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PREFATORY NOTE

THE original®authors of this text-book as it appeared in 1894
were Professors Eduard Strasburger, Fritz Noll, Heinrich Schenck,
and A. F. W. Schimper. The death of Professor Strasburger
since the last English edition was published renders it inaccurate
to give his name as an author of the work. His position as the
original founder of the text-book requires to be recorded and is
therefore indicated by the name Strasburger’s Text-Book, which
has been in current use in this country. In the present edition
the division on Morphology is by Professor Fitting, that on
Physiology by Professor Jost, that on Thallophyta, Bryophyta,
and Pteridophyta by Professor Schenck, and that on Spermato-
phyta by Professor Karsten. Their names are therefore given as
the authors on the title-page.

The first edition of the English translation was the work of
Dr. H. C. Porter, Assistant Instructor of Botany, University of
Pennsylvania. The proofs of this edition were revised by Pro-
fessor Seward, M.A., F.R.S. The second English edition was
based upon Dr. Porter’s translation, which was revised with the
fifth German edition. The third English edition was revised
with the eighth German edition, and the fourth English edition
with the tenth German edition. The present edition has been
similarly revised throughout with the fourteenth German edition.
Such extensive changes, including the substitution of completely
new sections on Morphology, Physiology, and Spermatophy‘ta,
have, however, been made in the work since it was first translated

that it seems advisable to give in outline the history of the
.
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vi BOTANY

English translation instead of retaining Dr. Porter’s name on the
title-page.

The official plants mentioned under the Natural Orders are
those of the British Pharmacopoeia instead of those official in
Germany, Switzerland, and Austria, which are given in the
original.

WILLIAM H. LANG.

MANCHESTER, 1921.
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INTRODUCTION
ORGANISMS are customarily distinguished as animals and plants and
a corresponding division of Biology, which treats of living beings
generally, is made into the sciences of Zoology and Botany.

The green, attached, flowering, and fruiting organisms are dis-
tinguished as plants in contrast to animals, which are usually capable
of free movements and seek, capture, and devour their food. Easy as
it appears on a superficial acquaintance to draw the boundary between
the vegetable and animal kingdoms, it is really very difficult. In the
case of those very simply constructed organisms with little external or
internal differentiation, which are usually regarded as lowest in the
scale, all distinguishing characteristics may fail us. The following
important properties are in fact common to both animals and plants :

1. Plants and animals both consist of one or many microscopically
small cells, which increase in number by a process of division. They
have thus a FUNDAMENTALLY SIMILAR INTERNAL STRUCTURE.

2. Plants and animals are living beings and AGREE IN THEIR MOST
IMPORTANT VITAL PROCESSES. The processes of nutrition and of
reproduction, of growth and of development, are, broadly considered,
essentially similar in animals and plants. A plant also respires with
the production of heat, and exhibits powers of movement and
irritability of various kinds.

3. This profound agreement in the manifestations of life in plants
and animals becomes less surprising when it is realised that THE
LIFE OF BOTH IS ASSOCIATED WITH A VERY SIMILAR UNDERLYING
SUBSTANCE, THE PROTOPLASM OF THE CELLS.

These and many other facts indicate that plants are really related
among themselves and to the animals. This assumption of a GENETIC
RELATIONSHIP finds its expression in the THEORY OF DESCENT which
may be regarded as the fundamental biological theory. The idea of
a gradual evolution of higher organisms from lower was familiar to
the Greek philosophers, but a scientific basis was first given to this
hypothesis in the last century. It was especially through the work of
CHARLES DARWIN (1), who accumulated evidence for a reconsideration
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of the whole problem of organic evolution, that the belief in the
immutability of species was finally destroyed. From the study of the
fossil remains and impressions of animals and plants it has been
established that in earlier geological periods forms of life differing from
those of the present age existed on the earth. It is also generally
assumed that all living animals and plants have been derived by
gradual modification from previously existing forms. This leads to
the further conclusion that those organisms possessing closely similar
structure, which are united as species in a genus, are in reality related
to one another. It is also probable that the union of corresponding
genera into one family and of families into higher groups in a
“natural ” system serves to give expression to a real relationship
existing between them. The evolutionary developments, i.e. the
transformations which an organism has undergone in its past generations,
were termed its PHYLOGENY by ERNST HAECKEL (?). The develop-
ment or series of changes passed through by the individual in attaining
the adult condition he distinguished as the ONTOGENY. It is assumed
on the theory of descent that the more highly organised plants and
animals had their phylogenetic origin in forms which perhaps
resembled the simplest still existing. The phylogenetic development
proceeded from these, on the one hand in the direction of the higher
animals, and on the other in the direction of well-defined plants. On
this assumption, which is supported by the properties which animals
and plants have in common and by the impossibility of drawing a sharp
line between animal and plant in the lowest groups, all living beings
form one NATURAL KINGDOM.

The following may be mentioned as distinetly marked character-
istics of plants. The external development of the important surface of
the body, which serves to absorb the food in plants, contrasts with the
internal body surface to which the mouth gives entrance in the
animal. The investing walls of vegetable cells are already represented
in certain series of lower organisms which afford the probable starting-
point for the phylogenetic development of plants. Lastly, the green
chromatophores of plant-cells are characteristic. By means of the
green colouring matter, plants have the power of producing their own
nutritive substances from certain constituents of the air and water,
and from the salts contained in the soil, and are thus able to exist
independently ; while animals are dependent, directly or indirectly,
for their nourishment, and so for their very existence, on plants.
Almost all the other differences which distinguish plants from animals
may be traced to the manner in which they obtain their food.
Another characteristic of plants is the unlimited duration of their
ontogenetic development, which is continuous at the growing points
during their whole life. That none of these criteria are alone
sufficient for distinguishing plants from animals is evident from the
fact that all the Fungi are devoid of green pigment, and, like animals,
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are dependent on substances produced by green plants for their
nourishment. On the borderland of the two kingdoms, where all
other distinctions are wanting, phylogenetic resemblances, according
as they may indicate a probable relationship with plants or animals,
serve as a guide in determining the position of an organism.

While it is thus impossible to give any strict definition of a
“plant” which will sharply separate plants from animals, a distinction
between organisms and non-living bodies is more easy. We know no
living being in which protoplasm is wanting, while active protoplasm
is not to be demonstrated in any lifeless body. Since in the sphere
of organic chemistry sugars have been synthesised by EmiL FiscHER
and the way towards the synthesis of proteids opened up, there is
increased justificstion for the assumption that the protoplasm forming
the starting-point of organic development had an inorganic origin.
In ancient times such a “spontaneous generation” was regarded as a
possibility even for highly organised animals and plants. It wasa
widely-spread opinion, shared in by ARISTOTLE himself, that such
living beings could originate from mud and sand. It is now known
from repeated experiments that even the most minute and simplest
organisms with which we are acquainted do not arise in this way but
only proceed from their like. Living substance may, however, have
arisen from non-living at some stage in the development of the
earth or of another planet when the special conditions required for its
formation occurred. In order that the organic world should have
proceeded from this first living substance, the latter must from the
beginning have been able to maintain itself, to grow, and to trans-
form matter taken up from without into its own substance. It must
also have been capable of reproduction, i.e. of multiplying by
separation into a number of parts, and further of acquiring new and
inheritable properties. In short, this original living substance must
have already possessed all the characteristics of life.

Botany may be divided into a number of parts. MORPHOLOGY is
concerned with the recognition and understanding of the external
form and internal structure of plants and of their ontogenetic
development. PHYSIOLOGY investigates the vital phenomena of plants.
Both morphology and physiology take into consideration the relation
of plants to the environment and the external conditions, and endeavour
to ascertain whether and how far the structure and the special
physiology of each plant can be regarded as adaptations to the
peculiarities of its environment. These parts of “morphology and
physiology are often separated from the rest under the name EcoLogy.
SYSTEMATIC BOTANY deals with the description of the kinds of plants
and with the classification of the vegetable kingdom. The GEOGRAPHY
OF PLANTS has as its objects to determine the distribution of plants
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on the surface of the earth and to elucidate the causes of this.
Extinct plants and the succession of plants in time form the subject
matter of PALAEOPHYTOLOGY, which is thus the historical study of the
changes which have taken place in the vegetation of the earth. All
these are subdivisions of PURE or THEORETICAL botany.

Botany does not, however, pursue theoretical aims only ; it is also
concerned with rendering the knowledge so obtained useful to
mankind. For instance, accurate information is obtained regarding
plants of economic value and how to better employ these, and
adulterations of substances of vegetable origin are detected. There
have thus to be added to the divisions of pure botany the numerous
branches of APPLIED BOTANY, e.g. the study of medicinal plants and
drugs, of vegetable food-substances, of technically valuable plants and
their products, agricultural botany, and that part of plant pathology
which is concerned with the prevention and treatment of diseases of
plants. ; -

In this work, which is primarily concerned with pure botany, a
division is made into a general and a.special part. The object of
GENERAL BOTANY is, by well-devised experiments and by comparison,
to ascertain the most distinctive properties of plants in general or of
the main groups. General botany is further divided into the two
sections treating of morphology and physiology.

The object of SPECIAL BOTANY is to describe the structural
features, the methods of reproduction, and the modes of life of the
various groups of plants. It attempts also to express the more or less
close relationships which exist between plants by arranging them in
as “natural” a system as possible. In this special part a few main
facts as to some branches of applied botany, especially regarding
pharmaceutical plants, are inserted. The results of palaeophytological
study are placed in relation to the description of the particular groups
of existing plants. Lastly, the geography of plants is touched on,
though no connected account of it is attempted.
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3Ty DIVISION I

MORPHOLOGY

MorpPHOLOGY is the study of the external form and the internal
structure of plants and the ontogenetic development of the plant body
as a whole and of its members. In seeking to establish the signifi-
cance and the phylogenetic origin of the parts of plants and the causes
of ‘the formative processes, it aims at a scientific understanding of the
forms of plants.

1. The outer and inner construction of a living being can only be
understood when it is clearly realised that the animal or plant is a
living ORGANISM, i.e. a structure the main parts of which are not
meaningless appendages or members, but necessary ORGANS by the
harmonious co-operation of which the life of the whole is carried on.
Almost all the external parts of plants, and of animals also, are such
organs performing definite functions. They can, however, only play
their parts in the service of the whole organism when they are
appropriately constructed, or, in other words, when their structure
corresponds with or is adapted to their functions. Since the
various parts of the higher plants have diverse functions, it is easy to
see why the plant is composed of members very unlike in form and
structure.

In order to fully understand the construction of an organism it is
further necessary to know the conditions under which it lives and to
be acquainted with its environment. Every plant, or animal, has
structural peculiarities which enable it to live only under certain
conditions of life which are not provided everywhere on the earth’s
surface. The conditions of life, for example, are very different in
water from those in a desert, and water plants and desert plants are
very differently constructed. They can only succeed under their
usual conditions or such as are similar, and the desert plants would
not grow in water or the water plants under desert conditions. The

7
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life of an organism is thus only possible when its construction is in
agreement with its environment, and it is ADAPTED TO THE CONDITIONS
OF LIFE.

More penetrating morphological investigation soon shows that,
while almost every member of the plant body has its functions,
every peculiarity in construction cannot be regarded as adapted
to these functions or to the environment. This can only be said
of some of the characters of any part of the plant; for example, the
abundance of the green pigment and the expanded form of foliage
leaves stand in relation to the main functions of the leaf. Such
characters are spoken of as useful to the organism. Many other
characters are indifferent, such as, for example, the nature of the
margin of leaves, described as entire, serrate, crenate, etc. Others
may even be unfavourable so long as they are compatible with life,
e.g. the absence of the green pigment from large portions of the leaf
in many cultivated forms of Sycamore. Many adaptations appear to
be less perfect than they could be. A character may be useful in one
species while it is indifferent or even harmful in another. Such facts
show clearly what care is requisite in judging of the significance of
organic forms and structures; it is no easy matter to prove such
assumptions by investigation (%).

2. There is a second direction in which morphology endeavours
to attain a scientific understanding of the forms of plants. All
existing plants are regarded as genetically related, the most highly
organised with their diverse organs having gradually arisen phylo-
genetically from simple, unsegmented, unicellular forms. The
organism and its parts have thus undergone manifold transformations in
which, for example, particular organs by change of their structure
took over new functions or became adapted to new conditions of life.
It is thus a very important object of morphology to derive phylogenetic-
ally one form from another. Since the genetic development cannot
be directly traced but has to be inferred, morphology is dependent on
indirect methods in this problem. The most important indications
are obtained by the study of the ontogeny of organisms and by the
comparison of existing plants with one another and with those that
lived in preceding ages. Within certain limits the ontogeny often
repeats the phylogeny and thus contributes to the discovery of the
latter. Comparative study connects divergent forms by means of
intermediates. Since, however, the ontogeny never repeats the
phylogeny completely or without alterations, and the connecting forms
are often wanting, the results of morphology in this direction are
correspondingly imperfect.

When the conviction has been reached after full investigation
that diversely formed members of the plant body had a common
phylogenetic origin, the hypothetical form from which we derive
them is termed the PRIMITIVE FORM, and the changes undergone by it
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in the course of descent its METAMORPHOSES. One of the most
important results of morphology is the demonstration THAT THE
VARIOUSLY FORMED PARTS OF EVEN THE MOST HIGHLY DIFFERENTIATED
PLANTS ARE TO BE TRACED BACK TO A FEW PRIMITIVE FORMS. Those
organs which have developed phylogenetically from a common primitive
form are spoken of as HOMOLOGOUS, however different they may appear.
The same morphological value is ascribed to them. For example,
foliage leaves and the leaves of the flower (sepals, petals, stamens, and
carpels) are homologous, and this extends to the leaf-tendrils (Fig. 209)
and the leaf-thorns (Fig. 197). Organs of completely different
structure and functions can thus be homologous. On the other hand,
organs with similar construction and functions (e.g. tubers (Figs. 203,
205, 206), thorps (Figs. 197-199), tendrils (Figs. 208-210)) have
often been genetically derived from different primitive forms. Such
organs are spoken of as ANALOGOUS (for examples cf. p. 165 ff.).

Little differentiated structures with ill-defined functions, which we
have reason to believe will in the future become transformed into
more complete organs with well-marked functions, are termed RUDI-
MENTARY organs. Incomplete structures which have retrograded
from more perfect ones are REDUCED organs.

3. Lastly, it is an aim of morphology to ascertain the causes or
conditions which underlie the processes of external and internal
differentiation of the plant and its parts, and of their inherited
(phylogenetic) transformations. In this way it may be possible to
ascertain clearly how in the course of descent adaptive characters
have arisen. The study which concerns itself with such questions is
EXPERIMENTAL MORPHOLOGY. Most of the problems of this are more
conveniently dealt with as a section of physiology in relation to the
other vital processes of the plant (developmental physiology or
mechanics of development).

Morphology may be divided into external morphology and internal
morphology or anatomy. Such a division would not, however, be
suitable here, when it is desirable to regard the parts of the plant
as organs with definite functions. For this it is necessary to show
the intimate connection that frequently exists between the function
of an organ and hoth its form and internal structure. From the
outset we must be concerned with the plant as a living organism and
not as a dead structure. The first question to be faced is with what
life is most intimately connected, and this proves to be with a part
only of the whole substance of the plant, namely, with the protoplasm.
The protoplasm is, as a rule, enclosed in the cells which can be regarded
as the elementary parts of the organism. The part of morphology
which is concerned with the structure of cells is termed CYTOLOGY
and will be dealt with first. The tissues formed by associated cells
will then form the subject of a second part of morphology to which
the name HISTOLOGY is given. Lastly, ORGANOGRAPHY deals with
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the external members of the plant as its organs, taking into considera-
tion both their external form and internal structure.

SECTION I

CYTOLOGY

THE CELLS AS THE BASIS OF LIFE

I. FORM AND SIZE OF CELLS

As already mentioned, both plants and animals are constructed of
elementary parts known as cells. In the case of plants these are
microscopically small chambers, the walls of which are formed of a
firm membrane. In this respect they differ from animal cells. In
the simplest cases the cells are spherical, but more commonly they
have the form of small cubes, polyhedra, or prisms, which are
associated in large numbers in the multicellular organs of plants.
Elongated cells forming fibres or tubes are also of frequent occurrence.
These chambers, each of which consists of the
cell wall or cell membrane enclosing the cavity
or lumen of the cell, are as a rule so small as to
be visible only when highly magnified. Their
mean diameter is frequently between the hun-
dredth and tenth of a millimetre. Owing to
this it was long before the existence of cells
was recognised. Occasionally cells attain a much
greater size. Some sclerenchyma fibres adapted

to special functions are 20 cm., while laticiferous
e e i Ty b some metres in length. .
bottle-cork, which he de- The most important part of the cell is the
seribed as “Schematism protoplast or cell body occupying the cavity en-
;‘rigfe:;m of cork” O Closed by the cell wall, since this is the living
portion of the cell. On this account it is now
natural to think rather of the living protoplast than of its enclosing
chamber as the cell ; a cell wall is completely wanting in the case of
many “naked cells.” In dead cells, it is true, the protoplasts have
almost or completely disappeared, and such cells are only empty cell
cavities. With the death of their protoplasts these cells need not
lose their use to the plant. They are indeed essential in the construc-
tion of the more highly organised plants in which dead cells form the
water-conducting tracts and contribute to mechanical rigidity.

It was due to the investigation of the cell walls that cells were recognised first
in plants. An English micrographer, RoBerT HookE, was the first to notice
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vegetable cells. He gave them this name in his Microgrophia in the year 1667,
because of their resemblance to the cells of a honeycomb, and published an illus-
tration of a piece of bottle-cork having the appearance shown in the adjoining
figure (Fig. 1). The Italian, MArcELLO MaLriGHI, and the Englishman, NERE-
MIAH GREW, whose works appeared almost simultaneously in 1671, a few years
after Hook®’s Micrographia, were the true founders of vegetable histology. The
living contents of the cell, the protoplast, was not recognised in its full significance
until the middle of last century. Only then was attention turned more earnestly
to the study of eytology, which, based on the works of ScHLEIDEN, HUugo v. MoHL,
Niceri, FErpINAND ConXN, and MAX ScHULTZE, was especially advanced by
STRASBURGER.

II. THE LIVING CELL CONTENTS. THE PROTOPLAST (*)
&. Tile Constituent Parts of the Cell

If a thin longitudinal section of the growing point of the stem of
one of the higher plants is examined under the high power of the
microscope it is seen to consist of nearly rectangular cells (Fig. 2),
which are full of protoplasm and separated from one another by
delicate walls. If sections in various directions through the apex
are compared, the conclusion is reached that
the cells have the shape of small cubes or
prisms.

In each of the cells a spherical or oval
body, which fills a large part of the cell
cavity, is distinguishable. This body (%)
is the NUCLEUS of the cell. The finely
granular substance (pl) filling in tht space
between the nucleus (£) and the cell wall
(m) is the cell plasm, or CYTOPLASM. Inthe . o oo i oon from the
cytoplasm there are to be found around the  root-tipofthe Oat. k,Nucleus;
nucleus a number of colourless and highly k}v,l{“cllearge{“bm_‘le’f";l’:‘;c“’:
refractive bodies : these are the PLASTIDS or  y 35F> VPP R0 0m € (0
CHROMATOPHORES (ch). 'THE NUCLEUS,  what diagrammatic. x about
CYTOPLASM, AND CHROMATOPHORES ARE  1500. After LEWITZEY.)

THE LIVING CONSTITUENTS OF THE CELL.

They form together the protoplasm of the living cell body or PROTO-
PLAST. The nucleus and the chromatophores, which are always
embedded in the cytoplasm, may be regarded as organs of the
protoplast since they perform special functions. It is true that the
particular functions of the nucleus are unknown, but it is certain that
the interaction of nucleus and cytoplasm is necessary to maintain the
life of the cell. In the lowest plants (Cyanophyceae and Bacteria)
such a division of labour in the protoplasm is not certainly proved, the
existence of the nucleus being still a matter of dispute (5). Chromato-
phores are wanting in the Bacteria and Fungi as in all animal cells.
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In many animal cells an additional constituent of the protoplast has been
demonstrated as a small body which is called a CENTRIOLE, in the immediate

Fic. 8.—Two cells taken at

different distances from the
growing point of a phanero-
gamic shoot. %, Nucleus; cy,
cytoplasm ; v, vacuoles, re-
presented in B by the sap
cavity. (Somewhat diagram-
matic. X ecirca 500. After
STRASBURGER.)

neighbourhood of the nucleus. Similar bodies are
found in the vegetable kingdom in the cells of some
Cryptogams, but are not of general occurrence even
in them (Fig. 21 4).

It is only the embryonic cells of the plant,
as they are met with in the apices of stem and
root, which are thus completely filled with
protoplasm. This does not hold for the fully
developed cells of the plant which arise from
these by growth in size and alterations of
shape. During this transformation to cells
of the permanent tissues the embryonic cells
of plants, unlike those of animals, become
poorer in protoplasm, since this does not in-
crease in proportion to the growth of the cell.
In every longitudinal section of the growing
poiut of the stem it can be scen that at some
distance from the tip the enlarged cells have
already begun to show cavities or VACUOLES
(v in 4, Fig. 3) in their cytoplasm. These
are filled with a watery fluid, the CELL SAP.
The cells continue to increase in size, and
usually soon attain a condition in which the
whole central portion is filled by a single
large sap.cavity (vin B, Fig. 3). The cytoplasm
then forms only a thin layer lining the cell
wall, while the nucleus occupies a parietal posi-
tion in the peripheral cytoplasmic layer (Fig.
3 B, k). At other times, however, the sap
cavity of a fully-developed cell may be
traversed by bands and threads of cytoplasm ;
and in that case the nucleus is suspended
in the centre of the cell (Figs. 5, 10). But
whatever position the nucleus may occupy, it
is always embedded in cytoplasm ; and there
is always a continuous peripheral layer of
cytoplasm lining the ecell wall. This cyto-
plasmic peripheral layer is in contact with
the cell wall at all points, and, so long as
the cell remains living, it continues in that
condition. In old cells, however, it frequently

becomes so thin as to escape direct observation (Fig. 10), and is
not perceptible until some reagent which attracts water and causes it
to recede from the wall has been employed.
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B. Main Vital Phenomena of Protoplasts

In order to facilitate an insight into the real character of proto-
plasm, attention will first be directed to the SLiMmeE Funxer (Myxo-
mycetes), a group of organisms which stand on the border between the
animal and vegetable kingdoms. The Myxomycetes are characterised
at one stage of their development by the formation of a PLASMODIUM,
a large, naked mass of protoplasm (Fig. 4). The cytoplasm consists of
a clear ground substance, through which granules are distributed.
This substance is of the consistence of a tenacious fluid; its superficial
region is denser and free from granules, while these are numerous in
the less dense gentral portion. The granules enable the internal
streaming movements of the cytoplasm to be recognised. The
currents are corstantly changing
their direction, moving either
towards or away from the margin.
The formation and withdrawal of
processes of the margin stand in
relation to the direction of the
currents. When naked masses of
protoplasm such as these plas-
modia encounter foreign bodies,
they can enclose them in vacuoles,
and, when of use as food, digest
them. :

Even though bounded by a
cell wall the cytoplasm frequently R A TR T
exhibits movements comparable to ", 0O - ot g v s
those of the naked amoebae and  surcer)
plasmodia of Myxomycetes. These
movements are usually found in somewhat old cells. The stimulus
caused by wounding the tissues in making the preparation frequently
increases the activity of the movement (®); apparently it quickens
the transport of nutrient material toward the wound. Such move-
ments show that here also the protoplasm is of the nature of a
tenacious fluid. When freed from the cell wall it assumes the form of
a spherical drop. The cytoplasm, enclosed by a cell wall, may either
exhibit isolated streaming movements, the direction of which may
undergo reversals, or a single stream, the direction of which is
constant. These two forms of movement are distinguished as CIR-
CULATION and ROTATION respectively. In rotation, which is found
in cells with the cytoplasm reduced to a layer lining the wall, the
single continuous current follows the cell wall. In circulation, on
the other hand, the movement is found both in the layer lining the
cell wall and in the strands traversing the vacuole. In no case does
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the boundary layer of the protoplasm take part in the movement.
Circulation is common in cells of land-plants, while rotation is more
usual in water-plants.

When the protoplasm is in rotation, the cell nucleus and chromatophores are
usually carried along by the current, but the chromatophores may remain in the
boundary layer, and thus not undergd movement. This
is the case with the Stoneworts (Characeae), whose long
internodal cells, especially in the genus Nitella, afford
good examples of well-marked rotation. A particularly
favourable object for the study of protoplasm in circu-
lation is afforded by the staminal hairs of ZTradescantio
virginica. In each cell (Fig. 5) currents of protoplasm
flow in different directions in the peripheral cytoplasmic
layer, as well as in the cytoplasmic threads, which traverse
the sap cavity. These cytoplasmic threads gradually change
their form and structure, and may thus alter the position of
the cell nucleus.

Movements in limited regions of protoplasts are seen
in many of the lower Algae, especially in their swarm-spores.
Near the anterior end of the swarm-spore the protoplasm
may contain one or several minute pulsating vacuoles which
appear and disappear rhythmically at short intervals, They
empty suddenly, then reappear and slowly increase to their
full size (Fig. 333, 1 »). The protoplast of the swarm-spore
also possesses one or a number of threadlike contractile pro-
cesses (cilia, flagella) which vibrate rapidly and serve as the
motile organs of the cell.

Fig. 5.—Cell from a
staminal haixjof T Only within a narrow range of temperature
descantia  virginica, . . . c 3
shawing, Gho apiions - 15 -1 protoplast a.ctl.vely alive, though life is
suspended by proto- preserved through a slightly more extended range.
plasmic strands. (X Tt dies and coagulates, as a rule, at temperatures
240. After StTRas- Tl b 50° C Aleohol d 3
D) slightly a ove C. cohol, :.amds of suitable

concentration, solution of mercuric chloride, ete.,
rapidly coagulate the protoplasm, and such substances are largely

employed as fixing reagents in microscopical technique ).

C. Chemical Properties of the Protoplast (%)

Active protoplasm generally gives an alkaline, under certain con-
ditions a neutral reaction, but never an acid one. ' It is not a simple
substance chemically, but consists of a mixture of a large number of
chemical compounds. Some of these undergo continual changes, upon
which undoubtedly many important manifestations of the life of the
protoplast depend. The most important components of the mixture
are the proteids. The protoplasm thus shows the reactions of proteids,
and when incinerated gives off fumes of ammonia. A whole series of
proteids occur in the living protoplasm. In the nuclei proteids contain-
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ing phosphorus (nucleo-proteids) predominate ; these are not dissolved
by pepsin, and only with difficulty by trypsin. Products of the dis-
sociation of proteids, especially amides, are also contained in the
protoplasm.  Other components are enzymes, carbohydrates, and
lipoids, such as fats and lecithin, in the condition of a fine emulsion ;
phytosterin (aromatic alcohols with the formula C,H,OH), and
sometimes alkaloids and glucosides. The ash left after incineration
shows that mineral substances are not wholly wanting in the
protoplasm.

By the action of a dilute solution of potash, of chloral hydrate, or of eau de
javelle, all parts of the protoplast are dissolved. Iedine stains it a brownish-yellow
colour ; acid nitrate of mercury (Millon’s reagent), rose-red. Such reagents kill
the protoplasm, aftgr which their characteristic reactions are manifested. These
reactions are given by proteid substances, but are not altogether confined to them.

D. Structure of the Parts of the Protoplast

Great assistance in the investigation of the structure of the proto-
plast is afforded by the processes of fixing and staining. Certain
fixing agents harden and fix the protoplasm almost unaltered, but
it is necessary to be on guard against the appearance of a structure
in the process of coagulation (°).

The importance of staining depends upon the fact that the various constituents
of the protoplast absorb dyes with different intensity and hold them more or less
firmly when the preparation is washed. As a general rule only dead protoplasm
is readily stained. For staining fixed vegetable protoplasts, solutions of carmine,
haematoxylin, safranin, acid fuchsin, gentian violet, orange, methylene blue, etc.,
are employed.

1. The Cytoplasm.—This when highly magnified is seen to con-
sist of a clear, hyaline, more or less tenacious fluid (HYALOPLASM) in
which more or less numerous minute drops or granules (MICROSOMES)
are embedded. The latter evidently are various products of the
metabolism, and characterise the granular protoplasm or POLIOPLASM.
The hyaloplasm itself is, however, not a simple solution. When
investigated with the help of the ultra-microscope, an instrument
which reveals granules and droplets too minute to be seen with the
highest powers of the ordinary microscope, it is found to contain
countless numbers of ultra-microscopic particles (*°). This is a general
characteristic of those solutions which the physical chemist recognises
as COLLOIDAL SOLUTIONS or SOLS. The demonstration that protoplasm
is a colloidal golution, and, in fact, an emulsion, is of fundamental
importance. By its help many vital manifestations become susceptible
of a physico-chemical explanation.

An extremely thin boundary layer free from granules is found at
the periphery of the protoplast, and a similar layer bounds every
vacuole present in the cytoplasm. The peripheral boundary layer and
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the vacuole walls can be formed anew, but are nevertheless very
important parts of the protoplast, since they determine the taking up
of substances. They are semipermeable membranes, i.c. they allow
water to pass, but are impermeable or only slightly permeable to
many other substances.

Living protoplasm has frequently a foam-like structure. In
dividing protoplasts fine filaments may appear which cease to be
evident in the resting condition of the cell. It is not known whether
the cytoplasm has a still finer internal structure which is not visible.
When fixed and stained, a reticulate or honeycomb-like structure
with embedded granules is formed as in other coagulated colloidal
solutions.

In addition to the structures alluded to above, there have recently been
demonstrated in the cytoplasm of both embryonic and permanent cells certain
filamentous, spindle-shaped or dumb-bell-shaped structures.
These are best seen after special fixation and staining, and
agree so closely with the cHONDRIOSOMES (mitochondria) of
embryonic animal cells that they have been given the same
name (*'). Probably they include bodies of various nature
such as minute vacuoles, filamentous structures in the cyto-
plasm, young chromatophores, etc. They have been observed
in some Mosses in the embryonic cells beside the chromato-
phores, and also in the Fungi.

2. The Nuecleus (*?) has as a rule a spherical,
oval, or lenticular form, but in long cells may be
correspondingly elongated. In embryonic cells its
diameter may amount to two-thirds of the total
diameter of the protoplast. In full-grown cells of
the permanent tissue, on the other hand, the
nucleus is much less conspicuous, since it has not
increased in size. Large nuclei are found in most
Conifers, in some Monocotyledons, and in the
Ranunculaceae and Loranthaceae among the Di-

& cotyledons. Secretory cells are as a rule provided
Fio, 6.—Coll of the fun. WitD especially large nuclei. On the other hand,
gus, Hypholoma, fusei- the nuclei of the majority of IFungi (Fig. 6) and of
culare,containing five many Siphoneae are very small.
Towten (% 900 After Vhile the cells of the Cormophytes are almost
always uninucleate, in the Thallophytes, on the
contrary, multinucleate cells are by no means infrequent. In many
Fungi (Fig. 6), and in the Siphoneae among the Algae, they are
the rule. The whole plant is then composed either of but one single
multinucleate cell, which may be extensively branched and exhibit
a complicated external form (Fig. 346), or it may consist of a large
number of multinucleate cells, forming together one organism. Thus,
on suitable treatment, several nuclei may be detected in the peripheral
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cytoplasm of each of the cells of the common filamentous fresh-water
Alga Cladophora glomerata (Fig. 7).

The living nucleus has a finely dotted appearance. It usually
contains one or several larger, round, highly refractive granules or
droplets, the use of which is unknown but which are called NUCLEOLI
(Fig. 2 n). The nucleus, the consistence of
which appears to be that of a tenacious fluid,
is surrounded by a NUCLEAR MEMBRANE
(Fig. 2 kw) by which the surrounding eyto-
plasm is separated from the NUCLEAR CAVITY.

Some insight into the finer structure of
the nucleus is obtained from properly fixed
and stained preparations. In these a deeply
staining reticulum of CHROMATIN, which
appears to consist mainly of proteids con-
taining phosphorus, is evident. The nucleoli
are situated in the meshes of the network
within the nuclear cavity which is filled with
the NUCLEAR SAP. The nucleoli stain deeply
but differently from the chromatin.

In many nuclei the reticulum appears to be formed
of a substance called LININ that stains feebly, and
the chromatin to be embedded in this as minute
granules. In some Algae and Fungi the nucleoli
contain a proportion of the chromatin. They are
thus not strictly equivalent to the nucleoli of the
higher plants, as is further shown by their behaviour
in the process of nuclear division (13).

It is still unknown what part the nucleus
takes in the vital phenomena of the proto-
plast. It is, however, clear that it is neces-
_ sary for the maintenance of life in nucleated
cells. It also appears to be of great import-
ance as the main bearer of the hereditary rie. 7.—A cell of Cladophora
characters. glomerata, fixed with 1 per cent

8. The Chromatophores (4). —In the Gooc ) ’;fcls;m‘zi o
embryonic cells of the embryo and of growing  After Strassurcer.)
points, where the chromatophores (Fig. 2 ch)
are principally located around the nucleus, they first appear as small,
colourless, highly refractive bodies of circular, spindle-shaped or fila-
mentous form. In older cells they attain a further development, as
CHLOROPLASTS, LEUCOPLASTS, or CHROMOPLASTS. Since these bodies
have the same origin they are all termed CHROMATOPHORES.

(a) Chloroplasts.—In parts of plants which are exposed to the light
the chromatophores usually develop into chlorophyll bodies or chloro-
plasts. These are generally green granules of a somewhat flattened

c
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ellipsoidal shape (Fig. 8), and are scattered, in numbers, in the
parietal cytoplasm of the cells. All the chloroplasts in the Cormo-
phytes, and for the most part also in the green Thallophytes, have
this form. In thelower Algae, however, the chlorophyll bodies may
assume a band-like (Fig. 328 (), stellate, or tabular shape. They are
often reticulately perforated, e.g. Cladophora (Fig. 9). In these cases
the chloroplast often includes one or more PYRENOIDS (Fig. 9 py);
these are spherical protoplasmic bodies containing an albuminous
crystalloid, and are surrounded by small grains of starch. No further
structure can be distinguished
in the living chlorophyll grains,
which have a uniformly green
colour. The green pigment,

&7
I8

Fia. 8.—Two cells from a
leaf of Funaria hygro-

metrica. cl, Chloroplasts; Fie. 9.—Reticulate chloroplast of Cladophora
n, nucleus. (x 300. arcta. py, Pyrenoids; %, nuclei. (After
After SCHENCK.) SCHMITZ.)

chlorophyll, is essential for the decomposition of carbon dioxide in the
chloroplasts.

The most recent investigations (1%), especially those of WILLSTATTER and his
pupils, have shown that four pigments are present in the chloroplasts. There are
two closely related green pigments (chlorophyll ¢ and b) in the proportions of 3 to
1, and two yellow pigments. The chlorophylls are esters of phytol, an alechol of
the formula C,H,;OH, and a tri-carbon acid. They are thus compounds with
large molecules containing carbon, oxygen, and hydrogen into the construction of
which nitrogen and magnesium enter, but not, as was previously assumed, either
phosphorus or iron. The blue-green CHLOROPHYLL ¢ has the formula C,;H,,0;N Mg,
while that of the yellow-green oHLOROPHYLL b is CyHyOgN,Mg. The yellow
pigments are the orange-red crystalline cAroTIN, hydrocarbons of the composition
CyHsg one of which also occurs in the root of the carrot and the yellow crystalline
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XANTHOPHYLL (oxide of carotin, CyH;c0;). Only the chlorophylls are concerned
in the assimilation of carbon dioxide.

All four pigments can be extracted from the fresh or dried chloroplasts by
various solvents, e.g. by acetone or 80-90 7 alcohol. . A deep-coloured solution
containing all the pigments can be most readily obtained by pouring boiling alecohol
on fresh leaves. Owing to the contained chlorophyll such a solution is deep green
by transmitted light, but blood-red, owing to FLUORESCENCE, by reflected light.
Its spectrum (Fig. 248) is characterised by four absorption bands in the less refractive
portion and three in the more refractive half. The individual pigments can be
separated by shaking the selution with various solvents. Thus benzol extracts
the chlorophyll and accumulates as a green solution above the alcoholic solution
which is now yellow. The amount of chlorophyll present in green parts of plants
is relatively small, amounting, according to WILLSTATTER, to 0°5-1°0 ¥ of the dry
substance. "

The variegated forms of some cultivated plants have larger or smaller areas of
the leaf of a white or golden colour. The cells here contain colourless or yellow
chromatophores instead of the green chloroplasts.

Many Algae are not green but exhibit other colours. In the blue-green, -
verdigris-green, blue, or less commonly violet-coloured Cyanophyceae, and in the red,
violet, or reddish-brown chloroplasts of the Rhodophyceae, there are, in addition to
the four pigments of the green chloroplasts, a blue pigment called PHYCOCYAN, and
a red pigment, PHYCOERYTHRIN. These may occur singly or together, and both
: are readily dissolved from the dead cells by water containing a little alkali or
neutral salt and yield a beautifully fluorescent solution. The phycocyan may often
be found as a blue border surrounding one of the Cyanophyceae dried upon paper.
Both pigments appear to be of proteid nature. Little is known as to their
significance (%). In the Brown Algae the colour of the brown or yellow chloroplasts
is due to their containing, in addition to chlorophyll @ and a little chlorophyll &,
carotin and xanthophyll, the reddish-brown rvcoxaNTHIN (Cy H;0), which is
allied to the last-named pigment (*7).

The colourings (*®) which the leaves of trees assume in autumn before they fall
are connected with a breaking down of the chloroplasts and their pigments. There
remain in the protoplasts, in addition to a watery and often reddish-coloured fluid,
only some oil-drops, crystals, and yellow highly refractive spheres. The case is
different in those Coniferae whose leaves turn brown in winter and again become
green in the spring ; the changes undergone by the pigments in the chloroplasts
are here reversible. The assumption of a brown colour by dying foliage-leaves is a
post mortem phenomenon in which brown pigments soluble in water are produced.

In some phanerogamic parasites the chloroplasts are replaced by
colourless, brownish, or reddish chromatophores, which may, however,
in some of these plants still contain a trace of chlorophyll. In the
Fungi chromatophores are completely wanting, as has already been
mentioned.

(b) Leueoplasts.—In the interior of plants, where light cannot
penetrate, leucoplasts are developed from the rudiments of the
chromatophores instead of chloroplasts. They are usually of minute
size (Figs. 5, 10 /), mostly spherical in shape, but often somewhat
elongated in consequence of enclosed albuminous crystals (Fig. 28 kr).
If the leucoplasts become exposed to the light, they may change into
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chloroplasts. This frequently occurs, for example, in the superficial
portions of potato tubers. The leucoplasts have, in many cells at
least, the special function of transforming sugar into grains of starch,
which appear within them.
G ot ke (¢) Chromoplasts. — These give the
i yellow and red colour to many parts of
L 2 plants, especially to flowers and fruits.
They arise from the colourless chromato-
phores of embryonic cells or.from previously
formed chloroplasts. They may resemble
the chloroplasts in shape but are often
smaller, while their colour is yellow or
orange-red. This depends either on xantho-
phyll or carotin. The pigments are not
uniformly dissolved in the chromoplast
but form minute droplets (grana) in the
Fue. 10.-Cell from the cpidermis of plasmatic substance (the stroma) (). The
its nucleolus (&), and surrounded Pigments, especially the carotin, readily
by the leucoplasts (). Proto- crystallise out and the chromoplasts then
f:ﬁ':;g5:2;2?:;::2:;};02’;{;:2" become needle-shaped, triangular, or rhombic

which is not represented, lining in form (Flgs 155 12>.
the wall. (x 240.)

The origin and significance of the red EYE-SPOTS
which are found in the cells of many Algae, especially in their motile cells, are
insufficiently known. The eye-spot occurs in the neighbourhood of the chloroplast
and is often connected with this (Fig. 333, 1 ). Some investigators hold that it

é\'
!

Fia. 11.—Cell from the upper surface of the

calyx of Tropaeolum majus, showing F1a. 12.—Chromoplasts of the Carrot, some
chromoplasts. (x 540. After STrAs- with included starch grains. (X 540.
BURGER.) After STRASBURGER.)

should be reckoned with the chloroplast and that it serves for the perception of
light somewhat as the eye does. The red pigment, which has been termed HAEMATO-
CHROME, is simply carotin.
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E. Origin of the Elements of the Protoplast (*)

All the living elements of the protoplast, the cytoplasm, the nucleus,
and the chromatophores, are never newly formed but always arise from
the corresponding elements of previous generations. They increase
in mass by a process of growth, BUT THEY INCREASE IN NUMBER, LIKE
THE PROTOPLAST AS A WHOLE, ONLY BY DIVISION OF THEIR KIND. In this
way the properties of the living constituents of a germ cell are trans-
mitted to all the cells of an organism and ultimately to its reproductive
cells, the uninterrupted continuity of the life being maintained. The
division of the protoplast is usually initiated by the division of the
nucleus. In the case of uninucleate cells this intimate association of
nuclear- and cell-division is necessary in order to ensure that each
daughter cell has a nucleus. In the multinucleate cells (e.g. of Algae
and Fungi) this is not essential, since each daughter protoplast
would obtain the requisite nuclei, and as a matter of fact cell division
in such cases is often independent of nuclear division.

It sometimes happens that the protoplast of a cell, without
dividing, abandons its old cell wall. This process, which is called
REJUVENATION of the cell, has nothing to do with cell division.

The rounding off of the protoplast in a cell of the green alga Oedogonium, and
its emergence from an opening in the old cell wall as a naked swarm-spore, is an
example of rejuvenation. Another is afforded by the protoplasts of the spores of
mosses or ferns and of the pollen-grains of seed-plants surrounding themselves with
a new cell wall within the old membrane, which then perishes.

1. Typieal Division of the Protoplast. (a) Nueclear Division.—
Except in a few cases, nuclei reproduce themselves by MITOTIC or
INDIRECT DIVISION. This process, often referred to as KARYOKINESIS,
is somewhat complicated.

Indireet Nuelear Division (*°).—In its principal features the pro-
cess is similar in the more highly organised plants and in animals.
Its stages are represented in a somewhat diagrammatic manner in the
following figure (Fig. 13) as they occur in a vegetative cell such as
those which compose the growing point.

