of the open bundle may here be easily distinguished.
M indicates a portion of the parenchymatous medulla or pith, G
the fibro-vascular bundle, B the cortical parenchyma; m are
true, pitted, pith cells, at » they have become more woody. The
xylem or wood is well seen at 4, and the phloém or bast at b, the
cambium layer occupying the space ¢ b between the two. In
the wood the following parts may be distinguished : next to the
medulla come several vessels,—sg spiral, ¢g pitted, the latter
being very well marked, and possessing several rows of pits; at
d the part of the wall of the vessel has been removed. Next to
these come numerous wood-cells pitted in various ways; these
are distinguished from the vessels by their smaller diameter and
by the occurrence of numerous partitions. The soft bast (bp)
and the bast fibres () of the phloém are sharply marked off.
The soft bast seems entirely composed of parenchymatous cells,
which vary in length in the different layers, as sieve tubes are not
shown in the figure. The characteristic shape of the bast fibres
above described is well shown ; their granular contents are also
indicated.

Beyond the bast fibres are the deeper layers of the cortical
parenchyma, the cells of which have slightly thickened walls and
contain chlorophyll granules.

The larger fundamental tissue which bounds the vascular
bundle is usually different from the rest of the cortical tissue;
in most cases it contains numerous starch granules, which are
often compound. It is termed the bundle sheath (k, Fig. 364).

6.—FUNDAMENTAL TISSUE.

Fundamental or ground tissue is a term applicable to all kinds
of vegetable tissue, with the exception of the epidermal and the
fibro-vascular systems. The term fundamental parenchyma, or
simply parenchyma, is sometimes used as a synonym for funda-
mental tissue, but the expression is not accurately correct, as
fundamental tissue frequently contains prosenchyma cells. The
terms, therefore, can only be interchanged when the funda-
mental tissue consists solely of parenchyma cells.

The fundamental tissue is usually composed of rounded,
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elliptical, or cylindrical cells, with thin walls; it contains
numerous intercellular spaces (see Fig. 349, p. 277). In those
regions lying next to the epidermis, the cell-walls of the funda-
mental tissue sometimes become thickened, whereby the parts
in which they occur become firmer in texture. Collenchyma
(comp. p. 246, Fig. 325), and sclerenchyma are examples of
tissues composed of such cells. Sclerenchyma consists of much
thickened woody parenchyma (Fig. 326, p. 247), and these
may frequently lengthen and unite into bands which are not to
be confounded with fibro-vascular bundles.

Tissues are also divided into Protenchyma and Epenchyma. Proten-
chyma tissues include the primary meristem and the epidermic tissues
directly derived from it, with all fibrous structures (e.g., sclerenchyma
fibres) which arise from modification of the fundamental tissue. Epen-
chyma tissues, on the other hand, include all fibro-vascular structures,
t.c., all tissues derived from the cambium (comp. p. 290) or pro-
cambium (comp. p. 288).

The development of fundamental tissue, apart from collen-
chyma and sclerenchyma, is tolerably uniform throughout the
stem. In many ferns, for example, it forms a thick layer
round the central group of fibro-vascular bundles (comp. p.
286), the walls of the cells in the deeper parts being ex-
tremely thin, those nearer the surface thicker and brownish.
The tissue composed of cells of the former kind is distin-
guished as the medulla or pith; that composed of the latter,
as the cortex or bark; but these are only different forms of
fundamental tissue.

In the monocotyledons it is seldom possible to draw a sharp
line of demarcation between the pith and the cortex. Still, in
many monocotyledonous plants (Fig. 349, p. 277), the scattered
fibro-vascular bundles (g) are all distributed in the central portion
of the stem (m), and the region f may contain a persistent
layer of cells still capable of division (meristem, comp. p. 275),
while that immediately below.the epidermis is traversed only by
fibro-vascular bundles passing out to supply the leaves (¢°). In
such cases one may term medulla that portion of the funda-
mental tissue lying within the layer of meristem, and cortex
that lying outside it (7).

In the dicotyledons (comp. p. 115) and conifers, on the
other hand, the medulla and cortex are sharply distinguished
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from each other, the ring of fibro-vascular bundles forming a
boundary dividing the one from the other. The ring of fibro-
vascular bundles is shown at g g in Fig. 350 (p. 277); on the
inside is the medulla (m), on the outside the cortex (7).
Between the fibro-vascular bundles are bands of fundamental
tissue which connect the medulla with the cortex ; these are the
medullary rays (s).

The medulla consists of four, five, or many sided parenchyma
cells, between which are very small, usually triangular inter-
cellular spaces. Their walls are slightly thickened, and mostly
show large, rounded pits (Fig. 363, p. 292). Isolated pro-
senchyma cells are also occasionally met with in the medulla.
The walls of these are much thicker than those of ordinary pith-
cells, and are often slightly coloured (eg., pith of the elder).
We have already said that the pith in the vicinity of the fibro-
vascular bundles frequently undergoes considerable modification
(p- 291). In young plants the stems are very largely composed
of pith. As the process of lignification goes on, however, and
the fibro-vascular bundles develop, the proportion of pith
decreases until in the full-grown stem it finally disappears or
becomes confined to a very small area.

The cellular envelope (r p, Fig. 362) originally consists of regular
cubical or prismatic, roundish or cylindrical cells, the shape of
which, however, frequently becomes distorted in course of growth
(r, Fig. 358, p. 285). Their walls are soft and elastic, and as a
rule contain no pits. In young stems this layer plays a part in
the process of assimilation, and its cells are accordingly filled
with chlorophyll grains (comp. p. 261). Like the pith, this
layer has to make way for the development of the fibro-
vascular bundles, and as the cork (comp. p. 286) forms between
it and the peripheral bast layer, it is pushed towards the outside,
where, along with the epidermis, most or all of its cells die, and
the process of bark formation goes on as already described.

The medullary rays (s, Fig.. 362) are represented in young
stems by radial layers of cells, separating the fibro-vascular
bundles. These differ little in structure and contents from the
pith-cells proper. As the fibro-vascular bundles widen, the
medullary rays undergo compression, until in the full-grown
stem they appear as a system of narrow, radiating, and frequently
interrupted lines.
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~ The structure of the medullary rays is illustrated in Fig. 364.
The layer of highly lignified pitted cells (& in I.) represents the
wood ; over these are the thin-walled cambium cells (&), and
beyond these, again, is a portion of the bast (), showing two

Fia. 364.

I. Transverse, II. Radial, TIL. Tangential section of the young trunk of
Sequoia gigantea (giant cyprus), illustrating the medullary rays. b Bast, & Cam-
bium, 2 Wood, m Medullary ray, ¢ s f Pits, g, g', g%, g Wood fibres, r Lignified
wall of same. 1. and II. 300 times enlarged ; 111. 1000 times enlarged.

layers in which the bast-cells have been transformed into bast
fibres. These tissues all belong to a fibro-vascular bundle, and
are cut across by a branching medullary ray (m), which is readily
distinguished, especially in the wood, by the thinness of its
cell-walls. The wood-cells bordering the medullary ray fre-
quently contain closed pits (s). In transverse section the cells
of the medullary ray are scen to be four-sided, sometimes rect-
angular. In the radial section (II.), 7., a longitudinal section
cutting entirely along the ray, the relative position of the pith-
cells and wood fibres is shown. In the illustration we see two
points (m m) at which the cells of the medullary ray and the
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wood fibres come into communication by means of various sized
pits. A third aspect of the medullary rays (m) is shown in III.,
which represents a longitudinal section made perpendicularly
(tangentially) to the last,—i.c., cutting across the rays.

In the trunk or stem the fundamental tissue may usually be separated
into pith and cortex ; in other parts this is not possible. Thus, in the
leaves, for example, the fundamental tissue is represented by a tissue
termed mesophyll, which is uniform throughout, and is composed of
more or less regular parenchyma cells containing chlorophyll (Fig. 335,
LIL, p. 262). The carpels, the fruit, the stamens, all manifest special
modifications of the fundamental parenchyma. The subject does not
admit of any general treatment, and cannot be taken up here.

7.—TISSUES OF THE ROOT.

Hitherto we have only spoken (pp. 277-297) of such tissues
as enter into the composition of the stem or trunk. In the
underground axis, the root, the arrangement and relative position
of fundamental tissue, and fibro-vascular bundles, are, generally
speaking, similar. There are, however, certain important dis-
tinctions to be drawn, by which root and stem may easily be
distinguished.

In longitudinal section the point of a growing root is seen
(Fig. 365, 1.) to consist of meristem (comp. p. 275), the youngest
cells of which (the primary meristem) are situated at ¢ 4. From
this point (the growing point) the tissues have become differen-
tiated upwards into the epidermis (¢), the cortex (7), the vascular
sheath (s), the vascular cylinder (p!), and the pith (m, IIL).
Downwards, the primary meristem (i ¢) gives rise to several
layers of peculiar parenchymatous cells, which in the earlier
stages of growth form a continuous tissue (h!), but later on (42)
become less closely connected with each other, and finally wear
off one by one. This peculiar structure forms the root-cap or
root-sheath, which serves to protect the growing point from
injury as it forces its way downwards. At a later stage many
of the cells of the epidermis develop into long hairs, the root-
hairs (comp. p. 79).

The primary meristem of the root becomes differentiated first of all

into three layers, the dermatogen (e), the periblem (r), aud the plerome
(pl). The first gives risc to the epidermis, the second to the cortical



298 STRUCIURE OF THE ROOT.

layer, the third to all those tissues lying within the bundle sheath (s),
i.e., the vascular bundles. In most roots the bundle sheath (s I.) forms
a sharp line of demarcation between the periblem (cortex) and the
plerome. The modification of the young plerome cells into a vascular

i
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Fic. 365.

Root of Vicia Faba.—I. Longitudinal section of growing point; 200 times
enlarged. II. Transverse sectiun across an older part of the root; 100 times
enlarged. 1II. Origin of a secondary root of /pomea, longitudinal section ; 300
times enlarged. ¢ Epidermis, r Cortex, s Bundle sheath, g Vascular bundle, b
Bast, m Medulla, i i{ Growing point, A' A* Root-caps, pl! Plerome, p Penri-
cambium, ¢ ¢ Young meristem of secondary root. (III. after Holle).

bundle takes place in the following manner. The process differs from
the corresponding process as it takes place in the stem. First, there
appear in the peripheral layers of the plerome small groups of vessels,
which gradually increase in size, and spread inwards towards the
centre of the root. There they finally unite, forming a three, four,
five, or more rayed star (g IL). DBetwcen these groups of vessels
patches of soft bast (0) are next formed after a similar fashion, so that
in the fully developed root we find portions of wood and of bast
alternating. In roots which soon cease to increase in thickness, the
rest of the plerome becomes transformed into permanent tissue; the
plerome cylinder is thus converted into a cylindrical (radial) bundle.
In other cases the central portion of the plerome retains its paren-
chymatous character, and forms a pith. In roots which attain con-
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siderable thickness (turnip) a true cambium layer appears, just as in
stems, between the xylem and the phloém portions of the plerome
(which in this case lie directly behind each other), and from this
layer woody fibres are developed on the one side, bast-fibres on the
other.

Secondary roots do not originate from the primary root, as do
branches from the stem. They arise from the deeper tissues of
the parent organ. Previous
to the formation of a secon-
dary root, the cells of the
pericambiumn or outermost
layer of the plerome di-
vide repeatedly (p ¢, Fig.

365, II1.). The meristem
thus formed gives rise to a
protuberance on the side of
the primary root, and, the
epidermis finally giving
way, the new rootlet is
enabled to push out into
Fia. 366.

th nding soil. Fig.
€ surrou g & Transverse section of a root of a balsam

366 represents such a root- (Impatiens parviflora), showing young rootlet
let on the point of breaking (w) still enclosed in its tissues. Letters as in

through the cortical layer. Fig. 365. Highty times enlarged.

The cells of the latter are polygonal in shape, small towards
the surface (n), larger in the deeper layers (p). The bundle
sheath (s) encloses four distinct fibro-vascular bundles (g) and
the loose pith. The young rootlet (w), which is plainly seen
to originate from the plerome, is just about to break through
the outermost cortical layer.

8.—ORGANS OF SECRETION.

Under this term are included all structures whose physiological
function it is to store up certain materials within themselves,
and, as is frequently the case, to discharge these again as neces-
sity requires. These materials are either destined to be of no
further use in the economy of the plant, or have to be carried to
its surface, there to fulfil new functions. The most important
of these organs of secretion are the laticiferous vessels, glands,
glandwlar hairs, and the canals for the secretion of gum and resin.
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The laticiferous vessels are found in all plants which emit
“milky juice” when wounded. Such, for example, are the
dandelion (Zararacum), the lettuce (Lactuca virosa), and the
celandine (Chelidonium). The milky juice of dandelion and
lettuce is white, of celandine yellow. Laticiferous vessels are
long and frequently anastomose ; they occur in the phloém, the
pith, and the cortex of roots and stems, but not in the xylem.

Glands are small cavities, usually found immediately below
the epidermis, which serve as reservoirs for oily or resinous
substances. The oil glands in the rind of the orange and citron
are familiar. They merely store up the oil, without secreting it
on the surface of the fruit. Similar structures for the secretion
of gummy or resinous substances are found on the scales of many
leaf-buds (comp. p. 17).

Fig. 367 represents an oil gland from the young ovary of
Metrosideros buxifolia, a myrtaceous plant. It lies below the epi-

dermis, in the fundamental paren-
chyma, which forms several
close layers around it, the cells
of which have granular contents.
Within the gland is one large and
several small yellow oil globules,
besides other granular contents.
Hairs may also function as
glands. Thus the multicellular
hairs of the nectary of Abutilon
(see Fig. 353, p. 280) serve to
Fio. 367, secrete nectar, which exudes from
0Oil gland from the ovary of Metro- Fhe upp.err_nost cell. Organs hav-
sideros burifolia ; transverse section; ing a viscid surface (cg., leaves)
22:)n£ﬁ:‘ﬁa§:g§xch;: fl‘:";dew"“‘i:l;w': mostly owe this property to the
wall of thegland ; ¢ Largeoilglobule; presence of a fluid secreted b}
k Crystals; a Sturch granules. glandular hairs (comp. p. 79).

Finally, interelular canals  frequently serve to store up
summy and resinous secretions (comp. Fig. 344, p. 273). Thus
in the conifers, especially in the wood, four rows of cells frequently
separate to form a passage, into which is secreted a quantity of
clear viscid balsam.  When exposed to the air, this hardens into
the well-known 7estn. The fluid is originally formed in the sur-
rounding wood-cells, aud passes into the resin duct by a process
of diftusion.
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ITT.—PHYSIOLOGY.
1.—ComMrosITION AND NUTRITION OF PLANTS.

The plant, as will already appear from the foregoing chapters,
is composed of organic substances in which the elements oxygen,
hydrogen, carbon, and nitrogen preponderate. These, we pointed
out, may be broadly divided into carbohydrates and albuminoids;
the former are made up of oxygen, hydrogen, and carbon, the
latter of the same elements, with nitrogen and a small and
variable proportion of sulphur (p. 257). The carbohydrates
(cellulose, starch, sugar, inulin) form the solid frame-work of the
plant, and those cell-contents which sooner or later go towards
the development of the cell-wall. The albuminoids form the
protoplasm and chlorophyll grains, .., those cell-contents in
which are performed the two most important processes of
vegetable life, assimilation and respiration. Besides these, there
enter into the composition of the plant numerous inorganic
substances, such as potassium, sodium, calcium, various phos-
phates, compounds of ammonia, silicic acid, &c. All these
may be regarded as fairly constant constituents in vegetable
tissues. Restricted to certain organs or to particular species of
plants, there are, however, numerous additional organic sub-
stances, such as the alkaloids, which may serve definite ends,
or may be regarded as mere excretions.

The young embryo is originally composed of few cells, which
multiply by division until the plant attains its full size. The
increase in volume thus effected is the result of the assimilation
of new matter by the cells. The utilisation of these substances
implies the necessity for a supply of new materials to replace
those that are used up. These the plant obtains from without.

The nutritive materials on which the plant depends for
support are either fluid or gaseous. Those of the former class
consist for the most part of water containing a small quantity of
the above-named minerals in solution ; they are absorbed by the
roots from the surrounding soil. The gaseous nutritive materials
are carbonic acid and oxygen ; these are absorbed by the aérial
parts of the plant (see Stomata, p. 283) from the atmosphere.
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The nutritive materials absorbed by the plant are elaborated
in its tissues into new substances—undergo transformation. The
two processes most intimately connected with this transformation
are respiration and asstmilation.

In plants, as in animals, respiration consists in the absorption
of oxygen and the liberation of carbonic acid. The substances
to be oxidised are the carhohydrates and fats which occur in
protoplasm, and the non-nitrogenous products of the decomposi-
tion of the latter. That the nitrogenous parts of the albuminous
substances are not likewise lost by oxidation, is evident from
the fact that the sole product of respiration is carbonic acid.
It further appears that respiration involves a considerable loss of
organic substance, which must be compensated for in the course
of assimilation. Assimilation, however, is closely connected with
respiration, for it is by the process of oxidation that the chemical
equilibrium of the organism is disturbed, and the molecular
movement, forming the essential feature of what is called life,
generated and maintained. Oxidation is indeed a source of
loss to the products of assimilation, but it is at the same time

Fia. 368.
Apparatus for demonstrating the liberation of carbonic acid
by germinating seeds.
the source whence is derived the energy which renders assimila-
tion possible. We are thus enabled to understand how organs
characterised by rapidity of growth (eg., germinating seeds,
flowers) always exhibit great respiratory activity.
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The liberation of carbonic acid gas in the process of respiration may
be easily demonstrated, especially in such parts as are not coloured
green, and accordingly do not assimilate ; since in these the process
of respiration is not concealed. Fill a Florence flask (Fig. 368, a)
with moist germinating seeds of the bean (Vicia Faba), and connect
it with a cylinder containing quicksilver (c) by the air-tight tube (b).
The lower end of the cylinder must be immersed in the quicksilver
contained in the vessel d. In a short time air-bubbles will be seen to
rise in the cylinder and gradually displace the mercury. The explana-
tion is as follows :—The seeds find in the vessel a small quantity of
oxygen, and themselves contain in addition a quantity sufficient for
the continuance of respiration for some time. Carbonic acid is accord-
ingly given off, passes through and accumulates in the cylinder. Its
presence may there easily be detected by the introduction of a piece of
caustic lime, which instantaneously enters into chemical combination
with the carbonic acid, and forms carbonate of calcium. The gaseous
residuum is almost pure nitrogen.

