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PREFACHE

TO

THE THIRD EDITION

THis edition 18 practically the same as the last one The
only change I have made 13 to use a smaller type for
the less important matter, particularly the details of the
olassification of the different forms of the parts of the

flower and fruit
J REYNOLDS GREEN.

CamBrIDGE January 1904



PREFACE

TO

THE SECOND EDITION

IN preparing this edition for the press but few changes
have been made. The chapters on morphology have been
revised and 1n some parts compressed. The section on the
inflorescence has been rewritten and that on the sexual
reproductive organs has been rearranged i view of two
years’ experience in teaching my classes at Bloomsbury
Square, since the adoption of this manual as the text-
book there.

Book II. remains practically the same as 1n the first
edition,

J. REYNOLDS GREEN.
CamBriveE  May 1897



PREFACE

TO

THE FIRST EDITION

Tais Manual 18 intended to take the place of the ¢ Manual
of Botany ' written by the late ProFEssor BentLEY In-

deed, 1t was originally contemplated that 1t should appear
as the sixth edition of that work. The chapters on Mor-
phology have been altered only so far as has been necessary
1n order to incorporate 1n them the modifications of the older
views, which are based upon 1ecent scientific investigations.

While the preparation of this section was 1n progress
the death of ProreEssor BeNTLEY led to considerable
alteraticns 1n the mode of treatment of the remainder of
the book. The subject of the anatomy of plants has been
separated from that of morphology and made a separate
section. This has been almost entirely rewntten and
enlarged, and numerous figures have been added. Many
of these are original ; others have been borrowed from the
writings of contemporary authors.

The old volume being rather too bulky for convement
handling, 1t has been considered desirable that the present
edition shall consist of two parts In the first of these
the subjects of morphology and anatomy of vegetative parts
are dealt with, the second will treat of clasmficafion and
vegetable physiology.

* J. REYNOLDS GREEN.
Lonpox  June 1895.
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MANUAL OF BOTANY

GENERAL INTRODUCTION

Turk scence of Botany 1s conceined as fully as possible with
everything that has 1eference to plants, either m a living or 1n a
fossilstate It investigates then nature, thewn internal strueture,
then outward forms, the laws by which they aie cnabled to
giow and propagate themselves, and then ielations to one
anothei, and to the other bodies by which they are smrounded.
As ascence, therefore, 1t 150l Vast extent, and one which requires
for 1ts successtul prosecution the most careful and systematic
study. We may look upon 1t as meluding seveial departménts,
which can be exammed separately. It 1s very important to
bear m mind that the objects of our study either are or have
been living organisius, and to keep this fact promunently before
us, whatever aspect of the plant may be temporanly occupy-
g our thoughts  Bearng 1t in nund, we may regaid especially
the pecuharities of outward form which plants present , some of
extreme suupliaty and ot nucroscopic dumensions, globular or
cylindrical 1 shape, and consisting ot only a single vegetable
cell, with no differentiation of parts, others strings of cells,
others flat plates, otheis ot considerable substance, showmng
various parts, each with 1ts own individuality, Such a section
of the study 1s hknown as Morphology. We may agamn study
the orgamsm from the pomnt of view of its internal structme,
without reference to 1ts form. We deal in this connection with
stiuctural units of plants, the vegetable cell as an individual,
and the combinations of cells to form the filaments, plates, or
,masses of which the plant consists, tracing the various modifi-
cations of cell structure, the alterations in their forms, and the
ways 1n which they are arranged together in the various parts
VOL. L N B
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MANUAL OF BOTANY

GENERAL INTRODUCTION

THr science of Botany 1s conceined as fully as possible with
everything that has reference to plants, either m a living or 1 a
fossilstate It investigates then natwie, then mnternal structure,
then outward forms, the laws by which they aie enabled to
giow and propagate themselvcs, and thewr relations to one
anothei, and to the other bodies by which they are smrounded.
Asa saence, therefore, 1t 15 of vast extent, and one which requires
for 1ts successtul prosecution the most careful and systematic
study. We may look upon 1t as mcluding several departments,
which can be examined separately. It 1s very important to
bear in mund that the objects of our study either are or have
been living organmisins, and to heep this fact prominently before
us, whatever aspect of the plant may be temporarily occupy-
ing our thoughts Bearing 1t 1n mind, we may regard especially
the peculianities of outward form which plants present , some of
extreme suupliaty and of microscopic dunensions, globula: or
cylindrical 1 shape, and consisting of only a single vegetable
cell, with no duifferentiation of parts, others strings of cells,
others flat plates, others of considerable substance, showing
various parts, each with its own mdividuality, Such a section
of the study 1s known as Morphology ~We may agan study
the organsm fiom the pomnt of view of 1ts internal structure,
without reference to 1ts form. We deal 1n this connection with
structural umits of plants, the vegetable cell as an individual,
and the combinations of cells to form the filaments, plates, or
masses of which the plant consists , tracing the various modifi-
cations of cell structure, the alteratious i their forms, and the
ways 1 which they are arranged together in the various parts
VOL. L. N B



2 MANUAL OF BOTANY

of the orgamsm this forms the depaitment of Vegetable
Anatomy or Histology Again, we may try to 1ealise more
clearly the Iife of the plant, and study the way in which 1t
carries out 1ts various vital processes, and 1eacts to its environ-
ment This section 15 hnown as Vegetable Physiology An-
other departinent 1s Taxonomy, which considers plants in their
relationship to each other, and mncludes a knowledge of the
principles upon which they may be classiied This1s generally
known as Systematic Botany  Geographical Botanv, again,
deals with the distiibution of plants over the surface of the
earth at the present tiune, and 1nvestigates the causes of such
distribution  Palwophytogiaphy, or Fossil Botany, considers
the nature and distitbution of plants through the past ages of
the earth’s cxistence, and describes the stiucture of those tound
n a tossil state 1n the difterent strata of which the earth 15 com
posed. The first four departments only we those that come
within the scope of the present woik, the latter two bemng of
too special and extensive a nature to be treated of 1 this
Manual There aie also several sections of what may be called
Applhied Botany, which are founded on a knowledge of the
above departinents, such as Descuptive Botany, Vegetable
Materla Medica, Agricultural, Hoiticultuial, and Fconomie
Botany, but to these special works aie commonly devoted

In studying the subject the relationships between these
different sections must be borne m nund  The student will soon
understand that all questions of form and structure must be
examned from the pont of view of function, and will learn that
all differentiation of the plant body has been deternnned by
division of labour, or allocation of particular function to par-
ticular parts

1f we consider the case of an ordinary tice, we find 1t incapable
of locomotion and fixed m some particular spot of carth In
such a situation 1t has to mamtawn its position and tahe every
thing necessarv for 1ts nutiition fiom cither the soil o1 the air
which surround its ditferent parts The greater the amount of
both with which 1t comes mnto relationship, the easier 1t will be
for 1t to secure these ends Hence the advantage of its great
subdivision of both underground and sub-aeral parts Smmlar
considerations thiow a great light upon the details of 1its super-
ficial and ternal structure



BOOK I
MORPHOLOGICAL LBOT.UNY

CHAPTER I
GENERAL MORPHOLOGY O} IHE PLANT

Tur sunplest plants, such as the Red Snow (Profococcus), or
Plewrococcns, consist of a single piece ot living substance, or
cell as 1t 15 termed, which m {form 1s more or less spherical or
oval New plants arc formed by the division of this cell into
two, sotuetunes of equal, sometimnes of unequal dunensions  In
Protococcus the cells separate alinost assoon as formed, while
Pleurococcus they 1emaim bound together for a longer o1 sherter

k1o 1

Frg 1 Pleniococcus oulyarts  cells dividing (X 600)
L1 2 Portion of a filament of Oscallara (x 750)

period by an envnoning capsule ot gelatinous matter, the 1esult
of a modification of a hmiting membrane o1 cell-wall. In plants
a little more complex 1n structure we find the cells still all alike,
but mstead of being separated and each becoming a distinet plant,
or forming a small colony of cells, they are jomed end to end and
form a many-celled filament which 18 either straight or var.-
gusly curved, a8 in Oscullaria (fig. 2). The most lowly of these
plants—so far at least as 18 known—multiply by division of
thewr cells only. A lhttle lugher 1n the scale we meet with
B2
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plants 1n which, while certain of their cells perform the function
of nutrition, others arc set apait for the purpose of repro
duction In the connmon Moulds, such as Mucor (fig. 3) or
Eurotwum (fg 4), the cells which serve as organs of nutrition
are elongated siuple or branched filaments, termed hyphe,
which lie upon the suiface and burtow 1n the mass of the sub-
stance furnishing the plants with food, while others, destined
to 1eproduce the mdividual, ate deyvcloped m globular cavities
(sporangia), as m Mucor (frg 8), v are arranged m necklace
hike bianches at the end of special flaments as m Iuroliuny

(g 4)

Fio 3

Fry 3 A specres of mouald ( Yucor ) with bruched wmycelium composed of hypha,
and bearing two sporangia A, shown more nghly mgmbied 1t 7

Yet a little hagher i the scale of vegetable life we find the
cells s0 combined as to forn flattened expansions (fg 5), o
solid axes (fig 6), as well as special organs of reproduction
(rg. 5, t, t). But the cells are all morc or less alike, so that
no true distinction can be drawn between the otten very ditterent-
lookig parts we meet with m such plants as a scaweed or a
mushroom. Such a combination of smlar cells, whatever the
precise form may be, which presents no differentiation of leaf
and stem, 18 called a thallus or thallome. The plants which
are commonly known as Alge and Fung: usually possess such
a plant body, and they have been grouped together to form a
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division of the vegetable kingdom which bears the name
Thallophyta m consequence.

From the Thallophvta by tvaiious inteimediate stages,
thiough a division of plants called Lrverworts, we airive at
another gronp—the Mosses In the lower forms of the Liver-
worts,e g Marchantia (fig T7),we have a green flat thallus hike
stem bearing upon 1ts under surface scale like appendages, which
botamsts have considered to be the first representatives of true

Fia 5

Fig 4 Another mould (Furotium) I'g 5 Thallus or thallome of
with 1eproductive cells ar1anged the common Bladder Seaweed
m tows on a special hranch (Fucus vesiculosus)y t, t The

fructification v, v Bladders
contaming ar

leaves, In the higher forms, as Jungermanma (fig. 8), the
stem and leaves aie both moie highly developed.

‘With the exception of some of the higher Mosses, such as
Polytiichum, all the plants so far deseribed arc composed mainly
of cells which approach moie or less closcly to the spherical or
oval form, or which, 1f elongated, a1e thin-walled and commonly
flexible They are hence often termed Cellular Plants, in con-
dradistinction to others whose composition 18 much more com-
phcated, causing them to be called Vascn lar Plants. These are so
named on account of their possessing, m addition to such cells
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(whieh are called parenchiymaious), elongated, generally thick-
Fra 6 Fre 7

P .
(\?«;‘(/gﬁ

Ty 6 The common Mushroom ( {uarcus Iig 7 A portion of the flat
campestr1s) There a1e three 1cceptacles thallus ike ~tem of Var
(Srudtification), arising from the myecelium chantia polumorpha, showing
my below one voung and nearly globular, an antheridial receptacle, 7,
and two mature @ Pilens b Lamella supported on a stalk, s

¢ Annnlus

walled cells, termed piosenchymatous cells, or fibres, and also in
Fie 8 most cases variously formed tubularo1gans
which aie known as vessels The distine
tion between cellular and vaseunlar plants
1s not, however, absolute, as certain of the
Algee afford undoubted mstances of the
occuirence of particular vessels known as
sieve tubes, much like forms met with in
the highest flowermg plants In the higher
Mosses, e.g Polytrichum (figs 9 and 10),
the stems often contain elongated cells,
whose walls are so thickened and chermm-
cally changed that they differ hittle trom
the trne wood-cells met with in the moie
Inghly developed plants  Cornelated with
5 this greater development of the organs of
Fig 8 Tungermanmia DUtrIHIoN we find the reproductive appara-
Mdentata  The stem1s  tus showing a more complex structure, as
o iear Wil be hereafter deseribed. The Laver-
cated leaves worts and Mosses aire, however, destitute,
of vessels, such as exist in the next and all the higher groups of
plants.
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Still ascending, we find 1in the Ferns (fig 13), Horsetaus
(fig 12), Pepperworts, Club-mosses (fig 11), and Selagunellas
a continued advance m complexity of stiueture, vessels of
different kinds make then appearance, and the stems ae fie
quentls of considerable s17e and height ~ Calamites, an order of

Fre 9 Fiec 10 Fra 11 Fia 12,

Fig 9 Plant of the Haiwr moss (2ol
trichum «ommune), with leaves, stem
and sporogonum ——Ffg 10 Plant
of the same, with stemn and leaves,
and terminated by the male organs
(anther idin) —— Fig 11 The common
Club moss (7 ycopodium  clavatum)
——Fig 12 Termination of fertile
branch of the Great Water Horsetail
( Fquivetum marimum)

extmnet plants alhed to the Horsetails, which were extremely
abundant during the foimation of our coal measures, appem to
have reached the height of our loftiest trees, while at the
present day 1n the tropics and warmei parts of the earth
Ferns frequently attain the height of twenty feet (fig 14), and
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sometimes even as much as forty teet Such Ferns bear on their
summuts a large tuft of leas es, or, as they are commonly called,
JSronds, a term applied to leaves which, hike those of Ferns, bear

organs of reproduction

Fia 13

Fig 13 The Male lern
(Aspidium  Filiv-mas)
(4 natural size)

The plants which have been men-
tioned so far hase been called Crypto-
gams, o1 Flowerless Plants. As we
shall see later, this designation 1s not
properly applied to all of them. They
are especially and more fitly charac-
terised by not producing the special
atructures known as seeds

All plants above the Cryptogams,
fiom possessing evident flowers, aie
termed Phanerogams, or Floweiing
Plants These latter plants are
matked oft fiom all the lower forms
by beaiing seeds

The DPhaneiogams present two
well marked divisions, called respec
tively the Angiospermia and Gymmno
spermuia  the former imecluding those
plants in which the seeds onginate mn
a case called an ovairy (f1q 398, o, 0),
and the latter such plants as the Fir
and Laich, m which they donot In
the Phanerogams we have the highest
and most perfect forms of plants

A survey of the foims presented
by the various plants constituting the
vegetation of the globe shows us thus
an extraordinary vailety in exgernal
shape, in actual dimensions, and m
peculiarities of 1internal structuie
The smmplest with which we are
fannhar exhibit only a 1oundish o1
ovoid body, with no differentiation of
paits, consisting only of a minute
mass of hving substance, o1 protoplasm,

which ma) or may not be surrounded by a defimte hmiting

membrane o1 cell wall

Each plant 18 sa1d to consist of a single

cell Genelally, with larger size we find the hiving substance
consisting of a number of cells, separated by partition-walls
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These are, m some cases, arranged 1 stings or flaments,
m others they form flat plates, m yet others they constitute
masses of gieat size and much divided shape The plant body,
mn the latter case, evidently conaists of various parts, which are
spoken of as its members  , ™

The study of the hife history of most plants shows us funther
that each may have different forms at different per1ods of 1ts hife
Inmany of the low e1 plants this polymior phy, asitis called, s very

IFro 14

e
> IR Mo
v
PN

Ig 14 A Tree Fein

varied, but m the case of orgamisms higher 1n the scale, 1t 18
found theie 1s a tendency to assume only two forms, which recur
n constant alternation with each other Each foim 1s character-
1sed by producing a special kind of reproductive organs, and bears
a name mdicating then natmie The common Fern 18 perhaps
the most easily studied 1llustration of this, In the form usually
recognised as the Fern plant, the plant body 1s found to cany
out the process of reproduction by certain cells which are known
as spores. These are asexual reproductive cells that 1s, each1s
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capable by itself of producing a new individual  This form, as
1t bears only spoies, 18 known as the sporophiyte, or spore bearing
generation The other foim, a hittle green flattened body, gener-
ally about a quarter of an inch in dinmeter, ealled the piofhallus
(#9 15), produces sexual organs, which give 11se to 1eproductive
cells of two kinds hnown as gamctes Neither of these can by
itself give 1198 to a new organism, but after a process of fusion
of two of them, one of each kind. the resulting cell can oniginate
such a development The form of the ndividual aising from
the spoie 1s alwavs a piothallus, and that which 1s developed

LK
LI
w;.d'?l’/ X

{4 o
,,lln'j @37,

Kol
(TR
LIRS
10, 4}

)
71

[ty A
Fig 156 Prothallus (gametophyte) of T'ern (x 10) After Kny

from the fused gametes of the latter, which unite to form a cell
called the oospore or zyqote, 18 the new Fern

In some plants the sexual cells are apparently all alike, but
n most they differ 1n shape, s17e, power of motion, &e¢  Whether
sumilar o1 dissumilar, they are known as gametes, and the phase of
the plant which bears them 18 consequently called the gameto-
phyte

In many plants the sporophjyte prodnces two kinds of spore,
each of which gives 11se to a special form of gametophvte In
such cases the two kinds of spore differ very greatly 1n size,

In all the higher plants the two forms regularly alternate,
the sexual cells of the gametophyte giving rise to the sporophyte,
and the spores of the jgtter reproducing the gametophyte—the
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Iife hustory of each plant so exhibiting what 1s known as an alter-
natwon of generations

In the lower forms, among the Alge and Iungi, anothei
variety of altexnation is met with. Then gametophy tes, .n many
cases, bear asexual cells as well as gametes, and frequently the
gametes are not developed, so that many aseiual geneiations
often follow each other before a sexually produced form iecurs

The asexual cells which arise upon the gametophyte aie
called gonidia  They do not differ cssentially from spores.

Among the lower plants the gametophyte 1s usually the more
promment of the two foirms described In the Mosses the
two are almost equal in degree ot development The gameto-
phyte 1s the so called moss plant, and consists of an axis fur-
mshed with numerous leaves. The sporophyte consists of a
swollen head or capsule, supported on a stalk of vaiiable length,
and remaining attached to the gametophyte It foims the body
which 1s often somewhat loosely spoken of as the fimt

Above the Mosses the tendencey 18 to greater development of
the sporophyte and ietiogression of the gametophyvte. In the
Ferns and the lugher Cryptogams the plant known under the
ordmary name ot Fein, Horsetarl, or ('lub moss 18 the sporo
phyte,and the gametophy te 1s a small structure, consisting of only
a plate of cells, or a small tuber like mass and showing little or no
segmentation of 1ts body  In the flowermg plants the retrogres-
sion of the gametophy te 18 still more marked, they possess two
kinds of spore, each of which gives 11se to an appropriate
gametophvte, one bearing male,the other temale gametes The
gametophytes produced by the small spores, or muciospores,
which aie often spoken of as pollen girawns, consist of long
tubular outgrowths, which during then development bore their
way mto the stiuctures among which the large spore and 1its
gametophyte aie found The gametophyte aiising from the
large spoic, or megaspore, or embryo sac, consists, 1n one large
section of the iowering plants, the Gymnosperms, of a cellulai
mass which 18 developed inside the spore, and completely fills 1t.
In the other section, the Angiosperms, 1t 18 similaily hidden n
the nterior of the spore, but 1t consists of only a few cells, some
of which are not even furmished with cell-walls

Above the Thallophyta the cell produced by the fusion of
the gametes gives rise to the new mdividual while still attached
to the gametophyte, so that the spoiophyte appears to spring
out of the latter The spores, on the other hand, of whatever
kind they may be, are generally set free from the sporophyte,so
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that the gametophyte appears as an independent structure A<
alieady mentioned, this 18 not the case with the Phaneiogams
These produce two kinds of spore  the smaller ones only are set
fiee, subsequently giving rise to the gametophyte ov pollen tube
which beais the male gametes, the laiger ones 1emain always
attached to the spoiophyte, each producing 1ts appropriate
gametophyvte m 1ts interior, and ultimately leading to the
formation of a special structuie called the seed

The body of the plant, whether gametophyte o1 sporophyte,
may show various degiees of complenity of form. It may be
evidently divisible mto parts, or members, which may be all
ahke, o1 mav be dissimilar, o, agamn, 1t may show hadly any
such segmentation In the gieat majority of cases the body
consists of two dissinnlar menbers, characterlsed by growth in
opposite duections, these ate then called the 100f and the
shoot Both of them geneially exhibit appendages sprnging
from the mam body, but while those of the 100t are like the
member fiom whieh they arise, those of the shoot mav be ot
two kinds, some like, others nnhke, that on which they are
boine Those which are like 1t arte known as branches, those
unhke 1t, leaves  We can distinguish between thallowd shoots
and leafy shoots, according as branches only, or branches and
leaves, can be 1ecognised on the shoot Roots almost always
bear branches only, leaves oceuriing on them only under very
exceptional circumsatances A further difference between the
root and the shoot consists in the fact that the latter always
bears the true 1eproductive organs The part of the shoot
which gives rise to the appendages 1s termed the sfem, and the
stem and main root together constitute the axis of the plant
| Plants wlich show a differentiation of thew shoot mto stem
and leaves are called ('ormophytes  'The pronunent form 1s
most cases the sporophyte, and the distinetion between the
two paits of 1ts avis as to the dneetion of then growth can fre-
quently be seen from the very commencement of 1ts development.
The cell foomed by the fusion of the gametes, usually called the
oospoie, 18 first divided by a cell-wall, known as the basal wall,
mto two segments, of which the upper one, or eprbasal cell,
develops the shoot, and the lowei, o1 hypobasal one, nltimately
gives 11se wholly or partially to the root The primaiy 100t and
the primary stem are thus always opposite to each other.

Those plmts whose shoots show no segmentation mto stem,
and leaf a.re%imown as Thallophytes, and the plant body 1s called
a Thallis~ ..
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The thalloid shoot may be regarded as intermediate between
a true thallophyte and a cormophyte

The relative developient of 100t and shoot may vary very
greatly. In most of the lower plants the 100t 1s frequently of
very small size and very snuple stiucture 1n the great group
of Alge or Seaweeds, n which the gametophyte 1s the pronu-
nent forny, this member 15 never very greatly developed, though
the shoot of the same plant may attan large dimensions In
some of the filamentous floating forms 1t can hardly be sard to
exist, bemng often only mdicated by the single hypobasal cell
persisting at the end of the ilmment, and this having only a very
shoit dwiation  In the sporophyte of the higher cormophytes
both 100t and shoot me well developed and much branched, the
shoot being still 1elatively the greater

The shoot usually shows much more ditfercntiation than
the root. Its axis, the stem, gives rise to bianches and to
leaves. The bianches in turnmay give orgin to other branches,
and these to others, thus forumng an claborate bianch system
Sach branch, like the mam steny, also produces leaves. The
leaves, on the other hand, though often very much branched,
or compound, never bear other leaves

In the higher cormophytes, in which the sporophvte 1s the
promunent form, 1t produces special shoots for the purpose of
bearing the reproductive cells o1 spores  Usually these cells
are borne on special leaves, which are then called sporophylls
Sometunes these sporophylls very closely resemble the ordinary
leaves, as 1n many Feins, sometimcs they ditfer from them very
markedly in appearance and stiucture, The speeial shoot ot
which they are the leaves 1s then known as the flowcr, and the
branch system constituted by the Howers 1s called the wnflo-
rescence,  In most cases this 1s sharply maiked oft fiom the
general branch system  The tlowers have usually, besides the
sporophylls proper, ceitamn other external leaves which do not
themselves bear spores

In the lower plants, when the spores have become mature
they are detached from the parent plant and germnnate mmdepen-
dently, giving rise to a sepurate gunetophyte In the owering
plants, where the spores are of two sizes, 1t 1s only the macro
spores or pollen grains which are so dispersed  The megaspore,
or embryo sac, gerninates 1 the sporangwum, or ovule, and
gives rise to 1its peculiar form of gametophyte within itself
By certain appropriate mechanisms the gametophyte arising
frow the pollen grainis brougixt. into relation with that developed
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from the embryo sac, and the gametes from the two unite as
1n other cases to form an oospore  This fusion, which 18 known
as the fertilisation of the oosphere or female gamete, 18 followed
generally by a certain development of the neighbouring paits
Even when the gametophytes are developed apart from the
sporophyte, the act of fertilisation 15 often attended with the
same result. The body thus produced 15 known as the frual
In the latter cases the frut 1s altogether o development of the
gametophyte , 1 the former, the paits which form 1t are de
rived from the sporophyte, to which the gametophyte 1emains
attached In this way, m the flowerng plants, the fiut 1s
developed from the central portion of the Hower

The consequence of the megaspore, or embiyo suc, of the
highest plants, always remamnimg i the sporangiuu, o1 ovule,
and the gametophyte derived from 1t never having an imndepen
dent evistence, 15 the production of another stiucture, found at
maturity usually within the fiwat, and known as the sced  When
the gametophyte has been dey eloped 1t bears normally one sexual
cell o1 gamnete, known as the oosplhere  This 1s tertihised by the
male gamete while the whole gamctophyte 15 still in the terior
ot the sporangiwm, and the oospore 1esulting fiom such fertilisa-
tion gernunates at once, starting the growth of the new spoio-
phyte This growth takes place at first within the sporangium,
and proceeds for & longer or shoiter pertod till the torm ol the
new sporophyte 1s cleaily imndicated m its parts Then the
growth ternporarily stops, and the sporangium with 1ts contents
becomes separable from the sporophyvte The sporangiun or
ovule has now become the seed, a structure which, fiom the
peculiarities of development indicated, 1s confined to the Hower-
ing plants It contamns the new sporophyte, known as the
embi yo, besides enclosing the iemains ot the gametophyte
which gave use to the latter, and which may o1 may not con-
stitute the greater part of the structure.

After the seed has been detached from the sporophyte
1t 1emans quiescent for a variable time, but under appro-
priate conditions the temporarily suspended development 1s
resumed, and the new sporophyte soon attamns an independent
existence.

The formation of the seed 1s thus a special feature of those
plants in which the megaspore does not become detached from
the sporophyte, but develops n ssfu. This important peculiarity
marks off the large class of Phanerogams or flowering plants
from those belows them 1in the scale of development. In such
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of the latter, known as the Cryptogams, as have megaspores
the latter are always detached from the sporophyte, and
therefore seeds are not produced

If we compazre the forms of the gametophyte and sporophyte
n such plants as plainly possess both, we can notice that the
gametophyte 1s usually a thallus, but 1s cormophytic in the larger
Alge, the Jungermanmas (a famly of the Liverworts), and
m the Mosses The sporophyte 1s but seldom recogmsable
among the Thallophytes, many ot which indeed possess only a
gamophytic form, but 1t 1s a thallus m such of the Alge and
Fung as possess one  'With few exceptions 1t 1s a cormophyte
m all plants above the Mosses In the higher plants 1t
presents us with a seuies of mewmbers  We may @istinguish the
root and the shoot, the latter meluding various forms of branches
and different kinds of leaves  Its most nuportant members are
the stem, the vegetative bianches, the intlorescence, and the
flowers, the leaves, some foluage leaves, others sporophylls
lastly the fruit and seed

The gametophyte 15 scen at its best m the Alge, Fung,
Liverworts, and Mosses  Here 1t may show root, stew, and leaf,
ot 1t may be only a thallus or a thallod shoot Above the
Mosses 1t 15 gradually and progressively 1educed, being never
mote than a thallus above this pont, and gradually beconmng
less and less promunent, till at last 1t consists of only a few
cells 1n the 1nterior of the megaspore.

The vegetative members of the plant may now be considered
in greater detail separately, the morphology of the special
reproductive members being deferred to a succeeding chaptci

THALLOPHY1 kS

The Thallus

The thallus may consist of & single cell, o1 may be composed
of many cells It shows scarcely any distinetion of part. or
segentation, and but hittle differentiation of 1ts internal tissues
It 18 often possible to see a division 1nto root and shoot, but in
such cases the former 1s only very shghtly dufferentiated and
often consists of only a single cell of the embryo. There 1s
never any particular difference of structure between them. When
a thallus 18 composed of more than one cell 1t may be a filament
or a collection of filaments, or a flat plate often only one cell
thick, or a mass of some size. In the last two cases 1t may bear
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a number of hairs fiom any pait of its suiface In some cases,
as in Volvor, 1t 18 a spherical body capable of active movewent
carried out by special filaments o1 cihia, which move rapidly to
and fro in the water in which the plant lives It wmay be
branched, ceitain branches bemg like the mun body, and
others specially modified to produce the 1eproductive organs

The thallus 1s scen best 1 the lowest plants, wheire generally
the whole plant body 1s of this desciiption It 15 the promment
form m most Fungt and Alge, 15 that ot the gametophytes ot
the Feins and most other Vascular Cryptogams and of the
Flowerng Plants  The sporophyte 1s less fiequently a thallus,
but this 19 the case m such of the Algee as possess one, and
m a few cxceptional Phanciogams, vy Wolffia arili.a,
Lophogyne, etc

C'ORMOPHY kS

Ifor many 1easous it 1s most advantageous to commence the
study of the morphology ot cormophytic plants with the most
highly differentiated forms These are to be met with m the
great group of the Phanerogams, and m particular m the section
known as the An
glosper s, to which
al owr  ordinary
plants  with con
spicuous  Hlowers
belong The promn
nent form m these,
as we have seen, 15
the sporophyte

If we exannne the
seed of one of these
Anglosperms, ey
that ot the common
Pea, we tind 1t con
tains the embryo o1
young plant m & 1udunentary form  This cmbryo 1s shown m
Sig. 16 1t consists of a distinet central avis ¢, which 1s some
tunes called the tugellum, the Jower part of which 1s known as
the 1aduwle, 1, the upper part, which bears two o1 three 1udi-
mentary leaves, 18 known as the plumule, n. This axis 18 umted
to, or bears, two Heshy musses, o1 lobes, which are 1ts leavey
or cotyledons, . 'The part between the attachment ot the coty-
ledons and the radicle 18 somgtimes called the hypocotyledonary

Fie 16 Fre 17

Frgy 1o Dicotyledonous cmbryo
ot the Per, luid open (agnt
ted) ¢+ The radide ¢ The
wats (fupocotul), termimatud by
the plumule, o ¢ The coty
ledons —1Z%y 17 Section ot
the fnut ot the Vat p Plu
mule ¢ Rudicde ¢ dScutcllum
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portion o1 ypocotyl, and the portion above the cotyledons, the
eprcotyledonary part or ¢pecotyl. PTlants, like the Pea, which
bear two cotyledons, are grtouped together to form a great class
hknown as the Diwcotyledons In many seeds embryos are found
which possess only one cotyledon Such are the embivos of
Giasses (fiy 17). These plants foum another gieat group
known as the Monocotyledons

When such a seed as the Pea 1s placed under favomable con !

|
ditions, 1ts embryo begins at once to dexelop, the radicle growing’

Fia 18

Fig 18 Lonaitudinal section ot the apex of a 100t of Buckw heat
a Growing point % Root cap

n a downward direction, while the plumule extends itself up-
wards We thus can distingmsh between the two parts of the !
axis according to the direction of their growth, From the!
lower portion 1s formed the root system, from the upper portion
the shoot, consisting of the stem and 1ts appendages.

Secrion I —THE RooTt

The root 1s seen thus to be the descending axis of the plant.
It usually attaches the plant to the substratum on which 1t
VOL. I, ¢
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grows md hsorths untinuent thachom It presents certamn
featmres which distinguish 16 at once from the stom, though it
mu brmch repoatediy ot onlv he us sach appondages as e
hhe sty 1t neva bears true ceproductine otgins md only
undar exceptional cncmmstances does it aive s to lody shoot
o Jeaves  Tts mronth tahes plwce by macise of its snbstance
unmedidely belund its tpes,so that the gtowmg region (a, fig 18)
15 dwys imternd od protactad by a thin cushion o1 cap ot
tissuc hnown as tho voot cap (hy fry 18, 2, iy 19)  Tn those
100ts which grow m ordinary soil, the 100t 15 fmmshed, 1 hittle
way hohind the apes with unumber of vy dcheate outgrow ths
fiom the smface, which ponetiate mto the cievices hetween the
particies of the <o1l, and come mto very elose 1clationship with
them These stiucturcs are known as the 100t hanr s, they are
the stinctmes thiough which absoiption fiom the <ol takes
place  They are not distiibuted over the whole surtace, but only
occupy sl spacc not far behind the growmg pomt (fig 20)
Thest lnins aie not to he 1regarded as appendages, m the sense
alicwdy mantioned for b paats of the plit girec m bemg able
Fre 19 Fre 20 to give 11se to sinmlar
struetmes  They are
onhh  onterowths of
the extanal cover
mg
The dneet pro
longation of the 1adi
cle downwards forms
what s hnown s
the  prmry oot
This may giow to a
meal size  pasist
g thhongh the hfe
of the plmt Tt 1
usually  Cipering 1n
form md  hears
munbers ot nanches
which mwaw them
Per 1Y vouns ot ol Lomn cbudkacer 1) 1 oot selves  brmch e
"Ill‘:\\lll "l:‘)’l‘l:l::l ll} Illt:llt‘!. ;l“bll"' b o 1" il (“\ Ul‘l g g]‘l
tise to o« luge 100t
systemn Whan the pumuy oot s thus pasistent and
stronger than its bianches, 1t fooms what 15 known s a fap
200t On the other hand, 1t 1s not unusual for the prunary root
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to devclop only to 1vshght oxtent, id to be speedily surp ssad m
vigout by s I inches

The briches of the primuy 100t bke the haittar dw s
have then apiee covaad by vroot cap Thoy amse with very
few oxcoptions, within the tussues of the primary 1oot vl n
thcu growth hore then woy outw uds thiough s ovtanal
Tunwas  They are hnown s secon lasy voots and they i tan
produce Loalrary roots md <o on In then oidar of devaop
ment cich branch novmdly wises nonear to the apex than the
one hetore 1t, so that the vounaeest s dw s the ncarest to the
tip  This mode of ougin s kinown as acropetal succession

Yia 21

Jig 210 The Fonvain tiee (Qaen andica

It 15 not confined to 100ts but 18 a te it of bmchimg in

genernl
Occaston v howavar 1ools nise at othar plwces thn
then noumnl pomt ol onigm — Snch e hnown as adventifions
oot~ Faamples moay he scenmethe rots produced npon the
staas of the Ivy nd other phints by which they ue anbled to
attach thamsdves to the stutwes over which they e cdimmlbang
Very hcquently qoot of tlos descnption are doveloped from
mpned smtwes vom the cose ol those phints which are pro
Jacated by memsof cattings - When vvoung twig of ¢ Geranium
18 sevarod hom the stom ind its ent ¢nd embadded i moist sorl,
1t shorthy puts out these wdventition voots from the cut smte
¢ 2
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and devclops wto v new Gaanmum plant \dvantitions 1oots
can also be madc to uise trom leaves as m the case ol some
species of DRrgowir wmd of  Byyophyllum  In many otha
plants aenial 1oots holonumyg to this ddassare given off by the
stamor nches whichodescend to the ground, id, fiving them
selves thare, not only et s mochanical supports, but assist the
true 100t 1 oht vnine food  Suchioots are well seen 1n the Banyan
or Indian ©ig-tiee (ig 21), and in the Mangrove (fig 22)

The primaty 100t and 1ts hianches constitute what 1s often
called the j00f system Tts form depends upon the rvelative
dimensions of the mam 100t and the bianches When the

forner persists and 15

Fia 22 always stionger than

1ts bianches, we have

the tap-100t and 1ts

modifications  Each

branch m such a

system 18 usually

stionger  than  the

branches to whieh 1t
g1y es r1se

Sometimes the
primary 100t 18 but
shghtlyv dcyeloped, and
gives oll from 1its sides
a multitude of dehcate
branchcs  which are
more o1 less fibious
Somctinmes  aguan ot
T 22 The Mangrove tv o of b ope ot Metna') divides ot once mto a

nurbar of  <londey
bianches o1 100tlcts A 100t svstem of this hind 18 seen 1
our annual Grasses ( /iy 30)

The chatacters of the 100t eyvstem and of the mmdnidual
roots ate alwavs detarmined by the pecnhanities of the hives of
the plants to winch they belony  Some plants live tor a vear
only, springmg bom secd Howerme ind dving 1 a smgle
season  These aie known « luwwals Then roots are always
of smdl < o thoy o be ather el secondary sprimging
e tult from the vav short oy one or theae may be a
thin tap 100t with v nmber of smallay by imdches springing from
its sides

Other plants live than Iives dunimg two vears  In the fiist
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they produce leaves and manufacturc a considable quantity
of tood matciials At the end ot the sunnmar this i< deposited
m the 100t, which ¢rons to a Tuac size md bocomes Hoshy
and suceulent  Such roots e shown by the Radish Faoop
and Canrot, which are spohen ol s fuseform, waprjorm, md
conteal respectivedy (frgs 23, 24 23 In the nest ven the
plaut produces 1ts flowars md scads usmg up the storad tood
supply durmg the process ot growth and Howaime  Thesc
plants e called Brennials |

o 23 Fie 24

Lig 23 Fu-tor oot of the common
Radish  (h ophann atien ) —
g 24 Napitore oot of the Tm
mp (Brossia oy liy 25
Comerl 1oot ob e Caror (Damcns
Carola)

A vany Tuge numba ot phintsy as we can casily obsanve,
Iive for mam vons  Somc of than, howovar, dic down to the
ground ovay wintar the oot systan bang the onhy part
which appcars to persist  The roots of thase plants also saive
as storchouses for food materials which arc uscd m the su
cceding spring a8 the stems reappcn id active Ife s resumed
Such plants are the Dahliv (g 25), and somc Orchuds ( figs 26
and 27)  Thesc peronmial voots o nnmy Cises are woody ke
those of plants whosc tan- also mivne the wimta In the
case of the Dahha we find the oot wlhinch ~tore the namitive
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material are seconday 100ts, the prunary one not being
developed, as 15 the case m the Grasses In the Orchis we
have a pair of these succulent o1 tubcrows roots, one of which

Fie 26 Fro 27

Fig 20 Tubercular roots ot m Orcins — ey 27 Palmated tuberculir
roots of anothar Orchis

Fic 28

Pig 28 Tasciculated roots of the Dahlia —Fig 29 Nodulose root of the
common Dropwort (Spérea Filipendula)
perishes every year, while another 1s developed side by sid¢

with the remaiming one
The main root 1n these plants may also be the storehouse of
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the food material, but 1t never attains the peculiar developnient
of the root of the bienmal plant

Woody roots are commonly perenmal m themselves, and
are not 1ecnewed

Certain pecuhiatities are shown by the 100ts of plants which
do not grow 1 the soil. Those which aie to be met with n
watel a1c usually long, unbranched, somewhat fleshy or succulent,
and devoid of hairs  They may be denominated aquatic 100ts

Fie 30 Fie 32

Fiy 30 Fibrous roots of a Grass-—
Fig 31 Moniliform o1 beaded root
—Fig 32 Annulated root of Ipe
cacuanha (Cephaeiss fpecacuanha)

Two other classes of plants also show modifications which
depend upon their pecuhar mode of hfe These are epwphytes
and parasites

Roots of Epwphytes or Avr-plants.—Inmany of these plants
special aerial roots are produced ( fig. 88, a, a), and as these never
ieach the soil they cannot obtamn any food from it, but must
draw their food entirely from sybstances snpphed to them by
the air 1n which they are developed, hence the name of aur-
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plants which 1s applied to them:  They aie also called « pipliytes,
because they commonly giow upon other plauts  They have
frcquently also small 1oots of the ordiary type, which ponctrate
mto 1 whs o canmes m the bak of the supporting plant,
enabling them to absorb small quantitics of food trom the débiis
which accumulates there  Many of the tropreal Orchids (frg.
33) afford us 1llustiations of ¢piphyvtic plants  The aerial r100ts
of such plants are fiequently gicen and serve as organs for
constructing food  The actial 100ts of Orchids have a layer of
usually very dehicate fibrous cells covering them, which assists
i the absorption of moisture from the aw

Roots of Parasites —These are plants which not only grow
upon others, but which, instead of sending 10o0ts mto the an

Fic 33

Frg 38 Fpiplnvtic oncnd wccous plants, showing theit mode of growth
« « Aentudioots b, b Pscudobulbs

and deriving food matenal from it, as do the ¢piphyvtes, msert
peculiar 100t hke bodies mto the tissucs of the plauts upon
which they grow, and obtan nutimient from than 'The plant
which they thus penctiate and feed upon 1~ tamed than kost,
md the sucking 100ts are called haustore They daffer fiom
tuc toots me the manner of then ongmation, as we shall see
latar - The Mistlctoe (Vescune albund), Broom-1apcs (O1obanche),
Doddas (Cuscuta) (g 349 and Rafflesia Arnolde (fig 35)
may b ated s avunples of such plants These parasites
Aittar o cach otha m appearance, some have green tohage,
as the Mostlctoc, while mmy othas wie pie o browmsh o
possess other tints than cvcan, s the Broon vapes and Laplesia

Parasitic phmts voy o the dogiee ol than pasitsm,

o
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the Mistletoe and the greater number of parasites are, so
far as their 100ts are conceined, entirely dependent upon the
plants on which they grow for then food  Others obtamn food
material at first, hke other plants, by means of ordinaiy roots
contained n the soil, but after having arved at a certain age
these perish, and they then deiive then food entnely through
haustoria. which penetrate the plants upon which they grow
Others, again, continue throughout their hife to obtain a portion
uf their food-mateilal by means of 100ts embedded in the soil
while they possess 1n addition haustoria which aie 1inserted mnto
the roots of plants growing side by side with thems  These are

i 31

/g 34 Cuscuta or Dodder plant —
Fig 35 Flower and flower bud of
Rafflesta 4)noldi, w parasitic plant
ot Sumatia

often called 100l-parasites , besides taking in nutritive material
from the so1l and from their host plants, they absorb certam con-
stituent elements of their food from the air by their green leaves

It will thus be seen that parasites differ from other plants 1n
that they are not entirely dependent for the raw matenals of
their food upon the soil and the air, but that they derive at least
some of 1t 1n an assunilable state from the plants on which they
grow. Those which are green, like the Mistletoe, obtain certain
constituents of then food, ke ordinary plants, from the air,
those which have no green colouring matter derive all their
nourishment by their roots from the plants on which they live
,It consequently happens that parasites, by living partially or
entirely upon those plants on wHich they aic placed, frequently
mjure and even destrvy them, and i this way great damage
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15 done to Clover, Flax, and other crops m this countiy and
elsewhere.

Besides the parasites just described, there 1s also another
class of plants called saproplhytes, which, whust agieeing with
parasites 1n deriving their food from alrcady formed oiganic
matenial, differ fromn this latter class by growing on dead organic
substances, and therefore assinulating such matter as 18 1n a
state of decomposition o1 decay. Such plants us Monotropa
Hypopithys, Corallorhiza wnnata, Epwogwuwm Gmelni, and
Neottia Nidus-avis, together with the greater number of Fung,
are examples of Saprophytes

In the plants which are lower 1n the scale than the Vascular
Cryptogains, the 100ts are generally of a very suuple type In
all of them the root may be desciibed ag the descending axis of
the plant, as 1ts growth 1s always 1n the opposite dnection to
that of the shoot It may be extiemelyr1udunentary, as i some
of the lowest of the Algwe or Seaweeds, where 1t consists only
of a single texnunal cell, which soon perishes It may be formed
of a mass of cells, sometimes tapering and branched, and hardly
distinguishable fiom the thalloid shoot to which 1t 1s attached,
or 1t may be a long han-like stiucture, much 1esembhing the 100t
hairs described as arsing on the 100ts of the sporophyte of the
hgher forms. In these lowly torms the root 1s only recogm
sable 1n the gametophyte. The sporophyte 15 never so fax
differentrated as to possess one

There are not wanting nstances again of plants which bear
no prunaryioot at all  Such are the ganetophytes of the Liver-
worts, the sporophytes of Salvinia and Psilotum among the
Ptenidophyta, and of Utricularia, Epwpogrum, and Corallorhiza
among flowering plants  The functions ot the root are 1n these
cases dischmged by modifications of other members of the plant
body, o1 by adventitious 100ts developed after the stemn and
leaves have been differentiated

SecrioN II —THE SHoOT
A. The Stem.

The stem 18 that part of the axis which at 1ts first develop-
nient 1n the embryo takes an opposite direction to the root, 1t1s
termed the ascending axis, and bears on 1ts surface the leaves and
other leafy appendages (fig. 86, t). It usually grows vertically,
nto the an, though this 18 not mvaiable,, sometimes 1t 1s slender
and weak, and trails along the ground, sometimes 1t buries
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itself beneath the swiface and in general appearance resembl
the 100t, rom which, however, 1t can be distinguished by bearir
lecaves The presence of leaves 1s therefore the essential chy
racteristic of a stem, 1n contradistinction to a root, from Whie
such structures are normally absent

The appendages of the stem arise in acropetal succession, &
do those of the 100t, but, unhke the latter, their places of origi
are very defimte We can distinguish on a stem the point
fiom which they arise, which are known as nodes (fig 38 c,c,c
Each node may produce one leaf or more, and in the axils of th
foliage leaves, or the angle formed between the stem and leaf,
branch or bianches may arise  The branch 1n many cases 1s nc
developed far, though 1t 1s always
indicated The spaces between the
nodes, which are always naked, aie
called wnternodes (frg 88, d, d) The
difference 1n appearance between the
nodes and nteinodes 15 most evident
i those cases where the teinodes
are clearly developed, especiallyv 1f
under such circunmstances the leat ov
leaves which arise encircle the stem,
ag 1n the Bamboo and other Grasses
In such plants each node exhibits the
formation of a haidened ring bulg-
ng exteinally, and thus produces the
appearance of a jomnt or articulation.
Tn some cases, the stemn easily sepa-
rates mto distinct portions at these Fig 36 Lower part of th

jomnts, as m the common Pk, the stem “i;lt:l xl‘(out of {‘ge con
mon OC. ? e roc

stem t?endbemg said to be jownted or with 1ts branches ¢ Th

articulate stem f, f Leaves 0,1
Lenf bude ’

At the apex of the main stem and
of all 1ts branches we find the surface covered by the youny
leaves, which, growing faster than the stem 1itself, roof 1
over and protect 1t The apex of the stem 1s never coverec
by a cap lhke that of the 100ot. The growth of the stem 1
length 18 confined to the young internodes, and at first thes
remain short, the nodes being compressed together. The leave:
at first grow most strongly on their lower sides, and are thu:
cnabled to arch over the stem. During the pemod of active
growth of the stem the young lgaves are very loosely arranged
but when, as 10 the winter, sttch growth 1s suspended manjy
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of them are closely crowded together The 1esting apex with
1ts covering of leaves 15 then known as the bud It 1s usual
to speak of termanal and lateral buds, according to then
position at the apox of the main stem or in the axils of the
leaves In the latter case, howcver, the buds are the ternuna-
tions of the branches and are therefore really termmnal.

The buds of temperate and cold climates, which remaimn
dormant during the winter, and which are accordingly exposed
to all 1ts rigours, have geneially certain protective organs de-
veloped on then outer surface i the form of modified leaves
which are commonly called scales, or catuphyllaryleaves These

Fie 37 Fic 38

R~

Fig 37 A shoot one year old of the Hor-e clhiestnut, with terminal bad
a Scar produced by the falhug off of the hud scales of the previous year
b b Scars caused by the falling oft ot the petioles ot the leaves of the
present year, with buds, ¢, in then axils -~ —/"tg 38 Diagram to illus
trate the growth of the shoot from the bud ¢, ¢, ¢ The nodes where the
leaves are situated d, d, The mternodes devcloped between them — -
Fig 39 Shoot of the Lilac (Sy2inga vulgar i), showing suppression of
the terminal bud, and two lateral bude i 1ts place (false dichotomy)

are usually of a hardened texture, and are sometimes covered
with a resmnous secretion, as in the Hoise chestnut and several
species of Poplars; or with a dense coating of soft hairs or down,
as mn some Willows  Such scales, therefoie, by interposing
between the tender rudimentary leaves of the bud and the ar
a thick coating of matter which 1s a bad conductor of heat,
protect them from the influence of external conditions, by
which they would otherwise be injured, or even destroyed.
Buds thus protected are sometunes termed scaly. In the
buds of tropical regions, and those of herbaceous plants grow -
mg 1 temperate ochmates which are not thus exposed to the
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influence of a winter, such protective organs would be un-
necessary, and are accordingly absent, and hence all the leaves
of these buds are of nearly the same character. Such buds are
called naked  In a few nstances we find that the buds of
perenmal plants growing mn cold climates, which are exposed
during the winter, are naked hke those of tropical and herba-
ceous plants Such 1s the case, for mstance, with the Alde:
Buckthoin (Rhamnus Firangula), and those of some species of
Vaburnum

These protective organs of the bud ae commonly, as we

Fia 40 Fie 41

Fig 40 Branch of Oak with alternate leaves and leaf-buds in their axils
a,a Buds b, b Leaves — f1g 41 Vertical section through the end of
a twig of the Horse chestnut (.Esenlns Hippocastanum), before the bursting
of the bud  After Schleiden

have just mentioned, termed scales, but they have also reccived
the name of tegmenta. That such scales are really only modified
leaves adapted for a special purpose, 18 proved not only by thewr
position with regard to the true leaves, but also fiom the gradual
transition, which may be frequently traced from them to the
ordinary leaves of the bud. These scales have only a temporary
duration, falling off as soon as the growth of the bud commences
1n the spring.

The bud thus contains all the slements of a stem or branch,
as we have seen, 1t 1s really the first stage 1n the development of
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these parts, the axis being here so short that the rudumentary
leaves are closely packed together, and thus overlap one anothex
When growth commences 1n the spiing, o1 whenever vegetation
18 reamimated, the mteinodes between the leaves become de
veloped (fig 88, d, d), and these theiefore become separated
from one anothei, ¢, ¢, ¢, and thus the stem o1 bianch inereases
n length, o1 a new bianch 1s formed Inother woids, the leates
which n a bud state overlap one another and suriound a giow-
ing pomnt or axis, by the elongation of the mteinodes of that
axis become separated and dispersed over a bianch or an elon-
gation of the stem

It fiequently happens that many of the lateral buds never
develop mto branches This 19 generally the case with those
which are produced 1n the axils of the lower leaves of the twigs
of most trees Sometimes, though not developed at once, thev
retain for years the power of growing into branches  These
buds are called dormant buds, and the branches ultimately
arising from them are known as deferred branches  When
they appeai, they seem to be developed out of then proper
places, and make the bianching appear 1ery compheated

BRrANCHING —Just as bianches are produced on the mamn axs
ot stemn, so from the axils of the leaves of these branches other
buds and branches aie formed, these again will form a thud
series, to which will succeed a fourth, fifth, and so on \When
a branch system 1s well developed 1n this way, the term b1anch
1s often applied to the larger divisions only, the smaller being
known as tungs. The large branches of trees are geneially called
boughs  The general arrangements of the divisions of the
stem constitute 1ts b) anching, which may be defined as the lateral
development of simalar parts  The divisions of a stem o1 100t are
branches, but the lateral development fiom a stem o branch, of
leares o1 other dissimilar parts such as hairs, 1s not bianching

There are two principal tvpes of branching, the lateral and
the dichotomous When the axis continues to develop m an
upward direction by a terminal bud or growing pomt, and 1ts
branches are produced fiom smaller growing pownts originating
laterally on the mam one, the branching 1s called lateral
This 1s, piobably, the umveisal system of branching n
Angiosperms, although there are some apparent exceptions.
But when the terminal bud or growing point bifuscates, and
thus produces two shoots, which, at any 1ate at first, are of
equal strength, so that the foot oo podwum bears two branches
arranged 1 a forked manner (fig 42), the branching 1s
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termed dichotomous. This form 1s conmnon i many of the
Cryptogams

In dichotomous bianching we have again two forms one
which 18 termed t1ue or noimal diwchotomy, m which the two
branches continue to develop equally 1n a forked manner- that
18, each becomes the podium of a new dichotomy (fig 42) —and
a second, n which at each division one branch grow s much moie
vigorously than the other and divides into two, while the other
remans undivided , this 1s called sympodial (fig 43, A and B)
In this latter case, owing to the unequal growth of the branches,
the stiong hmbs of successine bifurcations foim together an

Fie 42 Fie 43

Frg 42 Diagram of noimal or trne dichotomous branching showing the
two branches equally developed 1 a forked manner, and each branch di
viding 1n succession in a similar way —Fig 43 Diagrams of sympodial
dichotomous branching A Helicoid dichotomy B Scorpioid ichotomy
Tn A, the left hand branches, 7, 7,1, of successive dichotomies are much
more developed than the right, 2,7, r,7 In B, the left-hand branches,
1,1, and those of the right hand, 7, 7, are alternately more vigorous in
their growth The limbs of the dichotomy which become the succesaive
segments of the sympodium are indicated by the lines drawn inside the
latter  After Sachs

axis which 1s termed the pseud-axis or sympodium, from which
the weaker fork branches o1 bifurcations appear to spring as
lateral branches (fig 48, A, r, 7, 7,2,and B,2,1,12,1, 7). This
branching might at first sight be confounded with the monopodial
type of lateral branching, in which we have a continuous axis
giving off lateral branches, but 1t differs in the fact that here
the apparent primary axis consists of a succession of daughter-
axes fused together 1n the course of development

In sympodial branching, the sympodium may be either
formed of the fork-branches of the same side (left o1 right) of
successive dichotormes (fig. 48,.A, I, I, 1); or 1t may consist
alternately of the left and right fork-branches or bifurcations
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(fig 48,B,1 1,1 1) In the former case 1t 18 called helicord
duchotomy , m the latter, scorprord duhotomy.

Of the lateral bianching theie are also two forms, the 1ace-
mose or monopodial and the cymose In the firat the primary
axis continucs to develop upwards and gives off aciopetally
lateral bianches fiom avillary buds, which also give off lateral
branches i a similar manner  The main auis here constitutes
a monopodium, as 1t fooms a smgle foot or podium for the

Fia 44

A B
c y/]

F1g 44 Dingram to 1illustrate cymose branching A Dichasial eyme or
Dichastum  The successive aves are marked by the letters, a, a', a , a®
The continuation ot each axis above the pmnt of origin of the axes apring-
mg from 1t ie the thin hne terminated by a small circle B Dichasium
with the successive axes suppressed on one aide, forming a helicoid
sympodium ' Scorpioid sympodinm formed by the suppression of the
successive axes on alternate sides D The same after i1t has become
straightened by growth The apparent monopodinm. 14 seen to be com
posed of parts of the cuccessive 1xes

bianches 1In the cymose form the lateral axes at an early age

develop much more vigorously than the prumary axis, and each
gives 11se to other lateral bianches m a smmlar way (fig

44, A) In some plants an apparent but false dichotomy 1s
produced bv the partial or total suppression of the termmal
bud or main growing point and the subsequent vigorous growth
of the closely arran§ed lateral buds, which so form two shoots,
apparently radiating’from a common pomt, as 1f-caused by the
division of the terminal bud, as in true dichotomous branching.
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This suppression of the ternunal bud may occur naturally, as in
the Lalac (fig. 89), or accidentally fiom frost or other injury.

When two buds ai1se just behind the apex and two branches
are consequently developed there, as 1n fig 44, A, the branch
system 1s called a dichasium , when there are more than two a
polychasium results The branch system mn these cases may be
called polypodial. When, on the other hand, only one branch
18 developed at each point, and this becomes stionger than the one
from which 1t springs, we have a pseud-axis or sympodium formed,
closely resembling the sympodium of dichotomous branching
It can be distingmshed from the latter by the fact of the branch
ausing behind the onginal giowing pomnt, and not fiom 1its
division  The sympodium may be helicond o1 scorpiond as in
the othcr case The branching of many torest trees 1s of this
kind

The pseud axis as fist tormed 15 crooked, and shows its
mode of formation (fig 44, B, C)  As1t gets older the continued
growth and thickening of 1ts successive parts cause 1t to become
straight (fig 44, D), and 1t 15 then very ditheult to distinguish 1t
from a monopodium, particularly when the leaves have fallen oft

These modes of branching will be again alluded to under the
head of INFLORESCENCE, or the ariangement of the flowers,
which connection they will be more fully illustiated

All lateral or axillary buds are called »egular or norneul, and
then arrangement in such cases 1s necessarily the samne as that
of the leaves As branches are formed from buds thus placed.
1t should follow that their arrangement should also correspond
to that of the leaves This corresponding symmetry, howevei,
between tho arrangement of the branches and that of the leaves
18 nterfered with from various causes. In the first place,
many of the regular buds may not be developed. Secondly,
other buds may arise wrregularly at various other points than
the axils of leaves. these are called, from then abnormal ongin,
adventitious. And, thirdly, accessory buds may be formed.

1. Non-development of the Regular Buds —This frequently
takes place r1egularly, and 1s then owing altogether to local or
special causes, want of light, too much crowding, o1 bad soil
may cause many buds to become abortive, or to perish after
having acquired a shght development. In other ocases, how-.
ever, this non-development of the buds takes place in the mosu
regular manner, i Firs, for example, where the leaves are very
closely arranged 1n a spiral manner, the branches, instead ot pre-
senting a similar arrangemént, are placed 1n circles around the

VOL. I D
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axis at distant intervals. This arises from the non-development
of the buds of many of the leaves which form the spire, which 1s
followed by the development of those of closely succeeding leaves,
and as such leaves are thickly placed, we are unable, after the
development of the branches, to tiace cleaily the tuins of the
spire, so that the branches appear to be airanged in a cnicle

2 Adventitious Buds.—These have been found on vaious
parts of the plant, such as the root, the woody portion of the
stem, the leaves, and other organs When a tree 1s pol
larded—that 18, when the mam branches and the apex of the
trunk aie cut off, and a great quantity of nutiitive material
subsequently accumulates 1n the latter—a multitude of adven-
titious buds are formed, from which branches me developed
The branches thus produced by pollarding are, however, often
supplemented by the development of regular buds which have

Fiec 45 Fie 46

&> m\

Fig 45 Leaf of Bryophuwllum calyanum with buds on it~ margius —
Fig 46 A portion of the leat of U2 nithogalum thy: sowdem, showing buds,
b, b, b, on 1ts surface

become dormant from some cause having at st mterfered
with their growth

‘We have seen that normally leaves do not give 1se to other
leaves or to branches  Occasionally, 1 consequence of wounds,
the latter do aiise, and, indeed, are often produced artihcially,
on various leaves, such as those of species of Gesnera,
Gloxvma, and Begonwa  They are cut m vanous places and
suhsequently placed in a moist soil, and exposed to the other
mtluences which are favourable for the growth of buds. The
hranches developed on the leaves, 1 such cases, ultimately form
independent plants, and this process 1s therefore constantly
resorted to by gardeners as a means of propagation. These
adventitious branches differ from those commonly produced in
the axils of leaves, or at least fromn those which remain dormant
during the winter, in being smaller, and having no external
protective organs or scales (figs. 45-46)
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38 Accessory Buds —The thud cause of iriegulanty mn the
distribution and appearance of branches arses from the multi-
plication of buds 1 the axils of leaves. Instead of one bud,
we have m 1are cases two, three, or more, thus situated (figs.
47-49), such wre called aceessory buds  These buds may be
placed cither one above another o1 side by side  In certam
Willows, Poplais, and Maples, we have thice buds placed side
by side (frg 47, «), which fiequently give 1ise to o correspond-
mg nuwmber of branches. In some Aristolochias, m Walnuts
(fig. 48, b), m the Tartaian Honeysuckle (rg 49, 1), and
other plants, the accessory buds are arxanged one above another.

Fie 47 Fic 48 Fi. 49

)

g 47 Branch of a species of Maiple with three buds,
a, pliced side by side —~&1g 18 A pilece of &
branch of the Walnut trce  p The petiole having
m ats axil ¢ nuwbar of buds placed one wove the
otha, the upparmost, b, most developed —-F1g 49
\ prece of o branch of the lartarian Houocysuchle
(1 onecera tar tar ica), bearng w leat, f, with numerous
buds, b, 1 ats axal, placed above ouc wother, the
lowamost bung the most developed

Sowetnnes the uppermost bud alone develops (fig 48, 0), as
m the Walnut, and eo the branch which 1s formed arges at a
pomt on the stem hgher than the axil of the leaf, and appears
as 1f 1t were on the mteinode. It 18 not 1eally 8o, as the node
15 longer than a noiumal node The leaf 1s then said to be
catra artllary In the Tartarian Honeysuckle (fig 49, b), the
axillary or lowest bud 1s that which forms the stiongest branch,
over which a number ot smaller branches are placed, arsing
fiom the development of the accessory buds. In sowme tiees, as
the Laich and Ash, and frequently in herbaceous plants, such
as the Asparagus, the branches which are formed from the
accessory buds, which are often very numerous, instead of
»2
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remaining separate, fuse together laterally as they grow, and
develop as a broad, flat, and apparently single branch  Such
abnormal branches arc connmonly called fasciated., TFasaated
branches may, however, be produced by o single dud develop
ng 1n an 1rregular manner

In some cases, as 1n Cuscula, several buds occur 1 the axil
of the same leaf, owing to the branching of the on1ginal single one.

Bewides the three prinapal cases mentioned of abnormal o
megular development of the branches, some mnor ones arc
met with arising from the formation of catra-axdllar y branches
i other ways than thosce just alluded to  The branch may
adhere for a short distance either to the stemr o1 to the leaf
stalk, causing curious apparent displucements

Sowmetimes the subtending leat 15 suppressed, as m wmany
nflorescences, where the lower scews to spring fiom the stein
quite mdependently. In some Mosses the normal position ol
the bianch 1s at the back of the leaf mstecad of 1n 1ts axal, mn
others 1t arises at the side ot the leat  These varations follow
the mode of division of the cell from which both leaf and bianch
oniginate In some of the higher plants, both in the Vascula
Cryptogams and the Flowering Plants, each branch appeais by
the side of a leat In others there 18 no relation at all between
the ouigins ot the two memwbers, as 1 Lycopodium  Floral and
scaly leaves, moreover, do not bear branches i then axils

Adventitious shoots sometimes arise from 100ts, as may be
observed 1n many Rosacew, the Moutan Pwony, the Japan
Anemone, and many other plants  They may 1 many cases be
artificially stunulated to appear , if the root be wounded, 1t wall
often produce them, much m the same way as do the leaves ot
Begomia  The Blackberry under such circumstances will pro
duce shoots from 1ts 100ts, so fiecly indeed that the plant can be
propagated by 100t cuttings.

Forms or STeM AND BRaNCHES —The stem 1s usually more
or less cylindrical, though this 1s far fiom universal In many
herbaceous plants 1t becomes angula1, and 1n some, particularly
in those of certain natural orders, as the Cactacee, Orchidacece,
Euphorbiacee, &c , 1t assumes a variety of anomalous forms.
In many epiphytic Orchids 1t becomes more or less oval
o1 rounded, and has received the name of pseudo-bulb (fiy
38, b, b), in the Melon-cactus 1t 18 giobular , and 1n other
('actr 1t 18 colummar, more or less lattened, or jointed. In the
Tortoise or Elephant’s-foot Plant (Teafudinaria elephantzpes),
1t forms & large rough 1rregular mass, -
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In gencral, stens are strong and gid, and can therefoie
1eadily sustain themselves in an upright position, but many a1e
too weak to support themselves, thesc either tiail along the
giound, o1 attach themselves to some other plant o1 neighbour
g object. Those which trail on the giound aie said to be
procumbent or prostrate, 1f when thus 1echining they 11se to-
wards their ext emity, thev are decumbent , 1f they 11se obliquely
from neair the base, ascending Those which ching to neigh-

Fie 50 Fre 51 Fia 52

k29 52 Twining stem of a

F 0
tg 60 Ohmbing stem of tue species of Convolvulus

Ivy  a a Aenal roots

Fig 51 Twinmg stem of Honeysuckle

bouring plants o1 othei objects for support are called clvmbing
if they proceed in a more ot less 1ectilinear direction, as in the
Passion flower, where they adheic to other bodies by means of
hittle twisted ramifications called tendiils, or 1n the Ivy, where
they ennt httle aerial 100ts from their sides, by which thes
ching to neighbouring bodies (fig 50, a,a) If such stems twist
reund other bodies 1n a spiral mannei, they aie said to be
twwnang ; ahd this twining may take place either from right to
left, as 1n some Convolvuli (fig 52), Fiench Bean, and Dodder ;
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or fiom left to 1ight. as in the Honeysuckle (/g 51 Hop. and
Black Bivony ; ot first 1n one duection and then n another,
wwregularly, asin the White Bryony  The chmbing and twining
atems of cold and temperate 1egions are generally heibaceous
or die annually, although we have exceptions m those of the
Ivv, Clematis, and Honeyvsuckle, which are woody  Tn tiopieal
chmates these woody chmbing and twining stems often oceur,
they are called lianas or lianes, and they fiequently ascend to
the tops of the loftiest tiees, and then either descend to the
ground again, o1 pass to the branches of neighbouring tices

The stem has received many names according to 1ts natuie.
It 18 called a caulis m plants which are heibaceous, or die
down annually to the surface of the giound, a #runk, 1n trees,
where 1t 1s woody and perennial, a culm, in most Giagsses and
Sedges, where 1t presents o jointed appeaiance, and a cauder
ot stipe, m Tree-ferns and Palms

Heirbs, Shiubs, and Tices -—Fiom the nature, duration, and
mode of bianching of stems, plants have been arranged fiom the
earliest periods in thiee divisions, called, 1espectively, Herbs,
Shrubs, and Tiees Those plants which have stems that die
down annually to the surface of the giound are called %herbs,
while those with perennial aeiial woody stems are denonnated
t1ees or shrubs according to circumstances, aa described below
Herbs are also further characterised as annwal, biennial, and
perenmal They are annual when they lhive only through
one season, that 1s, between the spring and winter, bienmal,
when they spiing fiom seed in one season, and die in the
second, after producing flowers, fimit, and seed , and perenmal,
when they spring from seed in one season, and continue to hive
through a succession of years, the sub aeral parts dying down
m the autumn, and in the succeeding spring new herbaceous
stems growing up The term #1ee 1s apphed 1f the branches
are perennial and anse fiom a trunk  When the branches aie
perennial and proceed directly from, o1 near to, the surface of
the ground, without any trunk, or where this s very shott, a shrud
18 formed , this, when low and branched very much at the bare,
18 denominated a bush The term undershirub 18 apphed to a
small shrub which 1s intermediate 1n 1ts characters between an
ordmary shrub and an herb, 1n such a plant some of 1ts branches
generally perish annually, while others are moreor less permanent
All thesé kinds of stems are conneeted by intermediate hinks,
so that 1n many cases they are by no means well defined.

The shape of a tree 18 very largely dependent upon 1ts method
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of branching When the latter 1s distinetly and continuously
racemose, the axis being prolonged upwards in a straight line
from base to sumnut and the lateral branches growing acro-
petally from 1its sides and branching similarly themselves, wo
have trees of pyramidal form, as most Firs When, on the other
hand, the branching 18 cymose, the head of the tice becomes
more or less rounded, as we see 1n many of our forest trees In
the case of racemose branching, the stem 1s technically said to
be excurrent, n that of cymose branching, deliquescent

The shape of a trce depends not only on the character of the
branching, but on the nature of the branches and the angle they
make with the stem from which they arise  We see illustrations
of this 1f we compare the Cypress and the Cedar, the Oak and
the Lombardy Poplar A very peculiar form 18 met with when
the angle of the branches 13 very obtuse, and the latter bend
downwaids from then ougm, as i the Weepmg Ash and
Weeping Elm. A simlar appearance 1s presented by the
Weeping Willow and the Weeping Birch, but in these cases
the drooping of the branches 1s due to their weakness and
flexibility

In many of the tiees with excurrent stems the lower branches
perish comparatively eaily, mstead of growing out to great
length. The tree, instead of being pyrammdal in form, then has
a naked trunk of some length, as may be seen in many fir trees

Kinps oF STeEM AND BraNcHES —We have seen that the
stem when first developed always grows upwards, while the
100t at the same time giows downwards In many instances
this original direction of the stem 1s continued more or less
throughout1ts life, but there are many cases in which, for various
1easons connected with the habit of life of different plants, this
does not take place, the stem being curiously modified to serve
different purposes  Sometimes 1t o1 some of 1ts branches
remain underground, and look very much like roots, from
wiinch, howevei, they can be distinguished by bearing leaves.
From these peculiarities in the direction and growth of stems
and branches, we have a number of modifications needing
description  These are best treated of under two heads, namely,
those which are aer:al, and those which are subterranean. We
can, however, by no means draw a distinct line between the
modifications of stem which these two divisions respectively
contain, as cortain forms occasionally pass from one nto the
other, being subterranean and aerial at different points, or at
different periods of their course.
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1 AERIAL MODIFICATIONS OF THE STEM AND BRANCHES —Of
these the more 1mportant are the 2 unner, the offset, the stolon,
the sucker, some forms of the 1 hrzome, the phylloclade, and the
thorn., Certain forms of tendril may be included here. The
flower 18 also a modified shoot The 1hizome 18 usually sube
terranean, and will be desciibed later

Fia 53

Fig 53 A portion of the common Strawberry plant a' An axis producing
a tuft of leaves at its extremity, the upper of which, 7, are well developed
and green, and the lower rudimentary From the axil of one of the latter
a second ax1s or runner, a’/, arises, bearing a rudimentary leaf, 7/, near the
middle, and a cluster of leaves, 7, at 1t8 end a’ A third axis produced
in a sumlar manner to the former f f Roots or r00tlets —Fig 54
Offset of Sempervivum —— Fig 55 Plant showing the process of layering

a. The Runner or Flagellum (fig 58).—This 1s an elongated,
slender, prostrate branch, a’, sent off from the base of the stem
and giving off at 1ts extremity leaves, 7, and roots, f, and thus
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producing a new plant, which extends 1tselt 1 a simlar manner
The common Stiawbeiry propagates 1t<elf in this fashion

b The Offset (fig 54) —This 18 a short, prostrate, more o
less thickened branch, which produces at 1t apex small 1r00ts
and a tuft of leaves, and thns forms an mdependent plant,
which 1s capable of producing other offsets 1n a hike manner
It 15 well scen 1n the Houseleek Tt differs verv httle from
the ordinary 1unner, except in being shoiter, somew hat thicker,
and having 1ts leaves distinetlsy tufted

¢ The Stolon - This 15 a bianch which 1s given off above
the suiface of the earth, but which curves downwaids towards
1t, when 1t reaches a moist spot 1t sends 1ootlets mto the
ground, and a stem upwards into the air , bemng thus capable of
acquiing food independently of 1ts parent, 1t nltimately foims

Fia 56 Fia 57

Fa1gs 66 and 57 Sucker= of species of Mentha

a new mdividual The C(tuniant, Gooseberiy, and other plants,
multiply in thisway All such plants are sa1d to be stoloniferous
Gardeners imitate this natmal formation of new individuals
when they press down a branch ito the earth, a new plant
being ultimately formed from 1t, this process 1s techmeally
called layering (fig 55)

d The Sucher (figs 56 and 57) —This 1s a branch which
al1ses fiom the stem below the surface of the earth, and which,
after proceeding mn a horizontal direction for a certain distance,
and giving off hittle 100ts or rootlets 1n 1ts course, turns upwards
to the a1, and ultimately forms an independent plant. Good
examples of this kind of stem are seen in the Rose, the Rasp
berry, and the Mint. The sucker can scarcely be said to daffer
in any essential particulars from the stolon, except that 1t 1s
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originally subterranean and ultimately aerial, wheieas the
stolon 18 first aerial, and then subterranean

e The Phylloclade.—In some plants the leaves are very
feebly developed and soon fall off, or are modified into spinous
o1 needle-like processes In such cases the stem performs the
functions of the leaves, becoming gieen and assuming a
flattened o1 rounded foom  Such a stem 1s called a phylloclade
Examples may be seen mn many Cactuses, wheie the stem 1s
either globular, oi composed of flattened or round jomts, o1 ot
winged columns In certain Lilwuacee the phylloclade has the
shape of an ordinary fohage leaf, from which 1t can be dis
tinguished by bearing leaves and flow ers, cither on 1ts maigins

Fia 58 Fre 59 Fia 60

Fig 58 Phnlloclade of Ruseus aculeatus 1, laf  p, plylloclade  f, Hower
19 59 Bianching thorn of the Honey Tocust (Gleditschin) —Fig 60
Leafy thorns ot the common Sloe

or at some pont on 1ts surface Such a bianch consists of only
one ternode, 1t 18 soft and pomntless m Myrsiphyllum, firm,
hard, and spiny at 1ts apex in Ruscus aculeatus (fig 58) Its
stem-character can be seen also fiom 1ts arising fiom the axil
of the true leaf, which 1s very small and soon falls off Phyllo
clades of this kind have also been called cladodes

f The Thorn —1It sometimes happens that a normal bud,
nstead of developing as usual, and producing a symmetiical leaf-
bearing branch, becomes amested in 1ts growth, and forms
a hardened simple or branched projection terminating in a
more or less acute pomnt, and usually bearing no leaves, as 1n
Crategus, Gledrtschia (fig. 59), and many other plants. Such
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an 1wrregulaily developed bianch 1s called a thorn That the
thorns are really modified branches 1s proved not only by then
structure, which 1s exactly the same as the stem or branch upon
which they are placed, but also by their position in the axils of
leaves, by theiwr sometimes beaiing leaves, as in the Sloe (fig.
60) and Spiny Rest hanow, and by then being fiequentls
changed mto ordinary leaf-bearmg branches by eultivation, as
m the Apple and Pear  Thowns aie sometimes confounded
with prickles, but they are readily distinguished fiom these by
then stinctme and connection with the mteinal paits of the
stem, the prickles bemg mercly foumed of hardened paenchvma,

Fie 01 Fra 62

g 61 A portion of the stem of Passifiora quadrangular s v v Tondnils
Fig 62 Part of the stem of the Vine v o, » Tendrils

ausig mmmediately from, and in connection only with, the
epridermal tissue and cortical cells beneath. Thoins must not
be confused with spwnes, which arc prickly bodies arising gener-
ally upon the margins or apices of leaves, as i the Holly
Sometimes a whole leaf 1¢ mectamorphosed mnto such a spine
Both these modifications serve as means of defence of the plant
aganst the attacks of browsing amimals.

g8 The Tendri —Another iriegularly developed branch 1s
$he tendril oo cwrrhus this term 1s apphed to a thread-hke
leafless branch, which twings itgelf spirally 10und some support-
ing body, as in the Passion-flower (fig 61, v, v). Its peculiar
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characteristic 1s that 1t 15 sensitive to contact with a foreign
body, such as a stick or similar object, and when thus excited
1t coils 1ound 1t Tendrils may be also observed in the Vine
(fig 62, v, v, v), wheie they are the termunations of separate
anes
Tenduls are occasionally produced fiom leaves and some
other organs of the plant, these peenhatities will be 1eferred to
heieafter, in the description of those oigans of which they are
1espectively modifications
2 SUBTERRANEAN MODIFICATIONS OF THE STEM AND BRANCHFS
All these modifications of the stem and branches were formetly
confounded with roots They are distinguished, however, from
100ts, either by the presence of buds or of scales (cataphyllary

TFic 03 Fia 64

Frg 63 A portion of the 1hizome ot a <pecies of 118 ——Fig 64 A portion
of the rmzome of the Solomon’s Seal (Polygonatum multyfiorum) b Re
mains of the flowering stem of the precent year %’ Lateral bud, which
will produce the flowering stem of the next vear ¢, ¢ Scars produced by
the decay of the flowering stems of the two preceding vears »,7 Root
lets The whole rinzome 13 a esympodinm

leaves), or by the presence of scais on then surface which are
produced by the falling off of forme: leaves or buds. The dif-
ferent kinds of aenal stems desciibed above, when partially
subterranean, may be also distingmished mm a similar manne:
fiom roots

a The Rhiwzome or 100tstock (figs 68, 64, and 65).—This
18 A prostiate thickened stem or branch 1unnmng along the sm1face
of the ground, o» more geneially partly or entirely beneath 1t,
and giving off small 100ts o1 rootlets fiom 1its lower, and leaves
and buds from 1its upper side. These stems sometimes creep
for a long distance m this way, and have ther upper surface
then marked by scars (fig 64, ¢,c), which mark the limts of
the successive annual growths or aenal shoots, Such stems are
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found 1n the Ins, Sweet-Hag, Ginger, Turmeric, Solomon’s Seal,
Fern, and many othei plants  In some cases these thizomes aie
placed 1n a vertical direction m the earth (¢rect rhizomes), and
they then bear a gieat resemwblance to 100ts, as m the Devil’s
bit Scabious (Scabiosa swccrsa), where such a thizome 1s com
monly but erroneously known as a pi@morse 100t (fry 66)
The 1hizome may continue to clongate at 1ts apex through
out 1ts lite as 1n the Biracken Fein, or the apex may grow out
mto an aeral shoot, while a bud 15 tormed laterally in the axil
of a leaf at its base  Tlns continues the elongation of the 1thizome,

i 63 16 bo

Fig 65 Contorted rhizome ot Bistort (Polygonum Bistviia) — —Fty bb
Pramorse rhizome ot the Devil’s bit Scabous (Scabrosa suecesa)

causing the formation of a sympodium, as m Solomon’s Seal
(1y. 64)

b The Creeping Stem (g 07)  This kind of stem 1s a
slender branch which runs along beneath the suiface of the
earth, enntting small 100ts from 1ts lower side, and buds friom
its uppe1, n the same manner as the 1hizome, and 1t 1s con-
sidered by many botamsts as a variety of that stemm  The only
differences existing between the cieeping stem as defined above
and the 1hizome aie 1ts more slender form, 1ts commonly greater
length, and 1ts entirely subterranean couisc The Sand Sedge
(Careax arenaria) (fig. 67), and the Couch Grass (I'1uticum
repens), atford good examples of this stem In some nstances
such stems serve useful purposes 1n nature; those of the Sand
Sedge or Carex, by spreading thiough the sand of the seashore
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and 1 this way bmding 1t together, prevent 1t from bewng
washed away by the receding waves Otheis, on the other
hand, like those of the Couch Grass, are the pest of the agn
culturist, who finds 1t very ditheult to destioy such stews by
cutting them into pieces, for every node 18 capable of developing
a leaf-bud and 100ts, and therefore cach of the pieces mto which
they muay thus be divided will become an mmdcpendent mdi-
vidual ~ Such a process, mstead of destroying the plants, only
serves the puipose of still further wultiplying them by placing

Fie 67

Ty 67 Creeping stem of the Sand Cues (Curet @wrenarw) 1 Terminal
bud by which the stem continues to dongate 2, 3, 4 Shoots produced
trom forma buds

the separated paits under more favourable ciicumstances for
devclopment

¢ The Tubar (figs 68 and 6Y) —-This 15 & subtcrranean
stem or hianch, anested m its growth, and excessively enlmged
by the dcposition of starch o1 other nutiitious substances in 1ts
tissue It has upon its smilace a variable number of httle
buds, o1 eyes, as they are sometimes called, from which new
plants we ultunately formed The presence of these buds
mdicates 1ts nature as a kind of stem It 18 a modification
which has for 1ts purpose the propagation of the plant.
Numerous tubers are formed on each parent plant, beconung
separated from 1t at maturity Each gives 1se to one o1
more young shoots fiom 1ts buds During the formation or
developiient ot the tuber a large amount of starch and other
nuintive material 18 stored m 1ts substance to support these
young shoots during their early development till they emerge
mto the sir, expand thewr leaves, and put out adventitious
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100ts The purpose ot the wodification 18 smular to that of
the fleshy bienmal root, which has alieady been described

F1., 68

Frg 68 Lubae of the common Potato (Solanum tuber osum )

(page 21) The Potato (fig 68) and Jeruralem Artichohe
(fig 69) atlord good 1llustrations of tubeis

Though normally griowing undeigiound, tubeis sometines
appear 1n the axils of cauline leaves  This 1s gencrally a con-
sequence of the destruction
of the subterranean tubers Iie 69

In certain plants, such
as some epiphytic Orchids,
a portion of the sub wcrial
stem may be thickened, the
thickening sometimes being
confined to one ntcinode,
sowetines extending to more
than one This thickenmg,
which resembles a tuber, 1s
often spoken ot as a pseudo-

bulb 38,0 . .

(l.ull'yhc étal)b —This 18 a P E?lolzculblt’?lizil;}AIL?:JI'?:IF!T:)]:;:?)Alh'
shortened, usually subter-
ranean stem or branch, generally in the form of a rounded or
tlattened plate or disc (figs. 70-72, a), which bears on 1ts surface
a number of fleshy scales or cataphyllary leaves, or it may
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be considered as w subterranean bud of a scaly nature which
sends oft 100ts o1 100tlets fiom below (fiy 72, ), and a owering
stem upwards (fig 70, p, and figs 71 and 72, d) The scales
are generally moie o1 less thickened by deposition of nutritive
matters, these, theretore, become 1eservons of nutrnment for
the future use of the plant, just as 1n other cases the enlarged
stems and 100ts serve a sunlar purpose  The tiue bulb 1s only
found in Monocotyledons, as n the Laly (figs 71 and 72),
Omon (fig 73), and Tullp The scales of a bulb, like the
leaves of a branch, often have new bulbs developed in then
axils (fig 70, b) these me called by gardeners cloves, and
then presence 15 an additional proot of the homology of a bulb
with a branch ot bud

i 70

L 70 Vertical section ot the scaly bulb of the Lily « Shoitened axis
or stem & Lateral bulb or clove » Flowenng stem ¢ Scales
Frg 71 Vertical section of the scaly bulb of the Laly Fig 72 Scaly
bulb of the Lily @ Shortened ixis or stemn b librous 100ts ¢ Scales
d Flowermng stem The letters reter to the same parts 1 the two latter
figgures

Bulbs may be commonly distingwished as tunicated (py
73), and scaly (frgs 71 and 72) The tunwated bulb 1s well
scen 1 the Squill and Onion (fg 73) In this kind of bulb
the mmer scales, which are thick and fleshy, enclose one
another 1n a concentric manner, and arc covered externally by
thin and membranous ones, which form a covering or funuc to
them ; hence the name tunicated o1 coated, which 1s applied
to 1t. In the scaly or naked bulb (figs 71 and 72) there are no
outer dry scales, 1t 1s composed of thick, leshy leaves, which
overlap one anothey

The young bulbs (cloves) (g 70, b), which are developed
m the axils of the scales of bulbs, 1n some cases remain
attached to their parent, which they then commonly destroy
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by absorbing all 1ts stored-up nutiiment , m others they become
separated n the course of growth, and form independent plants.

Small bulbs are sometimes developed in the axils of aeral
leaves They aie buds whose leaves have become fleshy
They separate fiom their paient and produce new individuals
The same phenomenon has been mentioned as oceuriing m the
case of tubers, These aerral bulbs, or bulbils, are met with in
some species of Laly (fig 74, a, a), the Coralwort (Dentar ia bulbi-
fera), and Pilew out (Ranunculus Ficaria).