The fine network of the resting nucleus (Fig. 13 1 n) becomes
drawn together at definite points and separated into a number of
bodies (Fig. 13, 2 ch), the outline of which is at first irregular.
Their form soon becomes filamentous, and the filaments become
denser and at the same time shorter and thicker (3, 4), and stain more
deeply. The filaments are called cHROMOSOMES. Each chromosome
undergoes a longitudinal split which continues to become more
marked (5). The chromosomes, which become shorter, thicker, and
smooth (6), are moved into the plane of division where they constitute
the nuclear or equatorial plate (7 kp), a stellate figure (aster) which
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usually lies in the future plane of division of the cell. It is seen in
surface view in Fig. 14. :

While the nuclear network is separating into the individual
chromosomes, cytoplasmic filaments become applied to the nuclear
membrane, surrounding it with a fibrous layer. This layer becomes
raised up from the nuclear membrane at two opposite points
(6 %) and forms the polar caps. The filaments converge at the poles,

Fia. 13,—Successive stages of nuclear and cell division in a meristematic cell of a higher plant.
Somewhat diagrammatic. Based on the root of Najas marina, fixed with the chrom-osmium-
acetic mixture and stained with iron haematoxylin. =, Nuecleus; =, nucleolus; w, nuclear
membrane ; ch, chromosomes ; k, polar caps ; s, spindle ; kp, nuclear plate ; ¢, daughter nucleus ;
v, connecting fibres ; 2, cell-plate ; m, new partition wall. The chromatophores are not visible
with this fixation and staining. (x about 1000, After CLEMENS MULLER.)

where they constitute two pointed bundles. At this stage the nucleoli
(nl) are dissolved and the nuclear membrane disappears. The fibres
proceeding from the polar caps can thus become prolonged into the
nuclear cavity (7). Here they either become attached to the chromo-
somes, or filaments from the two poles may come into contact and
extend continuously from the one pole to the other. In this way the
nuclear spindle (7 s) is formed. The two halves of each chromosome
separated by the longitudinal split now separate in opposite directions
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as the daughter chromosomes in order to form the daughter nuclei
(10-12 f). During this stage (diaster) the chromosomes are as a rule
U-shaped with the bends towards the poles of the spindle. Having
reached the poles they crowd together, while the surrounding
cytoplasm forms the nuclear membrane delimiting the new nuclei.
Within the latter the chromosomes again assume a reticulate
structure (11) and unite with one another to form a network (12),
within which their individual limits are not distinguishable. We are
compelled, however, to assume that the individuality of the ehromo-
somes is not lost. The young nuclei enlarge and one or more nucleoli
again appear within them (12).

The end attained by this mechanism of division is that the
substance of the nucleus, and especially of the chromosomes, is dis-
tributed as equally as possible to the two
daughter nuclei at each division. From this
it may be concluded that the chromatin is
especially important for the life of the cell and
of the whole organism, and that the chromo-
somes play the main part in the transmission
. of hereditary qualities.

The number of chromosomes occurring in
any nucleus is a definite one, and when a
deviation from the usual number is met with, Fic. 14.—Young cells from a
it is due to some of the chromosomes having i’;e’fff;:;i:f;iﬁeﬁ
remained united end to end (¥). The chromo-  showing a nuclear plate in
somes of a nucleus may be of different sizes  the polar view. The chro.

e s 5 5 > mosomes are grouped in
(Fig. 14); when such differences in size exist  pairs. (x 160¢. Atter STRAS
they persist in successive divisions. The  svrorr)
smallest number of chromosomes which has
. yet been found in the nuclei of vegetative cells of the more highly
organised plants has been six ; as a rule the number is much larger.

In the lowest divisions of the vegetable kingdom, in some Algae
and Fungi, the process of indirect nuclear division is simplified, the
masses of chromatin being less carefully divided between the daughter
nuclei (1%).

The changes occurring in a mother nucleus preparatory to division are termed
the PROPHASES of the karyokinesis. These changes extend to the formation of the
nuclear plate, and include also the process of the longitudinal division of the chromo-
somes. The stage of the nuclear plate is the METAPHASE. The separation of the
daughter chromosomes is accomplished in the ANAPHASE, and the formation of
the danghter nuclei in the TELOPHASE of the division. The real purpose of the
whole process is attained in the quantitative and qualitative division of the
chromosomes, resulting from their longitudinal splitting. The anaphases and
telophases of the karyokinesis are but a reverse repetition of the prophases. The
reversal of the stages in the process of nuclear division commences with the
separation of the daughter chromosomes. The stage of the nuclear plate at
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which the progressive is replaced by the regressive movement tends to last a
-considerable time.

It is uncertain in what way the chromosomes are so precisely moved in the
process of karyokinesis as described above. STRASBURGER assumed that the fibres
of the spindle which appear to end at the chromosomes (traction fibres) by their
shortening drew the daughter chromosomes from the nuclear plate to the poles, *
while the fibres extending from the one pole to the other were supporting fibres
to the spindle. This assumption does not, however, explain the movement of the
chromosomes toward the nuclear plate.

In certain reproductive cells of plants and animals resulting from fertilisation
the nuclear division proceeds in a special manner and differs from the typical
process just described. It is termed the reduction division, or meiosis (cf. p. 203).

Direct Nueclear Division (*2).—In addition to the mitotic or
indirect nuclear division there is also a DIRECT or AMITOTIC division,
sometimes called FRAGMENTATION. Direct division of the nucleus
occurs in nuclei which were themselves derived by indirect division.
It is essentially a process of Constriction which need not, however,
result in new nuclei of equal size. Instructive examples of direct
nuclear division are afforded by the long internodal cells of the
Stoneworts (Characeae).

In the case of the Stoneworts, atter a remarkable increase in the size of the
nucleus, several successive rapid divisions take place, so that a continuous row of
beadlike nuclei often results. While in uninucleate cells indirect nuclear division
is followed by cell division, this is not the case after direct nuclear division.

(b) Multiplication of the Chromatophores.—This is accomplished
by a direct division, as a result of which, by a process of constriction,
a chromatophore becomes divided into nearly equal
halves. The stages of this division may best be observed
in the chloroplasts (Fig. 15).

(e) Division of the Cytoplasm.—In the uninucleate .
cells of the higher plants cell division and nuclear division
are, generally, closely associated. The fibres of the

F1g. 15.~ Chloro-
phyll grains from
the leaf of Fu-
naria  hygromet-
rica, resting, and
in process of divi-
sion. Small in-
cluded starch
grains are
present in the
grains, (X 540.
After STRAS-
BURGER.)

and form a cytoplasmic limiting layer, which then splits into two.

spindle extending from pole to pole persist as CON-
NECTING FIBRES between the developing daughter nuclei
(Fig. 13, 9 v), and their number is increased by the inter-
position of others (Fig. 13, 10, 11). In consequence of
this a barrel-shaped figure, the PHRAGMOPLAST is formed.
At the same time the connecting fibres become thickened
(Fig. 13, 11) at the equatorial plane, and the short
rod-shaped thickenings form what is known as the CELL
PLATE. In the case of cells rich in protoplasm or small
in diameter the connecting fibres become more and more
extended, and touch the cell wall at all points of the
equatorial plane. The elements of the cell plate unite
In

the plane of separation the new partition wall is formed of cell-wall
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substance, and thus SIMULTANEOUSLY divides the mother cell into
two daughter cells (Fig. 13, 12 m).

If, however, the mother cell has a large sap cavity, the connecting utricle
cannot at once become so extended, and the partition wall is then formed
SUCCESSIVELY (Fig. 16). In that case, the
partition wall first commences to form at the
point where the utricle is in contact with
the side walls of the mother cell (Fig. 16 4).
The protoplasm then detaches itself from
the part of the new wall in contact with
the wall of the mother cell, and moves
gradually across until the septum is com-
pleted (Fig. 16 B and C); the new wall
is thus built up by successive additions
from the protoplasm. - Fic. 16.—Three stages in the division of a

living cell of Epipactis palustris. (X 365.

In the Thallophytes, even in  After Trevs.)
the case of uninucleate cells, the
partition wall is not formed within connecting fibres, but arises
either simultaneously from a previously formed cytoplasmic plate, or
successively, by gradual projection inwards from the wall of the
mother cell. In this form of cell division the new wall commences
as a ring-like projection from the inside of the wall of the mother
cell, and gradually pushing farther into the cell finally extends com-
pletely across it (Figs. 17, 18). In a division of this sort, in

w (jk e!ﬁ

Fic. 17.—Cell of Spirogyra in division. =,

One of the daughter nuclei; w, develop- F1c. 18.—Portion of a dividing cell of Clado-
ing partition wall; ck, chloroplast phora fracta. w, Newly forming partition
pushed inward by the newly forming wall; ch, dividing chromatophore ; %,
wall. (x 230. After STRASBURGER.) nuclei. (X 600. After STRASBURGER.)

uninucleate cells, nuclear division precedes cell division, and the new
wall is formed midway between the daughter nuclei (Fig. 17).

In multinucleate cells a cell division does not follow on each
nuclear division. Among Algae and Fungi there are large and
externally segmented forms which consist internally of a single
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protoplasmic mass with many nuclei; this is not divided into
chambers by cell walls. {

2. Deviations from typieal Cell Division.—The main deviations
from typical cell division which are found here and there in the
vegetable kingdom are MULTICELLULAR FORMATION, CELL-BUDDING, and
FREE CELL FORMATION.

(a) Free Nuclear Division and Multicellular Formation.—The nuclear division
in the multinucleate cells of the Thallophytes may serve as an example of free nuclear
division, that is, of nuclear division unaccompanied by cell division. In plants
with typical uninucleate cells, examples of free nuclear division also occur. This
method of development isespecially
instructive in the embryo-sac of
Phanerogams, a cell, often of re-
markable size and rapid growth,
in which the future embryo is
developed. The nucleus of the
rapidly growing embryo-sac
divides, the two daughter nuclei
again divide, their successorsrepeat
the process, and so on, until at
last thousands of nuclei are often
formed. No cell division accom-
panies these repeated nuclear divi-
. sions, but the nuclei lie scattered
throughout the peripheral cyto-
'\ plasmic lining of the embryo-sac.
‘When the embryo-sac ceases to en-
large, the nuclei surround them-
selves with connecting strands,
which then radiate from them in
all directions (Fig. 19). Cell plates
make their appearance in these

connecting strands, and from them
Fic. 19.—Portion of the peripheral protoplasm of the o]] walls arise. In this manner
embryo-sac of Reseda odorata, showing the commence- X
ment of multicellular formation. This progresses the penpheral _pI:OtOP la,sfn of the
from above downwards, From a fixed and stained embryo-sac divides simultane-
preparation. (x 240, After STRASBURGER.) ously into as many cells as there

are nuclei. Allintermediate stages

between simultaneous multicellular formation and successive cell division can

" be found in embryo-sacs. Where the embryo-sac is small and of slow growth,

successive cell division takes place, so that multicellular formation may be

regarded as but a shortened process of successive cell division, induced by an
extremely rapid increase in the size of the cell.

(b) Cell-budding.—This is simply a special variety of ordinary cell division, in
which the cell is not divided in the middle, but, instead, pushes out a protuberance
which, by constriction, becomes separated from the mother cell. This mode of cell
multiplication is characteristic of the Yeast plant (Fig. 20) ; the spores, known as
conidia and basidiospores, which are produced by numerous Fungi, have a similar
origin (Fig. 398).

(c) Free Cell Formation,—Cells produced by this process differ conspicuously
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from those formed by the usual mode of cell division, in that the free nuclear division
is followed by the formation of cells, which have no contact with each other, and in
the formation of which
the whole of the cyto-
plasm of the mother cell
is not used up. This
process can be seen in
the development of the
swarm cells of some
Algae, in the developing
embryo of the Gymno-
sperms, in Ephedra, for
example, and also in the
formation of the spores
of the Ascomycetes. *A
single nucleus is present

0”&

Fia. 20.—Saccharomyces
cerevisiae. 1, Celis
without buds; 2 and

3, budding cells. (X Fi1a. 21.—Successive stages of the delimitation of a spore in the
540, After Stras- ascus of Erysiphe communis. s, Nuclear network ; 2, nucleolus,
BURGER.) (X 1500. After HARPER.)

to begin with in each ascus of the Ascomycetes. By successive divisions eight
nuclei lying free in the cytoplasm are derived from this. A definite portion
of cytoplasm around each of these nuclei becomes limited by a peripheral layer,
which then forms a cell wall. Thus eight separate spores arise (cf. Fig. 381).
As the researches of Harper (=) have shown, the formation of the peripheral’layer
proceeds from a centrosome-like mass of kinoplasm (Fig. 21 4) which formed a pole
of the spindle in the preceding nuclear division. The nuecleus is drawn out towards
this mass of kinoplasm. From the latter kinoplasmic radiations proceed (kp)
which surround the spore as it becomes delimited, and finally fuse to form its
peripheral layer (Fig. 21 B, C, D).

Il THE LARGER NON-LIVING INCLUSIONS OF THE
PROTOPLASTS (%)

In addition to the minute microsomes which are always present
in the cytoplasm, larger non-living inclusions make their appearance
- in the cytoplasm and chromatophores of all cells as they pass from
the meristematic to the mature condition. The cell sap, which in
larger or smaller vacuoles is hardly ever absent from a cell of the
mature tissues of a plant, has already been mentioned. Besides these
droplets of a watery solution, fats and oils and also solid bodies
in the amorphous or crystalline condition frequently occur in the
cell sap or the cytoplasm itself. Many of these included substances
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are of great value in the life of the plant as RESERVE MATERIALS.
They are accumulated in considerable quantity for future use in the
cells of storage organs (bulbs, tubers, seeds). Others are end products
of metabolism which may, however, be of great ecological importance.

A, Ineclusions of the Cytoplasm

1. Fluid Inclusions of the Cytoplasm. (a) The Cell Sap.—This
name is given to the watery fluid in the larger vacuoles or the single
sap cavity of vegetable cells (Fig. 8). It is more or less rich in
various dissolved substances, which are sometimes reserve materials
and at others end products of metabolism ; solid inclusions, especially
in the form of erystals, also occur in it. The substances in the cell
sap may be the same or different from those in the protoplasm. The
dissolved substances may differ in the various vacuoles of the
same cell.

All cell sap contains in the first place INORGANIC SALTS, especially
nitrates, sulphates, and phosphates. Its reaction is usually acid owing
to the presence of ORGANIC ACIDS (e.g. malic acid, which is constantly
present in the leaves of succulent plants, tartaric acld oxalic acid, ete.),
or salts of these.

The SOLUBLE CARBOHYDRATES are especially important constituents
of the cell sap, often as reserve materials. Various SUGARS (cane-sugar,
maltose or malt-sugar, glucose or grape-sugar) are the most important.
Cane-sugar is frequently stored as a reserve material, as in the sugar-
beet, carrot, the stem of the sugar-cane, and other plants from which
sugar is obtained. A similar place is taken by the carbohydrate
INULIN in the Compositae and by GLYCOGEN in the Fungi. Carbo-
hydrates are transported throughout the plant in the form of sugar.

If preparations containing glucose be placed in a solution of copper sulphate, and,
after being thoroughly washed, are transferred to a solution of caustic potash and
heated to boiling, they will give a brick-red precipitate of cuprous oxide. If cane-
sugar or saccharose be present, this treatment gives only a blue colour to the cell
sap. Treated with alcohol, inulin is precipitated in the form of small granules,
which may be redissolved in hot water. When portions of plants containing much
inulin, such as the root tubers of Daklia variabilis, are placed in alcohol or dilute
glycerine, the inulin crystallises out and forms sphaerites, spheroidal bodies com-
posed of radiating crystal needles; these sphere-crystals often show distinet
stratification and are easily broken up into wedge-shaped portions.

GLYcoGEN, which is of frequent occurrence in animal tissues, occurs in the
Fungi, Myxomycetes, and the Cyanophyceae in the form of droplets. In the
Fungi it takes the place of other carbohydrates such as starch and sugar.
Cytoplasm containing glycogen is coloured reddish-brown with a solution of
iodine. This colour almost wholly disappears if the preparation be warmed, but
reappears on cooling.

MuciLAGE is often found in the cells of bulbs, as in Allium cepa and Urginea
(Scilla) maritima ; in the tubers of Orchids ; also in aerial organs (Fig. 22), especially
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in the leaves of succulents, and also outside the protoplasts in the cell wall
(cf. p. 38).

AMIDES, especially Asparagin and also ALBUMINOUS SUBSTANCES,
occur in the eell sap as reserve materials or as intermediate products
of the metabolism (cf. p. 14 for reactions).

Highly refractive vacuoles filled with a concentrated solution of
TANNIN (%) are of frequent occurrence in the cytoplasm of cortical
cells, and may often grow to a considerable size. ALKALOIDS,
GLUCOSIDES, and BITTER PRINCIPLES allied to these are also not
infrequent in the cell sap. All these are usually end products of
metabolism.

The dark-blue or green. colour reaction obtained on treatment with a solution
of ferric chloride or ferric sulphate, and the reddish-brown precipitate formed
with an aqueous solution of potassium bichromate, are usually accepted as tests
for the recognition of tannin, although equally applicable for a whole group of
similar substances. The tannins are not further utilised in the plant. ~They
often impregnate cell walls, which then persist and resist decay.

The cell sap is often coloured, principally by the so-called ANTHO-
CYANINS, a group of non-nitrogenous glucosides. They are blue in
an alkaline, and red in an acid-reacting cell sap, and, under certain
conditions, also dark-red, violet, dark-blue, and even blackish-blue.
Alkalies frequently change the colour to green. Anthocyanin can be
obtained from the cell sap of a number of deeply coloured parts of
plants in a crystalline or amorphous form. Less commonly yellow
substances, ANTHOCLORE and ANTHOXANTHINE, are found dissolved in
the cell sap as in the yellow floral leaves of the Primrose and the
yellow Foxglove. A brown pigment called ANTHOPHAEINE occurs in
the cells of the blackish-brown spots of some flowers.

The researches of WILLSTATTER and his pupils (¥) have advanced our knowledge
of the chemical constitution of the anthocyanins. They are glucosides in which
cyanidins (aromatic pigment components, hydroxyl compounds of phenylbenzo-
pyrilium, and apparently related to the flavones), are combined with sugar, e.g.
in the Cornflower cyanidin (Cy3H;Og) and in the flower of the Larkspur delphinidin
(C;sH,,0;). In red flowers the cyanes are united with acids and in blue flowers
with alkalies, while the pigments in violet flowers are neutral. The anthoxanthins
also are glucosides with aromatic pigment components which belong to the flavones.

Blood-coloured leaves, such as those of the Copper Beech, owe
their characteristic appearance to the united presence of green
chlorophyll and anthocyanin. The autumnal colouring of leaves
also depends on the formation of anthocyanin. The different colours
of flowers and fruits which often serve to attract animals are due to
the varying colour of the cell sap, to the different distribution of the
cells containing the coloured cell sap, and also to the different com-
binations of dissolved colouring matter with the yellow, orange, or
red chromoplasts and the green chloroplasts.
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(b) Vacuoles eontaining Fats (Fatty Oils).—These substances are
of common occurrence as reserve materials ; about nine-tenths of all
Phanerogams store them in their seeds. In sceds especially rich in
oil this forms highly refractive droplets distributed through the
cytoplasm (e.g. castor-oil in seeds of Ricinus) and may form 70 7/
of the dry weight. Fats are glycerine esters of fatty acids, especially
of palmitic acid (C;gH,,0,), stearic acid (C,gHg40,), and oleic acid
(CgH;,0,).  Since fats provide a greater amount of energy than
other storage substances, the space available is best utilised for them.

{(c) Vacuoles with Ethereal Oils and Resins (*).—These also oceur as highly
refractive droplets. They are found in the cells of many petals. Special cells,
often with corky walls and filled with resin or ethereal oils, are found in the
rhizomes of certain plants, as for instance in those of Acorus Calomus and of
Ginger (Zingiber officinale) ; also in the bark, as, for example, of Cinnamon trees
(Ctnnamomum) ; in the leaves, as in the Sweet Bay (Laurus mnobilis); in the
pericarp and seed of the Pepper (Piper nigrum) ; in the pericarp of Anise (Zllicium
anisatum). Ethereal oils and resins have antiseptic properties. In flowers their
scent assists in attracting insects. Under some conditions the oil assumes the
crystalline form, e.g. in rose petals.

2. Solid Inclusions of the Cytoplasm. (a) Crystals of Caleium
Oxalate.—Few plants are devoid of such crystals. They are formed
- in the ecytoplasm as end products of metabolism, within vacuoles
which afterwards enlarge and sometimes almost fill the whole cell. In
such cases the other components of the cell become greatly reduced ;
the cell walls at the same time often become corky, and the whole
cell becomes merely a repository for the crystal. The crystals may
be developed singly in a cell, in which case they are of considerable
size (Fig. 130 %, 175 Bk, 184 k), or many minute erystals may fill the
cell as a crystalline sand. In other cases they form crystal aggregates
(Fig. 130 k, 186 k), clusters of crystals radiating in all directions from
a common centre, or many needle-shaped crystals lie parallel forming
a bundle of raphides (Fig. 22). The various types of crystals pre-
dominate in different plants.

The LARGE SOLITARY CRYSTALS belong to the tetragonal or to the monosym-
metric system, the concentration of the mother-liguor from which they crystallise
out determining which system is followed. The stellate CRYSTAL AGGREGATES
radiating from an organic nucleus are particularly common. In Monocotyledons
and in many Dicotyledons RAPHIDES are of widespread occurrence (Fig. 22), the
bundle of erystals being always enclosed in a large vacuole filled with mucilage.

SILICEOUS BODIES, which are only soluble in hydrofluoric acid, are found in
the cytoplasm of many cells, especially of Palms and Orchids, and often com-
pletely fill the whole cell.

(b) Aleurone Grains. Proteid Crystals.—Albuminous substances
may be stored in a dissolved form in the cell sap of succulent parts of
plants. Thus they can be precipitated by treatment with alcohol in
the cells of the potato tuber. In dry structures, such as many seeds,
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proteid substances occur as solid granules called ALEURONE GRAINS,
which are especially large in oily seeds (Fig. 23). They are formed
from vacuoles, the contents of which are rich in albumen, and harden
into round grains or, sometimes, into irregularly shaped bodies. The
albuminous substances of which they consist are mainly globulins (%).
A portion of the albumen often crystallises, so that frequently one
and occasionally several
erystals are formed within the
aleurone grain. In aleurone
grains _ containing albumen

Fic. 23.—A4, Cell from the endosperm of Ricinus
communis, in water; B, isolated aleurone grains
in olive oil; k, albumen crystals; g, globoid.
(x 540. After STRASBURGER.)

Fic. 22.—Cell from the cortex of Dra-

caena rubra, filled with mucilagin- FiG. 24.—Part of a section of a grain of wheat, Triticum
ous matter and containing a bundle vulgare. p, Pericarp ; ¢, seed coat, internal to which
of raphides, ». (x 160. After is the endosperm ; al, aleurone grains; am, starch
SCHENCK.) grains ; n, cellnucleus. (x 240, After STRASBUROER.)

crystals there may often be found globular bodies termed GLOBOIDS
(Fig. 23 g), which consist of globulins combined with the calcium and
magnesium salt (phytin) of an organic phosphoric acid (phytic acid).
Crystals of calcinm oxalate are also found enclosed in aleurone grains.
Free globoids are found in the cytoplasm of some seeds. In the
cereals the aleurone grains, which lie only in the outer cell layer of
the seeds (Fig. 24 al), are small, and free from all inclusions; they
contain neither crystals nor globoids. As the outer cells of wheat
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grains contain only aleurone, and the inner almost exclusively starch,
it follows that flour is the richer or poorer in albumen, the more
or less completely this outer layer has been removed before the wheat
is ground. The aleurone layer remains attached to the inner layer
of the seed-coat, in the bran.

Reactions for aleurone are the same as those already mentioned for the
albuminous substance of protoplasm. Treatment of a cross-section of a grain of
wheat (Fig. 24) with a solution of iodine would give the aleurone layer a yellow-
brown colour.

ALBUMEN CrYSTALS.—Crystals of albumen are of relatively frequent occurrence
in vegetable tissues and are often found in aleurone grains (Fig. 23); especially
large crystals are found in the endosperm of the Brazil nut (Bertholletia excelsa).
Albumen crystals may also occur directly in the cytoplasm ; as, for instance, in
the cells poor in starch, in the peripheral layers of potatoes, and in c¢hromato-
phores (Fig. 28). Albumen crystals are sometimes found even in the cell nucleus.
This is particularly the case in the Toothwort (Lathraca), and in many Scrophu-
lariaceae and Oleaceae. Albumen erystals usually belong either to the regular
or to the hexagonal crystal system. They differ from other crystals in that, like
dead albuminous substances, they may be stained, and also in that they are
capable of swelling by imbibition.

B. Inclusions of the Chromatophores

Crystals of albumen and of pigments have already been mentioned
as occurring in chromatophores (Fig. 28), but the most important
inclusion is STARCH (**). The chloroplasts in plants exposed to the
light almost always contain starch grains (Fig. 15). These grains of
starch found in the chloroplasts are formed in large numbers, but as
they are continually dissolving, always remain small. Large starch
grains are found only in the reservoirs of reserve material, where
starch is formed from the deposited products of previous assimilation.
Such starch is termed RESERVE STARCH, in contrast to the ASSIMILA-
TION STARCH formed in the chloroplasts. It also only arises in
chromatophores, in this case the LEUCOPLASTS or starch-builders which
form it from sugar.

All starch used for economic purposes is reserve starch. The

_amount of starch contained in reservoirs of reserve material is often
considerable; in the case of potatoes 20 per cent of their whole
weight is reserve starch, and in wheat the proportion of starch is as
high as 70 per cent. The starch flour of economic use is derived by
washing out the starch from such reservoirs of reserve starch. In
the preparation of ordinary flour, on the contrary, the tissues contain-
ing the starch are retained in the process of milling.

The reserve starch consists of flat or roundish (oval or circular)
grains, differing in size in different plants. A comparison of the
accompanying figures (Figs. 25-27), all equally magnified, will give
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an idea of the varying size of the starch grains of different plants.
The size of starch grains varies, in fact, from 0:002 mm. to 0'170

Fio. 26.—Starch grains from the
cotyledons of Phaseolus vul-
garis. (X 540. After STRaAs-
BURGER.)

F1e. 27.—Starch grains of the oat,

F1a. 25.—Starch grains from a potato. 4, simple; Avena sativa. A4, Compound
B, half-compound; C and D, compound starch grain; B, isolated component
grains ; ¢, organic centre of the starch grains. grains of & compound grain.
(X 540. After STRASBURGER.) (X 540, After STRASBURGER.)

mm. Starch grains 0170 mm. large may be seen even with the
naked eye, as minute bright bodies. The starch grains stored as
reserve material in potatoes are comparatively large, attaining an
average size of 0°09 mm. As shown in the above figure (Fig. 25 4),
they are plainly stratified. The stratification is due to the varying
densities of the successive layers;
thicker denser layers which appear
clear by transmitted light alternate
with thinner less dense layers which
appear dark. They are excentric in
structure, since the organic centre,
about which the different layers are
laid down, does not correspond with
the centre of the grain but is nearer
to one margin. The starch grains of
the leguminous plants and cereals, on
the other hand, are concentric, and
the nucleus of their formation is in g, 95.—Leucoplasts from an aerial tuber
the centre of the grain. The starch  of Phajusgrandifilius. 4, C, D, viewed
grains of the kidney bean, Phaseolus ::"";‘::‘:hs’;rmf’ Ee‘v;fogf;‘ ;‘;‘s’::lf
vulgaris (Fig. 26), have the shape of (x 540. After STRASBURGER.)
flattened spheres or ellipsoids; they

show a distinct stratification, and are crossed by fissures radiating
from the centre. The disc-shaped starch grains of wheat are of

D
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two very different sizes, and only indistinctly stratified. In addition
to the simple starch grains so far described, half-compound and com-
pound starch grains are often found. Grains of the former kind are
made up of two or more individual grains, surrounded by a zone of
peripheral layers enveloping them in common. The compound grains
consist merely of an aggregate of individual grains unprovided with
any common enveloping layers. Both half-compound (Fig. 25 B) and
compound starch grains (Fig. 25 C, D) occur in potatoes, together with
simple grains. In oats (Fig. 27) and rice all the starch grains are
compound. The compound starch grains of rice consist of from 4 to
100 single grains; those of the oat of about 300, and those of
Spinacia glabra sometimes of over 30,000. Starch grains have thus
distinctive forms in different plants,

The structure of starch grains becomes intelligible in the light of
their mode of formation. If the starch grain is uniformly surrounded
by the leucoplast during its formation, it grows uniformly on all sides
and is symmetrical about its centre. If the formation of a starch
grain begins near the periphery of a leucoplast, the grain will grow
more rapidly on the side on which the main mass of the leucoplast
is presént, and the starch grain thus becomes excentric (Fig. 28).
Should, however, several starch grains commence to form at the
same time in one leucoplast, they become crowded together and form
a compound starch grain, which, if additional starchy layers are laid
down, gives rise to a half-compound grain. ;

Starch grains are composed of a carbohydrate with the formula
(CgH,005)..  When it is to be employed further in the metabolism of
the plant, starch is again transformed into sugar by the action of an
enzyme called DIASTASE.

Starch grains may be regarded as crystalline structures, sphaero-crystals, or
sphaerites, which are built up of radially arranged, needle-shaped erystals of a- and
B-amylose. With polarised light they show, like inorganic sphaerites, a dark cross,
an appearance depending on the doubly-refractive nature of the elements of the
starch grain. The stratification may be the expression of differences in form and
abundance of the crystalline needles in the successive layers.

Starch grains are as a rule coloured, first blue and then almost black, by a
watery solution of iodine ; the grains of glutinous rice, however, stain wine-red,
possibly consisting of amylodextrine. They are easily swollen at ordinary
temperatures in solutions of potash or soda and by chloral hydrate. They also
swell and form a paste in water at 70°-80° C. They dissolve, 7.e. are transformed
into sugar without previous swelling, in concentrated sulphuric acid. Heated
without the addition of water, or roasted, the starch is transformed into an
imperfectly known substance that is soluble in water.

IV. THE CELL WALL (%)

Each protoplast in plants is as a rule enclosed by a firm invest-
ment called the cell wall. This is formed on the outside of the



DIV. I MORPHOLOGY 35

protoplast and is not itself regarded as living. Many plants
commence their development as naked protoplasts, e.g. swarm-spores
or egg-cells. These cells, before developing further and dividing,
secrete a thin cell wall clothing the surface. In cell division, as has
already been described, a partition wall is usually formed between the
new cells so that each protoplast remains enclosed by a cell wall.

The form of cells is usually dependent on the cell wall, for the
naked protoplast behaves like a fluid drop. The relatively small and
uniformly shaped meristematic cells attain their ultimate size and
special shapes by the growth in surface of their walls. This growth
is sometimes the same all round, and at other times is limited to
the tip or an angle of the cell, to
a girdle-like zone, or some other
circumscribed region. It comes

P e —————— — ]

F1c.29.—A,Spherical stalked cell F1a. 30.—Sclerotic cell from the shell of a walnut
of Saprolegnia with circular showing stratification of the walland branched
pits in the wall. B, One pit pits. The canals of some of these pass ob-
of this in optical section more liquely out of the plane of section. (RoTRERT,
highly magnified. adapted from REINEE.)

about as a result of the stretching and sometimes the rupture of the
wall and the secretion and deposit of new cell-wall substance by the
protoplast (GROWTH BY APPOSITION), or else by the insertion of new
material between the particles of the existing wall (¢RowTH BY
INTUSSUSCEPTION).

The cell wall serves to protect and also to give rigidity to the
protoplast. This is attained both by the tension of the membrane
(TURGOR, cf. p. 225) and by the growth in thickness of the cell wall.
The thin and structureless walls become as a rule thickened either
uniformly or so that parts remain relatively thin, while others grow
in thickness. In many cells the whole extent of the wall is thickened
with the exception of small circular, elliptical, or spindle-shaped
areas which form the piTs. These appear in the thickened wall as
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depressions (Fig. 29) or tubular canals (Fig. 30), closed at one end, as
a rule the outer, by the unthickened portion of the cell wall which
forms the pit membrane (Fig. 29 B). Sometimes with the increase
in the thickness of the wall the canals of several pits unite forming
BRANCHED PITS. Such branched pits have usually very narrow canals
and occur for the most part in extremely thick and hard cell walls as,
— ~ _ for instance, those of sclerotic
v . W cells or sclereides (Fig. 30).
MXA A I In other cells the grg;tir pzu?t
F16. 81.—Portion of a tubular rhizoid of Marchantia with of the wall is Only S]ightly
local peg-like thickenings of the wall. thickened, while narrowly
circumscribed portions
thicken greatly and assume the form of projections, warts, simple or
branched pegs (Fig. 31), spines (Fig. 32), ridges, bands or a network
(Figs. 67, 68). Such thickenings may form either on the outside
(centrifugal) or on the inner surface of the wall (centripetal). Small
projections often occur on hairs, while the thickenings of spores
and pollen grains (Fig. 32) and in many water-conducting cells of
the higher plants (Figs. 67, 68) are characteristic.

A very peculiar form of thickening with calcium carbonate deposited in it and
localised to one small region of the wall is seen in the cysroLITH which forms a
stalked body, hanging in the cell like a bunch of grapes (Ficus elastica, Fig. 88).

The growth in thickness, which commences during the growth in
surface of the wall, continues after this is complete. It is usually
effected by apposition, i.e. the
deposition of material by the
protoplasm on the already exist-
ing wall in the form of new
layers or lamellae. In this way
a concentric stratification of the
cell wall arises (Fig. 30). In
the thickened wall thicker, denser
lamellae alternate with thinner
and less dense layers, which are
often not only richer in water but
chemically different from the Fic.32.—4, Pollen-grain of Cucurbita Pepoin surface

view, and partly in optical section, rendered
denser ]a’y ors. The latter are transparent by treating with oil of lemons.

more highly refractiveand appear  (x 240.) B, Part of transverse section of pollen
brichter In many. apparently grain of Cucurbita verrucosa. (X 540. After
& y 3 STRASBURGER.)
homogeneous, cell walls such
stratification can be recognised after swelling has been brought about
by treatment with strong acids or alkalies.
Not uncommonly growth in thickness also depends on the
introduction of new material into the existing wall (intussusception).
Centrifugal thickening of the wall is frequently brought about by intussusception.
This can take place at some distance from the protoplasm and be associated with
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chemical and structural differentiation of the cell wall, which thus behaves almost
as if it were a living structure. The centrifugal thickening of the walls of cells
which have arisen by free cell formation (e.g. ascospores) is effected by the
periplasm from which the cells lLave been cut out (cf. p. 27). Similarly the
- thickenings of many pollen grains and spores are deposited from without by
the protoplasm of the tapetal cells which line the cavities in which they are
developed. The protoplasts of the tapetum fuse to a periplasmodium surrounding
the young spores or pollen grains (*).

In some cases fine striae, running obliquely to the longitudinal axis of the cell,
are apparent when the thickening layers are viewed from the surface (Fig. 34).
This striation depends either on a distinction in the individual thickening layers
of regions of different density, the denser frequently projecting into the cell cavity,
or (in many Algae such as Cladophora)
on a wave-like folding of the lamellae.
If the wall is distinctly stratified the
striae in successive thickening layers are
usually inclined in opposite directions
(Fig. 34).

F16. 34.—Part of a sclerenchymatous fibre
from Vinca major. The striations of
the outer layers are more apparent than
those of the inner layers. The thick-

Fic. 33.—Cell of Ficus elastica contain- ness of the wall, as seen in optical
ing a cystolith, e. (x 210. After section, is also shown. (x 500. After
SCHENCEK.) STRASEURGER.)

Chemical Nature of the Cell Wall (32).—Although capable of the
above processes of growth the cell wall is from the outset not a living
portion of the protoplast but a product secreted by the latter. In
course of time it can undergo changes of a chemical nature. In
living cells it is always permeated by water and swollen, but shrinks
correspondingly when the water is more or less completely removed.
The lamellae of the wall consist of CARBOHYDRATES, in the main of
CELLULOSES, but also of HEMICELLULOSES or PENTOSANES, and as a rule
of several of these substances. The cell walls thus never consist of
pure cellulose. The celluloses oceur in the walls of all plants with
the exception of most fungi; they are polysaccharides, the composition
of which is expressed by the formula (C;H,,0,),. They stain blue
with chlor-zinc-iodide solution but not with iodine alone. This
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reaction holds for many hemicelluloses which are also polysaccharides.
The cell wall nearly always contains other substances in considerable
amount, some of which are stained other colours than blue by chlor-
zine-iodide. The PECTIC SUBSTANCES are especially important ; these .
take a yellow colour with this reagent. It depends on this that many
“cellulose walls ” do not give a pure blue with chlor-zinc-iodide but
stain violet, brownish violet, or brown. CHITIN is present in the walls
of most Fungi and Bacteria. This substance, formerly regarded as
peculiar to the animal body, replaces cellulose in the case of
the Fungi (*).

The celluloses are insoluble in dilute acids and alkalies; even concentrated
potash solution does not dissolve them. They are, on the other hand, soluble in
ammonia-oxide of copper, by concentrated sulphuric acid after conversion into
dextrose, and by a special enzyme (cytase) formed by plants. After treatment
with sulphuric or phosphoric acid a watery solution of iodine will colour them blue,
and a similar reaction is obtained by the simultaneous action of a concentrated
solution of certain salts, such as zinc-chloride or aluminium-chloride, and of iodine.
Accordingly chlor-zinc-iodide, on account of the blue or violet colour imparted by
it, is one of the most convenient tests for cellulose. The name of hemicelluloses is
given to a series of substances which are nearly related to the celluloses, but are
transformed by even dilute acids into soluble sugars other than dextrose. They
are often insoluble in ammonia-oxide of copper. As the cellnloses are poly-
saccharides with large molecules produced from hexoses (C¢H,,0;), the pento-
sanes (C;HgO,)y are corresponding condensation products of pentoses (CzH;oOy)
such as arabinose and xylose. The pectins are characterised by the ease with
which they dissolve in alkalies after previous treatment with dilute acids. In
contrast to cellulose, they stain deeply with safranin and methylene blue. The
pectins are complex compounds in which monohexoses, pentosane, and in addition
methyl alcohol behaving as an ester and calcium and magnesium behaving as salts,
are united to tetragalacturic acid (CpH,,0,;, a condensation product of galacturic
acid CgH,,0,) (34). j

Chitin is a polysaceharide containing nitrogen ; it contains acetyl-acetic-acid in
an acid-amide-like combination,

The cell wall frequently undergoes chemical changes of various
kinds during the life of the cell; sometimes layers already deposited
change, in other cases the newly deposited layers are different from
those first formed. These transformations stand in the closest relation
to the requirements of the plant to which the cells contribute. As
regards ‘“cellulose walls,” these in young cells are less elastic but
relatively more extensible than in older cells; this is advantageous in
relation to the active growth in length of young parts. Such walls
- offer little resistance to the diffusion of water and dissolved substances.

Cellulose walls not infrequently become MUCILAGINOUS, their sub-
stance being transformed into a gelatinous or mucilaginous mass which
swells greatly in water. Frequently cell walls undergo LIGNIFICA-
TION, SUBERISATION, or CUTINISATION. Lignification diminishes the
extensibility of the cells considerably, and increases their rigidity
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without lessening the permeability of the wall to water and dissolved
substances. Corky and cutinised wallsy on the other hand, are
relatively impermeable to water and gases, and greatly diminish
evaporation. The cell walls are frequently coloured dark by deriva-
tives of tannins, and thus, as in seed-eoats and in the old wood, are
protected against decay. In old cell walls inorganic substances often
accumulate in considerable amount. Silicic acid is frequent, calcium
carbonate less common, while organic salts such as calcium oxalate also
oceur.

Liex1ricaTioN depends on the introduction into the carbohydrate layers of the
cell wall of various substances which are mainly benzole derivatives. The inner-
most layers of the wall of lignified cells consist, however, in many cases of cellulose.
Characteristic reactions for lwmn are a yellow colour with acid aniline sulphate,
and a red colour with phloroglucin and hydrochloric acid. With chlor-zine-
iodide lignified walls stain yellow, not blue. Krasox (%) regards these reactions
as dependent on a condensation product of comiferyl- and oxyconiferyl-alcohol
which he calls lignin.

SUBERISATION is as a rule limited to the middle thickening layers of a cell wall.
The corky lamellae consist of sUBERIN only and thus contain no carbohydrate.
CUTINISATION is closely related to suberisation but not identical. It consists in a
secondary deposit of cUTIN on a cellulose wall, or its introduction into the
substance of the wall. No sharp distinction can be drawn between cutin and
suberin. Both are coloured brownish yellow by chlor-zinc-iodide and take a nearly
identical yellow colour with potash ; they stain red with sudan-glycerine and are
both insoluble in econcentrated sulphuric acid or ammonia-oxide of copper. Cutin,
however, resists the action of potash better. Both cutin and suberin behave
differently to reagents according to their special mode of origin. According to
VAN WISSELINGH () suberin is a fatty substance which is composed of glycerine
esters and other compound esters of phellonic, suberic, and others of the higher fatty
acids ; the phellonic acid, which is a constant constituent of suberin, is wanting
in cutin,

CALCIUM CARBONATE occurs in the walls of certain plants, e.g. of most Characeae,
in such amount that they become rigid and brittle. SILIcIC ACID is present in the
peripheral cell walls of grasses, horse-tails, and many other plants (e.g. of the
unicellular diatoms), and makes them more rigid. CALCIUM 0XALATE when present
is usually in the form of erystals.

The pigments belonging to the flavone group which occur in the technically
valuable woods are also localised in the cell walls.

Solid cell walls may undergo a transformation into GUM, as in the gummosis
of wood. In species of Prunus and Citrus the thickening layers of the cell wall
become swollen one after another in this process, and ultimately the cell contents
are involved in the change ().
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SECTION II

HISTOLOGY (%7)

THE CELLS AS ELEMENTARY UNITS OF THE BODY

I. THE FORMATION OF TISSUES

A. The Idea and Significance of Cellular Tissues

Every close association of protoplasts enclosed in cell walls is
termed a tissue.