Assimilation is a process essentially different, and even, as far
as ultimate results are concerned, absolutely opposed to that of
respiration. It consists in the absorption of carbonic acid, and
its combination, in the chlorophyll grains, with the elements of
water, the results being the formation of carbohydrates and
the liberation of oxygen (see p. 282). Whereas the process of
respiration is carried on in all parts of the plant, both during
the day and during the night, the process of assimilation is
confined to the chlorophyll grains, and only takes place under
the action of direct or reflected sunlight (see below).

The absorption of fluid substances is effected (water-plants
forming a partial exception) by the roots. The water thus
absorbed contains various inorganic substances—e.g., acids and
salts—in solution ; these partly belong to the water itself, partly
to the surrounding soil, from which they are extracted by the
root-hairs in a manner hitherto unexplained. The water passes
into the interior of the plant by a process of diffusion. The
constituents of the cell-sap differ in different cells, and the ten-
dency of diffusion is to equalise these differences. When a cell
is completely filled with fluid, and, by diffusion through the
membrane, water enters that cell, its wall is subjected to a cer-
tain amount of pressure. If that pressure be greater than the
pressure within the other cells, the first cell swells up, or becomes
turgid. A tissue is said to be in a state of turgescence when
pressure similar to that above described is exerted in all its cells.
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All growing parts of plants are turgescent, withered parts are in
a state of collapse.

A state of turgescence may be caused in withering shoots by forcing
water into their cells. This may be demonstrated by the following
experiment :—The end of a drooping shoot (¢ L, Fig. 369) is inserted
in a suitably perforated indiarubber stopper.  This is fastened into a
bent tube (g, 0) filled with water in the manner shown in the cut. The
tube being fixed in an upright position by the clip (e), a quantity of
mercury is poured into it by means of the funnel d. The mercury
thus occupies the leg f (IL.), the water the leg b. The latter exercises
a certain amount of pressure on the water in contact with the cut end
of the shoot ; this pressure varies according to the difference between
the level of the mercury in fand the level of the mercury in g. The
water in b is forced into the cells of the shoot, which, in the course
of a few seconds, begins to erect itself while its drooping leaves again
become turgescent.

Fia. 369.

Apparatus for showing how withering shoots may be

:;:lgered turgescent by artificially forcing water into their
Water passes from one part of the plant to another in the
following manner :—One cell, or group of cells, absorbs the
water from those in its immediate vicinity ; these in turn draw
upon deeper layers, and these again on deeper layers still, until
at length the roots have to make good the total absorption from
the soil. Water is absorbed by all parts of the tissues in the

same way.

Besides the water thus taken up for the nutrition and growth
of its tissues, the plant has need of a further supply to make up
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for the loss effected by evaporation or transpiration. Most plants
have a great extent of surface—e.g., trees, with their countless
leaves. Now, the greater the surface the greater the loss of
water by evaporation, especially if the atmosphere is dry, and
the temperature high, as in strong sunshine. This loss is made
up in the same way as that required for growth, except that
the transference of the water to the evaporating surface is
effected by the xylem portion of the fibro-vascular bundles only.

In both cases, therefore, the water depends for transference
on the absorptive powers of the plant, the simplest proof of
which lies in the fact that a twig, if cut from the parent plant,
will, if placed in water, cover the loss caused by transpiration
from its leaves by absorption from the surrounding water, a case
in which there can be no question of pressure on the tissues. In
such circumstances many plants will even continue to grow, the
necessary supply of water being likewise obtained by absorption.

Fia. 870.
Apparatus for demonstrating root-pressure.
Besides the ordinary process of absorption, water is also taken

up by the root by the method known as root-pressure.
u
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The force of the root-pressure may be demonstrated by cutting across
the stem of a young growing plant (a, Fig. 370) a little way above
the ground, and fastening over it, by means of a piece of indiarubber
tubing, a wide glass tube () provided with a stopcock (¢). The mano-
meter f e n' is then inserted at the opening d, and there made fast by
means of an indiarubber stopper. The narrow tube of the manometer
is supported by the stand g. The stopcock ¢ being opened, distilled
water is poured in through the funnel above, until it fillsn e £ d to
above c. Mercury is then poured into the tube n’till it reaches the
level e in the wide part of the manometer, a corresponding quantity of
water being thereby displaced at ¢. The stopcock is then closed, and
the apparatus left to itself for a time. The cut surface of the stem a
is covered over by the water in b, which lies in immediate contact with
the mercury of the manometer ; if care has been taken, the apparatus
should not contain a trace of air. If the soil surrounding the plant a
is moist, the mercury in the tube ' soon begins to rise, and, in the
case of many woody plants, continues doing so until the difference
between e (n) and #' equals a pressure of half an atmosphere, or a
column of mercury about 380 mm. high. In some instances the
column of mercury may be as much as 760 mm. high—that is to say,
by root-pressure a stream of water is forced up through a, capable of
displacing a column of mercury many centimetres in height.

Organic matters in solution pass from tissue to tissue in the
same way as water. The carbohydrates—starch, for example—
leave the cells in which they are stored, as a soluble sub-
stance (dextrose), and pass to other parts, where they are utilised
in the formation of new tissues. On the other hand, the starch
elaborated in the chlorophyll grains of woody plants in early
autumn leaves the green parts, and passes through the par-
enchyma cells of the cortex to the medullary rays (p. 295) of the
trunk, where it is stored up over the winter in permanent form.
As soon as the period of growth returns, it again becomes
soluble, and passes out as dextrose to the developing buds. The
proteid substances from the leaves appear to pass inwards
through the soft bast.

2.—GROWTH AND ITS CONDITIONS.

By growth is meant increase of volume arising from an
internal cause, the formation and enlargement of the cells
constituting the various tissues of the plant. As a rule,
growth depends both on internal and external conditions. Of
internal conditions we have already had abundant examples in
such processes as those already considered, upon the normal

D
L
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and harmonious working of which the further development of
the plant depends. The internal processes of the vegetable
organism are maintained and regulated in accordance with
certain external circumstances. Granted that the plant is so
developed as to be capable of performing the functions of
respiration and assimilation, the extent to which these functions
are carried on depends on the influence exercised by temperature,
light, gravitation, and other local external circumstances.

(1) Temperature—The influence of temperature is one of very
great importance to the plant; it can never rise above a certain
maximum, nor fall below a certain minimum, without its rise
or fall being followed by the most injurious results. Vegetable
life cannot be maintained at a temperature above 50° C. on
the one hand, or below 0° C. on the other. The mean temperature
differs of course for each plant, or at least for the plants of
different climates ; in general, it corresponds to the mean annual
temperature of the plant’s habitat.

To cite a few examples, the young root of the maize attains its
maximum rate of growth at 27:2° C., that of the pea, wheat, and
barley at 22:8° C. If the temperature falls below this optimum
growth is immediately checked, continued exposure to the same
degree of cold finally resulting in the death of the plant. In like
manner subjection to a temperature much above the optimum results
in almost immediate death. The death of plants from exposure to
too low or too high a temperature depends essentially on the amount
of moisture they contain. Dry seeds, for example, can stand a much
higher or much lower temperature than soft fleshy ones, the former,
it would appear, even being capable of bearing the most extreme
degrees of cold without injury. Thus dried peas are capable of stand-
ing a temperature of + 70° C. for over an hour without losing their
power of germination, whereas the same seeds, if made soft by soaking
in water, become useless if subjected for a like length of time to a
temperature of 54°-55° C.

The periodic growth characteristic of our perennial plants is
the result of periodic differences in temperature. In them
growth is most rapid in spring, diminishes gradually as summer
advances, reaches a minimum in autumn, and in winter ceases
altogether. This periodic growth is marked by the formation
of annual rings. These arise from the fact that in the woody
part of the fibro-vascular bundles the wood-cells formed in
spring (f, Fig. 371) are larger than those formed in autumn
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(k). A sharp line of demarcation is thus formed, dividing the
cells of one year from those of the one preceding.

(2.) Light.—Apart from the thermal effects above referred to—
which are always more or less combined with those of light—
light influences plants with
either chemical or mechanical
results. The chemical effects of
light are to decompose, modify,
or cause to enter into combina-
tion certain substances found in
vegetable tissues ; for instance, as
in photography, chloride of silver
is decomposed by its influence.

This chemical action causes the
asstmilation of carbonic acid, and
accordingly the production and
destruction of chlorophyll.  As-
similation, 7.e., the union of car-
bonic acid and water so as to

F form a new organic compound, is
16. 871. . .

Formation of the annual ring in a e‘rdmv"ly dependent on l'ght"
three - year - old pine trunk (Pinus Plants do not assimilate in dark-
silvestris).—f f Wood-cells formed in . .
apring; h h The same formed in 1SS, but only under the influence
autumn ; 600 times enlarged. of light, particularly of direct
sunlight. The more intense the sunlight the more actively
does assimilation go on ; the process is mostly effected by means
of the yellow rays.

Chlorophyll is elaborated from a yellow colouring matter,
etiolin. Plants grown in the dark are not green, but yellow ;
they contain only etiolin, no chlorophyll. Plants in this con-
dition are said to be etiolated. If an etiolated plant be exposed
to daylight or direct sunlight it will become green—very rapidly
in the latter case. Under the action of light the etiolin has
been transferred into chlorophyll, and the process of assimilation
can now for the first time take place. The green colour is
developed most rapidly in the strongest light rays (yellow
to orange). Respiration increases with the intensity of the
light, but the chlorophyll having the power of absorbing the
strongest rays, the activity of the process of respiration is con-
cealed by that of assimilation.
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The destruction of chlorophyll by light is not a normal but
an abnormal occurrence.

The most important mechanical effect of light on plants may
be very briefly explained. Upon the growth of all parts of the
plant appearing above-ground (stem, leaves) light exercises a
retarding influence; the growth of aérial roots, and in many
cases of subterranean roots likewise, is also in a great degree
affected by light. When only one side of a stalk is exposed to
sunlight, growth takes place more actively in that side of the
stalk which is turned from the light, than in that which is
turned towards it ; the stalk is therefore bent towards the light,
showing positive heliotropism. In roots, on the other hand,
growth is most rapid on the side next the light; roots therefore
are bent from the light, showing negative heliotropism.

Every one is familiar with the phenomenon of plants bending
towards the light, when light reaches them only from one side. A seed-
ling pea, for example, if placed in a window, soon begins to bend over
towards it. The side of the stem turned to the window receives a
larger share of sunlight than the other, and accordingly grows more
slowly ; the curvature of the stem is the result of this inequality of
growth. The movements of the leaves of many plants are to be
attributed to the fact that the light exerts a stimulus at certain points,
whereby the tension of these parts is altered, and the tension of the
whole tissue accordingly becomes unequal.

To sum up generally the effects produced on assimilation and
growth by light—by day assimilation proceeds rapidly, growth
is feeble; by night growth proceeds rapidly, assimilation ceases.

(3.) Gravity—It is a well-known fact that the stem of the
plant grows perpendicularly upwards, the root downwards in an
opposite direction. The long axis of the plant, if prolonged,
would pass through the centre of the earth. This is due to the
influence of gravitation on the growing parts. If a seedling pea,
when about 10 cm. long, is laid along the ground in a horizontal
position, the parts already grown will retain this direction, but
the growing tip of the root will push downwards, the growing
tip of the stem upwards. The tendency manifested by the root
to grow towards the centrc of the earth is termed geotropism.
The root is positively, the stem negatively geotropic.

The following experiment serves to demonstrate the influence of

gravity on the growing root and stem. Let a seedling pea, roots
included, be placed in a horizontal position in a glass vessel contain-
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ing enough moisture to keep the plant alive under ordinary circum-
stances for some time. The vessel must then be attached to the
circumference of a horizontal disk, kept constantly rotating at a rapid
rate, in such a manner that the long axis of the plant will lie in the
direction of the tangent. If the disk be kept rotating at a sufficiently
rapid rate, the root tip will grow outwards, the stem tip inwards (s.e.,
towards the centre), in the direction of one of the radii of the disk.
The experiment may be still more successfully performed if the disk is
placed in a vertical instead of a horizontal position, so as to imitate
more closely the ordinary conditions of gravitation; the tip of the
stem then grows straight towards the centre of rotation, the root in
the opposite direction.



PART V.

THE LOWER PLANTS.

IT is not the object of the following pages to make an exhaustive
examination of the peculiarities of the lower forms of plant life,
but only to treat of them so far as is necessary satisfactorily to
complete a general survey of the vegetable kingdom. We shall
therefore deal more particularly with such groups as serve to
show the connection between one form and another, while others,
of less importance in this respect, will either be treated of very
shortly, or entirely omitted. Within the last few decades,
science has made such rapid strides in this department, and such
a quantity of interesting materials has been amassed, that it
would be altogether beyond the scope of a text-book like the
present to attempt to discuss the subject fully. The microscope
has revealed to us a world of minute organisms, wherein we may
contemplate every stage of life from that of the undifferentiated
mass of protoplasm upwards through organisms of all degrees of
complexity of structure. To research of this kind it is that we
owe our present knowledge of the complicated processes of life
as carried on in the highest vegetable organisms. Especially is
this the case with regard to the subject of sexual reproduction.
Whereas in the higher plants this process is universally carried
on in the same manner (comp. pp. 162-177), in the lower plants
it assumes many different forms. By comparative researches, -
pursued on a more or less extensive scale during the last twenty
or thirty years in connection with the subject of reproduction,
more particularly of reproduction as it occurs among the lower
species of plants,it is now possible to trace the life-history of
the most complicated organism in the progress of its development
from the single cell.

The following table is intended to give a general view of the
leading vegetable types, with two of which, the monocotyledons
and dicotyledous (pp. 101-161), we are already familiar. .
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CRYPTOGAMIC PLANTS.

General Survey of the leading Types of the Vegetable

Kingdom.

I. Reproduction by unicellular spores, without

embryo and cotyledons; in every case with-
out flowers, Cryptogamia.

4. Vegetative body composed solely of parenchyma

cells (without vascular bundles) ; not divided

into stem and leaves, but homogeneous ( Thallus).

Cellular plants, Thallophytes.

a. Sexual organs mostly wanting; reproduction
proceeding by division, budding, or spore-
formation. Mostly single-celled organisms,

b. Sexual organs usually present, represented by
two locally separated cells.

* Without chlorophyll, therefore not coloured
green, very seldom living in water ; body
consisting of Ayphe,

* * With chlorophyll, or with yellow, brown, or
red colouring matter allied to chlorophyll,
almost all living in water ; not consisting
of hyphal tissue,

B. Body consisting of parenchymn tmaue and vas-

cular bundles (the latter occasionally verysimple),

almost always possessing differentiated stems and

leaves.

a. Vascular bundles imperfect, vessels unde-
veloped. Reproduction proceeds by anther-
idia and archegonia. The fertilised em-
bryonic cell in the archegonium develops
into a capsule (sporogonium) containing the
spores. (Muscinee.)

*® Capeule without calyptra, dehiscence by
valves, without columella, without hood ;
producing spores (mostly accompanied by
elaters). Plant either a thallus, or having
differentiated stem and leaves, .

* * Capeule dehiscing by a lid, eolmnells
present, producing only spores. Differen-
tiated into stems and leaves, . .

b. Vascular bundles (also epidermis) well d1.
veloped, the former with developed vessels.
Reproduction carried on by antheridia and
archegonia, growing on a thallus-shaped body,
the prothallium. The fertilised embryonic
cell in the archegonium develops into a
larger body (sporophore), bearing leaves to

1. PROTOPBYTES.

2. Fu~oL

8. AcE.

4. LIVERWORTS,

5. Mossgs.
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which the sporangia or capsules containing
the spores are attached. Vascular Crypto-
gams (Ferns, d-c.).
* The sporangia are attached to the edge or
to the under side of the frond (frequently
metamorphosed), and produce only one kind
of spore. Fronds always leaf-like, . 6. FERNs.
* * The sporangia are arranged so as to form a
spike at the apex of the stem, and produce
only one kind of spore. Stem composed
of a namber of cylindrical or angular
joints, . . 7. HoRsETAILS.
* * * The sporangia are arrmged 80 a8 w form
capsular structures in the vicinity of the
root, or are there concealed within a frond.
They produce two kinds of spores, . 8. RHIZOCARPS,
* * * * The sporangia are situated at the base or in
the axils of small, ill-developed leaves ; the
latter are often arranged so as to form a
kind of spikeat the apex of the shoot ; they
produce two kinds of spores, . . 9. CLUBMOSNSES,
II. Reproduction by means of multncellular
seeds, which contain an embryo consisting
of radicle, plumule, and cotyledons: the
seeds are produced in flowers after previous
fertilisation by pollen. Phanerogamia.
A. Flowers without floral envelopes. Seed not en-
closed in an ovary. Archisperms, 10. CoN1rERs.
B. Flowers with single or double envelope (seldoln
suppressed) and true ovary. Metasperms.
a. With one cotyledon ; vascular bundles scat-
tered, closed; venation parallel; flowers three,
rarely four, parted, . 11. MONOCOTYLEDONS.
b. With two cotyledons; vucnlar bundles srnnged
concentrically, open ; venation reticulated ;
flowers mostly five or four parted, . . 12. DicoTYLEDONS.

4. CRYPTOGAMS, OR FLOWERLESS PLANTS.

In the cryptogams or flowerless plants reproduction takes
place by means of spores. A spore is a minute, mostly micro-
scopic, cell, surrounded by a single or double envelope, and
filled with protoplasm. Except in the case of the Protophyta,
the spore is the product of sexual conjugation, and is either
directly originated by that act, or, as mostly happens, is borne
on a fructification (often of considerable size) formed from the
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fertilised female cell (embryonic cell). Spores are entirely
destitute of an embryo (comp. p. 78) having plumule, radicle,
and cotyledons. Plants in which reproduction takes place by
means of spores never bear flowers, in the ordinary sense of that
term. They either consist entirely of parenchyma tissue, or of
fundamental tissue and fibro-vascular bundles; in the latter
case the fibro-vascular bundles generally occupy the centre of
the stem.

First Sertes.
THALLOPHYTES, OR CELLULAR PLANTS.

The Thallophytes are distinguished by the entire absence of
vascular bundles. The vegetative body consists either of a
single cell, or is made up of several or many cells. If multi-
cellular the plant is composed of uniform or tolerably uniform
parenchymatous tissue ; highly differentiated systems of tissues,
such as are met with among the higher plants (comp. p. 277),
are never present. This simple form of vegetable structure is
known as a thallus. Reproduction is effected by very different
means in different types; it may take place asexually (by
division or by budding) or sexually. In the latter case the two
sexual organs (& and Q) are represented each by a single cell,
the contents of which become wholly or partially blended.