¢ The Corm.—This form of stem, ke the tiue bulb, 1s
chiefly found in Monocotyledons, as the Colchicum (fig. 77)
and Crocus (figs 76 and 76) It 1s an enlaged solid subter-

Fia 73 Fia 7%

Fig 78 Tumcated bulb of the Onlon -—4Fug 74 Stem of a species of Lily
guzmm dbulbyferum) hearing bulmls or hulblets, a, a, in the axils of ita
eaves

ranean stem, rounded n shape, composed of two o1 more mter-
nodes, and commonly covered externally by a few thin mem-
branous scales or cataphyllary leaves It differs from the bulb
by the stem beconmng large and fleshy, and the scales being
reduced to thin membianes. The corm shows itself to be a
kind of stem by producing from its surface one o1 more buds, in
the form of young corms, as in the Crocus (fig 75, a, b), where
they proceed from the apex, ¢, and ultimately destroy then
payent by feeding upon 1ts accumulated nutriment. These
new corms, 1n the next year, produce others near their apices,
and these by developing at the expense of their parents also
VOL I E
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destioy them in like manner, and agamn form other corms by

which they aie themselves destroyed

T1g 756 Corms of (‘1ocus sativus
apex of the old or parent corm

In this manner the

Fia 76

a, b 'The new corms, arismg fiom ¢, the
—ig 76 Vertieal cection of the former

The letters 1cfer to the same parts

new corms, as they a1e successively developed fiom the apices of
the old ones, come giadually nearer and nearer to the surface

Fie 77

Fig 77 Coldhicom
r Roots or 100t-
lets f Leaf a
Shrivelled remamns
of last vear's corm
a" Corm of the
present jear a'’’
Commencement of
the corm of next
vear

centre of the upper surface

of the earth

‘ In the Colehicum (fig 77), the new
corm a’’’ 18 developed on one side of the old
corm neau 1ts base, mstead of fiom the apes,
as m the Crocus This also feeds upon 1ts
parent, and nltimately destioys 1t, and 18 1n
like manner destroved the next year by it
own progeny When we take np such a
coumn caefully, we can find the shrivelled
corm of last yea (fig T7, a), and a”, that
of the present season, which, if cut ver
tically, shows «a’”’, next yeal's coom m a
young condition

Another type of the corm 1s fonnd 1n the

Cvelamen It 19 a fleshy expansion of the
hase of the seedling stem which thickens
and enlarges year by vear, but does not
lengthen, thus becoming a broad thick body
The thickening 1s confined to the first imnter
node It bears annually leaves and flowers
fiom 1ts apex, which may be found at the
The Jower surface produces rogts

This kund of corm 1s always naked, producing no leaves except
those of 1ts apical bud,
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Like the tuber, the bulb and corm are modifications whose
purpose 1s the propagation of the plant.

SeEcrioN ITI —THE SHoOT (contwnued).

B The Leaves.

1. GENERAL DESCRIPTION OF THE PARTS OF THE LEAF

We have seen that the vegetative appendages which arise
upon the stem are of two kinds, those which are l2ke and those
which are unlike the axis 1tself. A leaf may be defined as an
appendage borne upon an axis from which 1t differs in 1ts
stiucture and orgamsation Iike the stem 1itself 1t 1s capable
of branching, and 1ts branches show simlar modes of origin to
those of the branches of the axis. The ultimate shape of the
leaf, indeed, may be traced to 1ts behaviour in this respect. It
differs from the stem n the degree to which 1ts branching may
be cairied, seldom showing branches of moie than the second
or third order

The part of the stem o1 branch fiom which a leaf arises 1s
called a node, and the space between two nodes an internode.
The portion of the leaf next the stem 1s termed the dase, the
opposite extremity the apex, and the lines connecting the base
and apex the margins The leaf, bemng commonly of a flattened
nature, has only two surfaces, but when succulent 1t has
frequently more than two The terms upper and lower are
applied to the two surfaces of ordinary leaves, because 1n by far
the greater number of plants such leaves a1e placed horizontally,
80 that one surface 1s turned upwards, and the other downwards
There are certain leaves, however, which are placed vertically,
as those of some species of Fucalyptus, m which case the
margins are turned upwards and downwards nstead of the sur-
faces The angle formed by the umon of the upper surface
of the leaf with the stem 1s called the axtl, and everything
which arses out of that pomnt 1s said to be awillary to the
leaf, if anything springs from the stem above o1 below the
axil, 1t 18 extra-axillary , or, as more generally described when
above, supira axillary, when below, mnfra axillary

Duration and Fall of the Leaf —The leaf varies as
regards 1ts duration, and receives different names accordingly.
When 1t falls off soon after its appearance, 1t 18 said to be
JSugacious or caducous , 1f 1t lasts throughout the season n
which 1t 18 developed, 1t is deciduous or annual; if beyond

" E2
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a single season, or until new leaves are developed, so that the
plant 18 never without leaves, 1t 18 persistent, evergreen, or
perenmal

The parts of the leaf —The axis of the leaf may be termed
a phyllopodium , 1t 18 capable of very varied development, and
1ts 1egion of active growth 1s seldomn altogether apical as 1n the
stem axis It commences apically, but this apical growth 1s
usually superseded by a basal growth, which continues after the
former has ceased This 1s especially well seen in the long
narrow leaves of many Monocotyledons

In the phyllopodium three regions may be distingmished —
the so called leaf base, or hypopodium, comprising that part

Fie 78 Fie 79

Figp 18 Amplexicaul base of the leaf 1 Fool's Parsles —~ Iy 79 Sheathing
. leaf of A Grass

whch 1s attached to the stemn , the lamina, or epipodirm, which
18 the usually flattened terminal potrtion, which forms what 1s
often alluded to generally as the leaf proper, and an inter
mediate portion, the mesopodium or petwole Either the epi-
podium or the mesopodium may be absent

The leaf 1n one o1 all of these 1egions generally takes the
form of a flattened expansion, owing to the distribution of
growth 1n the phyllopodium leading to the development of a
thin wing along two of its sides 1n a lateral plane. This wing
18 usually, though not always, confined to the epipodium, which
consequently 1s generally the flat part. The branches of the



GENERAL MORPHOLOGY OF THIE PLANT 53

epipodium, when present, are also winged, and the relative
development of the maimn axis, its branches and their wings,
causes the vailous forms of the leaf-blade

In the sunplest forms of leaf the phyllopodium does not branch
nor show any division nto the three 1egions spoken of It 1s then
a cyhnducal structure as m Pulularia and Sedum, o1 a flattened
one with no evident wings as i many Monocotyledons, or a
winged one as 1n some of the Gymmospetms  When 1t branches,
the branches usually arise upon the epipodium, and are developed
exther acropetally o1 basipetally, according to the position of the
growing pait

In leaves which show a ditferentia- Fie 80
tion mto the thiec regions spoken of,
each region shows certain peculiarities

The Hypopodium o1 Leaf-base —
This 1s often very dithcult to distin
gush from the stem The tissues of
both are continuous, and unless some
outwaird pecuharity appears the two
cannot be accurately delimted Very
often, however, the point of umon of
the two 1s marked by u swelling of the
hypopodium forming a sort of cushion
called a pulvinus, and m some cases
1t appears as a defimite articulation
When the leaf basc 15 broad, this
swelling extends for a considerable
distance 10und the stemn  Such leaves /19 80 A portion of a braich,
can be detached very readily, and r, of the common Rose
leave a kind of scar which can be (Rosacanina) a4 Aprickle
noticed on the stem after the leaf has pound leaf, 7, with stalked
fallen off (fig 37). This cushion may  iafets Rﬁhgﬁz‘:ﬂ;{ﬁ%“‘m
form a kind of sheath, almost em-
bracing the stem, as in the common Pelargonwum It may be
somewhat membranous and completely encircle the stem, as 1n
the Fool's Parsley (fig 78). These modes of arrangement are
known as semv-amplexicaul and amplericaul, respectively.

Frequently the leaf-base beais a pair of lateral branches,
which often become winged like the epipodiuin, but may assume
other fooms These are known as stipules They have tho
game structure as the blades of leaves They are often over-
looked fiom their small size, sometimes, however, they are very
large, a8 1n the Pansy (fig 81), and in the common Pea (fig. 82).
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In the leaves of Lathyrus Aphaca (fig. 186) the axis of the
phyllopodium does not become winged, but the stipules, s, s, are
here very large and perform all the functions discharged usually
by the leaf-blade.

Stipules either remamn attached as long as the lawna,
when they are said to be persistent, or they fall oft soon after
1ts expansion, 1n which case they are deciduous. In the Beech,

Fra 81 Fic 82

F1g 81 Petiolate leaf of Pansy ( Viola t21olor ) with large caulinary stipules
at 1ts base ——F1g 82 A portion of the flowering stem of the common
Pea, with a pinnate leaf terminated by & tendril, and having two large
stipules at its base, the lower margins of which are dentate

the F1g, the Magnolia, &c , they form the tegmenta or protective
coverings of the buds, and fall off as these open.

A curious modification of the normal arrangement of the
stipules 18 seen in plants belonging to the Natural Ordei
Polygonacew. The two stipules cohere by their outer and inner
margins so as to form a gompletc sheath which encircles the
stem above the msertiow of the leaf They forin what 1s known
as an ochrea (fig. 85,d) The anterior margins are not united
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mn Astragalus (fig. 83) In Houttuynia (fig. 84) the posterior
margins are not united, so that the two stipules are coherent to

Fie. 83 Fic 84

Fig 83 A portion of the stem, 7, and leaf, £, of the Astragalus Unybrichs
s Stipules ——Fdp 84 A portion of the stem 1, and leaf, f, of Houttuynta
cordata ¢ Axillary stipule

form a foliwecous body which appatently stands 1n the a1l of the
leaf

The stipules we sometimes modified to form spines, much
resembling the thorns of the stem, as m Robuna (fig 87)

Fiu 85

g 85 Leal and piece of the stem of lolygonum Hydropipe: 1 Lamma
or blade p Petiole d Ochrea —4ttg 86 A portion of a branch, 7,
\gth two oppostite leaves, f, f, of Cephalanthus occudentalss s Interpetiolar
stipule

In manv speeies of Smelax they inke the form of tenduls
(fig 88).

»
’
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Stipules are very rare i Monocotyledons, among the
Cryptogams they are present only in the Marattiaces, a group
of the Feins. When they are absent the leaf 13 said to be
exstipulate

The Mesopodium or Petwole —According to the presence o1
absence of this portion of the leaf-auxis, leaves arc said to be
stalked or sessile.  'When the petiole 1s present 1t 1s as a 1ule
more o1 less eylindrical, but frequently 1t 18 almost semicircular
n section, the upper suiface being flattened and sometimes
grooved It may be very short o1 considerably elongated In
the Grasses 1t surrounds the stem 1n the form of a sheath ( fig 79),

Fie 87 Fia 88

\

I'ly 87 Compound leaf of Robuna Pseud ucacta, with spuy stipules at its
base ——Fig 88 Modified stipules of Smilaz, forming tendrils, a

and where the blade and petiole jomn there 1s found a membia-
nous appendage, lying parallel to the blade. To this the name of
ligule has been given, It 1s either entire or incised 1 various
ways In the Aspen (Populus tremula), the petiole 18 flattencd
m o lime at right angles to the blade, and 15 thus one of the
causes of the peculiar mobility of the leaves, i other plants
1t 18 flattened 1n a horizontal dnection  In aguatic plants the
petiole 18 trequently more or less dilated from the presence of o
number of air cavities, as in Pontederva ; such petioles, by
dimimishing the specific gravity of the plants m which they are
found, cnable them to float 1eadily 1n the water Inmany plant$
the petiole 1s winged like the leaf-blade, though generally not to



GENERAL MORPHOLOGY OF THF. PLANT 57

the same extent. Instances are found in the Venus's Fly-tiap
(fig. 89) and the Orange (fig 90)

In some cases the epipodium 1s not developed, o falls oft at
a very carly age. The petiole 18 then usually very strongly
winged, and takes on the ordmary funetion of the blade This
18 seen 1n some of the Leguminosw, Lathyrus Nussolia ot the
Bnitish flora 18 an mstance It 1s much more conspicuous m
many of the Australian Acacias, some of then leaves show the
ordinary pmnate foirm, otheis ame sumla with the petiole
winged, and others show thc winged petiole only, the epipodium
having disappeared  Such a winged petiole 15 called a pliyllode ,
1t can be distingmished fiom o leaf blade by the fact that its

Fis 89 ¥r. 90

» ] \ 3 = Y !

F1g 89 A portion of the stem with <ome leaves of Venus s Flv trap ( Dwone
muserpula) 1 Lamina  p Winged petiole ——21g 90 Leaf of Orange
(Cutrus Aurantium) p Winged petiole articulated to the lamuna, 7

flattened suifaces are placed laterally to the stemn A phyllode
must not be confused with the variety of stem previously de
scribed as a phylloclade

In some cases the petiole and leaf-basc me winged m a
plane at right angles to that of the blade, and the stem also has
a wing extending for some distance below each node These
wings meet at the node and present the appeaiance of the wing
of the leaf extending down the stem. Such a leaf 15 said to be
decurrent  An example 1s scen 1 some Thistles (figs. 938
and 94)

The Epwpodium or Leaf blade —As already indicated, this
part of the leaf shows a very gieat vauety of form, rangmg from
a cylindiical outgrowth to a very much dissected and flattened
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one It usually consists of an axis which shows more or less
evidence of branching, the axis itself and 1ts several branches
erther becoming winged, or remaining more or less cylindrical
Indeed, the cpipodium of the leaf 13 a branch system rather than
a sumple outgrowth

The mam awus, though often winged, 15 not always so It
may be cylindrical in form with the branches or pinne arranged
along 1t The bianches of the first order also frequently
remain cyhndrical, and their secondary branches are the only
flattened portions Sometines, as 1 the leaf of the Fennel, all
the branches are cylindiical, and there 1s no flattened expansion,

Fie 91 Fic 92

Fig 91 lmpanpmnate o1 unequally pinnate
leaf of Robinia, with spiny stipules
Frg 92 Panpmnate leat

the leat appearing almost filamentous  Sumilar hlamentous
leaves are found 1n some of the Water Crowfoots

The branching of the epipodium proceeds on the same lines
as that of the stem, 1t 18 dichotomous 1n some of the Hymeno-
phyllaces, a fanuly of Ferns, 1t 18 monopodial in many Dicoty-
ledons, where 1ts branches arc produced either acropetally or
basipetally, according to the position of the region of active
growth , 1t 18 cymose in many other Dicotyledons It 1s usual
to describe the types of leaves derived from the racemose and
cymose modes of branching as pinnate o1 palmate respectively,
both showing considerable variety of form.

‘When the axis of the epipodium remains cyhndrical, and
its branches of the first order become separately winged, the
appearance 1s presented of a number of small winged expan-
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sions, each attached to the axis and each apparently indepen-
dent Such a leaf 1s called compound  According to the nature
of the branching we get the punnate or the palmate leat, the

Fi. 93 Fie 94

g Wik aagwr It

Fig 93 Decurrent leaf ba-e of a species of Thistle « Wing of stem
Fig 94 Decurrent leaves of the Comfrey

separate branches being called leaflets When the apex ot the
epipodium of the pinnate leaf 18 winged like the branches, the
leaf 18 sard to be tmpar ipinnate (fig 91), when theire 1s no ter

Fis 95 Fic 9o
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Fig 05 Digntate lef of a Lupin (Palmate type) ~—Fuy 96 Digitate
leaf of Potcntalla

minal winged expansion, 1t 18 parpwnnate (fig. 92). Various
forms of leaves of both types will be described later

‘When the axis 18 winged as well as 1ts branches, the wings
of both aie usually more or less umted, giving 11se to the
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appearance of a single much-divided lamina Such leaves,
however much divided, are classed as sumple leaves In many
cases with much-branched epipodia the mam axis and the
secondary axes are not winged, while the tertiary axes and
the ultimate branches aie both winged, and show a fusion of
the wings, as 1 fig 97 Such a leaf shows a combmation of
the simple and compound forms, 1t 15 common among the
Umbelhfer e

The fusion of the wings of the axis and 1ts bianches shows
alinost every stage of completeness from the so-called compound
leaf to the sunplest flattened expansions Indeed, n manv of
the latter the only mmdication of branching that can be noticed 1s

¥ie 97

Fiy 97 Trnpmnate laaf

found 1n the disposition of the vascular bundles which enter
each branch, giving rse to a pmnate or palmate venation, as
will be described later

When the fusion of the wings 1s not complete, the several branches
are known as lobes It 15 usual to give different names to the
apparent divisions of the leaf based on the degree of the fusion,
if they 1each to about mudway between the margins and midrb
(fig 113), o1 petiole (fig 102), they are propeily called lobes, and the
nteivals between them fissures, in composition the texms -fid or
-cleft are used, 1f the divisions reach nearer to the base, or midiib
(fig 99), they are termed partitrons, and the leaf 18 partite , 1f almqst
down to the bagse, oo midub, they aie called seqments (fig 100),
and the leaf 18 dissected, or 1n composition -sected
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When the axis of the epipodium bears monopodially branches

of the first order, which give rise 1n turn to the pinng, and all
are winged, the wings showing simila: degrees of fusion to those

Fre 99 Fia 100
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11g 98 Onsped or cmled leaf of a species of
Mallow (Malva) Fiy 99 Pummnatipartitc
leaf of a apecics of Valenan (Valeriana
dowca) Fig 100 Pinnatisected leaf of o
apecies of Foppy (lapaver Arpemone) —
Fig 101 A decompound leaf —Fig 102
Palmate lepf of a <pecies of Passion flower
(Passifiora)

described above, we have forms which aie desciibed as bipan-
natifid, bypinnatipartite, oo bymnnatisected respectively  Fur-
ther degrees of branching and fusion are indicated by the terms
tripwnnatefid, &. When the branching 1s very complete, and
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the ultnoate wings but httle developed, the leaf 1s called decom
pound When the branching s not monopodial but cymose, we
have palmate, palmatifid, or palmatisected leax es, the degree ot
fusion betwecen the wings of the branches bemng thereby mndi-
cated In such leaves the primary axis of the phyllopodium
does not enter into the composition of the lamina. Cymose
branch systems sometimes show bianches of the third order, as
m the pedate or pedatrpartite leaf (fig 104)

It 13 not unusual to find both types of bianching represented
in the same leaf Irequently in the palmate vaiieties we find
that, while the main branches arise cymosely, each forms a
monopodiain  The nature of the branching may generally be
ascertained by an nspection of the arrangement of the vemns or

e 103 Fie 104

F1g 103 Palmatifid leaf of the Castor oil
Plant (Ricanus communis) — Fig 104
Pedatipartite leaf

vascular bundles, as shown n fig 103, the palmatifid leaf of the
Castor o1l plant Here the phyllopodium gives rise cymosely to
seven branches, each of which develops monopodially

Generally the branches of the epipodium all he 1n one plane
80 that the leaf 1s flattened with 1ts face towards the stem Ina
particular variety of the palmate form known as the peltate leat
(fig 105) this rule 18 departed from, the petiole being apparently
attached to the centie of the leaf-blade, the plane of which 1s
thus almost at a right angle to the direction of the stalk This
18 due to the fact that the younger branches grow out in front
of the petiole, mstead of i the usual lateral plane, and their
wings bemng coherent with each other, the petiole becomes
apparently attached to the mddle of the lamina

When the epipodium remamns cylndrical, and bears only
branches of the first order which are winged, constituting a
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number of lentlets, these may show at then bases certain out
growths resembling the stipules of the primary leaf-base. These
are known as stipels, they are present n certain Legnminosee,
as Phaseolus

When the mesopodium o1 petiole 1s absent, the hypopodium
or leaf-base may be winged, and 1ts wings contiuous with those
of the lamma The stem thus seems to be suirounded by the
expanded base of the latter  Tf two leaves aise on the stem at
the same node, their wings sometimes coalesce  We have thus
formed the varieties known as awsculate, per foliate, o connate
leaves (figs 106 and 107)

The flattened portion of the epipodium 15 always found to he
stiengthened and suppoited by certam strands of woody tissue
which tiaverse 1t in varous directions  [n thin leaves these are

Tre 105 Fie 106 Fia 107

F1g 106 Peltate leaf of Tropcolum Fig 106 Perfoliate leaf of a species
of Harcs ear (Bupleurum rotundyolinm) ——Fiq 107 Connate leaves of
u apeclea of Honevauckle (Jonweera Caprifolium)

visible as projections on the under suiface, but in thick o sue
culent ones thev aie embedded m the substance of the blade
These stiands are known as the »eins, and then airangement
constitutes the venation of theleaf The lattcr depends broadly
on the mode of branchmg which chaiacterises the epipodium

There are two marked modifications of venation In the first
modification the fibio-vascular tissue, as 1t enters the lamina either
as a single mamn vemn o1 several simlar ones, bieaks up into a net
work of branches (figs 108 and 110) In the second modification,
a midrib runs fiom the base to the apex of the lamina, giving oft
fiom 1ts sides other veimns, which go out to the margins, running
parallel to each other, and are simply connected by unbranched
weinlets (figs 111, b, and 118); o1 1t divides at once into several
vemns or nbs, which proceed from the base to the apex (fig 118) or
margins (fig 117) of the blade, more or less parallel to one another,
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and a1e 1n hike manner connected only by simple patallel unbianched
vemnlets (fig 111, a) The leaves which exhibit the fust modifica-
tion of venation are called 7eticulated ov metted-vemed leaves, and
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Fig 108 Leaf of the Chary with lanuna, petiole and stipules The lanunt
has serrate mairging, and a large cential vein or midiih 18 ceen to proceal
from the petiole to the apex of the leaf and to give off from ite sides the
other veins (pinnately retned) ——F1g 109 Ribbed leaf of Cinnamon with
entire margins Fig 110 Leaf of the Melon with dentate margine
The venation 1s said to be radiated o1 palmately vemned —Fig 111 «
Parallel venation of a grass thus varlety ot tenation is commonly called
straight veined & A vaviety of parallel venation sometimes termed
curye-veined, as seen in the Banana

occm umveisally i Dicotyledons, and those which piresent the
second modification are termed parallel-veined leaves, and are
characteristic, with some few exceptions, of Monocotyledons
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(1) Varweties of Reticulated or Netted Venation

There are two piincipal varieties of this kind of venation, namely
the feather veined o1 pinnately vewned, and the 1adiated or palimately
veined

A Feather vemed o1 Pinnately vewned -In this vanety the
main vein etther gives oft lateral ones which pioceed at once to the
margins (figs 112 and 113), and are connected by numeious
branching veinlets, as in the leaves of the Beech, Spanish Chestnut,
Holly, Oak, o1 1t gives off bianches from 1ts sides, which proceed at
firat towards the maigins, and then cuive towards the apex, texmi-

Fre 112 Fie 113 Fie 114 Fia 115

—

>~

Fig 112 Feather veined leaf of the Spanish Chestnut ——7"tg 113 Feather
veined leaf of the Oak Tts lobes are arranged in a pinatifid manner ——
Fi1q 114 Leaf of the Dead nettle The venat on is the true netted, and its
margins are serrate —— F1g 116 a Linear leaf » Triple ribbed leaf ot
the common Sunflower

nating finally within the maigins, with which they aie connected by
small veins, as 1n the Dead-nettle (fig 114) and Lilac

B Radiated on Palnately vemed —This name 18 apphed to a
leaf which possesses two o1 more stiong veins that arise at or
near the base of the lamina, and diverge from one another towards
1ts maigins, being connected by branching veins, as i the Melon
(fig 110) and Castor-oal plant (fig 103) The 7:bbed venation, as
seen 1n the Cinnamon (fig 109),1s but a modification of this variety,
in which the ribs, instead of diverging from one another, run 1 a
cyrved manner from a point at or near the base of the blade to the
apex, towards which they conveige, such ribs being connected
together by branching veins

VOL I ! F
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The varieties of venation coriespond to the modes of branching
of the phyllopodium already desciibed, the fusion of the wings of
the branches being almost o1 quite complete

(2) Vareties of Parallel Venation

Theire are certain characteristic variations of parallel senation
The main vemns may either proceed in a somewhat parallel direc
tion from the base to the apex of the lamimny, to which point they
converge mote or less (fig 116), or they may diverge from one an
other towards the circumference of the blade (f1ig 117) The leaves

Fie 117 Fre 118

Fia 116

Fro 119
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Fig 116 Leaf showing the variety of paiallel venation usually called
straight-vemed the marging are entire ——F19 117  Straight veined
variety of parallel venation, as seen in the leaf of the Fan Palm (Chamae
rops) —F19 118 Curve veined variety of parallel venation, as seen 1n
the Banana —/1g 119 Forked venation of a Fern leaf the margine
are crenate

of Giasses, Lnhes, and the common Flag may be taken as examples
of the firsi vauety, and those of many Palms (fig 117) of the
second

Or the leaves may have a prominent midrib, as in the feather-
veined variety of reticulated venation, giving off from 1ts sides along
1ts whole length other veins, which proceed parallel to each other 1n



GENERAL MORPHOLOGY OF THE PLANT 67

a stiaight or curved dnection towards, and lose themselves 1n, the
margins (figs 118 and 111, b), and are connected, as 1n the last
variety, by unbranched veinlets The Banana, the Plantain, and
allied plants furnish us with examples of this vanety This latter
valety 18 sometimes distingmshed as the curve veined, the former
being commonly known as the st «iqht veined o1 parallel vemned

The Shapes of Learves

We have seen that the freedom o1 coalescence of the wings
of the epipodium and those of 1ts branches leads to the recogni-
tion of two apparently different types of leaf, the sumnple and
the compound. It will be convenient to discuss the pecuharities
of these two kinds sepaiately.

Sumple Leaves

The modifications which simple leaves present as regards their
maiging, shapes, and other vanations of then blades a1e extiemely
numeious They are important chiefly as enabling uccmate de-
scuptions to be given of the plant to which they belong, so that 1ts
wdentity may be established and certain of its afhimities indicated
In other 1espects then impoitance 14 altogether subordinate They
are usually considered under five heads, as follows 1 Margins,
2 Incision, 3 Apex, 4 Geneial Outhine, 5 Foim

1 Margins —We have alieady 1emarked that the condition of
the maigins 15 dependent upon the extent to which the wings of
the epipodium and 1ts hianches ate united  If the fusion of the
wings of the several axes 18 complete and extends to their apices,
so that the maigins aie perfectly even, o1 fiee from every kind of
inegulaity, the leaf 15 entire (figs 92 and 116) But when the

Fie 120
Ny ] AAOA
a b c

F1g 120 Diagram of the margins of leaves
a Bicienate 5 Biserrate ¢ Duplicato-dentate

fusion 18 not quite complete, and the maigins ale uneven, we have
several modifications, which are distinguished by chaiacteristic terms
If the margins present sharp indentations like the teeth of a saw,
and all pont to the apex, the leaf 13 serratfe (figs 114 and 142),
as in the common Dead-nettle, i1f similar teeth point towards the
base, the leaf 18 described as 7etroserrate, if these teeth are them-
selves serrate, 1t 18 biserrate (figs 120, b, and 181),as n the Elm
and Nettle leaved Bell-flower, when the margins are minutely serrate,
F2
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they are termed serrulate, as 1n Barosma serratryfoha When the
teeth are sharp, and project almost o1 quite at right angles to the
margin, the leaf 1s dentate or toothed (figs 110 and 137), as 1n the
Melon, and the lower leaves of the Coin Bluebottle, when the teeth
are themselves divided n a similar mannei, 1t 18 duplicato dentate
(fig 120,¢) When the teeth are rounded (figs 119 and 143) the
leaf 18 crenate, as in the Horseradich and Giound Ivy, if these
teeth are themselves cienate 1t 13 bwcrenate (g 120, «), when the
leaf 13 minutely crenate 1t 1s smd to be crenulated When the
magins present alternately deep concavities and convexities 1t 18
smuated, as 1 some Oaks (fig 121) This kind of leaf may be
1egarded as an intermediate condition between a toothed leaf and
one that 15 pinatifid (f1g 113) When the maigins me shghtly
ainuous ot wavy, as in the Holly (/g 122), they me said to be wavy

Fia 121 Fia 122

Fin 121 Simuated leaf of the Oak —F29 122 Spiny leaf of the Holly (Jlex
fquyfolinm), with wavy margine

ot undulated , the teeth of the leaves of the Holly aie very haid and
end 1n sharp points, fooming spmes When the margins aie very
irregulal, being twisted and cuiled, as in the Garden Endive, Curled
Dock, and Cuiled Mint, they ne called ¢1isped o1 cuiled (fig 98)

2 Inciston —This tetm 18 employed when the maigins of the
blades are more deeply divided than in the above instances The
divisions ale then commonly called lobes

When a pimnately veined leaf 13 deeply divided, and the divisions
are very close and nariow hike the teeth of a comb (fig 125),1t 1
said to be pectinate, as 1n the Water Milfoal, when the terminal
lobe of a pinnately vemed leaf 1s laige and 10unded, and the lateral
lobes, which are also more o1 less rounded, become gradually smaller
towards the base, 1t 18 Ilyrate, or lyre-shaped, as n the common
Turnip (fig 126), when the terminal lobe 1s triangular, and the
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other lobes which are also more ot less of the same shape have their
points directed downwairds towards the base of the lamina, as 1n the
Dandelion (fig 127), the leaf 1s sard to be 7uncinate, when a lyrate
leaf has but one deep 1ecess on each side, so that 1t resembles a
viohn 1n shape, 1t 1s texmed pandurtform o1 nddle shaped, as 1n the
Fiddle Dock (g 128)

Modafications of palmately veined leaves me also fiequent When
the blade of such a leaf 13 composed of five o1 more branches whose
wings ate united about halfway from the base to the tip, so that the
whole has a resemblance to the palm of the hand with spreading
hngers, the leaf 1s termed palmate, as 1n some species of Passion-
flower (f1g 123) When the union 1s less complete, as 1n the Castor-
oil plant, the leaf 15 described as palmatyid (g 124) Theie 13
httle diffexence between those two forms, and 1t 1s better to apply

Fre 123 Fie 124
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Fig 123 Palmate leaf of a spccies of Passion flower (Hassyiora)
Frg 124 Palmatifid leaf of the ( wtor oil plant (Lewenus communts)

the texm ¢ palmate ’ to compound leaves These forms lead on to
the compound leaf alieady desciibed asdigitate  Other intermediate
forms occur The pedute leaf (fig 104) 18 a variety of the palmate,
the branching here 1s cymose , the apex of the epipodium forms the
largest lobe, from under 1t a bianch proceeds on each side, from
under each of these a single branch 1s given off on the lateral flank,
which 1tself bears another ansing similarly The wings of the
epipodium and 1ts branches are all united at their bases, but the
umon extends further towards the apices of the youngest lateral
ones The name 18 derived from a fanciful resemblance to the claw
of a bird

« Besides these modifications of palmately veined leaves, variations
also occur, 1n consequence of the lobes o1 piimary branches of the
lamina becoming themselses branc}led either in a pinnate or palmate
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manner Descriptive terms are apphed to these forms, which will be
1cadily understood

3 Apexr —Various forms of this a1e deseribed as follows The
apex 1 obtuse or blunt when 1t 1s 10unded (figs 138 and 140),
a8 1n the Prumrose, 1t 1s retuse when 1t 15 obtuse with a broad
shallow notch in the mddle, as 1n the Red Whortleberry ( Vaccinsum
Vitis 1dea) and the leaflets of Logwood, when under the same
circumstances the notch 1s shaip, or neaily tuangular, 1t 1s emargu
nate, as 1n some species of Cassta (f1g 129), and in the common
Box (Buaus sempervirens) When the lamina terminates very

Fie 125 Fic 126 Fro 127

Fic 128

Fey 125 Pectinate or comb rhaped leaf —ZF1y 126 Lyrate leat of the
common Turnip (Brassica Rapa)——F1g 127 Runcinate leaf of the
Dandelion (Zaratacum opicinale) — b1y 128 Fiddle shaped leat of
Rume v puicher

abiuptly, as 1f 1t had been cut across in & stiaight line, the apex 15
truncate, as 1n the lip of the Tuhip-triee (f1g 130), 1if under the same
cncumstances the termination 18 ragged and riegulai, as if 1t had
been bitten off, 1t 18 premorse, as mn the leaf of Caryota urens
When the apex 18 sharp, so that the two margins form an acute
angle with each other (f2gs 132 and 1389), 1t 15 acute or sharp-pomnted ,
when the point 1s very long, and tapering (fig 137), 1t 18 acumanate
or taper-pornted, as n the leaf of the White Willow and common
Reed , when 1t taper~ gradually mnto a 11gid point, 1t 18 cusmdate, s
m many Rube When the apex, which 15 then commonly 10unded,
has a shoit hiand o1 softened pont standing on 1,1t 18 mucronate
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(ny 136), as 1 the leaf of Stutwe mucionate and Iathyrus
pratenses

4 General Outline o1 Figuire --By the gencral outhne or <hope
of the lamma we mean the superhcial aspeet or the hguwie which 15
described by 1t mugins  The development of the wings 1s usually
neaily equal on the two sides of the midib o1 petiole, so that the
lamina ot the leaf 18 1 most 1nstances neaily symmetiieal nd of
some 1egular hguie, 1 which case the leaf 15 said to be equal (114
137-140)  When, as occasionally happens, the wing 18 more
developed on one side than on the other, the leaf 1s texmed wnequal
o1 oblique (ngs 129 and 131), this 15 1emarkably the case mn the
species of Begoma (fig 132) Generally speaking, entire leaves with
paiallel or pinnate venation aire longer than bioad, while those

Fio 129 Fr« 130

Fig 129 Leaflet of a <pecies of Cusstrt It 15 obovate i hguie or outline,
somewh tt oblique 1t the base, ind emargmnito at its apex -—Fg 130
Branch ot the Tubp tree (Leziodends on tultprfer um) with flower and leaves
The 1ittar terunnate abruptly, honee they we saud to be /7 uncate

which aie palmately veined aie moie o1 less 1ounded, o1 broader
than long

When the lanuna of a leaf 15 nearly of the same bicadth at the
base as 1t 1s near the apex, nanow, and with the two maigins
parallel (nigs 113, «, and 133), the leaf 19 called linewr, as in the
Maish Gentian (Gentrana I'ncimonanthe) and most Grasse , when
a linear leaf terminates 1n ashatp 1igid pomnt lihe a needle, as i the
common Jumiper (f1g 135), and many ot our Fus and Larches, 1t 15
acerose or needle-shaped  When the blade of a laat s vay nanow
and tapers trom the base to a vary fine pomt <o that it icsambles i
awl in shape, as 1n the common kuizc (0o coropecus), the Lo s
subulate or awl shapcd  When the blade ot a leat 1s hrode ot the
centie, thiee o1 more times as long 1« hrowd and tapears poreeptibly
from the centie to both base and ipex, as in the White Willow
(Saltr alba) the lcaf as lancoclate (1 134), when it 15 a hittle
lon v thu brood of about the  one nodth at cqrad die tnees fiom
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1ts base and apex, which are shghtly acute, 1t 1s oval or ellyptical,
as 1 the Lily-of-the-Valley (Convallaric majahs) (ng 142), 1f
under the same circumstances 1t 1s obtuse or rounded at each end,
1t 18 oblong (f1g 188) 1f such a leaf 15 more or less rounded at the
base and 1ts lower half 1s broadest, so that the whole 1s of the shape
of an egg cut lengthwise, the leaf 1s ovate or egg-shaped, as 1n the Lilac

Fic 131 Fic 132 Fiu 133 Fic 134

Vi

\ i 16 136
W
\)

Fia 137 Fic 138 Fic 139 Fic 140

Fig 131 Leat of bim, with its margins bierrate and the lanmina unequal
ut it base —-F1g 132 Unequal or oblique leaf of a species of Begomia
~——Fiy 133 Limear leal of Goose grass (Galtum Aparwne) — Fig 134
Lunceolate leaf — /19 185 Acerose or needle shaped leaves of Juniper
(Juniperus communis) ~—Fy 186 A cuneate and mucronate pointed leaf
——~F1g 137 Cordate and acunnnate leat, with its margins dentate ——
Fig 138 Oblong leaf of Bladder-senna (Colutea arborescens) -— Fig 139
Ovate leaf, with 1ts inargins serrate — Fig 140 Obovate leaf

Fic 135

(ng 189), 1f of the same figure, but with the broad part towards
the apex, 1t 18 obovate or inversely egg-shaped (hg 140) When the
lamina 15 broad at the apex, and abrupt-ponted, and tapers towards
the base, as 1n some Saxifrages, the leaf 18 cuneate or wedge-shaped
(fig 136), 1f the apex 18 broad and rounded, and thence 1t tapers
to the base, 1t 18 spathulate, as 1n the Dasy (fig 141) When the
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lamina 1s broad and hollowed out at 1ts base into two rounded lobes,
and more o1 less pointed at the apex, the leaf 1s cordate or heart
shaped, as n the Black Biyony (Tamus communis) (ng 137), 1f of
the same shape, but with the apex bioader than the base, and
hollowed out 1mto two 1ounded lobes, 1t 1s obcordate or wnversely
heart-shaped (ng 144) When a leaf resembles a cordate one
generally 1n shape, but has the apex rounded, and the whole blade
usually shorter and broadet, 1t 18 reniform or krdney shaped, as 1n the
Asarabacca (Asarum ewropeum) (fig 143) , when a leaf 1s 1emform,
but with the lobes at the base of the lamina pointed, so that 1t
1esembles the form of a ciescent, 1t 13 lunate or crescent shaped,
as 1 DPassifiora lunata (g 145) When the blade 1s broad and

Fic 142 Fia 143

Frg 141 Spathulate leaf —F1g 142 Oval
or elliptical leaf of Pear tree (Py)us com-
munis), with ser1ate marging — Fig 143
Reniform leat of Giound Ivy (Nepeta (Vle
choma), with crenate mmgme -———£Fiy 144
Trifohate lcaf with obcordate leaflets

hollowed out at 1ts base into two acute lobes, while 1t 1s pointed at
the apex, so that 1t 1esembles the head of an aiow, the leaf 18 sagu-
tate or arrow shaped, as 1 the Arrowhead (Sagittaria sagittrfolia)
(1ig 146) , when the lobes of such a leaf are at right angles to its
axis, mnstead of passing downwards, 1t 18 hastate or halbert-shaped,
as 1 Sheep’s Sorrel (Rumea Acetosella) (fig 147), when the lobes
are entirely separated from the 1est of the blade, as in the upper
leaves of the Woody Nightshade (Solanum Dulcamara),1t 18 auricu-
late or hastate-auricled (frg 148)

1t frequently happens that a leaf does not distinctly present any
of the above-deseribed figures, but exhibits a combination of two of
them, n which case we use such terms as ovate-lanceolate, linear-
lanceolate, cordate - ovate, cordate - lanceolate, elliptico - lanceolate,
roundish-ovate, &c , the appheatipn of which 1s at once evident
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In many cases we find leaves of different figures on the same
plant, which 18 then said to be heterophyllous
(Campanula rotundifolra), the 1adical leaves are cordate o1 rem:

Fic 148

In the Hairbell

Fie 145

Fis 146
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Fic 149

Fia 147

I

F1y 145 Lunate or crescent shaped leaf —Fiy 148 Sagittate leaf —
Fig 147 Hastate lenf — Fiy 148 A portion of the stem of the Woody
Nightshade (Solanum Dulcamarae) bearing fowering <talk and an auncu-

late leaf — F1y 140 A sub-rotnnd or rounded leaf, with entire margins

form, and the cauline leaves lLinear , and this difference of outhne
between the radical and stem leaves 18 by no means uncommon JIn
aquatic plants, again, where some of the leaves are submerged, while
others float on the water, or rise above 1t mto the awr, as 1n the
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Water Crowfoot (Ranunculus aquatilts) and Arrowhead (Sagittaria
sagittifolia), the leaves thus differently situated fiequently vaiy in
shape

5 Form —By this texm we understand the solid conhguration of
the lamina The terms used in dehning the valious foims are
theiefore especially applicable to thick o1 succulent leaves Such
leaves either assume some regular geometiical forms, as cylindrical,
pyramadal, comeal, prosmatic, &c, and r1ecerve corresponding names ,
or they approach n form to some well known object, and are hence
termed acicular, ensyform, &c  Vallous other singular foims wme
also found, some of which will be subsequently alluded to

Besides the above described modifications which the blades of
leaves present 1n 1eference to their Marguns, Tnciswon, 4dper, Outhne,
and Form, they also present numeious other vanations as 1egards
their surface, teatuie, colour, &c

Compound Leaves

We have alieady dehned a compound leaf Its separate leaflets
ale subject to the same modifications of then maigins, incision,
apex, outline, form, textwe, suiface, colour, &, as the blade of
siumple leaves, and the same terms are accordingly used in describing
them We have theirefore only now to speak of the compound leaf
as & whole, and the tetms which aie employed in describing 1ts
special modifications We divide compound leaves 1nto two types
the Pinnate and the Palmate or Digitate

1 Punate Compound Leaves When a leaf of this type presents
the appearance of several distinct portions or leallets, 1t 18 termed
pwmnate (fgs 93, 94, 150) , and the leaflets are then texmed pinne
The leaflets are arnanged in pans in an opposite manner along the
sides of the rachis o1 prmary axis, and according to their number
the leaf 1s said to be one-, two-, thiee , or many paired  Several
kinds of pinnate leaves have also been distinguished by special
names When the main axis of a pinnate leaf 18 only winged
at the extreme apex, thus appearing to bear a terminal leaflet
(g 93), as 1n the Rose and Elder, 1t 1s vmnpar ynnnate or unequally
mnnate, or pmnate with an odd leaflet, 1t 18 equally o1 abruptly
mmnate, or parymnnate, when the main axis of the epipodium 1s
not winged at all, but bears a number of secondary axes which are
winged (fig 94), as mn some species of Cassia, the Mastich plant
(Prstacra Lentrscus), Logwood (Hematoxylon campechianum), and
Orobus tuberosus , and 1t 18 wnterruptedly mnnate (fig 150) when
the leaflets or secondary winged axes are of different sizes, so that
small pinna are regulaily or 1rregularly intermixed with larger ones,
as 1n the Potato (Solanum tuberosum) and Silver Weed (Potentilla
anserma) When the wing of the main axis 18 the laigest and those
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of the secondary axes ate gradually smaller as they are nearer the
base, 1t 18 lyrately pinnate, as 1n the common Tmmp (frg 151) This
leaf and the tiue lyrate form often 1un into each other, so that 1t 13
by no means uncommon to find both vaiieties ot leaf on the same
plant, as 1n the common Turnip and Yellow Rocket

When the leaflets of a pinnate leaf become themselves pinnate,
o1, n other words, when the paitial axes which aie airanged on the
common one exhibit the characters of an ordinary pinnate leaf, 1t 18
said to be bypunnate (fg 152), the leaflets borne by the partial o
secondaly axes are then commonly termed punnules  When the
pinnules of a bipinnate leat become themselves pinnate, 1t 1s £14-

Fie 150 Fie 152

Fia 151

Fig 150 Interruptedly pinnate leaf of the Potato ——/ 1y 151 Lyrately
pmate leat —— Fig 152 Bipinate leaf ot a species of Gleditsehia

mnnate, as m the Meadow Rue (Thaliwctrum mnus) and the common
Parsley (ftg 97), 1t commonly happens, however, that 1n these
leaves the upper leaflets are less deeply divided, as in sig 97 If
the division extends beyond this, the leaf 15 decompound, as in many
Umbelliferous plants (1g 101)

2 Palmate Compound Leaves —Such a leaf 1s formed when the
epipodium divides 1nto several equal or nearly equal branches, each
of which 1s separately winged , and hence these leaves are readily
distinguished from those of the pinnate kind by their leaflets coming
off from the same point, instead of, as 1 them, along the sides of
a common primary axis We distingmsh several hinds of such
leaves, a leaf 1s said to be linate, bifoliate, or unyugate, 1f 14
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conuists of only two leaflets sprnging fiom a common point,
as 1 Zygophyllum (g 153), 1t 15 ternate o1 trifoliate 1f 1t consists
of thiee leaflets arnnanged 1n a similar mannei, ns in the genus 791

Fic 153 Fia 154 Fie 155

Fia 156 Fia 157

Fic 158 Fre 159

Fig 163 A binate or bifoliate leaf ——F1g 154 Ternate o tiifohate leaf
Fig 155 Quadnfohate leat of M« sileu quadrifolia -lig 186 Quinate
or quinquefoliate leaf ——Fig 157 Septenate leaf of the Horse-chestnut
( #sculus Hippocastanum) — - Fig 158 Multifoliate leaf of a Lupin — -
iy 159 A biternate leaf

foluum, which receives its name from this cirecumstance (figs 144 and
154), it 1s quadrnate or quadrfohate 1f there are four leaflets
(fig 156), 1t 18 quinate or quinguefolate if there are five (fig 156),
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as 1n Potentilla argentea and P alba , 1t 15 septenate o1 septemfoliate
if there are seven, as 1n the Hoise-chestnut and some Potentillas
(fig 157), and 1t 13 multifohate 1f there are more than seven,

Fi¢ 160

44

¥

Fig 160 Triternate leaf of Baneherry ( 4cten)

as 1 many species of Lupin (fig 158) The term dugpitate 1s
generally used when the segments of such a leaf are long and
narrow .

2 INSERTION AND ARRANGFMENT OF LFAVFS

(1) InsrrTION —The point at which a leaf 18 attached to the
stem o1 branch 18 called 1ts insertion  Leaves are inserted on
various parts of the stem and branches, and receive different
names accordingly  The first leaves which are developed aie
called cotyledons (fig 16, ¢,c) The cotyledons are usually very
different 1n their appearance from the ordinary leaves which
succeed them. Leaves are called radical when they arise
at, or below, the surface of the ground, and thus spring apparently
fiom the root, but really from a shortened stem, o1 crown of the
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root, as 1t 18 commonly called  Leaves ate thus situated m what
are termed acaulescent plants, such as the Dandelion and Prim-
rose The leaves which arise fiomn the main stem are called
canline, those from the branches 1amal

(2) ARRANGEMENT OF L1 AVKS ON THF STFM, OR PHYLLOTAXIS
The term phyllofaris 18 used m a general sense to mdicate
the vaiious modes 1in which leaves are aianged on the stem o1
branches  The object of the arrangement i every case 1s to
securc as far as possible that the lamms of all shall be equally
illummated and that they do not shade each other The
successful discharge of their functions will be found to depend
npon securing this  There are two main types of airangement, m
one of which a single leaf only 15 produced at a node, n the other

Fra 1bl Fia 162

Fig 161 Whorled leaves of a <pecies of Galium -—Fiq 162 Decnscate
leaves of Pimelea decussata

two or more occur  In the foomer case the leaves are scattered
or alternate, n the latter, they are said to be whorled (fig 161)
The leaves constituting a whorl are usually placed symmetiic-
ally round the stem, at equal distances laterally from each
other When there are only two leaves 1n each whorl, they are
sald to be opposite When leaves are opposite, those of each
pair are usually placed under the inteival or space between the
leaves of the pair above 1t Those of the third pair are then
vertically under those of the first They are said to decussate
(fig 162), and the anangement 18 called decussation. When
whorls consisting of large numbers of leaves succeed each other,
1t also frequently happens that a simlar arrangement occurs,
80 that the leaves of one whorl stand above the intervals of the
whorl below 1t
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It sometime happens that, bv the non-developmen
internodes of an axillary branch, all the leaves of that
are brought close together, in which case they form a
fascicle (fig 163), and the leaves aie said to be #1
fascieled. Such an annangement 1s well seen in the [k
and T.arch That the fascicle 18 thus produced 1s r
evident by the fact that in the young branches of the Li
mternodes after wards become elongated and the leaves ¢
separated fiom each other

1. Alternate Leaves.—Though this ariangement
termed scattered, 1t does not follow that there 1s necessa
irregulanity i the position of the leaves TIndeed, 1t w
better to term the arrangement spuial, as each leaf can L

Fia 163 Fie 164

Fig 1863 Fascicled or tufted leaves of the
Larch —— /29 164 A portion of a branch
of the Oher1y tiee with six leaves the sixth
ot which 13 placed vertically over the first
The mnght hand figure 18 the same branch
magnified, the leaves having been remosed,
and numbers placed to indicate the points
of their im<ertion

tamned to be placed upon an imaginaiy spiral line windn
metiically 10und the stem, and to be at a distance fiom *
leaf upon the spiral which may be expressed by a fractic
circamference of the stem This distance, which 1s
constant, 18 hnown as the dwergence of the leaves TI
can be traced and the divergence ascertained by count:
any particular leaf to the first one veitically abovc
we take a branch of the Apple or Cherry tice (fig 1€
commencing with any particnlar leaf which we will

proceed upwards, taking the successive leaves 1 th
of their ages and joiming then bases by a line or piece ¢
we shall find that after passing the lea\es marked 2, 8,
we shall reach the one marked 6, which will be fom
situated vertically over the 1st, and then proceeding furtl
the 7th 1s directly over the 2nd, the 8th over the 8rd, the'
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the 4th, the 10th ove1r the 5th, and the 11th over the 6th and 1st,
a vertical line drawn down the stem through the base of any
leaf will therefore pass thiough the base of every fifth leaf above
and below 1t These lines that can be diawn vertically down
the stem through the leaf bases mie known as orthostichies, and
the mmaginary spnal hne 1s called the geneclic spual 1t we
1efer again to the anangement of the leaves m the Chewnry o
Apple (fig 164), we shall iind that before we anrive at the sinth
leaf, which 15 over the fnst, the siring or line used to connect
the bases of the leaves will have passed twice round the arcum-
ference ot the branch The pomt whete a leat 1s thus found,
which 15 placed perpendicularly over the fist, shows the com

pletion of w sertes or cycle, and thus in the Cherry and Apple
the cyecle consists of five leaves  \s the hve leaves wie
cquidistant fiom cach other, and ws the line which conncets
them passes twice 10und the steni, the distance of one leat from
the other will be 3 of 1ts cncumference  The fiaction § expresses
the angular dwergence, or the length of the arc mnterposed
between the msertion of two successive leaves It a circle be
drawn to rcpresent the circumference of the stew, and the position
of the orthostichies which bear two consecutive leayes be marked
upon 1t, and radn be drawn from them to the centre of the cirele,
the angle so formed will show thedivergence, and will be ¢ of 860°,
or 144°  The successive leaves as they are produced on the
stenl, as we hae seen, are also arranged i sumlar cycles, This
arrangement 1 cycles of five 1s common in Dicotyledons 1t 1s
termed the pentastichous or fiee ranked arrangement

A\ second variety of arrangement in alternate leaves 1s that
which 1s called the distechous, or Lwo ranked Here the second
leaf on the spiral 15 on the opposite side of the stem to the first
(29 105), and the third, being on the opposite side to the second,
15 placed vertically over the fust, and thus completes the cycle,
which consists of only two leaves, the fourth leaf 15 over the
second, and the fifth over the third and first, thus comspleting a
second cycle, and so on with the successive leaves. Heie one
turn completes the spiral, so that the distance between the leaves
18 } the circumference of a circle, and the angular divergence 1s
180°, This arrangewent 18 the normal one 1n all Grasses, and
many other Monocotyledons, the Lmne-tree (fig. 165) and
other Dicotyledons exhibit & simnlar arrangement.

A third vanety of arrangement 1n alternate leaves 1s the
tristichous or three-ranked (fig 166). In this variety,if we start
with any leaf and mark 1t No. 1, and then passto 2, 8, and 4, we

VOL. 1. . G
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shall find that we shall make one turn round the stem before
coming to a leaf vertically over the first, which will be the fourth
in order, and thus complete a cycle composed of thiee leaes.
In hke manner, the fifth leaf will be over the second, the sixth
over the thid, and the seventh over the tourth and first, thus
completing a second cycle, and so on with the succeeding leaves.
Here the angular diveigence 1s § of 360° or 120° This arrange-
ment 18 by tar the most common one among Monocotyledons.

A tfourth variety of phyllotaxis in alternate leaves 1s the
octostichous or erght ranked  Examples of this variety aie
afforded by the Holly and Acomite. In this the ninth loafis over

i 165 Fis 166

Ftg 165 Portion of a branch of the Lime-tree, with four leaves arranged
in a distichous or two ranked mauner —£Fktg lob Portion of a branch
with the base of the leaves of a species of Curea, showing the tristichous
or three ranked arrangement The numbers indicate the successive bases
of the leaves

the first, the tenth over the second, the eleventh over the third,
and s0 on, thus eight leaves will complete the cycle, and, as
the spual line 1n this distance makes three turns round the stem,
the angular divergence will be measured by ¢ of the circum-
ference that 1s, 1t will be ¢ of 860°, or 135°,

‘We can arrange the fractions representing these divergences
n a series thus 4, 4, $, §, and we see that a certain relation
exists between them, for the numeiator of each fraction after
the second 18 equal to the sum of the numerators of the two
preceding fractions, and the denominator to the sum of their
denonminators. We may continue the series 1n the same way,
when we get the fractions fy, &, &c., and we find that nstances
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of the occurience of these more complex divergences are met
with  Other sunilar series exist , we can meet with cases which
taken together form the series }, 1, §, %, &c., and others again
which may be arranged 1n the order 4, 4, ¢, §, %, &c

In computing these fractions we have assumed that the
genetic spiral 1s uniform 1 1ts direction all along the axis It
may pass either from right to left or in the opposite direction
Occasionally cases are found, however, where the direction of
1ts torsion 18 reversed at the conclusion of each complete cycle
Sometimes, again, the spiral changes as the axis gets older, the

Fie 167 Fie 168

Zig 167 Pinenpple fruit (Sososés), surmounted by & crown ot empty bracts
Fitg 168 Cone of the Bcotch kir Both show u spiral ariangement ot the
leaves

earliest leaves, or perhaps the youngest, being of a different
order from the 1est Sometimes by the suppression of the
nternodes of a spiral cycle the leaves are apparently whorled o1
opposite  Such a cycle consequently forms a pseudo-whorl
The laws of phyllotaxis are frequently interfered with by
accidental causes which produce corresponding interruptions of
growth , 1t 18 then difhcult, or altogether 1mpossible, to discover
the regular condition In the case of axes whose internodes
are much elongated, the arrangement 18 sometimes apparently
altered by torsion of the stem or branch. This may also be seen
with short internodes, though less frequently. The direction of
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the torsion of the awis mmay be umtforin, or may change in
different regions of 1t.

In Pandanus there are usually three orthostichies which
pass stiaight down the stem, but sometimes a torsion of the
latter makes them epiral instead of straight A smgular case
of torsion 18 seen 1 Baptisia perfoliata, whose leaves, which
are normally 1n two ranks, become 1 the upper part of the stem
arranged 1n a single rank, owing to a twist of the successive
mternodes, first to the right and then to the left

All the above vaneties of phyllotaxis in which the angular
dwvergence 1s such that the orthostichies are vertical, and the
leaves completing the eycles are thus directly over those com-
mencing them, are called rectiserial, while those 1n which the
divergence 1s such that the orthostichies themselves are shghtly
twisted spirally are termed cuirviserial  The hraction expressing
the angular divergence in any case can be easily ascertained
Its denominator 1s the number of leaves in a eycle, 1ts numerator
1s the number ot tunes the genetic spiral passes round the stem
m tracing the cycle

We see thus that when leaves aie alternate the successive
leaves form a spiral round the axis In the majority ot cases,
its direction in both stem and branches 1s the same, and 1t 15
then said to be homodromous, but mstances also occasionally
occur 1n which 1ts dnection 18 not the same in both, when 1t 1s
called heterodromous

2 Opposite and Whorled Leaves -—We have already observed,
with regard to these modifications of arrangeent, that each suc-
cessive pair, or whorl, of leaves, as they succeed each other,
18 not commonly mnserted 1mmediately over the preceding one,
but that the second pair, or whorl, 1s placed over the mtervals
between the leaves of the first, the third o\ er those between the
leaves of the second, and so on (fig. 162) Here, therefore, the
third pair ofleaves will be vertically over the first, the fourth over
the second, the fifth over the third, and so on This airange-
ment occurs 1n plants belonging to the Labiate and Oleacee,
and 1s called decussation, as previously noticed In soiwne cases
the successive pairs or whorls are not placed directly over the
intervals between the leaves of those below them, but a httle
on one side, so that we have to pass to some higher pair or
whorl than the third before we arrive at one which 1s placed
directly over the first. Such arrangements, therefore, suggest
that the successive pairs and whorls of leaves are arranged n a
spiral manner with regard to each other. Opposite leaves may
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thus be 1egairded as due to two spnals proceeding up the stem
simultaneously 1n two opposite directions, and the whorl as due
to as many spuals as there are component leaves

Cases 1n which the decussation of the whorls 15 not exact
may sometimes be explained by toision of the aus

The constituent leaves of a whorl aie usnally of the same
age, but not always so In the Characew the members of the
whorl are developed 1 a definite scquence Spurious whorls
o pseudo-whor s may arise 1 certain cases where i the bud
one leaf develops fiom each of many nodes, which at that time
are close together By non development of some of the inter
nodes, many of these leaves continue n close proxmmty, and
such clusters being scparated by growth of a particular mternode
between them, the originally spiral arrangement 1s lost and a
whoiled one appairently takes its place The membeis of each
pseudo whorl are, of course, of different ages

The alternation or opposition of leaves 14 geneirally constant
in the same species, and even 1 some cages throughout com-
plete Natural Orders The plants of the Boraginacee have
alternate leaves, those of the Caryophyllacee, opposite , those
of the Labwate, opposite and decussate, those of the Legums
nose, alternate, those of the Rosacee, alternate, &e. While
the opposition or alternation of leaves may thus be shown to
be constant throughout some complete Natural Ordersy yet a
change from one arrangement to another may sometimes be
geen upon the same stem, as in the common Myrtle and Snap
dragon Many plants which have opposite leaves on their
adult parts often exlibit an alternate arrangement at the
extremities of their young bianches when these grow very
1apidly  In other cases leaves noimally airanged alternately
become opposite, or whotrled, through the non-deselopment of
the successive internodes by mterruptions of growth, n
others again the whole of the internodes of a branch remain
undeveloped, the leaves then being tufted or fascicled as already
noticed (fig 168) Generally, however, the relative position of
leaves 18 s0 constant 1n any particular species that 1t forms one
of 1ts characteristic distinctions

A certain order of arrangement may often be noticed betweer
the leaves of a stem and those of the branches springing from
their axils. In Dicotyledons which have opposite leaves, the
leaves of the pair first produced upon a branch usually decussate
with the leaf at 1ts base. In Monocotyledons the first leaf 18
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placed upon the «ide of the branch nearest to the stem, opposite
to the leaf fiom whose axil 1t arises

(8) ARRANGEMENT or THE LrAVEs IN THE Bup —We pro-
ceed now to examine what 18 known ag vernation, o1 the different
modes 1n which the leaves are disposed while 1n an nnexpanded
condition mn the bud  We may consider, 1st, the modes 1n
which each of the leaves, considered independently of the others,
18 disposed , and 2nd, the relation of the several leaves of the
same bud, taken as a whole, to one another The arrangements
of the separate leases may be divided into —I1st, those m
which the leaf 18 simplv bent or folded , 2nd, those n which
1t 18 rolled  Of the first modification we have thiee varieties —
1st, the upper half of the leaf mayv be bent upon the lower, so

Fic 169 Fie 170 Fra 171 Fia 172 Fre 173

Fig 169 Vertical section of a rechinate leaf ——Fuy 170 Thransserse section
of a condaplicate leaf — Fig 171 Transverse section of a plaited or
plicate leaf ——Frg 172 Vertical section of a circinate leaf ——F1y 173
Transverse section of a convolute leaf —— F1¢ 174 Transverse section of
a revolute leaf —-Fig 1756 Transverze gection of an involute leaf

that the apex approaches the base, as 1n the Tulip tiee, 1t 1s then
sawd to be reclinate or inflered (fig 169), 2nd, the right half
may be folded upon the left, as if the ends and midrib or axis of
the leaf formed a hinge, as 1n the Oak and Magnoha, when 1t 18
called conduplicate (fig 170), 81d, each leaf may be folded up
a number of tunes hke a fan, as in the Sveamore, Currant, and
Vine, when 1t 18 plaited or plicate (fig 171) Of the second
modification we have four varieties —lst, the apex may be
rolled up on the axis of the leaf towaxds the base, like a crosie:,
as 1 the Sundew and Ferns, when 1t 18 circinate (fig. 172),
2nd, the whole leaf may be rolled up from one margin mto a
single coil, with the other margin exterior, as in the Apricot and
Banana, 1n which case 1t 18 convolute (fig. 178), 8rd, the two
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margms of the leaf may both be rolled mmwards on the upper
surface of the leaf towaids the nmdub, which remamns im-
movable, as i the Violet and Water-lily, when 1t 18 wnvolute
(fig 175), 4th, the two maigins may be rolled outwards or
towards the nudrib on the lower surface of the leaf, as in the
Dock and Azalea, in which case 1t 18 revolute (fig 174)

We pass now to consider, secondly, the relation of the
several leaves of the same bud, taken as a whole, to one anothe:
Of this we have several vareties which may also be treated of
m two divisions —1st, those in which the component leaves are
flat ov shightly conver, and 2nd, where they are bent o 10lled

Fre 176 Fie 177 Fre 178
Fia 179 Fic 180 Fis 181 Fic 182

0 ©

Fig 176 Transverse <ection of a bud to show the leaves arranged in a
valvate manner Fig 177 Transverse section of a bud to show im
bricate vernation -—Fig 178 Transverce section of a bud to show

twisted oo spiral vernation ——/1¢ 179 Transveire section of a bud to
show 1induplicate vernation ——F1y 180 Transverse section of a bud
showing equitant vernation ——-Fig 181 Transverse section of a hud
showing obvolute vernation —— /1 182 Transverse section of a bud

showing supervolute vernation

Of the first division we may recognise thiee 1aiieties ‘—1st, that
m which the leaves are placed nearly in a encle o1 at the same
level, and 1n contact by their margins only, without overlapping
each other, when they are valvate (fig. 176), 2nd, that in
which the leaves are placed at different levels, and the outer
successively overlap the mner to a greater or less extent by
then margins, as in the Lilac, and in the outer scales of
the Sycamore, when they are said to be wmbricate (fig 117);
and 8rd, when leaves are placed as in mnbricate vernation, and
one margin of each leaf overlaps that of another, while the other
margm, mn 1its turn, 18 overlapped by a third, the vernation 18
tunsted or spwral (fig 178); A vanety of the valvate arrange-
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ment 18 the wnduplicate form, in which the edges of the leaves,
mstead of merely touching, aie bent mwards for some lhttle
distance (fig 179). Of the second division, that 18 where the
component leaves of the bud are bent or 10lled, we have three
varieties —1st, when the leaves are conduplicate, and each
completely mfolds all those younger than itself, so that in tians
verse section they seem to sit astride of them, as in the Pinvet,
they a1e equatant (fig 180), 2nd, when the half of onc con-
duplicate leaf reccives m 1ts fold the half of another folded in
the same manner, as 1n the Sage, the vernation 1s half-equatant
o1 obvolute (fig 161), and 814, when a convolute leaf encloses
another which 1s 1olled up 1n a like
Fra 183 manner, as in the Apiicot, the verna-

tion 18 supervolute (fig 182)

The terms thus used m deseribing
the different kinds of veination aie
also applied to the component parts of
the flower bud, under the name of
@stwation o1 prefloration, though the
alnangements of the latter aie more
complex  When speaking of the
flower bud, we shall have therefore to
refer to some of them again, together
with othets not found n the leaf bud

3 OTHER MODIFICATIONS OF THE
LEAF
Fiq 183 A portion of a branch
of the Barbeiry (Berberss Bewides the kinds of leaf which we
vulgaris), bearng spmy

leaves The upper leaf i have now examined, theire occur others
ggg';“,f“emg"“\;;;;’;t“g?y' which serve various purposes, and are
parenchyma between them  frequently adaptations to special habits
of hfe, such are spwnous leaves, leaf-
tendrils, and pitchers. Either the whole leaf or part of 1t may
undergo modification of this kind We have again the various
forms of scaly or cataphyllary leaves, and the leaves specially
connected with reproductive structures, including the sporophills

and other leaves of the flower and inflorescence
Leaf-spines —Any part of the leaf may exhibit a spiny
character. In the Holly (fig 122) and many Thistles (fig 98),
the veins project beyond the blade, and become hard and spnj ;
while 1n the Barberry (fig. 188) the whole lannna becomes
spmous. The whole epipodium assumes a spmy character in
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some specics of Astragalus also. The stipules sometimes
become transformed into spines, as i Robinwa pseud acacia
(fig 98)

Spines of leaves may be readily distingmushed from the
thorns already desciibed, which aie modified branches, because
the latter always arise fiom the axil of the leaf, mstead of from
the leaf 1tself  Spmes may be 1eadily distinguished from
prichles by their internal structure

Leaf-tendrils —Various parts of the leaf may become trans-
formed into tendnls, the organs sensitive to contact, which have

Fre 184 Fiec 186

Fic 185
Fig 184 Leaf of a species of Tathyrus showng a winged petiole, with two
half sagittate stipules at its base, and terminated by a tendril — Fip 185

A portion of the stem of Lathyrus Aphaca, with stipules ¢, ¢, and cirrhose
phyllopodium, v —~Fig 186 A portion of the stem of Smuila 1, bearing &
petiolate leaf, and two tendrils in place of stipules

already been desciibed in connection with the modifications of
the stem Their purpose 1s to enable a weak-stemmed plant
to elimb up any support with which they come 1n contact, and
round which they can twine. Such tendrils may be a prolonga-
tion of the leaf-blade beyond the apex, as 1 Glorwosa superba,
the leaflets of a compound leaf in many of the Leguminose
(figs. 82 and 184), the whole petiole in Lathyrus Aphaca
(fig. 185), and the stipules 1n Smilax (fig 1886).

Ascidra or Pitchers —Thesg are the most remarkable of all
the anomalous forms presented by leaves. They may be seen
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i the speeies of Nepenthes o1 Pitcher plants (fig 187), in the
species of Sarracema or Side-saddle plants (fig 188), and n
many otherts In Sairacema (fig 188), the pitcher appears
to oniginate much as does the peltate leaf; by fuither basal
growth 1t becomes tubular In Nepenthes (fig 187), the
petiole 1s winged for a certain distance, then assumes the ap-
pearance of a tendril, and ultimately bears a pitcher, p, this 1s
arched over by a Iid, 7, which 1s united to 1t by an articulation

Equitant Leaves —A peculiar form of leaf 1s scen m Ines,
Phormuum, and certain other Monocotyledonous plants The
leaf 18 long and comparatively naiiow, and 1ts flattened surfaces

Fie 187 Fia 188 Fia 189

Fig 187 Pitcher of a specus of Pitcher plant ( Vepenthes distallatoria)
» Pitcher (overed by the hul, 7 ——F:g 188 Iitcher of the Side-saddle
plant (Saz2acema purpurea) —Fiqg 188 Pitehers of Hehamphora

are directed laterally hke those of phyllodes Tts constiuc
tion can be determined by an inspection of its base, where
1t 18 seen to be spht partly up one edge, the spht embacing
the next leaf The blade 18, n fact, folded along 1ts centre, and
the upper surfaces of the folds are umted together along nearly
the whole of the lamina One edge of the blade so corresponds
to the conjomed margins of the leaf, the other to1its central hine,
and the two sides to the whole dorsal surface. The upper surface
18 only exposed at the sheathing base.

Scaly or Cataphyllary Leaves.—These are of very simple
structure, they occur as coverings to buds and thin membranous
coatings to tunicated bulbs and corms The fleshy leaves which
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form the bulk of tunicated or scaly bulbs may be included here
They do not contain chlorophyll, and are usually storehouses
of nutritive materials  Insome parasitic and saprophytic plants,
such as the Broom-iapes, and certain Orchids, fleshy scales
replace the ordinary foliage leaves

Floral Leaves —These 1nclude the various fooms which ocem
m connection with the mechanisms of spore prodnction  They
will be discussed later in moie detal They show much
peculiarity of form, colom, and arrangement
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CHAPTER II

MORPHOLOGY OF THFE. REPRODUCTIVE ORGANS

Trr lLife of an indinidual being but hinated n 1ts duration, we
find various mechanmsms developed to continue the evistence of
the species , these form the Reproduetive Organs  We have seen
that new individuals are produced fiom existing ones by various
methods, which may be grouped mto thiee classes, known
respectively as the vegetative, the asetual, and the serual

Instances have alieadv been given of the oiuigination of
special ads entitious buds npon vailous paits of plants which,
becoming detached trom the paient foim, can cary on inde-
pendent existence Such aie the young plants ainsing on the
stolons or runners of the Strawberiy, o1 on the leaves of
Bryophyllum all such belong to the first group We have also
found that plants produce from time to time special cells which
fall away fiom the pairent and aire by themselves capable of
giving rise to new plants  When these asexual cells oceur upon
the sporophyte they are termed spores, when they anse upon
the gametophyte, as they do in the Alge and Fung, thev are
called gomidia We have noted, fuither, that m other cases
special cells are produced which unite in pairs to form new
cells, from which again the new phase or form of the plant 1s
developed these are sexual cells oo gumetes The two forms
or phases are named spo1ophytes and gametophytes, on account
of their bearing spoires and gametes respectively The gameto-
phyte, besides bearing 1ts gametes, may, a8 just mentioned, also
bear asexual cells or gonidia, indistinguishable 1n their structure
and behaviour from the spores of the sporophyte The sporo-
phyte, however, never gives rise to gametes.

On germination the asexual cells, whether spores or gomdia,
give 118e to gametophytes, in all forms above the Thallophytes
the cell (known as a zygofe) 1esulting from the fusion of the
gametes develops into a sporophyte. In some Thallophytes the



MORPHOLOGY OF REPRODUCTIVE ORGANS 93

zygote gives rise to a rudunentary sporophyte, 1n others to a
gametophyte

We may now examune separately the vegetative, asexual,
and sexual 1eproductive mechanisms

Skcrion I
VEGLTATIVE REPRODUCTIVE STRUCTURLS

Vegetative reproduction 1s the simplest manner of producing
a new 1ndividual, and can m the lower forms often haidly be
distinguished from ordinary growth It can be illustrated by a
series of examples In the lowest Fung: and Algw, in which the
plant consists onlv of a single cell, as 1n Yeast, an outgrowth
fiom the cells appears, which becomes detached and forms a
new ndividual, giving rise to others in turn. Sowmetimes the
process 15 50 1apid that the new cell gives 11se to another before
being detached, and this may go on till a chain of cells 1s
formed Each of these 18, however, an independent Yeast
plant, and the separation 18 a wmere matter of tune This
process 1s known as budding In other cases, as 1n the Desinids,
the cell divides into two, each of which, by subsequent growth,
becomes a new individual  This 18 only shghtly different from
the first process, and 18 known as fission

In moie highly differentiated plants certain portions of the
parent are detached, which develop into the adult forms These
are generally known as gemme, and may be unicellular or
multicellular Instances are found ot the foriner among the
Fung , of the latter in lugher groups also, particulaily the Liver-
worts and Mosses, where they are developed in special places.
In the former group they are found 1n cup like receptacles upon
the upper surface of the thalload stem, in the latter ther
position varies greatly In the Lichens small portions of the
thallus are set free , these are known as soredia. They have the
same structure as the thallus itself

In many plants branches frequently become mdependent by
the perishing of the main axis on which they origmnate In the
case of the runner of the Strawberry a bud 1s developed on the
stem which puts out roots and attaches itself to the ground.
Then the stem on which 1t arises perishes, and the new plant
lLives for 1tself. Other cases of simlar behaviour are furnished
by the production of bulbs or corms 1n many plants, and 1n the
behaviour of many rhizomes, «

Cuttings illustrate the same mode of reproduction. A piece



94 MANUAL OF BOTANY

of the stem, with buds and leaves, when separated trom the
parent and planted in soil, will, under appropriate conditions,
put out roots from the cut surface, and thus replace the parts
mussing, and lead an independent hfe Buds may arse from
wounded leaves or petioles under sumlar conditions -

In this mode of reproduction the form of the plant from
which the new one 1s derived remaimns unchanged  Thus
sporophyte gives rise to sporophyte, gametophyte to gameto-
phyte, and there 1s no alternation of generations

Srciion IL
ASELXUAL REPRODUCIIVE ORGANS
The Spores

The relative dimensions ot the sporophyte and gameto
phyte in the different classes of plants vary considerably
There 18, however, a somewhat regular sertes in both The
morphology of the gametophyte will be treated of in a subse-
quent chapter The sporophyte can be distinguished only with
ditheulty 1in the Alge and Fung), and many of these plants do
not possess one, 1 the Mosses the sporophyte 1s the theca,
capsule, or sporogonium, which 1 developed from a fertilised
cell or zygote at the apex ot the leaty shoot In the Ferns the
sporophyte 1s the so-called plant, as 1t 18 1n the Equisetums and
Club-mosses. The Phanerogams show the sporophyte in its
best developmient, the plant as we see 1t representing that phase

The reproductive organs of the sporophyte are specialised
cells known as spores. These are generally single cells, usually
furmshed with a tough, sometimes much-thickened coat, en-
closing, 1n addition to 1ts hiving substance or protoplasin, various
nutritive materials, such as starch, sugar, oil, & The spore-
coat 1n some cases 18 thin and delicate Spores are produced 1n
varlous ways 1n different plants, but are usually found 1n special
receptacles known as sporangia.

As we have already said, sinlar asexual cells are very
generally borne upon the gametophytes of the Alge and Fung.
These are known a8 gonidia, and the structures in or on which
they arise may be called gonidangia.

In the cases where the spore has no outer wall, 1t must be
regarded as a naked piece of protoplasm. It 1s then frequently
furnished with a number of vibratile threads at one or more
pomnts of 1its surface, by which 1t can move freely about
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water. Such a spore 15 known as a zoospore. It only occurs
1n the lowest forms of plants, the Algw and Fung.

The asexual cells, or gomdia, which aie borne upon the
gametophytes of the Alge and Fungi, have the same structure
as spores

In the Vascular Ciryptogawmns the sporophyte of some plants
produces one kind of spore only, that of others gives origin to
two hinds, which differ from each other 1 size and 1n the form
of gamnetophyte to which they give ongin  They are known
as mucrospores and maciospores o1 megdspores respectively.
According to whether one or two kinds of spore are produced,
the sporophyte 15 called Zomosporous or heterosporous  The
Phanerogams are all heterosporous, and special terms are
employed to characterise their microspores and mecgaspores
respectively  The former are known as pollen grawns, and the
latter as embi yo-sacs  These terms were employed before the
true nature of these structures was known, 1t 1s convenient to
use them still, recognising, however, then tiue morphological
nature

The Sporangia

A good deal of variety 1s found in the form of the organ on
or 1n which the spores or the gomidia originate  In unicellular
plants the whole cell may becoine a sporangium or gomdangium,
as 1t sometimes does 1 Yeast, where 1ts contents divide into
four parts, each of which becomes surrounded by a cell-wall, and
the four spores so forined become hiberated by the disintegration
of the original cell-wall  In many Fungt there 18 no special
gomdangium, but the gonidia are abstricted from certain special
cells of the hlament or the surface of the thallus, and frequently
form long chains which eventually separate into distinet gonidia.
In others the gomdia are solitary at the end ot a filament.
Some botanists regard these as gomdangia, each producing a
single gomdium.

In higher plants the sporangiui s not a single cell, but a
differentiated multicellular body.

In the group of the Bryophyta, or Moss-like plants, there are
no defimte sporangia, but the spores are produced 1n a special
part of the sporophyte, known as the capsule or sporogonium.
This must not be confused with a sporangium, as 1t contans
other gtructures than spores, 1t 18 a highly complex body, and
forms the greater part of of the sporophyte

In all plants above the Mosses the sporangium 1is a well-
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differentiated roundish or ovoid structure, possessing a wall or
coat, often furmshed with particular cells to secure 1ts opening
when ripe In the interior 1s a cavity, in which the spores
usually lie frec and present the structure already described

"The position of the sporangia variesalso  Usually they arise
on leaves, which are then known as sporophylls, each of which
may bear one, two, four, or many  They way be on the back
of the leaf, as 1n most I'erns, on 1ts edges, as 1n the case of the
megasporangia, or ovules, of most Phanerogams, or rits axil,
as 1n many Lycopodine , or embedded 1n 1ts substance, as in the
Ophwoglossacece and the anthers of the Phanerogams The
megasporangia of the Yew-tree among Gymmnosperms, and those
ot certain Anglosperins, arise on the axis o1 stem, and not upon
the leaves The niegasporangia are more frequently borne on
the axis than are the microsporangia

In many cases the sporangia are found i 1solated groups,
when each group constitutes a sorus, as in most Ferns  Somwe-
tunes the sporangia 1n a sorus are not 1solated but coherent
together, as 1n Maattia, and 1n the anthers of the Phanero
gas

When a plant bears both microspores and megaspores, spo-
rangia producing each kind may be present in the same sorus,
or a sorus may conslst of either micro- or megasporangia
Generally, though not always, the sorus 1s covered and pro-
tected by an outgrowth ot the surface of the plant, known as an
wmdusium  The sorus 1s represented 1n the Phanerogais most
clearly 1n the arrangement of the microsporangia of some Cycads,
which are collected into groups on the smitace of a modified leaf.
A kind of indusium 18 present in the Cupiessineee, where the
sporangia when young are covered by an outgrowth of the under
surface of the sporophyll

In other cases the sporangia are single and not giouped
Such sporangia then 1epresent sori, and each may be covered by
an 1ndusium, as 1 the case of the megasporangium of Azolla.
Some botanists hold that the coats or integuments which invest
closely the megasporangium of the Phanerogams, generally
called the ovule, represent this indusium.

‘When the spores are mature they are hiberated by the burst-
1ng of the sporangium wall, and they give rise to thewr gameto-
phytes after this liberation, the latter' thus being free from the
sporophyte. As already noted, however, an exception to this 1s
found 1n the case of the megaspore of the Phanerogams, which
germmnates @ ‘situ 1n the sporanginm (ovule).
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The megasporangium of the I’hanciogams shows consider-
able diversity of form in different plants. It will be convenient
to reserve a discussion of 1ts principal features till the end of the
present chapter, where 1t will be treated of under 1ts popular
name ovule

The Sporophoie or Infloiescence

In the sporophytes of all the higher plants, the sporangia,
and the sporophylls on which they arise, are collected together
to a greater or less extent, and thus give rise to peculiar modi-
heations of the oirdinary vegetative body In the so called
Flowering Plants, or Phanerogais, ths sporophylls with their
sporangla occur 1n special stiuctures known as flowers  Theso
n twin are usually airanged upon special branches, which forn
a branch system, sharply marked off from the remainder of the
plant This branch system constitutes what 1s generally called
the sporophore ox uiflorescence In many of the lower plants
the intlorescence 15 not so conspicuously shown, the sporophylls
often resembling the foliage leaves and not being collected into
tlowers  The term flower should not, however, be restricted to
the 80 called Floweiring Plants, but may be applied to any shoot
especrally adapted to spore-production The flower of the
Phanerogams consists of an axis, generally bearing leaves, which
may be of two kinds the sporophylls, or those which carry the
sporangia, and certain protective leaves which bear the name of
the periantli  Sometimes the axis bears no leaves, and the
sporangia are developed upon the axis 1itself, as in the case ot
the ovule of the Yew-tree Usually in Phanerogams the
flower 1ncludes two kinds of sporophylls those bearing
microsporangia, which aie named stamens, and those carrying
megasporangia, which are known as carpels. Many flowers,
however, contain only one of the two, and are then known as
stanmnate and pustillate respectively

The sporophyll may present many forms n most Ferns 1t
can be distingmshed from an ordinary foliage leaf only by the
presence of the sporangia on its under surface, in the Equ-
setums, or Horsetails, 1t 1s a peltate scale, several spring
together from the apex of the shoot, each bearing many sporangia
between the scale and the axis; 1n most Gymnosperms the form
varies from a structure simila:r to that of Equisetum, to a broad-
based, scaly leaf, with the sporangia on either 1ts dorsal or
ventral surface, asin the staminste and pistillate flowers of Pinus
respectively. In the Angiosperms the stamen is a club-shaped

VOL. I. u
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body with a swallen head, the carpel 18 moie leaf-like, looking
n 1ts sumplest form like a leaf folded upon 1its mdrib, as if
the latter were a hinge  Its upper surface so becomes internal,
and 1ts margins are umted in front, forming a closed chamber,
the ovary Often when several carpels aie situated side by
side, mnstead of their two margins uniting together, the margins
of each fuse with those of their contiguous neighbours, formmng
a single chamber

In plants higher 1n the scale than the Ferns the sporophore

Fie 190

Fig 190 Flowering stalk of the White Dead unettle (Lamium album),
with leafy bracts and verticillasters in their axile

forms a distinct branch system, easily distinguishable from the
vegetative one. 1In consequence of 1ts ultimate shoots taking
the form of flowers, 1t 18 known as the wnflorescence It shows
a very great variety of formn, depending on the mode of branching
and the relative development of its several parts These
varieties must be treated of in some detail

As 1 the case of the vegetative branch system, we have to
diseuss the axis and 1ts ramifications, and the leaves which are
borne upon 1t. The latter are all more or less specialised, but
fall 1nto two oategories, the leaves of the flower or ultimate
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branch, and those of the axis apart from the flower, which are
ancluded under the general term bract, or hypsophyll It will
be convenient to examine the latter st

1. THL BRACT

The term bract 18 properly applicd only to the leaf fiom the
axil of which a solitary flower o1 a floral axis arises  All other
leafy structures which wme found upon such an aus m the
cases m which 1t oceurs, and which therefore come between
the biact and the tlower properly so called, should be termed
bractlets or bracteoles  These two kinds ot bracts are, however,
not always distingmished 1n practice,
the term bract bemg hrequently used to
designate erther variety

Braets vary much 1n appearance
and 1 dinensions  Some of them are
of considerable size and green 1n colour,

Fr« 191

Fre 192 Fis 193

Fi1g 191 Flowening stalk of the Pumpernel ( {nagallss
arvensis) b, b Sohitary flowcrs arismmg from the
axil of the lcafy bracts, a, a Frg 192 Calyx of
the Marsh mallow (4lthea officinalis), surrounded
by an epicalyx or involucre ——Fig 193 Flower
of the Strawbeny (¥ragaria vesca), sutrounded by
an epicalyx or involucie

so that 1n most 1espects they are almost
indistinguishable from the ordinary
foliage leaves of the plant upon which
they are placed, as 1n the White Dead-
nettle (fig 190), and in the Pumpernel
(fig. 191, @, a). Such bracts can really
often be distinguished from the fohiage leaves only by theiwr
position with regard to the ﬂmver stalk or flower. In most

cases, however, bracts, although very commonly of a greensh
- &'}

.
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colour, are smaller than the fohage leaves In many plants
they may be known from the ordinary leaves not only by their
position, but also by ditferences of colour, outhne, and texture,
and by other peculiarities A number of them which are fused
together to form the cupule of the Oah (fig 197) are hard
and woody, i the Hop (fiy 216) they are membianous, mn
certamn plants of the Aracee and Euphoirbiacee, coloured, m
the flower heads of the Compositew, scaly, and other modifica-
tions also oceur

Sowmetimes, when a number of biacts are situated in a whorl
nnmediately below the calyx, 1t 16 difheult to deternne whether
they should be considered as a part of the calyx or as true
bracts, 1n most tlowers of the order M«lvacew, for instance,
we have a encle of leafy organs placed just below the calyx, to
which the term epiealys has been given (g 192).

