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PREFACE T0 THE ENGLISH EDITION.

This book was written by Prof. Prantl to meet a growing
demand for a work on Botany, which, while less voluminous
than the well-known “Lehrbuch” of Prof. Sachs, should re-
semble it in its mode of treatment of the subject, and should
serve as an introduction to it. That it has not failed in this
object is shown by the fact of its having already reached a third
edition. It is hoped that this English Edition will as adequately
supply the want of a work of this kind which has long been felt
in this country.

In preparing this edition for publication, I have felt that the
main object was the production of an accurate and iﬁtelligible
translation, and I have therefore made but few alterations in
the Author’s text. I have ventured, however, to introduce
the General Classification of Thallophytes (page 110) proposed
by Prof. Sachs in the fourth edition of his “Lehrbuch,” for I
am of opinion that this mode of regarding the Thallophytes
is a considerable assistance to the student. In consequence
of this I have arranged the various families of Thallophytes in
an order which is slightly different from that followed by Prof.
Prantl.

Further, I have not designated the decomposition of carbonic
acid and water by the chlorophyll under the influence of
light, by the term *assimilation,” ‘as is usually done. This
term has already a well-defined meaning in Physiology, and
it is therefore a mistake to re-introduce it in another sense. At
the same time I do not feel myself quite in a position to

suggest a term to replace it.
CaMBRIDGE, March, 1880.

S.H.V.



PREFACE TO THE SECOND ENGLISH EDITION.

I have ventured, in the preparation of this edition, to make con-
siderable alterations in the book, with the view of increasing its
usefulness. For these I am alone responsible. Many of them have
been made at the suggestion of friendly critics, known and un-
known, and for this kind assistance I would here express my
thanks. The most important alteration is the adoption of a
Classification of Flowering-Plants which will be more familiar
to Er;glish students than that which was followed in the First
Edition,

S.H.V.
CaMBrIDGE, April, 1881.
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PART 1.

THE MORPHOLOGY OF PLANTS.

§ 1. The Members of the Plant. An ordinary flowering-
plant consists of a number of parts which are distinguished as roots,
stems, leaves, fruits, etc. These may be considered scientifically in
two ways; either with reference to their functions in the economy
of the plant, when they are regarded as the organs by which these
are performed, and are the subjects of physiological study; or, their
functions being disregarded, their relative position, the place and
mode of their origin, the course of their growth, and their relative
size may be considered; that is, they may be studied from a purely
morphological point of view, when they are regarded merely as parts
of a whole, and are designated as members. The members may be
conveniently arranged in four categories, namely, Roots, Stems
(Caulomes), Leaves (Phyllomes), and Hairs (Trichomes). When
the body of a plant does not present any differentiation into root,
stem, and leaf, as in the case of the Algm and Fungi, it is termed
a Thallus (Thallome).

With the exception of the primary axis of the seedling, all mem-
bers are developed laterally upon others, which may or may not
belong to the same category. A root, for example, is repeatedly
producing lateral roots which are similar to each other and to the
main root from which they have arisen; a stem, on the other hand,
produces, in addition to branches which are similar to itself, leaves
and roots. Every member remains in connection by its organically
lower end, its base, with the member from which it has becn
developed : the opposite end is the organically upper end or apex.
Those members, viz., stems and roots, which more especially pro-
duce lateral members, continue to grow at their apices, and the
lateral members are normally developed behind the apex in such
a way that the youngest of them lies nearest to the apex. Thus,
the youngest lateral root is the nearest to the apex of the mother-
root, and it is the youngest leaf which is the nearest to the apex
of the stem; hence in all normally developed members the suc-
cession in time may be inferred from the succession in space; that

B



2 PART IL.—THE MORPHOLOGY OF PLANTS. [§ 2.

is to say, in counting the leaves on a stem from the base upwards,
the order of their succession in space denotes the order of their
development. All lateral members which are thus arranged are
said to have originated in acropetal succession. When in any cross
section of the parent member not one only, but two or more lateral
members, occur at the same level, this mode of arrangement is
termed a whorl; for instance, of secondary roots round a parent-
root, or of leaves round a stem, as in Herb Paris (Paris quadrifolia).
Those members which lie at the same level and form a whorl may
be developed simultaneously, or one after the other; hence a whorl
may be simultaneous or successional. In the latter case it is more
difficult to distinguish the acropetal succession as well of the whorls
as of their individual members. Those members are said to be
adventitious which are not developed at the growing point but
on older parts, and which are therefore not arranged in acropetal
succession ; for instance, those lateral roots which are developed
from older ones, and many branches from old stems. The forma-
tion of lateral members may either take place exogenously, in which
case they originate from the outer layers of tissue of the parent-
member, as leaves do from that of the stem (Fig. 1), or endo-
genously, in which case they are formed from the internal tissue of
the parent-member and have to penetrate its outer layers; it isin
this latter manner that roots are developed either from older roots
(Fig. 20) or from stems.

§ 2. Of the Leaf and Stem in general. These two ideas
are so intimately connected that it is impossible to think of one
without the other, as is evident from the following definitions :

Every part of a plant -which produces leaves at its growing end
is called a Stem or Awis; a stem, together with the leaves it bears,
is known as a Shoot :

Leaves are distinguished by the following characters. 1, They
originate always in acropetal succession (they are therefore never
adventitious) ; 2, they are always exogenous; and 3, they always
assume a form different from that of the stem and its lateral
branches upon which they are borne.

The leaves are developed in very close apposition at the apex of
the stem. The portions of the stem, termed internodes, which lie be-
tween the individual leaves may either remain quite short, as in the
case of the rosette of leaves of the Plantain and of the House-leek,
of the fascicled leaves of the Larch, and in most flowers; or they
may undergo a considerable elongation so that the leaves become
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widely separated. The boundaries of the internodes—the places,
that is, at which the leaves are inserted—termed nodes, are some-
times prominently developed, more particularly when the leaves
are arranged in whorls, e.g., Labiate, or when they ensheath the
stem. The portion of the surface of the stem from which the leaf
arises is the insertion of the leaf, and its organic centre is called the
point of insertion. After the
fall of the leaf the surface
where it was inserted re-
mains for a long time visible
as a scar or cicatrix.

So long as the internodes
have not begun to elongate,
and the leaves are still folded
together so as to cover the
apex of the stem, the grow-
ing end of each shoot is
known as a bud. The bud
which lies at the apex of a
shoot, the lower portion of
which has already under-
gone elongation, is a terminal
bud ; the lateral buds are the
early stages of shoots de- p . ) _puciormatte tongitudinal  section
veloped laterally upon & through the growing apex of & stem ; b the leaves ;
growmg main shoot, which Fkn their axillary buds; e epidermis; f fibrovascu-

e . bundles.

often remain in this con-

dition for a considerable time. The arrangement of the lateral
buds, and zonsequently that of the branches which are developed
from them, is closely related to that of the leaves; thus in Mosses
and many Ferns they are developed immediately below or by the
side of a leaf; in the higher plants, always in the axil of a leaf,
that is to say, in the angle made by a leaf with the internode above
its insertion. In the latter case they make their appearance at the
first formation of the leaves (Fig. 1, kn). With few exceptions,
they are developed in the axil of every leaf, the exceptions being
the leaves that form the flower, and those of many of the Conifers.

§ 3. The Arrangement of the Leaves (Phyllotaxis). The
arrangement of the leaves on the stem is most intimately connected
with the acropetal order of their development; and since, as has
been already shown, the arrangement of the lateral shoots depends
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on that of the leaves, the same laws determine the arrangement of
both these sets of members which apply generally to all acropetally
developed members of plants. These laws are most conspicuously
exhibited in the arrangement of the leaves, and they will be fully
discussed with reference to these members only.

Leaves are developed either in whorls, that is to say, two or more
at the same level on the stem, or singly, when their arrangement
is said to be scattered. In some cases certain of the internodes
do not elongate, and therefore the leaves, which have been really
developed singly, or their axillary buds, appear to have been de-
veloped at the same level on the stem, thus forming a spurious
whorl, as in the case of the upper leaves of the Tiger-lily and of
the whorled branches of the Pines.

The arrangement of the leaves on the circumference of the stem
is also very variable; this is particularly conspicuous in the cases
where the leaves are arranged in whorls, for which reason these
will be first discussed. If a whorl consists, for instance, of two
leaves, it is obvious, that they will be placed exactly opposite to
each other on the surface of the
stem, and that the distance between
them, measured from the points of
ingertion, will amount to just half
the circumference of the stem. Simi-
larly, if the whorl consist of three
leaves, the distance between any two
adjacent leaves will be one-third of
the circumference, and so forth. The
lateral distance between the points
of insertion of two adjacent leaves,
measured on the circumference of
the stem, is called their divergence,
and it is expressed in fractions of
the circumference.

Moreover, it is a rule, though not
without exceptions, that the succes-

_Fre. 2.—Stem of Lamium with whorls
of two leaves; 1-1, 2.2, 3-3, the succes. Sive Whorls alternate, so that the

sive whorls. leaves of any whorl lie opposite to

the intervals between the leaves of the whorls above and below it.
Thus the leaves of alternate whorls are exactly above each other
(Fig. 2).

This arrangement, as in fact all rclations of position, may be very
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_ plainly exhibited by means of diagrams (e. ., Figs. 3and 4). Such
a diagram consists of a ground-plan of the stem, regarded as being
a cone, and looked at from above: the insertion of each leaf will
lie upon one of a series of concentric

circles, and the higher the insertion of

the leaf upon the stem, the nearer to the

centre will be the circle of the diagram 4 v
upon which its insertion is indicated. o

It may be perceived in the diagram
Fig. 3, that when the leaves are arranged
in alternate whorls they form twice as
many longitudinal series on the stemas _ s._ma;rm of a Stem
there are leaves in each whorl, provided, with alternate two-leaved whorls.
of course, that the number of leaves in & 0 00, the four orthostichies.

1,1, 2,2, 3,3, the successive whorls.
each whorl is the same. The longitu-
dinal series, which are indicated in the diagram by radii, are called
orthostichies.

This particular arrangement of alternate whorls of two leaves
occurs very frequently, and is termed the decussate arrangement.
The two leaves of each whorl are said to be opposite. It is com-
paratively rare for equal successive whorls to be superposed; that
is, that the leaves of each whorl should lie exactly above or below
those of the others, so that there are only as many orthostichies
as there are leaves in each whorl.

Examples of decussate leaves : the Caryophyllacew, the Labiats, the Caprifo-
liacem, to which belong
Syringa (Lilac), Lonicera
(Honeysuckle), and Sam-
bucus (Elder) ; the Maple,
the Horse-chestnut, and
the Ash. In Rhamnus ca-
tharticus the two leaves of
each whorl are usually at
a slightly different level. 1

Alternate whorls of 3
(irrespectively of flowers) A B
occur in the common Ju-
niper, in Catalpa, and oc-
cagionally in the Horse-
chestnut and the Maple.

o [

F16. 4.—A. Diagram of a stem bearing leaves with a di-
vergence of . B. A stem bearing leaves with a divergence

‘When the leaves are arranged in a scattered manner it is easy to
‘detect that, within a ccrtain region of the stem, their divergence is

bl
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constant; that is, that the distance between any leaf and its imme-
diate predecessor and successor is a certain fraction of the circum-
ference. In the simplest case, when the divergence is 3 (Fig. 4 A),
starting with any leaf O, the insertion of the next leaf in suc-
cession on the stem, which may be numbered 1, will be exactly
opposite to that of the leaf 0, and the next leaf, numbered 2, will
be opposite to 1 and exactly above 0. Thus there are two ortho-
stichies. In proceeding from leaf O to 1, 2, 3, and so on, always in
the same direction, the circumference of the stem is traversed in a
spiral which, in the course of each whole turn, touches the bases of
two leaves and intersects the same orthostichy. This spiral will
pass through the insertion of every leaf, and as it does so in the
order of their development, it is known as the genetic spiral. The
number of leaves through which the genetic spiral passes in its
course between any two
on the same orthostichy is
termed a cycle. When the
divergence is %, the leaf
numbered 3 comes exactly
above leaf 0; 4 over 1,
5 over 2; and so on; and
there are three orthostich-
ous lines, the cycle being
composed of ‘three leaves.
It might be said with equal
accuracy that the diverg-
ence is £, since leaf 1 is dis-
Fra. 5.—Diagram of a stem with a constant diver- tant 3 of the circumference
gence of 3. I, II, III, etc., the orthostichous lines. from leaf O, if the Spil‘al be
(After Sachs.) followed in the other direc-
tion. If it be continued in this direction, it will pass round the
stem twice in each cycle. For the sake of simplicity, the spiral is
not traced in this longer way, but in the shorter way. When the
numerator of the fraction of divergence is not 1, but some other
rational number, the spiral passes round the stem more than once
. within the cycle, in fact, just as many times as is expressed by
the numerator of the fraction of divergence; the denominator of the
fraction expresses the number of the orthostichies. In Figs. 5 and
6, which represent a constant divergence of 3, it is easy to see that
eight orthostichies are present, leaf 9 being over 1, 10 over 2, and
so on; also that the spiral returns to a leaf on the same orthostichy
after three turns, and thus goes thrice round the stem in one cycle.
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If it is required to determine the arrangement of the leaves
(phyllotaxis) on a stem, it is necessary to find the leaf which is
exactly above the one, numbered 0, selected as a starting-point,
and then to count the number of leaves which are met with in
following the shorter spiral round the stem between these two
leaves. The number of the leaf which lies in the same orthostichy X
is the denominator of the fraction of di-
vergence, and the numerator is the number
of turns made by the spiral between the
two leaves.

When the number of orthostichies is
greater than 8, it becomes very’;iifﬁcult to
detect them, particularly when the leaves
are closely arranged as in the rosette of
the House-leek, the capitulum of the Sun-
flower, or as the scales in a Fir cone.
Another set of lines lying obliquely then
strike the eye, called parastichies, which
also run round the stem in a spiral, but
touch only some of the leaves; for in-
stance, in Fig. 6, the line which connects
the leaves 3, 6, 9, and 12. It is evident
that the number of parallel parastichies
must be as great as the difference between
the numbers of the leaves in any one such
line. Thus in Fig. 6, again, another para-
stichy connects the leaves 2, 5,8, 11, and so
on; and a third, the leaves 1, 4, 7, 10, etc.
From this it is possible to deduce a simple
method for ascertaining the phyllotaxis in .
complicated cases: the parastichies which thf'f;:;g;"f&‘:hoi:v:tf;
run parallel in one direction are counted, constant divergence of §; the
and the leaves in one of them are numbered =¥ of ® “;';’e:]ﬁ:'::iﬁe
according to the above-mentioned rule; by tions, those of the posterior by
repeating the process in another system of zi;ﬂ::;i::iz’;:";’cz’;’;ﬁfiz
parastichies which intersects the first, the are the eight orthostichies.
number of each leaf will be found.

The commonest divergences are the following:

HHHEH T e i
This series is easy to remember, for the numerator of each fraction
is the sum of those of the two preceding, and it is the same with
the denominators.
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There are, however, divergences which are not included in this
series, e.g., 1, 4, 3, etc. In some cases the construction of a spiral
with a constant divergence is impossible, as in Salvinia.

~ The causes of this regularity of arrangement of the leaves lie
partly in the mode of origin of the leaves at the apex of the stem
and partly in the displacements which they undergo in the course
of their subsequent growth.

Instances of the divergence  : all Grasses, and the smaller branches of the
Elm, the Lime, the Hornbeam, and the Beech; in these, particularly in the
last, the leaves undergo displacement, so that on the under side of the branch
the divergence is less, and the upper side it is greater than }.

Divergence of } is found in all the Sedges, and in the branches of the Alder
and Aspen.

Divergence of § may be regarded as the most frequent; it occurs in many
herbaceous plants and in most of the smaller branches of the Willow, the
Poplar, the Oak, the Rose, the Cherry, and the Apple.

The acicular leaves of the Firs and Spruces usually have a dnvergence of 8§
and % : & occurs very commonly in the cones.

Finally, it may be observed that the genetic spiral turns sometimes to the
right and sometimes to the left on the stem: in botanical terminology, a spiral
is said to be right-handed when it runs in such a direction that if the observer
ascended along it he would have the axis on his right; and left-handed, when
it runs in the contrary direction.

§ 4. The Form of the Mature Leaf. A leaf is usmally
flattened horizontally into a broad surface; it is thin, and of such a
form that it can be divided by a perpendicular plane, the median
plane, into two similar halves. The halves are usually counter-
parts, like the right and left hand, or an object and its reflected
image; the leaf is then said to be symmetrical. Unsymmetrical
leaves, the halves of which are not similar, occur in the Elm, and
very conspicuously in Begonia. The lower or outer surface of the
leaf usually differs from the upper or inner surface in structure,
colour, hairiness, etc. As a rule the surface of the leaf is extended
at right angles to the median plane, and also to the longitudinal
axis of the stem; but this original position is frequently altered
by subsequent torsions. Decussate leaves, for instance, are often
s0 twisted that the upper surfaces of all of them come to lie in one
plane, as in Philadelphus; and on the horizontal branches of the
Silver Fir the leaves that grow on different parts of the stem are
so twisted that their upper surfaces are all directed towards the
zenith. Rarely, as in the Iris, the leaf is from the first extended in
the median plane itself.
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Departures from the ordinary flattened form of the leaf are found
in the acicular leaves of the Spruce, in the cylindrical leaves of
many species of Sedum and Mesembryanthemum, and in the
tubular leaves of Allium and Juncus.

The leaf is usually regarded as consisting of three parts: the
sheath, the stalk, and the lamina or blade. The sheath (Fig. 7 v)
encloses the stem at the insertion of the leaf, assuming a tubular
or sheath-like form; it is largely developed in Grasses and Umbel-
liferse. The leaf-stalk or petiols (Fig. 7 p) is narrow, usually semi-
cylindrical or prismatic in form, and bears at its end the expanded
blade (Fig. 7 1): occasionally, as in the Australian Acacias, it is
flattened and leafy, when it is termed. a phyllode. These three
portions are not, however, developed in all leaves. Many leaves,
as those of the Maple and the Gourd, have only petiole and blade ;
others, as the Grasses, only sheath and blade.
Frequently the blade only is present, as in the
Tobacco and the Tiger-lily, when the leaf is said

~ to be sessile. :

The stipules must be regarded as belonging
to the sheath: when they are present the leaf
is said to be stipulate; but they are frequently
wanting, and the leaf is then said to be ex-
stipulate. In many plants they take the place
of the sheath and appear as two outgrowths at
the base of the leaf (Fig. 8 Band Css). They
are often similar in colour and texture to the
leaves, as in Willows, Peas, the Violet, and the Fre. 7.—Leat of Ra-
Rubiacew, in which they are compound; in nunculus Ficaria.
other plants, on the contrary, they are colourless ? Sbeath; p stalk;
or brol\:vn, and fall off soonr'z.fter 1he leaf is un- ! blade (na. size).
folded, as in the Beech, the Elm, and the Lime. Sometimes a pair
of stipules occur as well as a sheath, and they appear as teeth at
the top of the sheath, as in the Rose. Occasionally the two stipules
are connate, that is, they are more or less united: when they
cohere by their outer margins they form an opposite stipule, as in
Astragalus, and when they cohere by their inner margins they
form an axillary stipule, as in Houttuynia cordata : in the Polygo-
nacem they cohere by both their inner and outer margins, thus
forming a sheath, termed an ochrea (Fig. 207 A 0) which surrounds
the internode above the insertion of the leaf: when the stipules
of opposite leaves cohere they form what are termed ¢nterpetiolar
stipules, as is frequently the case in the Rubiaces.
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Only in comparatively few plants does a ligule occur; this is
a small outgrowth from the upper (inner) surface of the leaf,
which is found in the Grasses at the junction of the sheath and
the blade (Fig. 8 4 ¢), and also in the petals of many flowers, as
Lychnis and Narcissus.

In the case of most leaves it is obvious that their internal tissues
are differentiated. The fundamental tissue, which is generally
green, the mesophyll, is traversed by bright bands, which are the
fibro-vascular bundles or so-called veins. These usually project
on the under surface, and when the leaf decays, remain for a time
as a skeleton of the leaf. The distribution of these bundles, the

Fre. 8.—A Part of a leaf of Grass (Poa trivia’is) with the lignlei; a the haulm; v the
sheath ; 1lamina of the leaf. B Leaf of a Willow (Saliz Caprea); a stem; s s stipules; p
petiole; flamina; k axillary bud (nat. size). C Leaf of a Pea (Pisum arvense); a stem; s 8
stipules ; r rachis; ffleaflets ; +f #f the upper leaflets metamorphosed into tendrils; + end
of the rachis, likewise transformed into a tendril.
venation, is characteristic of large groups of plants. In the narrow
leaves of most of the Monocotyledons the veins are parallel, branch-
ing rarely or not at all (Fig. 13 L), and they are therefore said to
be parallel-veined ; while in many of the Dicotyledons only a few
veins enter the leaf, which branch frequently and anastomose,
forming a reticulated venation. According to the ramification
of the veins, the venation may be either pinnate (Fig. 9 4), that
is to say, a median vein or mid-rib runs through the leaf and gives
off several lateral branches, as in the Tobacco, Beech, and Elm; or it
may be palinate (Fig. 9 B), that is, the vein divides at its entrance
into the lamina into & number of equal diverging veins, which may
again divide, as in the Maple and Ivy.
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In descriptive Botany a number of terms are used to describe
the details of the insertion, the contour, the apex, margin, and the
segmentation of leaves. The most important are as follows:

When the blade
springs immediately
from the stem the
leaf is said to be
sesstle ; amplexicaul,
when it surrounds
the whole, semi-am-
plexicaul, when it
surrounds only half
of the circumference
of the stem at its in-
sertion (Fig. 10 4.
Thlapsi perfoliatum);
perfoliate, when the
two opposite margins
of the base of the leaf
meet and coalesce on
the opposite side of sylvatica; m mid-rib, n lateral veins; B Palmate venation of the

the stem from the eat of Alchemilia vulgaris (nat. size).
point of insertion,

eg., Bupleurum rotundifolium (Fig. 10 B). This form must not be confounded
with connate leaves, in which case two leaves growing at the same level on
opposite sides of the stem unite at their bases, e.g., the Honeysuckle (Lonicera
Caprifolium, Fig. 10
C).

In decurrent leaves
leafy wings extend
downwards from the
insertion along the
stem, which is then
said to be winged,
e.g., many kinds of
Mullein (Verbascum);
and the leaf-stalk is
sometimes winged in
the same way by a
downward growth of
the lamina.

The petiole is oc-
casionally inserted F16. 10.—The insertion of sessile leaves. .4 amplexicaul leaf of
. Thlapsi perfoliatum. B perfoliate leaf of Bupleurum rotundifolium.
on the under slde ?f C connate leaves of Lonicera Caprifolium.
the blade, which is

then said to be peltate; but it is usually inserted at its lower edge, and is
either sharply defined from it or gradually merges into it; an example of this
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latter mode is afforded by the cuneiform leaves of the Daisy (Bellis perennis).
A heart-shaped or cordate leaf is one of which the lower edge is deeply hollowed
in the median line, whether it be sessile or stalked, e.g., the Lilac (Syringa).
It is arrow-shaped or sagittate, when the blade is much prolonged on each side
of this hollow, as in the Arrow-head (Sagittaria). As to the general form of
the leaf, it said to be linear when the opposite edges are nearly parallel, e.g., in
Grasses; lanceolate, when the leaf is at least four times as long as it is broad,
e.g., the Rib-wort (Plantago) ; elliptical, when the leaf is about twice as long
as it is broad, e.g., the leaflets of the Rose; ovate, when the leaf is at the same
time broadest towards the base ; obovate, when it is broadest towards the apex;
subrotund, orbicular, reniform, when it is both broad and somewhat heart-
shaped, e.g., Ground Ivy (Glechoma) (Fig. 14 E f).

The leaf is also described, according to the form of the apex of the blade, as
being acute, when the lateral margins gradually converge at an acute angle,
e.g., the Rib-wort ; a8 acuminate, when the apex tapers rapidly (Fig. 11 G),
e.g., the separate leaflets of the Horse-chestnut ; or as obtuse or as emarginate
(Fig. 11 D f’ ), when it is more or less indented at the broad obtuse apex, as in
some kinds of Senna (Cassia obovata) ; as obcordate, when this indentation is
deeper, as in the leaflets of the Woodsorrel (Oxalis) ; and as mucronate, when
there is a sharp projection from the obtuse apex, as in the leaflets of Lucerne
(Medicago sativa) (Fig. 11 F f’ 5).

The margin of the leaf is either entire (Fig. 18 L), as in the Forget-me-not
and Tulip ; or it presents slight asperities, when it is said to be dentate (as
in each segment of the leaf in Fig. 11 C); or it is sinuous, with sharp spines,
as in the Holly (Ilez dquifolium), when it said to be wavy; or it is serrate,
with teeth directed towards the apex (Fig. 9 B), as in the Rose; or crenate,
with obtuse indentations, as in the Violet (Fig. 14 E f). If the margin be
more deeply indented, the leaf is said to be incised, and the incision may be
either palmate or pinnate, according to the mode of venation. In order to
express the fact that the incision extends less or more nearly to the junction
of the lamina and petiole in palmate leaves, or to the mid-rib in pinnate
leaves, different terms are used. Thus the leaf is said to be lobed and pinna-
tifid or palmatifid, when the incision does not extend so far as half way (in a
palmate leaf, Fig. 9 B) ; partite, when it extends about half way (Fig. 11 4) ;
dissected, when it extends the whole way (pinnatisected, Fig. 11 C).

Compound leaves are formed by the division of the lamina into several smaller
laminsm, connected by their secondary petioles (petiolules), which are called
leaflets (foliola) (Fig. 11 f). The compound leaf, like the lobed or partite
simple leaf, may be palmate or pinnate. In the former case it is called, ac-
cording to the number of the leaflets (three, four, five, or more) ternate,
quadrinate, quinate, ete. (Fig. 11 B is ternate), and by further division of the
leaflets it may become biternate or triternate, ete. (e.g., Clover, Lupin, Horse-
chestnut). In the compound pinnate leaf the separate leaflets are called pinne,
and are inserted on each side of the mid-rib, or rachis (Fig. 11 B f’), which
appears to be a prolongation of the true petiole (Fig. 11 D 7). If the rachis
terminates in a single leaflet, the leaf is said to be imparipinnate (Fig. 11 D 1);
but when it has no terminal leaflet, it is paripinnate (Fig. 11 E). According to
the number of the pairs of leaflets, the leaf is said to be bi- or tri-jugate, ete.
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(Fig. 11 E). It is interruptedly pinnate when large and small pinn® occur
alternately or irregularly, as in Potentilla anserina. When the pinnate seg-
mentation is repeated, the leaf becomes bi-pinnate or tri-pinnate (Fig. 11 H).
Many leaves, by a combination of palmate and pinnate arrangement, acquire &
highly complex conformation, as is seen in many umbelliferous plants.

Leaves or portions of leaves are occasionally transformed into tendrils, which
are organs of attachment (see § 48); this is the case with the rachis and with

Fra. 11.—Incision of leaves. p petiole; p' petiolule; f" leaflet;  rachis. A4 Palmatifid
leaf cf Geranium, B Ternate leaf of Clover. C Pinnatisected leaf of Papaver Argemone.
Compound leaves; D Imparipinnate, Hippocrepis comosa .t terminal leaflet. E Pari-pinnate,
Pistacia lentiscus; a wing of the rachis. F Imparipinnate unijugate leaf of Medicago.
This differs from B, which is ternate, i h as the secondary leaf-stalks p” do not all
spring from one point, but the common leaf-stalk p extends beyond the insertion of the
single pair of pinneg. @G Leaf of the Orange ; the articulation a between the blade and the
winged petiole shows that it is & compound leaf. H Bipinnate leaf of the Acacia;
+’ gsecondary rachis; f/ secondary pinne. :
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all or some of the pinnm, in the Vetch, Pea, and other allied plants (Fig. 8 C ¥
and 7f). Less frequently the lamina is metamorphosed into an ascidium,
assuming the form of a pitcher, as in Nepenthes.

The texture of most leaves may be described as herbaceous. Leaves of this
kind last usually for only a single season, and die or fall off in the autumn.
Leaves of firmer texture, which are said to be coriaceous, survive the winter,
and either fall off when the new leaves are developed (the Privet), or continue
to live for several years, (Holly, Box, and most Conifers ; the acicular leaves of
the latter may persist for as many as twelve years, (Silver Fir)). Fleshy or
succulent leaves occur in Aloe, Sedum, ete. In many cases leaves are meta-
morphosed into spines: these are hard-pointed,
woody structures, which, from their position, may
be recognised as being modified leaves; such are
the leaves on the shoots of Berberis (Fig. 12 a b),
the stipules of Robinia Pseudacacia, the persistent
petioles of many species of Caragana and Astra-

galus.

" The relative position and the form of leaves in
the bud present many characteristic peculiarities.

According to the greater or less breadth of the
leaves, those which are contiguous to each other
either merely touch at their edges (valvate prefolia-
tion, or estivation in the case of flowers), or their
edges overlap (imbricate prefoliation); an inter- /
mediate form, known as the contorted or twisted,
is to be found, for example, in the arrangement of
the petals of the Periwinkle; in this case one
margin of each leaf is directed obliquely inwards,

Fra.12.—Leaf-spines of Ber- 8nd covers that of the next. Asregards the form
beris vulgaris, at the base of a of the individual leaves in the bud, called the
shoot of one year's growth. pernation, it is distinguished as plane, when the
a leaf-spine with broad sur- jo.¢ jg not folded; as conduplicate, when the two
face ; b with a emaller surface; . .
kkaxillary buds (nat. size).  D8lves of the leaf are folded inwards from the mid-

rib (e.g., the Bean); as plicate, when the leaf is
folded in numerous longitudinal or slanting pleats (e.g., the Beech) ; as crumpled,
when the foldings and inequalities are in every direction (e.g., the petals of the
Poppy) ; as involute, when the edges are rolled inwards towards the midrib (e.g.,
the Violet) ; as revolute, when they are rolled inwards towards the midrib on
the lower surface (e.g., Sorrel) ; as convolute, when the whole leaf is rolled up
from one margin so a8 to form a single coil (e.g9., Canna) ; or as circinate, when
the leaf is rolled up from the apex downwards (e.g., Ferns).

In highly organised and differentiated plants many forms of
leaf-structures (phyllomes) may be distinguished, for certain
regions of the stem bear peculiar forms of leaves, which though
differing in some respects, agree in their general characteristics.
These are:
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1. Foliage leaves, usually known simply as leaves (Fig. 13 L).
This is the most general form. These leaves are conspicuous on
account of their green colour, and in accordance with their function
(see § 33), they are exposed as much as possible to the sun-light.
If they are small they are very numerous (Conifers), and the larger
they are the fewer they
are (Sun-flower, Paul-
ownia).  They always
possess- a well-developed
lamina, which presents the
various peculiarities of
form previously described.

2. Scales or cataphyllary
leaves (Fig. 13 N). Theso
are usually of a yellow or
brown colour, of simple
structure, without project-
ing veins, and attached to
the stem by a broad base.
They may be regarded as
the sheaths of leaves, the
petioles and lamine of
which have mnot been
developed; this is true
even in the case of those
plants the foliage-leaves of
which usually develope no
sheaths. They always oc-
cur on subterranean stems
(e.g., the scales of the
Onion), and sometimes on
aérial stems. Many plants
which are not green (Oro-

b he. Neotti a F1a. 13.—The three forms of leaves on the stem of
anche, Neottia) Produce y.ianthemum bifolium (nat. size) ; N the scales; L the

only cataphyllary leaves foliage leaves; Hd the bracts; b the flowers in their
in addition to the floral Xl v roots.
organs. The most common form in which they occur upon aérial
stems is that of scales investing the buds of trees. In this case
they are the lowest leaf-structures borne by thé annual shoot, and
usually fall off as the bud developes.

Some indigenous trees have naked buds withcut scales, as Viburnum Lantana
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and Rhamnus Frangula. The following varieties of bud-scales may be dis-
tinguished :
a. No true bud-scales—the investment of the bud is formed by the stipules
of the first foliage-leaf: Alnus incana and Liriodendron.
b. The stipules possess lamine, and are covered externally by one or more
simple scales : Poplar, Willow, Elm.
¢ The bud-scales are stipules without lamin: within them are stipules
with lamins, and there may be simple scales outside of them : Beech,
Oak (or they may be absent), Birch.
d. The bud-scales are simple leaf-sheaths without laminm; the foliage-
leaves possess neither stipules nor sheaths; Abietinem, Maple, Horse-
chestnut.

In a certain sense the cotyledons of Phanerogams, the leaves first
developed from the seed, may be regarded as cataphyllary leaves.
These will be discussed at a later period.

3. Hypsophyllary leaves or bracts (Fig. 13 Hd) belong to that
region of the stem which bears the flowers. They are smaller
than the foliage-leaves, and are inserted upon the stem by a narrow
base (the glumes of Grasses). They may be green or of various
colours.

4. The Flower is a shoot, the leaf-structures of which have been
modified into sepals, petals, stamens, and carpels. It is peculiar
to Phanerogams, and will be discussed when those plants are treated
of. (Part IV.)

§ 5. Stem-structures or Axes (Caulomes), with the excep-
tion of the primary stem of the seedling, which is derived directly
from the oosphere, take origin from stems of older growth; they
usually spring, as has been shown in § 3, from the axils of the
leaves. As a rule, one lateral shoot is formed in the axil of each
leaf, but sometimes more than one is formed; when this is the case,
the shoots are either situated one above the other, as in Gleditschia,
or side by side, as in the bulbs of Muscari. All the shoots that
originate as lateral buds are not necessarily developed into branches;
thus the buds which are formed in the axils of the bud-scales
always remain undeveloped, and are only incited to growth when
the other buds are destroyed. Buds which thus remain undeveloped
for a long period, often for years, are called dormant, and the shoots
which are ultimately produced from them are said to be deferred.

Adventitious shoots occur on old stems, and also on roots; fre-
quently, for instance, on those of the Poplar; sometimes even on
leaves, as in Bryophyllum and many Ferns.

Buds which become separate from the parent plant before their
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elongation has begun, and produce new independent plants, are
called bulbils; such are the bulbous buds in the axils of the leaves
of Lilium bulbiferum, and in the inflorescences of species of
Allium, ete.

The typical form of the stem is cylindrical or prismatic; in the
latter case the number of the angles bears a definite relation to the
arrangement of the leaves; for instance, when the leaves are oppo-
site and decussate, the stem is quadrangular. Irrespectively of the
the thickenings of the stem at the nodes which separate the inter-
nodes, a tumidity, the pulvinus, usually occurs at the insertion
of the leaf, which is very conspicuous on the branches of the Fir,
Poplar, and Ash.

The different forms of stems are determined by the period and
direction of their growth, the length of theit internodes, the relation
of their thickness to their length, the form of the leaves they bear,
and by other factors.

The soft herbaceous axis of annual plants is usually known as a stalk (caulis);
the terms trunk, branch, and bough are usually applied to stem-structures which

persist and increase in thickness for several years. The latter are built up of ’

successive annual shoots; for, during the time when growth is inactive, which
in our climate is in the winter, the apical and the lateral shoots remain quies-
cent in the condition of buds. The lowest internodes of each annual shoot are
short, particularly those which lie among the bud-scales, so that the limit hetween
the shoots of two successive years is easily recognised even in old branches by the
close arrangement of the scars of the fallen bud-scales. The other internodes of
the annual shoot are longer nearer the apex, but are sometimes short again close
beneath it, as in the Oak, so that the leaves and lateral buds are crowded below
the terminal bud. When most of the internodes are elongated, as has been
described, the structure in question is an ordinary shoot: but on many trees
there are also dwarf-shoots. These are annual shoots the internodes of which
have hardly elongated at all, and usually bear no lateral shoots ; such are the
shoots bearing the fascicled leaves of the Larch, which spring from the axils of
the leaves of an ordinary shoot of the same year: they usually elongate but
slightly each year, but shoots of this description may, under certain circum-
stances, develope into ordinary shoots. Inthe Scotch Fir, these dwarf-shoots bear
only two green acicular leaves in addition to scales, and arise in the axils of the
scaly leaves of an ordinary shoot of the same year's growth, In forest-trees,
these dwarf-shoots occur especially in advanced age, or when their growth is
stunted ; they are very conspicuous in the Apple and the Pear, and other similar
trees, and are thé only parts of the tree which produce flowers and fruit.

The stem of herbaceous plants is usually erect, but sometimes it is prostrate,
a8 in Thyme; when, in this case, roots grow from the nodes, it is called a creep-
ing stem (soboles, Fig. 14 E). Stolons are long, slender, lateral shoots which
grow close upon or under the surface of the soil and take root again at some
distance from the parent plant (e.g., the Strawberry, Fig. 14 D)., Twining or

Y}

%
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climbing stems are stems which produce leaves and flowers, and at the same time
grow upwards round upright supports (Fig. 15 B), as the Hop, Bean, Convol-
vulus, and others (v. § 48). Other plants climb by means of tendrils (cirrhi),
i.e., slender, filiform, lateral shoots with only minute scale-like leaves which
twist spirally round foreign bodies (Fig. 16 4), as in the Vine, Virginia creeper,
Passion flower, ete,

F16. 14 —Various forms of stems. 4 Tubers of Helianthus tuberosus (} nat. size) ; s lower
part of the stem springing from last year’s tuber k'; in the axils of the upper leaves arise
the buds kn, and in those of the lower leaves the tubers k with very small scaly leaves and -
buds. B, Bulb of Hyacinthus orientalis (reduced); k the discoid stem, s the scales, s the
stalk which subsequently elongates and bears the flowers above ground, with the buds b;
| foliage leaves, w roots ; kn an axillary bud which becomes next year's bulb. C Elongated
rhizome of Carez arenaria (}); scaly leaves n of the rhizome s; a erect shoot with scaly and
foliage-leaves l.—D Runner of the Strawberry, Fragaria (reduced), springing from the
plant a, with scaly leaves n, from the axil of which a new runner b arises. E Creeping
stem of the Ground Ivy, Glechoma hederaces (reduced) ; f f decussate leaves; the internodes
are twisted ; a axillary shoot; w root.
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Many axial structures become thorns, being metamorphosed into hard, sharp-
pointed bodies. Sometimes the apex of a shoot is modified in this way after

it has produced
leaves, e.g., the
Sloe (Fig. 16), or
certain  lateral
shoots are de-
veloped as thorns
from the first, as
in Gleditschia, in
which plant se-
condary thorns
also are developed
from the axils of
scaly leaves.
With  regard
to those subter-
ranean stems
which are com-
monly known as
roots, and bear
for the most
part cataphyllary
leaves, the most
important  va-
rieties are — the
rhizome, which
differs but little

from the ordinary  F16. 16.—4 Part of the stem of the Vine (} nat. size) with uwo
typical stem; it tendrils rr; the upper one bears small leaves h and branches; the

.’ lower one has become attached to & support z and has rolled up
grows horizon- spirally ; bb petioles ; in this case the tendrils are branches which are
tally under the peculiarin that they are opposite to the leaves. B Twining stem of
earth’s  surface, Ipomoss, s, with leaves b and & bud k; &= is the support.

and  developes
new aérial, herbaceous stalks and sometimes green
leaves every year (Fig. 14 C): the tuber, which
grows greatly in thickness and bears only minute
scaly leaves ; e.g., the tubers of the Potato and of
Helianthus tuberosus (Jerusalem Artichoke) (Fig.
14 4 k): the bulb (Fig. 14 B), which consists of a
flat discoid axis (k) bearing numerous crowded and
overlapping leaves (z) e.g., the Onion and Tulip,
and the corm (Crocus) in which the axis is larger
and the scales less numerous and more delicate.
The form of stem which differs most widely from
the ordinary type is the phylloclade, which re-
sembles a leaf in its appearance, and bears only

F1a. 16.—Thorn of the 8loe,
Prunus spinosa, & branch, d
leaf-scar, from the axil of which
the thorny branch s springs;
on the thorn are ff leaf-scars;
in the axil of the upper one is
the branch g, in that of the
lower, the bud k.

very small true leaves, e.g., the branches of Ruscus and Phyllanthus. In the
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Cactus family there is the greatest diversity in the form of the stem; it may be
leaf-like, spherical, cylindrical, columnar, etc.—but in all cases the leaves are
rudimentary.

§ 6. Development of Branch-Systems. Just as it is pos-
sible to ascertain the laws governing the relative positions of all
members growing in acropetal succession from a study of the leaves
(which are always developed in that order), so the study of the
branching of stems will lead to the general laws which regulate
branching. . By branching is meant the production of similar mem-
bers :—thus it is an instance of
branching when a root produces
& lateral root. Any member
with its branches composes a
branch-system, and every branch-
ing member is, with reference to
its branches, the azis of a sys-
tem. The following types of
branch-systems may be distin-
guished, according to the ar-
rangement of the members:

1. The branching is termed a
Dichotomy or Polyotomy, whenX
the direct apical growth of a
member ceases, two or more
growing-points which are equally
vigorous, at any rate at their
first development, being formed

) ) at the apex. The member which
«5:?3;:;;?3'3;:2;;? o:’ on::d;:,:_r bears the branches is called the
loped by bifurcation. BHeli.coid dichotomy; hase or podiwm, and each of «
here the left-hand branch is always more
vigorous than the right (r). C Scorpioid these branches may become the
dichotomy ; the right and left branches are hase of a new djchot()my or
alternately more vigorous in thoir growth. polyotomy. They may either
continue to grow with equal vigour, and then, in the case of a
dichotomy, the branching remains distinctly bifurcate (Fig. 17 4),
or the system may become sympodial, if at each bifurcation one
branch becomes more strongly developed than the other: in such a
case the bases of the successive bifurcations appear to constitute an
axis, which is called the pseud-awis or sympodium, on which the
weaker branches appear as lateral branches (Fig. 17 B.C). The
sympodium may consist of bifurcations belonging to the same side
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of the successive dichotomies, either to the left or to the right (Fig.
17 B), when it is said to be a helicoid (bostrychoid) dichotomy, e.g.,
the leaf of Adiantum pedatum, or it may consist alternately of the
right and left bifurcations of successive dichotomies (Fig. 17 0),
when it is said to be & scorpioid (cicinal) dichotomy.

Dichotomous branching is rather uncommon, and scarcely ever occurs in
leafy shoots: it occurs in the roots of the Lycopodiess and in the frondose
Liverworts.

2. The branching is said to be racemose when the member con-
tinues to grow in its original direction, and produces lateral
branches in acropetal succession behind its apex; it is therefore
the common base of all the lateral shoots, and hence the system is

» termed mono-
, o podial. It is
evident  that
this mode of
branching
must occur
in all stems
the lateral
branches  of
which are de-
pendent, as to
their position,
upon the ar-
) rangement of
T 12Dl st e Diiams o D s (Lo, and
system. Those numbered II' and IT” are equally vigorous, and much are therefore
more 80 than the primary axis I. (From Sachs.) developed in
acropetal succession. Each branch may subsequently branch again
in the same manner. The primary axis continues to grow more
vigorously than the lateral axes, and each lateral axis stands in the
same relation to the lateral axes.

3. The branching is said to be cymose, when at an early stage the
growth of each lateral axis begins to be more vigorous than that of
the primary axis above the point of origin of the lateral axis, and
when the lateral axis becomes more copiously branched than the
primary axis. Hence two forms may arise:

() there may be no pseud-azis ; this is the case when two or more
lateral axes are developed in different directions and grow with
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nearly equal vigour (Fig. 18) and more vigorously than the primary
axis, which soon ceases to grow; such a system has a certain resem-
blance to a dichotomy or polyotomy, and is called a false dichotomy
(Dichasium) or a false polyotomy (Polychasium): or (B) a pseud-
axis 18 formed ; this takes place when only one lateral axis developes
vigorously in each case, as in Fig. 19 4, where the lateral axis 2 has
grown more vigorously than the mother-axis 1, and so on. (In the
diagram the dark lines indicate the more vigorous growth.) The
pseud-axis which is thus formed is at first crooked, but in most cases
it subsequently becomes straight (Fig. 19 A becomes B). If the
stronger growth always occurs in the lateral shoots of the same

]

Fra. 19.—~Cymose branchings represented diagrammatically. 4 B Scorpioid (cicinal)
cyme. C Dichasial cyme. D Helicoid (bostrychoid) cyme The numerals indicate the
order of succession of the lateral shoots which spring from each other, (Figs. A, B and D
are ground-plans; Fig. C is a projection into the plane of the paper).

side, the system is called a helicoid cyme (Fig. 19 D); if alternately
in those of both sides, it is called a scorpioid cyme (Fig. 19 A B).
Such a branch-system is said to be sympodial.

As examples of these various modes of branching, the infloresecences, which
will be treated of subsequently (Part IV.), may be especially mentioned; the
following are selected from the vegetative organs :

Racemose branching is very evident in Conifers; the trunk is always more
strongly developed than its lateral branches, and these than their lateral branches.

False Dichotomy is exhibited in the stem of Viscum, the apex of which either
terminates in a flower or else dies; only the axillary buds of the two leaves de-
velope into new annual shoots. As regards the arrangement of the annual shoots,
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the same occurs in Syringa, in which the axillary buds of the uppermost pair of
leaves form the continuations of the stem, whilst the terminal bud dies ; also in
Rhamnus catharticus, in which the main axis is metamorphosed into a thorn.
In this case the branching of each annual shoot is racemose, but the successive
annual shoots form a cyme.

The succession of the annual shoots of many trees, as the Birch, Elm, Beech,
and Hazel, affords examples of the sympodial cyme; in these, each annual shoot
either terminates in a flower, or it dies, and the uppermost lateral bud forms its
continuation. Here also the branching of each annual shoot, apart from its
apex, is racemose.

§ 7. The term Root in its botanical sense is not applicable, as
in ordinary parlance, to any subterranean part of a plant, but only
to those members of a plant which are developed endogenously,
which produce no leaves, and which
have their growing-point protected by
& peculiar structure, the root-cap (Fig.
20 k). The outermost cells of the
root-cap are thrown off while new
ones are continually being formed at
the growing-point.

Roots only occur in such plants as
possess fibro-vascular bundles, and
they themselves invariably contain
such bundles; only a few vascular
plants are entirely destitute of roots iy o, S
(Salvinia, Lemna arrhiza, etc.). The gis. 20.—The side roots n, thrown

term primary root (tap-root) is applied out from the pericambium of the tap-
p & ( P ) PP root of Vicia Faba. (Longitudinal

to the root of a young plant which o mag. 5 times.) f Fibrovascalar
lies in the same straight line as its bundles. r Cortex of the main root.

prima.ry stem ; in the Vascular Cl'yp- h Root-cap of the lateral roots.
togams and in the Monocotyledons it remains small, and it is only
in the Dicotyledons (to which group the Bean, the Tobacco, the
Hemp, and the Oak belong) and in the Gymnosperms, that it
attains a considerable size in proportion to the rest of the plant.
All the other roots—the secondary and the adventitious—originate
laterally upon the primary root, or from the stem, or even from
leaves. They invariably originate from an internal layer of tissue,
and then break through the external tissues. On anatomical
grounds (§ 25), the lateral roots are arranged in longitudinal rows
on the main-root; at a later period, however, numerous adventitious
roots are successively developed here and there between the original
lateral roots.
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The primitive form of roots is that of an elongated cylinder; only those roots
which undergo a gradual growth in thickness and at the same time become
succulent acquire a spindle shape, e.g., Beetroot, or exhibit tuberous swellings,
e.g., the Dahlia. The aérial roots of many tropical plants, such as Tree-Ferns,
Orchids, and Aroids, which serve to attach them to tall trees and other supports,
are physiologically different from true roots. 8o, too, are the climbing roots of
the Ivy, which grow close together from certain parts of the stem and remain
quite short, serving as a means of secure attachment to walls and tree-trunks ;
also the sucker-roots of many parasitic plants, e.g., Dodder (Cuscuta), which
penetrate the tissues of the plant which nourishes them.

§ 8. Hairs or Trichomes are organs which are developed from
the epidermis of a member. This category includes not only hairs
in the strict sense of the word, such as will be described hereafter
in § 29, but also many reproductive organs, such, for instance, as
the sporangia of Ferns.

Prickles, such as those of the Bramble or of the Rose,
are usually included among trichomes (Fig. 21). They
differ from true hairs in that they are formed not from
the epidermis only, but from the subjacent tissue also,
but they agree with them in that they are not arranged
in any regular order, and are not the result of the mo-
dification of certain members (caulomes or phyllomes),
as is the case with thorns and spines. Like the hairs they
are merely appendages, the occurrence and arrangement
of which does not materially affect the general structure
of the plant. In order to indicate the fact that they are
not developed in the same way as true trichomes, prickles
th:. ::e-mz})}-t::i;‘:::b;‘: and allied structures (warts, tubercles, etc.) may be de-
Rubus fruticosus (na.c: signated as Emergences.
size). The ordinary hairs may be simple, or compound, they

may be stellate, they may be hardened and elongated
(setm), or they may be glandular. According to the nature and number of the
hairs upon it, a surface is said to be pubescent (the flower-stalks of the Prim-
rose), pilose (leaves of the Sunflower), hirsute (Myosotis sylvatica), setose
(Borrage, Echium), villous (dnemone Pulsatilla), tomentose (leaves of Petasites
niveus and spurius), silky (leaves of Saliz alba), woolly (Stachys germanica).
If there are no hairs upon it, it is said to be glabrous.

§ 9. The body of the lower plants (Alge, Fungi, and many
‘Liverworts) exhibits no differentiation of stem, leaf, and root. It
- possesses organs which serve, like the roots of the higher plants, to
fix the plant to the soil and to absorb nutriment, and frequently it
exhibits branchings which resemble leaves ; but these structures do
not properly belong to the two categories as defined in § 1. Sucha
body is termed a Thallus. A thallus may, and very frequently does,
bear true trichomes, such, for instance, as root-hairs.



PART II.
THE ANATOMY OF PLANTS.

§ 10. The members of the plant which have been described in
Part I. agree, as to their external structure, in this, that they all
consist of cells or of structures formed by the modification of cells.
The cellular structure of the parts of plants may be easily observed:
a section seen with even a low magnifying power shows cavities
separated by walls. Sometimes it is possible by mere pressure to
separate the cells forming a tissue, as in the case of the ripe Snow-
berry (fruit of Symphoricarpus racemosus), when they appear as
closed vesicles filled with fluid. Certain cells always occur isolated ;
thus the pollen consists of isolated cells. The form and develop-
ment of cells, the mode of their combination to form tissues, and
the resulting texture of the tissue, may vary greatly. Since the
variety of the tissues depends upon the development of the cells
composing them, it will be advantageous to study cells, as such,
first, and then the tissues.

CHAPTER 1.
THE CELL.

§ 11. The Structure and Form of the Cell. In a well-
developed living cell the following three principal constitnents may
be distingnished :

(1). A firm elastic membrane, closed on all sides, the cell-wall
(Fig. 22 O 1), which consists of a substance peculiar to itself, called
cellulose.

(2). A layer of soft substance, the profoplasm, lying in contact
with the inner surface of the membrane, and, like it, closed on all
sides; this always consists of albuminous substances (Fig. 22 O p).
In all the higher plants at least, a nucleus (Fig. 22 O%) occurs
imbedded in it.

25
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(8). A watery fluid, the cell-sap, which fills the whole space,
called the vacuole, enclosed by the protoplasm (Fig. 22 O s).

The same cells in which these three parts may be distinguished,
present, in their young state, when they are very much smaller

F1a. 22.—Parenchyma-cells from the cortical layer of the root
of Fritillaria imperialis; longitudinal sections (x 560). A Very
young cells lying close to the apex of the root, still without
cell-sap. B Cells of the same description about 3 mm. above the
apex of the root; the cell-sap s forms separate drops in the
protoplasm p. C Cells of the same description about 7-8 mm.
above the apex of the root; the two cells to the right below
are seen in a front view; the large cell to the left below is in
section; the cell to the right above is opened by the secnon,
the nacleus shows, under the infl of the p
water, a peculiar appearance of swelling (zy). (Copied trom
Sachs.)

(Fig. 22 4), quite
a different appear-
ance. At this period
the protoplasm fills
the whole cell ; the
cell-sap makes its
appearance in the
course of develop-
ment, at first (Fig.
22 B) in the form
of small drops.
These, while the
whole cell increases
in size, gradually
increase also and
coalesce; while at
the same time the
bands of proto-
plasm which se-
parate them are
absorbed into the
peripheral layer.
In this way these
cells attain the con-
dition in which they
remain until the
death of the organ
of which they form
part. They may be
taken as examples
of the cells which
compose the succa-
lent parts of plants,
such as the cortex

of stems and of roots, and fruits. Other cells, as for instance those
of wood and cork, pass beyond this stage and become still further
modified ; the cell-sap and protoplasm disappear, so that at last only
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air or water is contained within their walls. But whilst cells of the
former class, furnished with protoplasm, are capable of carrying on
osmotic and chemical processes, and, under certain conditions, of giv-
ing rise to new cells,—that is to say in short, of living,—mature wood-
cells, devoid of protoplasm, are no longer capable of performing these
functions; they are ,

of use only in virtue
of the firmness and
other physical pro-
perties of their
walls. Hence the
protoplasm is to be
regarded as the
living body of the
cell. Indeed, there
are cells which,
when first formed,
consistonlyofnaked
protoplasm,  and
they occur precisely
in connection with
the most important
vital function of
the organism—that
of  reproduction.
Sach cells are
termed primordial
cells (Fig. 37 B).
They subsequently

become surrounded Fre. 23.—Various forms of cells. 4 The end of & bast-fibre,
by & membrane withstrongly thickened pitted walls (longitndinal section x 300).
. . B Wood-cells from the root of the Cucumber (x 300), surface-
which is secreted view and section. C Part of vessel with bordered pits from the
by the pl‘OtOplasm. stem of Helianthus tuberosus (x 300) cut open at the top. At a
From this it ap- and b the remains of the absorbed septa are visible.
pears that the cell-wall, as well as the cell-sap, is a product of the
vital activity of the protoplasm. It has been attempted to express
the essential characters of the cell by describing it as a mass of
living protoplasm which usually surrounds itself with a firm membrane,
and takes up fluid into itself.
Various as the internal arrangements of the cell may be, its size

and form may vary quite as widely. While some cells are so small
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that little more than their outline can be discerned with the help
of the strongest magnifying power (about 0°001 of a millimetre in
diameter), others attain a considerable size (from 01 to 0'5 milli-
metre), so as to be distinguishable even by the naked eye (for
example, in the pith of the Dahlia, Impatiens, and Elder (Sam-
bucus)). Many grow to a length of several centimetres, as the hairs
upon the seed of Gossypium (cotton) ; others finally, as in some Algse,
where the whole individual consists of a single cell, attain still larger
dimensions.

The Form of such cells as constitute an entire individual is often
nearly spherical, or ovoid, or cylindrical ; but they may also exhibit
a highly complex conformation, in consequence of the assumption of
quite different forms by the various outgrowths of one and the
same cell. The various organs of highly organised plants consist
of very different cells, and even in the same -organ cells lie side by
side which are of very different form, and which are filled with
somewhat different contents, for diverse functions have to be per-
formed by a single organ. The cells in such a case are sometimes
spherical or polyhedral, with nearly equal or slightly differing
diameters (Fig. 22 C, as in pith, in juicy fruits, and in fleshy tubers) ;
sometimes greatly elongated and at the same time excessively narrow
(Fig. 23 4 and B), as in wood, in bast-fibres (Flax), in many hairs
(Cotton). Longitudinal rows of cells frequently combine to form a
special organ by the absorption of the transverse septa which
separate their cavities (Fig. 23 C): it is thus that the vessels, as they
are called, are formed. (See § 22.)

§ 12. The Cell-wall consists of cellulose, water, and inorganic
constituents. It originates and grows in consequence of the secre-
tion of these substances by the protoplasm. The growth of the
cell-wall takes place both in extent and in thickness; it is effected
by the intercalation of additional particles of solid matter between
those already existing in the membrane.*

By its superficial growth the surface of the membrane and con-
sequently the whole volume of the cell, is increased; so much so

* This mode of growth by intercalation of new solid particles between the
existing particles is known as intussusception, and is essentially different from
apposition,—that is to say, the deposition of new particles upon the surface of
the growing body, as in crystals. This phenomenon is closely connected with
the idea that in the cell-wall, as in starch granules and other organised bodies,
the solid particles must be conceived of as being surrounded on all sides by
water.
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that the volume of the cell not unfrequently becomes a hundred-

fold greater. Thus, for instance, in a leaf enclosed in a leaf-bud,

the cells, of which it will consist when

mature, all exist already, and it is by their

simultaneous increase in volume that the

leaf attains its ultimate size. In the rare

cases in which the superficial growth is

equally great at all points, the cell preserves

its original form, but usually the cell-wall

grows more vigorously in certain parts than o,ﬁﬁ;ﬁ?ﬁgﬁgﬁ

in others; thus, for instance, a primarily most spherical surface of the

spherical cell may become cubical, tabular, gy " ! “ruehed Wi

cylindrical, tubular, fusiform, and so forth.  longed into spines, and form-
The growth in thickness of the cell-wall o8 #®metwork. (After Sachs.)

is also rarely uniform ; the cell-wall commonly becomes more

thickened at some points than at others, and thus acquires in-

equalities of surface. In the case of isolated cells or of free cell-

walls, the prominences existing in this way on the external sur-

Fr1e. 26.—A cell with Fie. 27.—Transverse sec-
pitted walls from the tion of a bast cell from the
wood of the Elder (S8am- root of Dahlia variabilis (x
‘ \ bucus). A longitudinal  800); I thecell-cavity ; K pit-

Cor section showing the pits hannels which penetrat:
li il in the lateral walls as the stratification ; sp a crack
F1a. 25.—r Annular, s spiral channels, a; and in the by which an inner system of
thickening of the walls of ves- farther wall as roundish layershasbecomeseparated.
sels ; r seen from outside, 8 in spots, b. x 240. (Copied from Sachs.)
longitudinal section highly
magnified (dlagrammatic).

face appear as warts, tubercles, knots, etc. (Fig. 24). Cells that
are united to form tissmes have their inequalities on the internal
surface of the cell-wall; the prominences sometimes have a defi-
nite form and project into the interior of the cell; such are the
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annular (Fig. 25 r) and spiral thickenings (Fig. 25 &) of the walls
of certain vessels; in the so-called reticulated cell-walls, the thicken-
ing is in bands which are united into a network, so that circular or
oval thin spaces are left. In other cases, solitary and relatively
small thin spaces are left in the wall in the course of the growth in
thickness, which appear, when seen on the external surface, as
bright spots, commonly called pits, and are seen in section to be
canals of greater or less length, according to the relative thickness
of the walls (Figs. 26 and 27). Very frequently the pit, when seen
from the surface, presents the appearance of two concentric circles
(Fig. 23 C); for this reason, that the opening of the canal into the
interior of the cell is narrow, whereas the external opening is broad.
Such bordered pits occur in the wood-cells of Conifers (Fig. 42) ; in
the walls of many vessels (Fig. 23 C); and elsewhere (Fig. 41).
The scalariform thickening of the walls of many vessels arises from
the regular and close arrangement of bordered pits which are much
elongated transversely. ‘

The cell-wall shows indications, in many cases very plainly, of an
intimate structure which depends upon the regular alternation of
more and less watery layers; this displays itself in transverse and
in longitudinal section as concentric stratification (Fig. 27), and on
the surface as striation.

Thin cell-walls generally consist, as regards organic substance,
entirely of cellulose, which assumes a blue tint on the addition of
iodine and sulphuric acid. In thickened walls it frequently happens
that certain parts, composed of successive layers, consist of modified
cellulose. The principal modifications are the following :— ‘

(1). The cellulose may be converted into cork (cuticularized).
The cuticularized cell-wall is extensible, highly elastic, almost im-
permeable to water ; it turns yellow when treated with iodine and
sulphuric acid (examples, the cells of the epidermis and of cork,
pollen-grains, spores).

(2). The cellulose may be converted into lignin. The ligneous
cell-wall is hard, inelastic, it is easily penetrated by water, but it
does not absorb much; it turns yellow when treated with iodine
and sulphuric acid (examples, wood-cells).

(8). The cellulose may be converted into mucilage. The muci-
laginous cell-wall is, in its dry state, hard or horny; it can
absorb a large quantity of water, and at the same time it increases
greatly in volume, becoming gelatinous; it usnally turns blue with
iodine and sulphuric acid (examples, linseed and quince mucilage).
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These modifications may occur either singly or together in the
. different layers of one cell-wall.

Mineral matters are also frequently deposited during growth in
considerable quantity in the cell-wall, particularly salts of lime and
silica ; they are usually intercalated between the solid organic par-
ticles of the cell-wall, so that they cannot be directly detected, but
remain after burning as a skeleton which retains the form of the
cell. Silica is present in the stems of Grasses and of Equisetaces.
Calcium carbonate sometimes occurs in a crystallized form (asin
the epidermis of the Urticem), and calcium oxalate also in well-
defined crystals (§ 18, Fig. 34).

§ 13. The Protoplasm consists principally of albuminous sub-
stances (proteids), water, and a small proportion of ash constituents.
As it is the seat of all the vital phenomena and nutritive processes
of the cell, it must obviously contain within itself at different times
all the other chemical constituents of the organism. Sometimes it
appears homogeneous and transparent, but it is generally more or
less granular in consequence of the presence of drops of oil, of
starch grains, etc. It is of a tenacious consistence, sometimes firm,
sometimes almost fluid, but it is never a true fluid. When the
protoplasm encloses granules, an outer layer free from granules can
be detected, which is frequently very thin; this is called the ecto-
plasm, the inner granular portion being known as the endoplasm.
Frequently a part of the water which saturates it collects to form
vacuoles; when these coalesce and the cell-sap fills the greater part
of the cavity of the cells (Fig. 22 C s), the protoplasm forms merely
a layer within the cell-wall, which has been termed the primordial
utricle. Living protoplasm will neither absorb colouring matter
dissolved in water, nor allow its passage, but dead protoplasm has
no power to hinder its diffusion, and even takes it up in considerable
quantity.

The nucleus, on account of its constitution and position, is essen-
tially a part of the protoplasm ; it is apparently wanting in certain
groups of lower plants (in some Fungi and Algs). It contains one
or more much smaller bodies called nucleols (Fig. 22 4 % k).

The movements of the protoplasm are among the most remarkable
of phenomena. In many cells currents may be perceived which
flow from the nucleus outwards, towards the peripheral protoplasmic
layer (Circulation); or the whole peripheral layer of protoplasm is
in rapid movement along the walls of the cell (Rotation). Naked
primordial cells, as for instance, swarm-spores and antherozoids,
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swim about in the water in which they live, rotating at the same
time on their own axes. The so-called plasmodia of Myxomycetes
exhibit an amoeboid movement ; that is, the naked mass of proto-
plasm continually changes its outline, new protrusions are thrown
out from the central mass, whilst others are withdrawn, and it thus
moves slowly from place to place; at the same time a rapid motion
of the granules within the mass is going on.

§ 14. Crystalloids. Sometimes a part of the protoplasmic
substance assumes a crystalline form ; bodies are formed which are
bounded by plane surfaces and which have an angular outline,

F1a. 28.—Cells from the endosperm of
Ricinus communis (x 800). A fresh, in
thick glycerine, B in dilute glycerine, C
warmed in glycerine, D after treatment
with alcohol and jodine: the aleurone- F16. 20.—Cells of a very thin section through
grains have been destroyed by sulphuric  a cotyledon of the embryo in a ripe seed of Pisum
acid, the matrix remaining behind a8 sativum; the large concentrically stratified
anet-work. In the aleurone-grains the  grains St are starch-grains (cut through); the
globoid may be recognised, and in BC  small granules a are aleurone, consisting of
the crystalloid. proteids ; 4 the intercellular spaces.

bearing a very close resemblance to certain crystals, for the most
part cubical, octahedral, tetrahedral, or rhomboidal (Fig. 28); but
they are essentially different from true crystals, inasmuch as they
are capable of swelling-up, that is to say, of increasing considerably
in volume when treated with various reagents. Such crystalloids
occur, for instance, in the tuber of the Potato, in the aleurone-
grains of oily seeds, in red marine Algsm, etc.

§ 15. Aleurone-grains. In oily seeds more especially, the
protoplasm is aggregated into spherical granules of various sizes,
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which lie in a matrix of albuminous and fatty matter. These are
the Proteid- or Aleurone-grains. These granules consist of albu-
minous substances, and almost always enclose other bodies (Fig.
28 C); these are the above-mentioned crystalloids, and peculiar
small round bodies, the globoids, which consist of double phosphate
of lime and magnesia. These bodies may occur separately or together
in the aleurone-grains, according to the kind of plant. In seeds
which are rich in starch, the spaces between the large starch-grains
are filled with similar but much smaller granules (Fig. 29).

§ 16. Chlorophyll-corpuscles. The green colour of most
parts of plants is pro-
duced by the presence of
green granules, called
Chlorophyll-corpuscles, in
certain cells (Fig. 30).
These are composed of a.
colourless ground-sub-
stance, throughout which
a small quantity of a
green colouring-matter
called Chlorophyll is dis~
tributed. If this colour-
ing-matter be extracted
by a solvent, such as al-
cohol, the colourless cor-
puscle remains unaltered
in size and form. The
corpuscles are always im-

bedded in protoplasm,and

that t . F16. 30.—Chlorophyll-corpuecles in the protoplasm of
their gro un’d'?ub Ce. 18 the cells of the prothallium of a Fern. A4 Optical section
only a specxahsed portlon of the cells; B part of & cell seen from the surface.
of the protoplasm. The Some of the corpuscles have begun to divide.

corpuscles do not always occur in the form of granules; in some of
the lower Alga the whole of the protoplasm, with the exception of the
ectoplasm, is coloured green; in others, the coloured part of the proto-
plasm assumes a stellate form (Fig. 76 4), or it exists in plates (Fig.
76 B C) or spiral bands (Fig.40cl). These green-coloured portions
of the protoplasm are all included under the general term, chlorophyll-
corpuscles. Under the influence of sunlight starch-grains are formed
in the interior of these chlorophyll-corpuscles, which often grow so
large that the substance of the chlorophyll-corpuscle is only discern-
ible as an extremely delicate layer covering the contents (Fig. 31).
D
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The ultimate fate of the chlorophyll-corpuscles is to be absorbed,
as happens, for instance, in the cells of leaves before they fall, and
nothing then remains but small yellow granules.

The green colouring-matter, the chlorophyll, is mixed, in many
families of Alge, with other colouring-matters, and the coloured
protoplasm appears bluish-green, olive-green, dull yellow, or red.
Occasionally the chlorophyll itself undergoes modification and be-
comes red or yellow, and the form of the corpuscle changes at the
same time, as in the ripening of many fruits, which are at first
green and then become-yellow or
red; e.g., the Tomato (Lycopersicum
esculentum).

Closely related to the chloro-
phyll-corpuscles are those proto-
plasmic bodies which are tinged
with a yellow colouring-matter,
and cause the yellow colour of
many flowers; e.g., the Dandelion

(Tarazacum officinalis).
Fre. 81, — Beparate Chlorophyll-cor- In h 1
puscles with starchy contents from the many cases the green colour

leaf of Funaria hygrometrica (550). a A of different parts of plants is dis-
Lovet o bancldsr 0 U901 guised by tho prosence of other
in which the starchy contents fill almost colouring-matters which are in solu-
e whole ;;”‘:"h’j{:’ﬁ: :i';’:u’;‘zez:‘:“’): tion in the cell-sap, as in the leaves
corpuscle has been destroyed and only the of Amaranthus and of the Vlrglman
starchy contents remain. (After S8achs) (Creeper at the end of the summer.
§ 17. Starch-grains are small hard granules, usually round,
oval, or lenticular, consisting of starch, water, and a small propor-
tion of incombustible ash, which occur in certain cells of almost all
plants. The tubers of ‘the Potato, the seeds of cereal and of legu-
minous plants are especially rich in them. They can be extracted
by maceration from the organs in which they occur, and then ap-
pear to the naked eye as a white powder, which is known as Starch.
Starch belongs, like Cellulose, to the carbo-hydrates. It may be
easily shown that each grain consists of two substances, of which
the one, Granulose, can be extracted by saliva or by dilute acids, while
the other, Starch-cellulose, remains as the skeleton of the grain.
The former turns blue with iodine alone, the latter only after treat-
ment with strong sulphuric acid. When boiled with water or when
treated with potash, the grains swell enormously and form a paste.
The substance of the starch-grainsis always disposed in layers round
a centre, the hilum, and this disposition in layers, as in the case of
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cell-walls, is the result of the regular alternation of dense layers
with more watery layers. The hilum is the most watery portion of
the whole grain. From their first appearance the starch-grains are
firm, solid bodies. So long as they continue to grow, they are al-
ways connected with the protoplasm of the cell; it is only at a later
stage that they lie free in -

the cavity of the cell. Their

growth does not proceed by

the deposition of new layers

upon the exterior, but by the

intercalation of new particles

of solid matter between those

which already exist. Besides

the simple grains (Fig. 32 4),

compound grains occur, which

are formed by the develop-

ment of new hila in an or-

dinary grain, each with its

own system of layers (Fig.

32D). If insuch acase,the ~—  F

external layers which enclose

the whole mass are of con- s
siderable thickness, the grain @

is said to be semi-compound < ®
(Fig. 32 B). By pressure @

the compound grains may be

split up into their companet 1% % -Surgane fom the v o 3
gra.nules. The so-called 8pu- partially compound grain; C D perfectly com-
roualy-compound.grans aro Boxd S 3 an o g e M
very similar to these; they oclder grain, ¢ a still older grain with divided
consist of several grains which hilum. (Copied from Bachs.)

have become adherent in consequence of mutual pressure; they
occur frequently in chlorophyll-corpuscles (Fig. 31). Starch-
grains are formed in plants to be subsequently consumed in the
processes of growth and of nutrition; they are frequently stored for
a long time in certain organs, as in seeds, roots, and tubers, and
when they are required for consumption on germination or on a
renewal of the growth of the plant, they are absorbed. The
forms of the starch-grains are characteristic in different kinds of
plants ; thus those of the Potato (Fig. 32) are eccentrically oval,
those of leguminous plants (Fig. 29) concentrically oval, those of
Rye, Wheat, and Barley lenticular.
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§ 18. Crystals (see also p. 31) are frequently found in the cells
of plants: they sometimes consist of calcium carbonate ; for example,
the crystals in the protoplasm of Myxomycetes and the crystalline
deposit in the cell-walls of certain Urticess. In these plants there is
generally a peculiar club-shaped ingrowth of the cell-wall of certain
cells which projects into the interior of the cell, in which the cal-
cium carbonate is deposited: these are called Cystoliths. All the
other crystals hitherto recognised consist of calcium oxalate, which
crystallises in two systems according to the proportion of water
which it contains; to the one system, the quadratic, belong the
octahedra (Fig. 33 k), to the other, the clinorhombic, belong the
acicular crystals, which are called Raphides, and which occur, united .

F1a. 34.—Crystals of cal-
cium oxalate in the wall of
the bast-cells of Cephalotazus
Fortunei (x 600, after Solms).

F16. 33.—Crystals of calcium oxalate in the cells of the petiole of a Begonia ( x 200).
k 8olitary crystals ; dr cluster.

into large bundles, particularly in Monocotyledons. Besides well-
formed solitary crystals, aggregations of them also frequently occur.
These crystals are formed in the protoplasm, from which they sub-
sequently find their way into the cell-sap (Fig. 33), as well as in the
cell-wall, particularly in the wood of Conifers (Fig. 34); and also
in Lichens, on the free outer surface of the cell-wall.

§ 19. The cell-sap saturates the cell-wall, the protoplasm, and
the whole organic structure of the cell; it usually also collects in
the interior of the protoplasm so as to form vacnoles or a single
large sap-cavity. It is a watery solution of various substances:
salts are never absent from it; in certain cells of many plants (as
the Sugar-cane, the Maple, and the Beet-root) it contains large
quantities of cane-sugar, which can be extracted from it by a re-
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fining process; in the cells of many kinds of fruits, as the grape and
others, it contains grape-sugar. Besides these substances, tannin
and inulin occur, as well as acids, such as malic acid in the apple
and other fruits, citric acid in lemons, etc. It also contains the
colouring-matters of most red and blue flowers (Erythrophyll and
Anthocyanin), and of many fruits, as the cherry and elder berry,
with many other substances.

§ 20. The Development of
Cells always takes place in such
wise that the whole or part of the.
protoplasm of a cell already existing,
the mother-cell, undergoes re-arrange-
ment. The following are the prin-
cipal modes of cell-formation :

I. Cell-division. The protoplasm
of the mother-cell separates into two
or more parts, each of which consti-
tutes a nmew cell. The division of
the protoplasm is usually preceded
by that of the nucleus.