Formerly the Thallophytes were divided into Alge, Fungi, and
Lichens, but recent discoveries have shown this division to be no
longer tenable. Lichens are now known not to be independent
organisms, but are a union of two different forms of vegetation,

and Fungi. The latter are parasitic on the former, and so
closely is the life of the one bound up in that of the other, that we
cannot wonder at their being for long regarded as a distinct class of
plants. Fungi and Alge may be best distinguished from each .other
by the absence or presence of chlorophyll ; all cellular plants con-
taining chlorophyll are Algw, all without chlorophyll are Fungi.
The Alge are accordingly plants capable of independently assimilating
like the higher plants, while Fungi, with few exceptions, live on
substances already assimilated.

Type 1.
PROTOPHYTA.

The Protophyta are the simplest of all vegetable organisms.
They are mostly unicellular, but when reproduction takes place
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by means of cell-division, the daughter-cells frequently remain

united and form filaments, tissues, or masses.

Except pos-

sibly in the Myxomycetes, sexual organs have not as yet been
discovered in the Protophyta ; reproduction takes place either
by simple cell-division, by budding, or by spores. Certain forms

of the Protophyta possess chlorophyll, and are
accordingly sometimes classed as Alge; others are
destitute of chlorophyll, and correspond more to
the fungi. The former are unimportant; of the
latter we shall mention three orders : —

(1.) Schizomycetes or Bacteria.— Minute uni-
cellular organisms of globular (Fig. 372, IV.),
rod-like (IL-IIL.), or filiform shape, sometimes
ciliated (comp. p. 269). They are usually uni-
cellular, but multiply by division, after which
the young cells frequently remain attached, and
form colonies (Fig. 373).

Bacteria live in stagnant and putrid fluids, also in
diseased animal organs. They always appear in large
numbers. According to the effects produced by these
organisms in the substance in which they live, they
are divided into pigment, ferment, and pathogenous
bacteria. The first, when exposed to air, impart to
the surrounding fluid particular colours (red milk) ;
the second give rise to fermentation (see below), even
when the oxygen of the atmosphere is excluded ; the
pathogenous bacteria accompany or cause infectious
diseases, such as diphtheria, typhus, phthisis, smallpox,
and splenic fever. GENERA— Micrococcus, Bacterium,
Bacillus, Sarcina, Beggiatoa, Spirillum, &e.

(2.) Saccharomycetes or Yeast Fungi—These
are likewise unicellular organisms, of roundish,
elliptical, or elongated shape (Fig. 374). Re-
production takes place by budding, and by in-
ternal division. The process of reproduction by
budding is as follows :—At one end of the yeast-
cell a bud (III. a), more rarely two (IV. a ),
is. formed, which gradually increases in size,

1
Fia. 372,
Bacteria, —1.

(Mull);  IIL
Bacterium  Li-
neola  (Cohn) ;
IV. Micrococcus
prodigiosus
(Cohn) ; 650
times en
(After Cohn.)

Fie. 378.
Sarcina ventri-
culi(Goodsir). A
bacterial organ-
ism from the
vomit of a dys-
peptic patient.

and is finally separated from the parent cell by a transverse

partition. The same process is then repeated

in the bud.
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The buds frequently remain attached to each other and form
colonies. When reproduction takes place by internal division
the contents of the parent cell divide into two, three, or four
portions, each of which assumes a rounded form and develops
a cell-wall. When the wall of the parent cell finally gives
way each segment develops into a new yeast plant, which
multiplies by budding. Budding is the result of a super-
abundance of nutritive material, the latter process of the
lack of it.

Yeast fungi are the cause of alcoholic fermentation. The beer
fungus is Saccharomyees cerevisiee (Fig. 374, 1.-1V.); that of wine,

S. ellipsoideus (also S. apiculatus and
S. Pasteurianus). In fermentation
the sugar of the nutritive fluid is
transformed by the fungi into alcohol,
carbonic acid gas being set free dur-
ing the process. Chemists are dis-
agreed as to whether or not fermen-
tation takes place only when free
oxygen is present.
Another species of yeast plant,
Saccharomyces Mycoderma (Fig. 374,
V.),is not an ordinary ferment, but a
true mould. It grows on the surface
F of stale wine or beer, and, in contact
16. 374. . .

YEast Funor — L-IV. Beer With atmospheric oxygen, transforms
fungi (Saccharomyces cerevisie, the alcohol of these liquors into
f?{:l{lei:)g'. ’@f“sfwtemm};f vinegar. To this class also belongs
coderma (Rees), 1000 times en- Saccharomyces albicans, which causes
larged. the disease known as thrush. The
saccharomycetes were formerly regarded as degenerate forms
of higher plants ; it now seems probable, however, that they are
really independent organisms.

(3.) Myxomycetes or Mycetozoa.—The mature organism forms a
large fungus-like body, the sporangium, in which are produced
numerous spores. In the process of germination the contents
of each spore pass out, and exist for some time as a naked mass
of protoplasm, containing vacuoles, and exhibiting amceboid
movements. It is possessed of the power of locomotion, can push
out pseudopodia from any part, and in all respects closely



FUNGL 317

resembles an Ameeba. In this stage the organism is known as a
myzamaba. Later on, a number of myxamcebs unite to form a
large slimy mass (plasmodium), which moves about in the same
manner as a single myxamceba. Finally, the plasmodium be-
comes hardened, and forms sporangia, in which the spores are
formed ; these are of considerable size.

The myxomycetes live on decaying vegetation in woods, hothouses,
&c. A common species is ZEthalium septicum, the plasmodia of which
frequently attain a considerable size.

Type I1.
FunaI

The thallus of fungi is composed of filiform branching threads
or hyphe, densely interwoven with one another into a body
termed the mycelium. The hyphe contain neither chlorophyll
nor starch. Fungi, accordingly, cannot assimilate, but absorb
organic matter from the substances on which they live ; they are
therefore parasitic. The mycelium is usually subterranean, or is
hidden in the tissues of the plant on which the fungus feeds,
The part commonly considered the whole fungus is in reality the
fructification which arises from the mycelium, and appears above
the surface of the soil. Fig. 375, L., represents the fructification of
the mushroom. At the lower
end are numerous fibrous
threads (m), part of the my-
celium taken from the soil and
washed clean.

In fungi reproduction takes
place sexually and asexually ;
it is probable, indeed, that
sexual propagation occurs in
all forms of fungi, but in many
. Fia. 375.
it has not as yet been C]ear]y Agaricus campestris (mushroom). — I.

made out. Young fructification, with mycelium (m).
g y
Sexual propagatlon is effected II. Fructification almost mature ; ¢ Stalk ;

by means of two cells,which are r Ring ; b Pileus ; b Gill ; na. sz

of different sex—a germ-cell (), and a sperm-cell (3 ). The latter
generally produces spermatozoids (see below), which penetrate the
germ-cell where the contents of the two mingle, and the process
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of fertilisation is complete (comp. p. 168). The product is
either an odspore, which either develops directly into a new
plant, or sometimes first produces swarm-spores (Saprolegni-
acece, Peronosporee), or it is an
imperfect or a perfect fructifica-
tion (receptacle), which bears the
spores.

Another mode of reproduction,
very common in certain A4scomy-
cetes, is that which is effected by
the formation of conidie. This
mode is purely vegetative, not
sexual.

Reproduction by the formation
of these bud-spores or conidia takes
place as follows :—The mycelium
or vegetative body of the fungus
gives off upright branches (IV. V.,
Fig. 376). The tips of the branches
thus formed, each bud off a chain
of cells (s, conidia), which fall off

Fio. 376. onedby one 1(lI.). Under favo&l?ble

conditions these germinate and form

n‘gzg“?wgfn—;,y&:g I I(‘;,em{,' new mycelia, the cell-wall giving

Branches, with chain of conidis at the way 8o as to make way for the

end ; 600 times enlarged. protrusion of the delicate hypha
(m, IL ILL).

Fungi are found in the most diverse situations. Many grow on the
soil (of forests, &c.), from which they absorb decaying organic matter.
Others form their mycelium in the trunks of living trees (Fig. 377),
and many, especially the smaller forms,
live on leaves, fruits, and other vegetable
organs. Certain fungi live on human

» and animal tissues,—e.g., Cordiceps is

Fio. 877. parasitic on the larve of insects, Bo-
(a) Periza virginea on a dry trytis Bassiana on the silk-worm, caus-
beech twig ; nat. size. ing the muscardine disease; Achorion
Scheenleinis is found on the roots of

human hair, causing a yellow scurf. Many species live on and in
decaying substances,—some even are parasitic upon other fungi (Che-
tocladium Jonesii absorbs its nourishment from the filaments of a

).
1y fungi are characterised by what is termed allernation of gene-
3, a subject of which we shall have more to say later.
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Orders of Fungsi.

L. Hyphe of the mycelium delicate, mostly uni-
cellular, and not divided by transverse
partitions. Sexual cells homogeneous or
heterogeneous ; sexual product an ogspore, 1. Pavcomycerss.
II. Hyphw stronger, multicellular, divided by
transverse partitions. Sexual cells hetero-
geneous. Sexual product generated on a
fructification or receptacle.
A. Spores formed by the ends of the mycelial
threads arranged in a chain, and inde-
finite in number, . 2. HyroDERMIZ
B. Sporu different from the foregomg
1. Spores usually eight in number, con-
tained in a mother-cell (ascus), 8. ABCOMYCETES.
2. Spores borne in groups of four (rarely
two) at the end of a club-shaped cell
(basidium), . . . . 4. BABIDIOMYCETES.

(1.) Phycomycetes.—Small, mostly mould-like fungi, with a
peculiar mode of reproduction. The two sexual cells either
(1) by conjugation generate a zygospore directly capable of
germination, and arising by the cutting off of a
portion of each cell, and the blending of the
contents of the two segments thus formed, or (2.)
the globular germ-cell is penetrated by a tubular
process of the spermatic cell, and so fertilised
(Peronosporee).

To this class belong the Saprolegniacess and
Peronosporee. 'The former are parasitic on animals,
the latter on plants. Peronospora infestans, the
potato fungus, causes the well-known potato disease.
It forms on the under surface of the potato leaves,
and has the appearance of a fine mould. Its colour-
less filaments (the mycelium) penetrate the tissues ‘
of the leaf, which withers all round the parts Fic. 378.
affected. It thus gets dotted over with small brown  wineer.gpores of
specks; which increase in size and number, until Uredinew. I. Puc-
finally the whole plant loses its green colour and cinia  Anemones.
dies. The numerous spores generated by the fungus }[I‘;m P ":""3"6""::"
are carried by the wind to sound potato plants, o;.-° 8
which thus become infected. The mycelium lodges
over the winter in the tubers, and may thus spring up on the plants
of the following year. No effectual means have yet been discovered
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for stamping out this troublesome fungus. Potato disease first
appeared in Germany in 1830, and in 1845 made terrible havoc.
Since then its ravages have been considerably lessened.

(2.) Hypodermie.—The spores are formed by constriction at the
end of the mycelium filament. Nuclei appear equal in number
to the spores to be produced, after which definite walls are
formed, and the spores thus generated assume a rounded form,
and fall off. All fungi of this class are parasites, the mycelia
of which often grow for years on the same plant; they are
the cause of most of the diseases to which plants are subject.
Two families. )

(1.) UstiLaGINe®E.—Tilletia caries (“smut” of wheat), Ustilago
Carbo (“smut” of oats and barley), Polycystis occulta (parasitic on
rye-straw).

(2.) UrepiNnex.—The Uredinez are commonly found close under
the epidermis of living leaves and stems. Their method of repro-

duction is characterised by what is known

as alternation of generations. The first or

vegetative generation produces two kinds

of spores,—summer-spores (Uredospores)

and winter-spores (Teleutospores, Fig.

378). The former germinate immediately

after their appearance, the latter are

formed in autumn, and last over the

winter. On the pro-mycelium of the

teleutospores conidia become developed ;

these germinate into an extensive myce-

lium, the cidium stage. On this

(probably sexually) chains of ecidiospores

are formed, which germinate (usually on

another host), ultimately becoming uredo-

spores and teleutospores. The various

stages of development were formerly taken
for different species of fungi.

To this class belong the familiar

Corn Mildew (Puccinta graminis), the

Acidium form of which (&cidium

berberidis) is parasitic on the leaves of the

barberry, Restelia cancellata (Teleuto-

Fic. 379. sgore§ found on Juniperus, .;Ecidia on

. . the leaves of the pear-tree), Phrag-

m’f"';?“ﬁf,‘:,:‘,,:ﬁ:ﬁ-‘.,m“: ;38 midium (found on rose and blackberry

times enlarged. For explanation leaves, &c.), Endophyllum sempervivi (on
see text. the leaves of Sempervivum).

(3.) Ascomycetes—The Ascomycetes form their spores in
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special mother-cells (asci), which grow together in numbers,
and form a hymenium. Between the asci are unicellular or
multicellular hairs (paraphyses, k, Fig. 379).

In Fig. 379 we have the asci of Peziza aurantium. The lower part
of the figure (sp) represents a small portion of the hymenium.
Arising from this are a number of thickened filaments (k), filled
with red granules (paraphyses, f); between these are three asci (a)
showing the spores in various stages of development. The ascus 1
contains only protoplasm, in which are eight nuclei, developed by
continued division from a single primary nucleus. The protoplasm is
almost entirely concentrated at the top of the ascus, that remaining in
the lower part only forming a thin coating on the inner wall. The
nuclei soon arrange themseclves in regular order (see Fig. 379), and
become surrounded each by a portion of clear protoplasm, and enclosed
by a membrane (see free cell-formation, p. 269). The membrane con-
tinues to increase in thickness, and forms at length the wall of the
:lp;ore. Later on the spores are liberated by the rupture of the wall of

e ascus.

Families of Ascomycetes.

1. Asci naked, not enclosed within the receptacle, 1. Gyuxoascr.
II. Asci enclosed.

A. Without firm hymenium. Mould-like fungi, 2. ERYsIiPREL
B. With firm hymenium.
a. Receptacle a fungus-like body, opening
by a pore, . . . .
b. Receptacle not opening by a pore.
* Hymenium situated on the receptacle,
which appears above the soil, . 4. DISCOMYCETES.
** Hymenium formed on winding pas-
sages in the interior of an under-
ground fructification or receptacle, 5. TUBERACEL

3. PYRENOMYCETES,

1. GYMNoascL.—Protomyces (in vegetable stems), Gymnoascus (on
horse dung). 2. ErisypHEL—Erysiphe, the conidia form of one
species of which, Oidium Tuckeri, forms the well-known vine disease ;
Eurotium [the conidia-bearing form constitutes the common “ mould ”
(Aspergillus glaucus) . 3. PYRENoMYCETES.—Spharia, on dry stems,
&c. ; Fumago; Ustulina deusta, at the foot of old tree trunks—when
old has the appearance of charcoal ; Xylaria Hypoxylon, in rotting
tree trunks ; Claviceps purpurea, the fungus, constituting the ergot
of rye. 4. DiscoMyCETES.—Peziza (Fig. 377), small or large fungi
(sometimes 10 cm. in diameter), growing on the ground or on the
branches of trees; receptacle (a), cup or disk-shaped, the hollowed
inner surface entirely occupied by asci and paraphyses (Fig. 379);
Morchella (about ten species are found in Germany) and Helvella.

X
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5. TuseracEL.—The truffle (Tubder), Elaphomyces, and Penicillium
glaucum, the conidia-bearing form of which is the commonest mould
on bread, cheese, &c.

Appendiz to the Ascomycetes.
LICHENS.

The lichens form a division of plants, comprising several
thousand species, which are distinguished, according to the form
they assume, as crustaceous, foliaceous, cup-shaped, fruticose,
&e. (see Figs. 380, 381, 382); they grow on trees, stones, the
earth, and elsewhere. Of late years many interesting dis-
coveries have been made in regard to these plants, which seem

Fia. 380. Fie. 381 Fio. 382.

T T 0 Bl Plycis s, T S Cop ol
from Spitzbergen ; nat. size.

to stand alone in the vegetable world. They are not, as was
formerly supposed, independent organisms, but are produced by
the union (symbiosis, De Bary) of two thallophytes, one of which
(the alga) contains chlorophyll, and forms a substratum for the
other (the fungus), which contains no chlorophyll. In other
words, lichens originate by certain fungi living as parasites on
certain alge (mostly unicellular), such as Nostoc, Pleurococcus, &c.
The mycelia of different species of fungi living on different
species of Algre give rise to peculiar forms of lichens. It has
long been known that the lichen thallus is made up of two
elements, a closely interwoven tissue of colourless fungus
filaments (hyphw), in the interstices of which are numerous
rounded, bright green cells (“gonidia”). The filaments con-
stitute the fungal element, the gonidia the algal element, of
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the organism. The lichen thallus is also capable of producing
certain cup-like structures (fructifications, Fig. 380), in which are
developed numerous asci, supported on filaments. The spores
are formed in the same manner as those of Peziza (see p. 320).
In respect of the processes by which multiplication takes place,
the lichens in many points resemble the Ascomycetes, and
accordingly must be classified very near them.

Fia. 383.

1. Germinating spore of Physcia parietina, attached to Protococcus
viridis ; 1I. The same of Biatora muscorum; III. IV. The same of
Cladonia furcata ; 950 times enlarged.—(After Bornet.)

Figure 383 represents some examples of the symbiosis of hyphe
and gonidia, such as have actually been seen to occur in experimental
culture. In I. we have a germinating spore
of a lichen, Physcia parietina (s). From it has
issued the filament (b) which is just about
to attach itself to an Alga (a, Profococcus
viridis). Figure IL represents a spore (s) of
Biatora muscorum, the hyphe (b) of which
are intertwined with the Profococcus colony
(a). In IIL and IV. single gonidia (Proto-
coccus cells) from the thallus of Cladonia
Jfurcata are shown, 8o as to illustrate their con-
nection with the hyphe.

Typical genera of lichens are — Cladonia
(many species of which are common in woods
and on heaths), Stereocaulon, Lecanora, Peltigera
shield-lichens growing among moss), Parmelia
on trees and stones), Usnea barbata (on the H
branches of trees in forests), Ramalin)a fraxinea, Frc. 384.
Cetraria islandica (Iceland moss), Roccella 2 .
tinctoria (litmus lichen), &c. The reindeer npfa“::.:r]y Tgmfo?,;
lichen, Cladonia rhangiferina, which covers Corticium amorphum, Pr.
large stretches of land in Siberia, is important 390 times enlarged—
as fodder for reindeer. (After de Bary.)
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(4.) Basidiomycetes.—Spores not enclosed in an ascus, but borne
on a basidium-cell (Fig. 384), singly or in groups, mostly of
four. All the spores on the same basidium ripen at the same time.
The basidia are the ends of hyph# arising from under the
receptacle, which, standing together upright, form the Ay-
menium. This varies much in shape, and is found either on the
under side of the receptacle or in its interior; in the latter
case it is surrounded by a tough or by a delicate membrane
(peridium).