Almost all inflorescences are furmshed with bracts ot some
Lkind or other, 1t frequently happens, however, that some ot
the bracts do not develop aillary flower buds, just in the same
mannet as 1t occasionally happens that lcaves do not produce
leaf-buds 1n their axils  In some cases the non-development of
flower-buds 1 the axil of bracts appeairs to arise simply from
accidental causes, but in others 1t occms very regulaily, n
the Purple Clary (Salvia Horminum) and the common Pine-
apple (fig 167), for example, there are numerous bracts without
flower buds placed at the apex of the intlorescence  Such bracts
are called empty. When bracts are absent altogether, as 1s usually
the case 1 the plants of the natural order Ciucifer e, and those
of the Boragqinacee, such plants are termed ebracteate, when
bracts are present, the intlorescence 18 said to be bracteate

drrangement and Duration of Bracts —Bracts follow the same
laws of arrangement as true leaves, being alternate, opposite, or
whotled, 1n different plants The biacts of the Pineapple fruit (sig
167) show 1n a marked mannex a spiral airangement

Bracts vary in their duration when they fall immediately after
the flower-bud expands, they are said to be deciduous, when they
1emain long united to the floral axis, they are persistent In some
plants they persist and constitute a part even of the fruit 1n the
Hazel-nut and Filbert they form the cupule (fig 198), 1n the Acorn
they constitute the cup (g 197), and 1n the Hop (g 216), 1n the
Fir-cones (figs 168 and 243), and Pineapple (fig 167), they persist
as membranous, woody, fleshy, or scaly appendages

Varetres of Bracts.—Bracts have received special names accord-
g to their arrangement and other characters. The bracts of
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that kind of inflorescence called an amentum or catkwn, as seen 1n
the Willow (fig 214), Oak, Hazel (fig 194), Birch, and other plants,
are usually of a scaly natuie, and are termed squame or scales,
o1 the bracts are desciibed as squamous or scaly The bracts of
the pistillate flowers of the Hop (fig 215) are of a similar character

When a circle or whorl of biacts 1s placed around one flowe, as
in the Marsh mallow (/ig 192) and Stiawberry (fig 193), or around
a number of flowers, as mn the Cariot (fig 195) and most other
Umbelliferous plants, they form what 1s tetmed an wnvolucre In
some Umbelliferous plants, as, for mstance, the Carrot (fig 195), there
are two involucres, one at the base of the primary divisions of the
floral axis or general umbel, @, and another at the base of each of
the partial umbels or umbellules, b, b, the former 1s then called the

Fic 194 Fie 195

Fig 194 Stamnate or male catkin of the Hazel (Corvlus Avellana), showing
a number of scaly bracts between the flowers —Fig 195 Compound
umbel of the Carrot (Dawcus Carota) «a General involucre b, b Partial
involucres or involucels

general wmuvolucre, and each of the latter an wmvolucel or partial
wmwolucre In plants of the natural order Composite, such as the
Margold (fig 196), Artichoke, Chamomuile, and Daisy, and in some
allied orders, a somewhat similar arrangement of bracts takes place,
and the name of wnvolucre 1s also applied 1n these cases In the
involucies of the Compositee there are frequently two or three rows
of bracts thus overlapping one another, the constituent braots of
these latter involucres have been termed phyllaries Sometimes
the bracts of an involucre grow together at their bases, and form
ultimately & sort of cup-shaped body surrounding the fruit, as the
cup of the Acorn (fig 197) and th® husk of the Filbert'or Hazel-nut
(Aig. 198), they then form what is called & cupule
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When a bract 18 of large s1ze and surrounds, as a kind of sheath,
a single flower or a number of floweis, so0 as to completely enclose

Fia 196

Fig 198 Camtulum of Marigold (('alen
dula), showing the flowers enclosed in
an involucre

Fie 197

them while they are young,
as m the Snowflake (fig 199),
the common Aium o1 Cuckoo-
pint (f1g 200), and Palms (fig
217),1t 15 called a spathe The
apathe 1s generally found sw-
rounding the kind of infloies
cence called a spadiv, as 1n the
Avum (fig 200) and Palm (fig
218), 1t 15 also very common
in other Monocotyledons The
spathe may be either green
like an ordinatry leaf, as in the
Cuckoo pint, o1 colouied, as
m Riwchardra @thiopica In
some Palms these spathes aie
of great length, occasionally
even as much as twenty feet,
and as many as 200,000 flowers
have been counted in them
Sometimes the spadix of a
Palm branches (fig 218), and

F1a. 198

Fig 187 Fruit of the Oak (Quercus Robur), surroonded by & cupule
Fig 198 TFruit of the Hazel (Corylus Avellana), with a cupule at its base

then we frequently find smaller spathes surrounding 1ts divisions,

which have been named spathelle

The term spathe 18 sometimes
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1estiicted to the large enveloping bract of the spadix , the biacts of a
similar character, which enclose only a single flower or at most very
few, as frequently occuis among Monocotyledons, are then called
spathaceous bracts

Besides the biacts which surround the head of flowers of the
Composite and foum an involucie 1t fiequently happens that the

Fie 199 Fie 200 Fia 201

Fig 199 Flower of the Spring Snowflake (Leucoyum vi1num), arising from
the axil of a spathaceons bract or spathe —Ftg 200 Spadix of Cuckoo
pint (47 um maculatum) enclosed in a spathe, a portion of which has been
removed to show the flowers within ——£#ig 201 Receptacle of the Cha
momile (Anthemis nobilis), bearing tubular flowers (Aorets), a, and
bracts, b, the latter are sometimes termed palee ——Fip 202 Locusta
or spikelet of the Oat (Avena sativa) gl, @l Glumes ps, pr Palec or
pales a Awn ansing from the dorsum of the outer pale, ps fs An
abortive flower

individual flowers or florets (fig 201, a) are also provided with hitle
bracts, b, which are then generally membranous in texture, and
colourless, as 1n the Chamomile These have received the name of
palee, or—to distinguish them from certain floral leaves found n
Grasses which are known by the same name—they may be termed
palee of the receptacle.

The only other bracts whigh have received special names are
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those found 1n plants of the Graminee and Cyperacee The partial
inflorescence of a Grass, which 1s texmed a locusta or spikelet, has at
1ts base one or two bracts, which are called glumes (fig 202, g1, g)
while 1n the Cypeiacese each flower aiises from the axil of one or
two similar bracts

2 THE AXIS

The various kinds of branching that have already been
examined have been seen to be three—the dichotomous, the
monopodial or racemose, and the cymose, usually sympodial
In the inflorescence we find the first of these doubtfully ;v not
at all represented, we have therefore to deal only with the last
two These are sometimes called Indefinite or Indeterminate
and Definite oo Determinate 1espectively In the foimer, the
primary floral axis 1s never termnated by a flower, hence 1t
has the power of either gtowing in an upward direction, in the
same manne1 as a stem or bianch has the power of elongating,
and thus adding to its length, o1 of dilating moie o1 less hoii
zontally There 1s consequently no necessary limt to the
growth of such an axis, and hence the name of Indeternnate
or Indefimte which 1s applied to 1t Such an axis develops
flower buds 1n acropetal succession as 1t continues to elongate ,
from them flowers are produced, and these, hike the buds of a
stem or branch, are commonly situated m the axils of leaves
which are here called bracts, as we have seen  All the floweis,
therefore, of an Indefinmite Inflorescence must be necessarly
lateral This nflorescence 18 also texmed monopodial The
general characters of Indefinite, Indeterminate, or Monopodial
Inflorescences depend therefore upon the indefinite growth of
the primary axis, while the ultimate axes which are developed
from 1t are termnated by flower buds In Definite or Deter-
minate Inflorescences, on the contrary, the primary axis 1s ter-
minated at an early period by the production of a flower-bud,
such an axis has therefore a it at once put to its growth n
an upward direction, and hence the names of Definite, Deter-
manate, or Termanal, apphed to 1t

Each of these primary divisions presents us with several
modifications, and a thnd class 18 not uncommonly met with,
which, as 1t mncludes both modes of branching, 18 commonly
spoken of as mazed. inflorescence

Before discussing the different forms of these, there are cer-
tan peculiaiities and varieties of the axis itself which we must
consider. %
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The term peduncle1s applied to the stalk of a solitary flower,
whether axillary (fig 191, b, b) or termnal (fig 199), and to a
floral axis which bears a number of sessile flowers (figs 211
and 212) , if the floral axis branches and each bianch bears a
flower ( figs 209 and 210), the main axis 1s still called a peduncle,
and the stalk of each flower a pedicel, if the axis 18 still
further subdivided, the general name of peduncle 18 applied

Fic 203 Fre 204

g 203 Hypanthodium of the Fig (Ficus Carica),
<howing pear shaped fleshy receptacle bearing
flowers on 1ts inner surface —#1g 204 Ocen
anthium of a species of Dorstenia —Fig 205
Female plant of Vallisneria spiralis, with its
flowers arranged on spiral peduncles

to the whole, with the exception of the stalks immediately
suppo1ting the flowers, which are 1n all such cases called pedicels.
When the floral axis 1s thus branched, 1t 18 better to speak of
the main axis as the primary axis (fig 210, a’), its divisions
a8 the secondary axes, a’’, and their divisions as the tertiary
axes, a''’, &c

Kawnds of Peduncle —Under certain cncumstances peduncles and
pedicels have received special names When a peduncle 1s elongated,
and gives off from 1ts sides sessile flowers (figs 211 and 212), or
branches bearing flowers (figs 209 and 210), it 18 called the rachus,
but 1f, 1nstead of being elongated, 1t becomes more or less dilated,
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and bears numerous flowers, 1t 18 termed the 1eceptacle The re-
ceptacle varies very much i form, 1t 19 flattened 1n the Cotton
Thastle (fig 223), conical i the Chamomile (fig 201), concave and
fleshy 1n the Dorstemia (fig 204), pear shaped and hollowed out i1n
the Fig (fig 203) It may assume a variety of other intermediate
forms

It should be observed that the term 1eceptacle 1s sometimes
applied to the extiemity of the peduncle or pedicel upon which the
paits of the flover ale placed This 1s, however, preferably called
the thalamus

Fia 206 Fie 207

Fig 206 Peduncleof the Lime tiee ( Ttlia eur opea) attached to the bract, b
Firg 207 Branch of Woodv Nightshade (Solanum Duleamara), with
extra axillary peduncle, and auriculate leaf

When plants which have no aerial stem bear flowers, the
peduncle necessarily arises at the level of, or under, the ground, in
which case 1t 18 called a scape or radical peduncle (g 200), as 1n
the Spring Snowflake, Tulip, Hyacinth, Primrose, and Cowshp
The scape may bear either one flower as in the Tulip, or several
flowers as 1in the Hyacinth

Forms of Peduncle —In form the peduncle 18 generally more
or less cyhindrical, but besides the departure from this ordinary
appearance exhibited by the receptacle just described, and 1its
modifications, it frequently assumes other shapes It may become
more or less compresséd, or grooved in various ways, or excessively
enlarged during the ripeming of the fruit, as in the Cashew-nat,
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or 1t may assume a spiral character, as in Tallisnera (fig 205)
other modifications also may occun

Sometimes the peduncle, or seveial peduncles umted, may
assume an 1rregular flattened appearance, somewhat 1esembling the
fasciated branch already desciibed, and may beam numelous flowers
m a sort of ciest, as 1n the Cockscomb, and 1n the Cauliflower, where
the united fleshy branches of the peduncle foum n 10unded mass
bealing on 1ts upper part abortive floweirs

Insertion —In speaking of the bianches of a stem, we found
that 1n some cases, instead of ansing in the axils of leaves, they
become extra arillary m consequence of adhesions of varlous kinds
taking place between them and the stem and other paits In hike
manner the peduncle may become eatra avillary by contracting
adhesions In the Lime tiee (fig 206) the peduncle adheres to the
midiib of the bhiact, b, for some distance, and then becomes free,
while 1n many Solanacew, as in the Woody Nightshade (fig 207),
the peduncle becomes extia axillary by forming adhesions to the
stem or hianch 1n various ways

We mav now proceed to desciibe the chief forms of inflores
cence belonging to the thiee kinds already mentioned

Indefinite 0y Racemose Infloy escence

This foom has been named botryose by Eichler, a term
which, howevei, does not seem preferable to the older name
racemose  As we have said, 1n this vaiiety of floral arrangement
the main ax1s 18 nevel tetminated by a flowes, but continues for a
considerable time to give off flowers just behind 1ts apex In most
cases the ax1s 1s elongated to a greater or less degree, and, as from
the mode of development the oldest flowers are farthest from 1ts
apex, then oider of expansion 1s acropetal ov ascending 1In
other cases the axis becomes conical, flattened, or even concave
at 1ts summt The growing apex 18 then at the summt of the
cone or lies 1n the centie of the flattened portion The youngest
flowers consequently appear 1n that position and the oldest ones
are at 1ts periphery. The order of expansion 1s 1n these cases
said to be centr ipetal.

A numbet of flowers being thus developed upon an elongated,
shortened, or dilated peduncle, several varieties of this kind of
mflorescence exist, depending upon the extent to which the floral
axis branches, the comparative lengths of the flower-stalks, or
their complete suppression, and other subordinate circumstances.
The chief forms may be descyibed under three heads: first, those
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which have an clongated prunary axis; second, those in which
the primary axis 1s shoitened , third, those in which 1t becomes
dilated and fleshy  The first two may be further subdivided nto
simple and compound ty pes, the foomer mcluding those in which
the main ax1s produces flowers only, the latter those in which 1t
develops secondary peduncles on which several flowers arise

A Foiyms possessing an Elongated Primary Axis

1, SIMPLE FORMS

The simple forms of this clags include the Raceme and the
Spike, with then vaiieties
a The Raceme —This 1s the simplest inflorescence of the
indefimte type, and fiom 1t the name 2acemose 1s derrved. The
elongated peduncle beais a number of flowers mn aciopetal suc-
cession, cach being fuimshed with
Fre 208 a pedicel When fully formed the
o pedicels are neaily of equal length
Examples of 1t occur 1n the Curiant,
Mignonette, Hyacinth, Labuinum,
Barberry, Fumtoiy, &  Such a
fourm 18 seen 1n fig 208, the 1aceme
of a species of Prunus It will be
noticed that the floweis at the lower
pait of the peduncle are fully ex
panded, while those at the apex aie
still in the condition of buds The
acropetal order of expansion 1s there
fore easily observable
b The Corymb —This1s a varety
of the 1aceme, 1n which the pedicels,
instead of bemng of nearly equal
length on the peduncle, are of differ-
ent lengths (fig 209), those (a”, a”)
Fig 208 Raceme of a species At the base of the puimary avis o’
of Oherry (Prunus Padus) being longer than those towards and
at the apex, so that the whole form a
level, or nearly level, top. Examples may be seen 1n some species
of Prunus (fig.209). It frequently happens that after flowering
the primary axis elongates, and the corymb becomes a raceme,
this may be seen 1n many Cruciferous plants, such as the Wall-

flawer or 8tock.
6, The Anthela.—In several species of Juncwus and Lusula

Y
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the pedicels of the lower flowers are so long that they are elevated
above the upper ones. The form of the inflorescence so becomes
concave on the upper surface This variety 1s known as the
anthela

d The Spike —This differs from the raceme only 1n the
flowers being sessile on the main peduncle, o if there are any
pedicels, they arc so short as to be indistingmishable without re-
moving the flowers fiom the axis  Examples of 1t may be seen
m the Rib-grass (fig 211) or the Vervam (f1ig 212).

There are four kinds of mdetimte inflorescence which are

Fie 209 Fie 210

Fig 209 Sumple corymb of a species ot Prunus (Cerasus) a Primary
axis, bearing bracts, b, b, from the axis of which pedicds, «”, a”, arise
fug 210 Compound or branchmng corymb of the wild Service tree
(Pyrus torminalis) o Primary axis a’,a” Sccondary axes a'l',a''’
Tertiary axes b, b, b Bracts

modifications of the spike. These are the Amentum or Catkin
the Spadur, the Locusta o1 Spihelet, and the Strobule

e. The Amentum or Catkin — This 18 a kind of spike which
usually bears monosporangiate flowers—that 18, only stanunate
(fig. 214), or only pistallate ( ig 215) ones The axis or 1achis1s
usually of a very weak character, so that the catkin 18 pendulous.
The flowers of an amentum are also usually separated from one
another by scaly bracts The stamunate catkins commonly fall
off 1n one piece, soon after the process of flowering. The bracts
have 1n some cases one flower and mn others several in thewr
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axils  \Il plants with this kind of mHorescence are called
amentaccons or amenliferons  Our trces attord numerous ex
amples, as the Oak, Willow, Bich, and Popla

f I'he Spadia s vspithe with v succulent axis i whieh the
mdividud lowars hive no spaaial bracts bat the whole mtlores
cencers enclosed mthat vty of bract which 1s clled v spathe
This 15 well secn m the Cuchoo pmt (fry 200), where the spadis

Firo 211 e 212 Fr. 213

Pog 211 Sprhc ot cspocr s of Rib grass (Zlantae 1) Lig 212 Spihe ol
Nervun (Verbenay L 218 Imtlonesconee of Whaat /2 tticum
enl joere )y consistine ol numcrous sesstle sprhadets un macd onowm donsatad
pedunc e (2aches)

mcludad m o the spathe bears stunmate ind pstllate Howars, the
lattar bemg ncnest its hase The tam spadin 1 also usually
apphicd to v succulent sprhe whethar envcloped i <pathe ov
not, s mthe Sweat Fhg ( leoras Calimus)

g dhe Tocustu or Spelclet This nune s given to the
ultimate branches ot the mtlorcscencd ol Grasses (frg 202) and
Sedges In the Giasses 1t 15 a spihe with a few tlowers, and
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these destitute of a tiue calvy ind corolly, than plue bang
occupied by palece or pales (fig 202, ps po) and the whole
mflorcscence sunounded at the base by one o1 two empty bracts

e 214 Fic 215

If

g 210 Stamn e ancutum or cithinof a spectes of
Wiallow (Salervy - - L 215 Pistillite o ¢ uwpellary
unentuie ol vspeeaes of Wallow, with by wts between
the Howers

(glumes), gl, gl  These spikelets may be either sessile on the
elongated peduncle or 1achis, as 1n the Wheat (f1g 213), or they
may be placed on a more or
less branched axis, as 1n the Fro 216
Oat (fig 220) .

h The Strobile —This 15
a kind of spike formed of per
sistent membianous bracts or
scales, each of which bears at
1ts base a prstallate flowar It
1s seen 1n the Hop ( /1y 216)

2 COMPOUND FORMS

Fiy 216 Strobde of the Tlop
(el Ly oliusy

The compound forms of
the 1acamosc type of mflo
oscence include all the modifications of thosc i wdy described
m which the moan peduncle hears secondary pedunclos mstead of
single lowars i the il ot the Inaets  The tollowimg ue the,
chiet varictios

v dhe Paoecle This 1s a compound 1 wcame, or onc mwhich
the scconduy paduncles beavwemes (g 217) 0 The ccond oy
axes niay thauschves branch m the same way as the prouuy
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one and form tertiary axes, &, the ultunate subdivisions of
which bear the owers  For an example we may take the Yucca
gloriosa

Sometunes the ultimate 1acemes are 1epresented by spikelets,
as 1n the Oat (f1g. 220)

k The Compound Corymb—This may be seen m some
species of Pyrus (frg 210) It 1s sometimes called a panicled
corymb It differs fiom the pamecle as the corymb differs from
the raceme

1 The Compound Spihe —An mstance of this 15 seen m the
Wheat and certain other grasses

Ko 217

Fig 217 Pancle

m The Compound Spadir —This form 1s seldom met with,
as the spadix does not often branch. Instances may be seen 1n
the Pahus (fig 218)

B Forms pussessing a Shortened Primary Axis

Of these we distinguish the sunple and the compound
Umwmbel.

n The Umbel —When the prunary axis 18 shortened, and
gwes off from 1ts apex a number of secondary axes or pedicels of
nearly equal length, each beaiing a flower, an wmbel 18 formed,
as n the Omon and Cowshp (f1g. 222).,. When the secondary
axes themselves divide, and form tertiary axes, which are also
airanged 1 an umbellate manuner, a8 gompound wmbel 18 pro-
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duced. This 18 seen mn the Carrot (fig 195), the Fennel (fig
221), and other allied plants, which are hence called wmbellr-
Jferous, and give the name to the Natural Order Umbellifere.
In the compound umbel (fig 221), the primary umbela1s called
the general umbel, and the other umbels, b, b, b, formed by the
division of this, partial umbels or wmbellules When the base
of the general umbel 18 surounded by a whoil of bracts (fig

Fie 218 Fic 219 Fie 220

Fig 218 Branched spadix of a Palm (Chame:ops), enveloped in a spathe
Fég 219 Inflorescence of Wheat (7riticum vulgare), consisting of nume
rous sessile spikelets arranged on an elongated peduncle (rachfs) ——
HFig 220 Branched or panicled arrangement of the spikelets of the Oat
(Avena sativa)

195, a), they constitute a general involucre. and 1f other bracts,
b, b, are arranged 1n a similar manner around the partial umbels,
each of these whorls of bracts forms an wnvolucel or partial
anvolucre. These varieties of arrangement have already been
alluded to when speaking of bracts.

When an umbel springs laterally from a stem 1n such a way
that there 18 no primary pedupcle at all, 1t 18 sometimes

VOL. L 1
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called a fascicle It must not, however, be confused with the
tascicle which 1s a valiety of the polychasiun (page 120)

Fie 221 Fro 222

Ig 221 Compound umbel of Fennel
« Gencrabumbel b b b Partial umbels
o b bules Ty 222 Simple umbel
ol vspeae of Al

¢ Forms with a Ddated Fleshy A

These can be seen to be constiucted 1 the same way as the
1aceme  In the latter the mam axis 15 v very mueh clongated
cong, and each flower m
branchis subtended by 1ts
bract In the simplest
forms of the flattened type
the cone becomes ieiry
much  <hoitened and
dilvted b oats base,so that
the ordar ot expansion of
the flowas s centrnipetal
vitha thm acopetal In
the more complhicated ones
the conical torm, by the
still further dilatation of
the basal region, becomes
comertcd mto a thittened
o1 even cup shapad recep
tacle 'The hacts of the
lower poirtion of the axis
muw be aggregated to
beg 223 Caprtalum of Scabon (e v cthar at the base of the

The outermost florets may b ob-ervad .
to be more ¢\ panded thin the mua 1cceptacle and form an




MO 1101 O oG N 11

mvolucte  In many cases, howeiecr, they aie suppressed en
tirely  Of this form of inflorescence we have three vavieties, the
capitulum, the cenantliwn, md the hypanthodium

o The Caprtulum, Anihodim, or Icadd —This mflores-
cence 18 usually foomed Dy  namber ot scssile flowers or
florets crowded togcther on a receptacle, and the whole sui-
rounded by an mvolucic (fig 228), but mn some cases the
florets are few 1n number, while fiom other ecapitula the
mvolucra are absent  The receptacle, as we have seen, may be
either flattened, as in the Cotton Thistle (frg 224), or shghtly
concave, o1 shghtly convex as m the Dandelhion, or conical, as
m the Chamomule

Fia 224

;
5]

N A

Fig 224 Capitulum of Cotton Thustle (Onopordum Vcanthium)

The capitulum 15 the umversal foom of inflorescence 1n
plants of the Natmal Orders Composite and Dipsacee , 1t also
occurs occaslonally m some others

p The Cananthiwn -~When, as i Doistoia (fty 226),
the receptacle 15 nearly tlat, but its mar ging are slightly curved
upwards, and the flowers very mmutc and embedded 1n 1t, we
have a form which has been texmed a cwnantliiim

q The Hypanthodium —This torm 15 shown in the Fig
(fry 225) The receptacle, which 1s conical in the capitulum, and
18 shightly concave, with tuined up rim,1n the cenanthium, m
the hypanthodium becomes a hollow cup, almost o1 completely

closed at the apex and having the flowers arranged all over the
12
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mside surface  The involucre, which 18 so prominent a featwie
of the capituluin, 1s absent from the hypanthodiun

Many of these types are found to merge into each other, and
the identification of some forms becomes difficult The only
difference between the spihe and the 1aceme bemng one of
length of pedicel, and this being a very vaiable part, 1t 1s
evident that the line of classification becomes somewhat arbi-
trary The inflorescence may change 1ts character as 1t grows
older, as has already been pomted out 1n the case of the corymb
Difficulties of 1dentification also sometiunes arisc 1n consequence
of the modification and suppression of bracts, and various distor-
tions that mav occur duiing giowth

Fic 225 Fiac 226

Fig 226 Hypanthodium of the ¥ig
(Picus Carica), showing pear-
shaped fleshy receptacle bearing
flowers on its inner surface

Fig 226 Ocenanthium of a species
of Dorstenta |

Definute or Cymose Inflorescence

In all kinds of definite inflorescence the primary axis, as we
have seen, 1s arrested mn 1its growth at an early age by the
development of a terminal flower-bud If the axis bears no
other flower, this 18 called a solitary terminal flower, and 1s
the sumplest form of this variety of inflorescence Examples of
1t may be seen 1n the Stemless Gentian (fig. 228), and 1n the
Wood Anemone. When other flowers are produced on such an
axis, they must necessarily arise f‘gkgm axillary flower-buds
placed below. the germinal one, these form secondary
axes (fig. 227, a’),“%ach of which in hke manner 1s ter-
minated by a flower-bud, 7, 1if further axes, a'”, are developed
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from the secondary ones, these also must be awllary, and
end i a similar manner i tlowers, f''/, these axes may
also form other axes of a like character, and so on. Hence
this mode of inflorescence 1s definute, deter munate, or ter minal,
1 contradistinction to the former or indehmite mode of
inflorescence already described, where the primary axis con
tinues to grow 1n length, and

never ends m a flower Fro
Defimte inflorescences aie
most common and regula:
in plants with opposite o1
whorled leaves, but they also
oceur 1 those which have
alternate leaves, as may
be seen m the species of
Ranunculus (frg 227) In
defimte 1nflorescences the
flower buds necessarily fol-
low a different order of
expansion trom those of
indefinmite mtlorescences In
them the texrminal flower 15
the oldest and consequently
the first developed (fig 227,
t’). and other flower-buds
are produced 1n succession,
either from the apex towards
the base ot the plant, if the
axis 1s elongated, "' f, o
from the centre towards the Fuy 227 A plant of Ranunculus bulbosus

circumference, 1f 1t 18 short- @« Prumary axis tetminated by « fully
expanded tlower, f/ a'' Secondary axis,
ened or dilated The upper-  which 1s also terminated by a flower, /",

wmost lower-bud of the clon 3ot oo ' Moy
gated primary axis (fig. 227,  which is less developed than f” and f”/
f), and the central one of the

shortened or dilated axis, open first, and the expansion of the
other flower-buds proceeds 1n succession downwards, or towards
the circumference, according to the character of the primary
axis. Such an order of expansion s called centrifugal. Hence,
while the indefinite kinds of inflorescences are characterised by
an acropetal or centripetal order of expansion, those of defimte
inflorescences are centrifugal. The name cyme 18 given to
many-flowered 1nflorescences of.this type.




118 MANUAL OF BOTANY

A Forms of Cymose Inflorescence with no Pseud axis

a TheSolitary Terminal 01 Axillary Flower —The simplest
kind of inflorescence of the cymose type 1s that presented by
such plants as the Pimpernel ( fig 191), in which solitary lowers,
b, b, are developed 1n the axis of what are commonly regarded
as the ordinary fohage leaves of the plant, a, @ The primary
axis of the plant bears thus several secondary axes, each ending
m a flower, which 1s therefore axillary when considered in
relation to the primary axis, but termmal as regaids the
secondary one  The main axis itself terminates m o flower
m the cases of the Gentian (fiy 228) and the Anemone
already alluded to  When such flowers are arranged 1 whorls
round the stem, as i1n Hippures, each lower being i the axil of
a leafy bract, they are said to be whoiled (fig 229)

Fic 228 Fie 229

11y 228 Sohtary termunal flower of Genfiana
acanlis —Fig 229 Whoiled lcafy bracts
wmd solituy walluy flowas of Mare’s Tail
CHippuris cilgarisy

b  The Dichasium —In this variety the man peduncle 1s
terminated by a flower, and some little distance behind the apex
two opposite bracts ocewi, fiom the axil of each of which
another peduncle arises, texnnated 1n ike manner by a tflower
Each secondary peduncle in hike manner gives rise to two more
flowers  This order of development may be continued for some
time  an mflorescance of considerable size resulting, as n
Erytloca Conlawraan (fry 231) - Very frequently the axes of
high order give 115e to only one flower mstead of two, the other
with 1ts bract not being developed The dichasium, fiom the
regularity of 1ts torhing, 1s sometimes called a false declivtomy
It can be distinguished from a true dichotomy by the prescnce
of a lower m the mele of the ok
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A diagram of the dichasium 1s given 1n figure 234 a

¢ The Polychasium —This differs from the dichasium only
1n having more than two secondairy axes springing from each
peduncle below 1ts ternunal flower Frequently the primary
terminal flower 1s suppressed, so that the secondary axes
appear to originate at the apex of the main peduncle without
reference to a flower The true nature of the inflorescence can,

Fic 230 Fic 231

F19 230 Dichasial cyme or dichasium of u species of Cerastium a Primary
axis terminated by a tower «a'’, a’’ Secoudary axes, two 1n number, aris-
g from the axils of opposite bracts, b, b, and terminated also by flowers
a', a"' a'" a" Tertiary axes, four in number, anising from bracts, b,
and bearing other bracts, b, from which the quaternary axes, eight in
number, arise, a'’”,a'", a’' The Howers arc more developed on the
primary axis than on the other axes, thus the one terminating that axis
is in the state of fruit, the flowers of the axes of a’’ and a’”’ are also in
fruit, but less dcvcloped than that of a’, while in the axes a’/’ the flowers
only are expanded —- Fig 231 Dichasial cyme or dichasium of the Cen-
taury (Lryth)wa Centanurum) a',a’,a'’,a'"" Floral axes f',f", f'',
S "Flowers termnuating those axcs respectively The flowers will be
observed to be ost developed in proportiou to their age, thus s” is in the
state of fruit, f*/, f"/, expanded , /', f'", !, and the others still in bud

however, be seen from the tact that the order of expansion
of the flowers 18 centrifugal lxamples can be seen in the
Laurustinus (fig 282), and others

A good deal of complication often arises from suppression of
the bracts, or from distortion due to condensation of the mter-
nodes or to wrregularties m growth. An example of this kind
may be found m the infloreseence of the Sweet William, a
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member of the Caryophyllacee This has been called a fascicle
Init the successive axes are developed so as to beartheir flowers
at the same level, forming a flat-topped cyme, which super-
ficially resembles a corymb

Fro 232

Fig 232 Polychasial cywme of Laurustinus (}tbwr num 1inus)

d The Cymose Umbel —This differs from the polychasium

1n having the main axis as long as, or longer than, the secondary

ones, 4 number of which arise

Fro 233 some little distance below 1ts

apex The secondary axes do

not give rise to tertiary ones,

so that the form of the true

o1 racemose umnbel 18 simu

lated The order ot expan-

sion of the flowers reveals 1ts

true nature Examples arc
seen 1n the Pelargoniums

hy 233 Dingram of Vertlust, "o The Vertillaster —

termmnated by a flower The This 1s a very much con-

o e e braml ot ooch  densed cyme, the flowers of

axis which have very short pedi-

cels, and therefore appear

almost sessile The first axis gives rse to two branches,

but the latter and their succeeding branches generally bear only

one each (fig. 288). The whole verticillaster appears much hike

a cluster of sessile flowers Instancesof 1t are afforded by most

plants of the natural order Labiate, which bear two such cymes

m the axils of opposite leaves, so that the flowers appear to
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surround the stem A pair of such axillary cymes 1s sometimes
called a glomerule (frg 190)

B Foirms of Cymose Inflorescence with @ Pseud axts

These can be understood by a comparison of them with the
dichasium (fig 284) Instead of the mmn peduncle bearing two
bracts each with a secondary axis mn1ts axal, only one 1s produced,
the other being suppressed, this secondary axis behaves like the
prunary one, bearing only one tertiary axis This mode of
development may be continued for some tuue, and thus, by the
coalescence of the parts of the successive branches below the

Fic 234

I3
a
A
4 D
F1g 234 Dlagram 1llustrative ot the constiuction of cymes | The

dichasinm B The hehicoid cyme (' £ The scorpionl cyme @, a, a?,
«’, the successive axes The fusion of portions of the latter to form the
sympodium is indicated by the thickencd lines 2 represents the con
dition of C after growth has straightened the sympodium

bract which each bears, a central axis, or rather pscud-axis, 1s
produced, which 1s at hrst zigzag or curved 1n shape, but which
frequently becomes straightened during subsequent growth.
This kind of nflorescence 18 called a sympodaal cyme.

The bracts of the suppressed axes are generally not developed,
but can occasionally be found. In any case the true nature of
the inflorescence may be ascertained by noticing the relation ot
the bracts to the flowers. Insthe raceme this relationship 18
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unmistakable , 1n the sympodial cyme a bract appears opposite
to the flower upon the axis, this showing that the flower 1s
really terminal, and the portion of the axis between 1t and the
biract 18 a part of a sympodium (fig 285)

When development 1s normal each flower 1s subtended
by a bract, that 1s, 1t arises in the axil of the latter

We can distinguish two forms of the sympodial cyme

f The Helicord Cyme —This form 1s produced when the
suppression of the successive axes takes place on the same side,
causing the sympodium to be cuiled up in the manner of a hehx

Fi. 235 Fic 236

Fig 235 Instances of helicord cymes (after Gray) The successive axes, a,
a', a*, &¢, are each terminatcd by a flower, and each arises on the antc
cedent axis in the uxil of a bract In the figure on the right, both bract
and secondary axis are suppressed continuously on the right-hand side
In the figure on the left, both bracts are represented, and the axis which 1s
suppressed is indicated by a dotted line — Fig 236 Helicoid cyme of
the Forget me not ( Mwosotis palustris)

(fig 284, B) The successive axes may be developed 1n a plane
at right angles to that of the main peduncle and 1ts first branch,
or 1n one which1s parallel to 1t Fachler distinguishes the latter
under the name of the drepanium.

Examples of the helicoid cyme may be found n many
Boragwnacee, ns the Forget-me-not (fig 236) and the Comfrey
(fig. 287)

g The Setorprowd Cyme.~—In this form, mstead of the
branches being guppressed umformly upon the same side of the
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dichasium, the suppression takes place on the two sides alter
nately (fig 284,C, D) Subsequent growth generally causes the
sympodium, which 1s at first z1gzag m form, to become straight
The parts of each axis above the insertion of the branch remain
weak and are displaced laterally, causing the inflorescence to
simulate the raceme, from which, however,1t can be distinguished
by the position of the bracts, as already described

Asn the last case, the branches may arise m the plane of the
original dichasium, o1 1n one at right angles to1t Eichler dis
tinguishes the former under the name of the rhupidium (frg 288)

The scorpiord cyme may sunulate the corymb, as mn the
figure last referred to, where the lengths of the successive axes
are such as to bring the flowers to the same height It can be

Fic 237

F1g 287 Helicowd cyme of Comfrey (Symphytum ofcinale)

distinguished from the true corymb by the position of the bracts,
and by the ongnally zigzag shape of the sympodium  Some-
times the bracts are not developed, when 1t becomes very difficult
to determine the true composition of this inflorescence.

Instances of the scorpioid cyme are found in the Sundew
(Drosera), the Rock-rose (Helranthemum), &e.

Mixed Inflorescences.

This kind of inflorescence 18 by no means uncommon. The
term 1s apphied to such colleeons of flowers as show a con-
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junction of both the types alieady discussed Various degrees
of complexity can be found, of which the sunplest occur when
the general inflorescence develops 1n one way and the partial
or individual inflorescences 1n the other  In some plants of
the natural order Composite (fig 239), the ternunal capitulum
18 the fust to expand, and the capitula, as a whole, are theiefore
developed in a centrifugal manner, while the individual capitula,
as we have seen, open their florets from the cucumference to the
centre, or centripetally , hence, heic the general inflorescence

Fr« 238 Fic 239 Fie 240

Fig 238 Diagram of the Rhipidium  The successive axes are marked a, a’,
a',&¢ The basal portions of each being thicker than the rest, a sym
podium of zigzag form results, as seen 1n the centre of the hgure The
order of expansion 18 seen 1n the lower figure as viewed trom above —
Fig 239 Mixed inflorescence of & species of Senecto ——Fiy 240 Figure
of the 1eversed raceme (after Gray)

18 definite, and each partial inflorescence indefinite. In the
Labtate we have the contrary arrangement, for the individual
verticillasters open their flowers centrifugally (f2g 288), but the
general inflorescence 1s centripetal.

The following forms also 1llustiate mixed intlorescence.

a. The Reversed Raceme —This, though of the cymose type,
18 arranged somewhat hke the true raceme, mnasmuch as the
main axis1s stronger than its branches, but these aie developed
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basipetally upon 1t (fig 240) The oldest flower terminates the
mam peduncle, two younger ones aiise from the axils of the
uppermost bracts, two still younger ones form those of the
next pair, and so on for a variable distance down the axis

The ultimate cymes of a polychasium often assume this foom

(fig 282)

Fic 241 Fie 242

Fig 241 Mixed panicle of the Privet (Ligustrum vulgare) a' Primary
axis a’,a"” Secondary axes a'’/,a'’ Tertiary axes ¢,c¢ The central
flowers of the respective clusters, which areseen to he in a more expanded
svt?'tln; than those surrounding or below them ——Fip 242 Thyrsus of

b The Mured Panicle —This 18 a compound infloreseence 1n

which the main axis 1s racemose and the secondary ones are
wregular A great many cases occur in which a repeatedly
branching inflorescence of the panicle type changes 1ts mode of
forming branches in 1its latter 1amifications. In the pamecle
of the Puvet (fig 241) we have the two methods 1llustrated
The main axis 1s racemose In 1ts general arrangement, but 1t
bears a terminal flower, the secondary and later axes are re-
versed racemes.

¢. The Thyrsus —This 18 somewhat more regular than the
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mixed panicle, which 1t resembles in having the mam axis
racemose The secondary and later ones are cymose, and the
successive branches are so disposed that the cluster 18 narrower
at the apex and base than 1t 18 1n the centre, having thus almost
the shape of a double cone Examples are seen 1p the inflo-
rescence of the Lilac and the Horse-chestnut. An almost com-
pound thyrsus 1s seen 1n the Vine (fig 242).

Laght 18 often thrown upon the construction of the forms of the
inflorescence by the study of the phyllotaxis of the plant The
racemose types are found associated with both verticillate and
alternate leaves, but the generally marked acropetal development
makes their interpretation easy Moire difhculty 1s found 1n analys-
ing some of the cymose forms The dichasium most frequently
occurs together with verticillate, and particularly with opposite
decussate leaves A polychasium may result from the suppression
of alternate internodes, the result being that, instead of two, four
axes of the dichasium arise together, the two younger being at right
angles to the two older In the Elder (Sambucus) there are
apparently five such axes, springing from the same point, thus
simulating an umbel The five axes consist of the primary one and
two successive pairs, which are severally somewhat distorted in
growth, ehch axis beais several subordinate ones, which may be
similarly arranged, and each ultimately bears several flowers

In some helicoid cymes, the flowers, which are seated on the
convex side of the cuived sympodium, arise mn two 1anks instead of
one This has been explained as a unilateral raceme, but there
appears to be little doubt that 1ts tiue nature 1s cymose The
appearance of two 1anks of flowers 1s explained by Eichler on the
giound of antridromy The phyllotaxis in such cases 18 spiral, and
the genetic spiral, instead of passing 1egulaily from right to left
1ound the axis, becomes 1eversed in the successive parts of the
sympodium, travelling in the first from 11ght to left, in the second
from left to right, and then again 1eversing its direction Examples
are seen in many of the Boraginacez

It 18 held by some botamsts that 1n a few of the plants of the
last-named Natwial Order, where the inflorescence 1s apparently a
hehicoid cyme o1 a umlateral raceme, the branching of the successive
axes 18 not lateral but dichotomous, the growing point of each axis
after the first dividing into two equal parts, one of the resulting
branches speedily terminates in a flower, while the other again
dichotomises

8. THE Fr.owzn.

The term flower may be appﬁed to any shoot which 1s spe-
cially modified in connectiqgwith spore-production. The term
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15 usually, but erroneously, restiicted to the Phanerogans,
m which this modification results in a structure generally of
pecuhiar form and often of great beauty and fragrance Flowers,
however, of a lower type of complexits than these can be
recogmsed 1 the Pteredo-phyta  The common Horsetarl
(Equasetun) has 1ts sporangia arranged upon a number of pel-
tate sporophylls which are aggregated in the form of a cone at
the apex of certain shoots (fig 248) These constitute a flower
which resembles the cones or flowers often found 1n the group
of Phanerogams known as Gymmnosperms (fig 244) Similar
arrangements are found among the Lycopodine, or Club-mosses
In the so-called flowering plants the floners ae the ultimate
branches or shoots of the nflor g, 243
escence They consist usually
of an axis beaing leaves, of
which some are sporophylls and
bear the sporangia, others are
perianth leaves and have only
a function subordinate to the
former. The apex of the axis
1tself sometimes constitutes the
flower, as1n the Yew tree, where
particula: branches bear at their
apex aterminal megasporangium
or ovule, which 1s not protected
by any fohar structuies Ina
few cases some of the sporangia
are borne by the axis, and others
by the sporophylls, as in the
Polygonacee, the Dock family
The axis here terminates 1n a
megasporangium much as n the Yew, but this 1s covered n by
a foliar outgrowth called the ovary Lower down on the axis
are certamn sporophylls, the stamens, which bear the miero-
sporangia, while below these again are certain perianth leaves.

The phyllotaxis of the flower, like that of the vegetative shoot,
may be either alternate or whorled In the former case the
leaves describe a spiral round the axis, in the latter they form
generally four definite whorls or series. Instances of the former
may be seen 1n the flowers of Pinus and other Comfers, and
among the higher plants in the Water-lly.

Spiral phyllotaxis 18 most usual 1n the Gymnosperms, and
whorled 1n the Angiosperms. .

Fa 244

Fiy 243 Cone of
Horsetail (Equise-
tum) —Fig 244
Cone of Hemlock
Spruce (Pinus
canadensis)
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In one of the most highly organised of the tlowers of the latter
group we can recogmse four whorls of leaves arranged upon an
axis or thalamus Usually the thalamus 1s ternmnated by the
ultimate whorl of leaves, but in some cases 1t grows out beyond
1t, and may then bear a number of ordinary foliage leaves
This 18, howevel, regaided as altogether abnormal, and only
occurs n consequence of some disturbance of nutrition The
internodes of the axis between the whorls of leaves aie usually
but histle developed, so that the latter are very closely pressed
together

The lower two whorls of leaves constitute the perianth, and
do not bear sporangia  The other two are sporophylls, and bear
microsporangia and megasporangia respectively.

The most external of the permanth whorls 18 known as the
calyxr, and 1ts leaves are called sepals They are usually green
and commonly sessile, they resemble foliage leaves 1n
structure and sometimes n appearance , they aire protective 1n
function.

The second whorl 18 the corolla, and 1ts leaves are petals
They are generally brightly coloured and delicate in texture.
In many cases they are stalked, when the stalk 1s texmed the
claw, and the blade the 7umnbd

In some flowers the calyx and corolla are very similar in
appearance, being either gieen or sepalmd, or coloured or
petalod  In a few cases they stand so closely together that it
18 difficult to see that there are two whorls present. In such
cases 1t 1s usual 1 describing the flower not to speak of calyx
and corolla, but to make use of the term peranth without
distingmishing 1ts constituent whorls

The third whorl 18 made up of the first set of sporophylls,
and bears the microsporangia This whorl 1s generally called
the andrecium, and 1ts separate parts are stamens. These
leaves are much modified in form, consisting of an upper
swollen portion, the anther, supported upon a somewhat slender
stalk or filament The anther 1s sometimes sessile, the filament
not being developed. Each anther usually contains either two
or four pollen-sacs, or microsporangia, n which are developed
the mcrospores or pollen-grams

The final whorl, which usually terminates the axis, 18 known
as the pustil or gynecrum. The sporophylls of which 1t 1s
composed are ealled carpels, and may be distinet from each other
or umted 1n various ways to form a sohd body. The Butter-
cup and the Poppy are instances of these cases respectively.
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Each carpel, or the body formed by their union, consists of a
hollow nferior part, the ovaiy, and a terminal sticky portion, the
stiggma  The stigma 1s sometimes sessile on the ovary, but 1s
generally separated from 1t by a slender stalk-like portion, the
style. The megasporangia or ovules are developed in the in-
terior of the ovary, generally arising from a fleshy development
of the edges of the carpel known as the placenta Sometimes
the placenta 18 borne upon the axis, and not upon the carpel

The true nature of the union of the caipels with each other
will be discussed 1n a succeeding section

It 18 customary to 1egard the carpels as sporophylls, even 1n
those cases 1 which the megasporangia really spring from the
ax1s, which 1n these cases protiudes mto the cavity of the ovary,
as 1 the Polygonacew, already mentioned Other 1nstances of
this are found 1n the Primulacee, the Primose family

Other structures are occasionally to be met with n certain
Howers In some of the genera of the Boraginacee and the
Caryophyllacee a scale or ligule 18 found at the junction of the
cdaw and the laub of the petals (figs. 308 and 3827) In the
Datfodil (frg. 828) these scales o1 ligules are coherent together
and foim a tubular structure known as the corona. Many
tlowers contain certain bodies which exciete a sugary lhiquid.
These are called nectaries They have no dehnmite position like
the parts already described, but may arise from the meta~
morphosis of vailous structures. Certain fohaceous scale-like
bodies known as staminodes may be found 1n some tlowers.
They may be of various shapes and sizes. These are always
formed by the metamorphosis of a stamen

Symmetiy of the Flower.

The term ‘symmetry’ has been variously understood by
different botanists It was formerly usual to describe a flower
as symmetrical when all the whorls of 1ts members have an
equal number of parts, or when the parts of one whorl are a
multiple of those of another Such a flower 18 preferably to
be described as wsomerous In some species of Crassula
(fig. 245) we have a lower composed of five sepals, five petals,
five stamens, and five carpels, n Sedum (fig 246) we have
five sepals, five petals, ten stamens in two whorls, and five
carpels, m the Flax we have five sepals, five petals, five
stamens, and five carpels, each of which 1s paitially divided into
two by a spurious dissepiment (fg 421), in Curcea (fig. 247)

vor 1 ’ K
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we have two members 1n each whorl, 1n the Rue (g 282) we
have four or five sepals, four or five petals, eight or ten stamens,
and a four- or five-lobed pistil, and in the Iris there are three
members in each whorl When the number of parts mm each

Fic 246

Fag 245 Flower of Crassula rubins ¢ Sepis  p,p Potals ee e
Stamens, 0,0 (‘arpels, at the bisc ot each ot which 1s seen a scale, @, a
Fig 246 Flower ot a dSedum

whorl 18 not the same, o1 when the parts of the largest whorl
are not a multiple of those of the smallest, the flower 1s hetero-
merous, as 1n Verbena, where the perianth has five parts
each whorl, and the sporophylls only four

Fie 247 Fic 248

©
N—

Fig 247 Diagram of the tlower of C1? cwa —— Frg 248 Diagram of the flower
of Staphylea pinnata

In an 1somerous flower the number of parts i1s indicated by
a Greek numeral prefixed to the termination -merous  When
there are two leaves in each whorl, as 1n Cucea (fig 247), the
flower 18 dumerous, and the symmetry 18 said to be bunary or two-
membered This arrangement 1s indicated by the symbol 37 When
there are three parts in a whorl, as 1n the Lily, the flower 18
trumerous, and the symmetry 18 ternary, trigonal, or triangular , 1t
18 indicated thus, . When there are four parts in a whorl, as
frequently 1n the Rue (fig 282), the flower 18 tetramerous, and the
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symmetry, which 1s marked , 18 quaternary or tetragonal When
there are five parts 1n a whoil, as 1 Crassula rubens (fig 245), the
flower 1s said to be pentamerous, and the symmetry, which 1s maiked
thus, ¥/, quanary or pentagonal

Of the above arlangements, the pentameious 18 most common
among Dicotyledons, although the tetramerous 1s by no means rae,
while the trimerous 1s geneally found 1n Monocotyledons

Although a symmetiical flower, as above deseribed, neces-
sarily mmplics that the parts of any whorl are equal to, or some
multiple of those of all the otheis, botanists have generally agreed
to call a tlower symumetrical when the threc outer whorls corre-
spond 1n such particulars, while the paits of the gynecium are
unequal to them, as 1 Staphylea pinnata (frg 284), where the
thiee outer whoils aie pentameious, while the pistil 18 dimer-
ous The gynccium, of all the organs ot the ower, 1s that which
least ficquently coriesponds 1n the number of its parts to the
other whoils

By most botamsts, howevet, a flower 15 said to be symmetri-
cal when 1t can be divided by any veitical section into two
precisely sunilar halves, the different halves produced by every
such section being exactly ahke Such Hlowers as those of the
Ialy, or Crassula (g 245), are mstances of this symmetry A
flower which 1s symmectiical in this sense 15 also called actino-
moiphic  Flowers which can be divided by only one such
section nto two sinular halves are called <ygomoirphic  Such
flowers are found 1n the Aconite, the Pea, the Dead nettle, &c
The line through which the section must pass to bring about the
1csult1s called the plane of symmet) y, 1t may be antero posterion,
as1n the flowers mentioned, ot lateral, as in the Funntory, or
oblique, as 1 some members of the Solanacew When a
division 1nto two similar halves 1s not possible by a section 1n
any plane, the flower 1s said to be asymmetrical

Various other terms are used in describing flowers, which
will be best alluded to here. A flower 1s said to be complete
when the four whorls—ecalyx, corolla, andrecium, and gynecium
—are present, as in the Rue (fig. 282) , when one o1 more of
the whorls 1s absent, the flower 18 tncomplete (frgs. 265 and 256).
When the parts of each whorl are uniform 1n size and shape, as
1n the Rue, the flower 18 regular ; under other circumstances 1t
18 ¢rregular, as 1n the Pea (fig. 808).

In a normal arrangement of the parts of the ower, the sue-
cessive whorls alternate with, each other, as shown 1n fig. 247,

- b 3]



182 MANUAL OF BOTANY

the sepals are here alternate with the petals, the petals with
the stamens, and the stamens with the carpels

We have seen that, when the leaves of the 1egetative branch
are antanged m whorls, these whols are developed 1n acropetal
succession, and the leaves of any whorl arise 1n such a position
as to stand over the intervals between the leaves ot the whoil
below 1t As the tlower 15 to be 1egarded as a moditied branch
with vertiallate phyllotaxis, 1ts parts should be ananged upon
the same plan as those of the vegetative branches The whorls
being four, we can devise what may be called o typical flower,
based upon this resemblance Such a Hower, therefore, should
possess a calyy, corolla, andicecium, and gynecium, cach of
which should be so axranged that its paits form but a single
whorl, the different whotls should consist of an equal number
of members, the parts of successive whotls should alteinate
with one another , and the members of each should be uniform
1 size and shape, and distinet from cach other and fiom the
neighbouring whotls  This normal o1 typical flower 15, however,
hable to various alterations, aising fiom several distuabing
causes, which modify and disguise one or mnore of 1its typical
characters Some of these causes have been alrcady alluded to
n the description of the different oigans ot the flower, but 1t
will be necessary for us to investigate them more tully here, and
classify them for systematic study

The more unportant deviations of the tower from the typical
character may be arranged under the following heads —

1 Irregularity of form 1n the members of one or moze of the
whorls

2 Multiplication of parts

3 Suppression or abortion of a whorl o1 part of a whorl.

4. Displacement, or interference with the regular alternation
of the whotls

5 Coalescence of the parts o1 members of a whoil with one
anothe:

6. Coalescence of the members of one whorl with those of
another.

7. Substitution of spiral for whorled phylHotaxs.

8. Metamorphosis of parts of the ower.

1. Irregularity of Form.—This 18 most commonly seen 1n
the perianth whorls. A sepal or a petal may develop a spur o1
prolongation downwards from 1ts base, as 1n the Larkspur or the
Indian Cress (fig 295). If only one such structure 1s formed
the flower becomes zygomorphic. A great vauety of form of
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both calyx and corolla 18 caused by unequal development of this
kind, and 1t will be convenient to 1eserve a detailed examination
of the most frequently occuiring cases till w e discuss these whorls
i detaa]l  Trregularity of this kind 1s also fairly common 1n the
whorls of the sporophylls

2 Addition o1 Multiplication of Parts —This mav be con-
sidered under two heads 1<t The addition of one or more
entne whoils m one or more of the floral eveles 2nd An 1n
ciense 1m the number of pairts of one oo more whoils The
former 1s commonly called awgmentation , the lattel, clhorisis,
deduplication, or unlimang

a. Augmentation -—The merease mn the number of whoils
may oceur m one or more of the floral (ycles The Bar-
berry (fig 249) has two whotls of sepals, two of petals, and two
of stamens, 1n this flowei, theiefore, we have an addition of one

Fie 249 Fio 250 Fie 251

Fig 249 Diagram of the flower of the Barberry (Be)beris) —Fiw 260

Diagram of the flower of the Poppy (Papaver) Fig 251 Diagram of

the flower of Buckthorn (Rhamnus cathar ticus)

whoil of members to cach of the thiee exteinal floral eycles
In the Poppy, we hayec a number of additional whotls of stamens
(fig 250)

The mncrease in the number of the whotls 1s most common
among the stamens Very frequently there 1s one extra whorl
intercalated heie, so that the stamens aie twice as numeious as
the sepals o1 petals So constant 1s this oceurrence m Mono-
cotyledons that many botanists regaid two whoils of stamens
as a normal feature of that group Such flowers are said to be
duplostemonous, in contradistinetion from those with one whorl,
which are called 2sostemonous.

The netwv whorl generally falls into symmetrical position wath
the others, being alternate with the outer stamens on the one
side and the carpels on the other, Sometimes, as1in Geramaces
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this alternation 1s not observed, and of the two whoils of sta
mens the outer 1s opposite to the petals This condition 1s
known as obdwplostemony In such aflower thedeparture from
typreal symmetry, due to multiphication, 1s complicated by a
farther one of displacement

A curious arrangement of augmented stamens is found m
the floweis of some Rosacee There are mn two species of
Cratequs ten stamens arranged i a single whoil, they are
not exactly opposite the sepals and petals, as they should be, on
the hypothesis of the addition of a whorl of five to the andrce-
cium, but stand in pairs opposite to the sepals In Nuttallia a
third whorl of five 18 added, which are opposite to the petals In
other species, additional who1ls of five each are present, making
as many as fifty stamens i some flowers

b Chorwsis or Deduplication —This 1s generally looked upon
by botanists as another means of multiphication of the paits of
a flower It consists mn the division o1 sphitting of a member
n the course of 1ts development, so that two or moie members
are produced 1n the place of one Chorisis differs fiom augmen-
tation in the fact that 1t not only mcieases the number of
parts, but also interferes with thewn regular alternation, for
augmentation does not necessailly inteifere with alternation,
though 1t may obscure 1t when the number of additional parts 1s
excessive, or when the whoils a1e crowded together

Chorisis may take place 1n two ways either transveisely,
when the 1ncieased paits aie placed one before the other, which
18 called vertrcal, parallel, or transvei se chorisis, o1 collaterally'
when the incieased paits stand side by side, which 1s texmed
collateral chorisis

T:ansverse clorisis 1s supposed to be of frequent occuience
The petals of Lychnis (fig. 327, a) and many other Caryo
phyllaceous plants exhibit a little scale on their inner surface at
the pomnt where the limb of the petal 18 united to the claw A
somewhat simlar scale, although less developed, occurs at the
base of the petals of some species of Ranunculus (fig 824)
The formation of these scales 1s supposed by many to be due to
the chorisis or unhning of an mner poition of the petal from
the outer Each petal of Parnassia (fig 826) has at its base a
petal-ike appendage divided into a number of parts, somewhat
resembling sterile stamens , this also1s conmdered to be produced
by transverse chorisis

In plants of the oider Rhamnacew ( fig. 261), and others,
the stamens are placed opposite to the petals, hence they have
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been supposed by many botamsts to be produced by chorisis from
the corolla, but others explain this opposition of parts by sup-
posing the suppression of an intermediate whorl Transverse
chorisis 18 frequently to be found in the andreecium, but 1t 18 less
frequent 1n the gynecium An example of transverse chorisis
1n the gynecium 18 furnished, however, by Crassula (fig 245),
where each carpel has at its base on the outside a little greemsh
scale a, a, which 1s supposed by somne to be due to 1t

It will be observed that, in the above cases of transverse
chorisis, the parts which are produced do not resemble those
fiom which they arise, and this appears to be a universal law in
this form of chorisis

Collateral Choiwsis —We have a good example of this form

Fie 252 Fic 253 Fie 254

Fig 262 Diagram of the flower of the common Walllower ——Fig 263
Flower of a species of Streptanthus, with the floral envelopes removed,
showing a forked stamen in place of the two anterior stamens From
Grav —Fig 2564 Diagram of the flower of the Fumitory

in the Stock, Wallflower, and other plants of the order Cruc-
fere (fig 252). Within the perianth we find six stamens, of
these, two form an outer whorl and stand opposite to the lateral
sepals, while the other four are placed m pairs opposite the
anterior and posterior sepals, forming an imnner whoil, the latter
has, therefore, four stamens instead of two, which result fiom the
collateral chorisis of those two This view 1s supported by the
fact that 1n the genus Streptanthus (fig 253), 1n place of the two
stamens, as commonly observed, we have a single filament
forked at the top, and each division bearing an anther,
which would seem to arise from the process of chorisis being
mcompletely cared out. The flowers of the Fumitory are also
generally considered to afford another example of collateral
ohorisis (fig. 254). In these we have two sepals, four petals n



136 MANUAL OF BOTANY

two rows, and six stamens, grouped together into two bundles
or phalanges The cential one of each bundle bears a two lobed
anther, the lateral ones have only half an anther each This
has been held to arise from chorisis of two original stamens It
18 possible, however, to regard each phalanx or bundle of stamens
as corresponding to a ternate leaf, each lateral lobe of which
bears two sporangia, while the central one bears four It may
be considered, indeed, that collateral choiisis 15 1llustrated by the
compound as compared with the simple leaf It 18 exident that,
on this hypothesis, collateral chorisis 1s only a form of branch-
ing of the staminal leaf Other examples of this modification of
the typical floweir are by some considered to be afforded by the
flowers of many species of Hypericum (fig 265, f, f), in which
each bundle of stamens 1s supposed to arise fiom the repeated
chorisis of a single stamen  Each bundle may, however, be due

Fre 255 I'te 256

1

Fig 255 Flower of Goosefoot (Chenopodium), with only one floral envelope
(monochlamydeous) ———Fig 266 Flower of the common Ash (Frarinus),
i which both floral envelopes are absent (achlamydeons)

to 1ts branching rather than toits repeated diviston The multi-
plhication of the stamens of (7 ategus already described (page 184)
may be due to this form of chorisis.

3 Suppression 07 Abortion —The suppression or abortion
of parts may either extend to entire whorls or be confined to
one or more parts of a whorl.

a. Suppression or Abortion of one or more Whorls.—We
have already stated that a complete flower 18 one which con-
tains calyx, corolla, andrecium, and gynecium. When a whorl
18 suppressed, therefore, the flower necessarly becomes incom-
plete This suppression may take place cither in the floral enve-
lopes or 1n the sporophylis.

Sometimes one whorl of the floral envelopes 1s suppressed, as
in Chenopodwum ( fig 255),1n which case the flower 18 apetalous
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or monochlamydeous , sometimes both whorls are suppressed, as
in the Ash (fig 256), when the flower 1s achlamydeous.

When fiom such suppression only one pernanth whorl 1s
present, 1t 18 usual to speak of 1t as the calyx, though 1t may be
petaloid or coloured, as i Caltha and Anemone Tts ealyemne
nature mn these cases can be deternmned by a comparatiy e exami-
nation of other closely 1elated flowers, as the Hellebore, where
the tiue petals have undergone a curlous change of foom In
some cases the calyx appeais absent, as i the Valerians and
most Umbellifera It 18, howevel, only partly lost, being unmted
thioughout most of 1ts length with the ovary, and only exposing
a rim at the top of the latter

Fie 257 Fie 258

Fig 257 Catkin of staminate flowcers of a species
of Willow (Salix) —Fig 268 Catkimn of pistil
late or carpellary flowers of the same

Suppression of a whoil of sporophylls 1s not uncommon, mn
such a case the flower 1s said to be wmperfect The andreecium
or gynzoium, o1 both, may be thus suppressed When the stamens
are abortive 1t 18 pustillate (fig. 258) , when the pstil 1s absent
1t 18 stamwnate ( fig 257)

b Suppiession of one or more Members of a« Whorl —This
18 & very common cause of deviation from typical structme, we
can here bring forward only a few examples

This suppression of parts 18 most frequent in the gynecium.
In Rhamnus (fig 251) we have five sepals, five petals, five
stamens, and three carpels; here two carpels are suppressed. In
the Pansy (fig. 259) we have agan a pentamerous flower, so
far as the calyx, corolla, and andréecium are concerned, but only
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three carpels, two carpels being here suppressed , in Legurninous
plants (fig 260) we have five sepals, five petals, ten stamens,
and only one carpel, four of the latter being here suppressed , 1
plants of the order Composite the ealy, corolla, and andreccium
have each commonly five members, but only two carpels are
present

In some species of Impatiens (fig 261) we have five carpels,

Fi¢ 259 Fie 260 Fic 261
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Fig 259 Diagram of the flower of the Heartsease (Viola) -—Fig 260 Dia-
gram of a Leguminous flower -——F2g 261 Diagram of the flower of
Impatiens par viflora

five stamens, and five petals, but only three sepals, here two
sepals are suppressed, i Tropeolum pentaphyllum (fig 262)
there are five sepals, and but two petals, three
Fio 262 ,f the latter being here abortive In the Labate
° and Scrophulariacee one of the stamens 1s
commonly suppressed, and sometimes three,
mn Lamwum we have five parts to both calyx
and corolla, but only four stamens, and in
/0 Q Salvia we have also five parts to both calyx and

14} &) 9 corolla, but only two stamens
(] f)) Besides these examples of the suppres-
Q—’ O sion of parts, there 1s another kind of suppres-
sion, to which the term abortion more properly
applies This consists in the degeneration or
F ‘gh§°§o£§:8;§';,‘,‘;‘ transformation of the parts of a flower
g::'l;:";in penta In Scrophularia the fifth stamen 1s reduced
to a scale, in the Umbellifere the hmb of
the calyx 18 commonly abortive, while 1n the Composite 1t 18
ether abortive ( fig. 291), or fnembranous ( fig. 292), or reduced
to the form of a number of hair-hke growths known as a

bappus. ot e
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Stamens which have undergone such degeneration are known
as staniinodes The anther 18 usually replaced by a somewhat
fohaceous expansion which has no pollen-sacs

In some cases such degeneration 15 accompanied by an
ncrease m the number of the members of othet whorls In
cultivated sem1 double flowers we fiequently find both stamens
and caipels partially replaced by petals, and the number of the
latter considerably 1ncreased

4 Dusplacement —This results in the superposition of ap-
parently successive whorls which m the typical flower aie
alternate with cach other In some cases 1t 1s only apparent,
and 1s due to multiphication ot the whorls, as 1n the Barberry
already described The result of the multiplication in the latter
18 that each petal has a stamen before and a sepal behind 1t
(fig 249)

In the Lily-of-the-valley theie 1s a si\ parted perianth, each
lobe of which has a stamen i fiont of 1t This 1s not due,
however, to displacement The perianth 1s the representative
of two whotls of leaves which alternate with each other, and
there aie two whorls of stamens within the perianth, also
regulaily altetnating The flower bemng very small, the bases
of all these leaves are ciowded closely together, the two whorls
of the perianth become completely fused into one, and the true
relation of the parts can be detected only by careful examination
and compatrison with the flowers of other members of the same
natural order

In many cases, however, particularly in the corolla and
andreecium, the members of two succeeding whoils are super
posed Allusion has been made to such displacement in the
case of the stamens of obdiplostemonous flowers, the outer whorl
of which 1s superposed upon the petals, while the inner one
stands opposite to the sepals In seveial natural orders— Plum-
bagwmacee, Primulac.e, and Rhamnacee, for example - the
stamens, which aire 1sostemonous, stand each 1n front of a petal
(figs 251 and 268)

The anteposition 18 generally explained by the suppression
of an external whoil of stamens between those remaining and
the petals Traces of these missing stamens are seen 1n some
flowers , for instance,1n some Prvmulacee there 1s found 1n this
posttion 1 the flower a whorl of staminodes

65 Cohesion of Parts, 01 the Coalescence of the Members of
the same Whorl.—We have seen that in the typical flower the
members of each whorl of floral leaves are distinet from each
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other  This 18, however, very frequently not the case, the
calyx, mstead of being evidently formed of a number of sepals,
appears hike a moie or less cup-shaped body with a number of
teeth The cup may be cleft nearly to the base, or the teeth
may be very small and almost inconspicuous  The corolls,
again, may be evidently detachable as a single stiuctmie The
teeth may be 1egular or imegular m size and shape, giving 11se
to many forms which will be deseribed in detail later The
stammal whorl 1s less fiequently affected by this coalescence,
but 1t 1s extremely common 1n the pistil

When a perianth whorl 1s made up of sepaiate leaves 1t 1s
sad to be polysepalous, or eleuther osepalous, eleuther opetalous,
& When the leaves are not fiee fiom each othei, 1t 18 called
gamo-sepalous o1 -petalous  When the stamens are united thus

Fie 208 Fic 264 Fia 265

Fig 263 Diagram ot the flower ot 1 spec es of Plumbago ——Fig 264
Monadelphous stamens of Malva —F1g 266 Triadelphous stamens of a
species of Hyperienm  a Pistil £ Unmted filaments ¢ Anthers

by then filaments, they are said to be monadelphous, as m the
Mallow ( fig. 264) Sometunes the apparent union does not 1in-
clude all the stamens, but these aie gathered together into two
or more bundles o1 phalanges, as in Hypericum (fig. 265)

A pistil whose carpels are distinet 18 saxd to be apocarpous,
a8 1n the Buttercup and Pheasant’s-eye, one in which they are
umted 18 called syncarpous, as i the Lily. The union may be
confined to the ovary, or may extend to the style and stigma

Sometimes the coalescence of the members of the whol
mvolves also those of thé next whorl above 1t. In the
Lily-of-the-valley both perwntiywhorls, which were originally
alternate with each other, have Hl coalesced into a six-toothed
bell, appearing hike a gamopeta¥gus corolla. These are said to
be gamophyllous. #
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In Rosa, Potentilla, and & few other plants of the same
fannly, the cohesion of the sepals 1s still more comphcated by
the fact that cach sepal 1s stipulate, and the stipules also are
coalesced into what 1esembles a whorl of bracts below the calyx
(frg 267) This 15 known as an epicalya , 1t must not be con-
fused with the cpicalyy ot the Mallow, which has o different
origin, as already desciibed

Though the term cohesion has been used to describe this
coalescence, 1t must not be supposed that parts origmally fice
have become umted The young leaves ornigimate on the thala-

Fia 266
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Fig 200 Apocarpous pistil ot the Pheasant seye (ddons) —— 1y 267
Flower of Strawberry, with stipular epicalyx 1y 268 a Diagram ot
three cirpels, placed side by side, but not umted & A transverse section
of the ovaries of the same ——ZFeg 269 a Diagram of thiree carpels umted
by their ovaries, the styles and stigmas bemng frce b A tiansvarse section
ot the ovaries of the same

mus as separate outgrowths, but the apical growth soon stops,
and basal growth leads to the outgrowth of the whole annular
zone of the young receptacle on which the leaves have appeared.
This sone 1s really composed of the bases of the separate
leaves, which are developed thus together, much as are the
wings of the separate branches of the epipodium of a pinnatifid
leaf.

A few cases of true cohesion of parts origmally free are
met with. In Asclepras the stigmas cohere together and to



142 MANUAL OF BOTANY

the anthers of the flower. 1In a species of Lonicera the ovaries
of two opposite flowers of an inflorescence unite to form a
connate fruit

Where the stamens of a tlower are gathered nto several
bundles, as 1n Hyperwwm, the condition 1s probably due to the
branching of a corresponding number of original protuberances

Other cases of coheston will be 1eferred to later

6 Adhesion of Parts, o1 Coalescence of the Members of one
Whorl with those of another —This again 18 a very common
disturbance  Normally, the several whorls are placed upon the
thalamus 1 such a way that their aciopetal oider of succes-
sion can be recognised The ovary stands at the apex of the
thalamus, and 1s said to be superior The calyx 18 as evidently
the lowest whorl, and 15 termed inferior The corolla and
stamens springing fiom below the ovary are said to be hypo-
gynous (fig 270)

Fic 270 Fio 271 Fiec 272

Fiy 370 Hypogynous stamens of Buttercup —- /19 271 Perigynous
stamens of Cherry -—#F1y 272 Penigynous flower ot Strawberry

Often, however, the base of the calyx scems to be spread
out mto a sort of cup, and the petals and stamens appear to
spuing from 1t at a httle distance from the thalamus The
corolla and stamens are then smd to be perwgynous (figs 271
and 272) The cup bearing the stamens and petals may grow
completely over and become fused with the wall of the ovary,
the latter 1s then said to be wnferior, and the corolla and stainens
are epigynous (fig 278) Though such a pistil appears to bear
the other whoils upon 1its apex, this 13 not really the case, 1t 18
always the termunal whorl

The cup appears to be the dilated base of the calyx, but this
appearance 18 msleading It 1g1eally the thalainus which has
become concave, and the fused calyx-leaves grow from 1t as do
the petals and stamens, )
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The true interpretation of the structure ot the interior ovary
depends upon a proper appreciation of the change in form of the
thalamus In some cases 1t arises from the early suppiession
of the apical growth of the latter and the continuation of the
development of 1ts peripheral tissue, which thus rises as an
annular sone or cup  On the margin of this cup are developed
successively the perianth and stamens The carpels aie de-
veloped at the true apex of the thalamus, and therefore at the
bottom of the cup, and then walls are fused with the mnterior of
the receptacular cup as development continues The outer wall
of the ovary 18 so formed of the hollowed out thalamus o1
receptacle This view of 1ts origin 1s supported by the fact that
1 some cases the ovary of the Gooseberry 1s found to have

Fic 273 Fie 274

Iy 273 Epigynous tlower of Myitle — Fay 274 Epipetalous
stamens of Primrose

one or two small foliage leaves springing from 1t, indicating the
axial nature of the outer wall

In other cases the apex of the thalamus does not cease
growing, but takes part in the concave growth The carpels
consequently arise at the top of the cup, closing 1t in and
growing downwards 1nto its cavity

Adhesion between the stamens and petals 1s very comumon
It 18 generally associated with cohesion in the corolla, and 18
accounted for by the outgrowth from the receptacle of an
annular zone from which spring both petals and stamens. These
arise from 1t by apical growth at first, but this 1s soon replaced
by basal as before described, and the whole of the bases of the
two whorls are so developed as a single band of tissue. The
origin 18 thus comparable to the fusion of all the perianth leaves
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1 the Laly-of-the.valley already described Such an arran
ment of stamens 1s called epipetalous (fig 274)

7. Sprral Phyllotaxis.—In the Gymnosperms both stamin
and pistillate Howers have frequently t
form of phyllotaxis Good instances :
afforded by the so called cones of ma
genera, which were formerly 1egarded
nflorescences  These structures constit
the pistillate flowers of such forms
Pinus, Abies, &e. (fry 275) Each cons:
of & woody axis on which the sporophylls.
artanged m a close spiral  Each sporoph

Fig 275 Coneof Hem 13 at flist succulent, but ultimately becon
lock rpruce (Pots hayd and woody It bears on 1its up
surface a large scale ke outgrowth

placenta, and at the base of the latter theire are two ovu
Simlar cones occur among the Cycads, some ot which hs
both mierosporophylls and megasporophylls so arrtanged  Spi
phyllotaxis also occurs 1 the Angilosperms in certamn famm
where the nounal phyllotaxis of the flower 1s whoiled, thoug]

I'ie 276

Fie 275

krg 278 Flower of the Wlinte Water bly (Vymphea alba) reduced 1n size.
After Jussieu ¢, ¢, ¢,¢ Thescpals p,p,p,p Petals e Stamens The
parts on the 1ight show the gradual transition from the sepals, ¢, to the
petals, p, and fiom these orgaus to the stamens, e The stamens from
1 to 5 are gradually more distinctive

18 less common than the other cases ot interference with typ:
symmetry There are two degrees mn which 1t exists a "
whole of the floral leaves may be airranged spirally, as in
Water-hly (Nymphea) (fig. 276). Here the members of
separate whorls show gradual transition from one form to
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next The outer leaves are green and sepaloid, as we pass
mwards their green hue 1s gradually 1eplaced by white, till they
are evident petals, theie 1s a simlar tiansition fiom petals to
stamens, the leaves becoming narrower and mdications of
anthers appearing at then summits, till the definite staminal
form 18 reached  Such flowers are known as acyclic  b. The
perianth may be 1n whorls and the sporophylls arranged spnally
This 18 the case 1 some of the Butteicups, where there are two
ser1es of spnals, the andicecium and gyneetum  They do not
show a transition to each other as in the former case Such
a flower 1s texmed lemicyclic  Sometimes the whoils of the
perianth are not tiue ones, but 1esult fiom a condensed spiral
This may be seen in such corollas as have a quincuncial estiva
tion (see page 20/)

8 Metamorphosis of Paits of the Flower —A modification
of the structure of the flawer, which 1s
not uncommon, 1s scen 1n cases wheie
one leaf o1 moie of either of the whotls
have assumed an abnormal appenrance
or stinctuie In the Aconite the petals
ame developed as two long slenda
bodies with a dilated head, whieh stand
together under the arched mpper sepal
(fig 277 In the Hellebore all the
petals are represented by small tubula:
bodies which are nectailes., In some
flowers again, particularly m cultivated
forms, we meet with cases where leaves
of the andicecium are developed as petals
This 18 most generally found m flowers
which have typically many stamens, ¢ g, Fig 277 A portion of the

Fie 277

i £t
Roses, Buttercups, & We have as a &‘::,f,?,,;;f%ﬁ?hgf
result so called double flowers. Occa merous stamens below,
and two stalked some

sionally such a metamorphosis occurs I what horn-shaped petals
wild flow ers. above

Other forms of interference with normal symmetry are due
to modification of the floral axis o thalamus These will be
discussed lates  Sometimes a flower which 1s normally zygo-
morphie, from a single petal being spurred, becomes regular
by developing spurs to all its petals Such a flower 1s called
peloric

VOL. I. L
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THE PARTS OoF THE FLOWER

We must now examine the structure of the flowe1r 1n greater
detail, dealing with the axis and 1ts modifications, and with the
peculiarities of the separate floral whorls

(1) THE THALAMUS

The part of the flower-stalk or axis which 1s above the mser-
tion of the leaves of the calyx, and so 1s within the flower, has
been variously distinguished by botanists as the thalamus, re-
ceptacle, and torus

In the majority of plants 1t consists of three undeveloped
mternodes, and accordingly presents no remarkable feature,
but in others 1t becomes much enlarged, and then assumes a
variety of appearances, and modifies to a considerable extent
the form of the flower In the species of Magnolia, L woden-
dron, and plants of the order Magnolace® generally, the thala-
mus 18 cylindrical (fig 407, a), n plants also of the oider
Anonacee 1t usually acquires a somewhat similar form, m the
Raspberry (fig 409, I) and species of Ranunculus (fig 270) 1t
18 conical, i the Strawbeiry (fig 272) hemispherical, n
Nelumbiwm (fig 278, thal) 1t 13 a large tabular expansion n
which there are a number of cavities contamning the separate
carpels Inthe Rose 1t forms a deep cup, upon the sides of which
the caipels are placed (fig 285, 1,1)

In the Prvmulacee, Santalacee, and 1n all cases where the
ovules are not developed upon the carpellary leaves, the thala-
mus becomes prolonged nto the cavity of the ovary and bears
the placenta (fig 488) At other times the thalamus becomes
prolonged beyond the ovary, as in the Geramacee and Um-
bellsfere, this prolongation 1s termed a caipoplhore In the
species of Geramum (fig 448, r), this carpophore forms a
long beak-like process, to which the carpels, cas, are attached,
and from which they separate when the fiwmit 18 ripe In
many cultivated flowers, as in the Rose, the thalamus some-
times acquires a monstrous development, and becomes extended
beyond the lower into a branch bearing fohage leaves (fig 279)
To this prolongation of the axis beyond the flower the term
medran prolification 1s usually apphed

In some plants the last internode of the thalamus becomes
elongated and forms a stalk to the ovary, to which the term
gynophore has been apphed; sometimes the internode between
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the perianth and the sporophylls elongates Examples may be
seen 1 some of the Cappardacee (fig 280 thal), m the
Pk (fig 405, g), Dictamnus (fig 427, g), and Xanthoxylon

(fig. 411, g)
Sometimes the thalamus presents certamn modifications of

TFie 278 Fie 279
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Fig 278 thal Thalamus of Nelumbium carn Carpels ——Fig 279 Mon-
strous development of the flower of the Rose, showing the axis prolonged
bevond the flower and bearing folinge leaves —— Fig 280 Flower of a
species of Gynandropsis, belonging to Capparidaceee cal COalyx cor
Corolla thal Prolonged thalamus or gynophore, supporting the stamens,
8t, and ovary, ov

form which are seen between the floral whorls  They are due
to changes 1n particular nternodes, and generally occur above
the perianth leaves Any such modification of the thalamus 1s
known as the dusc. Under this term we include all bodies, of

whatever form, except sporophylls, which are situated on the
L2
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thalamus between the calyx and gynecium, or which are upon
or 1n connection with either of these organs, but which cannot
be properly referred to them

The disc 1s developed m a ‘auety of forms, in the
Orange and Rue (fig 282) 1t fooms a fleshy 11ng surrounding

Fie 281 Fic 282

Fig 281 Flower of the Fennel ( f@niculum capillaceum) The ovary is sur-
mounted by a dise, d —Fig 282 Flower of the Rue (Ruta graveolens)
The pistil is surrounded by a disc 1n the form of a fleshy hypogynous ring,
on the outside of which the stamens are inserted

the base of the pistil, 1n the Tree Pwony (fig 283) 1t occurs as
o dark red cup-shaped expansion coveiing nearly the whole of
the pistil except the stigmas, 1n the Cherry (fig. 271) 1t forms a

Fio 283 Fra 284

Fig 283 Pistil of the Tree Peeony (Pronta Moutan or Moutan oficinalis)
invested by a large cup-shaped expansion or disc ——Fig 284 Pistil of
St op (Sedum), ting of five distinct carpels, on the outside of
each of which at the base a small scaly body may be noticed The pistil
is compound and apocarpcus

sort of waxy lining to the receptacular tube. In other cases the
disc1s represented by little separate glandular bodies, as1n some
Cruciferous plants; or by scales, as in the Stonecrop (fig. 284)
and Vine (fig 844); or by various petaloid expansions, as in the
Columbine.
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A peculiar swelling upon the summit of the inferlor ovaries
of the flower of the Natural Order Umbecllifere 18 also gene-
rally 1efeired to as a variety of the disc, though 1t 1s above
istead of below the gynzcium Tt forns a conical swelling
which surrounds and adheies to the bases of the two divari-
cating styles On this account 1t 1s sometimes called a stylo-
podium

The dise 1s texmed hypogynous, perigynous, or epigynous,
according to 1ts position with 1eference to the ovary

(2) THE WHORLS O} PERIANTH LEAVES

a The Calyr

The calyx 1s the outermost envelope of the flower, and 1s
composed of two o1 more leafy membeis called sepals  These
sepals are usually green like the foliage leaves, by which cha-
racter they may, m most cases, be distinguished from the petals,
as well as by the position and more delicate texture of the latter
There are numelous nstances, howevel, especially when the
number of petals 15 much meieased, m which there 1s a gradual
transition fioms the sepals to the petals, so that 1t 15 difhcult or
almost 1mpossible to say, 1n many cases wheire the calyx ends
and the corolla begins The White Water-hly (fig 276) affords
a famihai and good 1llustiation of this  In some plants, again,
the green colow disappears, and the calyx becomes coloured
with the same tints as the corolla, oo with some other bright
hues 1In such casesit 1s saxd to be petalord, and the chief
distinctive character between 1t and the corolla 1s then afforded
by 1ts position on the outside of the latter organ The Fuchsia,
Indian Cress, Columbine, Laikspur, and Monkshood may be
mentioned as affording famihar examples of a petaloid calyx
amongst Dicotyledons. In Monocotyledons generally, as in the
Lily, Iris, Tulip, Crocus, and Squll, the two floral envelopes,
although sometimes green, are usually coloured and resemble
each other so closely 1n other respects that the collective name
of perianth 1s used to indicate the two whorls taken together.
‘When theie 1s but one whorl of floral envelopes, as 1n the Goose-
foot (fig 255), 1t 18 customary to call this the calyx, whether 1t
18 coloured ot green.

In their structure, venation, and characters generally, the sepals
1esemble the fohage leaves They exhibit various characters as
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1egards their figure, margins, apex, &c, although they are by no
means liable to such numerous variations in these particulars as are
the blades of foliage leaves The terms used in defining these
modsfications aie the same as those applied to the blades of leaves

Sepals are almost without exception destitute of a stalk, or, 1n
other words, they are sessile upon the thalamus They are also
generally entire at their margins, although exceptions to this latter
character occasionally occmx 1n the Pmony and Rose (sigs 285,
¢f, and 302, cf) the sepals are incised, 1n many species of Dock
they are toothed, in Chamelaucvum plumosum each sepal 18
divided into five deep lobes or partitions, and 1n Passiflora faetida
the sepals are pinnatisected, and each segment 15 pinnatifid

The sepals may be either distinct from each other, as 1n the
Poppy, Buttercup, Wallflower, and Stiawberry (fig 267), or
more or less united 1nto one body, as n the Pimpernel (fig 287),

Fic 285 Fie 286

Fig 285 Vertical section of the flower of the Rose 7,7 Concave thalamus,
upon which are placed several carpels, o, o, each of which is furnished with
a style and stigma, s e, e Stamens —Fig 288 Flower of Monkshood
(Aconstum Napellus), with an 1rregular polysepalous calyx The upper
gepal {8 hooded or helmet-gshaped

Campion, and Henbane (fig 288). In the former case the
calyx 18 usually termed polysepalous, or dralysepalous, i the
latter 1t 18 commonly called gamosepalous.

1 PoryserALOUS oR Drarysepanous Canvx — A polysepalous calyx
may consist of two or more parts, the number 1s then indicated by
8 prehix of Greek numerals, 1t 1s disepalous when 1t 18 composed of
two distinct sepals, #r2sepalous when 1t has three, and so on

A polysepalous calyx 1s called regular 1f 1t consists of sepals of
equal size and similar form, and 1s arranged n a symmetrical
manner, 88 1n the species of Ranunculus (fig 227), and 1t 18 said
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to be wrregular when the sepals vary in these particulars, as i the
Monkshood (fig 286)

2 Gamoseranous Caryx —When the sepal are united so as to
form a gamosepalous calyx, various teims are used to indicate the
different degrees of fusion  The union may involve only the base

Fie 287 Fi. 288 Fic 289

Fig 287 Partite nferior calyx ot the Pumpeincl (Anragallrs) — Fig 288
Urceolate calyx of the Henbane (Huoscyamus) —Fig 289 Bilabhiate
calyx of the Dead nettle (Lamium)

of the 1éaves, as 1n the Pimpeinel (7ig 287), when the calyx 15 said
to be partite, or 1t may extend to about the middle, as in the
Centaury, when 1t 15 cleft o1 jussured , or the sepals may be united
almost to the top, as 1n the Campion, when 1t 1s loothed, or the
union may be quite complete, when 1t 1s entire The number of
partitions, fissures, or teeth 15 indicated by the same prefixes as
those previously referred to

as used 1n describing the Fre 290
divigions 1n the lamina of a
leaf, and 1n the majority of
cases 1t corresponds to that
of the component sepals of
which the calyx 1s formed,
although exceptions to this
rule sometimes occur, as for
stance 1n those cases where
the divisions are themselves
divided 1nto others A little
care 1n the examination will,
however, generally enable the Fig 290 Vertical section of the fower of the
observer to distinguish the — Myrtle (Myrius communis) cal Tubeof the
primary from the secondary calyx adherent to the ovary,o s Stamens
divisions. When a gamosepalous calyx 1s entire, the number of
sepals can then be ascertained by the venation, as the prineipal veins
trom which the otheis diveige geneially correspond to the midribs of
the component sepals In a gamgsepalous calyx 1y which the union
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exists 1n a marked degiee, the pa1t wheie the sepals are umted 18
called the tube, the fiee portion the limb, and the oiifice of the tube
the throat o1 faw. (ngs 288 and 289).