Cases in which the protoplasm has been
observed to divide before the nucleus occur
in the development of the spores of An-
thoceros and of the macrospores of Isobtes. g4 85— Cell-division in the cortex of

. _divisl the growing stem of Vicia Faba (x 300).
In the simplest case of cell-division &7 8° RS- 0 just taken place,

the nucleus divides into two, the the nucleus k still adheres to the new
protoplasm does the same, and a ¥o1: st b it has retreated to tho older
cell-wall is formed in the plane of

division. In other cases the secondary nuclei and their investing
protoplasm may again divide before any cell-wall is formed.
Finally, the formation of a cell-wall may be postponed until the
division of the nuclei and of the protoplasm has been repeated an
indefinite number c¢f times. The varieties of cell-division which
thus arise may be arranged as follows :

1. In growing vegetative organs, a division of the cell takes
place, such that the whole of its protoplasm, without any rounding-
off or contraction, is divided into two parts: the new wall is formed
between the two masses of protoplasm only along the plane-of divi-
sion (Fig. 35). The wall is sometimes formed simultaneously at all
points of the plane of division, as in the development of stomata,
and sometimes, as in certain Alge, e.g., Spirogyra, it grows as a
ring from without inwards.
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2. The formation of the cells which subserve reproduction (see
§ 55) is always accompanied by a rounding-off of the protoplasm,
which takes place either before or during the formation of the new
wall. In this case the wall is always formed over the whole surface
of the young cells, though this often occurs somewhat late.

a. The whole protoplasmic contents of the mother-cell may be-
come aggregated around four newly-formed nuclei; this process
occurs principally in the formation of the pollen of phanerogamous
plants (Fig. 36), and in the formation of the spores of Mosses and
Vascular Cryptogams. The details of this process are not the same
in all cases. In some (development of the pollen-grains of Mono-

F1a. 37.—Rejuvenescenco as cx-
hibited in the formation of the
swarm-spores of (EBdogonium. 4

F1a. 86.—Division of the mother-cells of the pollen- Portion of a filament ; in the lower
grains of Althea rosea. At Aand B the divisionof the cell the protoplasm is begin-
protoplasm into four has begun; in D the in-growth ning to contract, in the upper the
of the membrane is far advanced, and in E the walls young primordial cell is escaping
are complete. (After S8achs.) (2). B A swarm-spore. C The be-

: ginning of germination (x 850).

cotyledons and of the microspores of Isoétes) the nucleus of the
mother-cell divides into two, and this is followed by a corresponding
division of the protoplasm, a cellulose wall being formed between
the two cells. Each of these now divides in the same manner, in a
plane at right angles to that of the first division, and thus the four
special mother-cells are produced lying in one plane. In other
cases (development of the pollen-grains of Dicotyledons, of the spores
of Mosses, Ferns, and Equisetums) the nucleus of the mother-cell
divides into two, and each of these secondary nuclei divides again
into two, the divisions taking place in planes at right angles to each
other and to that of the first division; as a consequence, the four
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nuclei do not lie in one plane, but are arranged tetrahedrally. Cell-
walls are now formed, so that four special mother-cells are produced.
In the case of the pollen-grains of Dicotyledons, the wall of the
primary mother-cell thickens and grows inwards at certain points
(Fig. 36 D) so as to constrict the protoplasm somewhat, and the
newly-formed walls become attached to these projections. In all

F16. 38.—Zonsporangia of an Achlya
(x 660). A B8till closed. B Allowing
the zoospores to escape, beneath it & Fra. 80.—Cell-formation in the asci of Pesisa
lateral shoot ¢; a the p just la. af 8 ive steps in the develop-
escaped ; b the abandoned membranes ment of the asci and spores. (After Sachs,
of the goospores which have already x 5560.)
swarmed; e swarming £oosSpores.
{Copied from Sachs.)

cases each of the four special mother-cells surrounds itself with a
proper wall which becomes the coat of the pollen-grain or of the spore.
b. The number of the nuclei derived by repeated division from the
nucleus of the mother-cell before any cell-wall is formed is indefinite.
Each of them becomes surrounded by a portion of the protoplasm.
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It is in this way that the zoospores of many Alge and Fungi are
formed (Fig. 38), and it is usually not until some time after their
escape from the mother-cell that they become clothed with a cell.
wall. The spores formed in the asci and sporangia of Fungi (Fig.
39 (are also developed in this way, but in this case the cells are always
invested by a cell-wall before they are set free from the mother-cell.
A further example of this is to be found in the development of the
endosperm-cells in the embryo-sacs of phanerogamous plants.

This mode of cell-formation is known as free cell-formation, but the sense in
which this expression is now used is very different from that in which it was
originally employed. It was supposed that, in these cases, the secondary nuclei
were formed de novo, but recent researches have shown that they are developed
in the manner described above,

II. Rejuvenescence. The whole protoplasm of the mother-cell may
undergo rejuvenescence, when it contracts and reconstitutes itself as

F1e. 40.—Conjugation of the cells of Spirogyra (x 400). A The cells of two fillaments
which are prepared for conjugati At a the filaments have begun to swell towards each
other. The spiral bands of chlorophyll are recognisable at cl, and the nucleus at K. At B
the protoplasm of the cell p is fusing with that of the other p’. At Cis a perfectly-formed

Zygospore Z.

the new protoplasmic body of a daughter-cell, which subsequently
surrounds itself with a new membrane. It isin this manner that
the single swarm-spores of many Algm are formed, as in Vaucheria,
Stigeoclonium, (Edogonium (Fig. 37), as well as the oospheres of
Cryptogams. '

IILI. Conjugation. In conjugation the protoplasmic contents of
two or more cells coalesce to form a new cell, which acquires a
membrane. This process occurs in a typical manner in various
groups of Algss, e.g., Spirogyra (Fig. 40), and of Fungi.

The formation of new cells does not therefore necessarily imply
an increase in number; this is the case only when division into two,
four or many cells occurs; in the process of rejuvenescence the
number is unaltered, and in conjugation it is actually diminished.
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CHAPTER IL
THE TISSUES.

§ 21. Those combinations of cells are designated Tissues which
are governed by a common law of growth. According to their
arrangement in space, the following combinations of cells may be
distinguished :

A. Filaments, where the cells are connected only by their con-
tiguous ends, and so form a filament, e.g., many Alge, as Spirogyra
(Fig. 40), Bdogonium (Fig. 37), and many hairs (Fig. 62 a d).

B. Surfaces, when the cells form & single layer and are in contact
in two directions of space (length and breadth), e.g., many Algse
and the leaves of many Mosses.

C. Masses, when the cells are in contact on all sides.

The tissues commonly consist of cells which have originated from
common mother-cells by their repeated division into two, and which
have been connected from the first in consequence of the mode of
formation of the septa (Fig.35). In a few special cases tissues
are formed otherwise (spurious tissues); either cells which have
been hitherto isolated become adherent and then continue their
growth in common, or filaments consisting of rows of cells become
interwoven and exhibit a common )
growth, without however having
become adherent in every case
(Fig. 39 sh).

§ 22. The Common Wall of
cells combined into & tissue is, in the
first instance, usually extremely thin
and delicate, and appears under the
strongest magnifying power as a
simple plate (Fig. 35). As it in-
creases in thickness a middle lamella .

F1a. 41.—Transverso section of the

nsually becomes visible (Fig‘ 41)’ cortical cells of Trichomanes speciosum

which divides the wall into two (x 500). Middle lamella (m): ii the
. cell-wall adjoining the lamella; 1 cell
parts, one of which apparently be- cavity ; ¢ bordered-pits which meet in

longs to each of the contiguous cells. adjoining cells; the pits on each side are
This middle lamella is nothing more divided by the middle lamella.

than a specially differentiated part of the wall which belongs to
both of the cells in common, Its chemical composition, which is
different to that of the remainder of the wall, permits of its
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solution (in nitric acid and chlorate of potash), so that the in-
dividual cells may be separated. When the common wall of similar
cells is pitted, the pits on each side accurately meet (Fig.41?); if,
however, certain cells of a tissue undergo a special modification,
as in the vessels, the unequal thickening of the membrane is
confined to one side only of the common wall ; in the case of spiral
thickening of the cell-wall this is self-evident.

The bordered-pits, which are characteristic of the wood-cells of
Conifers, demand special description. The membrane which
separates the cavities of the pits does not lie in the centre as a
continuation of the cell-wall, but inclines to one side or the other,
and lies over one of the canals (Fig. 42 Bs): there is thus a
lenticular cavity in the wall which opens freely into one of the
two cells, but is shut off from the other:
the membrane is so delicate that its
presence may easily be overlooked. The
formation of a bordered-pit is effected by
the thickening of the cell-wall round a
small area which remains thin (the per-
sistent membrane), the middle lamella
being prolonged so as to surround the
cavity of the pit (Fig. 42 B m).

In certain cases the septa between the
cavities of adjacent cells become wholly

¢ or partly absorbed, as, for instance, oc-

Fio. 42.—Bordered.pitsonthe Casionally the thin partition between
#oody fibres of the Pine: 4 seen bordered-pits; the transverse walls of
from "::r:;“m";nf:l‘);‘ﬁ‘:”; such cells as combine to form the vessels
:::g Tkilile ':;:l‘: ; tc :::a:;i;r are lwl:zllzhablsorbed, 1f tlaeg]') lie at al E'ng:ht

: - angle e long axis of the vessel (Fig.
menclng pit ( 600, disgram) 23 Cabd); if thegy lie obliquely, they afe
broken through in various ways. In a similar manner the trans-
verse septa (and more rarely isolated areas on the longitudinal wall
also) of the sieve-tubes (§ 25, Fig. 47 B) are perforated by closely-
set and very fine open pits, and are then known as sieve-plates.

The thin part of the wall which separates the pit of a vessel
from a contignous living cell may frequently recommence its
growth, and protrude into the cavity of the vessel. Cells which
thus grow into neighbouring vessels are termed tillen : they may
subsequently undergo division so as to fill up the whole vessel.
They occur commonly in wood. :
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Such cavities as have thus originated by the absorption of cell-
walls and the consequent coalescence of two cells, and which con-
tinue to be surrounded by the walls of the original cells, are com-
monly called cell-fusions. They are usually tubular, and are formed
by the absorption of the transverse septa throughout whole rows of
cells. They are not unfrequently branched, and they may anas-
tomose. The true vessels of plants, as well as the laticiferous
vessels, are examples of cell-fusions.

§ 23. Intercellular Spaces are lacun® between the cells of a
tissue. They may be formed in two ways, either by a splitting of
the common wall of adjacent cells, or by the disorganization of
certain cells. They
contain either air or
certain peculiar sub-
stances.

The intercellular
spaces which contain
air are usually formed
in consequence of the
splitting of the com-
mon wall of adjacent
cells (Fig. 43 2). They

0?cur almost exclu- F1e. 43.—Intercellular spaces () between cells from the
~ sively between the stem of Zea Mais (x 650); gw the common wall. (After

thin-walled cells of Sachs)

succulent parenchyma, and usually at the angles of junction of a
number of cells. Sometimes these spaces—then called air-chambers
—attain a considerable size, so that whole masses of tissue are
separated from each other, as in the petioles of the Water Lily
and of other aquatic plants. The cells which border upon these
cavities often throw out protuberances into them (also in Aspidium)
which are known as “internal hairs.”

The large cavities in the stems and leaves of Juncus and of other
allied plants, are produced by the disorganization (%.e., the drying-
up and rupture) of considerable masses of cells: this is true also
with reference to the cavities extending through whole internodes
of many herbaceous stems (Grasses, Umbelliferss, Equisetacem),
and those occurring in leaves (Leek).

The intercellular spaces which contain certain peculiar substances
will be treated of in § 28.

§ 24. Forms and Systems of Tissue. There are usually
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[§ 24.

in plants numerous similar cells which differ from those that
surround them, and which are combined so as to constitute a
distinct form of tissue, characterized by those properties which the

—

i

F16. 4.—Prosenchymatous
tissue, longitudinal section (dia-
gram, magnified), the pointed
ends of the elongated cells fit in
between each other.

cells possess in common. According to
the form and relative position of the cells,
two forms of tissne may be distinguished :
parenchyma (Figs. 22, 29, 33, 43), in
which the cells are not much longer than
they are broad, the surfaces along which
they are in contact being relatively broad ;
prosenchyma (Fig. 44 and section Fig. 41),
in which the cells are much longer than
they are wide, and their ends overlap.
When the walls of the cells are much
thickened, the tissue is called scleren-
chyma (see p. 58); this may be either
parenchymatous or prosenchymatous, ac-

cording to the form of the cells. "When all the cells of a tissue have
ceased to divide and have assumed their definite form, it is called
permanent tissue. A tissue in which, on the contrary, the cells are

still dividing, that is, that cer-
tain danghter-cells continue to
divide and subdivide whilst the
others are being converted into
permanent tissue, is called a
generating tissue or meristem.
The enumeration here given
only includes the most import-
ant forms of tissue; many other
technical terms will be made
use of in describing the tissues,
as circumstances may require.
‘When several different tissues
occur in one plant, as in vascular
plants in general, they are ar-

F1g. 45.—The three systems of tissue in a
cross section of the petiole of Helleborus
(x 20). ¢ epidermis; g fundamental tissue ;
J fibro-vascular system ; @ xylem; csoft-bast ;
b bast-fibres. :

of the plant in which they occur.

ranged into systems of tissues
which then compose the whole
plant ; their arrangement bears
& definite relation to the member

Three such systems of tissues

are nsually met with: (1) the epidermal, which covers the exterior
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of the plant, and usually consists of a single layer of cells (Fig.
45¢); (2) the fibro-vuscular (Fig. 45 f), which traverses the body
of the plant in the form of bundles, and is characterized by the
presence of sieve-tubes, vessels and of fibrous prosenchymatous
cells; and (8) the fundamental tissue, which fills up the rest of the
space (Fig. 45 g), and consists principally of parenchyma.

The same form of tissue may occur in various tissue-systems:
thus both parenchyma and prosenchyma occur in all three tissue-
systems, and there is no difficulty in recognising to which one
they belong in each case. Certain tissues and peculiar cells—
for instance, such as serve as receptacles for various substances,
secretions, etc.—when they occur in the two internal tissue-systerﬁs,
have so much in common that it may be expedient to consider them
by themselves.

§ 25. The Fibro-vascular System extends throughout the
body of the higher plants in the form of strands or bands of tissue
which are called fibro-vascular bundles. When the cells which com-
pose them are lignified, and are harder than those of the funda-
mental tissue, as is usually the case, they may be easily separated
from it ; for instance, if the leaf-stalk of the Plantain (Plantago
major) be broken across, the bundles project as tolerably thick
threads from the fundamental tissue, and by the decay of this
tissue they may be wholly freed from it. They form the venation
of leaves, and when the leaves decay they persist as a skeleton.
In many water-plants, however, the tissue of the fibro-vascular
bundles is softer than the surrounding tissues. In many cases the
fibro-vascular bundles are so closely packed, and they become so
strongly developed in consequence of the continued increase of their
tissue, that very little of the fundamental tissue remains in the
compact mass which they form. The wood of trees, including the
bast, is an instance of such a fibro-vascular mass.

The arrangement and the course of the fibro-vascular bundles
are intimately connected with the morphology of the plant, and
with the differentiation of its members. In most leaves the fibro- .
vascular bundles lie in those projections of tissue which are known :
as veins. In the petiole and stem, and gemerally in all organs
which grow especially in length, the fibro-vascular bundles run
longitudinally : thus a transverse section of a stem or petiole (Fig.
45) exhibits transverse sections also of its fibro-vascular bundles.
The bundles of the leaf and stem are so closely connected that even
at the first development of the leaf at the apex of the stem, the upper
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end of each bundle bends outwards into a leaf, while the lower portion

=
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F1a. 46.—Diagram of the course of the tibro-vascular
bundles in stems. 4 Longitudinal section through the
axis of a Palm-stem, showing & transverse section of half
of it. Theleaves (cut off above the insertion) are hypothe.
tically conceived of as distichous and amplexicanl, and so
are seen on both sides of the stem, m1 m2 m3 being the
median line of each. B Outside view and transverse
section of Cerastium (hypothetically transparent to show
the internal bundles). The decussate leaves are cut off.
The bundle proceeding from each leaf divides into two
above the leaf immediately below it, and the branches of
all the bundles unite to form the four thin bundles which
ulternate in the section with the thicker ones. In the
section, m is the pith, r the cortex, » the medullary ray.
The xylem in the fibro-vascular bundles is indicated by
shading.

is continued downwards

into the stem and
coalesces with older
bundles. Thus the

fibro-vascular bundles
traversing the stem
may be regarded as
being merely the lower
portions of those which
come from the leaves—

> as leaf-traces, and the

whole bundle is said to
be common (i.e., to both
leaf and stem). The
course of these bundles
in the stem is very
various ; it may in
general be referred to
one of three types,
which are, however,
connected by interme-
diate forms :

(1.) The bundles
coming from the leaves
unite and form a single
axial bundle, which
runs down into the
stem (this type occurs
but rarely, in certain
water-plants and a few
Ferns).

(2.) The bundles
coming from each leaf

are numerous: on entering the stem s1de by side, they tend towards
the middle of the stem; then they bend outwards and thin out
gradually as they descend, coalescing at a point much lower down
(Fig. 46 4). In the transverse section of such a stem, the fibro-
vascular bundles appear irregularly arranged; those nearest the
centre are the thickest. This arrangement prevails among the
Monocotyledons, particularly the Palms,
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(3.) The bundles of each leaf, which are less numerous than in
the foregoing type, bend downwards soon after they have entered
the stem, and run down the stem parallel to each other at about an
equal distance from the axis, branching and anastomosing -par-
ticularly at the nodes (Fig. 46 B). The transverse section.of
such a stem exhibits the bundles arranged in a circle more or
less nearly concentric with the circumference, and dividing the
fundamental tissue into two portions: the inner, included within
the circle of fibro-vascular bundles, is the pith or medulla (Fig.
46 Bm); and the outer, lying between this circle and the epidermis,
the cortex (Fig. 46 B ). Those portions of the fundamental tissue
which lie between the fibro-vascular bundles in the circle, and
which therefore connect the pith and the cortex, are called the
medullary rays. This arrangement occurs principally in Dicoty-
ledons and Gymnosperms. '

Bundles which belong exclusively to the stem are termed cauline
bundles; they are such bundles as cannot be regarded as direct
prolongations of those of the leaves. They are present in the
Ferns and the Rhizocarps, in the Lycopodies, and in Selaginella;
but they occur only rarely in Phanerogams, and then in aquatic
plants,* such as Hippuris, Callitriche, Myriophyllum, Elodea,
Naias. ’

Roots differ so widely from stems and leaves in the structure
and arrangement of their fibro-vascular bundles, that the con-
sideration of them must be postponed for the present.

A well-developed fibro-vascular bundle consists of two kinds of
permanent tissue: the Xylem or Wood and the Phloém or Bast.
Excepting when special circumstances give rise to other conditions,
the walls of the wood-cells tend to become lignified and their
cavities to be filled with air: these cells constitute the firm but
brittle portion of the bundle. In the phloém there is a tendency
to the formation of softer and more flexible cell-walls, which are
but slightly lignified, and the cells retain their sap. Those fibro-
vascular bundles which consist only of these two forms of tissue
are incapable of any further growth, and are said to be closed;
whereas those which possess in addition a layer of generating-tissue
(meristem), the Cambium, throughout their whole length, which,
by the active growth and division of its cells, increases the bulk
of the xylem and of the phloém between which it lies, are said
to be open.

The xylem (wood) of a fibro-vascular bundle (so long as it
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has not been added to by the activity of the cambium) consists of
the three following elements :

(1.) True vessels (trachee, ducts) : they are formed from rows of
superimposed cells, the transverse walls of which have been more
or less absorbed. According to the mode in which their longi-

F1a. 47.—A transverse section of an open fibro-vascular bundle in the stem of the Sun.
flower. M Pith. X Xylem. C Cambium. P Phloém. R Cortex; s small, and s’ large
spiral vessels; t pitted vessels; ¢’ pitted vessels in course of formation; h wood-fibres ; sb
sieve-tubes; b bast-fibres; e bundle-sheath ; ic inter-fascicular cambium. B Radial vertical
section through a similar bundle (somewhat simplified) lettered like the former.

tudinal walls have been thickened, they are distinguished as spiral,
reticulate, annular, scalariform, or pitted vessels (Fig. 47 B s s’ and
Fig. 25 s) (Fig. 47 B ¢ ¢ and Fig. 23 C) : their contents are air or
water.
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(2.) Much lengthened, narrow, prosenchymatous cells ; the wood-
cells or fibres (Fig. 47 B h and Fig. 23 B).

(3.) Parenchymatous cells, forming. the wood-parenchyma, and
still containing protoplasm ; frequently they are wanting.

The bast in like manner consists of :

F16. 48.—Transverse section of a closed fibro-vascular bundle from the stem of Zea Mais
(x 660): a outer, i inner side with reference to the axis of the stem; p parenchymatonus
ground-tissue; g g two large pitted vessels; s spiral vessel; r ring of an annular vessel;
1 air-space formed by rupture, surrounded by thin.walled wood-cells. Between the two
vessels g g lie smaller reticulated vessels and vessels with bordered-pits. These elements
constitute the xylem: the phlodm is composed of soft bast, v. The whole bundle is sur-
rounded by a sheath of thick-walled, lignified, prosenchymatous cells belonging to the
ground-tissue. (After Sachs.)

(1.) Vascular elements, the sieve-fubes, which have thin side-
walls, but thick transverse septa, perforated by closely-set, open

canals; they are filled with albuminous substances (Fig. 47 B sb).
E
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(2.) Prosenchymatous elements, the bast-fibres, which are often
" long and much thickened, but flexible. '

(3.) Elongated, prismatic, thin-walled cells (Phloém parenchyma):
these cells remain in the primitive condition in which all the
cells of the phloém originally were: they are also termed cambi-
form, and, together with the sieve-tubes, are known as soft bast, in
contradistinction to the thick-walled bast-fibres, the hard bast.

These different kinds of cells are more or less fully represented
in a section of a fibro-vascular bundle, their proportional number
varying with the part from which the section is taken, and with the
nature of the plant. '

By far the most frequent arrangement is, that the xylem and the
phloém in each bundle lie one behind the other on same radius, the
xylem being nearer to the centre of the stem, while the phloém lies
towards the periphery (Figs. 45, 47, 48, 50). This is the case
both when the bundles form a circle and when they are scattered,
when they are open and when they are closed. As the bundles
bend outwards into the leaves without any twisting, and are distri-
buted in one plane, the phloém of the bundles lies towards the
under surface of the leaf and the xylem towards the upper surface.
Exceptions to these relations are found in cylindrical leaves and in
many petioles, in which the twisting of some of the bundles gives
rise to an arrangement similar to, but sometimes more complicated
than, that of the stem. In open bundles the cambium lies between
the xylem and the phloém. The annular and spiral vessels always
form the innermost portion of the xylem towards the centre of
the stem; and the outer portion, towards the phloém, consists of
reticulated and pitted vessels, which are the largest of all the
elements of the xylem. The grouping of these vessels as regards
each other, the woody fibres, and the parenchyma cells, is ex-
tremely various; those shown in Figs. 47 and 48 are only some
examples. The innermost annular and spiral vessels are the first
formed in each fibro-vascular bundle, and already exist before the
contiguous portion of the stem has attained its definitive length;
they grow with its growth, and, since they cannot undergo any
further transverse division like the other elements of the bundle
which are as yet undifferentiated, they consist of the longest cells.
In the phloém the bast-fibres usually lie nearest to the periphery,
and the sieve-tubes, which are generally conspicuous by their larger
apertures (in transverse section), are scattered in the .soft bast

(Figs. 47 and 48).
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The following deviations from this, which is the commonest ar-
rangement (the collateral) of the phloém and xylem, as well as of
their constituents, may be mentioned :

In many plants, e.g, Gourds and Lycium, a second layer of
phloém is found within the xylem : in most Ferns the phloém com-
pletely encloses the xylem, forming a ring (concentric arrangement),
and several groups of spiral vessels lie within the xylem, from
which the development of the xylem
proceeds.

The fibro-vascular bundles of the
root differ most widely from the
structure above described. It is, in
fact, impossible fo speak of separate
bundles in the root; a cylindrical mass
of fibro-vascular bundles, sometimes
hollow and containing a pith, occupies
the axis of the root (Fig. 20). In
this, several xylem bundles are regu-
larly distributed (Fig. 49 4 g), and
alternating radially with them lie an
equal number of phloém bundles (Fig.
49 4 b). In Dicotyledons the number
of these bundles is small, usually 2, 3,
or 4, rarely 5 to 8; in the Monocoty-
ledons it is usually larger. In each
xylem bundle the spiral vessels, which
are here the oldest constituents, lie F16. 40— A Traneverse section of &
nearest to the periphery. The ex- young root of Phaseolus multiflorus;
ternal layer of the fibro-vascular Preorticalfundamentaltissue;m pith;

. . . . z fibro-vascular cylinder; g primary
cylinder is known as the pericambium, sgiem bundles; b primary phlosm
and remains for a long period capable bundles. B Transverse section of an
of development and growth. The ﬂd;m;h:hﬁu’f‘,‘};‘;:ﬂ
rudiments of the lateral roots are ary bast; k cork—slightly magnified.
usually formed from this pericam- A% Sachs.)
bium in Phanerogams, exactly opposite to the xylem bundles
(except in Grasses and Umbellifers), but in Cryptogams (except
Equisetum) from cells of the endodermis; thus, irrespectively of
the adventitious roots which are formed later, there are as many
rows of lateral roots on & main root as there are xylem bundles
in the fibro-vascular mass. The lateral roots, in the course of
their development, have to penetrate the cortex of the mother-root
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seo p. 23, Fig. 20): their fibro-vascular bundles are in direct
connection with those of the mother-root.

§ 26. The Growth in Thickness of the stem and roots is
effected in most Gymnosperms and Dicotyledons by the continuous
activity of the cambium of their open bundles. These are arranged
in a circle in a transverse section of the stem (Fig. 50 4) : the com-
mencement of growth in thickness is preceded by tangential divisions
in the fundamental tissue (Fig.47 4 ic) which lies between the
bundles; this gives rise to cambium which becomes continuous
with that of the fibro-vascular bundles. A closed hollow cylinder is
thus formed, which appears, in a transverse section, as a ring, the
cambium-ring (Fig. 50 B ¢) completely separating the pith from
the cortex; it consists of two portions corresponding to its mode of
origin ; fascicular cam-
bium, i.e., the cambium
belonging to the fibro-
vascular - bundles, and
the inter-fascicular cam-
bium, 1.e., that which is
formed * between the

Fia. 50.—Diagrammatic transverse sections of & stem bundles in the Prima'ry

which grows in thickness. A4 Very young: there are five medu]lary rays.
ol e, i ¢ eoen ¥ pimey b A cambium-ring s
ness has d: he dary wood; b secondary likewise formed in
bast. roots which increase in
thickness ; the cells which lie between the individual xylem-bundles
and internally to each phloém-bundle are transformed into cam-
bium-cells by division, and the separate groups of these cells be-
come connected externally to the xylem-bundles. Thus a ring is
formed which lies outside the primary xylem-bundles and inside
the primary phloém-bundles (Fig. 49 B).

The cells of the cambinum-ring, in the stem and root alike, con-
stantly undergo both tangential and radial division, so that the
number of the cells increases in the radial direction as well as in
the circumferential : the growth of these cells produces an exten-
sion of the organ in both these directions. Of the cells thus
formed, those lying on the inner side of the cambium are trans-
formed into the elements of the wood (Fig. 50 B k?), those on the
outer side, into the elements of the bast, while the cells of the
intermediate zone continue to be capable of dividing. The activity
of the cambium thus gives rise to secondary wood and secondary
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bast, as distinguished from the primary constituents of the bundle,
which existed previously to, and independently of, the activity of
the cambium. The primary wood of the bundle is thus the inner-
most part of it, and usually projects into the pith, particularly
when the primary bundles lie rather far apart; it then consti-
tutes what is termed the medullary sheath
(Fig. 50 B &l and 52 m s). ‘

The elements composing the secondary f
wood correspond in general with those of
the primary xylem, but they present certain (f
peculiarities. First of. all it may be ob- |}
served that they are'arranged in radial lines, [
at any rate in the first instance, because all ffo
the elements which have originated from a
single cambium-cell lie on one radius. The
cambium-cells are of an elongated form, and {
are disposed somewhat prosenchymatously
in such a way that their oblique septa are
distinctly visible only in a tangential section,
that is, in profile (Fig. 51 4). 1It.is by the
transformation of their daughter-cells, which
exactly resemble the cambium-cells, that
the different cells which compose the se-
condary wood and bast are formed. The
secondary wood of trees consists of the fol-
lowing elements :

(1.) Of Vessels, which are usually provided
with pits (frequently bordered-pits) on their
longitudinal walls; their diameter is greater
than that of the other elements, their con-
stituent cells are usnally of the same length !ef:"i'n 5:";182:;‘?';?&‘::
as the cambium-cells. The transverse walls B Tracheide seen from ont-
are either wholly absorbed, or only perfo- ;;d:grﬁg‘;":;f:’ﬁsﬂ‘f’:: i “t‘l‘,‘:
rated. In some wood, as that of the Lime, wood-parenchymaseen insec-
delicate spiral thickenings are found in ad- tion, from the Oak; isolated
dition to the pits on the longitudinal walls: by maderation.
they can be distingnished from true spiral vessels by the delicacy
of their structure and by the fact that injury does not caumse a
separation of the spiral thickening from the wall.

(2.) Of wood-fibres which are much elongated, almost always
longer than the cambium-cells, and their transverse septa are more
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oblique: the pointed ends of the individual cells also grow in between
each other. The walls of the woody fibres are sometimes unpitted
or have small slit-like pits (Fig. 51 0), libriform fibres ; sometimes
they are pitted like the walls of the vessels (Fig. 51 B), tracheides;
they are not perforated.

(3.) Of Wood-parenchyma which is formed by the repeated trans-
verse division of the cambium-cells; the parenchymatous cells
produced from each cambium-cell form a group which is bounded
by the oblique walls of the cambium-cell (Fig. 51 D). The walls
of the wood-parenchyma-cells are thin, and bear large simple
pits.

With reference to the very varied distribution of these different
elements of fibro-vascular bundles, it may be particularly noted
that in all Conifers true vessels and woody parenchyma (apart
from the resin-ducts, § 28) are wanting: the medullary sheath,
the primary xylem, of course contains. annular, spiral, and re-
ticulated vessels, but the secondary wood of these trees consists
solely of tracheides, the walls of which bear the peculiar bordered-
pits described in § 22 (Fig. 42).

In most trees and shrubs, and in the stems of the stronger her-
baceous plants, the fibres generally form the greater part of the
wood, and the vessels and woody parenchyma-cells are scattered
among them.

Succulent stem-structures which increase in thickness, e.g., the
tubers of the Potato, contain in the wood formed from the cambium
nothing but thin-walled, juicy, parenchymatous cells traversed by a
few solitary vessels.

A transverse section of the wood of our timber-trees exhibits, .
even to the naked eye, a series of concentric layers known
as the amnual rings.. These layers result from the fact that
the wood formed in the spring is differently constituted from
that which is formed in the summer; since the external con-
ditions on which this difference depends gradually change in the
course of a year, and during the winter no wood is formed, it is
eagy to imagine that in the ring of wood which represents one
year’s growth a gradual change of structure should be perceptible
from within outwards, and that the limit between the ring of one
year and that of another should be sharply defined. The anatom-
ical cause of the distinctness of the annual rings is the same in all
wood, namely, that the last layers of the wood formed in a year are
much compressed, and therefore have a very small radial dia-
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meter (Fig. 53 w). In Conifers these layers are further distin-
guished by the fact that the spring-wood is formed of thin-
walled cells (Fig. 53 f) and the autumn-wood of thick-walled
cells (Fig. 53 k). In foliage-trees the number and size of the
vessels diminishes in each annual ring from its inner to its outer
limit. When this takes place very gradually the eye cannot de-
tect any conspicuous difference between the spring and autumn-
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F1o. 63.—Transverse eection of Kir.

tion of two

wood at the j

rings : m & medullary ray—all the other

F16. 52.—Part of a transverse section of a  cells belong to the wood ; f 1oose spring-

twig of the Lime, four years old (slightly wood; h dense autumn.wood; w the

magnified): m pith; ms medullary sheath; # limit between the autumn-wood and

secondary wood; 12 8 4 four annual rings; the spring-wood of the following year;

¢ cambium; ph bast; pa primary medullary  between h and w is the fiattened limit-
rays; b bast-fibres; pr primary cortex; k cork.  ing layer (x 250).

wood (as in the wood of the Beech, Lime, Maple, and Walnut) ;
but some kinds of wood show a ring of conspicuously large vessels
in the spring-wood, while in the autumn-wood there are numerous
much smaller vessels (as in the wood of the Oak, Elm, and
Ash).

Besides the elements which have been already considered, the
wood includes certain parenchymatous cells which are elongated in
a radial direction and are kmown as the medullary rays. These
appear in a transverse section as radial stripes, in a radial section as
radial bands of small height, and in a tangential section as elliptical
groups of cells (Fig. 54), surrounded by the elongated elements of
the wood ; they consist of parenchymatous cells much elongated
in the radial direction (Fig. 53 m), but very small in the tangential
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and vertical directions. These medullary rays, like the constituents
of the wood, are developed from the cambium both towards the
centre and towards the circumference,
so that each medullary ray runs from
the wood through the cambium into
the bast. When once a group of cam-
bium-cells has begun to produce a me-
dullary ray, it continues to do so, and

F10. t4.—Diagrammatio represen- the greater the circumference attained
tation of the course of the medullary DY the wood, the greater is the number

rays; s sogment cut out of the wood: of the points at which the formation of
Q Horizontal surface. R Radial sur-

face. T Tangential (external) sur. Tedullary rays begins in the cambium,
face of the wood; the shaded por- and the greater the number of medullary

tions are the medullary reye. rays which penetrate the wood. Those
medullary rays which extend inwards to the pith and outwards to
the primary cortex, those, namely, which existed at the beginning
of the thickening of the stem, are termed primary. These increase
radially, in some plants by means of the whole of the inter-fas-
cicular cambium, e.g., in the Clematis; in others, on the contrary,
by means of isolated portions of the inter-fascicular cambium, e.g.,
in the Hornbeam. Secondary medullary rays are such as are
formed at a later stage, and do not therefore extend to the pith, but
end blindly in the wood. When the medullary rays, or at any rate
some of them, are large, they are easily detected by the naked eye,
as in the wood of the Beech and Oak.

The wood of many large timber trees frequently exhibits a strik-
ing difference between the older internal portion of the wood, the
heart-wood (duramen), and the younger outer portion known as the
sap-wood (alburnum). This arises from changes undergone in the
course of years by the mature wood. The altered heart-wood
always contains less water, has no starch in its parenchymatous
cells, and is often darker in colour, e.g., the Pine, Larch, and
Oak.

The secondary bast formed from the cambium never attains so
considerable a size as the wood; it consists of sieve-tubes, bast-
fibres, and parenchymatous cells in varying order, very rarely
showing any regularity ; sometimes the bast fibres are in layers, so
that they can be removed in large connected sheets, as in the Lime.
The formation of annual rings does not take place. The medullary
rays, as mentioned above, traverse the bast to an extent corre-
sponding to their development in the wood. In many trees the cells
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of the medullary rays, and other cells also, in the bast, become
sclerenchymatous ; for instance, in the Beech, where they project
from the surface of the dry cortex which is in contact with the
cambium, in the form of sharp teeth. As the cambium-ring is
constantly increasing in circumference, the bast which surrounds it
necessarily experiences considerable tension, particularly in the
outer portion. This tension naturally affects chiefly the paren-
chymatous elements which are still capable of growth while the
bast-fibres are no longer capable of any modification ; hence the
medullary rays are often seen to be much expanded towards the
circuamference (Fig. 52 pa).

The tissues lying externally to the cambium are generally spoken
of collectively as “ cortex”; it will be well, therefore, to designate
the bast which has been formed by the cambium as secondary cortex,
in order to distinguish it from the primary cortex which lies exter-
nally to it and belongs to the fundamental tissue. The cells of
the cambium-ring are rich in protoplasm and tegr very readily,
especially when they are actively growing and dividing; conse-
quently the “cortex ” can be easily stripped from the wood.

Many woody plants, of which, however, only a few are indi-
genous to this part of the world, depart from the general type here
described both in the origin and in the mode of growth of their
cambium-ring. The aborescent Liliacess (Yucca and Dracena)
may be mentioned as being the only Monocotyledons of which the
stems increase in thickness. As the fibro-vascular bundles are all
closed, there is no cambium, and the increase in circumference is
possible only by anew formation, in a zone of the fundamental
tissue, both of isolated, closed, fibro-vascular bundles and of fresh
fundamental tissue.

§ 27. The term Fundamental Tissue (ground-tissue) includes
all the mass of tissue which does not form part of the fibro-vascular
bundles or of the epidermis (Fig. 24 g). Various forms of cells
and of tissues occur in it, and those parts of it in particular which
lie in immediate contact with other tissme-systems are frequently
remarkable for peculiarities of structure.

Those specially modified forms of fundamental tissue which occur
in close connection with the epidermis are included under the term
Hypoderma. One form frequently occurs in the stems and leaf-
stalks of dicotyledonous plants which is known as Collenchyma
(Fig. 55 cl), a tissue, the cells of which are narrow and elongated,
with their walls thickened along the lines of contact, and capable of
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swelling-up considerably. In other cases the elements of the hypo-
derma are fibrous and sclerenchymatous, as in the leaves of Conifers.

F1e. §5.—Transverse section of the lea"-
stalk of a Begonia: Epidermis (¢) and
collenchyma (cl); the epidermis-cells are
uniformly thickened on the outer wall
where they adjoin the collenchyma, but are
thickened like the collenchyma at the angles
where three cells meet; these thickenings
have great capacity for swelling; chl chlo-
rophyll-corpuscles; p parenchyma-cell; ¢
outicle (x 650). (After Sachs.)

Bundle - sheath  (Endodermis).
This name has been given to the
single layer of cells (belonging to
the fundamental tissue) which
forms a common investment to
the fibro-vascular bundles in the
stems of plants having an axial
fibro-vascular cylinder, such as
Hippuris and other aquatic plants,
as well as in those of many with
a normal arrangement of the
bundles, such as certain Primu-
lacese, Composite, Cyperacess, and
some species of Equisetum. In
the stems of most Ferns and some
Equisetums, as well as in the
petioles and stems of some few
Phanerogams, each of the isolated
fibro-vascular bundles is sur-
rounded by a sheath (Fig. 47 ¢).
It is invariably present in roots.

The walls of these cells which are in contact are usually folded in
a peculiar manner and are cuticularised.

e

F10. 58.—Transverse section of a Beech Leaf (x 350):
o0 epidermis of the upper surface; eu epidermis of the
under surface ; pa pallisade parenchyma; sp spongy

parenchyma.

Ezternal sheath. This
term is applied to such
cells of the fundamental
tissue as surround fibro-
vascular bundles and
have undergone special
modification. The closed
bundles of Grasses (Fig.
48) and of many Monoco-
tyledons are surrounded
by an investment consist-
ing of several layers of
prosenchymatous cells.

The rest of the funda-
mental tissue, the com-

plementary tissue, consists (with the exception of the prosenchyma-
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tous ground-tissue in the stems of Lycopodiaces, etc.) of thin-walled
succulent parenchyma with intercellular spaces : the cells may con-
tain chlorophyll-corpuscles, as in the case of leaves and of the
cortex of stems, or the tissne may be colourless, as in the interior
of succulent stems, in roots, and in juicy fruits.
The chlorophyll-con-
taining ground-tissue of
leaves is usmally of a
different texture at the
two surfaces of the leaf;
it is in consequence of
- this that the two sur-
faces differ somewhat in
colour.
The tissue of the upper
surface consists princi-
pally of pallisade paren-
chyma, that is, of narrow,
elongated cells, arranged
perpendicularly to the
surface and having very
small intercellular spaces
(Fig. 56 pa); the paren-
chyma of the under sur-
face, on the contrary, the
spongy parenchyma, is
formed of cells which are
irregularly arranged, and
are separated by large
intercellular spaces (Fig.
56 sp).
The cells of the pith of
woody plants generally
all die, as in Sambucus
(Elder), or'at any rate -
mtz:l:f;:;;mi?o: cells gzlh')B A small pomon highly magnrﬂed‘: (A';t.er
occur in the most different parts of the fundamental tissue; they
may be isolated, as, for instance, in the flesh of Pears and in the
cortical parenchyma of many trees, or united to form a considerable
mass of sclerenchymatous tissue, as in the shell of many fruits, as
the hazel-nut, and the stone of others, as the plum.
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§ 28. Internal Receptacles for Secretions. In the fibro-
vascular system, as well as in the fundamental tissue, besides the
forms of tissue hitherto described, there are found other structures
which serve to secrete and to transmit certain substances which do
not occur throughout the plant: these structures traverse both the
internal tissue-systems, so they cannot be regarded as belonging
especially to either, but must be considered separately. According
to their mode of origin, these receptacles may be either isolated
closed cells containing nothing but the matter secreted, or they may
be vascular structures, formed by the fusion of elongated cells by
the absorption of their walls; or, again, they may be intercellular
spaces, cavities filled with secretion which have been formed either
by the absorption of a mass of tissue (lysigenous) or by the separa-
tion from each other of uninjured cells (schizogenous) (see § 23).
They may be arranged in the following order, according to the
nature of the secretion:

(1.) Crystals or clusters of crystals are frequently found in certain
cells, particularly in the fundamental tissue of Monocotyledons and
in the bast of many trees.

(2.) Cells filled with mucilage occur in the Malvacess, in the cortex
of the Elm and Firs, in the tubers of the Orchides ; mucilage also
occurs in lysigenous intercellular spaces in the Cactes ; cherry-gum,
which is formed by a gradual transformation of groups of cells, must
be included here.

(8.) The milky juice (latex) which flows from many plants when
they are cut, derives its milky appearance from minute solid particles
which are suspended in watery fluid, constituting a sort of emulsion ;
the milky juice frequently contains caoutchouc; sometimes, as in
Chelidonium, it is yellow. This milky juice is found in different
vessels in the different families of plants.

(a.) In the Cichoriaces (as the Dandelion and Scorzonera), the
Papaveraces, and Campanulaces, it is contained in the laticiferous
vessels ; they are straight or branched, anastomosing rows of cells,
the transverse walls of which are absorbed or perforated (¥ig. 57).

(.) In the Euphorbiaces (e.g., the Spurges), the Urticaces, and
Asclepiades, the milky juice is contained in closed cells, which are
much branched and extend throughout the whole plant. These lati-
ciferous cells are already present in the embryo, while it still consists
of only a few cells, and they grow with its growth without under-
going any division.

(¢.) The milky juice is contained in cells of small dimensions,



§ 28.] CHAPTER II.—THE TISSUES. 61

which are not unfrequently arranged in rows; this is the casein
the Maple, in Sambucus (Elder), where these cells are visible as red
lines at the circumference of the dried-up pith, in the Convolvulacese,
where the milky juice contains much resin, in Isonandra Gutta, of
which the inspissated milky juice forms Gutta percha.

All these forms of laticiferous vessels occur principally in the cortex
and phloém, but they sometimes occur also on the inner side of the
fibro-vascular bundles of the plants in question. A great number
of very important products, valuable in medicine and the industrial
arts, are derived from the latex: thus Caoutchouc (India rubber) is
the dried milky juice of Siphonia elastica, one of the Euphorbiaces,
and Opium is the milky juice of the unripe capsules of the Poppy,
Papaver somniferum.

Fra. 58.—Oil-cavity below the upper
surface of the leaf of Dictamnus Frawxi-
nella (x 820). B At an early stage: O
mature; ¢ mother-cells of the cavity be-
fore their absorption; o a large drop of
ethereal oil. (After Sachs.)

Fra. 59.~Resin-passages in the young stem of the Ivy (Hedera Heliz), transverse section
(x 800). 4 An early, E A later stage; g the resin-passage; ¢ the cambium ; wb the soft bast;
b bast-fibres ; rp cortical parenchyma. (After Sachs.)

(4.) Resins and ethereal oils, not unfrequently combined, occur:

(a.) In cells, in the Laurines, e.g., Camphor ; in the Zingiberacese,
Acorus, and other plants; the solitary resin-cells in the wood of the
Silver Fir may be mentioned here.

(b.) In intercellular spaces, which may be of lysigenous origin and
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are then usually of a spherical form; these were formerly de-
signated glands (Fig. 58). The oil of the Citron, Orange, Rutaces,
Myrtacese, is contained in such cavities, as well as that of the leaves
of Hypericum, which present in consequence a number of trans-
parent spots.

The other intercellular spaces which contain oil or resin are of
schizogenous origin ; that is, they are formed by the separation from
each other of certain cells surrounding the intercellular space
(which is usnally elongated in form), and differing from the rest
of the tissues in their arrangement and mode of division (Fig. 59).
To these belong the oil cavities which traverse the primary cortex
and phloém of the Composite, and the gum-resin-ducts of the
Umbelliferse and their allies, in which the resin is mixed with
guim: also the resin-ducts of the Terebinthaces, Simarubes, and
Conifers, which contain a Balsam, i.e., a solution of resin in an
ethereal oil. In the Coniferse (among which resin is wholly absent
from one genus only, namely Taxus), they are found in the leaves,
the arrangement varying with the species, and they pass from them
into the primary cortex; they also run longitudinally through the
wood and transversely in the larger medullary rays. Lysigenous
resin-receptacles of a spherical form are formed secondarily in
several species, e.g., the Larch, in the primary and secondary
cortex.

§ 29. The Epidermis. In the lowest forms of plants the
epidermal system is not sharply defined from the fundamental
* tissue, and is, properly speaking, only the outermost layer of that
tissue. In the higher plants there is usually a true epidermis (Fig.
45 e) ; this envelopes most annual plants, and generally consists of
a single layer of cells, which are in close juxtaposition (with the
exception of the stomata) without any intercellular spaces: it
may be easily stripped off from certain parts of many plants (e.g.,
the scales of the Onion and the leaves of Begonia) as a thin trans-
parent membrane. In some special cases, e.g., the leaves of Ficus
and Peperomia, the primitively single layer of the epidermis divides
into two or more layers, of which the outer layer alone has the
appearance of & true epidermis. Sometimes the cells of the epi-
dermis differ very slightly from those of the internal tissue, as in
the roots and leaves of many water-plants; but the difference
between the epidermis and the tissues which lie beneath it, in the
case of the stems and leaves of terrestrial plants, is well marked,
and the epidermis is usually further distinguished by certain pecu-
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liar structures, such as stomata and hairs. The epidermal cells but
seldom contain chlorophyll, but, on the other hand, they often con-
tain other colouring-matters in solution. In those parts of plants
which grow to a considerable length, their form is usually elongated ;
in broad leaves it is commonly
tabular. The side walls have
very frequently an undulating
outline, so that the adjoining
cells fit into each other. The
external wall is usually much
more thickened than the other
walls; its outermost layer is
always cuticularised, and is
called the cuticle; it is clearly . .

defined from the inner 1a7ers, , croessesion of s leof of Hyseitias wmiat
which are also more or less (x 800): p parenchyma of the fundamental
cuticularised (Fig. 60), and it Uesuos #an aircavity.

extends continuously over the whole of the epidermis. It has a
tendency to form thickenings projecting outwards from the surface.
Particles of wax are included in the cuticle of many terrestrial
plants which protect their surface from being wetted by water.
This wax often appears on the
surface in the form of emall
granules, rods, or flakes, and
then forms a bluish bloom, which
is easily wiped off, or sometimes
a considerable mass, as in the
fruits of Myrica cerifera and the
trunks of some Palms (Ceratozy-
lon andicola and Klopstockia ceri-
Jera).

The Stomata are organs which
here and there interrupt the con-
tinuity of the epidermis and per-
mit communication between the g 61.—Stoma of & leaf of Commelina
air contained in the intercellular celestis, surface view (x 300): sp opening;

. 8z the two guard-cells
spaces and in the vessels, and the
external atmosphere. Each stoma consists of two peculiarly modi-
fied epidermal cells called guard-cells; these, when seen from the
surface, appear usually of a half-moon shape (Fig. 61 sz) and sur-
round the opening of the stoma. This leads to the air-cavity (Fig.
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60 7), a large intercellular space between the epidermis and the
underlying tissne, which communicates with the other intercellular
spaces. The whole stoma originates thus: a young epidermis-cell
divides into two, the two guard-cells; these are separated by a
septum, which is at first simple, but which subsequently splits.
The size of the opening may be increased or diminished by the
action of external influences, and this is effected by changes in the
form of the guard-cells. Stomata are found on almost all parts
of terrestrial plants which are above the ground, and are par-
ticularly abundant on leaves (as many as 600 to the square milli-
metre) ; they are usually wanting in submerged organs, and are
always absent from roots.

Hairs are products of the epidermis, and are generally formed by
the outgrowth of single epidermal cells. They may remain unicellu-
lar, as in the case of the root-
hairs which form the velvety
covering of young roots, and of
the hairs on the outer coat
(testa) of the seed of Gossypium,
which constitute Cotton; or they
may undergo division so that
they consist of a row of cells
(Fig. 62 a, d); or again, the out-
growth from the epidermal cell
may undergo divisions in two or
more directions, in consequence
of which either a layer of cells is
found, as in the case of the scales
(ramenta) on the leaves of Ferns,
or a mass of cells, as in the case
of the stiff hairs on the fruits of
Thistles and similar plants. If
a mass of cells be formed at the

. apex of a hair, or if the cells
F1a. 62.—Hairs on a young ovary of Cucur-

bita (x 100); b glandular hair; ¢ ¢ f early 1€ar the apex are much larger
stages of development. than the rest, it is called a glan-

dular hair (Fig. 62 b). In many cases the contents of the hair-cells
disappear at an early stage, as in Cotton, and are replaced by air.
Sometimes the membrane becomes greatly thickened, and often
contains deposits of considerable quantities of lime and silica. The
stinging hairs of Nettles and other plants secrete an acrid fluid




§ 29.] CHAPTER II.—THE TISSUES. €5

which, as their points break very easily, enters the object touching
them.

The Glands, the secreting organs of the epidermis, are peculiar in
that the secretion (which is usually of a sticky nature) makes its
appearance in the substance of the cell-wall under the cuticle: it
causes the cuticle to separate from the remainder of the cell-wall,
and finally ruptures it. Secretion takes place frequently over the
general surface of the epidermis, as in young twigs of the Birch, or
over certain circumscribed areas of it, as the teeth of the leaves of
Prunus, Salix, and other plants, and the nectaries of flowers, or at
the apex of glandular hairs, as in Primula sinensis: the colleters
which clothe the young organs in the winter-buds of trees, and
which cover the unfolding leaves with their secretion, are also
glandular hairs of this kind. Digestive glands, which secrete a
fluid capable of dissolving various foreign bodies, are peculiar to
certain plants; they are found in the “tentacles” of Drosera, etc.
(Fig. 72).

In those parts of .
plants which grow in
thickness, such as the
stems and branches
of trees, the tubers
of the Potato, and
napiform roots, the
epidermis is usually
unable to keep pace
with the increase of
the circumference,
and it ruptures: a
new protective tissue
is usually formed
from the cortical

- fundamental tissue, gy g5.—Cork of one: -year's shoot of Ailanthus glandulosa
which is termed the (trans. sect. x 3560); e the dead epidermis, k cork cells, the
Oork or Periderm. inner layers meristematic (phellogen); r primary cortex.

This consists of tabular cells arranged in rows perpendicularly to
the circumference of the organ: their walls are converted into cork,
and are scarcely permeable to water: they usually contain nothing
but air (Fig. 63 k). The cork-cells are formed by tangential divi-
sions taking place in the cells of a special meristem, the Phellogen,
and lie externally to it: frequently parenchymatous cells containing

¥
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chlorophyll are formed in a similar manner from the phellogen, and
lie internally to it: these are known as Phelloderm.

A formation of cork is wholly absent in only a very few woody
plants, as the Mistletoe and a species of Maple (Acer Pennsylvani-
cum) ; in Euonymus it occurs only in branches of several years’
growth. It usually takes place in one-year’s shoots towards the
end of summer, so that their originally green colour is changed to
brown, This periderm, which serves as a substitute for the decay-
ing epidermis, and which may be termed primary, is usually formed
in the outermost layer of the cortex in immediate contact with the
epidermis; in rare cases the epidermis itself is transformed into
phellogen (in Salix and the Pomacew), or the phellogen originates
in a more internal layer of the cortex (Leguminos®, Larch, Ribes),
or even in the phloém (as in the Grape-Vine). In consequence of
the impenetrability to water which is characteristic of the cork-
cells, all the tissues outside the periderm necessarily dry up, and
these dried-up tissues, which may belong to different tissue-systems
and include the most various forms of cells, constitute what is
known as Bark. In roots the primary periderm is always formed
in the pericambium; consequently the whole of the cortex, which
is often of great thickness, is transformed into bark and is thrown
off (compare Fig. 49 B).

When the primary periderm originates in the outer layers of the
cortex (or in the epidermis), it forms for many successive years the
external investment of the branch ; it may attain considerable thick-
ness, as in the Cork-oak, and at the same time exhibit an alternation
of dense and loose layers (e.g., the Birch, in which the layers may be
peeled off in thin white sheets); sometimes (as in Acer campestre and
the Cork-elm) it forms wing-like projections from the angles of the
branches. In a few trees, as the Silver Fir, this primary periderm
persists for some years, or, as in the Beech, during the whole life of
the tree; the outer cork-cells split off as the trunk of the tree in-
creases in thickness, while the phellogen, growing and extending in
a tangential direction, gives rise to new layers. In most cases, after
a few years, new secondary layers of periderm are formed in the
deeper layers of tissue, causing, naturally, the production of a very
considerable bark. If the new secondary layers of periderm occupy
only a part of the circumference, and their margins are in contact
with the periderm which has been previously formed, a scaly bark
is formed, that is, isolated patches of tissue are transformed into
bark, This bark is stretched and torn by the increasing size of the
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trunk, and the scales of it may be shed, as is the case in the Plane,
or they may adhere one upon the other, as in the Pines and Larches,
or remain connected by the bast-fibres in long strips, as in Robinia.
‘When, on the other hand, the primary periderm has been formed in
the deeper layers of the cortex, the secondary periderm often forms
complete concentric rings ; thus hollow cylinders of the cortex are
transformed into bark (ringed bark). The longitudinal rupture of
this kind of bark is effected by the bast-fibres enclosed in it, e.g.,
Vine, Clematis, and Thuja.

There are in the periderm organs corresponding to the stomata of
the epidermis, and serving, like them, to admit air to the living
portion of the cortical tissue; these are the Lenticels. They are
usually circumscribed circular areas of the periderm where the cork-
cells formed in the course of the summer are not arranged closely
together, but are separated 7
by intercellular spaces. In
winter the lenticels are
closed by ordinary cork-
cells. They are most easily
detected in branches of one
year’s growth, where they ¢
are to be seen in the sum- U

mer in the form of brownish r?
Fia. 64.—Lenticel in the transverse se-tion of

or whitish specks under the a twig of Elder (x 800): e epidermis, ¢ phellogen,
pla,ces where the stomata 1 cellsand pl the phellogen of the lenticel, lc corti-
oc cnr‘ ,in the epi dermis. cal parenchyma containing chlorophyll.
These spots are commonly the starting-points of the formation of
cork. In many trees, as the Birch, the lenticels become much ex-
- tended in width by the growth of the branch in circumference.
When the cork-layer is very thick, as in the Cork-oak, the lenticels
form deep canals filled with a pulverulent mass of cells.

In woody plants the falling off of the leaves breaks the continuity
of the epidermis. This process is induced by the formation in the
autumn of a zone of peculiar tissue at the base of the leaf, the cells
of which become separated along one plane by the splitting of the
common walls, so that the cells remain uninjured. Cork is subse-
quently formed under the layer of cells covering the portion of the
leaf which remains attached: the cork formed here becomes con-
tinuous with the periderm which invests the branch.

§ 30. The Primary Meristem and the Apical Cell.
The growing end or apex of an organ, such as a root or a stem, is
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called the growing-point (punctum vegetationis). In roots it can be
readily distinguished on account of its freedom from colour, and it
will be seen to be enveloped by a transparent mass of tissue forming
the root-cap (see § 7). In stems the growing-point is invested by
the young leaves. In the growing-point the different forms of cells
and systems of tissue which have just been described are not yet
present; it consists of a tissue, the cells of which are all capable of
division, rich in protoplasm, thin-walled, and in close juxtaposition,
without any intercellular spaces: this is the primary meristem.
Most leaves and fruits, and many other organs, consist, at the
earliest stage of their development, wholly of primary meristem,
which is subsequently transformed into the different forms and
systems of tissue, so that none of the primary meristem remains.
In those organs, on the other hand, which have a continuous apical
growth, as most
stems and roots, new
primary meristem is
constantly being
produced  propor-
tionately to its trans-
formation into per-
manent tissue, by
the formation of new
cells at the growing-
point. At the apex
of a root, the tissune
of the root is formed
backwards from the
primary meristem,

Fie. 65.-Lon'gitu_dina.1‘necuqn through the apical region of and the root-cap for-
(aer Ligoy » he apioa eels o tho ahoss, producing see. W3rdS; tho external
rows of segments which are at first oblique and afterwards cells of the latter
Fach sagment n s of 4l divided vy the wen o o an 70 _CORStently being
inner and an outer cell; the former produces & part of the WOTD Off.
inoer tissue of the stem, the lst%er the cortex of the stem and In Cryptogams
aleaf Leaf-forming shoots arise beneath certain leaves, a .
trisngular apical cell (z) being formed from an outer cell o P18 constant pro-
the segment, which then, like v, produces three rows of seg- duction of prima.ry
ments; and each segment here also forms a leaf. . .

meristem is usually

effected by means of a single cell, which occupies the apex of the
growing organ, and is distinguished by its size and form; this
is the apical cell (Fig. 65 v). This is the casc in the higher
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Thallophytes (but not in Fucus), in the Muscine®, and in the
Vascular Cryptogams (but not in Lycopodium, Isoétes, some
Selaginellas, roots of Marattiacew): in these exceptional cases no
single apical cell is present. From this cell all the cells of the
primary meristem, and consequently those of the whole mass of the
plant, originate in the following way: it divides in regular suc-
cession into two; of these, the one remains exactly similar in form
to the original apical cell, it increases in size, and then fulfils the
functions of the apical cell in its turn; the other, known as the
segment, by further subdivision (Fig. 65 a b ¢), forms a portion of
the tissue of the organ to which it belongs. The whole mass of
tissue is formed from the segments which are thus successively pro-
duced. The mode of the formation of the segments is very simple
in some Alge, where the terminal cell is divided only by transverse
septa, so that the segments form a longitudinal row. The process is
more complicated when the segments are cut off right and left
alternately by oblique walls which intersect. It is still more com-
plicated when, as in the stems of Mosses and of Ferns, the terminal
cell is wedge-shaped or has the form of an inverted three or four-
sided pyramid; segments are cut off from each of the sides by
inclined walls in regular succession (Fig. 65). The root-cap is
formed by segments which are cut off from the apical cell by walls
parallel to its free surface.

From the foregoing account of the growing-point of Cryptogams
it is evident that the tissues of such stems and roots as possess an
apical cell must necessarily have a common origin. In the Vascu-
lar Cryptogams the commencing differentiation of the tissues in
the primary meristem of these members can usually be observed
close behind the apical cell. There is a distinct external layer of
cells, known as the dermafogen, which is the primitive epidermis:
within this are several layers of cells, termed periblem, from which
the cortical tissues are derived; and in the centre is a cylinder of
somewhat smaller cells, the plerome, from which the axial tissues, and
most commonly the fibro-vascular bundles, will be formed.

In the Phanerogams, as well as in those Vascular Cryptogams
which have been already mentioned as exceptions, the growing-
point has no apical cell. It consists of a primary meristem which
usually exhibits, in the stem at least, the above-mentioned differen-
tiation into three systems. The tissues of the mature members
have not, therefore, a common origin, as is the case when an apical
cell is present, but each tissue-system is developed from the corre-
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sponding system of the primary meristem. Inroots there is in many
cases a fourth meristematic layer, the calyptrogen, from which the
root-cap is developed, but the differentiation of the primary meristem
is not so regular as it is in stems: in rare cases (Hydrocharis,
Pistia Stratiotes) all four layers are present; in others (most Mono-
cotyledons) the epidermis and the cortex are developed from a com-
mon meristematic layer, so that dermatogen and periblem cannot be
distinguished ; in others again (most Dicotyledons) the root-cap and
the epidermis are derived from a common layer, and finally, in
Gymnosperms, the primary meristem consists only of plerome and
periblem.

§ 31. Formation of Tissue in consequence of Injury.
‘When the internal tissues of most parts of plants are laid bare by
injury, they are gradually covered by a formation of cork taking
place in the outermost layer of cells which remain uninjured and
capable of growth. This is easily seen in injured fruits, leaves, and
herbaceous stems, in which the wounds that have been covered by
a layer of cork are distinguished by a grey-brown colour. The
process is very easy to observe in potato-tubers, for each portion
of living tissue taken from one, if only prevented from drying too
quickly, will soon be covered over the whole surface by a layer of
cork precisely similar in structure to the ordinary rind. In plants
in which the wood is well developed, cork is not immediately
formed—particularly when the cambium is wounded or laid bare—
but all the living cells which border on the wound give rise to a
homogeneous parenchymatous tissue known as the Callus. If the
wound is small the callus-cells proceeding from the different sides
soon come into contact and close up into a single mass of tissue,
which then gives rise to cork on its outer surface, and, joining the
old cambium at the margins, forms a new layer of cambium, which
fills up the cavity. If the wound is & large one, cork and new cam-
bium are formed in the callus at the margins of the wound, and it
is not wholly closed till after repeated rupture of the approaching
cushions of callus. The wood exposed by the wound, which usually
assumes a dark colour under the influence of the air, does not grow
with that formed from the new cambium of the callus; hence in-
scriptions, for instance, which are cut in the cortex so as to reach the
wood, though subsequently covered by a number of annual layers
of wood corresponding to the number of years, may easily be found.
A similar explanation accounts for the fact that the surfaces of the
stumps of cut-off branches become overgrown; the callus first ap-
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pears as a ring from the cambium exposed in the transverse section,
and afterwards closes like a cap over the old wood. Foreign bodies
—nails, stones, and stems of other plants—may thus become en-
closed in the wood of a tree and be overgrown by it; the cortex,
being forced against the foreign object by the pressure of the grow-
ing wood, splits, and the callus formed in the rent grows round the
object, enclosing it and producing new cambium.

Stems of plants of the same species will grow together if they
are in close contact; the callus formed by the cortex of both,
coalesces and gives rise to a common cambium. On this depend
the various modes of artificial grafting, in which branches or buds
with a portion of the cortex are taken from a variety or an allied
species and placed so that their cambium is in contact with that
of a stem which serves as the stock, and subsequently they grow
together.



PART III.

THE PHYSIOLOGY OF PLANTS.

CHAPTER I
CHEMICAL PROCESSES IN PLANTS,

§ 32. The Elementary Constituents of the Food of
Plants. All parts of living plants contain a considerable quantity
of water: this forms not merely the principal constituent of the
cell-sap, but also saturates the cell-walls, the protoplasm, in short,
all organized structures. It is one of the peculiarities of organized
structures that minute particles of water are interposed between
the particles of solid matter of which they consist. By heating to
100° or 110° Cent., all the water contained in any part of a plant is
expelled, and in consequence it will naturally lose weight. The
amount of this loss, that is, the quantity of contained water, is very
different in various plants; ripe seeds dried in the air contain from
12 to 15 per cent. of water, herbaceous plants 60 to 80 per cent.,
and many water-plants and Fungi as much as 95 per cent. of their
whole weight.

The residue, which gives off no more water at a heat of 100° Cent.,
the dry solid, consists of a great variety of chemical compounds ;
these are partly organic, that is to say, combinations of Carbon with
other elements, and partly inorganic. Those organic substances
which occur in the living plant (with the exception of salts of
oxalic acid) all contain Hydrogen. Some of them, such as many
oils, consist of these two elements only (Carbon and Hydrogen), but
* by far the greater number, including Cellulose, Starch, and Sugar,
as well as the vegetable acids, and certain oils, contain Oxygen also.
The albuminous substances consist of Carbon, Hydrogen, Oxygen,
Nitrogen, and Sulphur; in other bodies which contain Nitrogen, as
Asparagin and many alkaloids, there is no Sulphur; from certain
other alkaloids, for instance Nicotin, Oxygen is also absent.

n
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The organic compounds can for the most part be resolved into
volatile products—chiefly carbonic acid, water, and ammonia—by
exposure to great heat with free access of air, that is, by combus-
tion. The inorganic residue is a white, or, if the combustion is
imperfect, a grey powder, the ash.

As the result of chemical processes attending the combustion,
the sulphur previously contained in the organic compound appears
as sulphates in the ash, and the carbonic acid formed during com-
bustion combines with some of the inorganic substances. These,
therefore, must not be included in an accurate estimate of the con-
stitnents of the ash.

The ash usually constitutes but a small percentage of the whole
dry solid of the plant. The following analyses of various portions
of plants will give an idea of its amount and composition :—

1000 PARTS OF DRY SOLID MATTER CONTAIN:

4 FEEAE 3 ¥
g g1 § | E182|453)5<| & |
i8] 8 LARE LEAR R
Clover,in bloom| 683 | 2196 | 1-39 | 2406 | 7-44 | 0-72 | 6-74 | 206 | 1:62 | 266
Wheat, grain 197 | 614|044 | 066 {236 | 0-26 |9-26 |0-07 | 0-42 [0-04
Wheat, straw |53-7 | 733|074 | 3:09 |1-33 |0-33 |2-58 | 1-32 | 3625 |0-90
Potato tubers |[37'7 | 2276 |0-99 | 0-97 | 1-77 | 0-45 |6-53 [2:45 | 0-80 [1-17
Apples 144 | 514 {376 | 059 [1-26 | 0-20 [1-96 |0-88 | 062 | —
Peas (the seed) [27-3 | 11:41 |0-26 | 1-36 |2-17 |0-16 |9-95 095 | 0-24 [0-42

These constituents of the ash do not form a merely accidental
mixture ; it has been proved by experiment that certain inorganic
matters are absolutely necessary to the life of the plant. Those
elements which the plant requires for its nutrition, and which must
therefore be regarded as part of its food, are:

I. Those forming the organic compounds. Carbon, Hydrogen,
Oxygen, Nitrogen, and Sulphur.

II. Those forming the inorganic compounds. Phosphorus,
Chlorine, Potassium, Calcium, Magnesium, Iron.

Besides these we find in the ash of many plants—though they
cannot be regarded as essential to nutrition—the following ele-
ments :

Sodium, Lithium, Manganese, Silicon, Iodine, Bromine, and in
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rare cases, also Aluminium, Copper, Zinc, Cobalt, Nickel, Stron-
tinm, and Bariam.

Fluorine must also exist in vegetables, for it is found in a per-
ceptible quantity in the dentine of animals which feed directly or
indirectly on vegetables.

§ 33. The Absorption of Carbon. The source from which
all plants containing chlorophyll derive their carbon is simply and
solely the carbonic acid of the atmosphere (or in the case of sub-
merged plants, that which is held in solution by the water), which
is decomposed under the influence of light by the cells which con-
tain chlorophyll. If awater-plant (e.g., a leaf of Potamogeton natans,
or a portion of the stem of Elodea canadensis) be placed in water

which holds carbonic acid in solu-
tion, and be exposed to sunshine,
it will be seen that from the cut
surface of the leaf or stem bubbles
of gas are given off at regular
intervals (Fig. 66). These con-
sist of oxygen. The carbonic acid
is in fact decomposed in the chlo-

Fre. 66.—Evolution of oxygen from a rophyll~corpuscles in such a way
water-plant (Elodea Canadensis): a the cut . .
stem ; g a weight that keeps the stem in its that Pm of its oxygen 18 restored
place ; o the gas-bubbles rising from the cut to the atmosphere, whilst the re-
surface. sidue combines with the elements
of water to form organic compounds, which therefore contain
carbon, hydrogen, and oxygen; the last, however, in smaller pro-
portion than does carbonic acid (CO;). Since almost all the
constituents of the food of plants (and not carbonic acid only) are
compounds which are rich in oxygen, containing, in fact, for the
most part the maximum proportion of that element, and since the
products formed within the plant itself are all very poor in oxygen,
—some of them being wholly destitute of it,—it is a necessary in-
ference that in the course of nutrition considerable quantities of
oxygen must be evolved.

The first organic compound which can be detected as a product
of this process is in most plants Starch (CgH,,O;), which makes
its appearance in the chlorophyll-corpuscles in the form of minute
granules; sometimes grape-sugar is formed instead. A certain
temperature and the co-operation of light are both indispensable to
this process ; in the dark no oxygen will be eliminated, and the
formation of starch-grains in the chlorophyll-corpuscles will also
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be no longer observable. Of the different rays which compose the
solar spectrum, the least refrangible, and particularly the yellow
rays, have the most effect in promoting this process. The organs
which are adapted for the performance of this function are those
which are rich in chlorophyll, particularly the foliage leaves.

No carbon is assimilated by green plants in any other way; ex-
cepting this particular process, there is no instance in all nature of
the conversion of carbonic acid into organic compounds which con-
tain a smaller proportion of oxygen; hence all carbon, even that
contained in the organic compounds of the animal body, is derived
from the carbonic acid decomposed in the chlorophyll-corpuscles.

A number of plants which are not furnished with chlorophyll—
for instance, all Fungi and a few of the higher plants, as the
Dodder (Cuscuta), Orobanche, and Monotropa—are unable, in con-
sequence of its absence, to decompose carbonic acid; hence they
are compelled to derive their organic compounds directly from
other living plants, or from the decomposing remains of other organ-
isms (humus) : in the former case they are said to be parasites
(e.g., Cuscuta, Orobanche) ; in the latter they are called saprophytes
(e.g., Mushrooms, Neottia, Monotropa, etc.).

§ 34. Metabolism. The substance formed in the chlorophyll-
corpuscles—that is, starch, in the majority of plants—constitutes
the raw material from which all the other organic substances of
the whole plant are elaborated. In this process of elaboration,
the combined nitrogen and the inorganic substances absorbed from
the soil, and the oxygen taken up from the atmosphere, are also
concerned. The starch-grains (or their physiological equivalent)
are continually being absorbed and removed from the chlorophyll-
corpuscles. Under normal vital conditions, when the plant is
exposed to the light, the formation of starch is in excess of the im-
mediate consumption, so that starch-grains are always to be found
in chlorophyll-corpuscles; but if the plant be placed in the dark,
the starch-grains gradually disappear.

Of all the substances which are elaborated in the plant, those are
the most important which contribute to form the substance of the
cell-walls and of the protoplasm ; they are spoken of as plastic
suhstances.

The cell-walls consist of cellulose, CgH,;O;. It has been shown that
Starch, Sugar, and Inulin, which have a similar chemical constitution,
as well as fatty matters, all serve as material for the formation of
cellulose, and are thus the plastic substances for the cell-walls.
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The protoplasm consists essentially of albuminous substances
(proteids), which all contain nitrogen and sulphur; such albumin-
ous substances and other nitrogenous compounds, as asparagin,
constitute the plastic materials for the protoplasm and allied struc-
tures, such as the chlorophyll-corpuscles.

The plastic substances are not consumed at once in the organs in
which they are formed, but they are generally utilized in other
parts of the plant and at a later period : hence they are stored up
for a time, sometimes for a long time, in considerable quantities in
special organs, and are then called reserve-materials. The seeds of
all plants are organs for the storage of such reserve-materials;
they contain, besides the embryo, the nutritive substances which it
requires during the first stages of its development. Tubers are
also such organs, and thickened roots (Potato and Dahlia tubers,
Turnips), as well as the persistent parts of perennial plants, such as
the rhizomes of herbaceous plants, certain parts of the tissue of
the branches and trunks of trees and shrubs, and in evergreen
plants even the leaves themselves.

Potato tubers, for instance, contain, as is well known, a great
quantity of starch ; when the buds grow out into shoots, and new
plants begin to be formed, the starch disappears in proportion as
new cell-walls are developed. In the same way the starch of the
seeds of cereals, the cane-sugar of the beet-root, the inulin of
Dabhlia tubers, the fatty oil of the seeds of the Rape, the Pumpkin,
the Sunflower, and other plants, is used up in the formation of the
cell-walls of the new plant. Certain layers of cells, particularly
the cells of the medullary rays of trees, contain, in the winter, a
quantity of starch which is absorbed and consumed during the
- spring when new shoots are developed. Cellulose itself occurs as a
reserve-material in the seeds of the Date and other Palms; the
remarkably thickened walls of endosperm-cells are absorbed during
germination, and subserve the growth of the seedling. The pro-
teid-grains (aleurone) described in § 15 are the albuminous reserve-
materials of the seed.