Only the lowest organisms are composed of a single uninucleate or
multinucleate protoplast and are thus unicellular throughout their life.
Usually the body of a plant is multicellular, consisting of many
protoplasts separated by cell walls and thus forming a tissue. The
attainment of large size and more complex external organisation
is as a rule associated with such a structure. There are, it is true,
certain Algae (Siphoneae) which are externally highly organised,
while they consist internally of a single multinucleate protoplast.
These may be contrasted as non-cellular organisms with the ordinary
cellular plant, to the construction of which they form an exception.
The formation of a cellular tissue is of the greatest importance in the
development of more highly organised plants in enabling a division of
labour to be effected in the protoplasm of the body. The division of
the protoplasm into numerous protoplasts provides elementary parts
which can take over different duties. The cell walls separating the
protoplasts isolate the latter more or less,
while at the same time increasing the
cohesion and the internal rigidity of the
whole body formed of the numerous soft
protoplasts.

A very imperfect tissue formation is found
in those organisms the cells of which separate
from one another at each division, but remain
connected by the mucilage derived from the
Fic. 85.—Gloeocapsa polydermatice. swollen cell walls. Such unions of more or less

4, Commencement of division; jpdependent cells that have had a common origin

B0 Wi Ao89- @ P L may be termed cell families or cell colonies. The

sion; C, a resting stage. (X 540. . 3 :

After STRASBURGER.) Schizophyceae, to which group Glococapsa (Fig. 35)

belongs, and the orders of the Volvocales and
Protococcales among the Green Algae afford numerous examples, and the deserip-
tions in the special part should be consulted.

In the cell filaments and cell surfaces of those lower Algae in which the cells
are all equivalent but are united together, the characters of a definite tissne begin
to make their appearance. With the increasing number of cells composing the
organism we get a contrast between base and apex and the appearance of a growing
point, and also progressive division of labour among the cells.
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B. Origin of Tissues

A continuous aggregation of cells in intimate union is called a tissue.
The origin of vegetable tissues is, in general, attributable to cell division.
In Hydrodictyon among the Algae a tissue is formed by the apposition
of free cells. In the Fungi and
Siphoneae a tissuearises through the
interweaving of tubular cells or cell
filaments (Fig. 37). In such cases,
where the filaments are so closely
interwoven as to form a compact

Fi6. 36.—Transverse section of the sclero- Fre. 87.—Longitudinal section of the stalk of
tium of Claviceps purpurea. (X 300. the fructification of Boletus edulis. (x 300.
After SCRENCK,) After SCHENCK.)

mass of cells, the tissue thus formed has the same appearance as the
tissues of higher plants (Fig. 36). The mutual interdependence of
the cells of a tissue is manifested both by the conjunction of their pits
and by the general similarity of their wall thickenings.

C. The Cell Walls in the Tissues

When sections of vegetable tissues are examined under a low
magnification the attention is attracted mainly or only by the cell walls.
These appear to form a network of threads something like a woven
tissue, and the name takes its origin from this inaccurate comparison.

The cell walls exhibit peculiarities resulting from the connection of
the cells and characteristic of particular tissues.

1. Stratifieation.—All the septa arising in the course of cell
divisions in tissues are at first very thin and simple lamellae, common
to the two cells the protoplasts of which they separate. The cell wall
never remains in this condition. Even in meristematic cells it becomes
thickened as the membrane grows in surface extent. Thickening only
ceases long after the cell has reached its ultimate size. It varies
according to the functions taken over by the cell as part of a
permanent tissue, especially thick walls being found in cells which
contribute to the mechanical rigidity of the plant (Fig. 38). As a
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rule the thickening of a partition wall is effected by the two adjoining
protoplasts depositing new lamellae on both sides of the original thin
septum (Figs. 38, 40, 62). The thickening may thus be equal or
unequal on the two sides and each protoplast comes to have its own
surrounding layers. The common middle region of the wall is called
the middle lamella (Fig. 38 m). It is as a rule very thin, only widen-
ing out somewhat at the angles where several walls meet (Fig. 71 Cin*),
and consists mainly of pectic substances containing calcium ; it is
relatively easily dissolved. In lignified and suberised tissues the
middle lamella is also lignified.

In soft tissues even boiling in water may swell the middle lamella and so
separate the cells (e.g. many kinds of potatoes). In ripe fruits this separation

FrG. 89.—Cells from the endosperm

Fic. 38.—Strongly thickened cell from the pith of Ornithogalum wmbellatum. m,
of Clematis vitalba., m, Middle lamella ; %, inter- Pits in surface view; p, closing
cellular space; ¢, pit; w, pitted cell wall in membrane ; n, nucleus. (x 240.
surface view. (X 800. After SCHENCK.) After STRASBURGER.)

occurs naturally. Treatment with Schulze’s macerating fluid (potassium chlorate
and nitric acid) or with concentrated solution of ammonia will separate other cells
by destroying the middle lamella. The macerating fluid will thus isolate the
elements of wood. There are also certain Bacteria which ferment pectic substances
and thus bring about the separation of the cells; in this way the mechanical cells
of Flax are isolated in the process of retting.

The thickening layers are distinguishable from the middle lamella
both by their optical and chemical properties. Since they usually
lie equally on both sides of the middle lamella the whole wall acquires
a more or less symmetrical construction (Figs. 38-40, 41, 62) which
extends to the pitting. Three distinct layers can frequently be
distinguished in strongly thickened cell walls, such as those of the
wood, a primary, a secondary, and a tertiary thickening layer; these



DIVe; MORPHOLOGY 43

~

differ in their optical appearance and their chemical composition.
The secondary thickening layer is usually the most strongly developed,
and forms the chief part of the cell wall. The tertiary or innermost
layer is usually more highly refractive (Fig. 71 Ci); it consists as a
rule of cellulose.

Cell walls which do not adjoin other cells (Figs. 40, 44) and
especially the external walls of the plant are, on the other hand,
asymmetrically constructed. In such cases thickening layers can only
be deposited on the side of the original
cell wall which faces the cavity of the
cell.

2. Pitting.—The cell walls which
separate the protoplasts will evidently
render difficult the passage of materials
from cell to cell in proportion to the
thickness of the wall. The life of the
organism could not continue without
such transport of material. It is there-
fore necessary that this should not be
too greatly hindered by the thickening
of the walls that ensures rigidity. The
difficulty is met by the formation of pits
in the walls between the protoplasts,
while pits are as a rule wanting in the
free external walls.

The pits, which in greatly thickened Fo. 40.—Cells from the cortex of Iris

3 3 5 florentina. t, Pits in the stratified cell
walls form canals with circular (Figs.  5au; 1, intercellularspaces. (x about
38 w, 39 m) or elliptical cross section,  400,)
meet accurately, and would form one
continuous canal were it not that the unthickened primary wall
persists as a pit membrane (Figs. 38 £, 39 p, 40 #). The openings of
narrow elliptical pits into adjoining cells usually appear to cross one

another obliquely.

The structure of pits may be very easily seen in the greatly thickened and
abundantly pitted cell walls of the seeds of various Palms, Liliaceae, and other
Monocotyledons (Ornithogalum, Fig. 89). The thickening here consists of a hemi-
cellulose which forms a reserve material in the seed, and at germination is dissolved
by an enzyme. The walls have a gleaming, white appearance, and are so hard that
such seeds, e.g. of the Palm, Phytelephas macrocarpa, are technically known and
employed as vegetable ivory.

3. Connections of the Protoplasts in Tissues.—The harmonious
co-operation of all the living parts of the body, which is such a striking
feature of the life of an organism as a whole, would hardly be possible
if the protoplasts forming the tissues were completely divided from
one another by the cell walls. It can in fact be shown that the
protoplasts of the plant are united together by extremely find
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cytoplasmic filaments, which proceed from the boundary layer of the
cytoplasm and are known as plasmodesms (°%). Such filaments are
mostly confined to the pit membrane (Fig. 41 s), but may also
penetrate the whole thickness of the cell wall (Fig. 42 pl). The
existence of these connecting filaments of living substance between
the protoplasts confers an organic unity on the whole body of the
plant, serving for the conduction both of substances and of stimuli.

4. Cell Fusmns.—Rapld transport of substances within the body
of the multicellular plant is necessary, for instance from one organ
to another, as from the leaves
to the roots. The process of
diffusion through the cell walls
or the movement of substances
in the very fine plasmodesms

F1c. 42.—4, A swollen portion of cell wall
from the endosperm of the Vegetable Ivory
Palm (Phytelephas macrocarpa). At s, s,
simple pits filled with cytoplasm ; in the
intervening pit membrane are fine connect-
ing threads(plasmodesms); pl, other threads
traversing the whole thickness of the wall.
(x 875.) B, The contents of two opposed
pits and the connecting threads of the pit
membrane. (x 1500.) C, the opening of

Fic. 41.— A cell from the cortex of the
Mistletoe (Viscum album); the protoplast
has been properly fixed and stained and
the wall (m) swallen. The pit membranes
(8) are traversed by connecting threads ;
ch, chloroplasts ; =, nucleus. (X 1000.
After STRASBURGER.)

a pit and the connecting threads of the
pit membrane viewed from 'the surface.
The smaller circle indicates the canal of the
pit, while the larger circle is the pit mem-
brane; the dark points on the latter are
the plasmodesms. (X 1500. After STrAS-
BURGER.)

does not suffice to meet this need, even when assisted by the presence
of the pits, which have been seen to correspond in the walls separating
adjoining cells. The cavities of many cells, especially those which
serve for transport, therefore bhecome continuous by relatively wide
openings, so that they form tubular structures or CELL FUSIONS.
Such openings arise singly or in numbers by a solution of the cell-wall
substance, especially in the end walls of adjoining cells.

5. Formation of Intercellular Spaces and the Ventilation of the
Tissues.—Usually as the meristematic cells are transformed into
permanent tissue and the cell walls thicken, the middle lamella splits

i e R i e
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locally, especially at the angles of the cells. At these points the walls
of neighbouring cells separate and INTERCELLULAR SPACES filled with
air arise throughout the plant (Figs. 38, 40 4). In accordance with
their mode of origin the smaller intercellular spaces are triangular or
quadrangular in transverse sections. They form a connected system
of narrow, branched canals (INTERCELLULAR SYSTEM) which traverse
the tissues in all directions. From their mode of origin by the
splitting of cell walls such intercellular spaces are termed SCHIZOGENOUS.
Unequal growth of the. tissues may lead to the complete isolation of
cells or the formation of larger chambers or passages of more or less
regular form. Intercellular spaces can also arise by the dissolution
or breaking down of cells and are then termed LYSIGENOUS. Some-
times spaces, that are ip their origin schizogenous, are further enlarged
_ lysigenously. Whole regions of the tissue may be stretched and
broken down by unequal growth. Hollow stems arise in this fashion.
In tissues which have arisen by a weaving together of filaments
(Fig. 37) the intercellular spaces are present from the outset.

Intercellular spaces usually contain air and are of great importance
for the living cells forming the tissues. A single cell in water or air
can obtain at any time the gases, especially oxygen, which are essential
to its life from the surrounding medium. The life of the numerous
protoplasts in the tissues of a plant requires a supply of oxygen.
This introduction and circulation of gases in the tissues is carried out
by the system of intercellular spaces.

II. KINDS OF CELLS, TISSUES, AND TISSUE-SYSTEMS

Only in the lower multicellular plants does the tissue consist of
equivalent, spherical, polyhedral, and cylindrical cells (cf. e.g. Fig. 84),
which are similarly able to perform all the vital functions. This
tissue may be termed parenchyma. As the division of labour
between the protoplasts increases, with increase in size and progressive
external organisation, cells or groups of cells acquire diversity in
form, structure, and function. There results in the higher plants a
segregation of the originally uniform cells into variously constructed
kinds of cells, connected, it is true, by intermediate forms. Com-
parative study of the various organs of a plant, or of the higher
plants, shows that the number of these KINDS OF CELL is limited, and
that DEFINITE FORMS OF CELLS RECUR IN THEM ALL. {

Similar cells are usually associated in groups which constitute a
KIND OF TISSUE. These are distinguished by the form, contents, and
the walls of their constituent cellular elements, and each kind of
tissue has its special function or functions. More highly organised
plants are composed of a number of kinds of tissue, but, as in the
case of kinds of cells, this number is small, since they recur in the
most diverse plants. It is not uncommon for single cells (idioblasts)
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or cell groups of a different structure and content to be found in an
otherwise uniform type of tissue.

In the higher plants particular kinds of tissue may occur in
considerable amount and extend in unbroken connection for a distance
or through the whole plant body. These may often include several
associated kinds of tissue and constitute MORPHOLOGICAL TISSUE
sYsTEMS. Such compound associations of tissues may be characterised
structurally and have different main functions. The functions of the
different kinds of tissue within them tend to complement one
another.

In a PHYSIOLOGIOAL TISSUE SYSTEM are grouped together all cells that agree in'

their main functions, irrespectively of their morphological connection, or of their
ontogenetic origin. Such physiological systems are thus something quite different
from morphological tissue systems.

The tissue systems of the more highly organised plants can be
divided into two main groups: (1) the meristematic or formative
tissues ; (2) the mature or permanent tissues.

A. The Formative Tissues

These are also termed MERISTEMS and consist either of relatively
small cubical or isodiametric cells, or of prismatic, flattened, or elongated
cells with thin walls, abundant protoplasm, large nuclei, and few and
small vacuoles (cf. Fig. 2). The numerous cell divisions that occur in
their cells is characteristic. These formative tissues, from which the
permanent tissues are developed, are distinguished according to the
place and mode of their origin into PRIMARY and SECONDARY
MERISTEMS.

1. Primary Meristems. — These arise by the division of the
germ cell and at first compose the whole embryo. TLater they become
localised at the growing points of the branches and roots (Figs. 102,
157), where the increase in number of meristematic cells and the
formation of the rudiments of many lateral organs takes place
(apical growth).

One or a number of the cells at the extreme tip of the growing
point always remain meristematic, and multiply by growth and
continued cell division following on this. The meristematic cells thus
produced, after undergoing further divisions, become gradually trans-
formed into cells of the permanent tissue. When there is a single
cell at the tip distinguished by its form and size from the other
meristematic cells it is called an ApIcAL cELL (Figs. 100, 101, 156);
when there are a number of cells in one or more layers they are
spoken of as INITIAL CELLS (Figs. 102, 157). The latter may resemble
apical cells, but are often more like the other meristematic cells.

A short distance behind the growing point the similar cells of the
primary meristem begin to grow differently and give rise to strands

i\
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and layers of variously shaped formative cells, which at first retain
the general characters of meristematic cells (Figs. 100, 102, 157).
Intercellular spaces, absent in the meristem itself, now arise. At a
somewhat greater distance from the growing point the characters of
the various permanent tissues make their appearance and become
more marked basipetally until the mature structure is attained. In
this process of tissue-differentiation groups, strands, or layers of cells
may retain the meristematic characters and serve as places of origin
later for a renewed formation of meristematic and mature tissues.
Their power of division may persist throughout the life of the plant.

In many Monocotyledons the basal region of the internodes remains
for a long time meristematic, and serves, in addition to the growing
point, as a place of production of permanent tissue. In this way the
intercalary growth of these and other plants is brought about.

2. Secondary Meristems are derived either from the above-
mentioned inactive remains of the primary meristem or are newly
formed from cells of the permanent tissue, which alter their function
and by new cell divisions are transformed into meristematic cells.
Their elements resemble those of the primary meristems, but as a rule
have the form of elongated or flattened prisms. Such secondary
meristems, which get the name CAMBIUM, give origin to cork and to
the secondary growth in thickness of woody plants. They form a
thin layer of prismatic meristematic cells (Figs. 169, 185) parallel to
the surface of the organ at the outside of the cylinder of wood. In
the cambium a middle layer of initial cells undergoes continued
tangential divisions which cut off daughter cells to both the inside
and outside in the radial direction. These cells after some further
divisions are transformed into cells of the permanent tissues.

The new cell walls arising in the cell divisions of a meristem are flat and as a
rule, though not without exception, placed at right angles to the pre-existing
older walls. Walls more or less parallel to the surface of the organ are termed
PERICLINAL, and those at right angles to this ANTICLINAL.

B. The Permanent Tissues

The cells of the permanent tissues differ from the meristematic
cells in being as a rule larger, with relatively little protoplasm and
large vacuoles, and sometimes completely dead. Cell divisions are
not usually taking place in them, and the cell walls are variously
thickened and often chemically altered. The permanent tissue is
composed of a variety of kinds of cells and tissues with diverse
functions. It is usnally provided with intercellular spaces.

In developing from the meristem the cells of the permanent tissue
enlarge, separate at places from one another, undergo thickening and
chemical alterations of their walls, modify or lose their cell contents,
and sometimes fuse by dissolution of the partition walls, In enlarging
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or elongating the cells may behave independently (Fig. 174), so that
the ends of some which elongate greatly push past, or in between, other
cells (SLIDING GROWTH) (%9).

The permanent tissnes may be classified in various ways. Thus
according to their origin primary and secondary permanent tissues
may be distinguished arising from the corresponding meristems. '

A morphologically useful division of the permanent tissues is
obtained when all the differences of the component cells are taken
into consideration together.

It was formerly usual to take the dimensions of the cells into special considera-
tion, and on this ground PARENCHYMA and PROSENCHYMA were distinguished. By
parenchyma was understood a tissue the cells of which were isodiametric or, if
elongated in one direction, were separated by transverse walls. Prosenchyma was a
tissue the elongated cells of which were spindle-shaped and pointed at both ends,
which fitted between those of the associated cells. These two groups do not, however,
suffice to give a survey of the variety of kinds of tissues, and the underlying
conceptions are out of date, especially in the case of parenchyma.

On examining the tissues of the higher plants comparatively there
is found in the first place a tissue which, like that composing the
lowest multicellular plants, consists of cells with living contents
and thin cellulose walls, and is capable of performing a diversity of
functions ; this will be termed PARENCHYMA. Other tissues may
be sharply distinguished from this parenchyma by peculiarities of
structure and special functions. The most striking tissues in the light
of their main functions are the BOUNDARY TISSUE, the MECHANICAL
TISSUE, and the CONDUCTING TISSUE. The PARENCHYMATOUS SYSTEM,
the EPIDERMAL SYSTEM, the MECHANICAL SYSTEM, and the CONDUCTING
SYSTEM correspond on the whole to these tissues. In addition the
SECRETORY TISSUE and GLANDULAR TISSUE may be recognised.

The permanent tissues are frequently divided into epidermis, vascular bundles,
and ground tissue.

1. Parenchyma. Parenchymatous System.—The parenchyma
cell is characteristic of this type of tissue, the relative primitiveness of
which has been referred to above (cf. p. 45). It may be isodiametric
or elongated and of various shapes, and possesses the following further
characters (cf. Figs. 3 B, 9, 40, 41). The cell wall, which as a
rule consists of cellulose, is only moderately thickened and provided
with simple round or elliptical pits ; it thus facilitates the diffusion of
substances from cell to cell. Living protoplasm is usually present,
and the large vacuole may contain a considerable amount of nutritive
material. The chromatophores, which have the form of chloroplasts
or leucoplasts, often contain starch. Parenchyma is usually traversed
by a ventilating system of intercellular spaces. Parenchyma may
form part of other primary or secondary tissues and serves a
variety of functions. The most important vital processes of the
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full-grown plant take place in it, such as the preparation, conduction,
and storage of nutritive materials, water storage, and the process
of respiration. The presence of abundant cell sap contributes to the
maintenance of the general rigidity of the plant body: The structural
differences between parenchyma cells are relatively slight when the
multiplicity of functions they perform are considered. When the
cells have numerous chloraplasts they are spoken of as ASSIMILATORY
PARENCHYMA (Fig. 8) in reference to their main function of forming
organic substance from carbon-dioxide. The parenchyma of the
subaerial parts of plants is often of this nature so far in as light can
penetrate, while the deeper tissues are colourless. The term STORAGE
TiSSUE (Figs. 23 4, 24) is applied when these cells are rich in
organic contents such as-sugar, starch, fatty oils or proteids, or have
hemicelluloses accumnlated in the thickened walls (Fig. 39); these
substances are stored against future use in the metabolism. WATER- -
STORAGE PARENCHYMA as a rule consists of large thin-walled cells with
little protoplasm but abundant cell sap that is somewhat mucilaginous;
these cells diminish in size on losing water. Conduction of organic
food-materials, especially of carbohydrates, takes place in parenchy-
matous cells, which are elongated in the main direction of transport
to facilitate this function. Such CONDUCTING PARENCHYMA often
forms a sheath, without intercellular spaces, around other masses of
tissue. Parenchyma which has large intercellular spaces, serving for
ventilation or the storage of gases, is termed AERENCHYMA.

2. Boundary Tissues.—In the case of the multicellular tissues
composing the bodies of land plants the whole body or particular
tissues may require protection against excessive loss of water,
mechanical injury, excessive heat (°), and frequently against the loss
of diffusible substances. This function
is carried out by cells which have cer-
tain peculiarities of structure and are
often arranged in sheathing layers.
In this way another group of tissues
can be distinguished, the main elements
of which are the epidermal cells and
the suberised or cork cells. The epi-
dermis together with some other types
of cell form the epidermal system.

@) Eplde.rm.al Sy§tem. 1. Epr- F1e. 43.—Surface view of the epidermis
DERMIS.—This is derived from the = gom the upper side of  leaf of Mercuri-
superficial layer of the primary meri-  alisperennis. (x 300. Afier H. Scnexck.)
stem (the dermatogen, cf. p. 86) and
is thus one of the primary permanent tissues. It encloses the
plant body as a protective investment while permitting exchange
of materials with the environment. The epidermis is typically a
single layer (Fig. 45 B) of tabular or more elongated living cells,

E
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without intercellular spaces between them. The lateral walls are
often undulated or toothed, which increases the firmness of the union
of the cells. In transverse section the cells are of uniform depth and
are rectangular or lens-shaped. The protoplasts of the epidermal cells
are commonly reduced to thin layers lining the walls and enclosing
large vacuoles filled with colourless or coloured cell sap. The
epidermis of the parts exposed to light in most Ferns and in many
shade-loving Phanerogams is provided with chlorophyll and takes
part in assimilation. With progressive division of labour, however,
chlorophyll is absent from the epidermis, which then serves merely to
protect the more internal tissues especially against desiccation.

The outer walls of the epidermal cells of all subaerial parts of
the plant, which last for a considerable time, are thickened. In this

F16. 44.—Transverse section of a node of the sugar-cane, Saccharum officinarum, showing
wax incrustation in the form of small rods. (x 540. After STRASBURGER.)

respect they contrast with the epidermal cells of the more fugitive
petals and of submerged and subterranean parts. This holds especially
for roots in which the epidermis has very different functions, such as
the absorption of water and salts. The thickening of the outer walls
results from the apposition of cellulose layers, the outer of which
usually, but not always, become more or less strongly cutinised
(Fig. 190).

The outer walls of the epidermis, whether thickened or not, except
in the case of those forming the surface of subterranean organs and
especially roots, are covered by a thin continuous cutinised film called
the cuTICLE. This is formed on the primary walls of the epidermal
cells. The cuticle is often somewhat folded and in surface view appears
striated. The cuticle and the cutinised layers of the wall are only with
difficulty permeable to water and gases, and prevent the injurious loss of
water by evaporation. The thickening also increases the mechanical
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rigidity of the epidermal cells. On the other hand, the absence of
cuticle from the root facilitates the absorption of water and salts from
the soil. Deposits of wax are also present in the cutinised layers of the
epidermis, and consequently water will flow off the epidermis without
wetting it. The wax is sometimes spread over the surface of the
cuticle as a wax covering. This is the case in most fruits, where,
as is so noticeable on plums, it forms the so-called bloom.. The
wax coverings may consist of grains, small rods (Fig. 44), or crusts,
soluble in ether or hot alcohol.

The epidermis may not only protect the more internal tissues from loss of water
by hindering evaporation, but also by serving as a place of storage of water. The
unthickened lateral walls of these cells become folded as the water is withdrawn

F16. 45.—Epidermis from the under side of a leaf of Tradescentia virginica, 4, In surface view.
B, in transverse section ; I, colourless rudiments of chromatophores surrounding the nucleus.
(X 240. After STRASBURGER.)

from the cavity and stretch when the cell becomes again filled. Such an epidermis
is frequently also composed of several layers of cells.

The mechanical strength of the outer walls of epidermal cells is increased in
some plants by the deposition of calcium carbonate or of silicic acid. In the case
of Equisetum the silicification is so great that the tissues are used in polishing tin-
ware. The pericarp of the Grass, Coiz lachryma, is almost as hard as the opal.

The epidermis of fruits, and particularly of seeds, exhibits a considerable variety
of modifications in its mode of thickening and in the relations the thickening
layers bear to one another. The purpose of these modifications in the epidermis
becomes at once evident when it is taken into consideration that, in addition to
protecting and enclosing the internal parts, the epidermis has often to provide for
the dissemination and permanent lodgment of the fruits and seeds.

Among the ordinary cells of the epidermis there occur as a rule
stomata and hairs which are especially characteristic of this tissue.

2. STOMATAL APPARATUS (*!).—The presence of stomata in the
epidermis is characteristic of most parts of the more highly organised
plants that are exposed to the air. Each sToMA is an intercellular
passage or pore bounded by a pair of curved, elliptical or half-moon-
shaped cells called GUARD CELLS. The pore and guard cells together
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- constitute the STOMATAL APPARATUS (Figs. 45 A4, 46). The largest
stomata are found in grasses; thus in the wheat they measure 0-079
mm. in length by 0039 mm. in breadth, while the pore itself is
0:038 mm. by 0°007 mm.

The PORE interrupts the continuity of the epidermis. It is an
air-filled intercellular space opening below the epidermis into a large

.

intercellular space (Fig.
45 B), which is spoken of
as the respiratory cavity
although it has nothing to
do with respiration. This
cavity is in communication
with the intercellularspaces
of the parenchyma. The
stomata are of great im-
portance to the plant, for
they place the system of
intercellular spaces, which

serves to ventilate the
Fic. 46.—Epidermis with stomata from the lower surface {3 1 i 1
1 communication
of the leaf of Helleborus miger. (X 120. After STRAs- v ?Sues’ n
BURGER.) with the external atmo-

sphere. This connection is
necessary on account of the difficulty with which gases pass across the
epidermis in order to renew the air in the intercellular spaces, and
especially to replace the carbon-dioxide as this is used up. On the
other hand, oxygen, which forms a considerable proportion of the air,
can usually penetrate into the plant in sufficient quantity through
the cuticle and the epidermal cells.

The GUARD CELLS always contain chlorophyll and are character-
ised both by their shape and the manner in which their walls are
thickened. This is best shown in transverse sections (Figs. 45 B,
47 B). There are usually an upper and a lower thickened band
on the side of the guard cell which faces the pore, the portion
of the wall between and the rest of the wall of the guard cell being
relatively thin (Fig. 45 B). This structure stands in relation to the
changes in form of the guard cells by means of which the size of the
pore is varied. The pore is closed by a diminution of the curvature of
the guard cells when there is danger of too great escape of moisture ;
while it is widely opened by increase in the volume of the guard cells
and consequently of their curvature at other times. The stomata
regulate the gaseous exchange and the transpiration.

As the transverse section in Fig. 45 B shows, the thickening ridges project both
above and below the pore. There is thus an anterior ehamber and a posterior
chamber in relation to the narrow region of the actual passage. The thickened
outer walls of the epidermal cells immediately adjoining the guard cells often
have a thinner portion which acts as a kind of hinge and enables the changes
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in shape of the guard cells to be effected without hindrance from the surrounding
cells (cf. Fig. 47 B). The guard cells, as is seen in Fig. 45 4, are often surrounded
by special cells called subsidiary cells ; these may be less thickened or shallower
than the other epidermal cells.

Differences are found in the construction of the guard cells and in the
mechanism of opening and closure of the stoma which depends upon this. Two main
types of stoma may be distin-
guished but theyare connected by
intermediate forms. In the first
the change in form of the guard
cells takes place mainly in the
tangential direction, parallel to
the epidermal surface; in the
second in the radial direction at
right angles to the surfacé, TYPE
I.—According to the form of the
guard cells the pore is opened in
various ways. (a) The type of
the Amaryllidaceae (Fig. 47) is
found in the majority of Mono-
cotyledons and Dicotyledons.
The dorsal wall of each guard cell
(Fig. 47 B) is unthickened, while
the ventral wall (towards the
pore) is thickened and usually
shows the upper and lower
thickening bands. When the
cell becomes turgid the thin
dorsal wall is more stretched than
the thickened wall, and the cell,
which in the flaceid condition
was almost straight, becomes
curved in the tangential plane

to a semilunar shape. (b) The Fia. 49.

type of the Gramineae (Fig. 48) pigs, 47-49,—Types of Stomatal Apparatus, The thick
is met with in the Gramineae and lines indicate the form of the guard cells in the open
Cyperaceae. The guard cells are condition, the thin lines when the stoma i3 closed.

dumb-bell-shap ed ; the widened F1a, 47.—Type of the Alf]aryuidaceae. A, Surface view.
; s y B, In transverse section,
ends being thin-walled, while the gy 48, Type of the Gramineae with the two subsidiary
narrower middle region has both cells, A, Surface view. B, Transverse section.
the outer and inner walls strongly Fic. 49.—Mnium-type in transverse section. (After
thickened (Fig. 48 B). When HaBeRLANDT,) Further description in the text.
the turgor increases the stiff
middle portion of the guard cells are separated from one another by the expansion
of the oval thin-walled ends of the cells, TypE IL—Mnium-type (Fig. 49) is
found in some Mosses and Ferns. In this the ventral walls of the guard cells
are thin while the dorsal walls are thickened. When the turgor of the guard cell
increases, the outer and inner walls are separated from one another, thus lessening
the projection inwards of the ventral wall and opening the pore. The position
of the dorsal wall remains unchanged.

The stomata are formed by the division of a young epidermal cell into two cells
of unequal size, one of which, the smaller and more abundantly supplied with
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protoplasm, becomes the stoma mother cell ; while the larger, containing less
protoplasm, usually forms an ordinary epidermal cell. The stoma mother cell
becomes elliptical in outline and divides again, by a vertical wall, into the two
guard cells, between which, by a splitting of the wall, the intercellular passage
(pore) is formed. Before the formation of the definite stoma mother cell, succes-
sive divisions of the young epidermal cell often oceur ; in such cases the finally
developed stoma is generally surrounded by subsidiary cells. ¥

3. Hars.— The epidermis of almost all plants bears hairs
(trichomes). They are sometimes . unicellular structures and form
papillate (Fig. 50), tubular (Fig.
51), or pointed (Figs. 52, 55, 56
to the left) protrusions of the
epidermal cells. In other cases
they are multicellular and form
cell rows (Fig. 5), stalked or
, unstalked cell surfaces (scale-
F16. 50.—Surface of the upper epidermis of a petal ha,irs, Flg 54) which may re-

of Viola tricolor, showing ridge-like infoldings semble small leaves as in the
?f( t;;; W ‘;ﬁ“;,;,;“;;j‘cgj;""“"‘“g rapillae. pamenta of Ferns, or cell masses.
The multicellular trichomes are

also developed from young epidermal cells, and, indeed, usually
proceed from a single initial cell of the hair by its growth and
subdivision.  Unicellular and multicellular hairs may further be
unbranched or branched (Fig. 53, stellate hairs). Their walls may be

Fia, 51,—Epidermis of the root in longitudinal section showing root-hairs (B)
and their origin (4), (After RoTHERT, semi-diagrammatic.)

thin and delicate or strongly thickened and frequently calcified or
impregnated with silica, and sharply pointed at the tip (bristles, Fig.
55, right). The protoplasts may remain alive and resemble those of
the epidermal cells, or may die. In the latter case the cavity often
becomes filled with air and the hair appears white, or it may be
laterally compressed as in the case of the long hairs of the cotton-seed
(Fig. 52) from which the cotton of commerce is obtained. The basal
portion of the hair in the epidermis may be distinguished from the
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freely projecting body of the hair. The epidermal cells around the
base are often arranged in a ring or radiate on all sides, and may
be called the subsidiary cells of the hair. The STINGING HAIRS
(Fig. 55), such as those of Nettles (Uitica) and of the Loasaceae, are
special forms of bristles.

They arise from single epidermal cells which swell in the course of their
development, and becoming surrounded by adjoining epidermal cells present the
2 appearance of being set in sockets;

while, at the same time, by the multi-
plication of the cells in the tissue at
their base, the whole hair becomes
elevated on a column-like. protuber-
ance. The hair tapers towards the
apex and terminates, somewhat
obliquely, in a small head, just
below which the wall of the hair
remains unthickened. As the wall
of the hair is silicified at the end and
|} calcified for the rest of its length,
J/l the whole hair is extremely stiff.
The heads break off at the slightest

By

F16. 52.—Seed - hairs of the cotton, Gossypium her-
bacewm. A, Part of seed-coat with hairs (x 3).
B,, Insertion and lower part, B, middle part, and Fia. 53.—Stellate hair in surface view from the
Bs, upper part, of a hair. (X 300. After STRas- lower epidermis of the leaf of Matthiola
BURGER.) annua, (X 90. After STRASBURGER.)

touch, and the hairs piercing the skin pour out their poisonous contents, which,
especially in the case of some tropical nettles, may cause severe inflammation.
According to G. HABERLANDT this is due to the presence of a toxin of albu-
minous nature.

Hairs have thus various forms and perform very different functions.
They frequently contribute to the protection afforded by the epidermis,
forming a covering to full-grown parts of the plant and very
frequently to the young parts in the bud or expanding from this.
Such coverings, which may be composed of dead woolly hairs, serve
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to diminish the transpiration and are a protection against direct
sunlight. The root-hairs (Figs. 51 B, 158 r) are tubular prolongations
of living cells of the epidermis of the root and serve for absorption
of water. Very diverse substances are excreted by glandular hairs
(Figs. 75, 76, 77).

Certain hairs with abundant protoplasm and peculiar structure serve to receive
mechanical stimuli according to G. HABERLANDT (*3). They occur on stamens,
petals, and the joints of leaves, and are known as tactile papillae, hairs, or bristles.

4. EMERGENCES, unlike hairs, are not formed solely by epidermal
cells, but a number of cells, lying more or less deeply in the sub-
epidermal tissues, also take part in their formation. They are some-
times glandular, and in other cases
serve as organs of attachment.

Thus, for example, only a few rows
of sub-epidermal cells enter into the
formation of the emergences (Fig. 56) on

Fia. 54.—Scale-hair from the lower side of the leaf of Shepherdia canadensis. A, Surface view.
B, Longitudinal section, (x 240. After STRASBURGER.)

the margins of the stipules of the Pansy (Viola tricolor), which are glandular.
Deeper-lying tissue takes part in the construction of the anchor-shaped attaching
organs, over 1 mm. long, which clothe the fruit of the Houndstongue (Cynoglossum)
and lead to its dispersal by means of animals. The prickles of the Rose or
Bramble are still larger emergences that are of assistance in climbing.

(b) Boundary Tissue formed of Corky Cells.—In many cases,
and especially when the epidermis does not remain alive and
functional during the life of the organ which it covers, the tissues
of the body become limited and protected even more efficiently by
suberised cells. Such cells also in the form of layers or sheaths serve
to bound and delimit certain living masses of tissue from others within
the plant body. Their origin may be primary or secondary. The
suberisation is brought about by suberised lamellae being deposited
on the pre-existing wall, while other layers of the wall frequently
become lignified. Three kinds of suberised boundary tissues can be
recognised : (1) The cutis tissue ; (2) the endodermis ; (3) the cork. =

P ¥ p—




DIV. I MORPHOLOGY 57

=

(1) The Cutis Tissue is a primary permanent tissue and arises by
the early suberisation of cells of the epidermis or of thinner or
thicker layers of parenchyma from which intercellular spaces are
frequently absent. A tissue of the latter kind not uncommonly
sheathes the outside of older parts of the plant (e.g. roots, Fig. 159 ex)
or delimits strands of tissue within the plant from the surrounding
tissue. The cells of this cutis tissue
usually retain their living contents.

In place of suberisation the introduction
of cutin or other substances that are imper-
fectly known chemically may render the mem-
branes less permeable to water.

] e

=2

(2) Endodermis. — This tissue is
formed of the endodermal cells (43).
It very frequently encloses and bounds,

i

=

—

]

Fie. 55.— Stinging hair of Urtica
dioica, with a portion of the epi- Fic. 56.—Glandular colleter from a stipule of
dermis, and, to the right, a small Viola tricolor, showing also to the left a uni-
bristle. (x 60. After STRASBURGER.) cellular hair. (X 240, After STRASBURGER.)

as a sheath, a single layer of cells in thickness, living tissues within
the plant, but it may also form a limiting layer on the outside. Its
origin is sometimes primary and sometimes secondary. The elongated
prismatic living cells of the endodermis have no intercellular spaces
between them. When young the walls are not suberised, but a narrow
strip of the membrane, in the form of a band running completely
round the cell, has undergone a peculiar change by the introduction
of an imperfectly known (? cork-like) substance (Caspary’s band,
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Fig. 57 4). This band gives the appearance of a dark dot or a dark
lens-shaped body, Fig. 57 B, Fig. 161 S) in transverse sections, while
it appears as an undulated band in radial longitudinal
section. In older endodermal cells, as in the cells of
the cutis, a secondary layer of corky substance is
deposited all over the wall, and thick tertiary layers
of carbohydrate material that often become strongly
lignified may follow on this.

In the cutis tissue, when
this is a single layer, and
in the endodermis isolated
cells, characterised by their
shape and by their walls
not being corky, frequently
4 == ol3 occur. These are known as

transfusion cells.
Fia. 57.—4, Diagrammatic representation of a single endo-

dermal cell in the solid showing Caspary’s band on the (3) Cork.— While the
radial walls, B, Endodermis in transverse section; Cas- il d th i

pary’s band appears as the dark lenticular regions of the GPI ermis an e. cutis
radial walls. tissue arealways primary

permanent tissues the
cork is always a secondary tissue, and is developed from a secondary
meristem known as the CORK cAMBIUM. The cork forms either a
thin peripheral layer a number of cells thick which is smooth and
of a grey colour, or thicker fissured coverings of cork composed of
radial rows of cells (Figs. 58, 59). It forms where the epidermis
has been thrown off, or where living parenchyma has been exposed by
wounds. The cork cells usually contain air and are brown, owing to
the dead cell contents. They have a flattened prismatic form and are
extended tangentially, fitting together without intercellular spaces.
The secondary layers of the wall are suberised, while the middle
lamella is often lignified. Tertiary thickening layers are either
wanting or consist of cellulose forming the so-called cellulose layer
which may sometimes become lignified. Even a thin layer of cork
a few cells deep (Fig. 59) greatly diminishes the transpiration from
the surface of any part of the plant, and, as will readily be under-
stood, much more than the epidermis does. Thicker zones of cork
also prevent the entry of parasites. Since cork is a poor conductor
of heat it also protects the plant against over-heating.

Many old stems, tubers, bud scales, and fruits are covered with a layer of cork ;
thus the skin of a potato is of this nature. Bottle-cork is obtained from the
Cork Oak.

The mature cells of cork are very rarely pitted, and either remain relatively
thin (Fig. 58) or are more or less strongly thickened (Figs. 59, 185 p). Strongly
thickened cork cells form what is known as STONE cork. The cells of cork may be
completely filled with dead contents (Fig. 59) which have usually a brown colour.

Frequently layers of suberised and unsuberised cells alternate in a corky tissue.
The latter cells, which do not differ greatly from the cork cells in structure and
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contents and may be thin- or thick-walled, arise’in the same way and are called
PHELLOID TISSUE. The BARK, which is met with on still older stems as the
limiting tissue, consists of tissues of still more varied structure (cf. p. 163).

LENTICELS.—The formation of a covering of cork without inter-
cellular spaces in place of the epidermis would prevent gaseous

Fia. 59.-—Transverse section of the cork layer

of a Lime twig. The cell walls are left

Fio. 58.—Transverse section of white, while the dead contents are dotted.
bottle-cork. (x 120.) (x 120.)

exchange between the interior of the stem and the atmosphere were
the stomata not replaced in some way. This is effected in some
plants (e.g. species of Clematis, Vitis, Lowicera) by porous cork, in

Fic. 60.—Transverse section of a lenticel of Sambucus nigra. e, Epidermis; pk, phellogen ;
1, complementary cells ; pl, phellogen of the lenticel ; pd, phelloderm. (X 90. After STRASBURGER.)

which small circumscribed oval or circular areas consist of somewhat
smaller suberised cells with intercellular spaces between them. Usually,
however, lenticels are present, rough porous warts elongated or
spindle-shaped in outline which are readily seen by the naked eye
on the cork of most trees. They consist of dead unsuberised tissue
rich in intercellular spaces (COMPLEMENTARY TISSUE) interrupting
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the layer of cork (Fig. 60). The intercellular spaces open on the one
hand to the atmosphere, and on the other are in communication with
the ventilating system of the underlying living tissues.

The lenticels frequently form beneath stomata and at an early stage in the
development of the cork. The cork cambium which appears beneath the stoma has
radially-running intercellular spaces between its cells (Fig. 60 pl), and forms to the
outside complementary cells separated by intercellular spaces (Fig. 607). The
lenticel soon breaks through the epidermis. Alternating with the complementary
tissue the cork cambium in the lenticels forms layers of more closely-connected
suberised and lignified cells (intermediate bands or closing layers). These are
developed to close the lenticel during the winter and are again ruptured in the
spring.

8. The Mechanical Tissue System (*4).—Without a certain amount
of rigidity the definite form which is essential to the performance of
their functions in most plants would be inconceivable. In isolated
cells and in growing tissues this rigidity is attained by turgor (cf. p. 225)
and tissue tensions (cf. p. 286). Since, however, turgor and tissue
tensions are destroyed by any great loss of water, leading to the
wilting of the plant, they do not alone confer the necessary rigidity
upon plants. We therefore find special tissues, known as the
STEREOME, which have a purely mechanical function. These tissues
are the SCLERENCHYMA and COLLENCHYMA.

How great are the demands made upon the stability of plants will be at once
apparent from a consideration of a Rye haulm ; although it is composed of hundreds
of thousands of small chambers or cells, and has a height of 1500 mm., it is at its
base scarcely 8 mm. in diameter. The thin stems of reeds reach a height of
3000 mm. with a base of only 15 mm. diameter. The height of the reed exceeds
by two hundred times, and that of the Rye haulm by five hundred times, the
diameter of the base. In addition, moreover, to the great disproportion between
the height and diameter of plants, they often support a heavy weight at the
summit ; the Rye straw must sustain the burden of its ear of grain, the slender
Palm the heavy and wind-swayed leaves (which in species of Raphia have a length
of 15 m. and a corresponding breadth), while at times the weight of the bunches
of fruit has also to be considered.