If the unon between the sepals 1s unequal, o1 the paits are of
different sises, o1 of nregular higures o1 forms, the calyx 1s said to
be wrregular (ny 289), 1it, on the contiary, the parte are alike m
hgue and form, of the same si1ze, and umted so as to foom a sym-
mett1cal body, 1t 18 reqular (g 288) Some varleties of the nregulay
and also of the 1egular calyx have 1eceived specinl names In
the Dead nettle (fig 289), the irregular calyx 1s said to be labuate,

Fiec 291 Fie 292 Fic 293 Fic 294

Fig 291 One of the tubular florets of the Ox eve (A2 ysanthemum) The
calyx 18 completely united to the ovary and presents no appearcnce of a
himb ——F1g 292 One of the tubular Hoiets of the Suntlower (Helianthus)
The lunb of the adherent caly« 1s membranons — Ftg 293 Fruit of the

Valerian surmounted by a feathery sessile pappus
Scablious surmounted by a stalked pilose pappus

f1g 29¢ Frat of

bulabate, or lipped, because the five sepals of which 1t 18 composed
are united 1n such a manner as to foom two lips Of the regular
foims of the gamosepalous calyx a number are distingmished under
the names of tubular, bell-shaped or campanulate, urceolate (fig
288), conucal, globose, & The application of these terms will be
further ehown when speaking of the coiolla, 1n which similay forms
occur, and 1n which they are usually more evident

The tube of a gamosepalous calyx, or of that of a perianth (the
parts of which, like the sepals, a1e fiequently united to a varyng
extent), sometimes adheies more or less to the ovary, as 1n the Ius,
My1tle (fig 290, cal), mn all the plants of the order Composite and
n those alhied to 1t (figs. 201 and 292), and in numerous other
plants. When this takes place, the calyx 1s said to be adierent, o,
because 1t appears to rise fiom the summit of the ovayry, superior,
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the ovary 1n such a case 1s then described as wnferwor When the
calyx 1s free, o1 quite distinct fiom the walls of the ovairy, as 1n the
Pimpernel (f1g 287), Wallflower, and Poppy, or from the free carpels,
as 1n the Buttercup, 1t 18 said to be free, non-adherent, or mnferior,
and the pistil 1s then termed super 107

When the calyx or peuanth 15 adherent to the ovary, its limb
presents vailous modifications 1n the I1is, Crocus, and Oichids, 1t
18 petalowd , 1n the Quince, foliaccous (fig 299), in the Sunflower
(ng 292) and Chamomile 1t 18 membranous, i the Madder 1t
exists only 1n the form of a circular rim, while 1 the Ox eye 1t 18
altogether absent (fig 291) In the two latter cases the calyx 1s
commonly described as obsolefe In many plants ot the oider
Composilce and the allied orders Dipsacec and Valerianacee, the
hmb of the calyx 15 only developed 1n the foim of « cicle or tuft ot
bristles, hans, or feathery processes, to which the name of puppus
15 given, and the calyx under such cucumstances 15 said to be
pappose  The pappus 15 further desciibed as feathery o plumose,
and sumple o1 plose, 1t 1s feathery, as n the Valenan (fg 293),

e 295 Fic 296

g 295 Flower of
the Indian Cress
(Z10pceolum) c
Spurred calyx
Iig 296  Calyx
of Hibwseus sur
rounded by an
cprcalyx or in-
voluoie

when each of 1ts divisions 1s coveled on the sides by little hair-
hike projections arranged like the barbs of a feather, and pulose
when the divisions have no maiked projections from their sides,
as 1n the Dandelion and Scabious (fig 294) The pappus 1s also
described as sesstle when 1t arises immediately from the tube of the
adherent calyx, and thus apparently from the top of the ovary ot
fiwt, as 1n the Valerian (g 293), and stalked o stipitate, if 1t 1
1a1sed above the ovary or fruit, on a stalk, as in the Dandelion and
Scabious (fig 294)

MoDIFICATIONS AND APPENDAGKS OF THE CaLyX —The calyx,
whether gamosepalous or polysepalous, 1s subject to various other
irregularities besides those already alluded to, which arise from
the expansion o1 growing outwapds of one o1 more of the sepals
or the tube mto appendages or processes of different kinds.
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In the Monkshood (fig 286) the superior sepal 1s prolonged
upwards 1nto a sort of hood o1 helmet-shaped process, and 1s said
consequently to be kooded, helinet-shaped, or galeate  In the
Walltlower, and other plants of the Crucifere, the two lateral
sepals are expanded on one side at the base into hittle sacs or
pouches, and arc termed gibbous o1 saccate  If the calyx has
one o1 more tubular prolongations downwards, 1t 1s said to be
spurred. Only one spu1 may be present, asm the Indian Cress
(fig 295, ¢), where the spur 1s formed by three sepals, or in the
Larkspur, wherc 1t 1s formed by one, o1 cach of the sepals may
be spurred In Pelargonwwm the spur, instead of being free
from the pedicel as in the above nstances, 1s adherent to 1t

On the outside of the calyx of some floweis, as n those of

Fic 297 Fia 298 Fiec 299

Frg 297 Flower of the Poppy, showing a caducous calyx ——Fig 298 Accres
cent calyx of the Winter Cherry (Physalis Alkekengr) —Fiyg 299 Ver
tical section of the fruit of the Quince (LPyrus Cydonia), showing the tube
of the calyx adherent to the matured carpels, and forming a part of the
pericarp the free portion or limb being foliaceous

many plants of the Malvacee (fig 296), Caryophyllacee ( fig.
300, b), and Rosacee (fig 267), there 1s placed a whorl of leaf-
hke organs which 1s considered by some botanists as an outer
calyx, and to which the name of epicalyxr or calyculus has
accordingly been given The tiue nature of this outer whorl
1n the several cases has already been discussed

DuratioN oF THE CaLyx —The duration of the ealyx vaiies
n different flowers. It 1s caducous or fugacious when 1t falls
off as the flower expands, as 1n the Poppy (fig. 297). In Esch~
scholtzia the calyx, which 1s caducous, separates from the hollow
thalamus to which 1t 1s articulated, in the form of a funnel, or
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the extinguisher of a candle A somewhat similar separation of
the calyx occurs in Eucalyptus, except that here the part which
18 left behind after the separation of the upper portion evidently
belongs to the calyx, instead of to the thalamus, as i the former
mstance In these two latter cases the calyx 1s said to be calyp-
trate or operculate When the calyxfalls off at about the same
tune as the corolla, as 1n the Crowfoot o1 Butteicup, 1t 1s called
deciduous  In other cases the calyx remains after the flower-
1ng 18 ovel, as 1n the Henbane (fig 288) and Mallow, when 1t 18
described as persistent When the calyx 1s adherent or superior
1t 18 necessarily persistent, and fois a part of the fruit, as in
the Quince (fig 299), Apple, Pear, Melon, and Cucumber

When 1t 1s persistent and assumes a shrivelled o1 withered
appearance, 1t 1s said to be marcescent, when 1t 1s per-
sistent, and continues to grow atter the corolla has fallen off,
80 as to form a bladdery cxpansion round the fruit, as 1 the
Winter Cherry and other species of Physalus (fig 298), 1t 18
ternied accrescent - ’

* b The Coirolla

"

The corolla 1s the mner envelope of the flower It consists
usually of a single whoil of leaves, called petas In a complete,
flower (frg 245 p) 1t 1s situated between the calyy and andree-
cium, and 1s generally to be distinguished from the former, as
we have already seen, by its coloured nature and more delicate
structure ~ When there 1s but onc whorl of perianth leaves, as
we have also before noticed, this 1s to be considered as the calyx,
and the flower 18 then termed apetalous or monochlamydeous.
The corolla 1s usually the most showy and conspicuous part of
the flower, 1 some rare cascs, however, 1t 1s green like the calyx,
as In certain members of the Natural Order Asclepradacee
The fragrance of a flower 18 associated with 1ts petals

The corolla 18 sometimes smooth, but very frequently its
surface bears hairs of various forms and colours, particularly in
those flowers which are pollinated by mnsects  Tetals are fre-
quently narrowed below into a stalk-like portion, which corre-
sponds to the petiole of the leaf, as 1n the Wallflower and Pink
(fig. 801), the narrow portion 18 then termed the wunguis or
claw, o, and the expanded portion the Zumd, [, and the petal 18
said to be unguiculate or clawed In this particular, petals
must be considered to resemble the foliage leaves more than the
gepals do, as the latter organs are almost without exception
sessile, or destitute of claws.
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The shapes of the petals, like those of the sepals and leaves, ae
subject to great vanation They may be linear, oblong, lanceolate,
elliptrc, ovate, cordate, & The application of these terms, having
been already fully explained when speaking of leaves, need not be
further alluded to The condition of then maigins also, the manner
1 which they are divided, and then terminations, aie also indicated
by the same terms as those which we have already made use of 1n
desciibing toliage leaves The petals may be dentate, serrate, cleft,
par tite, -sected, acute, emarginate, &c  One particular condition of
the margins does not occur 1n the case ot the leaves , then edges are
somewhat deeply slashed or divided, so as to present a number of
long, narrow, almost thread like processes When this 1s the case
the petals are said to be fimbrwated or franged  The condition 18 seen
1m some species ot Dwanthus (ftgs 300 and 301)

Fis 300 Fre 301

F1g 300 The flowcr of a species ot Pink (/tanthus) b Bracts, forming an
epicalyx or mvolucre ¢ Calyx p,p Petals, the hmbs of which are
fringed at their marging e Stamens —JF2g 301 One of the petals of
the same flower o Claw or ungme 7 Limb, wiichis fringed at the
margins

In texture the petals are commonly soft and dehicate, but they

sometimes differ widely from this, and become thick and fleshy,
as 1n the Stapelias, or dry and membranous, as 1n the Heaths,
or staff and hard, as in Xylopra

The petals also, like the sepals, may be either distinet or

more or less unmited into one body In the former case, the
corolla 18 sa1d to be polypetalous or dralypetalous ( figs.300-808),
1n the latter, gamopetalous (figs 804-321).

1. PoLYPETALOUS OR DiaLyPETALOUS CoROLLA —The number of
petals which enter mto the compomtion of the corolls is expressed,
a8 10 the case of the polysepalous calyx, by a prefix of the Greek
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numerals A covolla of two petals 15 samd to be dipetalous, of
three, tripetalous, and so on

When the petals are all of the same size and of similar form,
and are arranged in & symmetiical mannel, the corolla 18 termed
1eqular, as mn the Rosacee (figs 267 and 302), but when the
petals vaiy in these particulais, as in the Pea and allied plants
(figs 260 and 303), 1t 13 sard to be wregulai  Several varieties of
1egular and 1rregular polypetalous corollas occu

A Regular Polypetalous Corollus —Of these there are three
characteristic forms, viz the cruciform or crucwate, the caryophyl
laceous , and the rosaceous

1 Cruciform or Cruciate —This corolla gives the name to the
natural order Crucifere, but 1t also occurs elsewhere It consists

Fie 302 Fie 303 Ve 304

Fig 302 Flower of the Rose & Bract ¢t Tube of the
calyx cf, ¢of, ¢f, ¢f, ¢f Divisions of the calyx 2,2, 2,
2,p Petals — Fip 303 The flower of the Sweet Pea
(Lathyrus odoratus) ¢ Calyx » Vexillum a Aleor
wings car Carinag or keel —Fig 304 Flower of
Spigelia marylandica ¢ Calyx ¢ Tubularcorolla I
Limb of thecorolla s Summit of the style and stigmas

of four petals, usually with claws, as 1n the Wallflower and Stock,
but sometimes without claws, as mn the Celandine, and the whole
arranged 1n the form of a cross

2 Caryophyllaceous —This consists of five petals, with long
claws enclosed 1n the tube of the calyx, and with their himbs com-
monly placed at 11ght angles to the claws, as m the Campuon, Single
Pink (figs. 300 and 301), and Caination

3 Rosaceous —This 1s composed of five petals, which are gessile
or have very short claws They are concave above, and spread
regularly outwards, as m the Strawberry (fig 267) and Single Rose
(g 302)

B. Irregular Polypetalous Corollas —There are many anomalous
forms of 1rregular polypetalous corollas to which no particular names
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are applied There 1s one, however, namely the Papilionaceous,
which 18 of considerable importance, as 1t ocecurs in all British
Leguminose It 1s composed of five petals (figs 303 and 464)
one of which 1s superior or posterior, and commonly larger than
the others, and 1s texmed the vexillum or standwmd (fig 303, v),
two inferior or anterior, which are usually more or less umted and
form a somewhat boat-shaped cavity, car , called the keel or carina ,
and two lateral, @, called the wings or ale The ale overlap the
carna, and a1e themselves oveilapped by the vexillum

In many cases where a number of regular flowers are massed
together, as 1n certain corymbs, umbels, or capitula, the flowers
10und the margin of the inflo1escence become 1rregular by the greater
development of such of then petauls as are outermost These are
known as 7adwant flowers

2 Gavorrratovs Coronrv - When the petals form a gamo-
petalous corolla, the same terms are used as in the case of the
gamosepalous calyx to indicate the degiees of cohesion

The gamopetalous corolla, hike the gamosepalous calyx, 1s reqular
when 1ts pairts are of the same <1ze, and of similar fignie o1 form,
and united so as to form a symmetiical body (figs 304-309), otha
wise, 1t 19 21 eqular (frgs 310 321) ¢

A Reqular Gamopetalous Corollas —The tollowing forms are
those most commonly occmrimg —

1 Tubular, where 1t 13 nearly eylindueal thhoughout, the limb
not spreading, as in Smgelia (ftg 304), and in the central florets of
many Composite, as 1n the Ox eye (Chrysanthemwm) and Sunflower
(Helanthus) (fig 292)

2 Campanulate o1 bell shaped, where the corolla 1s 10unded at
the base, and giradually enlaiged upwards to the summat, so as to
resemble a bell 1n forn, as in the Harebell (fig 305)

8 Infundibuliform or funnel shaped, where the form of the
corolla 1s that of an inverted cone, hike a funnel, as 1n the Tobacco
(g 806)

4 Huypociatersform or salver-shaped (fig 307), where the tube
18 long and nanow, and the hmb placed at right angles to 1t, as n
the Primrose

5 Rotate or wheel shaped, where the tube 1s short, and the limb
at right angles to 1t, as 1n the Forget me not (fig 308) and Bitter-
sweet (Solanum Dulcamar a)

6 Urceolate or urn-shaped, where the corolla 1s swollen 1n the
middle, and contracted at both the base and apex, as in the Purple
Heath (fig 309) and Bilbeny (TVaccinium Myrtillus)

B Irregular Gamopetalous Corollas —The following forms are
most noteworthy —

1 Labate, bilabrate, or ringent —When the paits of a corolla
are so umted that the hmb 1s divided into two portions which are
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placed supetioily and inferiorly, the upper one overthanging the
lower, and each portion so airanged as not to close the orfice of the
tube, thus resembling 1n some degiee the hps and open mouth of

Fiec 305 Fia 307

Fie 306 Fie 308

4

Fig 305 Flower of the Harebell (Campanula rotundifolia), showing a cam-
panulate corolla ——Fig 106 Flower of the Tobacco Plant (Nicotiana
Tabacum), with infundibuliform corolla —#dg 307 Flower of a species
of Primula ¢ Calyx, within which is seen a };’ypocrnterlform corolla, p
t Tube of the corolla ! Limb —Fig 308 Flower of the Forget-me-
not ( Myosotis palustris) p Rotate corolla 2 Scales projecting from its
throat —Fiy 309 Flower of a species of Heath (Erfca) ¢ Calyx, within
which 18 an urceolate corolla, ¢,

an ammal (figs 310-318), the corolla 18 termed labrate, bilabrate, or
ringent The upper hp 18 composed of two petals which are erther
completely unmted, as in the White Dead-nettle (fig 801), or more or
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less divided, as 1n the Rosemary (f1y 812) and Germander (Teucrium)
(flg 311), and the lower lLip of thiee petals, which aie also either
entire, as in the Rosemary (f1¢ 312), or bifid, as 1n some species of
Lamwum, o1 tnfid, as m Galeobdolon (fig 313) When a labiate

I'ta 310 Fia 311 Fia 312

Q4

Fiy 310 Ringent or gaping corolla of the Dead nettle (Lamwum album),
showing the entize upper hp —»y 311 Back view of the flower of a
species of Zeuc) cum, showing the bifid upperlip of thecorolla Fig 312 —
Flower of the Rosemary (Rnsmaranus) with upper hp divided

corolla has 1ts upper hp much arched, as m the White Dead nettle
(ftg 810), 1t 13 frequently termed rungent oo gaping The labate
corolla gives the name to the natwmal order Labuatie, 1n the plants
belonging to which 1t 1s of almost universal occurience It 13 found
also 1n certain plants belonging to some other oi1deis
2 Personate 00 Masked -~-This foom of corolla 1esembles the
labiate 1n bemng divided mnto two lips, but 1t 1s distinguished by the
Fre 313 lower lip being approximated to the uppel, so as to
close the orifice of the tube oo throat The closing
of the thioat 1s caused by a piojection of the lower
lip called the palate (fig 314) Examples occur in
the Snapdiagon (fig 314) and the Toadflax (fig 315)
In the species of Caleceolaria the two lips become
hollowed out 1n the form of a shpper, hence such a
corolla, which 1s but a slight modification of the pei-
sonate, 1s sometimes texmed calceolate
3 JIagulate o1 Stap shaped —If what would
otherwise be a tubular corolla 1s paitly spht open
on one side, 50 as to become flattened like a strap
Fig 313 above (ngs 316 and 317), 1t 1s called ligulate or
Front view ofthe s¢1ap shaped This kind of corolla frequently occurs
iybiate corolla of 1, the florets of the Composite, either 1n the whole
with trifid lover of those constituting the capitulum, as in the
lip Dandelhion (Ta)axacum), or only in some of them,
as 1n the outer florets of some species of Senecio (fig. 289) The
apex of a hgulate corolla has frequently five teeth, indicating the
number of 1ts component petals (£ig 316)




MORPHOLOGY OF REPRODUCTIVE ORGANS 161

Besides the foims of regula: and iriegular gamopetalous corollas
already described, others also occui, some of which are but shight
modifications of these, and arise fiom ir1egularities that are produced
in certain paits i the piogress of then development. In the

Fic 3814 Fi« 315 Fre 316

[4

Fiy 314 Personate corollaof the Snapdragon (Antr
rhinum) ! Lowerlip « Upperlip & Gibbous
base ——Fig 3156 Personate corolla of the Toadfiax
(Linarwa), spufred at its base —— 419 316 Ligulate
corolla ot 2 Composite flower, with tive tecth at ats
apex

Fie 317 . Fic 318

Fig 317 Lagulate corolla of the Ox eye ( Chrysanthe-
mum) —Fig 318 Digitaliform or finger-shaped
corolla of the Foxglove (Iwgitalis purpurea) —
lig 319 lrregular rotate corolla of Speedwell
(Veronica)

Foxglove (fig 318) the general appealance of the corolla 18 some-

what bell-shaped, but 1t 18 longer than this form, and shghtly

irregular, and as 1t has been supposed to resemble the finger of &
voL. I M
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glove, 1t has 1ecerved the name of digitaleform o1 finger-shaped In
the Speedwell (fig 319) the corolla 18 neaily rotate, but the divisions
are of unequal s1ze und shape, hence 1t may be desciibed as tr1egu
larly 10tate, and 1 the Red Valenan the corolla 1s wiegularly
salver shaped (ng 821)

APPENDAGES OF THF ('OROLLA  The corolla, like the calyy,
whether polypetalous or gamopetalous, 15 subject to various
wrregularities, ansmg from the expansion o1 growing outwards
of one or moic ot the petals, or the tube, mto processes ox
appendages of different kinds In the Snapdiagon (ny
314, b) and Valenan (fig 320), the lower part of the tube of
the corolla becomes dilated on one side, so as to torm a hittle

i 320 e 321

7 iy 320 llower of a speuies
)/\ of Vlaian («Valerana)

Q ¢ Calyx, adherent to the

ovary / Lmub ot the
calyx 10Med mwards  lhe
corolla ha~s & projection
towards 1t~ hase, and 1~
hence said to be gibbous

—Fig 331 Flower ot the
Red Valerian ¢Centranthus)
The corolla 15 1rregularly

salver-shaped and -purred
at 1ts base

pouch or sac, 1t 1s then terined saccate or gibbous, this texrm
being used mn the same sense as previously described when
speaking of the calyx. In other cases, une or moie ot the
petals, or the tube, becomes prolonged downwards and forms
8 spur, when the petal or corolla 1s desecribed as spurired
or calecarate Examples of spurred petals or corollas may be
seen 1n the Pansy, Columbine (frg 323), Toadflax (f1gy 315),
and Red Valeran (fig. 321). Only one spm: may be present,
as 1 the Pansy, o1 each of the petals may be spurred, as in
the Columbine (fig 828) The Yellow Toadflay, which usually
produces only one spur, in rare instances 18 found with five
Such a wmodification of the structure was termed by Linnzus
peloria, » termy which 1s now frequently apphed by botamsts in
the case of all flowers which thus pass from iurregulanty to
regularity. In the Monkshood (fig. 822) each of the two petals
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which are situated under the hehmet-formed sepals already
noticed (f1y 286) 1> shaped somewhat like an nregularly curved
horn placed on a long channelled stalk

The corolla 13 usually composed of but one whorl ot potuls,
and 1t 15 then termed sumple, but m some towers there are
two o1 more whorls, in which case 1t 15 called meultiple  When
the corolla 15 composed ot but one whal, 1ts parts m a regula
arrangement alternate with the sepals, although cases some
tunes occur 1 which they are opposite to them  The causes ot
these different annangements have already been explaned under
the head of the Symmetry ot the Flower

i 322 Fiu 323

Fiy 322 A portion of the fower of the Monk<hood (Acoritum), with
numerous stamens below, and two stalhed somewhat horn shaped petals
above ——Fry 323 Tlowar ot the Columbinge ( tqueleqgue tulgaricy with
cich ot its petals spurred

On the mner surface ot the petals of many flowers we may
frequently observe appendages of different kinds m the torm of
scales o1 hair hike processes of vurious shapes These are comn-
monly situnted at the junction of the claw and himb (fg 327, a),
or at the base of the petals (figs 324 and 820) Such appen-
dages muy be well seen 1n the Mignonette (f1gy 825), Buttercup
(fty 324), Lyclhius (g 827, a), and Grass of Parnassus (fiy
326) Smmlar scales may be also fiequently noticed i gamo-
petalous corollas near the throat, as m many members of the
Boraginacew, particularly the Comfrey, Borage, and Forget-
me-not (fig 808, r}, also in the Dodder, and many other plants
Sometimes these scales become more or less umited and form a
cup shaped structure, as 1n thg perianth of the Daffodil (fig 828)

M2
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and other species of Narcissus, to this the term corona 1s
commonly apphed The beautiful tringes on the corolla ot the
Passion flower are of a siunlar natwme

Fie 320

Fio 324 Fie 325

Fig 324 Detal of a Buttacup with o noctanferous swale ub 1ts bas
/1 325 One ot the petals of Mignonette (fiseda) Fig 326 A petal
of the Grass of Putnassus (V07 nesstee palists 19) bearing a tunged scle o

1ts hasc

The origin of all these scales 1s by no mcans clearly ascer
tained , by some botanists they have been supposed to be de
rived from the petals, by others to be abortive stanens’, those

ke 327 Fio 328

Fig 327 A petal of a species of Jychus o Claw ! Limb  « Scaly ap-
pendages ——4 1y 328 Flower of the Daffodil (Narvissus Pseudo-nos cissus)
The cup- o1 bell-shapegprocess towards the centre 1s termed a corona

occurring at the junction of the claw and hwb are ligules deve-
loped on the petals Formerly many of these appendages were
desonibed under the nanie of nectaries, although but few of them
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possess the power ot secreting the honey like matter o nectar
from which they derived their names, they were therefore
mmproperly so termed.

DurarioN oF THF CorRoLLA —The dwmation of the corolla
varies hke that of the calyy, but 1t 18 almost always more
fugitive than the latter It 18 caducousf 1t falls as the flower
opens, as 1n the Grape-vine, commonly 1t 18 deciduous, or falls
off soon after the pollination of the flower  In 1areinstancesitis
perswstent, n which case 1t usually becomes div and shrivelled,
as 1n Heaths and the species of Campanula, when 1t 1s sard to
be maicescent

(8) THF SPOROPHILLS

The two whotls of sporophylls have been already termed the
Andreecium and the Gynmecium or Pistil 1espectively

Ilowers which possess both these whotls Fia 329
have been inacemately called hermaphrodite
or hiserual, a termmology based upon the
now djsproved view that the stamens and
carpels are male and female organs  As we
shall see later, the sexual o1gans are developed
upon the gametophytes to which the spores
give origin A better term fo1 such flowers
18 ambisporangiate  When only one whoil
of sporophylls 1s present, they are diclinous,
as m Caier (fig 329) and Salix (figs 214
and 215) Diclinous flowers may be either
stanmnate (figs 214 and 329) or pustillate
(fig 215) In the fovmer case they contain
only stamens, n the latter only carpels. In
both a peianth 1s usually present When a
flowe1r possesses neither andieciuim nox gyns-

lT1g 329 Staminate
ciumn, as 1s sometimes the case with the outer flower of a fpecies

florets of the capitula of the Composite, 1t 18 ‘,‘,feg’t’;";"re ;:;:’; ‘;llﬁl

said to be asporangrate \When the floweis  capillary, and the
are dichnous, both stamnate and pistillate  ShGiers  pendulons
flowers may be borne upon the same plant,

as m the Hazel, Oak, and Arum (fig 201),1n which case the
plant 18 called monacious, or upon different plants of the same
species, as 1n the Willows, when the species 18 termed dicecrous
In some cases, as .In many Palms and in the Pellitory, staminate,
pistillate, and ambisporangiate flowers are situated upon the

same ndividual, and then the plant 18 called polygamous,
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e The Andieecrum

The andreecium 1s the whorl o whoils of sporophylls which,
m a complete flower, 19 aituated between the corolla or pen
anth on the outside, and the ginmeium on the mside. The
leaves or sporophvlls bear the microsporangia, and aire termed
stamens (fig 334) Tach 1s generally composed of a slender
portion or stalk, called the filament, and of a club shaped
head, a, called the anther , this consists of a soius ov group of
fom mucrosporangin o1 pollen-gacs, which
contain the mierospores o1 pollen-grains
In certain cages the anthers are not developed,
the stamen being then iepresented by a stamz
node This commonly presents a flattened
appearance, as n the flowers of the species
of Canna When, as 18 rarely the case, the
7w 980 Stamen filament 1s absent, as 1 the (uckoo pint

of the Cackoo (4, 830) the anther 18 deseribed as sessile

vint (Arum ma
culatum),  con Though the miciospoiangia are nsually

asing stmply ol ,50ne upon  sporophylls (stamens), this 1s
» sessdle npon not  without exception In some aquatic
the thalamn=
plants, such as the Naiwadacee, and 1 some
tiopical trees, they ocenr upon certain portions of the awis
When this 1s the case, the texm stamen 1s still applied to the
structure bearing them
Before discussing the andreecium as a whole, 1t will be well
to examine the pecuhiarities of the stamens of which 1t 1s com
posed  Fach congists, as we have seen, of a filament and an
anther, the latter contaiming the pollen
1 Tur TruameNt —The filament 1« usually regarded as
homologous with the petiole of a leaf Tts 1importance consists
n placing the anther with 1ts sporangia m a position advan-
tageous for the digsemination of the spores or pollen gramns
It consequently varies in foum, length, colour, and other par-
ticulars, a few of 1ts more important modiheations will be now
allnded to.

Form —As 1ts name 1mplies, the filament 1s usually found in the
form of a cylhndiucal prolongation which geneially tapers mm an
almost 1mperceptible manner fiom the base to the apex, as in the
Rose Sometimes the hlament, instead of supporting the anther n
the erect position asg 1t usually does, becomes curved, and the anther
18 pendulous as i most Sedges and Grasses (figs 329 and 331)
The filament may become enlarged, when 1f 1s frequenily flattened

Fia 330
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m various ways In qome cases 1t 1s dilated gradually from
below upwards hke a club, when 1t 13 clavate o club-shaped, as 1n
Thalictrum , o1 1t 1s shghtly enlaiged at the base, and tapers
upwards to a point like an awl, a< in the Flowermng Rush (Butomus
umbellatus), m other cases 1t 15 flattened at the base, the rest of
the filament assuming 1ts ordinaiy 10unded form, as in Tamar i
gallica ( hg 332) and species of Campanula (fig 333), the whole of
the filament may be flattened, assuming the appeaiance of a petal,
when 1t 13 described as pefalowd, as in the Water hly (figs 276, e,
and 346), and 1n Canna and allied plants

The filament mav be toothed, as in Allvum (fiqg 334), o1 forked, as
m Crambe (fig 335), oo furmshed with vanous appendages, as in
the Boiage (fig 330, a), in which case 1t 1% <aid to be appendiculate

Fre 331 Fie 332 Fre 333 Tic 334

|

Fig 331 A locusta of Wheat (72iticum satirum), consisting of scveral
tlowers, the rtamens of which have vcry long capllary filaments, and
versarile pendulons anthers  The anthcrs are notched or forked at each
extrem®ty, and thus resemble somew hat the letter ¢ 1n foom —7rig 332
Three of the stamens of Tamarir gallica, with their tilaments flattened
ut the base and united with each other ——17'ip 333 Pistil of a species
of Campanule with a sohtary stamen whose filament 13 flattened —
Fig 331 Dilated toothed filament of a species of Allfum.

Colour and Duection —In colow) the filaments aire generally
white, but at other times they assume vivid tints like the corolla
o1 perianth, in the Spiderwort they are blue, i various species of
Ranunculus and of (Enothera yellow, in some Poppies black, n
Fuchsiared, &e

In duection the filaments, and consequently the stamens, are
either erect, wncurved, 1ecuried, pendulous, &  these terms being
used in then ordinaiy acceptation  When the filaments are all
turned towards one side of the flower, as in the Horse-chestnut and
Amaryllis, they are said to be declinate Generally speaking, their
direction 13 neally the same from one end of the filament to the
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other, but 1n some cases the original direction 1s departed from 1n a
remarkable manner, and the upper part of the filament forms an
angle more or less obtuse with the lower, in which case 1t 18 termed
gemculate, as 1 Maherma Some confusion may arise from the
apparent presence of an articulation in the filament, as in Eupliorbia
(fig 888, a) In this case the structure 1s not to be considered as a
true filament, but as consisting 1n reality of a flower-stalk supporting
n single stamen The flower heie, therefore, 191educed to a single

Fic 835 Fia 336 Fia 337

%
!
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Fio 338 -
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a
P Fig 836 Gyneecium and andreecium of Crambe  The longer
filaments are forked ——Fig 336 A stamen of the Borage
( Borago officinalis) f Filament a Curved appendage to
the filament 7 Anther — Fig 337 Corolla of Myosotts

or Forget-me-not, laxd open  There are five stamens with

very short filaments attached to the corolla and included

within its tube — Fig 338 Stamnate flower of Euphorbia,
consisting of a solitary stamen,d without any floral env elopes surrounding
1t, hence it is said to be naked or achlamvdeous ‘Ihe anther is two
lobed, and the connective very small a Articulation, indicating the
point of union of the trne filament and peduncle, p — F1g 339 Trans
verse section of a young anther of Neotiir picte From Schleiden
A Back of the anther to which the counective 12 attached =B, B The
two lobes of the anther a Vascular bundle of the connective d,d,d d
The fom microsporangia or pollen sacs

stamen, all the parts except the latter being abortive  This 1s proved
by the occasional production in some allied plants of one or more
whorls of floral envelopes at the point where the jomnt 18 situated
In the Pellitory (Partetaria) the filament assumes a spiral direction

Duration —The filament usually falls off from the thalamus soon
after the flower opens, or 1s dectduous, but in rare cases, a3 i the
apecies of Campanula, 1t 18 persistent, and remains attached to the
ovary in u withered condition,
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2 TaE ANTHER —The anther 14 essentially a cluster o
sorus of microsporangia, the latter being coherent together
The number of the sporangia vailes 1 different families, there
are many 1n some of the Cyeads, two 1n the genus Pinws, and
nsually four in the Angiosperms  The <oius 1s not covered by
any industum as i the Feins, though this stinctme 15 1epre
sented 1 the young anthers of the Cupiessincee by a shght out
growth from the surface of the sporophyll The sporangia
being coheient together, the anther has usually a somewhat
swollen appearance Thewr disposition enables us to observe
I a tiansyeise section two parallel lobes, B, B, separated by a
portion, A, a, called the connective, to which the filament 1s
attached Each lobe shows the cavities of two microsporangia,
d,d,d, d, separated by a septum which passes from the con
nective to the walls of the anther  The microsporangia contan
the pollen giains or nicrospores  The antheis of Anglosperms
m an early stage of development possess fomr nueiosporangia,
and this 1s considered the normal state

When & fully developed anther exhibits a simila structme, as in
the Flowening Rush, 1t 18 fous celled o quadilocula)r (hgs 340, b,
and 361, /), when, as 1s fa1 more commonly the case, the paititions
sepaiating the two spoiangia of each anther lobe become absorbed,
1t 18 two celled o bulocular (fig 860) In 1are cases the anther s
unlocular, o1 one-celled, as 1n the Mallow (fig 369), Milkwort (g
341), and Lady’s Mantle (ng 342), this anses either trom the
abortion of one lobe of the anther and the absoiption of the septum
between the two sporangia of the lobe that 1s left, or from the
destruction of the partition wall of the two lobes as well as of the
septa between the sporangia of each lobe Inmany species of Salvia,
the connective becomes elongated into a hind of s<talk, each end of
which beais an anthei-lobe (fig 343) When thia occurs one lobe
only, If, contains pollen, the other, Is, 13 stenille That smface of
the anther to which the connective 18 attached 18 called the back
(ng 339, 4), and the opposite surface, B, B, 18 the face The latter
always presents a more o1 less grooved appeaiance (figs 839 and
344, ¢), mdicating the line of junction of the two lobes Each
lobe also commonly presents a more o1 less evident furrow
(fig 344, b), indicating the point at which the mature anther will
open to discharge the pollen, this furrow is termed the sutwre By
these furrows the face of the anther may be generally distinguished
from the back, which 13 commonly smooth (fig 339, a), and has
moreover the filament attached to 1t. The face 18 generally turned
towards the gynwcium or centre of the flower, as in the Water-lily
(flg 346), Vine (fig 344), and Tulip (fig 347), in which case the
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anther is called infrorse; but in some instances, as in the Iris and
Meadow Saffron (fig. 345), the face is directed towards the petals or
circumierence of the flower, when the anther is said to be extrorse.

Fia. 340. Fra. 341. Fra. 343.
5

Fia. 342,

Foo

Fia. 345,

N

Fra, 344,

Fig. 340, Four-cellal anther of the Flowering Rush (Butomus nmbellatus).
«a. Filament bearing an entire anther. b. Section of the anther with its
four cells,.~— Fig. 341, Andreecium of Milkwort (Polugala), with eight one-
celled anthers dehiscing at their apex.—— Fig. 342. One of thu: stamens of
the Lady’s Mantle (Alchemilla). The anther is one-cellad, and dehisces
transversely.—Fig. 843. Stamen of the Sage (Salvin). f. Filament,
¢ Elongated connective, separating the two lobes of the antler, one of
which, I, produces pollen, while the other, ls, is sterile.—— Fig. 844. The
andreecium sand gynecium of the Vine d'im rvinifera). «o. Anther,
¢. Furrow in its face which is turned towards the pistil or gyneciurn.
b. Suture or line of dehiscence. The anther s introrse.—Fig. 346. The
perianth cut open, showing the stamens, of the Meadow Saffron (Colchicum
autumnale), with extrorse anthers,

Attachment of the Filament to the Anther.—The mode in which
the anther is attached to the filament varies in different plants, but
is always constant in the same species, and frequently throughout
entire Natural Orders, and hence the characters afforded by such
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differences are mmpoitant in systematic botany There are thiee
modes of attachment, which are distingmished by special names
1st, the anther 1~ said to be adnate or dorsiired when 1ts back 1s
attached thioughont 1ts whole length to the filament, o to 1ts con
tinuation the connective, as in the Magnohn (7ig 350) and Water
hly (fig 346), 2nd, 1t 15 wnnate o1 basifired when the hlament 1 only
attached to 1ts bace, and fiumly adheient, as 1 the species of Carer
(rg 829), d, 1t 15 rersatile, when the hlament 15 only attached by
a point to about the nnddle of the back of the connective, <o that the
anther awings upon 1t, as in Giasses geneially (rg 381), and n the
Taly, Esening Primiose, and Meadow Saffion

Comnectine —'The 1elations of the anther to the filament, as well
as of 1ts lobes to each othe1, ate much mfluenced by the appearance

e 3406 e 317

Fig 346 A portion of the flower of the Wiate Water lilv ( Vvmphea alba)
showing the gynecium mvested by a luge fleshy dise which 1= pro
longed from the thalamus  Below the pistil are some stamens which have
petalowl filaments and adnate introrse anthers two petals are shown,
the others having been removed — Fig 347 Gyneanm and andreecium
ot the Tulip The stamens ¢; and v have mtior « anthars, which dehisce
longitudinatly

and si1ze of the connective In all adnate antheis the connective
14 large, and the lobes generally moie o1 less paiallel to each other
thioughout then whole length (fig 350) In other cases the econ
nective 18 very small, or nltogether wanting, asn species of Kuphor bia
(figr 348), 8o that the lobes of the anther aie then immediately in
contact at then base In the Tame the connective completely
separates the two lobes of the anther (fig 349) In the Sage and
other species of Salvia the connective forms a long stalk like body
placed horzontally on the top of the filament, one end of 1t bears
an anther-lobe, If, containing pollen, the other merely a petaloid
plate o1 abortive anther lobe, /s (fig 343), 1t 18 then said to be ds-
tractile Sometimes the connective 15 prolonged beyond the lobes of
the anther, either as a httle 1ounded or tapering expansion, as 1n
the Magnoha (fig 350), or as & long feathery process, as in the
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Oleander (ftg 852), or m vaiious other ways At othel times, again,
1t 18 prolonged downwaids and backwards as a kind of spur, as n

Fia 348 TFic 349 Fia 350 Fia 351 Fra 352

\

Fig %48 A male naked flower of a species of TMuphor bia, showing
the two lobes of the anther and the almost total absence of
th® connective ——F1q 349 A stamen of the Lime (7ilia),
showing thelarge connective separating the lobes of the anther
-—Fig 350 A view of the mmner face of a stamen of Magnolwt
olauca, showing the adnate anther and prolonged connective ,
——Fig 361 Two stamens of the Pansy (FViola tricolor )
The connective of one of them 1< prolonged downwards in the
form of a spur —Fug 362 Sagittate anther lobes of the Olean
der (.Xerium oleander), and the prolonged feathery connectise

the Pansy (fig. 351) Anthers with such appendages aie termed
appendiculate

The lobes of the anther also, hke the connective, fiequently
present appendages of various kinds In Erica cinerea they have a

Fie 353 Firo 354 Fie 356

;T e

Fig 363 A stamen of n specics of Acalypha in a young state s Filament
! Linear anther-lobes ki 354 A stamen of Mercurialis annua
7 Filament ¢ Connective 7,7 Rqunded anther-lobes dehiscing longi-
tudinally ——-——i‘lg 3556 The hinear and sinuous anther-lobes, I, attached to
the fil t, f, of the Bryony (Bryonta dioica)

flattened leafy body at their base (fig 856, a); at other times the
surface of the anther presents projections in the form of pointed
hodues (fig. 857, a), as 1 Vaccvmum uhginosum, or warts, &e¢, Such
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anthers, like those which present appendages fiom the connective,
are termed appendiculate

Dehascence of the Anther —When the anthers are perfectly
ripe the pollen-sacs or miscrosporangia open and discharge
their contained pollen (fig. 359), this act 1s called the dehiscence
of the anther Dehiscence commonly takes place in the line of
the sutures (fiy 844, b), and at the period when the flower 1s
fully expanded, at other times, however, the anthers buist
before the flower opens  All the anthers 1uay open at the same
period, or 1n succession, and in the latter case the dehiscence
may either commence with the outer stamens, as 15 usually the
case, or rarely with the wner

Fis 8506 i 357 Fic 358

~

—
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Fiy 350 Appendiculate anther attached to filament, 7, of the Fine leaved
Heath (Liwca cinerea) « Appendage ( Lobes 1 Lateral short shit
where deliscence takes place — —~Fig 367 Biturcate anther of ¥ accnium
nlyinoswin attached to hlament, 7 ¢ Anthe lobes « Appendage~
» Points of the anther lobes where dehiscence tukes place —£F1g 358
Quadnfurcate anther of Gawltheria procmbens, attachul to ilament 7
I Anther lobes

The dehiscence of the anther may take place in four different
ways, which aie 1espectively called 1 Longutudinal , 2 Tians
verse , 3 Porous; 4 Valvular.

1 Longiutudinal o Sutural.—This, the usual mode of dehiscence,
consists 1n the opening of each anthei-lobe fiom the base to the apex
i a longitudinal direction along the line of sutute, as 1 the Vine
(nyg 844, c¢) and Tulip (rig 347)

2. Transverse.—This kind of dehiscence occurs mm umlocular
anthers, as 1n those of Alchemslla (g 342), Lemna, and Lavandula
It sometimes happens that by the enlargement of the connective the
loculus of & one-celled anther 15 placed honzontally instead of
vertically, mn which casé the dehiscence when 1t takes place in the
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line of the suture 15 apparently tiansveise, although 1t 15 1eally
longitudinal  An example of this kind of dehiscence 13 afforded by
the Mallow and other plants belonging to the Natural Order Malvacee
(ng 339)

3 Porous o1 Apieal —This 15 a mere modification ot longitudinal
dehiscence It 15 formed by the sphtting down of the anthei-lobes
being anested at an eatly period su as only to produce pores o1 short
shite  In such anthers there 18 commonly no tiace ot the sutures to
be seen externally The pores o1 shits may be situated cither at the
apex, as 1n the species of Solanun (fig 363) and Milkwort (1ey 341),
o1 laterally, as mn the Heaths (1g 350, 1) There may be either two

Fie 339
i3 Fia 360 Fiu 301 Fiv 362 i 363
4 2 ;

Fig. 359 Stamen of the Mallow ( Malia), the anther of which has an appa
rently transverse dehiscence —~—Iig 36U Two celled anther of Pyrol«
rotundifolia, suspended from the filament, f ! Loculi, each opening by
a pore, p —Fig 361 Quadrilocular anther of Poranthera, attached to
filament,7 ¢ Loculi, cach opening by & pore, p -  Fig 362 Antha of
Tetratheca junceu, vpening by a single pore at the apey Thesc hgures ate
trom Jussteu ——Ztg 363 Anther lobes ot a spucies of Solanum, cach
opening by a pore at the apex

pores, as 15 usually the case (/1y 360, p), o1 tour, as in Poranthera
(n1g 361, p), or many, as 1n the Mistletoe, 01 only one, as 1 Tetratheca
1uncea (frg 362)

4 Valvular —This term 18 apphed when the whole o1 poitions
of the face of the anther open like trap doois, which are attached at
the top and turn back as 1f on a hinge. In the Baibeny (fig 364)
there are two such valves , 1n plants belonging to the Laurel tamily
(ng 365) there are two o1 four, according to the numbel of the locul
of %@pther

o

Wek ay now consider the andrewcium as a whole fiom the
pownt ofi .of the relations of the stamens to each other, and
to the other whorls of the tlower, noting the following pomnts —
1. Nuwmnber; 2. Insertion or Position, 8. Unmion or Cohesion,
4. Relative Length.
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1. Number.—The number of the stamens 1s subject to con-
siderable variation, noimally they are equal in number to the
sepals and petals, the flower bemng tsostemonous, sometimes
they are twice as numerous (deplostemonous). The number
may, however, bear no exact ielation to the nuinber of the
perianth leaves, the irregulauty beimng due to various causes
which will be discussed later

‘When the stamens are tree their number 1s expressed by the
Gireek numerals prefixed to the tcrmmation -androus, a flower
having one stamen 1s monandious, one with two, diandirous, and
80 on

2 Insertion or Position or Adhesion —\When the stamens
arc fiee fiom the calys and pistil, and arise fiom the thalamus

Fic 365

Fio 304

Fig 364 Anther ot Barberry (Berberts
tulgariv), opening by two valves
fig 3865 Stamen of a spectes of
lawus f Filament, with two
glands, ¢, g, at 1ts base 7,{ Loculy,
ot which there are fom ¢ Valves

below the latter organ, as 1 the Baibeirv (fig 398) and Ciow-
foot (ng 866), they are said to be hypogynous, this 1s their
normal position  When the stamens are attached to the corolla.
as 1 the Priunrose (fig 367), they are epipetalows  When they
apparently adhcie to the 1eceptacular tube, so that their posi-
tion becomes somewhat lateral to the pistil mstead of below at,
as 1n the Cherry (fig. 368), they as well as the corolla are said to
be perigynous. When the thalamus o1 the calyx 1s adherent to
the ovary, so that the calyx appears to arise fiom 1ts apex, the
intermediate stumens and petals or corolla are also necessarily
placed on the sunumit, and are sad to be eprgynous, as i the
species of Campanula (fig. 869) and Ivy. Itsometimes happens
that the stamens not only adhere to the ovary or lower part of
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the pisti], as 1n the epigynous form of msertion, but the upper
part of the stamen or stamens and that of the pistil become com-
pletely united also, and thus form a column 1n the centre of the
flower, as 1 Orchus (frg 370) and Arwstolochia (frg 371), this
column 18 then termed the gynostemium, and the tlowers arc
said to be gynandrous

3 Union or Cohesion —When the stamens are perfectly free
and separate from each othei, as in the Vine (fig 344), they are
said to be free or polyandrous, they may, however, be united
by either their filaments or then antheis

When the anthers are united, the stamens are termed syn-
genesious o1 synantherous (fry 372)  This union occwrs 1 all

Fie 36 Fie 368

Fig 366 Apocarpous pustal of the Crowfoot (Ranunculus), with two staniens
arsing from the thalamus below 1t or hypogynous — Fig 3687 Vertical
~ection of a flower of the Primrose (#2 imula), showing epipetalous stamens
1he pi1stil 1n the centre has un ovary with a tree central placenta, one style,
and a capitate stigma - -£ty 368 Vertical section of the ower ot the
Cherry, showing the perigynous stajuens surrounding the pstil

the Composite, the Lobeha, and mn sowme other plants  'When the
anthers are thus united the filaments are commonly, though not
always, distinct. 'When cohesion occurs 1n the staminal whorl,
however, 1t 18 more usual to see the filaments united, and the
anthers free This union by the filaments may gather them nto
one or more bundles, the number being etpressed by a Greek
numeral prefixed to the termination -adelphous. When all the
ﬁl‘u% umte together and form one bundle, as 1n the Mallow
(fig. 3%8) and Wood Sorrel (fig. 874), the stamens are said to
be monadelphous  When such a umon takes place 1n a
complete flower, the coherent filaments necessarily form a
tube or ring round the pistil placed in theiwr centre, as m the
Wood Sorrel (fig. 874); when the pistil 18 absent, and the



MORPHOLOGY OF REPRODUCTIVE ORGANS 177

flower therefore incowplete, the united filaments form a more
o1 less central column, as i Jatropha Curcas (fig 875, a)

Fie 369

Fiec 370 Fia 371

Fig 969 Vertwcal section of the flower of 2 <pecies of Campanula with epr-
gynous stamens —/7%g 370 Tlower of (hehis masenle The column n
the centre is formed by the union of the <tamens and etyle - —Fig 371
The pistil and stamens of Burthwort ( 47¢stnlochia) The ovary 15 <een
below, and the stamens above nmted 1nto 2 column with the style

L]

When the filaments unmite so as to foum two bundles, the
stamens are texmed diadelplhous, as 1 the Pea (fig 876),

Fiec 372 Fie 373 Fia 374

Fie 375

Fig 872 Syngenesious anthers of a species of Thistle (Carduus) — Fyg 373
Monadelphous stamens of a species of Mallow (Malia) — Fig 374 Mona

delphous stamens of Wood Sorrel (Ovalis), forming a tube round th
Fg 876 Male flower of .Iatmpha( Curcas .

¢ Calyx Corolla ¢ Sta-
mens united by their fillaments into a tube, a, which opocupies the centre
of the flower, as there is no pistil

Milkwort (fig. 341), and Fumutory; the filaments 1n each

bundle may be equal in number, as in the Milkwort {fig. 841)
VOL. L. ' N



178 MANUAT, OT" BOTANY

and Fumtory, or unequal, as mn the Sweet Pea (f17 876),
where theie are ten staiens, the filaments of mine of them
being umted to form one bundle, while the other filament
1emamns fiee The bundle m this case 18 made up of five
stamens belonging to one whoil and fom1 belonging to the othe,
the andreecium 1n the Pea family being composed of two whoils
with five stamens m each  When the stamens aie nmted by
then filaments mto thiee bundles, they aie t11adelphous, as m
most species of St John’s Wort (fig 378), and when mm more
than thiee, polyadelphous, as n the Ovange (fig 377)

The unmion of the hlaments 1 the above cases may either be moie
o1 less complete, extending over then whole length, and thus form-
g a tubular column 1ound the style o1 «tyles, as in the Mallow

TI'ia 377

Fia 376

Fug 376 Diadelphons stamens of the Sweet Pea (7athurus odoratus) <m
rounding the simple pistil  There are ten stamens, nine of which are
united and one free ——Fiy 377 Flower of the Orange divested of 1t«
corolla, to chow the polyadelphons stamens

(fig 373) and Wood Sonel (fig 374), o1 the union may only take
place at the base, as in Tamarir gallica (fig 332) The bundle
or bundles, agan, may be either unbranched, as in the Wood Sorrel
(fig 374), or branched, as i the Milkwort (fiy 341) and Castor o1l
Plant (fig 379) When the united filaments form a tube or column,
the term andiophore has been applied to such a structure, as in the
Mallow (fig 373) and Wood Sonel fig 374)

4 Relatwe Length —There are two separate subjects to be
tieated of here, namely, the 1elative length of the stamens with
1espect 4o the corolla, and their length with respect to each other
When the stamens aie shorter than the tube of the corolla, so as to
be enclosed within 1t, as 1n the Forget-me-not (fig 387), they are said
to be unclyddg; and when they are longer than the tube of the
corolla, w%ﬁend beyond 1it, as 1n the Valerians (figs 821 and
880), thay ave ted_or protruding,
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The 1elative length of the stamens with iespect to each other
presents several peculiarities Sometimes all the stamens of the
flower are nearly of the same length while at other times they are
very unequal  This inequality may be altogether 1rregular, following
no defimte rule, or take place in a definite and regular manner,
when the tlowers ale polystemonous, the stamens nearest the centre
may be longer than those at the circumfeience, as in Luhea panicu-
lata (fig 381), or the reveise may be the case, ne 1n many of the
Rosacee In the case of diplostemonous floweis, such as the Willow
Herb (Eprlobuum), the stamens alternating with the petals aie almost
always longer than those opposite to them When the stamens are
of two ditferent lengths in different flowers of the same species, as n

Fia 378 Fia 379 Fie 380 -

'y

Fiy 378 The pwtil, a, of Hupericwm «guptiacum, surrounded by the sta-
mens, ¢, ¢ Which are umted by their filaments, £, 1, into three bundles —
Fig 379 One ot the branched bundles of stamens of the Castor-oi1l Plant
(Ricinus communis) 1 Umted filaments ——F1g 330 Flower of a species
of Valerian (Valerena), showing the stamens prolonged beyond the tube
of the corolla, ex<erted  The corolla 18 gibbous at the base

the Primrose, the latter are said to be dunorphic  This condition
will be afterwards alluded to 1n speaking of fertilisation

When theie 1s a defimite 1elation existing between the long and
short stamens with respect to number, certain names are apphed to
indicate such forms of regularity In the Wallflower (fig 882), and
other members of the Crucifere, there are six stamens to the flower,
of which four are long and arianged 1n pans opposite to each other ;
alternating with these pans are two solitary shorter ones , to such an
arrangement we apply the term tetradynamous When there are but
four stamens, of which two are long and two shoit, as 1n the members
of the Labiate (figs 811 and 813), and 1n the Foxglove (fig. 888),
and most other plants of the Natural Order Scrophulariacee, they
are said to be didynamous

N2
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3 'THE PorLLrN —The pollen consists of microscopic cells
which coirespond to the maci0spores of the higher Cryptogams
They possess two coats, known as the crtine and the anfine  In
rare cases the outer coat appears to consist of two, o1 even
three, layeis, while mn Zostera, Zanmchellia, and some othel
submeised aquatic plants, therc 1s but one membiane, which 1s
of a similal natwe to the intine

The ntine 1s the innermost layer, and appeais to be of the same
nature and appearance in all pollen-giains It 1s usually smooth,
very delicate, and tiansparent, and 1s composed of unchanged
cellulose

The ¢ rtine 15 a haad thick resisting layer, and 1s hable to gieat
vailation , 1t 15 sometimes smooth, at other times marked with little

Fic 381 Fra 382 Fre 383

Fag 3s1oone ot the ondles of stanens ot Sk o paniendata the imua
stamens on the right we longer than the othere ad e provided with
anthers  the shorter stamens are generally sterile ——2g 382 Tt
dynamous stamens of the Wallflower (Chewranthus ( heiri) ——Fiq 383
Didynamons stanen of the Toxelove (Digitales Jurpuren)

granular processes, o1 spiny protuberances (fig 384), o1 1eticulations
(fig 388) The natme of these markings 1s always the <ame fo
the pollen of any paiticular species o1 varety of plant, but vaie
much 1n that of different plants The extine 1s often covered by
a visaid or oily secretion  The colour of pollen giains 13 found in
the extine In by far the majority of cases thcy aie yellow, but
various other colouis me also oceasionally found they are 1ed m
species of Verba<cunt, hlnc m some species of / ji/obium, black n
the lLulip, rarely green, and occasionally of 1+ wintish tint

Besides the various markings just descitbed as existing on the
extine, we find al o cither joe (g 387) or shits (fgs 385, f, and
386, f), o1 both porc and shit~, which vary m numbc and arange-
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ment 1in different plants In the gieater number of Monocotyledons
there 1s but one shit, while thiee 1s & common numbet 1 Dicotyledons
Sometimes theie aie six, 1arely foui, still moic 1arely two, and mn
some cases we find twelve o1 more shits These «lits are generally
straght (fiy 3835, f), but in Munulus moschatus they are cuived
Other still more complex arrangements occasionally occur

Fie 384 Frc 385 Fic 386 Fis 387

Fryo 384 Tollen ot Hollyhook (400 o 00 o Lo 5~ Flpticd pollen
ot Mukwort (220lu jala) Latme 7 Shits —</ 1y 586 1he ~ame pollen
viewed trom tbove 11y 367 Pollen el of Dactules gl mer 1t Atter
Jussien

The pores, like the shts, vary in number We commonly find
one 1n Monocoty ledons, as 1n the Grasses, and thiee in Dicotyledons
Sometimes, again, the poies are very numerous 1 which case they
are either mniegulaily distiibuted, o1 artanged m a mote o1 less
r1egular manner The pores may be either simple, o1 provided with
little lid-hke pirocesses, as 1in the Passion tlower (ny 388, 0 o ) and

Fis 388 Fic 389 Frc 390

L 358 Pollen of the Pasion tlowar (Ll trlor v hotowe bursting 0 o o
Ll hke processcs T 389 Pollin ot the Giowrd at the paaod ot
huwi~ting o o 1id hhe processcs of the oxtine protindal by the progec
tions ¢ ¢ ot the mtine  Trom Jussien g s Licoml pollon of the
I vang Prinnosc ((2'nother ¢ btenne )

Gowrd (rig 389)  These processes (fiq 389, 0 o) are pushod o't by
cotresponding projections of the mtime 7/ when the pollen Lo
nates, hence such pollen grawns have heen tamed opcicr ate In
the pollan groms of o ot the Toas the oxvtne s ovpanded
on (wo sides o torme two cwrtous blhaddar Tike
(nyg 391)

The pollen cvim me usaaltv tiee e the locult ot the antha

protubaances



182 MANUAL OF BOTANY

Sometimes, though rarely, they adheie to a gieater or less extent
to each othet We have gioups of fomr 1n Periploca greca, eight
m Inga anomala, or some higher multiple of fou1, as in many
species of Acacta In the Onagracece, the pollen-grains are loosely
connected by long viscid filaments o1 thieads, while in the Orchad
acece those of each pollen sac coheie together and form pollen
masses, to which the name of pollinia has been given (fig 392, p)
In the Asclepiadacece somewhat similar masses ocecur (fig 393,

Fie 391

Fig 391 A DPollen grumm of Jceu ercelsa, showing commencement of
germination 1w, w The wings 1 The large vegetative cell its proto
plasm {s contracted ', 1ts nucleus, 2, 3, the two collapsed cells, 4 and 5,
the stalk cell and generative cell not yet completely divided from onc
another B A lhttle older grain, showing germination a hittle further
advanced and the pollen-tube begining to appear as an outgrowth of the
large cell, 1 Lettering as beforc « More advanced stage, showing only
upper part of the pollen-tube The generative cell, 6, has divided mto
two, each with a very large nucleus  x 240 After Strasburger

p and b), but in the latter the whole surface of each pollen-mass 13
mvested by a special covering By a careful examination of these
pollima we find that they are formed of definite masses agglutinated
together, and, when sepaiated, each of these masses 1s found to
consist of four pollen-gramns In the pollima of the Orchidacee we
also find other pecuharities, each 18 prolonged downwards in the
form of a stalk called the caudicle (g 392, c), which adheres
commonly at the period of dehiscence to one or two httle glandular
masses called r2efinacula (figs 394, a, and 392, r,2) These are
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placed on the uppe: surface of a little projection called the rostellum,
situated at the base of the anther

Pollen-grains are tound of various shapes The most common
foirms appeat to be the spheical (ng 384) and ovord (f1g 385), n
other cases they aie polyhedial, as in Chicory (C'ichor tum Intybus)
and Sonchus palustiis, or triangular with the angles 1ounded and
enlaiged (trigonal), as in the Evening Primiose (&Enothera biennis)
and other plants of the oirder Onagracew (fig 390), or cubical as
m Baselle alba, or cyhndrical as in Tradescantia vu ginica, while
n Zostera they are thiead-like o1 of the form of a lengthened tube
or a cylinder, other shapes also occm1 The form of the pollen 1s
materally influenced by difterences of diyness or dampness The

Fro 392 Fie 393 Fie 394

1y 392 Pollmmna, p, of a spucies of Orchits with thon caudicles, ¢, adbering
to the wtinacula, 7,7 -—Frg 393 Distil of v spuies ot Lselepaes, with
the pollinw, p, adhicring to the stigma, v b Pollen masses separated
Fry 394 Upper part ot the Hower ot an Orchis, showing the pollima
whaing to the colmun by the 1ctinacula, ¢

pollen-grains ot the Purple Loosestiife (Lythrwum Salicaria) and
some spectes of Passion-flower are ovoid when diy, but when placed
i water they swell and become neaily globular  Again, when
spherical pollen-giains are exposed to the amir for some time they
fiequently assume a more or less ovoid form

In si1ze, pollen-grains vary from about 515 to i of an mnch n
diameter , then size, however, like then form, 1s hable to vary

as they are examined 1n a dry state o1 1n water

d. The Gynecium or Pustil

The gyneecium, or pistil, consisting of a variable number of
constituent sporophylls, or caipels, occupies the centie of the
flower, the andrcecrum and toral envelopes bemg arranged
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around 1t when they are present, the floral envelopes alone
surround 1t 1n the ordinamy pistillate flower, while 1t stands
alone when the flower 1s mstillate and naked Its sporophylls
are much moie frequently united together than those of the
andraccium, so that a compound ovary 1s of very common
occurrence (figs 367, 897)

Fie 395 Fic 390 Fie 397

1

Fic. 399

Fig 396 Pistil of Primrose (£ tmuda vwdyarisy, composed ot several united
carpels, and hence termed compound and syncarpous There 1s but one
style, which 18 surmounted by a capitate stigma —- #1g 396 Sunplc
pistil of Broom o Ovary ¢ Style ¢ Stigma —Fig 397 Compound
sy nearpous pistil of Tobacco (Ncotiana Tabacum) t Thalamus o Ovary
s Style g Capitate stigma —»Fig 398 Vertical section of the ovary ot
the Barberry (Berberis vulgaris), on the outside of which are seen a stamen,
dehiscing by two valves, anda petal o Ovary ov Ovules attached toa
projection called the pl ta, p st Sessile stiging ——F1g 399 Vertical
section of the flower of the Peony (Peomia) d+ Dorsal suture of the
ovary vs Ventral suture

When there 18 but one carpel, as m the Pea (fig 406), Broom
(ftg 896), and other members of the Leguminose, the pistil 18 said to
be stmple , when there 18 more than one, 1t 18 described as compound,
whether they are distinet from each other, as 1n the Crowfoot
(fy 866), o1 combined into one body, asin the Tobaceo (fig 897) and
Primrose (fig. 367).
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Each carpel consists typically of three parts 1st, of a hollow
inferior portion called the ovary (fig 898, o), containing one
or mord little somewhat roundish or oval bodies called ovules (ov)
or meqasporangia, which are attached to a projection on the
walls termed the placenta, p, 2nd, of an apical sticky portion
called the steyma, 81d, of an elongated stalk rising fiom the
ovary, and bearing the stigma This 1s called the style In
some cases 1t 18 not developed, and the stigma 1s said to be
sessile  The terms ovary, style, and stigma aire applied

Fic 400 Fic 401 Fic 402 Fie 403 Fic 404

s s s
4
L]
P) t
Fu 300 A portion of the pistil of Daphne Lawreold o Summnt of the
ovary / Style ternmnated by a stigma, s - -Fiy 401 A portion of the
pstil of Plantago sawatilis o Summit ot the ovary ¢ Style « s Bi-
lateral stigma  The above figures are trom Jussieu —- /1y 402 Pistil of
the Periwinkle (Vinca) o Ovary ¢ Style s Hury stigma @& Disc
Fiy 403 Ventral view of the pistil of Zsopyr wm buter natum, showing the
double stigma ——Fig 404 Pistil of Wheat (7 1ticum satrvum) surrounded

Ly three stamens wnd three squamula, »  Two feathery styles or stigmas
urise from the top of the ovary

R 4 ’

©

precisely the same sense, when speaking of a compound pistil mn
which the parts are completely unmited (figs 867, 895, 897), as
1n the case of a simple carpel The monocarpellary ovary has
two sutures, one which corresponds to the union of the margins
of the lamina of the carpellary leaf, and 1s turned towards the
axis of the plant, and another which corresponds to the midrib of
the lamina, and 18 directed towards the floral envelopes or the
circumnference of the flower, the former 1s called the ventral
(fig 899, vs), the latter the dorsal, (ds) suture.
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When the gynzeium 1s tformed of but one carpel, as 1n the
Broom (fig 396) and Pea (g 4086), 1t 15, as we have already
seen, called sumple, and the terms gyneciwm, or pustil, and
carpel are then synonymous, when there 1s moie than one
carpel, the pistil or gynmcium 1s termed compound (frgs 895
and 410) In a compound pistil, agan, the caipels may be
either separate from each other, as 1n the Stonecrop (fig 284)
and Pheasant’s-eye (fig 410), or umted into one body, as 1n
the Primrose (fig 895), Carnation (fig 405), and Tobaceo (fig.
397) 1n the former case the pistil 1s said to be apocarpous, n
the latter syncarpous The number of carpels of which the
pistil 18 composed 15 expressed by a Gieck numeral prefixed to

Fie 105 Fra 406

) stug

° L4

Frg 405 Pistal of Deanthus Car yophyllus
on a stalk ¢, allul the gynophore
below which s the paduncdle On the
top ot the ovary are two styles, the
facc ot each of wlich 1s traversed by
v contimnons stigmatic surface —
1y 406 Distal ot Lathyr us odoratuy
0o Ovaly ¢ Pewsistent calys  On
the top ot the ovuy 13 the style and
stigma, sty

the ternunation gynous, and the tlowel 1ecerves corresponding
names accordingly. A tlower with one carpel 18 monogynous,
with two, digynous, and so on.

1 Apocarpous Pustil —An apocarpous pistil may consist of
one or more carpels, and they may be arranged in various ways
When there are but two, they are always placed opposite to
each other, when there are more than two, and the number
comncides with that of the sepals or petals, they are usually
opposite to the latter, 1t 1s rare, however, to find the carpels
corresponding 1n number to the sepals or petals; they are
generally fewer or more numerous. The carpels may either be
arranged 1 one whorl, as in the Stonecrop (fig. 284), or 1n
several whoils alternating with each other, o1 they may form
a more or less spiral arrangement upon the thalamus
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When an apocaipous pistil 18 thus found with seveial 10ws of
carpels, the thalamus, instead of having a neaily flattened top, as 1s
usually the case when the number of caipels 18 small. fiequently
assumes other foims, m the Magnolia and Tulip tiee, 1t becomes
cylindrical (fiy 407), n the Raspberry (g 409, !) and Ranunculus
(ng 366) comenl, m the Stinwberry (fiy 408) hemuspherical ,
while 1n the Rose (g 285, 7, 1) 1t 15 hollowed out like a cup, o1 uin,
and has the caipels amiranged upon 1ts mnner surface These varying
conditions ot the thalamus necessarly lead to corresponding altera-
tions 1n the mutual 1elation ot the different carpels which compose
an apocarpous pistil, and modify very materially the appearance of
different flowers

Fie $07 Fi. 408 Fie 409

Fiy 407 Central part of the Howar of the Lulip trew (Lerwode ndron tulypn
gerum) 1he thalamus, a, 15 more o1 less (yhindiwal ¢, ¢ Carpels e e

Stamens Fig 408 Suction ot the flower ot the stiawberly  The
thalamus 15 naaly hamspherical,and bears a number of sepurate carpels on
1ts upper portion -—-— fy 409 Scction ol the ripe prstal of the Raspbeny,
rhiowing the comel thlamus, ¢

2 Syncarpous Pustul —We have already seen, in speaking
ot the tloral envelopes and andreeiun, that the different paits
of which these whorls are respectively comnposed may be distinet
fiom each other, or more o1 less umted Irom the position of
the carpels with respect to one another, and from their natue,
the latter are more fiequently umted than any other parts of the
flower This umon may take place either partially, or entirely,
and 1t may commence at the summt, or at the base of the
carpels In the former case, as 1n Xanthoxylon frarineum
(fig 411), the carpels are united by their stigmas only; m Duc-
tamnus Frarwnella (fig 427) the upper parts of their styles are
united ; while 1n the Labiate (fig 412, ), and most Boraginacece
(fig. 418, d), the whole of the styles are umted. In all these
cases the ovaries are distinet, and 1n many Boragwnaces the
stigmas also, but mn all Labiate the stigmas are distinct
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It 1s far more usual to find the carpels umted by their
lower portions or ovaries, and this union also may take place
to varlous extents In the Rue (fig 414, ov) the union only
takes place at the base of the ovaries, the upper parts remaining
distmnet, 1n which case the ovary 18 commonly desciibed as
lobed In Dwanthus (frig 405) the ovaries are completely
umted, the styles bemng distinct, while in the Primose (fig
867) the ovaries, styles, and stigmas are all united When two
or more ovaries are thus completely united so as to form one
body, the organ resulting from their union 1s called a compound
or polycarpellary ovary

Yie 410 Fie 411 Fie 412 ¥ 413

Fig 41v  Apocarpous pistil of the Pheasant’s eye (4donis) —Fig 411
Pistil of Xanthoxylon fi«rineum supported on a gynophore, g The
ovaries, o, and styles are distinct, but the stigmas, s, are united ——Fig
412 Pistil of Horehound (Wua:rubtum vulgure), a Labiate plant  Its
ovaries, ov, are distinct, the styles, \, being united, and the stigmas distinct
tag 413 Pistal of Myosotrs, & Boraginaceous plant ov Distinet ovaries
« United styles

Polycarpellary Ovary —The compound ovary formed as
just stated may either have as many cavities separated by par-
titions as there are component carpels, or 1t may have only one
cavity These differences have an umportant influence upon
the attachment of the ovules, as will be seen later when speaking
of placentation If we consider three free carpels placed as in
Jig. 415, a, each of these possesses a single cavity corresponding
to 1its ovary, so that if we make a tiansverse section of the
whole (fig. 415, b), we necessarily have thiee cavities, each of
which 18 separated from those adjoining 1t by two walls, one being
formed by the side of its own ovary and the other by that of the
one next to 1t But if these three carpels, instead of being
distinet, are united by theiwr ovaries, asm fig 416, a, so as to form
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a single ovavy, the latter must necessarily also have as many
cavities as there are component carpels, b, and each cavity must
be separated from those adjoinng 1t by a wall which 1s called a
duwssepyment or partition  Each dissepiment must be also com-
posed of the umted sides of the two adjoining ovaries, and be
consequently double

In the normal ariangement of the paits of the ovary, 1t will
necessanly happen that the styles (when they aie distinet) must
alteinate with the dissepiments, for as the forme:r are prolongations
of the apices of the blades of the caipellmy leaves, while the latter

Fic 415 Fie 416

Fia 414%

' N | . |

Fig 414 Flower ot the Rue (Ruta g1 aveolens), showing the ovaries, ov, united
at thelr bases ——Fig 415 a Diagram of three carpels placed sile by side,
bnt not umted b A transverse <ection of the ovaries of the same ——
Fig 416 «a Diagram of three carpels umted bv then ovaries, the
styles and stigmas being free 5 A tranaverse <ection of the ovaries
of the same

are formed by the union of then margins, the dissepiments have the

same 1elations to the styles as the sides of the blade of a leaf have
to 1ts apex , that 1s, they must be placed 11ght and left of them

The cavities of the compound ovary are called cells or locule,
and such an ovary as that just described would be therefore
termed thee-celled or trilocular, as 1t 1s formed of three umted
ovaries All dissepiments which are not foomed by the united
walls of adjoining ovarles are termed spurious o1 false It
follows, therefore, that a single carpel can have no true dissepi-
ment, and 18 hence, under ordinary and normal circumstances,
umlocular or one-celled

Fiom the preceding observations 1t follows that when ovaries
which are placed side by side cohege. as in fig. 416, and form a
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compound ovary, the dissepiments must be vertical, and equal 1n
number to the ovaries out of which that compound ovary 1s formed
When a compound ovary 18 composed, however, of moie than one
whoil of ovanes, placed 1n succession one over the othei, asin the
Pomegranate, horizontal tiue dissepiments may be foimed by the
ovalies of one whoil uniting by then bases with the apices of those
placed below them (fig 551)

We have just observed that all dissepiments aie said 1o be
spurious except those which are formed by the union of the walls of
contiguous ovaiies, and 1t occasionally happens that such spurious
disgepiments are foimed in the cowmse of growth, by which the
ovary acqunes an niegulai character These false discepiments

Fie 417 Fia 418 Fra 419 e 420
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Fig 417 Vertical section of a portion of the mature
ovary of Cassia fistula, showing a number of trans
verse spurious issepiments (phragmata) — Fig
41% Vertical section of the ovary of the Wallflower
np Ovaleg, ench attached by a stalk to the placenta
en ¢l Vertwal spurions dissepiment called the 1e
plam -  Fig 419 Transverse section of the lower
part of the ovary of the Thorn apple (Datura Stra
momum), showing that the ovary 13 here tour celled
Fiug 420 Transverse section of the same ovary at 1ts
npper part, chowing that 1t 1s here two celled

commonly arise from projections of the placenias inwards, less
frequently by ingrowths from some other parts of the walls of the
ovaries Some of these are horizontal, and are called phiagmata,
as m Casswe fistulu (fig 417), where the ovary, after fertihsation, 18
dinided by a number of t1ansveise dissepiments, which aie ingrowths
fiom 1ts walls  Others are vertical, as in Ciuciferous plants, where
the dissepiment, called a replum (fig 418, cl), 1s foimed from the
placentas Another case 1s that of Datura Stramonium, where the
ovary 18 formed of two carpels, and 1s hence noimally two-celled,
but, mstead of 1emaining biloculal, 1t becomes four-celled below
(fig 419) from the formation of a spuious vertical dissepiment.
This dissepiment does not extend to the top of the ovary, so that
the upper portion of the latter is only two-celled (fig 420). In the
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Gourd tiube (ng 548), also, sputious dissepiments appear to be
formed 1n the ovaly 1n a vertical direction by projections from
the placentas In the Flax, agam (fig 421), spuiious mmcomplete
veitical dissepiments are foimed 1h the ovary by projections
fiom the doisal sutuies In the ovary of Astiagalus (fig 422),
also, a spurious dissepiment 1s foimed by a folding inwaids of the
dorsal sutuie, while in those of Orytropms and Phaca (ng 423) a
spuiilous mcomplete dissepiment 1s produced by a folding inwards of
the ventral sutuie

It <hould be noticed that in our desciiption of <puilous dis
sepiments we have not confined ou: attention to those ot compound
ovarles alone, but have also iefened to those of simple ovailes, in
which they sometimes arise  The spurlous dissepiments of Cassia

Fra 421 Fia 422 Fra 423

Fig 421 Tiansyerse section of the ovary of the Flax (Zmum wsitatassamum)
<howmg five complete and true dis~epiments, ¢, and five incomplete ”
spurious dissepiments, h—-Ig 422 Transverse section of the mature
ovary of Astraqulus, showing spurioun~ dissepiment proceeding from the
dorsal suture — - 423 Tiansverse section of the matme ovary ot
Phaca,

fistula, Astiagalus, Phaca, and Ovytiopis are all examples of such
formations i simple ovalles

Polycarpellary ovaries containing only one cavity are gene-
rally constiucted 1n a manner essentially the same as those
already described, except that the edges of the constituent
carpels are either not tuined mmwaids at all or not sufficiently
far to meet 1n the centre of the ovairy, so that all then cavities
communicate in the centie Anovary formed in either of these
ways 18 unilocular though compound, as in the Orchis (fig 425)
and Poppy (fig 426)

‘We turn now to examine 1mn mole detail the separate paits
of the carpellary sporophylls, which, we have seen, are the ovary,
style, and stigma.

1. THE Ovary —The ovary, as already mentioned, may be
numple or compound, the latter when 1t 1s composed of two or more
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ovaries combined together  The terms sunple pistil and simple
ovary are not 1n all cases synonymous terms, a pistil 1s only
said to be simple (figs 896 and 4068) when 1t 18 formed of but
one carpel, the terms pistil and caipel bemng then mutually
conveitible, but an ovary 13 simple, as just noticed, whether 1t
forms pait of a snnple pistil, as in Leguminous plants generally
(fig 408), or of one of the carpels of an apocaipous but poly
carpellary or compound pistil, as 1n the Stonecrop (fig 284)

Generally speaking, the ovary 1s sessile upon the thalamus, the
carpellary leaves out of which 1t1s foimed having no stalks In 1are
cases, howevel, the ovary 1s more o1 less elevated above the outer
whotls, when 1t 15 said to be stalked o stipitate, ns m Dictamnus

Fi¢ 421 Fia 425 Fi« 4206
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Firg 424 Tiansverse <ection of the one celled ov uy of Mignonette ( Reseda)
¢ The lowcr flattened portion o1 ovary ot one of the thice carpelsot which
1t1s formed ! One of the three paretal placentaa —Fig 426 Trans
verse section of the one celled ovary of an Orchis ¢ The lower portion
or dvary of one of the three carpels of which it 15 formed, shghtly infolded
2! One of the three parietal placentas F1g 426 Transverse <ection
of the ovary ot a species of Poppy ov Ovules plac Placentas
which in the young ovary nearly meet in the centre, and thus the ovary
becomes almost many celled, but as the ovary progresses in deyelopment
1t 13 only one celled

Jig 457, g) and Dwanthus (fig 405, g), this stalk has received the
name of gynophore

The ovary, whether simple o1 compound, may be either united with
the receptacula: tube o1 free from 1t In the foimer case, as in the
Myitle (fig 278), 1t 18 mferi00 or adherent, and the calyx 1s superior,
in the latter, asin Dictamnus (fig 427),1t 18 superio or fiee,and the
calyx1swnferior  In some flowers the ovary 1s but paitially adherent
tothe receptacle, as in the species of Saxifrage (fig 428), m which case
1t 18 sometimes termed half-adheient o1 half wnfertor , and the calyx
18 then said to be half-superior, the latter terms are, however, but
1n1ely used, the ovary being geneially described as inferior, whether
1ts adhesion to the receptacle be complete or only partially so, and
vice versa

Some doubt has been entertained 1n many cases as tothe true natare
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of the external tubular portion It has been regarded in some as
part of the calyx, but in others, as in the Gooseberry, 1t 18 a hollowed
receptacle, or thalamus, the true calyx springing from the top of the
cup-shaped body, and the ovary being placed upon and adhering to
the side of the latter This relationship 1s seen more clearly 1n such
apparently inferior ovaries as those of the Rose (fig 429), where the
thalamus, 7, 7, 18 certainly concave, and bears a number of carpels,
o, 0, on 1ts mner walls A longitudinal section will at once show the
difference, 1 the Rose we hnd a single cavity open at 1ts surnmit,
and 1ts walls covered with distindt carpels The ovaries of the Rose
are therefore superior or free

Fie 427 Fie 428

by 427 Pistilof Dictamnus Fraxwmella The ovary
18 supported on a gynophore, ¢, and 1s superior
Fig 428 Vertical section ot the lower of a Saxa-
frage, showing the ovary partially adberent to
the calyx —F1g 429 Vertical section of the
flower of the Rose 7,: Concave thalamus, upon
wlnch are placed several carpels, o, o, each of
which 18 furmshed with a style and stigma, s
e, ¢ Stamens —Fig 430 Compound irregular
mature ovary of Antu rhwnum

The ovary varles much in form and 1n the character of 1ts surface
when sumple 1t 18 generally more or less inegular in form , but when
compound 1t 18 commonly regular Exceptions to the regulanty of
compound ovaries are not infrequent, an example may be seen n
Anturrhanum (fig 430) The compound ovary 18 generally more or
less ovord 1n form  The outer surface may be either perfectly even
or uniform, showing no trace of its internal divisions, or marked
by longitudinal furrows extending from its base to the origin of
the style and corresponding to the points of union of 1ts constituent
carpels When these furrows are deep, the ovary assumes a lobed
appearance, and 18 deseribed as one-, two-, three-, four-, five.,
or many-lobed, according to the gnmber of 1tz lobes. Sometimes

VOL. I. o
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we find, 1n addition to the furrows which correspond to the lines of
union of the ovaries, others of a more superficial character which
correspond to the dorsal sutures At the latter places, however, 1t 18
more usual to find shght projections, which then give a somewhat
angular appearance to the ovary

When the ovary 1s compound, the number of carpels of which 1t
18 composed may be ascertained in several ways When the styles
(fig 416), or stigmas (fig 346), remain distinct, their number
generally corresponds to the number of the caipels It happens,
however, occasionally that the styles aie themselves divided, as 1n
Huphorbwa ( fig 431), in which case they fail to indicate the number
of carpels that are actually present This may then be determined
by the furrows o1 lobes on the external surface of the ovary, or the
number of partitions or loculi which 1t contains, as these 1 nearly
all cases correspond 1n number to the carpels of which that ovary 1s
composed

Fic 431 Fic 432

Fig 431 Pistillate flower of a species of Euphor hra, with three forked styles
F1g 432 Vertical section of the flower of the Stonecrop p! Placenta ot
one of the ovaries, arising from the ventral suture

The term placenta 18 commonly applied to the more or less
marked projection to which the ovule or ovules are attached
1n the cavity of the ovary (figs 898, p, and 432, pl) The
placentas are variously distributed in the ovaries of different
plants, but with very rare exceptions then position indicates
the margin of the carpellary leaf or lcaves The term placen-
tatron 1s used to indicate the manner 1n which the placentas are
distributed.

a Kwnds of Placentation.—In the monocarpellary ovary the
placenta 1s usually situated along the ventral suture, or the
line which corresponds to the union of the two margins of the
blade of the carpellary leaf, out of which it 18 formed, such
Lg%&centa 18 therefore termed marginal (figs. 898, 399, and

In compound ovaries we have three kinds of placentation*
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namely, axile, parietal, and free central The azile form occurs
generally in compound many-celled ovaries The carpellary
leaves are folded so completely that their edges meet 1n the
centre, dividing the cavity of the ovary into as many locul1 as
there are carpels (figs 415 and 416) and forming a central axial
column, from which the term axile 1s derined The placentas
situated at their ventral sutures are arranged on the centre or
axis, as in the Laly (fig. 433) and Campanula (figy 434). In
one Natural Order, the Caryophyllacew, the dissepiments or
partitions formed by the intuined walls are destroyed or absorbed
during the growth of the ovary, so that the axial body of placentas
appears free  This constitutes a form of free central placenta-

tion

Fic 433 Fre 434 Fi. 435

£ 433 Transverse section ot the compound ovary ot the Lily The ovary
15 three celled (ttilocular) The placentas, pl, arc axile or central — —
g 434 Transverse <ection of the ovary of a species of Campanula  The
ovary 1s five celled or quinguclocular, and the placentation, pl, axile
F'vg 436 Trinsverse section of the ovary of a species of Cactus The
ovary 1s one celled, and the placentation parietal

In a compound one-celled ovary the principal foun of
placentation 1s the parictal The placentation 18 termed
parwetal when the ovules are attached to placentas placed
either directly on the inner wall of the ovary, as in the
Mignonette (fig 424, pl) and Cactus (fig 435), or upon incom-
plete dissepiments foimed, as already noticed, by the partially
infolded margins, as 1n the species of Orchus (fig 425, pl) and
Poppy (fig 426, plac) In parietal placentation, the number of
placentas corresponds to the number of carpels of which the
ovary 18 formed, and their position to the edges of the carpellary
leaves.

In some cases the placenta 18 formed upon the axis or
thalamus, and not upon the sporophylls at all. The thalamus
In this case projects upwards with the cavity of the ovary The

condition 1s seen, ¢ g., 1n the Prynulacee (fig 488). Like the
02
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condition 1n the Caryophyllacee, this 18 known as free-central
placentation To this point we shall return later

Besides the regular kinds of placentation just deseribed, 1t
sometunes happens that the ovules are placed more or less
irregularly 1n the cavity of the ovary In the Flowering Rush
(fig 489) they cover the whole mmer surface of the carpels
except the miduibs, and the placentation 1s consequently
deseribed as superfictal , 1 Nympheea, the white Water-lily,

Fie 436 Fi. 437 Fi. 438

s/ stg )

Fic 439

Frg 436 Vatwal scction of Cerastuam hn
sutwm (Car yophyllucew) o Ovuy p Ire
central placenta g Ovules s Styles and
stigm s — 2"ty 437 'I'ransverse section of
the same with the two portions or sections
w~eparated o Ovary p Placenta g Ovules
s Styles and stigmas  lrom Jussien ——
Ig 438 Vertical section of the pistil of
Cyclamen (Primulacew) s Sepals pl Free
central placenta st Stvle stig Stigma
Fig 439 Vertical section of the flower of
the Flowering Rush (Butomus umbellatus),
<howing the mmmer surface of the ovaries
covered all over with ovules

they are attached all over the dissepiments, in Cabomba,
they arise from the dorsal suture, and in the Broom-rapes
(Orobanche) from placentas placed within the margmns of the
ventral suture

b. Origin of the Placenta.—The placenta 18, n most cases
at least, a cellular growth developed from the confluent
margins of the carpels, or, more strictly speaking, from the
confluent margms of the blades of the carpellary leaves.
In some cases the placengs' extends along the whole line of
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union of the carpel (fig 431, pl), 1n others 1t may be confined
to 1ts base o1 apex HEach placenta 18 to be considered
as composed of two halves, one half being formed by each
margin of the carpel In smple ovaries the placenta 1s
developed by a single carpel In compound many celled
ovaries the placentas are formed by the union of the inturned
margins of the carpels at the centre of the ovary, while mn
campound one-celled ovaries presenting parietal placentation,
each placenta 18 formed from the contiguous margins of two
carpels which do not meet 1n the centre

That in these forms of placentation the placentas are
really developed from the margmns of the carpels 1s proved
i various ways In the first place, in regular kinds of
placentation the placentas always correspond to the lines of
union of the margns of the carpel or caipels, and hence may
naturally be considered as formed from them, and, secondly,
we frequently find that in monstrosities 01 abnormal growths,
where the carpel 18 developed 1n a more or less flattened con-
dition, asplacenta bearing ovules 1s formed upon each of the
margins.