The Basidiomycetes are divided into three families—the Tremellint,

the Gasteromycetesy and the Hymenomycetes; the two latter are
divided into a number of groups.

1.—Families of Basidiomycetes.
I. Fructification or receptacle a soft gelatinous
mass, of indefinite form ; basidia on the
upper surface imperfect, . . . 1. TREMELLINL

II. Receptacle of definite form, fleshy or tough.
4. The basidia develop in the interior of a hy-

menium, in cells or chambers, . . 2. GASTEROMYCETES.
B. The basidia are situated externally on a hymenmm
covering a definite part of the receptacle, . 3. HYMENOMYCETES.

2.—Groups of Gasteromycetes.
- L. Receptacle subterranean, remaining closed,

only appearing above ground when ripe, a. HYMENOGASTREL
II. Receptacle appears above ground, opens.
4. Receptacle with interior column, which on
maturing breaks through the peridium, and bears
at its apex the slimy, stinking hymemum, which
soon disappears, . b. PuaLLoIDEL
B. Receptacle without meenor eolumn
* Receptacle small, cup - shaped on opening.
Hymenium enclosed in several small lenti-
cular bodies, or in a single spherical body, ¢. NIDULARIEL
* * Receptacle large, peridium membranous, open-
ing mostly at the apex. Hymenium resolves
into a filamentous tissue and spore powder, d. Lycorsepr.

3.—Groups of Hymenomycetes.

L Hymenium situated on the upper side of a
vertical receptacle, club-shaped, or borne on
rounded branches, . . . . . a. CLavaRim,
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II. Hymenium situated on the under side of a
fleshy receptacle, or on the under side of a
membranous receptacle.

A. Hymenium smooth, or dark and rough, . . b. THELEPBOREI.
B. Hymenium forms radiating lamellm, or tubes,
pores, pits, or, more rarely, conical points or

1. Hymenium forms conical points or papille,
which are rarely leaf-shaped, still more
rarely regularly disposed prominences on
the under side of the receptacle, . . ¢. HYDNEL
2. Hymenium not as preceding.
* Hymenium forms tubes, pores, or pits, which
occupy the whole under surface of the re-
ceptacle ; more rarely they are arranged
round the edge, or on tubular papille, d. POLYPOREL
* * Hymenium forms lamellz or folds radiating
from the stalk ; the lamelle occasionally
anastomose, and consequently seen pitted, e. AGARICINI.

1. Tremellini. — These form a gelatinous, trembling, transparent
mass, the surface of which is quite covered with spores. Tremella
mesenterica is golden yellow in colour, and appears in spring on fallen
twigs.

2. Qasteromycetes—(a.) Hymenogastrei.—Externally like truffles.
Rhizopogon (about the size of a potato), Hymenogaster (size of a nut).
(b.) Phalloidei.—TFructification at first egg-shaped, but after the column
bearing at its apex the slimy, greenish mass of spores has pierced the
peridium, the fungus looks like a hymenomycete. Phallus tmpudicus
(stinkhorn), common in woods. (c.) Nidulariei like Peziza among
the Ascomycetes; Cyathus (growing on rotten wood), Nidularia, &ec.
(d.) Lycoperdei.—The peridium is tough and leathery when immature,
whitish, grey, or light brown in colour, and covered with warts or
scales (external peridium). It opens mostly by a pore at the top, or
irregularly, and scatters abroad its snuff-coloured spores in thousands.
Lycoperdon (puff-ball), Bovista (common in meadows, pasture land,
and grassy spots), Geaster (external peridium opens like a star, with
valves thrown back ; found in woods).

3. Hymenomycetes (Mushrooms).—The most highly developed of
nll fungi. (a.) Clavariei, receptacle mostly branching like coral,
fleshy (Fig. 385); typical genus Clavaria, comprising numerous
species. The following are edible :—C. crispa, C. brevipes, C. aurea,
C. grisea, C. botrytis, C. amethystea, C. coralloides, C. cinerea. (b.) Thele-
phorei, found on fallen branches and trees, which they injure; one
genus, Thelephora. (c.) Hydnei, found on old wood and bark. (d.)
Hydnum (Polyporee), receptacle fleshy, corky, woody (Fig. 386) or
hard, mostly without stalks, Boletus and a few species of Polyporus
being exceptions. Polyporus, Fistulina, Dedalea are found on



326 ALGE.

tree trunks; Merulius lacrymans (dry rot, grows in and on damp
wood, first covering it with a mould-like coating, and afterwards,
in its mature state, exuding moisture in drops); Boletus (many
species, among which is B. edulis, a highly prized edible fungus).
Other species are B. luteus, B. bovinus, B. badius, B. subtomentosus,
B. variegatus, B. regius, B. versipellis, B. scaber, B. castaneus. The
following are poisonous :—B. squamiger, B. piperatus, B. radicuns, B.

Fic. 385. Fie. 386.
Hymenomycetes.—Fig. 385.—Callocera viscosa. Fig. 386.—
y . y Polyplg‘m versicolor ; nat. size. T
calopus, B. pachypus, B. Satanas. (e.) Agaricini, the largest division
of the fungi comprises forty genera, each with many species ; the most
important edible and poisonous of these are the following :—Amanita
caesarea (of very pleasant flavour), A. muscaria (fly - agaric, very
poisonous, used by the inhabitants of North-East Asia, in preparing
a highly intoxicating beverage) ; Lepiota delicata and L. procera, of
agreeable flavour ; T'richoloma Russula, much used in Austria ; Paxillus
panuoides, poisonous; Agaricus campestris, the mushroom, a favourite
edible species ; P. arvensis and P. silvatica are less delicate in flavour ;
Phlegmacium varium, poisonous ; Hygrophorus eburneus, edible ; H.
conicus, poisonous; Lactarius deliciosus, edible; L. scrobiculatus,
poisonous ; L. luridus, poisonous; L. plumbeus, poisonous; Cantha-
rellus cibarius, edible.

Type I11.
ALGE.

The Alge are never, like the fungi, composed of hyphal tissue.
The vegetative body is unicellular, few-celled, or multicellular.
When few-celled, it is frequently filamentous ; when multicellular,
it sometimes assumes the form of higher plants (Characee, and
many seaweeds). The Algw always contain green colouring
matter (chlorophyll), or similar pigments, imparting a red, brown,
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yellow, or olive colour to the organism, and capable, like ordinary
chlorophyll, of carrying on the process of assimilation. The Alge,
accordingly, are not parasites, but independent plants. The pro-
cess of sexual reproduction differs much in different species, as
we shall see later. They are grouped into numerous orders,
of which the most important are the following :—

Chief Orders of Algee.
I The two sexual cells homogeneous ; sexual pro-

duct a zygospore.
A. ZYGOSPOREE.
4. Unicellular Alge.
a. Containing yellowish brown colouring
matter (diatomin), with siliceous coat, 1. DIATOMACEE.
b. Containing green colouring matter (chlo-
rophyll), no siliceous coat, . . 2. DESMIDIACEE.
B. Multicellular (filamentous) Alge ; green, . 3. ZYGNEMACEX.
II. The two sexual cells keterogeneous.
A, Sexual product a spore, which either develops
into a new plant, or generates swarm-spores.
B. OosPoREE.
a. With green colouring matter (chlorophyll).
Found in fresh water.
* Filamentous Alge, consisting of
branched, or unbranched, one or
more celled, filamenta.

1. Unicellular, . . . . 4. VAUCHERIACEZ,
2. Multicellular, . 5. (EDOGONIACEZ.
* * Consisting of a multlcellulu- vegeta
tive body, . . 6. CHARACEA.
b. With red or olive brown eolounng matter,
inhabiting salt water, . 7. FucAckx,

B. Sexual product a sporocarp, producing upores.

C. CARPOSPOREZE.
One family, mostly sea-weeds, not green, . 8. FLORIDE%.

A. Zygosporece.

The Alge belonging to this class are mostly unicellular organ-
isms (Desmidiacew, Diatomacex); more rarely the vegetative
body consists of a many-jointed cell filament (Zygnemacee).
Reproduction takes place asexually by division of the cells in the
longitudinal or the transverse direction. Reproduction also
takes place sexually, the sexual cells so produced not being, as in
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the following types, of different form. Sexual reproduction is
effected by means of conjugation (see p. 270). The cell arising
as the result of conjugation is a zygospore (o, Fig. 341), formed
by the fusion of the protoplasmic contents of two cells. Previous
to germination the zygospore remains for some time in a state of
rest (resting-spore). The three following orders may be men-
tioned :—

(1.) Diatomaceee (Bacillariacee).—Unicellular Alge, contain-
ing brownish yellow colouring matter (diatomin). Occasionally a
number of individuals unite to form a band-shaped colony. The
cell-membrane is highly siliceous (comp. p. 248), the silex being
incorporated with the tissue of the membrane in the form of dots,
lines, tubercles, or irregular masses and such-like. After the decay
of the organic constituents of the plant, the delicate siliceous
skeleton often remains intact (Fig. 387). The Diatom cell con-
sists of two halves symmetrically
divided in the long direction ; the
one-half is a little broader than the
other, its edges overlapping like
. those of a lid. In the process of
% division the two halves separate, and
" the inner or small half has to be
formed anew. Hence, under con-
tinuous division, the cells are always
getting less. A limit is, however,
put upon this progressive diminu-

Fic. 387,

Fossil Diatoms from Ebstorf.— ¢, .
1. Pragilaria. I1. Epithemia. 111. tion by the formation of auxro-

Cocconema. 1V. Gallionella, 600 spores, a process which takes pla.ce

ti ed.
mes enlarg either by rejuvenescence or by conju-

gation. In the former case (Melosira) a cell formed in the
usual manner by division discharges its protoplasmic contents,
and these subsequently develop into the auxospore; in the
latter (Frustulia) two cells enter into conjugation, their contents
pass out and fuse, a zygospore being thus formed, from which the
auxospore is afterwards developed. The auxospore is always
much larger than the two mother cells.

There are in all about 1500 known species of Diatomacew ; they
abound both in fresh and salt water. Many fossil forms occur. The
great deposits of “Tripoli,” and the so-called “Infusorial Earth " are
in great part made up of the siliceous skeletons of Diatomaces, which
have been able through ages to withstand decay.
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(2.) Desmidiacece. — Mostly unicellular Alge, coloured green
by chlorophyll (see Fig. 342, p. 271), often stellate or crescentic
in shape. Reproduction proceeds asexually by cell- division,
sexually by conjugation. The latter process takes place as
follows :—Two cells arrange themselves crosswise, with their
broad sides facing one another ; the walls then give way, and the
protoplasmic contents of the two cells mingle. The result is a
resting zygospore, in which afterwards arise two new indivi-
duals. The Desmidiaceze are only found in fresh water—in
pools.

(3.) Zygnemaceee (Filamentous Algee)—These contain chloro-
phyll, which is frequently distributed in the cells in the form of
irregular masses or spiral bands (Fig. 334). Cells united to
form unbranched filaments. .

The filamentous Algz form green, slimy flocculent masses in ditches
and ponds ; typical genera, Zygnema, Spirogyra, Zygogonium.

B. Oosporece.

The Oosporese are rarely unicellular (Vaucheria). Usually
the vegetative body consists of cells arranged in rows, filaments,
or masses of varying thickness. Like the Zygosporew, the
Oosporee have a twofold mode of reproduction. The one is
asexual (vegetative), and takes place by cell-division or by
swarm-spores ; the other is sexual. In sexual reproduction two
kinds of cells are involved—a male ( &), the Antheridium,and a
female (9) the Oogonium. The sexual cells differ in appearance
Jrom each other.

Although in many minor details the different species vary consider-
ably as regards their mode of reproduction, the general characteristics
are the same in all. The method of reproduction seen in Vaucheria
may be taken as typical (Fig. 388). The Vuucherie are unicellular
Alge having a filamentous, repeatedly branching body (I.); the
branches (d d e) are blunted at the ends, and contain numerous
large chlorophyll grains. From time to time two slight protuberances
(8, 21IL ) appear side by side on one of the branches. These gradually
increase in size and assume a cylindrical appearance, after which they
undergo a remarkable serics of changes. The protuberance destined
to become an antheridium (IIL.) retains its cylindrical shape, but curves
at the point into the form of a hook. At the same time it is divided
about half-way up by a transverse wall (IIL), whereby the anterior
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portion (b) is transformed into a separate cell. This is the male cell
Gradually its chlorophyll disappears, its protoplasm is altered and
breaks up into a number of minute masses, which, on the rupture of
the cell-wall, pass out as spermatozoids. The spermatozoid (IV.) is
extremely minute, and consists of a colourless protoplasmic mass, pro-
vided with two cilia (see IV.) by which it rapidly moves through the
surrounding water. The development of the oogonium is as follows :

- " o —

Fie. 388.

Sexual reproduction in a Vauckeria.—I. End of a branched
cell ; d d e Branches; & and ¢ The sexual organs ; II. Part
of a filament showing the orgin of the sexual organs ; ITL A
young antheridium ; IV. Two spermatozoids ; V. Unfertilised
oogonium ; VI. The sane at the moment of fertilisation ; VII.
The embryonic vesicle after being detached from the t
plant. 1. 100 times enlarged ; II., IIL, V., VL, VIL 600
times enlarged ; IV. 1000 times enlarged (see text).

—The protuberance on the branch of Vaucheria (¢, IL) gradually
cnlarges, becoming ovoid in shape, and assuming an oblique position.
It is finally separated from the parent plant by means of a transverse
wall formed at its base (@, V.). The contents of the oogonium are
very dense, consisting wholly of opaque, granular, starchy matter.
When the oogonium is ripe its contents are slightly withdrawn from
the beak-like apex (a), which thereafter opens (f, VI.). The sperma-
tozoids, liberated from the antheridium of the same or of some other
individual, pass into the oogonium by the opening at f, and there con-
tinue in motion for some time. In the course of their movements the sper-
matozoids repeatedly come into contact with the granular plasma of the
female organ, with which finally a number of them become incorporated.
This constitutes the act of fertilisation (p. 168). The oogonium now
surrounds itself with a firm membrane consisting of three layers, and
detaches itsclf from the parent plant; its contents turn to a brown or
reddish colour. The oogonium is now an oospore (VIL) After
resting for some time, it develops into a new plant.

To illustrate the germination of the oospore, the case of a Chura
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may be taken (Fig. 389). The oospore of Chara, after being detached
from the parent plant, is somewhat barrel-shaped (I.), and is enclosed
by a brown, almost opaque, envelope, furnished
with spiral ridges. It is densely filled with
colourless fat and starch granules. The pro-
cess of germination is commenced by the with-
drawal of the contents of the oospore from its
apex, and the appearance in their place of clear
protoplasm. A transverse partition is now
formed across the interior of the oospore (1.) in
such a manner as to give rise to a large basal
cell and a smaller anterior one (k). The latter
next divides transversely into two daughter
cells, one of which develops into the primary
root (v, IL.), the other into the pro-embryo (w s).
The pro-embryo then undergoes repeated divi-
sion, and gives rise to the stem and secondary

roots from the cells (s and w) thus formed. Fro. 389.
In certain other species belonging to this mﬁ‘g‘%‘mm ?.)I;

class the oospores do not directly develop into
new plants ; their contents break up into swarm-
spores, which germinate after liberation from
the mother cell.

(4.) Vaucheriacece. — Thallus a unicel-
lular, ramifying tube, firmly attached to
the underlying rock, &c. by root -like
organs (rhizoids). It is lined with proto-

germination in theé spore
of Chare crinita. II.
Spore with seedling plant
issuing from it (ZTolypella
intricata). s Cell, from
which the stem develops
later on; w Original
mother cell of the root;
v Root (primary root) ; p
Spore ; k& Anterior cell
about ninety times en.

plasm, and contains numerous green larged.—~(After de Bary.)
chlorophyll grains. Vegetative reproduction takes place by
spores ; the end of a branch swells out, and is cut off from the
parent plant by means of a transverse partition. Finally, the
spore drops off, and after resting a few days germinates directly.
In other species the contents of the spore (Zoosporangium)
develop into swarm-spores, which on being liberated assume a
rounded form, and give rise to new plants. Sexual reproduction
takes place by antheridia and oogonia (see above).

(5.) @dogoniace.—Thallus a multicellular, simple, or branched
tube, containing chlorophyll. Sexual reproduction effected by
antheridia 4nd oogonia ; from the oospore proceed swarm-spores
as in many Vaucheriacee.

Like the Zygnemaces the (Edogoniaces form dark green flocculent
masses on stones and plants in water; they afterwards become
detached, and float about freely. Edogonium, Bulbochete, Coleochate,
typical genera. Very similar, and perhaps allied to the (Edogoniaces
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are the Confervacem, of whose mode of reproduction much has yet to
be learned.

(6.) Characeee—Sexual reproduction effected by antheridia
and oogonia of very complicated structure ; large multicellular
plants, allied in many respects to the
higher plants (mosses); readily dis-
tinguishable from all other Algwz by their
peculiar habit. The “stem” grows verti-
cally upwards, giving rise at intervals to
branches arranged in a verticillate manner,
on which, or on the twigs of which, are the
sexual organs.

Submerged plants, rooting in mud, and
attaining a height of about 30 c¢cm. Found
in ditches, brackish water, &c. Typical
genera, Nitella, Chara.

(7.) Pucacee (Sea- Wracks).—Salt-water
Algee with peculiar greenish brown colour-
ing matter, often of enormous size; firmly
attached to the sea-floor by means of

Fia. 390. .. . .
Melanthalia Billardieriy Thizoids ; the thallus sometimes appearing
(Mons.) ; three times en- above water.
larged. A species of
Floridem from the coast  In habit the Fucacee frequently resemble
of Van Diemen's Land. jap0q phanerogams (trees, shrubs), but are

s Stem, d Leaf-like lobes

of the thallus, f cystocarp. DeVertheless cellular cryptogams.  Fucus vestcu-

losus (bladder-wrack) is a well-known species ;
F. serratus is common on the coast of Britain; Sargassum bacciferum
forms in certain parts of the ocean (Atlantic Ocean) large floating
islands of tangle; sea-wracks grow most richly in the neighbourhood
of Magellan’s Straits.

C. Carposporece.

Multicellular Alge, not green in colour. The sexual product
is not, as in the case of the Oospore, a spore, but is usually a
multicellular body, the sporocarp or carpogonium (comp. p. 318)
in which, after fertilisation, the spores are generated. Fertilisa-
tion is effected either by swarm-spores (spermatozoids) or by
conjugation of the two sexual cells. Almost all Alge of this
class are sea-plants.

(8.) Florideee—The Floride® are sea-weeds containing red or
brown colouring matter. They are distinguished from the sea-
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wracks by the circumstance that their spores are generated in
capsules (cystocarps, f, Fig. 390), which arise in the axils of the
leaf-like lobes of the thallus (s, d).