If seeds are made to germinate, or if shoots grow out from other
deposits of reserve-material, as potatoes and the like, in the dark,
no fresh formation of plastic substances can take place, so that the
whole of the newly-formed cells are developed at the expense of
the reserve-materials; thus the degree of development reached by
plants grown in the dark depends on the supply of reserve-
materials, which varics in different plants. For instance, if the tiny
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seed of the Tobacco germinates in the dark, only a minute seedling
is developed, while a potato tuber or a beet-root can nourish large
plants.

The plastic substances which are stored mp as reserve-material
undergo & series of changes before they attain their final form,
which may be cellulose, or the proteid of protoplasm. The plastic
materials for the cell-walls, whether they are deposited as starch,
cane-sugar, inulin, fatty oils, or cellulose, are always in part
changed into grape-sugar, which is conveyed in solution through
the parenchymatous cells by diffusion to the spot where it is to be
utilized,—that is, to the place where the new cells are being formed.
Very frequently a temporary deposition of it in the form of starch
occurs in the conducting tissues, more particularly in the bundle-
sheaths.

The intermediate forms assamed by the albuminous reserve-sub-
stances are but little known. These substances appear generally to
travel slowly through the thin-walled elongated cells of the phloém,
but in some plants asparagin appears as an intermediate form,
which travels through the parenchymatous tissue.

The starch of the chlorophyll-corpuscles is conducted, in the same
way as the starch of the reservoirs of nutriment, to the spot where
it is to be utilized, partly in promoting the growth of the new
organs, and partly in being stored up in one of the depositories-in
the form of one of the above-mentioned substances.

A great number of compounds of carbon occur in plants, which
stand in no direct relation to the development of new cells; they
are the by-products of metabolism, which are formed partly as an
inevitable result of the various changes effected in the different
plastic substances, and partly also in connection with the perform-
ance of functions which are at present in great measure unknown.
Among these by-products are Tannin, Colouring matters, Acids,
Alkaloids, Volatile Oils, etc. They also are formed from the re-
serve-materials, which are therefore never entirely consumed in the
construction of new organs.

Finally, the products of degradation are the last terms of the
series of changes expressed by the word metabolism. They can
undergo no further modification in the organism, and they have
been formed from its organized constituents. To these belong most
kinds of gum. In Gum Tragacanth, which is excreted by many
species of Astragalus, the organizaticn of the cell-walls is plainly
perceptible; they have become capable of swelling-up enormously ;
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Cherry Gum is formed in the same way from cell-walls which have
become difluent, but it is not soluble in water. Gum Arabic, which
is formed by several kinds of Acacia, consists of cell-walls which
have been so greatly changed as to be absolutely soluble in water.

§ 35. The Source and Significance of the other Con-
stituents of the Food. All the nutriment of plants, with the
exception of carbonic acid, is derived from the soil.

The Hydrogen of the organic compounds is obtained by the
decomposition of the water which permeates every part of the
plant, and is constantly being absorbed from the earth.

Nitrogen, which is an essential constituent of albuminous sub-
stances, is never assimilated in a free form ; although it is present
in large quantities in the atmosphere, a plant perishes if the soil in
which it grows contains no compounds of nitrogen. Nitrates and
compounds of ammonia are widely distributed, and it is in this
form that nitrogen is taken up by the plant.

The small group of carnivorous plants, such as Drosera and
Utricularia, have a special means of obtaining nitrogenous food ; by
their leaves they capture small insects, etc., and absorb compounds
of nitrogen from them.

Sulphur, which is a constituent of albuminous and a few other
substances occurring in plants, such as oil of Mustard, is derived
from the sulphates of the soil. Probably the formation of crystals
of oxalate of lime is connected with the decomposition of the
absorbed sulphates: the oxalic acid of the plant combines with lime
to form oxalate of lime, liberating sulphuric acid which then
undergoes further decomposition.

Phosphorus is & constituent of the phosphoric acid which is
always found associated with the albuminous substances, and which
seems to stand in some close relation to them ; phosphates consti-
tute a large proportion of the ash of seeds.

Iron, though it is met with in very small quantities, is absolutely
necessary for the formation of chlorophyll, and therefore also for
the formation of starch. The leaves produced by plants which are
not supplied with iron during their growth are white so soon as
their own storo of iron is exhausted ; these leaves, which are said to
be chloratic, become green in consequence of the formation of chlo-
rophyll, if the soil be supplied with iron, or even if their surface
only is washed with a very weak solution of iron.

Potassium is found in the form of salts combined with various
organic acids, a8 tartaric acid, racemic acid, and oxalic acid, Un-
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less the soil contains potassium, no formation of starch can take
place in the chlorophyll-corpuscles; further, the potassium salts
must bear some relation to the plastic materials of the cell-walls,
since they are found for the most part in those portions of plants
which are rich in starch, sugar, or similar substances, as in potatoes,
beet-roots, and grapes.

Calcium and Magnesium have been shown to be necessary to the
normal development of plants, but nothing beyond this is accurately
known as to their function. They occur as salts of lime and
magnesia in combination with both organic and inorganic acids.

As regards Chlorine, it has been experimentally proved so far to
be indispensable in the case of one plant only, the Buckwheat
(Polygonum Fagopyrum).

It has been discovered by experimental cu]tnres, that a plant can
be perfectly nourished if it is supplied with all those elementary
substances which have been enumerated as essential. This might
be done, for instance, by supplying it with either of the two follow-
ing groups of chemical compounds :

"L 2.
Calcic nitrate Calcic nitrate
Potassic nitrate Ammonic nitrate
Potassic saperphosphate Potassic sulphate
Magnesic sulphate Magnesic phosphate
Ferrous phosphate Ferrous chloride.
Sodic chloride.

In these two mixtures, as well as in others of the same acids and
bases which might be formulated, all the essential elements are
included in forms suitable for absorption.

§ 36. The non-essential Constituents of the Ash.
Silica, a compound of silicon and oxygen, is distinguished from
the previously-mentioned constituents of the ash, not only in that
it occurs sometimes in greater and sometimes in smaller quantities,
but more particularly in that the amount of it present in any organ
increases with the age of the organ. Hence it may be inferred
that it can hardly stand in any direct relation to the chemical
processes of nutrition. Moreover, plants which are usually rich
in silica can be brought to an apparently normal development
under conditions which render the absorption of silica impossible.

Iodine and Bromine are found in many marine plants, especially
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in Algew, and are prepared from them; it is not known if they are
of any value in the economy of the plant.

Sodium, being universally distributed, is found in plants.

Lithium occurs in the ash of several plants, particularly in
Tobacco.

Zinc, Copper, and other metals, though they are not commonly
present in the ash of plants, are nevertheless taken up by plants
from soils which are rich in them; from this it appears that plants
may absorb substances which are not necessary for their nutrition.

§ 37. The Absorption of the Constituents of the Food
from the Soil. With the exception of floating water-plants,
which derive the whole of their nutriment, even their carbonic
acid, from the water which surrounds them (e.g.,
Utricularia), most plants grow in damp, or in
dry, porous soil, from which they absorb all
their nourishment except carbonic acid. The
organs by which this is effected are the roots,
or, in rootless plants, hairs, shoots, or branches
of the thallus, which take the place of roots.
The epidermal cells and (Fig. 67 &) root-hairs
come into close contact with the minute particles
of the soil, and with the water which adheres to
these particles. Some nutrient substances are
held in solution in the water of the soil, and
pass directly into the root-cells by diffusion:
others are decomposed by the acid sap which
is contained in the cells and which saturates
even their cell-walls, and they then pass into
(r.f;:'c:: —ﬂzf;tf-h:mir: the plant in the form of salts of organic acids.
(w) of & gormisating 1f & Plant is allowed to grow over & plate of
plant of Buckwheat polished marble, the calcic carbonate is decom-
5;‘::: Eg:;“;::m;f ‘;:y; posed at those parts of the plate which are in
hypocotyledonary por- direct contact with the roots, and a complete
tion; ¢ cotyledons. outline of the whole root-system is produced
upon the marble. Thus although these nutritious substances are
so firmly retained by the soil that they cannot be dissolved out
of it by water, they are nevertheless absorbed by the plant. The
plant is enabled to take up these as well as other substances which
cccur in a solid form, in consequence of the very intimate con-
nection of the root-hairs with the particles of the soil. If a
strongly-growing plant be pulled up out of the ground, those parts
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of the root which are provided with hairs—neither the apex nor
the oldest portion—will be seen to be closely covered with earthy
particles which cannot be removed without tearing the hairs.

It has been found that the ash of plants which grow close to-
gether in the same soil or in the same water, may have a com-
position which is different in different cases, and which is different
also from that of the soil; hence it has been inferred that plants
have a certain power of selection, that they can absorb certain
matters and reject others. This phenomenon can, however, be
more simply explained by the known laws of diffusion. A sub-
stance which is held in solution by the medium which surrounds
the plant will continue to diffuse into the cells of the roots until
equilibrium is set up between the two fluids separated by the
membrane, and this is equally true of those substances which are
at once absorbed by the plant as of those which are brought into
solution by it before absorption. If the substance is not consumed
in the plant and consequently remains unaltered, the state of equili-
brium once set up is permanent, and no more of that substance
will be absorbed ; but if it is consumed in the plant, undergoing
chemical change in the process, it ceases to exist in the plant in
its original form, and fresh supplies will be constantly absorbed.
Since these chemical changes differ in different plants, it is possible
to account in this way for the variety in the composition of the ash
of plants which have grown side by side.

The fact that certain constituents of the ash are indispensable to
the life of plants is of the greatest importance in agriculture. All
the constituents of the ash, as well as the nitrogenous compounds,
are removed every year in considerable quantities from the soil at
the time of harvest. Those which exist in the soil' in relatively
small quantity, such as phosphoric acid and compounds of potassium
and of nitrogen, must be restored to it: this restitution is the object
of manuring.

§ 38. Oxygen; the Respiration of Plants. In the process
of nutrition a large quantity of compounds of oxygen is being
constantly introduced into the plant; and, since the assimilated
substances which are formed from the compounds are very poor
in oxygen, it follows that during assimilation a considerable portion
of the oxygen absorbed in & combined form must be liberated and
evolved by the plant. In contradistinction to this process—which
is effected exclusively in the cells containing chlorophyll and under
the influence of light—all living parts of a plant, at all times, tako
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During the blossoming of many infloresences, as, for instance, of
Aroids, a rise of temperature amounting to 4°, 5° or even 10° above
that of the air has been observed. By means of suitable apparatus
(see Fig. 68) a siniilar rise of temperature may be detected in
other plants, even with quite small flowers, as well as during the
germination of seeds. .

Finally, in the few cases in which lespho;escence has been proved
to occur in living plants, as in various Fungi, e.g., Agaricus olearius;
this phenomenon is intimately connected with the taking up of
oxygen ; the Fungus is luminous only so long as it lives and is sur-
rounded by an atmosphere containing oxygen. The old statements
as to the phosphorescence of certain flowers have not been con-
firmed. ‘

CHAPTER 1II
THE MOVEMENT OF WATER AND OF GASES IN PLANTS.

§ 39. The Slow Movement of Water in the Processes
of Growth and of Nutrition. A potato-tuber, even if kept
quite dry, will sprout under the influence of a sufficiently high tem-
perature, and in proportion to the growth of the shoots the tuber
will become flaccid and wither, beginning at the more remote parts,
in consequence of loss of water. This water is not only of use in
that it dissolves nutrient substances and thus renders possible their
transport to the apex of the growing shoot, but it is itself of use
in the process of growth ; for not only are solid particles of cellulose
deposited in the growing cell-walls, but also a certain quantity of
water; and moreover, the vacuole of the growing cell containing
cell-sap also increases in size. The water which is indispensable for
these purposes is gradually absorbed from the more remote portions
of the tuber. As a consequence, if the tuber be kept dry, it will
gradually become flaccid and withered ; but if it lies in damp earth,
it takes up water from the soil, and thus water is conveyed with
the nutrient materials to the growing parts. Water is similarly
conveyed to the developing buds of trees, to the growing-points of
seedlings, and generally to all growing parts of plants, from the
nearer parts in the first instance, then from the more distant, and
finally from the external medium. This water travels slowly from



84 PART II.—THE PHYSIOLOGY OF PLANTS. [§§ 40, 41.

cell to cell; as the equilibrium between the individual cells is de-
stroyed by the consumption of water in the growing cells, the water
from the more distant portions of the tissue is absorbed to restore it.

§ 40. Transpiration. Every part of a plant which is exposed
to the air and which is not covered by a layer of cork or of
cuticle, is constantly losing water by evaporation into the atmo-
sphere. If a stem bearing leaves be placed under a bell-jar at a
sufficiently high temperature, the glass will be soon covered with
drops of water, in consequence of the condensation of the vapour
given off by the plant. Transpiration is naturally the more ener-
getic the higher the temperature and the drier the surrounding air.
This loss of water is compensated by the absorption of water from
the soil by the roots and its conveyance to the transpiring organs of
the plant. On particularly hot days it sometimes happens that the
leaves of trees and herbaceous plants lose more water than their
roots can replace, and they droop and wither. This drooping
occurs conspicuously in parts of plants which have been cut off.
The transpiration varies in quantity according to the special
organization of the plant and of its separate parts. The stems of
most woody plants and trees are almost entirely prevented from
transpiring by thick layers of cork, and transpiration is small in
such stems and leaves as are covered with a thick cuticle, as the
leaves of Agave, the stems of Cactus, and similar plants; these
when cut off wither slowly, and they can thrive in a very dry soil.
Tender leaves, on the contrary, in which the cuticle is but slightly
developed, as those of Tobacco and Pumpkin, wither as soon as
they are removed from the plant, or if the soil becomes too dry.

The stomata affect the transpiration of the plant inasmuch as
they are the external openings of the intercellular spaces into which
transpiration takes place from the neighbouring cells, and from
which the watery vapour escapes into the external air.

§ 41. The Movement of Water through the Wood.
The water given off by transpiration is conveyed to the transpiring
ergans from the roots through the wood (xylem). If & ring of
cortex be eut away from a tree so that all conduction through the
cortex is interrupted, the leaves will not wither so long as the wood
is uninjured ; water is still conveyed through it to them. If a cut
branch be placed in a solution of some colouring-matter such as
Anilin, the colouring-matter rises through the wood with the water.
That the lignified cells of the xylem serve for the conduction of
water is also confirmed by the faet that submerged water-plants
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which can have no transpiration have no lignified elements in
their xylem. In the summer, at the very time when transpiration
is most active, the wood-cells contain air; hence the water must
travel, not through the cavities of the cells, but in the cell-walls.
The cut stems of many plants which are actively transpiring wither
very rapidly, and when placed in water take it up only very
slowly ; this arises from the circumstance that section in air dimi-
nishes the conducting capacity of the cut surface: if a portion be
cut off from such a stem under water, water is immediately con-
veyed upward, and the upper portion recovers its turgidity. If
water be forced into the stem, the same effect is produced.

The water which rises through the wood-cells to supply the
place of that which is lost by transpiration, is taken up by the
roots ; hence the compensation depends on their activity ; if their
activity be in any way impaired—for instance, if the soil be too
much cooled—absorption is diminished and the plant withers:
again, a plant when newly transplanted droops for a time, because
the roots are incapable of taking up the requisite amount of water,
until a new growth of hairs enables them to become closely at-
tached to the particles of the soil.

Leaves and stems are not capable of absorbing watery vapour
from a moist atmosphere, or water when poured over them, to any
considerable extent. It is, however, very evident that drooping
plants recover their turgidity when they are wetted by dew or rain,
or if the air be moist. This is the result partly of an increased
supply of water derived from the moistened earth, and partly of a
diminished transpiration in consequence of the dampmess of the
atmosphere.

§ 42. The Root-pressure. It is an old observation that
Vines when pruned bleed, as it is called, in the spring—that is, that
water escapes from the cut surfaces; closer investigation has shown
that this water exudes from the openings of the large vessels.
A similar bleeding may be observed in several trees, as the Birch
and Maple, as well as in all woody shrubs which are growing vigor-
ously and which are provided with a well-developed root-system.
If the stem of a Sunflower or of a Tobacco plant be cut off a few
centimetres above the -ground, and if evaporation from the cut
surface be prevented, an out-flow of sap will begin after a time,
which may continue for several days. This water is absorbed from
the soil and forced up into the plant by the roots often with a force
capable of supporting a column of mercury of considerable height.
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This root-pressure sometimes gives rise to the exudation of drops of
water from different parts of plants, for instance, from the tips of
the leaves of many Aroids, and from the teeth of the leaves of
Alchemilla vulgaris; in the latter instance it may be observed on
almost any summer morning, and it is usually mistaken for dew.
In a dry atmosphere the formation of drops is prevented because
the water forced up from the roots is at once evaporated.

In herbaceous plants the water forced up from the roots contains
only a few salts in solution; in the Vine and some trees it usually
holds various organic substances, and particularly sugar, in solu-
tion.

This movement of water, effected by the root-pressure, is partica-
larly conspicuous in the spring, and generally at the period of most
vigorous growth. In plants which have been transpiring vigor-
ously no water exudes from the cut surface in connection with the
root when the stem is cut through, until after a certain lapse of
time, when the roots have taken up a fresh supply of water. This
proves, in the first place, that there is no root-pressure in plants
which are actively transpiring, and consequently that the root-
pressure does not supply the water lost by transpiration.

A brief consideration of the phenomena which have been de-
scribed will show that there are three distinct modes in which
water moves in the living plant; of these, two are effected by a
sort of suction proceeding from the spot where the water is being
used, namely : (a) the slow movement of the water in the processes
of growth, and (b) the passage of water through the wood to
compensate for the loss by transpiration. The third motion (¢) is
caused by pressure from the roots upwards, independently of any
consumption. It must, however, be assumed that absorption is
constantly going on at the surface of the roots, and that the internal
tissues are so arranged that the water which is absorbed can be
forced upwards.

In winter, the wood-cells contain water together with larger or
smaller bubbles of air; hence it happens that if a hole be bored
into a tree in winter, when the temperature is rising, the water is
driven out by the sudden expansion of these air bubbles ; if, on the
other hand, the temperature is falling, their contraction causes an
absorption of water. '

§ 43. The Movement of Gases in Plants. We have seen
that every living vegetable cell takes up oxygen, and that the cells
which contain chlorophyll consume carbonic acid. Now thesc gases,
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in order to reach the interior of the cells, must penetrate the cell-
walls, and this is effected by diffusion ; they are dissolved by the
water which saturates the cell-walls, and are conveyed by it to the
point where they are to be consumed. In like manner the cells
lose by diffusion the gases evolved within them; oxygen as a pro-
duct of the decomposition of carbonic acid, carbonic acid as a
product of respiration.

Not only do gases thus circulate by diffusion, but they also move
freely in the air-passages which usually occur in the tissues of
plants, such as the intercellular spaces, the vessels (at any rate in
summer), and the cavities formed by rupture, as in the stems of
Grasses, Umbelliferse, etc. These all communicate with each other
and, in terrestrial plants, with the outer air by means of the
stomata. If air be forced into a leaf which has a large number of
stomata—for instance, by placing the blade of the leaf in the mouth
and closing the lips tightly round the petiole—bubbles of air will be
seen to escape from the cut surface of the petiole, if it be placed in
water, which come out of the openings of the vessels. The converse
of this experiment i8 not equally successful, because the stomata of
the leaf when immersed become closed by water held by capillary
attraction.

A constant interchange is always going on by diffusion between
the air contained in these spaces and the contents of the cells; the
composition of the air is thus continually changing, and currents are
set up between it and the outer air. This movement of the air in
the internal cavities is promoted by the swaying of the plant under
the influence of the wind, as well as by variations of temperature.

Submerged water-plants have very large cavities filled with air,
which do not communicate with the atmosphere by stomata ; an in-
terchange of gases cannot take place directly between the individual
cells and the atmosphere, but it takes place partly between the cells
and the surrounding water which holds gases in solution, and partly
between them and the air contained in the air-chambers. The gases
frequently collect in these chambers in such volumes as to set up a
pressure sufficiently great to rupture the surrounding tissues.
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CHAPTER IIL
GROWTH.

§ 44. The Process of Growth. Plants and their organs
grow, that is, they increase in bulk and at the same time alter in
form ; these changes, which are permanent, are brought about by
internal processes. A portion of a plant which has become withered
mcreases in volume when placed in water, but this is not growth;
for if water be again removed from it, it returns to its former
dimensions, and evidently no permanent change had been effected.
But the case is quite different with a ripe seed; if it be supplied
with water it will germinate, that is, the embryo contained within
it will begin to grow, and will escape from it. In this case perma-
nent changes have taken place, and consequently no removal of water
will restore the seed to its former condition.

The most important of the internal processes which directly cause
these permanent changes is the intercalation of new particles of
solid matter as well as of water in the growing cell-walls, by the
activity of the protoplasm.

The presence of plastic material is an indispensable condition of
growth, but this does not necessarily imply that the nutrition of a
growing plant depends upon the simultaneous absorption of
nutritions matters from without ; on the contrary, the young grow-
ing parts of a plant are usually supplied with plastic material from
the older parts which have ceased to grow. These older parts may
be reservoirs of nutriment, as the tubers of the Potato, or they may
be factories of nutriment, as the leaves in annual plants, e.g., the
Tobacco ; here the full-grown leaves form starch, and the stem and
young leaves grow at the expense of the plastic material thus
elaborated.

A second indispensable condition is the presence of water. This
is required not merely to enter into the formation of the cell-wall
and to convey the plastic materials, but to maintain the cells in a
state of Turgidity, without which growth is impossible. The turgid
condition is brought about by the endosmotic absorption of so much
water that the elastic cell-wall is rendered tense by the hydrostatic
pressure. As a consequence, the solid particles composing it are
forced as far as possible apart from each other, the intermediate
fluid areas are enlarged, and the intercalation of additional solid
particles is rendered possible.
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§ 45. The Growth in Length of Stems, Leaves, and
Roots. Growth is brought about by internal causes; there are
parts of plants which, when they have attained a certain size and
shape, are incapable of any further growth ; others, as the nodes of
Grass-stems, may begin to grow again under certain circumstances.
Growth is influenced by external conditions, such as moisture,
warmth, light, and gravitation. It will be advantageous to study,
in the first place, the course of growth when it is not affected by
these external influences. Of this, the roots offer the simplest ex-
amples. In a growing root three regions may be distinguished :

I. The growing-point, where new cells are being formed in great
numbers from the primary tissue (meristem) by repeated division,
but where no considerable increase of their size takes place.

IL. The elongating portion, that is to say, the part in which
growth chiefly in length, is takmg place; in this region the cells
are increasing considerably in size, and cell-division occurs only in
relatively small proportion.

II1. The fully-developed portion, in which various modifications of
the cells take place, but no further growth.

Stems which attain a considerable length grow much in the same
way as roots ; in them also, as in roots, a mass of cells is formed by
division at the apex, which undergo elongation at a lower level, and
at a still lower cease to grow altogether. When, however, a stem
possesses clearly defined internodes (see § 2), a further complication
takes place, for within each internode similar stages of growth
are exhibited ; moreover, the nodes cease to lengthen at an early
stage, whereas the internodes continue to grow for some time.

Most leaves consist at first of primary tissue, the cells of which
are undergoing division; they attain their full development in
different ways, but in all cases no part of the primary tissue re-
mains as a growing-point so as to provide for continued growth.
These three stages, the preparatory, the growing, and the final, are
successively gone through by each individual cell. So soon as it
has been formed from the primary tissue, it begins to elongate in
order to attain its definitive length. It grows at first slowly, but
the rapidity of its growth gradually increases until at a certain
period the maximum is reached ; it then gradually diminishes, and
the cell finally ceases to grow. This periodicity of growth is co-
incident in all the cells which lie at the same level, so that in a
growing part of a plant there is a certain zone where growth is
most vigorous, and en each side of it the rapidity diminishes.
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[§ 46.

Every part of a plant exhibits a grand period in the rapidity
of its growth: it begins to grow slowly; at a certain time it

F16. 69. — The growing
primary root of the Pea in
two stages. 4 The root is
marked by lines at equal dis-
tances. In B the differences
in rapidity of growth are
perceptible : the uppermost
lines have not been sepa-
rated ; the root has ceased
to grow here. The lowest
likewise are still close toge-
ther. Atthe growing-point
here elongation has not yet
begun. In the intermediate
zone the elongation has been
very great.

grows with & maximum rapidity; after this
the rapidity of growth gradually diminishes
until the whole organ is fully developed.
Apart from the increase and diminution in
the rapidity of growth, the time must be
taken into account during which an organ
can continue to grow, as well as its capability
of attaining a certain length. For instance,
it is easy to observe that the lower internodes
of most stems remain short; that.those above
them are longer ; that those of a certain part
of the stem are the longest; and that the
upper ones again are short. In the same way
the size of the leaves attached to these various
parts of the stem increases from below to
about the middle, and then diminishes.

§ 46. The Properties of Growing
Parts. If astem which has ceased to grow
in its lower portion, but which is still grow-
ing at its upper part, be strongly bent, on
being released the fully-grown portion will

resume its original position, whereas the growing part will retain
the curvature given to it. From this it appears that the growing
parts of a plant are highly flexible but imperfectly elastic. This
explains the following experiment : if a sharp blow be given to the
lower rigid part of a growing shoot of the Meadow Thistle (Carduus
pratensis), for instance, or to a strong shoot of the Raspberry, the
upper growing portion becomes sharply curved ; this curvature
persists after the shoot has come to rest, in such away that the
apex is inclined towards the side from which the blow came. .
If a growing internode be divided longitudinally down the middle,
the two halves separate widely ; this is due to the fact that the pith
tends to elongate more than the other tissues, and is prevented from
doing so by them; as far as their extensibility allows, these tissues
are stretched, and in this way tensions are set up. If the various
tissues be completely separated from each other with a sharp knife,
each will acquire a different length; the pith becomes longer than
the internode originally was; the outer tissues retain the same
length or shorten, in which case the epidermis contracts the most.
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§ 47. The Influence of External Conditions on Growth
in Length. The most important of these is Moisture. If the cells
of an organ be not tensely filled with water (turgid), that organ
will not grow at all.

With regard to the dependence of growth upon Temperature, it is
to be observed that the more favourable the temperature the more
rapid is the growth. In general, the account given in § 51 of the
relations existing between temperature and the vital functions of
the plant holds good with reference to growth.

Light exercises a retarding influence on growth. It is an old
observation that those stems which develop in the dark—for in-
stance, potato-shoots in a cellar—grow to a much greater length,
that is, they have much longer internodes, than those which grow
normally in the kight. Plants which have grown in darkness, and
which are therefore abnormal in form, are said to be etiolated. Their
internodes are very long, their leaves are not green but yellow, and
usually much smaller than the normal leaves; this is due to a morbid
condition induced by the absence of light, for the presence of light is
an essential condition for the performance of certain important func-
tions. The retarding action of light on growth also causes the
curvature of stems which have been illuminated on one side only
during their growth, as, for instance, in the case of plants grown in
a window. The feebler the light to which it is exposed, the longer
will an internode become; so, when the light comes from one side
only, the side of the stem most remote from the source of light is
more feebly illuminated, and consequently grows longer than that
which is nearer to the source of light; as a necessary consequence,
the stem will curve in such a way that the concavity is directed
towards the source of light. This property, which is exhibited by
most organs, is known as positive heliotropism. Petioles are always
positively heliotropic, and when illuminated from one side only,
they curve in such a manner that the upper surface of the lamina
is always turned towards the light ; in this process, however, other
properties also take part. In contrast to positive heliotropism, a
negative heliotropism is exhibited by a few vegetable organs—e.g.,
the older internedes of the stem of Ivy and many roots—which
curve away from the source of light in consequence of the more
vigorous growth of the more strongly illuminated side. The nature
of heliotropism is not yet perfectly known.

Qravitation also influences growth : it is manifest that most stems
and trees grow straight up from the earth’s surface at 'all parts of
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the globe, in the direction of a prolonged radius of the sphere; in
the same way roots, and particularly primary roots, grow straight
downwards, and branches and leaves grow outwards at certain
angles. If a growing stem be placed in a horizontal position, the
growing portion curves (Fig. 70 s) so that its upper surface be-

comes concave, its lower

P eonvex, and it is said to
be negatively geotropic; con-
% 4 sequently the free end is di-

rected upwards and continues
to grow in a vertical direc-
tion. In the same way the
F16. 70.—Curvature caused by gravitation in growing end of a root laid

a seedling of the Pea placed horizontally; the horizontally curves down-

darker outline shows the original line of growth; vaydg (Fig. 70 w) e it is
s stem which has curved upwards (negative geo- Ve ’ .
tropism); 1 the root which has curved down. therefore positively geotropic.

wards (positive geotropism). If by means of a,ppropriate
apparatus germinating seeds be caused to rotate round a centre
in a vertical plane (Knight's machine), the roots obey the
centrifugal force, as they do gravitation under ordinary circum-
stances, and grow away from the centre in the radial direction;
while the stems, on the contrary, grow towards the centre, in
opposition to the centrifugal force. That the force which de-
termines the direction of growth of parts of plants under ordinary
circumstances is in fact gravitation, is not only indicated by the
coincidence of the direction of the grewth of the axes of plants
with the radius of the earth at all points of its surface, but it can
also be proved by direct experiment. Thus if plants are withdrawn
from the influence of gravitation by being made to rotate slowly,
so that at every moment the force of gravitation is acting upon
them in a new direction, the effects produced by the action of
gravitation in successive periods of time neutralise each other, the
plants—roots and stems alike—will grow in indeterminate direc-
tions.

§ 48. Bilateral Structure of Plants. Many plants are so
organized that their different surfaces do not grow equally; thus
in young leaves the under surface at first grows more vigorously
than the upper (hyponasty), so that they lie folded over the end of
the stem, and their subsequent unfolding is occasioned by a more
vigorous growth of the upper surface (epinasty). This unequal
growth depends wholly on internal causes and not on external
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influences. Usually these phenomena are exhibited by two sur-
faces, and such portions of a plant are said to be bilateral. But
there are also parts of plants which become bilateral under the
action of external influences; organs, that is, the surfaces of which
grow unequally because they are not equally sensitive to the action
of these external influences.

The co-operation of the internal causes, that is, the tendency
towards a bilateral structure, with external influences such as light
and gravitation, gives rise to the varieties of position which the parts
of plants assume in nature, particularly the horizontal or oblique
direction of stems, branches, leaves, lateral roots, and so on.

It is by unequal growth that those movements are produced
which are expressed by the word Nutation. If the movement takes
place only from behind forwards, or from right to left, in con-
sequence of the alternately more vigorous growth of the posterior
or right side and of the anterior or left side, the nutation is sumple ;
but if it occurs in every direction, in consequence of the more
vigorous growth of each side in succession, the nutation is said to
be revolving.

Revolving nutation is very conspicuously exhibited by climbing
plants, egy., the Hop, Bean, Bind-weed, etc. (v. Fig. 15 B). So
long as the growing end of such a stem does not come into contact
with a support, the revolving nutation carries it round in a circle.
If in the course of its nutation the anterior surface of the stem
comes into contact with a support which is not too thick, the
movement of nutation is altered in such a way that the apex
of the stem, as it grows, will describe an ascending spiral around
the prop as its axis; then the turns of the spiral become steeper
and narrower, and cling tightly to the saupport. Most climbing
plants twine to the left, that is to say, the spiral ascends from
left to right ; only a few, as the Hop, twine to the right.

In climbing stems it is immaterial which surface comes into
contact with the support : in this respect they differ from Tendrils,
of which usually one side, and that the under side, is capable of be-
coming concave as the result of contact with a support. They curve
in consequence of the contact, which acts upon them as a stimulus.
As a result of the curvature thus induced, fresh portions of the
under surface are brought into contact with the support, and the
curvature continues until at last the whole free portion of the
tendril is wound round it. The stimulation which is effected by
the pressure is propagated through the portion lying between the



94 PART III.—THE PHYSIOLOGY OF PLANTS. [§ 49.

support and the base of the tendril: this portion then contracts
and assumes the form of a cork-screw, thus drawing the stem close
up to the support (Fig.15 4 s). These curvatures of climbing
plants and of twining tendrils are accompanied by torsion, that is,
by a twisting of the organ round its own axis of growth. Torsion
may be produced in various parts of plants, partly by external and
partly by internal causes; thus, to give one of numerous instances,
horizontal or oblique branches with opposite decussate leaves may
be found in which the leaves appear to be arranged in two rows
only in consequence of the torsion which the internodes between
the pairs of leaves have undergone.

The alternate opening and closing of many flowers, such as the
Crocus, is likewisc an effect of bilateral structure. The lower
parts of the petals are still in a growing condition and are highly
sensitive to changes of light and of temperature, so that when the
temperature is rising and the light increasing, the inner side grows-
the faster and the flower opens; as the temperature and light
diminish, the outer side grows the faster and the flower closes.

§ 49. Growth in Thickness of Woody Plants. The
processes of growth in the cambium which lead to an increase in
size of the wood and of the bast (§ 26) are subject, like those of
growth in length, to certain specific internal laws. Thus in the
Yew, for instance, very small annual rings are formed; its growth
in thickness is very small in comparison with that of Willows,
Poplars, Elms, etc. Again, the first annual rings of a young tree
are much narrower than those subsequently formed.

Growth in thickness is very obviously dependent upon the
quantity and distribution of the nutrient substances formed in
the leaves. If a tree loses many of its leaves—as, for instance,
when attacked by locusts—the formation of new wood is con-
siderably diminished. The extent of the formation of new wood
i8 not to be measured by the width of the annual ring, but by its
cubic content ; for it is clear that the same amount of material
will give rise to rings, the width of which will vary with the
diameter of the wood already in existence. Trees which bear
branches and foliage down to the ground naturally have a larger
supply of material for the formation of new wood in their lower
than in their upper parts, and, as a consequence, the increase in
size and the breadth of the rings of wood are greatest below, so
that the stem has a distinctly conical form. On the other hand,
those trees which bear a crown of leaves at the apex of a long
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bare stem, even on the assumption that the material is equally
distributed and that the growth in thickness is consequently uni-
form throughout, exhibit wider rings in their upper than in their
lower part: the form of their stems is nearly cylindrical.

The pressure exercised by the cortex, rendered tense by the
growth in diameter of the wood, has an important influence upon
growth in thickness. When this pressure is great, the increase of
the wood is less than when the pressure is small. This explains
the increase in thickness exhibited by trees when planted out,
before any important extension of the foliage can have taken place.
The cortex, which had hitherto been in moist air in a confined
space, is now exposed to the sun and to dry air; it becomes brittle,
and therefore can exert only a slight pressure. The pressure of
the cortex has been shown experimentally to be the cause of the
formation of spring- and antumn-wood. In consequence of the
growth of the wood during the summer the pressure of the cortex
becomes considerable, and, as the result, a smaller number of vessels
are formed in the wood, and the external layers of wood-cells
become flattened. In the spring the pressure diminishes in con-
sequence of the rupture of the cortex, which has become dry
during the winter, by the wood which absorbs considerable
quantities of water and therefore swells. That most trees cease
to grow in thickness about the middle of August is to be attributed
to the fact that the pressure of the cortex attains its maximum at
that time. With reference to the relation existing between growth
in thickness and temperature, it may be mentioned that the cam-
bium of roots which have penetrated to some depth into the soil
is active even in winter.

—_—

CHAPTER IV.
THE IRRITABILITY OF MATURE ORGANS.

§ 50. The curvatures and movements which have hitherto
been considered are only manifested so long as the organs in
which they occur continue to grow. But there are many organs,
particularly leaves, in different plants, which perform movements
even after they are fully grown. The internal processes which
produce them are highly complicated; they essentially depend
upon an expulsion of water, in consequence of stimulation, from
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the cells of one side of a particular part of the petiole which is
the actunal motile organ.

The full-grown leaves of many plants change their position morn-
ing and evening, so that a diurnal and a nocturnal position may be
readily distinguished. In the nocturnal position the leaves are
usually drawn together ; in the day position, on the contrary, they
are widely expanded. These movements are best known in the
case of the Sensitive Plant (Mimosa pudica); the pinnm of the
leaves of this plant fold together upwards in the evening, whilst the
leaf-stalk bends downwards. The motile organ is the pulvinus
which lies at the base of the rachis and of each petiolule. Similar
phenomena may be observed in many other leguminous plants, such
as the false Acacias and the Bean. The leaflets of the Wood-sorrel
(Ozalis  Acetosella)  fall
downwards in the evening
and expand again in the
morning (Fig. 71), and
those of other plants behave
in a similar manner.

This periodicity is deter-
mined by variations in the

intensity of light and by
Fia. 71.—Leaf of Oxalis by day (T) and by night
(N). In the latter, each leaflet is folded inwards cha,nges of temperature. An

at right angles along its midrib, and is also bent increase in the intensity of
downwards. light and a rise of temper-
ature effects the assumption of the diurnal position, and vice versa.

These leaves possess also a periodic motion, effected by internal
causes, which only becomes evident when the plants are kept for
some time in continuous darkness: it is then seen that the leaves are
in constant though not very vigorous movement. It appears, there-
fore, that exposure to light tends to arrest the spontaneous move-
ments, and to cause the leaves to take up the diurnal position.
This is known as the paratonic action of light. In some few plants
these proper periodical movements, due to internal causes, are ex-
hibited under ordinary conditions if only the temperature is high
enough. The lateral leaflets of the leaves of Hedysarum (Desmo-
dium) gyrans, for instance (a papilionaceous plant from the East
Indies), constantly perform circular movements which are repeated
in from two to five minutes.

Among the leaves which exhibit periodic movements there are a
fow which possess this peculiarity, that contact with a foreign body
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canses them to pass from the diurnal to the nocturnal position: this
is particularly conspicuous in the leaves of Mimosa pudica.

The stamens of many flowers, e.g., of Berberis and Centaurea, are
sensitive only to contact; those of Berberis when at rest are ex-
tended widely apart; if they are touched on their inner surfaces
they bend concavely inwards so as to approach the stigma: those
of Centaurea contract when touched, and thereby agitate the whole
inflorescence, for they are inserted upon the tubular corolla. The
florets are closely aggregated in the capitulum, and, if the hand
is lightly passed over it, an active tremulous movement of all the
florets occurs.

The hair-like appendages (tentacles) of the leaf of Drosera (Fig.
72 A), each of
which bears an
apical gland, curve
inwards when a
foreign Dbody
touches the glands,
or if they are
moistened with a
nitrogenous fluid,
in such a way that
the apical glands
are collected to-
gether at the centre ] "

Of the loaf. By this somacionof o cage of th o s stouly slked elsnde

means small insects in the middle. B All the tentacles have bent towards the
. middle at the touch of an insect, .
which have been

P D

caught by the viscid secretion of the glands are conveyed to the
middle of the leaf, and are there brought into contact with as
many of the glands as possible; their secretion dissolves all the
nitrogenous constituents of the insect, and these are absorbed into
the plant. Other carnivorous plants have still more complicated
motile mechanisms for the same purpose.

In order that movements of the leaves may take place, the plant
must possess a certain degree of irritability. Long-continued ex-
posure to darkness, or to too high or too low a temperature, or the
action of chemical or electrical stimuli, induces a condition of
rigidity : when this is the case, no stimulus will produce any move-
ment.



98 PART II.—THE PHYSIOLOGY OF PLANTS. [§ ol

CHAPTER V.

THE GENERAL CONDITIONS OF PLANT-LIFE.

§ 51. Temperature. As, with a few exceptions, the evolution
of heat within the plant itself is extremely slight, its temperature
depends almost entirely upon that of the surrounding medium:
equilibrium is set up between it and the plant partly by conduction
and partly by radiation. Since plants are bad conductors of heat
—that is to say, they undergo changes of temperature very slowly
—when the changes in the temperature of the air are rapid and
extreme, the temperature of a plant is frequently different from
that of the air, either higher or lower; but when the changes are
slow, as is the case when the surrounding medium is water or earth,
the temperature of the plant is very nearly the same as that of the
medium. As regards radiation, it is an important cause of changes
of the temperature of plants, particularly of leaves. When the sky
is clear, these organs become much colder than the surrounding air,
particularly at night, in consequence of radiation, and it is on this
fact that the formation of dew and hoar-frost depends. A further
cause of the cooling of those parts of plants which have a consider-
able extent of surface exposed to the air, is evaporation, which
operates chiefly by day, and tends to rednce the temperature of the
leaves below that of the surrounding air.

Every process going on within a plant is connected with a certain
range of temperature, that is to say, there is a certain minimum de-
nree and a certain maximum degree of temperature, below or above
which the process in question cannot take place. This obtains for
growth, for the formation of starch, for the movements of protoplasm,
for the activity of the roots, and so forth. Between these limits—
the maximum and minimum—there is for every function an optimum
temperature, different for every plant, at which that function is per-
formed with the greatest activity. Thus, when the temperature is
rising to the optimum, at every degree it is more favourable; if it

-rises beyond the optimum towards the maximum, at every degree it
becomes less favourable to the performance of any particular function.

It may be generally assumed that all the vital processes of our

.indigenous plants begin at a certain number of degrees above
freezing-point ; that up to 25° or 30° C. they increase in intensity
and reach their optimum at about 30°; that their activity diminishes
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from 30° to 45°, and-that they wholly cease at about 50°. In plants
of warmer climates the lower limit is considerably higher; thus a
Gourd seed will not germinate at a temperature below 13° C.
Death, caused by exposure to too high a temperature, is affected
by the presence of water; thus, while dry peas lose their germinating
power only after exposure for an hour to a temperature of over 70°
C., they are killed at a temperature of 54° if they are saturated
with water. ' Most parts of plants will not bear a higher temperature
than about 50° C. in air or 45° C. in water for any length of time.
The freezing of plants, that is, their injury or death by cold, only
occurs if the temperature of the plant falls some degrees (in some
cases even many degrees) below the freezing-point, and if at the
same time the plant is in a condition to become frozen. Many plants
are not killed by frost, such as Lichens and many Mosses and
Fungi; just those plants which can also bear drying up without
suffering any damage. The dry parts of plants in general, most
seeds, for mstance, and the winter-buds of trees, are not at all sen-
sitive to cold, whereas, if they contain a considerable quantity of
water, as is the case when buds are in process of development and
in succulent parts of plants, they freeze
very readily. If an organ containing
much water be exposed to cold, a cer-
tain quantity of water, proportionate
to the depression of the temperature,
escapes from the cells and freezes on
their surfaces, and the tissues contract
in proportion; the water does not freeze
inside the cells. The frozen water
forms an incrustation upon thecells (K pq. 73— Tiansverse seclion of a
Fig.73)of distinct crystalslying parallel frozen leaf-stalk of Cynara Scolymus:
to each other consisting of almost pure ::;;iet‘:h:ifs;d?m;; 9 tho paren-
ice, for the substances held in solution sections of the fibro-vascular bundles
by the water are retained by the re- ((}?“K;'z‘i‘:zi‘sﬁTn’;"oit“;‘;‘r‘;:?‘-’;:: oo
maining cell-sap, which becomes there- prisms (the cavities of the ruptured
fore more concentrated. It is certain tissucore left black in the figure).
that a great many plants are not injured by this formation of ice
in itself, for, if the thaw is slow, the cells reabsorb the water and
return to their normal condition. But if the thaw is effected very
quickly, the large quantity of water which is suddenly formed
cannot be absorbed with sufficient rapidity by the cells, and it
collects in the intercellular spaces: it either induces decay in the
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plant or it escapes and is evaporated, and the plant dries up.
However, many parts of plants, as the leaves of the Pumpkin,
cannot be preserved from death even by the most careful thawing.

Frost causes radial splitting of the stems of trees: the fissures
close up when the temperature rises, but healing can of course take
place only in the cortex. The splitting is due to the unequal con-
traction of the wood, that of the external parts which contain much
water being the greater.

Cold exercises a peculiar influence on many green leaves; the
twigs and leaves of Thuja, Ilex, and others, turn to a reddish brown
colour in the cold, and become green again under the influence of
warmth. This change of colour, usually from green to a light brown,
results from a modification of the chlorophyll itself, and must not be
confounded with the red colour that many leaves assume in autumn
and winter, e.g., of the Virginia creeper, and which is due to the
presence of a colouring-matter in solution.

§ 52. Light, as has been seen, is indispensable to the formation
of starch; but when that process has been accomplished, the sub-
sequent processes of metabolism and growth can go on without the
aid of light, though they may be more or less affected by its
influence. Shoots can grow from organs containing supplies of
nutrient material, such as potatoes, in complete darkness: the
growing end of the stem of a vigorous plant, if introduced into a
dark chamber, will produce leaves, flowers, and fruit; its nourish-
ment being supplied by the lower leaves which remain exposed to
the light. If the modifying influence which light exercises on
growth, metabolism, and similar processes, be considered, five sets
of effects may be distinguished, which are produced by the action of
light upon the vital processes of plants. These fall under two
heads :—I. The chemical effects, which are produced for the most
part by the less refrangible (yellow) rays of the spectrum (in this
respect they contrast strongly with the chemical action of light on
salts of silver) ; and II. The mechanical effects, which are produced
chiefly by the highly refrangible (blue) rays of the spectrum.

The chemical effects are—

1. The formation of chlorophyll; this is in so far dependent on
light that the colouring-matter cannot acquire its green hue, but
remains yellow, although the particles of protoplasm which con-
stitute the chlorophyll-corpuscles become differentiated from the
rest of the protoplasm in the dark. The co-operation of light is
indispensable to the formation of thc green colouring-matter, and
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this effect is not exclusively confined to the rays of low refrangi-
bility, but is produced to some extent also by those of high
refrangibility. In only a few cases—as the seedlings of Conifers
and the leaves of Ferns—do the organs of plants turn green in the
dark. It must not be forgotten that the formation of chlorophyll
depends also on the temperature, and will not take place if it be too
low; hence the shoots of plants which break through the soil in
very early spring may remain yellow if the weather is cold, in
spite of the exposure to light, until warmer weather sets in.

II. The dependence of the formation of starch on light has already
been pointed out (§ 33); the influence of the rays of high refrangi-
bility is here very slight.

The mechanical effects are—

III. The phenomenon that in many plants a strong light pro-
duces a fading of the colour of leaves and other green parts, while
those which are shaded remain a dark green. It has been ascer-
tained that this change of colour is due to a change in the position
of the chlorophyll-corpuscles in the cells effected probably by the
protoplasm. It appears that when the cells are exposed to diffuse
daylight, the chlorophyll-corpuscles collect on the upper and lower
walls of the cells, or rather, they arrange themselves in planes per-
pendicular to the direction of the incident ray (epistrophe); but
when the cells are exposed to bright sunlight, the chlorophyll-cor-
puscles collect on the lateral walls of the cells, or rather, arrange
themselves in planes parallel to the direction of the incident ray
(apostrophe). Removal of the leaves from diffuse daylight into
darkness also produces apostrophe. Many zoo-spores move towards
the light while others, on the contrary, avoid it.

IV. Cell-division is independent of light. It frequently proceeds
in parts to which no light can penetrate—as in many growing-
points and in the cambium—with as much activity as in other parts
which are fully exposed to light, as frequently in the formation
of stomata. On the other hand, the growth of all those organs
which are positively heliotropic is greatly influenced by light; that
is to say, that it is considerably retarded : this effect is produced by
the more refrangible rays exclusively.

V. Light acts on irritable motile organs in two ways; in the
first place an increased intensity of light induces the assumption of
the diurnal position (pardtonic action), in the second place the con-
dition of irritability is intimately connected with the normal expo-
sure of the plant ta the influence of light (phototonus). (See § 50.)
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§ 53. Gravitation. All plants and all parts of a plant are
naturally subject to the action of gravitation. It has already been
pointed out (§ 47) how this influences the direction of growth of
the organs of plants producing the phenomena of Geotropism.
Plants exhibit various adaptations for the purpose of maintaining a
definite relation between the weight of their different parts and the
discharge of their functions. The rigidity of their woody tissue
cnables boughs to support the weight of their leaves and fruit;
climbing and twining plants avail themselves of foreign bodies for
the same end. Water-plants have various appliances, such as air-
containing spaces, very much elongated stems, etc., for raising the
different parts to the surface of the water. The seeds and fruits of
many plants are provided with hairy, feathery, or winged append-
ages to facilitate their transport by the wind.

§ 54. Electricity. The many chemical processes which go on
in plants must be accompanied by electrical phenomena. As plants
are good conductors, the difference of the electric tension of earth
and air is equalised by means of them: that this is the case is
shown by the fact that tall trees are frequently struck by lightning.
Beyond this little is known. Highly electrical conditions of the
atmosphere act upon sensitive leaves, as those of the Mimosa, like
mechanical stimuli; and protoplasm, when stimulated electrically,
exhibits no special phenomena which might not be produced by
other means. A

CHAPTER VI.
REPRODUCTION AND ALTELNATION OF GENERATIONS.

§ 55. Reproduction. Many plants are reproduced by bulbils
(see § 5) which become separated from them; a similar mode of
multiplication is effected by stems—more particularly under-ground
rhizomes, creeping stems and such like—which branch and con-
stantly die away from behind forwards so that the lateral shoots
become so many isolated and independent plants. The branches,
and even leaves, of many plants, when artificially severed from
them, will take root under favourable conditions, and form new
plants. Again, many unicellular plants multiply by division.
These various modes of propagation may be grouped together
under the head of wvegetative reproduction.

Bat, besides this, all plants, with the exception of a few of the
lower Alge and Fungi, exhibit true reproduction, that is, repro-
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duction by means of special cells. These cells may be produced in
two ways:

(a) Asexually: The reproductive cell formed in this manner is
capable, by itself, of giving rise to a new individual.

In the Thallophytes these cells are known by a variety of names,
such as teleutospores, uredospores, sporidia, stylospores, tetraspores,
zoospores (when they are motile), conidia, or simply as spores.
In the Musciness and in the Vascular Cryptogams they are also
termed spores, but in the Rhizocarpem and in the Selaginelles
two kinds of spores are present, which are distinguished, on
account of their relative size, as microspores and macrospores;
these plants are therefore said to be heterosporous. In the
Phanerogams the pollen-grains represent the microspores, and, like
them, are set free from the parent plant: the macrospores find their
representatives in certain structures which are contained in the
ovule, but which are not set free from the parent-plant. These
spores are, however, not always unicellular; those of some Fungi
are multicellular, as are also the pollen-grains of Phanerogams.

(b) Sewually : The reproductive cell formed in this manner is
" essentially the result of the union of two specialised reproductive
cells, neither of which, by itself, is capable of giving rise to a new
individual.

The details of the process of union are not the same in all groups
of plants, and a prefix is added to the word “spore” to indicate
the precise mode in which the sexually-produced reproductive cell
has been formed in any particular case. In most Cryptogams the
coalescence takes place between two cells which differ greatly both
in size and form, of which one is the male and the other the female,
which are developed in special organs termed antheridia (male)
and archegonia or oogonia (female). The process is then termed
fertilisation. In this case the male cell is a small mass of proto-
plasm, usually without a cell-wall, but endowed with spontaneous
motility, which is termed an antherozoid : it penetrates into the
female reproductive organ and coalesces with the female cell, the
oosphere, which is likewise a naked primordial cell, but is much
larger than the antherozoid and is not motile. As a consequence of
fertilisation, the oosphere becomes surrounded by a cell-wall, and
is then termed an oospore.

But the differentiation of antherozoid and oosphere is not so
complete as this in all plants. In the Peronospores, for instance,
the oosphere is differentiated, but the antherozoids are not; the
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protoplasmic contents of the male reproductive organ, which
fertilise the oosphere, are quite undifferentiated. This is the case
also in Phanerogams; here the fertilisation of the oosphere is
effected by means of the undifferentiated protoplasmic contents
of those outgrowths of the pollen-grains which are known as
pollen-tubes. In the Lichens and in the Floridess the cells corre-
sponding to the antherozoids of other Cryptogams are provided with
a cell-wall and are not motile, and in these plants also there is no
distinctly differentiated oosphere in the female reproductive organ.
In the other Ascomycetes in which sexual reproduction is known
to occur, neither antherozoid nor oosphere is differentiated, but
the male and female reproductive organs coalesce. These last-
named groups of plants have this peculiarity in common, that the
product of fertilisation is not a single cell, but a number of cells
usnally contained in a fructification and therefore termed carpo-
spores, those of the Ascomycetes being further distingumished, on
account of the mode of their development, as ascospores. In cer-
tain Alge and Fungi (Zygospores) the two cells which coalesce are
usually similar in size and form, and they are either both stationary
or both motile; in this case the process of union is termed conjuga-
tion, and the resulting cell a zygospore. It is of course impossible
to say with certainty which of the coalescing cells is male and
which female.

In the Thallophytes the sexually-produced reproductive cell
(oospore, zygospore, carpospore) is set free from the parent-plant
before it germinates: in the Mosses and Vascular Cryptogams the
oospore developes whilst still included in parts of the parent-plant;
in the Phanerogams also it developes to a certain extent and forms
the embryo, but at this stage its development is arrested, and it is
then thrown off, together with certain parts of the parent-plant, as
the seed. :

Sexual reproduction has not yet been actually observed in the Ecidiomycetes
(Uredines), but on the ground of analogy, their @cidiospores are generally con-
sidered to be carpospores like the ascospores of the Ascomycetes.

Instances are on record in which an cosphere has given rise to a new
. individual without having been previously fertilised by an antherozoid; this
has been observed in the Saprolegnies and in Chara crinita. This is termed
parthenogenesis.

§ 56. Alternation of Generations. In the higher Crypto-
gams it can be readily observed that a roproductive cell, whether
produced asexually or sexually, does not give rise to an in-
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dividual similar to the one which bore it. Ifit be a spore, it
gives rise to an individual which bears sexual organs; if it be
an oospore, it gives rise to an individmal which bears spores.
Thus there come to be two distinct generations in the life-history
of one of these plants, the one, termed the sporophore, which is
asexual and bears spores, the other, termed the oophore, which
is sexual and produces the male and female reproductive organs,
and these two generations differ considerably from each other in
appearance. This is what is meant by the phrase Alternation of
Qenerations. In a Moss, for example, the ordinary moss-plant is
the oophore ; the product of the development of the oospore is not
an individual similar to the parent-plant, but a fructification,
called the sporogonium, in which spores are formed. When the
spore of a Fern germinates, it does not give rise to a fern-plant
with stem and leaves bearing spores, but to a small flattened
cellular body, the prothallium, which produces the antheridia and
archegonia: it is from one of the fertilised oospheres of the prothal-
lium that the ordinary spore-bearing Fern is developed. The alter-
nation of generations becomes more difficult to trace in ascending
from the Ferns to the Phanerogams, on account of the gradual
diminution in size of the oophore: in the heterosporous Vascular
Cryptogams the prothallium does not become free from the spore
from which it is developed; the prothallium which is developed
from the microspore produces only male organs, and the prothal-
linm which is developed from the macrospore produces only female
organs: in the Phanerogams, the pollen-tube alone represents the
male prothallium, and, inasmuch as the representative of the macro-
spore is not set free from the plant which bears it, the structures
which represent the female prothallinm of the heterosporous Vas-
cular Cryptogams are enclosed in parts belonging to the sporo-
phore. In a Phanerogam, then, the plant is the sporophore, the
oophore being only represented by the pollen-tube and by certain
cells contained in the ovule.

In the Thallophytes no such alternation of generations can be
traced. In some of them, such as Fucus, the only reproductive
cells which are formed are oospores: in others the same in-
dividual produces spores sexmally at one time and asexually at
another, and in others again these two processes may go on
simultaneously. For these reasons it is impossible to distinguish
sporophore and oophore as has been done in the highcr Crypto-
gams and in the Phancrogams.



PART IV.
THE CLASSIFICATION OF PLANTS.

Introductory Remarks. A systematic classification of plants
may be arrived at by either of two methods. In the first, the
different forms of plants are arranged according to some one given
principle ; by this means order is established, and a definite position
in the system is assigned to each plant. Many such systems have
been devised, and are known as artificial systems. The principle
of classification in such a case must be determined more or less
arbitrarily and without considering whether or not, in the resulting
arrangement, the plants which are nearly allied are always brought
together, and those which are less nearly allied are kept apart.
The best known of these artificial systems is that of Linnsus,
called the sexual system, which classifies plants by the number
and mode of arrangement of the sexual organs. These organs,
in his time, were known only in the Phanerogams (seed-bearing
plants) ; to the great group of the Crypfogams, which Linnsgeus
regarded merely as a subsidiary department of the Vegetable
Kingdom, this principle is inapplicable.

The natural system, to the gradual development of which a more
exact knowledge of the reproduction of Cryptogams has largely
contributed, has for its object the classification of plants according
to their fundamental relationships, and as these are established
once for all by Nature itself, the natural system is not based upon
any arbitrary principle of classification, but depends upon the
state of our knowledge of these fundamental relationships. These
find their expression in the structure and other characteristics of
the reproductive organs, as well as in the relation of reproduction
to the alternation of generations.

This is more particularly true with regard to the definition of
the larger groups of the Vegetable Kingdom ; within these groups
relationships may be exhibited sometimes in one way and some-
times in another, so that it is not possible to lay down any universal
rules for determining close affinities.

As the investigation of this subject is still far from complete, the

natural system cannot be regarded as being perfectly evolved;
108



INTRODUCTORY REMARKS. 107

the various general sketches which have hitherto been given are
therefore no more than approximations to the truth. The system
laid down in the following table has no pretension to be regarded as
the only correct one; it is selected simply because the arrangement
it offers appears to answer most nearly to the present state of
knowledge of morphology and affinity.

The following Table exhibits, provisionally, the main divisions of
the vegetable kingdom :— :

1st Group.

2nd Group.

' 3rd Ggroup.

4th Group.

Thallophyta. Plants of very simple structure,
without any differentiation of leaf and stem, with-
out true roots or fibro-vascular bundles.

Class 1. Algw.

» 2. Fungi.

Muscineae. The plant which is developed from
the spore has generally a distinct stem and leaves,
but possesses neither fibro-vascular bundles nor
roots, and bears the sexual organs (oophore).
The fertilised oosphere gives rise to a capsule
containing spores (sporophore).

Class 3. Hepatica.

» 4. Musci.

Pteridophyta. From the spore a small pro-
thallium is developed which bears the sexual
organs (oophore). From the fertilised oosphere a
plant is developed consisting of stem, leaves, and
roots, containing fibro-vascular bundles and pro-
ducing spores (sporophore).

Class 5. Filicine.

» 6. Equisetaces.
» 7. Lycopodine.

Phanerogamia. These plants are characterized
by the production of true seeds containing at
maturity a minute plant (embryo), furnished
with rudimentary root, stem, and leaves. The
ovule contains the oosphere from which the em-
bryo is developed in consequence of fertilisation.

Gymnospermee.

Class 8. Gymnosperms.

Angiospermee.

Class 9. Monocotyledones.
» 10. Dicotyledones.
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If the characteristics which are common to several groups be
especially considered, the Phanerogams may be distinguished as
seed-bearing plants from the three groups of Cryptogams; the
Thallophytes and Muscines may be distinguished as non-vascular
plants (cellular plants) from the higher Cryptogams and the Pha-
nerogams which are vascular plants, and the Thallophytes from the
three groups which exhibit a differentiation of leaf and stem, and
which are termed Cormophytes.

The above-mentioned Classes are of very unequal extent; for
while certain of them, as the Equisetaces, include few forms and
those for the most part very closely allied, others, as the Dicotyle-
dones and the Fungi, include an enormous number of very different
forms. These discrepancies arise from the very nature of the
natural system, for a great diversity does not necessarily display
itself in a type which is represented by a single class, and it must
not be forgotten that probably the few living representatives of
many Classes, for instance of the Lycopodins, are but the surviving
remnant of various once well-represented orders which have be-
come in great measure extinct.

Those Classes which include a sufficiently large number of forms
are subdivided into subordinate divisions, as (1) Sub-classes, (2)
Series, (3) Cohorts, (4) Orders, and these again, if necessary, into
Sub-orders, ete.: but these names are applied in the most arbitrary
manner to the different sub-divisions. The two narrowest system-
atic conceptions, viz., Genus and Species, are used to indicate an in-
dividual plant. Under the term Species are included all individuals
which agree so closely that they may be considered as having all
descended directly from a common ancestral form. New pecu-
liarities may no doubt—though comparatively seldlom—occur in
the course of multiplication: the individuals characterized by these
new peculiarities are regarded in classification as varieties of the
species. When several species resemble each other so distinctly
that their general appearance indicates a relationship, they are
grouped together in a Genus. The limits of genera are consequently
by no means fixed, but vary according to the views of individual
botanists. In the larger genera the species are grouped into Sub-
genera.

The scientific name of every plant consists—on the plan introduced
by Linnsus—of two words, the first indicating the name of the
genus, and the second that of the species. Thus, for instance, the
greater Plantain, Plantago major, and the Ribwort, Plantago
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lanceolata, are two species of the genus Plantago. Since in early
times the same plants were often described under different names,
and as different plants were often designated by the same name, it
is necessary in scientific works, in order to avoid confusion, to
append to the name of the plant the name of the botanist who is
the authority for it. Thus Plantago lanceolata L., indicates that
Linnseus gave the plant this name, and at the same time that the
plant meant is the one which Linnwus described and to which he
gave the name. Again, the Spruce Fir is called Abies excelsa D. C.
(De Candolle), while the same plant was placed by Linnseus in the
genus Pinus under the name Pinus Abies L.; hence these names are
synonymous ; but Pinus Abies Duroi, is another plant altogether,
the Silver Fir.

The method by which each plant has its place assigned to it in
the natural system is exhibited in the two following examples—
1. Plantago major ; II. Agaricus muscarius:—

L Group : Phanerogamia.
Division: Angiospermee.
Class: Dicotyledones.
Sub-class: Gamopetalm.
Series : Hypogyns.
Cohort: Lamiales.
Order : Plantaginex.
Genus: Plantago.
Species: Major.

1L Group : Thallophyta.
Class: Fungi (Carposporee).
Order : Basidiomycetes.
Tribe: Hymenomycetes.
Family: Agaricinse.
Genus: Agaricus.
Sub-genus: Amanita.
Species : Muscarius.
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GROUP 1.
THALLOPHYTA,

-This group includes the lowest forms of vegetable life. They pre-
sent no differentiation of stem, leaf, and root, and some of them are
unicellular, the entire organism consisting of a single cell. In the
lowest members of this group there is no sexual reproduction; in
the higher, the product of sexual union may be a zygospore or an
oospore, or a mass of carpospores, or a fructification within which
carpospores are formed. The division of the group into the two
classes Alge and Fungi is artificial, in that it is based upon the
‘presence (Algm) or absence (Fungi) of chlorophyll. Still it is
probable that these classes are on the whole really natural, and
that the cvolution of higher forms proceeded equally in both.

GENERAL CLASSIFICATION OF THALLOTPHYTES.

A. Protophyta.
No sexual reproduction.

Ale. Fungi.
Phycochromacese. Schizomycetes.
Saccharomycetes.

B. Zygosporee. -
Sexual reproduction by conjugation.
Product, a zygospore.

Conjugatee. Zygomycetes.
Zoosporem. My=xomycetes (?).*
Botrydiacess. _ Chytridiaceze.

C. Oosporece.

Sexual reproduction by fertilisation.
+ Product, an oospore.

Siphones. Saprolegnies.
Volvocines. Peronospores.
(Edogoniesw. Entomophthorewx (?).
Coleochetese.

Characez.

Melanophyccse.

* The note of interrogation indicates that the occurrence of scxual reproduc-
tion has not been definitely ascertained in the Order to which it is appended.
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D. Carposporece.

Sexual reproduction by fertilisation.

Product, numerous carpospores.
Algee. Fungt.
Florides. Ascomycetes.
' Uredinew (Acidiomycetes) (7).
Ustilagines (?).
Basidiomycetes (?).

Crass I.—ALGA.

These are plants of the simplest structure, which either live in
water in the form of green, blue-green, or brownish filaments or
masses of cells, or clothe damp surfaces such as rocks, walls, or the
bark of trees, with a covering of one or other of these colours. In
the sea they attain often a very considerable mass; some of them
are of a beautiful red or brown colour, and attract the attention of
the observer, partly by their gigantic size and partly by the elegance
of their ramification. Whilst some are unicellular, existing through-
out their whole lives as single cells and producing new individuals
by division, others form long rows of cells, or considerable masses
or extended surfaces of cellular tissue.

The most important feature in which the plants of this Class
differ from the Fungi is the presence of chlorophyll and the con-
sequent mode of life. The Algew are able to form the organic sub-
stances necessary for their nutrition, whereas the Fungi are obliged
to obtain them from other organisms. The presence of chlorophyll
is obvious enough in the green Algem, but it exists also, though less
evidently, in Alge which have a bluish-green, olive-green, brown or
red colouring-matter in addition in their chlorophyll-corpuscles.
The nature of this additional colouring-matter is usually the same
throughout whole families which also resemble each other in their
modes of reproduction.

The reproduction of the Algs, when it is not merely a process of
division, is effected by cells which are produced sexually or asexu-
ally. The former are designated by terms which indicate the
special mode of their development (zygospore, oospore, carpospore):
the latter are spoken of generally as spores (z00spores when they
are motile). Reproduction by means of zoospores is very common
in this class (Figs. 37 and 80): these are small protoplasmic bodies,
without cell-walls, formed either by the division or the rejuvenes-
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cence of a cell, which move through the water by means of delicate
filaments, the cilia: after a time they come to rest, become in-
vested by a cell-wall, and give rise to new individuals by growth
and cell-division.

In the very lowest forms reproduction is effected neither sexually
nor by means of zoospores. In the Conjugate the entire contents
of two cells unite to form a zygospore. In many Zoospores two
zoospores, which may or may not be exactly similar and which
are usually formed by cell-division, coalesce to form a zygospore.
To these naturally follow those orders in which only the small
male cells (antherozoids) are motile, the female cells being the
oospheres which remain in their mother-cells (oogonia) and are con-
verted into oospores in consequence of fertilisation. The oospores
may or may not be invested by special integuments, and, on ger-

_ mination, may give rise to one or more individuals. From these
the Florides differ in the peculiar structure of the female organs
and in the formation of a number of reproductive cells, the carpo-
spores. On the other hand the Zoospores resemble the Botrydiaces,
which have only lately been accurately studied; but there is this
difference, that the zygospore of the former group undergoes a
period of rest before it germinates, whereas that of the latter
germinates immediately after its formation. This is also the case
with the oospore in the Melanophyces, so far as their mode of
reproduction is known at present; in them the oosphere, though it
is set free before fertilisation, is not motile.

If,in addition to the modes of reproduction, the general vegetative
structure of the Algm be considered, a classification such as the
following may be constructed. This must of course be considered
as only provisional, since the reproduction of many forms is still
unknown, and it is therefore only possible to assign them a system-
atic position by a consideration of their vegetative structure.

I. Sexual reproduction unknown; no zoospores.
Order 1. Phycochromaces ; bluish-green Algz.
II. Sexual reproduction, effected by the conjugation of the
entire contents of two stationary cells.
Order 2. Conjugatm.
III. Sexual reproduction, effected by the conjugation of zoosporos.
Order 3. Zoosporem; the product of conjugation is a
resting zygospore.
Order 4. Botrydiaces ; the product of conjugation is a
zygospore which germinates at once.
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IV. Sexual reproduction (so far as is at present known), effected
by the fertilisation of a free oosphere; from the oospore
a new individual is directly developed.
Order 5. Melanophyces.
V. Sexual reproduction, effected by fertilisation within specml
female organs (Oogonia and Carpogonia).
A. The thallus a single, much-branched, filamentous cell.
Order 6. Siphonem. The oospore gives rise to a single
new individual: female organ an oogonium.
B. The thallus is multicellular.
(a.) Female organ an oogonium.
Order 7. Volvocines : thallus motile.
Order 8. (Edogonies: thallus filamentous.
Order 9. €oleochmtem: thallus consisting of rows of
cells: oospore with a special cellular investment.
Order 10. Characem: the oosphere has a cellular in-
vestment before fertilisation.
(b.) Female organ a carpogonium.
Order 11. Florides (red Algs): the female organ has
a complicated structure: numerous spores produced
in consequence of fertilisation.

1. PHYCOCHROMACEE, or blue-green Algm. Neither sexual repro-
duction nor formation of zoospores is known in this order: multi-
plication is effected most frequently by
cell-division, which takes place in some
cases in more than one plane, but some-
times also by means of spores. Several
of the genera are unicellular, e.g., Gleeo-
capsa (Fig. 74), Chroococcus and others.
The separate individuals are sometimes
enveloped in a gelatinous diffluent mem-
brane, and are thus united into colonies
or families forming a blackish or dark-
blue film on rocks or Mosses. Others vﬁ:uzt;‘?;?ﬁpmx) B
appear as many-celled filaments: Nostoc ¢, D, E by repeated division.
(Fig. 75 A) for instance, consists of rows (From Bachs)
of cells forming brownish gelatinous masses which are often to be
found after wet weather on paths or sandy soil; in a dry state
they are inconspicuous and of a dark colour. The Oscillaries
(Fig. 75 B), the filaments of which exhibit peculiar locomotor move-
ments, are often seen as blue-green or brown-green patches floating

I
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on stagnant waters and having a very disagreeable smell. The Ri-
vulariem form cushion-like patches consisting of a gelatinous
matrix, in which the filaments are
disposed radially; they occur on
submerged stones and water-plants.

2. The ConyugaT® are distin-

guished by the process of conjuga-
of  Bisgaent of Oscttants (o 300y, - T tion which takes place between the

whole of the protoplasmic contents
of the cells in the process of reproduction. Zoospores are not
formed. They are subdivided into three families:

a. The Zygnemacee, consisting of long unbranched filaments which
occur in large floating patches in many waters, particularly ponds
and springs ; they are easily recognised by their bright green or
yellowish colour as well as by the delicacy of their filaments.
Their chlorophyll-corpuscles have peculiar forms: in Spirogyra they
are spiral bands (Fig. 40); in Zygnema, stars (Fig. 76 4); in
Mougeotia, plates.

b. The Desmidiacee include unicellular forms, which are often ex-
tremely beautiful, as Closterium (Fig. 76
B), Cosmarium, Staurastrum, Euastrum
(Fig. 76 0).

¢. The Diatomacee, in which the chloro-
phyll-corpuscles are of a dark-yellow colour.
The individuals are unicellular; the cell-

rJ a

o

F16. 76.—A Fragment of a filament of Zygnema ; in each F1e. 77.—Pinnularia, a Dia-
cell are two star-shaped chlorophyil-corpuscles connected tom (mag.and diag.); alateral
by a colourless mass of protoplasm in which lies the view, showing the mode of
nucleus. B Closterium, C Euastrum, two Desmids with connection of the two halves
chlorophyll-plates. of the frustule ; s surface view.
walls contain much silica, and exhibit extremely delicate and
elegant thickenings. The wall (frustule) of each cell consists of
two halves which fit into each other like the two parts of a pill-
box (Fig. 77 a). Division takes place lengthwise between the two
halves, and the newly-formed wall of the daughter-cell is enclosed
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within the rim of that of the mother-cell, so that the two halves
of the cell-wall are of different ages. In consequence of repeated
division the individuals must grow smaller; when this diminution
has gone on to a certain extent the formation of auzospores takes
place, that is of very large cells, either by means of growth alone
or as the result of conjugation and subsequent growth. In some
geners, e.g., Navicula and Pinnularia (Fig. 77) the individuals are
solitary and they are endowed with a peculiar creeping mode of
locomotion. In others, as Melosira, they are arranged in long
filaments. They occur frequently and in great numbers in all
waters, fresh as well as salt, sometimes also in damp soil between
Mosses. The siliceous frustules of Diatoms have been preserved
from the early geological epochs and exist in various parts of the
world in great masses, under the name of infusorial earth.

3. The Zoosrorex are reproduced by means of zoospores which,
in the case of many forms at least, conjugate, and give rise to
resting zygospores.

Some families, such as the Hydrodictyee consist of unicellular
forms which generally live together in colonies (Fig. 78 4). The
whole colony is usually actively
motile by means of the cilia of
its individual members. Periods
of rest sometimes alternate with
periods of movement, and these
resting forms were formerly re-
garded as being distinct plants;
such are many Palmellacese and
perhaps Pleurococcus vulgaris,
which is constantly found as a
green growth on the trunks of
trees and in similar sitnations.
Hsematococcus lives in puddles; Fre. 78— Pondorine moram (x 400 4, 5

the resting-cells are of a pur- e colony (ccenobium): B, two zoospores,
plish-red colour and where they formed by the division of the cells of 4, in

occur in masses they impart a Proces® of conjugation.
red hue to the water or to the snow (red snow).