The origin of the free central placenta 18 not always the
same, we have already seen that there are two different types
recognisable In the first, this also 1s a development from
the margins of the caipels. The carpels of which the compound
ovary 18 formed orgmally meet 1 the centre and develop
placentas from their margins in the same manner as 1n ordinary
axile placentation, subsequently the walls of the ovary grow
more 1apidly than the dissepiments, so that the connection
between them 1s soon destroyed, and from this cause, and also
fiom the great subsequent development of the placenta, the
septa ultimately become almost or quite broken up, so that the
placenta s left free from the cavity of the ovary This view 18
strengthened by the fact that in several of the Caryophyllaces
we often find dissepiments 1n the young ovary, and even traces
of them at the lower part of the mature ovaiy, these are the
remains of dissepiments which have become ruptured on account
of the unequal development of the parts of the ovary The
second type 1s 1illustrated by the Primrose and many other
plants, which have a free central placenta, in these no traces
of dissepiments can be found at any period of the growth of the
ovary. Duchartre and others, who have traced the development
of the ovary in the Primulacew, state that the placenta 1s free
m the centre from 1its earlhiest appearance, that 1t 18 originally &
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little papilla on the apex of the thalamus, and that the walls of
the future ovary grow up perfectly free, and ultimately enclose
1t. The formation of such a free central placenta cannot there-
fore be well explained upon the marginal theory, as the carpels
have never had any connection with 1t except at their bases
Nor 18 1t necessary to suppose that a placenta 1s essentially of
foliar origin  Since 1t has been established that the ovule 18 to
be looked upon as the megasporangium of the flowering plant, 1t
follows that 1t may be produced, as other sporangia are in some
of the lower forms, either from the axis itself, or from fohar

Fic 440 Fiec 441 Fia 442 Fic 443

Fig 440 Vertical section of the flower of Armerta The ovary 13 seen to
contain only a single ovule suspended from a fumiculus or stalk  The
ovule 18 here said to be reclinate ——Fig 441 One of the carpels of the
Strawberry with a lateral style ——Fig 442 Carpel of Alchemilla with a
basilar style The stigma is capitate ——Fig 443 The carpophore, ¢, of a
apecies of Geramum with the rolled-back carpels, car

outgrowths from 1t (sporophylls). The case of the Yew, already
referred to, 1s another instance of axial origin, the ovule
being here naked and terminal Other 1illustrations have been
already given, and to them the case of the Plumbaginacee may
be added In Armeria, a genus of that Natural Order, the
ovary, which 1s composed of five carpels, surrounds a single
ovule, which, rising from the axis, 1s supported on a stalk which
curves downwards at 1ts apex, and suspends the ovule free
n the centre of the cavity (fig. 440) Here, therefore, the
ovule and placenta are developments of the axis.

From all that has now Béen stated, we may draw the follow-
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mg conclusions, namely —that no single theory sufhciently
accounts for the production of the placenta in all cases, but
that the axile, parietal, and some forms of the free central
placentation may be best explaned on the fohar hypothes:s,
and that the formation of the free central placenta of the
Prumulacee, Santalacee, and some other plants, can only be
satisfactorily accounted for by considering the placenta as a
production of the axis

In the majority of instances, we find one kind of placentation
occurring throughout all the plants of a particular Natual Order
The Scrophulariacece, Ericacee, and Campanulaceee present us with

Fie 444, Fic 445

Fig 444 Pistillate flower of one of the Euphorbiacew ¢ Onlyx p, p Petals
t Membranous expansion round the ovary o Ovary with three styles
s, each of which is twice forked -—Fig 445 Ovary of the Castor-ol plant
(Rrcinus communts), belonging to the kuphorbiacese The styles in this
oase are once forked

axile placentation , the Papaveracee, Violacee, and Crucifere with
parietal , and the Caryophyllacee, Santalacee, and Primulacee
with free central placentation In some Natural Orders the placent-
ation 13 not constant through all the genera

2 TaE StyLe —The style usually arises from the geometrical
summt of the ovary, of which 1t 18 a continuation 1 an upward
direction, as 1n the Primrose (fig 895) 1t 1s thentermed aprcal In
other cases, the apex of the ovary becomes 1nflected towards the side
or base, from the carpel or carpels of which 1t 18 formed being folded
like ordinary leaves in reclinate vernation; the style then becomes
lateral, as 1n the Strawberry (fig. #41), or basilar, as 1n Alchemulia
(fig. 442). In the two latter cases, therefore, the geometrical and
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organic apices of the ovary do not coirespond, as the point of origin
of the style always determines the latter

The style 1s generally directly continuous with the ovary, which
gradually tapers upwards to 1t as 1n Degetalis, 1 such a case 1t 18
persistent, and forms a more o1 less evident part of the fruit, 1n othex
cases, however, there 1s a kind of articulation at the point where the
style springs from the ovary, as 1n Scirpus,and then the style always
falls off after the process of fertihsation 1s completed It 13 then said
to be dectduous, and has no connection with the fruit

When the style 1s basilar or lateral, and the ovary to which 1t 18
attached more or less embedded 1n the thalamus, 1t frequently appears

Fic 446
stig

Fic 447 Fic 448

Fig 446 Pistil of a species of I/ris o Ovary sy Petalowd styles sr2g
Stigmas ——Fig 447 Upper part of the style and stigma of Leschenaultia
Jormosa t Style i Collecting hawrs s Stigma — Fig 448 Upper part
of the style, ¢, of a Composite plant, dividing into two branches, which are
covered above by collecting hairs, pe

to spring from the latter, such an arrangement 1s called a gynobase,
and the ovary 18 said to be gynobasic The condition 1s seen 1n the
Lalbate (fig 412) and the Boraginacee (fig 418), the ovaries of
which are free, but the styles, which spring from their bases,
become connected and form a central column, which appears as 1if 1t
were a prolongation of the thalamus

Buch an arrangement must not be confounded with that of the
ovaries and styles of the species of Geranium (fig. 448), and some
other plants, where the axis 1tself 18 prolonged 1n the form of a beak-
like process, to which the ovaries and styles become umted, and from
which they separate when the fruit is ripe. This prolongation of the
thalamus 18 termed a carpophore (see page 146)
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When the styles of a syncarpous pistil are distinct, they usually
correspond to the number of carpels of which that pistil 18 composed
It sometime happens, however, that the style of each carpel
bifurcates o1 becomes forked, as in some Euphorbiacee, erther once
(figs 430 and 445), or twice (fig 444), in which case the apparent
number of the styles 18 double or quadruple that of the earpels

Form and Surface of the Style —In foam the style 1s generally
more or less cylindiical, either tapering from the base to the apex,
as 15 genelally the case, o1 becoming enlarged asit proceeds upwards
In other cases the style 13 filifoirm, or mote or less thickened, ov
angular , and rarely thin, coloured, and flattened hke a petal, as

Fic 449 Fic 450 Fia 451,

Fig 449 Pistil of a Laly, with onestyleand a
trilobate stigma — F1g 450 Lobed stigma
of the Melon —— g 451 Pistil of a species
of Chrysanthemum, with one style and a
bifid stigma, the divistons with hawrs at
their extremities

n the species of Canna and Iris (fig 446), when 1t 15 said to be
petalord

The surface of the style may be either smooth, or covered 1n
various ways with hawrs These hairs, when situated on the style,
frequently serve the purpose of collecting the pollen, and are hence
termed collecting hawrs The collecting hairs on the style of the
species of Campanula are retractile In the Composite the surface
of the style 18 also more or less covered with stiff collecting hairs
(fig 448, pc), as the style1s developed later than the stamens, it
18 at first shorter than these organs, but as the growth proceeds it
pushes 1tself through the syngenesious anthers, and thus the hairs
on 1ts surface come 1n contact with the pollen and become covered
with 1. In some of the Orders allied to the Composite, the hairs
form a hittle ring below the stigma (fig 447, 2)
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8 THE StieMA —The stigma 1s a rough, usually sticky area,
situated 1n various positions above the ovary, but generally
occupymgits pomnted apex In the case of a compound stigma, 1t
usually shows rays or branches corresponding in number to the
constituent carpels The roughness 1s due to projecting cells
of 1ts external layer, while the stickiness 1s caused by the
secretion of honey

The stigmas of a syncarpous pistil are generally opposite to the
cells, and alternate with' the dissepiments, but 1t sometimes happens,
as 1n the Poppy, that half the stigma of one carpel unites with a
simlar half of that of the adjoining caipel, the 1ays thus formed
are alternate with the cells, and opposite to the dissepiments, the
latter being, howevel, imperfect (fig 426)

Fic 452

e

Fig 452 Stigma, s, attached to style, ¢, of Bignoma arborea In the left-
hand figure the lamelle are separate, in the other applied closely to
each other —Fig 453 Flower of a <pecies of Rumer, showing fringed
stigmas, pl

We have already seen that the stigma may be separated from the
ovary by the style (figs 895-397), or the latter organ may be absent,
in which case the stigma 13 said to be sessile, as 1n the Barberry
(fig 398, st) and Poppy In Oichids the stigma 18 sessile on the
gynostemium, and appears as a little cup-shaped viscid space just
below the attachment of the pollen-masses

In a syncarpous pistil the stigmas may be either united together, as
in the Primrose (fig 395), or distinct, as in Campanula (fig 388), in
the latter case, instead of looking upon these separate parts as so
many diistinet stigmas, 1t 18 usual to describe them as 1f they were
portions of but one, we then speak of the stigma as biid, trvfid, &ec , or
as bilobate, trilobate, &e , according to the number and character of
its divisions. The term lobe 18 usually applied when the divisions
are thick, as m the Lily (fig 442) and Melon (7ig 450), when these
are flattened and somewhat strap-shaped, as in the Composite
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(fig 541), the stigma 18 fissured or cleft, when flattened into plates
or bands they are termed lamelle, as in Bignoma (fig 452) and
Muvmulus The number of these divisions in the majority of instances
corresponds to the number of carpels of which the pistil 18 composed ,
and 1if the latter organ 13 many-celled, the number of cells generally
corresponds also to the divisions of the stigma  The five-cleft stigma
of some Campanulas accordingly indicates that there are five cells
to the ovary, and that the pistil 13 formed of five carpels In the
Gramwmacee (fig 404) and Composite (figs 448 and 451), however,
we have a bifid stigma, and but one cell n the ovary

The lobes assume different appearances they may be smooth
o1 thick and fleshy, as 1n the Melon (fig 450), or feathery, as in
many Grasses (fig 404), or fringed or lacimate, as m the Dock
(fig 453, pl)

When the stigmas are umited, the number of paits in the
compound stigma 1s usually indicated by 1adiating furiows or
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Fig 454 ¢ Teltate or shield shaped stigma surmounting the style, ¢, of a
species of Arbutus —— Frg 456 Tastil of Daphne o Ovary st Styles
strg Stigma — Fug 456 Pistil of Pansy ( Viola tricolor) eal Remains of
calyx ov Ovary sy Style, surmounted by an irregular hooded stigma

grooves When the stigmas unite and form a compound body upon
the top of the style, this compound stigma 1s said to be caprtate
In the Violet (fig. 456) the stigma presents an miegulax hooded
appearance

THE FLOWER-BUD. /STIVATION OR PRZEFLORATION

/
The mode 1n which the different parts of the flower are dis-
posed n the flower-bud 1s termed their @stwation or preflo-
ration. The terms used 1n describing sstivation refer especially
to the relative positions of the component parts of the calyx and
corolla, because the stamens and carpels, from their pecuhar
forms, can give us no such arrangements of their parts as are
exhibited by the more or less flatéened floral envelopes.
In describing the varieties of mstivation, we have to
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include 1st, the disposition of each of the component parts of
the floral envelopes, considered independently of the others, and
2nd, the relation to one another of the several members of
erther of the floral envelopes taken as a whole With regard
to the disposition of each of the component pairts of the
floral envelopes considered independently of the others, the
same terms are used as 1n similar varieties of vernation,
with the addition of the crumpled or corrugated form,
which 1s not found 1n the parts of the leaf-bud. This latter
arrangement may be seen 1n the petals of the Poppy (Papaver)
and Rock Rose (Heleanthemum), 1t derives 1ts name from the
parts being irregularly contracted into wrinkled folds

‘With respect to the relation to one another of the seveial
members of either of the floral envelopes taken as a whole, various
arrangements occui, all of which may be classified in two divi-
sions namely, the Curcular or Valvate, and the Imbricated

Fre 457 Fia 458 Fire 459 Fia 460
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Fig 457 Diagram to 1illustrate valvate mstivation ——Fig 4568 Diagram to
1llustrate induplicate sestivation ——Fg 459 Diagram to 1llustrate redu
pheate sestivation ——Fig 460 Diagram to illustrate contorted or twisted
@stivation

1 Varweties of Curcular Zstwation.—We distinguish three
well-marked varieties of ciicular estivation, 1¢ the valvate, in-
duplicate, and reduplicate. The valvate (fig 457) may be secn
m the calyx of the Lime, and 1n that of Guazuma ulmafoha, in
this variety the component parts are flat or nearly so, and 1n
contact by their margins throughout their whole length without
any overlapping This variety of sstivation may be generally
distinguished, even when the flowers are expanded, by the
margins of 1ts component parts being slightly thickened, or at all
events not thinner than the rest of the organ; whereas 1n all
varieties of 1mbricated @stivation the overlapping margins are
usyally thinner, as may be well seen 1n the sepals of the species
of Geranwvum. When the component sepals, or petals, instead
of being flattened, a1e folded inwards at the points where they
come 1n contact (fig. 4568), the mstivation 18 wnduplicate, as 1n
the petals of Guazuma ulmifolia, and in the sepals of some
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species of Clematis. When the margins are turned outwards
under the same circumnstances (fig. 459), the sestivation 18 re-
duplicate, as m the sepals of the Hollyhock (Althea rosea)
and some other plants of the Natural Order Malvacee, also 1n
the petals of the Potato

2 Vareties of Imbricated or Sprral Aistwation —We dis-
tinguish five varictics of this kind of wstivation, 1e the wmbre-
cate, convolute, quincuncial, cochlear, and verdlary  The
true wmbitcate wstivation, as seen for instance in the calyx of
Camellia japonwca (fig 461), 18 formed by the component parts
overlapping each other more or less by their margins, hke the tiles
on the roof of a house Usually, when theie are five leaves
1n the tloral whorl, one 18 overlapped on both margns, the next
one 18 completely external, and each of the other three overlaps

Fic 461 Fic 462 Fi. 463 Fic 464

Iy 461 Diagram to illustrate imbricate sstaivation  The figures, 1, 2, 3, 4,
5, show that the successive parts are arranged 1 & spiral manner —— Fig ’
462 Diagram to1llustrate quincuncial sestivation 1 and 2 are external,
4 and 6 wteinal, and 3 18 partly external and partly internal —»Fig 463
Diagram to 1llustrate cochlear sestivation ——Fig 464 Diagram to illus-
trate vexillary astivation 1 and 2 form the alee on wings, 3 and 5 the
carma or keel, 4 the vexillum  (Ree Papulionaceous Corolla )

the leaf next 1t on one side and 1s overlapped by that next 1t on
the other (fig 461).

‘When one margin of each leaf overlaps the one next 1t, and
the other margin 18 overlapped by the leaf on the other side of
1t, so that the whole whorl presents a morc o1 less twisted ap-
pearance, the @stivation 18 contorted, 1f the overlapping 1s con-
siderable, 1t 18 sard to be convolute, as 1n the corolla of the Mallow
(fig.460) When the partsof afloral whorl are five in number, and
these arranged in such a manner that there are two parts placed
on the outside, two 1nside, and the fifth overlapping one of the
internal by one margin, while 1t 1s 1tself overlapped on 1ts other
margin by one of the external parts, the ®stivation 1s said to be
quincuncial (fig. 462). Famihar examples of this form are
afforded by the corolla of the Rose and the calyx of the Bind-
weed (Convolvulus sepruni). In ¥s kind of @stivation a spiral
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arrangement of the parts 1s well seen, and 1s indicated 1n the
diagram (fig 462) by a dotted line The spiral cycle thus
formed, which 18 the normal one 1 pentamerous or quinary
flowers (those with the parts in fives), and which occurs in the
majority of Dicotyledons, coriesponds to the 2, pentastichous,
or five-ranked arrangement of leaves When, mstead of the
wholly mternal leaf being next to the wholly external one, 1t 18
the next but one, a vaiiety of estivation occurs to which the name
cochlear has been given (fig 468) IFamihar examples of this
are afforded by the Snapdiagon (Anturriinum mayus) and other
allied plants  Another marked modification of mmbricated msti
vation occurs 1n the corolla of the Pea and other Papilionaceous
Hlowers, where the supeilor petal, which 1s generally the largest
and 1s called the vexrllum, 15 folded over the others which are
arranged face to face (fiy 464). This kind of wstivation 1s
commonly termed vexillary

It frequently happens that the calyx and corolla exhibit different
kinds of @mstivation —In Guazuma ulmifolia the calyx 18 valvate,
and the corolla tnduplicate  In plants of the Natural Order, Malvacew
the calyx 1s valvate or shows some form of circular sstivation,
and the corolla 1s twisted In the Corn Cockle (Githago segetum),
the species of St John’s Wort (Hypericum), the Geranmum, and
many other plants, the calyx 18 guncuncial or vnbricate, and the
corolla twisted

The kinds of eestivation above desciibed are always constant in
the same species, and frequently throughout entine genera and even
Natural Orders, hence they are of gieat importance 1n systematic
botany

The term anthesis 18 sometimes used to indicate the period at
which the flower-bud opens

Besides the defimite and constant relations which the parts of the
floral envelopes have to one another in the flower-bud, they have
also a defimte and constant relation 1n the same plant to the axis
upon which they are placed In describing these positions we
use the terms anterwr, posterior, and lateral We call that part
posterior which 15 turned towards the axis, and that next the bract
from the axil of which the flower arises, anferior When there are
four leaves 1n a whorl, one will be anterior, one posterior, and two
lateral, as 1n the sepals of the Walllower If there are five we have
two arrangements In the calyx of the order Leguminose, two
sepals are posterior, two lateral, and one anterior, while 1n the corolla
one petal 18 posterior, two anterior, and two lateral (figs 803 and
464) In plants of the order Rosacee we have a precisely contrary
position exhibited by the parts of the two floral envelopes, here
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we have two sepals anterior, two lateral, and one posterior, while
1 the corolla there are two petals posterior, two lateral, and one
anterior

The same definite relation with respect to the axis also holds
good 1n many cases in the staminal and carpellary whorls, by
which mmportant distinctive characters are frequently obtained In
floral diagrams 1t 18 usual to indicate the position of the axis upon
which the flower 1s placed by a dot placed over the posteirior part of
the diagram

THr OvuLk

As the anther has been shown to be comparable to a sorus
consisting of four or moie sporangia, so we may regard cach
placunta with 1ts ovules as having a sinlar morphological value
In the anther the sorus forms a single body, or synangium, while
m the pistil the separate ovules o1 megasporangia are frec
Some botamsts, however, prefer to look upon the placenta as
bearing a number of sor: instead of corresponding to a single
one In thew view each ovule corresponds to a sorus of Azolla,
which contans a single megasporangium, and the indusium of
the latter 1s represented by the integuments of the ovule The
latter may, howevel, be a special protective coating for the ovule
without being comparable to an indusium, from which indeed
they differ in being developed from the body of the sporangium,
and not from the surface of the sporophyll

An ovule consists of an ovoid body, which mn section shows
the parts represented mn fig 469 There 1s a central mass of
tissue which constitutes the bulk of the structure, and 1s called
the nucellus. This 1s surrounded by certain coats or mntegu-
ments which grow up round 1t and enclose 1t, with the exception
of a small canal or passage at the apex This passage 1s known
as the muwcropyle 1In the iterior of the nucellus 18 a conspi-
cuously large cell with thin walls, which 1s the megaspore or
embryo-sac  The megaspore never hes free 1n the interior of
the sporangium, as do the microspores aheady described It
18 always from the first surrounded closely by the tissue of
the nucellus, and 1n 1ts growth 1t absorbs the whole or a good
deal of the lattex 1n some cases encroaching even upon the
substance of the integuments. Sometimes more than one
megaspore 18 produced, but this 18 unusual. Only one comes
to maturity 1n such cases.

The ovule 18 either attached directly to the placenta, when 1t 1s
sa1d to be sessule (fig 486, g), or imdirectly by a stalk called the
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Sfunseulus or fumcle (figs 418, ov, and 440), when 1t 1s described as
stalked The pomnt of attachment of the ovule to the placenta 1f
sessile, or to the funiculus when stalked, 1s termed the hilum

Some ovules, as those of the Mistletoe (fig. 466), consist
simply of the nucellus, 7, and 1ts megaspore, ¢, as above de-
scribed, in which case the nucellus 18 termed naked (fig 465),
but in almost all plants 1t becomes enclosed in one or two
coats In the Walnut there 1s but one coat, which appears at
first as a little cireular process around 1its base, this gradually
increases 1n size, and by growing upwards ultimately forms a
sheath or cellular coat to the nucellus, which 1t entirely closes
except at the apex, where a small opeming may be always
observed (fig 467, end) There 1s only one coat formed n

Fi. 465 Fi. 466 Fic 467 Fic 468

Fy 465 Ovule of the Mistletoe (Viscum album), consisting ot a naked
nucellus ——F:g 468 The same ovule cut vertically to show the embryo-
gac ¢, 1n the nucellus, n ——£#1g 467 Ovule of the Walnut (Juglans 1 eqra)
n  Projecting end of the nucellus s Coat covering the nucellus except
at the foramen, end —— g 468 Ovule of a species of Polygonum f End
of ovule where 1t 15 attached to the placenta  p Primime s Secundine
er Exostome end Endost n Projecting end of the nucellus

the Composite, Campanulacee, Leobelhacee, and some other
orders

In most plants, however, the ovule has two coats, iIn which
case we observe two circular or annular processes around the
base of the nucellus, the inner one being first developed , these
processes continue to grow upwards as before described, until
thoy also ultimately form two sheaths or coats, which entirely
enclose the nucellus except at its apex (fig. 468). The mner
coat 18 at first seen to project beyond the outer, but the latter
ultimately reaches and encloses 1it. The inner coat 1s usually
termed the secundine (figs. 468, s, and 469, c), and the outer the
prumine,, some botanists prefer to follow the order of development
of the coats, and consequently term the inner coat the primane,
and the outer the secundine, reversing the order of the names.
Others, to prevent confusion, more properly term the inner coat,
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or secundine, the wntegumentum wnéernum, and the outer coat,
or primine, the wntequmentum externum. The orfice left at
the apex of the nucellus, as ;n the former instance where only
one coat 18 present, 18 called the mucropyle The openings in
the two coats commonly correspond to each other, but it 1s
sometimes found convenient to distinguish them by distinct
names, that of the outer 1s then called the exostome (fig 468,
exr), that of the inner, the endostome (end)

In some cases a third coat 18 1ndicated, which grows up later
from the base of the ovule and encloses 1t more or less loosely.
This 18 known as an arillus. It 18 generally associated more
closely with the seed, mn connection with which 1t will be
discussed.
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Fig 469 Section of an ovale (agrammatic) a Nucellus b Embryo-
sac ¢ Inner coat d Outer coat e Micropyle f Chalaza g Fum-
culus or funicle —#1g 470 Vertical section of the orthotropous ovule
of Polygonum ch Chalaza prim Primme sec Secundine =z Nu-
cellus s Embryo-sac m Micropyle——Fig 471 Vertical section
of a camp)lotropous ovule of Walllower (Cheiranthus) f Fumculus
ch Chalaza p Primine s Secundine = Nucellus mic Micropyle

The nucellus and 1ts coat or coats are intimately connected
at one pont, called the chalaza (figs 470, ch, and 471, ck), but
at the other parts of the ovule they are more or less distinet.
This chalaza 18 the point where the vessels pass from the pla-
centa, or, when the ovule 1s stalked, from the funiculus, into the
ovule, for the purpose of affording nourishment to 1it, 1t 1s
generally indicated by being coloured, and of a denser texture
than the tissue by which 1t 1s surrounded. Through the micro-
pyle the pollen-tube usually reaches the megaspore, as will be
hereafter fully described.

RELATION OF THE HIiLuM, CHALAZA, AND MICROPYLE TO ONE
ANOTHER.— When an ovule 1s first developed, the pomt of union
of 1ts coats and nucellus, called the oh&laga, 18 at the base or

VOL. I. P
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hilum, close to the placenta or funiculus, 1n which case a
straight line would pass from the micropyle through the axis of
the nucellus and 1ts coats to the lmlum In 1are instances this
relation of parts 1s preserved throughout its development, as
i the Polygonacee (fig 470), when the ovule 1s termed ortho-
tropous, atropous, or straight Insuch an ovule, therefore, the
micropyle, m, 1s situated at 1ts geometrical apex, or at the end
farthest removedfrom the mlum, while the chalaza, ¢, 18 placed
at 1ts base.

In a second class of ovules the relative position of parts 18
exactly the reverse of that of orthotropous ones—hence such are
called anatropous or wnverted ovules This arises from greater
growth on one side than the other, the body of the nucellus
remammng straight It thus becomes completely inverted, so
that the chalaza (fig 478, ck) 18 removed from the hilum, 7, to
the geometrical apex of the ovule, the mucropyle, f, being at

Fio 472

Fig 472 The campylotropus ovule of the Mallow m 1ts different stages of
development From Le Maont In a the curvature 13 commencing, mn b
1t 18 more evident, 1n ¢ still more marked, and in 4 1t is completed
f Funiculus p Primine s Secundine n End of nucellus er Exostome
end Endostome

the same time turned towards the hilum, /& In anatropous
ovules a connection 18 always maintained between the chalaza
and the bilum by means of a vascular cord or rdge called the
raphe (fig 478, r), which 18 the elongated funiculus adherent to
the ovale. This raphe or cord of nutritive vessels passing from
the placenta or funiculus, and by 1ts expansion forming the
chalaza, 18 generally situated in anatropous ovules on the side
which is turned towards the ﬁicentu or fumeulus. Anatropous
ovules are very common; examples may be found in the Dande-
lion (fig. 478), Apple, and Cucuinber. .

Besides the two kinds of ovules mentioned above, there 18 an-
other kind, more rarely met with, which is intermediate between
the orthotropous and anatropous forms; to it the term ampmh-
tropous has been applied. In this ovule, which is also called
heterotropous or tramsverse, the hilum, f, is on one side, and
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the micropyle, m, and chalaza, ¢k, are placed transversely to 1t
(fig 474), and therefore parallel to the placenta In this case
the hilum 18 connected to the chalaza by a short raphe,

It sometimes happens, however, that the nucellus of the ovule,
ingtead of being straight asn the above 1nstances, becomes more
or less curved. In the Wallflower (fig 471), and other plants
of the order to which 1t belongs, as well as in the Caryo-
phyllacee and many other orders, the apex of the ovule becomes
gradually turned downwards towards 1ts base, and 18 ultimately
placed close to 1t, so that the whole nucellus 18 bent upon 1itself,
and a line drawn from the micropyle, mc, through the axis of
the nucellus, n, and 1ts coats, would describe a curve, hence
such ovules are called campylotropous or curved In these

Fie 473
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Fig 473 Vertical section of the aunatropous ovule of the Dandelion
h Mlum [ Micropyle or foramen n Nucellus s Base of the nucellus:
ch Chalaza 1 Raphe —Fig 474 Longitudinal section of the amphi-
tropous or transyerse ovule of Lemna trsulca  f Fumculu: n Nucellus
p Primine sec Secundine s Embrvo-sac c¢h Chalaza 7 Raphe
m Micropyle From Schleiden

ovules, the chalaza, ch, and hilum are close to each other as n
oithotropous ones, but the micropyle, mic, 1nstead of being at
the geometrical apex of the ovule, 18 brought down close to
the hilum or base. The progressive development of the cam-
pylotropous ovule 1s well seen in the Mallow, as represented
m fig. 472, a, b, ¢, d. This kind of ovule 18 evidently
formed by one side of the nucellus developing more extensively
than the other, so that the micropyle 18 pushed round to the
base.

The ovules of Angiéspermous plants are enclosed in an ovary
(fig. 486). Those of the Gymnosperms, including the Consfere,
Cycadacee, and allied orders, are always exposed without this
covering. In Cycas they are situated on the margins of peculiarly
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metamorphosed leaves, 1n the Conifere they are formed at
the bases of indurated bracts or scales (fig. 476) , n Tazus they
are borne at the ends of certain branches In some Anglo-
sperms the seeds become partially exposed mn the course of the
development of the ovary into the fruit, the apex of the ovary
opening and disclosing them 1n 1ts cavity This takes place 1n
the Mignonette (fig. 509), Leontice, and Cuphea These must
not be confused with Gymnospermous plants, in which the
ovules are naked from therr first formation

NumBER AND PosiTioN oF THE OVULFS —a Number —The number
of ovules 1n the ovary, or mn each of 1ts cells, vailes in different
plants In the Polygonacew, Composite, Thymelacee, and Dipsacee,

Fie 475 Fie 476

/

mic

Fig 475 Bract or carpellary leaf, sc, of a species of Pinus, bearing two naked
ovules, oy, at 1ts bace mie, Mlcmp_y)e or foramen —Fig 476 Vertical
section of the fruit of a species of Rumex (Polygonacee) p Enlarged
calyx surrounding the frmt The fruit contains a single erect orthotropous
seed The position of the ovule in the ovary is also described as erect and
orthotropons The embryo 18 1nverted or antitropous

the ovary contains but a sohitary ovule, in the Umbellifre and
Arahacee, there 18 but one ovule in each cell When there 18
more than one ovule in the ovary, or in each of 1ts cells, the number
may be either few and easily counted, when the ovules are said to be
definate, as 1 Fsculus (fig 480),—and the ovary or cell 18 then
described as biovulate, triovulate, & —or the ovules may be very
numerous, when the ovary 18 multiovulate and the ovules indefinate,
as 1n Cerastium (fig 436, g).

b. Pomtion —The position of the ovules with regard to the
cavity or cell mn which they are placed is also hable to vary.
When there 1s but one ovule, this may arise at the bottom of the
ovary or cell and be directed towards the summit, as 1n Composite
and Polygonaces (fig. 476), when 1t 18 said to be erect ; it may be
ingerted at the summit of the ovary and be turned downwards, as 1n
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Huppuris (fig 477), 1n which case 1t 18 pendulous, 1if 1t 18 attached a
Little above the base, and directed obliquely upwards, as in Parietara
(fig 478), 1t 18 ascending , if, on the contrary, 1t arises a little below
the summit, and 1s directed obliquely downwards, as 1n the Mezereon
(fig 472) and Apricot, 1t 18 suspended , 1f from the side of the ovary,
without turming upwards or downwards, as 1n Crassula, 1t 1s
horizontal or peltate In some plants, as in Armera (fig 440),
the ovule 1s suspended from the end of a long funiculus arising
from the base of the ovary, such an ovule 1s frequently termed
reclinate

In the cases mentioned the position of the ovule 1s usually con-
stant, and hence this character assumes considerable importance 1n
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g 477 Vertical section of the ovary of the Mare's Tail (Hippurds vul-
garis) o Ovule, which 1s inver-e or pendulous, and anatropous s Base
of the <tyle f Fumiculue : Raphe ¢ Chalaza —Fig 478 Vertical
section of the ovary of the Pellitory (Parwtaria oficinalis), with a single
ascending ovule The letters have the same references as 1 the last figure
Fig 479 Vertical section of the ovary of the Mezereon (Daphne Meze-
7eum), contaning a solitary suspended ovule The letters reter as before
From Jussicu —— F1y 480 Vertical section of a cell of the ovary of a spe
cies of Asculus contaming two ovules, o, o, one of wlich 18 ascending and
the other suspended _m, m The micropyle or foramen in the two ovules
s Base of the style From Jussieu

distingmishing genera, and even Natural Orders In the Composite,
for instance, the solitary ovule 18 always erect, while n the allied
orders, the Valerianacee and Dipsacee, 1t 18 suspended or pendulous
In the Polygonacee ( fig 476), the ovule, which springs from the axis,
18 also always solitary and erect, and in the Thymelacee (fig 479) 1t
18 suspended  On the other hand, in some Natural Orders we find 1ts
position varying in different genera, although generally constant in
the same genus, 1n the Rosacee, for instance, the genera Geum and
Alchemailla have an ascending, while Poterium and Sanguisorba
have a suspended ovule, and 1 Potentilla both are found In the
Ranunculacee also we find the ovule varying as regards 1ts position

When the ovary or cell has two ovules, these may be placed
smde by smde at the same level afd have the same direction, as n
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Nuttallia, when they are said to be collateral, or they may be
placed at different heights, 1f then they follow the same direction,
they are said to be superposed , 1f not, one ovule may be ascending
and the other suspended, as i Zsculus (fig 480) The position
of the ovules 1n those cases where they are in definmite numbers 18
also usually constant and regulai, and sumilar terms are employed ,
but when the number of ovules 1n the ovary o1 cell 1s 1ndefimte, the
relations are less constant, and depend 1n a great measure upon
the shape of the cell and the size of the placentas In the long
ovaries of many of the Leguminose and Crucifere (jig 417), the
ovules are superposed, and, not crowding each other, they are all
turned in the same direction In other cases the ovules are numerous,
and having been developed in a small space, they necessarily press
against each other, and acquire megular forms and varying positions
according to the direction of the pressure In describing these
varying positions the same terms wmre used as those referred to
when speaking of the relations of the solitary ovule These teims
are also applied in the same sense to the relations of the seed 1n the
pericarp

Skciion III
SEXUAL REPRODUCTIVE ORGANS

Our study of the reproductive processes of plants so far has
been confined to the sporophyte and 1ts asexual cclls the spores ;
we must now turn to the alternate phase or form of the plant,
the gametophyte, and 1ts sexual cells the gametes These can
give rise to a new 1ndividual only after coalescence in pairs
The process of theiwr coalescence 18 known as conjugatron when
the two gametes are indistinguishable from each other, or
Sfertilisation when they are not alike. The body formed by the
conlescence 18 called a zygote. These sexual cells never arise
on the sporophyte, but on the other phase of the plant, the
gametophyte. The latter, 1n some of the Alge and Fungi,
bears gonidia or asexual cells as well, the structure and mode
of origin of which preseat no features different from those
already described

The phase of the plant which we have called the gameto-
phyte 18 seen most prominently 1n the lower forms, dimimshing
1 size and degree of differentiation as we ascend the scale.
The sporophyte can be recognised in only & few of the Alge
and Fung, 18 of nearly the same dimensions as the gametophyte
1 the Mosses, and above this group assumes a preponderance
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and becomes the conspicuous form of the plant, while the
gametophyte dwindles almost to the point of suppression.

In the Alge the gametophyte may be filiform, or take the
form of a plate of cells, or assume large dimensions, showing
much morphological differentiation Often 1 this group the
sporophyte cannot be recognised at all Where asexual cells
occur 1n such cases, they are gonida, and are developed upon
the gametophyte Instances of the occurrence of the sporophyte
among the Algwe are afforded doubtfully by certain of the cysto-
carps in the Red Seaweeds, and more certainly in some of the
Chlorophycee (Coleochewte) by a small multicellular body
developed from the zygote, the cells of which all give rise to
2008pores

In the Fungl the gametophyte 1s always the prominent form.
It beais both gonidia and gamectes, but the latter i1n some cases
are not functional The parasitic habit of life of many of
these plants 1s attended by a general degradation of both form
and structure, which especially marks the reproductive organs
In some cases the production of sexual cells by the gametophyte
has dxsa,ppea.red Such a gametophyte 18 called a potential one
Its tiue nature can be recognised only by a compaiison with
other forms which bear both kinds of reproductive cells The
sporophyte can be seen 1n such forms as Mucor (fig 487), where
the zygote on germunation produces a small promycelium, and
doubtfully 1n certain Ascomycetes, where 1t may be represented
by the ascocarp. A very rudimentary condition of 1t 18 shown
by Cystopus (fig. 489), where the zygote produces a number of
zoospores after a period of rest

In the Mosses and their allies the gametophyte 1s still the
prominent form, the sporophyte being represented by the
complex sporogomum. Above the group of the Thallophyta,
the nature of any phase of the plant body can be recognised by
tracing 1ts origin  The gametophyte 1s always the product of
the germination of the spore, and where 1t has undergone much
reduction this 1s the only clue to 1its identity. In the series of
forms above the Ferns we find cases in which 1t becomes more
and more closely attached to the spoie, ultunately bemng alto-
gether enclosed 1n 1t.

Those plants which are heterosporous exhibit two forms of
gametophyte, one developed from the microspore, the other from
the megaspore both are inconspicuous.

In the 1s0sporous or homosporous Ferns and i the Horse-
tails the gametophyte 1s always-thalloid. In the former group
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each gametophyte usually produces gametes which are female
and others which are male, the forier developed 1n organs called
archegonia, and the latter in others known as antheridia, 1
the Horsetails 1t generally gives rise to one or the other, but
not to both 'We have thus mn the Horsetails potential though
not actual heterospory Inthe heterosporous Ferns the relative
development of the two forms of gametophyte becomes unequal,
and this diffetence may be
Fra 481 seen throughout the higher
plants In Salvinia the male
gametophyte 18 a small
tubular structure, produced
by the outgrowth of the
mner coat of the spore It
forms at 1ts apex an anther:-
dium consisting of an 1ncom-
plete wall and two internal
cells, each of which gives rise
to two antherozoidg or malo
gametes In Marsilea and
Selagwnella the microspore
gives rise to a small, some-
what oval, multicellular body,
which produces antherozoids
1n 1t8 1nternal cells
The female gametophyte
also shows a gradual de-
generation In Salvimia the
megaspore bursts at 1ts apex
(fig 481),and the prothalliumn

Fiy 481 Gametophyte produced by the 18 developed as a curiously

megaspore of Saloinia pro Prothallium
bearing @, young sporophyte  After shaped green body, the
Pringsbeim greater part of which remains

within the spore. The free

part bears the archegonia. In Selagunella and Isoetes the

development 1s still more markedly endosporous. The prothal-

lum 18 developed inside the megaspore (fig. 482), which does

not open till the former 1s well advanced, in some cases,

indeed, until the archegomia are mature and the oospheres, or
female gametes which they contain, are ready for fertihsation.

The Phanerogams, whose sporophytes .have been treated of

at considerable length in the preceding pages, have, as we have

seen, two kinds of spore, the pollen grains or microspores and
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the embryo-sacs or mnegaspores Each kind produces 1ts appro-
priate gametophyte. The pollen grain gives 11se on germination
to a tubular structure something like that of Salvinia, but 1t
does not bear an antheridium Two gametes are produced in
each tube which are altogether undifferentiated except in three
species of Gymnosperms (Cycas, Zamwa, and Gwnkgo)

The embryo-sac or megaspore, on germination, produces a
gametophyte 1n 1ts mterior This 15 a further development of
the process of endosporous formation of the prothalllum which
we have seen 1indicated 1n Salvinia and Selagwnella The
germination of the megaspore takes place in the interior of the

Fie 482 .

Fig 482  Germnation of megaspore of Selaginella  After Pfeffer
arch Archegonium em,em' Young embrvos oos Unfertilised oosphere

sporangium or ovule, from which, indeed, 1t 18 never set free.
In the Gymnosperms the gametophyte consists of a large
number of cells; while 1ts morphological nature was not under-
stood, 1t received the name endosperm, which still continues to
be applied to 1t (fig. 488) In the Angiosperms 1t 18 very much
reduced, consisting, when mature, of only a few cells or masses
of protoplasm, some of which have no cell-wall (fig.484). In
the Giymnosperms the archegoma, usually several in number,
are well developed, and are much hke those of Selagwnella.
In the Angiosperms there 18 no archegonium, and a single
oosphere lies free in the cavity of the spore (fig. 484, 00s), being
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hardly distinguishable from the other cells which are near
1t.  After fertilisation 1n these plants, the gametophyte under-
goes a further development, the cavity of the spore becoming
filled by a tissue bearing the name of endosperm. This 18, how-
ever, not morphologically comparable to the tissue bearing
the same name 1 the Gymnosperms, which 18 developed before
differentiation of the sexual cells, and 1s morphologically the

Fic 483 Fic 484

Frg 483 Megasporangium (ovule) of Pinus at maturity  After Dodel Port
mey M ore end Gametoph

s phyte or prothalhum arch Archegonia
2 g Pollen-gram or microspore, which has been transported to the micro-
pyle of the ovule and has put out its prothallium, the pollen-tube, p ¢
Fig 484 Megasporangium (ovule) of an Angilosperm meg Megaspore
oos Oosphere pt¢ Pollen-tube

same structure as the prothalhum of the higher Cryptogams.
Its exact nature 18 for the present undetermined.

The Gametes.

In the lowlhest Alge the gametes are not very different in
appearance from the zoogonidia which the same plants produce,
and are hiberated in large numbers from the cells in which they
onigmate (fig. 485). They are somewhat pear-shaped masses of
protoplasm, without any protective coat, and are motile by
means of two long tails or flagella of protoplasm, winch spring
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from the narrow end of each mass. There 18 no difference
between the gametes of such plants, which are consequently
called wsogamous In certain other 1s0gamous Alge (fig 486)
the gametes are produced singly in each cell, and are then of
greater  dimensions,
and are not furnmished
with flagella  These
are not discharged 1nto
the water, as are the
flagellate ones  The
body arising from the
fusion of the gametes
of 1sogamous plants at
once secretes round
itself a delicate cell-
wall, and 18 called & 145 485 Part of a flament of Uloth: iz from which
zyqgospore tl’\e ’g‘u{xew».‘g, are escaping y' Free gamete
In others of the g% g* Gametes conjugating
Alge the gainetes begin to show a greater degree of differentia-
tion In’some species of Ectocarpus, though they are exter-
nally smmlar, certain of them come to rest much earlier than
the others In Cutleria they are of two sizes; they all swim

Fic 486

Fic 485

Fig 486 Conjugation in Spirogyra Two filaments are lying side by sde,
and from cells opposite to each other protuberances are growifig out to
meet a,a' Each produces a gamete, b When the protuberiinces have
met aud fused, one gamete passes over and unites with the other, ¢
d Adult zygospore

about on their being liberated from the plant, but the larger
soon come to rest, while the smaller mantain their power of
motion much longer. In this plant the gametes of different
dimensions are developed in receptacles or gametangia of

different form  The more active ones are held to be male;
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those which soonest lose then motihty, female  Plants with
such gametes are called heterogamous
In the lowhest Fungi, such as
Mucor, we have gametes produced
on special branches of the myce-
Iam (fig 487) Theso are un-
differentiated inasses of proto-
plasm which are never set free,
but coalesce 1n consequence of
the fusion of the cells in which
they are formed
In plants which are higher 1in
the scale than those mentioned
we find two kinds of gametes
distinctly recognisable, which are
truly male and female
The male gamete i the Cryp-
togams which live under such
conditions that the coalescence of
the sexual cells 18 brought about
through the mediumn of water 18
generally a free-swunming piece
of protoplasm, furnished with ciha
or flagellalike those of the gametes
Fig 487 Conjugation n Mucor Mu  of 180gamous plants (fig 488)
e 1, T Jyphe sich bave T shape 15 usually clavato or
and each has cut off from 1itself a  filamentous, and with very few
sell zgglogy%?%xezzﬁzngmn} exceptions these gametes have
Adult zygospore after germination no cell wall They are known

Promycelinm bearing a sporan-
{"mm,npy &8 5P as antherozords In most Red

Fic 487

Fic 488

#ig 488 A Antherozoids of Moss (X 1200) B Antherozoids of Fern ( x 700)

Seaweeds they have no eilia, and become clothed with a cell-
wall after their liberation from the gametophyte. In certain of
the Fungi, especially the Lichens, sumilar bodies oceur, which
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always have a cell-wall. Both these are frequently called
spermatia, to distinguish them from the motile forms There
18 some doubt as to the true nature of the spermatia in the latter
group, many botamsts meclining to the view that they are gonidia,
and not gametes

Throughout the groups of the Mosses and Vascular Crypto-
gams the ciliated antherosoid 1s always found (fig 488). It1s
known to occur also in a few genera of the Gymnosperms,
Cycas, Zama, and Gwnkgo

Fia 489

Fig 489 A Branched mycehum of Cystopus with young oogoma, og, og

3

B Portion of mycel bearing og, with the oosphere, 0s, and
antheridium or pollinodium, an ¢ Mature ocogonium, with os, the
oospore D Mature cospore E,F¥ Formation of swarm-spores or zoo-
spores, G, from the cospores ¢, Protruded endospore After De Bary

In other forms mn which the coalescence does not take
place by means of water, the male gamete 1s only a mass of
undifferentiated protoplasm, usually of very small size. It
never escapes from the seat of its formation until conditions
are such as to enable 1t at once to coalesce with the female
gamete. This form 18 found 1n many Fungy, such as Cystopus,
and m all the Phanerogams with the exceptions already men-
tioned. It 1s always naked, never having a cell-wall apart from
that of the cell in which 1t 18 formed (fig. 489).

The female gamete does nof'show so much vamation. Its
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typieal form 1s that of an ovoid or spherical mass of protoplasm
without cell-wall or cilia, and 1t 18 termed an oosphere It may
escape from the gametophyte, as mn Fucus (figs 495 and 496),
or 1t may remamn where 1t 1s formed, and become fused there
with the male gamete, which reaches 1t in vaiious ways, as will
be described later  In the Red Seaweeds 1t 18 not differentiated
at any time

The product of the coalescence of differentiated dissimular
gametes 18 termed an oospore It i1mmediately clothes itself
with a cell-wall Both zygospores and oospores are sometimes
termed zygotes.

The Gametangra

As the structures 1n which the spores are produced are called
generally sporangia, so the term gametangia may be apphed to
those bodies 1n which the gametes are formed

In 1sogamous plants the gametangia, hike the gametes, are
indistinguishable fiom each other. 1In most cases the gametan-
gium 18 a single cell of the filament, showing no differance from
any of the other cells Sometimes the contents of the gamet-
angium divide up nto a large number of gametes (fig 485), n
other cases the whole of i1ts protoplasm becomes rounded up
mnto & single one (fig 486).

A sumlar absence of differentiation marks the gametangla
of some of the hoterogamous forms. Usually, however, those
which give rise to antherozoids are very different from those
which produce oospheres. The former are generally called
anthervdra, the latter oogonia or archegomia, the last named
being the most complex 1n structure

The antheridium 1s usually a somewhat ovoid body, composed
of several cells, 1t 18 often stalked, and 1n some cases furnished
with a kind of ld. In Chara 1t 1s globular and of very complex
structure In the lower plants it is umcellular 1n many cases,
and may then produce a single antherozoid. In certain of
the Fung 1t takes the form of a somewhat club-shaped branch
of the mycelum, and 1s called a pollinodium (fig. 489, an)
In Salvvma 1t 18 the apex of a tube-like outgrowth from the
microspore. In the Angiosperms, where again the gametophyte
springing from the microspore 1s a long tubular outgrowth, the
antheridium 18 not differentiated.

The gametangium producing the oospheres 1s 1n some cases an
oogonium, in others an archegomum. The former is unicellular,
and may, as in Volvoz, be hardly distingushable from any
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other cell of the plant  In other cases 1t1s an ovoid or spherical
body, often mounted on a stalk. It usually produces one
oosphere, and this often remains 1n1t until fertilisation In Fucus
(figs 498-496) 1t contans eight oospheres which are released
by a rupture of the oogomum wall, and come into contact with
the antherozoids after their escape. In Chara (fig 490, s) the
oogonium 18 surrounded by an mvestment of cells which enclose
1t, except at the apex

Fie¢ 490 Fie 491

Fie 492

Fi1g 490 A Tortion of the axis of Chara
Sragilis 8 Nucule or cogomum a Globule
or antheridium b Internode ¢ Crownor
corona of nucnle B Abortive leaves g/,

p".g" Sterile leaflets B st Nucule, and a,

globule, both in an early stage of develop-
ment w Nodal cell of leaf u Union cell
between it and basal node of globule 7
Cavity of internode of leaf br Cells of leaf
covered with cortex After Sachs —Fig
491 A portion of a filament, /i, of fig 492,
in the cells of which the antherozoids are
developed , with a 2 cihated antherozoid by
its side — Fig 492 A globule cut 1n half
to show the oblong cells or manubria, ¢, and
the separate filameuts, il  After Henfrey

In plants above the Thallophytes the female gametangium
isan archegonium. It 18 multicellular, and consists of a swollen
basal portion or venter containing the oosphere, and surmounted
by & meck or narrow portion, the length of which vares in
different groups of plants (fig. 497).

A good deal of difference in cpmpleteness of differentiation
of the gametangium 15 found in different groups. Its reduction
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reaches 1ts greatest extent in the Angiosperins, where the
archegomum 1s apparently unrepresented, or represented only
by the oosphezre, the latter being one of the few cells to which

Fie 493

Fig 493 Vertical section of a female conceptacle of Fucus vesiculosus
contaimng oogonia and paraphyses After Thuret — Fig 494
Antheridia, a, a, on the branched hairs of the male conceptacle
After Thuret —— Fig 496 Oogonium with the oospheres fully differen-
tiated and disengaging themselves from thewr coverings After Thuret
——-Fig 496 An oosphere surrounded by a number of antherozoids, one of
which ultimately fuses with it

the gametophyte 18 reduced, all of which lie 1n the inside of the
megaspore. Insuch Fung: as possess an oogonium (fig. 489, og)
it 18 rudimentary, and consists only of a swollen head at the
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end of a special branch, from which frequently both cogonrum
and pollinodium arise.

In the Red Seaweeds the female organ, as we have seen,
contains no differentiated oosphere It 18 a umeellular or multi-
cellular structure known as a procarp (fig 498, pr), and conssts
of a slightly swollen basal portion, prolonged upwaids 1nto a fila-
ment called the ¢richogyne, which 1s the part which fuses with
the spermatiumn 1n fertilisation  The procarp does not open, but
when the spermatium comes 1nto contact with the trichogyne,
the paits of the cell-walls which are touching become absorbed,

Fie 497 Fic 498

Fig 497 Archcgomum ot a Laverwort (Mar
chantrte) n Neck o0os Oosphere « An
therozoids —— Fig 198 Procarp of one of the
Red Beaweeds (7 Trichogyne  sp Sper-
matia  After Kny

and the contents of the spermatium passinto the procaip through
the opening A somewhat simlar arrangement 1s described
for certain of the Fungy, where 1t 1s called an a1chicarp

The position of the gametangia varies in different plants,
1n some they may occur on any part of the plant body, which
gives no mdication of special differentiation with a view to thewr
occurrence; In others, particularly those whose gametophyte
shows complexity of structure, they are confined to particular
portions which are modified 1n a way that suggests the sporo-
phore or inflorescence of the differentiated sporophyte. The
greatest specialisation 1s shown in ceitan of the thallod

VOL. L. Q
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Liverworts (figs 499 and 500), where both antheridia and
archegonia are borne upon special erect branches of the thallus.
These differ 1n form. the antheridial receptacle 1s a body with
a flattened head, on the upper surface of which the antheridia
are placed 1n nairow pit-like depressions , the archegoma occur
on the under side of a siular vertical receptacle, which shows
radiating rib-like branches spreading out from the axis The
archegonia are here surrounded by modified leaves constituting
the perichetium A less evident specialisation 1s seen 1n the
Mosses and Ferns Generally in the former, both antheridia
and archegoma occupy the summt of special leaf-crowned
branches, and are surrounded by hairs of curlous form known

Fic 499 Fic 500

chantia bo vang antheridid branch —
Fig 500 Archegomal branch of Mar
chantia  pc Perichetium

as paraphyses (fig 501) In the latter the sexual organs are
generally confined to a thickened portion of the prothallium,
extending centrally along the under side and hnown as the
cushion

In such of the Algw as show a differentiation of their body,
sinulating stem and leaf, the gametangia are boine upon those
portions which resemble the latter. In Fucus and 1ts alhes, in
which the plant body 18 a thalloid shoot, there are special ter-
minal collections of them, each being formed of a number of
almost closed depressions or pits, known as conceptacles ( figs. b
and 493), In some species each conceptacle contamns both
antheridia and oogonia, 1n others only one or the other kind.

In consequence of the generally shight morphological differ-
entiation of the gametophyte as compared with the sporophyte,
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we find a somewhat different distribution of the reproductive
organs 1n the two cases. As we have seen, the sporangia are
usually borne upon leaves which may be highly specialised or
may be almost indistinguishable from the foliage leaves. The
occurrence of axial sporangia 1s much less common, though, as
we have seen, 1t 18 met with 1n many very diverse groups On
the other hand, the gametangia are much more generally axial
1n origin, rarely being found on leaves, and then on those which
are not highly specialised

In the Mosses and Ferns and their allies the sporophyte 18
at 1ts orignation always attached to the gametophyte, in con-

Fie 501

oy
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Fiy 501 Vertical section through apex of wale plant of a Moss, Muwum hor num
(%40) an Anthenidia par Paraphyses

sequence of the zygote gexnunating without being set fiec from
the archegomum. The spore 18, however, always dctached from
the sporophyte before germination. This 1s not the case 1 the
Phanerogams, where, from the mode of its developwment, the
megaspore always remains 1n the sporangiun  The microspore
1n these plants 1s, on the other hand, always set fiee

As we have thus cases in which the gametophyte, which
bears the feinale cell, 18 developed 1n the spore wlile the latter
remains 1n the sporangium, and others i which the spore escapes
before the gametophyte arises from.at, we find two methods of
fertilisation which are characteristic of those respective groups.

Q2
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‘Where the spore produces the gametophyte after liberation
from the sporangium, fertilisation takes place by a free-swinming
antherozoid making 1ts way to an archegonium, down the neck
of which 1t passes to the oosphere Where the megaspore
remains attached to the plant 1ts prothallium or gametophyte 15
maccessible to antherozoids, and these are theiefore not de-
veloped The microspore 1s carried by various agencies to the
tissue either of the megasporangium 1tself as in the Gymno-
sperms, or to the sporophyll or carpel which bears the mega-
sporangium (ovule) as 1n the Anglosperms. The prothallium
produced from the microspore, which we have seen 1s a long
tubular outgrowth known as the pollen-tube, bores its way
through the tissue on which 1t finds itself and makes its way
mto the interior of the megaspore, now containing its gameto-
phyte (figs 483 and 484, p ¢). The male gamete fuses with
the oosphere, forming a zygote, as 1n other cases As usual,
the latter surrounds itself with a cell-wall In the Angiosperms
1t very shortly afterwards divides mnto two cells, of which the
upper one becomes the suspensor, consisting of a chan of cells
1 consequence of 1cpeated transverse divisions The lower
develops 1nto the embryo or young sporophyte. In the Gymno-
sperms the suspensor and the embryo are produced somewhat
sumlarly, but from only part of the zygote The embryo, after
a short period of active growth, becomes quiescent and remains
mside the spore for a considerable period. The megaspore,
still enclosed 1n 1ts sporangium, now contains the gametophyte
and the young sporophyte to which the latter has given rise,
and constitutes the body which 1s called the sced No further
development takes place until the latter becomes detached from
the parent sporophyte.

In some of the Gymnosperms the process 1s somewhat
different. There are several archegomia in the prothallus or
endosperm, and each contains its oosphere. More than one
may become fertilised, and consequently more than one young
sporophyte may be orniginated. In many genera also the zygote
gives rige to more than one embryo. This phenomenon 1s known
as polyembryony. Though many embryos are thus produced,
only one as a rule matures.

It 18 evident from the history of development that only such
plants can produce seeds as have all the stages of the life of the
gametophyte carried out while the latter 1s attached to the
parent sporophyte.
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CHAPTER III

MORPHOLOGY OF THE FRUIT AND SEED

Tar Fruir

THE act of fertilisation not only stimulates the further develop-
ment of the oospherc, but brings about changes 1n neighbouring
parts which are not dneetly concerned i the sexual process.
The parts so modified may belong to both gametophyte and
sporophyte as 1n the Phanerogams, o1 to the gametophyte alone
as1in the Cryptogams The gametophyte in the Angiosperms,
as we have seen, undergoes changes, leading to the formation of
the endosperm, the tissue of that part of the sporophyte in
which 1t 18 embedded 1s also modified 1 various ways, especially,
though not exclusively, the sporophyll o1 carpel m which the
megasporangium 18 found The structures resulting from any
such development of the sporophyte form what 18 known as the
fruat

Among the structures which are often called fruits in the
Ciryptogams we must nclude such forms as the cystocarps of
some of the Red Seaweeds, m which the wall of the structure
18 derived from certain cells which are 1n the immediate neigh-
bourhood of the sexual gamete Rudimentary forms of fruit
may also be recognised in the Mosses In these cases, however,
the modified structure 1s always derived from the gametophyte,
and 18 not morphologically comparable to the fruit of the
Phanerogams

It 18, however, in the group of the Phanerogams that we find
the greatest variety of fruit, which we must now examine 1n
some detail.

Changes wn the Pistil during the development of the Fruaut

The fruit, being generally the ovary after a certain amount
of development or alteration, shoul@ correspond with *the latter
1n 1ts structure. This 18 often the case, and the frmit consists of
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the same parts as the ovary, but mn a modified condition
The walls of the ovary commonly alter in texture, and either
become dry, membranous, coriaceous, woody, &c., or, on the
contrary, more or less pulpy, fleshy, &c.

In other cases more important changes take place during the
ripening of the ovary which disguise the real mode of construc-
tion of the frmmt These changes arise either from the addition,
abortion, or alteration of paits

1st The addition of parts 18 commonly produced by the
formation of the spurious dissepiments already alluded to In
Datura St1amonium, for instance, we have a two-celled ovary
converted into an imperfectly four-celled fruit by the formation
of a spurious vertical dissepiment (figs. 419 and 420), this
dissepiment appears to be formed by the projection of the
placentas on the two sides, which meet and become umnted to
corresponding projections from the dorsal sutures. In Cassia
Jfistula (fig 417), agan, and some other fruits of a sumlar
nature, we have a one-celled ovary converted into a many-celled
fruit by the formation of a number of transverse dissepiments.
In Pretrea zanguebarica, a one celled ovary 1s converted into a
six-celled fruit (fig 502) by an extension and doubling mwards
of the placenta In Tabulus terrestris the ovary 1s five-
celled, but as 1t approaches to maturity, each cell ( figs 508 and
504) becomes separated into as many divisions as there are seeds
contamed within 1t, 1n consequence of a corresponding number
of projections from 1ts walls Other examples of the formation
of spurious dissepiments producing changes i the ovary have
been already mentioned

2nd Other alterations are produced by the abortion or
obliteration of parts, as the ovary ripens The young ovary
of the Oak consists of three cells, each of which contains two
ovules, but the fruit has only one cell and one seed, so that in
the course of development five ovules and two cells have become
obliterated In the Birch we have an ovary with two cells,
containing one ovule 1n each, but the fruit is one-celled and one-
seeded, so that here one cell and one ovule have bécome
obhiterated In the Ash, Horse-chestnut, Elm, and miany other
plants, smilar changes are produced by the abortlgn‘ br oblitera-
tion of certain parts of the ovary.

8rd Changes are frequently caused in the M from a great
development of succulent parenehyma. Thi#iis associated also
with changes 1 the contents of the cells.6¥the parenchyma,
which become charged with sugar, vegetable acids, and various
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flavouring matters, giving ite pecuhar character to each frmt
The pulp of the Guava, Gooseberry, Tomato, and some other
fruits, in which the seeds are embedded, appears to be produced
from the placentas , and that of the Orange 1s of a stmilar nature
The succulent parenchyma 1n other cases becomes dry and hard,
leading to the formation of woody or papery fruits

Although the fruit may thus be described as consisting
essentially of the ovary or ovaries, modified 1n the directions
described, other parts of the flower are also frequently present,
and enter into 1ts composition In those cases where the

Frs 508,

Fia 502

Fie 505

Fag 502 Transverse section of the fruit of Pretrea zangucbartca From
Lindley — Feg 503 A vertical section of a cell of the ovay of 7»tbulus
terrestris  o,0,0 Ovules « Projections from the wall winch are com
mencing to separate the ovunles Fig 504 A vertlcal section of a cell of
the mature ovary or fruit of the same, 1n which the partitions, ¢, com
pletely separate the secds, ¢ — —F1g 505 Pseudocarp of the Straw berry

receptacular tube 1s adherent to the ovary, as mn the Apple,
Quince (fig. 299), Pear, Melon, and Gooseberry, 1t necessanly
forms a part of the fruit, 1n the Rose the concave thalamus
(fig 285, 7, ), which bears the carpels on 1ts mnner surface,
becomes a portion of the fruit , 1 the Strawbeniy ( fig. 505) the
fruit consists of the succulent hemispherical thalamus, bearing
the carpels on 1ts convex surface, in the Acorn (fig. 197),
Hazel-nut (fig. 198), and Filbert, 1t consists of pistil and bracts,
combined together.

We have further a third kind ¢f fruit, in the construction of
which several flowers take part; in the Pineapple (fig. 167) it



232 MANUAL OF BOTANY

consists of then ovaries. floral envelopes, and bracts, all of which
have coalesced and become succulent, n the Fig also ( fig. 208)
we have a frmit produced by a number of separate flowers en-
closed 1n a hollow fleshy receptacle. These examples show, that
although the fruit consists essentially of the modified ovary, yet
the term 1s also apphied to whatever 18 combined with the ovary
80 as to form a covering to the sceds Fruits which are formed
fiom a single flower, but not entirely from the pistil, are now
commonly termed spurious fruits or pseudocarps, while those
formed entucly from the pistil are called true frusts Those
which are formed from several flowers arc known as aggreqated
or anthocarpous frusts

G¥NFRAL CHARACTFRS OoF THE Frurr —The structure of the true
fruit resembling 1n all important particulars that of the ovary, the
modifications which 1t presents, as to composition, position, &c, are
described by similar terms  We may have sumple or monocarpellary
and compound or polycarpellary fruits, also apocarpous and syn-
carpous ones Simple frmts, hke simple ovaries, are normally
one-celled or wmilocular , while a polycarpellary fruit may have one
or more cells, according to the absence or presence of dissepiments,
and the number of cells 18 indicated by terms similar to those used
when speaking of the compound ovary

The fruit, hlee the ovary, necessarly possesses one or more
placentas, to which the seeds are attached, and the same terms
are used n describing the different kinds of placentation, as in the
case of the ovary, these differences are usually moie evident n
the fruit

The fruit, again, 18 described as superior or wnferior, in the
same sense as these terms are used 1n speaking of the ovary
A fruit 18 infertor when 1t 18 formed from an nferior ovary, as mn
the Melon, 1t 18 superior, as 1n the Mignonette (fig 209) and Pea
(fig 512), when the ovary 18 superior, and the calyx non-adherent
Inferior fruits should, strictly speaking, be classed with pseudocarps,
as they include parts of other stiuctures than the pistil They are
generally, however, reckoned among true fruits

The base of the fruit 18 that point by which 1t 18 united to the
thalamus, the apex 18 indicated by the attachment of the style,
hence 1n those ovaries where the style 1s lateral or basilar, a8 n
many Rosacee (figs 441 and 442), Labuate (fig 412), apd Bora-
gwmacea (fig 418), the organic apex of the fruit will be Mpo thus
situated, so that the geometrical and organie aplcgwg‘m be very
different

ComposirioN oF TaE Frurr.—The fruit when perfectly formed
consists of two parts. namely, the pericarp, and the seed or seeds



MORPHOLOGY OF THE FRUIT AND SEED 233

contammed within 1t. In the majority of cases when the seeds
are abortive the pericarp withers, and the fruit does not ripen
But there are many exceptions to this, the Bananas and many
Oranges and Grapes produce no seeds, but the pericarp 18 never-
theless fully developed, and i Plantains and the Bread-fruit
the pericarps develop most extensively, and become best adapted
for food, when the seeds are chiefly or entirely abortive
Generally speaking, however, the development of the seeds and
pericarp proceeds together after the process of fertihsation has
been effected, and only then can perfect fruut be formed, for
although 1n common language we apply the term fruit in those
mstances where no seeds are produced, yet strictly speaking
such are not fully formed fruits, but only enlarged and swollen
pericarps

The Pericarp

In some cases the pericarp clearly indicates 1its homology
with a leaf blade by remamningin a condition not very dissimlar

Fie 506

Fiy 506 Foliaceous bladdery legume of the Bladder Senna
(Colutea arbor escens)

to that part of a leaf folded inwards and umted by its maigins,
as 1n the Bladder Scnna (fig 506), such a fruit 1s described as
Jolwaceous or leafy.

In the majonity of fruits the pericarp consists simply of the
modified walls of the ovary, but when the calyx or receptacle
18 adherent 1t necessarily presents a more complicated structure

The pericarp sometimes exhibits three layers or regions (fig.
584) an external, called the epicarp or exocarp, ep ; a middle,
the mesocarp, mt; and an nner, the endocarp, en If the
mddle layer becomes fleshy or succulent, 1t 18 then termed the
sarcocarp ; the inner layer m some fruits becomes very hard,
and 18 then called the stone or putamen.

These layers are well seen in the Peach, Apricot, Cherry,
Plum, and most other drupaceous frmts, the separable skin 1s
the epioarp ; the pulpy part, which 18 eaten, the mesocarp or
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sarcocarp ; and the stone enclosing the seed, the endocarp or
putamen In the Almond, the seed 1s enveloped by a thin
woody shell, constituting the endocarp, which 1s 1tself surrounded
by a thin green layer, formed of the ¢combined mesocarp and
epicarp. In the Date the outer browmsh skin s the epicarp,
the thin paper-like layer enclosing the seed 1s the endocarp,
and the intermediate pulpy part 1s the mesccarp or sarcocarp
In the Walnut, the woody shell enveloping the seed, which 1s
commonly termed the nut, 18 the endocarp, and the green
covering of this, called the husk, consists of the mesocarp and
epicarp combined In these fruits, and mn otHers which might
be quoted, the pericarp 18 more or less differentiated into
separate layers, but 1n most cases no such differentiation can
be observed.

In describing the structure of the carpel, we found that the ovary
presents two sutures one of which, called the ventral suture,
corresponds to the line of union of the margins of the lamina of the
carpellary leaf, and 18 consequently turned towards the axis or centre
of the flower, and the other, termed the dorsal suture, corre-
sponds to the midnb of the lamina, which 18 directed towards its
circumference The simple fruit being formed, in most cases,
from the mature ovary, also presents two sutures, which are
distinguished by sumilar names  These, like those of the ovaiy,
may frequently be distinguished externally, either by a more o1
less projecting line,or by a shight furrow, in the Peach (fig 537),
Cherry, Plum, and Apricot, the ventral suture 18 very evident,
although the dorsal suture has become nearly effaced , while 1 the
Bladder Senna (fig 506), Pea, and other fruits of the Leguminose,
both dorsal and ventral sutures are clearly visible externally

In a polycarpellary ovary with two or more cells, in which the
placentation 18 axile, 1t must be evident, of course, that the dorsal
sutures alone can be observed externally, as the ventral sutures of
the component ovaries are turned towards and meet in the axis of
the flower, and are hence removed from view, 1t follows also that
the number of dorsal sutures corresponds to the number of carpels of
which such an ovary is formed In a fruit presenting samilar
characters, we find of course a similar disposition of thg.sutures
‘When an ovary, on the contrary, 18 formed of the bl of two or
more carpellary leaves, the margins of which are .npt inflected,
or only partially so, and is therefore one-celled, a,;?(‘ e placentation
parietal or free central, both ventral and dorsél*sutures may be
observed externally, alternating with each other. ~ The fruit, which 18
formed i1n a sumilar manner, necessarily presents a similar alter-
nation of the sutures on 1ts external surface
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Dehiscence —The pericarp 1n some cases opens or sphits
when the fruit 1s ripe, 80 as to allow the seed or seeds to escape ,
n other cases 1t remains closed, and the seeds can then only
become fiee by 1ts rupture or decay In the former case the
fruit 1s said to be dehiscent, 1n the latter, indehiscent Those
fruits such as the Nut, Cheiry, Apiicot, Plum, and Date, which
have very hard or fleshy pericarps, are usually indehiscent

Dehiscent fruits open 1n vailous ways —
1st By splitting longitudinally, either 1n the hines of the
dorsal sutures, o1 at the junction of the component carpels only,
or at these points as well as at the doisal sutmes In all such
cases the pieces into which the fruit separates are ealled valves, and
these valves, when the fimit 18 noimal 1n 1ts structuie, are either
equal in numbe: to the cells, o1 component carpels, o1 they aie twice
as numerous In fimits formed of a single caipel, which open only
by the ventral or doisal suture, theie will be only one valve ( figs
510 and 511), corresponding to the on¢ caipel, but if the caipel
opens by both sutures (fig 512), there will be two valves In fruits
composed’of severnl cells the valves will be equal 1n number to the
component carpels, 1f the dehiscence takes place only by the dorsal
suture (figs 516 and 517), o1 1n the hine of umon of the component
ovatles (figs 513 and 514), or they will be double the number,1f the
dehiscence takes place by both these parts In polycarpellay one-
celled fruits the valves will be equal in number to the component
carpels, 1f the dehiscence occurs only by the vential (fig 522)
o1 dorsal sutures (fig 515), o1 double the number, 1f by all the
gsutmes When there 15 a distinet axis left after the separation
of the valves, this 1s called the columella (fig 543, a)
2nd By sphtting transversely, so that the upper part of the
fruat separates from the lower like the lid from a jar or box
8rd By rupturing in an irregular manner by little pores
We have thus three kinds or classes of dehiscence, which are
called respectively —1 Valvular, 2 Transverse or Circumscissile ,
and 8 Porous
1, VaLvurar DenisceNcE — This may be either partial or com-
plete 1n Dianthus (fig 508), Lychmas (fig 507), and many other
members of the Caryophyllacee, the dehiscence takes place only at
the upper part of the frmt, which then appears toothed, the number
of teeth corresponding to that of the valves 1n complete dehiscence
A somewhat similar mode of partial dehiscence ocours 1n certain
Saxifrages, and 1n the Mignonette (fig 509), in the latter plant one
large orifice may be observed at the summat of the frwit at an early
atagée of its growth, and long before the seeds are ripe At other
times the separation of the fruit into valves is more or less complete,
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so that the nature of the delmseence 1s at once evident There are
various modifications of these complete forms of valvular dehiscence
In fiuts which aie formed of but one caipel, the dehiscence may
t ke plice by the vential sutuire only, as m the Columbine ( fig 510)
and Acomite (/tg 553), or by the dorsal sutuie only, as mn <ome
Magnolias (/ig 511), or by both doisal and vential sutumes, as 1n

Fie 507, Fie 508 Fic 509

Frc 512

i

Fre 510 Fic 511

Lag 50T bt of Zuchnes =<1 g 508 Lot ol Dunthn — 14 509 |t
of Mignonctte (4 wduy ——71g 510 Folhck of Colnmbine ( tyurlcgra)
dedusomg by vontral sutun Tor 510 Tolhddos ot Magnoha glanca,
each dehiscin . by ot dor=al suture vhe cads e saspended from the
friota by lon ~tall <o funwenh = Jog 512 To e of the Poy winch

Toas opencd by hoth dorsal oed ventiad satires honce i s fao oy dved

e Callyn g bpenp pf Phoanty o Secd=attchad fo the placent v
by o fimenlusor stadh /0 cn Endocup

the Pea (7ty 512), Bean, and many other membets of the Leqiminosa
Thig form of dehiseence 15 commonly hnown as <ufi ol

In compound finits having two o0 more ecll ind thercforc axile
placcntation thare are thice himds of vilvalu dohisccnce which e
called Lespective Iy ?//;/lt vdal locilhierdal nd w////////r////

A Septiadal Dijirseenec Tothas the bt o cpanatad ito its
component ovaiies or catpels by w division taking plaee between the
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two halves of each dissepiment (figs 514 and 513) Examples may
be seen m Colclucum and Rhododendron Here each valve coiie-
sponds to a caipel, and the valves arc said to have thenr maigins
turned mwards In this dehiseence the placentas, with the seeds
attached, are carried away with the valves, asin Colchicum (g 514)

B Loculictdal  Deluscence —This term 18 used when each
caipel opens by 1ts doial suture, or through the back ot the cells,
and the valves sepmiate from the axig, cairying the dissepiments
with them (fiys 516 and 517) Heie each valve 15 composed ot the

I« 513 Fic 514 Fie 515

Si-
VAV

Fic 516

I'ie 517

N
Ty 513 (apsnlc of the Mowlow Saflron (Coldlacnum antumnale) <howinz
septraadal dohiscence = Lty 51 D of sopticdal dahisconee
showimg the phicant s and scods curtad away wath the valves 1y
S5 omc cdlad frunt ot e atscwse (hola (oo ), ddnsame e locuh
ol mamna Zag ST Capsulc of v spoaics ol 1l s, dohisan g
Tocubiond iy ey 0 Vaves  c Disscpinants g Sceds — g BT
Do ot locahicadal debnscance mowhich the v adves cary the plwent s

with thom

umted halves of two adjonimg cupdls, and the vidves hou te
disseprments - the nmuddle xonples mwy be seen i the s
(feg 562) wad Hebiscus (e 510)

C Sepltatragal  Diluscon In tht fonn ot dchiscence  the
cupcd open by then dor dor vantrad < twes, wome ocuhadad o
septicidal dehr conced dtthe ine tine the dissepiment taptue,
50 that the vilve tall vy Tonvm the seads wtdhed to caontid
columm (/g 19 and H20) Phis fonm ot dehi-cance may b cen
m Dot a SO amonin (ng - 5210 wd Codicla (g 519) 0 The plht
centag bearmg the secds uc hore attached to the v o beiween
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the dissepiments, ¢, ¢ Septifiagal dehiscence may be combined with
either the loculicidal o1 septicadal form (figs 520 und 518)

In polycarpelluy fiuits with one cell having panetal o1 hee
cential placcntation, we have two torms of dehiscence, these corre-
spond to the ordmary septicidal and loculieidal kinds just described
In compound trwits with parctal placentation, the  dehiscence
may take place thiough the conflucnt maigms o1 sutuies of the
adjoming carpels, so that each placenta 15 divided mto its two
lamell v, as in the species of Gentian (fig 522) In this case the

Fic 518 Fia 520 Fie 521

/\/

W,

f1y 518 Diagiam of ~ ptift ol combined with scpticwdal dehiseence, show-
g the valves bro thing ow oy trom a central column tormad by the uanion

of the pluwentas -— /0 19 Capsule of Cedrcle angustifolia, showing
septifragaldcuscence 000 Vadves o Anis lua.ringLhedlssopuuulb
¢y ¢, and secds o Loy 20 Drvgran allustting septifragal combimerl
with loculicid il dvhi=conee =1y 521 Cpsule of Datura Stramonm,

showing septifragal dehiscence

dehnsconce takes the septicidal form, and cach valve thorcton
yopre onts one of the component caipcls of the frat The delus
conceay, on the other hid ke place throngh the dorsal ating

a4 nothe Pansy (frg 5195), m o which case s loculiadal, and « w«h
valve 15 composed of the adjornmg hudves of two capels Thiw
toims may be readily distinguished by the varymg attachment

of the pluente md cods m the two v oy the forma mstance,
cich osalve bhow the placentas and cods on its two mugims (1y
522) , 1 the latter, the placentn and sceds are uvtachcd to the cntie

of each valve (fiy 515) It happens 1 somc ¢usces, us i the Liut
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of the Wallflower (fig 523), that the placentas bearing the seeds
remain undivided, and the valves break away from them, so that
they are left attached to a fiame or replwm, which 1s a spurious
dissepiment derived from the placentas

In polycarpellary fruits with free central placentation, the same
forms of dehiscence occur as in those with parietal placentation, but
here 1t 18 difhcult 1n many cases to speak positively as to the nature
of the dehiscence from the absence of seeds or dissepiments upon
the valves The plan usually adopted 1s to count the number of
the valves and compare then position with that of the sepals o1

Fie 522 Fic 523 Fro 524,

7y 522 One cdllud friat of a species of Gentian dehiscing 1 a septicidal
manner — F1g 523 Frut of sihqua of the Wallflower, showing the

separation of two valves from the replum ——#1g 524  Frut of
Celandine (Chelrdonium majus), with the valves separating from the
placcntas

divisions of the calyx. As the different whoils of the flower 1n
& regular airangement alternate with one another, the component
carpels of the fimt should alternate with the sepals or divisions of
the calyx Theicfore 1f the fruit separates into as many portions as
there are sepals or parts to the calyx, and if these valves are then
placed nlternate to them, they represent the component carpels, and
the dehiscence 1s consequently of the septicidal type, 1if, on the
contrary, the valves are equal and opposite to the sepals or divisions
of the calyx, each valve 15 composed of the adjoining halves of two
carpels, and the dehiscence 1s of the loeulicidal type Sometimes
the number of valves 18 double that of the calycine segments or
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sepals, 1n which case each valve 1s formed of half a carpel, the
dehiscence of the fruit having taken place by both 1ts dorsal and
ventral sutures. -

In all these varieties of valvular dehiscence, the separation
may take place either from above downwards, which 1s by far the
more usual form ( figs 513, 516, 519, and 521}, or occasionally from
below upwards, as in the Celandine (fig 524), and universally in
the members of the Crucifere (fig 523)

In some fruits the caipels separate from each other without
opening , some of these show the axis elongated, forming a columella
or carpophore, as 1n the Mallow, and 1n the Geranwacew (g 526, a)

Fic 525

a’
~L

1Lty 525 Diagram ot
septifiagl dehis-
cence, m  which
the valves have se
paratcd from the
placentas, which
remainas a central
column with the
seads atta hed
Fug 526 Fruitof a
speetes of Gerant-
um ¢ Porsstent
calyx a Axisor
carpophore  from
which the ovanes,
o, o, with ther
styles, ¢, ¢, ure se-
parating s Stig-
mas

and Umbellsfere (fig 540) The
caipels which are united to 1t
separate from 1t without their
ovaries opening The ovaries of
such carpels sometimes open
afterwards by their dorsal su-
tures (fig 543, sd) When such
carpels separate with a certain
amount of elasticity from the
axis to which they dre attached,
as 1n some Euphorbiacew, they
have been called coccr (fig 543,
¢,c,¢c) All frmts the carpels ot
which separate from each other
without opemng are called
schwzocarps , they are indehis-
cent fruits, as the primary sphit-
ting does not set the seeds free

In certain fimts, such as
those of Linum catharticum,
the ovaries open first by their
dorsal suture, and then separate
fiom each other septicadally

2 TrANsVERSk OR CIRCUMSBCISSILE DEHISCENCE —In this kind of
dehiscence the opening takes place by a transverse fissure through
the pericarp across the sutures, so that the upper part 18 separated
from the lower like the lid of & ja1 or box, as 1n Hyoscyamus ( fig
527) and Anagallis (fig 560) Sometimes the dehiscence only takes
place half round the fruit, as 1n Jeffersonta, n which case the hd
remans attached to the pericarp on one side, as by a hinge.

In the Monkey-pot (fig 528) the lower part of the ovary 1s
adherent to the receptacular tube, and the upper portion 1s free, and
when dehiscence takes place, 1t does so transversely at the part where
the upper free portion joins the lower adherent one, so that 1t would
appear as 1if the adherence of the calyx had some effect 1n this case




MORPHOLOGY OF THE FRUIT AND SEED 241

1 producing the transverse dehiscence Such fruits are sometimes
called operculate, a term which 18 also apphed by other botanists to
all forms of transverse dehiscence in which the upper portion of the
pericarp separates from the lower 1n the form of a li«d or operculum.

Transverse dehiscence may occur in fruits which are formed
by a single ovary or carpel, as well as 1n the compound ones men-
tioned above The lomenta of Coromlila, Hedysarum (fig 529),
Ormithopus, &c , separate in this way when ripe into as many portions
as there are seeds

3 Porous DrHISCENCE —This 18 an irregular kind of dehiscence,
in which the fruits open by lttle pores or shts formed in then
pericarps  These openings may be situated either at the apex,
side, or base of the frmit, and they are described accordingly, as
aprcular, lateral, or basilar Examples of this kind of dehiscence
are exhibited by the Poppy, in which several pores are placed beneath

Fiec 527 Fiec 528 Fie 529

Fig 527 Fruit of Henbane (Hyoscyamus) with transverse
dehiscence This fruit 18 tetmed a pyx1s ——Fig 528
Pyxis of the Monkey pot (ZLecythis ollaria) ——Fig 529
Lomentum of a species of Hedysarum separating trans-
versely into one-seeded portions

the peltate disc to which the stigmas are attached, and by Antwr-
rhanum (fig 430), where there a1e two or three orifices, one of which
18 situated near the summt of one cell of the ovary, and the rest
somewhere 1n the other - In various species of Campanula (figs
530, ¢, t, and 531), m which the ovary 1s inferior, and divided into
several locull, each of the latter opens externally by a single pore
The pericarp 1s composed by the adhesion of the receptacular tube to
the wall of the ovary The apertures are situated either at the sides
(fig 580, ¢, ?) or towards the base (fig 531) of the cells,and are very
rregular 1n shape

Kinps oF Frurr.—Many kinds of fruit have been described
and several classifications have been proposed for them, but
there 18 still not very great accordance among botanists upon
this subject. ¥

‘We have seen that 1n most cases the fruit arises from changes

VOL. I R
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n the carpels 1 consequence of fertilisation All these forms
may be described as tiue fruvts It often happens however that
other paits of the flower undergo similar modifications, and a
number of structures result, in which the true fruits can fre-
quently be distinguished separately Theidea of the fruit which
Jis associated with these forms 1s a rather conventional one, 1ts

Fia 530 Fic 531

Fiyg 630 Immature fruit of a species of Campanula p Pericarp ¢, ¢t Pores
at the sides ¢, ¢ Receptacular tube united below to the wall of the fruit
80 as to form a part of the pericarp — Fig 531 Frmt of a svecies of
Campanula dehiscing hy por s at 1t base

leading features being succulence or palatability Such fruits,
ongmating, like the first group, from single flowers, we may speak
of as spurous fruits or pseudocarps A third form also 1s found,
n which the ¢ fruit * 18 the result of the more or less complete
cohesion of a number of flowers, various parts of which, o1 the
axi8 on which they are borne, have become succulent These
majy be called aggiegated or anthocarpous finits

A Trur Frurrs

Of these many varieties occur, rendering a classification
necessary. As there 1s a possible broad distinction, based on the
way they hiberate their seeds, we may divide them into Inde-
hiwscent and Dehiscent fraits. Further division may be based
on the number of carpels 1n each

Indemscent Monocarpellary Fruats.

1. The Achene 18 a very small superior, one-celled, one-
seeded fruit, with a dry indehiscent pericarp, which 1s separable
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from the seed, although closely applied to 1t. Such fruits may
be nustaken for seeds, but can be distingmished from them by
bearing on some point of then surface the remains of the style.
Thus style 18 very evident in the Anemone ( fig 532). Examples
may be seen also 1n the Clematis, and 1n the plants of the orders
Labwate and Boraginacee (fig 583) In rare cases we find a
flower producing but a single achene

2. The Utricle 18 a superior, one-celled, one- or few-seeded
fruat, with a thin, membranous, loose pericarp, not adhering to
the seed , generally indehiscent, but rarely opening transversely

Ll

F1e. 532 Fic 533 Fiec 535.