In plants, however, the rigid immobility of a building is not required, and they
possess instead a wonderful degree of ErAsTICITY. The Rye straw bends before
the wind, but only to return to its original position when the force of the wind
has been expended. The mechanical equipment of plant bodies is peculiar to
themselves, but perfectly adapted to their needs. The firm but at the same time
elastic material which plants produce is put to the most varied uses by mankind ;
the wood forms an easily worked yet sufficiently durable building material, and
the bast fibres are used in the manufacture of thread and cordage and textile
fabries (e.g. linen).

(a) Selerenchyma.—This is the typical mechanical tissue of fully-
grown parts of the plant and is formed of SCLERENCHYMA CELLS
(stone cells) or SCLERENCHYMA FIBRES (‘“‘bast fibres”). Both when
mature are as a rule dead cells with strongly thickened walls consisting
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of lamellae of carbohydrate material, which is often lignified. The
sclerenchymatous cells or stone cells (Fig. 30) are more or less
isodiametric and polyhedral and have round, branched, or unbranched
pits. The sclerenchymatous fibres (Fig. 61), on the other hand, are
narrow, elongated, spindle-shaped cells with pointed ends, polygonal
in transverse section (Fig. 62). They have obliquely-placed, narrow,
elliptical pits. In their development sliding growth
frequently occurs and they only mature in fully-
grown parts of the plant. These elements may
oceur singly, but usually, especially in the case of
the fibres, they are closely associated in strands,
bands, rings, or sheaths, variously arranged so as to
ensure the requisite. rigidity of the organ against
bending, tension, or pressure while employing the
least mechanical tissue.

The firm thick walls of sclerenchymatous cells and fibres
are not infrequently further hardened by deposits of mineral
substances. The resistance which these forms of tissue offer
when the attempt is made to eut, tear, or break them affords
sufficient evidence of their hardness, tenacity, and rigidity.

Sclerenchymatous fibres have always a length which for a
plant cell is considerable, on the average 1-2 mm. In some
plants they are much longer, e.g. 20-40 mm. in Flax, to 77
mm. in the Stinging Nettle, and in Boehmeria even 220
mm. Such long fibres are of economic importance in the
manufacture of textile fabrics. The long pointed ends render
the connection of the fibres more intimate than is the case for
the cells of other tissues. |

SCHWENDENER has been able to determine their mechanical
value by means of exact physical experiments and investi-
gations. According to such estimates, the sustaining strength
of sclerenchymatous fibres is, within the limits of their
elasticity, in general equal to the best wrought iron or
hammered steel, while at the same time their extensibility p. 4 A eleren
is ten or fifteen times as great as that of iron. It is true chymatous fibre. (x
that soon after exceeding its limit of elasticity the stereome  about 100.  After
of the plant becomes ruptured, while the limit of rigidity =~ STRAsBURGER.)
for iron is not reached until the load is increased threefold.

It is, however, of value for the needs of the plant that its limit of elasticity extends
almost to the limit of its rigidity.

(b) Collenchyma.— The sclerenchyma corresponds to the bony
skeleton of the animal body. Its elements are no longer in a condition
which allows of growth, and it cannot be employed in parts of the
plant which are still actively elongating. Where such parts of the
plant require special strengthening in addition to that given by the
tensions of cells and tissues, this is obtained by means of collenchyma.

The collenchymatous cells may be isodiametric but are usually
elongated ; they have transverse end walls (Fig. 64) or are pointed.
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They resemble the cells of the parenchyma in being living cells, but
differ in the unequal thickening of their cellulose walls. This is
localised at the angles (angle collenchyma, Fig. 63) or on the
tangential walls (surface collenchyma). Non-living inclusions, other
than the large vacuole, are wanting in them. Intercellular spaces are
absent or are very small. In spite of its high water - content
collenchyma possesses a considerable rigidity
against tearing owing to the thickening of the
walls of its component elements. It at the same
time allows and takes part in the growth of the
organ, and may be regarded as the cartilaginous
tissue of the plant. The distribution of the
collenchyma is in relation to its mechanical
functions. Thé extensive unthickened regions of
the cell walls, which are further provided with
round or elliptical pits, enable materials to be
rapidly transported within this tissue.

4. The Conducting Tissues.—As the body of

F1a. 62.—Transverse section
of the sclerenchyma in Fia. 63.—Transverse section of the Fi¢. 64.— A collenchyma-
the leaf of Phormium collenchyma of Cucurbita Pepo. tous cell seen from the
tenax. (X 240.) (X 240.) side. (X 240.)

a plant becomes larger and composed of more numerous cells, and
especially as more parts of it project from the soil or water into
the air, the need of rapid conduction of substances from one organ
to another (e.g. from leaves to roots and conversely) increases. The
movement of diffusion through the cross walls even of elongated
parenchymatous cells does not suffice, though facilitated by the
presence of pits in the wall and the complete suppression of inter-
cellular spaces. Special conducting tissues have therefore arisen, the
characteristically constructed elements of which are usually elongated
in the main direction of conduction, frequently present enlarged
surfaces for diffusion, and are further as a rule united to form con-
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tinuous conducting channels. Such tissues are always associated in a
connected system traversing the whole plant.

(a) Sieve-Tubes.—The elements composing the SIEVE-TUBES (%%)
are arranged in longitudinal rows and connected by open pores which
appear to serve for the transport of proteids and carbohydrates. The
transverse or oblique ends, and sometimes the lateral walls, have sieve-
like perforated regions the pores of which are filled with thick
protoplasmic strands. These are called the SIEVE-PLATES (Fig. 65
4, B). In many plants (e.g. the Cucumber, Fig. 65 4) the entire
transverse wall forms one area perforated by relatively coarse pores.

i A W et e
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Fiqa. 65.—Parts of sieve-tubes of Cucurbita Pepo, hardened in alcohol. 4, Surface view of a sieve-
plate. B, C, Longitudinal sections, showing segments of sieve-tubes. D, Contents of twosieve-
tube segments, after treatment with sulphuric acid. s, Companion cells; u, mucilaginous
contents ; pr, peripheral cytoplasm ; ¢, callus plate; c*, small, lateral sieve-plate with callus.
(X 540. After STRASBURGER.)

On the longitudinal walls the sieve-plates have the form of narrowly
circumscribed circular areas with much finer pores (Fig. 65 C, ¢*) where
two sieve-tubes adjoin laterally. In other cases several finely-
perforated areas (sieve-plates or SIEVE-PITS) are found on the oblique
end wall of a sieve-tube (Fig. 66). The elements of a sieve-tube
(Fig. 65), each of which corresponds to a cecll, contain a thin living
protoplasmic layer lining the wall, with a single nucleus, leuco-
plasts, and often starch grains. This encloses a watery, alkaline,
more or less concentrated, and coagulable cell sap which is rich in
albuminous substances and frequently in carbohydrates and inorganic
salts (phosphates). The walls of sieve-tubes are almost always
unlignified ; they .consist of cellulose and are elastically stretched by
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their contents. ~ As a rule they remain functional during one vegetative
period only. Before passing into the inactive condition their sieve-
plates become covered by highly refractive plates of cALLUS (Fig. 65 C),
which diminishes or prevents the exchange of materials between the
members of the sieve-tube. If the sieve-tube resumes its function
in the succeeding vegetative period this callus is again dissolved.

The callus plates consist of CALLOSE, a substance the chemical composition of
which is still unknown; this is characterised by its insolubility in ammonia-
oxide of copper and its solubility in cold 1 % solution of potash. It is coloured
reddish-brown by chlor-zinc-iodide,

] ’ U' a shining blue with aniline blue, and

4 B shining red with corallin (rosolic

acid).

B (b) Vessels.—Special, and
AU ultimabely_ dea.d, cel]‘s, which
ssseesse, | ATE tube-like with a circular or
"e0es¥ s | polygonal cross-section and are
"35%%% | elongated and arranged in longi-
;:,:%5%3?@%%% tgdinal rows in the main direc-
suenewme, | 110N Of conduction, serve for the
i9siek | conduction and storage of water
2ig%%8w% | in the plant. The lignified walls

i of these vessels have striking

and characteristic thickening.

So long as they are functional
F1c. 66.—4, Junction of two elements of a sieve- the vessels co_nt?,m water, and
tube of Vitis vinifera, the oblique wall being shown often also a limited amount of
in section. fgx 600. Alffef_DF- gﬁf&f’& Silzl[i)liif air. They are distinguished as
gramamatised by Roumear sher Dn Byavy . TRACHEIDES and  TRACHEAE.
The tracheides are single cells
with pointed ends, and are as a rule of narrow diameter. Their walls
bear peculiar pits (Fig. 70 B). These elements frequently serve as
mechanical tissue, as in the stems of Coniferae. The tracheae, on the
other hand, are wider or narrower tubes formed from a number of
cells by the disappearanee of their end walls. When the latter are
transversely placed they are completely dissolved, leaving only a
narrow annular rim which becomes further thickened (¥igs. 67 C, s,
69 I ¢,¢"). Obliquely placed, end walls, on the other hand, are usually
not pierced by a single large opening but by a number of elliptical
openings placed one above the other (scalariform perforation, Figs.
69 11, 173 1g). Some of the end walls are not perforated but merely
pitted, and the vessels are thus of limited length.

Some tracheae, in particular those of woody climbers or lianes, may be some
metres in length. In the Oak also tracheae two metres in length are frequent.
As a rule, however, they do not exceed 1 m. and are usually only about 10 em. in
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length. The widest as well as the longest vessels are met with in climbing plants ;
in them they may be 0-7 mm. wide, while those of the Oak are about 0'25 mm. and
of the Lime 0°06 mm.

The terminology of the water-conducting elements is somewhat confused in
the literature. As arule the distinction is drawn between tracheides and tracheae
or vessels. Dy Bary, however, called all these elements tracheae and distinguished
between tracheides and vessels. The suggestion of ROTHERT which is adopted
here appears most convenient, viz. to distinguish within the collective conception
vessels, the tracheides and tracheae.

The thickening of the walls of vessels may have the form of
narrow bars, T-shaped in cross-section (Fig. 68) on the relatively thin

17| M-

F16. 67.—A4, Part of an annular tracheide. B, £
Part of a spiral tracheide. C, Longitudinal Fia. 68, —Portion of a longitudinal section

section through part of a reticulate trachea through three spiral vessels and a row of
showing the remains of a partition wall, s. parenchyma cells of the Gourd (Cucurbite
(X 240. After H. SCHENCK.) Pepo). (x 560. After W. ROTHERT.)

wall. These bars may form isolated rings, connected spirals, or
a network, and accordingly ANNULAR, SPIRAL, and RETICULATE
tracheides and tracheae are distinguished (Figs. 67, 68). In other
cases the thickening involves the greater part of the cell wall but
leaves numerous pits (PITTED VESSELS, Figs. 69, 70). The pits may
be circular, polygonal, or more or less transversely extended and
elliptical or slit-like. When transversely-extended pits stand above
one another in regular rows on the lateral walls the vessel is termed
SCALARIFORM (Fig. 69 I, 70 A). The pits of pitted vessels are
always BORDERED PITS (“0), the canal of which widens from the cell
lumen to the pit membrane (Fig. 71). They may be present on one
or both sides of a cell wall. The outline of the pit in surface view is
commonly eircular and encloses a smaller circle (Fig. 71 4). The
smaller circle is the opening into the cell cavity, while the wider
outline is that of the pit cavity at its widest part adjoining the pit
membrane. The thickening of the cell wall thus overhangs the
pit membrane and forms the wall of the pit, between the outer and
F
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inner circles. The pit membrane is frequently thickened in the
centre forming the TorUs (Fig. 71 (), and this, when the membrane
is deflected to one or other side, may close the entrance like a valve
(Fig. 71 B, {). The wide mem-
brane of the bordered pits allows

readily of movements of water
from the one cell cavity to the
g other, while the overhanging
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Fic. 69.—4, Diagrams of tracheae in longi- FiG. 70.—4, Lower third of a
tudinal section. I., Wide trachea with scalariform tracheide from the
small elliptical bordered pits, and with rhizome of the Bracken Fern
simple perforation of the end wall (g, g). (Pleris aquilina) ; t, the trans-
The further portion of the wall is cut away versely -extended pits on the
in the upper portion of the figure. II., lateral walls; ¢, the scalari-
Narrow trachea with scalariform pitting form pitted end wall. (x 95.
of the wall and perforation of the trans- After D BARv.) B, A
verse wall, ¢. B, The transverse walls tracheide with circular bor-
of the two tracheae in surface view. dered pits. (x 100. After

(After ROTHERT.) STRASBURGER.)

wall of the pit ensures that the rigidity of the wall is not unduly
diminished.

As Fig. 71 shows, the pits are bordered on both sides of a wall
separating two water-conducting elements.  When, however, a vessel
abuts on a living cell, the pit is only bordered on the side of
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the membrane toward the water-conducting element and the pit
membrane has no torus. On the other side of the wall a simple pit
is developed.

There are transition forms between the various types of vessels,
and the thickening bands, in annular and spiral vessels, correspond
to the walls of the bordered pits.

These thickening bars are in fact, as was mentioned above, always narrowed
at their attachment to the wall (Fig. 63). As a result of this they are readily
detached from the unthickened membrane in the preparation of sections, the spiral
thickening often lying within the cavity. The thin portions of the wall between
the thickenings correspond to the pit membranes, and, when occurring between
two water-conducting elements,
may be somewhat thickened
like a torus. 3

Annular or spiral vessels
are formed in growing parts
of plants as they can undergo
extension or stretching.

The thickening of the
walls of water-conducting
elements increases the #Z J—7¢

mechanical rigidity of the W 7\, ) U e#

latter and prevents their 2

be_ln_g crl_ls!]ed by the ad- Fie. 71.—Tracheides from the wood of the Pine, Pinus
jOlIllIlg 11V1ng cells. The sylvestris. A, Bordered pit in surface view. B, Trans-
livine contents of the verse section of bordered pit from a tangential section

2 oL EG of the wood; ¢, torus. C, Transverse section of a
vessels diminish as the tracheide ; m, middle lamella, with gusset, m*; i, inner
wall thickens and ulti- peripheral layer. (x 540. After STRASBURGER.)
mately completely disap-
pear. This does not happen in the tracheae until after the transverse
walls have been broken through.

System of Tissue of the Vascular Bundles.—The sieve-tubes
are usually associated with conducting parenchyma to form strands
or bundles of phloem which traverse the plant. The same holds
for the tracheides and tracheae, although isolated or grouped
tracheides may occur as a water-storage tissue in the parenchyma.
Such strands of phloem or of vascular tissue may be regarded as
INCOMPLETE VASCULAR BUNDLES. They are common in the secondary
permanent tissue as vascular strands in the wood and phloem strands
in the bast (cf. pp.154,159). In the primary tissues, however, the phloem
and vascular strands are united to form COMPLETE VASCULAR BUNDLES
which run as a rule parallel to the long axis of an organ, and are
united by cross connections into a network. The name VASCULAR
BUNDLE SYSTEM is given to this striking feature in the construction
of a plant. In these bundles the elements which serve for the con-
duction of water are associated with those which conduct organic
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material, so that these different substances follow nearly the same
course though usually in opposite directions. This tissue system may
in its origin be primary or secondary. 5

Such complete vascular bundles contrast with the less dense
surrounding tissue by the narrowness of their elements, and the absence
of intercellular spaces; they are often visible to the naked eye as in
the translucent stems of Impatiens parviflora. Strands of tissue of two
sorts are to be distinguished in each bundle,
the vascular portion or XYLEM, and the sieve-
tube portion or PHLOEM. The xylem and
phloem may be variously arranged in the bundles,
the transverse sections of which differ accord-

ingly (cf. p. 99).

)

Other names are used in the literature for the complete
conducting bundle and its parts. Thus the conducting
bundles are also termed vascular bundles, fibro-vascular
bundles, or mestome; the xylem is spoken of as the
woody portion, vascular portion, or hadrome ; and the.
phloem as bast or leptome. :

5. Secretory Cells and Secretory Tissue.
(1) SOLITARY CELLS.—Secretory cells isolated or
arranged in rows are of frequent occurrence in
- the most diverse tissues. They may be isodia-
metric or tubular, and contrast with the other
cells by reason mainly of their contents. Within
their diminished or dead protoplasts secretions
of the most varied kinds are contained. These
are end products of the metabolism and may have
an ecological significance as protective substances.
Mucilage, gums, ethereal oils, resin, gum-resin,
Fic. 72.—Portion of a latici- tannin, alkaloids, and crystals of oxalic acid
z‘:"’“lssoc_e“ heeraedia. (Fig. 22) are among the most frequent secretions.
i) The walls of these cells are often suberised.

The non-septate LATICIFEROUS CELLS which
contain the secretion called LATEX belong here. They are richly-
branched tubes without cross walls, with a smooth elastic cellulose
wall that is usually unthickened (Fig. 72). They have a layer of living
protoplasm with numerous nuclei lining the wall and sometimes
contain starch grains (*7), which in many Euphorbiaceae are dumb-
bell-shaped. Their cell sap is a milky, usually white, watery fluid
which rapidly coagulates on exposure to the air.

Enzymes (in Ficus Carica and Carica Papaya peptonising enzymes in addition),
tannins, poisonous alkaloids, and especially calcium-malate, occur dissolved in
the latex. As droplets in an emulsion gum -resins (mixtures of gum and
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resin), caoutchouc, gutta-percha, fats and wax occur, and as a solid constituent
proteid granules.

The laticiferous tubes in Euphorbiaceae, Moraceae, Apocynaceae,
and Asclepiadaceae proceed from cells
which are ualready recognisable in the
embryonic plant, and with the' growth of
the latter continue to grow, branch, and
penetrate all the organs so that they may
become many metres in length.

(2) CELL-FUSIONS. — A number of
secretory cells may unite to form a more
spacious reservoir for the secretion, by the
dissolution of the walls between them.
. This is most strikingly seen in the LATICI-
FEROUS VESSELS. They resemble the latici-
ferous cells in appearance and in their
contents, but differ in their origin by the
fusion of a number of cells forming a net-
work (Fig. 73). Remains of the trans-
verse walls may be recognised in this.

The laticiferous vessels, like the lati-
ciferous cells, are limited to certain families
of plants, for instance the Papaveraceae
(Papaver, Chelidonium, with reddish-orange ric. 73.—Tangential section through
latex), the Campanulaceae, and in the  the P“E‘eryf’m;% :ff‘l‘]‘ of Z”c"‘:
Compositae the Cichoricae (Cichorium, f:fg;_“niﬁ:w;’tex e A (x
Tarazacum, Lactuca, Scorzonera, Hieracium,  240. After Strassurger.)
Tragopogon).

There is little ground for the widespread idea that the laticiferous cells and
vessels also assist in the transport of materials.

The MUCILAGE TUBES which occur in many Monocotyledons are in many
respects similar to the
laticiferous vessels. Their
mucilaginous sap consists
of albumen, starch, glu-
cose, tannins, and inor-
ganic substances.

(3) LYSIGENOUS
INTERCELLULAR
SPACES. — Secretory
reservoirs frequently
Fia. 74.—Lysigenous oil-reservoirs from the leaf of Dictamnus arise as spherical, ir-

Jraxinella. A, Young. B, Mature after dissolution of the cell 1 tubul
walls. (RoOTHERT altered from RAUTER.) reg.u. ar, or Y e u.ar
: cavities by dissolution
of entire secretory cells, i.e. lysigenously (Fig. 74). 3
These lysigenous secretory reservoirs arise from groups of cells in
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which the secretion has been formed and the walls gradually dissolved.
The secretory cavities filled with ethereal oils in the orange and
lemon have this origin.

6. Glandular Cells and Glandular Tissue. — Glandular cells,
which excrete substances from their protoplasts to the outside or into
the intercellular spaces, occur singly or in groups in the epidermis, in

F1g. 76.—Glandular scale from the female inflores-
cence of the Hop, Humulus lupulus, in vertical
section. 4, before, B, after the cuticle has become

Fia. 75.—Glandular hair from the distended by the secretion. In B the secretion
petiole of Primula sinensis. (x 142. has been removed by alcobol. (x 142. After
After DE BARY.) DE BaRry.) ¢

the parenchyma, and in other tissues. The glandular cells resemble
parenchymatous cells, but have as a rule abundant protoplasm and
large nuclei as in meristematic cells. The excreted substances are
usually end products of metabolism and frequently have an ecological
significance. Closely connected glan- ‘

dular cells forming a layer constitute v
a GLANDULAR EPITHELIUM. JOQQ

Glandular epithelia or isolated
glandular cells are of frequent occur-

F16. 77.—Sessile digestive gland from the upper side  Fic. 78. —Schizogenous oil-reservoir in a

of the leaf of Pinguicula vulgaris. 4, In longi- cross-section of the leaf of Hypericum
tudinal section. B, Seen from above. (ROTHERT perforatum. S, the glandular epithelium.
altered from FENNER.) (After HABERLANDT.)

rence in the epidermis and are often covered by a porous cuticle. In
this situation glandular hairs, the knob-shaped end cell of which is
secretory (capitate hairs, Fig. 75),-also occur. Other glandular hairs
may be scale-shaped (Fig. 76), and glandular emergences (Fig. 56)
are also found. The secretion is very often composed of resinous
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substances, and accumulates between the outer wall of the secretory
cells and the cuticle which is raised up and finally burst. The same
holds for the formation of other adhesive substances and mucilage.

According to the excreted products, which may have varied ecological uses,
the epidermal glands may be distinguished into mucilage, oil, resin, digestive
(Fig. 77) glands, also salt glands, water glands (hydathodes), and nectaries (%%).
The last-named secrete a sugary fluid which attracts insects and occur as
glandular surfaces or hairs within the flower or in other situations (cf. Fig. 136 =).
These are termed respectively floral and extra-floral nectaries.

The glandular cells or epithelia enclosed within parenchymatous or
other tissues always abut on circular or irregular intercellular spaces or
tubular, branched, or unbranched canals which sometimes run through
the whole plant as a“connected system of tubes. These intercellular
spaces, which arise by the splitting apart of cells, form the schizogenous
secretory reservoirs (Fig. 78). Their contents consist of ethereal oils,
resin, gum, or mucilage, and corresponding distinctions are made in
naming these canals.

Schizolysigenous reservoirs also occur.

SECTION III

ORGANOGRAPHY (%)
THE EXTERNAL MEMBERS AS ORGANS OF THE PLANT

THE organisms included in the vegetable kingdom are variously shaped
and segmented. Some are unicellular throughout life, while others
are multicellular. Both may have very simple and regular geometrical
forms and have no external segmentation, or on the other hand may
possess a body with a very irregular outline owing to its being
divided into protrusions of the most various kinds.

I. Significance of the External Segmentation to the Organism.
—The construction and segmentation of any particular organism stand
as a rule in close relation to its needs and mode of life. The external
as well as the internal segmentation is usually the expression of a
DIVISION OF LABOUR between the parts or the cells of the multicellular
body. The external members are, in fact, usually ORGANS with definite
vital functions. The physiological progression from simpler to more
segmented organic forms consists in great part in the increase of this
division of labour.

II. Main Groups of Organs.—The activity of every organism has
two sides. It must nourish itself in order to maintain itself as an
individual, and it must reproduce in order that the race should not
perish with its death. The body of the plant subserves these two
fundamental vital impulses. Only in primitive plants does the whole
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mass serve both equally ; usually certain parts are concerned with the
nutritive processes and others with reproduction. There is thus
usually a clear division of labour between the vegetative organs and
the reproductive organs, which are fundamentally different in form
and structure as well as in function. These two groups of organs will
require separate consideration,

III. Relations of Symmetry.—The form of the whole segmented
or unsegmented organism and of its parts is determined by their
relations of symmetry. Like nearly all properties of organic forms
this is closely connected with the mode of life of the organism,
especially with the direction of growth of the plant and the position
of its members in space. As a rule, therefore, the symmetry of the
internal construction of a plant corresponds to that of its external
form.

Apart from a few very simple forms, the plant body and its
individual parts nearly always exhibit POLARITY and a distinction of
base and apex. Such a distinction is shown both in free motile
forms, in which the direction of progression is usually determined by
the polar construction of the body, and in attached forms, where the
organism is attached to the substratum by its basal pole.

Every section through a part of a plant parallel to the longitudinal
axis is a longitudinal section. When it passes through the axis it is
termed a radial longitudinal se¢tion, and when it is at right angles to a
radius but not in the plane of the axis itself a tangential longitudinal
section. Sections at right angles to the long axis are transverse
sections. An organism or a part of a plant which is almost similarly
constructed around its longitudinal axis is termed RADIAL or ACTINO-
MORPHIC (Fig. 525 4). Such a structure can be divided by a number
of radial longitudinal sections into approximately equal halves, which
are mirror images of one another; it has thus a number of PLANES
OF SYMMETRY. When there are only two planes of symmetry
standing at right angles to each other the structure is ecalled
BILATERAL (Fig. 107). Lastly, when there is only a single plane of
symmetry (the MEDIAN PLANE) the structure is DORSIVENTRAL or
ZYGOMORPHIC ; the two lateral halves correspond, while the anterior
and dorsal sides are unlike (Fig. 525 B). Plants or parts of plants
which grow vertically upwards or downwards (ORTHOTROPOUS) are
usually radial or bilaterally symmetrical. When, on the other hand,
they grow oblique or at right angles to the vertical (PLAGIOTROPOUS)
they are frequently dorsiventral. —There are also ASYMMETRICAL
organic structures, which cannot be divided by any plane into corre-
sponding halves. Some dorsiventral structures, e.g. leaves, become
asymmetrical by the one half being differently formed to the other.
This is, for example, the case with the leaves of Begonia, and in a less
degree with those of the Elm. The whole radially symmetrical
plant body is here composed of dorsiventral and asymmetrical parts.
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I. Vegetative Organs

The highest segmentation attained by the vegetative organs of
plants is that into ROOT, STEM, and LEAVES. Stem and leaves are
classed together as the SHOOT. A plant body composed of shoot and
root is termed a CORMUS, and plants so constructed CORMOPHYTES.
The fern-like plants, or Pteridophyta, and the more highly-segmented
seed plants derived from them are cormophytes.

The cormophytes arose phylogenetically from more simply
organised plants in which the plant body had not attained such a
profound segmentation ; in which roots were wanting, while leaf-like
branches though not true leaves were present. Such structures, as
well as quite simple and unsegmented plant bodies, are included
under the term THALLUS, and such plants may be contrasted with
the cormophytes as thalloid. The Algae, Fungi, Lichens, and all
Bryophyta have thalli.

The thalloid plants must not be confused with the Thallophyta. All thalloid
plants possess a thallus, but they are not all Thallophyta. Under this name
systematic botany includes only the Algae, Fungi, and Lichens.

A. THE THALLUS (%)

(a) Algae, Fungi, Lichens. 1. Simplest Forms.—The only forms
that are quite unsegmented externally are a number of microscopically
small unicellular or multicellular plants. The simplest form that can
be assumed by an organism is that of the sphere.

For example, such spherical cells are shown by some Algae that form a green
coating on damp walls (Fig. 35), and by many Bacteria (Fig. 80 ). The latter
include by far the smallest known organisms.

2. Inerease of Surface.—Of all geometric figures the sphere has
the smallest surface for the same volume, and this surface bears a
smaller ratio to the volume the greater the latter is. Deviations
from the spherical form are thus connected with a relative increase of
the surface. In particular, as the volume of the body increases the
surface area is in this way increased relatively to the volume.
Cylindrical, rod-shaped, filamentous, ribbon-shaped, and discoid forms'
thus occur, and ultimately bodies segmented by reason of their external
projections. The free surface of the body is of great importance to
the plant for the absorption of the gaseous and liquid substances
necessary for its nutrition and derived from the environment.

Even when spherical the cells of Bacteria on account of their minute size have
an extraordinarily large free surface as compared with cells of higher organisms.

The unicellular individuals of the beer Yeast (cf. Fig. 20) are ellipsoidal in
shape, while the cells of many Algae, such as species of Diatoms (Fig. 79), are
discoid or cylindrical. This group of Algae exhibits spindle, canoe, helmet, and
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fan shapes, and also filamentous ribbon- and chain-like forms. Rod-shaped and
spirally-wound forms are met with in the Bacteria (Fig. 80 a, ¢, d).

Such living beings may be attached by mucilage to a substratum or may float
free in water. The free-floating organisms of continental water surfaces as well as
of the ocean are termed PLANKTON in contrast to the firmly-attached aquatic
organisms which constitute the BENTHos. The plankton flora, which is rich in
peculiar species, contains such forms as have been mentioned above. These may
have the power of active movement (swimming forms) due as a rule to projections
of the protoplast as slender contractile flagella or cilia which are special organs of
locomotion. This power of movement enables
many organisms of the plankton, responding
to stimuli, to seek for favourable nutritive
conditions or to avoid unfavourable spots.
Other forms of the plankton are suspended
without true power of movement in the water

Fro. 80.—Bacteria from deposits on teeth. a,
Leptothriz buccalis; o*, the same after treat-
ment with iodine; b, Micrococcus; ¢, Spiro-

F16. 79.—Pinnularia viridis. A, Surface chaete dentiuwm after treatment with iodine ;
view. B, Lateral view. (x 540. d, Spirillum sputigenum. (X 800. After
After STRASBURGER,) STRASBURGER.)

(floating forms). Many of them, and other plankton organisms, show special
arrangements for flotation in the increase of body surface by long bristles, bars,
and plates. The friction of the body against the water is thus considerably
increased and sinking made more difficult ().

3. Establishment of Polarity.—The next stage in progressive
complexity of form is the establishment of the distinction between
base and apex. In freely motile forms the cilia are frequently
attached at one pole. In fixed forms one pole forms an ORGAN OF
ATTACHMENT, as, for instance, a circular disc of attachment or
palmately-branched lobes. The further growth may at the same time
be restricted to a small region of the body or GROWING POINT. This
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in intercalary growth is a zone between the base and apex, while in
apical growth it is situated at the summit of the plant body. A
young plant of the green seaweed Ulva lactuca affords an example
of the latter condition (Fig. 81).

4, Flattening.—Many Algae and Lichens have a disc-shaped or
ribbon-shaped thallus (Fig. 83) by which the free surface is further
increased. The assumption of this form may therefore be regarded as
an adaptation to the nutritive relations of the organism. The latter
constructs its organic substance from the carbon dioxide which it can
decompose, but this process of assimilation only takes place in plants
that contain chlorophyll and in the light. Thus as
many chlorophyll grains as possible require to be
exposed to the <light, and this is attained even
in massive bodies by flattened form.

5. Dorsiventrality.—The majority of the forms
so far referred to are radial or bilaterally sym-
metrical. In those in which the thallus spreads
out on a substratum (e.g. in many Lichens), the
construction of the plant body further becomes
dorsiventral. Dorsiventral symmetry is character-
istic of forms in which the upper side is the more
strongly illuminated and is especially concerned in
assimilation.

6. Branching. — Filamentous, ribbon-shaped,
and discoid forms, the surface of which is extended
as branches, are still more highly organised. This
occurs in most thalli of Algae, Fungi, and Bryo-
phyta. The free surface is still further increased
by the branching, and the available space is better
utilised. Thus bushy, shrublike, and dendroid g, si.—vwa tactuca,
thalli arise ; these in the Algae have often delicate  youns stage,d s}))x:w-
branches moving with the surrounding water to 3%, 40 srac.
which they offer little resistance. BURGER.)

In branching the apex of the young plant may
divide into two new and equivalent parts (DICHOTOMOUS BRANCHING),
as happens repeatedly in the fan-shaped thallus of the Brown Seaweed,
Dictyota dichotoma (Fig. 83 ; cf. the diagram in Fig. 82 ¢). In other
branched forms there is a new formation of growing points which
give rise to lateral branches (LATERAL BRANCHING), and in the higher
forms this becomes more and more limited to the apical region of
the thallus; the youngest and shortest lateral branches are the nearest
to the apex. Such an ACROPETAL origin of new lateral members is
already evident in the filamentous Green Alga, Cladophora (Fig. 84 ;
cf. also Fig. 89). In the simplest case of lateral branching a single
main axis (MONOPODIUM) continues its apical growth throughout the
branch system. It behaves as the parent axis to a large number of

-,
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lateral axes, arising successively on all sides. These grow less actively
than the main axes but can in turn branch similarly. This type
of branching is called racemose (cf. the diagram, Fig. 82 0).

All lateral axes which arise on the axis of the young plant are
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Fia, 82.—a, Diagram of dichotomous and, b, of lateral racemose branching., K, Axis of the young
plant; H, main axis; 1, 2, 3, 4, lateral axes of corresponding orders.

spoken of as branches of the first order ; those which, in turn, arise on
branches of the first order as of the second order, and so on (cf. Fig.
82). The axis on which a daughter axis arises is termed relatively to
’ it a parent axis. Parent
axes may thus themselves
be daughter axes of the first,
second, third, ete., orders.

Cymose branching, which will
be described in connection with
the cormus, also occurs in Thal-
lophytes.

In contrast to the TRUE
BRANCHING described above,
what is known as FALSE
BRANCHING is found in

Fia. 83.—Dictyota dichotoma. (3 nat. size. some low filamentous Algae

After SCHENCK.) and Bacteria. It comes

about by the filament break-

ing into two portions, still, however, held together by the mucilaginous

sheath ; each new end arising by the rupture can grow on as a filament

(Fig. 86). When an unbranched thallus is subsequently split into a

number of lobes, as in the case of the flat thallus of Laminaria (Fig.
351), the term branching is not used.

The thallus in the Fungi, which do not assimilate carbon dioxide
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but absorb organic substances, has a correspondingly peculiar aspect.
It is termed a MYCELIUM, and consists of thin, highly-branched,
cylindrical, colourless filaments (Fig. 87 and Fig. 6) called HYPHAE.
These penetrate the substratum, such as the humus soil of a wood, in
all directions and thus expose a large surface for the absorption of the
necessary food materials. Parasitic
fungi, if not inhabiting the cells, usually
send suctorial projections of the hyphae
(haustoria) into the living cells of the
host plant from the hyphae in the
intercellular spaces (Fig. 85).

7. Division of Labour between
the Branches of the Thallus.—The
most highly-segmented types of thallus
are met with in some Siphoneae and
in the Brown and Red Seaweeds
(Phaeophyceaeand Rhodophyceae). The
external segmentation of some of these
resembles in a remarkable manner the
shoot in cormophytes. Some of these
Algae attain a great size, the thallus

Fi16. 85.—Haustoria (haust) of Peronospora parasitica
Fic. 84.—Portion of Cladophora in parenchymatous cells of Capsella. hy, The inter-
glomerata. (x 48. After SCHENCK.) cellular hyphae. (x 240.)

of the Brown Alga, Macrocystis, being 45 m. long. A good example
of high differentiation is afforded by the Red Seaweed, Delesseria
sanguinea (Fig. 88), which has leaf-like lateral branches seated on the
cylindrical, branched, relatively main axes. In many such forms,
besides the formation of attaching organs or haptera and of branches,
a further degree of differentiation is attained. Some cylindrical
branches continue the growth and branching of the thallus as Long
sHOOTS. Other branches borne on these are SHORT SHOOTS with
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limited growth, and serve as leaf-like ORGANS OF ASSIMILATION.

F1a. 86.—False branching in Cyanophyceae. 4, Plecto-
nema Wollei ; only the upper end of the broken filament
grows out as a branch. B, Pl. mirabile; both ends
proceed to grow. (OLTMANNS after KIRCHNER and

BORNET.)

faces, or are united to form a cell mass.

thalli are composed of uniform
cells all capable of division.
As soon as a growing point is
defined a distinction between
MERISTEMATIC and PERMANENT
cells is apparent. The extreme
tip of the apical growing point
is nearly always occupied by a
single cell termed the APICAL
CELL. This often differs little
from the other cells, as in the
case of Cladophora glomerata
(Fig. 84). The dome-shaped
apical cell is prominent on

These short shoots may
again exhibit a division of
labour among themselves.
Such forms are of the
greatest interest morpho-
logically, as they show how
the leaves of cormophytes
could have arisen from short
shoots.

. Leaf-like short shoots have
evidently arisen independently in
a number of series of thalloid
plants. These organs, serving
for assimilation, have all as-
sumed similar leaflike forms.
Thus the leaf-like branches of
the Siphoneae and Brown Algae
are not homologous with those of
the Red Algae but onlyanalogous.

8. Internal Structure
of the Thallus. — Thalli,
whether segmented or unseg-
mented, may consist of a
single protoplast (e.g. Sipho-
neae, Caulerpa, Fig. 346) or
of many cells. In the latter
case the cells are arranged
in filaments (Fig. 84), sur-

The simplest multicellular

Fic. 87.—Portion of the mycelium of Penicillium.
(x about 35.)

the multicellular long shoots of the Brown Alga, Cladostephus verti-

cillatus (Fig. 89).
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Such an apical cell divides by transverse walls parallel to one another, which
cut off disc-shaped segments from its lower end. These divide further in a regular
way, first by longitudinal and then by transverse walls into a number of cells,
which are at first meristematic. The lateral branches, mostly developed as
shoots of limited growth, develop from lateral cells in acropetal succession, and

~ give the characteristic form to the plant (Fig. 89). Flat ribbon-shaped thalli

may have a similar but correspondingly flattened apical cell, as seen in the Brown
Seaweed, Dictyota dichotoma (*2) (Fig. 90). Flat segments are cut off from this by
walls convex backwards, and are then divided by longitudinal walls. Sometimes
the apical cell is divided by a longitudinal wall into two cells of equal size lying

Fic. 88.—Delesseria sanguinea. (} nat. size. Fig. 89.—Cladostephus verticillatus. (x 30.
After SCHENCK.) After PRINGSHEIM,)

side by side (Fig. 90 B, a, @), each of which forms one of the branches of the
dichotomy.

The permanent cells even of highly-differentiated thalli almost
always have the characters of parenchyma. There may be a distinction
of peripheral ‘assimilatory parenchyma with abundant chlorophyll,
storage parenchyma, colourless and with abundant reserve materials,
and conducting parenchyma composed of elongated cells.

Since the multicellular Algae living in water do not require protection against
drying up, and when exposed to the air at ebb-tide are protected by a covering of
mucilage, a typical epidermal layer is wanting. The Algae show, however, an
outer lamella of the cell walls of their superficial cells, which stains brown with
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chlor-zinc-iodide. Rigidity of the thallus, especially in forms that grow exposed
to the surf, is provided for by thickening of the walls of the outer layers of cells
and sometimes by incrustation with caleium carbonate. In the Bladder Wrack
(Pucus vesiculosus) special mechanical cells, characterised by their thickened walls
and their great extensibility and elasticity, are present. The Laminarieae, which
are also Brown Algae, attain the highest grade of internal differentiation. In the
thick stem-like axis of these plants a cortex, a central body, and a loose medulla
can be distinguished. The cortex frequently contains mucilage canals, and thé
medulla has rows of cells resembling sieve-tubes and serving for the transport of
materials ; such cells also occur
in some Rhodophyeceae. The axis
: grows in thickness by the con-
2 tinued division of a cortical layer,
which forms concentric zones of
secondary tissue, recalling the
annual rings of the higher plants.

The thalli of LiCHENS arise
by the interweaving of fungal
hyphae and can assume a paren-
chymatous structure, The peri-
pheral layers in many species
form a protective rind owing to
the close association of the hyphae
and the thickening of their walls.

(b) Bryophyta (5%).—The
fact that the Mosses and
Liverworts (Bryophyta) as-
similate carbon dioxide finds
expression in their external
form and internal structure.
There are Liverworts such as
F16. 90.—The growing point of Dictyota dichotoma, show- chza ﬁm'tans (Flg 91) i

ing the dichotomous branching, d, Initial co, Which the dichotomously-

(x circa 500. After E. DE WILDEMAN.) branched ribbon-shaped body

' resembles the thallus of
Dictyota, (Fig. 83). In Blasia pusilla, another Liverwort (Fig. 92), the
ribbon-shaped thallus has a midrib and bears lateral lobes as if the
separation of leafy structures was commencing. The most completely
segmented Liverworts, such as Plagiochila asplenioides (Fig. 93), and
all the Mosses have cylindrical branched stems bearing such leaves as
organs of assimilation. The lateral branches stand beneath the leaves
on the main axis. These dorsiventral, bilateral, or radially-symmetrical
bodies, which are often in the Mosses associated in tussocks, are only
analogous to the shoots of the higher plants and are best regarded
as highly-differentiated thalli. Though these plants, in contrast to
the Algae, are mostly sub-aerial organisms they do not possess true
roots, but are attached to the soil by RH1ZOIDS. These are unicellular
hairs, separated from the basal cell bearing them by a cross wall, or
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branched filaments of cells, and serve to absorb water. Many of
these plants can absorb water by their whole surface.

F1a. 91.—Riceia fluitans. F1a, 92.—Blasia pusilla. r, rhizoid.
(Nat. size. After SCHENCK.) (X 2. After SCHENCK.)

When the thallus lies on the substratum it is usually dorsiventral
as in Lichens, and frequently has abundant chlorophyll only on the
upper side exposed to the light (Fig. 95). In such cases the rhizoids

are confined to the lower surface.

In the Bryophyta, which are all multicellular,
the summit of the apical growing point is fre-
quently occupied by a single apical cell.

In ribbon-shaped Liverworts, such as Metzgeria and
Aneura, as in some similarly-shaped Algae, the apical
cell is wedge-shaped (Fig. 94), and cuts off segments in
two or sometimes four rows. The segments in the former
case are cut off by oblique walls inclined alternately to the
right and left ; the four-sided apical cell in addition cuts
off segments above and below. By further division the
segments give rise to the body of the plant. The apparently
dichotomous branching of Liverworts with growing points
of this type can be traced back to the early delimitation
of a new apical cell in the acroscopic half of a young seg-
ment (Fig. 94 at b). In the erect radially-constructed
thalli of the Mosses the apical cell has the form of a
three-sided pointed pyramid, and cuts off three rows of
segments. The young leaves of the Mosses grow at first by
a two-sided apical cell, but later have intercalary growth.