The Confervee are filiform Algs which are widely distributed in
all waters, being especially abundant near their margins; .the
zoospores are formed in the individual cells, either in considerable
numbers or one only in each. The filaments of Cladophora are
much branched and are harsh to the touch. The filaments of
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Ulothrix are simple; in this plant certain larger zoospores re-
produce it vegetatively, whereas the smaller ones conjugate and
reproduce it sexually; Chroolepus is orange-coloured, and grows
on damp rocks, etc., in velvety patches.

In the Ulvacew the polyhedric cells are united into flat ex-
pansions; in Ulva Lactuca, which is a common green sea-weed, the
membranous expansion may be simple or more or less branched ; in
Enteromorpha it forms the wall of a tube.

4. The BoTRYDIACEZ are represented in fresh water by Botrydium
alone. This is & small unicellular plant, looking like a green

Q i spheroidal
& vesicle with

, colourless

root-like

\S\ ‘ontgrowths
'\\.‘- , which at-
?’ Q tach it to

74 the mud in
pools. Itis
reproduced
in  several
ways; the
most re-
markable,
perhaps, is
the forma-
tion within
the vesicle
of the so-
called
‘ “ gpores,”
} each of
( which gives
4 rise to a

large num-
mg;ml:m vesciculosus, about half nat. size. b Air-bladdcrs. f Fer- ber of con-

jugating zoospores.

5. MrranoprYcEZ. These are the brown sea-weeds. Their chloro-
phyll-corpuscles are of an olive-green colour. They are usually of
a considerable size, and present great variety of form, The thallus
consists sometimes simply of rows of cells, sometimes of masses of
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tissne ; it often attains gigantic dimensions, and appears to branch
dichotomously. The cell-walls are very mucilaginous. Some are
provided with large cavities filled with air (Fig. 79 b), by means of
which they are enabled to float.

The reproductive organs are borne by certain branches of the
thallus (Fig. 79). They are developed in peculiar depressions of
the surface, the conceptacles. The antherozoids are formed in certain
cells termed antheridia, and the oospheres in certain cells termed
oogonia. The oospheres are extruded from the oogonia and are
then fertilised by the antherozoids. The oospore at once developes
into a new individual.

The different species of Fucus and of Laminaria are typlcal
representatives of this order.

6. The SipHONEZ are unicellular, but the tubular cells are large
and much branched. The different species of Vaucheria (Fig. 80)

F16. 80.—Vausheria sessilis (x 80). A sp A newly-formed zoospore. B A resting zoo-
sporo. C The commencement, D and E more advanced stages of germination; sp
zoospore; s apex of the green fllament; w its colourless part answering to a root.
F Tabualar cell with sexual organs ; og oogonium ; h antheridium shortly after fertilisation.
(After Bachs.)

are frequently found in springs, in wells, and on damp soil, in large
dark-green patches. Zoospores are developed in special cells
formed by the cutting off, by means of septa, of some of the branch-
ings of the main cell (Fig. 80 4). Sexuval reproduction is
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effected by antheridia and oogonia. The antheridia are cells,

usually curved into a hook-shape, which are developed as lateral

branches. Within them the antherozoids, which are subsequently

discharged, are formed. The oogonia are spherical cells, developed
close to the antheridia,
in which the oosphere
is formed by rejuven-
escence (Fig. 80 F, og).
After fertilisation the
oosphere becomes sur-
rounded by a proper
membrane, and is then
known as the oospore.
Whether or not the very
large forms found in the
sea, e.g., Caulerpa, con-
sisting of a single much-
branched cell, really be-
long to this order, is at
present uncertain, for
their reproduction has
not been fully investi-
gated as yet.

The order of the Si-
phonem appears to be
more closely allied to
the Saprolegnies (Fun-
gi) than to the other

Algm

F1e. 81.—4 Edogonium cliatum (x 250). A Middle part 7. The VoLvocmvez,
of a sexual filament with two oogonia (og) fertilised by the &S rePresented by the
flmt male plants (m), developed from zoospores formed genus V‘olvox, are
in the cell m at the upper part of the filament. B Oogo- . . .
nium at the momentof fertilisation ; o the oosphere ; og the closely allied in their
oogonium ; s the antheroxoid in the act of forcing its way gtructure to the Zoo-
in; m dwarf male plant. C Ripe oospore. D Piece of the . . .
male filament of (Ed. gemelliparum, s antherozoids. E Spores which live in
Branch of a Bulbochats, with one cogonium still containing colonies H the colony
a spore, another in the act of allowing it to escape ; in the
lower part an empty oogonium. F The four zoospores here takes the form of
formed from an oospore. G Zoospore from an oospore & hollow Bphel‘e- Fer-

come to rest. (After Pringsheim.) tilisation is, however,

not effected by the conjugation of zoospores; but the oosphere,
which is stationary, is fertilised by antherozoids.
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8. The (EpoGONIEE occur in green patches in springs and other
waters. These patches are composed of celtular filaments, of which
the separate cells sometimes produce zoospores, and sometimes
become oogonia, the contents of each one being converted into an
oosphere by rejuvenescence (Fig. 81 B). The antherozoids, which
resemble the zoospores but are smaller, are produced in some
species by repeated division in the cells of the filaments (Fig. 81 D);
but in other species the cells of the filament give rise to peculiar
zoospores which adhere to the oogonium and grow into dwarf males
consisting of but few cells (Fig. 81 4 m), in which the anthero-
zoids are formed.

9. The CorLeocHETEE form hemispherical or disk-shaped cushions
of a beautiful green colour on submerged stones and water-plants.

X

F1a. 82.—A4 Upper portion of a branch of Nitella flexilis (nat. size) ; ss the stem; b the
leaves ; with sp the female, and a the male organs. B Part of a fertile leaf zx of Chara
Jragilis (x 50) ; bb’ the leaves: the female organ contains the here E. The peculiarly

P

twisted investing-cells of the oogonium end in & little corons, kr: a the antheridium.
(Atter Bachs.)

The female organ is unicellular, and presents a long tubular pro-
jection open at the apex, the frichogyne. After fertilisation the
oosphere in the basal dilated part of the cogonium becomes invested
by a special membrane ; the oogonium becomes surrounded by out-
growths from neighbouring cells, so that it is enclosed in a cellular
integument. On germination, the oospore divides, and from the
cells thus formed there escape zoospores, which subsequently give
rise to new individuals.
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10. CraRACEZ. These are the only green Algs which, like the
Floridess, have members that can be regarded as leaves. In the
genus Nitella (Fig. 82 A), inhabiting waters, which are not hard,
each internode of the stem consists of a single cylindrical cell (Fig.
82 A s), the wall of which is lined by a compact layer of chloro-
phyll-corpuscles. The so-called leaves (Fig. 82 4, b) form whorls
at the nodes and each consists of a row, sometimes branched, of
elongated cells all similar in form. In the other genus, Chara, of
which numerous species occur in many waters, and which are
remarkable for their unpleasant smell, the stem and leaves are
covered with small cortical cells. In all the long cells a rapid
rotation of the protoplasm is perceptible. The female organ is an
egg-shaped body (Fig. 82 B); it possesses a covering of cells
twisted spirally, which encloses the oogonium. The oosphere be-
comes an oospore in consequence of fertilisation, and remains
enclosed in the integument. The antheridia (Fig. 82 a) are visible
as small red spheres; within them the spiral antherozoids are
produced in rows of cells.

11. The FrormEZ, or red Alge,
are of a beautiful red or violet
colour, and live in the sea; only a
few forms, such as Batrachospermum
moniliforme, of a purplish-brown hue,
are found in fresh water. Many re-
presentatives of this class are dis-
tinguished by their graceful branch-
ing ; and in several geners, e.g., Poly-
siphonia, it is of such a nature as
almost to justify the designation of
some of the branches as leaves. Re-
production is effected in a peculiar
] manner. The female organ, whichis

termed a carpogoninm, is frequently
A uctifoation of Nemalion. \ lticellular.  Fertilisation takes

a female organ; the former produces place by means of antherozoids
the antherozoids, the latter consists of . . e .
the trichogyne t, to which the anthero. WICI, having no cilia, are not motile

zoids s adhere to effect fertilisation, and (Fig. 83 4 s). They attach them-
f the base o, from which th tocti

‘(,B m‘; C) u"deve‘l’;;’ o (x w:)?"”""l’ selves to a pro]ectu.:g cell of t‘he

female organ, the trichogyne (Fig.

83 t), which is, however, not open, like that of Coleochete, but com-

pletely closed ; in consequence of fertilisation, a cystocarp is formed
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from the basal portion of the trichogyne, or more frequently from
cells which surround its base, or from others more remote from
it. The cystocarps are either masses of carpospores (Fig. 83 C o),
or receptacles, within which carpospores are formed. The asexually-
produced spores (fetraspores) are also devoid of cilia, and are pas-
sively floated about by the water.

Callithamnion corymbosum, Ceramium rubrum, Chondrus crispus (used in
medicine as Carrageen Moss), Plocamium coccineum, Delesseria hypoglossum and
Corallina rubens, are common representatives of this class in European seas.

Crass II.—FUNGI.

This class, like the preceding, includes many very simple
organisms, as well as others of tolerably high development. None
of them contain chlorophyll, and their mode of life is correlated
with this peculiarity. They must take up their nourishment, and
‘more especially their Carbon, in the form of organic compounds.
Some, termed Parasites, such as Rust and Smut, absorb it from
living organisms, plants or animals. Others, called Saprophytes,
absorb it from the remains of dead organisms, or from organic
compounds formed by living organisms: the bark of trees and the
humus or leaf-soil of forests and meadows are examplesof the former
case, and they support numerous and often large Fungi; the juice
of fruits and saccharine solutions are examples of the latter case,
and in these Moulds and Yeasts often make their appearance (see
§ 33). ‘

In Fungi the cells are usually arranged in rows, so as to form
long filaments called hyphee : these are loosely and irregularly
interwoven (tela contexta), as in the common Mould; but some-
times they are firmly connected into a mass of considerable size, of
definite external form and internal structure, as in Mushrooms. A
few Fungi only consist of small isolated cells, or of long branched
tubular cells, like the Siphones among the Algm. The thallus
developed from the spore, when it is not unicellular, consists of
hyphsem, and is called a mycelium. The organs of reproduction are
usually developed upon some part of the mycelium, but, if circum-
stances be unfavourable, the mycelinm may continue to vegetate
for a long time, attaining & most luxuriant growth, without bear-
ing any reproductive organs. The white felt-like growth which
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often clothes the walls of damp cellars is a sterile mycelium of this
kind.

The reproductive cells of Fungi are formed in two ways: in the
one, the protoplasm of the mother-cell divides into a number of cells,
that is, free-cell formation takes place within it (spores, ascospores);
in the other, segments are cut off from the mother-cell by abstric-
tion (stylospores), a process which differs from that of ordinary
cell-divisions only in the marked constriction of the cell in the plane
of division. The cells which undergo this abstriction are called
basidia, and they frequently bear & delicate projection, the sterigma,
at the end of which the spore is borne. In some Fungi the cells
formed by the first of these two methods are naked masses of proto-
plasm, and move actively in water; they are called zoospores. The
lowest Fangi are not reproduced sexually, and this is probably also
true of some which are more highly organized. Sexual reproduc-
tion is exhibited in the form of conjugation by the Zygomycetes,
in which branches of the mycelinm coalesce, and in the form of
fertilisation, closely resembling conjugation, in other Phycomycetes
as well as in many Ascomycetes. Other Ascomycetes (and perhaps
the Uredinem) have female organs which resemble the carpogonia
of the Floridem, and which are fertilised by small cells, the spermatia,
which are passively conveyed from place to place. These cells are
formed by abstriction in certain receptacles called spermogonia. In
the following account of the various groups of Fungi, as in the case
of the Alge, the reproductive cells which are produced asexually
are spoken of as spores or conidia (stylospores, zoospores, etc.),
whereas those which are produced sexmally are spoken of as zygo-
gpores, oospores, carpospores (ascospores, ecidiospores).

The following remarks are explanatory of the arrangement of the Fungi which
is adopted here. In the Phycomycetes sexual reproduction is effected by the
conjugation of two hyphsm, or by a process which differs but little from this.
The product is a resting-spore which, on germination, may give rise to an in-
dividual bearing conidia, or simply to & sporangium.

The Aseomycetes are probably nearly related to the Phycomycetes In them
the sexual process is of much the same kind; but the product is not a single
cell, but a number of cells (ascospores) contained in receptaeles called asci.
These asci are more or less enclosed in the mycelial tissue, and these together
form a fructification. The mycelium bears, in addition to the sexual organs,
numerous organs which reproduce it vegetatively.

The greatest difficulties are offered by those Fungi the reproductive cells of
which are formed by abstriction, In the Uredines the mcidium-fruit is probably
the sexually-developed fructification, or it is at least analogous to such a fructi-
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fication, whereas the other fructifications are probably produced asexually.
No sexual organs have been discovered as yet in the Basidiomycetes, and their
large fructifications may therefore be regarded as organs effecting asexual
reproduction.

As to the relationship between Fungi and Algm, the Schizomycetes and the
Phycochromace® appear to be allied, and they are connected by intermediate
forms. Resemblances also exist between the Chytridiaces and the lowest Zoo-
sporem, It seems probable that the divergence of the two classes began at the
first indication of sexual differentiation. In the lower Alg® the zoospores con-
jugate, and the connection of the more complicate sexual processes of the higher
Algm with this simplest form can be readily traced. In the lower Fungi, except-
ing the Chytridiaces and the Myxomjycetes, the cells which correspond to the
mother-cells of the zoospores of the Algem are those which conjugate.

The Entomophthores are perhaps intermediate forms between those Fungi in
which the conidia are formed in the interior of mother-cells and those in which
they are formed by abstriction. Their sporangia may be compared with those
of the Peronospores on the one hand, and with the conidia of the Uredines and
Basidiomycetes on the other.

The following is an attempt to classify the Fungi in accordance
with the present state of our knowledge :

I. Sexual reproduction unknown : multiplication by cell-division
or by spores.
Order 1. Schizomycetes.
Order 2. Saccharomycetes.

II. The mycelium (if present) consists of a single tubular, much-
branched cell: spores are formed in sporangia: sexumal
veproduction occurs in the form of conjugation, or of fer-
tilisation, the product being (except in Myxomycetes) a
resting spore (Phycomycetes).

(a.) Sezual reproduction by conjugation.

Order 3. Zygomycetes. Mycelium, & tubular cell: spores
non-motile (the sporangium is sometimes thrown
off as a conidium).

Order 4. Chytridiacess. Mycelium usually absent: zoo-
spores.

Order 5. Myxomycetes. No mycelium. The plasmodinm,
formed by the coalescence of the ameboid masses
of protoplasm set free from the spores, is motile.

(b.) Sexual reproduction by fertilisation.

Order 6. Saprolegniese. Mycelium, a tubular cell: zoo-

spores.
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Order 7. Peronosporem. Mycelium, a tubular cell: zoo
spores are formed in the sporangium which is
thrown off as a conidium.

Order 8. (?) Entomophthorese.

III. The mycelium consists of multicellular hyphse. The presence
of sexual organs has been ascertained in some members only.
(a.) Spores formed in the asci of a fructification.
Order 9. Ascomycetes.
(b.) Spores formed by abstriction or by simple cell-division.

Order 10. Ustilaginew. The spores are formed by division
of the hyphse.

Order 11. Uredinee. The spores, which are usually of
different kinds, are formed by abstriction or by
cell-division at one point only of each basidium,
partly in small fructifications (perhaps sexually
produced) and partly on the mycelium.

Order 12. Basidiomycetes. The spores, which are all of
one kind, are formed by abstriction at different
points on each basidium in asexual fructifications.

1. The SCHIZOMYCETES are very minute organisms, of which little
more than the outline can be detected; they are therefore very
easily confused with altogether different ob-
b=\\ a o jects. The cells may be either isolated, and
AV then spherical (Micrococcus, Fig. 84 a), or rod-
¢ Coo™ like (Bacterium, Fig. 84 0), or united into

Fio. 84—Schizomycetes flaments which may be straight (Bacillus) or
(x 500). a Micrococens; gpirally wound (Spirillum, Fig. 84 ¢). They
b Bacterinm ; o Spirillum- o erally multiply by division, but in Bacillus
spores are formed: certain cells of the filaments undergo divisions,
and the cells thus formed are distinguished by their longer persist-
ence, and their power of resisting injurious influences. Some
torms produce colouring-matters in the course of their life (such
as that causing the red colour of mouldy bread); others play a
part in certain infectious diseases, such as Diphtheria, Cholera,
Typhus, etc.

2. SaccHAROMYCETES. These Fungi occur in fermenting sub-
stances. The mycelinm consists of branched rows of oval cells,
produced by successive budding: the cells separate very easily
from each other. Spores are produced in the cells under cer-
tain circumstances: they are four in number in each cell. These

Ve
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Fungi have the power of converting the sugar contained in the
substance upon which they live into alcohol and carbonic acid.

Saccharomyces Cerevisie, the ordinary yeast (Fig.
85), is only known in the cultivated state in which
it is used in brewing, eto. S. ellipsoideus occurs in
nature on the surface of fruits, such as grapes, and
causes the fermentation of their juices after they 4
have been crushed. S. Mycoderma belongs to this Fire. 85.—Growing cells of
group: it exists on the surface of fermented fluids yeqst (Saccharomyces Corevisia)
and causes their further decomposition. (x 300).

3. ZycoMycETES. Of these, the most common and the most im-
portant are the species of the genus Mucor, such as Mucor Mucedo,
racomosus, stolonifer, which occur as mould on preserves, bread, etc.
The mycelium is much branched, but consists only of a single cell
(Fig. 86 m): it grows in the substance and, when mature, throws

5@

\ <
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F1a. 87.—Zygospore (s) of Mucor.

\

7

F1e. 80.—Mucor Mucedo, m Mycelium bearing a
spormgium (s).

up aérial branches. These become enlarged at their free ends,
and by the cutting off of the enlargement by a curved partition,
the sporangium is formed, within which numerous spores are
formed (Fig. 86 s). On germination, each spore gives rise to a
new mycelinm, which, in its turn, bears sporangia and spores.
Under certain circumstances the mycelium bears zygospores (Fig.
87 z). Two branches of the mycelium come into contact at their
free ends, and a cell is cut off in each by the formation of a septum :
the two cells coalesce (conjugate) to form a single cell, the zygo
spore: its cell-wall becomes much thickened. After a long period
of quiescence it germinates, and it usually produces a single hypha
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bearing a sporangium quite similar to those borne by the ordinary
mycelium.

4. The CHYTRIDIACEE are among the lowest of the Phycomycetes.
Some of them consist of a single spherical or oval cell, which itself
becomes a sporangium, its protoplasm giving rise to a number of
zoospores. When one of these zoospores comes to rest, it assumes
the spherical form. Conjugation of both motile and stationary cells
has been observed in members of this Order, the former in Poly-

F1a.88.—4 Part of a plasmodium of Didymium leucopus (x 300). B A closed sporangium
of Arcyria incarnata. C The same after the rupture of its walls (p) and expansion of the
capillitinm cp (x 20). (After SBachs.)
phagus and Zygochytrium, the latter in Tetrachytrium. These
forms live in water either as saprophytes, or as parasites upon
aquatic plants. The genus Synchytrium includes forms which are
parasitic upon land-plants, such as Anemone and Taraxacum: in
these the single cell gives rise to several sporangia.

5. MyxomMyceTeS. In the mode of development of their spores
these plants resemble the Zygomycetes, but in their structure they
differ widely from all other Fungi. In the vegetative condition
they do not consist of cells or tissues, but they are simply masses
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of naked protoplasm, called plasmodia (Fig. 88 4), creeping from
place to place on the substratum, which may be tan, earth, decayed
leaves, etc. At the same time a rapid streaming may be observed
in the protoplasm itself. When it is reproducing itself, the whole
plasmodium is converted into sporangia, which are spherical bodies
resembling the fructifications of Truffles (Fig. 88 B); in these the
spores are formed. In some cases the whole of the contents of
the sporangium are converted into spores; in others, a part of
them go to form the capillitium (Fig. 88 ¢p), which is a network of
filaments. On germination, the protoplasm of each spore is set
free, and either creeps about in an amcboid manner, or swims as
a zoospore. These isolated masses of protoplasm unite in great
numbers to form the large plasmodia.

Zthalium septicum, the “flowers of tan,” occurs in the form of yellow plas-
modia, which may be several square inches in extent, on spent tan: it forms
masses of sporangia which are yellow externally and dark brown internally.

Trichia rubiformis and Didymium serpula are smaller forms which are
commonly found in forests. The sporangia of the former are brown oval
bodies, from 2-3 mm, in length ; they occur 1n groups on leaves or among Moss.

6. The SAPROLEGNIEE are aquatic Fungi. The branched unicellu-
lar mycelium forms a dense growth upon the dead bodies of small
animals or on parts of plants which are in water. Correlated with
their mode of life is the fact that the reproductive cells formed
in their sporangia are zoospores. Sexual re-
production is effected not by conjugation but
by fertilisation. The organs are of two kinds:
there are oogonia, which are spherical cells
each containing several oospheres, and there
are antheridia from which protuberances are
developed which enter the oogonia and effect
the fertilisation of the oospheres. The re-
sulting oospores germinate after a period of
quiescence and develope either zoospores or a
mycelium bearing sporangia.

7. The PERONOSPOREE are parasitic upom g, e moina of Phy-
other plants. The unicellular mycelium per- tophthora infestans bearing
meates the intercellular spaces of their tissues SPorangis projecting froma

stoma (8) of the leaf of the
and absorbs nourishment by means of special Potato; o the sporangia

- organs from the neighbouring cells. Spor- (x 160).
angia are formed on certain branches which usually project through
the stomata of the host (Fig. 89): these are thrown off entire and

oy ¢
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are therefore usually spoken of as conidia. If they fall into a drop
of water zoospores are formed within them, which are set free:
when these come to rest they attach themselves to the cuticle of
their host, become invested by a delicate membrane, and then
germinate. In some no formation of zoospores takes place, the
sporangium itself developing a mycelium. In the forms in which
sexual reproduction is known, the antheridium applies itself to the
oogonium, and the oosphere contained in the latter becomes fer-
tilised and is converted into an oospore. The germination of the
oospore takes place after a long period of quiescence; usually
zoospores are formed within it.

In the genus Peronospora, which is represented by many species (P. parasitica
on Capsells, P. nivea on Umbellifers, etc.), only one sporangium is borne by
each branch of the hypha which protrudes through a stoma. In Phytophthora
the sporangia are displaced laterally by branches which arise from the hyphs
bearing the sporangia, at their points of origin. To this genus belongs P.
infestans, which produces the potato disease. The tissues of the host undergo
decomposition in the infected parts and turn black: the mycelium of the
Fungus extends from the circumference of these spots, and throws up hypha
bearing sporangia through the stomata (Fig. 89). The zoospores developed
in the sporangia of the parasite find their way to healthy plants: they also
penetrate through the soil to the tubers, and the mycelium which is developed
from them extends into the young potato-plant which grows from the tuber.
No sexual reproductive organs have been observed in this Fungus as yet.-
Phytophthora Fagi infects and destroys the seedlings of the Beech. In Cys-
topus (C. candidus on Capsella and other Crucifers, C. cubicus on Composite)
hyphm bearing sporangia are formed in great numbers close together under the
epidermis, and cause its rupture : each hypha bears a number of sporangia.

8. The ExToMOPHTHOREE are parasitic upon Insects. Empusa
Musce, for instance, infests house-flies more especially in the
antumn. The sporangia are formed by abstriction from cells which
protrude from the body of the fly. Within them spores are formed
which are projected against the under-surface of the bodies of
living flies, the only part at which penetration is possible. In
other species resting-spores have been detected which are possibly
of sexual origin.

9. The AscoMYCETES have a mycelium consisting of multicellular
hyphss, on which a fructification is formed (ascertaned with regard
to some and hardly to be doubted with regard to the others) in cone
sequence of fertilisation. The formation of the ascospores takes
place within certain cells of the fructification called asci. Free
cell-formation takes place within them, usually eight spores being
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formed. Each of these surrounds itself with a proper cell-wall
(Fig. 39); sometimes they undergo division. They are usually
extruded from the asci. Fertilisation may take place in two ways.
In the one, two contiguous branches of the mycelium become in-
timately connected: of these one, which is usually the larger, is the -
female organ, it is frequently spirally rolled, and is designated as
the ascogonium (Fig. 90 B and O as); the other smaller one, which

F16. 90.—Eurotium repens. A A portion of the mycelium with hyphs (c) bearing conidia :
the conidia have already fallen off from the sterigmata (st); as, & young ascogonium.
B Ascogonium (as) with a pollinodium (p). C Another, with hyphs growing up round it.
D A fructification seen on the exterior. E, F Sections of unripe fructifications; w the
investment; f filaments arising from the goni which subsequently bear the asci.
G Anascus. H A ripe ascospore (magnified). (After Sachs.)

attaches itself to the ascogonium, is the male organ, the pollinodium

(Fig. 90 B and O p). In the other way, the female branch of the

mycelium is spirally wound and ends in a projecting filament quite

similar to the trichogyne of the Florides (see page 120), to which

the spermatia become attached. The spermatia are small cells,
K
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incapable of spontaneous motion, formed by abstriction in special
receptacles known as the spermogonia (Fig.99). This occurs in
the Lichens. Whilst the fertilised ascogonium developes and finally
produces the asci (which are often arranged in a special layer
called the hymenium, in which they are mingled with sterile fila-
ments, the paraphyses), the surrounding hyphe® grow to form an in-
vestment which wholly or partly encloses the product of fertilisation,
and with these constitutes the fructification. The fructification
either remains closed or has a very narrow opening, when it is said
to be angiocarpous, and is termed a perithecium ; or it opens so as to
expose the asci, when it is said to be gymmnocarpous, and is termed
an apothecium.

The mycelium also bears asexual reproductive cells, which are
termed conidia or stylospores, because they are formed singly or
in rows by abstriction from certain branches of the mycelium the
sterigmata (Fig. 90 4, st). Many of the commonest forms of mould
are the conidia-bearing forms of Ascomycetes which bear sexual
organs and fructification only under exceptional conditions. Be-
sides these, in many Ascomycetes stylospores are formed by abstric-
tion in special receptacles known as pyenidia.

The following classification of the Adcomycetes is only pro-
visional. A great number of them, characterized by a peculiar
mode of existence, were formerly regarded as a distinct class, and
known as Lichens; these will be considered separately last of all.
The Ascomycetes proper are commonly divided into four groups.

(a) Erysiphee, or Mildews. The fructification, which is a peri-
thecium, has no hymenium: the asci are distributed apparently
without order in every direction, and are often few in number; the
perithecium, the wall of which often has characteristic filamentous
appendages, opens by irregular rupture, or in some cases not at
all, so that the spores are only liberated by its decay.

Species of the genus Erysiphe and allied genera live on the surface of many
plants, as the leaves of the Rose, the Hop, and others, and form a delicate white
film known as mildew. The hyph® of the mycelium throw out minute processes
as suckers. The fructifications are visible to the naked eye as blackish specks.
The conidia-bearing form of an Erysiphe of which the fructification is as yet
unknown, which has been provisionally named Oidium Tuckeri, lives on the
leaves and young fruit of the grape-vine, causing the well-known vine disease.

To this division belongs & not uncommon mould, Eurotium Aspergillus (Fig.
90): in this form the conidia are abstricted in rows on a spherical swelling of
the fertile hypha which bears the sterigmata. The commonest mould is Peni-
cillium glaucum,but it is doubtful whether it belongs to this group. It bears
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tufts of branched hyphe, on which the conidia are formed in rows (Fig.91). In
this stage it occurs as a greenish grey film covering the substratum on which it
grows, such as moist damp substances and fluids of all kinds. The fructifica-
tion, only lately discovered, is as large as a pin’s head and consists of a mass of
pseudo-parenchymatous tissue which is
traversed and absorbed by the ascogenous
hyph® with the exception of the most
external layer which remains as a wall.

(b) The Tuberacee, or Truffles,
have an underground, more or less
spherical, completely closed perithe-
cium, in which the hymenia bearing
the asci line the surface of labyrinth-
ine passages through the mass. The
sexual organs and any other organs
of reproduction are not known.

Tuber e@stivum, brumale, and other
species are eatable, and are known 88 p. o) povie hypha of Penicillium
Tmﬂies i Elap ho‘mycfc granulatus, 8bout gizuoum, s The rows of conidia ; m part of
the size of a walnut, is not rare. 8 hypha of the mycelium (x 150).

(¢) Pyrenomycetes. The hymenium lines the inner surface of
flask-shaped or spherical receptacles, the perithecia (Fig. 92 C, ep),
which open at the apex. These perithecia occurs singly or in great
numbers on a peculiarly constructed body, the stroma.

- Among the simple forms with solitary perithecia must be mentioned the
genera Spheria and Spherella, many species of which appear on dead leaves as
black spots; Calospheria, which forms its long slender perithecia in groups
on the wood and bark of cherry-trees; Pleospora and Fumago, of which the
mycelium and conidia constitute the black film known as Smut, which occurs
on various parts of plants.

In the compound forms, those, that is, which have a stroma, the stroma
forms warty incrustations or patches of irregular outline, which have a punc-
tuated appearance owing to the numerous openings of the perithecia; Diatrype
. disciformis, which forms black warts as large as peas, belongs to this group,
it is very common on dead boughs; also Nectria cinnabarina, which has a
bright red stroma, and occurs on many kinds of dead wood; Nectsia ditissima
causes 8 disease on the branches of Beech-trees. In other cases the stroma
developes into an upright club-shaped or branched tufted body, like the stromata
of Xylaria, for instance, which ocour very frequently on the trunks of trees;
the conidia often appear as & mealy dust on the upper portion. Claviceps
purpurea, known as Ergot, or officinally as Secale cornutum, also belongs here.
The mycelium of this fungus covers the young ovaries of the Rye or other
cereals which it attacks, and bears conidia which are imbedded in & mucilaginous
substance, forming what is known as Honey-dew. By means of these, other
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plants may become infected. In course of time the fungus pervades the whole
tissue of the ovary, and after it has destroyed it, it forms a hard mass of tissue
of about 1-2 centimetres in length and of a dark violet hue, the sclerotium,
which is known as Ergot. This sclerotium, after it has fallen to the ground,
gives rise in the following year to a few stromata, which resemble little knobs
borne on stalks (Fig. 92 4) ; and the perithecia, which are very numerous, are
imbedded in the tissue at the surface (Fig. 92 B, ¢p). The ascospores which are
developed in these find their way to young Rye plants, and their mycelium,
penetrating through the leaf-sheaths, extends to the flower, where again the
Honey-dew is formed. The various species of Cordyceps infect the larve of
insects.

(d) The Discomycetes differ from the preceding only in that the

F1a. 92. —Claviceps purpurea. A A Sclerotium (c) (x 2) bearing stromata (cl). B Section
ef a stroma ; cp the perithecia. C A perithecium more highly magnified. D An ascus
ruptured, the elongated spores (sp) are escaping. (Sachs.)

hymeniunt covers the surface of the discoid or cup-shaped fructifi-
cation which is an apothecium (Fig. 93 k).

1. The Phacidiace grow upon various parts of plants, to which the small
black fructification is closely attached. Rhytisma Acerinum appears in the
form of round dark spots on the leaves of the Maple. The mycelium is
probably parasitic, but the development of the fructification does not take
place until after the leaves have fallen. The same is the case with Hysterium
nervisequium, which inhabits the leaves of the Silver Fir, with H. macrosporum,
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which inhabits those of the Spruce, and with H. Pinastri, which inhabits those
of the Pine. They cause the leaves to turn brown and to fall off. The apothecia
are somewhat elongated, and cause the rupture of the epidermis.
2. The Pezizacee have fleshy or
waxy oup-shaped apothecia. They
grow upon different substrata, Asco-
bolus upon dung, some species of
Peziza upon earth, others upon parts
of plants (P. Willkommi causes the
so-called cancer of the stems of the
Larch), Bulgaria, with a gelatinous
orbicular fructification, upon dead
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branches.
8. The Helvellacee have usually
club-shaped apothecia, the smooth or

F1ia. 93.—Longitudinal section of the fmcti’-
fication of Pesiza convezula; h the bymenium.
(After Sachs.)

reticulate surface of which is covered by the hymenium. To this group be-
long the (esculent) species of the genus Morchella, the Morell, Helvella, ete.

The Lichens were formerly regarded as a distinct class; but
recent investigations have shown that they are Ascomycetes be-
longing to the Pyrenomy-
cetes and Discomycetes
which are parasitic on
Algm. These Alge are
enclosed in the thallus of
the Lichen, and were for-
merly termed gonidia (Fig.
94 g). The gonidia are
either solitary spherical
green cells belonging to ’
the Palmellacess (Algem),
or they are cellular fila-
ments: if they are of a
red colour they belong to
the genus Chroolepus, if
of & bluish-green they be-
long to the genus Nostoo
cr to some other genus

~

of the Phycochromacese.

They may be either Fio.94—Transverse section of the thallus of Sticta
. s pe fuliginosa (x 500). o Cortex of the upper surface; w
u'regul arly distributed under sarface ; m network of hyphm forming the

throughout the tharlhls, medullary layer; g gonidia; r root-like outgrowths
when it is said to be (rhigines) of the under surface. (After Sachs.)

homotomerous; or they may be arranged in definite layers in the
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mycelium, when the thallus is said to be heteromerous (Fig. 94). The
organs of reproduction belong entirely to the Fungus, and the carpo-
spores are produced in asci. The asci in some cases are contained
in apothecia (in the Discomycetes); in others they are enclosed in
perithecia (Pyrenomycetes) (Gymnocarpous and Angiocarpous
Lichens). 1In these, as in other Ascomjycetes, spermogonia occur:
in the Lichens they are receptacles, probably to be regarded as male
organs, in which spermatia are formed by abstriction. The female
organ, which is termed a carpogonium, is a hypha which forms two
or more coils of short cells in the thallus, and then proceeds straight
to the surface, beyond which the terminal cell projects; the coiled
part is termed the ascogonium, the straight part is termed the tri-
chogyne. It resembles the female organ of the Florides in that it
is multicellular, and the same term is made use of in the two cases.
The spermatia are brought by means of water into contact with the
trichogyne, and the contents of one or more spermatia pass into it.
The result of this fertilisation is the development of an apothecium,
the asci of which are alone developed from the ascogoniumn, whereas
the rest of the apothecium is formed by a special development of
other hyphe lying around it. The trichogyne takes no part in the
formation of the fructifica~
tion. Lichens are also repro-
}‘i‘ duced by means of soredia :
¥ these are small groups of
gonidia invested by hyphsm,
which are set free from the
thallus and grow into a new
individual (Fig. 95).
Lichens grow on trees,
Fia. 95.—A4-D Boredia of Usnea barbata. 4 A rocks, walls, and on the

simple soredium, consisting of a gonidium covered

with & web of hyphs. B A soredium, in which the €arth amongst Mosses: they
gonidium bas multiplied by division. C Agroupof may become completely
simple soredia, resulting from the penctration of . . .
the hyphe between the gonidia. D, E Germinating dried up without ha.vmg
soredia; the hyphm are forming an apex of growth, their vitality destroyed.

and the gonidia are muiltiplying. (After Sachs.) According to the form

and texture of the thallus, Lichens may be arranged in the four
following groups.

(a) Fruticuse Lichens. The thallus grows erect in a shrub-like
manner: its internal structure is the same in all parts; that is,
there is no distinction of an upper and an under surface: the
gonidial layer usually forms a hollow cylinder.
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To this group belong the various species of Usnea (Fig. 96 A), and allied
genera with a cylindrical thallus, which grow on trees. Roccella tinctoria
grows on rocks in regions bordering on the Mediterranean ; from it and other
allied Lichens litmus is prepared. Ramalina and Evernia, with a ribbon-shaped |
flattened thallus, occur on trees and wooden fences; Cetraria islandica is the
Iceland Moss, which forms a mucilaginous fluid when boiled with water.
Anaptychia ciliaris, which resembles the foliaceous Lichens, with a flattened
thallus, is common on the trunks of trees. Cladonia has a scaly decumbent
thallus, from which erect branches spring bearing the apothecia: Cladonia

F1a6. 96.—4 A fruticose Lichen, Usnea barbata, with apothecia, a. B A foliaceous Lichen,
Sticta pul , with apothecia, a (nat. size). (After S8achs.)

JSimbriata is common; Cladonia rangiferina, the Rein-deer Moss, occurs on
moors: Spherophorus has the same external appearance, but it is pyreno-
carpous.

(b) Foliaceous Lichens. The thallus is flattened and adheres to
the substratum: the green (rarely bluish-green) gonidia form a
single layer beneath the upper surface (Fig. 94). The margin of
the thallus is usunally lobed.

Parmelia parietina occurs, with its bright yellow thallus, bearing apothecia, on
tree-trunks and walls, together with other species of a grey colour. Sticta pul-
monacea (Fig. 96 B), has a reticulated yellowish thallus, and grows on tree-
trunks. Peltigera is represented by several species which grow on mossy banks
in woods: the apothecia are borne on the margin of the lobes of the thallus.
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Umbilicaria and Gyrophors, of a dark colour, grow on silicious rocks. Endo-
carpon has a grey thallus with numerous small perithecia, which appear as black
dots: it grows on rocks.

(¢) Orustaceous Lichens. The thallus is usually indefinite in
outline, and can often be scarcely distinguished from the sub-
stratum, the fructification alone being conspicuous.

The numerous species and geners are classified according to the size and form
of the spores and to the structure of the fructification.

(a) Discocarpi : the apothecium is
surrounded by an outgrowth of the
thallus, and in the Lecanorem it is
at first entirely enclosed by it, e.g.,
Lecanora subfusca, common on the
trunks of trees: in the Lecideacem it
is surrounded by a ridge, but is never
enclosed; to this group belong the
common Buellia parasema, oceurring
on tree-trunks, Rhizocarpon geogra-
phicum, which forms bright yellow
incrustations of often enormous ex-
tent on silicious rocks. The apo-
thecia are irregular, sometimes linear
in form (Fig. 97 4 B) among the
Graphidem, the gonidia of which are
the red cells of Chroolepus : Graphis
scripta is common on the trunks of
Beeches. The small Calicies, which
are common on bark, on wooden

G'Fam’:‘ W.—Cru:a;eut;:aumchena. : ;m; B fences, etc., have stalked apothecia,

phis elegans. y magnifie or ag also the Bmomyces (without any

:h':) Wulfons, slightly magnified.  (After ridge) : Beomyces roseus is common
on sandy soil.

(b) Pyrenocarpi. The perithecia are imbedded in outgrowths of the thallus,
either singly or several together, as (Fig. 97 C) in Pertusaria: they project from
the thallus, and are provided with a special black investment in the Verrucaries.

Many species of crustaceous Lichens inhabit the highest peaks of the Alps, on
which no other vegetation is to be seen, and they contribute materially to the
weathering of the rocks. When they grow on the trunks of trees, they occur
more especially upon those which have a smooth surface: the formation of
bark interferes with their growth.

(d) Homoiomerous Lichens. The gonidia belong to the Phyco-
chromaces: the thallus is usually lobed, of a dark colour, more or
less gelatinous, sometimes filamentous.

The latter is the case in Ephebe, which consists essentially of a filamentous
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Alga (Sirosiphon) surrounded by hyphs. Collema is gelatinous (Fig. 98); it
grows on moist earth and on rocks.

10. The USTILAGINEE are parasitic in
the tissues of the higher plants. Their
spores are formed from the protoplasmic
contents of cells of the hyphe, the walls
of which become mucilaginous, and are
usually of a black colour. These cells
occur in great numbers in those parts of
the host, usually the reproductive organs, wye, 95.—A gelatinous Lichen,
which are permeated by the mycelium. Collema pulposum, slightly mag-
Several species infest our Cereals, and nified. (After Sacha)
the seeds become filled with spores. The spores germinate at the
same time as the sound seeds, producing a promycelium which
bears small cells, sporidia; when these germinate their mycelinm
penetrates the young plants and extends into the flowers, where
a fresh formation of spores takes place.

The most important and the most common species are Ustilago Carbo, which
especially attacks Oats, but other Cereals and Grasses as well: U..Maidis,
which produces large tumours in the Maize, filled with spores; Urocystis
occulta, which fructifies in the leaves and haulms of the Rye: Tilletia caries,
the smut of Wheat; this is dangerous because the grains filled with spores
remain closed, and are therefore harvested with the sound ones. Many other
species and genera infest wild plants.

11. The UREDINEE, or Rusts, are also parasites: their mycelium
inhabits the cells of various kinds of plants and usually bears
several kinds of reproductive cells. In most of them small fructi-
fications, termed ecidia, are borne by the mycelium, formed
probably in consequence of the fertilisation of female organs by
spermatia (Fig. 99 I. a and A). They project from the surface of
the infested plant as small cups; the interior is covered towards
the base by a layer of basidia, on each of which there is a row of
cecidiospores, generally of a red colour, which have been formed by
abstriction: the investment of the fructification is formed by the
peripheral rows of scidiospores, which are sterile and which have
become coherent. Besides these ®mcidia, and generally associated
with them, are found the spermogonia (Fig. 99 I sp) in which the
spermatia are developed; in addition to these—but generally at a
different season of the year—two other forms of reproductive cells
occur, which are abstricted from their basidia singly and not in
rows, and the basidia bearing them do not form a definite hymenial
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layer, but irregular groups, which break through the epidermis ot
the host. These cells, which correspond to the conidia of other Fungi,
are, firstly, the uredospores, or “summer-spores” (formerly regarded
as a distinct genus and called Uredo (Fig. 99 III wr); they are
always one-celled, usually of a red colour, and they germinate
without any period of quiescence, by the protrusion of an ordinary

F1e. 99.—Puccinia graminis. I Transverse section of a leaf of Berberis, with secidia (a);
 the wall of the scidia; u lower, o upper surface of the leaf, which has become thickened
atuyin q of the pr of tho parasite; on the upper surface are spermogonia
{sp). A A young scidium which has not yet burst. II Layer of teleutospores (t) on the
leat of Triticum repens; e its epidermis. IIT Part of a layer of uredospores on the same
plant; ur the uredospores ; t a teleutospore, (After S8achs.)

mycelial hypha: by means of these the parasite is conveyed to
other individuals, on which in a few days it produces fresh uredo-
spores. Secondly, there are the teleutospores, or “winter-spores,”
which are mostly black and often many-celled (Fig. 99 IIT¢ and IT);
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they are formed in many species only in the autumnm, and persist
during the winter, germinating subsequently in a peculiar manner.
The hypha produced from the spore, the promycelium, divides into
four cells, from each of which a minute cell, called a sporidium, is
abstricted, which finds its way to a host. These various forms of
reproductive cells usually alternate; thus the mycelium developed
from the mcidiospores produces uredospores, and the mycelium
that proceeds from these (often after several uredospore-bearing
generations have intervened) produces teleutospores; from these
sporidia are developed, which, when they germinate, give rise to a
mycelium producing wcidia. In many species heferecism takes
place ; that is, that this variety of form of the reproductive cells is
connected with a change of hosts. All species, however, have not
8o great a variety of spore-forms. Some Uredines are known in
which the ecidiospores produce @cidia, and others in which the
teleutospores produce a mycelium bearing teleutospores. In other
cases there are grounds for assuming that their life-history is at
present but imperfectly known. They fall into the following
natural subdivisions:

(a) Pucciniee. The teleutospores are ome or more-celled on solitary free
stalks; @cidia and uredospores are also commonly found. To the genus Puec-
cinia, with a two-celled teleutospore, belongs Puccinia graminis (Fig. 99), the
Rust of Wheat; the uredospores (formerly called Uredo linearis) form red
streaks on the leaves and haulms of cereals and grasses; in the autumn the
teleutospores appear in similar streaks, but they are black ; these germinate in
the following spring exclusively on the leaves of Berberis where the mcidia
. appear in red swollen patches (formerly known as Zcidium Berberidis); the
secidiospores are conveyed to Grasses, and there give rise to & mycelium with
uredospores, the Rust. The same processes take place in P. straminis, the
secidia of which are formed on Borages; and P. coronata, the ®cidia of which
are formed on Rbhamnus. These three forms of Rust cannot grow on Grasses
unless their ®cidia have been previously produced in the spring ; hence their
appearance depends on the presence of plants which are suitable for the develop-
ment of the mcidia. Of P, Malvacearum, only the teleutospores are known ; they
are constantly reproduced from the mycelium which they form, so that no
alternation occurs. P. Compositarum has all these different kinds of spores, and
produces them on the same host. Uromyces differs from Puccinia only in having
one-celled teleutospores ; U. Bete is the Rust which grows on the Beetroot :—to
this genus the cidium may probably be referred which is formed in the leaves
of Euphorbia Cyparissias (probably to U. Pisi, the rust of the Papilionaces, or
to U. scutellatus, that of the Euphorbim), and causes a conspicuous enlargement
of them. The &cidium-mycelium is perennial in the rhizome of the Spurge.
Phragmidium, with many-celled teleutospores, is common on the leaves of the
Rose, Blackberry, and others.

(b) Gymnospoiangiee. The teleutospores are two-celled, on stalks which are
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united into a gelatinous mass; the mycelium which bears them is perennial in
the branches of some Conifers, particularly the species of Juniper ; teleutospores
are formed in the spring and germinate on the leaves of Pomaces, on which the
large mcidia, which open in a peculiar manner, are found in summer. Gymno-
xporangium fuscum occurs on Juniperus Sabina, the ecidia (known as Restelia
cancellata) on the leaves of Pears: G. clavarieforme on Juniperus communis,
the mcidia (Restelia lacerata and penicillata) on the leaves of Apples and Haw-
thorns: G. conicum also on J.communis, and the scidia (R. cornuta) on the
Mountain Ash.

(c) Melampsoree. The teleutospores are many-celled, and are united together
into a firm palisade-like layer; the smcidia are for the most part unknown, but
the uredospores of many forms have been found. Melampsora has black layers
of teleutospores; M. salicina, populini, Lini, attack the plants whose names
they bear. Calyptospora Gippertiana occasions conspicuous swellings on the
stems of Vaccinium Vitis Idea. Chrysomyza Abietis, with gold-coloured
teleutospores, appears at the end of April on the second year’s leaves of Spruces,
and, as they germinate, they infect the young leaves. Coleosporium, likewise
with gold-coloured teleutospores, grows on many herbaceous plants. ZEcidium
Pini forms a perennial mycelium in the leaves and bark of Pine-trees, and bears
in the spring its smcidia, which have a white investment; it belongs to Coleo-
sporium Senecionis, & common gpecies, which bears uredospores in the summer
and teleutospores in the autumn on Senecio sylvaticus. The innoculation of
Pines can only be effected by means of the teleutospores formed on Senecio.

(d) The Endophyllee bear only acidia which reproduce themselves without
the intervention of any other form of spore. Endophyllum Sempervivi grows on
the leaves of the House-leek.

(e) Imperfectly-known Zcidia, which do not directly reproduce themselves, and
must therefore possess teleutospores: the relations of these are not as yet
known. To these belong Zcidium elatinum, which inhabits the cortex of the
Silver Fir, and causes large crab-like excrescences, as well as the monstrous
growth of twigs, known as * Witches-brooms,” on the leaves of which the
eecidia appear. Zc. Abietinum occurs on the leaves of the Spruce in mountain-
ous districts. Zec. strobilinum, on the scales of Spruce-cones. Csoma is also
regarded as an scidium ; the hymenial layer is not enclosed by any investment.
C. pinitorquum grows on ‘the branches of young Pines, often on one side only,
8o that they become bent.

12. Basipiomyceres. To this group belong most of the larger
Fungi commonly known as Mushrooms and Toadstools. The
mycelium consists of delicate white strands of hyphe, which per-
vade the substratum upon which it grows, and the part which is
usually recognised as the Fungus is the fructification, that is, the
organ which produces the conidia. It was formerly thought that
this fructification was formed, as in the Ascomycetes, as the result
of a process of fertilisation taking place in the mycelium; but most
careful investigation has failed to detect any trace of a sexual
vrocess; the fructification is simply formed by the outgrowth of
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certain parts of the mycelium. In view of the high organization
of these Fungi, it may be reasonably assumed that sexuality has
here gradually disappeared.
The conidia are formed in or upon the fructification on ba-
sidia, which together
form the hymenium;
the basidinm (Fig. 100
C) usually bears at
its summit four small,
slender  sterigmata,
from each of which
a conidium is ab-
stricted.
(a) The Tremelli-
nee, or gelatinous
Fungi, have basidia
resembling in form
the promycelium of
the Uredinew. The
fructification is soft
and mucilaginous; its
surface is covered by
the hymenium which,
at the time of the
formation of the con-
idia, looks as though
powdered with white
dust.
Tremella mesenterica,
with irregularly furrowed
fructification ; Ezidia du-
ricula Jude, & spongy £
Fungus growing on the the pileus, showing the lamellm, I. B A similar section of
Elder, with & brownish 8 lamells more highly magnified ; hy the hymenium ; ¢ the
fructification  somewhat central tissue called the Tm C A portion of the same
N section more highly magnified (x 660); ¢ young basidia
resembling the shell of an ganq paraphyses ; s the first formation of conidia on & basi-

ear, and others, are not dium; s" more advanced stages; at ¢ the conidia have
rare on rotten wood. fallen off. (After Sachs.)

(b) Hymenomycetes. The structure of the basidia is similar to
that above described; the fructification bears the hymenium on its

upper surface, which is very various in form; the very numerous
forms are accordingly subdivided into:
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1. Thelephoree; the surface bearing the hymenium is extended over the
substratum as a crust, or else forms the smooth under-surface of a hat-shaped
fructification. The simplest form is Ezobasidium Vaccinii, which is parasitic
on the leaves of the Red Whortleberry, and very commonly covers them with a
whitish crust. Corticium forms crusts on the bark of trees; Stereum has a
hat-shaped fructification which, when seen from above, bears some resemblance
to various species of Polyporus, but it has a smooth hymenial surface; it is
common on trunks of trees, palings, etc. .

2. Clavariee. The hymenium clothes the smooth surface of the fructifica-
tion, which is cylindrical, or club-shaped, and often branched. The genus
Clavaria has many species; C. flava has a sulphur-yellow, coral-like fructifica-
tion which is edible (Fig. 101 4).

F1e.101.—4 Branch of Clavaria flava (nat.size). B Fructification of Hyd imbri
st prickles ; s scales of the upper surface ( nat. size). C Longitudinal section through t.he
fructification of a Polyporus; p the tubes clothed with the hymenium ; the tubes show on
the under surface as pores (} nat. size).

8. Hydnee. The hymenium covers prickly projestions of the fructification,
which is either a crust or is hat-shaped, and is either attached laterally or
stalked. Hydnum imbricatum is eatable: other species have a fleshy pileus
with a central stipe (Fig. 101 B).

4. Polyporee. The hymenium clothes the inner surface of tubes, which are
either free or, more often, connected into a layer which covers a portion of the
fructification. The fructification of Polyporus and Trametes is generally
attached laterally, and often of a horse-shoe shape (Fig. 101 C). P. fomentarius
is used in the preparation of what is known in England as German tinder;
P, officinalis is used in medicine as Fungus Laricis; the mycelium of Trametes
Pini attacks the heart-wood of Pines and makes them decay; T. radiciperda
oceurs in the roots and lower part of the trunk of Spruces and Pines, causing
their destruction. Dsdalea occurs on old oaks ; its tubes anastomose and form
a labyrinth. The mycelium of Merulius lacrimans penetrates the timbers of
houses and causes them to decay (Dry Rot). Boletus has a fleshy stalked pileus,
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from which the hymenial layer may be easily separated. Boletus edulis and
scaber are edible ; B. Satanas and others are poisonous.

8. Agaricine. The hymenium clothes special lamelliform outgrowths of the
fructification, which commonly assumes the form of a stalked or sessile pileus.
The stalked forms are either naked from the first, or they are enclosed at an
early stage in an investment which remains after the full development of the
fructification as an appendage of one form or another. An investment which
at first surrounds the whole pileus and stipe, and, at maturity, surrounds the
base -of the stipe like a B
sheath, as in Amanita, is
called a velum wuniversale
(Fig. 102 4 B v): while a
velum partiale only covers
the under surface of the
pileus where the lamell® are
borne, and when this is
fully developed it is repre-
sented only by fragments .
hanging from the margin or
forming a ring round the
stipe (Fig. 102 C a), e.g.,
Agaricus campestris and

procerus : in the Fly-toad- Fie.102.—4 Earl in the development of the
stool, 4“’“‘“ TUSCATINS, ) ctification of ;gra{icrgv:.ﬁnatm'e: v theoselum univer-
both kinds of velum are sale; st the stipe; h the pileus; I the lamellm. B A some-
present fogether. Besides what later stage; v the ruptured velum. C Agaricus
these congpicuous characters melleus: m the mycelium; a the ring formed by the velum
the colour of the conidia is Partisle (} nat. size).

also of importance for distingnishing the species; this is easily discovered by
laying the fructification on white or black paper, which becomes covered with
the conidia which fall out very readily.

The great genus Agaricus (the lamellated Fungi) has lately been subdivided
into several genera. In Coprinus the fructification very soon undergoes dis-
integration, forming a black shiny fluid ; Lactarius contains milky juice (latex).
In Cantharellus the lamell® are prolonged down the stipe. Of edible species.
the following may be named: Cantharellus cibarius, Lactarius deliciosus,
Agaricus campestris, the Mushroom, A. procerus, distinguished by a moveable
ring, and 4. Cesareus : the poisonous species are Lactarius torminosus and
Agaricus or Amanita muscarius. A. melleus has a peculiar mycelium, matted
into strong shining black cords, formerly regarded as the genus Rhizomorpha,
which lives in the bark of trees and kills young Conifers, particularly Spruces
and Pines; it gives off subterranean branches which attack the roots.

The fructification of other species is of a hard leathery or woody consistency ;
these live commonly on old wood; such are Panus, with a small pileus
mounted on an eccentric stipe ; Lenzites, where the pileus is lateral and sessile;
Marasmius, the elegant pilei of which are often seen on the leaves of Conifers
which have fallen off.

(c) Qastromycetes. In these, as the name suggests, the hymenium
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is enclosed within the fructification, the internal tissue of which
forms numerous cavities or chambers, the dividing walls being
known as the frama; the hymenium clothes these cavities, being
attached to the trama. When the fructification is ripe, great
changes commonly take place in this internal tissue, which have as
their object- the dispersion of the conidia; the external wall (peri-
dium) usually consists of two layers. This group is subdivided as
follows, according to the modifications undergone by the internal
tissue and the character of the peridinm.

(a) The Hymenogastree, in which the chambers and hymenium are persistent ;
these are truffle-like underground Fungi.

(b) Lycoperdacee (Puff-balls); only a few strong threads of the internal trama
remain, forming the capillitium, with the isolated conidia between them. In
Lycoperdon the outer peridium scales off, the inner splits open at the top, and
the conidia escape as a cloud of dust. In Geaster the outer peridium splits in
a star-shaped manner and rolls back ; the inner opens by a hole at the summit.

(¢) The Nidulariez have a vase-shaped fructification within which the
chambers become isolated, forming small hard bodies. Crucibulum and
Cyathus are not rare on rotten wood.

(d) The Phalloidee. The peridium consists of three layers, and after they
are ruptured the whole internal tissue is elevated on a stalk and becomes an
ill-smelling mucilaginous mass containing the conidia. Phallus impudicus is
poisonous and occurs among brushwood.

GROUP II.
MUSCINE XE.

In this group we find a sharply defined alternation of generations
which, in certain points, agrees with that of the following group;
a sexual generation—that is, one which produces sexual organs—
alternates with an asexual generation, which produces only spores.
The germinating spore gives rise to the sexual generation (the
oophore), the Moss-plant, in some cases directly, but in most cases
after the formation of a filamentous growth, the protonema. In the
lower forms this generation is a thallus, but in the higher it consists
of stem and leaves, and is capable of repeatedly developing sexual
organs. From each oosphere an individual of the asexual generation
(the sporophore) is developed, which continues to be superficially
connected with the original Moss-plant, and assumes the form of a
stalked capsule which is commonly known as the fruit of the Moss;
this body forms spores, without any ramification or repetition, and
its vital activity ceases with the ripening of the spores.
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_Since Mosses have a distinct stem and leaves, bnt no true roots
nor vascular tissue, they take the lowest rank among the Cormo-
phytes.

The male organs, as in all the higher
Oryptogams, are called Antheridia, the
female, Archegonia. .

The antheridia are spherical, ovate, or

club-shaped bodies, with long or short
stalks (Fig. 103); the external layer of
cells forms the wall, while in each of the
internal cells, which are small and very
numerous, an antherozoid is developed.
The wall ruptures at its apex when it is
moistened, and the mother-cells of the an-
therozoids are set free ; they subsequently
discharge their contents. The anthero-
zoids (Fig. 103 ¢) are spirally-wound fila-
ments thickened posteriorly; the anterior
end is furnished with two delicate cilia
by which they move in the water usually
present in the capillary spaces between
the leaves of Mosses.

The archegomia (Fig. 104) are flask-
shaped bodies, dilated at the base and ter- gy 103 — Funaria hygromets
minating upwards in a long neck. An rica. 4 Anantheridium burst-
axial row of cells is contained in each g‘g;,l‘,‘h:he :2::::2:3:3:"‘:22‘
archegonium ; the lowest cell, which is the strongly magnified; b in the
largest, is the oosphere, and t‘h? ?emainder 3°;‘;f;ﬁ2;;;‘:(98;‘)':“°’°‘°id
are canal-cells : the latter are disintegrated
shortly before fertilisation, so as to form a slimy mass; the four
uppermost cells of the neck, the stigmatic cells (), separate, and
the antherozoids.pass through the opening into the canal and
reach the oosphere, which becomes surrounded by a membrane as
a consequence of fertilisation.

The sexual organs are often solitary, but are also frequently
collected into groups which sometimes consist exclusively of arche-
gonia or of antheridia, but sometimes of both. These groups,
known sometimes as Moss-flowers, are occasionally surrounded by
special investments, the perichatium and the perigynium, consisting
of modified leaves. The hair-like organs which occur at the inser-
tion of the sexual organs in these so-called flowers are the para-

L
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ruptured in different ways according to the family to which the
plant belongs, and the remains cling to the base or to the apex of
the sporogonium.

The sporogonium assumes, sooner or later, the form of a capsule
with a more or less elongated stalk (sefa). Certain layers of tissue
within the capsule give rise to the spores, by division of their cells
into four. In the true Mosses and in the Anthocerotee, a central
mass of tissue is left which does not give rise to spores, and is
called the columella. On the other hand, in many of the Liver-
worts, some cells of the spore-forming tissue do not give rise to
spores, but form the elaters, which are cells usually having a spiral
thickening on their inner surface. The spores are in many cases

Fia. 1068.—Funaria hygromelrica. A Germinating spores; w root-hair ; s exospore. B Part
of a developed protonema, about three weeks after germinating; h & pr bent primary
shoot with brown wall and oblique septa, out of which arise the ascending branches with
limited growth. K Rudimentof a leaf-bearing axis with root-hair(w). (4 x 550, B about90)

capsule splits open, either in segments from the apex to the base,
or irregularly, or the upper part of the capsule comes off like a lid
(operculum) ; in most of the trune Mosses there is an operculum
which, from. the first, is differently constructed to the rest of the
capsule. :

The spores are spherical or tetrahedral; their cell-wall consists
—as also in the following groups—of two layers: an outer and
tougher one, the exospore, and an inner and more delicate one, the
endospore. On germination, the outer layer splits open, and the
cell, surrounded by the endospore, grows and divides, a process
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which in most cases leads to the formation of the protonema, which
is either a network composed of filaments of cells containing chloro-
phyll, or else a flat, green, cellular body. The rows of cells form-
ing the protonema are lateral appendages, which are either limited
(Fig. 106 B b) or unlimited (Fig. 106 B ) in their growth; it is
thus the simplest form of the Moss-plant. This is most conspicuous
in the cases where it passes directly at its apex into a Moss-plant.
More frequently this transition takes place by means of lateral buds
(Fig. 106 B K) which arise at the base of a limited lateral branch.

The branching of Mosses is never axillary; the lateral shoots
usually arise by the side of or below the leaves.

Many of the Mosses have organs for vegetative propagation,
commonly known as bulbils or gemme, and besides these special
organs they are in the highest degree capable of vegetative multi-
plication by simple branching and innovation; indeed, the forms
which are of most frequent and extensive occurrence, e.g., Hyloco-
mium  triquetrum, increase chiefly by these methods and rarely
produce sporogonia. '

The group is naturally divided into two classes which are dis-
tinguished principally by the following characters :—

Class III. Hepaticee (Liverworts). The capsules never open by
the separation of a special operculum; they are either four- or
two-valved, or they open irregularly by the rupture of the upper
portion, or they do not open at all. In most of the orders elaters
are found among the spores; a columella is present only in the
Anthocerotese ; the spores ripen whilst the capsule is still enclosed
in the calyptra. The calyptra clings, after its rupture, to the base
of the capsule: the plant of the first generation is a thallus, or a
stem furnished with leaves, the leaves being formed of only a single
layer of cells; the stem is always bilateral; the root-hairs are
unicellular.

Class IV. Musci (True Mosses) The capsule usually opens by a
distinct operculum; elaters are never present, but the columella
always, at least in the early stages. The calyptra is usually
ruptured by the capsule long before the spores are ripe, and is
elevated upon it. The plant of the first generation is a stem
furnished with leaves which not unfrequently have a midrib of
several layers of cells; the stem is not usually bilateral ; the root-
hairs are multicellular
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Crass IIL—HEPATICAE (LIVERWORTS).

The capsule usually splils into four valves; elaters with spiral
thickening are almost always present, but there is usually no columella ;
the calyptra remains attached at the base of the capsule.

The plant of the first generation, in some of the forms belonging
to this class, is actually a leafless thallus; in others it is a thalloid
stem, furnished with small scale-like leaves; others again have a
stem bearing green leaves. The first two are said to be frondose,
the last foliose. The frondose species cling closely to the surface
on which they grow, and are consequently bilateral, the two sides
or surfaces differing considerably; the cells of the upper surface
contain much chlorophyll and are generally protected by a distinct
epidermis, those of the under surface contain but little chlorophyll
and alone give rise to root-hairs. The foliose forms also frequently
creep over the substratum and exhibit various forms and arrange-
ments of their leaves corresponding to their mode of life. In
correlation with the bilateral structure which obtains throughout
the whole class, the leaves are of two kinds; inferior leaves, which
are inserted upon the side of the stem which is 1n contact with the
substratum, and which are imperfectly developed; these are the
only leaves borne by the frondose Liverworts which have any: in
addition to these leaves (called in the foliose forms amphigastria)
the foliose Liverworts have two rows of luferal leaves, which are
inserted upon each side of the upper surface of the stem.

This class includes four orders.

Order 1. RICCIEE.

The archegonia and antheridia stand isolated on the upper side
of the thalloid stem. The capsule is spherical, usually sessile; it
contains no elaters, and does not rupture.

Riccia fluitans has a beautiful dichotomously-branched stem, and R. natans
a broad lobed stem; they occur occasionally in water; R. glauca and other
species occur on fields.

Order 2. ANTHOCEROTEE.

The thallus, which contains much chlorophyll and is irregularly
branched, creeps on the ground. Tlie archegonia are imbedded in
the upper surface. The capsule is long and thin, like a pod; it
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(a) Anacrogyne. The archegonia are not borne at the apex of
the thallus or stem, but on its upper surface; they are surrounded

by an involucre formed by the stem or thallus: they are usually
frondose.

Metzgeria furcata has & narrow dichotomously-branched thallus consisting of
a single layer of cells, which is traversed by a midrib consisting of many layers;
it grows very commonly on tree-trunks, but it rarely fructifies. Pellia epiphylla
has a broad thallus, consisting of several layers of cells; it is not uncommon
by springs, on damp rocks, ete. Aneura pinguis and other species oceur in
similar localities. Blasia pusilla bas a thalloid stem ; it grows on damp fields
and by ditches.

(b) Acrogyne. The archegonia are situated at the apex of the
stem or of certain branches of it, and are surrounded by a perianth,
that is, by leaves or part of leaves which
form an investment. The stem does not
usually bear inferior leaves, but always two
rows of lateral leaves; these leaves are
either bidentate at the apex, or bipartite,

——

and sometimes (Frullania, Radula) are com- P 'Q‘
pletely divided into two lobes. The inser- €'l
tion of the lateral leaves is at first trans- = g:\@‘
verse to the long axis of the stem, but it § §§
becomes modified by the unequal growth SES
s 2N
of the stem, so that the leaves come to be $ 2
situated either on the lower (folia succuba) s 2
(Fig. 109), or on the upper (folia incuba) o 5
surface of the stem. ~

Jungermannia bicuspidata and many other species w1, 109. — Stem of Plagio-
are common on damp soil and on the trunks of trees. chila asplenivides. a A ripe
Plagiochila, asplenioides (Fig. 109) is not uncommon capsule; b one that has
in mountain woods. Radula complanata has a small ©Pened; p Perianth,
stem, densely covered with leaves, which creeps over tree-trunks and boughs; it
is very common. Frullania dilatata and Tamarisci, with small and elegantly-
branched stems of & brownish or purple colour, also grow on trunks of trees, or
on the earth, in damp, shady places.

—

Crass IV.—MUSCI (TRUE MOSSES).

The capsule usually opens by the removal of a distinct operculum.
Elaters are mever present, the columella always. The calyptra is
usually carried up by the capsule.
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one of the cells of the columella: the calyptra remains at tho
base of the sporogonium.

Phascum cuspidatum, Ephemerum serratwm (Fig. 111 a), and drchidium

phascoides are minute Mosses a few millimetres in helght growing in fields and
ripening their capsules in the spring.

Order 4. Bevixg.

The columella is connected with the capsule both at the top and
at the bottom; it is immediately surrounded by the spore-forming
tissue (Fig. 112 s); between this and the wall of the capsule there
is a large cavity filled with air (Fig. 112 %) traversed by filaments
of cells containing chlorophyll. The cupsule opens by the throwing
off of an operculum, which is from the first constructed differently
to the rest of the capsule. C(ertuin luyvers of cells of the internal
tissue of this operculum remain in connecrion with the walls of the

F16. 113.—Mouth of the theca
of Fontinalis antipyretica. ap
Outer peristome ; ip inner peri-
stome (x 50).

Fi. 112.—Funaria hygrometrica. 4 A young leafy plant (g), with the calyptra (c). B A
plant (g) with the nearly ripe sporogonium: «x its seta; f the capsule; c the calyptra.
C Longitudinal section of the capsule bisecting it symimetrically ; d operculum ; a annulus;
p peristome ; ¢ ¢’ columella ; h air-cuvity ; « the primary mother-cells of the spores.

capsule and constitute the perisfoume, which has a characteristic
form in each different genux. In Teiraphis it consists of four hard
teeth, for which the whole of the internal tissue of the operculum
is utilised ; in most generu there are. 8. 16, 32, or even 64 teeth,
formed by the thickened cell-walls, which are frequently arranged
in two rows, one within the other (Iiz. 113), and which originate
from two different layers of cells. Iu only a few genera, eg.,
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Fontinalis antipyretica floats in water. Neckera crispa, with flat outspreading
leaves, grows on rocks. Thuidium abietinum and other species grow in woods;
they have regular, pinnately branched stems, and very small, closely-set leaves.
Leucodon sciuroides is very common on tree-trunks. Brachythecium rutabulum
is common in woods. Eurhynchium prelongum, with long creeping stems,
occurs in woods and damp gardens. Hypnum cupressiforme is very common on
tree-trunks, and H. cuspidatum and giganteum in bogs and ditches. Hylo-
comium triquetrum is very commonly used for garlands; this and H. splendens,
with remarkably regular ramification, are both common in woods.

GROUP IIL
THE VASCULAR CRYPTOGAMS.

In this group also an alternation of a sexmal with an asexmal
generation occurs; but the relations between the two are exactly
the reverse of those existing among the Mosses. In this group
the plant which springs from the spore and produces the sexual
organs (the oophore) is small and short-lived, usually perishing after

F1e. 115. ~ Prothallium of a Fern:
under side (x 10). ar Archegonia; an
Antheridia ; h root-hairs,

F16. 116,—Antheridium of Adiantum Capillus Venerés (x 650). p Prothallium; a antheri-
dium ; s antherogoid; b the vesicle containing starch-grains.
fertilisation has taken place; it is called the prothallium. The
plant which grows from the fertilised oosphere (the sporophore) is
furnished with a distinct stem and leaves, and it has closed fibro-
vascular bundles and true roots; it commonly persists for several
years and produces spores in regular succession, besides possessing
various means of vegetative multiplication. These morphological
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of the Mosses; that is to say, they consist of a ventral portion,
which is imbedded in the surrounding tissue and is coherent with
it, and of a short neck through which two canal-cells, which subse-
quently undergo disintegration, extend to the oosphere.

However, the prothallia of some orders, such as the Rhizocarpes,
Selaginelles, and Isoétes, differ widely from this in their structure.
These plants, namely, produce two kinds of spores, large spores
called macrospores, and much smaller ones, microspores, and they
are termed heferosporous on this account, in contrast to the
isosporous orders in which the spores are all of one kind.

The macrospore produces a female prothallium (Fig. 118) which
is developed in the spore itself, and only a small portion of it is
exposed at the apex. On this exposed portion it bears one, or a
small number of archegonia (Fig. 118 a).

The microspore produces a merely rudimentary male prothallium,
for the antherozoids are developed from it directly, or at any rate
after it has undergone only a few divisions.

The embryo developed from the fertilised oosphere grows directly
into a plant which subsequently produces spores.

The spores are formed in not very large numbers in the sporangia
by the division into four of the internal cells; and when two kinds
of spores are present they are produced in distinct sporangia—macro-
and microsporangia. The sporangia are small in proportion to the
whole plant, and are developed either from single cells of the epider-
mis of the leaf, or from groups of cells, the external cells of each
group forming the wall of the sporangium, the internal, the mother-
cells of the spores. It is almost always evident that the sporangia
are produced from the leaves; it is onlyin a few instances that they
originate in the axils of the leaves and appear to be formed from the
stem.

The group of Vascular Cryptogams is divided as follows:

Class V. Filicine. The leaves are well developed in proportion
to the stem, and bear the sporangia (which usually
originate from a single cell) almost always collected
into sor: on their margins or on their inferior surfaces ;
the fertile leaves are not confined to any particular
region or branch of the stem.

(a) Isosporous.
Order 1. Filices.
(b) Heterosporous.
Order 2. Rhizocarpeem.
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Class VI. Equisetine. The leaves are small in proportion to the
stem ; they are arranged in whorls, and those of the
barren whorls grow together into a sheath. The fertile
leaves are arranged in numerous closely-set whorls
forming & spike at the apex of the stem; they are
peltate, and bear the sporangia on their under sur-
faces. The sporangia originate from groups of cells.
They are isosporous.

Class VII. Lycopodine. The leaves are for the most part small
and feebly developed ; the fertile leaves are frequently
collected on & distinct portion of the stem. The
sporangia, which are developed from groups of cells,
are almost always solitary in the axils of the leaves
or close to the base of the leaves on its upper side.

(a) Isosporous.
Order 1. Lycopodiece.
(b) Heterosporous.

Order 2. Selaginellee. The stem, which grows
greatly in length, bears numerous small
leaves ; the sporangia are situated in the axils
of the leaves, occasionally they are attached
to some extent to the stem.

Order 3. Isoétee. The stem, which is short,
bears long unbranched leaves; the sporangia
are situated on the upper side of the leaf.

Crass V.—FILICINZ.

The sporangia are usually collected into sori on the edges or under
surfaces of the leaves. The fertile leaves are not confined to a special
region of the stem.

Order 1. Fiuices (FERNs).

The spores are all alike, and produce a large and tndependent
prothallium.

The prothallium is almost always developed on the surface of the
soil, and contains chlorophyll (Figs. 115 and 119). It takes origin
from the spore in the form of a cellular filament which, at a later
stage, generally becomes a broad surface divided anteriorly so as to
be heart-shaped ; it consists of a single layer of cells, excepting at
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that part which bears the archegonia. This region is situated at
the fore part of the heart-shaped prothallium, behind the indentation
(Fig. 115 ar). The antheridia are produced partly at the edge,
and partly posteriorly among the root-hairs
(Fig.115 an), and project as hemispherical
masses of tissue.