A fresh-water species of Floridew is Batrachospermum moniliforme.
This is a slimy Alga, measuring only a few centimetres, and composerl

of numerous rows of cells arranged in bead-like bunches. Found in clear
running water, attached to stones, wood, &c.

Second Series.
MUSCINEZ.

The Muscineee constitute the link between cellular and
vascular plants. The -

stems of the Muscinex
are characterised by a
very imperfect central
fibro-vascular  bundle,
in which the vessels are
usually entirely awant-
ing, and only cambiform
tissue present. The
vegetative body is differ-
entiated into stem and
leaves, except in the
case of certain lower
forms (frondose liver-
worts), where it is not
developed beyond the
thallus stage. Repro-
duction is effected both

sexually and asexually.
Asexual reproduction is
effected by gemme,
those peculiarly modi-
fied hairs already de-
scribed on p. 281
Sexual reproduction is
in all cases effected by
Antheridia and Arche-
gonia, which are also to

Fia. 391.

Antheridiuin and archegonium of liver-worts.
—I. Young archegonium of Riccia ciliata; IL
More advanced archegonium of Marchantia poly-
morpha ; II1. Young antheridium of Riccia glauca ;
IV, Spermatozoids of Marchantia pol, . a
Base of the archegonium; h Neck of do.; ¢ Dried
apex; ¢ Embryonic cell, after fertilisation by cell-
division, developing into the sporocarp (sp, very
early stage); s Cells about to form spermatozoids.
I. (According to Kny), 440 timea enlarged. II.
(According to Sachs), 300 times enlarged. III.
(According to Hofmeister), 500 times enlarged.
IV. (According to Sachs), 800 times enlarged.

be regarded as modified hairs. They are found on full-grown
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plants, and arise from the cells of the epidermis. The antheridia
are ovoid or clavate in shape (Fig. 391, IIIL), and consist
internally of a mass (s) composed of sperm cells (g). In these
the spermatozoids are generated, each cell producing a single
spermatozoid. To effect fertilisation the spermatozoids pass out
of the antheridium by the narrow passage (m), and enter the
archegonium. The latter, the female organ, is flask-shaped, and
opens outwards by a narrow, neck-like passage (%, 1.). It is
composed of cellular tissue, and encloses a central cell, the
oosphere. The spermatozoids (minute elongated bodies, provided
with two cilia, IV.) having left the antheridium, pass along the
neck of the archegonium (), come into contact with the
oosphere (¢), and blend with it (fertilisation). Thercupon the

Fre. 392.

Liver-vorts.—1. Germinating spore of Ceratodon purpureus; IL
Fructifying plant of Bryum Warneum; IIL-IV. Capsules; IIL
Cemtod{m purpureus; IV, Pogonatum nanum; V. Physcomitrium
curvisetum ; V1. Cynodontium gracil ; VIL Racomitrium
L 600 times enlarged; II. Nat. size; IIL-VII. About 10 times
enlarged. w Root, ¢ Leaf twigs, s Stalk of capsule (Seta), b Capsule,
d Valve, m Cap, bl Leaves, k& Spore, p Protonema.

oosphere divides (sp, II.), and develops into a sporogonium
(capsule) of considerable size, in which the spores appear later
on. The sporogonium of the mosses is universally known. It
is borne at the end of a long stalk (s, Fig. 392), and is often
cap (m) representing the upper half of the wall
um, which gets torn across as the capsule
ripe, the sporogonium opens by means of a
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valve (d), in the liver-worts by four longitudinal slits. The rim
of the capsule is frequently bordered by a row of peculiarly shaped
teeth forming the peristome. When the capsule opens numerous
brownish spores are scattered abroad. These germinate in damp
soil, their outer wall (%, I.) giving way, and a colourless germ-
tube, containing large chlorophyll grains, being protruded. The
germ-tube is soon divided into rows of cells, ramifies, and forms
a filamentous algoid body, the pro-embryo or protonema. In
course of time a short bud is formed on one of the branches of
the protonema. By cell-division this bud speedily develops
into a mass of cells, part of which grows in an upward direction,
and produces a leafy moss (sexual generation, a ¢ ¢). Another
portion of this tissue grows downwards, and forms the root (w).

Type IV.
HepaTICZ (LIVER-WORTS).

The protonema is absent or very small. Vegetative body
thallus-like (Anthoceros, Marchantia), or comsisting of a re-
peatedly branching stem with small flat leaves (Jungermannia).
The capsule (sporogonium) is usually stalked, and of oval,
spherical, or like shape. It contains numerous minute spores,
and certain peculiar structures called elaters. These are com-
posed of elastic filiform cells; their function is to cause the
spores to spring from the open capsule on the slightest pro-
vocation. The sporogonium usually opens by four vertical slits.

The liver-worts are the lowest of the Muscineee. They are small
delicate plants which grow on the trunks of trees, on walls, on the
ground, on decaying leaves and elsewhere. Typical genera are Riccia
(R. natans and R. fluitans, float on the surface of lakes), Anthoceros,
Marchantia (M. polymorpha is the commonest of all the liver-worts),
Fegatella, Lunularia, Blasia, Jungermannia, Melzgeria, Aneura,
&e. &c.

Type V.
Muscr (Mossks).
The pro-embryo or protonema is large, and is composed of
branching filaments containing chlorophyll. When full grown

the vegetative body is always differentiated into stem and
leaves ; the latter may or may not have a simple midrib, and
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are for the most part composed of one kind of tissue. The sporo-
gonium (capsule) is mostly stalked, and bears at its apex a cap, i.¢,,
the upper portion of the former archegonium wall. The tissue
in the interior of the capsule produces only spores; elaters do
not occur. The central tissue of the capsule is barren, and pro-
duces no spores; in the ripe sporogonium it forms the central
columella. The capsule opens by means of a deciduous lid,
with or without a peristome, rarely by four vertical slits. Still
more rarely the capsule remains closed, and the spores are
liberated after the decay of its walls. The most important
orders are as follows :—

(1.) Sphagnaceer or Bog-mosses—Without cap (calyptra).
Capsule without proper stalk, but borne at the end of a stalk-
like process of the stem, opening by a lid. Pro-embryo (proto-
nema), like the prothallus of a fern (see below), flat and leaf-like.

The bog-mosses are distinguished by their peculiar yellowish green,
yellow, or reddish colour. They abound in boggy places. There is
but one genus, Sphagnum ; about twenty species are known in Europe.;

the chief are S. squarrosum, S. cuspidatum, S. rigidum, 8. cymli-
Solium, &c.

(2.) Andrecacec.— Mosses with calyptra; capsule without
proper stalk, as in sphagnacez. It opems by four vertical slits,
which reach nearly to its summit. Protonema filamentous.

Small, almost black, mosses, growing on rocks and stones. One
genus, Andrewa (A. rupestris and A. petrophila), is common in
mountainous regions.

(3.) Bryacew.—Mosses with calyptra, capsule borne on a true
stalk (sefa), which is rarely short; it opens by a lid (operculum),
and frequently possesses a peristome; sometimes it remains
closed. Protonema filamentous.

The Bryacex are small or moderately large plants which grow
together in large numbers, and cover the surface of the ground, of
stones and rocks, and of trees ; some species grow in water. They
display great diversity in general habit, and in the form of the
capsule. They are divided into acrocarpous and pleurocarpous mosses,
according as the capsule arises from the apex or from the side of the
stalk. Recently they have been further subdivided into numerous
families, which need not be considered here. The most important
genera are as follows :—Phascum (capsule remaining closed), Wessia,
Dicranella, Dicranum (D. scoparium, very common in woods),
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Fissidens (with imbricated leaves arranged in two rows), Pottia,
Ceratodon (C. purpureus is one of the commonest of the mosses, and
is found in nearly all parts of the world), Trichostomum, Barbula,
(with spiral peristome), Grimmia (growing in cushion-like masses on
rocks), Racomitrium, Ulota (found on trees and rocks), Orthotrichum
(the same), Schistosteja (growing in crevices, with a protonema which
shines in the dark), Splachnum (with peculiar capsule), Funaria,
Bryum (a large genus, comprising many species which cannot easily
be distinguished from each other), Mnium, Polytrichum (a wood-
land genus), Fontinalis (found in mountain brooks), Thuidium,
Climacium, Isothecium, Brachythectum, Eurhynchium, Rhyncho-
stegium, Plagiothecium, Amblystegium, Hypnum (very large genus),
Hylocomium. The last eleven genera are all pleurocarpous.. Over
6000 species of Bryacew are known.

Third Seres.
VASCULAR CRYPTOGAMS, OR VASCULARIA.

The vascular cryptogams (ferns, &c.) resemble the mosses,
but they differ from them in many important respects, and
possess many features in common with the higher plants,
particularly the conifers.

The prothallus or prothallium produced as the first result of the
germination of the spores of vascular cryptogams is a flattish or
rounded cellular body divided into
lobes. It is attached to the soil by
numerous root-hairs, called riizoids.
The prothallia of most true vascu-
lar cryptogams appear above the
ground and contain chlorophyll.
Those of the Ophioglosseee and
Lycopodiace are, however, sub-
terranean, and do not contain
chlorophyll. It is on the pro-  Prothallium of one of the Vascu-
thallia that the male and female metﬁggﬁf‘mw setigerum ;50
sexual organs (antheridia and
archegonia) are borne. In some cases the two kinds of sexual
organs (sporangia) are produced on the same prothallium, but in
others (Equisetace:e, Rhizocarpewx, Selaginellex) the male organs
are produced on one set of prothallia, the female on another.

The structure of the antheridium differs in different groups.
In many (Polypodiacez) it is as follows (Fig. 394):—It is

Y
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enclosed by a cellular (epidermic) wall (a), the apex being
formed by a single cell, which acts as a lid (k). This cell has
here given way. The interior is composed of cellular tissue,
in the cells of which, at a later stage, the spermatozoids are
developed. When the antheridium is ripe, the apical cell
opens by a slit, and the cells containing the spermatozoids
are thus discharged. The spermatozoid proper lies coiled up
spirally in its cell (s), in which it keeps up a rotatory move-
ment. Suddenly it bursts through the surrounding protoplasm
(8'), and moves away with a peculiar winding or boring movement
(8”) in- search of the archegonium.

The archegonium is similar in structure to that of the Hepa-
tice and the mosses. Like the latter, it is flask-shaped, the
lower part being bulged out, the upper narrow and neck-like
(h, Fig. 395). The egg-cell or oosphere (¢) lies in the lower part

Fic. 394. Fia. 395. -

Fig. 394.— Antheridium of Pteris serrulata showing the discharge
of spermatozoids. Some of these are already some way off. 350
times enlarged. —(After Luerssen.) Fig. 895.—Ripe archegonium
of Osmunda regalis. h Neck ; e Oosphere. 240 times enlarged. —
(After Luerssen.)

of the organ. There it is reached by the spermatozoids, which
blend with it, and so fertilise it. After fertilisation, the embry-
onic cell undergoes repeated division. First of all it is divided
into four compartments, one of which forms the primary cell
of the future root; the second, that of the stem ; the third,
that of the first leaf ; and the fourth, that of the so-called foot.
The foot is composed of a muss of cells of considerable size, formn-

r-
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ing the connection between the seedling plant and the prothal-
lium ; it absorbs nourishment from the prothallium, with which
it supplies the young plant until the latter is able to support
itself. ’

We thus see that, in the Polypodiacex and kindred plants,
what is commonly called the fern is the result of the develop-
ment of the embryonic cell of the archegonium after fertilisation.
It constitutes the asexual generation, while the prothallium
represents the sexual generation.

The so-called “ fern,”—.e., the axis and its fronds—is accord-
ingly the homologue of the capsule of the mosses. The moss sporo-
gontum and the spore-bearing fern plant are thus, viewed from the
standpoint of comparative morphology, homologous structures.

The asexual spore-bearing generation must be considered under
each type separately, as in each it is characterised by special
peculiarities.

Type V1.
Fiuicinez (FERNS).

In the true ferns (Filices, Filicinee) the prothallium is flattish
or slightly globular. Antheridia and archegonia develop on the
same prothallinm. The spore-bearing generation consists of a
well-developed or much-shortened stem, which may be either
simple or slightly branched, and which bears numerous more or
less divided compound leaves (fronds). The spores are borne on
the fronds, mostly on the under surface, and are enclosed in
peculiar capsular spore-cases, called sporangia. The ferns pro-
duce only one kind of spores.

The sporangia are metamorphosed hairs (comp. p. 280). They
develop on the leaves in groups (k, 1., Fig. 396), the group
receiving the name of sorus. The sorus is usually surrounded by
or enclosed in a scale-like membranous structure (indusium)
continuous with the epidermis of the leaf. The capsules or
sporangia constituting the sorus (IL, IIL) always arise by
enlargement and division of one of the cells of the epidermis
(hair-cell). They are usually stalks (p), and consist of a thin,
transparent (hyaline) wall enclosing numerous spores (s). In
most cases the wall of the sporangium possesses a ring (annulus)
of thickened cells, which runs round the case and divides it exter-
nally into two halves. The opening of the sporangium when
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ripe is effected by means of the annulus, which gives way at a
certain spot, and curls backwards.

I

F1e. 396.

1. Pinna of Polystichum spinulosum (n) with sorus (A).
II. Sporangium from the side. III. The same from
behind. p Stalk ; » Annulus; s Spores. I. ten times
enlarged ; II. III. 200 times enlarged.

The various positions occupied by the sporangia or sori may be well
_seen in Fig. 397-399, where we find illustrations representing the
position of these organs in several of the most import divisions of the
Filices.  Fig. 397 represents the common hart's-tongue (Scolopen-
drium vulgare) reduced to about one-half the natural size. The
under-surface of the simple frond bears numerous linear sori. Fig.
398, I.-III,, represents single pinna of various other ferns (Polypo-
dium, Didymochlena, Nephrolepis); note here the regular way in
which the midrib (m) branches, the sori (s) being seated on one of the
smaller ramifications. In III. the kidney-shaped indusia which cover
the sori may be plainly seen. In VIIIL and IX. (Pteris, Adiantum),
the sori are ranged along the margin of the pinne, which is slightly
curved inwards, covering the sporangia, and so forming a false tndu-
stum. In Lygodium, one of the Gleicheniacewe (IV., V.), the sori are
arranged on an axis formed by the prolongation of a vein beyond the
margin of the pinna ; they are composed of several sporangia (in this
case seven), and have a horizontal annulus ; in the cut they are repre-
sented as open. The sporangia of Angiopteris, one of the Marrattiaceze
(VL.), are arranged in the manner shown in the cut : the sorus is
without indusium. In Marattia the sporangia occur singly ; they are
thick-walled and open by a longitudinal slit. The two valves (s) each
contain a row of small loculi (f). In the Ophioglossacee an entire leaf is
metamorphosed into a spore-bearing organ (f, Fig. 399). It is easily
distinguished from the sterile foliage leaves ( p), its pinne being repre-
sented by small globular structures, which open later, and disclose the
contained sporangia.

The Filicinez are divided into three orders—the Filices, or true
fern, the Marattiacear, and the Ophioglossece (adder’s - tongues).
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As these, in contrast to the Rhizocarpezw, only produce one kind
of spores, they are termed ¢sosporous.
(1.) Filices (Ferns).—Trothallium appearing above the surface

Fre. 397.

Scolopendrium
vulgare (Hart's-
tongue). Simple
frond, with linear
sori ; half nat. size.

of the soil, and containing chlorophyll.

Fic. 398.

SpPORANGIA oF FERNS.—I. Polypo-
dium vulgare. 1L Didymochlena
truncata (J. Sm.). III. Nephrolepis
exaltata (Schott). IV. V. Lygodium.
VL. Angiopteris. VIL. Marattia.
VIIL. Pteris aquilina. IX. Adian-
tum Capillus- Veneris ; m Midrib ; n
Veins; s Sori. L-IV,, VIIIL, I1X,
nat. size ; V.-VIL fifteen times en-
larged.

Fie. 399.

Botrychium Lu-
naria, nat. size.
w Root ; & Scale;
p Frond ; f Spike
bearing  sporan-
gia.

Sori free, arranged on

the under surface, or at the margin of ordinary or slightly meta-
The young fronds circinate in vernation.
Sporangia mostly with vertical annulus and indusium, never
divided into chambers.

morphosed leaves.
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Almost all our native ferns belong to this order. Important species
are—Pteris aquilina (bracken), Adiantum Capillus- Veneris and
A. pedatum (maiden-hair)—(both these species, as well as many from
South America, largely cultivated in hot-houses), Cystopteris fragilis
(bladder fern), Aspidium Filix-mas, Polypodium vulgare (polypody),
Asplenium Filix femina, A. Ruta muraria, Scolopendrium (hart's-
tongue), Struthiopteris germanica, Blechnum boreale (hard fern),
Osmunda regalis (royal fern). Many tropical ferns are tree-like, e.g.,
Dicksonia antarctica, a species which may be met with in many hot-
houses. Its stem attains a height of about forty feet, and the fronds
a length of about fourteen feet ; it is indigenous in New Holland and
New Zealand. The allied genus Cyathea has several tree-like species
with large beautiful fronds.

(2.) Marattiacece.—Prothallium appearing above-ground, con-
taining chlorophyll; sori arranged on the under surface, or at
the margin of ordinary (not metamorphosed) fronds. The
young leaves are circinate in vernation. Sporangia without
distinct annulus, without indusium, sometimes divided into
chambers. '

A small order, the species of which are mostly tropical ; some are
tree-like. Genera—Angiopteris, Kaulfussia, Marattia, Dancea.

(3.) Ophioglossece (A dder’s- Tongues)—Prothallium subterranean,
without chlorophyll. Sori borne in the interior of fronds meta-
morphosed, so as to look like a spike. The young leaves not
circinate in vernation.

The Ophioglosseze are a small group, comprising several small
species of ferns. Three genera— Ophioylossum, Botrychium, and
Helminthostachys. The two first are found in all parts of the world,
the last is confined to Tropical Asia and Australia. The two most
common home species are Botrychium Lunaria and Ophioglossum
culgatum.

Type VII.
RHIZOCARPEA.

The Rhizocarpe:x are chiefly distinguished from the Filicine®
by the formation of two kinds of spores (macrospores and micro-
spores); they are therefore termed heterosporous. The macro-
spores produce a female prothallium bearing archegonia, the
microspores a male prothallium bearing antheridia. The spor-
angia are borne externally in the vicinity of the roots. They
are of two kinds, one containing only microspores, the other
only macrospores ; they either lie fogether in groups surrounded
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by a membranous capsule (the sporocarp, Fig. 400, f, and Fig.
401, f), or macro- and microsporangia are separate, and enclosed
in two different sorts of sporocarps. The young leaves are
either circinate or simply folded in vernation.