The permanent tissues reach a higher level of
differentiation than in the Algae. This is con-
nected with the difficulties which the life on land
of the Bryophyta introduces. There is only

F16. 93.—Plagiochila asple-
nioides with leaves over-
lapping like the laths of
a Venetian blind, (Nat.
size. After SCRENCK.)

rarely a definite epidermis, though the superficial cells are covered by
a kind of cuticle. On the thallus of the Marchantiaceae, however,
an external layer of cells is clearly marked off from the underlying

G
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tissue. It is perforated by air-pores (Fig. 95), which resemble in
origin the stomata of higher plants. Hairs, in the form of mucilage-
secreting papillae or flat leaf-like scales,

a & are of common occurrence.

A typical stomatal apparatus with two guard
cells enclosing a stoma is found, as GoEBEL (%) has
shown in the thallus of the Liverwort, Anthoceros ;
it must be borne in mind that these stomata are
mucilage slits and do not contain air.

A peculiar capillary apparatus serving for the
absorption of water occurs in the Bog Mosses
(Sphagnaceae). The cortex of the stem consists
i At = Tin g G e of t'hree or four layers of empty cell§, the. walls of

tion of the apex of Metzgeria furcata Which have annular and spiral thickening, and

in process of branching, viewed are perforated by round holes; these readily absorb

from the dorsal side. @, Apical ater. Similar cells lie singly in the leaves, which

ocll*b! parant Ahook B, B only one layer of cells thick, in the meshes of

of daughter shoot. (x cirea 870. < T

After KNv.) a network of elongated living cells containing
chlorophyll.

Some Liverworts have a strand of elongated cells serving for
conduction. This is situated in the midrib of the ribbon-shaped
forms. Conducting strands clearly limited from the surrounding
tissue are, however, first met with in the Mosses.

A relatively simply-constructed conducting strand is shown in transverse section
in the stem of Mnium undulatum in Fig. 96 I. The most perfect strands of this

F1a. 95.—Surface view and transverse section of the thallus of Marchantia polymorpha. 1In A, an
air-pore, as seen from above; in B, as seen in cross-section ass, assimilating cells. (x 240.
After STRASBURGER.)

kind are found in the stems of the Polytrichaceae. They contain elongated, thin-
walled, water-conducting elements, thick-walled mechanical tissue, and elongated
cells that contain proteids and starch. Strands of similar construction are also
found in the thick midrib of the leaves and are connected with that of the stem.
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In some Mosses there are in addition elongated and pointed mechanical eells which
closely resemble sclerenchyma fibres.

(e) Gametophyte of the Cormophytes (°3). In the developmental
history of the cormophytes a stage with a thalloid vegetative body

~ occurs. Two generations alternate regularly with one another, the

spore-bearing plant or sporophyte and the sexual plant or gametophyte.
The vegetative body of the former is a cormus, while that of the latter
is usually a very simply segmented and constructed thallus (pro-
thallium). In Pteri-
dophyta the gametophyte
is usually a flat green
structure attached to the
soil by rhizoids and living

F16. 96,—Transverse section of the stem of Mnrium undu- Fic. 97.—4spidium filix mas. Pro-
latum. I, Conducting-bundle ; ¢, cortex; e, peripheral thallium from the lower side.
cell layer of cortex; f, part of leaf; r, rhizoids. (x 90. rh, thizoids. (x about 8. After
After STRASBURGER.) ScHENCK.)

independently (Fig. 97). It is at most a few centimetres in length
and resembles a small Liverwort thallus. It may also consist of
branched filaments.

B. THE CORMUS

The vegetative organs of the sporophyte in the Ferns and fern-like
plants (Pteridophyta) and in the Spermatophyta, to which the name
cormus will be applied, are, as has already been mentioned, more
highly segmented than the thalli. The cormus is divided into shoot
and root, the shoot into the axis and the leaves. Stems, leaves, and
roots are thus the fundamental organs of the cormus, which evidently
is adapted to life on land by its outer and inner construction.
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As in many thalli the surface of the cormus is considerably in-
creased by branching. The shoot forms lateral branches, the roots
give rise to lateral roots, and by this branching, which in many plants
begins even in the embryo, a shoot-system and root-system arise.

The term cormus is usually employed as equivalent to shoot to denote a leafy
stem apart from the roots, and a shoot or cormus is then recognised in the leafy
Bryophyta. This view, however, dates from a period when the life-history of the
Bryophyta was not accurately known. It is now established that the ‘‘shoot” of
the Moss is not homologous with the shoot of the higher plants. It is therefore
advisable not to employ the terms shoot or cormus in speaking either of the
Bryophyta or of similarly organised Algae. There is nothing to prevent using the
conception of the cormus as a wider one than that of the shoot, and to understand
by it the vegetative organs of the cormophytes differentiated into shoots and roots.
Further, there are transition forms between roots and shoots (e.g. the rhizophores
of Selaginella) and between leaves and shoots (e.g. Utricularia).

1. Construction of the Typical Cormus

The fundamental organs of those cormi which can be regarded as
typical will be considered in the first place. Their peculiarities only
appear typically in such plants as our native trees, or even more
clearly in many herbs. The fundamental organs may undergo many
modifications and, in extreme cases, their distinction may be difficult.

(a) The Shoot

The shoot in land plants may be wholly or in part exposed to the
air (AERIAL SHOOT) or be partly buried in the soil (SUBTERRANEAN
sHoOT, Fig. 138); the latter is the case in many perennial herbaceous
plants (cf. Figs. 123, 138). It consists of the STEM or AXIS of the
shoot and the LEAVES. The latter on. the aerial shoots, which are
usually green, are developed as foliage leaves, while on the white or
colourless subterranean shoots (root-stocks or RHIZOMES) they are
mere scales. The stem bears the leaves and provides for the extension
of the shoot-systems; this involves the elongation of the stem and
the formation of new leaves and lateral branches, the connection
between the leaves and roots, and the conduction of material between
these organs. The stem in most subterranean shoots further serves
as a place of storage of reserve materials. The foliage leaves, like the
leaf-like branches of thalloid plants, are the organs of assimilation and
transpiration in the cormophytes. The external form and internal
structure of the foliage leaves and stem stand in relation to these
functions.

(o) The Growing Point.—The shoot grows by means of an apical
growing point situated at the extreme tip of the stem. Since the
growing point is extremely small and scarcely visible to the naked
eye, it is best seen when longitudinal sections of the apex of the shoot
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are examined with a magnifying glass (Fig. 98). It then appears flat
(Fig. 99) or convex (Fig. 98 v), and sometimes distinctly conical
(Figs. 100, 102). The rudiments of the leaves (f) and of lateral
branches (g) arise laterally beneath the tip and appear as closely-
crowded exogenous projections or bulges of the surface.. The leaves
arise in acropetal order and become larger on passing farther from
the apex, as is clearly shown in transverse sections of the growing
point (Fig. 99).

The growing point and the young leaves, which only arise from
the embryonic part of the apex, both consist of meristematic tissue.
In the majority of the Ferns and in the Horsetails a single apical cell

Fia. 99.—Apical view of the

Fic. 98.—Apex of a shoot of a phanerogamic plant. vegetative cone of a shoot
v, Vegetative cone; f, leaf-rudiment ; g, rudi- of Euonymus japonica.
ment of an axillary bud. (x 40. After (x 12. After StrAs-
STRASBURGER.) BURGER.)

is found at the summit of the growing point (Fig. 100 #). It has the
form of a three-sided pyramid (tetrahedron) with a convex base.

The apical cell (Fig. 100 ¢, 101 4) of the main shoot of the Common Horsetail
(Equisetum arvense) will serve as an example. Viewed from above (Fig. 101 4) it
appears as an equilateral triangle in which new walls are successively formed
parallel to the original walls. Each segment (S, S”) becomes further divided by
partition walls. In the Pteridophyta which have apical cells the leaf rudiments
(f, f» f") usually commence their development with an apical cell which cuts off
the rows of segments (f). The activity of this usually ceases, and the development
‘of the leaf is continued by marginal growth due to a number of equivalent two-
sided cells. This is the case, for example, in Eguisetum. The lateral buds (g) also
start from a single cell that becomes the apical cell.

In the Lycopodiaceae, among the Pteridophyta, and in Phanero-
gams, there is no such single apical cell at the growing point. In
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place of this a number of equivalent meristematic cells, which often
form regular concentric layers (Fig. 102), are met with.

The outermost layer of cells which covers the growing point and also the
developing leaves is termed the DERMATOGEN (d) because it gives rise to the
epidermis ; it usually divides by anticlinal walls only. The cells in which the
central cylinder of the stem ends at the apex form the PLEROME (pZ), while the layers
between this and the dermatogen constitute the PERIBLEM (pr). The limit between
the periblem and plerome is often indistinet. The leaves and lateral branches arise
as multicellular projections (Fig. 102), which come about by local increase in
number of periblem cells, while the dermatogen undergoes anticlinal divisions only

Fia. 100.—Median longitudinal section of the vegetative cone of Equisetum arvense.
Explanation in the text. (X 240. After STRASBURGER.)

and keeps pace with the enlargement. In the case of the origin of leaves only the
dermatogen and periblem are concerned ; in that of the lateral branches the
plerome also (5).

Since the rule that the new cell walls intersect at right angles holds for
growing points, the system of cell walls as seen in longitudinal sections often
forms a strikingly symmetrical figure, the periclinal as well as the anticlinal
walls forming systems of confocal parabolas (Fig. 266). The elements of the one
system cut those of the other nearly at right angles (Sacus). In transverse sections
of such growing points the periclinal walls form concentric circles.

-

Bup.—The formation of new members at the growing point is
followed by their increase in size and differentiation. This applies in
the first place to the young leaves, the growth of which exceeds that
of the stem apex and is most marked on their lower surfaces. As a
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result of this the older leaves close over the growing point (Fig. 98)
and the younger leaf rudiments. The growing point thus becomes a
bud in which the delicate younger structures are protected against
desiceation by the older and larger, though still immature, leaves. A
bud is thus the young incompletely-developed end of a shoot.

VERNATION AND AESTIVATION.*—A section through a winter bud shows a
wonderful adaptation of the young leaves to the narrow space in which they are
confined. They may be so disposed that the separate leaves are spread out flat,
but more frequently they are folded, rolled (Fig. 103 7), or crumpled. The manner
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F16. 101.—A4, Apical view of the vegetative pl or
cone of Egquisetum arvense, B, Optical
section of the same, just below the apical Fia. 102. —Median longitudinal section of the
cell ; I, lateral walls of the segments. vegetative cone of Hippuris vulgaris. d, Der-
Further explanation in text. (x 240. matogen ; pr, periblem ; pl, plerome ; f, leaf-
After STRASBURGER.) rudiment. (X 240. After STRASBURGER.)

in which each separate leaf is disposed in the bud is termed VERNATION. On the
other hand, the arrangement of the leaves in the bud with respect to one another
is designated AESTIVATION. In this respect the leaves are distinguished as FREE
when they do not touch, or vALVATE when merely touching, or IMBRICATED, in
which case some of the leaves are overlapped by others (Fig. 103 k). If, as
frequently occurs in flower-buds, the margins of the floral leaves successively
overlap each other in one direction, the aestivation is said to be CONTORTED.

(B) The Axis of the Shoot. A. External Construetion.—The
active elongation of the stem begins at some distance from the grow-
ing point; with this the leaves in the bud begin to separate. It is
characteristic of shoots, especially aerial shoots, that this elongation is
not limited to a short region below the bud but extends many centi-

* [The use of these terms in the following paragraph differs from that customary in
England. By VERNATION is understood the arrangement of the leaves in a vegetative

bud as a whole. The folding of each individual leaf in the bud is termed Pryxis. The
term AESTIVATION is applied to the arrangement of the parts in a flower-bud.—TRANs.]
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metres (to more than 50 cm.) from this. It is not of course so active
in the successively distant zones. The elongation may, on the other
hand, be so slight that the mature
leaves of the shoot adjoin one
another without leaving any free
surface of stem between them.
As a rule, however, its amount and
distribution is such that the inser-
tions of the leavesbecome separated
by bare regions of stem (Fig. 115).
These are known as INTERNODES,
while the transverse zones of the
stem where the leaves are inserted
are the NopES. The growth in
length is much less in the nodes
Fio. 103.—Transverse section of a bud of Populus than in the internodes. In the
migra. k, Bud-scales showing imbricated Jatter it is often limited to a
aestivation [vernation]; I, foliage leaves
with involute vernation [ptyxis]; s, each leaf narrow zone, for exanlple at the
has two stipules. (x 15. AfterSrrassurcer,) base of the internode in the
Grasses. There are then a number
of zones of intercalary growth in the stem separated by fully-grown
regions. The nodes may be swollen (cf. Labiatae).

In the aerial shoots the internodes are usually thin, while ﬂley are frequently
very thick in subterranean shoots.

The length of successive internodes of an axis exhibits a certain regularity.
Usually it increases on ascending a main axis and then diminishes.

Leaf Arrangement (°).—The distribution or arrangement of the
leaves is very characteristic of shoots, and exhibits great variety.
One or a number of leaves may be borne at each node. When there
are several leaves they form a WHORL and are termed the members of
the whorl, while the leaf arrangement is spoken of as VERTICILLATE.
When there is only one leaf at each node the arrangement is
ALTERNATE. A very remarkable and peculiar regularity is exhibited
by the arrangement of leaves on all sides of erect shoots; it is often
at once evident when the growing point is looked at from above
(Figs. 99, 104). The youngest leaf-rudiments adjoin the older ones
in such a way as to best utilise the available space. The relations of
position are best shown when they are plotted diagrammatically on a
ground-plan. The position of the leaves is represented in the diagram,
which is of a plane at right angles to the axis of the stem, as if the
latter were conical and viewed from the tip; it is thus possible to
indicate a higher position on the stem by a more internal position in
the plan. Such ground-plans of leaf arrangements are called DIAGRAMS
(Fig. 105). The centre corresponds to the apex of the stem; the
leaves nearest to this are the youngest or uppermost, and those
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farther out are successively older and lower. It is convenient to
indicate each node by a circle ; when there are several leaves at the
same node they are represented on the same circle. Such diagrams
agree with the figures of transverse sections of a bud in the neighbour-
hood of the apex of the stem (Figs. 99, 104).

It thus appears that EVEN AT THEIR APPEARANCE THE LEAVES ON
AN ERECT RADIAL SHOOT ARE DISPOSED AS REGULARLY AS POSSIBLE
AROUND THE STEM. THIS ENSURES THAT THE EXPANDED LEAVES DO
NOT SHADE ONE ANOTHER BUT MAKE THE FULLEST POSSIBLE USE OF
THE LIGHT. The distribution is so regular that the angle between
two successive leaves (e.g. in Fig. 105, leaves 1 and 2, 2 and 3,
etc.) is constant ; this is termed the ANGLE OF DIVERGENCE, or, when

F1G. 104.—Transverse section of a leaf-bud Fic. 105.—Diagram showing % position of
of Tsuga canadensis, just below the leaves. The leaves numbered according
apex of the shoot, showing a i diverg- to their genetic sequence. (After STRAs-
ence. (X circa 20. After HOFMEISTER.) BURGER.)

expressed as a fraction of the circumference, the DIVERGENCE. It is
different in different kinds of plants.

In the case of verticillately-arranged leaves the angle of divergence of a whorl
(Fig. 106) is the circumference divided by the number of leaves, which is usually
the same in each whorl. The members of successive whorls do not stand
immediately above one another but alternate, so that the members of one whorl
come above the intervals between those of the whorl below (Fig. 99, 106). The
result of this arrangement, combined with the equality of the angle of divergence
in each whorl, is that the leaves of such a shoot are arranged in twice as many
vertical rows as there are members in each whorl (Fig. 106). These longitudinal
or vertical ranks are termed ORTHOSTICHIES. A frequent case of verticillate
arrangement is that of whorls of two members (Figs. 99, 106). In this arrange-
ment, which is termed DECUSSATE, the angle of divergence is 180°; the divergence
is thus 3, and there are four orthostichies. If there are three members in a

whorl the angle of divergence is 120°, the divergence 4, and there are six
orthostichies.
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When the arrangement of the leaves is alternate the divergence may be % (Fig.
107),  (Fig. 144), 2 (Fig. 105), £ (Fig. 104), etc. Here also, owing to the
uniformity of the angle of divergence, the leaves will stand in orthostichies on the
stem. With a divergence of % leaf 4 will stand vertically over leaf 1 (5 over 2,
6 over 3, 7 over 1, etc.); with-a % divergence (Fig. 105) leaf 6 comes over leaf 1,
7 over 2, 8 over 3, ete. If one imagines the insertions of successive leaves connected
by the shortest line passing round the cireumference of the stem, this line will be
a spiral. The alternate arrangement of leaves is therefore also spoken of as
SPIRAL ARRANGEMENT. The segment of this genetic spiral passing from leaf to
leaf till one vertically over the starting point is reached is called a cycLE of the
spiral (e.g. in Fig. 105 from 1-6 or 3-8). In the case of % divergence the cycle
consists of three leaves and passes once round the stem. In % divergence (Fig.
105) the cycle consists of five leaves and passes twice round the stem. In the

fraction expressing a divergence the
numerator shows how often the cycle

1

) passes round the stem, and the denomi-

! nator how many leaves the cycle in-
cludes. The latter also indicates how

]

1

many orthostichies there are and which

o leaf will next be found in the same
1 ) orthostichy. For example, in a

F1o. 106.—Diagram of the decussate arrange-  F16.107.—Diagram of two-ranked arrange-

ment of leaves. The dotted lines are the ment, of leaves. The dotted lines are
orthostichies. (Modified after STRAs- the orthostichies.  (Modified after
BURGER.) STRASBURGER.)

divergence the stem will be passed round five times before the next superposed leaf
is met with, there are 18 orthostichies, leaf 16 stands over leaf 8 (3+13), and over
leaf 8, leaf 21 (8 +13). Since the denominator always indicates the number of ortho-
stichies, the } divergence is also spoken of as two-ranked, the % divergence as three-
ranked, etc. When the leaves on a stem are crowded and in contact another series
of ascending spirals becomes more prominent ; these are the pArasTICRIES. They
come about by the contact of those leaves the lateral distance between which on the
axis is the least. The parastichies appear very clearly on pine-cones from which
Fig. 108 is prepared as a somewhat diagrammatic view from the base. In this view
the parastichies appear as spiral lines. Several systems of parastichies running in
the same direction are clearly apparent. One of these (indicated by the unbroken
lines I-VIII) goes in the direction of the hands of a clock ; two cross this system,
one being a flat and the other a steep spiral, and these are marked by the two types
of dotted lines. Two systems of equivalent parastichies that cross can be used to
determine the divergence (cf. Fig. 108). Denoting any particular leaf by 1, the
number of the next leaf in the parastichy is obtained by adding to 1 the number
of the oblique ranks of that system which pass round the stem. There are &



B

DIV. I MORPHOLOGY o1

parastichies indicated by unbroken lines, so that the next leaf in this parastichy
is 1+8=9 and the next to this 9+8=17, etc. Taking the opposite system of
spirals there are 5 marked by broken lines (18 marked by dotted lines), and thus
the leaves in the system with broken lines are 1+5=6, 6 +5=11, and soon. In
the dotted parastichies, on the other hand, they are 1+13=14, 14+13=27, ete.

~ This regularity depends on the fact that in every system of parastichies there must

be as many leaves between the successive leaves of one parastichy as the remainder
of the parastichies of that system. (This, in the system indicated by unbroken
lines in Fig. 108, is 7, and seven leaves intervene between 1 and the next leaf of
the parastichy. This leaf must follow on 1+7 and therefore be number 9.) If
all the leaves are numbered in this way the successive numbers 1, 2, 3, 4, etc., give
the genetic spiral and the
divergence. The pine-cone in
Fig. 108 has the leaf arrange-
ment %, and in accerdance
with this the leaves 1, 22,
43 come above one another—
2.e. in the same orthostichy.
When the divergences are
determined in diverse plants
with alternately - arranged
leaves it is found that certain
divergences are particularly
common. The series 1, 1, 2,
%, ¥ =1, 33, ete., can thus be
arrived at. These fractions
have an evident connection
with one another ; the numer-
ator and denominator of each
are the sums of the numer-
ators and denominators re-
spectivelyof the two preceding T e x
fractions. The divergences Fic. 108.-Sefm-dxagrammatlc view f)f & pingcone’ soon from
= c s below. Divergence of scales f ; I-VIII, system of para-
of this series all lie between % stichies running in the direction of the hands of a watch ;
and } of the circumference of 1-5, system of parastichies running in the opposite direc-
the stem. They deviate the  tion. For further description see the text.
less from one another as the
start of the series is departed from and approach more and more an angle of
137° 80" 28”. This scries is termed the main series of leaf arrangements. There
are also other similar series, but the main series is characterised by the fact that
by its divergences the most uniform spacing of the leaves on an axis is attained
with the smallest number of leaves. The discoverers of this series-were CARL
ScHIMPER and ALEXANDER Bravuw,

Erect radial shoots with elongated internodes or with broad leaves have usually
few orthostichies, while those with short internodes and narrow leaves have many.
In the latter case the divergences belong to the higher members of the series.

Changes in the original position of the leaves may be caused by torsions of the
axis. Thus the leaves at the growing point in species of Pandanus are laid down
in three vertical series, but subsequently come to be arranged by the torsion of the
stem in three spiral lines. In this way the leaves can better utilise the light.

The arrangement of the leaves on inclined dorsiventral stems is relatively
simple. A divergence of } or a similar arrangement is the most common ; by this
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the leaf surfaces can be placed horizontally and obtain favourable illumination.
This is frequently attained by twisting of the internodes, which thus transforms
a decussate into a two-rowed arrangement on inclined shoots. Similar changes
occur in the case of alternately-arranged leaves in relation to the best utilisation
of the light by the leaf surfaces. The position of the foliage leaves is nearly
always an adaptation to the needs of the plant as regards light. In some
horizontal subterranean shoots (e.g. of Ferns) the leaves stand in one row on the
upper side.

Practically nothing is known of the causes of the regularity in the arrangement
of leaves. The assumption of SCHWENDENER that purely mechanical causes
acting at the places of origin of the leaves determined the arrangement of the
latter has proved to be unfounded (%).
The leaves need not arise at the apex in
the order of their genetic spiral, nor
simultaneously as members of a whorl.
Sometimes one, side of a growing point
may even predominate in the production
of leaf-rudiments.

B. Primary Internal Strue-
ture of the Stem (%8).—The stem
exhibits. a much more advanced
differentiation of tissues than the
long shoots of even:the most
highly segmented thalli. On the
outside a typical EPIDERMIS forms
its boundary layer. Beneath this
in the internodes (the nodes have
Fia. 109.—Transverse section of an internode of & more complicated structure to

the.stemonea Mais. pr, Primary cortex; pe, he considered later) comes a zone
pericycle ; cv, vascular bundles; ge, funda- .
mental tissue of the central cylinder. (X 2. of tissue free from vascular bundles
After SCHENCK.) and called the corTEX. This sur-
rounds the CENTRAL CYLINDER
(Fig. 109), as the remaining tissue of the stem including the vascular
bundles is called.

It i practically desirable to maintain the conception of a central cylinder even
though in some Monocotyledons the cortex cannot be clearly distinguished from
the central cylinder and the vascular bundles occur close below the epidermis.

Cortex.—The cortex is mainly composed of parenchyma. In
green aerial shoots the peripheral layers contain chlorophyll, while
those farther in are colourless and serve for storage rather than
assimilation. In colourless subterranean stems, which often attain a
greater thickness, it is composed of colourless parenchyma which, like
the parenchyma of other regions of the rhizome, contains reserve
materials. Mechanical tissue is also developed in the cortex. The
stem in aerial shoots sustains the weight of the leaves and is exposed
to bending by the wind ; it must be sufficiently rigid against bending
in all directions. This is attained by the aid of mechanical tissue as
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layers or strands of collenchyma or sclerenchyma ; this is placed as
near to the periphery as possible, sometimes lying just below the
epidermis of projecting ridges (Fig. 111, 1, 2).

RIGIDITY AGAINST BENDING while the least possible mechanical material is
employed is best attained by placing this in a peripheral position. When a
straight rod (Fig. 110) is bent the convex side elongates and the concave side
is shortened. The outer edges, @, a and a’, o/, are thus exposed to the greafest
variations in length, while nearer the centre (3, ¢ ; 7', ¢') the deflection and consequent
variations in length are less. If instead of the uniform rod the mechanically
effective material were disposed as economically as possible, it should be brought
close to the periphery. In this position it will oppose the greatest resistance to
bending, and if bending takes place will be less easily torn or crushed than less
resistant material. Eyery one knows how great is the resistance to bending of an
iron tube, even with thin walls. The builder attains a high level of resistance to

2

F16. 110.—1. Longitudinal section of an elastic cylinder, before bending (dotted outline) and after
bending (heavy outline). After bending the convex side () is stretched and the concave side
(a) corapressed. f, Connecting tissue.
2. When the connecting tissue (f) is not sufficlently firm, the bands of stereome (g, a’) curve
independently and remain unaltered in length. (After NoLL.)

bending by placing at the periphery of structures bars of mechanically effective
material parallel to one another and to the longitudinal axis of the structure.
These are called girders. It is essential that these GIRDERS should be connected
and kept at their proper distances from one another by a sufficiently rigid but
elastic connecting tissue (Fig. 111, 1). Each rod or girder then forms with the one
lying immediately opposite an I-girder, the material which occupies the line
between the two rods being the connecting material (Fig. 110). Were this
connection wanting each rod would be readily bent. In hollow structures,
however, it is sufficient that the girders should be joined laterally. In large
buildings the peripherally-placed bars have themselves the construction of I-
girders, each being constructed of two connected bars.

As SCHWENDENER (¥) first showed, the mechanical tissues which render a
stem rigid against bending are arranged so as to make the best use of the material.
In many plants the mechanical tissue forms a peripheral hollow cylinder which
may either come next the epidermis or be more deeply situated (Fig. 112 pc) ; in
others there is a system of similarly-placed strands of mechanical tissue lying
side by side (system of simple girders, Fig. 111, 1) ; the latter arrangement may be
combined with the complete hollow cylinder (Fig. 111, 2). In other cases each of
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the peripheral strands has itself the form of an I-girder (Fig. 111, 3) ; only the outer
bars of this consist of mechanical tissue, the connection being usually made by a
vascular bundle (system of compound I-girders). These arrangements are on the
whole better shown in the stems of Monocotyledons than in the primary structure
of the stems of Dicotyledons and Gymnosperms. In the latter the rigidity can be
inereased by the sccondary thickening. In stems which are green and carry on
assimilation the mechanical tissue is somewhat removed from the epidermis, being
separated from the surface by the green tissue for the functions of which light is
necessary ; in other cases the mechanical and assimilatory tissues share between
them the peripheral position (Fig. 111, 2).

The innermost layer of cells of the cortex in the mature subaerial
stems of land plants is not usually specially characterised. There is

Fie. 111.—Rigidity against bending. 1. Transverse section of a young twig of Sambucus ; ¢, collen-
chyma. 2. Part of the transverse section of a haulm of grass (Molinia coerulea); Sec, ribs of
sclerenchyma ; Se R, sclerenchymatous ring connecting them laterally ; 4, green assimilatory
tissue ; MH, pith-cavity. 8. Diagram of double girder on a larger scale. g, g, Girders;
J, connecting tissue represented by the vascular bundle. (1 and 2 after NoLL.)

then no sharp limit between cortex and central cylinder. This layer
may, however, be developed as a starch sheath, as a typical
endodermis (especially in the subterranean shvots of land plants and
in the stems of aquatic plants), or as a cutis. If developed as a
STARCH SHEATH (sf, Fig. 112 4, B) its cells contain large, easily-
movable starch grains.

The "starch sheath is often present in the young shoots only and disappears or
remains limited to certain spots in the older condition. In place of a common
starch sheath or endodermis such sheaths may be found around the separate
bundles (Fig. 119 pp), or there may be single rows of cells containing easily-
movable starch.

Central Cylinder.—This is composed of various tissues. The
parenchyma, in accordance with its deep-seated position, is almost
or quite colourless, and serves mainly for conduction or storage.
Sclerenchyma frequently is present. The most important parts of
the central cylinder are, however, the VASCULAR BUNDLES which serve
for the carriage of water with the necessary salts from the roots to
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the leaves, and on the other hand conduct organic substances from the

leaves to the root system. The bundles are embedded in the other

tissues of the central cylinder and contrast with these owing to the

narrowness of their elements and the absence of intercellular spaces.
- When the central cylinder and cortex are sharply delimited by a
sheath the vascular bundles do not as a rule abut on this, but are
separated by a zone one or more layers thick (Fig. 112 4, B, pc)
which is called the PERICYCLE.

The vascular bundles have a definite course and consequently a
special arrangement as seen in a transverse section of the stem. In
transverse sections of the internodes they appear arranged in a circle
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Fic. 112.—4, Part of transverse section of a young stem of Aristolochia Sipho. e, Epidermis; pr,
primary cortex ; st, starch sheath ; ¢, central cylinder ; pe, pericycle, in this case witha ring of
sclerenchyma fibres ; cv’, phloem, and cv”, xylem portions of the vascular bundle ; ¢b, cambium
ring ; m, medulla; ms, primary medullary ray. (x 4S.) B, Small portion of the periphery
of a similar section of a still younger.stem. e, Epidermis; pr, primary cortex; st, starch
sheath with easily-movable starch grains; pe, outer layers of the pericycle. (x 350. After
STRASBURGER.)

‘ in the Horsetails (Equisefum) and most Gymnosperms and Dicotylédons
5 (Fig. 111,'1). In most Ferns and in Monocotyledons (Fig. 109), on
the other hand, they are irregularly scattered. If the bundles form
, a single circle (Fig. 112 4) the tissue within this, composed of
parenchymatous cells which are alive or may die at an early period, is
! distinguished as the PITH (m). The tissue between the bundles forms
the MEDULLARY RAYS (ms). This distinction is wanting when the
bundles are scattered (Fig. 109).

There are also Dicotyledons in which the vascular bundles form two (Cucurbita,
Phytolacca, Piper) or more circles (Admarantus, Papaver, Thalictrum). The more

= internal circles are usually less regular.
The medullary rays may consist of parenchyma, but in a number of herbs their
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inner portion, between the xylem of adjacent bundles, is formed of sclerenchyma.
This contrasts with the outer parenchymatous portions situated in the region of

the phloem. I
Subterranean shoots and submerged plants which have to withstand pulling

forces have their mechanical tissue more or less centrally placed; it may be in
the pith.

Course of the Vascular Bundles.—In accordance with their
functions the vascular bundles form continuous strands which in macer-
ated preparations may be followed from the root-tips to the extremity
of the leaves. This can be done by letting herbaceous plants lie in
water until all the tissues except the more resistant vascular bundies
have decayed and disappeared.

The bundle of the root is traced to the base of the shoot, where it
is continuous with the more complicated system of vascular bundles
(cf. p. 137). The bundles in the stem may be traceable to the apex
without passing into the leaves. Such bundles are termed CAULINE,
and contrast with purely FOLIAR bundles which immediately on
entering from a leaf unite with cauline bundles.

Thus in the Pteridophyta there may be a network of cauline bundles or a
single central bundle (Lycopodium, ete.) with which the foliar bundles unite on
entering from a leaf-base.

As a rule, however, the bundles of the shoot bend outwards into
leaves and are coMMON bundles, the upper portion of which belongs
to a leaf and the lower portion to the stem. One or several such
bundles pass into a leaf and form collectively what is known as the
leaf-trace. The vascular system of the stem in the seed plants consists
as a rule entirely of these leaf-traces or common bundles.

The stems of some Dicotyledons (Begonia, 4Aralic) possess cauline bundles in
the pith enclosed by the ecircle of common bundles. At the nodes these cauline
bundles, which may be arranged in a ring concentric with the common bundles,
are connected with the latter.

The leaf-trace bundles may remain separate from one another in
the stem, but usually each descending bundle of the trace ends by
joining another bundle that has entered from a lower leaf. A
splitting or forking of the bundle may precede this junction. Such a
reticulate arrangement of the bundles ensures a uniform distribution
of the water supply, since each bundle of the stem as a consequence of
its subdivision provides water to a larger region of the shoot. The
general course of the bundles differs in different species according to
the length of the free course of the single bundles of the trace, the
course they follow, and the subdivision they undergo. The arrange-
ment of the leaves naturally determines the places of entry of the
leaf-traces into the stem. Their course in the stem is, however, quite
independent of the leaf arrangement, and can be very different for one
and the same type of this.
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In the Horsetails, the Coniferae, and the Dicotyledons, all the leaf-trace
strands penetrate equally deeply into the stem to pass down this as parts of the
characteristic ring of bundles evident in transverse sections. The-course of the
bundles in the internode can thus be indicated on the surface of a cylinder or
represented as if this surface were flattened in one plane. Complications occur
at the nodes by the leaf-trace strands belno' joined by transversely-placed
cauline strands; cross connec-
tions of later development often i I \
oceur in the internodes also.

A relatively simple example I \
of the arrangement of vascular
bundles is afforded by the young
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shoots of Juniperus nana (Fig.

113), the leaves on which are in \ \ , \ I 6 \
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Fic. 113.—Diagram of the course \\ \ ’ 19 \
gf)ug:b;f:ﬁl;;::inpgﬁzn: \! Il \

shown on the unrolled surface
of the cylinder. A% k, k the Fi1c. 114.—Diagrammatic representation of the course of the

vascular bundles passing to the vascular bundles in a young twig of Tazus baccata. The
axillary shoots are seen. (After tube of bundles is slit up at 1, and spread out in one
GEYLER.) plane.

two about the middle of the internode below, and the portions diverge right and
left to unite with the adjacent leaf-traces. The arrangement of the bundles in
a young twig of Taxus baccata as shown in Fig. 114 is less simple, though in this
case also the leaf-trace comsists of only ome bundle. Each leaf-trace can be
followed down through twelve internodes before it joins on to another bundle.
It first runs straight down for four internodes and then bends aside to give
place to an entering trace, with which it later unites. In Zazus the leaf
insertions, and consequently the places of eutry of leaf-traces, have a divergence
of #. An example of leaf-traces composecd of three bundles is afforded by
young branches of Clematis viticella, the arrangement of the leaves on which is
decussate. The median strands of the leaf-traces (¢ and d, g and %, n and gq,
t and = in Fig. 115) run down through one internode, dividing at the next
done into two arms which fuse with the adjacent lateral strands of the leaves
H
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inserted at this node. The two lateral strands of each leaf-trace (Fig. 115 b,¢;
e,f; h, 131, m;o0,p; 7, s) are also free through the internode, but at the node below
they curve inwards and become attached to the same lateral strands as the arms
of the median bundle of the trace.

The course of the bundles in the
Monocotyledons follows a wholly
different type (Fig. 116). The indi-
vidual bundles of the leaf-trace pene-
trate to different depths in the stem
and thus appear scattered on the cross-
section. Thisresults from the prolonged
growth in thickness of the growing
point after the procambial strand of

I

Fic, 116. —Diagrammatic representation
of the course of the bundles in the Palm
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F1a. 115.—Clematis wviticelle. End of a branch type. Two-ranked leaves encircling the

which has been made transparent by the re-
moval of the superficial tissues and treatment
with caustic potash. The emerging strands
have been slightly displaced by gentle pressure.
The two uppermost pairs of young leaves (bl1,
bl 2)are still without leaf-traces. v, Apical cone.
(After NAGELL)

scem are shown cut in their median
planes. The leaves (4a, Bb, Cc) are
cut across close to the base ; the capital
letters indicate the median portion of
each. The stem is seen above in trans-
verse section. (After RoTHERT, adapted
from ROSTAFINSKL)

the first and median bundle of the leaf is laid down. As a result of this
the successively-formed procambial strands of the later bundles are placed less
deeply. This arrangement is especially well marked in the Palms (palm type), in
which each leaf-trace consists of the numerous bundles which pass into the stem
from the leaf-base which completely encircles the stem. The median bundle
penctrates to the centre of the stem, the lateral bundles, as the median line of the
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leaf is departed from, less and less deeply. In the longitudinal section of a stem
in Fig. 116 only the median bundle for each leaf (4, B, C) and one lateral bundle
(@, b, ¢) are represented. In their further downward course the bundles gradually
approach the periphery of the stem, where they fuse with others. The number of
internodes which each bundle traverses varies, being greatest for the median
bundle.

Struecture of the Vasecular Bundles (°°).—The bundles in the
stem are strands of tissue of circular or elliptical outline in cross-
section and always consist of xylem and phloem, i.e. are complete
bundles (cf. p. 67). The sieve-tubes are the most important com-
ponentof the phloem portion
and the water-conducting
vessels of the xylem portion
of the bundle. The bundles
are variously constructed in
different cormophytes, all
the types being represented
in the stem (radial, concen-
trie, and collateral bundles).
These types are distin-
guished from one another
by the arrangement of the
strands of xylem and
phloem.

In RADIAL vascular
bundles (Fig. 117 ; cf. also
Figs. 161, 163) there are
a numberof strands of xylem !

< Fic. 117. —Radial vascular bundle from the stem of
and phloem thh) as seen Lycopodium Hippuris. p, Phloem; pp, primary phloem;
in a cross-section of the = xylem; zp, protoxylem. (x 30.)
circular bundle, stand side
by side, alternating with one another. Seen from the side the vascular
strands run parallel to one another and to the longitudinal axis of the
part of the plant. The strands of xylem may meet in the centre of
the bundle and so constitute a star-shaped mass as seen in transverse
section. The ends of the rays are made up of the narrowest tracheides
(protoxylem), while the vessels towards the centre are always wider
(Fig. 117). The strands of phloem are situated in the depressions
between the rays, the narrow protophloem elements being at the
periphery. Radial bundles, though characteristic of roots, occur
relatively seldom in stems and are always solitary, as for example in
the stems of Lycopodium.

In cONCENTRIC bundles a central strand of xylem or phloem is
surrounded on all sides by a cylinder of phloem or xylem. The
bundle may be distinguished as concentric with internal xylem when
the xylem is centrally placed, and as concentric with outer xylem
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when this tissue is peripheral. The bundles in most Pteridophytes
(Fig. 119) are of the former type, those in the rhizomes or stems of
some Monocotyledons (Fig. 118) of the latter.

In the Pteridophytes the narrow elements of the protoxylem (sp) lie in groups
in the strand of xylem, peripherally, centrally, or among the later-formed vessels.
The xylem is surrounded by a sheath of parenchyma (/p). Outside this comes a
zone composed of sieve-tubes (v) and parenchyma (s), the narrow protophloem
elements being situated at the outer edge of this. ;

" In COLLATERAL vascular bundles (Fig. 120 A), which consist of a
strand of xylem and as a rule a single strand of phloem, the xylem
lies beside or rather behind the phloem. The median plane of the
bundle is always placed radially
in the stem, the xylem being
directed inwards and the phloem
outwards. The protoxylem in
collateral bundles is usually
placed at the inner edge of the
strand of xylem, the proto-
phloem at the outer edge of
the phloem, as the bundle is
seen in transverse section. Such
collateral bundles are character-
istic of the shoots of the Sper-
maphyta and the Horsetails.
BICOLLATERAL bundles, in
which the xylem is accompanied
by a strand of phloem on the
Fra. 118.—Concentric vascular bundle with external inside as well as on the outside,

:{}9;1‘;‘2’;1“; tﬂzet”]}‘{‘y’g‘n"; 0: ;ﬁ’a’ﬁ;‘igg m(aﬂl;:r also oceurs, as for example in

Mok the stems of Cucurbitaceae. In

Monocotyledons the collateral
bundles, like the radial and concentric vascular bundles, are closed,
i.e. the whole bundle consists of permanent tissue, the xylem abutting
directly on the phloem (Fig. 120 4). In Gymnosperms and
Dicotyledons, on the other hand, the bundles are usually open, i.e.
the xylem and phloem remain separated by a layer of meristematic
tissue called the camprum (Fig. 121).

In all vascular bundles the strands of xylem are mainly composed
of narrower or wider lignified elements that serve for the conduction
of water. These may be tracheides and tracheae, or only tracheides.
They occur singly or in groups without intercellular spaces among
narrow, living, elongated and often unlignified cells of the conducting
parenchyma (xylem parenchyma), or are surrounded by a sheath of
this tissue (Fig. 119 Ip). Sclerenchymatous fibres are sometimes
present in addition, In the Pteridophyta only tracheides are present,
while in the bundles of Phanerogams both tracheae and tracheides
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usually occur. In all bundles the narrowest vessels are annular or
spiral ; the others are usually reticulated or pitted, but in the Pteri-
dophyta the elements, apart from the protoxylem, are scalariform

~ (Fig. 70 4).

In the strands of phloem of the vascular bundles (Figs. 119, 120)
the sieve-tubes (v) which serve for the conduction of proteids are
always accompanied by other living cells. These are either the

F1a. 119.—Transverse section of a concentric bundle from the petiole of Pteris aquilina. sc,
scalariform vessels ; sp, protoxylem (spiral tracheides); sc*, part of a transverse wall showing
scalariform perforations ; Ip, xylem parenchyma ; v, sieve-tubes ; pr, protophloem ; pp, starch
layer ; e, endodermis ; s, phloem parenchyma. (x 240. After STRASBURGER.)

COMPANION CELLS (Iig. 120 s), which are usually shorter than the
elements of the sieve-tubes with which they connect by sieve-pits,
companion cells together with other elongated parenchymatous cells
(phloem parenchyma), or PHLOEM PARENCHYMA only (Fig. 119 s).
When the latter tissue is present the sieve-tubes are embedded in it
singly or in groups without intercellular spaces.

Companion cells only occur in relation to the sieve-tubes of Angiosperms.
They are sister cells to the members of the sieve-tube, cut off by a longitudinal
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division, and later undergoing as a rule transverse divisions. They are narrower
than the sieve-tubes themselves, and are further distinguished from them by their
abundant protoplasmic contents. In some cases laticiferous- or mucilage-tubes
occur in the phloem.

The bundle as a whole is often more or less completely surrounded
by a BUNDLE SHEATH. This may have the form'of parenchyma
without intercellular spaces, the cells often containing large starch grains

F16. 120 4,—Transverse section of a vascular bundle from the internode of a stem of Zea Mais. a, Ring
of an annular tracheide; sp, spiral tracheide; m and ', vessels with bordered pits; v, sieve-
tubes ; s, companion cells ; cpr, compressed protophloem ; 7, intercellular passage ; vg, sheath ;
/, cell of fundamental tissue. (x 180. After STRASBURGER.)