The stem is for the most part a strong
underground horizontal or oblique rhizome ;
tree-ferns with tall upright trunks occur
only in the tropics. The internodes are
sometimes elongated, so that the surface
of the stem is visible between the leaves
which are some distance apart, e.g., Pteris
aquiling (the common Bracken) and Phe-
gopteris calcarea; but they may be also
very short, so that the leaves form a close
crown at the apex of the stem, while the me‘”a:‘;‘!":‘:miﬁ;p‘;’;“;;
older portion is closely crowded with the geen from below with young
remains of the leaves that have died off. Fern attached to it; b its first
The stems of the first kind usually branch xf; :th:oi?ih:::: z:dths:c:::
very freely, the branches arising in the axils thallium (about x 3). (After
of the leaves, as in Phegopteris calcarea, or =)
dorsally to them, as in Pteris aquilina : the more leafy stems, on the
contrary, branch less. The leaves are sometimes arranged in two
rows, particularly when the stem is elongated (e.g., Pteris aquilina) ;
and this peculiarity is not unfrequently exhibited, that the two series
of leaves approach each other on the dorsal surface of the stem, e.g.,
Polypodium vulgare ; but they are sometimes arranged in a spiral,
with a considerable angle of divergence. The blade of the leaf is
usually much branched, and in its early growth it is curled spirally
forward on itself into the shape of a crozier (circinate vernation).
The hairs are often conspicuous by their size and breadth, and
frequently completely envelope the young leaves and the growing
part of the stem; they are called pale® or ramenta. The roots
spring usually from the leaf-stalks of those species the stem of
which is very densely covered with leaves, e.g., Nephrodium Filiz-mas;
they form a thick felt-like covering on the trunks of tree-ferns,
which sometimes exceeds the diameter of the stem itself in thick-
ness.

The production of spores is exclusively confined to the leaves, and
it takes place without their mundergoing any important metamor-
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part which bears the sporangia, known as the receptacle (Fig. 1204 ),
which is an elongated, filiform, or short cushion-like structure, and
a cup-shaped, sometimes deeply two-lobed integument, the indusium
(Fig. 120 4 7). In most Ferns the sorus is at some distance from
the margin of the leaf, on the under surface; the indusium then ~
appears as covering the receptacle on one side only (Fig. 120 BD E),
and its form varies in the different genera. The half of the primi-
tively cup-shaped indusium, corresponding to the upper surface
of the leaf, has disappeared (Fig.120 B). In many genera the
indusium has disappeared altogether; the sorus is then said to be
naked (Fig. 120 F). Many Ferns bear the sporangia in a marginal
row which may be supposed to have originated by the coalescence
of contiguous sori. The inferior indusium, in such cases, is usnally
not present: the margin of the leaf covers the sporangia as a so-
called spurious indusium (¥ig. 120 C). Finally, in some Ferns, the
sporangia do not form sori, but are scattered over the whole of the
under surface of the leaf, on the mesophyll as well as on the veins.
The hair-like structures which the receptacle sometimes bears inter-
spersed among the sporangia are known as paraphyses.

The Sporangium (Fig. 121) is a capsule
with a wall of a single layer of cells, and
having a short stalk; it is rarely sessile.
The spores commonly originate from the
repeated division of a single cell which oc-
cupies the centre of the young sporangium ;
in only a few families the sporangium is
developed from a group of cells, of which
the inner cells constitute the mother-cells
of the spores. In direct relation to the
mode of rupture of the sporanginm are
certain cells, which have a peculiar struc- :
ture, and which are much thit.:kene-d; they t“'::;‘i};;gﬁg:;i“’(’;°;‘;’0‘;‘:
form a ring or annulus, which, in some g gtalk; = the ring which ex.
families, is completely closed, and in others ?“‘:’mfxl ;?:;i:m ':;‘:"' ﬁ
not so (Fig. 121 r), or they may be con- ,“,’;’,m,. Only a‘,}::, ofm the
nected in some other form, but in any case spores (sp) are indicated, for the
the aggregate of these cells is spoken of ke °f distinctnces.
as the annulus (Fig. 122 7). The structure of this annulus is an
important characteristic of the various families.

The group of the Ferns includes the following eight families, of
which some are exclusively tropical, and the others, though they have

b
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representatives in temperate climates, attain their most perfect
.development in the tropics.

Family 1. Hymenophyllacee; this contains the simplest forms.
The mesophyll almost always consists of a single layer of cells; the
sorus is always marginal (Fig. 120 A4), the sporangium sessile or
shortly-stalked, and the annulus entire. The prothallium resembles
in structure the protonema of Mosses.

Almost all the species are tropical. Trichomanes radicans and Hymenophyllum
Tunbridgense and unilaterale (or Wilsoni) alone occur in England. Some species
of Trichomanes have no true roots.

Fam. 2. Polypodiacee. The annulus of the stalked sporanginm
is incomplete (Fig. 121 7), that is to say, it is not continuous at the
base : each sporangium is developed from a single epidermal cell.
Almost all our native Ferns belong to this family, which is excep-
tionally rich in species.

The following sub-families may be distinguished, characterized
by the position of the sorus.

(a) Davalliacee. Sorus marginal, or nearly so; indusium cup-shaped (Fig.
120 B). .

(b) Pteridee. Sori coalescent along the margin of the leaf (Fig. 120 C);
indusium spurious. Pteris aquilina, the Bracken, has a stem which grows at
some depth below the surface of the soil and throws up every year a single large
much-segmented leaf (frond). Adiantum, the Maiden-Hair, and Blechnum
(Lomaria), the Hard-Fern, belong to this group.

(c) Aspidiee. Sorus on the lower surface of the leaf, orbicular in form and
covered by a peltate or reniform indusium (Fig. 120 D). Nephrodium Filiz mas,
the male Fern, and other species resembling it, with a thick tufted crown of
leaves, are not rare in woods. Aspidium is the Shield-Fern.. Woodsia and
Cystopteris also belong to ihis group.

(d) Aspleniee. The sorus, which is situated on the under surface of the leaf,
is elongated or linear, and the indusium springs from the vein to which it is
attached (Fig. 120 E). Asplenium Ruta muraria is not uncommon on walls and
rocks; 4. Trichomanes is also abundant, with simple pinnate leaves and a
shining black rachis. 4. Filiz femina is common in damp woods. Scolopen-
drium vulgare, the Hart’s tongue, with entire leaves, is common in damp hedge-
rows and woods.

(¢) Polypodiee. The sorus, which is on the under surface of the leaf, is naked
(Fig. 120 F). In the section Polypodium the leaves are articulated to the stem,
s0 that when they die and fall off they leave a roundish scar: the leaves are
usually borne in two rows on the dorsal surface of the rhizome. Polypodium
vulgare, with simple pinnate leaves, is common on tree-trunks, rocks, etc. In
the section Phegopteris the leaves are not articulated to the stem, so that when
they die fragments of the leaf-stalks remain attached to it.

(f) dcrostichew. The whole underside of the leaf is covered with sporangia.
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Fam. 3. Oyatheacee. Distinguished from the Polypodiaces only
by the presence of a complete annulus.

The tree-ferns belong to this family. Cibotium and Dicksonia have marginal
sori with cup-shaped indusia: Cyathea and Alsophila have their sori on the
under surface of the leaf.

Fam. 4. Gleicheniacee and
Fam. 5. Schizeacee occur only in the tropics.

Lygodium is the most remarkable genus, its pinnate leaves grow to a great
length and twine round supports by means of their midribs,

Fam. 6. Osmundacee. The shortly-stalked sporangia (Fig. 122
B), instead of a ring, have a peculiar group of cells (Fig. 122 B r)
just below the apex; they burst
open by a longitudinal slit on the
side opposite to this (Fig. 122 d).

Osmunda regalis, the Fern-Royal, is a
not very common but well-known Fern.
Only the upper pinn® of the leaves are
fertile and develope little or no meso-
phyll; the sori are marginal and consist
of a great number of sporangia: they
have no indusium, Fig. 122 (4 s).

F1a. 123.—0smunda regalis. A Fertilo

Fam. 7 Marattiacece. The spo- pinna with naked marginal sori (s). Some
. ¢ h . h " mesophyll is, however, developed at the
rangia ol each sorus are coherent, j,qq (g4, size). B A solitary sporangium

and appear as the loculi of & multi- (x200); st the short stalk ; r the annulus;
locular sporangium or synangium ; &elongitudinalslit.

they are not developed each from a single cell, but from a group
of cells. The leaves, which are usually of enormous dimensions,
have large stipules at their base.

Marattia, Kaulfussia, Angiopteris, and Dansa are tropical genera.

Fam. 8. Ophioglossece. This is the most aberrant of the families
of Ferns; nevertheless it is allied to the above-mentioned families
by many features. The prothallium is not a flat layer of cells con-
taining chlorophyll, but a subterranean mass of tissue, containing
no chlorophyll. The stem of the spore-bearing plant is always
short, and in the indigenous species it is subterranean ; it throws up
a single aérial leaf, or two or three simultaneously. The leaves to
be developed in the following year are already formed at the end
of the stem and are enclosed in a sheath formed by the base of the
mature leaf and its stipules. The fertile leaves are distingnished
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are numerous microsporangia with
long stalks (Fig. 124 B ¢ 1), in others
a smaller number of shortly-stalked
macrosporangia (Fig. 124 B a).

Salvinia natans occurs in the warmer
parts of Europe and in the Tropics.

Fam. 2. Marsiliaceee. This family
includes two genera, Marsilia and

F16. 124.—Apical portion of the stem
of Salvinia natans, seen obliquely from
below (nat. size): 11aérial leaves; w w
aquatic leaves, with a sori, ss; k termi-
nal bud of the stem. B Longitudinal
section through three fertile teeth of an
aquatic leaf (x 10); 41 two sori with
microsporangia; a one with macrospor-
angia. (After Sachs.)

Pilularia. The formation of a male
prothallium does not take place; the
whole contents of the microspore undergo
division and give rise directly to a num-
ber of small cells, in each of which an
antherozoid is formed. )
The stem of Marsilia creeps along the - e ke (;u:‘::x
bottom beneath the water (Fig. 125) and nalf). K Terminalbud;bbleaves;
bears on its upper surface two rows of // fructifications springing from
. . . . the petioles.
leaves with long petioles and quadrifoli-
ate laminm. The under surface of the stem bears only roots. The
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fertile leaves branch above their insertion; the one branch is quite
similar to a sterile leaf, the other bears a leguminoid fructification
(Fig. 125 f), which contains several sori enclosed by indusia. This
fructification, like those of the Phanerogams, consists of an infolded
leaf. The sporangia are developed each from a single cell on the
inner surface of the wall of the fructification. Each sorus contains
both macro- and micro-sporangia.

Marsilie quadrifolia occurs in temperate countries, and many other very
similar forms abound in warmer climates.

Pilularia globulifera has narrow bladeless leaves, and the fructification is
globose, but otherwise it greatly resembles Marsilia. It occurs in England.

Crass VIL—EQUISETINA.

The fertile leaves are arranged in whorls and form a spike at the
apex of the stem; they are peltate and bear the sporangia, which are
developed from groups of cells, on their inner surfaces. The spores
are all of one Lind.

This class contains but one genus, Equisetum (the Horsctail).

The prothallium is much branched and corrugated: it bears the
antheridia at the extremities of the lobes, and the archegonia in the
angles between them.

The spore-bearing plant consists of a subterranean colourless
stem which every year throws up green branches which usually die
down in the autumn.. The leaves are represented by an annular
dentate leaf-sheath at each node (Fig. 126 Av). The outer surface
of the abrial internodes is usually not smooth, but striated with
longitudinal ridges and furrows (Fig. 126 B): each ridge corre-
sponds to a tooth of the leaf-sheath. This external configuration
of the stem is intimately connected with its internal structure. The
fibro-vascular bundles are arranged in a circle (Fig. 126 B ), in
each bundle there is a cavity, the lacuna (%), which is formed by
the separation of the annular vessels; the fibro-vascular bundles lie
on the same radii as the ridges on the stem. There are also large
cavities in the cortical tissue which lie internally to the grooves
(¥ig. 126 B f). The pith too is replaced by a large air-space, the
central cavity (Fig. 126 B ¢). The branches spring from the base
of the sheath between the teeth; they are similar in structure to
the main stem.

The fertile branches terminate in a spike (Fig. 126 4 a), formed
of the leaves, which are transformed into peltate scales bearing
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sporangia. The last leaf-sheath below the spike is rudimentary, and
is called the ring or annulus (Fig. 126 A w). The scales stand
in numerous whorls; they have stalks and bear the sporangia on
their internal surface. The sporangia are sac-like and open in-
wards by a fissure (Fig. 126 O sp). The spores arc enclosed by
two coats, the two being
connected at one point
only. The outer mem-
brane splits along a spiral
line into two spiral bands
(elaters) which, when
they are dry, are extended
cross-wise, but roll wup
under the ‘influence of
moisture.

The different species of
Equisetum all inhabit damp
places, bogs, wet fields, and
woods. While some of the
tropical forms attain an im-
mense height and thickness,
and the fossil forms were of
gigantic proportions, our in-
digenous species reach at the
utmost the height of a few
feet, and a thickness of per-
haps half an inch. In E.
arvense and E. Telmateia the Fra. 126.—4 Upper portion of a fertile branch of
fertile shoots appear in the Equisetum palustre. v Leaf-sheaths, below which the
spring before the barren ones, branches (r) spring; w the uppermost sterile sheath ;
and are devoid of chlorophyll, ¢ the spik: ,t 1: tht:e lzlt?t: fee)rtﬂ: :;:1:::1 01; vf:a'ns’vetrl::
while the barren ol'les are :::«;?:asiulueb:ndlesarranéedinacircle,eacsl’x,having
green. E. palustre (Fig. 126), a cavity, k; f the cavities below the groves; r the
limosum, hyemale, etc., bear ridges. C Peltate leaf with sporangia (x 10): st the

their spikes at the extremity stalk; sp the ;pomxiziu 1% Di;mmh“ t:le c;u;rse
rdin: ranched or taken by the fibro-vasc undles where two -
Z;;mncfgdgr:he?o:s & ; ed‘y I nodes meet ; ¢ ¢ the internodes ; k thq node.

vaticum produces fertile shoots which, till the spores are ripe, perfectly resemble
those of E. arvense, which are devoid of chlorophyll, but afterwards they bear
green lateral shoots, in consequence of which they come to be very similar to
the sterile stems.
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Crass VIL—LYCOPODIN A.

The leaves are for the most part small, the fertile leaves often
confined to a particular region of the stem. The sporangia, which are
developed from groups of cells, are almost always borne in the axils of
the leaves or close to the bases of the leaves on their upper sides.

Order 1. LycopPoDpIEE.

The spores are all of one kind, the prothallium large and indepen-
dent. The sporangia are outgrowths from the bases of the leaves, and
are situated in their axils. The stem grows greatly in length and bears
numerous leaves; which are very small in proportion.

The prothallium of Lycopodium is a subterranean mass of tissue
of considerable size which bears archegonia and antheridia.
The stem of the spore-bearing plant grows greatly in length: it
usually creeps on the ground and branches in various planes in an
apparently  dichotomous
manner. The internodes
are short, the leaves are
closely placed in a scattered
spiral, or they are decus-
sate. The roots branch
dichotomously. The spo-
rangia originate from the
tissue of the upper surface
. of the fertile leaves and
project outwards. The
fertile leaves, in some
species, e.g., Lycopodium
Selago, exactly resemble
the sterile ones; in others
they differ from them and
are not green : in this case

F1e. 127.—Portion of Lycopodium clavatum, somewhat they form a sort of spike
smaller than nat. size ; s the fructification, which in L. clavatum

grows on a stalk bearing small leaves (Fig. 127 s).

L. clavatum and annotinum (Club-Mosses), are the commonest species
which occur in our woods. The exotic genera Tmesipteris, Phylloglossum, and
Psilotum (which has no true roots) differ considerably from Lycopodium in their
habit, but are as yet imperfectly known. '
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Order 2. SELAGINELLEE.

The spores are of two kinds; the macrosporangia each contain four -
macrospores, the microsporangia, a great number of microspores; both
Jorms of sporangia are situated in the axils of the leaves. The pro-
thallia are small and project but little from the spores. The stem
grows considerably in length and bears numerous short leaves.

The genus Selaginella has some external resemblance to Lycopo-
dium; the stem branches dichotomously, but always in the same
plane, and often forms a highly complicated branch-system. In some
species the stem creeps on the ground, in others it is mpright and
even shrubby. The internodes are short, and bear short somewhat
rounded leaves, which are usually inserted in four rows and have
different forms on the two sides of the stem, so that each pair of de-
cussate leaves consists of a large inferior leaf and a small superior
leaf (Fig. 128 w and 0). At the base
of each leaf there is a small mem-
branous ligule. The roots branch
dichotomously in alternate planes at
right angles to each other. The spo-
rangia are situated in the axils of the
fertile leaves, which sometimes differ
somewhat in form from the sterile
ones. The microsporangia are usually
higher up on the shoot than the
macrosporangia. Each of the latter o 195 gasginetia hewetica (aat.
contains four macrospores, for only size): sthe upright fertile shoot, with
one of the numerous mother-cells ;‘:’;‘h“fi;mmmﬁ:rﬁ priomptod
divides into four daughter-cells,which 1eaves on the under side (u) are larger
are developed into macrospores. than those on the upper side ().

The prothallinm is formed in the macrospore, just beneath the
apex, whilst itisripening : subsequently, when the spore germinates,
the prothallium protrudes from the apex of the spore, the wall
having ruptured along its three angles, and it there bears one or
more archegonia. The rest of the cavity of the spore is then filled
with a parenchymatous tissue, which may be termed the endosperm
(Fig. 118).

In the microspore tho prothallium is only rudimentary; it is re-
presented by one cell, which undergoes no further changes, whilst
from the others the mother-cells of the antherozoids are formed by
repeated division.
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S. selaginoides is the only indigenous species ; it grows in bogs and marshes,
Several species, such as S, Kraussiana, inequalifolia, etc., are cultivated.

Order 3. IsoiTEx.

The spores are of two kinds; the macrospores are numerous in the
macrosporangia. Both Linds of sporangia are situated at the bases of
the leaves on their upper surface. The prothallium ds small and
projects but little from the spore. The stem remains short and bears
numerous long leaves.

The genus Isoétesincludes aquatic plants which live at the bottom
of lakes, etc. The stem is short; along two or three longitudinal
lines on the stem a considerable growth of the cortical tissue forms
projecting wings, between which the roots are produced. The leaves,
which are numerous, have a well-developed sheath separated from
the long and narrow lamina by a pit, the forea, which bears a ligule
on its upper margin.

The sporangia are situated in this pit; the macrosporangia occur
on the outer leaves, the microsporangia on the inner ones. Both
sorts of sporangia contain cellular filaments among the spores.

The development of the prothallium is similar to that of Sela-
ginella.

Tsoétes lacustris and other species occur in lakes where the water does not con-
tain much lime.

GROUP 1V.
PHANEROGAMS.

The most conspicuous character of this group is the formation of
seeds, which are produced, in consequence of fertilisation, upon the
plant itself, and are detached from it only at maturity. The seed
contains enclosed in its coat, or festa, an embryo,—that is to say, a
young plant. This is usually already so far developed that stem,
leaves, and root are formed to a certain extent, so that after a period
of rest it at once developes, at the time of germination, into an
individual resembling its parent. Besides the embryo, the seed
usually includes a tissue, called the endosperm, which in many orders
is absorbed by the embryo at an early stage before the seed is ripe,
and in a few others is never developed at all.

In the Vascular Cryptogams, the structures which are thrown off
for the purpose of reproducing the plant are unicellular spores, which
more or less directly give rise to the sexnal organs; but in the
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Phanerogams, fertilisation takes place upon the plant (sporophore)
itself, and the structure which is thrown off for the purpose of
reproduction is an embryo invested by parts of the parent plant.

As in many of the Vascular Cryptogams (Equisetum, many Sela-
ginellese and Lycopodiess), the spore-bearing leaves differ in form
from the foliage-leaves, and are collected together on certain regions
of particular short axes, so in the Phanerogams the reproductive
organs are modified leaves which are collected together at the apex
of a short axis. This shoot, the leaves of which are thus modified
to subserve reproduction, is called the Flower.

The most important organs of the flower are the stamens, bearing
the pollen-sacs in which the male
reproductive bodies, the pollen-
grains,are contained (Fig.129 p),
and the carpels, which usually
bear the ovules ; within the ovule
the oosphere is situated (Fig. 129
E).

The stamens, regarded collec-
tively, form the andracitum of
the flower, and the carpels the
gyneecium. In addition to these,
the flower includes other foliar
* organs which, however, are not
directly concerned with repro-

duction: these form the perianth
(Fig. 129 Ke K). When these
three sets of organs are all pre-
sent in a flower, the perianth is
always situated most externally,
that is, at the lowest level npon
the floral axis; then comes the

F16. 129.—Diagram of a Flower. Ke Calyx.
K Corolla; f filament; a anther with two
pollen-sacs in each half, which are opened,
showing the pollen-grains (p). These fall on
the stigma, and the pollen-tube (ps) penetrates
the style (g) as far as the cavity of the ovary
(F), reaching the ovule (S); ¢+ the integument
of the ovule; em the émbryo-sac. E The
oosphere.

andreecium, and finally, nearest to the apex of the axis, the gynce-
cium.

The pollen-grains are formed in the pollen-sacs by the division of
the mother-cells into four. The wall of the pollen-grain consists of
two layers, an external, the extine, which is firm and often covered
with asperities; an internal, the intine, which is very thin: the cell-
contents consist of granular protoplasm, which has been termed
fovilla. In the Angiosperms two or more nuclei are present in the
pollen-grain, and the protoplasm is aggregated round them so as to
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According to the relative position of these three parts, the follow-
ing forms of ovules are distinguished :

a. Atropous or orthotropous, when the nucellus lies in one and the
same straight line with the funicle which is usnallyshort (Fig.1304).

b. Anatropous (Fig.130 B), when there is a curvature at the point of
attachment of the nucellus with its integuments (hilum) to the elon-
gated funicle (raphe), the integunments coalescing with the raphe.

¢. Campylotropous (Fig. 130 C), when the nucellus with its in-
tegument is curved on itself.

One cell of the nucellus increases greatly in size and constitutes
the embryo-sac, within which, at the anterior end of the ovule (that
is to say, the end at which the micropyle is sitnated), is the oosphere :
in Angiosperms this cell is developed directly by free cell-formation
(see p. 205), but in Gymnosperms it is formed indirectly in a special
organ, the corpusculum (see p. 177).

Fertilisation is effected as follows: a pollen-grain falls either
directly upon the micropyle, as in the Gymnosperms, or on to the
apex of the ovary, which is specially adapted to receive it, as in the
Angiosperms, and it then throws out a long tube, known as the
pollen-tube (Fig. 129 ps). This extends to the oosphere (Fig. 129
E) through the micropyle, and the oosphere is fertilised in con-
sequence of the contact. The result of the fertilisation is that this
cell becomes surrounded by a membrane and begins to grow towards
the interior of the embryo-sac, forming a row of cells, the suspensor,
of which the inferior terminal cell forms the embryo by cell-division.

A parenchymatous tissue is developed within the embryo-sac, the
endosperm, in the Gymnosperms before fertilisation, in the Angio-
sperms not until after it. It usually originates by free cell-forma-
tion, isolated cells being formed in considerable numbers which, as
they grow, come into contact and then multiply still further by
division. In rare cases (e.g., Alismacem) the formation of endo-
sperm does not take place. In many plants the endosperm is
displaced and consumed by the developing embryo, so that it has
disappeared by the time that the seed is ripe.

In contradistinction to the endosperm, the term perisperm is ap-
plied to the cellular tissue which is contained within the ovule, but
which lies externally to the embryo-sac: it is in fact a permanent
portion of the nucellus, and it is found in relatively few families of
plants (Fig. 157).

The comparison of the female sexual organs and of the modes of
fertilisation of Phanerogams with those of the Vascular Cryptogams
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through it. The integuments of the ovule constitute the festa of
the ripe seed, and occasionally during the ripening process another
outer integument is formed, known as the arillus, as in the Yew and
the Spindle-tree.

All flowers do not consist of the three parts above-mentioned, the
perianth, the andrcecium, and the gyncecium; the perianth, for
instance, is absent in many flowers. Those flowers which include
both male and female organs are called kermaphrodite, commonly
indicated by the sign ¥ ; but there are many plants in which some
of the flowers (irrespectively of the perianth, which may be present
or absent) possess male organs only, and others female organs only.
Such flowers are called diclinous or unisexual, the former being
male (&) and the latter female ( ). When the flowers of both
sexes are borne by one individual plant, they are said to be mone-
ctous; but when they occur on distinct plants, they are said to be
dicecious : it is permissible in that case to speak of male and female
plants. When the same plant produces both hermaphrodite and
unisexual flowers, it is said to be polygamous.

Plants of which the individual perishes after once producing
flowers and seeds are termed monocarpous ; in rare cases several or
even many years elapse before the blossoming occurs, e.g., Agave
americana. More common are annuals (indicated by the sign ©),
7.6, plants which completé the whole course of their development
in the course of a single year, as the Wheat; or biennials (@),
plants which do not blossom till the second year of their growth,
and then perish, as the Turnip. By polycarpous plants are meant
those of which each individual produces flowers and fruit repeatedly,
year after year; trees and shrubs are thus perennial, and have sub-
aérial woody stems or trunks, and there are perennial herbs and
plants which have underground rhizomes, tubers, etc.

The group of Phanerogams falls into two divisions, the first con-
taining only one class, the second two classes.

A. Qymnospermee. The ovule is naked; that is to say, it is not
enclosed in an ovary, but is attached to a carpellary leaf or simply
to the axis of the flower. The endosperm is developed in the
embryo-sac before fertilisation; the .oosphere is sitmated within
a special organ, the corpusculum.

Class VIII. Gymnospermee.

B. Angiospermee. The ovule is enclosed in an ovary; the endo-
sperm is not formed in the embryo-sac before fertilisation,-and the
oosphere is formed by free cell-formation.
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s0 as to allow the pollen-grains to escape. These always consist of
at least two (Fig. 132 B), and often of several cells, from the largest
of which the pollen-tube is developed. In the course of this pro-
cess the extine is usually ruptured and shed, but in some rare cases,
e.g., in the Cycades, it is pierced by the pollen-tube.

The female flowers are usually prolonged axes, which in some .
cases bear carpels upon which the ovules are inserted, and in others,
bear the ovules directly, carpels not being present. The carpels
are frequently closely packed around the ovules, but they do not
form an ovary.

The ovule is commonly orthotropous, with a very short funicle
and having but one integument. The nucellus is large and the
embryo-sac is at some distance from the micropyle (Fig. 133 e);
the sac becomes filled with endosperm in which, at the anterior end,
several corpuscula are developed (Fig. 133 ¢). Each corpusculum
consists of a neck (Fig. 133 %), which is formed of one or of a
small number of small cells, and of a large central cell, the oosphere
(Fig. 133 ¢). From the structure and arrangement of these organs
it may be seen that the Gymnosperms occupy an intermediate
position between the Phanerogams and the higher Cryptogams.
The embryo-sac corresponds to the macrospore; in this case it gives
rise to a prothallium (the endosperm) without becoming separated
from the parent-plant; on this prothallium several archegonia (the
corpuscula) are produced. The pollen-grains correspond to the
microspores, but they do not here give rise to antherozoids. The
pollen-grains are borne by the wind to the micropyle; they are
conveyed through it by the fluid there secreted to the nucellus, and
they penetrate its tissue by means of the pollen-tubes which they
protrude; each tube makes its way through the neck of a corpuscu-
lum, coming into contact with the oosphere, which is thus fertilised
(Fig.1335). The fertilised oosphere elongates downwards, forming
a suspensor bearing the embryo at its inferior extremity.

The ripe seed always contains endosperm in the midst of which
" the embryo lies longitudinally, its root-end being turned towards
the micropyle (Fig. 131 I'y). The stem bears two or more coty-
ledons arranged in a whorl (Fig. 131 ¢).

The class contains the following three orders:

1. Cycadew. The trunk is rarely branched, or not branched at
all; the leaves are large and much branched.

2. Coniferce. 'The stems are much branched, the branching being
axillary and monopodial ; the leaves are very small and entire.

N
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The embryo has two cotyledons which do not escape from the
seed on germination.
The Cycadem are natives of tropical America; they occur—fewer in number—

in South America and tropical Asia. Cycas revoluta and circinalis, Zamia
muricata and Dion edule are often grown in hothouses.

Order 2. CONIFERE.

The stem branches extensively from the axils of the leaves, but not
Jrom all. The leaves are entire and relatively small.

This order includes the Pines and Firs which are abundant in
temperate climates. A conspicnous feature in their habit is the
regularity of the monopodial branching of the stem. In the struc-
ture of their tissues they exhibit affinity with the Dicotyledons;
the trunk increases in thickmess, as it does in the Dicotyledons, by
means of a ring of cambium; the secondary wood, however, con-
tains no vessels, but consists entirely of wood-cells (tracheides), the
walls of which bear peculiar bordered pits (Fig. 42).

The male flower consists of an elongated axis covered with
stamens of various forms, which bear two or more pollen-sacs.on
their inferior surfaces (Fig. 132 4).

The structure of the female flower differs considerably in the
various families, and in some has not yet been accurately investi-
gated.

The embryo has a conspicuous primary root which grows per-
sistently, and two or more
cotyledons which escape from
the seed and unfold on ger-
mination (Fig. 131).

Sub-order 1. Taxinex. The
ovules are perfectly naked,
there being no carpels. The
flowers are always dicecious;

the embry o has two COty ledons. Fra. 135.—Tazus baccata. A The branch of a
asus bt is tho Yow; tho SPoin b ()l s, 5 Gt
ovules occur singly at the end of which are still visible at the base of the fruit;
very short branches (Fig. 135 B), sthe apparently terminal ovule, with (i) the in-
which bear numerous bracts. The tegument; m micropyle; k nucellus; a a the
fertilised ovule during its matura..tion ;“rg::":; ;ﬁ:h:?nee‘:’ which subsequently
becomes surrounded by an arillus
(Fig. 135 4 f), which, when it is ripe, is red and fleshy. The leaves, which
are spirally arranged, project on two sides from the stem, and are flat and
linear, light green upon the under surface, but destitute of white stripes; by
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The flowers are moncecious: there are two ovules at the base of
each carpellary scale; the ripe seed has winged appendages spring-
ing from the surface of the carpellary scale (Fig.136 0f); the
pollen-grains have usually vesicular expansions of the extine (Fig.
132 B bl) filled with air.

The genus Abies has flat carpellary scales ; the seeds ripen in a single year ;
the leaves, which persist for several years, are arranged spirally only on the elon-
gated shoots. In most species the persistently growing stem bears well-developed
lateral branches in the axils of the leaves belonging to the upper portion of each
year's growth, and less well-developed branches irregularly in the axils of leaves
lower down. The secondary branches develope in the same manner ; the develop-
ment of branches of a higher order takes place especially on the two sides of the
nearly horizontal primary branches.

The male flowers are developed in the axils of certain leaves of the shoot pro-
duced in the previous year.

In the sub-genus Abies, in its restricted sense, the Firs, the acicular leaves are
flat, with two margins, and are marked with white streaks upon the under sur-
face ; the cone stands erect in the axil of a leaf borne by a shoot of the previous
year, at some distance from its apex ; when it is ripe, the bracts and carpellary
scales fall off, together with the seeds, from the axis which persists for a time.
To this genus belongs Abies pectinata, the Silver Fir, the emarginate leaves of
which stand out in a comb-like manner from the branches. A. cephalonica,
which grows in Greece, and 4. Pinsapo, which grows in Spain, both have pointed
leaves. In the sub-genus Picea, including the Spruces, the leaves are prismatie,
with four angles; the cones are developed at the apex of the shoots of the
previous year, become pendulous after fertilisation, and, after the shedding of
the seed, drop off entire. To this group belongs Abies excelsa, the Norway
Spruce. The sub-genus Tsuga (peculiar to North America) has cones like those
of the Sprucesand leaves like those of the Firs, and branches arranged in whorls,
though this is not always evident, as in 4. canadensis (the Hemlock Spruce) and
A. Douglasii.

The cones of the genus Larix, the Larches, resemble those of Abies; the leaves
persist through one season only; they are arranged spirally on the elongated
branches, and in a fasciculate manner on the dwarf-shoots which are developed
in the axils of the leaves of the elongated branches of the previous year; these
dwarf-shoots grow but slightly every year, but they may be transformed into
elongated branches. The male flowers, as also the cones, are situated at the
apex of the dwarf-shoots. The branches are not arranged in whorls but irregu-
larly. L. europea belongs to the Alps and the Carpathians; other species are
found in Siberia and in North America.

The genus Cedrus, the Cedars, differs from Larix in that the leaves, which are
arranged in the same way, persist for more than one year, and in that the seed
takes two years to ripen. C. Libani occurs in Asia Minor, and C. Deodara in
the Himalayas.

In the genus Pinus, the Pines, the carpellary scales have a thickening at their
free ends, presenting on the exterior a rhombic surface, the apophysis. The seed
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takes two years to ripen. The green leaves, which persist for several years, are
borne in groups of two, three, or five, on dwarf-shoots which bear cataphyllary
leaves at their bases, which do not elongate, and which are borne in the axils of
the scaly leaves of the elongated branches of the same year. The primary
branches are arranged in false whorls near the apex of the shoot of any one
year, and the branches of a high order are also arranged in this manner. The
male flowers take the places of the dwarf-shoots at the base of an elongated
branch of the same year; they are closely packed. The cones take the places
of the whorled branches near the apex of the elongated branches of the same
year.

In the sub-genus Pinaster, each dwarf-shoot bears only two green leaves; the
apophysis is rhombic, the seed is winged. To it belong Pinus sylvestris, the
Scotch Fir; the cones are borne upon short stalks and bend downwards ; the
winter-buds are rounded : P. montana occurs in the Alps ; the stem is usually pro-
cumbent, but sometimes erect ; the cones are sessile and are placed horizontally :
P. Laricio occurs in southern Europe, and has pointed winter-buds: P. pinea
is the Stone-Pine of the south of Europe; the seeds are large and edible, with
small wings. The North American sub-genus Teda differs from the preceding
in that the dwarf-shoots bear three leaves. In the sub-genus Strobus, including
Pinus Strobus, the Weymouth Pine, the dwarf-shoots bear five leaves; the
apophysis is semi-rhombic, and the seed is winged. The sub-genus Cembra,
finally, has a large wingless seed, and its cones fall to pieces; to it belongs
Pinus Cembra, the Siberian Stone-Pine, occurring in mountainous districts such
as the Alps and Carpathians.

Fam. 2. Araucariee. The carpellary scale is completely fused
with the bract; the micropyle of the ovule is directed downwards;
the leaves and the scales of the cones are arranged spirally; the
ovules are completely enclosed by the scales; they are trees with
very regular branching ; branches in whorls.

Araucaria imbricata occurs in Chili; 4. ezcelsa on Norfolk Island. Dammara
orientalis, in the East Indies, furnishes the Dammar resin. In Cunninghamia
each scale bears three ovules, whereas in Araucaria and Dammara it bears only
one. '

Fam. 3. Tazodiece. The carpellary scale is completely fused
with the bract; the micropyle of the ovule is directed upwards;
leaves and scales arranged spirally.

Tazodium distichum, the Deciduous Cypress, grows in swamps in the United
States. Wellingtonia gigantea (or Sequoia) is the Californian Pine, remarkable
for its enormous size and for the great age which it attains. Cryptomeria japo-
nica is an ornamental shrub.

Fam. 4. Cupressinee. The carpellary scale is completely fused
with the bract; the micropyle of the ovule is directed mpwards;
the leaves and scalcs are arranged in whorls.
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The leaves are arranged in whorls of two or three, and at their
bases are continuous with the cortex of the branches. The scales
(consisting of the fused bract and carpellary scale) of the cone bear
one or more ovules on their inner surface at the base. In Juniperus
communis and allied species each scale bears only one ovule, placed
somewhat to one side, on its inner surface; so that it appears as if
the three ovules alternated with the three scales. The flowers are
moncecious or dicecious. The embryo usually has only two cotyle-
dons.

In Juniperus (dicecious) the scales of the
cones become succulent when ripe and cohere
to form & berry. In the sub-genus Oxycedrus
(to which J. communis, the common Juniper,
belongs), the leaves are arranged in whorls of
three ; in accordance with this the cone bears
three scales. In the sub-genus Sabina (to
which J. Sabina, J. virginiana, and others be-
long), the leaves are arranged in whorls of
two; in these the cone bears two scales (Fig.
137 4), and each scale bears one or two ovules,
Thuja occidentalis, from North America, ‘is

commonly cultivated. The scales of the cones,
which bear each two ovules, become woody and
the fruit opens like a capsule ; the seed has a
narrow wing. The decussate leaves project
but little from the surface of the branch, and
bear a protruding resin-receptacle. The ulti-
mate shoots branch only in one plane, and
thus come to resemble branched leaves. Biota
orientalis, from China, is similar to the pre-
ceding, but the seed is not winged, and the linear
resin-receptacles are imbedded in the leaves.

£\

.

F16. 137.—4 A young cone of
Juniperus Sabina, seen from above
(mag.); f f the two inferior scales,
each bearing two ovules (s) ; /' ' the
two upper sterile scales. B Young
cone of Juniperus communis after
the removal of the bracts; fff the
three scales (the anterior one turned
down); e the three ovules. C Ripe
cone of the same plant; the three
scales (f) can still be distinguished.

Cupressus sempervirens, the Cypress, has peltate stalked scales on the cones,
bearing numerous ovules. This is also the case in Chamsecyparis, to which
many ornamental shrubs belong, but each scale bears only two ovules. In
Callitris the cone is rounded, and is composed of four scales; the lower broad
scales bear two or three ovules, whereas the upper ones bear only one or they
are sterile,

Order 3. GNETACEE.

The Gnetacese differ from the Coniferse in that the male flowers
are provided with an invest;nent which more or less resembles the
perianth of Angiosperms.

Ephedra distachya is a shrub occurring in Southern Europe; it somewhat re-
sembles an Equisetum, for it has long erect branches and small leaves arranged
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in whorls, and eoherent so as to form sheaths at intervals round the stem. The
flowers are dicecious. Welwitschia mirabilis is & remarkable plant peculiar to
‘Western Africa; it has a very short, thick stem, somewhat resembling & very
large beetrgot, and two large foliage-leaves, in the axils of which dichotomously
branched inflorescences are developed. Both the male and female flowers are
borne in cones ; they are moncecious.

DIVISION B.
ANGIOSPERMA.

The ovules are enclosed in an ovary. The endosperm is formed in
the embryo-sac, after fertilisation, by free cell-formation.

The flowers are for the most part hermaphrodite. The axis of
the inflorescence is usually expanded, forming a receptacle or forus
on which the closely packed floral leaves are arranged either in
whorls or in a spiral. Each of the threc sets of organs—the
perianth, the androecium, and the gyncecium—when the arrange-
ment is spiral, forms one or more turns of the spiral ; when the
arrangement is whorled, each consists of one or more whorls.

The growth of the axis of the inflorescence (excepting in certain
abnormal instances) terminates in the production of the uppermost
series of floral leaves. Buds never occur in the axils of these leaves,
except in the case of monstrosities. The portion of the axis below
the flower is usually prolonged and is called the peduncle, it is
commonly furnished with one or more bracteoles (prophylla).
‘When the peduncle is very short or suppressed the flower is said
to be sessile.

The Perianth is completely absent in comparatively few families,
e.g., Piperaces. In most it consists of two series of organs differing
in their structure and texture; the outer, called the calyx, composed
of the sepals, and the inner, called the corolls, composed of the
petals; when this is the case it is said to be biseriate.. The Sepals
are usually firm in structure, of a green colour, and small in size;
the Petals are more delicate, and are white or coloured, e.g., Rose,
Geranium, Flax. In many cases one or other of these two series
is wanting, although it is-well developed in allied plants: thus
the calyx is wanting in the Composite, and the corolla in Caltha
and Daphne. In the latter case the calyx usually assumes the
texture of the corolla and becomes petaloid. Other plants have
a simple perianth, one, that is, which does not present any dis-
tinction of calyx and corolla, and which cannot be proved to repre-
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sent either the one or the other, when it is spoken of simply as a
perianth. It is usually sepaloid (Stinging Nettle), more rarely
petaloid (Aristolochia). The individual leaves of the perianth may
be either perfectly separate (eleutheropetalous or polypetalous corolla,
eleutherosepalous or polysepalous calyx), e.g., Ranunculus; or they
may cohere from the base upwards, so as to form a longer or shorter
tube, which divides at its upper end into as many teeth or lobes as
there were originally leaves (gamosepalous calyx, gamopetalous co-
rolla) (Fig. 138 4 BCc¢ and Bk); e.g., the Primrose and the Tobacco
plant. In Dianthus (the Pink) the sepals alone are coherent, as also
in Daphne (Fig. 138 D) where the corolla is absent. More rarely
all the leaves of the perianth cohere to form one tube, e.g., the
Hyacinth and allied genera ; the six lobes of the tube correspond
to the three sepals and
the three petals. The
simple perianth also
may consist of separatc
leaves (eleutherophyllous
or polyphyllous peri-
anth), e.g., Amarantus,
or the leaves may be
coherent (gamophyllous),
e.g., Aristolochia.

The degree of division
presented by gamophyllous
perianths into teeth or lobes
is indicated by the same
terms which are used in de-

scribing the incision of the F1a. 138.—Cohorent sepals and petals. 4 Flower of
leaf-blade (page 12). The congoloulus arvensis, with a funnel.shaped corolla (c); and
form of the gamopetalous a 5-partite calyx (k). B Nicotiana Tabacum, with a 5-cleft
eorolla may be campanulate, 10::1?( \(k) ;ct;hbulﬁl' corolla {lf), ?i;h abudisﬁnctnsét:othed

. . i 8). e rotate corolla of Sambucus. mose-
as in the Camp?nula ’,f mf- palous calyx of Daphnc Mezereum ; v the tube ; s the limb.
nel-shaped (or infundibuli-

form), as in the Bind-weed (Fig. 138 4); rotate, as in the Elder (Fig. 138 c).
The upper and lower portions may frequently be distinguished, the lower as

the tube (Fig. 138 B r), the upper expanded part as the limb (Fig. 188 B s).
Other peculiarities of form are connected with the symmetry of the flower

(page 194).

The petal frequently consists of two parts, the claw and the limb,
as in the Pink (Fig. 139 4 B). The Corona (paracorolla) in the
Narcissus and Lychnis is formed by ligular outgrowths from the
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so that the two halves of the anther are widely separated (Fig. 140
B); it may be much elongated and very delicate, so that, with the
filament, it forms a T-shaped body (Fig. 140 C) ; in this plant, the
Sage, the further peculiarity is exhibited that one-half of the anther
is abortive and is modified for another purpose. It is only rarely,
as in Herb Paris, that the connective is prolonged beyond the
anther into a point, or into a bristle, as in the Oleander; the two
halves of the anther then appear to be placed laterally on the
filament.

F1a. 141.—4 Stamen of Allium. B

F16. 140.—Stamen. A, Of Lilium; s fila- Of Vaccinium Myrtillus. C Of Paris
ment; a the anthers. A, Side view. B Of quadrifolia (mag.); S filament; ¢
Tilia; ¢ connective. C Of Salvia; b is the CC tive; a thers; pp
half of the anther that has been modified. dages; p the pores by which the
D Transverse section of the anther of Hyperi- anther opens.
cum (mag.); p the 4 pollen-sacs; ¢ connec-
tive.

The filament is usually round and stalk-like, of a delicate
coloured or colourless tissue; it is occasionally flattened ; when it
is very short the anthers are said to be sessile.

In some plants, eg., Allium (Fig. 141 A), the filament has
appendages; in others, e.g., Erica (Fig. 141 B) and Asclepiades,
the anthers themselves are furnished with appendages, such as
spurs and so forth. In certain plants, as Ricinus and Hypericum,
the stamens, that is to say the filaments, branch, either, like most
leaves, in a plane perpendicular to the median plane, as in Myr-
tacee, or in various directions, as in Ricinus (Fig. 142); an anther
is borne on each of the branches of the filament.

Somewhat similar in appearance, but essentially different in
structure, are the coherent stamens of the Papilionacem and other
plants. The stamens of each flower may be collected into a bundle,
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have a spiral arrangement of their parts, e.g., Nymphsa, there are
intermediate forms between the petals and stamens, so that the
passage from one to the other is gradual.

The pollen-sacs are contained in the anthers, two, commonly, in
each half (Fig. 140 D p); more rarely there is only one, or there
may be four. The pollen is shed by the dehiscence of the anthers,
usually in considerable quantity. The mode of dehiscence of the
anthers is indicated by their structure; some, as in Ericaces, open
by a circular pore at the apex of each half of the anther, but most
of them have a longitudinal slit on the inner side, 7.¢., the side facing
the centre of the flower (éntrorse), or on the outer side (extrorse).

When the pollen-grain reaches
the stigma (see the next section), or
if it is immersed in a solution of
sugar, the intine, or inner coat of
the grain, protrudes one or more
long tubes, the pollen-tubes (Fig.
143 s). The spots at which the .
extine, or outer coat, is thus rup- Fre. 148.—Pollen-grain of Epilobium
tared by the growing cell are JE¥ IR, et I
usually indicated beforehand by where theextine is thinnerin anticipation
some peculiarity of structure such g‘ the formation of the pollen-tube (s),

. . vy 1. eveloped in this case at a.
as a special thinness, or a lid-like
development of the extine, and are also definite in number (1, 2, 3,
4, 6 or more).

The pollen-grains of some Orchids and a few other plants never
separate but remain united in masses (pollinia) corresponding to
the several pollen-sacs.

The Gynecium or Pistil is always the terminal structure of the
flower, occupying the apex of the floral axis. Each of its con-
stituent parts is called a carpel, and in the Angiosperms they form
the ovaries, which are closed cavities containing the ovules. If in
a flower where there are several carpels each of them closes by the
cohesion of its margins, they form so many ovaries; the gyncecium
is then said to be apocarpous (Fig. 144 A), e.g., Ranunculus,
Pwonia, and Butomus; if there is only one carpel (Fig. 144 B), the
pistil is said to be apocarpous and simple ; if several carpels in one
flower cohere and form a single ovary (Fig. 144 O), the gyncecium
is said to be syncarpous, e.g., Poppy and Lily. Intermediate forms
occur in that the carpels may cohere by their lower ends whilst
their upper ends remain free (Fig. 144 D).
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middle, the ovary is multilocular; sometimes the margins turn
outwards again towards the circumference. In these cases the
individual loculi are completely separated, but there are others in
which the margins of the carpels do not extend so far towards the
centre at the upper part as at the lower, but the two marging of
each carpel simply cohere together above; consequently the lower
part of the ovary is polymerous and multilocular, while the upper
part is composed of & number of monomerous ovaries, e.g., Saxifraga
(Fig. 144 D). In all these cases the floral axis may grow up into
the interior of the cavity of the ovary, and when the ovary is
maultilocular the axis may coalesce with the dissepiments.

False dissepiments may be formed in polymerous ovaries by
ingrowths from the internal surface of the carpels; thus the ovary
of the Boraginem and Labiate is originally bilocular, but each
loculus becomes divided into two by a false dissepiment, and when
the fruit is ripe the four loculi separate completely.

F1a.148.—Diagram of, H hypogynous; P perigynous; E epigynous flowers; a axXis; kcalyx;
¢ corolla; s stamens; fcarpels; n stigma; sk ovule.

‘When the axis grows, as is usually the case, equally in all parts,
the gyncecium, being nearest to its apex, is the uppermost part of
the flower. 'When this is the case its insertion is above that of
the stamens and perianth (Fig. 146 H), and the ovary is said to be
superior and the flower hypogynous, as in Ranunculus, Papaver,
Lilium, and Primula. Butin a great number of plants the perianth
and andrceecium are raised by the more vigorous growth of a lower
portion of the axis (as represented by the outer portion of the
torus) and stand on a circular rim surrounding the apex of the axis
which lies at a lower level. Of this condition two different forms
occur :—in the one, the carpels are inserted in the depression at the
apex of the axis (Fig. 146 P), and there form one or more ovaries
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which are invested by the raised rim of the axis; they are quite
free from it, primarily at least, though they may subsequently be-
come adherent to it; in such cases, as in the Rose and Apple, the
flower is said to be perigynous: in the other, the carpels spring from
the upper rim of the cavity which is formed by the axis itself and
simply cover it in at the top; such flowers are said to be epigynous,
and the ovary to be inferior, e.g.,Gourds and Umbelliferz (Fig.146 E).
Many transitional forms between these two extremes are found.

The inferior ovary of epigynous flowers is rarely monomerous,
that is to say, the cavity formed by the axis is but seldom closed by
one carpel only; it is commonly polymerous, but it may be either
unilocular or multilocular; in the latter case, the margins of the
carpels grow down along the internal surface of the cavity.

The Style (Figs. 144 and 147) is the slender prolongation of the
upper part of the carpel: monomerous ovaries have but one style,
polymerous ovaries have as many styles as there are
carpels; these may cohere throughout their whole
length or at their lower parts only, the upper parts
remaining distinct; or they may remain quite free,
and they may even branch. The style originally
arises from the apex of the ovary, but it is frequently
displaced forwards, by the vigorous development of
the dorsal portion of the carpel, on to the inner sides
80 as to appear to be a prolongation of the floral axis.
This is conspicuous in the Boraginacem and Labiate,
where it is surrounded by the four rounded portions
of the ovary which have been already mentioned
(Fig. 222). The style is sometimes very short, and
appears only as a constriction between the ovary

Fie. 147—Gy- and the stigma, as in the Poppy. In some rare
;ﬁ;’;‘? ovoaf,ry:h: cases it is hollow, but it is usually filled with a loose

style; n stigma tissue, called conducting tissue, through which the
(nat. size).

pollen-tube can easily penetrate.

The Stigma (Figs. 144 and 147 n) is the uppermost end of the
carpel; it is distinguished by being covered with papille, or fre-
quently with hairs, and by the secretion of a sticky fluid which
retains the pollen-grains which fall upon it, and which promotes the
development of the pollen-tubes. The stigma is often evidently
distinct from the style, appearing as a lobed expansion; in other
cases it seems to be merely a portion of the style at its end, or
sometimes on its side. In Papaver it is a sessile disk-shaped
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expansion on the upper surface of the ovary; more rarely it is
represented by bands of papille on the ovary itself, when it is said
to be pleurogynous.

The Ovules are always enclosed in the cavity of the ovary either
singly or in larger or smaller number. Usually they may be readily
seen to be appendages of the carpels (Fig. 148 4, B, 0, E), but in
many cases they appear to be special organs developed in the cavity
from the floral axis. However, from careful comparative examina-
tion, it seems that these apparently axial ovules are to be regarded

Fia. 148.—Diagram of the different modes of Placentation. A4 Carpel of Helleborus,
opened along the ventral suture; s the ovules on (g) the marginal placenta. B Transverse
section of the ovary of Nicotiana; fwall of the ovary; q placenta, largely developed by the
union of the margins of the carpels (axile placentation). C Transverse section of the
ovary of Butomus. The ovules are scattered over the whole of the inner surface, except the
midrib, m (superficial placentation). D Longitudinal section of an ovary of one of the Compo-
sitee; fthe wall; the ovule (s) grows from the base by the side of the apex of the axis, a
E Longitudinal section of the ovary of one of the Umbellifers; in each chamber an ovule
is suspended. F Longitudinal section of Rheum; a single ovule grows at the apex of the
floral axis. @ Longitudinal section of the ovary of one of the Primulaces; the ovules
' grow on a prolongation of the axis (free central placentation). Fig. 145 B represents
parietal placentation.

as being originally appendages of the carpels, their position on the
axis being merely the result of a more or less considerable displace-
ment due to the coalescence of the carpels with the axis. That
portion.of the ovary which bears the ovules is called the placenta.
In most cases it obviously belongs to the carpels, and even in cases
of free central placentation (Fig. 148 F, @) it probably does, in part
at least, also (Figs. 145 p, 148 ¢.)
(o]
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The ovules borne by the carpels are usually marginal, that is to
say, the placenta occupies a part or the whole of the longitudinal
margin of each carpel, and bears either a single ovule or a single
row (rarely more than one row) of ovules (Figs. 145 p, 148 4 gq).
In polymerous ovaries the coherent margins frequently undergo a
considerable thickening (Fig. 148 B ¢q). The ovules are more
rarely superficial, that is to say, borne apon the whole interior sur-
face of the carpel, the midrib however usually remaining free (Fig.
148 0).

The apparently axial ovules are developed sometimes on the floor
of the cavity of the ovary (Figs. 129 and 146), sometimes at the side
of the apex of the axis, as in the Composite (Fig. 148 D), some-
times as prolongations of the axis, as in Piperacese and Polygonem
(Fig. 148 F), sometimes on a placenta developed in the cavity of
the ovary at the apex of the axis, as in Primulacese (Fig. 148 G).

The direction of the ovule varies; it may be erect (Fig. 148 D, F),
or suspended (Fig. 148 E), or horizontal (Fig. 148 A), or ascending.

The Nectary is a glandular organ which secretes an odorous or
usually a sweet fluid much sought after by insects. The nectaries
are not distinct parts of the flower, but are developed on the other
organs; thus in Rheum they occur at the base of the stamens; in
the Umbelliferse, as fleshy excrescences on the carpels; and in
Citrus as an outgrowth of the floral axis below the carpels. When
they have the form of an annular wall or & cushion, they are termed
discs (e.g., in Rhamnus). Sometimes, however, certain leaves of
the flower are greatly altered in form and entirely diverted from
their proper functions by the development of the nectaries; this
happens in the Gesneracese to one of the five stamens, to the petals
of Helleborus and Aquilegia, and to one of the petals of Viola,
among many instances.

Relative Position and Number of the parts of the Flower. Sym-
metry of the Flower. The leaves forming the flower, like those borne
by the vegetative part of the stem, are frequently arranged spirally,
and the divergence is most commonly 2, but higher divergences
also occur, especially in the androecium, when numerous small
organs are inserted upon an expanded axis (e.g., Ranunculus). In
the spiral or acyclic flower there is either no well-marked distinction
of the various series, that is, the members of the calyx and of the
corolla and the stamens are connected by intermediate forms (as in
Nymphsea), or the various series are sharply defined, each series
taking up one or more turns of the spiral. In the latter case, if

-
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the divergence is constant, the members of successive turns of the
spiral are superposed, that is, they lie on the same radii drawn from
the centre of the flower : this is well seen in many Urticaces, where
the members of the perianth and the stamens are arranged in a
continuous spiral with a divergence of 2, each series taking up two
turns of the spiral : here the five stamens are superposed upon the
five leaves forming the perianth.

Many cyclic lowers—flowers, that is, the leaves of which are
arranged in whorls—are very closely related to the latter form of
acyclic flowers; this is shown by the fact that these two modes of
arrangement are exhibited not only by the flowers of closely allied
plants, but also by flowers of the same species. In this case, instead
of there being five perianth leaves taking up two turns of a spiral
with a divergence of 2, four or six leaves are present, arranged in
two whorls consisting of two or three leaves respectively. Since
the same arrangement exists in the androecium, these two series of
organs form four regularly alternating whorls, each consisting of
two or three members. The two whorls of the perianth may be
differentiated, as in most Angiosperms, into calyx and corolla, or
they may together form a simple perianth, as in many Mono-
chlamydes.

In other cyclic flowers the alternating whorls consist each of five
- members, and in these cases too, two of the whorls (calyx and co-
rolla) belong to the perianth, the other two to the andreecium. If
instead of five, only four members are present in each, the calyx
usually consists of two whorls each of two members, with which
the whorl of petals alternates. When the perianth is differentiated
into calyx and corolla and two whorls of stamens—consisting of the
same number of members—are present, one whorl of stamens is
opposite to or superposed on the sepals, and the other is superposed
on the petals. Other less frequent modes of arrangement will be
treated of in connection with the plants in which they occur.

‘When cyclic flowers consist of alternating whorls each containing
the same number of members, they are said to be eucyclic. The
number of members in a whorl is indicated by the expressions di-,
tri-, tetra-, penta-merous, etc.; whorls containing the same number
of members are said to be ¢somerous. When the members of a flower
are arranged, some in whorls (usunally in the perianth) and the
others in a spiral (usually in the andreecium), the flower is said to
be hemicyclic.

These various arrangements, as in the case of the arrangement
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by a displacement of such a nature that the inner staminal whorl,
which is normally superposed on the petals, and alternates with the
sepals, comes to lie in the same plane as the outer whorl, or even
externally to it (Fig. 152). °

Hitherto nothing has been said as to the
arrangement of the gyncecinm in the flower, for
it does not stand in such simple relations with
the other series of members as they do to each
other. Very frequently the number of carpels
is smaller than that of the members of the other
series, and in such a case their arrangement ig Fi¢. 16— Floral Dia-

o s . . . gram of Dictamnus: the
quite irregular. If the gyncecium is isomerous ypper (internal) whorl of
with the calyx, corolla, and andrcecium, the stamens(shaded)hasbeen
carpels usually alternate with the inner whorl g;iﬁﬁ:i;z;t:::,:] ﬁ,yw‘;:
of stamens, as in most Monocotyledons (Fig. (external) whorl: the car- -
149). When the above-mentioned displace- gemv; “:::tbf:; a
ment occurs in the androecium, the carpels superposedonthestamens
sometimes alternate with the actually internal ©f the inner whorl.
whorl of stamens, sometimes with the whorl which was primarily
internal.

The number and the relations of the different parts of the flower
may be indicated not by diagrams only, but also by formule,in which,
as in the diagrams, for the sake of clearness, all the peculiarities of
development are overlooked. Thus the diagram (Fig. 149) may be
expressed by the formula K3, C3, 43 + 3, @2, which means that
the calyx K, and the corolla C, each consist of a single whorl of three
members, the androecium of two whorls each of three members, and
the gyncecium of one whorl of three members, all in regular alterna-
tion. When one whorl is superposed on another, the superposition is
indicated in the formula by a line | between the whorls. If
the number of members in any whorl is variable, the letter n is used
instead of a number. Thus, for instance, Kn, Cn, 4n + n, Gn is the
theoretical formula of most Monocotyledons. The absence of a whorl
is expressed by a cypher 0, and of individual members by the number
of those actually present. Thus the formula for the flower of a Grass
(Fig. 150) is KO, 02, A3 + 0, G2, The bracket in which the
number of the carpels of the gyncecium @ is here enclosed, indicates
that the members thus bracketted are coherent. Superior and
inferior ovaries are indicated by a stroke below or above the
corresponding figure, and reduplication by the exponent 2; thus
the diagram (Fig. 151) is represented by the formula K2 + 2,
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O x4, A2 + 23, G2, the x after C indicating that the position
of the petals is diagonal, 7.c., that the four petals alternate with
the four sepals, as if the latter all belonged to the same whorl.
Staminodia may be distinguished by a t before the figure. The
position of the carpels in those cases in which the above-mentioned
displacements of the stamens have occurred is indicated by a |
placed before the number, which means that they are superposed
on the petals. When the perianth is not differentiated into calyx
and corolla, it is expressed by the letter P: thus, the formula for
the flower of Asarum is P3 46 + 6, G5 .

The relations of position between the floral organs and the leaves
which precede them yet remain to be considered. These can be
most readily made out in the case of a lateral flower; of a flower,
that is, the axis (peduncle) of which springs from the axil of one
of the leaves of the main stem, and bears no leaves except the
bracteoles and the floral organs themselves. A plane which passes
through the flower, and also through the main stem and the median
line of the subtending leaf (bract), is termed the median plane or
section of the flower; the plane which cuts this one at right angles
is termed the lateral plane or section ; and the plane which bisects
the angles made by the median and lateral planes is the diagonal
plane or section. By means of these expressions the positions of
the parts of a flower may be accurately indicated ; thus, in speak-
ing of the flower of the Crucifers (Fig. 151), the external whorl
of sepals lies in the median plane, the carpels in the lateral, the
petals in the diagonal. In all floral diagrams the position of the
main axis should be indicated by a dot placed above the diagram ;
the bract, which would be of course exactly opposite to it, need
not be indicated. The side towards the main axis is said to be
posterior, and that towards the subtending leaf, anterior.

Many flowers, most Monocotyledons for instance, have only one
bracteole (prophyllum), which is nearly always placed opposite to
the bract, that is, posteriorly to the flower. When this is the case,
a leaf of the trimerous calyx is placed anteriorly.

If two lateral bracteoles are present (usually indicated as a
and B), as is the case in most Dicotyledons, the sepals, if the calyx
is dimerous, are median ; if the calyx is trimerous or pentamerous
(whether it be whorled or spiral), one sepal is median and posterior.

It is obvious that such a flower as that represented in Fig. 153
can be divided into two symmetrical halves, resembling each other
as an object and its reflected image, in one plane only, and that a
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vertical plane. In this case this plane coincides with the median
plane of the flower.

Flowers which can be divided, like the one in Fig. 153, into two
symmetrical halves in one ‘
plane only (which may or
may not coincide with the
median plane) are said to be
monosymmetrical or zygomor-
phic, and in systematic works
they are termed drregular.
If a flower can be symmetri-
cally divided in more than
one plane, it is said to be
polysymmetrical. In such
flowers two cases may occur:
in the one, the flower is re-
gular or actinomorphic, that
is, the halves produced by all
POSSible sections are Sim'ila'r’ F1a. 163.—~Flower of a Heracleum, with a zygo-
or in other words, the flower morphic Corolla (mag.).
may be divided into a number of similar sectors (see the diagrams,
Figs. 149 and 152); in the other, the halves produced by one
section are unlike those produced by another, and such flowers
also are said to be zygomorphic or irregular. Those flowers are
said to be asymmetrical which cannot be symmetrically divided by
any section whatever.

These expressions apply as well to the relations of position and
number as indicatéd in floral diagrams, asto the form of the perfect
flower. It frequently happens that a flower which is more or less
regular at its first appearance, subsequently becomes zygomorphic,
as in Dictamnus and in the Leguminosse and Labiate; spiral
flowers also, the diagrams of which do not indicate any such
condition, often assume a zygomorphic form, as in Aconitum. The
zygomorphic symmetry of a flower is indicated in its floral formula
by symbols; when the p]ane of symmetry coincides with the
median plane the symbol \// is used, and when it coincides with the
lateral plane the symbol >.

Actinomorphic flowers sometimes occur abnormally, more espe-
cially near the extremity of the axis of inflorescence, in plants the
flowers of which are normally zygomorphic. Such flowers are
said to be peloric.
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Pollination. It is essential, as a preliminary to fertilisation, that
the pollen should be conveyed to the stigma. In a great number
of hermaphrodite flowers, particularly such as are small and incon-
spicuous, the pollen is conveyed to the stigma of the same flower
by very simple means; in some cases the pollen falls on to the
stigma which lies at a lower level than the anthers, in others the
close juxtaposition of the organs allows of its immediate transfer
to the stigma so soon as the anthers open. In certain cases flowers
are so modified as to ensure this self-fertilisation ; instances of this
are found in species of Viola, Lamium amplexicaule, Ozalis Acetosella,
and others; these plants bear, in addition to their ordinary flowers,
others which have an inconspicuous perianth which does not open;
on account of their peculiar structure these flowers are said to be
cleistogamous. In all these cases fertilisation is perfectly effected
by the pollen of the same flower. It is, however, self-evident
that, when flowers are diclinous, the pollen must be conveyed to
the stigma of one flower from another; and it is now known that
in a vast number of hermaphrodite flowers also, pollination is
commonly effected by the transfer of pollen from one flower to
another (cross-fertilisation). The conveyance of the pollen is
effected in the case of a number of plants with inconspicuous
flowers, such as the different Cereals, by the agency of the wind,
when they are said to be anemophilous; but in the case of such
flowers as are conspicuous by their size, colour, perfume, and
by their copious secretion of honey, the insects which visit the
flowers for the sake of the honey, as well as to gather pollen for
food, perform this important function; these flowers are said to be
entomophilous. In some of these cases it has been demonstrated that
it is only the pollen of other flowers which can effect fertilisation,
that the pollen of the flower itself is useless, or even injurious, and
that consequently cross-fertilisation is indispensable. In other
cases the pollen of the same flower, though not absolutely useless,
has far less fertilising power than that of another flower; under
these circumstances cross-fertilisation is advantageous. In other
cases again, the pollen of the flower itself has as powerful a fertilis-
ing effect as the pollen of other flowers, but the superiority of
cross-fertilisation is shown by the greater vigour of the progeny
which are the issue of the crossing of two individuals.

In those flowers to which cross-fertilisation is indispensable or at
least important, the most various contrivances are exhibited for the
purpose of hindering or limiting self-fertilisation on the one hand,
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and on the other of facilitating cross-fertilisation, or finally, in
defanlt of cross-fertilisation, of ensuring ultimate self-fertilisation;
this last, of course, only in those cases in which the pollen of the
flower itself is capable of fertilising it; for it is evident that self-
fertilisation, even if not very advantageous, is at any rate of some
use to the plant.

Among the contrivances for the prevention of self-fertilisation, one
of the simplest is the arrangement of the anthers and stigma in
such positions that the pollen cannot possibly reach the stigma of
the same flower, e.g., Aristolochia (Fig. 154), or secondly, the abor-
tion of all the male organs in some flowers and of all the female
organs in others; in such flowers the organs in question are present,
but they are not functional. This is an approach to the diclinous
condition; it occurs in the Tiger-lily, in which the anthers are
commonly abortive in some flowers and the ovaries in others.
Thirdly, dichogamy frequently occurs, that is, that the stigmas and
stamens attain their functional activity at different times; flowers
in which this occurs are either protandrous, that is, the anthers are
first developed and have already shed their pollen when the stigma
of the same flower is capable of receiving it, or they are profogynous,
that is, the stigma is fully developed before the anthers of the same
flower are ready to shed their pollen: in the latter case sclf-fer-
tilisation is obviously only excluded if the stigma is withered before
the pollen is shed ; there are, however, protogynous flowers in which
the stigma remains fresh for a long time and which may be fer-
tilised by their own pollen. As examples of protandrous flowers,
those of the Umbelliferse, and most of the Composite, Lobeliacez,
and Campanulaces may be mentioned ; and of protogynous flowers,
Aristolochia, Arum, Scrophularia nodosa, and some species of Plan-
tago, but this condition is less common than the preceding.

Among the contrivances which lead to the cross-fertilisation of
flowers by the agency of insects, the means of tempting insects to
visit the flowers, such as bright colours, odours, and the secretion
of honey, must be first mentioned. The peculiar marking of the
flower serves in many cases the purpose of guiding insects to the
nectary.. The form of the flower, the situation of the honey, the
position of the stamens, and their relation to the other parts of the
flower, particularly to the stigma, the relative development in point
of time of the different parts, all these circumstances combine and
co-operate to secure cross-fertilisation, and sometimes to allow of
the visits of particular insects only, as, for instance, of butterflies
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with long probosces, though there are also cases in which the insects
must occasionally convey the pollen to the stigma of the same flower.
A simple arrangement of this kind, known as heterostylism or di-
morphism, and which occurs in the Primulaces, Pulmonarie®, and
others, may be mentioned here. These plants have two kinds of
flowers ; in one form the stamens are short and the style much
longer, so that the stigma projects above the anthers; in the other
form, on the contrary, the anthers are on long filaments above the
stigma, and they are so constructed that the anthers of one form
stand on the same level as the stigma of the other (Fig. 226).
From the position of the nectary, and the form of the rest of the
flower, an insect visiting it is obliged to take up the same position
at each visit; consequently after it has visited a flower of the one
kind, when it visits a flower of the other kind, it touches the stigma
of the latter with the same part of its body with which in the first
flower it brushed the anthers, and thus the pollen which it carried
away with it from the anthers of the one flower is transferred to
the stigma of the other. Observations made by artificially trans-
porting the pollen have shown that fertilisation is most complete
when the pollen of stamens of a certain length is conveyed to the
stigma of a style of the same length. The same is the case with
trimorphic plants, e.g., Oxalis : in these, three forms of flowers occur
with three different lengths of styles and stamens.

As examples of more complicated contrivances for the purpose
of securing cross-fertilisation, Aristolochia and Epipactis may be
described.

The flower of Aristolochia Clematitis (Fig. 154) is protogynous;
insects can penetrate without difficulty down the tube of the
perianth, which is furnished on its internal aspect with hairs which
point downwards, and they thus convey the pollen they have
brought with them from other flowers, to the stigma; the hairs,
however, prevent their return. When the pollen has reached the
stigma, its lobes (Fig. 154 A and B n) spring upwards, and thus
the anthers, which now begin to open, are made accessible to the
insects; these, in their efforts to escape (Fig. 154 1), creep round
the anthers, and some of the pollen adheres to them ; by this time
the hairs in the tube have withered, and the insect escapes, dusted
over with pollen which, in spite of experience, it proceeds to convey
in like manner to another flower. Those flowers which are ready
for fertilisation have an erect position, and the tube of the perianth
is open above so that the insect can readily enter; after fertilisation
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the peduncle bends downwards and the tube is closed by the broad
lobe of the perianth, so that it is impossible for insects to enter
flowers which have been fertilised.

In the flower of Epipactis (one of the Orchidacem), the anther is
situated above the stigma and does not shed its pollen in isolated
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F1e. 164.—~Flower of Aristolochia. A Before,
and B after fertilisation; r the tube of the
perianth; k the cavity below; = stigma; a
anthers; | an insect; kf ovary. (After Sachs.)

F1e. 1556.—Epipactis latifolia. 4 Longi-
tudinal section through a flower-bud. B
Open flower after removal of the perianth,
with the exception of the labellum, . C The
reproductive organs, after the removal of
the perianth, seen from below and in front.
Das B, The point of a lead-pencil (b) in-
serted after the manner of the proboscis of
an insect. E and F The lead-pencil with
the pollinia attached ; fK ovary ; {labellum,
its sac-like depression serving as a nectary ;
n the broad stigma; cn the connective of
the single fertile anther; p pollinia; h the
rostellum; z z the two lateral gland-like
staminodes; ¢ place where the labellum has
heen cut off; s the columnar style. (After
Sachs.)

grains ; but when a certain sticky portion of the stigma, known as
the rostellum (Fig. 155 h), is touched, the entire pollen-sacs, together
with the rostellum itself, are carried away. The insect creeps into
the flower to obtain the honey which is secreted in the cavity of
one of the leaves of the perianth, the labellum (Fig. 155 I), and, as
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it withdraws from the flower, it carries away the rostellum with
the pollen-masses (pollinia). (In Fig. 155 the point of a pencil b
has been introduced into the flower and the rostellum has adhered
to it.) The insect, on entering the next flower, deposits the pollen
upon the stigma.

In the course of frequent cross-fertilisation it is inevitable that
the pollen of other species of plants should be applied to the stigma,
but while the pollen of plants of very different species is wholly
without effect, that of nearly allied species, particularly those
belonging to the same genus in certain groups, has a fertilising
effect ; the result of such fertilisation is hybridisation, that is, the
development of a plant which combines the characters of both
parents to a certain extent, and which is known as a bastard or
hybrid. Hybrids are for the most part sterile among themselves,
but are often fertile when crossed again with a plant of either of
the parent-species or of some allied species. While hybrids are
’ produced with great ease in
certain genera, as Salix and
Cirsium, in others the arti-
ficial production of hybrids
has never yet been found
possible even between very
closely allied species, as the
Apple and Pear.

Fertilisation. After reach-
ing the stigma the pollen-

grains protrude the pollen-

Fm 1.58.—Dnmmm of m.! .ovule 'shortly after i hes which penetrate
fertilisation: a outer, and i inner integument; f .
funicle; k nucellus. 8 Embryo-sac in which B is thmugh the tissue of the

the embryo developed from the fertilised oosphere. style into the ca,vity of the
The sac also contains the endosperm-cells which are
being formed by free cell-formation. P The pollen- ovary, and through the

tube, passing through the micropyle, n. micropyle of each ovule to
its nucellus (Fig. 156 Pn). The time required by the pollen-tube
for this process depends partly on its distance from the ovule and
partly on the specific peculiarities of the plant ; thus the pollen-tube
of the Crocus takes only from one to three days to traverse the
style which is from five to ten centimetres in length; but in the
Orchids, where the length of the style varies from two to three
millimetres, several days, weeks, or even months are needed, and
it is during this process that the ovules are formed in the ovary.

In the Angiosperms the embryo-sac always lies at the anterior
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end of the nucellus, and it sometimes projects from the micropyle.
It usnally contains three cells at its posterior and three at its
anterior end ; the former are the antipodul cells, the latter are the
oosphere with its two sister-cells the synergide. The oosphere be-
comes fertilised, and, in consequence of fertilisation, it becomes
surrounded by a cell-wall, and elongates to form the suspensor, at
the posterior end of which the embryo is developed (Fig. 156 E).
Meanwhile the rest of the sac becomes filled with endosperm ; this
is usually first formed by free cell-formation, but in many cases
it arises by the division of the embryo-sac. Thus the ovule becomes
converted into the seed.