The peculiar habit of the Rhizo-
carpex is illustrated in Figs. 400,
401. They derive their name from
the fact that the sporocarps are always
found in ‘the vicinity of the roots ;
in Salvinia the sporocarp was even
formerly regarded as a metamor-
phosed root. The macrospore on
quitting the sporocarp germinates,
i.e., undergoes repeated cell-division,
and produces a female prothallium,

\ f

F/ M ,\'\‘. | \

Fia. 400. Fia. 401.

Fig. 400.—L. Marsilia salvatric (Hanst.), entire plant; IL Young leaf.
IIL-V. Marsilia uncinata (A. Br.); IIL. Leaf; IV. V. Fruit; nat. size. Fig.
401.—Pilularia globulifera (Pill-wort) ; nat. size. f Fruita.

which continues in connection with the macrospore. The microspores
in germinating either produce a very imperfect prothallium bearing
antheridia, or their contents break up and form numerous spermatozoids.
Two orders. ’
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(1.) Salviniaceer.—Macrosporangia and microsporangia sepa-
rate, and enclosed in different unilocular sporocarps. Leaves
folded in vernation.

Small plants without true roots, found floating on the surface of
water ; in habit resembling the duck-weeds. Two genera—Salvinia
(native species S. natans) and Azlla (America, Africa, Australia).

(2.) Marsiliaceee. — Macrosporangia and microsporangia en-
closed in the same sporocarp. Leaves circinate in vernation
(Figs. 400, 401).

Delicate land or marsh plants. Two genera—Pilularia (leaves fili-
form, pointed ; indigenous, P. globulifera, Fig. 401) and Marsilia
(leaves in whorls of four, Fig. 400 ; indigenous, M. quadrifolia).

Type VIII.
EQuISETINE® (HORSETAILS).

The Equisetums are distinguished from all other vascular
cryptogams by the peculiar structure of the spore-bearing genera-
tion. The stem consists of a number of joints which fit into
each other somewhat like the different pieces of a telescope.
The true leaves are very small and membranous, and arise from
the summit of each joint so as to surround the lower end of the
joint immediately above. The stem bears numerous branches,
usually arranged in whorls. It is stiff and rigid in appearance,
a circumstance which is to be accounted for by the large
quantity of silica which is deposited within its epidermis.

The Equisetums are further distinguished by the peculiar
anatomical structure of the stem, in which they approach the
dicotyledons, especially the conifers. Surrounded by the pretty
equally developed fundamental tissue (¢ %, VIL), the fibro-
vascular bundles lie in a ring (comp. Fig. 350), after the manner
of those of the last-named plants. Immediately below the
epidermis the fundamental tissue is entirely or partially trans-
formed into sclerenchyma; further down come several luyers of
corticular parenchyma cells containing chlorophyll (¢), then
colourless cortical tissue without chlorophyll, and, finally, in
the neighbourhood of the fibro-vascular bundles, similar tissue
composed of sumewhat smaller cells.
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The stems of the Equisetums are traversed longitudinally by
numerous tubular air-spaces. One of these always occupies the
cenlre of the stem (%) ; in many species
(Equisetum palustre, arvense) it is =
of small or of medium diameter; in
others (E. limosum) it is very large.

A circle of air-spaces is also found
below the epidermis (z), and alternat-
ing with these is a second and much
smaller set, which lie in close prox-
imity to the fibro-vascular bundles (g).

All the Equisetums are per-
ennial, and possess a solid rhizome,
which produces a series of tubers
lying one behind another.
At the end of the fertile stem
the sporangia are borne in the
form of a club-shaped spike or
head (a, I.). The spike consists
of several rows of stalked mush-
room- or shield-shaped scales (IL.),
- in which the spores develop. These
peltate scales bear about eight
pouch-like sporangia, which open Fia. 402,
by slits on their under and internal  Egquisctum arvense. — 1. Fertile
surface, and so liberate the spores. jory,net emlg ﬁlﬁtitg;:];

The spore is furnished with two and elaters, 200 times enlarged ;
lasti lat hicl VII. Cross-section of stem, ten
elastic processes (e a ers), which, gimes enlarged. a Spike ; b Node ;

when. the .atmo:%phere is damp, 5 .f:ilﬁ:ﬁ";‘g‘,fﬁ;,,d ?I‘t:;l[l‘t h«:; g:i.’ o
remain coiled firmly round it. Vir, in'the text.)

When the air becomes dry, how-

ever, they gradually unwind (IV., V.), and assist in discharging
the spore from the sporangium.

The spore germinates into a small prothallium, which bears
‘cither archegonia or antheridin. The antheridia contain small
club-shaped spermatozoids, each provided with numerous cilia at
the pointed end. The spermatozoids fertilise the embryonic
~ cells of the archegonia in a manner similar to that observed
in the mosses and ferns. The product of the fertilised arche-

gonium is the spore-bearing Equisetum above described.

The type Equisetineze includes but one order, the Eguisetacee, with
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one genus, Equisetum. The genus Equisetum includes very few species
(Europe 12, Asia 14, America 21, Africa 3, New Holland 0). The
most common home species are E. arvense, Telmateja, pratense,
sllvaticum, palustre, limosum, hiemale. The Equisetums are not now
so numerous as they were in earlier eras of the earth’s history. Many
fossil forms are met with, among which may be note | the Calamites,
which attained the height and girth of trees. They were most plentiful
during the carboniferous period.

Type X1
LycoroDINEZE (Club-Mosses).
The Lycopodinee are small or medium-sized plants, with
strong or slender, repeatedly bifurcating, stems. The leaves are

linear or scale-like, more rarely flat and green (Figs. 403, 404).
In the Lycopodiacex (Fig. 403) the leaves are all of the same size

Fia. 403. Fia. 404.

Fig. 403.—Lycopodium inundatum, nat. size. s Creeping stem ; f Fruit-pike,
Fig. 404.—Selaginclla pubescens. 1. Leafy twig, six times enlarged ; II. End of
twig, with spike (c), eight times enlarged ; b Lateral leaves ; n Median leaves.
and shape; in the Selaginelle:w (Fig. 404) a double row of small
leaves (median leaves, n), and a double row of larger lcaves
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(lateral leaves, b), are found.

347
At the end of the stem the leaves

are slightly metamorphosed, and form a club-shaped spike ( f, ¢).

Inthe axil of each leaf in the
spike arises a kidney-shaped
sporangium, which opens
laterally. The Lycopodi-
acez produce only one kind of
sporangia and one kind of
spores (VIIL, Fig. 405); the
Selaginelleee and Isostez pro-
duce two kinds of sporangia
(macrosporangia and micro-
sporangia), and two kinds of
spores (macrosporesand micro-
spores).

Fig. 405 I. represents part
of the spike of Selaginella
pubescens, somewhat enlarged.
M is a 1nacrosporangium,
m m, microsporangia. The
former is shown separately
in VI, one of the latter in
III. The longitudinal sec-
tion through the spike shows
the axis (s) with its central
fibro - vascular bundle (f),
and several leaves (d d).
Those to the left are larger,
and bear in their axils each
a macrosporangium (M) : the
smaller leaves to the right
bear in their axils each a
corresponding microsporan-
gium (m).

Fic. 405,

inee.—1.-VIL Selaginella pube-
:ce]gm’;d Lower part of the spike with
macro- and microsporangia ; ten times en-
larged. IL The same, longitudinal section,
somewhat diagrammatic ; twenty times en-
lnrged III. Microsporangium ; twenty
times enlarged. IV., Mlcrospores ; 800
times enlarged. VI Macmeponng'l ;
twenty times enlarged. VII. Macrospore;
seventy times enla.rged. VIII Spore of
m; 300 times en-
la.rged. ] Stem I Vascuhr bundle; b
Leaves; d Leaves of the spike ; M Macro-
sporangium ; m Microsporangium.

The microsporangia contain numerous tetrahedral

microspores (IV., V.); the macrosporangia, again, contain only
four large, rounded, opaque macrospores (VIL.), the surface of
which is covered with small warts.

The spore of the Lycopodiacee germinates into a lobed pro-
thallium, of whose development little is yet known. The sexual
generation of the Selaginellex has been much more fully studied.
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In these the microspore is observed to develop in i¢s inferior &
rudimentary prothalliumn, bearing an antheridium, in which
several spermatozoids are generated. The microspore is accord-
ingly the male spore. The female prothallium is formed by
repeated cell-division in
the interior of the macro-
spore, which takes place
while that organ is still
attached to the parent
plant, and not full-grown.
After the spore has be-
come detached, the rapid
growth of the internal
tissues causes the wall to
give way, when the upper
part of the prothallium
slightly protrudes, and
numerous archegonia are
developed on its surface
(@ a, Fig. 406). The
fertilised embryonic cell
soon develops into an
- embryo, in which are to

Fic. 406. be distinguished, as in
Longitudinal section through the macrospore the case of the embryos
ges;‘;mﬁm,:wmnﬂggmsgmmi:ﬁbg& of true seeds, a radicle

gonia ; b An archegonium at & more advanced

stage ,' w Radicle ; v Point of the stem ; k & First (w) , a stem (v)’ and two

leaves ; f Foot ; ¢ Pro-embryo; p True pro- leaf-like structures (k l’).

thallium ; ¢ Endosperm; 4 Wall of the macro- roces:

spore ; 165 times enlarged. —( After Pfeffer.) A P N (t) from the
embryo passes upwards

into the upper part of the prothallium, while it is connected with
the lower part by the foot (f). Meanwhile the lower part of the
prothalliuin has become modified into a firm tissue of polygonal
cells (¢), which contain a store of nutritive material for the sup-
port of the young embryo. This part of the prothallium accord-
ingly corresponds to the albumen (endosperm) of the higher plants.

The Lycopodine: are divided into three orders :—Lycopodiaceer,
Tsvétear, Sclaginellee. The two most important are the Lyco-
podiace:e and the Selaginelle:w.

(1.) Lyeopodiaceee (Club-Mosses). — Isosporons; prothallium
moncecious ; leaves small.
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The Lycopodiacee comprise four genera, only one of which
(Lycopodium) is indigenous in this country. The most important
species are L. Selago, annotinum, clavatum, inundatum, complanatum,
alpinum. The spores of the Lycopods constitute what is vulgarly
called Lycopodium powder or witch-meal (Semen Lycopodit).

(2.) Selaginellee. — Heterosporous; prothallia dicecious, the
male developing from the microspore, the female from the
macrospore ; leaves flat.

One genus, Selaginella, including two home species, S. spinulosn,
S. helvetica.

B. PHANEROGAMS.

The vascular Cryptogams are distinguished by a well-marked
constant alternation of generations. There are two of these
generations, a sexual and an asexual.

The sexual generation is the prothallium resulting from the
germination of the spore; it produces antheridia and archegonia,
the latter containing an embryonic cell, from which, after
fertilisation, arises the asexual plant.

The aserual generation is the vegetative plant, differentiated, as
a rule, into root, stem, and leaves, the homologue of which is the
sporogonium of the mosses. On this the spores are found in
special spore-cases—sporangia—which arise from metamorphosed
epidermis cells—hair-cells. Only in the highest groups are the
sporangia to be looked upon as appendages of the leaves.

The spores of the lower vascular cryptogams are of one kind, -
and give rise to prothallia on which both antheridia and arche-
gonia are produced. The higher vascular cryptogams (Equi-
setums) likewise produce but one kind of spores, but these give
rise to two kinds of prothallia—male, upon which are to be
found only antheridia, and female, on- which are to be found
only archegonia. The highest of all vascular cryptogams, again,
produce two kinds of spores (macro- and microspores). The two
kinds of spores are either found in the same sporangium, or the
plant bears two kinds of sporangia, macro- and microsporangia.
The result of the germination of the macrospore is a female pro-
thallium, of the microspore, a male prothallium. In the Rhizo-
carpee the female prothallium protrudes from the macrospore,
in the Selaginelleze only the archegonium. In the latter the
prothallium is developed within the macrospore, while that organ
is still undetached from the parent plant.
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Thus, while in the lower vascular cryptogams the two genera-
tions are sharply distinguished from each other, in the highest
group matters are somewhat simplified by the fact that the
sexual generation is partly formed on the parent plant, although
fertilisation only takes place ‘when the female prothallium has
become detached.

In the Phanerogams the female organ is fertilised, and develops
an embryo while still on the parent plant. The microspores
(male cells) produced by the Phanerogams are the pollen grains,
while the embryo sac of the seed represents the macrospore (female
cell). In the heterosporous vascular Cryptogams the two kinds
of spores are always produced on the same plant; in many
Phanerogams (dicecious) one individual produces only micro-
sporangia (anthers), another only macrosporangia (ovaries). In
the highest Cryptogams only are the sporangia formed by leaves,
or homologues of leaves; in the Phanerogams this is always the
case. :

Serdes I.
ARCHISPERMS.

5 The microsporangia are borne on a
] separate shoot, similar to the spike of
the Equisetums; they arise at the
base of scale-like, shield-shaped leaves
(antheriferous scales), and are termed
pollen-sacs. Their wall consists of a
delicate membrane, which, when the
organ is ripe, opens by a vertical slit,
and discharges the microspores (pollen-
grains). The pollen-grain (Fig. 261, V.,
¢ p. 165) is divided internally into
three or four cells, which represent an

extremely rudimentary prothallium.
The macrosporangia either stand
Fro. 407. singly, or are ftmnged in groups so
L Corpuncul.a (c) of Juniperus S to form a Splke (fir-cones). In ﬂ.'e
communis. a Pollen-tube, b atter case they frequently arise in
glﬁf“,r;sgi'c of ke Fﬁ;ﬁ;’;:,‘;f pairs in the axil of a woody bract

II. single corpusculum with (geale); they constitute the ovules.

meﬁ A},{Z h?.‘::i,m)m The macrospore is the embryo-sac, of
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which there may be either one or several in a single ovule.
The prothallium—the endosperm—formed from the embryo-sac
produces archegonia or corpuscula. Of these there are usually
several in each sac; they are not multicellular, like the corre-
sponding bodies in the vascular Cryptogams, but unicellular
(Fig. 407, c), except that where they come in contact with the
apex of the ovule, two small neck-cells are formed (b). Fer-
tilisation takes place as follows :—The pollen grains are carried
by the wind to the female flower, where the pollen-tube (a) is
protruded until it comes into contact with the corpusculs, its
contents thereafter partially blending with those of the large
embryonic cell. After fertilisation the basal cell (d) is formed
from the embryonic cell, and from which by repeated division
the pro-embryo arises (f). From this arise long tubes, which
penetrate the endosperm. One of these develops into an embryo
with radicle, plumule, and cotyledons, while the remainder are
suppressed.

Type X.
GYMNOSPERMS.

The Gymnosperms constitute the sole type of the archisperms.
The ovules are surrounded by an integument, but are not inclosed
in an ovary. Leaves of peculiar shape and structure surround-
ing the shoot bearing the sporangium (7.c., floral envelopes) are
absent in the Gymnosperms. The foliage leaves are mostly
needle-shaped, scale-shaped, or flat (Fig. 408), with very simple
venation. The fibro-vascular bundles of the trunk are arranged
in a concentric circle. Two orders— '

(1.) Cycadacece.—Fern-like plants, with short unbranched stems,
the surface covered with the scars of the fallen leaves; leaves
clustered at the summit, large, pinnate, circinate in vernation
like fern fronds ; flowers dicecious, consisting only of the sexual
organs, arranged in terminal cones; fruit resembling a berry,
sometimes red in colour.

Tropical plants, especially characteristic of the flora of South
America ; found also in the East Indies, Australia, and South Africa.
Genera—Cycas, Dion, Ceratozamia, Encephalartos, &c. Cycas circi-
nalis is a common hothouse species.
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(2.) Conifera (Pines).—Trees or shrubs (408, 1), with simple,
rarely pinnate (II.), scale-shaped (IIL), or needle-shaped (Fig.

Fia. 408,

Flat leaves of Gymmosperms.
—-1. Salisburia adiantifolia. 11.
Phyllocladus trichomanocides. III1.
Scale-like leaves of Chamacypariz
spharoidea. Figs. 1., I1., nat. size;
III1,, four times enlarged.

35, p. 24) leaves; ¢ flowers mostly
in cones (Fig. 111, p. 65); fruit
rarely a berry. Four families—

a. Tarinee.—Leaves alternate, fre-
quently arranged in two rows ; Q@ flowers
not arranged in a cone, but consisting
of a solitary naked ovule. One home
species (Taxus baccata), the yew.

b. Cupressinece.—Leaves opposite orin
whorls ; ¢ flowers forming a short, fre-
quently berry-like cone. The juniper
(Juniperus sabina, J. nana, &c.) is na-
tive to this country. The cypress
(Cupressus sempervirens), a native of
Southern Europe, and the Arbor-vita
(Thuja), a native of China and Japan,
are favourite ornamental species.

c. Abietineaw (Pine-trecs). — Leaves
alternate, often arranged in two rows;
Q flowers forming an elongated, woody
cone. Abies excelsa, Abies pectinata,
Pinus silvestris, Pinus Cedrus, and Arau-
caria, and many others, are well-known
species.

d. Gnetacew. — Mostly small shrubs,
with opposite jointed branches and small
leaves.  Illustrative genera—Ephedra,
Gnetum, and Welwitschia. The last-
mentioned is remarkable for its two large
simple leaves, which frequently attain a
length of about five feet.

Series I1.

METASPERMS OR ANGIOSPERMS.

The microspores are unicellular pollen-grains (Fig. 263, p. 168),

from which a pollen-tube
cellular archegonium.

is protruded, and fertilises the uni-

No female prothallium is found; the

embryonic cell develops directly into the embryo; even an

endosperm is rarely present.

In the Metasperms the two gene-

rations of the vascular Cryptogams are represented by one,
while in the Archisperms a rudimentary prothallium still occurs.

™~
- -
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The macrosporangia (ovules) are mostly surrounded by a
double integument, and by leaf-like organs, the carpels. These
together form the ovary or protective covering for the young
ovules, which is absent even in the Coniferz.

The fully developed embryo (with plumule, radicle, and cotyle-
dons, comp. p. 78) is enveloped by the two integuments, these
together constituting the seed.

The organs in which the pollen and the seeds are developed
(anthers and ovary) are surrounded by whorls of leaves, differing
in form and colour from the foliage leaves, and constituting the
floral envelopes (calyx and corolla) ; in some cases, however, the
calyx and corolla are suppressed.