(STARCH SHEATH) ; in other cases it is sclerenchymatous, or it consists
of endodermal cells or of cutis tissue. It is not regarded as forming
part of the vascular bundle itself. The sheaths frequently serve to
limit the conduction of material to the vascular bundle. Sclerenchy-
matous sheaths are most common at the outer side of the phloem,
forming semilunar masses (Fig. 120 4, 121 ¢g), and are especially
developed in relation to the outermost bundles when these have a
scattered arrangement.



DIV. I MORPHOLOGY 103

~,

When a sclerenchymatous sheath surrounds a collateral bundle it is frequently
interrupted at the sides, opposite the junction of the xylem and phloem, by
parenchymatous or less thickened and lignified elements. These long strips
facilitate the exchange of water and nutritive substances between the bundle and
the surrounding tissues. :

In order to understand the construction of the vascular bundles
and the differences between the various types their ontogenetic
development must be taken into consideration. The primary vascular
bundles are developed from strands of elongated meristematic cells.

%
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Fi0. 120 B.—Longitudinal section of a vaseular bundle from the stem of Zea Mais. a and o/, Rings
of an annular tracheide ; v, sieve-tubes; s, companion cells ; ¢p, protophloem; I, intercelinlar
passage ; vg, sheath ; sp, spiral tracheides. (x 180. After STRASBURGER.)

In these the differentiation of the tissues proceeds gradually over a
period of time. So long as the portion of the plant is still growing
actively in length the main portion of the strand of meristem remains
undifferentiated. Ounly at limited regions of the strand, usually at
the outer and inner margins, are a few elements transformed into
permanent tissue. These elements, which are suited to undergo
stretching, are on the one hand annular and spiral tracheides, and on
the other sieve-tubes with or without companion cells. They form
the protoxylem and protophloem respectively. Only when growth
in length is finished do the bundles become fully differentiated, the
differentiation proceeding from the protoxylem and protophloem. In
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the xylem there is a succession of annular, spiral, reticulate, and finally
pitted vessels (Fig. 120 B). The first-formed elements of xylem and
phloem have ceased to be functional in the fully-developed vascular
bundle. The protoxylem elements are then frequently compressed
or torn by the stretching (Fig. 120 , at g, o), and in some cases their
place is taken by a lysigenous intercellular space (Fig. 120 7). The

Fic. 121.—Transverse section of an open collateral vascular bundle from a stolon of Ranunculus
repens. s, Spiral tracheides; m, vessel with bordered pits; ¢, cambium ; v, sieve-tubes; vg,
sheath. (x 180. After STRASBURGER.)

walls of the protophloem elements (cp) are swollen and their sieve-
plates closed by callus.

In radial bundles the differentiation proceeds, in accordance with
the position of the first formed elements in the strands of xylem and
phloem, from the periphery towards the centre. In collateral bundles,
on the other hand, the elements are developed in succession from the
protophloem on the outside and the protoxylem on the inside towards
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the middle of the bundle. If the meristem is completely used up in
this process a closed collateral bundle results ; if some remains between
the xylem and phloem the bundle is an open one. In concentric
bundles the development does not follow a single type, and in
accordance with this the position of the protoxylem and protophloem
is various.

Bundles in which the protoxylem is situated at the inner margin of the xylem
(in collateral bundles) or in the centre, as is often the case in concentric bundles,
are termed endarch. When the protoxylem elements are at the outer margin of
the xylem, as in radial bundles, it is spoken of as exarch. When the protoxylem is
in one or more groups removed both from the inner and outer margin of the xylem
it is mesarch, e.g. in the petiolar bundles of the Cycadeae or in concentric bundles ;
the protoxylem in thisrcase is embedded among the wider vessels.

It is not at present known what relation holds between the arrangement of
xylem and phloem and the requirements of conduction in the plant, and whether
any one of the three types of bundle, e.g. the collateral, is superior in this
respect (% ¥),

The phylogeny of the types of bundle is also not clear. All the evidence points
to the assumption that a stem with a single central vascular bundle is relatively
primitive. Such a bundle is found in the stems of a number of living and extinct
Pteridophyta and in all roots. The simplest and phylogenetically oldest type of
vascular bundle appears to be the concentric bundle with a solid central strand of
xylem ; at least this appears to be present in the young plants of nearly all existing
Ferns. The radial bundle also may be a very ancient type, as is suggested by its
constancy in the roots of all living and extinct cormophytes so far as our knowledge
extends and in the stems of some cormophytes. No other type of bundle is found
in both stems and roots. The variety as regards the construction and arrangement
of the bundles, which is met with in the shoots of Pteridophyta as contrasted with
the Spermatophyta, leads to speculations upon the mode of origin of these various
types of construction from stems with a single concentric bundle. There are stems
in which the vascular tissue of the single central bundle has the form of a hollow
cylinder enclosing a central strand of parenchyma or pith (Gleicheniaceae,
Schizaeaceae). In others the hollow cylinder of xylem is lined with an internal
zone of phloem (e.g. Marsilia). Lastly, there are cases in which the hollow
vascular eylinder is perforated by rhombic leaf-gaps at the departure of the leaf-
trace bundles (e.g. Aspidium filiw mas). In this last case a cross-section of the
stem shows a number of typically constructed concentric bundles, with solid central
strands of xylem, arranged in a circle. There are also forms in which a cylinder
of xylem immediately surrounding the pith is divided by radial plates of parenchyma
into a number of longitudinally-running strands of xylem placed side by side, the
whole being surrounded by a continuous zone of phloem (e.g. Osmunda). Lastly,
there are cases in which the phloem is correspondingly divided so that the radial
plates of parenchyma separate, as medullary rays, the collateral strands composed
of xylem and phloem (e.g. rhizome of Ophioglossum). These examples show how
either a reticulate tubc of concentric bundles or a hollow tube composed of
collateral bundles can be derived from a centrally-placed concentric bundle. If we
assume that the phylogenetic development has proceeded on these lines, it is
clear that neither ome collateral bundle of the Spermatophyta nor ome of the
circle of concentric bundles fouud in many Ferns is homologous with the central
bundle of ‘‘ primitively constructed” Pteridophyta. The totality of collateral or
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concentric bundles in such stems would be homologous with the single central
concentric or radial bundle. According to this assumption, which is the essential
of the sTELAR THEORY (%), the single central bundle is termed the stele, and the
circle of collateral or concentric bundles with the enclosed pith would also be
regarded as a stele since it is derived from the primitive stele. A single bundle
may therefore represent the whole stele or a part of the stele. There is usually
only one stele or central cylinder in the stem of the Spermatophyta (monostely).
Cases are, however, met with when the stele is divided (polystely) as in the stems
of Auricula or Gunnera.

(y) The Leaves. 1. Development of the Leaves.—The leaves

F1a. 122.— Acer platanoides. A, External view of a bud, with two young leaves between which the
apical cone of the stem is visible ; sp, the leaf-blade, in which five segments are indicated,
the uppermost one being developed first ; s, the zone, by the growth of which the leaf-stalk
will arise later. B, An older leaf seen from the side ; the young vascular bundles, which will
later determine the venation, are indicated. €, Fully-grown leaf, with the course of the
vascular bundles indicated diagrammatically. D, A transverse section of the basal portion of
a bud showing three vascular bundles in each leaf. E, A similar section at a higher level ;
the number of vascular bundles has increased by branching. (After DEINEGA, from GOEBEL'S
Organography. A, B, and E slightly magnified.)

have been seen to arise exogenously at the growing point of the stem
as lateral papillae or bulges (Fig. 98, 102 f), which to begin with are
unsegmented. These are the LEAF PRIMorDIA (Fig. 125 4, b).
Usnally a young leaf occupies only a part of the circumference of the
apex, but it may encircle the latter as an annular ridge. Several
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leaves forming a whorl may arise in the same way and only later
appear as distinct structures on the ring-shaped outgrowth. When
whorled leaves arise independently they may either appear simul-
taneously or, as is more
commonly the case, in suc-
cession (%% %9),

In rare cases a leaf may be
terminal on the growing point.

While the shoot by means.
of its growing point has an
unlimited growth, the growth
of the leaf primordia, which
only continues at their tips
for a short time, is limited.
The tip, which often develops
more rapidly than the rest of
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Fi1c. 124, — Bird Cherry (Prunus
avium). Bud-scales (1-3) and the

Fic. 128.—Lily of the Valley (Convallaria majalis). nd, transition forms (4-6) to the foliage
Scale leaves ; Ib, foliage leaves ; kb, bracts; b, flower; leaf (7); sp, leaf-blade; 3, leaf-stalk;
ws, rhizome ; aw, adventitious roots. (Somewhat nb, stipules. (Reduced slightly.
reduced. After STRASBURGER.) After SCHENCK.)

the leaf, is first transformed into permanent tissue. This assists in
the protection of the youngest parts of the bud, a function which has
already been seen to be undertaken by the leaves. The further growth
of the leaf is as a rule effected by intercalary growth. Most frequently
the change into permanent tissue proceeds from the tip towards the
base. The growth is thus greatest and most prolonged in the leaf-
base, where it continues until the leaf is fully developed.
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The more rapid development of the leaf-tip is most striking in some tropical
plants, especially in climbers. In this case, according to M. RACIBORSKI, these
¢ fore-runner tips” perform the functions of the leaves before the remainder of the
leaf has attained the mature condition. :

Well-marked and long-continued apical growth is found in the leaves of some
Ferns.

Welwitschia mirabilis behaves in a peculiar way unlike all other cormophytes.
Above the cotyledons only a single pair of foliage leaves is formed. The basal
zones of these grow in each annual period while the ends of the leaves are gradually
withering.

2. Different Forms of Leaves.—The leaves of the shoot have very
diverse functions and are correspondingly various in their form on the
same stem, although in their
origin they are alike.

The wmain axis of the
seedling bears first the CoTY-
LEDONS or seed-leaves which
are situated on the hypocotyl
(Fig. 158) of the embryo
while it is yet in the seed.
In the Monocotyledons there
is only one such leaf, while

Fi6. 125.—Development of the leaf in the Elm, Ulmus the Dicotyledons and some
campestris. A, Showing the vegetative cone, v, with

the rudiments of a young leaf, b, still unsegmented, Gymnosperms have  two

and of the next older leaf, exhibiting segmentation cotyledons and some Grymno-

Showin th oo e, HewsLabiignay o babind PN havaimors S

(X 58. After STRASBURGER.) Followmg on the cotyledons

" in the case of subterranean

stems, and often also in those above ground, come a number of SCALE

LEAVES (Fig. 123 nd), then in the case of aerial shoots the FOLIAGE

LEAVES (l6), and still higher simply formed BRACTEAL LEAVES (hd).

The foliage leaves may be first considered since the other forms have
arisen by transformation of these.

A. The Foliage Leaves exhibit a great variety of form and
segmentation, and these characters are largely employed in descriptive
botany. They may be simple as in the needles of Coniferae ; in this
case the primordial leaf has only to increase in size and lengthen. As
a rule, however, the foliage leaf is segmented into the flattened, thin,
bright-green LEAF-BLADE (lamina, Fig. 124 sp), which is often
inaccurately spoken of as the leaf; the stem-like LEAF-STALK (petiole,
Fig. 124 s); and frequently also into the STIPULES (nb) attached to
the LEAF-BASE close to the stem or into a LEAF-SHEATH (vagina, Fig.
133 v) more or less completely surrounding the stem above the node.
When the leaf-stalk is wanting the leaf is termed sessile; when
present it is petiolate. The segmentation is recognisable at an early
stage in the primordial leaves, which are differentiated shortly after
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their origin into the leaf-base (Fig. 125 A and ]?, g) and thfz upper
leaf (Fig. 125 4, B, 0). From the leaf-base the stipules (g) arise or it
forms a leaf-sheath or a thickened pulvinus. Frequently it undergoes
no special further development and is not distinguishable in the
mature leaf. The leaf-blade (Fig. 116 4, sp) is developed from the
upper leaf, and so also when this is present is the leaf-stalk (4, sf).
The latter develops relatively late by intercalary growth and is thus
intercalated between the already present leaf-blade and leaf-base ; it
is never inserted directly on the stem.

(2) The Leaf-blade. External Form (Fig. 127).—The leaf-blade,

S

Fic. 127.—Diagram of a foliage leaf.

4, Surface view. B, Transverse

Fic. 126.—Leaf of Cratazegus with reticulate section; s, plane of symmetry.
venation. (% nat. size, After NoLL.) (After STRASBURGER,)

which is as a rule definitely dorsiventral and of a deeper green colour
on the upper side, may be entire or divided (Fig. 122 (), or composed
of a number of leaflets. Such compound leaves arise by a process
of branching from the margins of the primordia (Fig. 122 4), or
occasionally, as in the Palms, by splitting of the young lamina as it
unfolds. The leaves of Monocotyledons are usually simple, while
compound leaves are common among Dicotyledons.

A leaf-blade is termed PELTATE when the leaf-stalk appears to be inserted
centrally (Fig. 242). The margin of simple leaves (Figs. 123 b, 124 sp) may be
ENTIRE or slightly divided, and in the latter case is described as SERRATE, DENTATE,
etc. If more deeply divided the leaf is described as LoBED when the divisions do
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not extend half-way to the middle of the leaf-blade, when they reach half-way as
cLEFT (Fig. 135 sb), and when still deeper as PARTITE (Fig. 187 7). The lamina
is PALMATE (Fig. 1387) or PiNNaATE (Fig. 136, 1-5), according to whether the
divisions are directed towards the base of the leaf-blade or towards the midrib.
Only when the separate divisions are so independent that they appear as distinct
leaflets borne_on a common petiole or on the original midrib is the leaf spoken of
as coMPoUND (Fig. 186, 1-5) ; in all other cases it is termed sIMPLE.

The leaflets of a compound leaf may be so segmented during their development
as to resemble the main leaf, and in this way a leaf may be doubly or triply com-
pound or more highly segmented. Simply pinnate or bi-pinnate leaves (Fig. 136)
bearing leaflets on the two sides of the rachis of the first or second order are of
frequent occurrence. The leaflets of a compound leaf may be entire or more or less
deeply incised. They may be inserted directly on the rachis or be stalked, and in
some cases, e.g. Phaseolus (Fig. 1382 fg), Robinia, Mimosa, be provided with
swollen pulvini at their bases.

In laminae, which become more or less branched during their development, the
lateral divisions usually arise in basipetal order, 7.e. proceeding from the tip
towards the base, but the opposite (acropetal) succession or a combination of the
two are also met with. The divisions of palmate and pinnate leaves of the Palms
arise by a relatively late process of splitting within the originally entire, enlarging
lamina. The direction of the dividing lines is determined by the folding of the
young leaf-blade ().

Sessile leaves usually clasp the stem by a broad base. Where, as in the case
of the Poppy (Papaver somniferum), the leaf-base surrounds the stem, the leaves
are described as AMPLEXICAUL; if, as in species of Bupleurum, it completely
surrounds the stem, the term PERFOLIATE is used. If the bases of two opposite
leaves are united, as in the Honeysuckle (Lonicera caprifolium), they are
said to be coNNATE. Where the blade of the leaf continues downwards along
the stem, as in the winged stems of the common Mullein (Perbascum thapsiforme),
the leaves are distinguished as DECURRENT,

The leaf-blade is traversed by green nerves or veins which form
a branched net-work. The thicker ribs project more or less from the
surface on the lower side of the leaf, the upper surface often showing
corresponding grooves. The finer veins become visible when the leaf-
blade is viewed by transmitted light. Frequently the nerve in the
middle line of the lamina is more strongly developed and is then termed
the midrib ; in other cases several equally developed main nerves are
present (Fig. 122). Lateral nerves spring from the one or more main
nerves (Fig. 126).

The course of the nerves determines what is known as the VENATION of the
leaf. The leaves of most Coniferae are UNI-NERVED. In leaves with more
numerous veins, the DICHOTOMOUS VENATION must be distinguished as a special
type which is characteristic of many Ferns and is also found in Génkgo biloba ;
there is no midrib present in this case. ~Most other leaves can be distinguished
according to their venation as PARALLEL VEINED or NETTED VEINED. In parallel
venation the veins or nerves run either approximately parallel with each other or
in curves, converging at the base and apex of the leaf (Fig. 183 s); in netted
veined leaves (Fig. 126) the veins branch off from one another, and gradually
decrease in size until they form a fine anastomosing network. In leaves with
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parallel venation the parallel main ‘nerves are usually united by weaker cross
veins. Netted or reticulately-veined leaves in which the side veins run from
the median main nerve or MIDRIB are further distinguished as PINNATELY VEINED
(Fig. 126), or as PALMATELY VEINED (Fig. 122, 1385 sb), when several equally strong
ribs separate at the base of the leaf-blade, and give rise in turn to a network of
weaker veins. Parallel venation is characteristic, in general, of the Mono-
cotyledons ; reticulate venation, of Dicotyledons and of some Ferns,

Internal Strueture.—In structure foliage leaves exhibit consider-
able variety but are usually markedly dorsiventral (bifacial), the tissues
towards the upper side being different from those below (Figs. 127,
130).

Many leaves, however, are similarly constructed above and below (equifacial,
centric, Figs. 187, 193). This is the case especially in forms which grow in
relatively dry situations, exposed to strong sunlight, but also occurs in submerged
aquatic plants.

(a) NErvEs.—Within the nerves or veins one or more vascular
bundles run. The abundant branching of these bundles to form a
fine network is very characteristic of
the leaf-blade and is shown clearly in
leaf skeletons obtained by macerating
leaves.

The structure of the vascular bundles
in the lamina corresponds on the whole
to that seen in the stem. In Phanerc-
gams the bundles are usually collateral,
and since they are continuations of the
leaf-trace bundles from the stem the
xylem is directed towards the upper,
and the phloem towards the lower
surface of the leaf.

The xylem parenchyma of the bundles in
the leaf usually forms flat plates, which in
cross-section appear as radial rows of cells in
the vascular tissues.

As the bundles continue to ramify in the
leaf-blade they become smaller and simpler in
structure. The vessels first disappear, and only .. 195 _ Termination of a vaseular
spirally and reticulately thickened tracheides bundle in a leaf of Impatiens parvi-
remain to provide for the water conduction.  flora. (x 240. After ScHENCK.)
The phloem elements undergo a similar reduc-
tion. In Angiosperms, in which the sieve-tubes are accompanied by companion
cells, the sieve-tubes become narrower, whilst the companion cells retain their
original dimensions. Finally, in the cells forming the continuation of the sieve-
tubes, the longitudinal division into sieve-tubes and companion cells does not take
place, and TRANSITION CELLsS are formed. With these the phloem terminates,
although the vascular portion of the bundles still continues to be represented
by short spiral tracheides. The ultimate branches of the bundles terminate blindly
(Fig. 128).
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The bundles are surrounded by parenchymatous sheaths, which
are composed of a number of layers of cells in the thicker nerves but
of a single layer only in the finer branches. The cells of these sheaths
are as a rule elongated and have no intercellular spaces. Strands of
sclerenchymatous fibres are frequently present on one or both faces of
the bundle (Fig. 129, 1), especially on the phloem side. Here, in the
case of the larger bundles, the strand of sclerenchyma is curved ; in
cross-section it occupies the projection of the rib to the under side, and
serves to give rigidity against bending to the lamina. In some leaves
strands of sclerenchyma also occur between the bundles (Fig 129, 1)
and also at the leaf-margin. Such sclerenchymatous or collenchymatous
strengthenings of the margin are protective against shearing forces
that would tend to tear the lamina (Fig. 129, 2). Large leaf-blades

Fic. 129.—Leaf of Phormiwm tenax. 1. Transverse section ; Sc, plates and strands of sclerenchyma ;
A, green assimilatory parenchyma ; H, hypoderma serving for water-storage; W, colourless
mesophyll (internal water-storage tissue). 2. Edge of the same leaf; E, thick brown epidermis ;
R, marginal strand of sclerenchyma fibres. (After NoLL.)

which lack such marginal protection are torn by the wind (e.g. the
Banana).

(b) EpprrMis AND MesopHYLL.—The foliage leaf is bounded on
all sides by a typical epidermis. In this, especially on the under side,
there are numerous stomata, while on the upper side they are often
absent (e.g. in almost all deciduous trees).

On the under side there are on the average 100-300 stomata to the square
millimetre, but in some cases more than 700 may occur. Isolateral leaves as a
rule have stomata on both sides and floating leaves only on the upper surface.

The tissue of the leaf-blade between the upper and lower epidermis
in the intervals between the ribs consists mainly of parenchyma and
goes by the name of MESOPHYLL. The finer veins are embedded in
it. Beneath the upper epidermis (Fig. 130 ep) come, as a rule, one
to three layers of cylindrical parenchymatous cells elongated at right
angles to the surface. These are called PALISADE CELLS (Fig. 130 pi),
contain abundant chlorophyll, and have intercellular spaces between
them. They constitute an assimilatory parenchyma. The cells often
converge below in groups (Fig. 130) towards enlarged collecting
cells (s).

In the leaves of many trees, ¢.g. the Copper Beech, differences in the thickness
" of the palisade layer are met with, its depth being much less in the * shade-leaves”
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than in the ‘‘ sun-leaves.” According to NORDHAUSEN'S investigations (®2), however,
no direct influence of the illumination exists. There are also plants (e.g. Lactuca
scariola) which only form palisade cells in strongly illuminated leaves.

In some plants layers of cells placed parallel to the surface instead of at right
angles to it are found in the usual situation of the palisade tissue. In the leaves
of the Pine and some other plants the same position is occupied by large, more or
less isodiametric cells the internal surface of which is considerably increased by
foldings of the cell walls.

Below the palisade parenchyma comes what is known as the
SPONGY PARENCHYMA (sp), which extends to the lower epidermis (ep”).
The spongy parenchyma consists of irregularly-shaped cells with
wide intercellular spaces and less chlorophyll than in theY palisade

Fi6. 130.—Transverse section of a leaf of Fagus sylvatica. ep, Epidermis of upper surface; ep”,
epidermis of under surface ; ep”, elongated epidermal cell above a vascular bundle ; pl, palisade
parenchyma; s, collecting cells;_sp, spongy parenchyma; k, idioblasts with crystals, in %’
with crystal aggregate ; st, stoma. (X 360. After STRASBURGER.)

tissue. The wide intercellular spaces stand in immediate relation to
the stomata of the lower epidermis and serve for the transport of gases
to the palisade cells.

HABERLANDT has estimated the number of chloroplasts per square millimetre
of a leaf of Ricinus to be 403,200 in the palisade parenchyma and 92,000 in the
spongy parenchyma. Thus in this case 82 per cent of the chloroplasts would belong
to the upper and only 18 per cent to the lower side.

Colourless WATER-STORAGE TISSUE is frequently present in the mesophyll
(Fig. 129 ). It may be surrounded by the assimilatory tissue or be situated
externally to this below the epidermis. In the latter case the water-storage tissue
usually consists of the more internal cells of a many-layered epidermis.

EPITHEMA and WATER-STOMATA (%).—The mesophyll of the .leaf-blade in
certain families of Monocotyledons and Dicotyledons forms peculiar structures
between the swollen ends of vascular bundles and the epidermis. They are com-
posed of small living cells with colourless cell sap, the intercellular spaces being
filled with water. These masses of tissue go by the name of EPITHEMA and bring
about the excretion of drops of liquid water. In this process their function is

I
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mainly passive, since they represent places where the resistance to filtration is
least. The tracheides terminate in this epithema, and in the overlying epidermis
there is a peculiarly-construsted stomatal apparatus in the form of WATER-
pores (Fig. 181), which are of larger size than ordinary stomata. The guard
cells usually lose their living contents and the pore then remains permanently
and widely open. The thickened ridges so characteristic of the guard cells of
ordinary stomata are usually lacking. The excreted liquid frequently contains
calcium’ carbonate, which may remain as a white incrustation over the water-
pores, as, for example, on the leaf margin in many species of Saxifraga.

At the tip of young leaves and of their marginal teeth such water-pores and
epithemata frequently occur, but are dried up on the mature leaf, ‘Water-pores
also are found at the leaf-tips of submerged plants from which ordinary stomata
are absent. They tend to perish
early, breaking down with the ad-
joining tissue to leave open pits by
which waterand dissolved substances
may be expressed.

Functions of the Leaf-
blade.—The leaf-blades, as
already mentioned, are the
most important organs of nutri-
tion, i.e. assimilation, and also
of transpiration in cormo-
phytes. Their form and struc-
ture, their arrangement, and
the position they assume with
regard to the direction of the
F16. 131.—Water-pore from the margin of a leaf of hght’ correspor}q to this. Since

Tropaeolum majus, with surrounding epidermal the decomposmon of carbon
cells. (x 240. After STRASBURGER.) dioxide is dependent both on
- light and on the presence of
chlorophyll, the green colour of the lamina, the large surface exposed
by it, its relative thinness and dorsiventral construction are readily
understood. The large surface enables a greater number of cells con-
taining chlorophyll to be exposed to the light without shading one
another ; it also enables the carbon dioxide to be obtained from the
small proportion in the atmosphere, and at the same time facilitates
the loss of water vapour in transpiration. Since the passage of light
through a few layers of cells filled with chlorophyll renders it
ineffective for decomposing carbon dioxide in the deeper layers, the
assimilatory tissue is placed towards the upper surface of the leaf-
blade. The carbon dioxide is mainly taken into the leaf through the
stomata of the lower surface. It can thus diffuse rapidly through the
wide intercellular spaces of the spongy parenchyma, which is essentially
a ventilating tissue, to the active assimilatory tissue of the upper side.
This will take place more rapidly the thinner the leaf is.
The extensively-branched network of vascular bundles ensures the
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rapid passage of the products of assimilation from the assimilatory
cells of every part of the leaf to the stem. At the same time it
facilitates the most direct supply of water to all parts of the transpir-
ing leaf-blade ; the leaf-blade serves for giving off water, while the
stem serves for conduction of water. Lastly, the venation increases
the rigidity of the lamina.

It has been seen that the leaves are so arranged on the stem that
the leaf-blades, which on erect shoots have a more or less horizontal
position, are exposed to the light with the least shading by one
another. Many leaves can place their blades at right angles to the
incident light by their power of movement. In the case especially of
dorsiventral, plagiotropous branches the leaf-blades seen from above
arefound tofit together
more or less closely
in a LEAF MOSAIC, the
upper surfaces of all
being exposed to the
light.

(b) The Leaf-stalk
usually resembles a
stem,and initsinternal :
econstruction agrees Fia. 132,—Imparipinnate leaf of Phaseolus with pulvini. kg, Main

with the midrib of the pulvinus at base of petiole; fg, pulvinus of one of the pinnae.
(} nat, size.)

leaf-blade or sometimes
with the stem. Typical assimilatory tissue is wanting, and the vascular
bundles in the case of Angiosperms are usually arranged in an arec
open above. The leaf-stalk serves to carry the leaf-blade away from
the stem and to place it suitably with respect to the light.

These movements of adjustment of the leaf to the light are sometimes carried
out by special localised swellings at the base or the summit of the leaf-stalk, or
in both situations. These LEAF-CUSHIONS or PULVINI work like hinges and occur
in many Leguminosae (Fig. 132).

Stalked leaves, which are more frequent among Dicotyledons than in Monocoty-
ledons, either have the lamina sharply marked off from the petiole or the one
passes gradually into the other, the petiole appearing more or less winged. When
leaves are arranged in a rosette the stalks of the lower leaves are often so long
that the laminae borne on them are not shaded by the upper leaves. This is
shown very beautifully in the floating rosettes of the Water Nut ( Trapa natans).

(¢) The Leaf-base (%).—When the leaf-base of a foliage leaf is
specially formed, it usually serves to protect the bud and the younger
leaves, enclosing the bud after the leaf-blade has unfolded.

Stipules are frequently developed from the leaf-base ; they stand
one on either side of the leaf to which they belong, forming a pair.
They may be inconspicuous (Fig. 124 nb) or larger, and yellow or
green in colour. When they serve only to protect the bud they are
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usnally yellowish or brown, more simple in their structure than the
leaf-blade, and are soon shed.

The two stipules in such cases are frequently more or less completely united to
form a single structure standing in the axil of the leaf. They may also surround
the stem and form a closed tube which encloses the younger leaves of the bud.
This is the case in the India Rubber plant (Ficus elastica) which is frequently
grown in dwelling-houses ; in this the sheaths
are broken off at their bases and carried up on
the next younger leaf as it unfolds. In the
Polygonaceae they are broken through and
remain as dry sheaths (ochrea, Fig. 617) sur-
rounding the stem.

When the stipules take part in the
assimilation of carbon dioxide they are
green and resemble the leaf-blade in
structure (Fig. 209).

In some species of Galium in which the
stipules completely resemble the leaf-blades,
there is an appearance of whorls of four,
six, or eight leaves; in reality the arrange-
ment of the two leaves is decussate, each leaf
having one or more pairs of stipules according
to the species. Only the two leaves have buds
in their axils.

The leaf-base may form a sheath;
this is more commonly the case in
Monocotyledons than in Dicotyledons.

l‘i —k In the Grasses (Fig. 133 v) the sheath
4 is split along one side, but in the
|/ Cyperaceae it is closed. The sheath of

Fio. 183.—Part of stemand leafof agrass. the grass leaf, which encloses and sup-
h, Haulm ; v, leaf-sheath;; &, swelling norts the lower delicate portion of the
of the leaf-sheath above the node; s, . . 5 &
it 5t taniniades ), Higalo, AGNAT Tt still growing internode, continues at the
After SCHENCE.) base of the sessile lamina into a mem-

branous outgrowth called the ligula (7) ;
at its base immediately above the node the sheath is swollen

(Fig. 133 k).

Anisophylly and Heterophylly.—Some plants bear diversely-
formed foliage leaves either in different zones of the stem (HETERO-
PHYLLY, Fig. 135) or in the same zone, but on the two sides of the
shoot which thus becomes dorsiventral (ANISOPHYLLY, Fig. 134).
Asymmetry of the leaves is often associated with anisophylly. Many
water-plants exhibit heterophylly, having ribbon-shaped or highly-
divided submerged water-leaves adapted to life in water and less
divided stalked aerial leaves (Fig. 135). The leaves which the Ivy
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forms on the flowering shoots are essentially different in form from
those which the plant has previously borne. This difference is even
more marked in Eucalyptus globulus, which first bears oval sessile leaves
and then sickle-shaped leaves. Not uncommonly the lowest leaves
of the seedling (juvenile or primary leaves) are more simply formed
than the later leaves. The
opposite case is illustrated
by Acacia (Fig. 136).
B. The Seed-leaves or
Cotyledons may be stalked

F16. 134,—Selaginella Martensii, Ani-
sophylly of the dorsiventral shoot.
On the upper side of the stem are
two rows of smaller asymmetrical
green leaves and on either flank a F10. 135.—Ranunculus aquatilis. ub, Submerged leaves ;
row of larger asymmetrical leaves sb, floating leaves; b, flower; f, fruit. (Reduced.
(slightly magnified). After SCHENCK.)

or sessile, and are always more simple in form than the foliage ledves.
They often, however, exhibit the same plan of segmentation.

The cotyledons may remain below the soil enclosed in the seed-coat
(EYPOGEAL). In this case they are usually fleshy structures serving to store
reserve food material and are composed largely of storage parenchyma. EPIGEAL
cotyledons, which burst the seed-coat and appear above ground, tend to become
green and then for a period assimilate carbon dioxide like the foliage leaves. In
Monocotyledons, which have a single cotyledon, only the sheath of this as a rule

emerges from the seed. It may remain below ground and colourless, or grow up
and turn green.

C. The Scale Leaves and Bracteal Leaves, while indistinguishable
from the foliage leaves in the early stages of development, are less
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differentiated than these when mature, being usually scale-like and
sessile. They are developed by enlargement of the primordia,
mainly from the leaf-base, while the lamina remains more or less
undeveloped (Fig. 124 1-6, Fig. 137). Scale leaves, either colourless
or green, often occur on the aerial shoots before the foliage
leaves (Fig. 123 nd). They
are also the only foliar
organs on rhizomes, appear-
ing as hardly visible and
usually short-lived scales,
while in accordance with
the development in dark-
ness foliage leaves are
wanting (Fig. 123 ws, Fig.
138). The bracteal leaves,
on the other hand, re-
semble in  construction
the scale leaves on aerial
p shoots, but are often vari-
=4 h\ ously coloured and tend to
succeed the foliage leaves
as the subtending leaves
and bracts of the flowers
or inflorescences. The in-
ternal structure of both
scale leaves and bracts is
Fie. 136.—Seedling of Acacia pycnanthe. The cotyledons simpler than that of the

have been thrown off. The foliage leaves 1-4 are pinnate, ¢ 1
the following leaves bipinnate. The petioles of leaves thage leaves. They hard y

5 and 6 are vertically expanded ; and in the following take part in the nutritive
leaves, 7, 8, 9, modified as phyllodes, bearing nectaries,
n. (About } nat. size. After ScHENCK.) 9 rocessgs, but are usually
protective structures for
the young leaves or the buds. They are, however, connected with
the foliage leaves by intermediate forms (Figs. 124, 137).

> AL
/] \

That scale leaves and bracts are to be regarded as arrested forms of foliage
leaves is shown not only by the developmental history but by the possibility
of deriving foliage leaves from their rudiments or primordia. Thus GOEBEL
succeeded in causing leaf primordia that would have formed scale leaves to become
foliage leaves by removing the apex and stripping the leaves from the shoots.
Subterranean stems, when forced to develop in the light, form foliage leaves from
the primordia which in the earth would have become scale leaves. In their
internal structure, however, the scale leaves and bracts are not merely arrested
foliage leaves but frequently exhibit special differentiations connected with their
particular functions (%9).

3. Duration of Life of Leaves.—In many plants the leaves have
a shorter life than the stems on which they are borne. The leaves in
such plants are shed from the stems (LEAF-FALL) or, in the case of

A
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subterranean shoots, decay while still attached. The leaves and stems

of the aerial shoots of herbs die off together.

places where the fallen leaves were
attached to the stem. Plants in which
the foliage leaves remain active for
several seasons are called EVERGREEN
in contrast to DECIDUOUS forms.

The fall of the leaves in phanerogamic
woody plants is effected by means of a
parenchymatous ABsciss LAYER which is
formed at the base of the leaf-stalk shortly
before the leaf is shed. In this region all
the mechanical tissuts of the petiole are
greatly reduced, only the vessels being
lignified. The separation of the leaf results
from the rounding off of the cells of the
absciss layer, the middle lamellae becoming
mucilaginous, while the vessels and sieve-
tubes are broken through. The protection
of the leaf-scar is effected by the cells
exposed by the wound becoming transformed
into a lignified cutis tissue and, later, by

LEAF-SCARS mark the

F16. 187,—Helleborus foetidus. Foliage leaf (1)
and intermediate forms between this and
the bract (k). (Reduced. After SCHENCK.)

the formation of a layer of cork produced from a cork cambium and continuous

with that covering the stem.

D. The Branching of the Shoot (°% ).— The more foliage
leaves that can be exposed to the sunlight on a shoot the greater
will be the amount of organic substance formed by assimilation. In

Fig. 138.—Rhizome of Polygonatum multifiorum. @, Bud of
next year’s aerial shoot ; b, scar of this year’s, and ¢, d, e,
scars of three preceding years’ aerial shoots ; w, roots.

(1 nat. size. After SCHENCK.)

this respect, as will be evi-
dent, a branched system of
shoots is greatly superior
to a single erect shoot.
The former can expose leaf-
surfaces to the full sunlight
over a much greater area.
As in thalloid plants
the branching of the shoot
can happen in two ways.
Rarely the shoot forks,
dividing into two daughter
axes (DICHOTOMY). Usnally
the branching is LATERAL,
the daughter axes being

thus formed on the main axis which continues its growth.
A. Dichotomous Branching.—This is confined to the shoots of

some Lycopodiaceae.

In such Club-Mosses, when a shoot is about to divide into two equal branches,
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the circular outline of the growing point, in which no apical cell is recognisable,
becomes elliptical, In the position of the foci of this ellipse the two new growing
points project (Fig. 189). The successive dichotomies may take place in planes at
right angles to one another, in which case
the branch-system does not lie in one plane
as in the diagram in Fig. 82 a.

Not uncommonly in plants of this kind

§ 5

F1a. 141,—Bifurcating shoot
(p) of Lycopodium inun-

Fic. 139.—Longitudinal section of a bifurcat-

ing shoot (p) of Lycopodium alpinum, datum, showing unequal
showing equal development of the rudi- Fig. 140.—Sympo- development of the rudi-
mentary shoots, p/, p”; b, leaf-rudiments ; dium arising mentary shoots, p’, p”;
¢, cortex; f, vascular strands. (X 60. from successive b, leaf-rudiments. (x 40.
After HEGELMAIER.) dichotomies. After HEGELMAIER.)

(e.g. in Selaginella) the branch-system deviates from the type described in that
only one of the branches of each fork grows on further and again dichotomises
(Fig. 140). If all the branches that in this way continue the branching are placed
nearly in the same direction to which the other branches stand obliguely, the
branch-system which results may readily be confused with racemose branching
(Fig. 82%). The main axis is, however, only apparently single, each portion
being a daughter axis of the portion that precedes it. Such an apparent axis
is distinguished as a sympodium from a true main axis (monopodium), and the
branching is sympodial and based on dichotomy.

All transitions from dichotomous to lateral branching are seen in the
Lycopodiaceae. Some species form from the outset two growing points of unequal
size, the smaller being soon displaced laterally in respect to the larger one (Fig. 141).

B. Lateral Branching. (a) Place of Origin of the Lateral
Buds.—On shoots composed of axis and leaves the lateral branches
as a rule occur on the axis or at the extreme base of the leaf. They
are usually developed at the growing point of the parent shoot in
acropetal succession as exogenous outgrowths of the surface in the
same way as the leaf primordia arise (Fig. 98 g). The positions in
which the lateral shoots are developed are usually strictly determined.
In Pteridophyta they frequently arise beside the leaf primordia, but
in Phanerogams, as arule, where the upper side of the papilla forming
the young leaf passes into the tissue of the growing point, ¢.e. in the
LEAF AXIL. In some cases the branch is more on the leaf-base, in
others it is distinetly on the main stem.

The primordium of a lateral branch may arise from the tissue of the axis close
above the leaf primordium and either after the origin of the latter (Fig. 142 I) -
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or before the leaf has developed. In the latter case the leaf-rudiment arises from
the tissue to the lower side of the branch primordium (Fig. 142 III). On the

Z
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Fic. 142.—Diagrams of the developmental relations between the leaf primordium and the axillary
shoot. (After GOEBEL.)

other hand, the branch may be formed from the young leaf primordium (Fig.
142 I7). Lastly, in dorsiventral shoots extra-axillary shoots may arise laterally
from the leaf primordia.

In the longitudinal section of a growmg point in Fig. 98 the
youngest rudlment of a lateral shoot (g) is already visible, projecting
in the axil of the uppermost leaf. In the axils of the followmg leaves
the branch primordia, since they arose in acropetal succession, are
larger and have begun to form their leaves. The shoots developed
from such AXILLARY BUDS are termed AXILLARY SHOOTS; the hud
which terminates the growing end of the main v
shoot is termed, in contrast to the axillary {\ /
buds, 8 TERMINAL BUD. The leaf, in the axil
of which a bud stands, is its SUBTENDING LEAF Y e
(Fig. 144 db). The plane passing through the '
midrib of this leaf and the parent axis is the
MEDIAN PLANE of the leaf. Usually the axillary
bud is situated in the median plane of its sub-
tending leaf, but it may be displaced laterally.
It is the rule in Angiosperms that each foliage
leaf has a single axillary bud ; in some Gymno-
sperms, on the other hand, there is not an
axillary bud to every leaf.

As a rule, only one shoot develops in the axil of
a leaf, yet there are instances where it is followed by Fic. 148.—Samolus valerands,
additional or ACCESSORY sHOOTS, which either stand over  each axillary shoot (a) bear-
one another (serial buds), as in Lonicera, Gleditschia, 198 its subtending leaf (1),
Gymmnocladus, or side by side (collateral buds), as in many M e In Apipa.
¢ (Nat. size. After SCHENCK.)

Liliaceae, e.g. species of Allium and Muscari. A
displacement from the position originally occupied by the members of a shoot
frequently results from intercalary growth. A bud may thus, for example,
become pushed out of the axil of its subtending leaf, and thus apparently have
its origin higher on the stem ; or a subtending leaf in the course of its growth may
carry its axillary bud along with it, so that the shoot which afterwards develops
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seems to spring directly from its subtending leaf; or, finally, the subtending leaf
may become attached to its axillary shoot, and, grov&mg out with it, may thus
appear to spring from it (Fig. 143).

It is the rule in Phanerogams that normal shoots arise from the embryonic
tissue of the growing point of the parent shoot. When they are apparent at a
greater distance from the apex it can usually be shown that embryonic substance
has been reserved at the proper points for their formation.

Shoots developing in predetermined positions on young parts
of the plant are designated NORMAL, in contrast to ADVENTITIOUS
SHOOTS, which are produced irregularly from the old or young portions
of a plant, such as stems, roots, or leaves, and usually arise from
permanent tissue which returns to the meristematic condition.
Adventitious shoots, which arise from the older parts of stems or
roots, are almost always ENDOGENOUS. They must penetrate the
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Frq. 144.—4, ground plan or diagram, and B, lateral view of a lateral bud of a Monocotyledon
with a divergence of }; m, parent axis; db, subtending leaf borne on this; t, the daughter
axis ; vb, bracteole on this; %, posterior, and v, anterior sides of the daughter shoot.

outer portions of their parent shoot before becoming visible. Adven-
titious shoots formed on leaves, however, arise, like normal shoots,
exogenously.

Such adventitious shoots frequently spring from old stems, also from the roots
of herbaceous plants (Brassica oleracea, Anemone sylvestris, Convolvulus arvensts,
Rumex Acetosella), or of bushes (Rubus, Rosa, Corylus), or of trees (Populus,
Ulmus, Robiniz). They may even develop from leaves, as in Cardamine pratensis,
Nasturtium officinale, and a number of Ferns. An injury to a plant will frequently
induce the formation of adventitious shoots, and they frequently arise from the
cut surface of stumps of trees. Gardeners often make use of pieces of stems,
rhizomes, or even leaves as cuttings from which to produce new plants (¥). When
the buds in this case do not arise from existing growing points but are new-formed
from permanent tissue, the process is spoken of as REGENERATION (cf. the section
on Physiology).