In the endosperm the nutritious substances which will be needed
by the young plant when it germinates, are stored up. In many
seeds the whole or the greater part of the endosperm is absorbed
by the growing embryo; in that case the nutritious substances are
deposited either in the persistent and increasing tissue of the nucellus
(as in Canna and Piper, Fig. 157 B P), which is called the peri-
sperm, or in the germ itself, (v A By

in its cotyledons, which at- W

tain a considerable size (as

in Bean, Horse-chestnut, € y

and Almond, Fig. 157 C). § s A
W

The Fruit. The effect e

of fertilisation is not Fre. 167.—Bections of ripe seeds. 4 Nuz vomica,

: . showing E endosperm. B Piper, showing both endo-
ma'nlfe.Sted only in the sperm, E and perisperm, P. C Almond, devoid of
formation of the embryo endosperm; s the testa; e embryo; w its radicle;

from the oosphere and of ¢ ¢ its cotyledons.
the seed from the ovule; but it extends to the whole of the gynce-
cium, and occasionally even to other parts of the flower.

The word fruit, in its strictest sense, means the whole product of
the development of the gyncecium as a result of fertilisation. If
other pa,rts of the flower take part in the formation of the organ
which is formed in consequence of fertilisation, and which contains
the seed (of what, in short, is commonly called the fruit), it is
termed a spurious fruit. The apple, for instance, is such a spurious.
fruit, for the outer fleshy part belongs to that part of the axis of
the perigynous flower which surrounds the ovaries and which still
bears the sepals (Fig. 245 D). What are called the pips of the
apple are the seeds. Thiskind of spurious fruit is termed a pome.
The strawberry also is a spurious fruit : in it the receptacle, which
belongs of course to the axis, developes largely and becomes fleshy
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developed and bears seeds, as in Valerian and the Oak; the others
are abortive. It happens in rare cases that the fruit becomes per-
fectly formed without any development of seed or embryo, as in a
particular seedless variety of Grape.

In all true fruits the wall of the ovary forms the pericarp or
rind ; this usually consists of three distinct layers; the external

F1a, 160.—Dry dehiscent fruits. A The pod (legume) of the Pea; r the dorsal suture; b
the ventral; ¢ calyx; s seeds. B Septicidal capsule of Colchs 7 le : fffthe tbree
separating carpels. C Siliqua of Brassica; k the valves; w the dissepiment and placentss
(replum); sseeds; g style; n stigma. D Capsule, opening by pores, of Papaver somniferum,
the Poppy; n stigma; j the pores which open by the removal of the valves (a). E Pyxidium
of Hyoscyamus; d the 1id ; w the dissepiment; s seeds.

layer is the epicarp, the middle the mesocarp, and the innermost the
endocarp. The following varieties of true fruits have been distin-
guished by the peculiarities of these three layers of their walls—
whether they are dry or succulent, hard or soft,—and by the mode
* in which the fruit opens to allow the seed to escape.

A, Dry Fruits. The pericarp is woody or coriaceous; the sap
has usually disappeared from all the cells.

1. Dry Indehiscent Fruits, The pericarp does not rupture, but
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encloses the seed until germination ; the testa is usually thin and
frequently coalescent with the pericarp.
(1) One-seeded fruits :

() The nut (glans), e.g., hazel-nut (but not the walnut) ; the
dry pericarp is hard and sclerenchymatous.

(b) The achene (superior): the pericarp is thin and coriaceous;
e.g., the Rose and the Buttercup. The similar fruit
of the Composit® is a cypsela (inferior).

The fruit of Grasses, termed a caryopsis, is very similar to

the achene; it differs from it in that the testa and the pericarp
closely adhere, whereas in the achene they are not adherent.

(2) Many-seeded fruits (schizocarps) : these commonly split into
one-seeded fruits, which usually enclose the solitary seeds until ger-
mination, e.g., the Umbelliferse (Fig. 159), Geraniacese and Maple.

II. Dry Dehiscent Fruits. The pericarp ruptures and allows the
seeds to escape ; the testa is usually firm and thick ; they are com-
monly many-seeded.

(1) Delhiscence longitudinal.

(a) The follicle, consisting of a single carpel which opens
along the ventral suture, where also the seeds are
borne, e.g., Peonia and Illicinm (Fig. 158).

(b) The legume or pod likewise consists of but one carpel
which opens along both the dorsal and ventral sutures
(Fig. 160 4, transverse section Fig. 145 A4): e.g., the
Vetch, Pea, Bean, and many other Leguminose; in
some cases (Astragalus) a spurious dissepiment
occurs. -

The lomentum is a modification of the legume; it is con-
stricted between the seeds, and it is either indehiscent or it

breaks across, when ripe, at the constricted parts. It occurs in
the Hedysarem.

(¢) The siliqua consists of two carpels. The two carpels
when ripe separate from the base upwards into two
valves, leaving the spurious dissepiment (replum)
which remains attached to the apex of the peduncle,
and to the margins of which the parictal placents
are attached; e.g., Rape, Mustard, and most of the
Crucifers (Fig. 160 C).

‘When the siliqua is short and broad, it is termed a silicula,
as in Thlaspi and Capsella. In some cases, as in the Radish,
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the siliqua is jointed and indehiscent, breaking transversely into
one-seeded portions. It resembles the lomentum, and is there-
fore said to be lomentaceous.

(d) The eapsule is derived from a polymerous ovary which
may be uni- or multilocular ; it splits into two or more
valves, either for a short distance only from the apex
downwards, or down to the very base (Fig. 160 B).
If the carpels become separated from each other, and
in the case of multilocular ovaries this involves the
splitting of the dissepiments (Fig. 161 4), the dehis-
cence is said to be septicidal ; if, on the other hand,
each carpel splits along its dorsal suture, the dehis-
cence is said to be loculicidal (Fig, 161 B). In
multilocular ovaries the dissepiments may be per-
sistent and remain either attached to the middle of
the valves (Fig. _
161 B), or united 4 & R
into a column g
which is free
from the valves;
in the latter case

the dehiscence is
said to be septi-
Jragal (Fig. 161 | !
0). v \M/
B c
The capsule is

usually superior, but F1a. 161,—Diagrammaticsections of dehiscent
sometimes, as in capsules. A Septicidal, B loculicidal, C septi-
¢

Iridacem and Cam- fragal dehiscence.
panulaces, it is inferior ; a special term, diplotegium, is applied
to the inferior capsule by some authors.

(2) The form of capsule known as a pyzidium has a transverse
\ dehiscence, e.g., in Plantago, Anagallis, Hyoscyamus (Fig. 160 E);
the upper part falls off like a lid.

(8) The porous capsule, e.g., the Poppy (Fig. 160 D), sheds its
seeds through small holes arising from the removal of small por-
tions of the wall in certain spots.

B. SuccuLest Fruirs. In these the pericarp (or at least some
layers of it) retains its sap until it is ripe, and usually becomes
fleshy at that stage; it is indehiscent.

(1) The drupe (Fig. 162), e.g., the Plum, Cherry, and Walnut.

P
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racemes of most of the Cruciferse the bracts at the bases of the
individual pedicels are abortive, and the same occurs in many
of the Compositee; in the Solanacew and Boragines the bract often
undergoes displacement, so that it appears to be inserted laterally
. upon the axillary shoot ; on the other hand, it sometimes occurs that
the axillary shoot is for some distance adherent to the main shoot.

A long flower-stalk with no leaves or with only a few small bracts,
which bears at its upper end a crowded or a sharply defined inflor-
escence, i8 called a scape.

In accordance with the principles of branching already laid down
on page 20, the different forms of inflorescence may be classified as
follows :

A. Racemose inflorescences : consisting of a main axis or rachis
bearing a number of lateral branches which have been developed
in acropetal succession; the lateral shoots do not usually grow
longer than that portion of the main axis which lies above their
insertion. It is immaterial whether or not the main axis termin-
ates in a flower. If the lateral shoots of the first order—i.e., those
which spring directly from the main axis of the inflorescence—ter-
minate in a flower without any further ramification, the inflorescence
is said to be simple, but if they branch it is said to be compound.

1. Simple racemose inflorescences :

(a) With an elongated axis: the lateral shoots, which are the
pedicels, spring from the axis at some distance from each other. The
three following forms may be distingunished :

(1) The spike, in which the flowers are sessile on the floral axis,
or have very short pedicels (Fig. 163 4) ; e.g., the inflorescence of
the Plantain (Plantago).

The small spikes of the Glumales are termed spikelets (Fig. 171).

(2) The spadiz, which differs from the spike only in having a
thick and fleshy axis; a large bract forming a sheath, called a spathe,
commonly grows at the base of the inflorescence and envelopes it
more or less; e.g., Arum and Richardia.

(3) The raceme, in which the flowers have long pedicels of nearly
equal length; e.g., the Crucifers, as the Radish, Cabbage, etc.; in
these the bracts of the individual flowers are not developed; also
Berberis and others, but not the Grape-vine (below No. 7).

(B) With a short axis; the flowers are set closely together on the
short or flattened main axis.

(4) The capitulum (head) in which the short main axis is conical
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or disc-shaped or even hollowed out, and is closely covered with

sessile flowers (Fig. 163 D); e.g., the Composite, as Dandelion,

Sunflower; also the Scabious. The bracteoles (pale®) of the indi-

vidual flowers (Fig. 163 Dp) are sometimes wanting ; but the whole

head is surrounded at the base by a number of bracts forming an

tnvolucre (Fig. 163 D ¢) which gives the inflorescence the appearance
of being one flower.

(5) The umbel, composed of a large number of flowers with long

[ pedicels which

N spring together

from a very

% short axis which

commonly ter-

& minates in &

F flower (Fig. 163

Od); eg., the

P Umbellifers and

B the Ivy. The

A a bracts of the
F1a. 163.—Diagrams of the varieties of r inflor separate pedj-

A Spike. B Compound raceme. C Compound umbel; d rays .

of the umbel; {involucre; d, secondary rays of the umbellule; cels forming the
i, involucel. D A capitulum ; i involucre ; b flower ; p pales. rays are nsual]y
present in diminished number; they form an involucre.

II. Compound racemose inflorescences are formed when the lateral
shoots which bear the flowers as described above are again branched,
or, in other words, when inflorescences of the types above enume-
rated are united to form a larger inflorescence; for instance, when
several capitula are arranged on the main axis in the same way as
the flowers of a raceme. The same terms are applied to the first
ramification of the compound inflorescence as to the simple ones
described above; the above-mentioned example, for instance, is a
raceme of capitula, and is termed a capitulate raceme. Compound
inflorescences may be classified as follows :

(a) Homogeneously compound; in these the branches of the first
and second (or higher) orders are of the same character.

(6) The compound spike; in this form many simple spikes are
arranged on the main axis of the inflorescence in the same way as
the flowers in a simple spike, or, in other words, the main axis of
the spike gives rise to secondary spikes instead of to single flowers;
e.g., the inflorescence of Wheat, Rye, etc.

(7) The compound raceme; in this case smaller racemes grow on
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the main axis of the raceme; the ramification is in many cases
still further repeated in such a way that it is more complex at the
base of the primary raceme than towards the apex; e.g., the Grape-
Vine (Fig. 163 B).

+ (8) The compound umbel (Fig.163 ¢). This is far more common
than a simple umbel, and is in fact usually called an umbel; the
separate simple umbels (Fig. 163 O d) are then called umbellules
and their respective involucres are ¢nwvolucels.

(B) Heterogeneously compound inflorescences; in these the branches
of the different orders are dissimilar. In consequence of this so
many complicated forms arise that it is impossible to enumerate and
name all the combinations. As examples, the following will only
be mentioned: the capitulate raceme, which consists of a number of
capitula arranged in a raceme; it occurs in many of the Composite
e.g., Petasites: the spicate capitulum, which consists of several
spikes forming & capitulum, as in the Scirpes : the spicate raceme
which occurs in many Grasses, in which the last branches of a
compound raceme are spikes.

B.,Cymose inflorescences. The main axis, which terminates in a
flower, produces below its apex one or a few lateral branches—rarely
several—which also terminate in flowers, but grow more vigorously
than the main axis and repeat the same type of ramification.

I. In the simple cyme the ramification in the secondary and
higher orders follows the same type.

(o) Without a pseud-azis (see page 20).

(9) The cyme: beneath the terminal flower spring several—three
or more—lateral shoots of equal vigour, e.g., many Euphorbiwe
This inflorescence greatly resembles the true umbel, and in fact
cannot be distinguished from a true umbel which has a terminal
flower. The identification of an inflorescence as belonging to the
cymose type depends in many cases on the fact that in the higher
orders of branching the cymes are reduced to dichasia.

(10) The dichasium (Figs. 18 and 19 O) consists of only two
equal lateral shoots arising at the same level below the terminal
flower, and branching in a similar manner. The successive false
dichotomies commonly decussate; e.g., Valerianella and the weaker
inflorescences of many Euphorbise.

(B) With a pseud-azis.

(11) The helicoid cyme (bostryx): the lateral branches of the
successive ramifications always occur on the same side (Fig. 19 D):



214 * PART IV.—THE CLASSIFICATION OF PLANTS.

this is frequently found in Monocotyledons, such as Hemerocallis,
Ornithogalum, Alstreemeria.

(12) The scorpioid cyme (cicinnus) : in this the lateral branches
occur alternately on opposite sides (Fig. 19 4 and B).

Recent researches have shown, however, that in many cases (various Solanacem
and Boraginez) the so-called scorpioid cymes are monopodial; the axis is
therefore not a pseud-axis but a true one, and the inflorescence must be regarded
as a unilateral raceme. '

II. Compound cymose inflorescences arise on one hand from the
reduction of the ramification in the higher orders, as, for instance,
when the secondary members of a cyme are not cymes but dichasia:
these are dichasial cymes; they occur in many Euphorbiz: again.
when dichasia terminate in scorpioid or helicoid cymes. On the
other hand it sometimes occurs that helicoid cymes are combined to
form scorpioid cymes, as in Geranium.

C. Compound racemose and cymose inflorescences. It may occur
that a compound inflorescence changes in type in the different
orders of ramification. Thus the branches of the first order may
exhibit a racemose arrangement, and those of the second a cymose
arrangement, as in the dichasial racemes of many Euphorbie (e.g.,
E. Esula, amygdaloides), in the scorpioid racemes of the Horse-
chestnut, and in the helicoid capitula of many species of Allinm.
On the other hand the branches of the first order may have a
cymose, and those of the second a racemose arrangement; for in-
stance, the helicoid cymes of capitula in Cichorium.

Finally, there are certain terms used in describing inflorescences
which refer only to the general external appearance rather than to
the mode of formation of the inflorescence: thus, the panicle is a
pyramidal inflorescence generally of the racemose type, at least in
its first ramification: the corymb is a compound racemose in-
florescence of which all the ultimate ramifications lie in one plane
and bear flowers, e.g., many Crucifersm: the amentum (catkin) is a
simple or compound inflorescence, usually pendulous and elongated,
bearing inconspicuous flowers, which falls off entire from the plant
* when the flowering is over. Of cymose inflorescences there is the
JSuscicle, consisting of a number of flowers on pedicels of equal length
(Sweet William) ; the glomerule (Nettle and Box) or werticillaster
(many Labiatew), consisting of a few sessile or shortly pedicillate
flowers; and the anthela, which is a compound inflorescence, in
which the branches of the first order are gradually shorter from
below upwards (or rather from without inwards), as in Juncacee.
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The embryo has but one cotyledon ; the endosperm is usually abun-

dant in the ripe seed.

The embryo is usually
small in comparison with
the mass of endosperm
(Fig. 164 Iec). The
axis of the embryo ter-
minates at the posterior
end in a very short ra-
dicle and bears anteriorly
a sheathing cotyledon
which is considerably
larger than the whole of
the rest of the embryo,
and which not unfre-
quently encloses one or
more of the first minute
alternating leaves.

On germination, the
upper end of the cotyle-
don commonly remains in
the seed and absorbs the
nutritious substances de-
posited in the endosperm
(Fig. 164 II-IV.); the
lower part of the cotyle-
don elongates and pushes
the rest of the embryo
out of the seed. In
Grasses the cotyledon has
a peculiar shield-like
form, and is termed the
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Fie. 164.—Germination of Phaniz dactylifera, the Date. I. Transverse section of the
dormantseed. IIL,IV. Different stages of germination (IV. the naturalsize). A Transverse
section of the seed at x z m IV. B Transverse section of the seedling at zy: Catzz. ¢ The
horny endosperm; s the sheath of the cotyledon; st its stalk; c its apex developed into an

orgon of absorption which gradually

the endosp

m and at length occupies its

place; w the primary root; w’ secondary roots ; b b” the leaves which succeed the cotyledon
(b”) becomes the first foliage-leaf; 1 Band Cits folded lamina is seen cut across. (After

Sachs.)
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into complex spiral arrangements, as in Fritillaria and in Palms, in
which plants a crown of leaves is conspicuous. In the Grasses and
a few other families, the phyllotaxis is permanently alternate. A
whorled arrangement of the foliage-leaves occurs but rarely.

The leaves commonly have a distinctly developed sheath but no
stipules. The lamina is usually entire, simple in outline, often long
and narrow, linear or ensiform, more rarely orbicular, cordate or
sagittate. Branched leaves occur only in a few of the Aroides.
The pinnate or palmate leaves of the Palms acquire this form by
the splitting of the originally entire lamina, and the same is the
case with the perforated leaves of many Aroidess.

The venation of the leaves is characterized by the fact that the
weaker veins do not usually project on the under surface. In linear
leaves, and in such as are inserted by a broad base, the stronger
veins run almost parallel; in broader ones, e.g., Lily of the Valley
(Convallaria majalis), they describe a curve which is more or less
parallel to the margin; the weaker veins usually run at right
angles between the stronger ones. In the Scitaminew and a few
other plants, a number of parallel transverse veins are given off at
various angles (sometimes very acute, and sometimes nearly right
angles) from the median vein. Reticulate venation of the leaves
is very unusual; it occurs in Aroids and in Paris quadrifolia.

The flower of Monocotyledons consists typically of five alternating
and isomerous whorls, two belonging to the perianth, two to the an-
dreecinum and one to the gynecium. Thus the typical formula is Kn,
Cn, An + n, Gn, where n in most cases =3, more rarely =2, 4 or 5.
The members of the perianth usually resemble each other in texture.

This type is most closely adhered to in the Liliacese. The first
departure from it is exhibited in the abortion of the inner whorl of
stamens in the Iridesm, and in the inferior position of the ovary.
This latter character occurs also in the Scitamines and Orchidacess,
which are also characterized by the zygomorphism of their flowers
and the considerable reduction of the andreecium.

Other various and considerable reductions of the parts of the
flower occur among the Aroides, and constant reduction in the
Glumales and Typhacese. :

In the case of certain water-plants, development appears to have
been arrested at an early stage. In others, the number of
the members of the gyncecium and to some extent even of the
andreecium i8 not constant, and the spiral arrangement predomin-
ates (Alismaces).
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The simply organized water-plants may be regarded in some
cases as reduced forms, as the Lemnacez, while some seem to be
representatives of a special type, as the Naiades.

The Monocotyledons may be classified as follows :

Sub-class I. NUDIFLORAZE.

Series i. SPADICIFLORZE.
Cohort 1. Potamales.
Order 1. NAADEE.
Cohort 2. Arales.
Order 1. ARroIDEE.
» 2. LEMNACEE.
» 3. PANDANEE.
» 4. CYCLANTHEE.
» 9. TYPHACEE.
Cohort 3. Palmales.
Order 1. PaLuz.
Series ii. GLUMIFLORZE.
Cohort 1. Glumales.
Order 1. GRAMINEZ.
,» 2. CYPERACEE.
Cohort 2. Restiales.
Order 1. ERIOCAULONEE.
» 2. RESTIACEE.

Sub-classII. PETALOIDE A&.
Series i. HYPOGYNZAE.
Sub-series. Apocarpe.

Cohort 1. Alismales.
Order 1. JUNCAGINEE.
» 2. ALISMACEE.
» 3. BUTOMACEE.
Sub-series. Syncarpe.
Cohort 1. Commelynales.
Order 1. XYRIDEE.
5 2. COMMELYNACEE.
Cohort 2. Liliales.
Order 1. LiLIACEE.
5, 2. JUNCACEE.
5 3. PONTEDERIACEER.
Series ii. EPIGYNZE.
Cohort 1. Hydrales.
Order 1. HYDROCHARIDACEX.
Cohort 2. Dioscorales.
Order 1. DIOSCOREE.
» 2. Taccacex.
5, 3. BROMELIACEE.
Cohort 3. Amomales (Scita-
mineze).
Order 1. MusaCEE.
s 2. ZINGIBERACEE.
s 3. MaranTacez (CaN-
NACEE).
Cohort 4. Orchidales.
Order 1. ORCHIDEE.
Cohort 5. Narcissales.
Order 1. IriDEE.
s 2. AMARYLLIDEZ.
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SUB-CLASS I. NUDIFLORA.

Flowers unisexunal or hermaphrodite: perianth wanting, or con-
sisting of scales: ovary superior.

SERIES I. SPADICIFLORZE.

Flowers usually in a spike or spadix with a spathe, sometimes
solitary: anthers usually extrorse, or dehiscing by pores.

Cohort 1. Potamales. Order 1. Nampez. Perianth 0, or of
2-4 segments: stamens 1-4: gyncecium apocarpous, ovaries 1-4,
with usually a single erect or suspended ovule: seed without
endosperm. Water-plants.

In the genus Naias the flowers are solitary or in spikes, and are dicecious:
perianth 0: male flowers with 1 stamen, female flowers with 1 carpel: ovule
erect. N. flexilis is the only British species.

The flowers of Phucagrostis generally resemble those of Naias, but the male
flower has 2 stamens, and the female 2 carpels. This genus is found in the
Mediterranean.

In Zostera, the Grass-wrack, the flowers are unisexual, moncecious, and
without a perianth; they are borne in two rows on one side of a spadix;
stamen 1, carpel 1. Zostera marina and nana are the British species.

Zostera and Phucagrostis live in the brackish water of estuaries; they are
remarkable in that their pollen-grains are filiform.

In Zanichellia, the Horned Pondweed, the flowers are moncecious, and are
golitary or in spikes ; male flower, perianth 0, stamen 1; female flower, perianth
bell-shaped, carpels 4-6. Z. palustris is the only British species.

In Ruppia, the Tassel Pondweed, the flowers are hermaphrodite, and there are
generally two on a spike; formula P0,A42,G4. R. maritima is the British
species.

In Potamogeton, the Pondweed, the flowers, which are hermaphrodite, are in
spikes; general formula P4,42+2,G x4; the stamens are inserted on the
segments of the perianth. This genus is represented in Britain by many
species: in some (P. pusillus) the stem bears only submerged leaves which are
narrow and linear; in others the leaves are somewhat broader (P. densus), and
in others again it bears & few broad leaves which float on the water (P. natans).

Cohort 2. Arales. The flowers are small and numerous, the
inflorescence a spadix or a panicle with thick branches, commonly
enclosed in a greatly developed spathe; the bracteoles of the in-
dividual flowers are frequently wanting; perianth 0, or polyphyl-
lous; the flowers are usually diclinous, but both sexes frequently
occur in the same inflorescence: gyncecium apocarpous or syncar-
pous: the seeds have a large endosperm: the embryo is straight
and minute.
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Order 1. Aromez. Flowers moncecious or hermaphrodite: peri-
anth O or of 4 segments: stamens many or definite: ovary uni- or
maultilocular: fruit a berry.

In many of the genera the flowers are complete and conform to
the monocotyledonous type, Kn, Cn, An+n, G (2), where n may
stand for 3, 2 or 5, as in Acorus (Fig. 166), in which the flowers are
exactly typical. In other genera, however, the flowers are reduced
in various ways and degrees; not only does the perianth disappear,
but the number of the stamens and carpels is frequently diminished.
An extreme case is offered by those diclinous flowers of which the
male consists of only a single stamen, and the female of only one
monomerous ovary. These much reduced flowers are disposed in
regular order on the spadix; thus in
Arum (Fig.167) the numerous female
flowers, consisting each of one carpel
(Fig. 167 f), are inserted on the base
of the spadix, and the male flowers,
each consisting merely of a few sta-
mens, are closely packed higher up
on it (Fig. 167 a). The upper part
of the spadix is covered with rudi-
mentary flowers (b, ¢). When, as in
this case, the perianth of the true
flowers is wholly wanting, the whole
inflorescence may assume the aspect
of a single flower; but irrespectively

Fio. 167.—Spadix of Arum macula- of the numerous intermediate forms
tum (nat. size): f female; a male; Which are to be found, such a view is
and b rudimentary flowers; o the untenable when it is borne in mind
upper club-shaped end of the 8PAAIX. 41,4 here the ovaries are invariably
sitnated below the stamens, while in a flower they are invariably
above them.

The stem may be underground, a tuber, or a rhizome, or it may
be airial; in the latter case it often climbs, clinging to trees by
means of atrial roots. The leaves are either alternate and dis-
tichous or, more often, spiral with a divergence of 2. They are
rarely narrow, linear, or enisform, and commonly consist of sheath,
petiole, and blade; the venation is reticulated, and the leaf often
exhibits a more or less complicated segmentation.

F1a. 160.—Flower of
Acorus Calamus (mag.):
a outer, ¢ inner peri-
anth; st stamens; f
ovary.

Sub-order 1. OrRoNTEZE. Flowers usually hermaphrodite and with a perianth.
Acorus Calamus, the Sweet Flag, originally & native of Asia, is found occa-
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sionally in ponds and ditches in Britain, The underground rhizome bears long
ensiform leaves and a triangular scape bearing a terminal spadix which, how-
ever, is pushed on one side by the spathe which is long and narrow, and appears
as a prolongation of the stalk. The spadix is closely covered with perfect
flowers (Fig. 166).

Sub-order 2. Arex®. Flowers diclinous and without a perianth.

Arum maculatum, the Cuckoo-pint or Lords-and-Ladies, is common in woods
and hedge-rows ; the large green spathe completely envelopes the spadix (Fig. 167).
Richardia ethiopica is a cultivated plant well known under the name of Calla
or Colocasia ; it has a large white funnel-shaped spathe. The species of Philo-
dendron have climbing stems and large leaves which are frequently perforated.

Pistia Stratiotes, a tropical water-plant, is characterized by having the flowers
on the spadix reduced to two, one male flower, and one female flower consisting
of a single carpel; the spadix and spathe are adherent. It appears highly
probable that the Lemnaces, mentioned below, are in fact very simple forms
of this family.

Order 2. LemnaceEz. Stem leafless. Each inflorescence consists
of two male flowers and one female flower borne on a lateral pro-
minence of the stem: the male flowers consist of a single stamen,
and the female flower of one carpel.

Lemna trisulca, polyrkiza, minor and gibba, are known as Duck-weed; they
are common in tanks and ponds, floating on the water. The stem, which is
leafless, is almost flat, resembling a thallus : it bears
two rows of branches (Fig. 168), as also roots on its
under surface which are suspended in the water. Roots
are, however, absent in Wolffia arrhiza, which is also
devoid of fibro-vascular bundles: its flower has no
spathe, and it bears only one row of branches: it is
the smallest known flowering plant.

Order 3. Panpanex. Flowers dicecious,
per.mnth 0; the female flowers each consist of Fra. 168.—Part of & plant
a single carpel; they are closely crowded on of Lemna trisulca, seon from

-the spadix, which becomes a spurious fruit: above: athe young lateral
branches (nat. size).
the male flowers have numerous stamens.

Pandanus utilis, the Screw-Pine, and other species, form thickets in the
tropics, particularly on the banks of rivers. The straight woody stems, which
subsequently branch, give off numerous strong roots which attach them to the
soil, and bear crowns of large narrow linear leaves, the margins of which are
frequently set with sharp spinous teeth. The tough fibro-vascular bundles are
used for the manufacture of fabrics.

Order 4. CycrantHEZ. Plants of a palm-like habit in Southern
and Central America; the flowers, which usually have a perianth,
are disposed on the spadix in regular spirals: they are moncecious.
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The leaves of Carludovica palmata are applied to various purposes, e.g.,
Panama hats are woven of them.

Order 5. TypHAcEE. Flowers moncecious, the perianth repre-
sented only by scales or hairs. Stamens 1-6. Ovary monomerous
containing one ovule. Inflorescence a spadix, without a spathe,
elongated or compact.

In Sparganium, the Bur-reed, the inflorescences are spherical spikes which
are borne terminally and laterally in two rows on the upper part of the stem.
The lower spikes bear only female and the upper only male flowers ; the perianth
consists of scales; stamens 2-3, free. Sparganium simplex and ramosum are
not rare in ditches.

Typha, the Reed-mace or Bulrush, bears its flowers on a long terminal spadix ;
the male flowers are borne at the upper and thinner portion directly on the main
axis ; on the lower and thicker portion are borne the female flowers, which grow
partly on the main axis and partly on very short lateral shoots; the perianth is
replaced by long hairs; stamens 3, monadelphous. Typha angustifolia and
latifolia occur in bogs and wet places.

Cohort 3. Palmales. Order 1. Paumz. The flowers are dicecious
or moncecious, rarely hermaphrodite or polygamous, and they
generally conform to the type K3, 03, 43 + 3,
G2 : in rare instances a larger or a smaller
number of stamens are present: anthers some-
times introrse: carpels, in rare cases, only two
or one: ovary monomerous, or polymerous with
from one to three loculi. The flowers are in-
serted with or without bracteoles on a spadix or
on the thick axis of a spicate or paniculate in-
florescence (Fig. 169).

Their mode of growth is somewhat various.

Most Palms bear their leaves closely arranged

Fre. 169.—Part of the . .
female panicle of Cha. 1D & CTOWN at the top of a tall or of a quite short
memdorea: s the thick stem, which is clothed for some distance below
::‘:; t:e';::e;’::f::;zi’l its apex with the remains of the older withered
of the perianth; fovary leaves. But in some genera, e.g., Calamus, the
(x3)- stems creep or climb and the leaves are inserted
at some distance from each other. The blade of the leaf commonly
splits in the course of its growth, assuming a palmate or pinnate
form.

Palms chiefly inhabit the tropics, particularly the Moluccas,
Brazil, and the region of the Orinoco.

Pheaniz dactylifera (the Date Palm), a native of Asia and Africa, has pin-
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natifid leaves. Of the three ovaries, one only developes to form the fruit which
is known as the date ; the stone of the date consists of & very thin testa enclosing
the large mass of endosperm in which the embryo is imbedded. Cocos nucifera
(the Cocoa-nut Palm) has, as is well known, many uses. The fruit itself is a
gigantic drupaceous fruit ; the mesocarp is traversed by an immense number of
fibro-vascular bundles, which are used to make ropes, etc. Inside the exces-
sively hard wall of the fruit itself, the endocarp, lies a single large seed. When
the fruit is mature, the endosperm forms & layer only a few millimetres in thick-
ness, which limes the hard shell ; the rest of the space is filled with fluid, known
as cocoa-nut milk, The embryo, which is small, is imbedded in the firm tissue
of the endosperm, under the spot where there is a hole in the endocarp. Sagus
Rumphii, belonging to the Moluccas, yields 8ago, which is in fact the starchy
parenchyms of the stem. Elais guineensis is the Oil-Palm of West Africa;
the mesocarp of the plum-like fruit yields the oil. The stems of various species
of Calamus constitute the so-called Spanish cane. The large and very hard
endosperm, with much-thickened cell-membranes, of Phytelephas macrocarpa, is
used in turnery, and is known as vegetableivory. Chamerops humilis, the Fan-
Palm, is found in Southern Europe and Northern Africa. Livistona australis is
frequently cultivated for the sake of its graceful, fan-like, palmatifid leaves.

SERIES II. GLUMIFLORZ.

Flowers hermaphrodite or unisexual, usually in heads or spikelets
invested by imbricate bracts or glumes: ovary uni- or multilocular,
with one ovule in the loculus: seeds with endosperm.

Cohort 1. Glumales. Ovary unilocular: ovule erect.

Order 1. GramiNex. True Grasses. The leaves are alternate
on the stem, which is known as the haulm; the embryo lies on the
side of the endosperm (Fig.165). The usually hermaphrodite flowers
are referable to the formula K0, (2,43 + 0, G2; they are enclosed
by bracts here

e L] o
termed  palec, ¢ B . 4
and are arranged
in complicated @
inflorescences;
the perianth-
leaves assume

the form of Fra. 170.—Diagrams of Grass-flowers. 4 Bambusa. B Common

type of Gramines. C Nardus.
small scales P

termed lodicules ; the unilocular ovary contains only one ovule; the
grain is the fruit, a caryopsis, to which the two palew sometimes
adhere, e.g., Barley and Oats.

A flower of this composition is sessile in the axil of a bract, which
is termed the inferior or outer palea (Fig. 171dy, by...), and there is
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Sub-order 1. CrisantHEZ. Spikelets closed in flower: styles or stigmas
long, protruding beyond the apex of the inferior palea.

Tribe 1. Panicee. Spikelets dorsally compressed, 1-flowered: glumes 3, of
which the lowest is the smallest.

Panicum glabrum (Digitaria humifusa), P. (Echinochloa) Crus-galli, and P,
(Setaria) viridis occur occasionally on cultivated land.

Tribe 3. Phalaridee. Spikelets laterally compressed, 1-flowered: glumes 4,
the inner pair being smaller. Phalaris arundinacea, the Reed-grass, is common
on the banks of streams, etc. : & variety with white-streaked leaves is oultivated
in gardens. Anthoxanthum odoratum, Vernal Grass, which has only two stamens
and a paniculate inflorescence, is common in meadows: it gives the peculiar
odour to fresh hay.

Tribe 3. Andropogonee. Flowers
monaecious or polygamous : glumes
3, of which the lowest is the largest.
Zea Mais, the Maize Plant, is cul-
tivated in warm countries: its
flowers are moncecious: the male
flowers form a loose panicle at the
apex of the haulm, and the female
flowers are borne laterally on a
thick spadix, which is ensheathed
by leaves. Saccharum officinarum,
the Sugar-cane, is a native of the
East Indies.

Tribe 4. Chloridee. Spikelets
laterally compressed, usually 1-
flowered, in compound spikes:
glumes 2. Cynodon Dactylon,
the Dog's-tooth-grass, is often
abundant on waste ground. Spar-
tina stricta occurs in salt marshes.

Tribe 5. Phleinee. Spikelets
laterally compressed, 1-flowered,in F1q, 172.—4 Panicle of Oat, Avena sativa:
dense panicles: glumes 2. s main axis; ¢ lateral axes; a spikelet (} nat.

Alopecurus, the Fox-tail-grass, 8ize). B BSpikeof Wheat: s axis; g the depressions
has the glumes coherent at the in which the spikelets (a) lie. These are removed

. at the lower part.
base, and one rudimentary palea.
Phleum, the Cat’s-tail-grass, has free glumes and two distinct pales.

Tribe 6. Sesleriee. Spikelets laterally compressed, 2-flowered or more, in
dense panicles : glumes 2. Sesleria carulea, the Moor-grass; occurs on moun-
tains.

Tribe 7. Nardee. Spikelets 1-flowered, in simple spikes: glumes 0.

Nardus stricta, the common Mat-grass, occurs on moors and heaths.

Sub-order 2. EvrvantrE®. Spikelets open in flower: styles short, stigmas
protruding near the base of the inferior palea.

Tribe 1. Oryzee. Bpikes laterally compressed, usually 1-flowered: glumes 4,
often represented only by bristles. Oryza sativa is the Rice-plant—from the

Q
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East Indies; oultivated in marshy regions of Southern Europe. Leersia ory-
zoides, the Cut-grass, is found in ditches in the south of England.

Tribe 2. Stipee. Spikelets 1-flowered, cylindrical or flattened posteriorly:
in panicles: glumes 2. Stipa pennata, the Feather-grass, has & long airy awn.
Milium effusum, without an awn, is common in woods.

Tribe 3. Agrostidee. Spikelets 1-flowered, compressed laterally, in loose
panicles: glumes 2.

In Agrostis, the Bent-grass, the axis of the spikelet is glabrous, or it bears
short hairs; 4. vulgaris and stolonifera are common in meadows and woods:
Apera Spica venti is common in fields: in Calamagrostis, the Small reed,
several species of which occur on the banks of rivers and woods, the axis of the
spikelet is covered with long hairs.

Tribe 4. Avenee. The spikelets consist of several (usually two) flowers; the
glumes (or one of them at least) are as long as the whole spikelet.

Avena, the Oat, has loose panicles, and a two-toothed inferior palea: of this
genus there are many species; 4. fatua, pratensis and pubescens, are common
in cornfields and meadows. The following species are oultivated: 4. sativa,
with its panicles in various planes; 4. orientalis, with its panicles in one plane;
4. strigosa, with a hairy floral axis; and 4. nuda, the spikelets of which usually
consist of three flowers. Aira cespitosa and flexuosa have truncate inferior
pales, and are common in meadows and woods. Holcus, the Honey-grass, has
spikelets consisting of two flowers, the upper of which is usually male, and the
leaf-sheaths are covered with silky hairs; it is common in damp meadows.

Tribe 5. Festucee. The spikelets are usually many-flowered, and the glumes
shorter than the lowest inferior palea. Melica, the Melic-grass, has sometimes
spikelets consisting of a single flower only ; the glumes are long; it is common
in woods. Briza, the Quaking-grass, has spikelets which are compressed laterally
and are cordate at the base; it is common in meadows. Koeleria cristata has
dense panicles; it is common in dry meadows. Dactylis glomerata, the Cock’s-
foot-grass, has dense panicles divided into parts which have longer stalks; it is
common in meadows. Poa pratensis, trivialis, etc., are common in meadows;
their spikelets are compressed laterally; the glumes have a sharp keel; P.
annua is common by the roadside. Festuca elatior, and others, the Fescue
Grasses, are common in meadows. Bromus, of which there are several species,
is common in fields (B. secalinus), in meadows (B. mollis and others), by the
roadside (B. sterilis, tectorum). Molinia cerulea has a very long haulm, con-
sisting for the most part of a single internode; its spikelets are in loose purplish
panicles; it occurs on moors. In Phragmites the axis of the spikelet is covered
with long silky hairs: Phragmites communis, the Reed, occurs abundantly in
marshes.

The upper flowers in the spikelets of plants belonging to this tribe are often
unisexual, male ; Phragmites is peculiar in that the lower flower of the spikelet
is male.

Tribe 6. Hordeee. Spikelets solitary, or 2 or 3 together, 1- or many-flowered,
situated in depressions on the main floral axis, forming the so-called spike:
glumes 1-2. In Lolium, the Rye-grass (L. perenne is common everywhere), the
posterior surface (that is, the middle line of the posterior glume) is directed
towards the main axis, and this glume is usually rudimentary. In all the other
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genera the side of the spikelet is directed towards the main axis, and there are
two glumes. Secale cereale, the Rye, has 2-flowered spikelets and narrow awl-
shaped glumes. Triticum, the Wheat, has 3- or more flowered spikelets, with
ovate glumes: T. repens, the Twitch, is common everywhere; its spreading
rhizome makes it a troublesome weed. The following species are cultivated;
T. vulgare, the common Wheat, with long glumes, which have no keel, and T.
turgidum, English Wheat, with short keeled glumes; both these forms have a
wiry floral axis, and the fruit easily falls out of the glumes: T. Spelta, the
Spelt, which has an almost quadrangular spike, and T. dicoccum, with a com-
pact spike, have a brittle floral axis, and the fruit is firmly enclosed by the
glumes. In all the species the length of the awn varies very much. Brachy-
podium has shortly-stalked spikelets, and its two glumes differ much in length :
it is thus distinguished from Triticum. Hordeum, the Barley, has 3 single-
flowered spikelets inserted together in one depression on the floral axis. H.
murinum is common on the roadside and on walls. The following species are
cultivated: H. vulgare and H. hexastichum, with only fertile spikelets; in the
latter species the spikelets are all equally distant, and are therefore arranged in
six rows ; in the former species the median spikelets are nearer together, and
the lateral ones more distant, so that they are described as being in four rows:
further, H. distichum is the two-rowed Barley, the lateral spikelets of which
are male, so that the fruits are arranged in two rows. The fruit usually adheres
to the palea.

Order 2. CyperacEE. The leaves are arranged in three rows
on the stem; perianth 0, or of 3-6 or more bristles or scales ; the
embryo is enclosed in the endosperm.

Tribe 1. Cyperee. Spikelets compressed : flowers hermaphrodite; perianth 0,
or of bristles : glumes distichous.

Cyperus, the Galingale, has many-flowered spikelets with deciduous glumes:
Scheenus, the Bog-rush, has few-flowered (1-4) spikelets with persistent glumes.
C. longus and fuscus, and S. nigricans, occur in England. Cyperus Papyrus is
an Egyptian species from which the Papyrus of the ancients was made.

Tribe 2. Scirpee. Spikelets cylindrical; flowers hermaphrodite ; perianth 0,
or of bristles: glumes imbricate on
all sides.

The spikelets are often arranged so
as to form spikes, panicles, umbels,
or capitula; the flower has the for-
mula K3, C8, 43 + 0 or 3, G&.

Scirpus, the Club-rush, has a bristly
perianth ; in some species the spike-
lets are solitary, as in Scirpus cespi-
tosus, in others there are lateral pg, 173 —Flower of Scirpus (magnified) :
spikelets in addition on short stalks, p the bristly perianth; a the three stamens;
as in S. lacustris (the true Bulrush), or ftheovary. B Itsfloral diagram.
on long stalks, as in S. sylvaticus. Eriophorum polystachion and others
(Cotton-grass) are common on moors; the hairs of the perianth, after flower-
ing, grow to a considqabls length.
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Order 2. Restiacex. Flowers usually unisexual, dicecious, and
in spikes: not more than one whorl of stamens is present, anthers
generally unilocular : seed smooth or tubercled.

These are grass-like plants all living in the southern hemisphere. This order
includes the group Centrolepides (Desvauxiacem Lindl.); in these the perianth
is much reduced, the male flower probably has only one stamen, and the female
only one carpel,

SUB-CLASS II. PETALOIDEAZA.

Flowers hermaphrodite, rarely unisexual ; perianth never wanting,
usually biseriate, the members of at least one series usually
petaloid.

SERIESI. HYPOGYNZE.
Ovary superior.
Sub-series. Apocarpce.
Gyncecium usually apocarpous.

Cohort.1. Alismales. Marsh or water plants; flowers some-
times unisexual ; seeds without endosperm.

Order 1. JuxcagiNex. Flowers sometimes dicecious; both peri-
anth-whorls are sepaloid and inconspicuous; anthers extrorse;
carpels sometimes coherent ; the outer whorl of carpels is occasion-
ally abortive; ovules 1-2, anatropous, embryo straight.

Triglochin palustre, the Arrow-grass, is common in marshes and on the
margin of pools: carpels coherent till mature. The flowers are disposed spirally

in a long loose spike without bracts. Scheuchzeria palustris is rarer ; it oecurs
in bogs ; the flowers are set in the axils of distichous bracts : carpels free.

B .

F1a. 175.—Diagram of the Flower of Fia. 176.—Floral diagrams. 4 Of
Triglochin. Butomus. B Of Alisma.

Order 2. ArisMACEE. Flowers sometimes moncecious; floral
formula K3, ('3, 43% + O or 3, or o, G3+3 or ®; the outer perianth-
whorl, which is sepaloid, is often coherent at the base; the inner
whorl is petaloid, white or violet; anthers extrorse or introrse;
carpels sometimes partially coherent; ovules 1-3, campylotropous,
embryo curved.
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formula K3, 03, 43 +3, G2, but the number of stamens varies in
the genera; anthers usually introrse ; ovary usually trilocular.

These are mostly tropical plants. Species of Commelyna and Tradescantia
are cultivated as ornamental plants.

- Cohort 2. Liliales. The calyx and corolla resemble each other
in texture, and are usually petaloid ; seeds with endosperm ; general
floral formula K3, C3, 43+3, G&.

Order 1. Liuiace®. The flowers conform generally to the above
formula, but 3 is replaced sometimes by 2 or 4: they are not
zygomorphic ; fruit a capsule or a berry.

Sub-order 1. Liuez, with a loculicidal capsule, introrse anthers, and united
styles.

In a number of genera the six segments of the
perianth cohere and form a tube which ends in six
more or less deeply cut segments (Fig. 178): e.g.,
Hyacinthus orientalis, the stem of which is an under- .
ground bulb (Fig. 14 B). Alog has thick fleshy leaves;
some species, a8 A4loé soccotrina, have a strong woody
stem, and are shrubs, or almost trees.

There are also some among the very numerous
genera in which the leaves of the perianth are distinet Fre. 178—Flower of the

. Hyacinth: a a a the three

or cohere only for a very short distance from the base, qyier; ¢ ¢ the three inner
which are of an aborescent habit; for instance, the segments of the perianth,
species of Yucea, which are indigenous to Central which is tubular at the
America. The others have underground rhizomes or 1°Wer Part (nat. size).
bulbs. These bulbs (see § 5 and Fig. 14 B) are, in fact, very short stems, covered
with closely-packed cataphyllary leaves which are usually termed scales: .so
long as they are young, and not very vigorous, they send up only foliage leaves,
which appear, year by year, above the ground ; but in the course of years the
axis itself of the bulb elongates and bears a terminal inflorescence. After the
flowering is over, this axis dies down, and a lateral shoot is formed in the axil
of one of the scales which may either become a new bulb, or it may at once
develope into a flowering axis, the lowest cataphyllary leaves of which are bulb-
scales, Phormium tenax (the New Zealand Flax) has ensiform leaves, about
three feet in length, springing from the rhizome; their strong bast-fibres are
used for various purposes. Lilium candidum is the white Lily. L. bulbiferum,
which produces bulbils in the axils of the upper leaves, and L. Martagon, the
Turk’s cap Lily, have bulbs. Fritillaria imperialis is the Crown Imperial, the
flowers of which are surmounted by a crown of leaves. Tulipa Gesneriana is
the Tulip. Scilla maritima has a bulb which is not subterranean. Of Allium,
several species are in cultivation for culinary purposes, as 4. Cepa, the Onion ;
A. ascalonicum, the Shalot; 4. Schoenoprasum, Chives; 4. porrum, the common
Leek; A. sativum, Garlic. Theleaves of the various species of Allium are gene-
_ rally tubular and hollow; the flowers are disposed in spherical heads or umbels;
bulbils are oceasionally produced among the flowers.



Digitized by GOOS[@



GROUP IV.—PHANEROGAMS. 233

slender (Fig. 179 k’), attached laterally to the corm of the previous year's growth
(k), and bears a few imperfectly developed leaves (I’ I”/) as well as one or two
flowers (b’ b”) : the ovaries of the flowers are also subterranean ; the six leaves
of the perianth cohere and 'form a tube of some centimetres in length, which
grows far beyond the ovaries and above the surface of the soil, terminating in a
petaloid six-partite limb ; the stamens are attached in the upper portion of the
tube. In the spring the underground stem swells at its base (k) into a corm,
and grows upwards, so that the develuping leaves (I’ I””) and the capsule rise
above ground ; a lateral shoot is formed at its base, which, in the autumn,
produces flowers, and this repeats the process.

Sub-order 8. AsparaGINEE. The fruit is a berry; anthers introrse; styles
united or distinet; in the flower the parts are sometimes in twos or fours,
instead of in threes.

Dracena Draco, the Dragon-tree, has & stem which grows in thickness; it is
a native of the Canary Isles. Asparagus officinalis is the Asparagus ; the young
shoots, which spring from the under-
ground rhizome, are eaten. Convallaria
majalis is the Lily of the Valley. Mai-
anthemum bifolium has & dimerous flower.
The species of Smilax are creeping shrubs,
the leaves of which have reticulated vena-
tion. Ruscus aculeatus (the Butcher’s
Broom), and other species, are small
shrubs, with leaf-life branches (phyllo-
clades), on which the diclinous flowers
are borne in the axils of minute leaves,
Paris quadrifolia (Herb Paris) is poison-
ous: the flowers are tetramerous, or
exceptionally trimerous or pentamerous: p, 180.—Disgram of the flower of
they are terminal, and the stem beneath Paris quadrifolia: 1 the foliage-leaves; ap
bears four (or three or five) leaves in a the outer; ip the inner whorl of the peri.
whorl beneath the flower (Fig. 180) ; the 80th; aa outer; {ainner whorl of stamens.

. . . (After Sachs.)
venation of the leaves is reticulate.

Order 2. Juncackx. Floral formula, K3, (3, 43 + 3, G2.
Plants of a grass-like aspect; they differ from the preceding order
in the dry and glumaceous character of the perianth. The leaves
are linear or tubular ; the inflorescence is an anthela (see p. 214).

The species of Luzula, which has a unilocular three-seeded ovary, multifiora,
pilosa, campestris, and sylvatica, are common in woods and on heaths. Juncus
has a trilocular many-seeded ovary; plants of this genus are called Rushes ;
J. glaucus and effusus have a tubular stem and leaves, and a terminal in-
florescence which is displaced laterally by a tubular bract which appears to be
a prolongation of the stem ; they are common in wet fields ; J. bufonius, by
waysides.

Order 3. PonTEDERIACEE. Wator-plants of tropical America,
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with a zygomorphic petaloid perianth: in other respects they
resemble the Liliaces.

SERIES II. EPIGYNE.
Ovary inferior.

Cohort 1. Hydrales. Order 1. HyprocEARIDACEE. The flowers
have a perianth, the inner whorl being petaloid, and usually conform
to the monocotyledonous type, but with multiplication in the andre-
cium and gynecium; formula K3, C3, 43 + 3 +, G3+..). The
flowers are usually dicecious the female flowers have staminodia ;
the male flowers have no gyncecium but an increased number of
whorls in the andrcecium. The seed has no endosperm. Water-
plants.

Tribe 1. Hydrillee. Ovary unilocular. Stem elongated, with whorls of
small leaves. :

Elodea (Anacharis) canadensis came originally from North America, and has
spread in our waters 8o as even to impede navigation in canals.

Tribe 2. Vallisneriee. Ovary unilocular. S8tem short, with crowded
leaves.

Vallisneria spiralis inhabits the lakes and ditches of the warmer parts of
Europe. The leaves are long, narrow, and linear. The female flowers are raised
above water on long peduncles ; the male inflorescences break away from their
peduncles and float about on the water to fertilise the female flowers; the fruit
ripens under water.

Tribe 8. Stratiotidee. Ovary 6- (or more) chambered. Stem short, with
crowded leaves.

Stratiotes aloides (Water Soldier) has stiff narrow leaves. Hydrocharis
Morsus Rane (Frog's bit) is dimcious; the plant is small and floats on the
water, with small roundly-cordate leaves.

Cohort 2. Dioscorales. Flowers regular: floral formula K3,
03, A3 + 3, Gg: fruit a berry or a capsule.

Order 1. Dioscorex. The ovary is trilocular, with one or two
ovules in each loculus: the flowers are dicecious. They are
climbing plants, with large above- or underground tubers, and
usually triangular leaves, with reticulate venation.

. Dioscorea sativa, Batatas and others, known as Yams, are largely cultivated
in the tropics as a food rich in starch. Tamus communis, the Black Bryony, is
common in England.

Order 2. Taccacex. The ovary is unilocular and many-seeded.
The flowers are hermaphrodite. They are tropical herbs, and the
leaves which spring from the subterranean rhizome have reticulated
venation. '
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Order 3. BroMeLacEz. K3, (3, A3 + 3, G (3). The ovary is
superior, inferior, or semi-inferior, trilocular, with many seeds
The segments of the calyx are sepaloid, those of the corolla petaloid.
The leaves are usually long and narrow, sharply serrate; the stem
is generally very short. The flowers are hermaphrodite, and form
spikes or panicles with bracts.

Ananassa sativa (Ananas, Pine-apple). The fruit is a berry, and the berries
of each inflorescence coalesce into a spurious fruit (sorosis), above which the
axis of the inflorescence extends and bears a crown of leaves. In a state of
cultivation the berries contain no seeds. It is a native of America, and is culti-
vated in all warm countries and in hot-houses.

Cohort 3. Amomales (Scitaminew). The flowers are zygo-
morphic or asymmetrical : general formula, \y K3, C3, 43 + 3, G,
occasionally with a great reduction in the andrecium. Perianth
wholly petaloid, or the calyx may be sepaloid; ovary trilocular.
Fruit, a capsule or a berry. Usually no endosperm, but abundant
perisperm. They are tall herbaceous plants; the lea.ves are large
and have pinnate venation.

Order 1. Musacez. V K3, 03, A3 + 2, G Perianth petaloid,
irregular; the anterior external member is usually very large, and
the posterior always very small; in Musa the five anterior members
of the perianth are connate, forming a "tube which is open pos-
teriorly : the posterior stamen is sterile or absent, and the others are
not always fertile. The sub-family of Heliconiew differs from this
type in the structure of the flower. They are all shrubs of colossal
growth, with enormously long leaves: the flowers are usually ar-
ranged in spicate inflorescences in the axils of large and often
coloured bracts; sometimes several flowers spring from the axil of

one bract.
. . B

Fia. 181,—Diagram of flower of Musa. Fia. 182.—Diagram of the flower of Zingi-
beracem. 4 Hedychinm. B Alpinia.
Musa paradisiaca (Plantain), M. Sapientium (Banana), and M. Ensete are
natives of the tropics of the Old World ; the two former are now distributed
throughout America and applied to & great variety of purposes ; the fruit, which
is of the nature of a berry, is an article of food, and the fibro-vascular bundles
are used for making textile fabrics,
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terior segment (petal) of the inner whorl, called the labellum (Fig.
185, see also Fig. 155 1), is always larger than the others, and varies
greatly in form; it frequently has a spur (Fig. 185 sp) or a sac-
shaped cavity (Fig. 155). The filaments of the three stamens
adhere to the three styles; they together form the gynostemium
(Fig. 155 S, Fig. 187 B and C gs). The fertile stamen bears a
bilocular anther which, by the absorption of the septum often ap-
pears to be unilocular, and in rare cases is quadrilocular ; the other
two members of the andreecium are staminodia (Fig. 155 2) and
sometimes are only represented as small tooth-like prominences
(Fig. 184). In some genera the pollen-grains are separate from
each other, in others they occur in groups of four (tetrads), and in
the majority they are umnited into a mass which fills an entire
pollen-sac (Fig. 185 p, 155 p). In the latter case pollination
is always effected by the agency of insects; the two pollen-masses

Fiac. 184.—Diagram of Orchidaceous Fre. 185.—Flower of Orchis mascula (2X):
flowers. A The usual type. B Cypri- fthe twisted ovary; a a a the three outer
pedium; the shaded stamens aro stamin-  perianth leaves; ¢ ¢ two of the inner; l the
odia. third inner perianth leaf, the labellum, with

: (sp) the spur; = stigma ; p pollen-sacs.
(pollinia) become attached to the proboscis of the insect by means
of a sticky part of the stigma, the rostellum (Fig. 155 k), and are
conveyed to another flower on the stigma of which they are de-
posited. In many foreign forms these arrangements for cross-fer
tilisation are much more complicated. The ovary is unilocular ; it
contains numerous anatropous parietal ovules.

The indigenous species have underground rhizomes or tubers.
Two tubers are usually present : the older one, which, at the time
of flowering, becomes flaccid (Fig. 186 4 and B, 1), throws up the
flowering scape (Fig. 186 s) or, in young plants, a short under-
ground stem which produces only leaves above ground. At the
upper end of this tuber another much firmer tuber is formed (Fig.
186, 2), bearing at its apex the bud of the next year’s stem (K).
The tuber is to be regarded as a lateral bud which coalesces with
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is unlike that above described as typical for most of the genera; the two
stamens, which in other genera are reduced to staminodia, are fertile (Fig. 187,
a, a, and comp. Fig. 184), and the anterior stamen, which in most cases is the
only fertile one, is here a large staminode (Fig. 187 s).

A still greater variety of forms is found among the tropical genera and species,
which for the most part grow upon trees (epiphytic) and throw out large aérial
roots. Vanilla planifolia and other species have a long pod-like fruit which is
well known for its perfume and flavour, as Vanilla. Vanda, Oncidium, Phajus,
and other genera are extensively cultivated in hothouses for their beautiful and
often fragrant flowers.

Cohort 5. Narcissales. Fowers regular or zygomorphic: not
less than three stamens in the andreecium : perianth petaloid : seeds
with endosperm.

Order 1. AwmarviuiE®. K3, 03, A3 + 3,0r 12 to 18, Gy. The
flower is occasionally zygomorphic and narrowly funnel-shaped :
anthers introrse. The fruit is usually a trilocular loculicidal
capsule, sometimes a berry.

Alstreemeria has a leafy stem
and the habit of the Lily. The
other genera have a very short,
sometimes bulbous stem, and a
long floral axis. Amaryllis for-
mosa i8 an ornamental plant,
with large tubular funnel-shaped,
unequally toothed flowers. Ga-
lanthus nivalis is the Snowdrop ;
Leucojum vernum, the Snow-
flake. Narci 3P do-Narci
(the Daffodil), poeticus, and @
other species are favourite garden
plants. The ligule of the six
segments of the perianth cohere
to form the tubular corona.

Agave americana, commonly
known as the false Aloe, is a
native of Mexico, but has been
naturalized in Southern Europe.
The short stem bears a large
rosette of very thick and prickly
leavés; when it has attained a

;Jﬁclent f:'lgofur tm :)o:thelt‘n F1a. 188.—Diagram of the flower of Iris, and view
urope, alter Irom &en $0 tWenty o tne same after the removal of the perianth: s
years—it throws up an axis of peduncle; finferior ovary; r tubular portion of the
some yards in length, which perianth; pa the insertion of the outer, pi of the
branches very much, and bears inner leaves of the periam.h; st stamens; a anther;’
a large number of flowers, which ™ n n the three petaloid stigmas (nat. size).

are arranged somewhat in the form of & pyramid.
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Order 2. Irmez. K3, C3, A3+0, Gg. The flower is some-
times zygomorphic: anthers extrorse: the fruit is a trilocular
loculicidal capsule.

Iris, the Flag, has a horizontal underground rhizome, which throws up
leaves which are expanded in their median plane, and scapes which bear the
flowers. The stigmas assume & petaloid aspect, and by their concave outer
surfaces cover over the stamens which are opposite to and below them (Fig.
188).

Iris pumila, germanica, and others are favourite garden plants. I. pseudacorus,
the Yellow Flag, is common in ditches. Gladiolus has an underground bulbous
stem and a tall, many-flowered scape; the flowers are usually zygomorphic;
@. communis (illyricus) occurs wild in England. Crocus, from which saffron
is obtained, has an underground corm, from which grows a very short under-
ground stem ; this bears the leaves which rise above the ground, and terminates
in a flower, the ovary of which is subterranean : the tube of the perianth spreads
out above the ground into a six-partite limb, at the base of which the three
stamens are inserted.

Crass X.—DICOTYLEDONS.

The embryo has two opposite cotyledons ; the endosperm s frequently
absorbed before the seed is ripe.

The ripe seed sometimes contains a large mass of endosperm and
a small embryo, as in the Umbelliferee and Euphorbiaces ; fre-
quently the embryo is relatively large and the endosperm occupies
only a small space, as in the Labiatee; or, finally, the endosperm
may be wholly wanting, and then the embryo fills the whole cavity
of the testa, as in the Horse-chestnut, the Leguminosse, and the
Composite.

The embryo usually has distinct members, consisting of an axis
and two opposite cotyledons; in rare cases, e.g., Corydalis, only
one cotyledon is present, or abnormally three may occur, as is
occasionally the case in the Oak and Almond. The cotyledons
usually constitute the greater portion of the embryo, as in the
Leguminos®e (Fig. 189 4 ¢) and the Horse-chestnut, where they
are thick and fleshy. The stem (caulicle) bears at its apex above
the cotyledons either a bud consisting of several leaves (plumule),
as in Vicia (Fig. 189 Kn), or it is naked. In parasites and sapro-
phytes which are devoid of chlorophyll, and which have very small
seeds, such as Pyrola and Orobanche, the embryo is quite undiffer-
entiated, and it consists of only a small number of cells.

On germination, after the testa is ruptured, the hypocotyledonary
portion of the axis elongates 80 as to push the root out of the seed ;
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the root immediately begins to grow rapidly and attains a consider-
able length (Fig. 189 B k), whilst the remainder of the embryo is
still contained in the seed. The cotyledons may either remain
enclosed in the seed during the whole process of germination, and
perish so soon as the nutritious substances contained in them have
been absorbed by the plant (e.g., Horse-chestnut and Vicia, Fig.
189), their petioles at the same time elongating so that the plumule,
which at first is bent inwards, is pushed out and subsequently be-

Y
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F1a. 189.—Vicia Faba, the Bean. 4 Seed with one of Fia. 190.—Seedling of the Mapla
the cotyledons removed ; ¢ the remaining cotyledon;  (nat. size): c ¢ the cotyledons ; kn
w radicle; kn plumule; s testa. B Germinating seed; the plumule; hc the hypocoty-
s testa ; 1 a portion of the testa torn away ; n hilam; ledonary portion of the axis; w
st petiole of one of the cotyledons; k curved epi- primary root; h root-hairs. (the
cotyledonary portion of the axis; hc the very short  lower part is cut off).
hypocotyledonary portion of the axis; h the primary
root ; ws its apex; kn bud in the axil of one of the
cotyledons.

- comes erect ; or, as is more generally the case, the cotyledons escape
from the testa (Fig. 190), become green, and act as the first leaves
of the young plant.

The axis of the embryo frequently persists as the main axis of
the plant, which grows in length and produces numerous less

vigorous lateral shoots; but it often happens that some of these
R
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lateral branches subsequently grow as vigorously as the main axis:
when this is the case, and when also the lower and feebler shoots
die off, a head, such as is common in forest-trees, is the result; in
the case of shrubs, vigorous branches are formed quite low down on
the main stem. In many forest-trees the stem (trunk) and branches
form a sympodium, the uppermost lateral bud growing each year
in the direction of the main axis, which does not itself develope
any further (§ 6); besides these there are many and very various
arrangements by means of which the life of the individual is trans-
ferred to new lateral shoots; such as the formation of rhizomes,
runners, tubers, and sometimes of bulbs, on stems and roots.
When the axis of the embryo continues to be the main axis of the
plant, the primary root also developes greatly, and forms a tap-root
from which the lateral roots grow in acropetal succession ; in cases
in which the growth in length of the tap-root is limited, numerous
adventitious roots spring from its older portions; these may again
give rise to lateral roots, and by a repetition of this process an
elaborate root-system is formed.

The fibro-vascular bundles of the stem are almost always open,
and the growth in thickness of the stem is effected by the activity
of the cambium-ring which is formed (§ 26). In certain cases,
. there are, in addition to these fibro-vascular bundles which together
form a ring, other isolated bundles which traverse the stem longi-
tudinally, as in Begonia and Aralia; even more complicated modi-
fications in the arrangement of the bundles occur in Piperaces,
Sapindacess, Menispermaces, Phytolacca, etc.

The branching of the stem is invariably monopodial (§ 6) and
almost always axillary. Those cases in which, as, for instance, in the
racemes of the Crucifers, the bracts are suppressed, are obviously
not exceptions to this rale.

The leaves exhibit infinite variety both in their relative position
and in their form. The foliage-leaves almost always consist of
petiole and blade; sheaths which surround the stems are com-
paratively rare, but stipules, on the contrary, are very common.
Branching or segmentation of the leaves is common and is frequently
indicated by the incision of the margin. The venation of the leaves
is characterized by the presence of a large number of veins which
project on the under surface, except in thick fleshy leaves, and
which frequently anastomose ; a midrib is almost always present,
giving off lateral branches to right and left.

The flowers, when they are lateral, are usually furnished with
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two bracteoles: they differ very comsiderably in their structure
and cannot be referred to any one type. The following are the
principal forms':

1. In a considerable number the perianth, which is simple, and
the andreecinm are isomerous, consisting of four, five, or six mem-
bers; their arrangement is either spiral (2), or whorled so that the
stamens are always superposed on the leaves of the perianth; the
latter are all similar and are sepaloid. Formula P5 | 45, or Pn
+ n, An + n, wheren = 2 or 3. This structure prevails in some
of the Monochlamydes (Urticales, Amentales, Quernales).

2. In a second group, all the parts of the flower are arranged in
a continuous spiral : the perianth may consist only of a calyx, or a
corolla may be developed in place of the external stamens; when
this is the case it alternates with the calyx, provided that it is
isomerous with it, as in most Ranales.

3. With these two types are connected by many intermediate
forms those flowers in which the biseriate perianth and the stamens
are in whorls; their formula is Kn, Cn, An + n, where n usually =
5or4. This is the most common type of the structure of the
flower; it occurs in most Polypetalee and Gamopetale; it may be
modified either by the suppression of one (usually the inner)
whorl of stamens, or by their multiplication, their branching, or
their cohesion, or by the suppression of the corolla.

4. Finally, there remain certain flowers which cannot be directly
referred to either of the above types, and they must therefore
be left unexplained for the present, and the relationships of their
families must remain uncertain.

The sub-divisions in which the Dicotyledons are arranged in the
following classification are especially characterized by peculiarities
in the structure of the flower. It is impossible, however, to draw
sharp distinctions between the sub-divisions, the orders, and some-
times even between the families, for the position of a plant in the
system depends not upon any one character, but upon the aggregate
of its characters. '
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SUB-CLASS I. MONOCHLAMYDEAZ.
SERIES I. HYPOGYNZE.

Cohort 1. Piperales.
Order 1. PIPERACEE.
Cohort 2. Urticales.
Order 1. URTICEE.
» 2. Morex.
5 3. CANNABINEE,
,» 4. ULMACEE.
5, 5. PLATANEE.

6. CERATOPHYLLEER.

Cohort 3. Amentales.
Order 1. BETULACEE.
» 2. MYRICACEE.
5» 3. CASUARINEE.
,» 4. SALICINEE.
Cohort 4. Euphorbiales.
Order 1. EUPHORBIACEE.
» 2. BUXINEE.

Cohort 5. Daphnales.
Order 1. THYMELEACEE.
» 2. ELEAGNACEE.
5 3. PROTEACEE.
,» 4. LAURINEE.
5 9. MYRISTICEE.
Cohort 6. Chenopodiales..
Order 1. CHENOPODIACEE.
» 2. AMARANTACEE.
» 3. PHYTOLACCACEE.
» 4. NYCTAGINEE.
5, 9. POLYGONEE.
Cohort 7. Nepenthales.
Order 1. NEPENTHEE.

SERIES II. EPIGYNZE.

Cohort 1. Quernales.
Order 1. JUGLANDEE.
» 2. CORYLACEE.
5, 3. CUPULIFERE.
Cohort 2. Asarales.
Order 1. ARISTOLOCHIEE.
» 2. CYTINACEE.

Cohort 3. Santalales.
Order 1. SANTALACEE.
»» 2. LORANTHACEE.
» 3. BALANOPHOREE.

SUB-CLASS II. GAMOPETALA.
SERIES I. HYPOGYNZE.

Cohort 1. Lamiales.
Order 1. LaABIATE.
» 2. VERBENACEE.
» 3. GLOBULARIEE.
»» 4. PLANTAGINEE.

Cohort 2. Personales.
Order 1. SCROPHULARINEE.

» 2. BIGNONIACEE.

5, 3. ACANTHACEE.

5, 4. GESNERACEE.

,» 9. OROBANCHEE.
, 6. LENTIBULARIEE.
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Cohort 3. Polemoniales.
Order 1. CONVOLVULACEZ.
» 2. CUSCUTEE.
5 3. POLEMONIACEE.
s 4. SOLANACEE.
5» 9. BORAGINEE
PERIFOLLE).
Cohort 4. Gentianales.
Order 1. GENTIANEE.
. LOGANIACEE.
. APOCYNEE.
. ASCLEPIADEE.
. OLEACEE.
. JASMINEE.

(As-

»

”
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SERIES II.

Cohort 1. Campanales.
" Order 1. CAMPANULACEE.
,» 2. LOBELIACEE.
Cohort:2. Asterales.
Order 1. VALERIANEZE.
» 2. DIPSACEE.
5 3. COMPOSITE.

e SUB-CLASS III.
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Cohort 5. Ebenales.
Order 1. SAPOTEZ.
s 2. EBENACEE.
5, 3. STYRACEE.
Cohort 6. Primulales.,
Order 1. PRIMULACEE.
» 2. MYRSINEE.
» 3. PLUMBAGINEE.
Cohort 7. Ericales.
Order 1. ERICACEE.
» 2. EPACRIDEZ.
» 3. RHODORACEE.
» 4. PYROLACEE.
» . MONOTROPEE.
5 6. VACCINIEE.
EPIGYNZA.

Cohort 3. Rubiales.
Order 1. RuBIACEE.
» 2. CAPRIFOLIACEE.

POLYPETALA.

SERIES I. CALYCIFLORZ.

Cohort 1. Umbellales. .
Order 1. UMBELLIFERE.
» 2. ARALIACEE.
5» 3. CORNACEE.
Cohort 2. Ficoidales.
Order 1. CAcTEE.
» 2. Aizoacez (Fico-
IDEZ).
Cohort 3. Passiflorales.
Order 1. PASSIFLORACEZ.
» 2. PAPAYACEE.
5, 3. BEGONIACEE.
»» 4. CUCURBITACEE.

Cohort 4. Myrtales.
Order 1. ONAGRACEE.
» 2. LYTHRARIEE.
» 3. MYRTACEZE.
,, 4. RHIZOPHORACEE.
Cohort 5. Rosales.

Order 1. RosAcez.
» 2. LEGUMINOSE.
5 3. CRASSULACEE.
»» 4. SAXIFRAGACEE.

5. DROSERACEZ.

6. HAMAMELIDEE.
5 7. HALORAGIDEE.

8. HiPPURIDEE.

9. CALLITRICHINEE.
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SERIES II. DISCIFLORZE.

Cohort 1. Sapindales.
Order 1. SAPINDACEZ.
s 2. ACERINEE.
» 3. TEREBINTHACEE
(ANACARDIACEE).
» 4. STAPHYLEACEE.
Cohort 2. Celastrales.
Order 1. CELASTRINEE.
» 2. RHAMNEE.
» 3. AMPELIDEE.
Cohort 3. Olacales.
Order 1. Iuicinez  (AQUI-
FOLIACEE).
» 2. EMPETREE.

Cohort 4. Geraniales.
Order 1. GERANIACEZ.

. LINEE.

. ERYTHROXYLEE.

. OXALIDEX.

BALSAMINEE.

. TROPEOLEZ.

. ZYGOPHYLLEXE.

. RuTAcEE.

. MELIACEE.

. SIMARUBEZE.

. BURSERACEE.

”»

”

”

”»

”

<
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SERIES III. THALAMIFLORZ.

Cohort 1. Malvales.
Order 1. TILIACEE.
»» 2. STERCULIACEZR.
» 3. MALVACEZ.
Cohort 2. Guttiferales.
Order 1. HYPERICINEE.
» 2. ELATINEE.
» 3. TERNSTR CEE.
» 4. Crusiacex” (Gur-
TIFERE).
» 5. DIPTEROCARPEE.
Cohort 3. Caryophyllinze.
Order 1. CARYOPHYLLACEE.
» 2. PORTULACACEE.
5 3. TAMARISCINEE.
Cohort 4. Polygalinze.
Order 1. POLYGALACEE.
» 2. PITTOSPOREE.

Cohort 5. Parietales.

Order 1. PAPAVERACEE.
. FUMARIACEE.
. CRUCIFERE.
CAPPARIDEE.
. RESEDACEE.
. CISTINEE.
. Bixacex.
. VIOLARIEE.

» . SARRACENIACEE.

Cohort 6. Ranales.

Order 1. RANUNCULACEE.
. MAGNOLIACEE.
. CALYCANTHACEZX.
. NYMPHEACEE.
. MENISPERMACEZ.
. BERBERIDEZ.

”»

”

”»

”»

”»
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SUB-CLASS I. MONOCHLAMYDEZ.

The flowers usually have a simple sepaloid perianth, or it may
be absent ; they are usually diclinous.
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SERIESI. HYPOGYNZE.
Ovary superior.

Cohort 1. Piperales. The flowers are usually hermaphrodite,
and they are arranged in a spike or a spadix, with bracts; perianth
usually absent. Ovule orthotropous, solitary, basal, or sugpended ;
in rare cases there are several parietal ovules. The embryo is
small and lies imbedded in endosperm, in a depression of the abun-
dant perisperm.

Order 1. PiperacEEZ. Ovary unilocular,
with a single orthotropous, erect, central
ovule. The inflorescence is a long spadix,
with peltate subtending bracts (Fig. 191 f,
below), in the axils of which the flowers are
sitnated. The flower consists only of an
ovary (Fig. 191 f, above) and six, three, or
sometimes two stamens; the fruit is a berry.