The two types of Metasperms, monocotyledons and dicotyle-
dons, have already been described, the three first sections of this
work having been almost entirely devoted to the consideration
of their characteristic features. They not only claim the highest
place in Systematic Botany, but are in reality the most highly
developed members of the vegetable kingdom. In the number
and variety of forms, especially in the number of individual
families, they far exceed all other vegetable types. The latter—
for example, the Equisetacez, the Lycopodiacez, the Selaginellez,
and the Cycadacez—seem to have attained their most abundant
development in past periods of the earth’s history, and are now
on the wane. In our own time the Phanerogams are in the
ascendant.
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nun of unequal of equal four-celled ; two-celled ;
®  lengths ; ovary  length ; ovary cells one- cells two-
seec three-celled;  two-celled ; seeded. seeded.
ax cells two- cells two-
1 Flot eeded. Fruita seeded. Fruit a
; lard capsule. samara.
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Acerines, Rhamnaces. Ampelides,
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ABSORPTION OF NUTRITIVE MATTER, 304
ACHENE, . . 73
Achene of Compontae
Ac us Mosses, .
Adaptations in Flowers for Insect-

73, 226
- 336

Fertilisation, . 179
Adaptation of Insects for Flower-
Fertilisation, 195
Adhesive Fruits, 230
Adnation, 94
Adventitious Root.s 5
Zcidiospores, . . . . 320
Adérial Roots, . . . . 7
,» of Banyan, . . 7
A"Atnvstlon, . . . 93
' decussate, 93
. quincuncial, 93
’ twisted, 93
. valvate, . . 93
Alw, . . . . 48, 149
Albumen, . . . 78, 257
Albuminoids, . . . 257, 301
Aleurone, . 265
. . . 814
»» ‘“Fronds” of, 250
,» Unicellular, 250
Alternate Leaves, 34

Alternation ofGener;uons, 318, 320,349

Ameba, 244 256
Ana]ogous, . 238
Anatomy, 234, 236
Anemopluloun Pla.nta 170, 171
Angustiseptate, . 75
Annual Rings, 307
Annular Vessels, 255
Annulus, . . . 339
Anther, . 38 52, 164, 350
Antheridia, . . . 329 333
» of Polypodiacez, 337
Anthers of Butterfly Orchis, 218
United, of Composme 128
Anthodmm, 67
Anthotaxis, 59
Apical Cell, 276
Aphide, . 202
Apposition, . . 246
Agquatic Roots, . . . 7
Archegonium, . . . . 333
» of Polypodiaces, 338
Arcidium, . . . 320
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ARISTOTLE, . . 235
Arrangement of parts of the Flower, 86
Arrangements for Cross-Fertilisa-

tion in Flowers, . 168
Ascending Axm—Sce Stem,
Ascus, 321
,s of Peztza, . . 321
Asexual Generation of Phanero
gams, . . . 349
Assimilation, . 284, 303
. Dependence of, on
Light, . . 308
Axial Organs, . . 27
Axis, . . . 8-14
»» Appendages of, 27
y» Primary, . 60
vy Secondary, 60
Auxospores, 328
BARK, . 294
,» Formation, 295
Base of the Petiole, . 27
Bast, . . . . 290
» Fibres, 291
Bee-Bread, 184 202
Bees, . . . . 201-205
s» Suctorial Apparatus of, 203

" Pollen-collectmg Apparatus of, 203

Beetles, . 198
Berry, . 77
Binomial Nomenchture, . 99
Blade, . 21
Bordered Plts, 251
Bract, . 30
,, of Lime Flower, 226
Branched Canals, 251
Bristles, . . 80
Bud-Scales, 17
Bulh, 10
Butterflies, . 196
" Head of, . 196
Proboscm of, 196

Bundle Sheath, . 293
CaLcareous Crystals of Conifere, 266
Calcium Carbonate, 249
5»  Oxalate, 265 266
Calycifloral, 49
Calyptra, . 336
Calyx, 38, 42-44

.
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Cambiform, 288
Cambium, . . 290
» Layer in Roots, 299
Canals, . . . . . 251
Caudex, . . . . . 12
Capitate, . . . . . 280
Capltulum, . . . 66
. of Compocltae . 128
Capsule, . . . 75
» Of Lychms, . . . 75
y»  of Personate, . 76
Carbohydrates, 257, 264 301
Carpogonium, . . . 332
Carina, . . . . 48, 149
1g, . . 54
s oOf Nymphaaaceaz, . . 154
s» Union of, . . . 55
Caryopsis, . . . . 73
Catkin, . . . . . 65
Cell, The, . 241
Cell-Contents, 255
Cell-Division, 267
Cell-Plate, . 268
Cell-Sap, . 255, 256
Cells, Forms of, 249-255
Cellular Envelope, . 295
» Plants, 314
Cellulose, . 244
Cell-Wall, 242 249, 273
,»  Absence of, . . 244
,»  Growth of, . 245
s  Minute Structure of, 246
,»  Origin of, 244
Characters of bympetalae. 117
Choripetale, 116, 133
Chlorophyll, . . . 258
»»  Corpuscles, 261, 262
» of Bananas, 263
Clhum, . 270
Circulation of Prot.oplum . 259
Classification, Principles of, . 96-100
Clavate Hairs, . 280
Closed Fibro- vascular Bundles, 288
Close-Fertilisation, . . 168
Coalescence of Pa.rta, . . 94
” of Stamens, . . 51
Coleoptera, . . . . 198
Collenchyma, . . 246, 294
Colour as an attraction to In-
sects, . . 179
Columnella, . 336
Comparative Morphology, 237
Composition of Plants, . . 301
Cone, . . . 66
Conefly, Proboscw of L. . 201
Conidia, . . . 318
Conjugation, . 270, 328
Connate Leaves, . . . 27
Cork, . . 248, 285
Cork- (,Ambmm, 286
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Cormoph; 286
Corolla, yies - 38, 44-48
v of Horse-Chestnut, 188
,» of Labiatee, . . 188
5, oOf Lamium, . . 188
»» of Leguminose, . . 149
,» of Twayblade, . . 188
,, of Violet, . . . 188
Throat of . . . 190
Corolhﬂoral . . . . 4§
. . . . 4
Corpuscula of Archisperms, . 851
Corrugation of the Cuncle, 279
Cortex, . . 745 204
P § Root . . . 297
Cortical Lsyer, . . 285
Corymb, . . . . . 68
Cotyledons, . . . . 15,79
Cremocarp, . . . . 74
Cross-Fertilisation, . 168
Advan'.sges of, 170
men Beet.le, Crest of, . 198
Cryptogams, . . 312
Crystals, . . . . . 266
Culm, . . . . . 11
Cutxcle, . . 279
Cutxculansatlon, 246, 248
CUVIER, . . 234
Cyathium of Euphorbueexe, . 141
Cyme, Dichotomous—See Dichasium.
,»  Scorpioid, . . . 69
,» Helicoid, . . . 69
Cymose, . . . . . 62
Cystocarp, . . 333
DE CANDOLLE, . . 234
Decussate, . . . . 34
Dehiscence, . . 231
. of Anthers, . 164
vy Modes of, . . i
. of Sporogonium in
Liver-Worts, . 335
v of Spomgomum in
Mosses, . 335
De-oxidation, . 284
Dependence of Plants on Insects for
Fertilisation, 188
Dermatogen, 297
DE SAUSSURE, 235
Descending Axis— Seé Root.
Development of Tlsaues, . ke
Dextrin, . . . 265
Dextrose, 30
Diatomin, . . . 323
Dichasium, . . . . 69
” Compound, . 69
Dichogamy, 176, 189
Dicotyledons, . . 101, 278
Clmnctenof 101, 115
Dunorplnc Plants, . 189, 192
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. of Primrose, . 189
. of Lung-wort, . 190
Dicecious Plants, . 59, 163, 189
Diptera, . . . . 199
,, Probooc:s of . . 200
Dissemination, Importance of, . 223
Dissepiments, . . 55
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rupe, 76
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ELATERS, . 335, 345
Embryo, The, . . 78
Embryo-Sac, . 168, 350
Empidsm, Head of, . 200
Endocarp, . . . . 71
Endosmosis, . . . 245
Endosperm, . . 351
Entomophilous Plants . . 178
Epenchyma, . . . 204
Epicarp, . . . 71
Epidermal Tmsuee, . 278
Epidermis, . . 277 278
Eoic™ of Root . . 297
pigynous Floral ane]ope, . 39
Ep:g?;; 7
Eassential Parts of the Flower, . 163
Etiolated Plants, . . 308
Etiolin, . 308
Evaporation, . . 805
Exalbuminous Seeds 78
Exclusion of InJunous Inse(.ts 193 195
Exosmosis, . . 245
Exospore, . . . . 338
Eyes, . . . . . 16
FaLse INDUSIUM, . . 340
Fasciculated Root, . . . 5
Fecundation, . . . . 167
Female Flowers, . . . 163
Fermentation, Alcoholic, 316
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logous, . . 339
Fertilisation, . . . 163
’ of Arclmperms, . 351
' Birth-wort (A risto-
lochia Clematitis), 220
v Butterﬂ_y Orchis (Ha-
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Fertilisation of Flowers, . . 70
. Fly Orchis (Ophrys

muscifera), .
v Fumitory (Corydalis
cava), 211

" Hellebonne(Ccpha
lanthera pallens), 219

" Purple Orchis (0.

216

mascula), . 213

v Spotted Orchis
(Orchis maculata), 213

s Tooth-wort ( Lathrea
Squamaria), . 209

' Wild Sage (Salvia
pratensis), 207
Fibrous Leaves, . . . ]
Fibro-vascular Bundles, . 277, 286
" ,» Distribution of, 278
' ,» of Musciner,” 333
Filament, 38, 51, 164, 271
Filamentous Alge, . . . 272
Fleshy Fruits, . . . . 230
Flies, . . . 199
Floral Du\gram, The, 82-93

The Em;.nncai 85, 90
The Theoretical, 87

” ”
”»” ”

y» Envelopes, . 40, 163
’ ” Function of, . 163

,» Leaves, . . 29
Florets, Tubular, of Composltaa 128
,»  Ligulate, of Composite, 128

Flower, The, . 37
Flowering Plants.—See Phanero-

Flowerless Plants —See C

Flowers and Insects, 179-223
Flowers of Monocotyledons, . 102
Flowers, Position of, in Anemo-
philous Plants, . . . 173
Flower-Stalk, 38
Flowers, their modes of attuctmg
Insects, . . 179
Fluid Contenta 255
Foliage Leaves, 16-37
Foot, . . . . 348
,» of Polypodiacew, . . 338

Form of the Flower, as dependent

on Insect-Fertilisation, 184, 187
Forms of the Calyx, 43
" ,,  Corolla, 45-48

' ,» Inflorescence, character-
istic of certain Natural

Orders, . . 78

' ,» Inflorescence in Dncoty-
ledons, . . . 115
Free Cell-Formation, . . 269
Fructification, . 313, 323
Fruit, . 53,70

, Of ﬁounti’a-Tobgue,. . 230
y» of Monocotyledons, . 103
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Strawberry, . . 229

ants their modes of attracting
Animals, . . 228
y»  Brightly coloured, 228
,, Edible, . . . 229
Function, Protective, of Hairs, 194
”» ,» Prickly Stems, 194
. y» Thorny Bracts, 194

.+ Viscid Secretions, 194

Functlons of the Flower, 163
Fundamental Parenchyma, . 293
9 Tissue, 277, 293
Fungi, . . . . 314
Fusiform Root, . . . 6
GEMMZE, . 280, 281, 333
Geotropism, . . 309
Germ-Cell, 317
Girth of Trees, 12
Glands, . 300
Glumes, . 114
Gonidia, 322
Grain, The, 73
Granules, 257
Granulose, 264
Grape-Sugar, . . . 264
Green colouring matter, . 262
GREW, . . 235
Growing-point, . 274, 297
Growth, Cause of, . 301
»s Conditions of, . . 306

,»  Effects of Gravity on, 309

,»  Effects of Light on, 308

s  Effects of Temperature on, 307

Periodic, . 307

Guard Cells, . 268, 282
Gum, 257
Hairs, . . 79, 280
,»  Defensive, . 80

,»  Function of, . 79, 80

»  Multicellular, . 280

;s Secretory Function of, . 300
T Ny L 280

. 235

idwe, 199

, . . . 13

309

58, 163

Heterosporous, 342
HistoLogy, 271
Homologous, 238
Honey, . . 181
Honey-Birds, . . 206
” Tongue of, 206
Honeycomb, . . 202
Humble-Bee Fly, . 200
Humming-Birds, . 2006, 207
’” Tonguce of, . 207
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Hymenium, . . . .321
Hymenoptera, . 201-205
Hyphe, . . 317, 322
Hypochlonn, . . 262
Hypogynous Floral Envelopee, 39
INDUBIUM, . . 339
Inequality of Stylea, . 189
Inflorescence—See Anthntaxls.

INgEN-Houss, 235
Toner Lamina, 252
Insect- fertxhsed let.s 178
Insect-Guides, . 186
' Field Pmk. 187
' Hemp-nettle, 187
» Pansy, . 187
’ in the Pink, 157
v Speedwell, . 187
Wound-wort, 187

Intereellular Canals, Secretory
Function of, . 300

. Passages, 272
Spaces, 247 ‘212,283 294
Insectworous Plants, . .

Insertion of Stamens, . 49
Intussusception, 245, 263
Inulin, . . 265
Involucre, . . 31
,»  of Centaury, 194

» Thistle, 194
Isosporous, . . 341
Jussieu, DE, 234
48

Kmds of I' rmt 71
. Tnbulur VIe“ of 2,73
LABELLUN, . . . 217
v of Helleborine, 220
LAMARCK, . . 234
Lamina, . . 18
Latent Buds, . . 17
Laticiferous Vessels, 300

of Celandine, 300
of Dandelion, 300

” ”

[ ’”

" . of Lettuce, 30w
Latiseptate, . . . s
Latticed Cells, 291
Laws of Phyllotaxis, 35

Lecaf- arrangement—.\« Phyllotum

" v n Conifers, 37

v’ . Plantaga, 36
Leaf-Buds, . . . . 16
Leaf, Parts of the, . 17
Leaf-Scale, . k)
Leaf-Scars, . 16
Leaf-Stalk—See Petlole
Leaves—

Acicular, 24
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Le.veol-
Alternately pmnate . 23
Axils of, . . 16
Bipinnate, . . . 23
Cleft, . . . 22
Cleft otblculu . . 22
Compound, . . 2224
Cordate or Heart- shaped, 19
Cordate sagittate, . . 22
Crenate, . . . . 26
Decompound, . . . 25
Dentate, . . . . 26
Doubly serrate, . . 25
Elliptical, . . . 19
Hastate, . . . . 21
Impari-pinnate, . . 23
Kinds of, . 15, 27, 34
Lanceolube, . . . 20
Linear, . . . . 24
Linear lanceolate, . . 21
Lobed, . . 22
Lobed elllptlul . . 22
Margin of, . . . 25
Oblong-eordate, . . 20
Oblong reniform, . . 19
Orbicular cordate, . . 20
Orbicular or Circular, . 19
Ovate, . . . 19
Ovate- Ianceolate, . . 20
Ovate reniform, . . 19
Palmate, . . . 22
Pari-pinnate, . . . 23
Peculiar Forms of, 24-26
Pinnate, . . 22
Pointed oordute . . 20
Pointed elliptical, . . 20
Pointed ovate, . . 20
Pointed reniform, . 20
Reniform, or Kndney alnped, 19
Runcinate, . 26
Sagittate, . . . 21
Serrate, . . . . 25
Sessile, . . . . 27
Shapes of, . . 18, 26
Simple, . . . . 18-22
Spinous, . . . . 26
Trifoliolate, = . . . 23
Tripinnate, . 23

Leaves, The, of Dmotyledons, 116
of Monocotyledons, 103

” 19

,s  of Mosses, . 272
Tegume, . . . . . 74
Lepidoptera, . . . . 196
Lichens, . . . 314
Life, Meaning of the term, . 240
Light, Chemical Action of, on

Growth, . 308, 309

’ Mechanical do. . . 307

Lignification, 246, 247

Lignin, . . . . . 247
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Ligulate, . . . . 128
Ligule, . . . . 29
Lmru:us, . . . . 234
Loculi, . . 340
Lodiculse of Gruses, . . 113
Lomentum, . . . 75
MACROSPORANGIA, . 347
Macrospore, . . 342, 347
Magnesium Phosphate, 265
Male Flowers, . 163
MALPIGHIUS, . 235
Medulla, . . . . 278
»»  in Dicotyledons and Coni-

fers, . 294

, in Monocotyledons, . 294
Medullary Rays, . 294
Meristem, . 274, 297
Mesocarp, . . . . 71
Mesophyll, . . . . 297
Microsporangia, . . . 347
Microspore, . . . 342, 347
Middle Lamella, . . . 247
Middle Lamina, . . . 252
Midrib, . . . . . 18
Milky J uice, 300

Modification of Leaves for the per-
formance of special functions, 81

Monocotyledons, Characters of, 101, 102

Monocotyledonous Fibro-vascular

Bundles, . . . 288

%onmilcl]ous Flowerl, 59, 163

orphology, . . . 3

s 8 Deﬁnition of, 236

Mother-Cell, . . . 321

Moths, . . . 196

Movements of Leaves, . . 32

Movements of Protoplasm, 258

Moulticellular Hairs, . . . 321

Muscardine, . . . . 318

Mycelium, . 317

NakEeD CELLS, . . . 244

Napiform Tap-root.s . . 6

Nectar, . . . 181

Nectary, . . .. 181
,» The poeition of, in Ane-

mophilous Plante, . 185

,» of Buttercup, . . 182

” Columbine, . . 183

" Grass of Parnassus, 183

,, Hellebore, . . 182

,. Monk's-hood, . 183

’” Umbelliferse, . 182

’” Violet, . . . 182

Yellow rattle, . 182

Neuber Flowers, . . 163

Nuclear Plate, . . 268

Nucleolus, 243, 260

Nucleus, . 255, 260
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Nut, . . . . . 73
,» Winged, . . . . 74
Nutrition of Plants, . . 301
OIL-GLANDS, . . . . 300
Oogonium, . . . . 329
Qosphere, . . . . 334
Oospore, . . . 318, 330
Open Bundles, . . . 289

,» Pits, . . . . 291
Operculum, . . . . 336
Oppusite Leaves, . . . 34
Orders of Fungi, . . 319

,, of \Ionocotyledom, . 103
Organic substances, Elaboration of, 283
Organography, . . . 236
Organs of Secretion, . . 299
Origin of Cells, . . 266

»» of Secondary Rootu, . 299
,» Of Tissues, . . . 267
Ovary, . 38, 53, 350

5 oOf Enchanter 8 nght uhade, 194
Ovules, . 56, 350
PALER, . . . . . 113
Panicle, . . . . 66
Pappus, . 44 51, 128

., Of Bnlrush (Typha Anguatr
JSolia), . . 227
' Composite, . . 226
» Pennisetum, . . 227
Parachute, . 227
" of Hawkweed 227
Parallel venation of Monoeotyle-

dons, . . . . . 101
Paraphyses, . . . . 321
Parasitic Plants, . . . 7
Parench 250, 277, 293

Partial thickening of Cell-wall, 253
Examples of, 253

" "
Peculiarities of Entomophilous
Plants, . 189
Peduncle—see Flower-Stalk.
Peltate Leaves, . 28
Pentamervus Flowers of choty-
ledons, . . 101
Pepo, . . . v
Perfolmte Leaves, . . 27

Perfume as an attraction to Inwc cte, 180
Perianth—sce Floral Env elu]»c*

Periblem, . 297
Pericarp, . . . . 7l
Periderm, . . . . 236
Peridium, . . . . . 324
Perigynous, . . . . 39
Peristome, . . . . 335
Permanent Tissue, . . 288, 289
Petals, . . .38, 44

, of \ymphm.l: . . 154
Petiolate, . .