(b) The Position of the Leaves of Lateral Buds.—When the
relations of position in a lateral branch of any order are to be
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examined the branch is placed with its subtending leaf towards the
observer (ANTERIOR), and the parent axis POSTERIOR (Fig. 144 A),
and so that the median plane of the subtending leaf coincides with
that of the observer. Structures on the lateral branch, which are
directed towards its subtending leaf, are termed anterior, those
towards the parent shoot posterior, while right and left refer to
structures lying to either side of the median plane of the subtending
leaf in the TRANSVERSE PLANE.

Independently of the phyllotaxis, the lowest leaves of a lateral
bud which come next above the subtending leaf tend to occupy a
definite position in relation to the latter and to the parent axis.
They connect the phyllotaxy of the lateral branch with that of the main
shoot. In Monocotyledouns there is one such BRACTEOLE (Fig. 144 b),
while in Dicotyledons there are two bracteoles ; they are usually scale
or bracteal leaves. The bracteole in Monocotyledons is median and
stands on the posterior side of the branch towards the main axis. It
frequently has two lateral veins appearing as keels, while a middle
vein is wanting (Fig. 144 4); it may thus be regarded as arising
from the union of two lateral bracteoles (%). In Dicotyledons the two
bracteoles (« and B) stand as a rule right and left in the transverse
plane, the later leaves following in a different arrangement.

Apart from this the lateral buds may show the same leaf arrange-
ment as the parent axis or may differ from this.

When the phyllotaxy is spiral the genetic spiral of the branch may either run
in the same direction as that of the main axis (homodromous) or in the opposite
direction (antidromous).

(¢) Construction of the Branch System.—The general aspect or
habit of every shoot-system depends, in addition to the direction of
growth of its main axis, on the following features: the number of
orders of lateral axes that develop; the position on the main axis
of the buds which grow out as lateral branches; the intensity of the
growth and the orientation of the lateral axes of various orders in
relation to one another and to the parent axis. The variety in the
general habit of the shoot-systems frequently also stands in relation
to the mode of life of the plants.

1. DIRECTION OF GROWTH OF THE MAIN AXIS OF THE SHOOT-
SYSTEM.—This, in the first place, determines the general type of the
shoot-system.

If the main axis stands at right angles to the soil, the shoot is termed
ORTHOTROPOUS and the plant erect. In this case the more or less plagiotropous
and dorsiventral lateral branches tend to be distributed radially when the plant is
growing freely. If the main axis is growing obliquely or horizontally, and is thus
PLAGIOTROPOUS, the arrangement of the branches is usually dorsiventral ; when
such a main axis with its lateral branches remains on the surface of the soil or
grows horizontally beneath this, the plant is crREEPING. The lateral branches tend
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to come from the flanks and the roots from the lower surface of the main stem.
In such a plant, when lateral branches grow up at right angles to the soil, they
behave as regards their further branching like erect plants.

2. THE ORDER OF SEQUENCE OF SHoors.—If the vegetative cone of the primary
axis of a plant, after reaching maturity, is capable of reproduction, a plant with
but one axis will result, and the plant is designated UNIAXIAL or HAPLOCAULES-
CENT. Usually, however, it is not until a plant has acquired axes of a second
or third order, when it is said to be DIPLOCAULESCENT or TRIPLOCAULESCENT, OF
of the nth order, that the capacity for reproduction”is attained. A good illustra-
tion of a plant with a single axis is afforded by the Poppy, in which the first
shoot produced from the embryo terminates in a flower. As an example of
a triplocaulescent plant may be cited the common Plantain (Plantago major),
whose primary axis produces only foliage and scale leaves; while the secondary
axes give rise solely to bracteal leaves, from the axils of which finally spring
the axes of the third order, which terminate in the flowers. In the case of
trees, only shoots of the nth order can produce flowers. Thus a division of
labour commonly occurs in a branched plant, which finds its expression in
differences of form between the successive shoots. These differ in appearance
according to the special function performed by them, whether nutrition, storage,
or reproduction. In addition to the essential members in the succession of shoots
developed in a determined order, there are non-essential members which repeat
forms of shoot already present.” These may appear simultaneously with the
essential shoots, and serve to increase the size of the plant, as in many annuals; in
many perennial plants they arise as yearly innovations on the stock.

3. THE DiIsTRIBUTION oF UNFOLDING Bups.—Only in relatively
few cases, as, for example, in herbs, do all the lateral buds of a main
axis proceed to grow on as shoots. As a rule many more lateral buds
are formed than ever unfold. The remainder become DORMANT BUDS
or perish. It would be a needless or even injurious expenditure of
material on the part of the plant were all the buds to expand, since
the branches would overshadow one another and some would perish.

Almost all trees possess, especially in the lower region of each annual growth,
such dormant buds, which remain for a longer or shorter period capable of further
development and can unfold under special conditions. The dormant buds of the
Oak, Beech, etc., may be a hundred years old. The shoots that arise on old stems
often come from these buds and are thus not adventitious.

The unfolding of lateral buds may proceed acropetally or basi-
petally, or exhibit no definite order. On highly-branched shoot-
systems the more peripheral buds are favoured since they have the
best opportunity of favourable exposure of the leaves to the light.

Nearly all our native trees form only resting buds through the summer while
the main shoots are elongating. Later, usually at the commencement of a new
period of growth, some of the uppermost buds formed in the preceding season
grow into lateral branches. These branches may form a whorl or an apparent
whorl (draucaria, Pinus); more commonly the highest buds form long shoots
while those below them become short shoots (Pear, Apple). In other shoots,
especially those that grow erect, every second, third, or fourth, ete., bud unfolds
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so that the resulting shoots are regularly arranged at similar distances from one
another both longitudinally and laterally.

The habit of the branch-system depends on the distribution of the expanding
buds, whether this is alternate or in whorls. When the buds are opposite a kind
of dichotomous branching results as in the Horse Chestnut or the Elder.

4. DIRECTION AND INTENSITY OF GROWTH OF THE LATERAL
BRANCHES in relation to one another. The lateral angle between
adjacent lateral branches on an orthotropous branch may be very
constant in any kind of plant (e.g. in Araucaria or Pinus). On the
other hand, the intensity of growth of the lateral axes on the same main
axis may show much variety. Frequently, with the appearance of a
division of labour, only some of the branches are of unlimited growth,
the others forming short shoots. The latter have usually a shorter
life, tend not to branch, and do not take part in the persistent branch-
system of the tree. In the Larch, for example, the short shoots form
short rosettes of needles on the older shoots of unlimited growth.

5. DIRECTION AND INTENSITY OF GROWTH OF THE LATERAL
BRANCHES IN RELATION To THE MAIN AXIS. DIFFERENT TYPES OF
LATERAL BRANCHING. —The angle at which the lateral branch is
inclined to its main axis also tends to be very constant in any species
(¢.g. Pine).

The lateral branches may grow at the same rate as the parent
axis, or less rapidly, or much more rapidly. In the last case they
take precedence of the main axis, the growth of which may cease
entirely, while one or more lateral branches take over the continuance
of the branching. Diversity in the resulting branch-systems must
evidently result from such differences in the growth of the daughter
and parent axes. This has led to the distinction of various types
of lateral branching, a knowledge of which is indispensable to the
aunderstanding of the morphological construction of the higher plants.
The differences are especially well seen when the branches are close,
as in the region where the reproductive organs or flowers are borne
as lateral branches. The INFLORESCENCES may therefore serve as
favourable examples of the different types of branching.

The bracts and bracteoles in the inflorescence are usually developed as scale
leaves and do not resemble the foliage leaves. They do not serve for assimilation
but only for the protection of the young lateral branches in their axils. If the
branching of a lateral branch is continued, this proceeds as a rule from the axils of
the bracteoles. It is further characteristic of many inflorescences that the axillary
buds of all the bracts are developed further. Owing to this the inflorescences,
in contrast to the vegetative shoot-systems, form crowded branch-systems, very
numerous flowers being formed in a small space.

(a) The term racemose branching is applied when the main axis
grows MORE ACTIVELY than the lateral axes of the first order, and
these in turn more actively than the branches of the second order
arising on them; also when the main axis grows as actively as its
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daughter axes. In the former case a true main axis or MONOPODIUM
can be followed throughout the entire branch-system (cf. Fig. 82 b).
Such typical MONOPODIAL BRANCHING is exhibited, for example, by
the Pine and other Conifers with a pyramidal outline; the radial
orthotropous main shoot grows vertically up-
wards under the influence of gravity (cf. p.
339), while the dorsiventral lateral branches
of the first order diverge on all sides horizon-
tally from the main axis. If the lateral branches

F1a. 145.—Spike of Plantago Fig, 146. —Catkin of Corylus Fie. 147.— Raceme of Linaria
lanceolata.  (After Du- americana. (After Du- striata. d, Bracts. (After
CHARTRE.) CHARTRE.) A. F. W. SCHIMPER.)

of the first order grow erect, as in the Cypress and in many shrubs,
there may be no difference in length between them and the main
axis ; the branch-system has in such cases an oval or spherical form.

The racemose inflorescences may be divided in the following way :
I. The main axis grows more strongly than the lateral axes.
(@) Lateral axes nnbranched.
1. RaceEME : stalked flowers borne on an elongated main axis (Fig. 147,
Fig. 150 4).
2. SPIKE : flowers sessile on an elongated main axis (Fig. 145, Fig. 150 B).
A spike in which the axis is thickened and succulent is termed a
SPADIX ; a spike which, after flowering or after the fruits have ripened,
falls off as a whole is a cATKIN (Fig. 146).
(b) Lateral axes branched.
3. PANICLE : a main axis bearing racemes laterally (Fig. 150 E, Fig. 149).
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11. The main axis grows as strongly as the lateral axes.
4. UMBEL : a whorl of lateral axes bearing flowers on a main axis which
grows to the same length and ends in a flower (Fig. 150 C, Fig. 148).
5. CoMPOUND UMBEL : an umbel which has small umbels in place of the
single flowers (Fig. 150 F).
6. CAPITULUM or HEAD : flowers sessile on a shortened main axis (Fig.
150 D).

(b) The term cymose branching is applied when the main axis
grows LESS STRONGLY than the lateral axes, which continue the
branching and in their turn are overtopped
by the branches they bear. The resulting
appearance differs according to whether
several, equally strong, lateral axes of the
same order, or only one lateral
axis, continue the branch-system.
In the latter case an apparent
main axis or SYMPODIUM is
formed.

In many cases of cymose branching
the parent axis not merely grows more
slowly than the daughter axes but its
tip dies or is cast off. This happens
in many of our trees such as the Willow
or the Lime.

Fig. 148.—Umbel of the Cherry. F16, 149.—Panicle of Yucca filamentosa.
(After DUCHARTRE.) (After A. F. W, ScaiMpER. Reduced.)

I. If more than two lateral branches of the same order continue the branching
the term PLEIOCHASIUM is used. Such lateral branches are usually approximated
to the upper end of the parent axis and radiate on all sides obliquely upwards, in
some cases being arranged in a whorl. The inflorescence of Euphorbia affords an
example.

I1. If two lateral branches of the same order continue the branching and stand
opposite to one another, forming an acute or right angle, the term DpICHASIUM is
used. This is shown diagrammatically in :Fig. 151, with which the dichasial
inflorescence in Fig. 153 may be compared. A branch system of this kind, another
example of which is afforded by the Mistletoe, which grows parasitically on trees,
simulates a dichotomy. The successive pairs of lateral branches do not lie in one
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plane as in the diagram but stand at right angles to one another so that they
diverge on all sides. Only a ground plan (Fig. 155 E) can therefore represent
the true arrangement of the members of the branch-system.

III. When the branching is continued by a single lateral branch the term

o

TS A
SR TR TR O TR

Fi1c. 1560.—Diagrams of racemose inflorescences. 4, Raceme. B, Spike. C, Umbel.
D, Capitulum. E, Paniele. F, Compound umbel. (After KARSTEN.)

MONOCHASIUM is used. Frequently this branch continues the direction of the
parent shoot, the tip of which is displaced to one side (Fig. 152). In this way
a branch-system with a sympodial axis composed of lateral members of successive
orders is formed, as was seen to be the case sometimes in dichotomous branching
(p. 119f.). Such a branch-system may closely resemble monopodial branching,

Ly
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especially when, as is frequently the case, the sympodium stands vertically and
the arrested ends of the branches appear as if borne laterally upon it. They
are distinguishable from truly lateral
branches, however, by the regular absence 2
of a subtending leaf, while a leaf which \L
stands opposite to each apparent branch 3
is really the subtending leaf of the
daughter shoot that continued the sym-
podium (cf. Fig. 152). The further 4 H
branching may also be sympodial. The
branching of many trees, such as the Lime

H and Beech, is of this nature, but the
Fie. 151.—Diagram of the sympodial construction is notrecognisable H

Dichasium. H, Axis of jp the stems and branches. It remains
the seedling; 1, 2, 3, «
daughter axes of the cor-
responding first, second,

2

evident, however, in many subterranean F16.152.—Diagram

shoots such as the rhizome of Polygo- °f the Monocha-
3 sium. Cf. Fig.

4 and third orders. natum multifforum (Fig. 138). The 5,

liy 2 terminal bud of each year's growth be-

! comes the aerial shoot, while an axillary bud continues the growth of the rhizome
i in the soil.

\ According to the relation of the lateral shoots of different orders to each other

F10. 153.—Cymose inflorescence (dichasinm) of Cerastium Fic, 154.—Heliotropium Curassavicum,
| R linum. t-t"”, § ive axes. (After DUCHARTRE.) Cincinnus, (After ENGLER-PRANTL.)

there arise monochasial branch-systems of diverse and very characteristic construc-
tion. The branching frequently proceeds from the axil of a bracteole.
| K
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A. The median plane of all the lateral shoots may coincide with the median
plane of the lateral shoot of the first order.

(a) The successive lateral branches are on the anterior side of the parent axis,
i.e. between the latter and the subtending leaf (cf. p. 121). In lateral view they
thus fall on the same side, prREPANIUM (Fig. 155 C, D).

(8) The successive axes stand on the posterior side of the parent axis (cf. p. 123)
and in lateral view appear alternately right and left, RurPIDIUM (Fig. 155 4, B).
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Fic. 155,—4, Rhipidium from the side; B, rhipidium in ground plan; C, dre-
panium from the side; D, ground plan of drepanium ; E, ground plan of
dichasium (the red line indicates the mode of derivation of the cincinnus
and the blue line of the bostryx); F, ground plan of bostryx; G, ground
plan of cincinnus. I1-9, successive, relatively main axes. In order tojmake
the relations clearer the successive axes in 4-D and F, @ are indicated in
different colours, The subtending leaf borne by each axis has the same
colour as the axis from which it springs. (4-G, after EICHLER, the rest
modified from KARSTEN,)

B. The median plane of each lateral shoot (of the 1st, 2nd, 3rd order, ete.)
is always transverse, ¢.e. right or left of the median plane of the subtending
leaf on the parent shoot. Such branch-systems can only be represented in ground

lan.
g (a) The successive lateral shoots are placed always to the same side, either to
the right or the left, BosTrRYX (Fig. 155 F),

(8) The successive lateral shoots stand alternately to the right or left, CINCINNUS

(Fig. 155 G, Fig. 154).
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The bostryx and cincinnus are readily understood by deriving them from the
ground plan of the dichasium (Fig. 155 E).

Various types of branching are frequently combined in one branch-system.
Thus cymosely-branched lateral shoots may be borne on the racemose main shoot.
The combinations are especially varied in the case of inflorescences.

(b) The Root

The rRoOTS of plants, which are usually situated in the soil (subter-
ranean roots) and less commonly exposed to the atmosphere (aerial
roots), NEVER BEAR LEAVES. In this respect, as well as by the absence
of the green colour, their appearance differs from that of shoots ; even
of colourless subterranean shoots. Their chief functions are to attach
the plant to the soil and to absorb from this water and salts that
are conducted to the shoot-system. The functions of roots are thus
very different from those of most shoots, which mainly serve for the
assimilation of carbon dioxide.

1. Growing Point.—The root grows in length at the tip, exhibiting
APICAL GROWTH by means of its conical GROWING POINT. The latter
requires to have the thin-walled meristematic cells specially protected
since, as the root grows, it is forced forwards like a needle between the
angular particles of the soil. This protection is afforded by a special
organ composed of permanent tissue which is called the ROOT-CAP or
CALYPTRA ; it covers the tip of the root as a thimble does that of the
finger, the true growing point having an intercalary position within
the tissue of the root-tip. The outer cell walls of the root-cap become
mugcilaginous, and this makes the forward passage of the root easier.
The root-cap is usually only recognisable in median longitudinal sections
through the root-tip (Figs. 156, 157), but in some cases (Pandanus)
the cap is to be clearly seen on the intact root.

The very noticeable caps on the water roots of Duckweed (Lemna) and of some
Hydrocharitaceae are not really root-caps, as they are not derived from the
root, but from a sheath which envelops the rudimentary root at the time of its
origin. They are accordingly termed ROOT-POCKETs. As a general rule, however,
roots without root-caps are of rare occurrence, and in the case of the Duckweed the
root-pocket performs all the functions of a root-cap. The short-lived root of the
Dodder (p. 190) affords another example of a root devoid of a root-cap.

The growing point of the root, as has been already mentioned, is
composed of meristematic cells from which the permanent cells of the
root-cap are derived on the side towards the tip and the permanent
tissue of the root on the basal side.

In most Pteridophytes the root, like the shoot, has a three-sided
apical cell (#, Fig. 156) with the form of a three-sided pyramid.

In addition to the segments cut off parallel to the three inner walls which
contribute to the root itself, segments are formed parallel to the outer wall (k).
These undergo further divisions and form the root-cap.

K1
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The growing points of the roots of Phanerogams, on the other hand,
have no apical cells. They consist of equivalent meristematic cells
that are frequently arranged in regular layers.

The apex of a root of one of the Gramineae (Fig. 157) may be described as an
example, The stratified meristem, from which the permanent tissue of the root
arises, is separated into an outer layer of cells, the DERMATOGEN (d); a central
region formed of several layers which gives rise to the central cylinder of the root
and is called the PLEROME (pl) ; and into a number of layers between the derma-

Fr6. 156.—Median longitudinal section of the apex of a root of Pteris cretica.
t, Apical cell ; k, initial cell of root-cap ; k7, root-cap. (x 240. After STRASBURGER.)

togen and plerome which form the pErRIBLEM. The dermatogen (d) and periblem
(pr) unite at the apex in a single cell-layer, outside of which lies the CALYPTROGEN
(k) or layer of cells from which the root-cap takes its origin.

In many other roots, however (in the majority of Dicotyledons), the formation
of the root-cap results from the periclinal division of the dermatogen itself, which,
in that case, remains distinct from the periblem. In Gymmosperms, and in many
Leguminosae, the dermatogen, periblem, and calyptrogen are not marked out as
distinct regions. In roots, the plerome cylinder (p?) almost always terminates in
special initial cells.

2. External Features of the Root.—Behind the growing point
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the meristematic cells enlarge .greatly as they are transformed into
permanent tissue, a marked elongation of the root accompanying these
processes. By this growth in length, which begins close behind the
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F16. 157.—Median longitudinal section of the apex of a root of the Barley, Hordeum vulgare.
k, Calyptrogen; d, dermatogen; c, its thickened wall; pr, periblem; pl, plerome; en, endodermis;
i, intercellular air-space in process of formation; a, cell row destined to form a vessel;
7, exfoliated cells of the root-cap. (x 180. After STRASBURGER.)

apex and in subterranean roots is limited to a zone only 5-10 mm.
long, the root becomes a cylindrical colourless structure.

In the shortness of the zone of elongation subterranean roots contrast with aerial
shoots. In aerial roots this zone may be many centimetres in length. Its short-
ness in subterranean roots is evidently connected with the conditions of their life.

At some distance from the root-tip, about the region where growth
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in length ceases, the RoOT-HAIRS (%) (Fig. 158 7, Fig. 51), which are
important appendages of subterranean roots, appear. They are
localised tubular protrusions of the living epidermal cells with thin
walls covered with mucilage. When seedlings, e.g., of Wheat are grown
in a moist chamber they can be seen with the naked eye, forming a
delicate down on the surface of the root. They occur in enormous
numbers (e.g. about 420 per sq. mm. in Zea
Mays). Their length varies, according to the
kind of plant, between 0°15 and 8 mm. They
enlarge the surface of the root greatly (in
Pisum, for example, twelvefold) and penetrate
between the particles of the soil and become
attached to them. Thus in the soil they do
not retain the cylindrical form seen in moist
air but are bent to and fro, and flattened,
club-shaped, or lobed at the top (Fig. 239).
They serve to absorb water and dissolved salts.
They only live for some days, the older root-
hairs dying off as new ones form nearer the
tip; thus only a limited zone of the young
root some centimetres or millimetres in length
is clothed with them. The older smooth portion
of the root serves for conduction, but has
ceased to absorb the water. The surface often
shows transverse wrinkling brought about by
subsequent contraction of this region of the
root. This shortens the root so that, like a
tense support, it anchors the shoot more firmly
in the soil (cf. Fig. 207, 6).

Root-hairs are wanting in some plants, especially
those which can readily obtain water, as is the case
with many aquatic and marsh plants. The roots of
F1c. 158.—Seedling of Carpinus some aquatic plants, such as Nuphar luteum, form

f:::bsl”ié N Of.‘g‘;_ ‘;Lf h‘;:;: root-hairs when they penetrate the soil ; the roots of

SR A e ok marsh plants, ‘such as Carex paludosa, when there is

lateral roots; I, 7, leaf; e, lack of water.

epicotyl; ¢, cotyledons. (Nat.

size, After NoLL.) 3. Primary Structure of the Root.—

When the transformation of the meristematic
cells into permanent tissue has taken place the same kinds of tissue
are recognisable in roots as in shoots, their arrangement being as a rule
radially symmetrical.

The surface of the younger portions of the root is bounded by the
thin-walled EPIDERMIS which, with the root-hairs borne upon it, serves
for absorption. The ABSENCE OF STOMATA and of a CUTICLE is

characteristic of this layer. The epidermis of the root dies off with
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the root-hairs. The outermost layer of the cortex then forms a cutis-
tissue called the EXODERMIS (") on the surface, the cell walls

becoming more or less suber-
ised (Fig. 159 ex).

Some of the cells of the exoder-
mis often remain unsuberised and
serve as transfusion cells. They
are regularly placed among the
corky cells and smaller than the
latter.

The remaining tissues of
the root can be distinguished
into cortex and central
cylinder.

The primary cortex of
the root is composed of
colourless tissue, which is
usually parenchymatous. In
the outer layers the cells
are in close contact with one
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Fr1c. 159.—Transverse section of an adventitious root of
Allium Cepa. ep, Remains of the epidermis; ez, exo-
dermis ; ¢, primary cortex ; ¢, endodermis; cc, central
cylinder. (x 45. After M. KOERNICKE.)

another, but intercellular spaces are present more internally. These
intercellular spaces often widen into air-cavities or passages. In

Fi16. 160.—Transverse section of central portion of
the root of dcorus Calamus. m, Medulla ; s, xylem;
v, phloem ; p, pericycle ; ¢, endodermis ; ¢, cortex.

(x 90. After STRASBURGER.)

many roots a hypoderma giving
mechanical support to the epi-
dermis or exodermis is present.
The innermost layer of the
cortex is usually developed as
an ENDODERMIS (") (Figs. 159,
160 ¢, 161 S, 163 s), which
sharply marks the limit between
cortex and central cylinder.
The endodermis consists of
somewhat elongated, rectan-
gular, prismatic cells which in
transverse sections show the
dark Caspary dots on their
radial walls. The nature of
these strips of the wall (cf. p.
58) shuts off to some extent
the central eylinder from the
primary cortex ; the tangential
walls of the young endodermal

cells, however, allow of passage of water between the two regions.

In the older parts of the roots the cells of the endodermis become corky, and in
many Monocotyledons are greatly thickened, but generally on one side only.
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Should thickening occur at an early stage, special endodermal cells, directly
external to the xylem strands, remain unthickened and serve as TRANSFUSION
cELLs (Fig. 163 d).

The outermost layer of cells of the central cylinder lying .
immediately within the endodermis (Figs. 160 p, 161 pc, 163 p) forms
the PERICYCLE; this is usually a single layer and in rare cases is
wanting. The strands of xylem and phloem run longitudinally in the
central cylinder and in all roots form a radial vascular bundle (*°)
(cf. p. 99). They are separated from one another by one or more

Fi1e. 161.—Transverse section of the radial bundle of the root of Ranunculusacer. R, Cortical
parenchyma; S, endodermis ; pc, pericycle; ph, phloem ; px, protoxylem; G, pitted vessels.
(x 200. RotsHERT modified from DipPEL.)

layers of cells that wusually have the characters of conducting
parenchyma. The orientation of the strands of xylem in the root
contrasts with that found in the stem. In the stem the narrow
elements of protoxylem were situated internally, but in the root the
internal vessels are the widest, and the narrow elements of the proto-
xylem are found close to the periphery of the vascular bundle.
Annular, spiral, reticulate, and pitted vessels thus follow in order from
without inwards. The protophloem is situated at the outer margin of
the phloem strands, which are more or less circular in cross-section.
Roots are described as diarch, triarch, polyarch, ete, according to the
number of the vascular strands. Thus the root in Fig. 160 is octarch
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and that in Fig. 163 pentarch. The vascular strands may either meet
in the centre (Figs. 161, 163) or there is in this position a central
strand composed of parenchyma
“or sclerenchyma or a mixture
of these tissues (Fig. 160).
Most roots have to be con-
structed toresist pullingstrains,
and the mechanical tissue is
accordingly mainly placed com-

7

pactly in the central pith (Fig. 2

162) Fic. 162.—Mechanical tissue of roots. I, Centrally
5 A placed to resist longitudinal pulling strains; 2, a
For an organ that has to resist prop root with a peripheral layer of mechanical

tension it is immaterial at what part tissue (P) to resist lateral pressure, in addition

of the cross-section the mechanical to the central strand. (After NoLv.)

tissues are placed. Their association
in the centre to form a single strand is of advantage, since, if many thinner strands
were situated peripherally, a one-sided pull might rupture some of these more
readily.

The continuity of the xylem and phloem strands of the radial bundle of

Fic. 163.—Transverse section of the radial bundle of the root of Allium ascalonicum. s,
Endodermis with the inner walls thickened ; d, transfusion cells ; p, pericycle; g, large central
vessel. (RoTHERT after HABERLANDT.)

the root with the corresponding tissues of the differently-constructed bundles
of the stem is effected at the junction of the root and stem of the seedling.
It need only be briefly described for the most common case of plants in
which the bundles of the stem are collateral. The essential fact of the transition
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is that each of the strands of xylem of the root rotates through 180° round its
longitudinal axis, bringing the protoxylem to the inner side of the strand which is
the characteristic position in the stem. A number of collateral vascular bundles
are reconstituted from the tissues of the radial bundle of the root by the radially-
arranged xylem and phloem iaking up the collateral position. This happens in
different ways, of which two main types may be distinguished : 1. The strands
of xylem when rotating follow a straight course from the root to the stem ; the
strands of phloem of the root, on the other hand, divide radially, the two halves
separate tangentially, and, uniting with the portions derived from adjoining
strands of phloem, come to lie outside the
xylem strands. 2. The phloem strands of
the root follow a straight course into the
stem, but the strands of xylem which rotate
through 180° split radially ; the halves
separate tangentially (as the phloem strands

T4 ¢€p pe 4

Fia. 165.—Portion of a longitudinal section

F10. 164.—Transverse section of the root of a root of Amarantus showing the origin
of Vicia Faba showing the origin of a of a lateral root. e, Endodermis, already
lateral root (7). ¢, Endodermis; p, peri- absorbed opposite the young root; d, cor-
cycle; d, cortex; g, xylem strand; v, tex; p, pericycle; sp, spiral tracheide; 7,
phloem strand of the radial bundle. young lateral root. (x about 200. After
(x 40. Somewhat diagrammatic.) PH. vAN TIEGHEM.)

did in Type 1) and, uniting with the portions derived from the adjoining strands
of xylem, place themselves internal to the strands of phloem to constitute the
collateral bundles.

4. Branching of the Root.—By this process, in which a root
always gives rise to roots, the root-system can penetrate the soil in
all directions and obtain from the whole space thus occupied water
and dissolved salts.

DicoTOMOUS branching by an equal division of the growing
point only occurs in some Pteridophyta (Lycopodinae).

With this exception the branching of the root is LATERAL (Fig.
158), the lateral roots, in contrast to the lateral shoots, originating at
some distance from the growing point where the meristematic cells
have been transformed into permanent tissue. They arise ENDO-
‘cENoUsLY (Figs. 164, 165) within the tissues of the parent root and
in acropetal succession. The growing point of the new root is formed
from the innermost layer of the cortex in Pteridophytes and from
the pericycle in the Phanerogams; a group of parenchymatous cells
commences to divide, the cells returning to the meristematic condition.
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The lateral roots break through the whole thickness of the cortex as
they emerge in the order of their development from the main root.
The ruptured cortex is frequently recognisable as a sort of collar
round the base of the lateral root. Other lateral roots may form
- subsequently between those already developed and on older parts of
the root.

The lateral roots always stand in VERTICAL SERIES on the parent
root ("?). This arrangement is determined by their always arising
either opposite one of the longitudinally-running strands of xylem
(Fig. 164), or opposite the plate of conducting parenchyma which
separates a strand of xylem from one of phloem. The number
of vertical series of roots is thus either the same as the niimber of
strands of xylem,.or twice this. In the former case the lateral
distance between any two adjacent roots is equal, while when the
roots arise right and left of a strand of xylem these two vertical
rows are approximated.

The structure of the lateral roots corresponds with that of the
main root, and the xylem and phloem are continuous from the
one to the other.

5. Roots borne on Shoots.—Roots not only arise from other
roots but may be developed from the shoot, both from stems and
leaves. They are usually endogenous. In Ferns they arise from
meristematic tissue in the region of the growing point of the shoot.

The place of origin of such adventitious roots is not fixed beforehand but may
be more or less definite. This is especially the case in marsh and water plants
where the roots arise from the lower nodes of the stem between, and alternating
with, the leaves ; they replace the primary root-system which has been lost when
the older part of the plant died off (). They are especially numerous on the
under side of rhizomes (Fig. 138) and creeping shoots. A young shoot, or a
cutting planted in moist soil, quickly forms adventitious roots, and roots may
also arise in a similar manner from the bases of ]eaves, especially from Begonia
leaves when planted in soil (*#).

Dormant root-rudiments occur in the same manner as dormant buds of shoots.
Willow-twigs afford a special case of the presence of snch dormant rudiments of
adventitious roots, the further development of which is easily induced by dark-
ness and moisture.

6. Appearance of the Root-System. — The lateral roots of
successively higher orders are as a rule thinner and grow less strongly
than their respective parent roots. The whole root-system is thus
typically RACEMOSE. The alternate branches are usually short and
have a limited period of existence; they may be termed ABSORBENT
ROOTLETS.

The root-system, like the shoot-system, further owes its general
appearance to the fact that the main and lateral branches take up
distinet positions in space relatively to one another ; this depends on
differences in their geotropism (cf. p. 339).
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Many Dicotyledons (e.g. Lupin, Oak) and Gymnosperms (Pine)
possess a radial MAIN-ROOT or TAP-ROOT (Fig. 158) which, from the
seedling onwards, forms the downward continuation of the main stem
and grows vertically down into the soil (orthotropous). On this
radial lateral roots of the 1lst order arise, which penetrate the soil
horizontally or obliquely (plagiotropous). The lateral roots of the
2nd order arise in turn on those of the 1lst order. They tend to
grow on all sides from the latter so that the branches of the root-
system penetrate the soil as uniformly as possible in all directions,
and, as branching continues, do not leave a cubic centimetre unused.

A tap-root is usually wanting in Monocotyledons since it becomes
arrested 'in the seedling stage. In its place numerous roots arise
from the base of the stem and penetrate the soil vertically, obliquely,
or horizontally. They branch monopodially, hearing lateral roots of
successively higher orders which penetrate the soil in all directions.
In the Wheat, for example, there is no tap-root, but the root-system
continues to extend in a horizontal plane.

The length of all the roots of a plant taken together is surprising.
Thus for a plant of Wheat it may amount to some hundreds of metres.

Some of the roots of trees in tropical forests are developed in a
peculiar fashion. The extraordinarily high and thick stems of many
such trees are supported at the base by strong vertically - placed
BUTTRESS-ROOTS. In other cases support is given by aerial roots
growing down from the branches to the earth and attaining the
thickness of woody trunks (PROP-ROOTS, e.g., in species of Ficus).

(e) Secondary Growth in Thickness of the Cormus

It has been seen that the additions to the root and shoot
made by the increase in number of the meristematic cells in the
growing points increase in length as they mature. A certain increase
in thickness of the parts is associated with this growth in length ;
this depends on the enlargement of the cells on passing from
the meristematic condition and not on increase in their number
(PRIMARY GROWTH IN THICKNESS, cf. Figs. 98, 100, 102, 115). This,
as a matter of fact, is slight, but is often followed in stems and roots
by processes of growth that will now be considered.

The larger the shoot-system becomes the more readily will it
escape overshadowing by other plants and form more organic
material. Thus in many plants the growth of the small seedling
with a few leaves leads, with the accompanying branching, to a cormus
of the size of a large tree bearing a very large number of leaves.
The increase in the aerial shoot-system and in the number of leaves
makes progressively great demands on the water supply from the
roots, which can only be met by the increase of surface and the
branching of the root-system; in many cases additional roots are
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developed from the stem. All increase of the root-system, however,
depends on a supply of organic food materials manufactured in the
leaves. Thus the further development of the crown of foliage and of
the root-system are intimately related to one another. The increase
in size of the shoot- and root-systems further presupposes that a
sufficient number of conducting tracts in the stems and roots can be
developed, both for water and for organic materials, and that the stem
should be strong enough to support the increasing weight even when
exposed to wind. There is thus an intimate connection between the
size of the cormus and the formation of conducting tracts in its axes
and the rigidity of the shoot.

The rigidity requires to be greater the larger the plant becomes
and the longer it lives. Plants or shoot-systems which only live for a
limited period and die off after bearing reproductive organs have
usually herbaceous structure (HERBS). Large cormi which live for
many years and bear fruit repeatedly have as a rule the rigidity
of their stems and roots increased by the formation of wood. Such
woody plants are called sHRUBS if they do not exceed a moderate
height, and retain their lateral shoots so that their branches are
formed near the ground. They are called TREEs (), on the other
hand, if they attain a greater height, have a main stem or trunk
(which must have the type of rigidity possessed by a pillar), and
usually lose their lower branches at an early period.

In catalogues an:l descriptions of plants the duration of the period of growth
is usually expressed by special symbols: thus @ indicates an annual ; & a biennial,
and 2 a perennial herb; b is employed to designate shrubs, and for trees the
sign B is in use. A special type of tree is found in the columnar and usually
unbranched stems of Palms and Tree-ferns; in them secondary thickening, and
a true wooly mass resulting from this, are wanting.

The requirements, both as regards the number of conducting
tracts and the necessary rigidity, are met in a variety of ways in
cormophytic plants. In the first place, there are plants in which the
main axis of the seedling and any lateral branches that arise attain
a sufficient thickness and develop sufficient mechanical and conduct-
ing tissues before growth in length; when this takes place later the
thickness is adequate for the future increase in size of the plant.
The primary root in such cases remains thin and usually dies off
early, while as many roots as are nccessary arise from the basal
portion of the shoot. Secondly, there are plants in which long
slender stems and roots with only a few conducting and mechanical
elements are first developed. A limit would soon be set to the supply
of water to the leaves and of nutritive material to the root-system,
and thus to the increase in size of the plant, by the small number of
conducting elements in the primary stem and root. Provision is,
however, made for an increase in the conducting and mechanical
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tissues corresponding to the needs of the growing plant. This is
effected by a continued process of cell division forming secondary
tissues and leading to a SECONDARY GROWTH IN THICKNESS of the
stem and roots. Secondary tissues are those that are added to or
replace the primary tissues as a result of the activity of a secondary
meristem or CAMBIUM (cf. p. 47). Such secondary growth occurs
in herbaceous as well as in woody plants.

To the FIRST TYPE ("®) belong the mostly herbaceous Pteri-
dophytes and Monocotyledons, including nearly all the forms that
have definite stems (Tree-ferns, Palms, Pandanaceae, certain Lilii-
florae). Thus in these stem-forming Monocotyledons the embryonic
stem remains very short on germination. The primary meristem of
the flattened growing point increases in breadth, leading to the axis
of the seedling from which the stem will continue having a consider-
able thickness from an early stage.

In such forms as the Palms and Pandanaceae the stem may continue to
merease slightly in thickness after the permanent tissues have developed by a
process of expansion of the cells. The cells of the sclerenchymatous strands
which accompany the phloem of the vascular bundles may thus increase in
diameter leading to an enlargement of the strand as a whole. In places this
growth in thickness may be accompanied by divisions in parenchymatous cells
(e.9. in some Palms).

The majority of herbaceous and woody Gymnosperms and Dicoty-
ledons and some arborescent Liliiflorae belong to the SECOND TYPE (7).
The primary thickening or maturing of the stem and root dependent
on the enlargement of cells is in them followed by increase in number
of the cells in a special meristematic zone, the cambial ring.

The secondary thickening in annual, scrambling, and twining plants often only
begins in older internodes which have long attained their full primary size. In
the twigs of trees, on the other hand, the secondary growth may start early, even
before the primary tissues are fully developed.

Secondary growth in thickness was present in certain Pteridophytes known
to us as fossil remains, but only became of general occurrence in the Gymnosperms
and Dicotyledons.

Secondary Growth in Thickness of Monocotyledons.—In some
arborescent Liliiflorae (Dracaena, Cordyline, Yucca, Aloe) the axis
exhibits growth in thickness due to a secondary meristem. This
arises in the cortex where it abuts on the central cylinder in which
the vascular bundles are scattered in the manner characteristic of
Monocotyledons. In transverse sections divisions can be seen to
begin in an annular zone of mature cortical cells. In Dracaena this
happens at a considerable distance from the growing point, but in
other cases it may start close to it. A cylindrical meristematic zone
a number of cells deep is thus formed ; the cells are prismatic and fit
together without intercellular spaces. As a result of the formation of



DIV. I MORPHOLOGY 143

tangential walls, cells continue to be ent off towards the inside, and
later some are formed to the outside. The latter become secondary

cortical tissue; the cells to
the inside develop into con-
centric vascular bundles, in
which the xylem surrounds
the phloem, and parenchy-
matous tissue with thickened
and lignified walls (Fig. 166).

The meristematic cells have a
rectangular shape in transverse
and radial sectiong, while in tan-
gential section they are polygonal ;
they are thus tangentially-placed
flattened prisms (cf. Fig.169 4, I1).
So long as the meristem is only
forming new tissues on the one
side, the initial cells can be re-
placed at the expense of the inner
permanent cells of the cortex.
When, however, the meristem is
active on both sides the initial layer
persists.

True secondary thickening of
the root in Monocotyledons is only
known in the case of the genus
Dracaena. Thecambial ring arises
in the cortex of the root just out-
side the endodermis.

Secondary Thickening of
Gymnosperms and Dicotyle-
dons. 1. Formation, Strue-
ture, and Aectivity of the
Cambium in Stems.—In the
open vascular bundles of the
Gymnosperms and Dicotyle-
dons the formation of second-
ary tissues may take place as
soon as the primary tissues
have matured, or may even
begin before this. Only the

Fr1c. 166.—Transverse section of the stem of Cordyline
(Dracaena) rubra. f, Primary vascular bundles;
f”, secondary vascular bundles; f”’, leaf-trace
bundle within the primary cortex; m, parenchy-
matous fundamental tissue; s, bundle-sheath; 2.
tracheides ; ¢, cambium ring; cr, cortex, the outer
portion being primary, the inner secondary cortex;
ph, cork cambium ; [, cork ; 7, bundles of raphides.
(X 80. After STRASBURGER.,)

former case need be considered here. The primary meristem remain-
ing between the xylem and phloem of the bundle becomes the
cambium and commences again to divide actively. The vascular
bundles are usually arranged in a circle. 'When the cambial activity
has commenced in the bundles, cambium also forms across the
medullary rays, by parenchymatous cells dividing tangentially. This
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INTERFASCICULAR CAMBIUM connects the FASCICULAR CAMBIUM within

the bundles, forming a complete hollow cylinder of meristematic tissue.

The cells grow in the radial

direction and undergo division

by tangential and by transverse

walls ; from time to time cells
appear to be divided by radial

walls.

Figs. 167 and 168 represent the
formation of the cambium as shown
particularly clearly and simply in a
transverse section of the stem of
Aristolochia Sipho. A single bundle
with the adjacent interfascicular cam-
bium from the stem in Fig. 167 is
more highly magnified in Fig. 168.
¥ia. 167.—Transverse section of a stem of Aristo- The cambium is actlve]y leIdmg,

lochia Sipho 5 mm. in thickness. m, Medulla; and two partially-developed secondary
fv, vascular bundle ; vl, xylem; ¢b, phloem; fe, vessels are seen at m”. The outline of
fascicular cambium; ifc, interfascicular cam- the parenchymatous cellsof the medul-
bium; p, phloem parenchyma ; pe, pericycle; lary rays, which gave origin to the

sk, ring of sclerenchyma; e, starch-sheath; e, . feion] bi H1l b
primary cortex; cl, collenchyma in primary interfascicular camblum, can sti 2

cortex. (x 9. After STRASBURGER.) recognised.

The cambium cells fit together without intercellular spaces and
form radial rows. They have the shape of elongated prisms more
or less flattened tangentially and with both ends pointed; thus
the form of the cell appears very different in tangential, radial, or
transverse section (Fig. 169). The tangential walls, which form the
polygonal or rhombic main faces of the prismatic cell, are thin ; the
radial walls, on the other hand, are fairly thick and frequently pitted.
A middle layer of cells in the cambial zone forms the INITIAL LAYER.
Its cells remain permanently in the meristematic condition. They grow
in the radial direction, dividing by tangential walls, and so give off
daughter cells (tissue mother cells) to both sides, but more abundantly
on the inner side. These daughter cells in their turn may undergo
tangential divisions,. and, often after growing greatly in length and
breadth (Fig. 174) and changing their shape, become gradually trans-
formed into permanent cells of the secondary tissues.