Piper nigrum is a climbing shrub belonging to
the East Indies; the unripe dried fruits are black Fie. 181.—Part of the spa-

pepper ; white pepper consists of the ripe fruitsof dix of Piperomis, with &

: s flower: f (below) the sub-
the same plant, which, after maceration, are freed tending bract; s s the two

from their outer coat. stamens; f (above), ovary ; k
Cohort 2. Urticales. Flowers usually e of the spadiz (mag.).

diclinous, in inflorescences of various forms: perianth usually pre-
sent, simple, sepaloid, consisting of five or four (2+2) segments;
stamens opposite to the segments of the s

perianth excepting in the Platanese (Order
5); ovary monomerous, usually unilocular,
a second rudimentary carpel being usually
present in the form of a second style; ovule
solitary, in different positions. Seed com-
monly containing endosperm. The inflor-
escences in Orders 1-3 are usually sitnated
two together at the base of 'a modified shoot . o -~
which springs from the axil of a leaf, and of Urtica urens,with a 1eat (1),

3 in the axil of which is the
they are cymose (Fig. 192). The leaves branch, (), s the base of

are genera'lly hirsute. which are the inflorescences

Order 1. UrricEx. Ovule central, ortho- (%), without any bracts (nat.
. s size).

tropous, erect. Seed containing endosperm.

They are mostly herbs or shrubs without milky juice and fre-

quently provided with stinging-hairs: leaves alternate, stipulate.

Flowers polygamous, moncecious, or dicecious, in paniculate or

glomerulate inflorescences.
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Flowers diecious, in panicled inflorescences. The male flowers
(Fig. 195 4) have a 5-partite perianth and 5 short stamens; the
female flowers have a tubular entire perianth (Fig. 195 B p)
enclosed in a bract (Fig. 195 B d).

Herbs with decussate leaves—at

least the lower omes—and per-

sistent stipules; devoid of latex.

Cannabis sativa, the Hemp, is a native of
Asis, cultivated throughout Europe. The
male inflorescences are panicled dichasia
or scorpioid cymes, and are disposed on
both sides of a rudimentary shoot at the Fre. 105.—4 Male flower of the Hop: p
apex of the plant; the female flowers are the Perianth; a stamens. B Female
. . . . flower: p perianth; f ovary, with two
placed smgly on both sides of a similar stigmas (n) ; each flower is enclosed in its
shoot, which bears secondary shoots in pract (d); s scale, i.6., one of the two sti-
the axils of its leaves, each having two pules, from the common axil of which the
flowers. The tough bast-fibres are used branch bearing the flowers springs.
in weaving and for ropes; the seeds contain a great deal of oil. Humulus
Lupulus, the Hop, is both cultivated and found wild. The stem, which has
the peculiarity of twining to the right, bears its leaves in pairs, each of which
has two pairs of membranous stipules. In the inflorescence the bracts are
placed singly, and are finally represented only by their stipules. In the female
inflorescence, which has the appearance of a fir-cone, a rudimentary shoot is
‘present in the axil of each pair of stipules which bears two flowers on each side;
it seems at first sight as if two flowers were developed in the axil of each stipule
(Fig. 195 B).  All the bracts are covered, especially on the upper surface, with
numerous yellow glands. In the male inflorescence the shoot which bears the
flowers is well developed.

Order 4. Urmacez. Ovule suspended and solitary. Flowers
mostly hermaphrodite, with a 4-6-partite
perianth (Fig.196 4). Woody plants devoid
of milky juice: leaves alternate, with decidu-
ousstipules. The inflorescences (glomerules)
are borne directly in the axils of the leaves.

In the genus Ulmus the hermaphrodite flowers p. 1964 Flower of
arefascicled in the axils of the leaves of the previous Uimus campestris (mag.): d
year, and they are invested by bud-scales; one or bract; p perianth; a stamens.
more flowers are developed in the axil of the inner- B Fruit (samara) (nat. size):
most scale before the opening of the leaves. The I':vin ’)"embm“' margin
ovary is bilocular. The fruit is a samara, that is, an &)
achene with a broad membranous wing (Fig. 196 B). The leaves are alternate,
and always oblique. The annual shoots have no terminal bud, and so they form
a sympodium. Two species of Elm are indigenous in England. Ulmus campes-
tris, the common Elm, and Ulmus montana, the Wych or Mountain Elm: the
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former has rather slender branches, leaves with distinct petioles and serrate
margins, somewhat narrow at the base, and a seed which is above the centre of
the samara ; the latter has thick horizontally spreading branches, leaves with
very short petioles and doubly serrate margins, broad at the base, and a seed
which is central in the samara. Celtis australis, from Southern Europe, and C.
occidentalis, from North America, are often cultivated as ornamental trees;
their flowers are polygamous, and they are placed singly or several together
in the axils of the oblique acuminate leaves ; the ovary is unilocular: the fruit is
a drupe,

Order 5. Pratanez. The diclinous flowers are arranged in
glomerules borne laterally on pendulous branches. In the male
glomerules a number of stamens are present together with scales
which- probably represent the several perianths: in the female
glomerules there are similar scales among which are the unilocular
ovaries, each containing a single suspended orthotropous ovule.
They are trees destitute of latex, having scattered leaves and per-
sistent sheathing stipules. e

Platanus occidentalis, from North America, with three-lobed leaves, and
P. orientalis, from the East, with usually five-lobed leaves, which are often
cuneiform at the base, are frequently cultivated (especially the former). The
smooth bark, which is shed in flakes, is very remarkable. The Plane may be
at once distinguished from the Maples, which resemble it & good deal in the
form of the leaf, by the scattered arrangement of the leaves.

Order 6. CErATOPHYLLEE. Submerged water-weeds of doubtful
affinity, with whorled, sessile leaves dichotomously divided and
subdivided ; in the axils of some of these the diclinous moncecions
flowers occur. The male flowers consist of from 6-12 perianth-
leaves and about as many stamens; the female flowers have a
similar perianth and a unilocular ovary with a single suspended
orthotropous ovule.

Ceratophyllum demersum and submersum ocour submerged in ponds and
ditches.

Cohort 3. Amentales. The flowers, which are always dicli-
nous and generally moncecious, are arranged in catkins (amenta).
The perianth, when it is present, consists of five, four (¢.e., twice
two), or six (t.e., twice three) segments; the stamens are generally
superposed on the segments of the perianth. The ovary is usually
inferior, di- or tri-merous, with numerous ovules. The fruit (with
the exception of Order 4, the Salicines) becomes by abortion one-
geeded, and is indehiscent: the seed has no endosperm. The
flowers are furnished with bracts which often form investments
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for the fruit: their arrangement in the first three families is as
follows: in the axil of a primary scaly bract (the primary bracts
being arranged spirally in the amentum) is a flower (b) with two
bracteoles a and B, in the axil of each of which is another flower
with two more bracteoles «' and B (Fig.197). They are trees
and shrubs. '

Order 1. BeTULACEZ. The flowers are moncecious, but in dif-
ferent catkins. The female flowers have no perianth: the ovary
i8 bilocular, with two ovules: the fruit is one-seeded, indehiscent,
without any investment: the primary bract is coherent with the
two or four bracteoles (the bracteoles o’ are always absent) to form
a three or five-lobed scale, which does not adhere to the fruit.

Fia. 198.—4 Scale from a male catkin of

F16. 197.—Diagram of a group  4inus incana: the axillary branch adheres to
offlowersin a typicalamentaceous  the scale (s), it bears four bracteoles and three
plant; d primary bract; b the flowers: two of the flowers are seen laterally
median flower, with thesecondary (b’ b), the median one from above; p perianth ;
bracts (bracteoles), g and B vy a stamens. B Scale (s) of a female catkin of
the two lateral flowers, with the the same plant: its axillary branch bears two
tertiary bracts, @' and 5/, lateral branches, each of which bears two
bracteoles (v v) and one flower; f the ovary ;
n the stigmas (magnified and diagrammatic).

Alnus, the Alder. In the male amenta three flowers with four bracteoles
occur in the axil of the primary bract, each flower having a perianth of four
segments and four unbranched stamens. In the female amenta the median
flower is absent; the four bracteoles coalesce with the primary bract (Fig. 198
B v 3) to form a five-lobed woody seale which persists after the fall of th® fruit
which is not winged. The male catkins are borne terminally, and the female
laterally on the highest lateral branch, on the shoots of the previous year ; they
are not enclosed by bud-scales during the winter, and blossoming takes place
before the opening of the leaves. The leaves have usually a } arrangement ; in
A. incana, the white Alder, the leaves are acuminate and gray on the under
surface ; in 4. glutinosa, the black or common Alder, they are obovate or even
emarginate and green on both surfaces. In Alnus viridis, the mountain Alder,
the male catkins only are destitute of bud-scales in the winter.

Betula, the Birch. In the catkins of both sexes the three flowers have only
the bracteoles a and 8. In the male flowers the perianth is usually incomplete,
and there are only two stamens, the filaments of which are forked. In the
female catkins, the two bracteoles cohere with the primary bract to form a
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such as S. alba, fragilis, and babylonica, the Weeping Willow, have pendulous
branches, and are arborescent ; most of them are shrubby, and some, such as
S. reticulata, retusa, and herbacea are small decumbent shrubs occurring in the
Alps and in high latitudes. In S. purpurea and incana the two stamens are
connate : S. triandra has three stamens. Most of the species grow on the banks
of rivers ; S. aurita and caprea in forests, and S. repens and others on moors.

Populus, the Poplar, has toothed or lobed bracts, a discoid perianth, and
numerous (4-30) stamens; the leaves are often lobed and have long petioles ;
the winter-buds are enclosed by a number of scales ; the shoots have a terminal
bud. In the Section Leuce the young shoots are pubescent, and the buds
are not viscid; the male flowers have usually only from 4-8 stamens, and the
stigmas have 2-4 lobes: to this section belong P. alba, the White Poplar or
Abele, with five-lobed leaves on the elongated shoots, which are woolly beneath ;
and P. tremula, the Aspen, with sinuate-serrate leaves, glabrous beneath, which
are versatile on the long slender and compressed petiole, and which are there-
fore very readily set in motion by the wind. In the Section Aigeiros, the
young shoots are glabrous and the buds viscid ; the bracts are glabrous, and the
number of stamens is usually from 16-30; the stigmas are entire or shortly
lobed: to this section belong P. nigra, the Black Poplar, and a variety with
erect branches, the Lombardy Poplar; of the latter, only male individuals are
usually cultivated.

Cohort 4. Euphorbiales. Flowers usually diclinous; the
perianth sometimes consists of calyx and corolla, sometimes it
is simple, and occasionally it is absent:
the ovary is usumally trilocular, with
one or two anatropous and generally
suspended ovules in each loculus; the
seed contains endosperm: the structure
of the flowers is very various. The affi-
nities of the group are not accurately
known.

Order 1. EurHORBIACEE. The fruit is
usnally dry and dehiscent, splitting sep-
ticidally into cocci. The micropyle of

i is di F1c. 200.—Part of an inflores-
the solitary suspended ovule is dlrecte'd conesof amp;m‘:ia?'; e
outwards. They are plants of Very in tne axils of which are the

various habit and floral structure, and flower buds (kn); p is the invo-
lucre of the cyathium; dr the

they mostly contain milky juice. glands; o the male flowers; g
The genus Euphorbia has cymose the pedicel of the female flower

nmbels or dichasia, the branches of which ) ® the stigmas (enlarged).

terminate in what were formerly regarded as hermaphrodite
flowers, but are really inflorescences, each one being termed a
cyathium. The cyathium consists of a tubular involucre (Fig.




254 PART IV.—THE CLASSIFICATION OF PLANTS.

200 p), between the five lobes of which glandular appendages, often
of a semilunar form, are sitnated (Fig. 200 dr). Within this in-
volucre are numerous male flowers in five groups, each of which
consists of a single stamen (Fig. 200 a) and is terminal on a long
pedicel, and one female flowet (Fig. 200 g), consisting of a tri-
locular ovary (Fig. 200 f), at the base of which an indication of a
perianth may in some cases be detected. That the cyathium is an
inflorescence and not a single flower is most clearly visible in some
foreign genera (Monotaxis), in which a perianth is distinctly ge-
veloped round each stamen. There is a single ovule in each loculus
of the trilocular ovary: the seed has a peculiar appendage termed
a caruncle.

In Mercurialis the inflorescence is racemose : the male flowers have
a three-leaved perianth and numerous stamens; the female flowers
have a similar perianth and a bilocular ovary. The juice is not milky.

Ricinus bears its moncecious flowers in a compound inflorescence,
in which the male flowers are placed below and the female flowers
above. The perianth is simple and five-lobed, the stamens numer-
ous and much branched (Fig. 142).

Of Euphorbia, the Spurge, a number of species are annual herbs, as E. Peplus
and helioscopia (the common Sun Spurge) occurring in gardens and by road-
sides ; some South European forms are small shrubs, as E. dendroides and
fruticosa. In Africa and the Canary Islands the genus is represented by species
which much resemble Cactes in appearance; their stems are thick and cylindri-
cal or angular or sometimes spherical, producing small leaves which usually
soon fall off. Mercurialis annua and perennis (Dog's Mercury) are weeds; the
first common in cultivated ground, the second in woods; their flowers are
diecious. Ricinus communis (the Castor-oil plant) is a native of Africa, now
frequently cultivated. Some species of Phyllanthus have phylloid branches
which bear their small flowers in the axils of minute bristle-like leaves situated
in indentations at the edge of the phylloclade. Manihot utilissima, a South
American plant, yields the starchy meal known in commerce as tapioca. From
Siphonia elastica, & species growing in Central America, most of the caoutchous
is obtained. ’

Order 2. Buxmwes. The micropyle of the suspended ovule is
directed inwards. Flowers moncecious, in glomerules, in which the
terminal flower is usually female and the lateral ones male. Male
flowers with a simple 4-leaved perianth and four superposed
stamens; the female with a trilocular ovary: two ovules in each
loculus: fruit a capsule, with loculicidal dehiscence. For the most
part shrubs devoid of milky juice.

Buzus sempervirens, the Box, is an evergreen shrub of Southern Europe; the
wood is valuable,
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Cohort 5. Daphnales. Flowers hermaphrodite or unisexual,
actinomorphic, 4 or 5-merous: perianth simple or biseriate ; in the
latter case the®corolla is usually suppressed : stamens typically in
two whorls, perigynous: ovary monomerous, with usually a single
anatropous ovule inserted on the floor of a hollow receptacle:
embryo straight.

Order 1. TryMELZACEE. Flowers hermaphrodite; calyx and
receptacle petaloid, with a 4-lobed limb; corolla suppressed, or
represented by small scales : the four stamens opposite to the sepals
are inserted higher on the tube of the calyx than the four which
are opposite to the petals (Fig.201): ovule suspended; fruit a
berry: seeds without endosperm.

Daphne Mezereon is common in woods; the usually 3-flowered inflorescences

are borne in the axils of the foliage leaves of the previous year, and they bloom
before the development of the leaves of the same year.

5

02\
&

F16. 201.—Calyx of the flower of Fi1a. 202.—Hermaphrodite flower of Ele-
Daphne Mezereon laid open (x b5): o agnus fusca. A Inlongitudinal section. B
the four superior; u the four inferior Floral diagram (the calyx is erroneously
stamens, adnate to the calyx. laced di 1ly, instead of medio-lateral

1y); @ disc (enlarged.) (After Sachs.)

Order 2. ErzaoNacEx. Flowers diclinous or polygamous, 4 or 2-
merous; the corolla is suppressed: the stamens opposite to the
sepals are sometimes wanting (Fig. 202 B); a disc (Fig. 202 4, d)
usually closes the receptacle: fruit an achene, surrounded by the
receptacle or by the whole perianth: ovule basal: seeds with small
endosperm: the leaves are covered, especially on the under surface,
with scaly hairs.

Hippophaé rhamnoides, the Sea Buckthorn, is & shrub which is sometimes
common on the banks of streams; the smaller branches mostly terminate in a
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thorn ; the flowers are dicecious and dimerous ; when the fruit is ripe the calyx
is of an orange colour. Elzagnus has tetramerous polygamous flowers (Fig.
202) ; it is commonly cultivated. .

Order 3. ProTEACEE. Affinities doubtful. Flowers hermaphro-
dite ; the very short stamens are superposed on the four segments
of the simple perianth, and are adnate to them (Fig. 203 B): when
the flower opens, the tube of the perianth often becomes still more
deeply cleft : the ovary is usually borne upon a prolongation of the
axis (Fig. 203 C, gp): ovules one or more, ascending: seeds with-
out endosperm.

Protea, Grevillea, Manglesia, and others occur mostly in South Africa and in
Australia.

o) 4

F1a. 203.—Flower of Manglesia glabrata. 4 Be-
fore opening. B Open; p segmen® of the perianth:  Fia. 205.—Stamen of Laurus. A
a anther; n stigma. C Ovary below, in longi- Anthers opened, aa; @ d the valves;
tudinal section; gp gynophore. D Transverse sec- bbglandularappendages. Diagram of
tion of the ovary. E Ripe fruit. (After Sachs.) Cinnamomum.

Order 4. LAvrmNEx. Flowers hermaphrodite or polygamous,
cyclic, usually trimerous (dimerous in Laurus); perianth simple,

.sepaloid, in two whorls; stamens 12, in four whorls; the anthers

open by 2 or 4 valves, sometimes introrse, sometimes extrorse;
the filaments have glandular appendages (Fig. 204 bb). Ovary
trimerous (drawn as monomerous in Fig. 204), unilocular with
one suspended ovule, two of the three carpels being abortive.
Fruit a berry or a drupe. Seed devoid of endosperm.

These are usually evergreen shrubs with coriaceous leaves ; a few, as Cassytha,
are parasites resembling the Dodder in habit.

Order 5. MyrisTicEz. Flowers diclinous, cyclic; perianth simple,
gamophyllous, 3-lobed. Stamens 3-18 coherent into one bundle.
Ovary monomerous, with one basal ovule: frait a fleshy two-valved
capsule: seed with endosperm.
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Myristica moschata, the Nutmeg, is a native of the Moluccas. The seed is

invested by an arillus, an integument which is developed after fertilisation ; it

has a netted or laciniate appearance (Fig. 205 a); it is known in commerce as

Mace. Seed large, with much endosperm, the surface of which is corrugated;

the innermost layer of the brown testa closely follows all the windings, and this
gives the endosperm a marbled appearance.

F1a. 208.—Flower of Cheno-
podium (enlarged) : k peri-
anth; & stamens ov

F1e. 205.—Fruit of the Nutmeg- n st ’ 3 f ovarys

tree, Myristica moschata. P Peri-
carp, half of it removed; s the seed ;
a arillus (nat. size).

Cohort 6. Chenopodiales. Flowers usually hermaphrodite; ™
perianth sepaloid or petaloid ; ovary monomerous or polymerous;
ovule usunally solitary ; embryo coiled or curved.

Order 1. CrENOPODIACEZE. Flowers small, united to form a dense
inflorescence : the bracteoles are usually suppressed. Stamens
superposed on the usually 5-leaved sepaloid perianth (Fig. 206).
Ovary usually dimerous and unilocular, with a single basal ovule.
Stipules wanting.

Chenopodium album, the Goose-foot, and Blitum (Chenopodium) Bonus
Henricus, the All-good, are common weeds on garden ground and waste land.
Spinacia oleracea is Spinach, cultivated as a vegetable. Beta vulgaris is culti-
vated under the var. Cicla (Mangold). B. altissima is the species used in the
manufacture of sugar, and B. rubra is the red Beetroot. Salsola, the Salt-wort,
and its allies, with fleshy stems and leaves, are conspicuous in the vegetation of
the sea-shore. ’

Order 2. AMARANTACEE. The flowers have the same structure as
those of the preceding family : they have usually bracteoles which
are frequently petaloid: ovary unilocular, probably polymerous :
ovule solitary and basal, but in some cases the ovules are numerous.
Stipules absent. The flowers usually form dense inflorescences.

Species of Amarantus and Celosia (Cock’s comb), the latter having a mon-.
strous floral axis, are well known as ornamental plants.

8



Digitized by GOOS[@



GROUP IV.—PHANEROGAMS. 259

Rheum, the Rhubarb, has six (three internal and three external) perianth
leaves and two whorls of stamens, the outer containing six, and the inmer -
three; Rheum undulatum and other species are cultivated. Rumex, the Dock,
has flowers of similar structure, but the inner whorl of stamens is absent ; the
triquetrous fruits are completely enveloped by the inner whorl of perianth leaves
(Fig. 208 c) ; the leaves contain a large quantity of oxalic acid. Polygonum has
usually five petaloid perianth leaves and a varying number of stamens (5-8);
P. Fagopyrum, the Buckwheat, is cultivated for the sake of its mealy seeds.

Cohort 7. Nepenthales. Flowers dicecious; perianth simple;
stamens monadelphous; ovary 3—4-locular ; ovules indefinite.

Order 1. NEpENTHEE. The lamina of the leaf of Nepenthes has
a pitcher-like form, and is termed an ascidium ; it is an adaptation
for the purpose of capturing insects.

SERIES II. EPIGYNZE.
Ovary inferior.

Cohort 1. Quernales. Flowers diclinous: ovary 1-6-locular;
ovule 1, basal or suspended: seeds without endosperm.

Order 1. JucLanpEZ. Flowers moncecious, the two kinds of
flowers being contained in distinct catkins. Each bract bears in its
axil a single flower with two
bracteoles. The ovary is
dimerous, and encloses a
single erect orthotropous
ovale. The male flowers are
usually borne on the bract;
they may or may not have a
perianth, and the stamens are F16. 209.—A Scale of the male catkin of Juglans
indefinite (Fig. 209 A)- The nigra bearing a flower ; p perianth and bracteoles;
frut i drspacsons helenres v £ k8 e o
are pinnate, and, like the gigmas (magnified).
flowers, they are aromatic.

In Juglans the male catkins are borne on the apices of the leafless shoots of
the previous year, and the few-flowered female catkins on the apices of the
leafy shoots of the same year. The bracteoles of the female flowers (Fig. 209 1)
grow up around the ovary. The succulent mesocarp is thin, and ruptures
irregularly ; the hard endocarp opens on germination along the line of junction
of the two carpels, and then the incurved margins of the carpels are seen as
an incomplete longitudinal septum projecting between the two cotyledons of
the embryo which is closely invested by the endocarp. J. regia, the Walnut
Tree, is a native of Southern Europe; in North America, J. cinerea and nigra
occur ; also various species of Carya, the Hickory, remarkable for its very hard
wood.
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formed probably by the connate bracteoles o, B) a; B; (Fig. 197),
and having its surface covered with sca,les, prickles, etc. The
filaments are not forked.

In Quercus, the Oak, the male catkins are loose; each bract bears a single
flower in its axil without bracteoles: the perianth is 5-7 lobed, and the stamens
from 5-10 or indefinite (Fig. 211 a). There is a single flower, the median one,
in the axil of each bract of the female catkin; thus the cupule invests only a
single fruit, forming the so-called cup at its base. The leaves are developed in
% order near the apices of
the annual shoots; the
annual shoots are always
apical. The male catkins
are borne in the axils of
the uppermost bud-scales
(pairs of stipules) on both
long and dwarf shoots of
the same year, the female
catkins in the axils of the
foliage-leaves of the apical
shoots: flowering takes
place shortly after the un-
folding of the lea_ves‘ The Fre. 211.—Quercus pedunculata. 4 Male flower magnified ;
ovules are ascending. The , perianth; o stamens. B Female fower magnified; d
cotyledons remain en- bract; ¢ cupule; p the superior perianth; g the style; »
closed in the testa during the stigma. C The same still more magnified, in longitudi-
germination. Quercus Ro- Ralsection; fovary; s ovules.
bur is the English species, of which there are two varieties, Quercus pedunculata
and Quercus sessiliflora : the former has elongated female catkins, so that the
fruits are widely separated from each other, and its pinnately lobed leaves are
shortly stalked and cordate at the base: the latter has compact female catkins,
so that the fruits form a cluster, and its leaves have longer petioles, and are
narrowed at the base. Quercus Suber is the Cork-Oak of Southern Europe.
There are also several North American species.

In Fagus, the Beech, the catkins of both kinds have the appearance of stalked
capitula. The flowers of the male eatkin are closely packed ; they have a peri-
anth of 4-7 segments and 8-12 stamens. The female catkin consists of two
flowers only, which are invested by & single cupule and by four delicate leaflets.
The cupule is covered with hard bristles, and when ripe splits into four valves
to allow the two triquetrous fruits to escape; each fruit bears at its apex a
brush:-like remnant of the perianth. The ovules are suspended. The female
inflorescences are borne on erect axes in the axils of the leaves of the apical
shoot of the same year, the male on pendulous axes springing from the axils of
the lower leaves of the shoots. Leaves distichous, approaching each other on
the under surfaces of the shoots, their axillary buds approaching each other on
the upper surface: the winter buds are elongated and pointed. The cotyledons
escapé from the seed on germination. Fagus sylvatica is the common Beech:
a variety with red leaves, the Copper Beech, is very generally cultivated.




262 ® PART IV.—THE CLASSIFICATION OF PLANTS.

In Castanes, the edible or Spanish Chestnut, some of the catkins consist at
their lower part of female flowers and at their upper of male flowers, whilst
others have only male flowers. In the axil of each bract there are usually
either seven male or three female flowers ; the latter are invested by the bracteoles
« and 8, and by a cupule formed by the other four bracteoles; the cupule, which
is covered with prickles, completely encloses the fruit until it is ripe, when it
splits into four valves. Both kinds of catkins are formed in the axils of leaves
of shoots of the same year, the mixed catkins being nearer to the apex than the
male ones. The ovules are suspended. The leaves are arranged spirally on
vigorous shoots; they are distichous on the less vigorous lateral shoots.
C. vulgaris, from Southern Europe, is cultivated in parks; it has undivided
toothed leaves.

Cohort 2. Asarales. Flowers hermaphrodite or unisexual:
ovary multilocular: ovules numerous.

Order 1. AristoLocHIEE. Flowers hermaphrodite: perianth of
three connate petaloid segments forming a three-lobed tube : stamens
6 or 12: ovary usually 6-locular, with numerous ovules in two
longitudinai rows along the inner angles of the loculi. The minute
embryo is enclosed in the copious endosperm. They are herbs or
shrabs, often climbing, with large leaves.

In Asarum europeum (Asarabacea) the three lobes of the perianth are equal;
the twelve stamens are free, and the connective is produced (Fig. 212). The
annual shoots of the oreeping stem bear four
cataphyllary leaves, two large petiolate reniform
foliage-leaves, and a terminal flower. The
lateral branches spring from the axils of the
uppermost foliage-leaf and of the scales. In
Aristolochia (see Fig. 164 p) the limb of the
perianth is obliquely lipped; the six anthers
are sessile and adnate to the short style. 4.
Sipho is a climber frequently cultivated; 4.
Clematitis occurs on ruins, etc. ; the flowers o*
the latter occur usually several together in the
axils of the leaves, and those of the former in
Fia. 3213.—Asirum ewropeum. yaig one above the other, together with a

Longitudinal t: f th . .
(ng ) » peﬁ‘a.:th?n (Lw: s‘:z:: ; branch in .the axils of the leaves of the shoot
of the previous year.

Order 2. Cyrivacez. Parasites devoid of chlorophyll and with-
out foliage-leaves, with a usually deformed vegetative body, and
either solitary flowers of remarkable size or small flowers in a
compact inflorescence. Flowers hermaphrodite or unisexual:
perianth campanulate: ovary unilocular: ovules very numerous;
embryo rudimentary : seed with or without endosperm.
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Sub-order 1. CyriNE=. Cytinus Hypocistis is parasitic on the roots of Cistus
in Southern Europe; other species occur in America and South Africa.

Sub-order 2. Hyoxorex. Hydnora and others are parasitic on the roots of
Euphorbi® in America and in South Africa.

Sub-order 3. RAFrLESIACEE. Rafflesia Arnoldi is conspicuous for the enormous
size of its flower; it is parasitic on the roots of Ampelides in the East India
Islands.

Cohort 3. Santalales. Parasitic plants: leaves, when present,
entire: stamens equal in number to the leaves of the perianth and
superposed upon them; ovary unilocular; ovules devoid of integu-
ment.

Order 1. SanTaracEx. Parasites provided with chlorophyll:
flowers generally ‘hermaphrodite; ovales 1-4, suspended upon a
free central placenta: perianth 3-5-lobed; fruit a nut or drape.

Thesium linophyllum, the Bastard Toad-flax, is an indigenous plant which is
parasitic on the roots of other plants. The leaves are narrow and linear. The~
bracts of the flowers, which are disposed in racemes, are usually placed high up
on the pedicels, close under the flowers, and in most of the species constitute
with the bracteoles a three-leaved epicalyx. - The stamens are filiform, inserted
at the base of the lobes of the perianth. The perianth is persistent, remaining
curled up at the apex of the indehiscent fruit (Fig. 218 B). Santalum album,
an East Indian tree, yields Sandal-wood.

B

F1a. 213.—4 Flower; B fruit Fra. 214.—A4 Terminal shoot of a female plant of
of Thesium montanum : f ovary ; the Mistletoe, Viscum album: s stem; b b leaves; k k
p perianth; s stamens; n stigma axillary buds; f three female flowers with the fruit
(enlarged). set. B Male flower (mag.); p perianth; a anthers

adherent to the leaves of the perianth.

Order 2. LoraNTHACEE. Parasites provided with chlorophyll:
flowers diclinous or hermaphrodite; ovule erect, adhering to the
wall of the ovary: perianth of 4, 6, or 8 leaves; fruit a berry.

Viscum album, the Mistletoe, is parasitic on various trees, forming conspicuous
evergreen bunches. The stem bears a pair of opposite leaves (Fig. 214 b b),
from the axils of which new branches spring, each bearing a pair of cataphyllary
leaves and then a pair of foliage-leaves, while the main axis ceases to grow, or
produces a terminal inflorescence, consisting of three flowers (Fig. 214 & f)
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branches or inflorescences may also spring from the axils of the cataphyllary
leaves. The flowers are dicecious. The fruit is a one-seeded berry with a viscid
pericarp, by means of which the seeds become attached to trees, and thus effect
the distribution of the plant. The male flowers have multilocular sessile anthers
which are inserted (Fig. 214 B a) upon the leaves of the perianth. Loranthus
europeus occurs upon Oaks in Eastern Europe.

Order 3. BaranorHOREE. Parasites devoid of chlorophyll and
without foliage-leaves, with a deformed vegetative body. Flowers
dicecious or moncecious, in many-flowered inflorescences. The
female flowers usually consist of a one-seeded ovary: the ovule is
suspended, and it adheres closely to the ovary. The embryo is
very small. ,

Balanophora, Lophophytum, and others are Brazilian genera; others inhabit
tropical Africa; Cynomorium coccineum is found in the Mediterranean region.

SUB-CLASS II. GAMOPETALZ.

Flowers usually hermaphrodite: perianth differentiated into
calyx and corolla; calyx usually gamosepalous; corolla generally
gamopetalous, in some cases it is suppressed.

SERIES I. HYPOGYNZE.

Ovary superior (except in Vacciniesm) : stamens epipetalous, or
free and hypogynous.

Cohort 1. Lamiales. Flower pentamerous, usually zygomor-
phic with median symmetry corolla usually bilabiate, the two
posterior petals being
connate and forming
a frequently helmet-
shaped (galeate) pro-
jecting upper lip, the
anterior petal, with the
two lateral petals, form-
ing the under lip: sta-
mens epipetalous: the
posterior stamen is
usually abortive or ap-

F1c. 215.—A Flower of Lamium, side view: k calyx; o PErs a8 a staminode;

upper; u under lip. B Flower of Leonurus opened: o the two lateral stamens
upper; u divided under lip; s lateral lobes of the corolla;

J f shoot; f’ f* long stamens (mag.). C Ovary; n achse- are generally shorter
nia; g style (mag.). than the two anterior

ones, so that the flower is didynamous; the two median carpels




GROUP IV.—PHANEROGAMS. 265

form a usually bilocular ovary which is sometimes subdivided into
four loculi: leaves scattered or opposite decussate, exstipulate : the
leafy shoots have no terminal flower: the formula is generally
V K (5) (C(5) 45) G2.

Order 1. Lasuarz. Stamens four, didynamous (Fig. 215 B);
rarely, as in Salvia and its allies, only the two anterior stamens
are developed: ovary subdivided into four chambers, as in the
Boraginem, which part as the seed ripens into four acheenia (Fig.
215 0): style lateral: the ovule in each loculus is solitary and
erect : seed without endosperm. Herbs with decussate leaves and
quadrangular stem. The flowers are disposed apparently in whorls
round the stem, but the inflorescence is in fact made up of com-
pound cymes or dichasia, termed verticillasters, developed in the
axil of each of the two opposite leaves.

Tribe 1. Ocymoidee. Stamens 4, descending. -

Ocymum Basilicum, the Sweet Basil, from India, and Lavandula, the Lavender
from Southern Europe, are cultivated as potherbs.

Tribe 2. Menthoidee. Stamens 4, equal, ascending, divergent: corolla
almost regular, 4- or 5-lobed.

Many species of Mentha, Mint, are common. Several species of Coleus, and
Pogostemon Patchouli, yielding oil of Patchouli, are cultivated. Lycopus has
only 2 stamens, the two posterior ones being abortive.

Tribe 3. Satureinee. Btamens 4, with broad connective, divergent, ascend-
ing.

Origanum vulgare is the Wild Marjoram; the Sweet Marjoram which is
cultivated is an exotic species. Thymus Serpyllum is the Wild Thyme; the
Garden Thyme is T. vulgaris, from Southern Europe. Satureia hortensis (exotic)
is the Summer Savory. Various species of Calamintha (stamens not divergent)
are common, as also Clinopodium vulgare (or C. Clinopodium), the Wild Basil.

Tribe 4. Melissinee. Stamens 4, with narrow connective, divergent.

Melissa officinalis, the Balm, and Hyssopus, the Hyssop, are cultivated as
potherbs.

Tribe 5. Monardee. Stamens 2, ascending: one cell of each anther is either
wanting or it is widely separated from the other.

Salvia verbenacea, the Wild Sage, i8 common, Rosmarinus officinalis, the
common Rosemary, is exotic.

Tribe 6. Nepetee. Stamens 4, ascending; the posterior two are the
longer.

Nepeta Cataria, the Catmint, occurs in hedges ; and Glechoma hederacea, the
Ground Ivy, is very common.

Tribe 7. Stachydee. Stamens 4, ascending; the anterior two are the
longer : upper lip of corolla usually arched (ringent).

Lamium album, the Dead-Nettle, and purpureum are very common. Various
species of Galeopsis, Stachys, Marrubium (Horehound), Ballota, Melittis, and
Leonurus, are found in England. )
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long seapes spring from their axils bearing simple spikes (Fig. 216 a,d). In
P. Cynops, Psyllium, and others, the main stem is elongated : the testa of the
seed is mucilaginous. In Litorella lacustris the flowers are moncecious; it
grows on the bottom of shallow waters : fruit 1-seeded, indehiscent.

Cohort 2. Personales. Flowers pentamerous, zygomorphic,
with median symmetry : stamens epipetalous: the posterior stamen
is usually abortive, or appears as a staminode: carpels 2, median :
ovules usually indefinite.

Order 1. ScropHULARINEE.  Ovary bilocular, with numerous
anatropous ovules borne on axile placents: seed with endosperm :
stamens four, didynamous, often with a rudimentary fifth posterior
stamen (Fig. 218 B, st); sometimes only the two lateral stamens
are present ; rarely all five are fertile: general floral formula as in
Lamiales.

Sub-order 1. ANTIRRHINEE. The posterior petals, forming the upper lip of
the corolla, are usually outside the others in the bud (cochlear ®stivation).

In the genus Verbascum, the Mullein, the flower is imperfectly zygomorphie,
the 5 stamens are unequal in length (2 long, 8 short): V. Thapsus, the Great

[ ] ® Py
O~
0 )
C B. A.

F1e. 217.—F.oral diagrams, 4 Of most Scrophulariness. B Of Veronica. C Of the Lenti-
bulariese; o upper; w under lip.

Mullein, V. Lychnitis, the White Mullein, and V. nigrum, the Dark Mullein,
ocour on banks and waysides. Antirrhinum, the Snapdragon, has a projection
on the lower lip of the corolla termed the palate ; the corolla is gibbous at the
base ; stamens 4 (Fig. 218 4 B): A. majus, the great Snapdragon, is a well-
known garden plant. Linaria has a spurred corolla ; stamens 4 : L. vulgaris,
the yellow Toad-Flax, is common in fields. In Gratiola the two anterior
stamens are represented by staminodes. Paulownia imperialis is an ornamental
flowering tree from Japan. Many species of Mimulus (Musk), Calceolaria, and
Pentastemon, are cultivated. .

Sub-order 2. REINANTHEZ. Corolla with imbricate wstivation. Digitalis,
the Foxglove, has an obliquely campanulate (digitaliform) corolla; stamens 4 :
D. purpurea is common in woods; the yellow D. grandifiora is cultivated.
Scrophularia has a globular corolla; S. nodosa (Figwort) and S. aquatica are
common. Veronica, the Speed-well, has only the 2 lateral stamens, and the
two lobes of the upper lip of the (rotate) corolla are united; the posterior lobe
of the calyx is suppressed (Figs. 218 C, 217 B): V. Anagallis and V.
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Order 5. OroBANCHEZ. Plants which are parasitic on the roots of
other plants, destitute of chlorophyll, with scales instead of leaves,
otherwise similar to the foregoing.

Orobanche rubens and cruenta (Broomrapes) on Leguminoss, lucorum on Ber-
beris, Hedere on Ivy, ramosa on Hemp ; mostly of a brownish or whitish hue.

Order 6. LenTiBULARIEE. Only the two anterior stamens are
developed (Fig. 217 C): ovules numerous on a free central
placenta: seed without endosperm.

The numerous species of Utricularia
are floating water-plants with finely
divided leaves bearing bladder-like
appendages which serve to catch small
aquatic animals (Fig. 219). Pinguicuia
vulgaris and alpina (Butterworts) are
small plants with rosettes of radical
leaves growing in damp places.

Cohort 3. Polemoniales. Fie 210.—Bladders of Utricularia. 4
. . . Outside view : s pedicel ; o entrance; + and b

Flowers actinomorphic, or if 2ygo- prisiy appendages. B Section: v & valve
morphic, not so in the median opening inwards and preventing the exit of
plane: flowers pentamerous: sta. "o mPrisoned snimal(mag,).
mens epipetalous: ovary of two, rarely five, carpels: leaves usually
scattered and exstipulate: the inflorescence is often cymose, with a
terminal flower: formula K(5) (0(5) 45) G2 to (%). ’

Order 1. ConvoLvuracex. Usually two median carpels forming
a bilocular ovary, with 1-2 anatropous ovules in each loculus: the
corolla has usually a contorted wmstivation, twisted to the right:
fruit a septifragal capsule or a berry: seed with endosperm.
Commonly climbing plants with milky juice. |

Convolvulus arvensis, the lesser Bindweed, and Calystegia sepium, the larger
Bindweed, the former with small bracts, the latter with large braots which invest
the calyx, are common wild plants. Batatas edulis is cultivated in tropical
America for its edible tuberous rhizome, the sweet potato.

Order 2. CuscuTEE. Parasites destitute of chlorophyll, with
filiform stems, which attach themselves to other plants by means of
roots, and derive their nourishment from them: the small flowers "
are arranged in fascicles (Fig. 220 b): the corolla has imbricate
sestivation : fruit a capsule with transverse dehiscence.

Cuscuta europeza, the greater Dodder, which occurs commonly on Nettles and
Hops, is widely distributed : C. epilinum is the Flax Dodder, and C. epithymum,
the lesser Dodder, occurs on various low-growing plants such as Clover, which
it often destroys.
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leaves below each flower, a larger one (Fig. 221 4 1a, 24, and so on),
which is the bracteole of the flower, and a smaller one (Fig. 221 4
0B, 18, 2B, etc.), which is the bract from the axil of which the
flowering-shoot springs. In other of the Solanem similar arrange-
ments are found. Most plants of this order are poisonous.

Tribe 1. Solanee. Fruit a berry. In the genus Solanum the anthers are
syngenesious : S. Dulcamara, the Bittersweet or Woody Nightshade, has a blue
flower, and S. nigrum has a white flower ; both are common: S. tuberosum is
the Potato-plant. Physalis Alkekengi, the Winter Cherry, has an inflated red
calyx which encloses the berry. Lycopersicum esculentum is the Tomato. The
fruits of Capsicum longum and annuum are known as Chili Peppers. Atropa
Belladonna is the Deadly Nightshade; the anthers are not syngenesious, and
the corolla is campanulate ; the berries are black and very poisonous. Lycium
barbarum is a shrub belonging to Southern Europe which has become wild in
places in the North,

Tribe 2. Nicotianee. Fruit a 2-valved loculicidal capsule.

Nicotiana Tabacum is the Tobacco plant (Fig. 138 B). Petunia is commonly
cultivated.

Tribe 3. Daturee. Capsule almost quadrilocular in consequence of the out-
growth of the septum, 4-valved. '

Datura Stramonium is the Thorn-apple.

Tribe 4. Hyoscyamee. Capsule dehisces transversely.

Hyoscyamus niger is the common Henbane.

Order 5. AsperiroLiE (Bo-

RAGINEE). Ovary consisting

of two median carpels,

spuriously quadrilocular in

consequence of a constriction

along the dorsal suture of

each carpel (Fig.222 O, r):

the single style arises from

the incurved apices of the

carpels, and is surrounded at F10. 222.—4 Flower of Anchusa (slightly mag.):
its base by the four loculi & calyx; ¢ corolla; b the scaly appendages. B
(Fig. 222 B): each loculus o o Cr O e, G Diagram of he
contains & single su8pended quadrilocular ovary in trans. section: r the dor-
anat-ropous ovule: when the sal sutures ; p p the placentas; s the ovules.
fruit is ripe the loculi separate completely, and appear to be four
achenia : seed without endosperm: the corolla usually has four
scaly ligular appendages at the junction of the limb with the tube
(Fig. 222 b) : inflorescence cymose, scorpioid and often very com-
plicated. Herbs or shrubs generally covered with harsh hairs and
only rarely glabrous, e.g., Myosotis palustris.
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Sub-order 1. Errerome=. Style at the apex of the ovary.

Heliotropium peruvianum, a well-known garden plant with fragrant flowers.

Sub-order 2. BoragIiNoIDEE. Style inserted between the four loculi.

Myosotis is the Scorpion-grass; M. palustris, the Forget-mé-not, occurs in
damp places, M. sylvatica in woods, and M. arvensis and others in fields.
Lithospermum arvense (Gromwell), L. oficinale, Echium vulgare (Viper's Bugloss),
Lycopsis arvensis (Common Bugloss), Cynoglossum officinale (Hound’s-tongue),
are common weeds. Borago officinalis is the Borage. ~Anchusa officinalis, the
Alkanet, is rare.

Cohort 4. Gentianales. Flowers actinomorphic: perianth and
andreecinm usually 4- or 5-merous: corolla with frequently contorted
@stivation (to the right): stamens inserted
on the tube of the corolla: carpels two:
leaves commonly decussate and exstipulate :
formula K(5) (C(5) 45) G2. V
Order 1. GentaNe®x. Carpels perfectly
connate, forming a uni- or bilocular ovary:
ovules parietal, numerous, anatropous: seed
Fie. 223.—Corolla of Ery- with endosperm. Usually herbs without

threa Centaurium spread outs . .. .
»tube; slimb; a stamens,  MilKy juice: leaves almost always entire.

Sub-order 1. GENTIANEZE. Leaves decussate: corolla with contorted eesti-
vation.

Gentiana, the Gentian, has a bilobed stigma; it occurs in mountainous
districts. Erythreahas a capitate stigma; E. Centaurium, the common Centaury,
is common in pastures.

Sub-order 2. MENYANTHEZ. Leaves spiral: corolla with valvate estivation.
Menyanthes trifoliata, the Buckbean, with ternate leaves, is common in
marshes. '

Order 2. LoeaNiacex. Corolla with usually valvate estivation.
Ovary 2—4-locular, each loculus containing one or several ovules:
seed with endosperm (Fig. 157 4). Mostly trees with opposite and
usually exstipulate leaves.

Semen Strychni or Nuz vomica, the seed of Strychnos Nuz vomica in the East

Indies, is extremely poisonous. The South American Indians poison their arrows
with the sap of the cortex of Strychnos guyanensis, under the name of Curare.

Order 3. ArocyNEx. Corolla with contorted wmstivation. The
two carpels are usually connate only by their styles, which become
free as they ripen: seed usually devoid of endosperm. Herbs or
shrubs with milky juice.

Nerium Oleander is an ornamental shrub, Vinca minor and other species, the
Periwinkles, are common creeping plants, wild and in gardens.
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Order 4. AscLeriapEz. Corolla with usually imbricate eesti-
vation. The two carpels usually form two distinct monomerous
ovaries: styles short, united into one stigma: stamens connate,
forming a tube surrounding the gyncecium, having pouch-shaped
(Fig. 224 B, t) and spur-shaped (Fig. 224 B, k) appendages:
anthers 2-4-locular; the pollen
of each sac forms a mass (pol-
linium), and the masses of each
pair of contiguous sacs adhéere
(¥ig. 224 C,p,p) and are con-
veyed by insects to the stig-
mas: ovules numerous, at-
tached to the ventral suture:
seed usually without endo-
sperm. Generally  woody

plants, often climbers with ¥re. 226—A Flower of Asclepias (mag.): ¢
2 . e the reflexed corolla; n stigma ; h the spurs, ¢
Lll]ﬁj juce. the pouches of the stamens. B A solitary sta-

Asclepias syriaca and other species eD; @ the anther. C Pollen-masses, p and p.
are grown in gardens, also Hoya carnosa, the Wax flower. Stapelia has a fleshy
cactus-like stem.

Order 5. OLeacEZ. Calyx and corolla usunally 4-merous, some-
times wanting; corolla with valvate sestivation : stamens and carpels
2, alternate: ovary bilocular: ovules, 2 in each loculus, suspended
and anatropous: fruit a capsule, a berry, or a drupe: seed with
endosperm : stem woody: leaves always decussate.

Sub-order 1. OLEINEE. Fruit a berry or a drupe.

i k
Fra. 225.—A Flower of Frarinus Ornus (enlarged): k calyx; ¢ corolla; st stamens; f

ovary; n stigma. B Hermaphrodite flower of Frawinus excelsior, the common Ash; an

anthers; f ovary; n stigma (enlarged). Floral diagram of the Oleaces.

Ly
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Ligustrum has a baccate fruit; L. vulgare, the Privet, is a common shrub.
Olea has a drupaceous fruit; O. europea is the Olive-tree of the East and of
Southern Europe.

Sub-order 2. FraxiNez. Fruit a capsule, or winged and indehiscent (samara).

The genus Fraxinus has a winged fruit ; in F. excelsior, the common Ash, the
perianth is suppressed and the flowers are polygamous ; in F. Ornus, the Manna
Ash of Southern Europe, the perianth is complete, and the corolla is deeply cleft
(Fig. 225 4). The fruit of the genus Syringa is a 3-valved capsule; the limb of
the corolla is 4-lobed ; S. vulgaris is the Lilao.

Order 6. JasmiNez. Calyx and corolla 4-5-merous; corolla with
imbricate sstivation; stamens and carpels 2, alternate: ovary
bilocular: ovules, 2 in each loculus, erect, anatropous; fruit a
capsule or a berry : sced without endosperm. Shrubs, often climb-
ing, with scattered leaves.

The flowers of Jasminum grandiflorum and other specles belonging to Southern
Europe contain a very fragrant ethereal oil.

Cohort 5. Ebenales. Flowers actinomorphic, 4-8-merous;
formula often K(4) C(4) 44 + 4, GY¥, the outer stamens being
sometimes suppressed: stamens epipetalous. carpels opposite to the
sepals: ovary multilocular, with one or two suspended ovules in
each loculus: fruit usually fleshy.

Order 1. Sarorez. Tropical trees with milky juice.
Isonandra Gutta, an East Indian tree, yields Gutta-percha.

Order 2. EBeNacEx. Trees; flowers generally diclinous.
Diospyros Ebenum in the East Indies yields the wood known as Ebony.

Order 3. Styracex. Flowers perigynous or epigynous: trees.

Gum Benzoin is the resin of Styraz Benzoin in the East Indies.

Cohort 6. Primulales. Flowers actinomorphic, usually pen-
tamerous: formula K(5) (C(5) 40 + 5) G?: stamens inserted on
the tube of the corolla and opposite to its lobes: ovary consisting
of five connate carpels which are opposite to the sepals, nmlocula.r
with a free central placenta or a single central ovule. v

Order 1. Primunacez. Style single: ovules indefinite, on a free
central placenta (Fig. 148 G) : the corolla is gamopetalous, tubular
below, expanding above into a 5-lobed limb which is wanting only in
Glaux: the anthers (Fig. 226 a) are adnate to the tube of the corolla
and are opposite to its lobes; this position of the stamens is ex-
plained by supposing that an outer whorl of stamens (which is
represented in the following order by petaloid staminodes) is here
suppressed : fruit a capsule. Herbaceous plants with conspicuous
flowers.
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The genus Primula has a 5-valved dehiscent capsule, and a 5-cleft calyx.
Primula elatior and P. veris are the Oxlip and the Cowslip; they are remark-
able in that they are heterostyled; that is, that in some flowers (Fig. 226 B) the
style is as long as the tube of the corolla, and the stamens are sitnated at about
half the height, whereas in others (Fig. 226 4) the style is only half the length
and the anthers are inserted in the throat of the corolla : fertilisation only takes
place when the pollen of the anthers which correspond in their position to the
length of the styles is applied to their stigmas. The capsule of Anagallis
arvensis, the Pimpernel, dehisces transversely (pyxidium). Cyclamen europeum,
the Sow-bread, has an underground tuber ; the lobes of the corolla are reflexed.
Lysimachia has a deeply 5-cleft calyx. Trientalis has usually a 7-merous
flower.

Order 2. MyrSINEXE. These plants differ from the preceding in
that the fruit is baccate and the stem woody. ’

Ardisia, with red berries, is a8 well-known ornamental plant.

F1e. 226.—Dimorphic flowers of Primula elatior in longitudinal section. A Short-styled.
B Long-styled form; k calyx; ¢ corolla; a anthers; f ovary; g style; n stigma. Floral
diagram of Primula.

Order-3. PLUMBAGINEE. Styles five: there is a single basal ovule
in the cavity of the ovary: flowers often small, in dense inflores-
cences with numerous bracts. )

In the genus Armeria the flowers are in capitula, which are surrounded by an
involucre formed of the lower scarious bracts ; 4. vulgaris, the Thrift, occurs on
sandy soils. Statice, with one-sided spikes, occurs on sandy sea-shores. Plum-
bago occurs in Southern Europe and in the East Indies.

Cohort 7. Ericales. Flowers 4-5-merous, actinomorphic: sta-
mens usually in two whorls, and wusually hypogynous: carpels
opposite to the petals: formula K(n) O(n) An+n | G(n), where
n=4 or 5: ovary superior or inferior, multilocular, with large
projecting axile placentse: seed with endosperm: anthers usually
appendiculate.
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Order 6. VacciNiEzZ. Ovary inferior (Fig. 227 0): anthers with
appendages (Fig. 141 B), usually opening by two pores: fruit a
berry.

Vaccinium Vitis-Idea is the red Whortleberry or Cowberry; it usually
blossoms and bears fruit twice in the year. V. Myrtillus is the Bilberry or
Whortleberry, with deciduous leaves. V. Ozycoccos, the Cranberry, and V.
uliginosum, the great Bilberry, are low shrubs occurring on moors.

SERIES II. EPIGYNZE.
Ovary inferior.

Cohort 1. Campanales. Flowers actinomorphic or zygomorphic,
pentamerous: sepals leafy and narrow: stamens usually free from
the corolla, but often connate : ovary of two to five carpels, inferior:
formula K(5) C(5) A(5) G to .

Order 1. Campanvracez. Flowers usually actinomorphic: sta-
mens five, often connate at the base: ovary usually trilocular, with
numerous ovules; placentation axile: fruit a capsule: seed with
endosperm. Mostly herbs with milky juice.

Fia. 229.—Floral diagram of Lobelia:
a gynecium of Lobelia.

F1a. 228.—Andreecium and gyncecium of Campanula: f inferior ovary; ¢ insertion of the
corolla ; a anthers; b expanded base of the stamens ; n stigmas (mag.).

Campanula rotundifolia, the Hare-bell, glomerata, and other species are com-
mon in fields, on heaths, ete., etc.: C. media is the Canterbury-bell cultivated
in gardens. Phyteuma orbiculare, spicatum, the Rampions, are indigenous in
parts of England; the flowers are in capitula, and the calyx is deeply 5-cleft
with spreading teeth : nearly allied is the genus Jasione ; J. montana, the Sheep’s-
bit, is common in England. Specularia has a rotate corolla; S. speculum,
Venus's Looking-glass, is cultivated.

Order 2. LoBeLiACEE. Flowers zygomorphic (Fig. 230): the
corolla commonly forms a tube which is more or less cleft on one
side, and the limb is divided into two lips, the lower one consisting
of three lobes (Fig. 230 4, ) and the upper of two smaller ones
(Fig. 230 4, 0) : at their first formation the position of these parts
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Valeriana officinalis, and dioica, are common in damp places. Valerianella
has. a toothed calyx-limb; many species are common in fields: Valerianella
olitoria, Cornsalad, or Lamb’s lettuce, is eaten. Centranthus ruber is an orna-
mental plant; only one stamen and one carpel are developed (Flg 231, Diagram
B); at the base of the tube of the corolla is & spur which is indicated in
Valeriana by a protuberance.

Order 2. Dipsacex. Flower originally pentamerous, and sur-
rounded by an epicalyx (Fig. 232 k') formed of connate bracteoles:
calyx often plumose or bristly ‘(Fig. 282 k): corolla bilabiate:
stamens only four, the posterior one being suppressed: ovary
unilocular, with one suspended ovule: seed with endosperm: leaves
decussate, exstipulate: flowers in a dense capitulum surrounded by
an involucre: the outer florets are usually lignlate: the receptacle
may or may not bear scaly bracteoles: fruit invested by the epicalyx
which is cleft longitudinally.

Dipsacus, the Teazle, has a calyx without bristles; the capitula of Dipsacus
Fullonum are used in finishing woollen cloth, for the sake of the strong hooked
spines of the bracteoles: D. silvestris is common on waste ground. Scabiosa has
palew, and the projecting limb of the epicalyx is dry; S. Columbaria is common
in pastures. In Succisa the limb of the epicalyx is herbaceous; S. pratensis
occurs in damp meadows. Knautia has pales; epicalyx entire: K. arvensis is
common in fields. :

Order 3 Coupositz. The flowers are always collected into many-
flowered capitula (sometimes only 1-flowered): in the same head,
hermaphrodite, female, and asexual flowers generally occur: ovary
inferior, unilocular, with a basal, erect, anatropous ovule: the calyx
is rarely present in the form of small leaves or scales (Fig. 235 D, p) ;
more commonly it is a crown of simple or branched hairs (Figs. 233
p, and 235 4, E, p), and is not developed till after the flowering is
over; it is termed the pappus: sometimes the calyx is wholly want-
ing: corolla tubular, either regular, and 5-toothed (Figs. 233 4, ¢,
235 O, m, c), or expanded at the upper end into a lateral limb with
3 or 5 teeth (Figs. 233 B, 235 B, ra), (Fig. 235 4, ¢), when it is
said to be ligulate: the stamens are short, inserted upon the corolla
(Fig. 233 4, st); the anthers are elongated and syngenesious,
forming a tube through which the style passes (Figs. 233 4, a, 235
A, a): this is bifid at its upper end (Figs. 233 4, n, 235 4 and C »):
on each of these branches the stigmatic papillee are arranged in two
rows: in the wholly female flowers the styles are usually shorter
(Fig. 233 B, g): fruit an inferior achene (cypsela), crowned by
the pappus (Fig. 235 E and D, p) when it is present (Fig. 235 F, f)
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ligulate : branches of the style hairy above, papills extending to where the hairs
begin. Many species of Aster, belonging chiefly to North America, are cultivated
a8 ornamental plants, as also Callistephus Chinensis, commonly known as the
China Aster., Erigeron acris, alpinus and canadensis occur in England; the
last is an imported weed. Bellis perennis, the Daisy, is universal. Solidago is
the Golden Rod.

Tribe 4. Senecionidee. Leaves alternate: ray-florets in one row, ligulate,
female, rarely absent : branches of the style tufted at the tips.

Senecio vulgaris, the Groundsel, is universal as a weed. Arnica montana
occurs in Alpine woods. Two species of Doronicum have become naturalized in
England.

Fre. 235.—Flowers of Composites: f fruit or ovary; h its beak; p pappus; ¢ corolla; s
stamens ; n stigmas. 4 Ligulate flower of Taraxacum, with a 5-toothed corolla-limb, herma-
phrodite. B Capitulum of Achillea (mag.): ra floret of the ray, with ligulate 3-toothed
corolla, female; m hermaphrodite florets of the disc, with a 5-toothed tubular corolla; ¢
involucre. C Longitudinal section more highly magnified: r receptacle; ¢ involucre; d
bracteoles (palem); ra floret of the ray; m floret of the disc; n’ stigmas of the female
flowers. D Fruit of Tanacetum, with a scaly pappus. E Of Taraxacum, with a hairy
pappus. F Of Artemisia, without a pappus (mag.).

Tribe 5, Anthemidee. Leaves alternate: ray-florets female, ligulate or tubu-
lar: branches of style tufted at the tips : pappus 0, or minute.

Artemisia Absynthium, Wormwood, 4. vulgaris and campestris are common;
Chrysanthemum Leucanthemum, the Ox-eye Daisy, is common in fields. Matri-
caria Chamomilla, the Wild Chamomile, has a hollow conical receptacle
destitute of palem. Anthemis nobilis, the Common Chamomile, has a receptacle
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bearing palem, as also 4. arvensis, the Corn Chamomile. Achillea Millefolium
is the Milfoil. Tanacetum vulgare is the Tansy.

Tribe 6. Helianthee. Leaves opposite: ray-florets O or ligulate, yellow,
female or neuter : branches of style as in Asteroidem. Bidens is common in
wet places. (Galinsoga is naturalized in England.

Helianthus annuus is the Sunflower; oil is extracted from the seeds: the
tubers of H. tuberosus, a West Indian species, are rich in inulin, and serve as &
vegetable and for fodder (Jerusalem Artichokes).

Tribe 7. Inulee. Leaves alternate: ray-florets ligulate, female, yellow:
branches of style as in Asteroides.

Inula Helenium is the Elecampane.

Tribe 8. Cynaree. Flowers all tubular, the outer ones sometimes female or
neuter :] style thickened below the branches: leaves generally armed with
spines, alternate.

Arctium Lappa, the Burdock, is common by roadsides; the leaves of the
involucre are hooked and spinous. Carduus nutans and crispus are common
(true) Thistles; Carduus (Cirsium) lanceolatus, palustris, pratensis (Plume-
thistles), are common in damp districts. Carlina vulgaris is the Carline; the
inner leaves of the involucre, which are white, fold over the flower head under
the influence of moisture, but in drought spread widely open. Centaurea
Scabiosa and nigra, the Knapweeds, are common everywhere, C. Cyanus is the
Corn-flower or Blue-bottle, occurring in wheat fields. Cynara Scolymus is the
Artichoke; the flower-buds are eaten as a vegetable. Carthamus tinctoria, the
Safflower, is used in dyeing. In Echinops, the Globe-Thistle (exotic), numerous
one-flowered capitula are collected into one large spherical head.

Tribe 9. Gnaphaliee. Leaves alternate, entire: bracts scarious: flowers all
tubular, the outer ones female: branches of style papillose at the tips.

In Gnaphalium, the Cud-weed, and in Filago, the capitula contain female and
hermaphrodite flowers, but in Antennaria, the Everlasting, the flowers are
dicecious.

Sub-order 2. LapiatTiFLor®. The hermaphrodite florets have a bilabiate
corolla ; the male and female florets have a ligulate or a bilabiate corolla. South
American. .

Sub-order 3. LieurLiFLorRZE (CicHORIACER). All the florets are hermaphrodite ;
limb of the corolla 6-toothed and ligulate (Fig. 235 4).

Tarazacum officinale, the Dandelion, is the commonest of wild flowers.
Lactuca sativa is the Lettuce. L. Scariola, virosa, and others, are common
in waste places. Scorzonera hispanica is eaten as a vegetable. Tragopogon
porrifolium, the Salsafy, and T. pratensis, the Goat’s beard, are common.
Cichorium Intybus, the Chicory, is found by roadsides; the roasted roots are
mixed with Coffee: C. endivia (Endive) is a vegetable. To this group belong
also the genera Hieracium, Sonchus, Crepis, Lapsana.

Cohort 3. Rubiales. Leaves generally opposite: calyx
generally present and incised: stamens epipetalous, alternate with
the segments of the corolla : ovary 2-8-locular, ovules 2—cc. .

Order 1. Rusiacez. Flowers actinomorphic, 4- or 5-merous:
calyx leafy or suppressed: corolla with valvate eestivation: ovary
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1- or 2-locular, consisting of two carpels, 1- or many-seeded : seed
usually containing endosperm : leaves decussate, stipulate : stipules
similar to the true leaves (Fig. 236 4, n n): the true leaves are
distinguished by the branches which arise in their axils (Fig. 236

A, ff, 88).

Sub-order 1. SteLrAT=®. Stipules large and leafy: loculi 1-seeded.

Galium, Bedstraw, has a rotate corolla and an inconspicuous calyx, usually
tetramerous : G. verum, Mollugo, Aparine, and others are common in hedges
and pastures. Asperula has an infundibuliform corolla, but in other respects
the flower resembles that of Galium; 4. odorata, the Wood-ruff, is common.
Rubia tinctorum, the dyer’s Madder, has a pentamerous flower, a rotate corolla,
and a baccate fruit; it
is used in dyeing and
largely cultivated ; it is
indigenous in Southern
Europe and the East;
it is closely allied to
the British species R.
peregrina, the Wild Mad-
der. Sherardia has a
conspicuous calyx; &S.
arvensis, the Field Mad-
der, is found in culti-
vated and waste places.

Sub-order 2. Correa-
cEx. Stipules scaly:
loculi 1-seeded.

Coffea arabica, the
Coffee-tree of Africa, is
grown in the tropics;
the fruit, a berry, con-
tains one or two seeds;
the so-called coffee-bean :
is the seed which con- Fie. 236.—A4 Portion of a stem of Bubia tincwn:;n e:r J .j;go

. sperm decussate leaves with hoots (s 8) in [}
sista .o t endo and 1 n the segmented sﬁp::?s x:;fblging th; lea)wes (nat. size)s
contains a small embryo. B Flower (mag.): f ovary; k calyx (rudimentary); ¢ corolla;
Cephaelis yields Ipeca- qanthers; » stigma. '
chuana.

Sub-order 8. CiNncHoNEZ. Stipules scaly : loculi many-seeded.

Various species of Cinchona, indigenous to the eastern slopes of the Andes,
but cultivated in Java and the East Indies, yield the cinchona-bark from which
Quinine is prepared.

Order 2. CapriFoLIAcEE. Flowers usually pentamerous, actino-
morphic or zygomorphic: corolla usually with imbricate eestiva-
tion; ovary 2-5-locular: ovules suspended: fruit baccate; seed



Digitized by GOOS[@



GROUP 1V.—PHANEROGAMS. 285

Cohort 1. Umbellales. Flowers usually actinomorphic, epi-
gynous, with generally a single whorl of stamens opposite to the
sepals: calyx inconspicuous: ovary bilocular, with one ovule in
each loculus: a disc between the stamens and the styles: inflores-
cences usually umbellate: seed containing endosperm: leaves
exstipulate. :

Order 1. UmBeruiFErE. Formula, K5, C5, 45, Gg: the calyx is
generally very small, often hardly visible; the corolla consists of
five rather small white or yellow petals ; occasionally the outermost
petals of the flowers at the circumference of the umbel are larger
than the others, and the umbel is then termed radiate: stamens
five ; ovary inferior, bilocular: the base of the two styles is fleshy
and thickened, forming an epigynous disc (Fig. 239 4 d); one

oI o

i S

F16. 239.—4 Flower of Feniculum (mag.): f ovary; ¢ corolla; s stamens; d disc. B
Fruit of Heracleum: p pedicel; g style; r r r ridges (coste): r marginal ridges; o oil-
ducts (vittee) (mag.). C Transverse section of mericarp of Carum Carui: m surface that
comes into contact with the other mericarp; o vitte; ¢ endosperm. D Transverse section
of mericarp of Conium. E Fruit of Coriandrum : & margins of the surface along which the
two mericarps are in contact; r ridges; n secondary ridges. F Section of a mericarp (mag.).

suspended ovule in each loculus of the ovary (Fig.148 E): the fruit,
when ripe, splits into two mericarps, each loculus of the ovary
being permanently closed by a median septum (Fig. 240 a). The
structure of the pericarp is an important characteristic for the
classification of the family. The fruit is commonly either oval in
form (Fig. 240), or compressed (Fig. 239 B), or nearly spherical
(Fig. 239 E): its surface bears longitudinal ridges (cost®), five
generally on each mericarp; of these, two run along the margins
(Fig. 239 B, 0, D, rr), and the other three along the dorsal surface
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median plane, the lateral primary ridges winged, the wings of the two mericarps
apposed : Peucedanum, Imperatoria, Anethum, Pastinaca, Heracleum.

Tribe 7. Silerinee. Each mericarp has four secondary ridges : Siler.

Tribe 8. Thapsiee. Each mericarp has four secondary ridges, of which the
external ones at least are winged : Laserpitium.

Tribe 9. Daucinee. The secondary ridges are spinous: Daucus.

Sub-order II. CAMPYLOSPERMEX.

Tribe 10. Caucalinee. Secondary ridges spinous: Caucalis.

Tribe 11. Scandicee. Fruit without secondary ridges, laterally compressed,
usually beaked : Anthriscus, Charophyllum, Myrrhis.

Tribe 12. Smyrniee. Fruit without secondary ridges, unbeaked: Conium,
Smyrnium.

Sub-order III. CELOSPERMEE.

Tribe 13. Coriandree. Fruitspherical ; secondary ridges more prominent
than the wavy primary ridges : Coriandrum.

Anthriscus silvestris, Carum Carui, the Caraway, Heracleum spondylium, the
Cow-Parsnip, Zgopodium Podagraria, Pastinaca sativa, are common in meadows
and woods. The following are cultivated: Apium graveolens, Celery; Petro-
selinum sativum, Parsley; Daucus Carota, the Carrot; Pastinaca oleracea, the
Parsnip; Anthriscus cerefolium, the Chervil. The following are poisonous:
Conium maculatum, the Hemlock ; Cicuta virosa, the Water-Hemlock; Zthusa
Cynapium, Fool's Parsley.

Order 2. AraLiacEE. Flowers generally pentamerous; stamens
sometimes more numerous; carpels more or less numerous: fruit
a berry or a drupe. Shrubs, sometimes climbers, with scattered
palmate leaves.

Hedera Heliz, the Ivy, does not blossom till it:is some years old : the umbels
are borne on erect branches, the leaves of which are entire. Fatsia papyrifera
is used in Japan for making a kind of paper known as rice paper; it is made
from the pith.

Order 3. CorNacE®. Flowers tetramerous, with a dimerous bi-
locular ovary: fruit usuallya drupe. Shrubs with woody stems and
entire opposite leaves.

Cornus mas, the Cornel, has yellow flowers which bloom before the unfolding

of the leaves, and a red fruit. C. sanguinea and suecica are eommon shrubs.
Aucuba japonica has coriaceous leaves, dicscious flowers, and a baccate fruit.

Cohort 2. Ficoidales. Affinity doubtful. Flowers epigynous
or perigynous, with the very numerous petals and stamens, and
often the sepals also, arranged spirally : ovary uni- or multilocular:
placentas parietal or basilar. .

Order 1. Cactez. Flowers acyclic, epigynous, with numerous
sepals, petals, and stamens, which gradually pass into each other:
ovary unilocular, with three or more parietal placents: ovules
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horizontal ; endosperm little or none: stems of the most various
forms: leaves usually represented by tufts of spines. All are indi-
genous to tropical America, but many have been introduced into
the eastern hemisphere.

Mamillaria has a spherical or cylindrical stem on which tubercles, arranged
spirally and bearing spines, represent the leaves. Echinopsis and Echinocactus
have angular ridges on which the tufts of spines grow. Cereus has an angular,
columnar, elongated stem. Phyllocactus and Rhipsalis have compressed leaf-
like stems. Opuntia and Nopalea have flattened stems composed of a suc-
cession of flattened ovate shoots. The Cochineal insect lives on Nopalea cocci-
nellifera.

Order 2. Azoacez (Ficomez). Flowers with a simple perianth
and usually indefinite stamens, the more external of which are often
transformed into petaloid staminodes : ovary multilocular.

Many species of Mesembryanthemum, natives of South Africa, are cultivated ;
in Aizoon the flowers are perigynous.

Cohort 3. Passiflorales. Flowers actinomorphic, epigynous,
perigynous or hypogynous, pentamerous: stamens in one or two
whorls, or indefinite ; gyncecium syncarpous, ovary usually trimerous
and unilocular: ovules numerous, on parietal placente.

Order 1. PassirLoracEZ. Flowers pentamerous, perigynous; be-
tween corolla and andreecium there is a disc consisting of a number
of filamentous appendages: the andreecium and the gyncecium are
elevated mpon an elongation of the axis: stamens five, often mona-
delphous, opposite to the sepals: leaves palmate. Climbing plants.

Several species of Passiflora, the Passion-Flower, from tropical America, are
cultivated.

Order 2. Paravacex. Flowers diclinous, hypogymous: stamens
in two whorls: carpels five. v

Carica Papaya, the Papaw, is cultivated in the tropics on account of its edible
fruit: its latex is poisonous.

Order 3. BeGoniacez. Affinity doubtful. Flowers diclinous;
the male flowers have two dimerous petaloid perianth-whorls, and
indefinite stamens crowded together; the female flowers are epi-
gynous, the perianth consists of five petaloid leaves, the ovary is
trilocular, with numerous anatropous ovules borne on axile placen-
teo: fruit a capsule: leaves often very large, usmally oblique:
inflorescence cymose, the male flowers being terminal on the first
branches, the female terminal on the last.
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Many species of Begonia, derived from the tropics, are cultivated as orna-
mental plants.

Order4. CucurBITAcEE. Flowers diclinous or polygamous, actino-
morphic: corolla gamopetalous, of five petals: stamens epipetalous,
five, but two pairs cohere, so that there appear to be but three
(Fig. 241, diagram) ; sometimes there is only one short one, with
a large sinuous anther: ovary inferior, unilocular, or spuriously
maultilocular, with one or (more often) many parictal ovules: fruit
baccate (a pepo or a-succulent berry), often of great size, with
a relatively thick and solid epicarp: seeds without endosperm.
Herbs with scattered leaves, cften climbers, the tendrils growing
by the side of the leaves.

Cucurbita Pepo is the Pump-
kin: the genus Cucumis has free
stamens; Cucumis sativa is the
Cucumber, and Cucumis Melo is
the Melon: Citrullus vulgaris is
the Water Melon. The genus
Bryonia has a small white
corolla; the loculi of the ovary
are 2-seeded, and the fruit is a
succulent berry; B. dioica is
common in shrubberies and
hedges.

Cohort 4. Myrtales.
Flowers usually actinomor-
phic, epigynous or peri-
gynous, with commonly two
whorls of stamens: gynoce-
cium syncarpous, with usu- F1a 241.—A4 Longitudinal section of female flower

ally a single style: leaves of Cucumis: fovary; skovules; k calyx; C corolla;

: n stigma ; st’ rudimentary stamens. B Longitudi-
usually opposite. nal section of male flower: st stamens; n’ radimen-
Order 1. ONAGRACEE. tary ovary; the corolla (c) is not all shown (some-

Flowers usually tetramerous Whatmag.). Floral diagram of Cucurbita.
throughout, epigynous: ovary multilocular, with numerous ovules
on axile placentee: fruit a berry or a capsule; seed without endo-
sperm. Calyx often petaloid, forming a long tube (Fig. 242 4, 7).

Enothera biennis, the Evening Primrose, occurs on river banks; the seed has
not a tuft of hairs, and the flowers are yellow. Epilobium is the Willow Herb,
of which many species are common ; E. angustifolium, hirsutum, and montanum
occur in fields, hedges, and ditches; the seeds have a tuft of long hairs; flowers

14
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red, fruit a septifragal capsule. Circea lutetiana (Enchanter's Nightshade) has
dimerous flowers K2, C2, 42, G(;) ; common in damp and shady spots. Isnardia
palustris has no corolla; its fruit is a septicidal capsule. Fuchsia (Fig. 242 4),
many species of which are cultivated as ornamental plants, is a8 native of South
America ; fruit a berry.