Fig 532 Vertical section
of an achene of the
Pasque-flower (A4nemone
Pulsatslla) The fruit is
said to te tailed 1n this
mstance in consequence
of being surmounted by
a feathery style —Fig
533  Achenes of Bugloss
(Lycopsis) — Fig, 534
Vertical section of the
drupe of the Cherry ep
Epicarp en Endocarp
mt Mesocarp ¢ Sced
with embryo —- Fig 535
Utricular fruit of Cheno
podium, surrounded by
the persistent calyx

Examples of this kind of fruit may be seen 1n Amaranthus and
Chenopodwum (fig 585).

8. The Caryopsis 18 a superior, one-celled, one-seeded,
indehiscent fruit with a thin dry membranous pericarp, com-
pletely and inseparably umted with the testa or skin of the
seed (figs 588 and 539). It 18 found in plants of the order
Gramwnacee. This form must be carefully distinguished from
a seed, with which 1t 1s often confused.

4. The Drupe.—This 18 & superior, one-celled, one- or two-
seeded, indehiscent fruit, having the percarp altogether separ-
able into three well-defined layers: narfely, epicarp, mesocarp,

R 2
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and endocip  Of these the epicarp 1s a thin skin, the mesoearp,
ot sarcocarp, v iloshy or sueculent mass, and the endocarp hard
and woody This layer 18 known as the stone or putamen,
henee the drupe 1s sometimes called a stone-frurt  Examples are
afforded by the Peach (figs 536 and 537), Apricot, Plum, Cherry
(fig 534), and Olive  The fimt of the Almond presents all the
characters of the diupe, cxeept that the mesocarp 1s of a
toughish texturc mstead of being succulent The fruit of many
Palis, such as the Date, 18 a drupe whose endocarp 1s papery

Fic 536 o Fia 537

Frg 536 Drupe of the Peach ——Fig 537 The came cut verticlly

and whose sced instead 13 hard and stony  The latter must not
be confused with the endocarp of the Plum, which 1t 1csembles
m texture  Many fiwts, such as the Cocoa-nut, which are
somctimes tcrmed dinpes, are improperly so called, as they are
m acality compound, or formed ongmally from two or more
cupdsor ovaries  They present other characters differing from
thosc of monocarpellary fruits

The Raspbeny (g 570) and Bramble bear o number ot
small drupes, o1 drupels, crowdcd togcthar upon a conieal dry
thalamus  These form an ctwenio of drupes

Indelngeent Polycarpcllary Fruats

1 The Cypscla —This differs from the achene by bemng
mfeuor and bieapcllny Tt oceurs m all plants of the oida
Composetee . When the calyx 1s pappose 1t remains attached to
the fruit, as 1in Salsfy and Dandchon

2 The Glans or Nutis a dvy, hard, indelnscent, one celled,
one or two sceded fruit, produccd from an ovary of two or more
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cells, with one or more ovules1n each cell During development
all the cells but one become obliterated, and this one contains
usually a single seed, the other ovules not developing. The
pericarp of the nut 1s not differentiated into layers, and the
whole 18 more or less enclosed by a cupulc  The Acorn (fig. 197)
and the Hazel nut (fig 198) may be taken as examples By
some botanists the fiuit of the Cocoa-nut Palm 1s called a nut,

Fic 538 Fie 539. Fic 540

Fie 541, Fic 542

Fiy 6538 Caryopsis or fruit of the Oat — Frg 539 Section of the fruit ot
the Oat » Plumule r Radicle s Scutellum —Fég 540 Cremocarp
or frmt of Angelica ——Fig 541 Samara or frmt of the Maple —
Fig 542 Carcerule or fruit of the Mallow (Malva)

but improperly, as 1ts pericarp presents a distinction into epi-
carp, mesocarp, and endocarp. Such a fruit 1s often described
as a fibrous drupe. It 18 not, however, a true drupe, as 1t 18
polycarpellary.

8. The Schwzocarp.—This term 1s apphed to a number of
fruits which sphit away from the axis inte pieces corresponding
to the constituent carpels. They differ from delscent fruits in
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that the sphtting does not hiberate the seeds  The chief varieties
are the following —

The Ciremocarp —-An inferior, dry, mdchiscent, two celled,
two seeded fruit  The two cells, or halves, of which this frat
15 composed, arc Jomed face to face to 4 common axis or carpo-
phorc, trom which they separate when 1ipg, but to which they
always remain attached by a slender cord which suspends thein
(fig 540)  Fach half fruit 18 termed a mcitcaip, and the 1nnex
facc the commissire Each portion of the fruit resembles an
achne, except 1 bemg mfenion, hence the name deaclanium
has been given to this frmat 'y unples of the aamocup we
aflorded by the plants of the order Umbelliferee, but 1t occurs
i no other order

Fic 543

Feg 518 Tt of the Castor o1l plant (Keanus commmniny with the carpels
scprating from cach other without opaning, ¢« Cupcds o Columella
sd Dorsal suture where ¢ wh carpcd ultimatecly opcn~ — 744 544 Fruit
of S mdbox tree (/furacrepitans) It s composad of fittecn carpels which
scparate from the 1xas when upe, and burst with great force

The Samara —A superior, two- or more celled fruit, each
cell being diry, indehiscent, one- or few-seeded, and having 1its
pericarp extended into a winged expansion Iixamples are
atforded by the Maple (fiy 541), Ash, and Bl By sowe
botaniste each winged portion ot such a fruit 1s called a samara,
and such fruits as the Maple are considered to be formed of two
united samaras

The Carcerule —A superior, many-celled frut, cach cell
bemng dry, indehiscent, and one- or few-seeded, and all the cells
more o1 less cohering by their umted styles to a cential avis
The common Mallow (fiy 542) 15 a good exawmple ot this fruit
The contid was of the cucarule of the Garannm with s
adherent stylesis prolonged upwards mto o large heak (rg 520)
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The Regma -—When the schizoearp consists of three or more
carpels which separate from each other and burst with elasticity,
1t has been called a regma, and the constibucnut carpels are
termed cocce  Examples are atlorded by Rucunus (frg 548) and
Hura crepitans (fig 544)

4 The Bacew or Berry 1s an inferior, mdehiscent, one- o1
more celled, many-sceded, pulpy fruit ( figs 545 and 546) The
pulp 18 produced from the placentas, which we anile o1 parietal
(fig 545, pl), and have tho seeds, s, s, at first attached to them
but these ultimately become scparated and lie free m the pulp, p

Fio 545

Fic 548

Frg 545 Thiansvarsescction of v horey ot the Goosehorry (Aabes Goossilanr i)
pU Placentas 5,8 Scuds embeddad i pulp p —-=714 5t Racemc ot
berries of the Red Currant (Rebes rubrum) — g 547 Nuculanmum or
truit of the Vine (Vs veniferc) Ty 518 't i vase seetion of the

pepo of the Melon ¢l, ¢, ¢/ Carpcds pl,pl, pl p7 pl pl Curved phcentas,
sending processes, s, from the circumterence, ¢ to the ecutig, vl thus
causing the truit to be spuriously three celled

Examples are attorded by the Goosebeiry and Cuirant The
term baccate or berrwed 1s applied by many botanmists to any
pulpy fruit

5 The Amphisarca —A superior, many celled, indehiscent,
many-seeded fiwut, mmdurated or woody externally, pulpy m
tenally  Examples, Omplalocair pus, ddasona, Croscentua

6 The Pcpors an mterio, one eelled o spuriously thiece
celled, many sceded, fleshy or pulpy fruit ( 1y 548)  The secds
are attached to partetal placentas ind ue cnbaddod e pulp, but
they never become fice as 1s the cwe o the bany honee thas
frut 15 1eadily distingushed tom the latter
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There has been much discussion with regard to the structure
of the pepo By some botamsts the placentas are considered as
axile, and the fruit normally three-celled, as 1t 1s formed of three
ovaries or carpels, while by others the placentas are regarded as
parietal, and the fruit normally one-celled, as defined above Those
who adopt the first view believe that each placenta sends outwards a
process towards the walls of the fruit, and that these processes
ultimately reach the walls and then become bent inwards and bear
the seeds on the curved portions If these processes remain, the
frmat 18 three celled, if, on the contrary, they become absorbed, 1t 1s
only one-celled, and the placentas are spuriously parietal According
to the view here adopted, the placentas are parietal, and send pro-
cesses inwards which meet 1n the centie, and thus render the fruit
spuriously three-celled, i1f these are impeifectly formed or after-
wards obliterated, the fruit 1s one celled This fruit 1s 1llustrated by

Fic. 549 Fic 550
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Fig 549 Transverse section of the fruit of the Orange (Cetr us Aurantium)
2 Epicarp e Mesocarp d Endocarp s,s Sceds —#1g 650 Abnormal
development of the fruit of the Orange, in which the carpels, ce and ¢z,
are more or less distinct wstead of bemng united

the Melon, Gourd, Cucumber, Elaterium, and other members of the
order Cucurbitacew The fruit of the Papaw-tree resembles a pepo
generally, except in being superior.

7. The Nuculanwm —This fruit, of which the Grape ( fig.
547) may be taken as an example, differs from the berry only 1n
bewng superior. It 1s frequently called a berry.

8. The Hesperidium 18 & superior, many-celled, few-seeded,
indehuscent fruit, consisting of a separable pericarp, formed of
the epicarp and mesocarp combined together (fig. 549, p, ¢), and
having an endocarp, d, which projects internally in the form of
membranous partitions; these divide the pulp mto a number of
portions or cells, which are easily separated from each other.
This pulp, as already noticed, is a development of succulent
parenchyma either from the general inner liming of the ovary, or
fiom the placentas only. The seeds, s, s, are embedded 1n the
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pulp, and attached to the inner angle of each of the portions mnto
which the fruit 18 dividled The fruits of the Orange, Lemon,
and Shaddock are examples of the hesperidium It 18 by no
means uncommon to find the carpels of this fruit m a more
or less separated state (fig 550), and we
have then produced what are called Fre 551
‘horned oranges,’” *fingered citrons,’ &c,
and the fruit becomes somewhat apo
carpous mstead of entirely syncarpous

9 The Tryma 1s a superior, one-celled,
one seeded, indehiscent fruit, having a se-
parable fleshy or leathery rind, consisting
of epicarp and mesocarp, and a hard two-
valved endocarp, from the mner limng of
which spurious dissepunents extend 80 as s, 551 —Vertical seetion
to divide the secd into deep lobes It ’;f,ﬁ"{f.’,’.,‘,{?i‘i,fﬁ&’ef'“‘“ of
duffers but httle from the ordmnary drupe, i
except 1 being formed from an origmnally compound ovary
The Walnut affords an example

10 The Balausta 1s an mferior, many-celled, many-seeded,
indehiscent fruit, with a tough pericarp It 1s formed of two
rows of carpels, one row being placed above the other, and sur
rounded by the calyx, the seeds are attached 1rregularly to the
walls or centre The Pomegranate frmit 1s the only example

(fig 551).

Dehascent Monocarpellary Frurts

1 The Follwle —This 18 a superior, one-celled, one or many-
sceded fruit, dehiseing by one suture only, which 1s commonly
the vential, 1t 18 consequently one-valved (fig 510) By the
latter character 1t 18 known at once from the legume, which opens
by two sutures, and 1s two-valved, in other respects the two
fruits arc alike

The follicles of Magnoha glauca (frg. 511) and some other species ot
Magnolia open by the dorsal suture instead of the ventral. Examples
of the follicle are atforded by the Columbimne (fig 552), Hellebore,
Larkspur, and Acontte (fig 553) Each of these plants bears a whorl
of three follicles, arranged on the top of the thalamus, and almost
touching each other, each flower of Asclepias, Vinca, and Peoma
(fig. 554) generally forms two follicles , while the follicles of Lirwoden-
dron and Magnoha ( fig. 511) are numerous, and arranged in a spiral
manner on a more or less elongated thalam#s It rarely happens that
a flower produces but a single follicle , this, howeve:, sometimes ocgurs
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1n the case of the Peony The two follicles of Asclepias are more or
less united at their bases, and the seeds, instead of remaining attached
to the ventral suture, as 1s the case 1n the true follicle, lie loose 1
the cavity of the fruit This double frmt has therefore by some
botanists been given the distinctive name of Conceptaculum

2. The Legume or Pod —This 1s a superior, one-celled, one-
or many-seeded fruit, dehiscing by both ventral and dorsal sutures
s0 as to form two valves, and bearing 1ts seed or seeds on the
ventral suture Examples are afforded by the Pea (fig 512),
Bean, Clover, and most plants of the order Legqumanose, which
has dexived 1ts name fiom this circumstance

Fic 552 Fic 553 Fic 554

Fig 552 Folhicles of the Columbine (4quilegia) —Fig 553 Fol-
licles of the Acomte (Aconitum) —— Fi1g 6564 Follicles of the
Pony (LPeonia)

The legume 13 generally more or less convex on 1ts two surfaces
and nearly straight, but 1t frequently assumes curious shapes That
of some species of Medicago becomes spirally twisted so as to resemble
a serew (fig 557), those of Scorpiurus sulcatus and of some other
Medicagos are coiled upon their long axis after the manner of a snail-
shell (f1g 555), that of Casalpwnia coraria 1s curved hike a worm
A number of otber uregular forms occur Some plants exhibit
certain deviations from the ordinary structure of a legume , 4stragalus
(fig 422) and Phaca (g 423) have one which 1s two-celled, 1n
consequence of the formation of a spurious dissepiment, proceeding
in the former plant from the dorsal and in the latter from the
ventral suture. In other cases a number of spurious horizontal
dissepiments are formed, by which the legume becomes divaded into
as many cells as there are seeds, Casswa fistula (fig. 417) affords
an instance of this and of another irregularty, the legume being
indehiscent, though the two sutures are clearly marked externally.
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Other indehiscent legumes are boine by Arachis and Pterocarpus,
1in which there 1s sometimes no evident mark of the sutumes ex-
ternally , such legumes, however, frequently spht into two valves like
those of a pea, when a hittle pressure 1s applied as in the ordinary
process of shelling peas

8. The Lomentum.—This 1s a kind of legume which 1s con-
stricted in a moniliform manner between the sceds  Hedysarum
(fig 529), Ormathopus, and Acacia Sophora (fig 558) afford
examples It 18 sometimes called a lomentaceous legume This
fruit, together with the legume, characterises the plants of the
order Legumwnose When the lomentum 1s ripe, 1t commonly
separates into as many pieces as there are constrictions on 1ts

Fic 566 Fia 657 Fi¢ 558

Fig 655 Coled-up legume of Scospiurus sulcata —F1g 566 Snail like
legume of Medicago orbiculata —Fig 557 Spiral or screw like legume of
Luceine (Medicago) —F1g 558 Lomentum of a species of 4cacia

surface (fig. 529), but 1t°may remain entire (fig 558), in the
latter case the seeds are separately enclosed 1 cavities which are
formed by the production of as many internal spurious dissepi-
ments as there are external constrictions

Demscent Polycarpellary Fruats.

1. The Capsule1s a superior, one- or more celled, many-seeded
dry, dehiscent fruit.

The dehiscence may take place either by valves (Colchicum,
fig. 618, and Datura, ng 521), or by pores (Papaver, and Antwrrhs-
num, frg 429); or transversely (Prmpernel, fig. 560, and Henbane,
Jig. 627), or only partially (Mignonette, fig 509, Dianthus, fig. 508,
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and Lychms, fig 507) When the capsule dehisces transversely
the fruit has received the distinctive name of Pyxis The capsule
18 erther one-celled (Mignonette, fig 509, Pansy, fig 515, and
Gentian, fig 522), or two-celled (Scrophularia,fig 561), or three-
or more celled (Colchicum, fig 518,and Datura,fig 521) Helicteres
(fig 559) shows a very remarkable and aberrant form, being com-
posed of five carpels twisted spirally together The capsule 1s a
very common fruit, and 18 found almost umversally in many Natural
Orderd, as Papaveracew, Carophyllacee, Pruvmulacee, Scrophu-
larwacee, Gentianacee, &c

When & tfruit 1esembles the ordinary capsule in every respect,
except that 1t 1s 1nfer101, 1t has received the name of Diploteqra

Fic 559 Fic 560 Fic 561

Fry 559 Spiral capsule of a species of felwtires—-Fig 560 Pyxis of

Pimpernel (dnagallis) —Fig 6561 Capsule of a species of Scrophula ia,
delscing septicidally

2. The Sihiqua 18 a superior, spuriously two-celled, many-
seeded, long, narrow fruit,dehiseing by two valves which scparate
from below upwards, and leave thé seeds attached to two
parietal placentas, these are commonly connected together by a
spurious vertical dissepiment, called a replum (fig. 568). The
placentas are here opposite to the lobes of the stigma, instead of
alternate with them, as 18 usually the case. Examples of this
fruit are afforded by the Wallflower (fig. 568), Stock, Cabbage,
and a large number of other members of the order Crucifere.

The siliqua 18 sometimes constricted in the spaces between
the seeds, like the lomentum, in which case 1t 18 indehiscent,
it 18 then called a lomentaceous siliqua. Raphanus satiwushas
a stliqua of thus description.

8. The Surcula.~—This fruit resembles the sliqua very
closely, but 1t usually contains fewer seeds. The suligua may
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be described as long and narrow, the silicula as broad and
short. Examples occur in the Shepherd’s Purse (fig 564) and
Scurvy-grass.

The sihicula and sihqua are the characteristic forms of fruit in
the Natural Order Crucifere

4 The Duploteqra.—This 18 the only kind of inferor fruit
which presents a dry dehiscent pericarp. It has already been
stated, under the head of Capsule, that the diplotegia differs from
the latter only 1n being mferior The species of Iris (fig 562)
and Campanula (figs 530 and 531) afford examples of this fruit

Fiec 563 Fie ,564.

Fic 562

Fig 562 Inferior capsular
fruit (diplotegria) of the Iris,
opeming 1 a locuhcidal
manner —Fg 563 Frmt
or sihqua of the Wall-
flower, showing the separa-
tion of the two valves from
the replum — Fig 564
Silicula of Shepherd’s Purse
(Capsella)

The diplotegia may open either by pores (fig 530), or valves
(/fig. 562), or transversely, like the ordinary capsule. In the
latter case, as with the true capsule with transverse dchiscence,
the fruit 1s called a Pyas

5. The Cone.—As we have seen, the pistillate flower of the
Consfere has the form of an axis bearing a number of leaves
arranged spirally along 1t, each being regarded asan open carpel
with two ovules on 1ts upper surface. When 1t becomes old the
carpels are hard and woody, and each bears two naked seeds
(fig. 475). Each cone 1s then a single frmt. Examples are
afforded by the Scotch Fir (fig. 565), the Larch, the Hemlock
Spruce (fig. 275), and a great many other plants of the same
Natural Order. The dehiscence 18-brought about by the carpel-
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Loy seales scpuratimg fiom the anis for a gicit part of then
length, o tha the scds fll from batween tham

O The Galbulus  This fruit 1s but o modification of the
Cone, diffciimg m being more or less rounded 1 form mstead
of comewhat comenl, and 1 having the haads ot the scales
much cnlarged and peltate m form, with the sccds on than unda
smface It 13 borne by the Cypress (fig 567) and the Juniper
(frg 566) In the latter the scales become fleshy, and are
united together mnto one mass, so that at first sight 1t somewhat
regembles a berry , but 1ts natire 15 at onee seen by examining the
apey, when three 1adiating imes wall e obscived, corresponding
to the three fleshy scales of which the truit 13 formed, and which
are here hut impeifeetly umted

Fiec 565 F1a 567 Fiac 568

Feg %6y Concor trat of the ~catch Fir = -Fg 566 Godbalos o froat ot
the  Jawmpor Clunpcr s comnainis) Fg 567 Codbulus o ot ot the
CANPULOSS (Crupr s s s qupr 1 ircns) g 568 Scod ot the Yew (ZJaaus
baccatay ~uvronndad by thoshie ol

The so-called fruit of the Yoew (T'wrus baccatay ( fry HE8Y 1S
in reality not a fruit atall , 1t consists of + nikad scod sutrounddd,
cxcept at the apex, by a flcshy cup which s il

B Srpurrous Fruirs

1 The Iiterw —There arc several varieties of tlus form
In all of them the bulk of the fruit 19 composcd of an «nlmged
receptaclc or thalamus on which the carpels v scated  The
true fruits of Ranunculus, which are achones me placad on a
dry convex receptacde which 18 not much cnlugad, the
reeeptacle of the Stiawberry 1s enlarged, conves, succulont, id
brightly colomicd, those of Potentilla and somc othar mambars
of the o1der Rosacee are enlarged but not succulent

In the fruit of the RRose the achwenia, mmstead of being placed
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upon an elevated thalamus, as 1n the ordinary eterio, are situ-
ated upon a concave thalamus, to which the calyx 1s attached
(fig. 285, 7, ¥) This modification of the ordinary eterio has
been considered by some botanists a separate frmut, and they
have given 1t the name of Cynarrhodon A similar kind of fruit
also occurs in Calycanthus

2 The Pome 1s an 1nferior, indehiscent, two- o1 more celled,
few-seeded, fleshy fruit, the carpels of which are surrounded by
a fleshy 1mass, consisting of the succulent concave thalamus,
in which they are embedded The pome thus resembles the
cynarrhodon, cxcept that the carpels and the thalamus are fused
together The carpels themselves are fleshy or bony In the

Fie 569 Fre 570 Fre 571

¢

Fhg 569 Eterio of the Strawberry, consisting of a awollen succulent
receptacle on which are a number of achenes — £ty 570 Etwmrio of the
Raspberry ——Fug 571 -Vertical section of the pome or fruit of the Apple
(Pyrus Malus)

former case cach has a differentiated endocarp which 1is carti-
laginous mn character; m the cavity of each carpel 15 a single
seed Examples may be seen in the Apple (fig 571), Pear,
Quince (fig 299), Medlar, and Hawthorn

C ANTHOCARPOUS OR AGGREGATED FRUITS.

The fruits so far described are derived from single flowers
Those treated of under this section are the result of the fusion
of several flowers together, whose caipels, floral envelopes, and
bracts all become coherent into a single mass The latter may
be either woody or succulent. An anthocarpous fruitis thus
the product of an inflorescence and not of a single flower.

1 The Sorosrs.—In the construction of this fruit we find a
number of separate flowers become coherent with the axis
from which they spring. The whole mass becomes 1n some
cases succulent, 1n others woody. The first case 18 represented
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by the Pineapple (fig 574), each polygonal area marked upon
1ts exterior represents a flower  The Mulberry (fig 572) affords
another mstance, the succulent part being mainly the ealyces of
the constituent flowers A comparison of the Mulberry may be
made with the Raspberry (fig 578) The former 1s a poly-
thalamic or aggregated fruit, the latter a monothalamic one
The succulent portion of the Mulberry 18 derived from the
calyces of a group ot flowers, that of the Raspberry from the
drupelets of a single one The two fruits, though constituted
on such diffcrent plans, yet present a certamn superficial resem-

Fic 572. Fic 574

Fig 572 Sorosig or fruit of the Mulberry (Morus nigra) — Fig 573 Fruit
(etaerwo) of the Raspberry (Rubus Ideus) —Fig 674 Pineapple fruit
(Sorosis), surmounted by a crown of empty bracts

blance The fruit of the Plane trce 18 constructed mn a similar
manner, but the very numerous flowers and their axis all become
woody The resulting fruit 18 globular in form.

2 The Syconus —This1s an anthocarpous fruit, formed of an
enlarged and more or less succulent receptacle which bears a
number of separate flowers The Fig (fig. 575) 18 an example
of a syconus. In this the flowers are almost entirely enclosed
by the enlarged hollow pear-shaped receptacle, and what are
commonly called seeds are in reality one-seeded fruits resem-
bling achenia  Dorstenia (fig. 576) supplies another example
of the syconus, although 1t differs a good deal from that of the
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TFig n its general appearance, the receptacle 1s less succulent,
and only shghtly concave except at i1ts margins, so that the
separate fruits are here readily observed

The Seed

‘We have seen that the seed 1s a structure which 1s pecuhar
to the group of Phanerogams or flowering plants, and have
discussed the causes which lead to its formation There ate
several morphological features of importance connected with 1t
which still remain for us to consider. As the seed 18 the body
produced from the ovule 1n consequence of fertihisation, we see
that 1ts structure must be comparable with that of the latter

Fie 575 Fic 576

Fig 8786 Syconus of the Fig (Ficus
Carica), showing pear-shaped fleshy
receptacle bearing achenes on 1ts inner
surface —— Fig 576 Syconus of a
species of Dorstenia I

It 1s, however, much more complex because 1t contains the
whole of the gametophyte of the plant, together with the new
sporophyte to which the latter gives origin  The latter 1s the
body commonly called the embryo We may have thus three
distinet generations represented in the seed 1 The megaspore
and the remains of the original megasporangium, or the nucellus
of the ovule with 1ts integuments. The latter are frequently the
only part of the sporangium remaining, the nucellus 1tself having
disappeared. 2. The gametophyte, consisting of a mass of tissue
of variable dimensions developed inside the spore or embryo-sac.
In the Anglosperms another mass of tissue 1s formed after the
fertilisation of the oosphere. This was till recently held to be
part of the gametophyte, but 1ts readmorphological nature 18 now
uncertan. This agan is frequently very much reduced in dimen-
VOL. I. 8
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sions, or 1t may be altogether absent, having been partially or
entirely absorbed by the embryo. 8. The new sporophyte, or
embryo, which may be small and embedded in the endosperm, or
may be large, filling the embryo-sac, having abgorbed the gameto-
phyte and the endosperm during 1its development. If the
nucellus also has been absorbed during the growth of the
embryo-sac, the seed may present to view only the embryo
enveloped 1n the modified original integuments of the mega-
sporangium or ovule.

The terms orthotropous, campylotropous, anatropous, &c ,
are applied to seeds 1n the same sense as to ovules

STRUCTURE OF THE SEED.—1 THE INTEGUMENTS OR COATS —
There are usually two seed-coats or integuments, known re-
spectively as the festa and the tegmen In
some cases a third 1s found, not so closely
attached as the others to the body of the
gseed This 18 known as an ardllus. It may
spring from either the funicle or the hilum

a Testa, Episperm, or Outer Coat
(fig 577, te) —This integument 18 formed
from the primine of the ovule ; that of some
seeds, eg those of Acanthodwum, has

Fic 577

s rep P
Fig 577 The seed of a

Pea with 1ts integu-
ments removed on one
side p! Placenta f
Funiculus rap Raphe
ch Chalaza m Micro-
pyle te Testaor epi-
sperm e Endopleura
or tegmen The part
within the endopleura
iscommonly called the
nucleus of the seed,
and is formed of coty-
ledons, ¢, gemmule or
plumule, g , radicle, 7,
and stalk or tigellum,
¢, between the plumule
and radicle

in addition a coating of hair-like cclls
which are pressed closely to the surface of
the seed by a layer of mucilage, 1f such
seeds be moistened with water, the mueci-
lage which confines them becomes dis-
solved and the hairs are set free, and
then branch out in every direction.

Colour, Texture, and Surface of the
Testa —In colour the testa 1s generally
brown, but 1t frequently assumes other
colours, 1t may be umiform in tint, or
variously mottled.

The testa also varies in texture, being soft or fleshy
and succulent, or more or less spongy, or membranous or
¢oriaceous, or it may become woody and hard.

Its surface 18 generally smooth, but 18 often furnished with

different appendages, many of which are characteristic

It may

be wrinkled (Nigella), striated (Nicotiana), marked with ridges
and furrows (Delphwmwum, fig 579), netted (Nasturtrum,
fig. 578), alveolate or pitted (Papaver), tuberculated (Stellara
medra, fig. 580), or spiny (Morus). The testa of some seeds
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bears numerous hairs, those of the various species of Gos-
sypwwm ocover the entue surface, where they constitute the
material of so much value called Cotton, those of the Willow,
Asclepras (fig 582), and Epulobium (fig 587), are confined to
certain points of the surface 1In the latter cases the tufts of
hairs, thus confined to certain points of the testa, constitute
what 1s called a coma, and the seed 1s saxd to be comose

Other seeds, particularly those of the Sandwort (fig 581), and
of Catalpa, Bignomia, Sunetenia, Mormqga, &c, have winged
appendages of various kinds These winged seeds must be
carefully distingmshed from samaroid fruits, such as the Ash,
Elm, and Maple (fig 541), where the wing 1s an expansion of the
pericarp and not of the testa Hairy seeds should not be
confounded with pappose fruits, such as those of the Composite,

Fre 578 Fre 579 Fie 580.

F1g.578 Rounded seed of the Watercress (Nasturtium officinale) The testa
is reticulated or netted ——ZFig 679 Obovord seed of the Larkspur
(Delphinium), the testa of which 1s marked with ndges and furrows —
Fag 680 Seed of Chickweed (Stellaria), the testa of which is tuberculated

Dupsacee (fig. 294), and Valerianacee (fig. 298), where the
hairy processes belong to the calyx.

Beneath the testa, in anatropous seceds (figs 583, R, and
6717, rap), and the modification of these termed amphitropous,
we find the raphe or vascular cord connecting the hlum
with the chalaza. Its situation 18 frequently indicated by a
projecting ridge on the surface of the seed, as in that of the
Orange, while at other times 1t hies in a furrow formed in the
substance of the testa, so that the surface of the seed 1s smooth,
and no external evidence is afforded of 1ts position.

The testa 1s also usually marked externally by a sear indi-
cating the hilum, or point by which 1t was attached to the funi-
oulus or placenta. The micropyle of the Pea, as already
noticed, may be sometimes seen on the surface of the testa
(fig. 677, m); n those cases where no micropyle can be de-
tected externally, its position can only be ascertained by disseo-

82
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tion, when 1t will be indicated by the termination of the radicle,
this being directed towards 1t In some seeds, as those of
Asparagus, the situation of the micropyle 18 marked by a small
hardened point, which separates hke a little Iid at the period of
germination this has been termed the embryotegia

On removing the testa the raphe can frequently be seen
ramfying over the inner coat, and termimating at the chalaza
(figs 583, ch, and 577, ch) The structure and general appear-
ances of these different parts have been already described.

b Tegmen, Endopleura, or Internal Coat (fig 577, €) —
The inner membrane or coat of the seed 18 sometimes
apparently wanting, probably from 1ts complete adherence to
the testa

Fia 583
Fie 581 Fic 582

Fig 581 Marginate or bordered seed of Sandwort (drenaria) ——Fig 582
Comose oval seed of Ascleptas ——Fig 583 “Young anatropous seed of the
‘White Water-lly (Nymphea alba) cut vertically ¥ Fumculus A, A,
Gelatinous aril T Integnments of the seéd N Nucellus R Raphe
ch Chalaza M Micropyle < Embryo-sac » Rudimentary embryo

‘When clearly distinguishable 1t 18 generally of a soft and
delicate nature, of a whitish colour, and more or less trans-
parent. It 18 closely applied to the kernel of the seed, which
1t accompanies 1n all its foldings and windings, mn some
cases 1t even dips down 1nto the latter, and thus divides 1t more
or less completely mnto a number of parts. Examples are
afforded by the Nutmeg and Betel-nut (fig 589, p).

Arllus.—A third covering, known as the amllus or arl,
18 occasionally developed. It 1s always found more loosely
arranged than the true integuments, and generally extends only
partially over them (fig. 5688 A, &); that of the Yew forms an open
cup. It grows from the bas@ of the ovule, armsing subse-
quently to the accomphshmentfof the process of fertilisation,
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It 18 not infrequent to find outgrowths from various parts of
the testa which may be confused with the aril Such an out-
growth, arising from the region of the micropyle and spreading
backwards to some distance over the testa, sometunes indeed
covering the seed, has been called a false aril or ardlode
An mstance of 1t 18 afforded by the Spindle-tree (fig. 584)
The Nutmeg has a sumilar outgrowth which 1s gencrally de-
scribed as an aril, 1t origmates, however, from both the hilum
and the micropyle It forms a scarlet covering to the seed, and
18 known 1n commerce under the name of mace

Protuberances of an irregular character are often developed
from other parts of the testa. They are known as Caruncules
or Strophwoles They arc always developed, like the anllus
and anllode, subsequently to fertihsation, and are accordingly

Fic 584

Fig 584 Progressive development of the arillode 1n the sced of the Spindle-
tree (Kuonymus) a Arillode f Fuaniculus 1 represents th youngest
seed, 2 and 3, the progressive development of the arillode , 4, the oldest
and fully developed seed

not found on the ovule. The Milkwort (fig. 585) bears such
outgrowths at the bage or hlum of the seed, the Asarabacca
(fig. 586) and Violet have them on the side, in a hne with the
raphe, while those of the Spurge are placed at the muicro-
pyle Some writers consider these caruncules as forms of the
aril, of which they then distingwmish four varieties, namely :—
1. The true arillus (Nymphea, fig 588, A, A), 2. The
arillode or mucropylar arllus (Euonymus, fig. 584), 8. The
raphwan arillus (Asarum, fig 586), and 4 The chalazal
arllus (Epilobwum, fig. 587, where the tuft of hairs at one
end of the seed 1s regarded, as an arl). Other writers again
partially adopt these views, and define the caruncules as hittle
protuberances growing from the raphe, and therefore originating
independently of the funiculus or mieropyle. According to this
view the caruncule of the Milkwoyt would be 1egarded as a true
arl, and that of the Spurge as an anllode, while the appendages



262 MANUAL OF BOTANY

of Asarabacca and Violet would be true caruncules Other
botanists agan, mnstead of using the two terms strophioles and
caruncules as synonymous with each other, apply the former
term only to the outgrowths proceeding from the hilum, and the
latter to those coming from the micropyle.

2. THE KerNEL —We have seen that the substance of
the seed 1s morphologically very complex 1n 1ts nature We
may or may not have the substance of the nucellus or part
of 1t remamnng Generally this 1s all absorbed during the
growth of the megaspore In the seed, when present, 1t has
received the name of the perisperm 'We have next the embryo-

Fic 585 Fie 587

Fic 586

Firg 585 Ovoid sced of Milkwort (Polygala), with a caruncule at 1ts base
or hilum ——F1g 580 Seed of Asarabacca (Asirum), with a caruncule on
the side, which 1s called by some a rapluan arillus -—Fig 587 Scction of
the comose seed of Lpuobium The tuft of hairy processes 1s sometimes
called a chalazal arillus

sac or megaspore. In this there may be a sohid mass of
t1ssue, known as the endosperm, which in the (rymnosperms 18
the gametophyte In the Angiosperms 1t 18 & mass of tissue
developed after the fertihsation of the oosphere. Embedded
in the endosperm 1s the body produced by the develop-
ment of the fertihsed oosphere, which 1s called the embryo.
In other cases the embryo, by absorbing the nourishment con-
tained 1n the endosperm, obliterates the latter and comes to
occupy the whole interior of the embryo-sac Then the kernel
of the seed consists of the embryo or young sporophyte, which
n rare cases 18 surrounded by a layer of perisperm, but is
generally only covert§ by the integuments.

To the tissue which thus sometimes remamns and forms a
solid mass round the embryo, the name of albumen has been
commonly appled; but it 1s pféferably designated as the peri-
sperm or endosperm, according to 1ts origin as described above,
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Both endosperm and perisperm may be seen mn the seeds of
Nymphea (figs 588 and 588)

From the above considerations 1t will be evident that the
kernel of the sceq may consist erther of the embryo alone, as
the Bean and Pea (fig 577), or of the embryo enclosed 1n endo-
sperm, as 1n the seeds of the Poppy (fig 601), Pansy (fig 600,
al), Oat (fig. 591), or 1in both endosperm and perisperm, as n
those of Nymphea (fig 588) We have therefore two con-
stituents of the kernel namely, the embryo and the albumen,
the latter being composed of endosperm or perisperm, or both

a. Albumen, Endosperm, Perisperm —Those seeds which
have the embryo surrounded by albumen, that 18, by exther endo-
sperm or perisperm, or both, are said to be
albumwnous, while those from which 1t 1s
absent are exalbuminous The amount of
albumen will 1n all cases, as described above,
be necessarily 1n 1nverse proportion to the
s1ze of the embryo.

The cells of the albumen contain various
substances, such as starch, albuminoids, oily
matter, &c, and thus act as reservoirs of
nutriment for the use of the embryo during

Fic 588

Fig 588 Vertical
section of the seed

the process of germination The varying con-
tents of the cells, together with certain daffer-
ences 1n the consistence of their walls, cause
the albumen to assume different appearances
when the seed 1s ripe, and thus frequently to
afford good characteristic marks of different
seeds The albumen 1s described as mealy,

of the White Wat
ter-lily, showing
the embryo en-
closed in the re-
mains of the em
bryo sac, and on
the outside of this
the perisperm sur-
rounded by the
integuments

or farwnaceous, when 1ts cells are filled with

starch-granules, as 1n the Oat and other Cereal grains ; 1t 18 saxd
to be fleshy, as 1n the seeds of the Barberry and Pansy, when 1its
walls are soft and thick , when 1its cells contain o1l globules, as
in those of the Poppy and Cocoa-nut, %18 oily ; when the cells
are soft, and their walls chiefly formed of mucilage, as 1n those
of the Mallow, 1t 18 mucilaginous, and when the cell-walls
become very thick and hard, as 1n the seeds of the Vegetable
Ivory Palm and the Coffee plant, the albumen 18 described as
horny.

Generally speaking, the albumen presents a uniform appeax-
ance throughout, as in the seeds of the Vegetable Ivory Palm;
but at other times 1t 18 more or legs separated into distinct .
partments by the folding inwards of the tegmen, as already
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described In the latter case the albumen 1s said to be
rumanated, as 1n the seeds of the Betel-nut ( fig. 589, p)

b The Embryo 1s the rudimentary plant, 1t 1s developed
from the fertilised oosphere 1n the embryo-gac The embryo
being the rudimentary sporophyte, 1t 18 necessarily the most
important part of the seed, and 1t contamns withn itself, m
an undeveloped state, all the members of which the plant 1s
ultimately composed We can distingmish m 1t thiee parts
namely, a radicle, a plumule, and one or more cotyledons. These
parts may be readily recognised in many seeds, i the embryo
of the Lume (fig 590), the lower portion, r, 18 the radicle, from
which the root 1s developed, the two expanded lobed bodies
above, ¢, ¢, are the cotyledons, and between these the plumulo
18 placed In the Pea (fig 16), the two fleshy lobes, ¢, ¢, are
the cotyledons, between which there 1s situated a lLittle axis,
t (tvgellum), the upper part or bud-like portion of which 1s the
plumule, n, and the lower part, r, the radicle

The great group of the Angiospermous flowering plants 1s
subdivided into two smaller ones, in the first of thes.e, known
as the Dicotyledons, the embryo has two cotyledons, in the
other, called the Monocotyledons, 1t has typically only one
(figs 591 and 598, ¢) In some exceptional cases, however, the
embryo of a plant classed among the Monocotyledons has more
than one cotyledon, the second cotyledon then alternates with
the first 1nstead of being opposite to 1it, as 1s invariably the case
with the two cotyledons of dicotyledonous plants The phyllo-
taxis of the Monocotyledons, as exhibited in the embryo, 18 thus
always alternate, while that of the Dicotyledons 1s opposite In
the Gymnosperms there are often several cotyledons, so that the
embryo 18 described as polycotyledonous.

(a) The Monocotyledonous Embryo.—The parts of the mone--
cotyledonous embryo are mn gencral by no means so apparent
as those of the dicotyledonous. The embryo usually appears to
be a solid undivided bod§ of a cylindrical or somewhat club-
shaped form, as in the seed of Triglochun (fig. 598), having a
little chink, f, on one side near the base. If a vertical section
be made parallel to this shit, & small conical projection, the
plumule, will be noticed, by making a horizontal section, the
cotyledon can be seen jo be folded round the plumule, which
18 thus almost entirely removed from view. There 18 noticeable
a little shit corresponding to the union of the maigins of
the cotyledon; this shit becomes un external indication of the
presence of the plumule. The ptzﬁmtwn of the cotyledon thus
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rolled round the plumule 1s sumilar to that of the sheaths
of the leaves 1n most monocotyledonous plants, which, 1n a
similar manner, enclose the young growing parts of the stem.

In other monqgotyledonous embryos the different parts are
more easily seen. The cotyledon of many Grasses, as, for
mstance, the Oat (fig 591), only partially encloses the plumule,
», and radicle, , and these parts may therefore be readily
observed 1n a hollow space on 1ts surfacc

Fic 589 Fie 591 Fic 592 Fre 593

,{I

\

Fra 590

Fig 589 Vertical section of the fruit of the Betel nut Palm (Areca Catechu),
¢ Remains of perlanth f Pericarp p Ruminated albumen of the seed
¢ Embiyo ——Fig 590 Embryo ot the Lime-tree (7tlia europea) ¢, ¢
Cotyledons, each with five lobes arranged in & palmate manner ¢ Radicle
Fig 591 Bection of the fruit of the Oat » Plumule 2 Radicle
8 Scutellum — Fig. 592 Germinating embryo of the Oat ¢ Rootlets
coming through sheaths,co ¢ Cotyledon g Young stem —Fig 593
Embryo of Triglochin  r Radicle s 8lit corresponding to the plumule
¢ Cotyledon ®

A peculiar development of part of the cotyledon, called the -
scutellum (fig. 591, s), separates the embryo from the endosperm
1n the seed of the Grasses.

The infetior extremity of the radicle 18 usually rounded ( fig.
598, 7), and 1t 18 through this point that the rootlets, », burst
1 germination (fig. 592). The radicle 18 usually much shorter
than the cotyledon, and generally thicker and more sturdy ; but
1n some embryos 1t 18 as long as.ghe latter, or even longer, in
which case the embryo is called macropoddéus.
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(b) The Ducotyledonous Embryo—These embryos vary
generally in form those of the Bean and Almond (fig 594)
are more or less ovoid, the embryo consists of two nearly
equal cotyledons, ¢, between which hes a smal} axis or tegellum,
t, the upper part of which, g, 1s the plumule, and the lower, 7,
the radicle. The lower part of the tigellum upon germination
appears as a little stalk, supporting the cotyledons, 1t 1s termed
the hypocotyledonary axis, or hypocotyl The lower part of
the plumule forms the epicotyl

In the great majonty of cases the two cotyledons are of nearly
equal s1ze, as 1n the Pea (fig 16, ¢, ¢), but 1n the embryos of Trapa,
some Hireas, & (fig 595, ¢/, c), they are very unequal Agan,

Fie 594 Fre 597

Fic 595 Fic 596

Fiy 594 The embryo of the Almond (Prunus Amygdalus), from which
one of the cotyledons has becn removed ¢ The cotyledon which has
been left 7= Radicle g Plumule ¢ Tigellum ¢’ Scar left by the
1emoval of the other cotylelon —ZFig 595 Vertical section of the
embryo of a speciesof Hirea ¢’ Large cotyledon ¢ Small cotyledon
g Plumule 7 Radicle —Fig 596 Vertical section of the embryo of
Carapa guranensis, showing the almost complete union of the cotyledons,
the line, ¢, only dividing them 7 Radicle ¢ Plumule —#3g 597 The
embryo of Pekea butyrosa ¢ Large tigellum ¢ Rudimentary cotyledons.

while the cotyledons usually form the greater part of the embryo
(fig 16, ¢, ¢), 1n other instances, as 1n the seeds of Pekea butyrosa
(fig 597, c), they form but a small portion In those of Carapa
(fig. 596), again, the two cotyledons become umted more or less
completely into one body, so that the embryo appears to be mono-
cotyledonous, but 1ts nature 1s readily ascertained by the different
position of the plumule in the two cases, in the true monocotyle-
donous embryo the plumule 18 situated laterally (fig 591, p), but
here (flg 596, g) 1t 18 between the cotyledons. The embryos of some
parasitic plants, e g Cuscuta, have no cotyledons.

When no albumen 18 present in the seed the cotyledons are
usually thick and fleshy, as those of the Bean and Almond ( fig. 594) ,
m albummnous seeds they are thigiand folinceous, as those of the
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Lime (fig 590, ¢, ¢) Foliaceous cotyledons are frequently provided
with veins, and stomata may be also sometimes observed in their
epidermis, but these structures are rarely to be found in fleshy
cotyledons  Fleshy cotyledons serve a similar purpose to the
albumen, by acting as reservoirs ;598 Fra 599

of nutritious matters for the
use of the young plant during
germination , hence, when the
albumen 1s absent, the cotyle- P
dons are generally proportion-
ately increased 1n size

e

»

Fig 598 ‘Lhe so called

The cotyledons of dicotyle- polycotyledonous em-
donous plants are commonly Do ofd Species of
sessile, and ther margins are 1 germinateg ¢ Cgotyle-
usually entire, but exceptions ‘%‘;Eglmn’;i“‘}}“’le 59;
oocur to both these characters, The embryo ofﬂ Gera-
those of Geramum molle ( fig " f;&‘om"s’m:ifh of fﬂfg{;
599, p) are petiolate, those of 18 somewhat lobed,
the Lime (ﬁg 590, ¢, c), and and furmshed with a

tiole, Radicl
those of the Geranium ( fig 599, peclenp T e

c) a1e lobed Thewr positions relatively to each other also vary

Generally, they are placed parallel, or face to face, as in the Almond
(fig 594), Pea (fig 16), and Bean, but they frequently depart widely
from such a relation, and assume other positions Each of the,
cotyledons may be either reclinate, conduplicate, convolute, or cir-
cinate. These are the commoner conditions, and 1n such 1nstances

Fic 600 Fie 601 Fic 602
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Fig 600 Vertical section of theseed of the Ptﬁsy or Heartsease 4 Hilum
p! Embryo with its radicle, », and cotyledons, co c¢h Chalaza. al
Albumen ra Raphe The embryo is erect or homotropous —Fig 601
Vertical section of the seed of the Poppy, with the embryo slightly
curved in the axis of albumen ——Fig, 602 Vertical section of the seed of
Bumwas, showing its spiral embryo

both cotyledong are either folded or rolled in the same direction, so
that they appear to form but one body, or in rare cases they are
folded in opposite directions, and become equitant or obvolute ;
sometimes other still more complicated arrangements occur

The position of the radicle 1n relation to the cotyledons 1s also
lLable to much vaiiation. The radicle may follow the same direction
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as the cotyledons, or a different one In the former case, if the
embryo 1s straight, the radicle 18 more or less continuous 1n a straight
line with the cotyledons, as 1n the seeds of the Pansy (fig 600, 7),
if, on the contrary, the embryo 15 curved, the radicle 1s curved also
(fig ©01), the curvature of the radicle of Bunias (fig 602) 18 so
great that a spiral 1s formed Where the direction of the cotyledons
and radicle 1s different, the latter may form an acute, obtuse, or right
angle to them , or be folded back so as to lie parallel to the cotyledons,
m which case the radicle may be either applied to their margins, as
in the seed of the Wallflower (fig 604, 7), when the cotyledons are
sald to be accumbent , or against the back of one of them, as 1n that

X of Isatis ( fig 603, 7), when they are
Fro 604 termed mc1gnbent )

Relation of the Embryo to the
other Parts of the Seed, and to the
Frust —It must necessarily happen
that when albumen 1s present, the
size of the embryo 1s 1n nverse
proportion to 1t, 1n the seeds of
Grasses (fig 591) we ha.\:e a large
deposit of albumen and but a small
embryo, while 1n those of the Nettle
(fig 605) the embryo 1s large and
the albumen very small The em-

Fic 603

Frg 603 Incumbent embryo of
the Woad ([satis |tinctoria)
1 7Undivided 2 Honzontal
section ¢ Cotyledons 7 Ra-
dicle —Ftg VU4 Accumbent
embryo of the Wallflow er (Cheir-
anthus Chesrs) 1 Undivided
2 Horizontal section » Radicle
¢ Cotyledons

bryo may be either external to the
albumen (figs 591 and 608), and
thus 1n contactwith the integuments,
as 1n the seeds of Grasses, 1n which
case 1t 18 described as external,
or 1t may be suirounded by the

albumen, except on 1ts radicular
extremity, as in the Pansy (fig 600), when 1t 18 mnternal

The embryo 1s axzial when 1t has the same direction as the axis
of the seed, as in those of the Pansy (fig 600, pl), when this eon-
dition 18 not found, 1t 18 abaxile or eccentric, as 1 those of Rumex
(fig. 606, pl). 1In the latter*case, the embryo 18 frequently altogether
on the outside of the albumen, and directly below the integuments,
as 1n the seeds of Mirabilis Jalapa (fig 607, e) and Lychnis
(fig 608, emd), when it 18 described as perypherical

We have alrendy observed that in a straight embryo the radicle as
a rule is turned towards the micropyle (fig. 606, ), and the cotyle-
donary extremty 18 then directed to the chalaza, ch  Some apparent
exceptions to these relative positions occur among the Euphorbiacee
and a few other plants; but such are merely accidental deviations
ansing from certain irregularities 1 _the course of the development
of the parts of the seed. ¥
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Whale the relation of the radicle and cotyledonary portion 1s thus
seen to be generally constant, 1t necessarily happens, from the vary-
ing relation which the hulum bears to the micropyle and chalaza,
that 1ts relation to the radicle and cotyledonary portion of the embryo
must also vary In orthotropous seeds, as those of Rumez ( fig 606),
the chalaza and hilum coincide with each other, the radicle 1s turned
towards the apex of the seed, and the cotyledonary portion to the
chalaza and hilum , 1n this case the embryo 18 said to be antitropous
or wmverted (figs 476 and 606) In anatropous seeds, as those of the
Pansy (fig, 600), where the micropyle 1s contiguous to the hilum, &,

Fiec 606

mue

Fie 607

Fiec 608

alk)
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Fg 605 Vertical section of the frmt of the Nettle, contaiming a single
seed ¢ Integumentsoftheseed pl! Placenta r Radicle st Stigma
Fig 608 Vertical section of the frunit and solitary erect orthotropous
seed of the Dock (Rumex) ov Pericarp mic Micropyle p! Embryo
which is inverted or antitropous, and turned towards one side of the albu-
men, alb ch Chalaza r Radicle — Fig 607 Vertical section of the
carpel of M abilis Jalapa, containing one seed a Pericarp s Style
e Peripherical embryo with 1ts radicle, 7, and cotyledons,¢ p Albu-
men ¢ Integumentsof the seed ——Fig 608 Vertical section of the seed
of Lychnss diwofca te Integuments emd. Embryo on the ontside of the
albumen, aldb The embryo is amphitropous and peripherical

and the chalaza, ch, at the opposite extremity, the radicle, 7, points
towards the hilum or base of the seed, an® the embryo 18 said to be
erect or homotropous. In a campylotropous seed, where the chalaza
and micropyle are both near to the hilum, as in those of Lychnis
(fig. 608), the two extremities of the embryo, which 1n such cases 1s
generally peripherical, become also approximated, and it 18 said to be
amphitropous. When we wish to know the direction of the embryo
1t is at once determined by ascertaining the postion of the hilum,
chalaza, and micropyle

‘We have now, lastly, to explain the different terms which are in
use to express the relations which the.5mbryo bears to the oavity or
cell in which 1t 18 placed The radicle is said to be superior or
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ascending, as 1n the seeds of the Nettle (fig. 605, ») and Rumex
(fig 606, 7), when 1t 18 directed towards the apex of the cell or peri-
carp , wnferwr or descending when 1t points to the base, centripetal
if turned inwards towards the axis or centre, and centrifugal when
1t 18 turned towards the sides These relations of the embryo to
the other parts of the seed, and to the cavity or cell in which 1t 1s
placed, are sometimes of much practical 1mpo: tance

(¢) The Polycotyledonous Embryo —In the seeds of the
Gymnosperms, as already mentioned, there are often several
cotyledons, and this may occur either as an wrregular character,
or as a regular condition, as 1n those of many members of the
Comfere (fig 598, ¢), where we frequently find s1x, nine, or even
fifteen , hence such embryos have been termed polycotyledonous.
In all cases where the number of cotyledons 1s more than two,
they are arranged in a whorl (fig 598, ¢) Taxus,the Yew-tree,
has only two cotyledons



BOOK II
ANATOMY OF PLANTS

CHAPTER I

THE VEGETABLE CELL

Ir we study the life-history of the simplest or the most complex
plant with which we can become acquainted, we find that at
some timd or other 1n 1ts existence 1t 1s found 1n the form of a
minute portion of jelly-like substance, iIn some cases motile, in

others incapable of locomotion The zoospores and zoogomdisa
of the Alge exhibit this

structure  The gametes Fre 609.
which are developed up-
on the filamentous Sea-
weeds are also such little
naked masses In the
lowest plants, such as
Ulothre (fig 609), these
are ovold bodies, furmshed
with long narrow appen-
dages, by means of which

they swim actively about

Fig 609 Part of a fllament of Ulothrir from
m water The Jelly -hike which the gametes, g, are escaping g' Free
substance of which they gamete g¢7% ¢° Gametes conjugating

are composed 1s capable

of carrying on all the processes of their hfe, and 1s, 1n fact,
the lwing substance, 1t 18 called protoplasm. Many of the
small reproductive bodies already described differ from these
free-swimming organmisms in having the protoplasm oclothed
by a thin, almost structureless membrane, which the living
substance forms round itself. We have in these two parts, one
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Iiving, the other non-living All such structures are known as
cells

‘When one of these cells has existed for a time, 1t becomes
septated into two by the formation of a parfaition-wall of the
same substance as the membrane which clothes 1t, the septim
being formed by the protoplasm just as 1s the original mem-
brane. Usually the two cells arsing from such septation
remain connected with each other, each in turn gives rise
to another in the same way, and by the continuation of this
process we get a mass made up
of a number of cells These
structural umits are not, how-
ever, completely distinct, for the
protoplasm of each 1s 1n con-
nection with that of 1ts neigh-
bour by delicate filaments which
penetrate the septa, or cell
walls, so that the living sub-
stance of such a mass 18 organ
1cally continuous throughout,
bemng supported by the mem-
branes which 1t has formed,
which constitute indeed a kind
of skeleton

A sgection through such a
mass shows the appearance of

Fie 610

Fig 610 Semi diagrammatic longitudinal
section of an old and stout portion of
Ceramtum rubrum, showing continuity
between the protoplasmic contents of
the axial or central cells, a, a, at their
ends, and laterally with the cortical
cells, b, by protoplasmic threads, and
also that of the cortical cells ¢nter se by
threads radiating from the central mass
1 each cell After T Hick

a number of chambers, each
occupied by a portion of the
hiving substance. It needs a
very high magnification to dis-
tinguish the connecting threads
or strands, which are of extieme

tenuity (figs 610 and 611). In
geveral, we may say thel. that a plant 1s bmlt up of an aggre-
gation of such cells.

Some plants do not always form the dividing septa, 86 that
in them we have many pieces of protoplasm, or profeplasts,
connected closely with one another, and having only a¢emmon
membrane or cell-wall surrounding the whole. Suchk:a plant-
body 18 called a ceenocyte. Others form relatively few septa, so
that each division of the plant-body contains many protoplasts.
Usually each protoplast*Socupies a separate chamber In the
higher forms subsequent changes in the character of the septa
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give rise to very different appearances in the cells, the latter
showing great differences in s1ze and degree of development In
all cases, however, they arise 1n the manner described, by the
activity of the pratoplasm

We can thus see that the living substance 1s the essential
part of the cell, and all other structures found in connection
with 1t are only subordinate to the requirements of the proto-
plasm .

In the simplest forms, each protoplast discharges all the vital
processes of the plant As, however, complexity of the plant-
body 1ncreases, there may be observed a division of labour, par-
ticular protoplasts taking up one, others another, duty. Some are
particularly concerned in nutrition, others in reproduction, and

Fic 611

Fig 611 Continuty of the protoplasm of contiguous cells of the endospurm
of a Palm seed (Benttnckra) a Contracted protoplasmof acell & A
group of delicate protoplasmic fibrils passing through a pit 1n the cell-wall
(Highly maguified, after Gardiner )

80 on. This division of labour 1s the clue to the differences of
structure and appearance which we find 1n different parts of the
plant-mass, cells being modified n relation to the work which
ultimately falls to their share Thus all differentiation of struc-
ture 18 to be traced to division of labour.

In the older parts of plants we find the cells consisting of
the wall alone, the protoplasm having disappeared. Such cells
are, of course, not living.

It 18 most convenient to study first the vegetable cell as 1t
exists 1n & portion of the higher plants, such as the younger part
of a stem or root. If we cut a section of such a structure we find
the cells all alike and all presenting ¢he following features. 1.
The hmiting membrane or cell-wall. 2. The contents, consisting

YOL. I. T
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of the protoplasm and various bodies embedded in 1t or sur-

rounded by 1t (figs. 612-614)

Fre 612

Fig 612 Cells from the root
of Fritillaria smperalis
h  Cell-wall %' Nucleus
k, ¥ Nucleus with nucleoh
2 Primordal utricle 2/, p'
Protoplasmic threads s, s
Cell-sap cavity 8/, ¢
Vacuoles After Sachs

The protoplasm, being the
essential part, may be examined first

Tae Proroprasy —In the young
state of the cell the protoplasm fills
1t, and appears as a nearly transparent
jelly-like material, somewhat granular
mscharacter, and saturated with water
This condition 1s only transitory. Very
soon, 1n consequence of continual ab-
sorption of water, the cell, kept turgid
and stretched by the internal pressure,
ncreases 1n size , the water accumu-
lates 1n drops, which gradually become
larger, so that cavities appear 1n the
substance of the protoplasm, which
soon fuse together, forming one or
more vacuoles filled with a fluid called
the cell-sap 1In such cells the proto-
plasm often forms only a lining to the
cell-wall, the centre of the cell being
occupied by a single large vacuole
(fig.612) The protoplasm thus lining
the cell was formerly called the pri-
mordial utricle

In the substance of the protoplasm, whether filling the cell
or not, there exists somewhere a specially differentiated portion
called the nucleus (fig. 612, k), and Trequently other less

Fic 613

Fig 818‘ Vegetable ce}ls A ‘Very young B A little older, showing com-
formation of v 2 Protopl

n Nucleus v A vacuole,

R
differentiated portions, détifiet from the main portion of the
protoplasm, known as plastuds. The bulk of the protoplasm, to
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distinguish 1t from these specialised portions, 1s generally called
the cytoplasm It 18 not of the same consistency throughout, a
generally firmer portion lying next to the cell-wall being known
as the ectoplasmy A simlar firm layer may frequently be
detected round the vacuole The exact chemical composition of
protoplasm cannot be ascertained, as analysis involves 1ts death,
and this 18 attended by changes in 1ts substance. It contains
carbon, hydrogen, oxygen, mtrogen, and probably sulphur and
phosphorus  Enclosed 1n 1t are always varying quantities of

Fia 614 Fie« 615

Ing 614 Cells from leaf of ¥lodea , the arrows show the direction of the rota-
tion of the protoplasm =n Nucleus p Protoplismor primordial utricle,
m which are embedded numerous chloroplasts (x 300 )—ZFg 616
Two cells fiom a staminal hair of 7radescantia  The arrows indicate the
direction of the circulation of the protoplasm n Nucleus (x 300)

organic substances, such as proteids, *&ts. carbohydrates, and
small portions of various 1morganic salts. These various con-
stituents are connected with the nutritive processes of the cell,
or 1ts metabolism, and hence differ greatly in nature and
amount from time to time.

In the case of the free-swimming protoplasts with which we
began the study of protoplasm, we see that they are in active
movement. As the protoplasm becomes enclosed in cell-walls
this motility 18, of course, less and Jess obvious. Indeed, n
most cells 1t can hardly be distinguished. There 1s reason to
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suppose, however, that protoplasm, wherever existing, 1s 1n
constant motion In many of the constituent cells of even the
higher plants this motility can be observed. In certain of the cells
forming theleaves of many water-plants, e g Viallusneria, Nutella,
Elodea (fig 614), and others, a streaming movement of the
granules the protoplasm contains can be detected with ease.
In other plants of terrestrial habit, such as Tradescantia and
Chelidonwum, a streaming of the protoplasin 1s observable ( fig.
615) Such movements are spoken of as rotation when the
stream flows uniformly round the wall of the cell, or as circulation
when the path has a more complicated course

Somewhere 1n the cell there 18 always to be be found a
specially differentiated portion of the protoplasm known as the
nucleus (figs 614 and 615,7) Itmaylie 1n the centre, when 1t 1s
attached to the sides by bands or threads of protoplasm , or 1t may
lie embedded 1n the layer which lines the cell. This body has a
more definite structwie than the rest of the cytoplasm, 1t 1s
bounded at the surface by a delicate membrane, which 18 thought,
howeyer, to be a denser layer of the protoplasm of the,cell rather
than to belong to the nucleus 1tself The latter consists of two
substances which differ from each other in their power of stain-
ing with different reagents The bulk of 1t 18 ecomposed of a
sem1-fluid material known as nucleoplasm, 1n which 18 embedded
a network of fibrils The latter are composed of a hyalne
substance 1 which lie close to each other a number of gianules
or discs which stain deeply with many colouring matters The
fibrils contain the granules mn such large proportion that except
with very high magnification the latter cannot be distinguished,
and consequently the whole fibril appears stained These fibrils
are generally said to be composed of chromatin, the name having
reference to nothing more than this reaction to stains

One or more small deeply staining bodies, termed nucleols,
are found 1n each nucleys, sometimes being very prominent, and
at other times hardly &s??ngmsh&ble from the nodes of the fibrillar
network.

Chemically the nucleus much resembles the rest of the proto-
plasm, but, in addition to the substances found to be present 1n
the latter, the nucleus contains a body known as nuclewn, of
which phosphorus 1s & constituent.

Associated with the nucleus there have been observed in
certain cases two very smalt bodies lymng usually side by side at
some pownt of 1ts margin. These are called the centrospheres.
Each 15 spherical and hyalme, with a distinet outlne, and con-
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tains 1n 1ts mterlor a central smaller body This 18 known as
the centrosome.

In rare cases a true cell may contain several nucler This
occurs 1n conseglence of direct division or fragmentation of
the original nucleus It 1s seen only 1n old cells.

Besides these typical constituents the protoplasm of many
cells contains other differentiated structures, known as plasteds
These are special bodies which are charged with some defimita
function, and pomnt to an early division of labour in the cell.
They are of a somewhat similar structure to the nucleus, being
formed of a fibrillar network supported by a ground substance.
Some of them are colourless, others impregnated with different
colours The first are called leucoplasts, the others chloro- or
chromoplasts, according to their hue, the green ones or chloro-
phyll bodies being thus distinguished from all others ( fig 614).

The plastids must be distinguished from other cell-contents
such as will be described later They are independent bodies
chaiged with the performance of definite functions, they always
lie 1n the gubstance of the protoplasm, and not 1n the vacuoles ;
they have a power of multiphcation by division, quite apart
from the activity of the cell-protoplasm  Their shape and their
dimensions vary extremely 1n different cells, but they are gene-
rally spheroidal or discoid There seems to be but hittle difference
between the chloroplast and the leucoplast, the latter being
formed 1n parts to which hight has no access, the former occur-
ring 1n parts exposed to light In the presence of hight the
leucoplasts can develop a green colouring matter, becoming
chloroplasts

The colouring matters of the different plastids can be ex-
tracted by various solvents, leaving a colourless basis. The
green colouring matter of the chloroplasts, which 18 known as
cllorophyll, can be dissolved out by alcohol, benzol, and other
flids The red or brown colour of the chromoplasts of the red
or brown seaweeds 18 soluble 1n cold &stilled water. They are
found after removal of these pigments to contain chlorophyll as
well.

Chromoplasts of various colours give their tints to many of
the bmlhant floral leaves, particularly those which are yellow
or scarlet  These are generally derived from chloroplasts, the
leaves when young being green.

‘We have seen that, at some period of their hife, many of the
lowhest plants consist only of a smallfpvord mass of protoplasm
with two appendages or flagella at one end, These flagella, like
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the rest of the cell, are composed of protoplasm, and are espe-
cially capable of vigorous movement, showing a certamn duffer-
entiation with that object Other naked masses of protoplasm
are not furmished with these flagella, but posgess much shorter,
more delicate threads known as cilea, which are placed either
all over their surface, as 1mn the case of the zoocenocytes of
Vaucheria, or form a ring near one end, as in the zoospores of
Edogomum (fig 666,c) In many of such naked cells there
18 a gpecially coloured corpuscle, usually red, known as an eye-
spot. In others a special vacuole in the protoplasm shows a
rhythmical enlargement and contraction This 18 known as a
contractile vacuole. It recalls a similar stiucture in the lowest
ammal organisms

THE CELL-WALL —We have secn that 1n most cases the first
evidence of the vital power of the protoplasin 1s the formation
of a membrane which surrounds 1t on all sides. This 18 known
as the cell-wall.. It1s chiefly composed of a substance known
a8 cellulose, wath which 1n most cases other bodies known as
pectoses are more or less closely incorporated Cellujose has a
very complex molecule, mto which only the elements carbon,
hydrogen, and oxygen enter the latter two existing in the same
proportion as they do in water, this body 18 consequently a
member of a group of substances known as carbohydrates Its
chemical formula 1s often wntten C,H,,0;, though probably 1t
should be some multiple of this. Sugar and starch are other
members of the same group.

Cellulose 1s a colourless transparent substance, easily per-
meable by water and by substances in selution m1t. It canbe
stained violet by 10dine 1n the presence of sulphuric acid or
chlonide of zine

The solid portion of the cell-wall contains a varying quantity
of water. Various theories have been advanced as to the way
in which the latter 18 combined with the other constituents.
Nageli has suggested that the wall 1s composed of mucelle,
or needle-shaped crystals of cellulose, arranged with their long
axes at right angles to the surface of the wall, and sur-
rounded by a thin film of water According to Strasburger the
particles of cellulose are arranged 1n a network, water ocoupying
its meshes  In erther case the quantity of water 1s capable of
considerable increase or diminution, and the wall can be made
to swell up by causing 1t to- imbibe more flmd. This can be
brought about by exposing 1t to the action of strong acids, such
18 sulphuric acid.
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A different view of the composition of the cell-wall has been
advanced 1n recent years by Wiesner He holds that the sub-
stance of cell-wall as 1t 18 first formed consists of rows of
granular bodies yhich he terms dermatosomes, which are united
together and surrounded by protoplasm, and which ultimately
become cellulose On this hypothesis the cell-wall 1s hiving

Fie 616 Fre 617 Fie 618 Fic 619

Fig 616 Rounded cells — Mg 617 Elliptic or oblong cell —Figs 618,619
Polygonal cells in combination those of the latter figure being pitted

while young and growing The protoplasm thus exists between
particles,of cellulose, and holds water 1n 1ts substance.

As the cells grow there 1s a continuous formation of cellulose,
due, hike 1ts first formation, to the vital activity of the protoplasm.
By irregularity of growth, due to mternal causes bringing about
greater possibility of stretching in certain places, cells become of
various forms, when the growth 1s uniform, or nearly so, 1n all
parts of the cell-wall, we have a spherical or rounded cell ( fig
616), but when 1t 1s greater at the two extremities than at the
sides, the form 18 oval or oblong (fig 617). In both these cases,
also, the cells are almost, or entirely, free from external pres-
sure. But under other cir-
cumstances, In consequence Fre 620 Fie 621

of the mutual pressure of
surrounding cells, they as- S
sume a polygonal form (figs. b
618 and 619), the number of
the angles depending upon
the number and arrangement

of the contiguous cells.

When growth takes place  p; 620 Stellate cells — Fig 691 Cylin-
on. all mdes of tho cell-wall, izl e ot vl o
but certain spots are more nucleus
extensible than the rest, the
mternal pressure causes protrusionf at those places, so that

we have rays projecting from them in various directions, and
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1ey acquire a more or less regular star-like shape ( fig. 620),
1ch cells are called stellate The rays may be situated in one
lane, or project from all sides of the cell. Such cells rarely
ave the rays occurring at regular intervals, or all of one
mngth, but various degrees of wrregularity ocem

When the growth takes place chiefly in one direction, we
ave cells which are elongated, either horizontally or vertically
f the latter we have such forms as the cylindrical (fig. 621)

Fie 622 Fia. 623 i 624

Fig 622 Elongated fusiform cells —-Fig 623 Fibnlliform cells (Aypher)
Fig 624 'Transverse section of a thick walled cell of the pith of
Hoya carnosa From Von Mohl ——Fiq 825 Thick-walled cells from the
fruit of a Palm @, a Cell walls b, & Concentric layers of thickening
¢ Oanals extending from the central cavity to the inside of the wall
of the cell d Cavity of phe cell ¢, e Extfernal dotted appearance
From Unger — Fig 626 & .aated fibres from bast of Lime tree

nd the fusiform (fig. 622) by the mutual pressure of con-
iguous cells, the latter often become prismatic. In many
‘ung the common cell-wall of the ceenocyte 18 elongated, very
elicate and thread-lhke, and either simple or branched
fig. 628).

‘When the cell ttained 1ts full size, or 1n some ocases
‘hile 1t18-stall gro in surface, 1ts wall becomes thickened by
1e deposition of successive layers over those already formed.
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A transverse section of many cell-walls shows traces of this mode
of thickening, the successive layers appearing as shells of sub-
stance lying one upon another Such a cell-wall 18 said to be
stratified (fig. 62¢ and 625) Viewed longitudinally, the walls

Fie 627 Fic 628 Fie 629 Fic 630 Fie 631

Fig 627 Spiral cell —Fig 628 Annular cell —Fig 629 Reticulated
cells —F1g 630 Pitted and reticulated cell —ZFig 631 Wood-cells of
the Yew (ZTaxus baccata) After Von Mohl

often appear covered with delicate oblique striations which may
run regularly in one direction only, or may be crossed by others
This 18 due to the way in which the protoplasm deposits the new
particles of cellulose upon the layers already existing, a succes-

Fic 632 Fic 633 Fic (634 Fic 635 Fia 636
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Fig 632 Simple spiral vessels —-Fig 633 Annular vessel —F1g 634
Reticulated vessel — f1g 635 Oyhindrical scalariform vessels of the
Vine ——Fig 6368 Pitted trachefd terminating obliquely, and showing
that the partition wall has been incompletely abeorbed

sion of spiral bands being laid down with their edges 1n contact
Such striations can be well observed 1n many of the elongated
cells or fibres which form part of the sgft portions of the vascular
bundles of the higher plants ( fig. 626).
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It generally happens that, when cell-walls are being thick-
ened, the new deposits of cellulose are not laid down umiformly
over the surface, but instead form ridges or prominences of
various patterns, with unthickened portiong between them
The thickening may take the form of a spiral band, winding
obliquely round the interior of the cell, 1t may be deposited 1n
the form of rings placed regularly along its greater axis, or
1t may be laid down irregularly, giving rise to particular patterns
upon the wall. These forms are known as spiral, annular,
and reticulated thickenings respectively (figs 632-634) 1In
other cases the thickening may extend over the greater surface
of the wall, leaving only small unthickened spots  Such a cell-
wall 13 said to be pitted When two cells side by side are
undergoing thickenming simultaneously, the thick and thin

Fie 637

Fig 637 Cells whose walls are 1n process of thickenming The thick and
thin places on the separating wall correspond 1n position p Pitsor thin
places a Thickening deposit

places of the separating wall correspond in position, and the
pits appear as delicate canals which in some cases serve as
means of commumcation between the cells (figs. 625 and
687). .

In the cell-walls of the “vood-cells of certain trees we find pits
of pecuhiar formation, each appearing to be surrounded by a ring
These are known as bordered pits The cells 1n which they
occur are long fusiform elements, and are characteristic of the
secondary wood of the Comfere The appearance 1s produced by
circular patches of the cell-wall remaining thin after the general
thickening has commenced, and the rim of the thickening layer
bounding them growing. obliquely imnwards, leaving ultimately
only a narrow orifice 1n the centre; or, in other words, the
opening of the pit into the interior of the cell js narrow, and the
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pit 1tself 18 funnel shaped (f1¢. 689, a, b, ¢) As these thicken-
ings always occur 1n pairs, that 1s, one on each side of the cell-
wall, they appear as two watch-glasses would do 1f placed rim
to rim, and sepgrated by a thin sheet of paper. To carry out
the comparison completely, however, the watch-glasses must
be supposed to be perforated in their centres (fig. 639, b). The
cential spot, which appears ighter than the rest of the pit when
examined by transmtted light, 1s caused by the light having to
pass only through the thin unthickened cell-wall or membrane
(fig 639, ¢, w), while the darker colour of the border 1s caused
by the light having to pass through the thicker substance of the
rim  The membrane has a separate central thickening called
the torus, which thus lies inside the pit, and 1s about as large as

Fic 638 Fic 639

Fig 638 Bordered mits of the wood cells of the Pine, with a single row of
dises on each cell —— /g 639 Bordered pitsof the wood-cells of the Pine
(diagram) a Young stage with unthickened cell-wall or membrane
The straight part on the right shows a section through a pit with the
rim begmning to project , the circle on the left shows the rim in surface
view Dotted Iines connect corresponding parts & Older stage showing
the membrane with i1ts torus ¢ Sem profile view, showing posttion of
menibiane, w  After Sachs

the central opening, which 1t can therefore block up when great
tension exists on erther side of the membrane, forcing 1t out-
wards In very old wood this intervening membrane often
becomes absorbed, and then direct dmmunication between the
adjoining cells 1s possible

These bordered pits occur erther mn single (fig 688) or mn
deuble or triple rows In those cases where there 1s more than
one row of them, those in each row may be either on the same
level, as 18 usual, or at different levels, and hence alternate to each
other, as 1n the Araucanas and allied trees.

Cells presenting such a characteristic appearance are of
unmversal occurrence 1n the wood of the Conifere and Tazacee,
where they can be most distinotly observed. But somewhat
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stimlar bordered pits of smaller s1ze may be found also 1n many
other Phanerogams

The material of which the cell-wall 18 origmally composed 18
a mixture of cellulose with various pectic bodieg  The reactions
by which cellulose may be recognised are—

1. It 18 mnsoluble 1n water, weak acids or alkalies, alcohol,
ether, benzol or other aromatic hiquid, but dissolves n ammo-
macal solution of oxide of copper (Schweizer’s reagent)

2. It 18 permeable by water, extensible, and elastic

8. It swells up and slowly dissolves when treated with strong
sulphuric acid

4 It stamns violet when treated with sulphuric acid and
10dine, or with a solution of 10dine 1n potassic 10dide and
chloride of zine.

5. When 1t 18 viewed by polarised hight 1t causes the rays to
be deflected to the left

The pectic bodies, chiefly consisting of pectose, pectin, and
pectic acids, are not soluble in Schweizer’s reagent, but me
slowly dissolved by the successive action of acids and alkalies
They do not stain violet with 10dine, erther alone or in conjunc-
tion with sulphuric acid or the chlorides of the heavy metals

The cell-wall seldom remains simple, soon after formation
changes occur 1n 1t, adnnuxture of mineral substances to a con-
siderable extent often rapidly taking place The chief of these
are salts of calcium, usually the oxalate, but often the carbonate.
Some cell-walls show a copious deposit of regular erystals of
one of these—such are the cells of the bulb-scales of the Onion,
the fibres of the bast of Epledra, and others (fig 640) In
many plants copious deposits of silica are found in the cell-wall,
notably 1n the epidermal cells of Grasses and Equisetacee In
some plants of the Nettle family curious cellulose projections
occur 1in some of the cells of the epidermis which contan
urregular masses of calcium carbonate These are known as
cystoliths (fig 642) ©

Besides these admixtures of foreign substances, cell-wall 18
found to contain other bodies derived from changes 1n 1ts cellu-
lose or pectose constituents  Of these, three are especially pro
minent—lignin, cutin, and muecilage. Iignin 18 the material
which 18 especially characteristic of wood-cells It 18 permeable
by water very readily, but, unlike cellulose, 1t cannot retain much
1n 1ts swbstance, nor can 1t swell up under the influence of sul-
phuric acidd It can be recognised by turning red when treated
with phloroglucin and hydrochloric acid. The wall of a wood-
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cell does not consist entirely of lignin, but of a cellulose basis
which 1s largely impregnated with this substance By the action
of mtric acid and chlorate of potash the lignin can be dissolved,
leaving the cellu}pse framework

Cutin 18 found chiefly 1n the external layers of the thickened
epidermal cells, and 18 also met with 1n the walls of cork cells,
where 1t 18 frequently associated with a certain amount of hgnin
It differs from cellulose 1n many ponts 1t 1s but shghtly
permeable by water, and 1t stains yellow instead of violet when
treated with 10dine and sulphuric acid It turns yellowish-
brown when acted upon by strong alkalies such as caustic potash

Fic 640 Fie 641 . Fic 642

Ing 640 Bast cell of Lphed:a with crystals embedded 1n
the wall — /1g 641 Cystolith from Parietaria officinalys
Frg 642 Cystolith from the leaf of Fecus elastica ep
Three-layered epderms  pa Parenchyma of leaf cys:
Cystolith

Lake hignin, cutin 18 soluble in warm mtric acid and chlorate of
potash

Mucilage 18 found 1n the cell-walls of certain layers of the
coats of such seeds as linseed, and in the cells of many Alge
It absorbs water greedily and swells up considerably. It gives
a violet colour with 10dine and sulpi@ric acid, as cellulose does,
differing from the latter chiefly mn the ease with which the
absorption of water 18 brought about. In some cells the muci-
laginous degeneration of the cell-wall goes so far as to lead
to the production of gum, which 18 soluble 1n water. Exuda-
tions of gum produced in this way are very common on Cherry
trees.

A peculiar modification of the cell-wall can be easily observed
between contiguous thickened cells, feonstituting the meddle
lamella. This occupies the position of the original cell-wall, and



286 MANUAL OF BOTANY

at first sight might be taken to be the latter, after several
thickening layers have been deposited upon i1t This1s not, how-
ever, the case, for the thickened wall has been the seat of much
chemical alteration. The nature of the middle layer varies, in
adult cells which have not become hignified or otherwise altered
1t consists of a compound of pectic acid and caletum  This layer
can be distinguished between even very young cells, by appro-
priate reagents.

The cell-wall 18 often found to be impregnated with wax,
which 1n some cases 1s so plentiful as to form alayer of particles
on the external surface. This can be seen 1n the bloom of cer-
tain fruits, such as the Plum and the Grape, also on the leaves
of the Wax Palm.

Certain modifications of cellulose also occur, unmixed with
any of these derivatives  The walls of the hypha of Fung: afford
anexample of these , the cellulose, sometimes called fungus cellu-
lose, does not turn violet when treated with 1odine and sulphurie
acid In the walls of certan cells, such as those of the bast of
Lycopodium, the endosperm of the Peony, and the cotyledons
of some of the Legumwnose, a variety of cellulose 1s found which
stains blue with 10dine alone

Chemucally regarded, the cell wall 1s thus seen to be very
complex mn composition  Originally 1t consists mainly of cellu-
lose, with a small admixture of pectoses, as 1t grows older this
sunphicity disappears. and 1t 18 found to be a mixtuic of those
primary constituents with various products of their decomposi-
tion, which are present in widely differing proportions, or with
other materials which have been absorbed by 1t and deposited
1n 1ts substance

THE CELL-CONTENTS — Besides the protoplasm or living mate-
rial present 1n the cell, very many other substances are found
there which are extremely variable in nature and amount All
these are to be associated in some way with the vital activity of
the protoplasm  As the la’‘er 1s practically stationary 1n the cell
and carries on 1ts ife-work there, 1t 18 evident that the substances
necessary for its nutrition must be brought to 1t, and as these
can pass readily from cell to cell only by means of the water
which saturates the living parts, they must be in solution The
water which 18 always present 1n the cell 18 known as the cell-
sap. It may be equally distributed through the protoplasm, as
in young cells, or 1t may occupy as well the spaces 1n the latter
which we have already described as vacuoles. It 1snever present
as pure water, but always has various chemical substances dis-
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solved 1n 1t Besides contamning the imorgame substances ab-
sorbed from outside, 1t also has 1n solution in 1t many bodies which
have been made by the activity of the protoplasm, and as the
processes carried out by the latter vary greatly in different
cells, the cell-sap has no constant composition, but 1s affected
n different cuses by the nature of the work the cells do.

The substances which the protoplasm constructs are agamn
destined to different purposes  Some are to be used up n various
ways, either m the cell in which they are formed, or i other
cells to which they are to be transported These are generally
known as reserve materials, They may remain 1n the cells for
a longer or shorter period. Others are to be regarded as material
which 1s of no further use to the plant at all, and are therefore
to be got rid of It 1s important to remember that the plant,
unlike the animal organism, has little or no power to excrete
anything from 1ts body Waste products, thercfore, instead of
being thrown off at once by definite channels, are usually packed
away 1n particular cells of the plant—for instance, in the bark
of trees

Other’ products are neither reserve nor waste materials, but
are formed 1n the cclls to perform definite work there, such are
the bodies known as enzymes or ferments, which carry out many
chemical changes 1n the substances deposited 1n the cells.

As we have seen, many of these various bodies exist in the
cell-sap 1n a state of solution, others, however, are deposited 1n
a solid form We can explain the presence of the latter in the
same way as that of the others; they are either reserve or
waste products, or charged with a definite duty in the work of
the cell.

The cell-contents, varying thus from place to place and from
time to tune, stand 1n a very different position from the proto-
plasin, which 1s constant i 1ts presence during the time the cell
18 hiving  The protoplasm carries out the wvital work, aided by
the various plastids already alluded te, when these are present.
The other cell-contents are to be regarded only as aiding or
resulting from the work of the protoplasm or the plastids.

The bodies mcluded 1n the cell-contents, using the term in
this restricted sense, may be divided into two groups* those
soluble and those 1nsoluble in the cell-sap. Among the former
are mncluded constructive materals for the protoplasm, such as
freshly absorbed inorgamic salts, and more highly elaborated
bodies destined either for 1mmediate uge, or temporary storage,
or possibly merely on thewr way through the cell. Various



carbohydrates, chiefly sugars, vegetable acids and their sall
nitrogen-containing bodies 1n the form of amino-acids, belong
this category Other substances, possibly nutritive, possibly on
the by-products of nutrition, such as tannin, various glucoside
alkaloids, and other complex bodies, are also to be met wit
In many cells, though with & more restricted distribution, v
find various colouring matters in solution, chiefly blues, viole
or reds.

The bodies which form the second or insoluble grot
nclude starch grains, fats, proteid reserve materials, either
amorphous, granular, or crystalline form,and crystals of inorgan
salts

All these call for separate description

Starch Grawms —Starch 1s not only widely distributi
through the different parts of a plant, but 1t also occurs in varyn

Fie 643 I 644 Fie 045

Iy 643 Cell of the Potato containing starch granules —Fig 644 West-
India Arrowroot (x 2>0) —Fig 645 Sago meal (x 250)

quantity 1n all classes of plants with the exception of the Fun
In all cases starch 1s a transitory product stored up for futu
use When required for the nutrition of the plant, 1t 18 convert
mto sugar, which 18 a soluble substance, and can therefore
at once applied to the puihoses of nutrition, which 18 not t
case with starch m 1ts unaltered condition, as 1t 1s then msolub
When fully-formed starch 1s found floating 1n the cell-sap,
18 1n the form of colourless granules or grains (fig. 648), whi
are erther distainct from one another, or more or less combin
80 a8 to form compound granules (figs. 649 and 652).
" In form the separate granules are always spherical or neax
80 1n their earliest condition. In some cases this shape
nearly mantained in their mature state, as 1n Wheat star
(fig. 660), but the granules frequently assume other form
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becoming ovate, elliptical, more or less wregular, club-shaped,
or angular (figs. 644-647 and 651) Starch granules vary
extremely 1n size 1n different plants, and even in the same cell
of any particular slant The largest granules known appear to
be those of Canna starch, or, as 1t 18 commonly termed, ¢ Tous-les-
mois,” where they are sometimes as much as the 335 of an inch
n length (fig 647), while the smallest granules, among which
may be mentioned those of Rice starch ( fig 651), are frequently
under g%y of an inch 1n length .