Petiole, . . . . . 182
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l Phanerogams, Systemhc arrange-
ment of, . 100

Phloem, . . . . . 290

Phyllotaxis, . . . 34

Physiology, . . "162-234

Dehmtnon of, . 239

Pistil—See Ovary.

Pith, . . . 294, 295
,» of Root, . . . 297
its, . . . . . 251

Pitted Cells of Yew, . . 252

. Vessels, . . . 255

Placenta, 57

Placentation of Centrosperme, 139

Plasmodium, . 317

Plastic, . . . . 258

’ \Iateru.ls, . . . 257

Pleuro-Carpous Mosses, . . 336

Pleurome, . . . 297

Plumule, The, . . . 7S

Pointed Hairs, . 280

Pollen, . 52 164 183
s Grain, 350
. . St.ructm of . 167
,»  Grains of Colt’ s-foot, . 163
’ . Hazel, . . 164
. . Hazelwort, . 165
,, »y Hepatica, . 165
" ’ Orchids, 165, 215, 217
" ” Pin“’ . . 165
”» »”» Size of, . . 165
sy Masses, 165
N § Anemopln.lous PlAnt.s 172
,»  Quantity of, . . 165
»w  Sae, 350
. 'I‘ransfereneeof byAmmslA 178

Tube, 167

Polhma. . . . . . 165

Pome, . . 7

Position of the Nectury, . . 184

y»  of the Ovary, . . 39
,,  of Stamens, . . 49

Potato Disease, . . . 319

Premorse Roots, . . . 6

Prickles, . . . . . 80, 280

Prickly Fruits, . . . 230

Primary Meristem, . . . 274

, ts, . . . 4
Principles of Clamsification, . 239
Procambiumn, . . . . 288

Pro-embryo, . . . . 335
Prosenchyma, . . . 250, 277
. . . 117

jurious Insects, 194

257

. . . ;83

. . . 294

scularia, . 337

Protogyny, . . . . 17
Protonema, . . . . 335
Protoplasm, 243, 255, 257
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Pyxidium, 76
Raceng, 66
mose, . 61
Radicle, The, . 78
Raphides, 266
Receptacle, . . 318
v of Rosiflorz, . 146
. See Thalamus.
Reduplication, 94
Rejuvenescence, 328
Replum, . 156
Reproduct.lon, Asexual 314
- Sexual, 314
’ of Fungl . 317
'y of Phanerogams 349
’e of Saccharomycetes, 315
’ of Z&ucheriw, 829
” of Zygospurez, . 328
Resin, . . . . . 300
Respmmon, 285, 302
Resting-Spore, . . 328
Reticulated Venation of Dicoty-
ledons, . 101
’ Vessels, 255
Rhizoids, . 337
Rhizome, 9
s Of Menya.uthes, . 9
Rind, . 275
Root The, . 3, 4-8
' of Dicotyledons, 116
" of Monocotyledons, . 103
Root-Cap, . . 297
Root-Hairs, 79, 297
Root-Pressure, 305
Root-Sheath, . . 297
Root-Stock - See Rhlzunw
Root-Tissues, . 297
Roots, Aeml 7
s Aqua.tic, 7
,» Fasciculated, 5
,»  Fibrous, 5
»s  Fusiform, 6
,»  Kinds of, 4-7
,»  Napiform, 6
y» Premorse, 6
sy Primary, 4
»  Secondary, 4
» Tap, . 6
Tuberous, 6
Rostel]um, . . 214
Rotation of Proboplasm, . 258
SAMARA, 74
,. of Maple, lbO 225
. 241
Scalanform Veswl», 255
Schizocarp, . 74
Sclerenchyma, 294
Secondary Root, 4
Secretion, . . 285
- Secretions, Functwns of, . 299

PAGE
Seed, The, . . . 7879
Seed-Coat, The . . 78
Seed-Leaves—See Cotyledons

Seed, Protection of the, . . 229
Seﬁmenhtion. . . . . 267
Self-fertilisation, . . . 168
Sepals, . . . . . 38 42
Seta, . 336

Sexual Generation of lenerogams, 349
of Selaginelleee, 347

Short‘st.yled, . . . . 190
Sieve Tubes, . . . . 291
Silica, . . 248, 266

Silicevus Skeletons of Horsetails, 248
’e Dmtoms, 248, 328

Silicula, . . . 75
Siliqua, . 75
. Charncterlstlc of Lruclferae, 75
Soft Bast, . . . 291
Sorus, . . . . . 339
Spadix, . . . . . 85
Spathe, . . 30
Special Functions of Leaves, . 81
Species, Definition of, . . 98
Spermatozoid, . . . 317, 330
Sperm-Cell, . . . . 317
Spike, . . 65
Spiral Bands of Chlorophyll . 261
,» Vessels, . . 255
Sporangia, . 317, 339
vy of Equisetums, . 345
Spores, . 269,313

s oOf Botrydwm granulatum, 269
s»  Fibro-Vascular Bundles of, 314

»  Reproduction of, . . 313
Sporocarp, . . . 3352, 342
» of Rhizocarpes, . 843
Sporogonium of Mosses, . = . 334
Stamens, . . . 38, 49-53
,s  Function of . . 164
s oOf Cruclferae, . . 156
s  of Fumariaces, . . 155
»»  of Leguminose, . . 149

,» Pogition of, in Anemo-
philous Plants, . 174
Standard, . . . . 48
Starch-Cellulose, . . . 264
,» Granules, . . 262, 263
’ v of Euphorbis, 263
. .5 of Potato, . 264
»»  Storing of, during Winter, 306
Stellate Leaves, . . . 280
Stem, The, . . . . 3, 8-14
L of Dicotyledons, . 116
’ of Equisetum, . 344
,, y» Air-spaces in, 345
' Function of, 8
. of Monocot\'ledons, 103
» Structure of, . 242
Stems, Aérial, . . 9, 11-15
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213
112
108
150
122
122
111
337
114
137
342
130

153

Peonis, .
Palm Oil,
Palms,
PANDANACRE, .
Panicum,
Papaver,
PAPAVERACEE,
PAPILIONACEE,
Papyrus,
Parietaria,
Paris,
Parmelia,
Parnassia,
PARONYCHIEE,
Parsley, .

Parsuip, . . .

Pasgque Flower,
Pastinaca, .
Paxillus,
Pea, .
Peach, .
Pear, .
;ediculafis,
elargonium, .
Pfll;irtgry,
Peltigera,
Penicillium,
Peony, . .
Peronospora, .
PERONOSPOREE,
PERSONATA,
PERSONATE, .
Petasites,
Petroselinum,
Peucedanum,
Peziza Aurantium,
PHALLOIDEI, .
Phallus, . .
Phanerogams, .
Phascum,
PHILADELPHACEX, .
Philadelphus,
Phlegmacium, ..
Phleam, . .
PHLOMIDEEF,
Phragnidium,
PHYCOMYCETER,
Phyllanthus, .
Physcia,
Physeolus,
Phytelephas,
Phyteuma,
Phytolacca,
Picris, .
Pilularia,
Pim e, .
Pimgie;::lh, . .
v Saxifraga,
Pine-Apple, .

EROGAMS,

318,
17,
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PAGE PAGE
Pines, 352 | Prunus insititia, . . . 148
Pink, 140 s  Spinosa, . . . 148
Pinus, 352 | Prussic Acid, . . . . 148
Pisum, 150 | Pealliota, . . . . 326
Pitcher- Plant 33 | Pteris, . . . . 340, 342
Plnglotheclum, 337 | Puffball, . . . . 325
Plane-Tree, . 138 | Pulmonaria, . . . . 125
PLANTAGINACEE, 118 | Pulsatilla, . . . . 153
Plantago, 118 | Purple Orchis, . . . 213
Plantains, 118 | PYRENOMYCETES, . . . 321
PLATANEE, 137 | Pyrola, . . . . . 132
Platanus, . . 138 | Pyrus, . . . . . 147
v occidentalis, 138 ,  aucuparia, . L. 147
v orientalis, 138 ,y communis, . . . 147
Pleurococcus, 322 ,» malus, . . . 147
Plum, 148
PLUMBAGINACE®, . 118 | Quaking Grass, . . . 114
PLUMBAGINES, . 117, 118 | Quercus, . . . . 136
POLYCARPICAE, 134, 117 " Ilex, . . . 136
Polycystis, 320 " Robur, . . . 136
POLYGONEZX, 139 v Suber, . . . 136
Polygonum, . . 139 | Quince, . . . . . 147
Polypodium, . 340, 342 | Quinine, . . . . . 127
Polypody, 342
PoOLYPOREI, 325 | Racomitrium, . . . . 337
Polyporus, 325 | Radish, . . . . . 157
Polyrhiza, . 111 | Raffia, . . . . . 113
Polytrichum, . 337 | Rafflesia Arnoldi, . . . 142
PoMACEZ, 147 | RAFFLESIACEZX, . . . 142
Poplar, . 137 ina, . . 323
Poppy, . 156 | RANUNCULACEXE, . . . 152
Populus, 137 | RANUNCULEZ, . . - 153
» , 137 | Ranunculus, . . . . 153
»  Digra, . 187 | Rape, . . . . . 167
y»  pyramidalis, 137 | Raphanus, . . . . 157
,y  tremuls, . 137 | Raspberry, . . . . 148
Potato, . . 120 | Rattan Palm, . . . . 113
Potato Fungus, 319 | Red-Currant, . . . . 145
Potentilla, 148 | Red- Whortleberry, . . . 131
POTENTILLEX, 148 | Reindeer Lichen, . . . 323
Pottia, . 337 | REAMNACER, . . . 161
PRINCIPES, 111 | Rhamnus cathartxcus, 161
Primrose, 130 frangula, 161
Primula, . 130 Rhenm, . . 139
’ auricula, 130 | RHINANTHEX, 122
. elatior, 131 | Rhinanthus . 122
,, sinensis, 131 | RHIZOCA RPEJ . 342
PRIMULACEE, . 130 | Rhizopogon, . 325
PRIMULIN £, 118 130 | RH(EADIN £, 134 155
Privet, . 119 | Rhubarb, . 139
Protococcus, 323 Rhynchoategum, 337
Protomyces 321 | Ribes, . 145
PROTOPH YTA 314 ’s Groamhrm, . 145
Prunella, 124 ,, rubrum, 145
Prunus, . 148 | RIBESIACEE, . 145
’ 148 | Riccia, 335
,,  avium, 148 | Rice, 114
,» cerasifera, . 148 | Richardia, 111
,,  cerasus, . 148 | Ricinus, . 141
,  domestica, 148 | Robinia, 150
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Roccella,
Rock-Rosc,
Raestelia,
R

osa, . .
,» centifolia,
y» damascens,

Rosaces, .

Rosg,

Rosex, .

ROSIFLOR/E

Royal Fern,

RUBIACEE,

Rubus, .

Rumex, .

Run-the- Hedye,

Rushes, .

Rye, . .

Rye-Grass, .

Saccharomyces,

SACCHAROMYCETES, .

Sage, . .
Sagina, .

Sagtttarla, .

Sago Palm,

8, . .
g:ﬁ‘dlfndire,
SALICINEER,
Salix, .
»» babylonica,

» Caprea, .
» fragilis,
v Iapponum,
,» reticulata,
viminalis,
Salsoh,
Salvia,
Salvinia,
SALVINIACEZ, .
Sambucus,
Sandwort,
Sanicula,
SAPINDACEE, .
Saponaria,
SAPROLEUNIACRE,
Sarcina, . .
Sargassum,
Sarothamnus, .
SATUREINEE, .
Saxifraga,
SAXIFRAGACEX,
Saxifrage,

SAXIFRAGIN.E, .

Scabiosa,
Scabious,
Schistostega,
SCHIZOMYCETES,
Scilla, . .
ScILLE,
Scirpus, .
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133, 134,

‘124,

318,

133,

PAGE
323
157
320
148
148
148
148
148
148
146
342
127
148
139
230
108
114
114

316
315
124
140
104
112
113
130
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137
137
137
137
137
137
137
140
207
343
344
127
140
144
160
140
319
315
332
150
124
145
144
144
144
128
127
337
315
108
108
115

SCITAMINEE, .
Scleranthus,
Scolopendrium,
Scrophularia, .
SCROPHULARIE,
SCROPHULARIACEE, .
Scurvy-Grass, .
Scutellaria, .
SCUTELLARINEE,
Sea- Holly, .
Sea- Wracks, .
Secale, . .
Sedges, . . .
SELAGINELLEZ, .
Senecio, . . .
SENECIONEE, .

na, . .
Seychelles Palm,
Shepherd’s Purn.
Silene,
bexxm,
Sinapsis,
Sisymbrium,
Sium, .
Sloe, .
SMILACEE,
Smilacina,
Smut, .
Snail Clover, .
Snake-Gourd, . .
Snapdragon, . .
Snowberry, . .
Snowdrop,
Snowflake,
SOGP Root,
Soda, . . .
SoLaNackg, . .
Solanum,
Sonchus,
Sorghum,
Sogel .
Sotw-Thistle, .
SPAI)ICII’LOR‘E
Spanish Canc,
Spathicarpa,
Spergula,
Spheria,
SPHAGNACEE, .
Sphagnum,
Spinach,
Spinacia,
Spires,
SPIREE, .
Spirillum, .
Spirogyra, . .
Splachnum, .
Spotted Orchis,
STACHYDEX,
Stachys, .
Star of Bctlddwm. .

310,

103,

PAGE
109
140
342
122
122
121
157
124
124
144

114
114
349
130

151
112
157
140
140

110
112
111
140
321

336
139
140
148
148
315
329
337
213
124

108



Stellaria,

St. John's Wort
Stock,
Stochort
Strahotes
Slmwberry
btmthloptens
Sugar-Cane,
Sugar-Palm,
Sundew, .
Sunflower,
Sweet-Flag,
Sweet Potatocs,
Sword Lilics, .
SYMPETALE
Symphoricarpus,
Symphytum, .
Syringa, .

TANACETUM,
Tansy, .
Taraxacum,
TAXINEE,
Taxus, .
Teazle, .
Teucrium,
Thalictrum, .
THALLOPH YTES
Thelephora, .
THELEPHOREI,
Thistle,
Thlaspi, .
Thorn-Apple, .
Thrifts, . .
Thuidium, .
Thuja,
Thyme,
THYMELEACEE,
Thymus, .
Tilia parvifolia,
» grandifolia,
TILIACEX,
Tilletia, .
Toadflax, .
Tobacco Plant,
Tomato, .
Tooth-Wort,
Torilis, .
Touch- mc-uul
Tragacanth,
Tragopogon,
TRAGOPOGONE.E,
Trapa, .
Traveller's Joy,
Trec of Life,
Tremella,
TREMELLINI,
Tricholomn,
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.33,

103,

140
328
325
158
157
140
106
148
342
114
112
157
130
111
120
106
116
127
125
119

130
130
130
352
250
128
125
153
314
325
325
130
157
120
118
337
352
124
141
124
158
158
158
320
122
120
120
209
144
231
150
130
130
146
153
352
325
324
326

Trichosanthes,
Trichostomum,
Trientalis,
Trifolium,
Tripoli Powder,
Trisulea, .
Triticum,
Trufie, .
Tuber,
TUBERACEI, .
TUBIFLOR.E,
Tulip, . .
TuLips, .
Tulip-Tree,
Turnip, .
Tussilago,

Ulex,
ULMACEE,
Ulmus, . .

,» cCampestris, .

y»» Inontana,
Ulota, .
UMBELLIFERE, .
UMBELLIFLORE,
UREDINEZX,
Urtica, .

” urens,

,» dioica,
URTICACEE,
URTICEE, .
URTICIN.E,
Usnea, . .
gszlllmomz.ﬂ,

stilago,
Ustulina,

Vanilla,

VaccINI 1-.,

Vaccinium M yrtlllus,
v Oxycoccus,
' uliginosum,

Vitis-Idaea, .

'VASCULARIA
Vascular Cr. yptoyunu,
Vaucheria,
VAUCBERIACEE,
VERBASCEE,
Verbascum,
Veronica,
VERONICEE,
Vervain,

Vetch,

Viburnum,

Vicia, . .
Victoria regm,

Vine, .

Vine Discase, .
Viola, . . .
VIOLACEE, . .
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PAGE
126
337
130
150
328
111
114
322
322
321
117,119
108
108
152
157
130-

150
137
137
137
137
337
142
133 142
. 320
138
138
138
138
138
133 137
. 323
. 320
. 820
. 321

. 109
1381
131
131
131
131
337
387
329
321, 331
. 122
122
122

122
150
127
150
155
161
321
. 1567
. 157
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Violet, . . .
Virginian Creeper, .
Viscum Album,
Vitis,

Wall-Flower, .
Water- Buttercup,
Water-Chestnut,
Water-Cress,

Water- Hemlock,
Water-Melon,
Water Penny- Wort,
Water-Soldier,
Wazx-Palm,
Weeping- Willor,
Weisia, . .
Welwitschia, .
Wheat, .
Whin, . .
White Poplar, .
White Water-Lily, .

PAGE
157 ! Wine-Palm,
161 Winter Green,
142  Witch Meal, .

161  Wood, . .
. Wood Anemone,

157 | Wood Avens, .

153 = Woodruf,

146 | Wood Sage,

157 . Wormwood, .

148 | Wound- Wort, .

126 |

143 .

105 Xylaria,

113

137 | Yeast Fungi, .
33¢ | Yellow Hawkbit,
852 | Ydlow Rattle, .

114 | Yellow Water-Lily, .

150 | Yeuw, . .
137

155 | Zea, .

131 | Zingiber,

207 Zygnema,
137 | Zygogonium, .
146 ! ZYGOSPOREE, .

Edinburgh: Scott & 'l"tr{n.wn. and Burness & Company, Printers, Edindurgh.