Order 2. Lyrurariex. Flowers perigynous, with two whorls of
stamens: formula Kn, Cn, 4n +n, G%, where n=3—16: ovary free
in the hollow receptacle: an epicalyx formed by connate stipules
is often present: seed without endosperm.

Lythrum Salicaria, the Loosestrife, occurs in bogs and ditches: formula
K6, C6, 46 +6, G(1): the stamens of the two whorls are unequal in length, and
the length of the
style also varies;
three forms of
flowers are thus
produced  (tri-
morphism). Se-
veral species of
Cuphes, with
8 posteriorly
spurred  calyx-
tube, from Mexi-
co, are cultivated.

Order 3.
MYRTACERZ.
Flowers 4- or
5-merous, epi-
i gynous: sta-
s} mens often

Fra. 242.—A4 Flower of Fuchsia: s pedicel; f inferior ovary; k very numers
sepals, connate at the base, forming a tube (r); a stamens; g style; n ous, or few
stigma. B Flower of Epilobium hirsutum (letters as before). C Fruit ?
of Epilobium after dehiscence : w outer wall; m columella formed by a 1. d much
the septa; sa seed with tufts of hairs (nat. size). branched (Fig.

243): seed without endosperm: leaves usually opposite, dotted with
oil-glands.

Tribe 1. Myrtee. Fruit a berry or a drupe; stamens indefinite.

Myrtus communis is the Myrtle of Southern Europe; Eugenia and Caryophyl-
lus are also ornamental shrubs,

Tribe 2. Leptospermee. Fruit a capsule, dehiscing loculicidally from above
downwards: stamens indefinite, in bundles which are opposite either to the
sepals or to the petals (Fig. 243).

Callistemon, Melaleuca, Metrosideros, Calothamnus, and others, are ornamental
plants: Eucalyptus Globulus, from Australia, is much planted in marshy dis-
tricts, which it tends to dry up by its active transpiration.
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Tribe 3. Lecythidew. Fruit large, woody, dehiscing with a 1id, or indehiscent ;
leaves scattered, without oil-glands: stamens indefinite.

Bertholletia excelsa grows in tropical America ; its fruits are known as Brazil
nuts.

Tribe 4. Granatee. Fruit resembling a pome; leaves opposite, without oil-
glands.

Punica granatum, the Pomegranate, grows in Southern Europe; flowers 5-8-
merous ; receptacle petaloid ; stamens indefinite; in the ovary there are two
whorls of loculi, an external superior of which the loculi are as numerous as and
are opposite to the petals, and an internal inferior consisting of three loculi.

Order 4. RarzorHORACEE. Tropical trees with aérial roots, known
as Mangroves: the seed often germinates in the fruit whilst it is

F16. 244.—Flower-bud of Caryophyl-
lus, the Clove, in longitudinal section :

Fie. 243.—Longitudinal section of f the inferior ovary, with the oil-
the flower of Calothamnus: f ovary; glands (dr); sk the ovules; kcalyx;
8 calyx; p corolla; st branched sta- ¢ corolla; st stamens; a anthers;
mens; g style. (After Sachs.) g style (enlarged).

still attached to the tree, and the primary root extends till it reaches
the earth.

Cohort 5. Rosales. Flowers actinomorphic or zygomorphic,
usually hermaphrodite, perigynous or epigynous: stamens rarely
fewer in number than the petals or equal to them, generally in-
definite in numerous whorls: gyncecium more or less completely
" apocarpous: ovules anatropous, suspended or erect; seed with or
without endosperm.

Order 1. Rosacez. Flowers actinomorphic, perigynous: gyncecinm
apocarpous : ovules 1 or few, anatropous ; seeds without endosperm :
leaves scattered, stipulate: the odd sepal is posterior.

Tribe 1. Rosee. Carpels numerous, attached to the base and sides of the
hollow receptacle, which is narrow above (Fig. 245 C); each contains a single
suspended ovule, and: when ripe, are achenes enclosed in the fleshy receptacle:
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the sepals are frequently persistent at the top of it. Shrubs with imparipinnate
leaves; the stipules are adnate to the petiole.

Many species of Bosa, the Rose, are wild, such as R. arvensis, canina, and
rubiginosa, and many others are cultivated, a8 R. centifolia, damascena, indica,
rubifolia, ete. '

Tribe 2. Spirezacee. Carpels usually 5, each containing two or more sus-
pended ovules: they are inserted upon the floor of the flat open receptacle:
the calyx is persistent till the fruit is ripe.

Spirea Ulmaria, Meadow-sweet, druncus and Filipendula (Dropwort) occur
in woods and meadows, the fruit is a follicle; Sp. sorbifolia, media, ulmifolia,
and other species, Kerria japonica (with achenes) and Rhodotypus (with drupes)
are ornamental shrubs.

Tribe 8. Amygdalee. The single carpel, containing two suspended ovules, is
inserted on the floor of the receptacle (Figs. 2456 4 and 246 C); the receptacle
and the calyx fall off when the fruit is ripe: stamens usually in three whorls of
5 or 10; fruit a drupe (Fig. 162); only one seed is usually present.

The fruit of the genus Amygdalus has a furrowed coriaceous endocarp: 4.
communis, the Almond-tree, and nana, are trecs of Southern Europe: 4. persica

Fia. 245.—Diagrammatic longitudinal sections of flowers. 4 Amygdalem. B Dryades

C Rosem. D Pomem: k calyx; o corolla; fovarios; n stigmas.
is the Peach. The fruit of the genus Prunus has a smooth stony endocarp:
P. armeniaca is the Apricot ; P. domestica is the Wild Plum, it has an ovoid
fruit and glabrous shoots; P. insititia is the Bullace, it has a globoid fruit and
hirsute shoots ; P. Cerasus, the Wild Cherry, has foliage-leaves at the base o:
its umbellate inflorescences ; P. Avium, the Sweet Cherry (Gean), has only scales
at the base of its inflorescences ; P. Padus, the Bird-Cherry, has elongated race-
mose inflorescences ; P. Mahaleb, the Damson, has fragrant bark; P. laurocera-
sus, the Cherry-Laurel, has evergreen leaves which somewhat resemble those of
the true Laurel ; P. spinosa is the Sloe or Blackthorn.

Tribe 4. Sanguisorbee. Flowers often unisexual : ovaries few, often but one,
monomerous, enclosed in the cavity of the receptacle which hardens as the seed
ripens : ovules solitary, suspended.

The genus Alchemilla has tetramerous flowers destitute of & corolla; the
stamens (4 or fewer) alternate with the sepals; an epicalyx is present: 4. vul-
garis, the Lady’s Mantle, and 4. arvensis, are common. The flowers of the
genus Sanguisorba, the Great Burnet, have no corolla, the four stamens are
opposite to the sepals, and they have no epicalyx ; S. ofiicinalis is common in
meadows. The flowers of the genus Poterium, the Lesser Burnet, resemble
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those of the preceding, but the stamens are indefinite, and they are polygamous.
The flower of Agrimonia is pentamerous ; it has a corolla and indefinite stamens ;
the outer surface of the receptacle is beset with bristles.

Tribe §. Dryadee. The ovaries, which are numerous, are inserted upon -
a prolongation of the axis into the cavity of the receptacle (Figs. 245 B and 246
B); each contains a single ovale. The calyx is usually surrounded by an epi-
calyx formed by the connate stipules
of the sepals. The stamens are usually
indefinite, each whorl consisting of as
many or twice as many stamens as
there are petals. These flowers are
distinguished from those of the Ra-
nunculaces, which they somewhat re-
semble, by the whorled arrangement
of the stamens and by the presence of
the hollow receptacle; for in Ranun- duncle; ¢ corolla; @ stamens; g style, pro-
culaceous flowers the stamens are ar- jecting out of the cavity of the receptacle.
ranged spirally and the sepals are quite B Fruit of the Blackberry, Rubus fruticosus:
free. k calyx ; f fleshy ovaries.

Of the genus Potentilla, which has dry fruits and a dry receptacle, many
species are common, such as P. anserina, the Silver-weed, reptans, Tormentilla,
and others. Fragaria is the Strawberry; the receptacle becomes succulent as
the fruit ripens and bears the small achenes on its surface; F. vesca and
elatior are found in woods; F. virginiana and other North American species
are cultivated. The flowers of the genus Rubus have no epicalyx and the fruits
are succulent when ripe: Rubus Idzus is the Raspberry; its fruits separate from
the dry receptacle when they are ripe: in R. fruticosus, the Blackberry, and
R. cesius, the Dewberry, the upper part of the receptacle separates together
with the fruits when ripe, Dryas octopetala is a procumbent alpine shrub with
an oval, long-tailed fruit (resembling that of Clematis Vitalba). Geum urbanum
and rivale (Avens) occur in woods and damp fields; the long style is hooked.

Tribe 6. Pomee. Ovaries five or fewer, contained in the cavity of the
receptacle, connate, and adnate to the wall of the receptacle (Fig. 245 D).
The spurious fruit is surmounted by the calyx. The individual fruits either
become hard and are like small drupes imbedded in the fleshy receptacle, or
they have only a thin wall, so that they are more like capsules, and seem to be
loculi of the whole fruit, as in the apple for instance, where the succulent
portion is derived from the receptacle, and the core consists of the fruits en-
closing the seeds, which are basal, generally two in each carpel. Stamens
indefinite : no epicalyx. Shrubs or trees with deciduous stipules.

1. With stony fruits.

In the genus Cotoneaster, the fruits project above the receptacle : in Crate-
gus, the Hawthorn, they are completely enclosed ; C. ozyacantha, the May, and
C. monogyna are common; other species from the East and from North
America are cultivated; Mespilus, the Medlar, has a large fruit which is
surmounted by the five large sepals.

II. With coriaceous fruits.

Cydonia, the Quince, has numerous ovules on the ventral suture of each

F16. 246.—A Flower of the Cherry: s pe-
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carpel ; the outer layers of cells of the testa are mucilaginous. Pyrus has two
basal ovules: P. communis and others are the Pear-trees; the loculi of the
spurious fruit, seen in transverse section, are rounded towards the exterior; the
fruit is not hollowed at the base: P. Malus and others are the Apple-trees; the
fruit is hollowed at the base, and the loculi, seen in transverse section, are
pointed towards the exterior. Sorbus resembles the preceding genus; S.
Aucuparia is the Mountain Ash or Rowan-tree. Amelanchier, the Service-tree
of Canada, has only one ovule in each loculus.

Order 2. Lecumivosz. Flowers usually medianly zygomorphic,
perigynous, pentamerous, with calyx and corolla: stamens ten or
more: ovary of a single antérior carpel: ovules borne on the
ventral suture: fruit a legume or a lomentum: flowers always
lateral : leaves nearly always compound.

Sub-order 1. ParmuroNacez. Flowers zygomorphie, papilionaceous. The
five sepals, one being anterior, are usually connate, forming a tube above the
insertion of the corolla and the andreecium : the five lobes are usually unequal
and sometimes form two lips, the lower of three and the upper of two teeth:
petals five, alternate with the sepals, imbricate, so that the anterior petals are
overlapped by those behind them ; the posterior petal is much enlarged, and is
called the vezillum (Fig. 247 4, fa) ; the two lateral petals, which are much
smaller, are termed the ale (Fig. 247 4, fl); the two anterior petals are connate
or sometimes simply apposed, and form a hollow boat-shaped body, the keel,
or carina (Fig. 247 4,8). In a few cases the corolla is entirely or partially
suppressed ; thus in.Amorpha, only the vexillum is present. The ten stamens
are either connate, forming a tube, or the
posterior stamen may be free, so that the
tube consists of nine stamens, and is incom-
plote posteriorly (Fig. 247 4); rarely the
stamens are all freo: they mostly curve up-
.wards, and diminish in length from in front
backwards. The ovary, cnclosed by the
staminal tube, consists of a solitary anterior

; carpel ; it is often divided into two chambers
Fra. 247.—Flower of Lotus cornicu- by a spurious longitudinal septum, or by
latus (somewhat mag.). 4 With one trongverse septa into several chambers. The
;hmm,m:::;n :. %y%itft:ﬁ) ]::11; fruit is usunally a legume or a lom.entun.l (Fig.
removed ; r tube formed by the sta- 160 4), rarely one-seeded and indehiscent.
mens; 8, the frce stamen; a anther; The flowers ‘are solitary and axillary, or in
n stigma. racemes. The leaves are only rarely entire,
usually palmately or pinnately compound, with often large stipules (Fig. 8 C).

Tribe 1. Lotee. Leaves simple or compound: stamens diadelphous or
monadelphous: legume unilocular, or bilocular in consequence of the formation
of a spurious longitudinal dissepiment, usually dchiscent, many-seeded: coty-
ledons leafy, epigeal.

In Ulex the Whin, Gorse or Furze, Genista the Green-weed, Cytisus (Saroth-
amnus) the Broom, Ononis the Rest-harrow, and Lupinus, the stamens are
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monadelphous; in Genista the leaves are simple ; in Sarothamnus and Ononis
the leaves are ternate; in Ulex the leaves are ternate in seedlings, but in
mature plants they are scaly or spinous; in Lupinus the leaves are palmately
compound. Cytisus Laburnum is a well-known flowering tree.

In Medicago, Melilotus, Trifolium, and Lotus, the stamens are diadelphous
and the leaves ternate. Trifolium is the Clover: the stamens are partially
adnate to the corolla; the withered corolla persists and encloses the small
legume : flowers in capitula; T. pratense, the Red Clover, T. repens, the White
Clover, and hybridum, which are common in meadows, and T. incarnatum, from
the East, are cultivated. Lotus corniculatus, the Bird's-foot Trefoil, with a
beaked carina and spirally-wound legume, is common in meadows. Medicago
has usually & spirally-wound legume, and- & deciduous corolla; M. falcata and
lupulina are common; M. sativa, Lucerne, is cultivated. Melilotus has a
globular legume; M. alba and officinalis are common on the banks of the
streams. Trigonella.

In Anthyllis, the Kidney-Vetch, the stamens are monadelphous, and the leaves
imparipinnate. Anthyllis Vulneraria, Ladies’ Fingers, is common in dry pas-
tures.

In the remaining genera the leaves are imparipinnate and the stamens diadel-
phous. Indigofera tinctoria, in the East Indies, produces Indigo. Glycyrrhiza
is the Liquorice. Colutea, the Bladder Senna, has a swollen fruit ; C. arbores-
cens and various species of Caragana are cultivated as ornamental plants.
Robinia Pseudacacia, the false Acacia, is a native of North America, but it
has become naturalized. Amorpha fruticosa is & common shrub, from North
America. Astragalus has a legume with a spurious longitudinal dissepiment:
very many species of it occur, especially in the East.

Tribe 2. Hedysaree. Leaves imparipinnate; stamens diadelphous: fruit a
lomentum, with transverse septa, dividing into segments. Cotyledons leafy,
epigaeal.

Hippocrepis and Coronilla are common in meadows ; Onobrychis sativa, the
Sainfoin, is cultivated. Arachis hypogea, the Earth-Almond or Ground Nut of
tropical America, ripens its fruits in the earth.

Tribe 3. Viciee. Stamens diadelphous: legume unilocular; cotyledons
hypogm®al ; leaves paripinnate and usually cirrhose.

Vicia sativa, the Vetch, and V. Faba, the Bean, are cultivated : other species
occur wild. Pisum sativum and arvense, the Pea, are cultivated. Ervum lens,
the Lentil, belongs to Southern Europe. Various species of Lathyrus and
Orobus occur wild in woods; L. odoratus and others are cultivated.

Tribe 4. Phaseolee. Stamens diadelphous: legume unilocular; cotyledons
usually epigmal, but not leafy: leaves usually imparipinnate, frequently ter-
nate.

Phaseolus vulgaris, the French Bean, and P, multiflorus, the Scarlet Runner,
are cultivated. Wistaria chinensis is an ornamental climber. Physostigma is
the Calabar Bean.

Tribe 5. Dalbergiee. Stamens mono- or diadelphous: legume indehiscent ;
cotyledons fleshy. '

Pterocarpus. Dipteriz odorata, the Tonka Bean of South America, contains
coumarin in the seced.

.
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numerous, usually connate below and free a,bove seed containing
endosperm.

Tribe 1. Sazifragee. Flowers perigynous or epigynous, actinomorphic or
zygomorphic : petals with imbricate mstivation: two whorls of stamens, or
only one (opposite to the sepals): carpels usually two, diverging above: in-
florescence of racemose cymes: fruit a capsule: leaves alternate.

The genus Saxifraga has a bilocular ovary, but the flower is otherwise penta-
merous ; the receptacle invests the lower connate portion of the ovary. Many
species occur in mountainous districts, and in several of them there is & deposit
of carbonate of lime on the margins of the leaves; only a few species, such as
8. tridactylites and granulata, occur in the plains; S. sarmentosa is frequently
cultivated indoors. The genus Bergenia has a free ovary (Fig. 250) ; B. bifolia,
from Siberia, is an ornamental plant. The genus Chrysosplenium has a tetra-
‘merous flower destitute of & corolla; they are small plants, somewhat re-
sembling a Euphorbia, occurring in damp places. :

/@\
N/

F1a. 251.—Floral dia-
gram of Parnassia.

i

Fm 250.—Longitudinal section of the ovary of Bergenia: g style; n stigmas; p placentas
(mag.) (After Sachs.)

Tribe 2. Parnassiee. Flowers perigynous, actinomorphic; the five stamens
opposite to the petals are transformed into glandular staminodes : petals with
imbricate mstivation: ovary 4-locular: ovules numerous: fruit a loculicidal
capsule : leaves alternate.

Parnassia palustris has & whorl of radical leaves, and terminal and lateral
peduncles, each bearing a single flower and adnate to a bracteole : it is frequently
found in damp localities.

Tribe 8. Hydrangee. Flowers epigynous, actinomorphie, with two whorls of
stamens: petals with valvate mstivation : leaves opposite.

Hydrangea hortensis is & well-known garden plant. The inflorescence is an
umbellate panicle, the marginal flowers of which (in cultivated plants all of
them) are tetramerous; they have a very much enlarged calyx, and only the
whorl of stamens opposite to the sepals; they are sterile. v

Tribe 4. Philadelphee. Flowers epigynous, actinomorphie, 4-5-merous:
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Myriophyllum verticillatum and spicatum, the Water-Milfoils, are aquatic
plants with finely divided leaves and small flowers borne above the water in
terminal spikes.

Order 8. HirpurmEXE. Flowers sometimes unisexual, borne
singly in the axils of the whorled leaves: the calyx is indicated by
a projecting rim on the ovary, and it invests also a single anterior
stamen : petals 0; stamen 1, epi-
gynous: the monomerous ovary
contains a single suspended ana-
tropous ovule. :

Hippuris vulgaris, the Mare’s tail,
grows in water and in damp places:
the stem projects out of the water.

Order 9. CALLITRICHINEE.
Aquatic plants, with decussate,
linear or ovate leaves, in the axils
of which stand the solitary diclin-
ous ﬂ‘owers which are destitute of Fio. 263.~Part of & flowering stem of
a perianth; the male flowers con- Hippuris vulgaris. Theleavesare cut away.
sist of a single stamen, the female (After Sachs)
of a bilocular, spuriously quadrilocular, ovary, with four suspended
ovules the micropyles of which are directed outwards.

Callitriche verna and others are either submerged or they creep on muddy
banks.

SERIES II. DISCIFLORZE.

Sepals free or coherent: petals in a single whorl : stamens usually
definite, and hypogynous: a disc is usually present: gyncecium
Syncarpous or apocarpous.

Cohort 1. Sapindales. Flowers often unisexual: the insertion
of the stamens is various: gyncecium usually syncarpous. Usually
trees.

Order 1. SapinpacEx. Flowers usually obliquely zygomorphic,
in that the two petals of one side are larger and of somewhat
different form to the three others; of these, one, which lies in the
plane of symmetry, is sometimes wanting: three stamens are
usually suppressed, so that the number is reduced to seven; they
are inserted within the disc: the ovary is trilocular; ovales two in
each loculus: seeds without endosperm.
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Zsculus has -opposite, palmately compound, exstipulate leaves: the flowers
are in terminal scorpioid racemes : the fruit has a loculicidal dehiscence; .
Hippocastanum is the Horse-Chestnut, derived from Asia. . carnea, E.
Pavia, and other species are frequently cultivated. A great number of genera
and species grow in warm climates; they have generally scattered pinnate leaves.
The fleshy fruit of Sapindus Saponaria makes a lather with water like soap.

L
F16. 254.—Floral dia- Fia6. 255.—F'ruit of 4. platanoides, dividing into two
gram of XEsculus. mericarps m; s pedicel ; i wings (nat. size).

Order 2. AcErINEE. Flowers usually actinomorphic: stamens
eight, in consequence of the suppression of the two median ones,
variously inserted: ovary bilocular; ovules two in each loculus;
when ripe the fruit splits into two one-seeded winged mericarps
(samaras) (Fig. 255) ; leaves opposite, palmately lobed, exstipulate :
flowers in terminal racemes, sometimes in corymbs, with an apical
flower : seeds without endosperm.

The principal species of Acer, the Maple, are 4. pseudoplatanus, the Sycamore,
having leaves with crenate margins, flowers in elongated pendulous racemes,
blooming after the unfolding of the leaves, and parallel-winged fruits; 4.
platanoides, having leaves with serrate margins, flowers in short erect racemes
blooming before the unfolding of the leaves, and fruits with widely diverging
wings (even more than in Fig. 255); 4. campestre, the common Maple, which
is sometimes shrubby, with a trilobate leaf, short erect racemes of flowers which
bloom after the unfolding of the leaves, and fruits with wings which are dia-
metrically opposite. Some North American species are often cultivated, such as
4. rubrum, with five stamens opposite to the sepals; A. dasycarpum, with the
same number and position of the stamens, without any corolla, and having
dicecious flowers ; 4. Negundo, with pinnate leaves, and dicecious flowers like
those of the preceding species. Sugar is prepared from the sap of 4. nigrum
and dasycarpum especially.

Order 3. TEREBINTHACEE (ANACARDIACEE).  Flowers usually
actinomorphic, and often diclinous: stamens usually inserted on
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the disc, but disc sometimes absent: gyncecium of but few carpels;
sometimes one only is developed, the others being represented by
two or more stigmas : resin-ducts present : seeds without endosperm.

. Various species of Rhus are cultivated as ornamental plants; in Rhus cotinus
many of the flowers are abortive, and the hairy peduncles become much
elongated ; R. coriaria (Southern Europe) is used in
tanning. Pistacia vera, in Southern Europe, bears
edible fruits; in its flower the petals and the stamens
which are opposite to them are suppressed.

Order 4. StapHYLEACEE. Flowers actino-
morphic, pentamerous: stamens external to the
disc: ovules numerous: leaves decussate, pin-

nate, stipulate: seeds with small endosperm.
Fie. 256.—Floral dia-
Staphylea pinnata is grown in gardens. gram of Rhus,

Cohort 2. Celastrales. Flowers actinomorphic, 4-5-merous;
one whorl only of stamens, which either alternates with or is
opposite to the petals, is usually present: disc usually within,
sometimes external to, the andrcecium: ovules usually erect: the
seed nearly always contains endosperm. Trees or shrubs.

Order 1. CeLasTRINEE. Formula, Kn, Cn, An+0, G (n) or less,
n=4 or 5: sepals imbricate: stamens and carpels inserted on a
flattened disc; stamens alternate with the petals: usually two ovules
in each loculus of the ovary: leaves scattered, entire, stipulate.

In the genus Euonymus, the Spindle-tree, the loculicidal capsule is invested
by an orange-coloured arillus ; E. europzus occurs both cultivated and wild.

Order 2. RuAMNEE. Formula Kn, Cn,
] 40 + n, G22; n=4 or 5: calyx usually
gamosepalous, valvate: petals usually
small and often hood-shaped (Fig. 257 ¢),
enclosing the stamens which are opposite
to them: flowers sometimes diclinous;
usually a single ovule in each loculus of
the ovary, which is invested by a disc; g 257 —mower of Rhamnus

leaves usually scattered, entlre, stipulate: Frangula (mag.): k eepals con-
nate at the base into & tube (d);
fruit a dmpe or a capsule ¢ hood-shaped petals enclosing

Rhamnus cathartica, the Buckthorn, has op- the stamens ().

posite leaves and thorny twigs: the berries of R. infectorius, in Southern
Europe, yield a green or yellow dye: R. Frangula has scattered leaves; its
wood produces & particularly light charcoal.
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Order 3. AwrELiDEE. Formula same as in Rhamnes: sepals
small; the corolla is often thrown off before it opens (Fig. 258 4, ¢):
a glandular disc between the andreecium and the gyncecium : ovules
one or two in each loculus: fruit baccate. Climbing plants, with
palmate exstipulate or stipulate leaves.

Vitis vinifera, the Grape-Vine, probably derived from the East, is cultivated
in endless varieties; other species, such as V. vulpina and Labrusca, as also
Ampelopsis hederacea, the Virginia Creeper, are also frequently cultivated. The
tendrils of the Vine (Fig. 15 4) are branches bearing scaly leaves in the axils
of which other branches
arise : their peculiar posi-
tion opposite to thefoliage-
leaves may be explained
as follows: the ordinary
shoots are sympodia, and
each tendril is the ter-
minal segment of a mem-
ber of the sympodium ;

Fre. 258.—Flower of Vitis vinifera, and diagram. A At the following member is a
the moment of opening. B Open; k calyx; o corolla; & ghoot springing from the
glands ; s stamens ; f ovary; n stigma (slightly mag.). axil of the foliage-leaf
which is opposite to the tendril. Every third leaf has no tendril opposite to it,
that is to say, the members of the sympodium bear alternately one or two
leaves. The inflorescences occupy the same positions as the tendrils. Each
leaf has also a bud in its axil, which either remains undeveloped or gives rise
to a dwarf-shoot : from the axil of its cataphyllary leaf an ordinary shoot is
developed.

Cohort 3. Olacales. Flowers sometimes unisexual, 4-5-(rarely
6-) merous, formula same as Celastrines : disc various or wanting.

Order 1. IuiciNex (AquiFoLiacEx). Disc wanting: one or two
suspended ovules in each loculus of the ovary: stamens free, or
adnate to the petals: petals often connate at the base: leaves
scattered, exstipulate.

Ilex aquifolium, the Holly, with its coriaceous, spinous, evergreen leaves, is
common in plantations and woods: fruit a berry. The leaves known in com-
merce as Paraguay tea are derived from I. Paraguayensis in South America.

Order 2. EMPETREE. Disc wanting: ovules solitary, ascending :
flowers dicecious, with three sepals, three petals, three stamens,
and a 6-9-locular ovary: fruit of 6-9 drupes. They are shrubs
resembling Heaths in appearance.

Empetrum nigrum is a small shrub occurring in the north of Europe and in
the Alps.
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Cohort 4. Geraniales. Flowers usually pentamerous through-
out; the carpels are opposite to the petals: ovary usually 5-locular,
with 1 or 2 suspended ovules; the micropyle is directed inwards:
disc various or wanting : formula K5, C5, 45+5 | G&.

Order 1. Geraniacex. Disc glandular: flowers usually actino-
morphic: two ovules in each loculus; the ovary is prolonged into
a beak (carpophore) (Fig.259 4, a); py
the fruit is septicidal from below up-
wards, the separate carpels (cocci)
rolling up (Fig. 259 ‘B). Seed devoid
of endosperm. Herbs; leaves simple,
stipulate.

Geranium pratense, sylvaticum, sanguineum,
and columbinum, the Crane's-bills, are wild in
England; G. Robertianum, Herb-Robert, is
universally distributed. Erodium, the Stork’s-
bill, has the 5 stamens which are opposite to
the petals transformed into staminodes; E.
cicutarium is common in waste places. Pelar-
gonium, in many varieties, is a well-known
garden plant: the flowers are zygomorphie,
and the posterior sepal is provided with a spur
which adheres to the pedicel.

Order 2. Linez. Disc 0: formula _Fre 2;*;--—Frui:1 of Geraniam. 4
K5, 05’ 45+ t 5, I (G@): ﬁowers ac- dBi‘::t;;r;e’f Iocal;fltie lt‘:of t‘;xe ova.ry; :.Ehe;
tinomorphic, rarely all the whorls are beak; n stigma; b column of the
tetramerous: the whorl of stamens op- *°P'® (28)-
posite to the petals is replaced by staminodia: each loculus of the
ovary contains two ovules, and is often divided into two by a more
or less complete false dissepiment : seeds usually contain endosperm :
capsule septicidal. Herbs or shrubs; leaves simple, entire, with or
without stipules.

Linum usitatissimum is the Flax: the strong bast-fibres are used in weaving .
linen ; the seeds contain oil ; the walls of the outer cells of the testa are muci- -
laginous.

Order 3. ErvTHROXYLEE. Flowers actinomorphic: petals five,
with a ligular appendage: stamens ten, connate at the base by
means of a disc and forming a tube: ovary 2-3-locular, with one
suspended anatropous ovule in each loculus: seed with endosperm.

The wood of most of the species contains a red dye. The leaves of Erythrozy-
lon Coca is chewed by the Peruvians as a stimulant.
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Order 4. Oxaviex. Dise 0: flowers actinomorphic; formula
K35, 05, A5+5, | G®; stamens ten, connate at the base; those
which are opposite to the sepals are the longest : ovules numerous;
fruit a capsule or more rarely a berry : seed containing endosperm.
Herbs, with compound, generally exstipulate leaves (Fig. 71).

Ozalis Acetosella, the Wood-sorrel, is frequent in woods ; it contains much
potassium oxalate. The tuberous roots or underground stems of some American
species as O. esculenta, crenata, and Deppei contain much mucilage and are used
as food. .

Order 5. Barsamivez. Disc 0: flowers zygomorphic; formula
K5, 05, A5+0 | G2: the posterior sepal is spurred, and the two
anterior are small or absent: the anterior petal is large; ovary
5-locular; ovules numerous; the fruit is loculicidal, the valves
separate elastically and roll upwards, so that the seeds are pro-
jected to some distance. Herbs, with simple exstipulate leaves:
seeds without endosperm. :

Impatiens Noli-me-tangere, the yellow Wild Balsam, occurs in damp and
shady spots; the ripe fruit flies open with violence at a touch. Impatiens
balsamina, an Indian species, is cultivated.

Order 6. TrorxorEx. Disc 0: flowers zygomorphic; formula
K3, 05, A4+ 4, G2 : the posterior sepal is prolonged into a spur;
the three inferior petals are clawed and ciliate: the two median
stamens, one belonging to each whorl, are suppressed : one ovule in
each of the three loculi of the ovary: seeds without endosperm.
Herbs, leaves exstipulate.

Tropeolum majus and minus, known as Nasturtium, are universally cultivated.

Order 7. ZveorEYLLEE. Disc fleshy: flowers actinomorphic, 5 or
4-merous. Herbs or shrubs with decussate, generally imparipin-
nate, stipulate leaves: seeds with endosperm.

Lignum Vite is the wood of Guiacum officinale (West Indies).

. Order 8. RuTacEx. Dige usually annular:
flowers usually actinomorphic : gyncecium some-
times partially apocarpous, but the styles are
usually connate: seeds with or without endo-
sperm. There are numerous oil-glands on the
leaves and stems.

Sub-order 1. Rurex. The placent® project into the
Fre. 260.—Diagram of loculi of the ovary; each bears 3 or more ovules; fruit a
theflower of Dictamnus. ]oculicidal capsule: seed with endosperm. Ruta graveo-
lens, the Rue, has pentamerous terminal flowers, and tetramerous lateral
flowers, Dictamnus Frazinella has a zygomorphic flower.
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Sub-order 2. DrosME®. Ovules 2 in each loculus: leaves simple: seeds
without endosperm.

Barosma, Agathosma, Empleurum,

Sub-order 8. XanrHOXYLEE. Flowers usually dicecious and polygamous:
endosperm usually present.

Xanthozylum frazingum, from North America, is a shrub which is sometimes
cultivated.

Sub-order 4. ToppALIEE. Gyncecium syncarpous: fruit indehiscent, winged,
dry or succulent : seeds with endosperm.

Ptelea trifoliata is a North American shrub with white flowers.

Sub-order 5. AumanTiEE. Gynecium syncarpous: calyx gamosepalous:
seeds without endosperm.

The genus Citrus has an indefinite number of bundles of connate stamens
(polyadelphous) (Fig. 261 4), produced by the branching of the five stamens
which are opposite to the sepals: the carpels are usually more numerous than
the petals, and during ripening they become filled with a succulent tissue derived

Fia. 261.—Flower and floral diagram of Citrus. 4 Open; c corolla; s the partially connate
stamens; n the stigma. B Bud; k calyx; ¢ corolla; d oil-glands.

form their walls; the various parts of the flower and the fruit contain much
ethereal oil: the leaves, which are typically pinnate, are reduced to their terminal
leaflet, which is articulated to the winged petiole (Fig. 11 G).

Citrus medica, and Limonum, are Lemons: Citrus vulgaris or Aurantium is
the Orange, derived originally from tropical Asia.

Order 9. MeLiacex. Disc various: stamens monadelphous; the
filaments have stipulate appendages; no oil-glands.

Mahogany is the wood of Swietenia Mahagoni (America). The wood of species
of Cedrela is often erroneously termed ¢ cedar-wood.”

Order 10. SiMarvBEZE. Disc conspicuous: flowers actinomorphic,
sometimes diclinous : stamens often more numerous than the petals: -
gynecium sometimes apocarpous: ovule usually solitary in each
loculus: there are no oil-glands in the leaves, but the cortex and
wood contain a bitter substance. :

Ailanthus glandulosa, from China, is a tree with multijugate pinnate leaves
and a winged indehiscent fruit; it is often cultivated.

X
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Order 11. BurseracE®. Disc usually annular: flowers actino-
morphic: gyncecium syncarpous; ovary with two ovules in each
loculus: there are resin-passages in the bast.

Boswellia serrata (East Africa) yields Olibanum, a gum-resin ; Balsamodendron
Myrrha yields the gum-resin Myrrh (Arabia).

SERIES III. THALAMIFLORZ.

Sepals usually free: petals often indefinite: stamens hypogynous,
often indefinite: gyncecium apocarpous or syncarpous.

Cohort 1. Malvales. Flowers cyclic, generally pentamerous,
actinomorphic: calyx often gamosepalous, with valvate estivation,
corolla with wusually contorted
sestivation ; stamens originally in
two whorls, generally branched
and often connate: carpels five,
often forming a multilocular
ovary.

Order 1. Tmiacex. Sepals
usually free. In the indigenous
species the staminal whorl oppo-
site to the sepals is suppressed;
stamens branched, the separate
branches of the filament free or
connate only at the base, opposite
to the petals: anthers 2-locular,
opening by pores or valves: ovary
5-locular, each loculus containing
two ovules; but the fruit is
generally only one-seeded. Mostly
trees or shrubs: leaves alternate,
stipulate.

The only indigenous genus is Tilia,
the Lime-tree. It has oblique leaves
with deciduous stipules; the annual

shoots have not a terminal bud. The
inflorescence is cymose, few-flowered;

a
F1e. 262.—Inflorescence of the Lime, Tilia

grandifolia : @ branch ; b petiole and axillary
bud. Attached to the peduncle is the bract
(h): k calyx; ¢ corolla; s stamens; fovary;
n flower-bud (nat. size).

the peduncle is adnate to the leafy
bract; this is brought about in the fol-
lowing manner: in the axil of the leaves
there is usually & bud, together with an

inflorescence (Fig. 262); the bract (Fig. 262 h) and the bud-scale which is
opposite to it are the first two leaves of the axillary shoot which is terminated
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by the inflorescence, the peduncle of which is adnate to the bract for some
djstance: the bud is a winter-bud developed in the axil of the above-mentioned
bud-scale. The inflorescence itself terminates in a flower; other flowers are
borne in the axils of its two bracteoles, and other flowers again may be developed
in the axils of their ‘bracteoles, and so on. T. grandifolia, the Large-leaved
Lime, has a few-flowered inflorescence, and leaves which are bright green and
downy on the under surface: T. parvifolia has an inflorescence which consists of
a large number of flowers, and has leaves which are bluish-green and pubescent
with red hairs on the under surface. T. intermedia is the common Lime. In
the American species the internal branches of the stamens are staminodia.
Corchorus, in the East Indies, yields Jute, which consists of the bast-fibres.

Order 2. STERCULIACEE. Calyx gamosepalous: the stamens which
are opposite to the petals are usually doubled or branched; those
which are opposite to the sepals are staminodes or they are sup-
pressed : anthers 2-locular: the corolla is sometimes wanting.

Theobromo Cacao is a tree of tropical America, the seeds of which contain a

nitrogenous substance, Theobromine, and & fixed oil; from them Chocolate is
prepared.

mo..zea.—A Flower of Malva Alcea (nat. size): k calyx; ¢ corolla; s connate stamens,
with the anthers (a); n stigmas. B Fruit of Alth@a rosea inclosed in (k) the calyx: ak
epicalyx. C The same after the removal of the calyx. D A single loculus of the same in
longitudinal section : s seed; w radicle ; st cotyledon of the embryo (mag.).

Order 3. Marvacex. Calyx usually gamosepalous, frequently in-
vested by an epicalyx; the corolla is adnate at the base to the
andrcecium : the andreecium is a long tube (Fig. 263 4 s) consisting
of five branched stamens which: are opposite to the sepals; each
filament bears only half an anther, which is regarded as a unilocular
anther (Fig. 263 4 a) : ovary multilocular, splitting into cocci (Fig.
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263 C f), with usually one ovule in each coccus (Fig.263 D s)
Under-shrubs or herbs: leaves stipulate and generally palmately
veined. .

Malva, the Mallow, has an epicalyx of three bracteoles, Hibiscus has one of
many bracteoles, and Althza, the Marsh-mallow, has one of 6-9 bracteoles;
Althea rosea is the Hollyhock; several species of Malva are indigenous, M.
sylvestris, rotundifolia, and moschata. Gossypium herbaceum in Egypt, G.
arboreum and religiosum in the East Indies, and G. peruvianum and hirsutum
in America yield Cotton, which consists of the long hairs on the testa.

Cohort 2. Guttiferales. Flowers cyclic, actinomorphic, and
generally pentamerous: sepals usually free, with imbricate eesti-
vation: stamens usually indefinite in consequence of branching:
gyncecium syncarpous, ovary uni- or multilocular.

Order 1. HypericiNEE. Formula, K5, 05, A0+ 5%, G® or A0 +
3%, G&. Sepals sometimes united at the base: stamens five,
branched, and therefore polyadelphous, superposed on the petals in
consequence of the suppression of an outer whorl of stamens which

is indicated by staminodes in some foreign
genera: ovary uni- or multilocular or many-
chambered: capsule septicidal: ovules nu-
merous, anatropous; placentse parietal or
axile: seed devoid of endosperm. Herbs or
under-shrubs with decussate entire leaves,
which are dotted over with translucent oil-

F1a. 264.—Diagram of Hyperi- .
cum. glands; exstipulate.

Hypericum perforatum, hirsutum, and humifusum (St. John's Worts) occur
wild in woods and meadows.

Order 2. EraTiNex. Water-plants with entire leaves, opposite or
in whorls: flowers actinomorphic, 4-6-merous ; formula Kn, Cn, 4n
+n, G2, solitary, without bracteoles, borne in the axils of the
foliage-leaves.

E. hexzandra and Hydropiper (Waterworts) occur, but not commonly, in
England.

Order 3. TERNSTREMIACEE. Perianth spiral; the calyx is not
clearly distinguishable from the numerous bracts; stamens in-
definite: ovary multilocular. Trees or shrubs with scattered,
generally coriaceous, entire leaves, without stipules.

Camellia japonica is a favourite ornamental shrub: Thea chinensis, of which

the dried leaves are tea; black and green tea are varieties resulting only from
the mode of drying the leaf.
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Order 4. CrLusiacez (Gurrirerz). Trees or shrubs with diclinous
flowers.

Order 5. DiprEROCARPEE. Trees; leaves usually stipulate; the
gamosepalous calyx enlarges very much during the ripening of the
fruit.

Dryobalanops Camphora, a native of Sumatra, yields the Borneo Camphor.

Cohort 3. Caryophyllinae. Flowers cyclic, actinomorphic, and
generally petamerouns: calyx often gamosepalous: stamens usually
definite: ovary unilocular, with basal placentee.

Order 1. CarYOPHYLLACEZ. Flowers generally peta.merons, w1th
calyx and corolla, though the latter is suppressed in some cases;
sepals distinct or coherent: stamens in two whorls, of which the
inner is often wanting; ovary 2, 3, or 5-merous, unilocular, or
multilocular at the base, with a central placenta or with a single
basal ovule: fruit usually a capsule: leaves opposite, decussate:
stems usually tumid at the nodes.

Tribe 1. Alsinee. The corolla
and the inner whorl of stamens
are usually present; the calyx is
eleutherosepalous; fruit a ocap-
sule; usually no stipules.

Sagina, Arenaria, Alsine, Cer-
astium, Stellaria, Spergula, Holo-
steum, and others, are small her-
baceous plants with white petals,
occurring in meadows, on road-
sides, eto. ; they are distinguished
from each other principally by
the number of carpels present
and by the mode of dehiscence of
the fruit.

Tribe 2. Silenee. The corolla

and the inner whorl of stamens Fre. 285.~Longitudinal section of the flower of
are always present: the calyx is Iychnis Flos Jovis: y prolonged axis between the

cal; d th 1la ;
gamosepalous ; stamens 10, fila- oorﬂ:a?n( Aft:r g:?h:)’ ® lignlar appendages or

ments connate at base: the fruit .

is a capsule (in Cucubalus a berry): the leaves have no stipules; the floral axis
is often elongated between the calyx and the corolla (Fig. 265 y) : the petals (as
in Lychnis and Saponaria) often have ligular appendages (Fig. 265 z).

The species of Dianthus, the Pink, which commonly occur wild are D. deltoides
and Armeria; D. Caryophyllus, the Carnation, and D. chinensis are well-known
garden flowers: there are two styles and the calyx is surrounded at its base by
bracteoles. The genus Saponaria has two styles but no bracteoles; S. officinalis,
the Soap-wort, occurs on the banks of rivers. The genus Silene (Catehfly) has
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three styles; S. inflata, nutans, and others, are common in meadows. The
genus Lychnis (Campion) has five styles; the species vespertina and diurna are
dimoious. Agrostemma Githago, the Corn-cockle, is common in fields.

Tribe 8. Polycarpee. Leaves with scarious stipules: ocalyx eleuthero-
sepalous; the corolla is present, but the inner whorl of stamens is wanting:
style 3-fid. This group includes the genus Polycarpon and others.

Tribe 4. Paronychiee. Leaves with scarious stipules: sepals distinot or
coherent: the corolla and the inner whorl of stamens are usually wanting : style
usually bifid : ovary unilocular, with a single ovule.

Scleranthus annuus and perennis (Knawel), Herniaria, Corrigiola, and Illece-
brum are small inconspicuous herbs.

Order 2. PorTuracacEE. Calyx usually of 2 sepals and corolla of
5 petals; stamens usually 5, epipetalous; ovary usually trimerous
and unilocular; fruit a capsule. They are herbs with alternate or
opposite leaves; the corolla is fugacious.

Portulaca oleracea, the Purslane, from Southern Europe, and other species

are cultivated as vegetables and as ornamental plants. Montia (Blinks) has a
gamopetalous corolla, slit up one side ; it grows in ditches or in damp places.

Order 3. TamariscINEE. Flowers actinomorphic, 4- or 5-merous,
with one or two whorls of stamens: calyx gamosepalous: ovary
usually trimerous, unilocular, with basal or parietal ovules: capsule
loculicidal: seed without endosperm, having a crown of hairs:
flowers in racemes or spikes.

The genus Tamarix is indigenous in Southern Europe; T. gallica has become
naturalized in England.

Cohort 4. Polygaline. Flowers actinomorphic or zygo-
morphic, usually pentamerous: sepals usually distinct: stamens
definite: gyncecium
usually of two car-
pels; ovary usually
bilocular. *

Order 1. Pory-
GALACEE. Flowers
zygomorphic ; the
two lateral sepals
conspicuously large

%
F1a. 266.—Flower of Polygala grandifiora. 4 Béen from out-

side after the removal of the wing-sepal. B Longitudinas 804  kmown  as
section : k calyx ; ¥ wing; o corolla; s tube of stamens. (After wings » (Flg 266

Sachs.) ¥); petals three,
the two lateral being absent; the anterior petal is very large and
carinate: stamens usually eight, forming a tube open posteriorly,
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to which the corolla, or at least the anterior petal, is adnate (Fig.
266) : carpels two, median, forming a bilocular ovary, each loculus
containing a single suspended ovule: fruit usnally a capsule. The
flower somewhat resembles that of the Papilionaces, but it must
be borne in mind that here the two “ale ” or wings belong to the
calyx.

Polygala vulgaris, amara, and others, are herbs, woody at the base, occurring
in woods and meadows.

Order 2. PirrosrorEx. Flowers actinomorphic: stamens five:
ovules numerous, attached to the usnally unconnected septa: leaves
~ simple, exstipulate.

Pittosporum Tobira, undulatum, crassifolium, are ornamental plants from
Australia.

Cohort 5. Parietales. Flowers cyclic, with calyx and corolla:
sepals free: stamens definite or indefinite: gyneecium of two or
more carpels; ovary unilocular or- many-chambered: parietal
placentation : seed with or without endosperm.

Order 1. PAPAVER- A e
AcEE. Flowers actino-
morphie, K2, C2 + 2,
Aoc G2 or (), or
rarely with trimerous
whorls: calyx sepa-
loid, corolla petaloid:
the numerous whorls
of stamens alternate:
ovary of two lateral
ca.rpels (m Flg. 2674 Fic. 267.—Flower of Chelidonium majus (nat. size): k calyx;
they  have  been .4 outer; oi inner petals; a stamens; n stigma. A Diagram

wrongly represented of the flower of Chelidonium (the carpels ought to be lateral)s
a Gynecium of Papaver.

as being median) or
of more (Fig. 267 a), two- or more-chambered: ovules numerous,
attached to the slightly infolded edges of the carpels: endosperm
abundant, embryo small. The sepals commonly fall off before the
flower expands (Fig. 267K). Plants with abundant milky juice.

Papaver, the Poppy, has a many-chambered ovary; the fruit is a porous
capsule (Fig. 160 D). P. somniferum is cultivated for the sake of the oil
contained in the seeds, and as a medicinal plant: P. Rheas is common in
cornfields. Chelidonium majus, the Celandine, has two carpels, a siliquose fruit
and orange-coloured milky juice. Eschscholtzia californica is a cultivated
plant ; it has a hollow receptacle, so that its flowers are almost perigynous.
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sepaloid, in this family the two outer whorls are sepaloid, and the
innermost, which alone is petaloid, is a whorl consisting of four
instead of two members. The two outer stamens are lateral, as
in those families; the two inner ones, which in the Fumariaces
are divided, are here duplicate, having longer filaments (Fig. 270
B b b) than the outer ones (a); hence the flower is fetradynamous.
There are often minute glands at the base of the ovary (Fig. 270
B d). The ovary consists of two carpels with the ovules in two

F1a. 270.—Flowers, fruits, and embryos of various Crucifers. A Flower of Brassica (nat.
size) : s pedicel; k k calyx; ¢ corolla. B The same after removal of the perianth (much
mag.): & a the two outer short stamens; b the four longer inner ones; f the ovary; = the
stigma. C Siliqua of Brassica : v dissepiment. D Angustisoptal silicula of Thlaspi. E Lati-
septal silicula of Draba. D* and E* Diagrammatic transverse section of the preceding: v
dissepiment ; sseed. F Indehiscentsilicula of Isatis. G Jointed siliqua of Raphanus Raphani-
strum : g style; 111 separate segments. K-H Diagrams of differently-folded embryos,
with transverse sections : r radicles ; ¢ ¢ cotyledons.
longitudinal rows on the adnate margins of the carpels; these two
parietal placents are connected by a membranous growth which,
as it is not formed of the margins of the carpels, must be regarded
as a spurious dissepiment (Figs. 270 D* E* 160 C w). When
the fruit opens, the pericarp splits into two valves corresponding
to the carpels, leaving the placentse attached to the dissepiment
forming the replum; the seeds remain attached to them for some
time (Fig. 160 0).

The flowers are in racemes in which the bracts are suppressed ;
when the lower pedicels are longer than the upper ones, the raceme
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becomes a corymb, and then the lower flowers are usually zygomor-
phic, the petals turned towards the periphery being larger than
those directed towards the axis of the inflorescence, as in Iberis.

The form of the fruit is of importance in the sub-division of this
order. In some genera it is much longer than it is broad, when it
is termed a siliqua (Figs. 270 C, 160 O) ; in others, it is not much
longer, or about as long as it is broad, when it is termed a silicula
(Fig. 270 D and E). The latter is commonly somewhat com-
pressed in one direction; either parallel to the dissepiment, that is
to say laterally (Fig. 219 E and E*), so that the dissepiment lies
in the direction of the greatest diameter, when it is latiseptal, or
perpendicularly to the dissepiment, that is in the median plane, so
that the dissepiment lies in the narrowest diameter, when it is
angustiseptal (D and D).* Fruits with only one or a few seeds, and
which are indehiscent, are confined to only a few genera, such as
Isatis (Fig. 270 F). So likewise is the jointed siliqua, which has
transverse dissepiments between the seeds; when they are ripe it
divides transversely into segments, as in Raphanus (Fig. 270 @).

The embryo is folded in the seed in various ways; the radicle
may lie in the same plane as one of flat cotyledons (Fig. 270 K),
when the cotyledons are said to be ¢ncumbent, Notorhizee (the dia-
gram being O ||); or the radicle may occupy the same position, the
cotyledons being folded (Fig. 270 J), when the cotyledons are said
to be incumbent and folded, Orthoploceee (diagram of section O »);
or, thirdly, the radicle may be lateral to the two cotyledons (Fig.
270 H), when the cotyledons are said to be accumbent, Plewrorhizee
(diagram O =) : more rarely the cotyledons are spirally rolled so
that in a transverse section they are cut through twice, Spirolobee
(diagram Q || |1) ; or, finally, they may be doubly folded, and be seen
four times in a section, Diplocolobee (diagram Q || || || ||). The
seeds contain much fatty oil.

Sub-order 1. SiLiquos®. Fruit a siliqua, much longer than it is broad.

Tribe 1. drabidee. () =. Cheiranthus Cheiri, the Wall-flower; Matthiola
annua and incana, the Stock, are cultivated as garden plants. Nasturtium
officinale is the Water-cress. Barbarea vulgaris is the Yellow Rocket. Carda-
mine and Dentaria also belong to this tribe.

Tribe 2. Sisymbriee. (|, Sisymbrium oficinale, the. Hedge-Mustard, is
common on rubbish heaps, and Erysimum on walls, etc. Hesperis is the Dame's
Violet.

Tribe 8. Brassicee. (3. The species and varieties of Brassica are much
cultivated. Brassica oleracea is the Cabbage, with the following varieties;
ucephala, Scotch kail, Cow-cabbage or Borecole ; bullata, the Savoy cabbage:
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capitata, the red and white Cabbage; gongylodes or caulorapa, with the stem
swollen at the base, is the Kohl-rabi ; botrytis, with connate fleshy peduncles and
abortive flowers, is the Cauliflower ; gemmifera, with numerous lateral leaf-buds,
known as Brussels Sprouts. Brassica rapa is the Turnip, with bright green
bhispid leaves and flat corymbs of flowers ; Brassica Napus, the Rape, has glabrous
glaucous leaves and long racemes of flowers, and is cultivated for the sake of the
oil contained in the seeds; both these species have fleshy underground stems.
From B. rapa are derived the varieties campestris, the Summer-Turnip, and
oleifera, the Winter-Turnip, as well as rapifera, with a fleshy root, the white
Turnip. From B. Napus are derived the varieties annua, the Summer-Rape, and
hiemalis, the Winter-Rape, which yield oil, and the variety Napobrassica, with
an underground thickened stem, the Swedish Turnip. Brassica nigra and
Sinapis (or B.) alba are the black and white Mustard. To this tribe belongs also
the genus Diplotaxis.

Sub-order 2. Smicurosz. Fruit a silicula.

A. Latisepte. The dissepiment is in the longest diameter of the silicula.

Tribe 4. Alyssinee. O =. Cochlearia officinalis is the Sourvy-grass; C.
Armoracia, the Horse-radish, has a thickened root. Alyssum calycinum and
Draba verna, the Whitlow-grass (Fig. 270 E), are common weeds.

Tribe 5. Camelinee. (O |[. To this tribe belong Camelina (Gold-of-pleasure)
and Subularia, the Awl-wort, an aquatic plant.

B. dngustisepte. The dissepiment is in the shortest diameter of the silicula.

Tribe 6. Lepidinee. (O |. Capsella Bursa Pastoris, the Shepherd’s Purse,
is common, a8 also various species of Senebiera and Lepidium (Cresses).

Tribe 7. Thlaspidee. () =. Various species of Thlaspi, the Penny Cress,
are common. To this tribe belong also the British genera Iberis (Candy-tuft),
Teesdalia, and Hutchinsia.

Sub-order 3. NucUMENTACEZE, Silicula indehiscent, few-seeded.

Tribe 8. Isatidee. Isatis tinctoria, the Woad, has compressed pendulous fruits
which are unilocular and one-seeded (Fig.270 F):
it is used as a blue dye.

Sub-order 4. LoMeENTACEZ. Fruit a siliqua or
gilicula, constricted into one-seeded segments
(lomentaceous) (Fig. 270 G).

Tribe 9. Cakilinee.  Silicula two-jointed,
This tribe contains the genera Cakile, the Sea-
Rocket, and Crambe, the Sea-Kale.

Tribe 10. Raphanee. Silicula more or less
moniliform. Raphanus sativus is the Radish;
R. Raphanistrum, the Wild Radish or White
Charlock, is a common weed.

. Fi1a. 271.—Flower of Capparis
Order 4. CarPARIDEE. Flowers actino- ,pineq (nat. size): s podicel; k

morphic; formula K2+2, C x4, A242* cslyx; o corolls; a stamens; f
or «c, G% or o : stamens only very °**7 °®({)gmophore.

rarely 6 and tetradynamous: ovary borne on a special prolongation
of the axis (gynophore) (Fig. 271 ¢). Fruit a siliqua or a berry.
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The flower buds of Capparis spinosa from the south of Europe are known as
Capers.

Order 5. ResepacEx. Flowers zygomorphic, sepals and petals
5-8, the latter laciniate: stamens numerous: carpels 2-6-connate,
forming a unilocular ovary, open at the apex, with numerous ovules;
seed without endosperm : inflorescence a raceme, without bracteoles.

Reseda luteola, the Dyer's weed, is useful as a yellow dye; R. odorata is
Mignonette.

Order 6. CistiNe=. Flowers actinomorphic, usually pentamerous:
the two external of the five sepals are generally smaller, and some-
times they are absent: stamens numerous, probably in consequence
of branching ; carpels 3 or 5, forming a uni- or multilocular ovary:
ovules orthotropous: seed with endosperm. Trees or shrubs with
generally opposite stipulate leaves.

Cistus ladaniferus, creticus, and other species, grow in the south of Europe;
a balsam is derived from them. Helianthemum vulgare, the Rock Rose, is an
under shrub which grows wild on dry soils.

Order 7. Bixacex. The seed of Biza orellana, a native of
America, yields an orange-coloured dye known in commerce as
Annatto. .

Order 8. Viorariex. Floral formula K35, 05, 45, G®: flowers
always borne laterally: ovules anatropous: fruit a loculicidal
capsule (Fig. 272 0) : seed
with endosperm. The in-
digenous species have zy-
gomorphic flowers; the
anterior inferior petal is
prolonged into a hollow
spur (Fig. 272 A ¢s) in
which the nectar secreted

2 by the spur-like append-
Fia. 272;—V:'ola‘ tricolor. A_‘Lon‘gimdi.nal section of ages of the lower stamens
flower: v of the p ; | sepals; ls ap- .
pendagel; o petals; cs spur of the lower petal; fs collects (Flg- 272 4 f8).
thers, (Atvr Saoha) B Ripe tra: kentye. ¢ Ay L0 S°Pal8 are produced
dehiscence: p placentm; s seeds (mag.). at the base (Flg. 2724 ls)-

Viola is the Violet, Pansy, or Heart's-ease; many species, as V. odorata, the
Sweet Violet, have only an underground stem which bears cataphyllary leaves,
and which throws up petiolate foliage-leaves and bracteolate peduncles, each
bearing a single flower: V. odorata has runners, but hirta and collina have
none. In others, as V. canina, the Dog-violet, the main stem is above ground
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and bears the foliage-leaves. In V. mirabilis these two forms are so combined
that in the spring flowers are developed from the rhizome which have large blue
petals, but which are always sterile; it is not till later that inconspicuous
(cleistogamous) flowers with minute petals appear on the leafy stem and these
only are fertile. In V. tricolor and its allies, the stipules are leafy and
pinnatifid.

Order 9. SARRACENIACEE. Flowers actinomorphic, hermaphrodite,
with 15 or more stamens. !

The leaves of Sarracenia and Darlingtonia are adapted, by the peculiar develop-
ment of their lamins, for the capture of insects.

Cohort 6. Ranales. Flowers generally acyclic or hemicyclic;
perianth consisting of calyx only, or of calyx and corolla; stamens
usually indefinite: gyncecium apocarpous, often reduced to a single
monomerous ovary; very rarely polymerous and syncarpous.
Seeds with or without endosperm.

Order 1. RaxUNcULACEE. Perianth either consisting of a petaloid
calyx, or of calyx and corolla, usually spiral: stamens numerous,
occupying several turns of the spiral, or arranged in several alter-
nating whorls, anthers bilocular, extrorse (introrse in Actea and
Pwxonia) ; ovaries numerous, spirally arranged; rarely one only
(Actma). The ovules are disposed on the two margins of each
carpel, that is, in two rows down the ventral suture; in several
genera the number of the ovules in each carpel is reduced to one,
which then originates from either the npper or the lower end of the
cavity of the ovary. Seeds with endosperm. They are almost all
herbaceous plants, and are either annuals or they have perennial
rhizomes; they have no stipules, but they have amplexicaul leaves
or petioles.

Tribe 1. Clematidee. Petals transformed into stamens: sepals petaloid,
with valvate @mstivation: ovaries numerous, each containing a single suspended
anatropous ovule. Climbing or creeping shrubs with opposite leaves. Fruit
consists of a number of achenes.

Clematis Vitalba, the Old Man's Beard, is common in hedges; it has a
greenish-white calyx, and fruits with long feathery styles: C. Viticella, patens,
and others, are cultivated as decorative plants. Atragene alpina, occurring in
the Alps and in Siberia, has its external stamens converted into petaloid stami-
nodes.

Tribe 2. Anemonee. Petals transformed into stamens: sepals petaloid, with
imbricate sestivation: ovaries usually numerous, each containing a single
suspended ovule: fruit consists of a number of achenes.

Thalictrum ; the species of this genus, as T. minus, flavum, and aquilegifolium,
the Meadow-Rues, have stems well covered with leaves, and flowers with an
inconspicuous, fugacious, 4-5-leaved calyx, and a flat receptacle. Anemone
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has an hemispherical receptacle (Fig. 273 4 t), and a petaloid, usually 5-6-
leaved calyx. In most of the species the underground rhizome elongates
into an erect scape which bears a single whorl of three leaves forming an epi-
calyx beneath the terminal lower. In 4. nemorosa, ranunculoides, and others,
these leaves resemble the foliage-leaves and often bear flowers in their axils;
but in 4. Pulsatilla, and others, they differ from the foliage-leaves in that they
are palmatifid (Fig. 273 4 ); in A. Hepatica, in which the scapes spring from
the axils of cataphyllary leaves, the three bracteoles are simple and lie so closely
under the petaloid calyx that at first they appear to be the calyx of the flower.

F1a. 273.—Flowers of R lacess : s peduncle; k calyx; ¢ corolla; a stamens; fovary ;
« stigma (all of natural size or slightly magnified). A Of Anemons Pulsatilla, longitudinal
section: h epicalyx; ¢ ptacle. B Gy i of R lus: 2 receptacle with the

points of insertion of the stamens which have been removed. C Flower seen from below.
D Flower of Helleborus viridis. E Of Aconitum Napellus: h bracteoles; k’ hooded posterior
sepal—the lateral sepal on this side is removed.

Tribe 8. Ranunculee. Perianth consisting of calyx and corolla : sepals im-
bricate : fruit an achene, with a usually ascending ovule (suspended in Adonis
and Myosurus).

Ranunculus ; the calyx consists of five sepals and the corolla of five petals
which alternate with the sepals and have a nectary at their base; the stamens
and carpels are arranged spirally.

The genus includes water-plants with finely-divided leaves and white flowers,
as R. aquatilis, Water crowfoot, fluitans, ete.; and land or bog plants usually
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with a yellow corolla, as R. acer, the Buttercup, repens, bulbosus, and sceleratus
(nll known as Crowfoot), and Flammula (Lesser Spearwort) ; they are all more
or less poisonous. ' R. Ficaria (the Lesser Celandine) has 3 sepals and usually
8 petals. Myosurus minimus (Mouse-tail) has a very long cylindrical receptacle ;
the sepals are spurred, and the petals gradually pass into the stamens. Adonis,
the Pheasant’s Eye, has completely acyclic flowers; sepals 5, petals 8 or more,
not glandular at the base; stamens and carpels indefinite, arranged in ; order.
4. autumnalis is the species which occurs in England.

Tribe 4. Helleboree. Perianth generally consisting of calyx and corolla, the
latter being occasionally suppressed; the petals are glandular at the base;
ovaries usually fewer in number than the leaves of the perianth ; ovules numer-
ous, borne on the ventral suture; fruit usually consists of several follicles.

(2) With actinomorphic flowers :

Helleborus, with acyclic flowers ; sepals in 3 arrangement ; the petals, which
are small and tubular, in § or 4 ; stamens in g or # ; ovaries usually 3-5
(Fig. 273 D). H. niger is the Christmas Rose; H. viridis and foetidus are not
rare. Nigella has 5 petaloid sepals and usually 8 (superposed if 5) small gland-
ular petals. Trollius, the Globe-flower, has .

5-15 petaloid sepals, and a similar number of

small petals which, like the stamens, are

arranged spirally : T'. europeus occurs in sub-

alpine regions. Caltha, the Marsh-Marigold,

has five yellow petaloid sepals but no corolla:

C. palustris is common in damp places. Eran-

this, the Winter Aconite, has small petals with

long claws. Actea has a petaloid calyx and an

alternating (sometimes suppressed) corolla ; it

has a single carpel which becomes a baccate

fruit: 4. spicata, the Baneberry or Herb

Christopher, occurs in woods. Aquilegia, the Fre. 274.—Diagram of flower of
Columbine, has a cyclic flower (Fig. 274): it Aquilegia.

has five petaloid sepals, and petals with long spurs: 4. vulgaris, atrata, dklei,
and others occur wild or are cultivated as decorative plants.

(b) With zygomorphic flowers :

Delphinium, the Larkspur, has the posterior of the five petaloid sepals pro-
longed into aspur: there are typically 5-8 petals, of which only the two (or four)
posterior are developed, their spurs projecting into that of the posterior sepal.
D. Staphisagria is poisonous; D. consolida has but one carpel; D. 4jacis is a
common garden plant, with 1-5 carpels. In Aconitum, the Wolf’s-bane or
Monk’s-hood, the posterior of the 5 petaloid sepalsis large and hooded ; the two
posterior of the 8 petals have long claws and are covered by the posterior sepal,
the others being inconspicuous (Fig. 273 E ¢).

Sub-order 4. Peoniee. The perianth consists of calyx and corolla, and the
petals are not glandular : ovaries with numerous ovules, surrounded by a dise.

In Psonia, the Pwony, the ealyx consists of 5 sepals which gradually pass
into the foliage-leaves ; the 5 or more petals are larger: the stamens are spir-
ally arranged. P. officinalis, corallina, and others are cultivated as decorative
plants ; P. Moutan has a woody stem and a tubular disc. Fruit consists of
several follicles.



320 PART IV.—THE CLASSIFICATION OF PLANTS.

Order 2. MacNoLIACEE. Perianth cyclic, consisting usually of
three alternating trimerous whorls, one of sepals and two of
petals: stamens and carpels numerous, arranged spirally: seed
containing endosperm. Woody trees or shrubs.

Tribe 1. Magnoliee. Carpels very numerous on an elongated cylindrical
receptacle : flowers invested by a spathoid bract; stipules connate. Magnolia
grandiflora and other species, and Liriodendron tulipifera (the Tulip-iree) from
North America, are ornamental trees.

Tribe 2. Illiciee. Carpels in a simple whorl on a flat receptacle (Fig. 158).
Illicium antsatum, the Star Anise, is a native of China.

Order 3. CarvcantHAcEE. Flowers acyclic, perigynous.

Calycanthus floridus is an ornamental shrub with brown aromatic leaves.

Order 4. NympazACEE. Flowers usually acyclic without any
sharp demarcation between the petals and the stamens; pistil
either apo- or syncarpous. Water-plants, generally with broad
floating leaves.

Tribe 1. Nympheine. Carpels connate, forming a polymerous multilocular
ovary which may be either superior or inferior. Ovules numerous, placentation
superficial : seeds numerous, containing both endosperm and perisperm. The
rhizome grows at the bottom of the water and throws up broad flat cordate
leaves with long petioles which float on the surface. The flower also reaches
the surface, borne on a long peduncle.

Nymphea alba, the white Water-Lily, has four green sepals, a great number
of white petals which, together with the very numerous stamens, are arranged
spirally, and a semi-inferior ovary. Nuphar luteum, the yellow Water-Lily, has
& calyx consisting of five greenish-yellow sepals ; the petals, which are smaller
and yellow, are usually 13 in number, and form a continuous spiral with the
indefinite stamens ; the ovary is superior. Victoria regia, a Brazilian species,
has peltate leaves of more than a yard in diameter.

Tribe 2. Nelumbiee. Ovaries numerous, distinet, imbedded in the fleshy
receptacle : seeds solitary, without- endosperm.

Nelumbium speciosum is the Lotus of Egypt and Asia.

Tribe 8. Cabombee. Flowers cyclic. Ovaries nu-
merous, monomerous, each with from 2 to 3 ovules
attached to the dorsal suture of the carpel. Seeds con-
taining endosperm and perisperm. The submerged
leaves are much divided, the floating leaves peltate.
America and the East Indies.

Order 5. MENISPERMACEZ. Flowers dicecious,

Fia. 275.—Disgram of Cyclic; the whorls are usually trimerous, and
flower of many of the the calyx, corolla, and andreecium have at
Menispermaces. least two whorls each. Carpels usually 3-6,
distinct, one-seeded, but many-seeded in the sub-family Lardi-
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zalbeso. They are tropical climbing plants with herbaceous stems
and palmate leaves.

Order 6. BerBeriDEE. Flowers hermaphrodite, cyclic, the calyx,
corolla, and andrcecium, each consisting of two di- or trimerous
whorls. Ovary monomerous, with numerous marginal ovaules.
Fruit capsular or baccate. Seed with endosperm.

Berberis vulgaris is the Barberry ; its floral formula is K34-3, C8+43, 43+3
G1; the flowers are in pendent racemes, usually without terminal flowers; when
a terminal flower is present its formula is K5 | C5 | 45. Fruit an oval berry.
The leaves of the ordinary shoots are transformed into spines (Fig. 12), in the
axils of which are dwarf-shoots bearing the foliage-leaves and the inflorescences.
Epimedium has a dimerous flower ; calyx of 1-5 whorls ; petals spurred.
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Potamogeton

Potato .
Potentilla
Poterium,
Primrose

Primuls .

.

Primulaces
Primulales .

Privet .
Protea

Proteacem .
Protophyta .

Prunella .
Prunus
Psilotum
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Pterides .
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Pteridophyt;x

Pteris .
Pterocarpus

Ptilophyllum

Puccinia .

Pucciniem .

Pumpkin
Punica
Purslane
Pyrenocarpi

Pyrenomycetes

Pyrola

Pyrolaoes;
8 . . .
Quaking-grass .

Quercus .
Quernales
Quince .
Radish
Radula .
Rafflesia .
Rafflesiaces
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Rampion
Ranales .

Ranunculacez .

Ranuncules
Ranunculus
Rape .

Baphanet; .

Raphanus
Raspb
Rattle
Reboulia.
Reed .

Reed-gra.és
Reed-mace .

Reseda

Besedacez;a
Rest-harrow

Restiace®
Restiales

Rhamnes®
Rhamnus
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Salsola . . .
Salt-wort. . .
Salvia. . . .
Salvinia .
Salviniacem . .
Sambuces .
Sambucus . .
Sandal-wood
Sanguisorba
Sanguisorbem .
Saniculee . .
Santalacez .
Santalales .
Santalam
Sapindacem . .
Sapindus. .
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Spindle-tree

Spirea . . .
Spirpaces . .
Spirillum . .
Spirogyra .
Spirolobes . .
Spruce

Spurge

St. John'’s Wort
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Tussilago . « « « « « o . 280 | Volvocinem . .
Tussilagine® . . . . . . . 280 | Volvox . . .
Twitch . . . . . . . . . 227 | Wall-flower. .
Typha . . . . . . . . . 222 | Walnut . . .
Typhace® . . . . . . 218,222 | Water-chestnuf
Ulex . . . . . . . . . . 294 | Water-cress. .
Ulmace . . . . . . 244,249 | Water Crowfoot
Ulmus . . . . . . . . . 249 | Water-hemlock
Ulothrix. . . . . . . . . 116 | Water-lily . .
Ulva . . . . . . . . . . 116 | Water-milfoil .
Ulvace . . « . . . . . . 116 | Water-plantain
Umbellales . . . . . . 245,285 | Water-soldier .
Umbellifere . . . . . 245,285 | Waterwort . .
Umbilicaria . . . . . . . 136 | Wellingtonia .
Uredines . . . . . . 124,137 | Welwitschia .
Uredo. . . . . . . . . . 138 | Weymouth Pine
Uromyces . . . . . . . 139 | Wheat . . .
Urocystis . . . . . . . . 187 | Whin. . . .
Urtica . . . . « . . . 248 | Whitlow-grass.
Urticales . . . . . . 244 247 | Whortleberry .
Urticess . . . . . . . 244,247 | Wild Balsam .
Uspea . . . . . . . 135 | Wild Basil . .
Ustilagine. . . . . . 124 137 | Wild Cherry .
Ustilago . . . . . . . . . 137 | Wild Plum. .
Utricularia . . . . . . . . 269 | Willow . . .
Vacciniem e« « .« . 245,277 | Winter Aconite
Vaceinium . . . . . . . . 277 | Winter Cherry.
Valeriana . . . . . . . . 279 | Winter-green .
Valerianee . . . . . . 245,278 | Wistaria. . .
Valerianella . . . . . . . 279 | Witch Hazel .
Vallisneria . . . . . . . 234 | Woad. . . .
Vallisneriee . . . . . . . 234 | Wolf's-bane .
Vanda . . . . . . . . . 239 | Wolfia . . .
Vanilla . . . . . . . . . 2389 | Woodruff . .
Variety . . . . « « « . 108 [ Woodsia. . .
Vascular Cryptogams . « « . 155 | Wood-sorrel .
Vascular Plants . . . . . . 108 | Wormwood. .
Vaucheria . . . . . . . . 117 | Wych Elm . .
Venus’ Fly-trap . . . . . . 298 | Xanthoxylem .
Venus’ Looking-glass . . . . 277 | Xanthoxylum .
Veratrum . . . . . . . . 282 | Xylaria . . .
Verbascum . . . . « . . . 267 | Xyridee . . .
Verbena . . . . . « . . . 26| Yam . . . .
Verbenace® . . . . . 244 266 | Yellow Flag .
Vernal grass . . . . . . . 225 | Yellow Rocket.
Veronica . . « « « « « . 268 | Yew . . . «
Verrucarie® . . . . + . . 136 | Yucca. . . .
Vervain . . . . . . . . . 266 Zamia . . .
Vetch. « . . « « « « . . 295 | Zanichellia .
Viburnum . . . . . . . . 284 | Zea . . . .
Vicia . « o o « o« ¢« o o o 295 | Zingiberaces .
Vicie® « ¢« o « ¢ « « o« . 295 | Zoosporem . .
Victoria . . « . . . . . . 820 | Zostera . . .
Vineca . . . « * « . o . 272 | Zygnema . .
Viola. . . . « . . . . . 816 | Zygnemacee .
Violaries . .« « o 246,316 | Zygochytrium .
Virginia Creeper e e e e . 802 | Zygomycetes .
Viscam . . . . « « «» . . 263 | Zygophylle® .
Vitis . . . . ¢« ¢« + o « . 3802 | Zygosporem .

Butler & Tanner, The Selwood Printing Works, Frome, and London.
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