Starch first makes 1ts appearance as minute colourless
granules 1n the interior of the chlorophyll grams when exposed
to sanbight These primary starch granules rarely grow to any
considerable size. In the parts of the plant which are not
exposed to light, gramns of larger dimensions and of some

Fia 646 Fre 647 Fre 0648

Frg 846 Group of rod-like leucoplastids, I, each bearing a starch gram, s,
collected round the nucleus, n, of a cell of the pseudo bulb of an Orchid
(Phayus g1 andyfolaus) x 500 After Schunper ~——Fig 647, Tous les-mois
(x 260) -—~Fig 648 Potato starch (x 250)

complexity of structure are met with These are formed by the
activity of another form of plastid, much like the chloroplast,
but, on account of the absence of the green colour, known as a
leucoplast or amyloplast (fig. 646) I#a gran formed by such
a leucoplast (figs. 647 and 648), we may observe a roundish
dark spot, which 1s termed the Atlum, situated near one end of
the granule; and surrounding this a variable number of fant
lines which alternate with other darker ones, so that the whole
presents the appearance of a series of more or less wrregular
concentric shells placed around a common pomnt The cause of
these appearances has given rise to much discussion ; but from
the observations of Schimper and others there appears to be no
doubt that these shells are separate layers ofsstarch substance
voL. I B i
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that have been deposited successively by the amyloplast round
the first formed portion, which 1s therefore more or less central
The various shapes of starch gramns are due to irregular
deposition of these layers. If the grain is foymed regularly in
the nterior of the amyloplast, the layers are concentric, if the
formation commences towards some portion of 1ts exterior and
quickly bulges outwards, the layers are 1rregular, being thicker
and more numerous on the end of the grain which 1s nearest to
the bulk of the plastid, as in the Potato (fig. 648) Probably
the gramn 18 always covered by the substance of the plastid,
though there may be only a very delicate film-hke layer of the
latter over the protruding portion of the starch grain

Compound starch gramns are frequently met with These
are of two kinds some are duc to two o1 more grains having
been pressed together duiing their development. Such gramns

Fie 649 Fie 650 Fic 651

Ptg 649 Compound starch granulesof West-India Arrowroot After Schlei-
den PFig 650 Wheat starch (x 280) —/Fig 6561 Ricestarch (x 250)

usually originate by two or more arising symmetrically in the
mterior of the same plastid. Others are found to contain two
or more hila, each with 1ts concentric rings, and the whole
surrounded by several layers of the same material. In this
case the amyloplast has begun to form two or more grains at
ponts towards 1ts exterfor, and these in time have come into
contact. The further activity of the plastid has led to the
aggregation becoming surrounded by deposits or shells of starch
(fig. 652, B).

In some cases the starch gramns are of extremely curious
shape They may be linear, or like dumb-bells with elongated
handles, as 1n Euphorbia (fig. 668). The latter are formed
by plastids which are more active at thewr extremties than
along the mtermediate portion.

In many cells the starch grains are extremely minute and
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oceur 1n enormous numbers, as 1n the style of the Lily These
specks aie probably foimed directly by the protoplasm, as no
plastids have yet been discovered 1n the cells of this tissue

The starch granule consists of the true starch-compound and
water The starch-compound 18 composed of two substances,
which are intimately blended together, viz granulose and starch-
cellulose 'The granulose makes up by far the greater part of
the starch-compound, 1t 1s capable of being dissolved out of
the cellulose by saliva and dilute acids, and 1t 1s to 1t that the
starch granule owes the violet-blue colour which 1t assumes
when treated with a solution of 1odine. The cellulose on the

Fia 653

Fia 652 ﬁ

£hg 662 A Compound , B Sem-compound
granule of starch ——Fig 6563 Part of
a laticiferous cell from Euphorbia /
splendens , it contains starch granules ﬂ
of a pecullar dumb-bell and somewhat
rod and bone like form

other hand, not being soluble, 18 left behind as a skeleton, and 18
not coloured blue by the 10dine solutien.

Starch 18 insoluble 1n cold water, aleohol, ether, and oils.
By the action of boiling water 1t swells up and forms a mucilage
or paste, 1f when cooled 10dine be added to this, a deep blue
colour is produced ; this colour disappears on heating the mix-
ture, returning, however, as 1t cools The starch greax gives
the same reaction with 1odine as the solution. If starch be ex-
posed to a temperature of about 820° F. for a short time, 1t 18
converted mto a soluble gummy supstance, called dextrin or
Britwsh gum. By the action of dilute sulphuric acd 1t 18

ue
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converted mnto sugar The same change 1s brought about 1n the
cells of the plant by a peculiar mtrogenous body known as
diastase, a member of a group of bodies termed enzymes,
which are of widespread occurrence 1 plants rnd which will be
spoken of later. Starch affects polarised light 1n a somewhat
similar manner to cellulose

Proterds —We have already seen that the protoplasm of the
cell encloses 1n 1ts meshwork varying quantities of the peculiar
mtrogenous material known asprotexrd Insome cells this exists
n large proportion m amorphous form In many cases, how-

Fiec 654 Fic 655

Fig 664 Cell from the endosperm or albumen of the seed of the Castor-ofl
plant ( Ricinus communis) 1n dilute glycerine, showing large transparent
proteid or aleurone grains, with crystalloids and globoids embedded 1n
them After Sachs ——/'1g 655 Celle of a very thin section through a
cotyledon of the embryo in a ripe seed of the common Pea (Pisum
sativum) a, a Aleurone gramns st Starch granules 1,7 Intercellular
spaces After Sachs

ever, 1t 18 deposited 1n the form of grains of definite shape and
sometimes of complex cl aracter These grans are known as
aleurone grawms They consist of mixtures of proteids belong-
mg to the globulin and albumose classes, which show considerable
es 1n solubthity In most cases they can be seen to he
hrse meshwork of protoplasm. They are especially
acteristic of the cells of the interior of the seed

The aleurone grains vary very much 1n size apd shape. In
the Pea they may be seen as very small round bodies lying 1n
the same cells as starch gramns (fig. 655). In the Lupin they
ave larger, and occur 1n conjunction with o1l but not starch. In
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both these cases they show no structure. In the Castor-o1l seed
and 1 that of the Brazil nut they differ from the simple forms
described. The larger part of the aleurone grain 1s occupied by
a crystalline pormon, known as the crystallord This, hke the
grain 1tself, 18 proterd in character There 18 present also n
these gramns a rounded aggregation of mineral matter, a double
phosphate of calcium and magnesium, which 1s termed the
globoud (fig 654)

In a few cases cells are found to contan erystalloids of
proterd not mncluded in an aleurone grain  Such bodies occur
frequently in certain paits of the tuber of the Potato, and m
some Seaweeds

Fats and Ovls —Certain cells, generally 1n the fruit or seed,
contain fats or oils saturating the protoplasm, or sometimes
occupying nearly the whole of the cell-cavity ~ Ethereal oils are
found similarly 1n cells of various parts of the leaves or stems,
usually in small aggregations of cells in the mterior of the
tissue, or in cells of the hairs which grow from the epiderms
These arg, generally spoken of as o1l-glands, or glandular hairs

Resvns.—In certain plants, particularly those belonging to the
natural order Comafere, certain aggregations of cells are found
to contain quantities of pecubar material, generally termed
ressn  This material 1s different 1n composition 1 different
plants, 1t may be recognised by 1ts staining red with aleoholic
tincture of alkannin. It 1s soluble 1n aleohol, benzol, and ether,
but insoluble 1n any watery fluud

Raphides —This name 18 now very generally applied to all
1norganic crystals of whatever form which are found in the cells
of plants, although the term raphides was originally given to
those only tbat had the form of needles (figs. 6568 and 659)
Raphides may be found more or less m nearly all orders of
plants, and 1n all their organs, generally, however, they are
most abundant 1n the stems of herbaceous plants, m the bark
of woody plants, and 1n leaves and rd®ts. In some plants they
occur 1n such enormous quantities that they exceed 1n weight
the dried tissue mn which they are deposited. this may be
especially observed i some members of the Cactacee. The
raphides are usually contaned in cells from which starch,
chlorophyll, and other granular structures are absent (fig. 658),
although this 18 by no means necessarily the case.

The raphides may occur singly in the cells, as m those of
the bark of the Locust tree (fig. 866);sbut far more commonly
there is a number of crystals in the same cell. In the latter
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case they are usually placed either side by side, as 1n the stem
of Rumex (fig 658); or in groups radiating from a common
point, and so assuming a clustered or conglomerate appearance,
as 1 the stem of the common Beet (fig 6<7) The former
have been termed acicular raphides, and the latter con-
glomerate raphides or spheraphides

In the common Arum, where raphides are very abundant,
and 1n some other Aracee the cells which contain the raphides
are filled with a muecilaginous sap , when they are mostened
with water the sap absorbs 1t freely, so that they are distended
and caused ultimately to burst and discharge thewr crystals
from an orifice 1t each ond (fig. 659)

Fic 656 Fie 657 Fi 658 Fic 659

S0 (%

Fig 656 Solitary crystals in the cells of the bark of the Locust tree  After
Gray -———F1g 657 Conglomerate raphides or spheeraphides of the Beet
Fig 658 Acicular or true raphides of a species of Rumexr Two cells
contain raplides, and three of them chlorophyll granules —Fig 6569
True or acicular raphides of an Arum being discharged through endos-
mose under the influence of water

The crystals thus described consist generally of calcium
oxalate, which crystallises 1n two forms according to the propor-
tion of water 1t contains 'When the crystals contain s1x equiva-
lents of water of crystallisation, they form octahedra (fig. 657),
as 1 the conglomerate raphides or spheraphides, when, on the
other hand, there are only two equivalents of water of crystallisa-
tion, bundles of acicular crystals or true raphides are produced
(figs. 658 and 659). In rarer cases the crystals are composed
of calcfum carbonate.

The raphides are usually regarded as waste products, or bye-
products of the metabohism of the cell. They are frequently
‘surrounded by a delicate pellicle of cellulose, thus being shut off
from contact with the protoplasm
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Of the substances which are met with in solution 1n the cell-
sap, little more need be said at present. The kinds of sugar
found are chiefly maltose, grape sugar, and cane sugar A pecn-
har carbohydratg body, vnulin, 18 found 1n the tubers or tuberous
roots of certain of the Composite, particularly the Dahha and
the Artichoke. Thissubstance has the same percentage composi-
tion as starch, and, like the latter, 18 readily convertible into a
form of sugar. It can be made to separate out from the cell-sap
by keeping the tissue containing 1t 1n spirit A section taken
through such a piece of tissue and mounted i water will show
large spheero crystals of mulin, often extending through several
contiguous cells (fig. 660)

Fie 660

Fig 660 Spheero-crystals of inulin from the Artichoke A Small crystalsin
mterior of cells B Large crystals extending through many cells ( x 250)

The amino-acids, such as asparagin, leucin, &c., which are
found 1n the cell-sap, are generally the result of the decomposm-
tion of proteid material. They are very prominent in young
seedlings and 1n germinating seeds.

In many cells the peculiar bodies spoken of as enzymes
occur These are very varied, and a discussion of their pecu-
harities must be deferred to a later ®ction of this work. They
can only be detected 1n cells by the results of their activity.

The cells vary much m size in different plants, and 1n
different parts of the same plant. Polygonal or oblong cells, on
an average, vary from about 545 t0 y4%5 of an mch 1n diameter ;
others again are not more than zgyy; while 1n some cases they
are 80 large as to be vismble to the naked eye, being as much as
gg or even gy of an mnch in diameter The largest occur in the
pith of plants, 1n succulent parts, o,xbd m aquatic plants. .
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The dimensions of elongated cells generally afford a striking
contrast to those of polygonal ones, for while we find that their
transverse diameter 1s commonly much less, averaging about
rsvs of an inch, and frequently not more than jg%y, they
become much more extended longitudinally, sometimes reaching
four, five, or more inches 1n length More generally, however,
they vary from about g% to ¢4 of an mnch 1n length

Those cells again which have an unrestrained developmentare
frequently also far more extended in length The cell of which
each filament of cotton 1s formed 1s sometimes as much as one
or two inches long. On the other hand, some of the minute
cells known as mucrobes or micro-organisms are not more than
a5t of an inch 1n diameter
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CHAPTER II

FORMATION OF CELLS—TISSUES

WE have seen that every plant commences 1ts life as a single
cell, sometimes a naked piece of protoplasm, as a gamete, or one
clothed with a cell-wall, as most kinds of spore It follows from
this that all the cells of which the most complex plant body 1s
composed are derived from one of these by some process of mult1-
plication In this, as 1n all other vital processes, the protoplasm
18 the active agent Inthe production of the gamete or spore 1t-
self we have to do with the formation of a new cell, generally but
not necessarily by a process of multiphcation, while in the case
of all zygospores and oospores the new individual 18 the result of
fusion of cells, and therefore involves diminution instead of
increase of number.

We may distinguish several different methods of cell forma-
tion, which can, however, be classed under the two heads men-
tioned above First we will take those cases 1 which the new
cell results from the division of an antecedent cell, and after-
wards those 1n which no such division takes place

1. FormaTiON OF NEW CELLS BY DIVISION OF ANTECEDENT
Crrrs —This 18 by far the most frequent method. Usually a
cell divides nto two, and a wall 18 immediately formed between
them Less often a variable number of cells 18 formed 1n
the interior of a cell, known generally as the mother-cell, and
they become clothed with cell-walls sgnultaneously or not at all.
The former 18 most common 1n vegetative, the latter in repro-
duotive processes. The two processes are termed cell-divsion
and free cell-formation.

Cell dwisron.—We have pointed out that the division of the
cell 18 brought about by the protoplasm. The actual division
is preceded by a division of the nucleus, which 18 known as
karyokinesis, or wndwrect nuclear dwwision.

In the cases that have been most completely mvestigated
the nucleus consists essentially of a delidate network of fibrils
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of chromatin, embedded 1n a hyaline substance, and surrounded
by a more or less well-defined outhine derived from the cell-
protoplasm and known as the nuclear membrane Associated
with 1t 1n some cases are two small centrospheres  Karyokinesis
begins by the network of fibrils becoming coarser and gradually
separating to form a long coiled fibre The nucleoli disappear,
and the nuclear membrane can no longer be distinguished At
the same tiume, 1n those cases 1n which centrospheres have been
seen, they shift their position and come to lie on opposite sides
of the nucleus at some lttle distance from 1t The long
coilled fibre of chromatin breaks up into a number of pieces,
often V-shaped, which point towards the centre of the nucleus
The nuinber of these varies in different cells, but 18 constant 1n
those of the same tissue These pieces of the fibre are known as

Fiec 661
@ b c d e

&

Fig 661 Stages 1 karyokinetic division of the nucleus a Resting nuclens
b Stage of equatorial plate ¢ Separation of the chromosomes d Com
mencement of formation of cell-wall e Extension of nuclear spindle
across the cell

chromosomes. The chromatin in the fibres 18 broken up into
thin discs, which are separated from each other by smaller
dises of unstanable substance Threads of delicate character
may next be seen to extend from one centrosphere to the other,
forming a body known as the nuclear spindle Thegnds of the
spindle are known as the poles of the nucleus. The nuclear
fibrils, or chromosomes, travel along these threads, with which
their points are mn contact, till they form a plate across the
spindle. This stage 18 constant 1n all cases of karyokinesis,
though the details of 1ts formation vary in different cases. The
body 18 sometimes called the equatorial plate (fig. 661,5). After
this stage 18 reached, each chromosome splits longitudinally
nto two, and the equatorial plate divides nto two 1n such
& way that half of each chromosolfle points 1ts base to one
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centrosphere or pole, and the other half to the other. The two
sets of fibrils so formed then separate and travel back along the
spindle fibres towards the two poles of the nucleus, changing
their positions as they go till their convex sides pomnt towards
them They thus collect into two places which are determined
by the position of the poles of the nucleus (or the centrospheres
1f the latter are present), and present there the appearance of
two somewhat star-shaped aggregations This 18 known as the
draster stage 'The chromosomes at each pole now become
united by their ends, and the fibres so formed become closely
coiled, thus constituting two new nuclei, each gradually
becoming well defined

by the appearance of Fie 663
Fic 662
a nuclear membrane,
the original appearance e
18 thus regained, nucleoh
appearing 1n each new
nucleus. The spindle 8 €§
fibres ,may remain “’*
connecting the new Q.
nucle: for a time, as 18
the case when a cell-
wall 18 formed imme- Jj)
diately, or they may ¢
- Fiy 662 Yeast plant in process
disappear at once. In of development —Fig 663
the cases 1n which a Conferva glomerata,showing the
progressive stages of gemma-
centrosphere has been tion or budding (b, ¢,d,e) a
observed 1t divides at Terminal cell After Von Mohl e

this stage, and the two
new centrospheres may be distingmshed 1n contact with some
pomnt of the new nucleus

In ordnary cell-division the formation of the new nucler 18
followed by the appearance of a cell-wall 1n the original position
of the equatorial plate If the sgindle fibres do mnot stretch
completely across the cell, others are formed beside the original
ones, till the spindle 18 1 contact with the lateral cell-walls.
Granules which have been floating 1 the cell-protoplasm are to
be seen streaming along the spindle fibres till they form a plate
stretching across the mddle of the cell from wall to wall.
From this cell-plate the septum of cellulose 1s formed. The
central portion of the plate may be formed before the extension
of the spindle across the cell is complete

A variation of this process 18 seed n the formation of the
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spores of certain plants, for nstance, the miorospores of Dicotyle-
dons. The original nucleus of themother-cell of the spores divides
mto two as described above The spindles disappear, and each
nucleus divides again  New spindles are nexteformed between
the four nucler (fig. 664, B), and then cell-plates or cell-walls
are simultaneously developed between them, giving rise to
four so-called specral mother-cells, each of which develops a
spore. The division of the protoplasm in this case 1s often

preceded by a thickemmng of the cell-wall at the places to
which the new septa

Fia 664 will be attached, so
that the protoplasm
18 partially separated
before the new walls
appear.

In certan of the
lower Alge, after the
division of the nu-

g 664 Heileborus feetidus After Strasburger oleus and , Separa-
(v %540) Quadripartition of mother-cell of pollgn tion of the daughter
n B the connecting threads and cell-plates are puclel, the formation
shown, in A the walls have been formed Only
three are visible, the fourth not bemng in focus, of a new cell-wall
the mode of development 18 tetrahedral between them 18

effected by an -
growth from the wall of the mother-cell, which gradually extends
inwards across the cavity.

In ordinary cell-division the two cells are usually of the
same s1ze. In some cases a variation in this respect 1s seen, as
1 the cells of the Yeast plant. These often put out a lateral
protuberance of smaller size, which 1s gradually cut off by
the constriction of the cell-wall between the two. This varia-
tion 18 known as buddwng, or gemmation (fig. 662). It 1s not
uncommon among the lower Thallophytes.

In a few cases 1n some of the lower plants the division of the
cell 18 not preceded by division of the nucleus. In others, after
the nucleus has divided, the new cell-wall 18 formed by an in-
growth from the walls of the original cell.

Free Cell-formation.—In this method of cell-formation the
nucleus divides into two, each of those into two, each again into
w0, the process continuing till a number of nucle1 are formed.

The protoplasm aggregates round each nucleus, and a
aumber of naked cells are so formed in the interior of the
nigmal cell. In some cases, as in th%‘formatlon of the zoo-
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gonidia and gametes of many Alge and Fung1 (fig 665), they
remain naked and are discharged in this condition from the
cell in which they are formed In other cases, each new cell
secretes a cell-wadl round itself.

In1ts simplest form, this mode of cell-production results n
the formation of a number of 1solated cells (fig 665) In certain
cases, however, the cells are combined into a tissue, as 1n the
endosperm of Phanerogams When this takes place, the nucler
become arranged 1n a single layer over the internal surface of
the megaspore , protoplasm aggregates round each nucleus, and

W0,
A
b 1p

Frg 666 Formation of zoogonidia in Achlya
A Zoogomdangium, still closed B The
same burst, with the discharged zoo-
gomdia After Carpenter —Fig 666
A, B Escape of the swarm-spores of an
Wdogontum ¢ One 1 free motion
D The same after it has become fixed,
and has formed the attaching disc
¥ Escape of the whole protoplasm of a
germ-plant of Edogonium in the form L]
of a swarm-spore  After Pringsheim

a common cell-wall 18 formed between each two adjacent cells,
separating them from each other. Their surface which 1s towards
the cavity of the megaspore remains for a httle while naked,
but soon they secrete each for itself a cell-wall over 1t, thus form-
g a peripheral layer of closed cells round the cavity of the mega-
spore, Further multiplication of the cells takes place by repeated
cell-divisions till a mass of tissue fills thgspore.
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The formation of the special mother-cells of the spores,
described above as a variation of cell-division, 1s often i1ncluded

under free cell-formation.

The principal difference between the two gnodes 1s that in
free cell-formation the new cell, if clothed at all, 18 nearly or
qute surrounded by a freshly secreted cell-wall, 1n cell-division
a new wall 18 only formed across the line of the division

2 FormaTION OF NEW CELLS WITHOUT DivisioN.—Two

Fie 667

Fig 667 Oogoma and antheridin of Acklya ligni-

cola, showing cell-division The letters A to ¥
indicate tbe course of development The
protoplasm of a cell or branch of a cell collects
into a globular form, A, B, and by the forma-
tion of a sep
cell (the oogomum)
breaks up into two or more parts, D, e, ¢
(oospheres), which quickly become spherical,
and after possible fertilization by the antheridia
a, a, penetrating into the oogomum by their
beaks, b, b, as seen in D, secrete a cell wall K,
and beeome oospores  After Sachs

The proioplnam then

modes of cell-production
belong to this category
The first 1s known as
rejuvenescence, n,nd 18
met with only in con-
nection with reproduc-
tive cells It consists
m the protoplasm of a
cell withdrawing 1tself
from the cell-wall, and
after a short period of
quiescence secreting for
1tself & fresh membrane.
It may remam within
the original cell-wall, as
m the formation of
spores 1nside the special
mother-cells, which
have themselves been
formed as above de-
seribed by cell-division.
On the other hand, 1t
may be set free. Inthis
case the cell-wall 18 not
secreted by 1t until after
1ts escape. It 18, more-
over, at first usually fur-
nished ‘with ciha, some-
timesattached toone end
as 1 the zoospores of
Edogomum (fig.666,c),

or over the whole surface as 1 the zooccenocytes of Vauchera.
The other mode of cell-productlen without cell-division 1s

that of the fusion of two cells to form a new one.

Like the last-

described method, 1t occurs only m connection with the pro-
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cesses of reproduction It includes all the cases of the fusion of
gametes already deseribed The cells taking part in the fusion
are at the time naked cells, consist.ng of protoplasm and nucleus.
They may be simglar or dissimilar 1n si1ze, may be set free from
the cells in which they were formed, as 1n the case of the ciliated
gametes of Ulothrix (fig 609) or the spermatozoids of the higher
Cryptogams, or may leave their parent cell only to pass into
that of another gamete, as 1n Sparogyra (fig 486) and possibly in

Fia 668

Fig 668 Small-celled meristem at apex of root of Phanerogam

Achlya ( fig. 667), or may remain &lv&ys 1n the cell in which they
are developed, as 18 generally the case with oospheres. When the
fusion takes place, protoplasm unites with protoplasm, nucleus
with nucleus, &c, and a new cell results which clothes 1tself
with a cell-wall, and becomes a new ndividual The process
of fusion of dissimilar cells 18 generally called fertilrsation,
that of union of similar cells 18 known as comyugation. The
new cell formed by the fusion is a sygote; in the first case it
18 sometimes called an oospore, 1n the sedond, a zygospore.
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The Tissues

By one or other of the vegetative methods of cell-production
described, the original unicellular plant becomes a multicellular
body, and 1ts ultimate form may be that of a row of cells form-
ing a filament, or a flat plate, one or a few cells thick, or, again,
a mass of cells of very variable size and shape. We have seen
that in such a mass dafferent cells or aggregations of cells are
specially set apart to discharge particular duties Such collec-
tions of cells are called #1ssues We speak of the tissues of
nutrition, the protective tissues, and so on The cells which
compose such a tissue commonly resemble each other more
closely than they do other cells, and are said to obey a common
law of growth. They originate generally by division of either
a single cell, or of the cells of a well-defined group or meristem,
so that they are held to have a common origin Only such
collections of cells as fulfil these conditions are considered true
tissues.

MEeRrisMaTIC TISSUE, OR MERISTEM —In the development of
the vegetative body of the plant, the new cells are produced by
cell-division In some cases every cell as 1t 1s produced possesses
and retamns the power of division, so that the plant can increase
throughout 1ts whole length This 18 commonly the case with
filamentous plants such as Spwogyra In most cases, however,
the power of cell-division speedily becomes localised at certain
parts of the plant body, which then carry out all further increase
mn length Such pomts are called growing pownts they are
generally terminal, and the cells of which they are composed,
which have the power of cell-division, are called merismatac cells
The 1ndividual cells do not long retain this power, but after a
period of growth acquire various forms, and subsequently change
but little during life, constituting permanent tissue  Finally they
lose their protoplasm, and are no longer living.

There are two chief types of growing pont which are found
at the apices of the axis of the plant. In both, multiplhication of
cells leads to a continued forward advance of the apex, and the
youngest cells are in the front of the mass, so that the growing
point 18 nearly always more or less conical ; two main lines of
division of the cells can be seen, one parallel to the surface of
the apex, or perwclinal ; the other at right angles to it, or ants-
chnal. The merismatic tissue ds hot of very great extent, and
behind 1t the cells can be observed to be growing or mereasing
in size, and gradually changing 1#fo permanent tissue.
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In the first type the cells which are thus dividing are all
alike 1n appearance, and form a well-defined group which gradu-
ally becomes differentiated, as the cells get older, into various
forms cha.ra,ctengtlc of different regions of the axis (figs 668
and 670). Ths small-celled meristem 18 always found 1n
Phanerogams and 1n some Cryptogams

Fic. 669 Fie. 670

a~

Fig 669 Growmg pownt of stem of 7 que
setum a® Apical cell b ¢ Segments
cut off from 1t Fig 670 Growing
pomt of stem of Alodea a Apcil
meristem After Kny — fg 671
Growing pownt of Ielvetta a Apical
cell After Kny

The other type 1s marked by
the presence at the apex of a
single large, generally pyramdal,
cell, the base of the pyramd
being external (fig 669). TFrom
this, successive segments are cut
oft parallel to each side 1 turn,
the apical cell growing to 1its
original si1ze after each division
In stems there 1s no segment
cut off from the external face, but
this takes place 1n roots, so that
the apical cell 18 never exposed
1n the latter case (fig. 769). The
segments when cut off usually divide periclinally each into
two, further divisions of each of the latter give rise to the mass of
the tissue. Such a growing point may be conical or depressed, ac-
cording to the amount of growth taking pls.ef m the inner or outer
segments and the cells which arise from them ( figs. 669 and 671).

VOL. L. X
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This form of primary meristem, in which an apical cell 18 so
prominent a feature, 18 chiefly characteristic of Cryptogams

An mtermediate form 1s met with 1n some of the Vascular
Cryptogams 1 which a group of imtial cells, frequently four 1n
number, replaces the apical cell

Besides these apical meristems, sumilar tissue occurs in
other parts of the mass of the plant These collections are chiefly
connected with growth of the axis 1n thickness rather than in
length, and will be treated of later in detail The cells are either
much hke those of the small-celled meristem or are longer
than broad. They exist 1n sheets or bands, usually one cell
thick. They include the cambium and phellogens of stems and
roots

‘When cells are formed by cell-division 1n a growing point, the
new cell-wall arises at right angles to the walls with which 1ts
edges are in contact Hence at their first formation all such
cells are cubical or nearly so By growth in various direc-
tions, mutual pressure, &c, they change theiwr shape and relative
dimensions, giving rise to collections having very different
appearances

The cell-wall, at first thin and composed mainly of cellulose,
thickens as already described, and becomes chemically altered,
giving rise to still more complicated structures.

In the early changes that take place as permanent tissue 15
replacing meristem, the close contact of the cells becomes
contmually interrupted  During the changes of tension that
occur 1n a growing mass of cells, cracks or fissures arise 1n the
substance of the cell membranes, generally at the angles, and
so small intercellular spaces are formed. The several spaces 1n
a tissue extend till they communicate, and a system of inter-
cellular channels 18 formed which extends throughout the plant,
and contains air. The intercellular space system so formed 18
very prominent in certain parts, especially in leaves and in the
stems of aquatie plants ( fj7. 749)

The changes that take place in the composition of the cell-
wall dsually affect the primary septum between the cells in a
dafferent way from the successive thickening layers The origi-
nal wall, ;.Wh altered 1n many 1mportant respects, can gene-
rally be “disttnguished in the thickened wall of stratified cells,
when it 18 known as the nuddle lamella ( fig. 677, m).

PareNcEYMA.—A collection of cells, the individuals of which
remain more or less of equal diameter 1n all directions, 18 known
as parenchyma. The cells may remamn with thin walls, or the
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latter inay be thickened equally or unequally, giving rise to
various modifications, of which the following are the more
unportant —

a. Round or PQval Parenchyma (fig. 672) —This 1s formed
of rounded or more or less oval cells, with small spaces between
them. Itismost prominent nsucculent plants It 1sconnected
by various transitional forms with—

b Stellate Parenchyma, which consists of stellate cells
(figs 620 and 673), or cells with an 1rregular outline produced
by projecting rays, and 1n contact only by the extremities of such
rays, so as to leave large irregular spaces between them

Fic 673 Fic 675

Fic 672

Fic 674

1 —
E—m
)
R
- D
— ——
Fiy 672 Round or oval parenchyma 1In two ot the cells a nucleus with
a nucleolus may be seen —— 41y 673 Stellate parenchyma, composed
of stellate cells with three cornered intercellular spaces — Ky 674
Munform parenchyma ——Fiy 675 Transverse section of the petiole
of a species of Begonta e Epiderms with cuticle above and hy poderma
below, the latter formed of collenchymatous cells ¢/, ¢Z, with thickened
angles, v, v chl Chlorophyll granules » General parenchyma, below
hypoderma After Sachs

¢ Regular o1 Polyhedral Parenchyma.—This 18 formed of
polyhedral cells, the faces of which are frequently nearly equal,
and so combined as to leave verygsmall inteispaces. It 1s
commonly found 1n the pith of plants

d. Elongated Parenchyma —This s composed of cells elon-
gated 1n a longitudinal direction so as to become cylindrical. It
occurs frequently 1n the stems of Monocotyledonous plants.

e. Tabular Parenchyma.—This consists of tabular, closely
adherent cells. It is found 1in the epiderrms and other peri-
pheral parts of plants (fig. 675, ). A variety of this kind of
parenchyma is called muriform, because the cells of which 1t 18

5
composed resemble 1n their form and arrangement the ecourses
X2
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of bricks 1n a wall (fig 674). this variety occurs n the
medullary rays of the stems of Dicotyledons and in corky
formations.

Such are the commoner varieties of payenchyma, all of
which are connected 1 various ways by transitional forms, but
other special kinds also occur In the tissue which lies below
the epidermis of plants, and which has been termed the
hypoderma, we sometimes find the parenchyma composed of
cells which are especially thickened at their angles but never
become lhgnified (fig 675, ¢/, cl) This kind of parenchyma 1s
called collenchyma Another variety of the same kind 1s termed
sclerenchyma 1t consists of cells which have become much

Fiec 676 F¥ie 677 Fic 678 Fie 679 Fic 680 Fic 681

719 676 Prosenchymatous wood cells t1y 677 Transverse section of
proscnchy matous cells showing the thickness of their walle  m Middle
Inmulla —-Fiy 678 Prosenchymatous cells 1n combiation —Fig 679
Uppcr end of a bast fibre ——/Fig 680 Branched fibre  After Schleiden
Faig 681 Transverse section of fibres, showing the thickness of their walls

haidened by thickening layers and hgmfied, as 1n the stems
of Palms The cells of ¢ollenchyma and sclerenchyma are
sometunes prosenchymatous.

In some of the lower orders of plants there 1s a peculiar kind
of tissue peesent, to which the names of Tela contexta and
wnterlacwng fibrilloform tissue have been given. It occurs
chiefly in the Fung: ( fig. 628), and consists of very long thread.
like cells, or strings of cells, simple or branched, with either
thin, soft, readily destruetible walls, or dry and firm ones, the
whole 1nextricably interwoven or entangled with each other so
as to form a loose fibrilliform tissue. This tissue, which 18 now
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usually known under the name of hyphe or hyphal tissue, con-
stitutes, as a general rule, the vegetative portion of all Fungi In
the larger Fungi the same tissue forms a more compact structure
at certain parts, particularly on their surface, where 1t 1s arranged
as a kind of skin, and in the stalks, which are frequently of
some thickness. It then constitutes what 18 termed pseudo-
parenchyma

ProsENcHYMA - Besides these collections of 1sodiametric
cells we find others whose length greatly exceeds their other
diameters They are usually pointed 1n shape, their ends over-
Japping, or extending 1n between the ends of their immediate
neighbours These collections constitute what 18 known as
prosenchyma As in the case of parenchyma the walls of the
cells, or fibres, are sometimes lignified, pitted, &¢  Prosenchyma
18 largely present in woody tissues, 1t 18 not, however, confined
to them, but may be found as 18olated strands occupying vaiious
positions 1n the plant body. In some forms the fibres are
branched (fig 680) The cells of collenchyma and sclerenchyma
are frequently fibrous

The .second&ry wood of the Conifere (fig 688) 1s entirely
composed of prosenchymatous tissue, the constituent cells of
which, fibrous in form, are known as
tracherds. They are marked by the
pecuhar bordered pits already described.
These may be regarded as intermediate
between prosenchyma and the vascular
tissue described below

VascuLAR TisSUE —-A further modifica-
tion of the arrangement of cells 1s found
in plants, constituting what 18 known as
vascular tssue. The cells of this tissue
are frequently fused together, the end
walls between them becoming absorbed to
a greater or less extent A row ¢§ cells
whose separating walls have thus dis-
appeared 18 known as a vessel. Vascular
tll;zue includes two forms, tracheal tissue h&,“ﬁ.ﬁf;degsglmgx:&
and sweve tussue. ;lmggeld te:rﬁjna::lgi :)b-

Tracheal Trssue.—This 18 usually com- tl(xlat yt'ha partition w:fl
posed of hgmfied cells which are placed Das poen  incompletely
end to end, forming columns, and which
have lost therr protoplasm. They are pitted in the various
manners already described, forming spiral, annulax, scalarform,
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or reticulated vessels (fig 682). When the end walls are com-
pletely absorbed they foim true vessels or trachee. The
absorption 18 not always complete, mndeed, 1n some cases
columns of such thickened cells are found whgre the end walls
persist, and are thickened in the same way as the lateral ones
(fig 683) The individual cells are then known as tracherds.

Tracheids occur in other forms than as the cells of a column,
m certain orchids they constitute a somewhat parenchymatous-
looking tissue 1 the sheath of the aerlal roots They are always
hignified and usually pitted. There 18 no very sharp distinction
between a fibre and a tracheid when the latter does not appeax
as a segment of a vessel The peculiar fibres with bordered pits,
occurring 1n the secondary wood of the Comifere, are generally
meluded under this term

Fic 684 Fic 685 Fia 686. Fic 687

-

Fig 684 Simple spiral vessels —Fig 685 Compound spiral vessel —
F1g 686 Branched spiral vessel —-Ftg 687 Union of spiral vessels in
an oblique manner

The chief forms of tracheal tissue, whether composed of
tracheids or true vessels, may now be separately considered

a. Pitted or Dotted Vessels.—A pitted vessel 18 formed from
a row of cylndrical pitted, cells placed end to end (fig. 682),
by the absorption of the separating walls Its mode of origin 18
clearly shown 1n many mstances by the constrictions which 1ts
sides exhibit'at various intervals (fig 682), for these constric-
tions evidently correspond 4o the points where the component
cells came in contact. *

It sometimes happens that when a pitted or other vessel has
lost 1ts flmd contents, the neighbouring parenchymatous cells
protrude through the pores which exist in its wall, and then
multiply mn 1ts interior by division, forming a cellular mass
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which may completely fill 1t, to this intra-cellular tissue the
name of tullen or thyloses has been given It may be well
observed 1mn the wood of the Oak, in that of Robwnia Pseud-
acacia, 1 Periploca, and 1n the stem of Cucumars satvwous

b Spiral Vessels —This name 1s apphed to vessels with
tapering extremities, having the thickening matter of 1ts walls
disposed as either one continuous spiral fibril running internally
round 1t from end to end, as 18 commonly the case (fig. 684), or
two or moze fibrils (fig 685) running parallel to one another
Such vessels are often met with in the stem of the Banana and
other allied plants, 1n the young shoots of the Asparagus, and 1n
the Pitcher Plant The fibril contained within the spiral vessel

Fic 688 Fic 689 Fie 690 Fia 691.

I'g 688 Piece of an annular vessel from Zea Mays
h The thin cell-wall, r, the annular thickeming of
the cell-wall , 7/, vertical section of one of the rings,
showing y, the mmer substance, and ¢, the denser
layer over the inner side of the ring projecting into
the cavity of the cell After Sachs — Figs 689,
690 Annular vessels — Fig 691 Vessel showing
combination of rngs and spiral fibres

18 generally so elastic as to admt of bemg detached fiom the
wall and uncoilled when tho vessel 18 pulled asunder. This
appeardnce may be commonly seen by the naked eye by partially
breaking the young shoots, ﬁower-s‘a,lks, or leaf-stalks of almost
any plant, or the leaves of the Hyacinth, Banana, and others,
and gently pulling asunder the two ends, when the uncoiled
fibrils appear like a fine cobweb In most cases the coils of
the fibrils are close together, so that the enclosing membrane
cannot be observed between them, but 1n other mstances they
are more or less separated by portions of membrane (fig. 686).
Spiral vessels occur 1n the earhest differentiated portions of
the wood of vascular bundles In size they vary from g3y to
soo of aninch in diameter. The average size 18 about ygyy nch,
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¢. Annular Vessels —In these vessels the thickening matter
18 arranged 1n the form of rings more or less regularly disposed
upon their mner surface (figs 688, r, 689, and 690). Some-
times the whole of the vessel presents this ripged appearance
(figs. 689 and 690), while 1n other vessels we find two rings
connected by one or more turns of a spiral, the two forms
wrregularly alternating with each other (fig 691). In size they
vary fiom about 135 to gy of an mch in diameter Annular
vessels occur especially 1 the fibro-vascular bundles of the stems
of soft, 1apidly growing herbaceous plants

d Reticulated Vessels —In these vessels the convolutions
are more or less irregular, and connected mn various ways by

Fie 692 Fie 693 Fic 694

Fig 692 Reticulated veasel —— Fig 693 Prismatic scalariform vessels of
& Fern — Mg 694 Oylindrical scalariform vessels of the Vine

cross or oblique bands, so as to produce a branched or netted
appearance ( fig. 692)

e. Scalarform Vessels —The peculiar appearance of these
vessels 18 owing to their walls bemg marked by elongated trans-
verse pits or lines, arranged over one another like the steps of
a ladder, whence thewr name (figs 698 and 694) They are
sometimes cyhndrical tubes hke the other vessels, as 1n the
Vine (fig. 694), and in many other Dicotyledons, :n which
condition they resemble mothfications of reticulated vessels;
but 1n ther more perf ‘§state, scalariform vessels assume a
prismatic form, as 1n Fewti® (fig 698).

The scalariform markings are often caused in the same way
as those of bordered pits, the thin places, instead of being small



FORMATION OF CELLS—TISSUES 313

and circular, being broad and extending quite across the side of
the cell.

The amnular, retrwculated, and scalariform wvessels have
commonly taperyg points hike the spiral vessels, and thus over-
lap at their extremities when they come in contact (fig 693)
But 1n other mstances they terminate more or less obliquely, or
by flattened ends, like most pitted vessels.

Sreve Trssue—This 18 generally associated with some form
of tracheal tissue 1n certain strands of tissue known as vascular
bundles It occasionally exists as 1solated columns m the pith
or cortex of stems In young roots it 18 found in independent

Fie 695

Fig 695 Sieve tubes and companion cells from the stem of Cucurbita, 1n
transverse and longitudinal section s¢ Sieve tube sp. Sieve plate
¢ Companion cells x 540 After Strasburger

strands, side by side with similar strands of tracheal tissue.
The cells of which 1t 18 composedgare thin-walled and never
lhigmfied. Two kinds of cell are found 1n 1t 1n the most highly
developed forms, the sieve tube proper and 1ts companion cells
The sieve tube 18 composed of a number of cells or segments
placed end to end (fig. 695). The separating wallus seldom much
thickened, but has deposited upon 1t on both sides a peculiar
material known as callus, probably a modification of the onginal
material of the wall. The separating wall generally forms a
s1eve plate, being perforated by a number of apertures, which are
lined by the callus deposit, and through which the contents of
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the two segments communicate The protoplasm of the sieve
tube 18 considerably changed, being, with the exception of a hning
layer, transformed into a shmy material which 1s especially
conspicuous 1n the neighbourhood of the sieve plate. The adult
tube contains no nucleus

The companion cells are so called because they are cut off
from the sieve-tube segments at the time of their first appearance
They are smaller 1n diameter than the tube itself, and contain
protoplasm and nucle: (fig 695, c)

In the Angiosperms the sieve plates at the end of summer
become blocked up by an addition to the callus, and remain

Fic 696
C A B
2”7
o sp
?
©
®
% sp
Q

CKH

Fig 696 Sieve tubes of Rhamnus pur shiana A, B Middle portion of a tube,
showing section of sieve plates, sp ¢ Callus deposit on a sieve plate
¢ Termipation of a <ieve tube, with sieve plates, sp, on the lateral
walls  x 320
closed during the winter, communication being re-established n
the spring
Sieve plates often occur,upon the lateral as well as the end
walls of the segments (fig. 696). In Ferns they are confined to
the former position, and are very numerous 1n each tube.
In all plants lower 1n the scale than the Angilosperms, sieve
tissue contains no companion cells
Tissue much like sieve tissue occurs in certain regions of
the thallus of one of theibrown seaweeds (Macrocystis). In
some others of the Laminarias similar structures are found,
which are called trumpet hyphe It 18, however, doubtful if
their segments communicate
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The three forms of tissue so far described, viz parenchyma,
prosenchyma, and vascular tissue, combined in various ways,
constitute the greater part of the plant body. Besides these,
other forms are ‘ound 1n certain cases, having, however, a much
more Iimted distribution We may here briefly deseribe the
most important of these

Latcrferous Tissue —Of this, two types occur In the
Euphorbias, and some plants belonging to the Apocynacee and
Asclepradacece, long, much-branched cells occur 1rregularly dis-
tributed throughout the plant (fig 698) They have often thick
walls, and are filled with a curious milky-looking fluid known as

e 697 Fic 698

g 697 Laticiferous vessels (cell fusions) in Scorzonere root  x 250
F1g 698 Part of laticiferous cell from stem of Fuphorbia splendens  x 250

latex, which has given them the nange of laticiferous cells. In
the Composite, Papaveracee, and other Natural Orders, ramify-
ing tubular structures are found, much hke the former, but com-
posed of rows of thin-walled parenchymatous cells, the partition-
walls of which have been absorbed. These, from their containing
a similar milky-looking o1 watery latex, areknown as latierferous
vessels (fig. 697) Laticiferous vessels generally form an anasto-
mosing network.

A modification of this tissue 18 found in some monocotyle-
donous plants, forming what are known as utricular vessels.
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These resemble laticiferous vessels 1n one particular, as they
contain latex, m which are generally true raphides, on the other

Fie 699

(4

N Y_ | (N
I
=9

Fig 699 Development of lysigenous gland in stem of Hypericum
The four figures represent successive stages x 250

hand, they are unbranched and somewhat resemble sieve tubes,

consisting as they do of long, broad cells with sieve-like septa

They were first noticed by Hanstein

Fra 700 m the scales of the bulb of
Allvum.

Glandular Trssue —This has a
much more lumted distribution than
the laticiferous tissue. It consists
of single cells or of masses of
cells of various shapes, sometimes
long columns, sometimes ovoid or

, rounded collections. The cells which
compose these masses are distin-
guished by their power of forming

Fig 700 Schizogenous resin- peculiar, generally aromatic, sub-
duct in the young stem of the stances, which either remain stored

ilééf‘? :iooh;z'IA)f Z?"::ﬁ’y” i the cells or are passed out into
¥, a later, stage. ¢. Theresin- ptercellular spaces or cavities or to
ducts.
the exterior.
The cells are usually parenchymatous and filled with very
granular protoplasm. The collections of such cells are commonly
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called glands, a name which 1s also applied to the cavities con-
tamning secretions, though the cells which formed them may
have disappeared

The glandule~ tissue may be a solid mass of cells, as 1n
the nectarics of such flowers as Fritillaria, 1t may form a
passage or cavity, lined with cells and containing the secretion,
as 1n the resin canals of Psnus and other Conifere, or 1 the
globular receptacles for essential 01l 1 the leaves of the Rue, the
rind of the Orange, &c

The cavities may origmate 1n two ways In a tiansverse
section of a very young stem or leat of Pvnus, orastem of Hedera
(frg 700, 4), there may be noticed here and there a somnewhat
conspicuous cell, which divides by walls at right angles to each
other, usually into four These cells are found n longitudinal
sections to form columns which are frequently of some length
A transverse section of a little older stem shows 1n each position
a small group of cells which.separate fromn each other, so as
to leave a passage 1n the centre Longitudinal sections at this
stage show that this passage or channcl extends the whole
length ot the column, by continued separation and multiplica-
tion of the number of the cells suriounding the channel, a duct
18 formed which 1s ined by a delicate layer that secretes the
resinous matter, and pours 1t out into the passage In some
cases the secretion 1s formed 1in the internal walls, in others
in the nterior of the cells This mode of origin 1s called
sclurogenous

In the casc of the oil-glands of the Rue, Orange, &c , a small
solid group or column of cells 1s formed from a single cell or a
vertical row of cells, by repeated division The protoplasm of
these becomes chaiged with drops of the secretion, and the cell-
walls 1n the centre of the mass degenerate and break down, leav-
ng a cavity filled with the secretion and with the remains of the
cytoplasm of the disintegrated cells. Sometimes a peripheral
layer does not disappear, so that thg cavity remains hined with
secreting cells This mode of origin 18 termed lysigenous
(fig 699).

Occasionally both these methods may be met with in the
formation of a gland.

Besides these forms of glandular tissue 1solated cells or single
rows of cells containing secretions are not uncommon. They
may contan tannin, mucilage, or other products. They are
generally parenchymatous and thm-wal}ed.
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CHAPTER III

TISSUE SYSTKMS

THE combination of cells into tissues which we have now
examined 1s an indication that in a cell mass such as con-
stitutes the body of 1uost plants there ecxists a division of
labour, that instead of each cell practically hving for itself
alone, as 18 the case in the sunplest forms, each takes a
definite share in the common hife.work of the whole organism
This division of labour 1s the explanation of the differentiation
of the structure which we have seen, the torms and arrangement
of the cells bemng such as enable them to discharge their special
functions most advantageously  Generally in the sporophyte of
the Phanerogaims and Vascular Cryptogains three main systems
of tissue can be distinguished, each of which, though possessing
broadly characteristic features of 1its own, may include more
than one form of the tissues that have been described These
are the eprdermal or tequmentary,chiefly protective in character,
the fibro-vascular, which 1s mainly concerned 1n the conduction
of flmds through the plant body , and the ground orfundamental,
which 18 hmited externally by the epidermal, and through which
the fibro-vascular bundles pass It 1s concerned principally
with the metabolic work of the plant, and to a less degree with
1ts mechanical support. None of these 1s exclusively the seat
of the function assigned to 1t as 1ts chief work  Fornstance, in
most of the higher plants tfe epidermus 18 comparatively short-
lived 1n many parts, and the work of protection 18 then taken up
by particular tissues belonging to the fundamental tissue, the
latter also often includes certain forms of conducting tissue. In
the gametophytes of these and of the lower plants the differen-
tiation 1nto these three systems 18 not nearly so complete. In
most only the epidermal and ground tissues are represented,
n some only thelatter. In someofthe Mosses there 1s a central
strand which though not truly vascular tissue 18 an indication
of it
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In a growing pomt of the sporophytes mentioned above, whose
structure has been described, indications of these three systems
can be seen In fig 701 we have a representation of such a
growing pomnt  The outer laycr of cells 18 seen to be continuous
over the surface, 1t forms
the dermatogen, which when
adult becomes known as the
eprdermas  Centrally there
18 a mass of cells which show
a general tendency to become
longer than broad This 1s
known as the plerome , 1t de-
velops generally into a bulky
strand or cylinder of tissue
known as the stele, in which
well-defined collections ot
cells known as wvascular
bundles originate  Between
the two there 1s a cylinder of
t1ssue kndbwn as the perablem,
which consists of ground or
fundamental tissue, and be-

Iy 701 Growing pomnt of the stem of a
comes the cortes In some Dicotyledon After Douliot d Dermato-

Fre 701
d pe pl

growing points with small- gen pe Periblem p¢ Plerome ! Young

1led h h leaf The dark hines are exaggerated to
celled meristems these three mdicate the lmuts of the plerome, peri-
systems can be seen to origi-  blem, and dermatogen

nate 1n different layers of the meristema  In others the differen
tiation cannot be traced so farin the duection of the apex In
further development the stele 1s usually found to contan a
certain amount of ground tissue besides the vascular bundles.
‘We may therefore distinguish between stelar and extra-stelar
ground tissue, the latter alone arising from the periblem, and
constituting the cortex

THE EPIDLRMAL Tis®UE SYSTEM

The body of nearly all plants which consist of a mass of
cells 18 covered by a thin membrane composed of a sheet of
cells. In the shoots of the higher plants this 1s derived from
the entire dermatogen, and 1s known as the epidermis. It 1s
usually only one cell thick In the roots the dermatogen gives
rige at the apex to many layers of cells, forming the root-cap.
In most Dicotyledons the mnermost of these layers can be
traced backwards over the surface, and bears the root-hairs,
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being known as the pilsferous layer. In the roots of Mono-
cotyledons and Cryptogams the true epidermis only persists
at the apex, forming as before a
many-layered root-cop  The rest of
the root bears a piliferous layer, but 1t
18 1n these cases the external layer of
the periblem. The external layer of
roots 1s consequently not a true epider-
mus, 1t18 generally termed the epiblema.
The cells of the dermatogen are
somewhat oblong when seen 1n section,
and arc usually rich i protoplasm
As they grow older the walls become
thickened, especially on the outer sur-
face (fig 702) Viewed from the surface
Fiug 702 Transverse section of they present a great variety of outline
3}1:0023101: «;pr:i;lrﬁc;ealég The thickened walls become cuticu-
caticleabove and hypoderma larised to a variable extent, par-
Sﬁ}?g}cﬁ?;ﬂgﬁ' fgﬁ“ﬁ‘,‘ flf ticularly thewr outer layers. In very
:\;‘x’th( ,ﬁ'[‘é‘i(‘ff,}’,‘;‘ﬁ glr'ﬂ'fxsle:’ ’ thick-walled cells these outer cuticu-
General parenchyma, below larised layers can often be stripped off,
hypoderma  After Sachs  forming a sort of detachable structure-
less membrane, termed the cuticle (fig. 708). As the cells

become adult they lose a great deal of their protoplasmic contents,

Fie 702

Fic 703. Fic 704

Fig 703 Vertical section through the leaf of a Banisia a,a Epidermis
¢ Spongiform parenchyma & Hairs which are contaned in little de-
pressions on the under surface of the leaf,and at whose base peculiar
stomata are found After Schleiden —— g 704 Epidermal tissue from
the leaf of the Iris (/ris germanica) p,p Cuticle 3,3, 8 Oval stomata
e, ¢ Bpidermal cells After Jussien

and are filled with hittle more than water. The outer layers of
the cuticle are often impregnated with wax, which sometimes 1s
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so great in quantity that a coating of waxy particles 1s found
to be deposited on the exterior

The cells of the epidermis 1n the lower plants and in some
aquatic memberg of the Phanerogams contamn chloroplastids,
but as a general rule these are absent from them The epidermis
of aquatic plants does not become cuticularised

Though usually only one cell thick, there aie many cases
where the epidermis consists of several layers In the leaves of
certain plants, such as Ficus (fig 642), there are two or three
layers. In the root-cap (fig. 768) we have several layers, in
various aerial roots, such as those of epiphytic Orchids, there
18 a special epiblema consisting of many layers of cells which
have curlously pitted walls and no cell-contents.

Fiec 705 Fra 706

Fig 706 Sinuouns epideroms with stomata, from the garden Balsam —
Fig 706 Vertical section of the epidermis of Hoya carnosa treated with
caustic potash a The detached cuticle b The partially cuticularised
layers of the outer walls of the epidermal celly After Von Mohl

The cells of the epidermis are, with certan exceptions, in
close contact with each other, forming a continuous covering to
the plant without any intercellular spaces This continuous
coating 18, however, interrupted at%he apex of shoots whose
growing point 18 marked by the presenceiof an apical cell (fig 707),
the latter always extending to the surface In some shoots,
as 1n the thallus of Pelvetia, one of the Fucacee, the growing
point 18 depressed, 1n consequence of the growth of the lateral
segments of the apical cell (fig. 708).

The epidermus of the shoot in all the higher sporophytes
possesses a number of apertures, produced by the sphtting of
the common wall of two contiguous cellg; known as guard-cells,

VoL I Y
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immediately over a conspicuous intercellular space of the sub-
jacent region. These apertures, known as stomata, may be
regarded as the means of communication between the inter-
cellular space system and the outer air (figs 709, s, and 710, s).

Fre 707. Fre 708

Fig 707 Growing pont of shoot of Fquisetum arvense x 250 a Apical
cell b, r Succesaive segments cut off from 1t —Fig 708 Growing
point of the thallus of Pelvetia a Apical cell x 250 After Kny

They originate by the vertical division of a mother-cell into two.
The partition between the latter thickens shghtly, and sphts so
as to form an opeming between them,
leaving them still attached to each other
by their ends The sphit constitutes the
stoma, and the two cells are the guard-
cells. They are commonly of a more or
less semilunar form, and contain some

chlorophyll grains; when they are full of
Fig }”w,}{;’;;‘g?‘:;:'e’gﬁ water their form causes them to become
?:;mf oslw a"}i&fs,l f;‘,‘,’,‘}’}; curved, so that the onfice 18 widely open,
depressed ¢ Thestoma  when they lose thewr water they relax
g e FEpidermis »  gang thewr edges come into contaot,

Parenchyma beneath
the epidermis ¢ In  closing 1it.

tercellular space into Uponmaking a vertical section through
opens a stoma we usually find that the guard-

cells are placed nearly or quite on a level
with the rest of the epiderrms. In some cases, however, and
esﬁ%ﬁy when situated upon leaves of a leathery or hardened
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texture, the stomatal cclls are depressed below the others, in
some rare mstances, again, they are elevated above them.

The stomata vary in form and position i different plants,
and m differenteparts of the same plant, but they are always
the same 1n any particular part of a plant They are usually
placed singly upon the epidermms, at regular (fig. 704) or
wrregular intervals In Banksia and some other plants we find
hittle cavities 1n the under surface of the leaves which contain a
number of hairs (fig 708, b), and between the latter very small
stomata.

The distribution of stomata over the surface of the sporophyte
varies very much They are found especially upon leaves, more
particularly on the under suiface On the floating leaves of

Fre 710

£ig 710 In these figures the development of the stoma of Hyacinthus
ortentalis 1s represented from the first division of the mother cell1n A nto
two daughter-cells, to the complete separation shown in D p,» Paren-
chyma of the leaf ¢, ¢ Epidernuscells s Stoma ¢ Air-cavity After
Sachs

aquatic plants, such as the Water-hly, however, we find them only
on the upper surface , while 1n succulent leaves and such as are
placed vertically the stomata are equally distiibuted on the two
surfaces. They occur also on the young green stems and branches
of plants, and on parts of the flower.¢In those plants which have
no fohage leaves, e.g the Cactacem, they abound upon the green
succulent stems They are absent, as a rule, fiom roots and all
submersed parts of plants.

The number of stomata varies considerably The following
table will give some 1dea of thewr abundance 1n leaves, and 1t will
be observed that the number of stomata 1s usually greatest
in those leaves from whose upper surfa.ce they are entirely
absent.

r2
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Stomata wn one Square Inch of Surface.

Upper surface Lower surfice

Mezereon none ¢ 4,000
Peeony none 13,790
Vine . none 18,600
Ohve none 57,600
Holly none 63,600
Laurustinus . none 90,000
Cherry-laurel none 90,000
Lilac . . none 160,000
Hydrangea . none 160,000
Mistletoe . . . 200 200
Tradescantia 2,000 2,000
House Leek 10,710 6,000
Garden Flag 11,572 11,572
Aloe . . 25,000 20,000
Yucca . . 40,000 40,000
Clove Pink 38,500 388,500

Though the guard-cells of stomata can usually vary the size
of the opening, or altogether close 1t, according to circumstances,
this 18 not umversally the case. In some plants large stomata
occeur whose guard-cells cannot change their form so as to do
this These, which are known as water-stomata or water-pores,
are chiefly concerned in the excretion of water, the ordinary
form being adapted to regulate the escape of watery vapour only

The cells of the epidermis are often prolonged outwards in
the form of hawrs or trichomes. They are borne upon both
sporophytes and gametophytes The simplest ones are formed
by the outgrowth of single cells of the general surface, which
take the form of papille or projections, making the surface
rough or velvety, as that of the stigmas of many flowers, The
root-hairs are long outgrowths of this kind, ansing from the
root (fig 711) Generally, instead of remaining single, the
originating cell, or mother cell, divides in various ways. The part,
usually a single cell, which 18 embedded among the epidermal
cells 18 then called the foot, while the free part which extends
outwards forms the dody of the hair, We frequently find a
multicellular han of this kind consisting of a chan of cells.
Often the first free cell cut off from the mother-cell branches
co&?:sly, the branches sometimes growing horizontally,
somfétimes vertically, Hairs of various forms are thus pro-
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duced, among which may be mentioned the stellate hairs of the
Ivy, of Deutzia scabra, and the peltate hars of many plants
The body of a stellate hair may be unicellular or multicellula

Larger hairsdrequently arise from small groups of epidermal
cells These also present the form of a foot and a body

Scales are modifications of stellate hairs They may be
defined as flattened, membranous, more or less rounded plates,
attached by the centre to the epidermis, and presenting a more
or less 1rregular margin from the unequal prolongation of the
component cells. These scales are particularly abundant on the
surface of some plants, such as Eleagnus, to
which they communicate a scurfy or silvery Fie 711
appearance

Other modifications of hairs which are
allied to scales are the ramenta or ramen-
taceous hawrs so frequently found upon the -
stems and petioles of Ferns These consist
of a single layer of cells which form a brown-
1sh flattened scale attached by 1ts base to the
surface of the epidernus from which 1t grows

Hairs must be distinguished from prickles,
warts, &c , which arise from the sub-epidermal
tissue as well as the epidernms, and which
have been termed emergences These, again,
should be carefully distinguished trom thoins,
which we have seen to be aboirtive branches

The ordinary hairs described above may #w 711 Root-hairs

on the surface of a
be empty, or they may contamn flmd of a youngioot
watery nature, either colourless or coloured.

Hawrs occur upon various parts of plants, thewr more
common position 1s upon the leaves, stems, and young branches,
but they may also be found on the flower-stalks, bracts, parts of
the flower, the fruit, and the seed. A remarkable form occurs
on young roots, where cells of the eplglemns produce long tubular
outgrowths which become very closely apphed to the particles
of soil. These are termed root-hawrs (fig. 711). The hairs
which occur on the parts of the flower frequently play an in-
direct part in the process of fertihsation by collecting the pollen
which falls from the anthers; hence such are termed collecting
haws. The collecting haiwrs which occur on the style of the
species of Campanula are peculiar from their upper end retract-
ing within their lower at the period of spollination.

Besides the forms of glandular tissue already desciibed,
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certan secretions are formed in peculiar hairs These may
anse from a single cell of the epidermis or from several. In
some cases the secretion 18 formed inside one or more cells, n
others 1t 18 due to a degeneration of the cell-wall, and then accu-
mulates under the cuticle of the terminal cell or cells (figs 712
and 718) These glandular hairs or external glands may be
gessile or stalked. If sessile they present various appearances,

Fic 712 Fie 714
(o -

A

Fic 713
A

Fig 712 Glandular hawrs from Primula sinensts a Young hair b Haiwr
showing secretion formed 1n the cell wall of the terminal cell ¢ Hair
after discharge of the secretion —Fig 713 Glandular hawrs from Hop
A Young hawr B Mature hair se Secretion under the cuticle —
Fig 714 Sting of a species of Malpighia e Epidermis g Glandularappa
ratus — Fig 715 Sting of the common Nettle (Urtica dioica), consisting
of asngle cell with a bulboye expansion at its base, b, and terminated
above by a swelling, s, and contaiming a granular irritating flmd, f,f
w ¢ Epidermal cells surrounding its base

and consist either of one secreting cell, or of two or more.
Those with one secreting cell placed above the level of the
epidermis are frequently termed papille.

Hairs with a very large and swollen termunal cell, which
serves as a water reservoir, occur upon the surface of the Ice-
plant (Mesembryanthemum crystallinum), and 1t 18 to their
presence that the pecuhar appearance of that plant 1s due.
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When a sessile gland contans an wrrmtating flmd, and 1s
prolonged above mnto one or more hair-like processes, which
are placed horizontally (fig 714), or vertically (fig. 715), we
have a sting forgaed.

In the Nettle (fig 715) the sting consists of a single cell,
enlarged at 1ts base, b, by an wrntating flmd £, £, which 1t con-
tains, and tapering upwards to near its apex, where 1t agamn
expands 1nto a rounded or ponted bead, s. The enlarged base
18 closely invested by a dense layer of eprdermal cells, w e, which
forms a kind of case to 1t. When a Nettle 1s touched lightly
the knob-like head, s, 1s broken off, and the sharp pomnt of
the sting then left enters the skin, while the irrtating flud 1s
pushed up at the same tume nto the wound by the pressure
occasioned by the elastic force of the surrounding epidermal
cells, w e.

TaE GROUND OR FUNDAMENTAL TisSUE SYSTEM.

Underneath the epidermis i the gametophyte of all cellular
plants which show any differentiation of tissues, we find a mass
of cells which constitutes the ground or fundamental tissue.

Fic 716 Fie 717

Fiy 718 Diagram of section of monostelic stem of “dicotyledonous plant
¢ Cortex & Limt of stele. a. Vascular bundles. m? Medullary rays
o Pith —Fig 717 Diagram of section of monostehc stem of mono-
ootyledonous plant a Vascular bundles ¢ Cortex b Limut of stele

In the sporophyte of the vascular plants, which 18 m thewr
case the prominent form, we can distingmish 1 addition a
central stele or steles, largely coniposed of vascular tissue, but
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contaming some fundamental or conjunctive tissue interspersed
among the latter (figs 716 and 717) The fundamental tissue
1n these forms may be spoken of as extra-stelar and intra-stelar
respectively, the former derived from the perylem, the latter
from the plerome. If there 1s a single stele the extra-stelar
fundamental tissue constitutes what 18 known as the cortex, and
has the form of a hollow cylinder It 1s the region which 1s
continuous with the periblem of the growing pont (fig. 701).

Extra-stelar Ground Tissue, or Cortex.

Generally ground tissue 1s composed of parenchyma, the cells
bemng polygonal in outhine and thin-walled, with intercellular
spaces between the cells Sometimes the walls are slightly
thickened, and then show pits upon their surfaces The tissue
may contain, in addition, fibres or masses ot sclerenchyma or
collenchyma, cspecially when the vascular bundles of the stele
are not well developed

These masses are arranged in different ways, sometimes as
a sheath underlying the epidermis, sometimes as isolated
strands 1n the substance of the cortex, or the external layer
of the stele, sometimes as sheaths or masses, 1n contact with
the vascular bundles. They may be connected together in
various ways, and thus form a supporting tissue supplementing
the vascular bundles. These sclerenchymatous and collenchy-
matous masses together with the hardened elements of the vas-
cular bundles are often spoken of as the stereome of the plant

The cells of the parenchyma retain their protoplasm, and are
largely concerned in the metabolic processes of the plant. The
outer layers frequently contain chloroplastids, starch, &. Gene-
rally in the axis of vascular plants the external layers of the
cortex differ to a variable extent from those nearer the centre,
and can be recognised as a well-marked region, often called the
hypoderma. The mnermost layer, which abuts upon the stele,
or steles 1f there are more thah one, constitutes the endodermas.

The hypoderma 1s often found to contain supporting tissue.
In many stems 1t 18 composed entirely of layers of sclerenchyma,
as1n the rhizomes of many Ferns and specresof Equisetum. In
succulent petioles 1t 18 often composed of cqlienchyma.

In the hypoderma of roots the second- layer of the cortex 1s
known as the ewoderms (fig. 718). Its walléare usually thin,
with a ladder-like thickening band extending round their radial
and upper and lower surfaces In Monocotyledons 1t persists
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throughout the life of the root, in Dicotyledons 1t 18 soon shed
and replaced by a deeper corky formation In some plants the
exodermis 1s several layers of cells in thickness.

In foliage leages the hypoderma sometimes shows a large
development of sclerenchyma, as 1n many of the Conifere
(fig 719, I). In the leaves of certain Monocotyledons 1t consists
of aqueous tissue, being
made up of thin-walled
parenchymatous cells
which contain little more
than water, and are

Fie 718

s

packed close together A XX L _NA 1 | o ex
without intercellular

spaces Some succulent .,
leaves have their ground &

tissue entlrely composed Fig 718 Outer part of root of Hyacinth

of this ep Epibluma er Exodermis ¢ Cortex
The general ground — %280

tissue shows a peculiar chaiacter i the wings of foliage leaves,

the cells,”though parenchymatous, not being at all ike those of

the stem. On one or both sides they are found to be elongated

and arranged 1n one' or several rows, with their long axes at

Fie 719 Fic 720

Fig 719 Portion of transverse section of leaf of Pinus e Epidermis 4
Hypoderma —Fig 720 Section of leaf of feta e Epidermis p¢ Pah-
sade tissue sp Spongy parenchyma

right angles to the surface. They have a number of chloroplasts
embedded in thewr protoplasm. From thewr mode of arrange-
ment they have been called palisade tissue ( fig. 7120, p.t.). If
this tissue 18 only on the upper side of the leaf, the lower side
shows more 1rregularly arranged chlorophyll-contaimng tissue
which from the looseness of its arrangement has been called
spongy parenchyma (fig 720,8p). It 18 chiefly remarkable
for 1ts abundant intercellular spaces. *
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The general ground tissue of the cortex may contain many
other kinds of tissue already described , resin ducts, laticiferous
tissue, &c., all occur 1n different plants

Crossing the cortical tissue of the stem we fiad fibro-vascular
strands joining the meristeles of the leaf with the main axial
stele As we shall see later, the leaves are derived from the
periblem and dermatogen of the stem, the plerome taking no
part i thewr formation. We find that parts of the periblem
give rise 1n this way to vascular tissue, though the chief place
of origin of the latter 1s the plerome The vascular strands
continuous with those of the leaf are known as leaf-trace
bundles

In rare cases certain strands of vascular tissue are found in
the cortex, developed longitudinally down the stem for some
distance parallel to the stele These are generally leaf-trace

Fie 721 Fie 722

Fig 721 Endodermis and pericycle of root of Iris end Endodermis
pc Passage cell pe Pericycle —F1 722 Endodermis of root with
cogged thickening

bundles, which ultimately curve and join the bundles of the
stele

The innermost layer of the cortex 1s the endoderrms It
forms a band of peculiar character round the stele, or round
each stele 1f there 18 more than one The cells composing this
layer are sometimes thickened umiformly, or on the side facing
the stele and on the lategal walls (fig. 721) they are more
commonly thin-walled with a peculiar ladder-like thickeming
band extending round their radial and upper and lower surfaces.
This in section gives the appearance of fig. 722, end. In other
cases, particularly 1n stems, the endoderms 1s only recognisable
with difficulty. N

In rare cases, as 1n the roots of Equisepum and the stems of
certain Ferns, the endodermis consists of two layers

In the cortex of all those stems which grow in thickness a
further modification of ground tissue is developed. This 18 the
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tissue known as cork. It 1s not confined to the cortex, though
the latter 1s the chief seat of its formation. It may be formed
also 1n the cells of the epidermis or 1n some part of the tissue
of the stele Ingnost cases 1t arises from the outermost layer
of the hypoderma becomin
merismatie, and dwldlng Fia. 723
repeatedly by tangential
walls, forming a layer, often
several cells thick, of brick-
shaped cells without inter-
spaces (fig 728, per) The ]ty 723 Outer portion of cortex of
cell-walls remain thin, but young stem of Lime ph Phellogen
generally become completely per Cork
suberised The mernsmatic layer of cells 18 known as the
phellogen ( fig. 728, ph.) , 1t 18 classed as a secondary meristem,
the cells regaining the power of dividing after having assumed
the condition of permanent tissue

Sometimes 1t 1s not the outer layer of the hypoderma which
becomes phellogen, but one deeper in the cortex. The depth
varies i’ different stems 1t may be seated so far mwards as to
be within the hmits of the stele It never extends within the
wood of the vascular bundles. Sometimes many phellogens are
developed 1n succession,

each of which gives rise Fio 724

to a cork layer. /
Whatever be 1ts origin, yavs per.

1t gives rise to the same

forms of tissue, externally 4

cork, and internally often
to a secondary cortex
known as phelloderm.
The phellogen and the
tissues which 1t formsboth Fig 724 Seotion ;’;eLr;“t“’e‘ @
mternally and externally per Ter

have been called periderm by some authors by others the texm
periderm 1s restricted to the layers formed on the outside only
of the phellogen, the phelloderm and the phellogen heing dis-
tinguished from 1t.

A variety of ordinary periderm is formed m some cases by
strata of thickened or hardened cells occurring among the thin-
walled suberised ones This 1s the case when the activity of
the same phellogen 18 maintained for several years In roots,
ocork 18 found less frequently in theﬁ:ypodexma, generally the

J
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phellogen arises in the external layer of the s...., snown as the
perweycle. It may or may not be accompanied by a development
of phelloderm. In leaves the occurrence of cork 1s rare It 18
found mn the scales of the winter-bud of thegHorse-chestnut,
and n the petioles of Hoya carnosa and a few other plants

Fic 725

oh
pe
en

Fig 726 Section of stele of root After Kny en Endodermus pe Peri-
cycle z Xylem bundles, thegprotoxylem, x,, abutting on the pericycle
ph Phloém bundles alternating with the bundles of xylem » Pith,or
conjunctive tissue of the stele

Cork 18 also formed as a covering over any portion of the
mterior of a plant which 18 exposed to the air in consequence
of mjury. The injury stimulates the exposed uninjured cells to
mérsmatic activity, and a phellogen 1s formed over the wound.

Cork is formed 1n all stems and roots that increass in thick-
ness ; 1t occurs i most Dicotyledons and Gymnosperms, some
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Monocotyledons , 1n the Marattiacee and in Botrychium among
the Cryptogams. It 1s not found in herbaceous plants.

The development of cork and 1its effect upon the structure of
the stem and ro® in woody plants will be further discussed in
connection with the anatomy of these members

From the character of its cell-walls and the arrangement
of 1ts cells, the cork forms a layer impeivious to the passage
of water or gases At certamn places in both stems and roots
special structures are developed to allow of the admission of air
to the tissues underlying 1t These are lenticels In stems
they are generally developed under places in the epidermis
where stomata are present Each consists of a httle rounded
spherical mass of corky cells arranged loosely together. They
become exposed to the air by rupture of the epidermis above
them. In the autumn a formation of cork takes place under
them, by which the communication with the exterior 1s cut off
t1ll the succeeding spring (fig. 724).

Intrastelar Ground Tissue,

The 1ntrastelar ground tissue 18 somewhat varied in 1ts dis-
position  In a monostelic stem or root the whole stele 1s sur-
rounded by a laye:r of usually parenchymatous tissue abutting on

Fic 726 Fie 727

kg 726 Diagram of monostelio stem of Dicotyledon ¢ Cortex b Limit
of stele. a Fibro-vascular bundles p¢ Pith mr Medullary rays —
Fig 727 Diagram of ion of stelic stem of tyled plant

a Vasoular bundles ¢ Cortex & Limit of stele

the endodermis and extending inwards for a variable distance
This 18 known as the pericycle. In roots (Sfig. 725, pe) it is
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generally composed of a single layer of cells; 1n most stems, of
several layers The cells are usually parenchymatous, but bands,
rings, or patches of sclerenchyma may be present. Frequently a
number of such thickened cells abut upon the eascular bundles
In roots merismatic tissue 1s often developed mn the pericycle
In consequence of this, secondary formations of both vascular

Fiec 728

Fig 728 Oollateral bundle frgm stem of a Monocotyledon ph Phloem
r Xylem vessels pph Protophloém The bundle is surrounded by a
small-celled sheath of sclerenchyma  After Kny

tissue and periderm occur there In the stem and petiole glan-
dular tissue 18 frequently met with.

The disposition of the rest of the mtrastelar ground tissue
depends upon the arrangement of the vascular bundles in the
stele. %may distinguish several types. The vascularbundles,
fow 1n number, may be arranged as a circle of wedge-shaped
bodies just within the pericycle, as in the stems of Dicotyledons



TISSUE SYSTEMS 885

and most Gymnosperms. Then this part of the conjunctive
tissue consists of a central mass or pith, and a number of
strands extending between the latter and the pericycle, constitut-
1ng the so called gnedullary rays The vascular bundles may be
numerous, and arranged irregularly, or in a series of circles, n
the stele, as in the stems of Monocotyledons. Sometimes the
centre of the stele of the latter 1s free from them, and we can
speak of a pith. It 1s usually, however, very ill-defined. Tt 1s
customary not to speak of pith in these stems, but merely
mterfascicular ground tissue. The latter 18 generally most con-
spicuous towards the centre of the stele It often contains
sclerenchyma, either 1 1solated patches, or in the form of
sheaths surrounding the vascular bundles (fig 728) In many

Fig 729 Stele of stem of Fern, composed of three fused concentric bundles
en Endodermis pe Pericycle oh Phloem pr Groups of protoxylem

roots the part of the stele within the pericycle consists of a sohd
vascular cylinder contaming no conjunctive tissueat all, or only
a little dipping in from the pericycle 1n the intervals between the
bundles, while 1n other cases there may be a central hardened
pith closely surrounded by the bund®s, and not communicating
with the pericycle by regular medullary rays

In Dicotyledons 1solated vascular bundles sometimes oceur 1n
the pith. Where a large pith exists the cells of 1t tend after a
time to break up and disappear, forming hollow stems, as
many members of the Umbellifere. These hollow stems are
extreme 1nstances of lysigenous formations

In polystelic stems each stele, in addition to 1ts envelope of
endodermis, is surrounded by & layer of pericyple Such steles
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are usually composed of solid vascular tissue, and do not show
mtrastelar ground tissue, both pith and interfascicular ground
tissue being absent (fig. 729).

THE VascurLArR TiSSUE SYSTEM

THE STELE —We have scen that the centre of the tissue of
the growing pomnt, which has been named the plerome, develops
mto a sohd strand of complex character, forming the stele
Usually this remains single throughout the axis, and the plantis
termed monostelic  The arrangements of 1ts parts are different
m the stem and the root, but there 1s a single central cyhnder
running throughout the whole axis  Separate poitions, known
as meristeles, pass outwards from 1t to the leaves If a section

Fic 730

Fig 730 Polystelic stem of Fern st Steles sc Bands of sclerenchy ma
hy Hypodermal sclerenchyma ep Epidermis

of such a stele be taken a Lttle way behind the growing pont,
there can be seen variously placed in 1t a number of collections
or groups of small cells, very well defined and marked off con-
spicuously fropy the, rest of the tissue. These are sections of
strands of ﬁ%{-‘d&lled procambium strands, which a lhttle
later are tranéformed nto the vascular bundles. Great differ-
ences appear n different steles m the composition and arrange-
ment of the latter, as already described. Between them we find
ground tissue, and a layer of the same, the pericycle, surrounds
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the whole stele externally, lying in contact with the endo-
dermus The general arrangement of the mtrastelar ground
tigsue has already been described

In many stems this monostehe structure 1s not found
Several separate steles sometunes exist, each contamning
vascular bundles and surrounded by layers of pericycle and
endodermis  Such stems are known as polystelrc (fig. 730)
In some stems of this type the separate stecles, or some of them,
are fused together for variable distances along their course
The pericycle and endodermis then surround the mass formed
by such fusion, and the arrangement 1s called gamo-desmic
If the original plerome 1s not continued 1nto a single
cylinder surrounded by an endodermis, but instead gives rise
to a number of strands, each consisting of a single vascular
bundle surrounded by a pericycle and endodermis, we have the
condinion called astely or schizostely  This differs from
polystely in that each stele in the latter case 1s composed of two
or more vascular bundles

The fgrmation of the several steles 1n polystelic stems 1s due
to the differentiation of the cells of the plerome varyng at
different times during the growth of the axis or stem The
endodernus of the steles 1s not 1n this case, and 1n that of astely,
derived entirely from the periblem, but part or all of 1t springs
from the plerome

The Perwcycle —As we have seen, this portion of the stele
18 to be regarded as ground tissue. It presents certain chaac-
teristic features i different portions of the axis  Generally, 1ts
cells are thin-walled and parenchymatous, and form a continuous
layer over the stele In the stem it 1s usually several layers of
cells thick, and may contain a variety of tissues, including bands
or strands of collenchyma, sclerenchyma, or glandular tissue.
In the root 1t 18 usually only one cell thick, and the cells are
all parenchymatous. An exception 18 found in nearly all
Gymnosperms, where 1t 18 ma.ny-la,ygred. There 18, however, a
good deal of variety in 1ts construction 1n many roots. It 1isnot
always continuous, being absent behind the woody bundles of
many grasses and sedges and some other Monocotyledons, in
which the protoxylem cells abut directly on the endodernms.
In other cases 1ts continuity 1s interrupted behind the bundles
of the bast, particularly in several aquatic Monocotyledons

Though generally of uniform thickness in roots, this 1s not
without exception. It may be several gells thick opposite to the
bast bundles, as 1n the aerial roots of-some Orchids, or behind

VoL, L. Z
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the wood bundles, as 1n some Legumwnose Whereit 1s many-
layered the cells may become sclerotised.

The pericycle 1s often the seat of secondary formations, due
to certamn of 1ts cells becoming merismatic +Phellogens espe-
cially arise there, leading to the development of layers of coik
This 1s particularly the case in roots, where such phellogens
extend completely round the stele Another meristem giving
rise to vascular clements 1s also developed mn the pericycle of
the root, but this 1s discontinuous, occurring only outside the
bundles of the wood. Its separate paitsjoin a number of strands
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Fig 731 Collateral bundle of Ricinus en Endodernms ph Phloem
¢ Cambiumn pz Protoxylem ¢ Xylem {fc¢ Interfascicular cam-
bium  After Sachs
of a simlar meristemn arigng more deeply 1n the stele, forming
thus a sinuous 11ng of generating tissue, or cambium

In all plants above the Vascular Cryptogams the pericycle
gives rise to the lateral rootlets.

In some aquatic roots the peiicycle 18 not present, but the
vascular tissue of the stele abuts directly on the endodermis.
This 1s the case also in the 100ts of the Equisetacew, and n the
stems of Salvinia and Azolla, where the endodermis 18 two-
layered.

The Vascular Bundles.-—~Each fully differentiated vascular
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bundle consists usually of two parts, called the xylem, or wood,
and the phloem, or bast The xylem 18 made up of what has
been described as tracheal tissue nuxed with a certain amount
of wood ‘parenclyma and wood fibres Its walls are always
hgmified, and usually the cells are empty of contents. The
phloem 1s made up largely of sieve tissue with a little paren-

Fie 732,

F£1g 732 Collateral bundle fiom stem o a Monocotyledon pk Phloem
x Xylem vessels pph Protophloem The buundie 18 surrounded by a
swall-celled sheath of sclerenchyma After Kny

chyma  Associated usually with 1t 1s also a certain, sometimes
a large, number of fibres. Bast or phloem cells are never
higmfied, and always contain protoplasm.
In addition to wood and bast certain bundles contain a thin
layer of meristem, known as cambium.
The wood and bast, though us\uﬁly combined into a single,
%2
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or conyornt, bundle, may be separate, when they are spoken of
as wood or bast bundles respectively.

The number of bundles in a stele varies greatly. They
are usually very numerous in the stems of «Monocotyledons
(fig 727) but few 1n those of Dicotyledons ( fig. 726) and Crypto-
gams (fig 729), there may be only one, as 1n the separate
steles of schizostelic, and the smaller steles of polystelic, stemns.

According to the mode of arrangement of the wood and bast,
we have several types of vascular bundle The two principal
ones are the collateral and the concentric

Fic 733

Fig 733 Stele consisting of one concentric bundle from Fern stem
en Endodermis p Pericycle ph Phloum puo Protoxylem r Xylem

Collateral Bundles —We distinguish again two linds of
these, one characteristic chiefly of the stems of Gymnosperms
and Dicotyledons, the other of those of Monocotylédons.

In the first variety the bundle 1s roughly wedge-shaped, and
the bast 18 placed behind the wood ( figs. 731,4nhd 743,8) The
orentation of the bundle or 1ts position 1n the stele 18 such that
the narrow end of the wedge 1s directed towards the centre of
the stem, and 1ts broad end towards the periphery. In such a
bundle the wood and the bast are generally separated by a band
or layer of cambium. In some cases the wood and bastn a
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bundle of this type are 1n contact with each other, and there 1s
therefore no cambium Such a bundle 1s said to be closed, 1n

Fie 734

Ig 734 Stele of stem of Fern (Polypodium), composed of three fused concentric bundles
en Endodermis pe Pericycle ph Phloem pr Greups of protoxylem

Fie 735

Fig 735, Concentric bundle of Draceena 'y Xylem ph Phloem
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contradistinetion to the form in which all three aie present
A bundle possessing cambium, which 18 a meristem, 13 capable
of continued 1ncrease 1n s1ze, and 1s said to be open

Some bundles of this type, oceurning espegeially m Cucurb
tacee and a few other natural ordeis, hgve a second bast
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Fig 736 Bection of stele of root After Kny en Endodermis pe Peri-
cycle x Xylem bundles, the protoxylem, r,, abutting on the pericycle
2h Phlokm bundles nlternaing with the bundles of xylem » Pith, or
conjunctive tisaue of the ste'e ’

bundle on the inner face of the wood. These are called
brcollateral. -

The second variety of collateral bundle 1s not so markedly
wedge-shaped The wood 1s never separated from the bast by
a cambium layer, but tends to curve partially round 1t as m
fig. 782 The orientation of these bundles 18 similar to that of
the first type.
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Concentric Bundles.—Of this foom we have agan two varie
ties. In most the wood 18 central, and 13 surrounded by a layer
of bast This 18 seen 1n most Feins (fig. 783). Sometimes an
apparently congentric bundle 1s formed by the fusion of a number
of wood bundles to form a single mass, which 1s surrounded by
a ring of bast, itself the result of a fusion of separate bundles.
Such a bundle 1s texmed gamodesmic 1t may be seen m many
Selaginellas and Ferns (fig 734). It 1s better regarded as a
stele

In the other variety we find the bast cential, and the wood
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Fig 787 Radial vertical section through a collateral fibro-vascular bundle
from the stem of the Sunflower ' Pith s, 3' Spiral vessels (#oto-
xylem) 1w', 1w Wood-cells p,p Pitted vessels ¢ Oambium st, st Sieve

tubes  ph Fibresof the pericycle n Bundle sheath ¢’ Cortex After
Prantl

suriounding 1t It occurs in a few Monocotyledons ( fig. 785)
Concentric bundles never contan®any cambium.

The wood and bast bundles of the stele of the root are not
conjoint but separate. They are smid to be radially arranged
as they lie side by side alternately in a circle round the axis
(fig. 786). They are always separated by interfascicular ground
tissue. A varnety, which leads to an appaiently very complicated
structure 1n the adult form, 1s found in the stems of Lycopodvum

“and some allied plants, where the separate bundles ultimately
become gamodesmuc (fig. 756). "

.
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The longitudinal course of the bundles in the stele varies
very much 1n different stems, and will be best described when
dealing with the structure of the latter

In some cases they can be traced up to the plerome, beyond
the nsertion of the leaves, when the bundles are called cauline.
In other cases they are continuous with the bundles in the young
leaves Being common to stem and leaf, they are known as
common bundles

Fiec 738
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Fiy 738 (ollateral bundle of Ricinus en Endodermis ph Phloem
¢ Cambium psr Protoxylem 2z Xylem fc¢ Interfascicular cambium

Dafferentration of the Bundles.

The transformation of the procambium merismatic cells into
the permanent tissue of the vascular bundle does not take place
all at once, but begins at defi{iite spots and extends in a regular
manner from those pomnts. In the first type of collateral bundle
described above, the development of wood starts by the differentia
tion of a spiral or annular vessel or row of tracheids situated,
with few exceptions, at the apex of the wedge, forming the
protoxylem (fig. 788, pr) This 18 the only pomt at which
spiral or annular vessels ever occur in such a bundle The dif-
ferentiation then proceeds gradually backwards or centrifugally,
forming the primary wood, which consists of vascular and
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parenchymatous elements with thickened hgmfied walls. The
vessels and tracheids are variously pitted, as already described,
and they lose their protoplasmic contents.

The outer pgyt or bast of this type of bundle begns to be
differentiated at a place at the exterior of the wedge-shaped
mass, where a few sieve tubes and their companion cells may

Fiec 739

Fig 739 Oollateral bundle from stem of ;a Monocotyledon ph4 Phloém
z Xylem vessels px Protoxylem p» Protophloem The bundle 18
surrounded by a small-celled sheath of sclerenchyma After Kny

be observed. These constitute the protophloem. Their shape
becomes altered by pressure within the bast, their walls ap-
pear swollen and their cavities almost indistinguishable. The
differentiation of the rest of the bast proceeds then centripetally
towards the wood. In some cases the wood and bast come to
meet as above described, in others & band of the procambium
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between them does not become permanent tissue, but 1etains 1ts
merismatic powers This constitutes the cambium of the bundle
(fig 788, c) Its cells are usually elongated parenchyma with
thin walls and granular protoplasm By this gnerismatic layer
the bast on the one side and the wood on the other are increased,

Fic 740

Fig 740 Section of stele of root After Kny en Endodermis pe Peri-
cycle a Xylem bundles, the protoxylem, z,, abutting on the pericycle
ph Phloem bundles alternating with the bundles of xylem p Pith, or
conjunctive tissue of the stele

go that the conjoint hundle grows both inwards and outwards
This fascieular cambium 18 a primary meristem.

The collateral bundle of the second type 1s similarly de-
veloped from the procambium strand The protoxylem 1s an
annular or spiral vessel of some size, occupying & position 1n
the front of the bundle Frequently 1t abuts on a lysigenous
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intercellular space, as seen 1n fig 789 The protophloem, again,
lies at the back of the bast, there 18 no cambium left between
the bast and wood

In the congentric bundle both protoxylem and protophloem
can be identified If the section of the bundle be circular, the
protoxylem hes at the centre of the cncle (fig 733) In con-
centilc gamodesmic bundles there may be several gioups of
protoxylem These arise in some cases on the periphery of the
vylem strand, as in some Selaginellas and Feins, in some other
Feins thev aie situated more mnternally (fig 784) The pro-
tophloem arises at one or more pomnts on the outside of the
circumferential zone of bast

In radially arranged bundles each strand of procambium
becomes completely converted into either wood or bast The
position of both protoxylem and protophloem 1n these 18 always
external (fig 740), so that the differentiation of the primary
wood 18 centripetal nstead of centrifugal, as in the collateral
bundles.

This diffetence of direction of formation of the primary
wood s one of the most impoitant anatomical differences
between the stem and the root of a phanerogamic plant
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CHAPTER 1IV.

" THE STRUCTURE OF THE STEM

DicoryLEDONOUS TYPE

As we have already indicated, the stem shows considerable varia-
tion 1n 1ts structure, dependent chiefly upon the arrangement of
the vascular tissue 1n the stele In the great majority of forms
Fro 741 the stem 1s monostelic, and
1ts tissues are arranged on
one of two plans, leading to
recognition of the twb types
especially characteristic of
Dicotyledons and Conifers on
the one hand, and Monocoty-
ledons on the other
The dicotyledonous stem
n 1ts very young condition
shows us 1n a longitudinal
section of 1ts apex a mer1stem
of small cells, usually dis-
playing dermatogen, peri-
blem, and plerome (fig 741)
A httle way behind the apex
the plerome can be seen 1n
. transverse sections to be
F'g ﬁ?cloty?ef]c:)‘l‘;hmzs‘f)a::tngllt;)te i:ﬂ:)egf marked off more or less dis-
;“‘Ef“(”‘f,‘:::; leat gg‘;“g:‘;‘k mfels 32’;’(‘;‘; tinctly by the innermost layer
gerated to show the limits of the three of the periblem
regions The epidermis consists of
a sheet of cells with cuticularised external walls, closely attached
to each other, and having no intercellular spaces except the
stomata, of which 1t bears a considerable number. The cells
are usually empty save for the presence of water, except in
aquatic plants, when they contan chloroplasts These stems
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have no stomata Frequently the epidermis 1s provided with
hairs of various shapes, and occasionally secreting cells are found
among the others The hairs, too, are often glandular.

The cortex censists typically of parenchyma, with numerous
mntercellular spaces. The outer layeis frequently contan
chloroplasts, starch grains, & Bands, sheaths, or 1solated
patches of sclerenchyma are often present The innermost
layer constitutes a sheath round the stele, named the endoderms
(fig 742, en), which 18 sometimes conspicuous, but generally

Fie 742
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I'g 742 Collateral bundle ot Kiwcwmus en Endodermis  ph  Phloem
¢ Cambiuum pu Protoxylem a Xylem ¢ ¢ Interfascicular cambium
After Sachs

very ditheult to 1dentify It can sometunes be recognised by 1ts
cells being crowded with starch graths

The cortex often increases along longitudinal hines, making
the stem 71bbed, or 1n 1solated spots, producing emergences or
prickles. Both ribs and prickles are covered by epidermis.

The epidernms and cortex persist throughout the hfe of
herbaceous stems, but mn those which increase much i thick-
ness both are ultumately replaced by bark.

Not far from the apex of the stele the procambium bundles
become differentiated, and in transverse section are seen to be
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Fiy 743 Diagram of stem of Dicotyledon at tiffee ages A, Young condi-
tion showing commencement of differentiation of the stele and its fibro-
vasoular bundles a Procambium bundles arsing in b,thestele ¢ Cortex
mr Medullary ray ¢ Pith B A little older stage p» Phloem
r Xylem ¢ Fascicular cambium ¢c¢ Interfuscicular cambinm One of
the bundles has been shaded ¢ Older stage after the commencement of
secondary thickenmg pr Protoxylem a Secondary wood ph Secon-
dary bast, a New bundles formed by the 1nterfascicular cambium 1n the
primary medullary rays The secondary medullary rays are indicated by
the black radial lines in the bundles, After Sachs
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arranged m a rnng surrounding a central pith  They are
sepairated by conjunctive ground tissue, strands of which extend
from the pith to the circuinferential pericycle These strands
constitute the pmmary medullary rays As they get older the
differentiation of the vascular bundles fiom the procambium
takes place, the protosylem lymng next the pith, and the proto-
phloem abutting on the pericyele The bundles of such a stem
are collateral When they are numerous, and consequently
close together, the protoxylems forin a morc or less evident
ring round the pith, and constitute the so-called medullary
sheath

The ditferentiation of the vascular elements does not usually
extend throughout the bundle, but a narrow layer of meristem
18 left between the bast and wood, the cambium (fig 742, c)

This meristem forms new wood and bast by repeated div1s10ns
of a single layey, of cells, the wood upon 1ts interior, the bast
upon 1ts exterior surface Through the activity of the cambium,
therefore, the individual bundles giow m a 1adial dunection
The divjsions of the camubium are chietly tangential 1n direction,
but radial ones also take place, as the cambium becomes pressed
towards the exterior of the stem by the accummulation of the
wood 1t 15 continually fornung The bundle thus becomes
broader as well as longer, as seen 1n tiansverse section

Soon after the differentiation of the primary bundles 1s com
plete, changes take place 1n certain cells of the medullary 1ays,
which become merismatic and form a band of cambium across
the rays This always occurs between the cambiums of the con-
tiguous bundles, so giving rise to a ring of cambium round the
stem at that pont The portion of the ring which 1s foimed
1in the rays, and which differs fiom the rest by being a secondar y
meristem, 18 known as the wnterfascicular cambium (frg 742,
1f ¢) The nterfascicular cambium not only forms new parenchy-
matous tissue 1n the ray, mamtaining its existence, but part of
it forms also new wood and bast lihe the cambium of the
bundle We may get new vasculdr bundles intercalated in this
way between the original ones, or we may have the latter con-
tinually increasing in-breadth, thewr nuiber remaining constant.
When new bundles are thus formed they can be distingmshed in
the stem by not possessing any protoxylem, and by not being
continued outwards mto the leaves as are the prunary ones.

New medullary rays or radial bands of parenchyma are
formed 1n the substance of the bundjgs by the cambium as the
mass of wood 1ncreases, which are kmown as secondary medullary
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rays They duffer from the prumary ones not only in this mode
of origin, but also by not extending to the pith on the one hand
or to the pericycle on the other. Their extentn a vertical direc-
tion also varies considerably in different cases ¢

The medullary rays, both prunary and secondary, usually
widen out mn the bast i consequence of the stretching of the
tissue brought about by the continuots increase of the central
mass of wood This leads to radial divisions of the cells of the
medullary rays towards their outer ends

The cells formed by the cambium undergo simlar trans-
formations to those of the procambium The tissue of the two
meristems 18 somewhat ditferent, however, the procambium cells
being elongated and nairow with square ends, while those of the
cambium are prismatic The behaviour of the two 1s difterent,
the divisions of the procambial cells taking place 1n three planes,
those of the cambium chiefly tangentially, but fo a shight extent
radially as well

The activity of the cambium 1s greater towards the interior
of the stem than outwards, so that much more wood 18 formed
than bast

The cells when first cut off from the cambium are thin-
walled and hardly distinguishable from the merismatic cells
Gradually they become changed to the permanent form Those
which are to form xylem parenchyma divide transversely,
beconing cubical instead of prismatic. Those destined to be
tracheids or segments of vessels increase considerably 1n
diameter, displacing and compressing the adjacent cells They
thicken regularly or irregularly, as before described. The fibres
which originate from the cambium exhibit a curious mode of
growth, their upper and lower ends, which are, hke those of
the cambial cells, somewhat pointed, growing past those of the
cells above and below them, which behave simlarly Thus the
separate fibres extend themselves between their neighbours,
and often attain considerable length  Their transverse diameter
does not increase as 1n the ‘case of the vessels. This mode of
behaviour 18 known as shdwng growth It 1s seen not only in
the young stem, but often 1n cases where growth 1n thickness 18
not accompanied by growth in length, when 1t causes curious
displacements of the tissues.

In the Conifers the secondary wood formed by the cambium
consists of fibrous tracheids whose radial walls are furmshed
with bordered pits ( fig. 688).

The cells of the secondary bast include chiefly parenchyma and
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sieve tubes. The latter show alittle peculiarity 1n their develop-
' ment, whether from cambium or procambium. The segment of
the merismatic cell which 18 about to give rise to a sieve tube
cuts off by longiytudinal walls one or sometimes two segments,
which are much smaller than the remaining one These con-
stitute the companion cells (fig 744, ¢), each remains filled with
protoplasm and contains a large nucleus The remaining cell
shightly thickens 1ts end walls, which become perforated, forming
s1eve plates, through which the contents of the adjacent cells com-
municate (fig. 744,38 p ). The nucleus breaks up and disappears,

Fic 744

Fig 744 Sieve tube and compamon cells  s¢ Segment of the sieve tube
sp Sieve plate ¢ Compamon cells, x 540, After Strasburger

so that the mature sieve tube has not a nucleus. The sieve
plates have later a deposit of callus upon them, which also lines
the perforations.
In Gymnosperms the sieve tubed have no companion cells.
The cambium cells, though usually elongated prisms in shape,
are not always so. Those cells which continue the prumary me-
dullary rays (fig. 742, 1f ¢ ), or which form secondary ones, divide
transversely, becoming almost cubical. The segments which they
contribute to the medullary rays have thus always this shape.
By this mode of behaviour of the camnbium ring, wood is
continually formed centrifugally, and the stem 1ncreases in thick-
ness The activity of the cambium Zontinues for the greater
VOL. I AA
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portion of each year, ceasing only during the winter, and conse-
quently a new sone of wood 1s produced annually, As the
year advances, the amount of new wood formed causes more
and more compression within the bundle, so that the diameter
of the new vessels gradually becomes smaller and smaller.
Those that arc formed in autwmn have consequently much

Fic 745

Fty 745 Section of twig of Lime three years old 11,2z, 3z The successive
aunual rings of wood pA Phloém ¢ Cortex m r Primary medullary
ray pe Layer of periderm After Kny

smaller diameters than those of the next year’s spring wood, for
the tension becomes relieved during the winter by the sphtting
of the external layers of the trunk through frost, so that the
extent of each year's formation 1s usually very evident. The
successive zones of wood are known as annual rings (fig. 745).

The activity of the cambium on 1ts external face 1s marked by
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a similar ntermittence. Usually, however, the imits of each
year's formation of bast are not distinct The bast 18 further
much interfered with by secondary formations of periderm

In an old sfem the nternal zones of wood are often very
different 1n appearance from the more external ones. As the
wood gets older the cells lose thewr protoplasm and die, becoming
hard and dry, and frequently much darker i colour. The
outer zones, on the contrary, contuin cells which are living, and
which are charged with water The secondary wood can thus

Fio 746 2

Fig 746, Section of bark of Quercus sessiliflora After Kny pe Periderm
layers, arising at different depths in the cortex.

be divided into the alburnum or sapwood, and the duramen or
heart-wood. ’

The ncrease n thickness of the stem thus brought about
sets up great and gradually increasing tension in the cortex,
leading to early rupture of the epidermis. To replace the latter
such stems show a continual formation of layers of phellogen,
each giving rigse to a cork layer externally, and generally to
phelloderm or secondary cortex internally. This takes place
usually at a very early date immediately below the epidermis
The periderm so formed beng imperyious to moisture, all the

aa2
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cells external to 1t dry up and perish Successive layers of
phellogen arising continually deeper and deeper in the cortex
cause the external dry tissue to be very complex 1n structure
The phellogen layers often extend as far infernally as the
secondary bast. The mass of external tissue thus formed 1s
known as the bark. Itincludes all the layers of periderm, with
varying quantities of cortical tissue, pericycle, and bast It 18
consequently extremely complex The phellogens often forin
not only ordinary cork cells, but mixed with them cells thickened
sclerenchymatously

In some cases the bark 1s the product of a single phellogen
which continues 1ts activity for many years A very thick
external layer of cork 1s thus formed, asin the cork oak. In
other cases a new phellogen 18 formed every few years, deeper 1n
the tissue than the previous one

These formations of phellogen may be eylindrical, cutting off
regular zones or cylinders of tissue Frequently, however, they
dip mto the other tissues somewhat irregularly, and often in
tersect each other, giving rise to the separation from the stem of
irregular sheets of bark (fig. 746). These sometimes, as 1n the
Plane tree, are shed from the trunk in large patches. We dis-
tingmish the latter case from the former by the terms scale
bark and runged bark respectively Ringed bark 1s generally
ruptured longitudinally somewhat irregularly, and presents the
appearance of grooves or furrows, often of considerable depth.

Besides this formation of bark, serving as a normal protection
to the internal tissues, another tissue 18 developed 1n cases where
an mjury occurs to woody plants. This 18 known as callus, and
consists of ordinary parenchyma, which ultimately becomes
covered with cork It 18 only peculiar 1n 1ts mode of origin, the
cells which are adjacent to the imnjured ones becoming merismatic
There 18 not much difference between this formation and that of
the covering of exposed surfaces by cork as already described
(page 832). If mn & stem or root the wound extends to the’
cambium, the callus originatgs at 1ts sides as before, but cork and
new cambiumn are formed 1n 1t, the latter joining the cambium
which was injured, and growing over and closing the wound.
If any object becomes impacted 1n the wood by the injury, the
new formation grows over 1t and completely encloses 1t.

Turning from transverse sections to study the structure as
revealed by longitudinal ones, this type of stem shows at the
summt a small-celled meristem, as already deseribed, forming a
conical apex on which small lateral protrusions arise in acropetal
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succession. The division 1nto nodes and nternodes 1s visible at
a very early period, the small protrusions or cushions arising at
the former. Each protrusion 1s the rudiment of a leaf with a
young bud or dranch in 1ts axil It consists of a small out-
growth of the periblem covered by the young epiderrmis The
plerome or central portion of the stem does not contribute to 1ts
formation

A hittle further from the apex the differentiation of the pro-
cambium bundles 1n the stele can be seen. By the time this 18

Fie 747 Fie. 748

SS

Fug 747 Phaseolus multyflorus  Longitudinal section
through the apical region of the stem of an embryo
88 Apex pb, pb Parts of the two first leaves X, &
Commencement of their axillary bude  After Sachs —
Fig 748 Diagram of course of bundles in stem of
Dicotyledon After Naegelr

evident the leaves have elongated to a greater extent, and the
differentiation of their internal tisstie 18 progressing. Each pro-
cambium bundle of the stele 18 found to be continuous with one
of those of the leaf, so that thebundle appears to originate in the
leaf and to pass downwards into the stem It 18 said on this
aceount to be a common bundle, that 1s, common to leaf and stem.
The first appearance indeed of protoxylem 1s usually seen near the
pomnt of junction of the two members, These primary common
bundles are known as leaf-trace bundles on account of their
origin as desortbed.
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Following these leaf-tiace bundles down the stem, they are
found to pass independently through the internodes, joining at
the nodes other bundles entering there from the leaf vertically
below them, or bifurcating and joining those enfering the stem
from the orthostichies next in order If a leaf sends many
bundles 1nto the stem, their courses become complicated ; they

Fig 749 Aquatic stem of Marsilea ep Epidermis cola Cortical lacune
sel Sclerenchyma in the cortex en, Outer, en, 1nner fused endodermis
of the steles The steles are fuspd together laterally, forming a vascular
r;ng in the centre of the stem surrounding a small portion of the ground
tissue

sometimes join the other primary bundles of the stelar ring, or
less frequently they form also i1ndependent circles mn the cortex
or the pith.

The secondary bundles formed by the cambium have no
connection with the leaves , they are cauline bundles only.

The branches of the stem arise, as we have seen, in the axils
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of the leaves by development there of lateral growing points
which arise as small protuberances on the side of the main one *
(fig 747). They arise only from the periblem and the epidermal
layer, as do the leaves m whose axils they occur As they
develop, therr structure 1s found to be sumlar to that of thewr
parent, they show the same merismatic layers, each of which
becomes continuous with the corresponding layer of the latter

In aquatic stems, both of this and of the monocotyledonous
type and of certain Cryptogams, there 1s comparatively hittle de-
velopment of wood. Instead, the cortex 1s unusually large, and
frequently shows lacun® or air-passages, which occupy a con-
siderable part of 1ts substance, very few rows or chains of cells
geparating them (fig. 749) In some cases the cells abutting
on these air-passages are developed into hairs of curious form
These lacune are interrupted at the nodes, where the paren.
chyma 18 continuous

MoNocOoTYLEDONOUS TYPE.

The structure of the growing pomnt of stems of this type
differs Shightly from that of the former one The apex 1s

Fie 750 Fie 751,

Fag, 750 Growing point of stem of monocotyledonous plant The thickness
of the cell walls at the limits of the dermatogen and periblem is exaggerated
for the purpose of distinction After Douliot —-Fig 761 Diagram of
monocotyledonous stem, showing bundles scattered more or less irregularly
in the stele

covered by a dermatogen, within which are the periblem and
plerome, but the distinetion between the latter two 18 not well
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marked, a single mmitial layer being probably common to both
(fig 750)

A transverse section taken a little lower down shows the
central stele differentiated as in the former case The arrange-
ment 1n the stele 1s, however, very different Thstead of a ring
of procambium bundles arranged round a central pith, many

Fie 752

Fig 752 Oollateral bundle from stem of a Monocotyledon pk Phloem
v Xylem vessels pph Protophloém paz Protoxylem The bundle 18
surrounded by a small-celled shegth of sclerenchyma  After Kuy

bundles are found, arranged more or less in a number of rings,
and all pointing to the centre of the stele. Those first formed
lie towards the centre of the cylinder, and later others appear
nearer the periphery Further development leads to increasing
wregularity mn the ring-lhike arrangement, so that in an older
stem the bundles seem to be scattered irregularly in the cylinder
(fig 751). Inafew cases, as in the Rushes, there 1s a single
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or at most a double ring of bundles close to the periphery and
surrounding a very large central pith.

The bundles are of the collateral type, but as differentiation
of the tissues proceeds, all the procambium 1s transformed 1nto
permanent tissue, so that the bundles are closed, containing no
cambium The protoxylem 1s at the front of the bundle, and

Fie 754 Fic 755

Fic 753

ﬁi

S
=

Fig 768 Diagram of course of bundles in the stem of
a Monocotyledon (Palm) —-Fig 754 Diagram of O
mode of growth of stem of Monocotyledon (Zea Mays)
After Sachs ——Fig 756 Part of a section of stem
of Dracena pe Cork co Cortex ca Cambium
layer b, b Bundles 1n course of formation ¥

consists of one or two spiral or annular vessels (fig 752, p ).
The large ducts or vessels on the wings of the bundle are next
developed and then the remamder of the wood. The proto-
phloem 1s at the back of the bast (fig. 7562, p ph). The whole
bundle 1s surrounded by a sheath consisting of a few layers of
sclerenchyma belonging to the conjunctive tissue of the stele.
Viewed 1n longitudinal section the'bundles are seen, as 1n
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the other type, to be common bundles, being continuous with
those which belong to the leaves Usually there are seveiral
bundles 1n each leaf. In the simplest type each can be traced
mwards for some distance, after which 1ts cpurse gradually
curves outwards, proceeding obliquely down the stem, 1t ulti-
mately jomns a bundle coming from a lower leaf (fig. 758)

In most grasses, 1n consequence of the great and rapid elon-
gation of the internodes, the bundles appear to lie perpendicu-
larly in the stem. They do not extend far towards the centre
of the stele, which becomes hollow. At the nodes the bundles
anastomose freely with each other, forming a number of dia-
phragms across the cavity.

The pericycle or external portion of the stele 18 sometimes
ligmified, and forms a hard sheath to the cylinder Its cells
are chiefly fibrous, serving, with thesclerenchymatous sheaths to
the separate bundles, to give the necessary rigidity to the stem.
The cortex of the stem varies a good deal in thickness, being
generally thin 1n sub-aerial and relatively thick in subterranean
ones

No cambium being present mn this type of stem, thére 1s no
regular increase of thickness as in the former type The stem
of the young plant 18 at first very shght, but as growth proceeds
the growing point becomes continually larger and more vigorous,
so that each node and internode become larger than the pre-
ceding ones. The young stem has thus the form of an inverted
cone (fig 754). After a tune this continuous enlargement
ceases, and the upper portion of the stem 1s cylindrical.

This kind of stem 18 not associated, as 18 the former type,
with a tap root The primary root soon disappears, and the
further root system consists of its branches and a number of
adventitious roots developed from the lower part of the stem

In some Monocotyledons, e g Dracena, Yucca, a regular
growth 1n thickness of the stem occurs. It 18 brought about by
the development of a secondary meristem or cambium layer
several cells thick, which arises towards the exterior of the
cylinder ( fig 755). This forms a series of bundles gradually
proceeding outwards These bundles are sometimes concentric,
having ther bast internal.

In such stems there 1s a formation of periderm 1n the cortex,
which 18 provided with lenticels,
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OTHER TYPES OF STEM

Besides the two'type« of monostelic stems described, another
18 found n somg of the Vascular Cryptogams The general
features of the cortex vary a good deal, stereome tissue being
distributed 1n many ways A special feature of the stele 1s
that the development of the xylem 1s centripetal The xylem
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Fig 756 Section of stem of Lycopodium ep Epidernms en Endodermis
pe Pseundo-pericycle pz Groups of protoxylem ph Phloem After
Sachs

]

and phloem bundles are placed side by side, and thus alternate
with each other. The structure 1s seen best in the stem of
Lycopodrvum ( fig. 7568). The stele 18 clothed by a pseudo-peri-
cycle and surrounded by an endodermis, both of which are
developed from the cortex. At various distances round the ring
of pericycle, touching 1ts internal face, a number of protoxylem
groups are differentiated, between which are an equal number
of protophloems The primary wood develops centripetally
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from these protoxylem groups, and the separate masses so formed
umte rregularly m the centre of the stele, founing a number
of bands which are separated by sumlar bands of phloem
A somewhat similar type of structure 1s foundealso 1n Psulotum
and a few other plants

Fiec 757

Fug 757 Diagram of stem in two
species of Equisetum A F
limosum s The separate
bundles or sclizosteles, each
with 1ts endodermis B F
h L The schizosteles, s,
have their endodernms fused
laterally In both figures 7 =
cortical lacune After Pfitzer
Fig 768 Section of vascular
bundle of Eguisetum limosum
en Endodermms pe Pericycle
o Xylem ph Phloem ! La-
cuna  After Dippel

A smmlar centripetal formation of the primary wood 1s
found m the separate steles of several of the polystelic
Selaginellas, and also mn the hypocotyledonary portion of the
axis i some of the Phanerogams, where the transition from
the structure of the stele of the stem to that of the root can
be observed

Schuzosteliec Stems.—In this type of stem the central stele
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can be observed at 1ts lower part, but as the axis 18 exanuned
higher up, the cylinder 1s found to break up into as many strands

Fre 759,

Frg 759 Stele of stem of kern (Polypodium), composed of three fused con-
centric bundles  en kndoderms ve Pericycle ph Phloom  pe Groups
of protoxylem

as there are vascular bundles, and these separate from each
other, each becoming clothed with 1ts own pericycle and endo

Fia 760

Fig 760 Polystelic stem ot Fern st Steles sc Bands of sclerenchyma
hy Hypodermal sclerenchyma ep Epidermis

dermus, continuous below with those of the original monostele
The separate bundles may be scatteref through the substance
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of the stem, or may be arranged in a circle. At intervals they
anastomose with each other, forming a network of bundles
This 18 due to a varying and wregular differentiation of the
tissue of the plerome. e

This type of arrangement 18 rare among flowering plants, but
1t 18 not uncommon among the Cryptogams, being very frequently

F1g, 761 Gamostelic stem of Marsilea ¢p Epidermis cola Cortical
lacune sc! Sclerenchyma 1 the cortex en, Outer, en, mner fused
endodermis of the steles The steles are fused together laterally, formmg
a vascular ring in the centre qf the stem surrounding a small portion of
the ground tissue

found among the Equisetacee. Some species of the latter show
the separate bundles arranged 1n a ring, each with 1ts pericycle
and endodernus surrounding 1t (fig. 757, A), other species show
the separate bundles all fused together laterally, except that part
of their pericycle remains between each pair. The endodermis
and part of the pericycle disappear from between them, but
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remain fused 1n front and behind them, giving the appearance
of an internal and external sheath (fig 757, B) In some cases
the mnner endodermis 1s almost or entirely indistinguishable,
when the structyre simulates a monostele. The separate bundles
of the Equisetums are peculiar in having a large lacunar space
n the region of the xylem, causing the latter to be represented
by only a few vascular elements (f1g. 758)

The bundles 1n schizostelic stems are always collateral

Polystelic Stems —In these as 1n the last described type the
first-formed stem 1s monostelic, but as 1t grows the differentia-
tion of the tissue of the plerome becomes irregular, giving rise
to several steles separated by conjunctive tissue ( fig. 760) Each
stele 18 clothed by pericycle and endoderms The latter layer
differs from the endodermis of the monostelic stem 1n that the
origin of pait of 1t at any rate takes place in the plerome and
not the periblem  Each stele contains usually more than one
vascular bundle (fig 759) The separate xylems of these steles
are fused together, so that there 15 no Tic 762
pith  The scparate steles inay be
wrregularly disposed through the thick-
ness of the stem, or they may be
arranged m a more or less ring-like
manner. In the latter case the cen-
tral tissue must not be confused with
the pith of a monostelic stem. The
separate steles frequently anastomose
with each other, forming an irregular
network which can readily be seen
after destruction of the soft tissues
by maceration Two varieties of the fiy 762 Growwg pomt of
arrangewent occur  In the first,  Shoofof E{‘{”"‘Z‘;;’:al“’ vense
which 18 known as dalystely, the b, ¢ Successive regments
steles remain for the most part inde. ot o fromit
pendent, so that a transverse section shows them separate or
fused two or three together (fig. 760), In the second the stelesare
arranged 1n a ring, and are close together. Many of thewn fuse
together laterally, giving the appearance of an almost complete
ring of vascular tissue, simulating the appearance often of the
ring of collateral bundles of the dicotyledonous type of monostelic
stem. As they fuse, the endodermis and pericycle on theiwr
lateral faces disappear, and the parts of those layers bemnd and
in front of them become continuous. The ring of tissue can be
distinguished from the ring of the @fcotyledonous stem by the
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presence of mternal endodermis, pericycle, and phloem layers
(fig 761)

This mode of arrangement, known as gamostely, 158 met
with 1n certain I'erns, especially Marsilea, and 1n some species
of Auricula among Phanerogams

The conjunctive tissue 1n both polystelic and schizostelic
stems 18 partly derived from the peritblem and paitly from the
pletome Their growing ponts are generally fuinished with an
apreal cell ( iy 762, a), though sometunes they have a small-
celled meristem
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CHAPTER V

THE STRUCTURE OF THE ROOT

UNLIKE the stem, the root m the Phanerogams always arises
1n the interior of the tissuc of the embryo In the young embryo,
whose formation was spoken of 1n connection with the seed

Fiec 763

Fig 763 Polygonum Fagopyrum Root apex, median longitudinal section
a Apicalmenstem pc Pericycle, outside boundary of the plerome v Rudi-
ment of a vessel, e Dermatogen Between pc and e, periblem 4 Root cap
After De Bary

(page 228), the lower apex 1s covered by the suspensor. The

first root arises at the junction of the two, at least one cell of

the suspensor taking part 1 1ts formation, as will be described
VOL. I. BB
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later. The apex of the root consists of a mass of merismatic
tissue 1n which the dermatogen, periblem, and plerome can be
distinguished  The separate histogenic layers are frequently
more distinet than mn the case of the stem The dermatogen
divides 1mmto a number of layers, the outermost of which form
a many-layered epidermis known as the root-cap (fig 768, k).
In most Dicotyledons the innermost layer 1s continued back-
waids over the surface, and forms the so-called prlaferous layer
In most Monocotyledons the dermatogen does not persist far
from the apex, and the external layer above the pont of its
disappearance 18 the outer layer of the periblem  This external
layer, whatever 1ts origin, 18 known as the epiblema, and the
special absorbent structures of the root, the root-hawrs, are
developed from 1t (fig. 711).

The periblem of the root gives rise to a cortex which persists
for a longer or shorter time Its cells are generally parenchy-

Fic 764 Fie 765

Fig 764 Endoderms and pericycle of root of I7is florentina end Endo

derms  pc¢ Passage cell pe Pericycle — Fig 765 Endodermns of
root with cogged thickening

matous with thin walls, and there are many intercellular spaces
among them. The hypodermal layer 18 known as the exodermas,
and 1ts cells are frequently thickened as already described (fig
718). The endodermis 18 well marked, and 1ts cells are usually
thickened considerably When, as 1n Iris florentina, the thick-
ening 18 regular round the internal and radial walls, there are
certain cells, the passage cblls, left unthickened (fig. 764, p.c).
Very frequently the thickening 18 deposited 1n the form of the
band described at page 828, the separate thick portions somewhat
resembling the projections of a cogged wheel (£ig. 765). The
thickenings are cuticularised in both cases. In Equisetum the
endodermis 18 two layers of cells thick.

The stele orfeentral cylinder differs i many important
particulars fiom that of the stem. The pericycle 1s usually only
one layer of cells in thickness, though 1n the Gymnosperms and
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some few Dicotyledons 1t 18 many-layered It 1s absent from the
roots of Equisetum Its cells are parenchymatous, 1t does not
show so much differentiation as 1t does in the stem, rarely con-
taining, when more than one layer of cells thick, any additional
form of tissue except secretory ducts When thickening of the
roots occurs 1t gives rise to certain merismatic layers which

Fic 766

——p
- )y pe
T==en

Fug 766 Section of stele of root After Kny en Endodermis pe Pen-
cyocle x Xylem bundles, the protoxy@m, z,, abutting on the pericycle
ph Phloem bundles alternating withithelbundles of xylem p Pith, or
conjunctive tissue of the stele

take an important share in the process The vascular bundles
vary in number, but the bast and the wood are never conjoned ,
they lie s1de by side with each other, on separate radu of the axis
with a lhittle conjunctive tissue between them. They are first
noticeable as procambium strands, and gradually take on the
form of thewr permanent tissue. In the differentiation of the
BB2
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latter, the protoxylem as well as the protophloem 1s situated on
the outer face of the bundle, so that the development 1s always
centripetal (fig 766, z) This constitutes a further important
distinction between the root and the stem. <

The stele of the root does not usually contain any pith, the
xylem bundles becoming united towards the centre  'When pith
1s present the walls of 1its cells are often lhignified, so that the
centre of the stele 18 a hard woody cylindex

The number of the xylem and phloem bundles varies, being
usually much greater in Monocotyledons than in Dicotyledons
Generally there are as many of one as of the other. 'When only
two of each are present the mass of wood formed by the union
of the xylems extends across the cylinder, forming a plate of tissue,
and the two bundles of the phloem lie one on each side of 1t
Such a root 1s called diarch. When more xylem bundles unite
to form the plate, corresponding terms are used to desecribe 1t,
thus we have trarch, tetrarch, polyarch roots These terms
were originally used when 1t was considered that the central mass
of wood was a single bundle, with several points of origination of
the differentiation ‘

The roots of Dicotyledons and Gymnosperms do not contain
any meristern homologous with that in the bundles of the stem
When they increase mn thickness, they do so by the development
of interfascicular cambium, which arises as a secondary meristem
n the conjunctive tissue on the inner face of the phloem bundles,
and which forms wood on 1ts mner face and bast on 1ts outer
as 1n the stem These interrupted strands of cambium are a
hittle later connected together by a similar meristem arising in
the pericycle The cells of the latter divide so as to form two
or more layers in thickness behind the primary xylem bundles,
and the inner layer becomes merismatic. In this way asinuous
layer of cambium 13 formed, which becomes eircular as growth
proceeds The further development 1s similar to that of the stem.

The behaviour of the cambium ring 18 not umform in dif-
ferent plants In some 1t fotms wood and bast opposite only to
the original phloem bundles, giving rise to parenchyma behind
the primary xylems (fig. 767) Thus' a broad medullary ray
alternates with strands of secondary vascular tissue, as 1n Urtica,
Cucurtrta, and many other plants. This 18 very prominent
generally 1n fleshy roots. Frequently in the latter, in the width
of this ray, separate intermediate strands of vascular tissue occur
In other cases the cambium forms bast and wood opposite to
both primary phloem and primary xylem.
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In Monocotyledons and Vascular Cryptogams no cambium
layer 1s developed in the roots, which consequently increase in
thickness only very shightly.

Comncidentlp with the development of the secondary vascular
tissue 1n the stele, a phellogen layer arises, usually 1n the pericycle,
though sometimes 1n the cortex, which forms cork externally

Fic 767

Fig 767 Section of root showing dary thickeni en Endodernus
px Primary xylem bundles p ph Prynary phloem bundle sx Masses
of secondary xylera formed opposite to the latter ¢ Cambium Opposite
to the primary xylem the cambium has formed parenchyma only, consti-
tuting large secondary medullary rays After Kny

and phelloderm on 1ts nner face, as 1n the stem. The tissues
external to this periderm formation dry up and are thrown off,
so that the exterior of the root 18 covered by a layer of cork,
usually of stelar origin. The phellogen continues active for
gome time, and then becomes eithex cork or permanent paren-
chyma. A now phellogen subsequently arises in the new-formed
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phelloderm, which behaves as did the first Later phellogens
are successively formed still more internally, till the last-formed

Fic 768

Fig 768 Transverse section of root of Hesperis, to
show a 100tlet at two stnges of development
7h Root hairs ec Cortex d Uells in process
of ahsorption en Endodermis pe Pericycle
co Conjunctive tissue ph Phloem g Oambium
x, Xylem ¢ Dermatogen of rootlet, p 1its peri-
blem, pi its plerome After Van Tieghem, x 260

one may be separated
from ¢the cambium
ring by the youngest
bast only In this
way a bark 1s formed
m the root very simi-
lar 1n composition to
the same structure 1n
the stem Iike that
of the stem 1t often
becomes  1rregularly
cracked and fissured,
sometimes 1t 18 shed
annually after the man-
ner of scale bark.

The branches of the
root, like the main root
iself, arise ‘endoge-
nously. In all flower-
mng plants they are
developed from the
pericycle, and bore
ther way outwards
through the cortex

The number of rows
of branches produced
fromaroot corresponds
to the number of pn-
mary xylem bundles,
one bemg usually
formed outside each
At a very early stage
n the development of
the primary root a
group of cells can be dis-
tinguished 1n the peri-
cycle which elongate
m the direction of the

circumference (fig. 768). They divide then by tangential walls,
forming a layer two cells deep. The inner one of these 18 the
layer which gives rise to the plerome of the new root. The
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outer one divides agamn nto two, which are the mitial layers
of the periblem and dermatogen respectively. The little mass
continues to grow, becoming conical, and gradually working 1its
way to the extgrior, absorbing by a kind of digestive process the
cells of the cortex of the main root as 1t advances

If the stele contains more than two xylem bundles, a row of
lateral rootlets usually arises at the back of each. If only two
are present there are generally four rows of rootlets which are
placed 1n pairs, one a little on either side of each xyvlem mass.
In the Grasses and a few other Monocotyledons they arise
opposite to the phloem bundles, as they do also in some
Dicotyledons, where a resin-duct lies 1n the pericycle behind
each xylem bundle

In most Vascular Cryptogams the meristem of the apex 1s
characterised by the
presence of an apical
cell (fig 769,v) This
has the shape of a four-
sided pyramid, the base
facingoutwards, From
each face 1n succession
segments are cut off,
which by subsequent
divisions give 11se to
the tissue of the root.
After each division the

apieal cell grows to Fio 769 Lontadinal section through X00t of
ig 76 ngitudinal section through root o
its orlgma,l size before Pteris hastata, showing apical region v Apical

cuttmg off the next cell, from which are developed the tissue of the
substance of the root, o, ¢, and the root-cap,
segment. The segment % 1l,mn After Sachs

parallel to the base of

the pyramid omginates the root-cap, which 18 a many-layered
epidermis, as 1n the former cases mentioned. The dermatogen
1n these plants does not produce any part of the covering of the
root, the latter being composed gf the outer layer of the eortex
The segments cut off from the other faces of the apical cell
divide by antichnal and perichnal walls, forming a mass of
tissue 1n which the limits of periblem and plerome soon become
apparent. The mnermost layer of the former becomes the endo-
dermuis, the outermost layer of the latter, the pericycle, except
In certamn cases already mentioned, in which this layer 1s
not differentiated. The endodermis 18 then composed of two
layers.
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The lateral roots 1n the Vascular Cryptogamns do not originate
1n the pericycle, but in the endodermis A cell of the latter, which
18 opposite to & xylem bundle of the main root, cuts out of itself,
by four successive divisions, an apical cell which gives rise to
the tissue of the lateral root The latter bores 1fs way through
the cortex of the prumary root 1n the way already described
The pericycle takes no part in the formation except to contribute
the cells which connect the vessels of the lateral with those of
the primary root.

In the Lycopodiacew no lateral roots are produced, the
main root sometimes branches dichotomously, the growing
pomnt dividing 1nto two equal ones

‘When adventitious roots are formed from the stem, they
usually originate mm the same way as the normal lateral roots.
n the Cryptogams from the endodermus, in the Phanerogams
from the pericycle, as already described In a few rare cases
they arise exogenously like the branches of the stem this occurs
when they are developed 1n connection with adventitious buds.

The so-called haustoria, or sucking roots, of parasitic
Phanerogams, are developed from the periblem «

The stem and root forming together the axis of the plant, the
tissues of the one are continuous with those of the other. The
structure 18, as we have seen, different 1n the two parts. Between
them there 1s therefore a region in which the arrangement of
the tissues of the one gradually changes into that of the other.
This 18 1 the so-called hypocotyledonary portion of the axis, or
the part lyimng between the root and the imsertion of the cotyle-
dons In Dicotyledons the epidermis of the stem 1s contmuous
with the piliferous layer, which we have seen 18 generally the
mner layer of the dermatogen, the outer layer of which forms
the only true epidermal portion of the root, the root-cap. In
Monocotyledons the epidernus of the stem 18 at first continu-
ous with the epidermis of theroot. The latter, however, soon
separates and exfoliates with the outer layers of the root-cap,
leaving the external layer of the periblem naked. The latter
becomes the pihferous layer, i

The endodermis and pericycle of the two regions pass directly
nto each other, and the intermediate cortical t1ssues are similarly
continuous,

The vascular bundles of the root become 'continuous with
those of the stem, but the two constituents change their posi
tions considerably. ¢

In the commonest case each of the xylem bundles of the root
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divides 1nto two, and the separate halves diverge to the right and
left, twisting as they proceed, till the protoxylem, at first on the
outer face, becomesinternal The phloem bundles also bifurcate
and diverge asgdo the xylem ones, passing gradually a lhttle
towards the exterior Soon the left strand of a phloem bundle
1s found to be exactly behind the right strand of the adjacent
xylem bundle, the two forining thus an ordinary collateral bundle
which passes perpendicularly up the stem. The xylem and
phloem bundles of the stem are thus twice as numerous as those
of the root, though by the fusion of the separate stiands of bast
and wood the number of conjoint collateral bundles of the former
corresponds with the number of separate bundles of the latter.
The phloem strands do not twist 1 their course, so that the
protophloem remains external

Less frequently the phloem bundles pass straight up into the
stem without branching The xylem bundles branch, diverge
and twisy as 1n the former case The right and left halves of
two contiguous xylem bundles meet 1n front of the continuation
upwards of the phloem bundle ongmally between them, fuse,
and becdme the xylem portion of the conjoint bundle

In a third case the xylem bundles donot branch, but as they
pass upwards twist as before through an angle of 180°. The
phloem bundles branch and diverge, the halves of two contiguous
ones fusing together behind a xylem bundle and uniting with 1t
to form the conjomnt bundle

In some plants, particularly among the Rosacee, the roots
give rise to adventitiousbuds  Instead of these being exogenous,
as when they spring from the stem, they originate deep 1n the
tissue They are derived from the pericycle like the lateral
roots, and bore their way out in the same way as the latter
Lwnaria shows an exception to this mode of origin, as 1ts radical
buds arise from the epidermis.
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CHAPTER VI

THE STRUCTURE OF THE LEAF

THE leaf, or phyllopodium, arises as a hittle outgrowth from the
stem 1n close proximity to the growing pomnt (fig 770, I). It
generally follows 1n 1ts method of origination the mode of for-
mation of the meristen of the axis, 1if the latter has an apical
cell, the leaf 1s sumlarly constructed, if there 18 a small-
celled meristem 1n the stem,
Fie 770 the leaf also has no apical
d peopl cell. The tissue of the leaf
ariges from the dermatogen
and the periblem, ¢both of
which produce a number of
cells causing the projection
In further development the
dermatogen gives rise to the
epidermis, and the periblem
to the internal tissue, the
plerome of the stem taking
no part 1 1its formation
Like the stem the phyllo-
podium may be monostelic
or polystelic. In either case
the meristeles or separate
steles of the leaf become
fig 770 Growing pomt of the stem of a unted with the stele or
Dicotyledon After Douliot d Dermytogen 8teles of the axis by changes
b thnck Tnos are cxaggerated to sww 1B the cells of the periblem
the limits of the three regions which he between the axial
stele and the insertion of the
leaf The endodermis and the pericycle of the two members be-
come similarly continuous with each gher As the leaf grows,
1t assumes the shapes already deseribiédl, by varations in the
distribution of growth, part or all of the projection becoming
flattened or winged Usually the thrge regions described as
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hypopodium, mesopodium, and epipodium become separately
recognisable The growth 1s for a time apical, but this soon
ceases, except in Ferns, and the further development 1s caused
by basal or intercalary growth

The structure of the axis of the leaf differs materally
from that of the winged outgrowths from 1t In the epipodium
the wings are usually much greater in extent than the axis
which bears them, so that the structure of the latter is soon
lost, and the leaf-blade when seen 1n section comes to appear
altogether different from the rest of the phyllopodium

The Mespodium or Petiole —The axis of the phyllopodium
18 most readily examined in the intermediate region, or petiole,
which seldom becomes winged A section in this region has
a somewhat flattened or shightly concave upper surface and a

Fie 771

Frig 771 Sections of two types of phyllopodium In A the bundles are
arranged separately, each having 1ts own endodermis, ed , and pericycle, p
In B they are arranged in a ring in the meristele with a common endo-
dermis and pericycle After Van Tieghem

larger convex lower face (fig. 772). The same regions can be
distinguished as 1n the stem, viz. an epidermis, a cortex, and a
certain amount of stelar tissue.

The eprdermis 18 sumlar to that of the stem 1its cells are
frequently prolonged mto hairs, generally stomata are present
The cortex 18 usually composedgof elongated parenchymatous
cells with numerous intercellular spaces. Chlorophyll gramns
are present in the external layers. The tissue 1s often found to
contain hypodermal layers of collenchyma or sclerenchyma,
which may be continuous with sumilar layers in the stem or
may be pecubar to the petiole. .

In a few leaves, eg. those of Hoya carnosa, the petiole
contains a layer of cork throughout 1ts length, a hittle below the
epidermus,
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If the stem 1s polystelic 1n 1ts arrangement, the leaf may
receive one or more complete steles from 1t. Each has then
the same structure as that of the axial steles, possessing a perl-
cycle and being surrounded by an endodermms eontinuous with
those of the stem. If the stem 18 monostelic, each leaf contains
one or more steles, usually called meristeles, which by subsequent
differentiation of the tissue of the periblem of the stem become
umted with the stele of the latter The vascular bundles n
each meristele may be surrounded by a general endodermis and

LLI T ALY
R R SSS
Frg 772 Mesopodium (petiole) of Primula with a single menstele. ep,
Epnileximls co Cortex en Endodermis pe Pericycle pk Phlodm,
z Xylem

'.‘o
I

pericycle (fig. 771, B), or thg meristele may be replaced 1n a
schizostelic manner by a number of strands, each consisting of
a single vascular bundle with endodermis and pericycle enclosing
1t (fig. 771, a). In either case the pericycle very frequently
contains a good deal of sclerenchyma, forming strands behind
or 1n front of the bundles Rarely schizastelic structure 1s found
in the petiole of a polystelic stem, as 1n Auricula

We may find different modes of arrangement of the bundles
in the menstele. In the first and most common case they do
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not form a complete ring, but an arc not closed towards the
upper surface (fig 772) hence 18 derived the term meristele
The separate bundles have their bast towards the lower, and wood
towards the ugper, face of the petiole They have a common
endodermis and pericycle. In the second case there 1s a com-
plete ring, but the bundles are much smaller on 1ts upper side
(fig. 171, B) The orientation 18 then similar to that of the
stem, the wood being nearest the centre of the circle, and 1ts
development centrifugal

‘When there are more meristeles than one 1n the phyllopodium,
the central one 1s usually the largest Theie are fiequently
three, the two lateral ones being of small dimensions.

The composition of the bundles 18 the same as that in the
stem from which the leaf proceeds, being collateral, bicollateral,
or concentric.

In the petioles of Cycas the differentiation of the bundles 1s
not the same as that of the stem bundles, the protoxylem of
the former being internal but near the outer face, so that the
development of the primary wood 18 mainly centripetal.

Secdndary thickening 18 very rare in the phyllopodium 1t
does occur, however, 1n a few families, owing to the persistence
of a cambium layer 1 the usual position m the bundles The
formation of secondary vasculax tissue 18 but shght, and ceases
when the leaf has reached 1ts full size Tt 1s less in the lamina
than 1n the petiole

The hypopodium 1n deciduous leaves 1s the seat of a meris-
matic formation which leads to the separation of the leaf fiom the
stém A layer of cells extending completely across the phyllo-
podium, usually exactly at the base of the leaf-stalk, divides
several times so as to form a thin sheet of delicate thin-walled
cells, and by the absorption of the middle layer of the sheet the
two parts become separated and the leaf 1s cut off The
ruptured surface 18 found to be covered by a layer of cork

. The Leaf-blade —When the epipodium of the leaf remains
unbranched, 1t 18 continuous 1n agstraight ine with the petiole
if the latter 1s present The central axis of the leaf-blade
much resembles the petiole, but 18 rather more flattened. Its
lateral margins are continued outwards as a winged expansion.
The continuation of the petiole forwards constitutes the midrmb,
and, as might be expected, the structure of the two 18 essentially
sumilar (compare figs. 772 and 778).

The epidermal and cortical tissues are continued onwards
from the one to the other without any break, and if the petiole
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contains bands of collenchyma or sclerenchyma these are found
mn the mdnb also The vascular bundles send out branches
into the wings, the distribution of which varies with the dimen-
sions of the latter. .

1f the epipodium 18 branched, the branches may remain
distinet or their wings may be fused together to a very variable
extent The secondary axes are generally distinguishable as
ribs much like the midrib, and possess a similar structure If
the branching 1s cymose,
there 18 no main midrib,
but several spring from
the junction of petiole
and blade. As before,
these have a structure
very smmilar to that of
the petiole.

As the termination
of the mam axis or any
of 1ts branches 18 ap-
proached, the®* axial
character becomes less
and less conspicuous,
till 1t 1s indistinguish
able fiom that of the
wings with which 1t 18
continuous  Where the
fusion of the wings has
taken place, the vas-
cular bundles from the
different axes frequently
anastomose with each

Fig 7‘{33 g»ecnon of m(l}dl:& of leaf }‘Z)f dl"l‘itm:llla other, formmng a ocom-
€ prdermis o 0] X en ndodermis
p‘; Pericycle ph Phloem a Xylem phcated network 1n

which the bundles ter-
minate either separately or 13 the form of a meshwork.

The transition from the structure of the petiole 1s thus a
gradual one, the successive axes becoming more and more
flattened t1ll they lose altogether their cylindrical character.
The eprdermis 18 continuous over the whole surface, and 18 not
much altered, the cortex peculiar to the axis becomes gradually
replaced by that peculiar to the flattened wings, the vascular
elements are gradually attenuated till only a few tracheids re-
mamn conjomned with a hmited amount of soft tissue, continuous

Fia 773
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with the bast The endodermis of the steles or meristeles can
often be traced forwards almost or quite to the termination of
the bundles

The charactgr of the fibro-vascular bundles usually remains
unchanged, 1n most Ferns, however, the originally concentric
bundle loses the bast upon its upper face, and so becomes col-
lateral

The leaf-blade so constructed shows an epidermis which 1s
continuous with that of the petiole, and which extends over the
whole of 1ts surface. It 1s usually only one layer of cells thick ,
the cells a1e somewhat brick-shaped on section, and have their
outer walls generally cuticularised to a greater or less extent.
In thick coriaceous leaves the outer part of the cell-walls of the
epidermis can often be stripped off 1n a continuous layer, known

Fic 774

Fig 774 Vertical section of the epidermis of Foya carnosa treated with
caustic potash a The detached cuticle & The partially cuticularised
layers of the outer walls of the epidermal cells After Von Mohl ——
Fig 776 Three-layered epidermis of leaf of Ficus elastica

as the cuticle (fig 774). In some leaves the epidermal cells
divide by walls parallel to the surface, and the epidernms
becomes composed of several layeirs of cells (fig 775) Viewed
from the surface the epidermal cells are sometimes square o1
oblong, sometimes much sinuated in shape Generally 1n the
higher plants the cells of the epidgrmis contain httle more than
water; in some plants, especially 1n the Ferns, chloroplasts are
present.

In aquatic plants the external walls of the epidermal cells
are not cuticularised.

The epidermis 1n all the higher plants 18 furmshed with
stomata, which are variously disposed In the leaves of soft
herbaceous plants these openings are piresent on both surfaces of
the leaf, those of hard woody plants have them generally only
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on the lower face, 1n submerged leaves there are none; n
floating leaves they are confined to the upper surface
In many leaves water stomata are present which remain
permanently open In some, again, there arc pagsages or cracks
among the cells, which can hardly be described as stomata
These 1rregular apertures, hke the true water stomata, serve for
the emission of drops of water
In some leaves, as 1n the Oleander (Nerwum oleander) and
Banksua, the stomata are seated m pit-like depressions on the
under surface (fig 776)
The cells of the eprdermis when the latter 1s many-layered
sometines contain the cystohths already described (fig. 775)
Within the epidernns of the winged portions of the phyllo-
podrum 15 the mesophyll of the leaf  Thisis variously arianged,
giving two main types of struc-
Fia 1776 ture, known respectively as the
dorsi-ventral and the 2s0-bila-

—./—"{M
ooaacccaﬂﬂcogqo teral of these the first 1s the
O WAL~ commonest form (fig 777) It

T
m H ‘1‘\“ »!Jm!"‘}” has derived 1ts name from the
(e ai fact that the tissue 1s of dafferent
character towards the upper and
lower surfaces. Immediately
under the upper epidermis the
Y/ cells are oblong, and a1e arranged
Fig 776 Vertiwcal section through with their longest diameter at
the leaf of a Banksia a,a Em right angles to the surface of the
dermis ¢ Spongiform parenchyma  jeaf, constituting the so-calted
hittle depressions on the under sur  palisade parenchyma The cells
face of the leaf, and at whose base
peculiar stomata are found  After contain large numbers of chloro-
Sehlewdcn plastids or chlorophyll grains.
Sometimes there 18 only a single
layer of these cells, but often there are several The cells are
arranged close together, and have relatively few intercellular
spaces among them.

The lower half of the mesophyll 18 made up of the so-called.
spongy parenchyma The cells are of irregular shape, and are
often arranged so as to be 1n contact only at portions of their
surfaces, the tissue 18 consequently much less dense, and large
intercellular spaces or lacuns are present. there 1s always a
cconspicuous lacuna under each stoma

The cells of the spongy parenchyma, lLike those of the pali
sade tissue, contain chloroplasts; but these are relatively less
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numerous, causing the under side of dorsi-ventral leaves to
appear usually a lighter green than the upper side In Ferns
the differentiation of the mesophyll into these two layers 1s
very feebly mgrked The vascular bundles aie disposed between
the two layers of the mesophyll

Fra« 777

19 s
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st as
Fig 777 Seotion of leaf blade of Aeta wvulgaris x 300 ep Epidermis
cu. Cuticle, ppa Palisade parenchyma & Vascular bundle, the xylem

being uppermost spa Spongy parenchyma st Stoma in the lower
epidermis ¢s Intercellular epace communicating with stoma

In the 1so-bilateral type there are two layers of palisade
parenchyma, one on each face. The spongy mesophyll 18 much
less conspicuous, and occupies the space between them. These
leaves are frequently supplied with bands of sclerenchyma, which

VOL. L.~ co
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extend from the epidermis inwards, often forming a thick sheath
round the bundles, and reaching from one epiderms to the
other

A third type of leaf 18 characteristic of most sv~culent plants
The phyllopodium 1s often cylindrical, and when flattened 1t can
hardly be said to be winged This is known as the centric leaf
Its internal tissue 1s more or less homogeneous The cells are
usually elongated hike those of pahsade parenchyma, and have
between them narrow intercellular spaces The chlorophyll 1s

Fic 778
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Fig 778 Centnic leaf of Pinur ep Epidernis Ay Hypoderma en Endo-
dermis vbd Vascular bundle ~d Resn-duct The mesophyll cells are
represented without chioroplasts

most abundant 1n the outer layers. Frequently tannin sacs are
present. The cells are all very turgid, from the presence of
water,

A particular form of the centric leaf 1s found in some of the
Conifers. It1s somewhatawl-shaped,andin sectionappearsplano-
convex (fig 778). The epidermisis thick-walled and has stomata
on all 1ts surfaces, the guard-cells of the latter being usually de-
pressed below the surface. The mesophyll contains a layer of
sclerenchyma on 1ts exterior, which at the margins of the leaf
conessts of & number of cells filung up the angle of the section.
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The other cells of the mesophyll are sinuous i outhne, and their
walls show curious projections of cellulose into the nterior
They contain the chloroplasts In the centre 1s a well-marked
endodermis egclosing a many-layered pericycle and usually two
vascular bundles These are exceptional in containming a layer
of cambium between the wood and the bast The pericycle 18
also peculiar 1t contamns a number of tracheids which abut
upon the xylem, and serve to convey water from the latter to
the mesophyll of the leaf They are spoken of as transfusion
tissue The phloem 1s 1n contact with a number of cells con-
taining a somewhat dense protoplasm Besides these a band
of sclerenchymatous fibres 1s found at the back of the phloem
This transfusion tissue 1s a special mechanism which 18 needed
m these leaves, as the ultimate ramifications of the vascular
bundles are not in apposition with the cells containing the
chloroplasts

The mesophyll of the leaves of the Comfers contains also a
variable number of resin-ducts of similar structure to those of
the stem

TRe vascular bundles of the leaf-blade, as we have seen, are
the continuations of those of the axis of the phyllopodium If
the axis 18 monostelic or polystelic, as the ramfications proceed
the bundles ultimately become 1solated, and the blade 1s there
fore astelic or schizostelic Outside the steles or the separate
bundles, traceable for a varying distance, 1s often a band of
sclerenchyma or collenchyma, extending in the main ribs to the
epidermus of the lower surface As the bundles are traced
further and further from the axis they get thinner and thinner,
gradually losing the distinetive ¢haracters of their woody and
bast elements The woody part persists furthest, and ultimately
consists only of a few tracheids They end generally in plexuses,
or with free terminations among the mesophyll parenchyma. In
some cases a peculiar structure, known as a water-gland, lies 1n
the mesophyll between the epidermis and the end of the bundle
These bodies consist of a masg of small cells with thin walls,
usually covered by a sheath which 18 continuous with the endo-
dermis of the bundle. The tracheids of the bundle terminate
abruptly at the lower end of the gland. One or more water
stomata pierce the epidermis over the latter Sometimes a
water-gland 1s found above a mass of tracheids formed by
the fusion of several bundles

In certain leaves, especially the bud scales of the Comfers
and those of the Horse chestnut,there 18 usually a layer of cork
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underlying the epidermis. The formation of cork 1s, however,
very rare 1n leaves

The structure of the outer floral leaves differs but shightly
from that of the foliage leaves described. Bracts and sepals are
only very little modihed, the chief difference being the general
absence of sclerenchyma The upper as well as the lower ep1-
dermus, as a rule, contains stomata When the sepals are fused
to form a gamosepalous calyx, sometimes the fibro-vascular
bundles of the separate leaves anastomose freely, sometimes
they remain independent.

The petals are generally more altered, the epidermus 1s
often papillose and 1ts cells filled with various colouring
matters There 1s no differentiation of the mesophyll into
palisade and spongy parenchyma, and the vascular bundles are
much reduced

The structure of the sporophylls will be best discussed n the
succeeding section.
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Connate, 63

Connective, 169

Contorted mstivation, 2056

Contractile vacuole, 278

Convolute, 86, 205

Cordate leaves, 73

Cork, 331

— in cryptogams, 333

— 1n leaves, 332, 388

Corm, 49

— of Cyc amen, 60

Cormophytes, 12

Corolla, 128, 166

Corona, 129, 164

Corrugated sestivation, 204

Qortex, 828

Corymb, 108

Cotyledons, 16, 78, 264

Creeping stem, 46

Cremocarp, 248

Orenate, 68

Crenulated, 68
Crisped, 68

dehiscence,
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Cruciate corolla, 157

Cruciform corolla, 157

Crumpled eestivation, 204

Crystalloid, 293

Culm, 38

Cune~te, 72

Cupule, 100, 245

Curled, 68

Ourve vened, 67

Curviserial, 84

Cushion of fern prothallus,
226

Cuspidate, 70

Cuticle, 320

Cutin, 284

Cyhndrical leaves, 75

Cymose, 32, 104

— umboel, 120

Oynarihodon, 256

Cypsela, 244

Cystocarp, 229

Cystolith, 284

Cytoplasm, 275

Drcinvocs, 51, 100, 166

Declinate, 167

Decompound leaves, 62, 76

Decumbent, 37

Decurrent, 54

— leaf, 67

Decussate leaves, 79

Deduplication, 133, 134

Deferred branches, 30

Defimte inflorescence, 104,
116

Degeneration, 138

Delnscence of anther, 173

— of fruit, 235

— circumscissile, 240

| — loculicidal, 237
| — porous, 241

— septicidal, 236

— septafragal, 237

— sutural, 236

— transverse, 240

— valvular, 235

Deliquescent, 39

Dentate, 68

Dermatogen, 319

Dermatosomes, 279

Determinate 1nflorescence,
104, 116

Dextrin, 201

Diachenium, 246

Diadelphous, 177

Dialypetalous, 166

Dialysepalous, 150

Dialystely, 387

Diandrous, 175

Diarch root, 372

Diastase, 292

Diaster stage in division of
nucleus, 299

Dichasium, 81, 118 &

Dichotomous branching, 80"

Dichotomy, 81

Diclinous, 166



Dicotyledonons embryo, 266

Didynamous, 179

Differentiation of bundles,
344

— of sex 1n Algee, 219

Digitaliform corolla, 1§

Digitate, 69

Digynous, 186

Dimensions of cells 295

— of vessels, 311, 312

Dimerous, 130

Dimorphic flowers, 179

Dicecious, 185

Diplostemonous, 133, 176

Diplotegia, 2563

Disc, 147

Disc-bearing wood-cells, 282

Displacement of parts in the
flower, 139

Dissected leaf, 60

Dissepiment, 189

— spurious, 189, 230

Distichous, 81

Dmt.ralbntmn of stomata, 324,
38!

Divergence of leaves, 80
Dormant buds, 30
Dorsal suture, 185
Dorsifixed, 171

Double flowers, 145
Drepanium, §22

Drupe, 243

Drupel, 244
Duplicato-dentate, 68
Duramen, 356

EBRACTEATF, 100
Eccentric embryo, 268
Ectoplasm, 275
Eleutheropetalous, 140
Eleutherosepalous, 140
#hptical, 72
Emargnate, 70
Embryo, 14, 228, 264
— saoc, 13, 95, 207
Embryotegia, 260

F ergences, 825, 349
Endocarp, 234
Endoderms, 330, 349
Endogenous buds on roots,

Endopleura, 260
Endorperm, 217, 263
Endostome, 209
Ensiform leaves, 75
Enzymes, 287
Epibaral, 12
Epiblema, 820
Epiealyx, 100, 141, 154
Epicarp, 284
Epicotyl, 17
Epldermis, 319
Epigynous, 142, 176
Epipetalous, 144, 176
Epiphytes, 28
Epipodium, 52, 57
- structure of, 384

GENERAL INDEX

Episperm, 258
Equal leaves, 71
Equatorisl plate, 298

rEquitant leaves, 90

— vernation, 88

Eteero, 244, 264

Ethereal oils, 293

Evergreen, 51

Exalbuminous seeds, 263

Excurrent, 39

Exocarp, 233

Exodermis, 328

Exostome, 209

Exserted stamens, 178

Extine, 180

Extra-axillary, 36, 51, 107

Extra stelar ground tissue,
28

Extrorse, 170
Eye spot, 278
Eyes (of tuber), 46

FALsk dichotomy, 118
Fasciated branches, 36
Fascicle, 80, 120
Fascicled leaves, 80
Fasciculated roots, 22
Fascicular cambium, 346
Fats, 293
Feather-veined, 65
Ferments, 287
Tertilisation, 214, 303
Fibres, 6, 309, 310

801

Gamopetalous, 156

Gamophyllous, 140

Gamosepalous, 140, 150

Gamostely, 368

Gemms, 93

Gemmation, 300

General 1nvolucre, 101

Genetic spiral the spiral
line that can, in cases of
alternate phyllotaxis, be
drawn round a stem so
as to pass 1n succession
through the bases of the
leaves 1n the order of their
development, 81

Geniculate, 168

G1ibbous, 154, 162

Glandular tissue, 317

Glans, 244

Globoud, 293

Globose, 162

Glomerule, 121

Glumeg, 104, 111

Gomidangia the organs m
or on which gomdia are
developed, 94

Gonidia  the asexual repro-
ductive cells borne upon
a gametophyte, 10, 92

Granulose, 291

Grape sugar, 296

Growing points, 305

Guard cells of stomata, 322

Gum, 285

Fibrous drupe, 245 — (British), 291
Filament, 166 Gynzcium, 128, 183
*Fimbnated, 156 Gynandrous, 176
Fission, 93 Gvnobase, 200
Flagella, 277 ~r~&ynobasic ovary, 200

Flower, 13, 97, 126

— of Equsetum, 127
Flowerless plants, 8

Follicle, 249

Formation of cells, 298

Free cell formation, 300
Free central placentation,

Gynophore, 146, 147, 193
Gynostemium, 176

HAIRS, 324
Hastate, 73
Haustoria the organs bg

which parasites absor!
Fronds, 8 nourithment from their
Fruit, 229 host-plant, 24, 376
Fruits, aggregated, 2566 , 115
— gpurious, 254 Heart wood, 356
— true, 242 Helicoid cyme, 122
Fugacious, 51, 154 — dichotomy, 32
Fungus cellulose, 286 — sympodium, 33
Funiculus, 208 Hemieyclic, 145
Fusiform root, 219 Herb, 38
Hermaphrodite, 165
Hesperidium, 248

GALBULUS, 254 Heterodromous, 84
Galeate, 164 Heterogamous, 219
Gametangia, 222 Heteromerous, 130
Gametes , sexnal reproduc-| Heterophyllous bearing

tive cells, 10, 93, 21 foliage leaves of different
Gametophyte  the plant-| shapes on different parts

body which bears the| of the plant, 74

sexual reproductive cells,| H p y

10, 92, 214 ‘Heterospory, 95
Gamodesmic, 387, 34§ ‘Heterotropous, $10



392
Hilum, 208, 259
Histogeme  layers the

separate merismatic layers
m a stratified growing
poit, 348, 359, 370
Hastology, )
Homodromous, 84
Homosporous, 95
Homotropous, 269
Hypanthodium, 115
Hyphee, 309
Hyplial tissue, 309
Hypobasal, 12
Hj pocotyl, 17, 266
— course of bundles 1, 376
Hypocrateriform, 168
Hjypoderma, 309, 328
Hy pogynous, 142, 176
Hy popodium, 63
Hypsophyll, 99

IMBRICATF, 87

— eeativation, 205

‘Imparipmnate, 59

Imperfect flower, 137

Included stamens, 178

Incomplete flower, 131

Indefimte inflorescence, 104

Indeterminate nflorescence,
104

Induplcate, 88

Indusium, 96

— in Cupressine®, 96, 169

Inferior calyx, 142, 192

— ovary, 153, 192

Inflorescence, 13, 97, 98

Infra-axillary, 51

Infundibuliform, 158

Innate, 171

Insertion  the int at
which the leaf is attached
to the stem, 78

Integumentum externum,
209

— internum, 209

— simplex, 209
Intercellular space system,
306

1 hi

Interf:

351
Internodes, 27, 51
Intine, 180
[n;;uwlar ground tissue,
3

Introrse, 170

Inulin, 295

Involucel, 101, 113
Involucre, 101, 113
Involute, 87

Irregular flowers, 131
Isogamous, 218
Isomerous, 129
Isostemonous, 133, 175

KARYORINESIS, 297
Keel, 168
Kernel, 263

LaABIA 1L, 152
Lamna, 52
anceolate leaves, 71
Lateral branching, 30
| — roots, origin of, 374
- style, 199
Latex 315
Laticiferous tissue, 315
— vessels, 315
-Layering, 41
| Leaf base, 52
. — blade, 57
' — — structure of, 383
i — centric, 386
| — dorsi-ventral, 383
| — fall of, 381
i — msertion of, 78
| — 150 bilateral, 385
— spines, 88
| — tendrils, 89
— trace bundles, 330, 357
Leaflets, 59
Leaves of hucalyptus, 51
Legume 250
Lenticel, 333
Leucin, 295
Leucoplasts, 277
Lianas, 38
Lagmn, 2684
Lagulate, 160
Ligule, 56, 129
Limb, 128, 155
+Linear leaves, 71
Lipped, 162
Lobes, 60
Loculicidal, 237
Loculus, each cavity n the
anther or the ovary, 139
Locusta, 110
Lomentaceous siliqua, 252
Lomentum, 251
Lunate, 73
FLyrate, 68
Lysigenous, 317

MACROPODOUS embryo, 265

Macrospores, 95

Maltose, 205

Marcescent a term applied
to a calyx or corolla which
persists in the flower in a
withered condition after
fertilisation, 155, 165

Marginal Elacentatxon 194

Masked, !

Median prolification 146

Medullary sheath, 361

— rays, 335

— — gecondary, 351

Megasporangium, 96, 186

Megaspore, 11, 95, 207

Mericarp, 246

Meﬂsmatlo tlssue 304

1

of a leat whxch become
continuous with the main

MANUAL OF BOTANY

latter 13 monostelic, 336,
378, 380

Meristem, 304

Mesocarp, 234

Mesophyll, the internal
g&‘euchyma of the leaf,

Mesopodium, 52, 56

Metabolism  the chemical
changes connected with
the hife of the protoplasm,
275

Metamorphoas, 145

Micelle 278

Micropylar arillus, 261

Micropyle, 207, 259

Mlcrmporungmm 96, 166

Microspores, 11, 9!

Middle lamella, 284

Mlsdsrlxb of 1eaf, structure of,

Mixed 1nflorescences, 123

— panicle, 125

Mouadelphous, 176

Monandrous, 175

Monihform root, 23

Monochlamydeous, 155

Monocotyledonous embryo,
264

— stem, mode of growth of,
362 «

Moncecious, 165

Monogynous, 186

Monopodial, 32, 104

Monopodium, 32

Monostele  a term applied
to the stele of the axis
when there is only onc
which 18 the direct cou-
tinuation of the plerome,
336

Monostelhc, 336

Monothalamic fruits, 266

Morphology, 1

Mucilage, 284

Mucronate, 70

Multifohate leaves, 78

Multiple corolla, 163 ¢

Muriform parenchyma, 307

NAPIFORM root, 21
Nectaries, 129, 145, 317
Nodes, 27, 51
Nucellus, 207

— naked, 208
Nuclear spindle, 298
Nuclein, 276
Nucleolus, 276
Nucleoplasm, 276
N ucleus, 274, 276
Nuculanium, 248
Nut, 244

OBCORDATE, 73
Obdiplostemony 133

stele of the stem when the

Oblique leaves, 71
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Oblong, 72 | Pectic acid, 284
Obovate, 72 : Pectin, 284
Obsolete, 163 ! Pectinate, 68
QObtuse, 70 | Pectoses, 278, 284
Obvolute, 88 | Pedate, 62, 69
Ochrea, 54 Pedatipartite, 62
Offset, 41 + Pedicel, 105

Ouls, 293 i Peduncle, 106
QOogomum, 222 | Pelona, 162
Qosphere, 14, 222 Peloric flower, 145
Qospore, 10, 12, 222 i Peltate, 62

Open bundles, 342

Pentagonal, 131
Operculate, 165, 181, 241

' Pentastichous, 81

Operculum, 241 Pepo, 247
Opposite leaves, 79, 84 Perennial, 21, 22, 38
Orentation the position of Perfohate, 63

the wood and bast of a Penanth, 97, 128
vascular bundle with rela- Periblem, 319
tion to the centre of the Pericarp, 233
stele in which 1t occurs, Perichatium, 226
340 Periclinal, 304
Origin of placenta, 196 Pericycle, 333
Orthostichies  the vertical | Periderm, 331
lmes that can be drawn ' Perigynous, 142, 175
down the stem, passing Peripherical embryo, 268
through the bases of ' Perisperm, 263
several leaves, 81 Permanent tissue, 304
Orthotropous, 210, 258 Persistent, 51, 155
Ovary, 8, 97, 129, 185, 191 Personate, 160
Ovate, 72 Petaloid, 128
Ovaule, 13,97, 207 Petals, 128, 155
— structure of, 388

PALALE, 160 . Petiole, 52, 56

Pales, 111 | — of Cycas, 381

— of receptacle, 103 | — structure of, 379

Pales, 111 Phalanx a term applied to a
Palisade tissue, 384 number of stamens con-
Palmate, 59, 62 nected together by their
Palmated, 22 , _ filaments, 136

Palmately veined, 65
Palmatifid, 62, 69
Palmatisected, 62
Panduriform, 69
Pdaicle, 111

Panicled corymb, 112

, Phelloderm, 331
Phellogen, 331
Phloém, 339
Phragmata, 190
Phyllanes, 101
Phylloclade, 42

Papilionaceous corolla, 157,| Phyllode, 57

206 Phyllopodium, 52
Papillee, 326 Phyllotaxis, 79
Papillose having  the | Physiology, 2

external cells projecting | Piliferous layer of root, 320,

slightly above the surface,| 370

388 Pinnee, 58
Pappose, 163 Pinate, 59
P~ppus, 138, 183 Pinnately vemed, 65
Parallel-veined, 64, 66 Pinnules, 76
— venation, 86 Pistil, 128, 189
Paraphyses, 226 Pastillate flower, 97, 137, 165
Parasites, 24 Pitchers, 89
Parenchyma, 806 Pith, 342
Parenchymatous, 6 Placenta, 129, 185, 194
Parietal placentation, 199 — ongn of, 196
Panpinnate, 59 Placentation, 194
Partial involucre, 101, 113 Plane of symmetry, 181
— umbel, 113 Plaatids, 274, 277
Partitions of leaf, 60 Plerome, 819
Pagsage cell thin-walled | Plicate, 86

cells ocourring in a thick- | Plumule, 16, 264

walled endodermis, 370 260
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Pollen grains, 18, 95
| — — size of, 188

Pollinodium, 222
Polyadelphous, 178
Polyarch root, 372
Polychasium, 31,119
Polycotyledonous embryo,

Polyembryony, 228

Polygamous, 165

Polymorphy, 9

Polypetalous, 156

Polypodial, 31

Polysepalous, 140, 150

Polystelic, 337

Polythalamic fruite, 256

Pome, 255

Potential gnmecophg'te, 216

Preefloration, 88, 20

Preemorse, 45, 70

Prickles, 325, 349

Primary axis, 104

— meristem, 304

— root, 18

— wood 344

Prinine, 208

Primordial utricle, 274

Prismatic leaves, 75

| Procambium, 336
Procarp, 226

i Procumbent, 37

| Prosenchyma, 309

| Prosenchymatous, 6

| Prostrate, 37

| Proteids, 292

i Prothallus, 10

| Protophloem, 346
Protoplasm, 8, 274

' Protoplasts, 272

i Protoxylem, 344

. Protruding stamens, 178
Pseud axis, 31

, Pseudo bulb, 36, 47
Pseudocarps, 232

. Pseudo parenchyma, 309

| Pulvinus, 53

l Putamen, 244
Pyramdal leaves, 76

! Pyxis, 262

]

! QUADRINATE, 77

1 Quaternary, 181

| Qumary, 181

i Quinate, 77

| Quincuncial sestivation, 206

RACENES, 108

Racemose, 32, 104, 107
Rachiz, 108

Ra&l:lly arranged bundles,

Radiant flowers, 158
Radical leaves, 78

DD
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Radical peduncle, 106

Raducle, 16, 266

Ramal, 79

Ramenta, 325

Raphe, 210

Raptyan arillus, 261

Raphides, 293

«Rengtions of cellulose, 284
L 286

- i o 285
- - g

= et
Receptacle, 106, 146
Reclinate ovale, 213
— vernation, 86
Rectiserial, 84
Reduplicate sestivation, 204
Regma, 247

Regular flower, 131
Rejuvenescence, 302
Remform, 73

Replum, 190, 239, 252
Reservc materials, 287
Resins, 293
Reticulated venation, 64
Retinacula, 182
Retroserrate, 67
Retuse, 70

Reversed raceme, 124
Revolute, 87
Rhipidium, 123
Rhizome, 44

Ribbed venation, 65
Ringed bark, 356
Ringent, 160

Root, 11

— branciung of, 374
— cap, 18

— hairs, 18, 325

— parasites, 25

— structure of 13
Roots of parasites, 24
Rootstock, 44
Rosaceous corvlla, 157
Rostellum, 183
Rotate, 158

Rotation, 276
Ruminated albumen, 264
Runcinate, 69
Runner, 40

SACCALF, 164, 162
Samittate, 73
Salver-shaped, 158
Samata, 246
Saprophytes, 26
Sapwood, 355
Sarcocarp, 233
Scale bark, 356
Scales, 28, 129, 325
Sca

Schizogenous, 317
Sohizostely, 837

| Schweizer s reagent, 284

| Sclerenchyma, 308

. Scorpioid cyme, 122

| — dichotomy, 32

| — sympodium, 33

i Scutellum, 265

| Secondary meristem, 331

— roots, 18

Secundine, 208

Seeds, 8, 11, 14, 257

Semi amplexcaul, 53

Sepaloid, 128

Sepal, 128, 149

— structure of, 388

Septicidal, 236

Septifragal, 237

Serrate, 67

Serrulate, 68

Sesaile, 56

Shoot 11

Shrubs, 38

Sieve plate, 313

— tassue, 31u, 313

— tabes, 6, 313, 353

Silicula, 252

Siliqua, 262

Simple leaves, 60

Simuated, 68

Size of cells, 295

Shding growth, 352

Solitary terminal flower, 116

Soredia, 93

Soros18, 265

Sorus, 96

| Spadix, 110

Spathaccous tracts, 10

' Spathe, 102

' Spathelle, 102

Spathulate, 72

Special mother cells, 300

Spermatia, 220

. Spharaphides, 204

Spike, 109

Spikelet, 110

Spines, 43, 68

Spinous leayves, 88

Spiral phyllotaxis, 114

— — 1n Anglosperms, 144

Spongy parenchyma, 384

Sporangium, 4, 13, 94, 95

Spores the asexunl repro-

ductive cells borne upon
the sporophy te, 9, 94

Sporogonium  the part of

I "the moss and the hver-
wort in waich the spores
are developed It is the
;goroph) te of the plant,

' Sporophore, 97
Sporophylls, 13, 96, 127, 165
Sporophyte the plant bod
which produces spores, 10,
1

9!
Sporophyte of Alge, 215
] Spar, ‘ioi

! Spurious dissepiments, 189,
| 280 ’
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Spurious fruits, 232, 242

Spurred calyx, 154

— corolla, 162

Squamee, 101

Stamens, 97, 128, 166

Stamir te flower, 97, 137,
65

1
Staminodes, 129, 139, 166
Standard, 158
Starch, 288
— ccllulose, 291
— grains, 288
Stele, 319, 336
Stem, 12
— gamostelic, 337
— monostelic, 336, 348
— polystelic, 337, 367
— ~chizosteli, 337, 364
— structure of, 318
Stereome, 328
Stigma, 129, 185, 202
Sting, 327
Stipe, 38
Stipels, b3
Stipitate ovary, 192
— pappus, 163
Stipules, 53
Stolon, 41
Stomata, 322
— hstribution of, 324
Stone iimt 244
Stone of fruit, 244
Stratified cell-wall, 281
Striated cell wall, 281
Stiobile 111
Strophioles, 261
Style, 129, 185, 199
Stylopodium, 149
Subtend  a leaf 13 smid to

subtend the branch which

arises 1 1ts axil, 122
| Subulate leaf, 71

Sucker, 41
Superficial placentation, 196

+ Superior calyx, 152, 192
— ovaly, 142 153, 192
Supervolute, 88
Sulps%rcssmn m the flower,

Supra axillany, 51
Suspensor, 228

Sutural, 236

Sutures, 169, 185

— of fruit, 234

Syconus, 256
Symmetrical, 131

| Symmetry of flower, 129
' Sympodial cyme, 121

| Sympodium, 31, 122

J Synangium, 207

| Syncarpous, 140, 186, 2
| Syngenesious, 176

1

1 TAP ROOL, 18

i Taxouom;, 2

l Tegmen, 260

| Tegmenta, 29, 54



Tela contexta, 308
Tendrils, 43
Terminal axis, 104
— inflorescence 117
Ternary, 130
Ternate, 77
Tertiary roots, 19
Testa, 259

Tett «Wdynamous, 179
Tetragonal, 131
Tetramerous, 130
Tetrarch root, 372
Thalamus, 106, 146
Thalloid shoots, 11, 12
Thallome, 4

Thallus, 4, 15

Thoin, 42

Thyloses, 311

Thy1sus, 125

Tigellum, 16, 264

Ti~~ue, eprdermal, 318, 319
— fibro vascular, 318, 336
— fundamental, 318, 327
— ground, 318, 327

— <ystems, 318

— tegumentary, 318
Tissues, 304

Torus, 146

— of bordered pit, 283
Trachee, 310

Tracheal thssue, 309
Tiacheids, 309, 310
Thransfusion tissue, 387
Thansye1se dehiscence, 240
Trees, 38

Triadelphous, 178
Triarch root, 372
Trichogyne, 225
Trichomes, 324

Trigonal, 130

Trimerous, 130
Tripmnate, 76

Tr+ tichous, 81

True anllus, 260

“»
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Tirumpet hyphe, 314
Truncate, 70

| Trunk, 38

i
|

Tryma, 249
Tuber, 46
Tubular, 152, 158
Tunicated bulb, 48
Twigs, 30
Twining stems, 37

| Twisted vernation, 87

|

‘
|
\

l Typical flower, 132

Umsi L, 112, 120
Umbellules, 113
Undershrub 38
Undulated, 68
Unguiculate, 155
Ungus, 155
Unijugate, 76
Umnilteral raceme, 126
Unlhning, 133
Urceolate, 1562, 158
Utnicle, 243
Utnicular vesselg, 316

Vacvorts, 274

Valvate, 87

— astivation, 204
Valves of fruit, 236
Valvular deluscence, 235

. Vascular bundles, 319, 336

— plants, 5

— tissue, 309
Venation, 63
Ventral suture, 185
Vernation, 86
Versatile anthers, 171
Verticillaster, 120
Vessel, 6, 309
Vessels, annular, 312
— dotted, 310

— pitted 310

|

895

Ves-tls, reticulated, 312
— scalariform, 312

— spiral, 311

— — dimensions of, 312
Vexillary sestivation, 205
Vexallum, 158

WaAsIE products, 287
Water gland, 387

| Wavy, 68

'

1
|
{

i
i

|
|
|
|
|
|
i

i
\
|

|

Wax m cell wall, 286, 320

Weeping atems, 39

Wheel shaped, 158

Whorl a number of leaves
arising on & stem at the
same node, 79,

| Whorled leaves, 79, 84

‘Wings of leguminous corolla,
158

Wood, 339

Xvyruv, 339
— centripetal, 372

ZOOC (FNOLY1E & reproduc®
tive body consisting of a
colony or aggregation of
naked cells or protoplasts,
furnished with a numbel
of uilia, two to each cell of
thecolony Itoccursonly
among the Siphonem, a
division of the Algse, 278

Zoogonidia, 271

Zoospore, 95, 271

Zygomorphe, 131

Zygospore, 219, 303

Zygote the cell which 13
produced by the fusion or
union of two sexual cells
or gametes, 10, 92, 214,
219 222 303
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