The cambium in giving off cells inwards must itself, as the stem grows in
thickness, be carried gradually outwards. The circumference of the cambial ring
must therefore be increased. This can only be effected by growth and increase in
number of the cells in a tangential direction. In transverse sections it appears as
if this came about by radial division of some of the cells. KLINKEN (") has,
however, shown in Taxus that such divisions do not occur ; the number of cells in
the tangential direction is increased by an initial cell of the cambium dividing
transversely, and the ends of the two resulting cells becoming placed side by side
tangentially by sliding growth. -
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All the permanent tissue formed on the inner side of the cambium
is termed wood ; this is usually hard and composed of more or less
lignified cells. The tissue formed to the outside by the cambium
usually. consists of unlignified cells and is termed the bast.

Fic. 168.—Transverse section of 2 stem of Aristolochia Sipho in the first year of its growth, showing
a vascular bundle with cambium in active division. p, Xylem parenchyma; vlp, proto-
xylem ; m’ and m”, vessels with bordered pits; ic, interfascicular cambium in continuation
with the fascicular cambium ; », sieve-tubes; cbp, protophloem ; pe, pericycle; sk, inner part
of ring of sclerenchymatous fibres. (x 130. After STRASBURGER.)

In contrast to the primary cortex all the tissues to the outside of the cambium
may be regarded as forming secondary cortex.

The secondary tissue formed internally by the fascicular cambium
resembles the xylem, and that to the outside the phloem of the
primary vascular bundle. By the activity of the interfascicular
cambium the primary medullary rays are continued through the wood
and the bast. Their breadth is, however, usually diminished, since

L
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the interfascicular cambium in great part gives rise to tissues similar
to those formed by the fascicular cambium. Thus, in place of the
original broad medullary rays, the cambium forms at definite points
narrower radial rows of medullary ray tissue. These medullary rays,
which are spindle-shaped when cut across (Fig. 170), traverse the
wood and the bast, connecting the pith with the cortex as PRIMARY
MEDULLARY RAYS. As the thickness of the secondary wood and bast
increases,  SECONDARY MEDULLARY RAYS are developed from the
fascicular cambium. In one direction the secondary medullary rays

A A4 A B
\r H/\’*

\

Fic. 170.—A diagrammatic tangential
section to illustrate the subdivi-
sion of a primary medullary ray
into many smaller rays on the

)
C

F1c, 169.—Diagrammatic commencement, of secondary thick-
figure of the shape of ening. 1, I; Adjoining primary vas-
cambial cells, 4, I and cular bundles ; pm, primary medul-
II, the two forms lary ray transformed by the
which oceur, seen from activity of the interfascicular cam-
the tangential face ; B, bium into many small spindle-
in radial section; C, shaped medullary rays and reticu-
in transverse section. lately - connected secondary vas-
(After ROTHERT.) cular bundles. .

end blindly in the wood and in the other in the bast; the later they
develop the less deeply do they penetrate the tissues on either side of
the cambium (Fig. 179).

The cambial cells which give rise to medullary rays are shorter and
their end walls are more horizontal, for when a medullary ray is to be
initiated the ordinary cambium cell becomes divided transversely or
obliquely.

The origin of the cambium and the nature of its activity can be distingunished
into three main types according to the primary construction of the stem :
1. The stem has a circle of collateral vascular bundles separated from ome
another by broad medullary rays; the breadth of the medullary rays is main-
tained during secondary growth, the interfascicular cambium producing only
medullary ray tissue. This is the.case for many herbaceous plants, but among
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woody plants is only found in the lianes. In those herbs [in which the inner
portion of the medullary rays between the primary strands of xylem consists of
sclerenchyma (cf. p. 95), the interfascicular cambium forms similar tissue on its
inner side. 2. The stem as in the first type has a circle of collateral leaf-trace bundles
separated by broad medullary rays. Before the primary growth in thickness is
completed there arise from the still meristematic tissue of each medullary ray,
that now assumes the characters of a cambium, one or a number of small, cauline,
intermediate bundles which anastomose
tangentially ; the intervening meshes are
occupied by narrow primary medullary
rays that are spindle-shaped when cut
across (Fig. 170). The original medullary
rays become filled up in this way in many
herbaceous and woody plants. 3. In the
transformation of .the primary meristem
to permanent tissne there arises, instead
of a circle of collateral bundles, a vascular
tube, which appears like a concentric
bundle with a central pith and internally-
situated xylem. There is a layer of meri-
stematic tissue between the xylem and
phloem that later becomes the cambium.
The vascular tube may be traversed by
very nparrow spindle-shaped primary
medullary rays, or these may be completely
wanting. This type is found in many
trees.

The primary xylem of the bundles in
stems which have undergone secondary
thickening projects into the pith.

2. Formation and Activity of
the Cambium in the Root.—As
has been seen (Figs. 160, 161), the : : ;

t d £ 1 Aenbl 1t FiG. 171.—Diagrammatic representation of the
strands ol xylem and phloemn aller-  growth in thickness of s dicotyledonous
nate in the central cylinder of the  root. pr, Primary cortex; ¢, cambium
root ; they are separated by inter-  T8; ¢, primary vascular strand; ¢,

K g primary phloem strand; p, pericycle; e,
vening parenChymatOU S tissue. endodermis; g”, secondary wood ; s”, second-

When secondary thickening begins  arybast;k, periderm. (After STRASBURGER.)
in such a root cambial layers arise

internal to the strands of phloem, and between these and the strands
of xylem, by divisions taking place in some of the parenchymatous
cells ; the cambium forms wood towards the centre and bast towards
the outside. These ares of cambium meet in the pericycle just outside
the xylem strands and the cambial ring is completed from .the peri-
cycle. The wavy outline of this is shown in Fig. 171 4 ; by the
activity of the cambium in producing new tissues the depressions
in the ring are soon evened out (Fig. 171 B). Primary medullary
rays are absent from the wood and bast, but secondary medullary rays
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originate as in the stem. In some plants wide parenchymatous rays
are formed by the cambium opposite the strands of primary xylem
(Fig. 171 B). A cross-section of a root in which the secondary growth
has continued for some years can scarcely be distinguished from a
cross-section of a stem ; by careful examination, however, the character-
istic strands of primary xylem can be recognised in the centre of the
root.

Repeated Formation of Cambium in Stems and Roots.—Deviations from the
usual type of secondary growth as found in most Gymnosperms and Dicotyledons
are met with in some cases.
These anomalous types are
characterised by differences in
the distribution and in the
activity of the cambium.

In some Cycadeae and cer-
tain species of Gnetwm among
the Gymnosperms and in the
Chenopodiaceae,  Amaranta-
ceae, Nyctaginaceae, Phyto-
laccaceae, and some other
families of Dicotyledons, the
first ring of cambium, which
arose in the usual way, ceases
to function after a time. A
new zone of cambium forms

Fra. 172.—Transverse section of the stem of Mu 1ti; tienplly cifl, the  petpRean
s'im‘a.. 1, ;, 3,. Sucf:e:rilely-;orrsn;;n Zones '"ggt uwcéozls; e.xternal t,o the bast, or else.in
1%, 2%, 3% successively-formed zones of bast; 3, 8% are tissue derived from the earlier
commencing to form within the pericycle. (§ nat. size. cambium. The new cambium
After SCHENCK.) forms bast externally and wood

internally, these tissues being
traversed by medullary rays. Its activity in turn comes to an end and its place
is taken by a new cambium formed outside this zome of bast. The process can be
repeated and leads to the production of concentric zones each composed of wood
and bast. Thisis seen, for example, in the transverse section of the stem of Mucuna

altissima, a liane belonging to the Papilionaceae which is represented in Fig. 172.

Such concentric zones of wood and bast are met with in some succulent roots

which persist for two or more vegetative periods. This is the case in the Beet

(Beta vulgaris), where the zones can be readily recognised with the naked eye on

cross-sections. They arise as described above, but, as in the case of the typical

secondary growth of other sueculent roots, parenchymatous tissue which serves for
storage of reserve materials forms a large proportion of the newly-developed tissues.

2 ey

3. The Wood. A. Kinds of Tissue and their Funetions.—The con-
struction of the wood is complex, and in Dicotyledons it is usually com-
posed of three distinct types of tissue the walls of which are more or
less lignified. These are: (1) longitudinally-running strands of dead
vesseLs (Fig. 173 g, ty) ; (2) longitudinally-running strands of scleren-
chymatous fibres, WoOD-FIBRES (), that are usually dead ; (3) STORAGE
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PARENCHYMA (hp), which forms longitudinally-running strands, and
in the medullary rays is also directed radially ; this constitutes the
WOOD PARENCHYMA and PARENCHYMA OF THE MEDULLARY RAYS.
Corresponding to this the wood serves (1) for water-conduction, (2)
to render the stems and roots rigid against pressure and bending, and
(3) for the storage of organic materials. The properties which make
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FiG. 173. —Tracheae, tracheides, wood-fibres, and wood parenchyma of a Dicotyledon with
transition-forms between the various elements, Diagrammatic, Explanation in text. (Modified
after STRASBURGER.)

wood such a valuable building material depend upon its natural
function as a mechanical tissue.

The various kinds of cells of which the wood is composed can be most readily
studied by treating wood with SCHULTZE’Ss macerating mixture (cf. p. 42).

The vessels are pitted or less commonly reticulately thickened.
The tracheae may be wide and composed of short segments, or narrow
and formed of more or less elongated cells (Fig. 173 g, fg); the
tracheides are narrow and elongated and serve both for conduction
and as mechanical tissue. The wood-fibres (k) are usually very long
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and narrow, pointed at both ends, and with thick walls provided with
narrow oblique pits. The cells of the storage parenchyma (ip) are
rectangular and prismatic or are spindle-shaped ; they are usually
elongated in the direction of the long axis and have either thin or
thick walls with small, circular, simple pits. They contain abundant
reserve materials (starch, oil, or sugar).
Intercellular spaces only occur in the paren-
chymatous strands.

In many Leguminosae, in the Willow, Poplar,
and species of Ficus, the water-conducting elements
of the wood consists of tracheae only.

The tracheides and wood-fibres are frequently
more than 1 mm. in length and are considerably
longer than the cambial cells from which they arose.
This increased length, like the increased width of
I - the larger tracheae, is attained by sliding growth
3 (p. 48; Tig. 174). In the formation of wood paren-
chyma the cambial cells undergo repeated transverse
divisions. The resulting parenchyma thus consists
of rows of cells, the origin of which from a cambial
WJI - cellis indicated by the row ending above and below
in a pointed cell (Fig. 173 Ap).

The walls between cells of the wood parenchyma
or medullary rays and the vessels have bordered
pits on the side towards the vessel only, while the
larger pits in the living cell have no borders ; such
pits, in contrast to those bordered on both sides,

‘ are characterised by the absence of a torus from

T the pit membrane. The walls separating vessels

I and wood-fibres and those between the latter and
A B

parenchyma cells are, on the other hand, usually
without pits.

RS L In woods composed f’f vessels, wood.-ﬁ‘bres, and
N ofbslidiug bt parenchyma there‘ are frequently transition forms
wood-fibres. I, In tangential Petween the typically-constructed elements, and
longitudinal section; II, in there is a corresponding lack of sharp distinction
transverse section along the a5 regards function. Narrow tracheae (Fig. 173g)
Jgrted ,lme in L 4, I IT,cells 10,4 on to the tracheides (Fig. 173 gt, t). Narrow,
in the young condition; B, I, I, x s %
after sliding growth has taken Sharply-pointed tracheides (fibre tracheides, fz), the
place. (After ROTHERT.) function of which is mainly mechanical, form the

transition to the wood-fibres (). Slightly thickened
wood-fibres which retain their living contents (¢f) and are either without or with
transverse walls (g4) form the transition to the cells of the wood parenchyma (%p).

In the wood of Gymnosperms there are only tracheides with
typical bordered pits, together with some wood parenchyma and a
considerable amount of parenchyma of the medullary rays. The
division of labour is here less advanced, the same elements being
concerned with the mechanical and water - conducting functions.
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Drimys, belonging to the Magnoliaceae, is a Dicotyledon with wood
composed of tracheides and parenchyma only.

B. Arrangement of the Tissues in the Wood.—In the
Gymnosperms (Figs. 175-177) the wood of the stems and roots has

thus a relatively simple structure. The tracheides are arranged

in regular radial rows (Fig. 175 4), in correspondence with their
mode of origin. Since they increase in size mainly in the radial
direction, and hardly at all in the tangential and longitudinal

F16. 175.— 4, Transverse section of the wood of a Pine at the junction of two'annual rings. f, Spring
wood ; s, autumn wood ; ¢, bordered pit; a, interposition of a new row of tracheides ; &, resin
canals ; m, medullary rays; g, limit of autumn wood. (x 240.) B, Part of a transverse
section of the stem of a Pine. s, Late wood ; ¢, cambinm ; v, sieve-tubes ; p, bast parenchyma ;
k, cell of bast parenchyma containing crystal ; cv, sieve-tubes, compressed and functionless ;
m, medullary ray. (X 240. After SCHENCK.)

directions, they retain. the same form as the cambial cells (Fig. 169).
They have large, circular, bordered pits frequently only upon their
radial walls ; the pits are thus seen in surface view in radial sections

(Figs. 70 B, 71 A).

In the wood of most Gymnosperms there is relatively little parenchyma. In
the Pines, Firs, and Larches parenchyma is found only around schizogenous resin-
canals which run longitudinally in the wood (Figs. 175 4, k; 179 &), and are
connected by others which run radially in some of the broader medullary rays.
For this reason’considerable amounts of resin flow out from the wounded stem of a
Pine or Fir. In the other Conifers the wood parenchyma is limited to simple rows
of cells, the cavities of which may later become filled with resin.
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The medullary rays in the wood of Gymnosperms are numerous,
and for the most part only one layer of cells broad (Figs. 175 m,
177 sm, tm; 179 ms). Every tracheide abuts in the course of its
length upon one or more of these medullary rays. The cells of the
medullary ray are elongated in the radial direction; they contain -
abundant starch and are associated with intercellular spaces (Fig.
177 i). They serve to transfer the products of assimilation, formed
in the leaves and conducted downwards in the bast, in a radial
direction into the wood of the stem or root, where storage takes
‘ \

‘Q \X

z

Fic. 176.—Radial section of a Pine stem, at the junction of the wood and bast. s, Autumn
tracheides ; ¢, bordered pits; ¢, cambium; v, sieve-tubes; uf, sieve-pits; jm, tracheidal
medullary ray cells ; sm, medullary ray cells in the wood, containing starch ; sm/, the same, in
the bast; em, medullary ray cells, with albuminous content. (x 240. After SCHENCK.)

place; they also conduct water from the wood outwards. The
medullary rays are suited to perform these functions, since, as has
been seen, they extend into both the wood and the bast (Figs. 175 B,
176, 179). The intercellular spaces communicate with the intercellular
system of the cortex and allow of the necessary gaseous exchanges
between the living cells in the wood and the external atmosphere.

In certain Gymnosperms, especially the Pines, single rows of cells of the
medullary ray in the wood (usually the marginal rows) are tracheidal and without
living contents ; they are connected with one another and with the tracheides by
means of bordered pits (Fig. 176 {m). They are protected against compression by
the living turgescent cells of the medullary ray by means of special thickening of
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their walls. These tracheidal cells facilitate the conduction of water in the radial
direction between the tracheides, which are only pitted on their radial walls. In
most other Conifers, in which such tracheidal elements in the medullary rays are
wanting, there are tangentially-placed bordered pits in the tracheides of the wood,
and these allow of the movement of water in
a radial direction. The parenchymatous cells :
of the medullary rays of the wood are connected & {A
with the tracheides by means of large pits g

bordered on one side (Fig. 177 et).

Owing to climatic variations, the
cambial tissue of Gymnosperms, as of .
most Dicotyledons, exhibits a periodical g

|

activity which “is expressed by the for-
mation of ANNUAL RINGS (™) of growth
(Figs. 178, 179). In spring, when new fﬂ
shoots are being formed, wider tracheal
elements aredeveloped than in thefollow-
ing seasons (Fig. 175 4). For this reason
a difference is perceptible between the
EARLY Wo0OD (spring wood), which is
composed of large elements especially
active in the conveyance of water (Fig.
175 f), and the LATE WooD (autumn
wood), consisting of narrow elements
which impart to a stem its necessary
rigidity (Figs. 175 4, 5, 179). Through-
out the greater part of the temperate
zone, the formation of wood ceases in
the latter part of August until the follow- Fe. 177. —Tangential section of the
. . autumn wood of a Pine. ¢, Bordered
ing spring, when the larger elements of $ib; ot bencoidel meduliary ra calis;
the spring wood are again developed. sm, medullary ray cells containing
Owing to the contrast in the structure of ~ starch; , pit bordered ouly on one
2 side; 14, intercellular space in the
the spring and the autumn wood, the  equiary ray. (x , 240  After
limits (Figs. 175 g, 179 7) between suc-  Scmexck.)
cessive annual rings of growth become
so sharply defined as to be visible even to the naked eye, and thus
serve as a means of computing the age of a plant. The limits
between the annual rings are less evident in the root, all the wood
resembling spring wood. The cambium of the root may remain active
throughout the winter and only pass into a resting condition at the
commencement of the new vegetative period.
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In a stem or root that has undergone secondary thickening fewer annual rings
will be seen on the cross-section the nearer this is made to the growing point.
The older annual rings and the older layers of bast disappear in order of their age
as the tip is approached.

Under certain conditions the number of annual rings may exceed the number of
years of growth. When the leaves are destroyed by frost, caterpillars, or other
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injurious influences, the buds destined for the succeeding spring may unfold, and
the formation of the new foliage brings about a second formation of spring wood.
On the other hand, woody plants that usually have definite annual rings may
exceptionally show a smaller number of rings than that corresponding to their
age, owing to the limits between some of the rings not being clearly marked. In
this way the number of rings on one
radius of the stem may be less than
when they are counted on another
radius.

The wood of the stems and
roots of Dicotyledons can be
readily distinguished from that
of a Gymnosperm even when
only slightly magnified (Figs.

Fra. 179.—Portion of a four-year-old stem of the
Pine, Pinus sylvestris, cut in winter. g, Transverse
view ; [, radial view ; £, tangential view ; f, spring
wood ; s, autumn wood ; m, medulla; p, proto-
xylem ; 1, 2, 3, 4, the four successive annual rings
of the wood ; 7, junction of the wood of successive

Fic. 178.—Transverse section of a stem of
Tilia ulmifolia, in the fourth year of its

growth. pr,iPrimary cortex ; ¢, cambium
ring; cr, bast; pm, primary medullary
ray ; pm/,expanded extremity of a primary

years ; ms’, ms”, ms, medullary rays in trans-
verse, radial, and tangential view; ms”, radial
view of medullary rays in the bast; ¢, cambium

ring ; b, bast ; h, resin canals ; br, bark, external
to the first periderm layer, and formed from
the primary cortex. (x 6. After ScHENCK.)

medullary ray ; sm, secondary medullary
ray ; g, limit of third year's wood. (x6.
After SCHENCK.)

180, 181, 182). Not only are wood-fibres and usually wide tracheae
present, in addition to tracheides and parenchyma, but the unequal
growth of the various component elements leads to a departure from
their original radial arrangement. In the spring wood there are
numbers of very wide vessels (Figs. 180, 181 m), while narrow
wood-fibres (/) and fibre tracheides (¢) predominate in the autumn
wood.

In some Dicotyledons the annual rings are not distinet because the various
elements of the wood are nearly uniformly distributed in the season’s growth.
This is the case in the Willow, and in the Wild Vine it may be impossible to count
the rings. In the woody plants of tropical regions, when there is no seasonal
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interruption of growth, annual rings may also be wanting, but in many cases zones
resembling the annual rings occur.

The water-conducting elements of the most recently formed annual rings are
the only ones that are in direct connection with the leaves of the corresponding
period of vegetation. Since there is a sudden demand for a considerable amount
of water for transpiration when the leaves unfold in the spring, the provision of
conducting channels in the spring wood is readily comprehensible. In many.
woody plants the foliage is not further increased during the summer, and the
cambium can therefore form mechanical tissue in the autumn wood.

FiG. 180. —Portion of a transverse section of the wood of Tilia wlmifolia. m, Large pitted
vessel ; ¢, tracheides; !, wood-fibre; p, wood parenchyma ; 7, medullary ray. (X 540. After
STRASBURGER.)

In spite of the variety in the structure of the wood of Dicotyledons
there are some constant features in the arrangement of the different
tissues. The vascular strands composed of tracheae and tracheides,
while they ramify in the radial and tangential directions, form
continuous longitudinal tracts from the roots to the finest tips of the
branches. Were this not so the needs of the shoot-system as regards
its water supply would not be met. Wood parenchyma (Figs. 180,
181 p), which is well developed in most dicotyledonous woods, also
forms longitudinal strands or layers which, however, end blindly
above and below. These form along with the medullary rays a
connected system of living cells. The vessels always stand in
connection with these living cells, being sometimes surrounded
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by them and in other cases in contact with them on one side
(Fig. 180 p).

The wood parenchyma surrounds the vessel in Adcacia, ete. ; it forms tangential
bands in ‘which the vessels are embedded or with which they are in contact in
Walnut, Chestnut, Oak, etc.; in some cases
it is limited to the outer side of the annual
ring.

The MEDULLARY RAYS (Figs. 178
pm, sm; 180, 181 7) resemble those of
the Gymnosperms in being radially-
placed bands of tissue, of greater or
less vertical height, and one or a
number of cells in breadth ; they may
be branched or unbranched (Fig. 182
tm, sm). They are continuous across
the cambium into the bast (Fig. 178).
The vascular strands are in contact
with them at places. The parenchyma
of - the medullary rays thus connects
the parenchyma of the bast with that
of the wood, and unites all the living
tissue of the stem and root into a single
system. Assimilated material moving
downwards in the bast can thus pass
radially into the wood and be carried
in this for some distance upwards or
downwards, to be stored as starch in
the living parenchymatous cells. The
intercellular spaces, which accompany
Frc. 181.—Tangential section of the wood the medullary Lays and the strands

of Tilia ulmifolia. m, Pitted vessel; 0f wood parenchyma, allow of the
¢, spiral tracheides; p, wood paren- gggegus exchanges necessary for the
ehyma ; I, wood-fibres ; 'r,‘medullary. living et b the o :
rays. (X 160. After SCHENCK.)
The intervals between the strands
of vessels and of parenchyma and the medullary rays are occupied
by strands of wood-fibres (sclerenchyma).

TiR2inIniig

The height and breadth of the medullary rays are most readily seen when they
are cut across in tangential longitudinal sections of the stem ; the rays then appear
spindle-shaped (Fig. 181 7). In most woods their size varies only within narrow
limits, but in others, such as the Oak and the Beech, the range is greater. In the
Oak there are medullary rays which are 1 mm. wide and 1 dm. high, while
numerous small rays occur between these. In the Poplar, Willow, and Box all
the rays are so small as to be with difficulty distinguished even with the aid of
a lens. In some lianes (e.g. Aristolochia) the primary rays are particularly wide
and high, and may extend for the length of a whole internode.



DIV. I 3 MORPHOLOGY 157

In Dicotyledons also, as is very well shown in the Willow, the marginal cells
of the medullary rays usually stand in relation to the adjacent water-conducting
elements by means of pits bordered on one side; these living cells are higher
than those of the middle rows (Fig. 182 ¢m). The latter are more extended
radially and have no special connection with the water-conducting elements.
They serve for the conduction and storage of assimilated materials (Fig. 182 sm).

The parenchymatous cells of the medullary rays and of the wood which
adjoin the vessels take water from the latter and hand it on to the other living
cells. In spring, on the other hand, they pass a large part of the stored assimilated
material (especially glucose and small amounts of albuminous substances) into the
vessels, so that these substances can be quickly fransported to the places where

Fia. 182.—A radial section of the wood of
Tilia wimifolia, showing a small medul-

lary ray. g, Vessel; [, wood fibres ; im, F1c. 183.—Transverse section of 2 vessel from
medullary ray cells in communication the heart-wood of Robinia Pseudacacia, closed
with the water-channels by means of by thyloses ; at a, a s shown the connection
pits; sm, conducting cells of the between the thyloses and the cells from which
medullary ray. (x 240. After they have been formed. (X 800. Affer
SCHENCK.) SCHENCK.)

they are required. Owing to this, sugar and proteids can be demonstrated in the
vessels during the winter and early spring. These substances are also present in
the sap that exudes when holes are bored in the stewms of Birch, Maple, and other
trees in the spring.

Grain of the Wood. —The technical value of certain woods is affected not
only by the colour but by the graining. This depends in the first place on the
arrangement of the annual rings and medullary rays, but also in many cases
(e.g.- Hazel) upon a wavy course of the elements of the wood ; this may be brought
about by the crowded arrangement of lateral or adventitious buds or lateral roots,
or by the stimulus of wounding.

C. Subsequent Alterations of the Wood. — In the majority
of trees the living elements in the more centrally - placed older
portions of the woody mass die and the water channels become
stopped up, leading to the formation of what is known as the
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HEART-WOOD. Only the outer layer of the wood composed of the
more recently-formed annual rings thus contains living cells and
constitutes the SPLINT-WoOD. Reserve materials can only be stored
in the splint-wood, and water-conduction is also limited to this, and
indeed to its outermost portion, since, as has been seen, it is only the
peripheral vessels that are in connection with the leaves and the
youngest lateral roots. The heart-wood serves only for strength.
Less commonly the whole of the wood persists as splint-wood (species
of Maple, Birch). The heart-wood is usually darker in colour than
the splint-wood and is also denser, harder, and stronger ; it is protected
against decay by impregnation with various substances. In other
cases the heart-wood is not distinct in colour from the splint-wood

and readily decays; this leads to the hollow stems so often found in
old Willows.

The whitish yellow splint-wood contrasts most strongly with the heart-wood
when the latter is dark in colour ; thus in the Oak it is brown and in the Ebony
(Diospyros) black. The heart-wood appears to be more durable the darker it is.
Before their death the living cells of the wood, which lose their reserve materials,
usually form various organic substances, especially tannins, which impregnate the
walls of the surrounding elements, while resinous and gum-like products accumu-
late in the cavities. The tannins preserve the dead wood from decay, and their
oxidation products give its dark colour. The vessels are sometimes occluded by
accumulations of gum, and at other times by cells which fill up the lumen more
or less completely, and are spoken of as THYLosEs (%) (Fig. 183); they originate
by the adjoining living cells growing into the vessels through the pits, the
membrane of which they press inwards. Thyloses also form in wounded vessels
and occlude the lumen. Inorganic substances are not uncommonly deposited in
the heart-wood ; thus calcium carbonate occurs in the vessels of Ulmus campestris
and Fugus sylvatica, while amorphous silicic acid is deposited in the vessels of
Teak (Tectona grandis). Colouring matters are obtained from the heart-wood
of somse trees, ¢.g. Haematoxylin from Haematoxylon campechianum L. (Campeachy-
wood, Logwood).

4. The Bast. A. Kinds of Tissue and their Funections.—
Three types of tissue can also be distinguished in the bast (Figs. 175
B, 184): (1) Longitudinally-running strands of SIEVE-TUBES (v) with,
in the Dicotyledons, COMPANION CELLS (c); (2) in many plants longi-
tudinal strands of SCLERENCHYMATOUS FIBRES (BAST FIBRES) that are
as a rule dead (Fig. 184 7); and (3) PARENCHYMA with intercellular
spaces arranged both longitudinally (p) and in the medullary rays
(Figs. 1756 B, m; 184 7). In addition SECRETORY CELLS of various
kinds may be present containing crystals (%) or latex. The bast, like
the phloem of the vascular bundles, serves mainly to conduct the
products of assimilation. It also is of use for the storage of organic
substances and frequently as a mechanical tissue. In many plants
the sieve-tubes have oblique end-walls (Fig. 184 #*); they are thin-
walled and unlignified, contain proteids, and usually remain functional
only for a short period. The bast fibres are long and narrow and
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have strongly-thickened walls that may be lignified or not. The
parenchymatous cells are elongated in the direction of the strand ;
they are living cells with abundant reserve materials and thin
unlignified walls. ;

At a certain distance from the cambium the sieve-plates become overlaid by
callus. During the vegetative period following their development the sieve-
tubes become empty and compressed together (Fig. 175 B, cv). Less often, as in
the Vine, the sieve-tubes remain functional for more than one year ; the callus is
removed when their activity is resumed. The rows of bast parenchyma cells
containing albuminous substances which are found in some Conifers undergo
disorganisation at the same time as the adjacent sieve-tubes ; the bast parenchyma

Lagysl%
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Fic. 184.—Portion of a transverse section of the bast of Tilia ulmifolia. v, Sieve-tubes; v*,
sieve-plate; ¢, companion cells; k, cells of bast parenchyma containing crystals; p, bast
parenchyma ; [, bast fibres; r, medullary ray. (X 540. After STRASBURGER.)

cells which contain starch, on the other hand, continue living for years, and even
increase in size, while the sieve-tubes become compressed.

B. Arrangement of the Tissues in the Bast.— This re-
sembles the arrangement in the wood. The strands of sieve-tubes
form branched tracts in which the sieve-tubes have a continuous
course from the roots to the foliage. The sieve-tubes, and the
longitudinally-running bast parenchyma, are related at intervals to the
medullary rays (Fig. 179 ms”), which have been seen to be the
continuation of the medullary rays of the wood. Thus the products
of assimilation from the foliage can either pass in the bast towards
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the roots or through the medullary rays to be stored in the living
cells of the wood.

The different tissues of the bast are often arranged in very regular
tangential bands only interrupted by the medullary rays (Fig. 184).
The periodicity of the cambium is not, however, evident in the bast, and
there are no annual rings. The cambium continues to produce bast
after the formation of the autumn wood has ceased.

In the Lime, for example (Fig. 184), there is an alternation of zones of sieve-
tubes (v) with companion cells (¢), starch-containing bast parenchyma (p), cells
containing crystals (%), bast fibres (7), and flattened cells of bast parenchyma (p),
followed again by sieve-tubes. The differences in the appearance of the bast of

Fia. 185.—Transverse section of the outer part of a one-year-old twig of Pyrus communis made in
autumn. It shows the commencement of the formation of the periderm. p, Cork; pg,
phellogen ; pd, phelloderm ; col, collenchyma. The cork cells have their outer walls thickened
and have brown dead contents. (x 500. After SCHENCK.)

different woody plants are due to the greater or less diameter of the sieve-tubes,
the presence or absence of bast fibres, and to the mode of arrangement of the
various elements.

In the Pine and various other Abietineae, rows of cells with abundant
albuminous contents occur at the edges of the medullary rays (Fig. 176 e¢m). They
are in close contact with the sieve-tubes and connected with them by sieve-pits,
and become empty and compressed at the same time as the sieve-tubes. In
Dicotyledons the medullary rays in the bast are more simply constructed than in
the wood. The pitting of the cells of the medullary rays of Dicotyledons, which
connects them not only with the bast parenchyma but also with the companion
cells of the sieve-tubes, stands in relation to the taking up of assimilated material
as it is passing downwards.

Effect of the Secondary Thickening on the Tissues external to
the Cambial Ring. 1. Dilatation.—Since the cambium continues
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to form wood to the inside, and
exhibits a secondary increase in
which are situated externally
to the cambial ring (the epi-
dermis, cortex, primary phloem,
and the bast) are naturally
affected by this. They are
tangentially stretched, com-
pressed, displaced, or torn ; they
may also grow in the tangential
direction (DILATATION).
latter process  is naturally
limited to the living cells of
the cortex, the phloem, and the
bast, including those of the
medullary rays; in some woody
plants even the epidermal cells
take part in the dilatation (81).
All these cells may grow con-
siderably in the tangential direc-
tion and then become divided
by radial walls. In the bast
such growth is frequently very
marked in the case of the
medullary rays; in the Lime
this leads to the formation of a
secondary meristem which gives
off rows of parenchymatous
cells to either side in the tan-
gential direction, so that the
medullary rays of the bast widen
year by year towards the outside
(Fig. 178 pm’). The sieve-tubes
and their companion cells, which
onlyremain functional for a short
time and then die, are com-
pressed along with the secretory
cells. The sclerenchymatous
cells of the cortex and bast,
which are usually non-living
elements, also take no part in
the dilatation. When a hollow
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F1a. 186. — Transverse section of the peripheral
tissues of the stem of Quercus sessiliffora. 1, 2, 3,
Successively formed layers of cork; pr, primary
cortex, modified by subsequent growth; in-
ternally to pe, pericycle; sc, sclerenchymatous
fibres from the ruptured ring of sclerenchy-
matous fibres of the pericycle; s, subsequently
formed sclereides ; ¢, sclereides, of secondary
growth ; cr, bast fibres with accompanying crystal
cells; k, cells with aggregate crystals. All the
tissue external to the innermost layer of cork
is dead and discoloured and has become trans-
formed into bark. (x 225. After SCHENCK.)

cylinder of sclerenchyma is present in the cortex (Fig. 186 sc), it

becomes torn in the tangential

direction ; the parenchymatous cells

grow into the spaces, and in many plants become transformed into
thick-walled stone cells (Fig. 186 s). Parenchyma cells, or groups

M
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of them in the cortex and bast, may also be developed as scleren-
chymatous cells during the process of dilatation.

The epidermis may continue to expand for years in some species of Rose,
Acacia, Holly and Maple, and in the Mistletoe. The outer walls of the cells are
usually strongly thickened, and when ruptured on the surface become reinforced by
new layers of thickening deposited within.

2. Periderm.—As a rule, however, the epidermis does not take
part in the dilatation but is passively stretched and ultimately
ruptured. A new limiting tissue is thus required to protect the
underlying tissues from drying up. This arises as the CORK by the
activity of a special secondary meristem, situated at the periphery
of the organ (Fig. 185).

This CORK-CAMBIUM or PHELLOGEN is usually formed in the first
season, soon after, or even before, the commencement of secondary
growth. It may arise from the epidermis by tangential division of
its cells. More usually, however, it is formed from the layer of
cortex just below the epidermis, less commonly from a deeper layer
of the cortex or from the pericycle. The last case is the rule for
roots (Fig. 171 B, k). The meristem and all the products of its
activity are known collectively as the PERIDERM. The cells cut off
to the outer side become CORK-CELLS ; those developed to the inner
side become unsuberised cells with abundant chlorophyll, which round
off and are added to the cortex. With the formation of the periderm
the surface of the stem appears brown.

The cells formed on the inner side by the phellogen are termed collectively the
PHELLODERM.

The cork-cambium is as a rule a typical initial cambium (cf. p. 46), at least
when it forms both cork and phelloderm. An initiallayer may, however, be wanting,
e.g. in many Monocotyledons ; in this case the permanent cells from which the
cork cambium proceeds divide info a number of cells which become cork-cells, and
the process is repeated in adjacent cells of the permanent tissue.

Periderm formation takes place at a later period in those plants in which the
epidermis continues to expand for years; it is wanting only in the species of
Mistletoe.

True cork is wanting in Cryptogams, even in the Pteridophytes. When protec-
tion is required its place may be taken by the impregnation of the cell walls with
a very resistant brown substance or by the addition of suberised lamellae to the
walls, that is the transformation of certain layers of cells into a cutis tissue (52).

As the result of the activity of the cork-cambium thick fissured
incrustations of cork may arise as in the Cork Oak from which bottle
cork is obtained. The stratification which this exhibits marks the
annnal increments. In other cases a corky layer with a smooth outer
surface only a few layers of cells thick is formed (Figs. 59, 185).
This may allow of the secondary growth in thickness of the stem

continuing for a long time before it ultimately becomes torn and
is shed.
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Bottle cork (Fig. 58) is formed of thick layers of soft wide cork-cells, interrupted
by thin layers of flat cork-cells marking the limits of the year’s growth ; this can
be recognised in an ordinary cork. The pores filled with a loose powder which
penetrate the whole thickness of the cork in a radial direction are the lenticels
(ef. p. 59). The first layer of cork of the Cork Oak is artificially stripped off down
to the cork-cambium after fifteen years. A new cambium then forms a few cells
deeper which provides the cork of economic value ; this is removed every 6 to 8
years. Since such dead coatings of cork cannot keep pace with the dilatation of
the stem they gradually become fissured.

3. Formation of Bark.—All tissues external to the cork-cambium
are cut off from supplies of water and food materials and consequently
die. The dead tissue, including the layer of periderm, is termed BARK.
According to the depth at which the periderm is formed this may
include only the epidermis or a larger or smaller proportion of the
cortex. The first layer of cork-cambium in stems and roots usually
soon ceases to be active; this does not happen in the Beech. A
new layer of cork forms deeper in the stem, and its activity in turn
comes to an end ; another layer forms still more deeply as shown in
Fig. 186. Ultimately the layers of cork are forming in secondary
tissues, in the living parenchyma of the zone of bast; thus in old
stems all the living tissue external to the cambium is of secondary
origin and the bark includes dead secondary tissues. These are
emptied of their food material and contain only by-products of the
metabolism. The bark cannot follow the further increase in thickness
of the stem or root, but is cast off in scales or torn by longitudinal
fissures. It forms an even more complete protection than the cork
against both loss of water and overheating.

Since in the formation of bark the more external and oldest parts
of the bast are thus shed, the zone of bast remains relatively thin.
Mechanical tissues can only be permanent constituents of the stem
when formed internal to the cambial ring, i.e. in the wood.

If the layers of the secondary periderm constitute only limited areas of the eir-
cumference of the stem the bark will be thrown off in scales, as in the SCALY BARK of
the Pine, Oak, and Plane tree ; if, on the contrary, the periderm layers form com-
plete concentric rings, hollow cylinders of the cortical tissues are transformed into
the so-called RINGED BARK, such as is found in the Grape-vine, Cherry, Clematis,
and Honeysuckle.

‘When the bark peels off from the stem in layers this is not a purely mechanical
result ; it depends on an ABscISS LAYER consisting of thin-walled cork-cells or
phelloid cells (cf. p. 59) which are formed between the other layers of cork with
thickened walls. These absciss layers are ruptured by the hygroscopic tensions set
up in the bark. Bark which is not easily detached becomes cracked by the con-
tinued growth in thickness of the stem, and has then the furrowed appearance so
characteristic of the majority of old tree-trunks.

The usnal brown or red colour of bark, as in similarly coloured heart-wood,
is occasioned by the prescnce of tannins, to the preservative qualities of which
is due the great resistance of bark to the action of destructive agencies. The
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peculiar white colour of Birch-bark is caused by the presence of granules of
betulin (birch-resin) in the cells. }

Healing of Wounds (%3). —In the simplest cases among land plants the wounded
cells die and become brown and dry, while the walls of the underlying uninjured
cells become impregnated with protective substances and sometimes also form
suberised lamellae. In the case of larger wounds in the Phanerogams a cork-
cambium forming wouxD-coRK develops below these altered cells. Thus the leaf-
scars left by the fall of the leaves (p. 119) are in the first place protected by the
lignification and suberisation of the exposed cells, and later by the development of
a layer of cork that becomes continuous with that covering the stem. The open
ends of the vessels in the leaf-scar become occluded with wound-gum or thyloses
or both ; the ends of the sieve-tubes become compressed and lignified.

When young tissue is exposed by a wound, a formation of cALLUS usually takes
place. All the living cells which abut on the wound grow out and divide, becoming
closely approximated. The surface of the new growth may at once become corky
and thus afford the necessary protection. In most cases a cork-cambium forms
in the peripheral layers of the callus and gives rise to cork. In stems of Gymno-
sperms and Dicotyledons, wounds which extend into the wood become surrounded
and finally overcapped by an outgrowth of tissue arising from the exposed cambium.
While the callus tissue is still in process of gradually growing over the wounded
surface, an outer protective covering of cork is developed ; at the same time a new
cambium is formed within the callus by the differentiation of an inner layer of
cells, continuous with the cambium of the stem. When the margins of the over-
growing callus tissue ultimately meet and close together over the wound, the edges
of its cambium unite and form a complete cambial layer, continuing the cambium
of the stem over the surface of the wound. The wood formed by this new cambium
never coalesces with the old wood which is brown and dead. Accordingly, marks
cut deep enough to penetrate the wood are merely covered over by the new wood,
and may afterwards be found within the stem. In like manner, the ends of severed
branches may in tinie become so completely overgrown as to be concealed from
view. The growing points of adventitious shoots often arise in such masses of
callus. As the wood produced over wounds differs in structure from normal wood,
it has been distinguished as cALLUS woop. It consists at first of almost iso-
diametrical cells, which are, however, eventually followed by more elongated cell
forms. In the Cherry instead of normal wood-elements nests of thin-walled paren-
chymatous cells which undergo gummosis (p. 89) are produced on wounding
the cambium.

Restitution.—Secondary tissues often take part in the process of
restitution, i.e. the replacement of parts that have been lost.

In the more highly organised plants the direct replacement of lost parts is
extremely rare. It occurs most readily in embryonic organs, such as growing
points, when portions have been lost, and is most often found in seedlings. Thusin
seedling plants of Cyclamen even a severed leaf-blade has been found to be replaced.
As a rule, however, when regeneration processes are requisite in higher plants, and
the necessary preformed organs are not present in a resting or latent condition, the
older tissuesreturn to the embryonic condition and give rise to new growing points
of shoots. Since this provision for the indirect replacement of lost parts exists in
plants, the fact that direct regeneration is far more frequent among animals than
plants is-readily comprehensible.
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2. Adaptations of the Cormus to its Mode of Life
and to the Environment (*)

The form and structure of the cormus are closely connected with
its mode of life, which in turn depends on the environment. Practi-
cally all plants thus appear adapted to the environments in which
they are usually found. The uniform physiognomy exhibited by the
plants of any locality, as well as the differences in the physiognomy
of the vegetation in localities which differ in climate, depend epon
this. The vegetative organs are therefore not typically constructed
in all cormophytes, but are frequently altered or metamorphosed in
a variety of ways. Very careful developmental or anatomical investiga-
tion may be required to show that the variously-constructed organs
of many cormophytes are derived by the metamorphosis of the three
primary organs, root, stem, and leaf, and to ascertain with which of
these any particular structure is really homologous. The external
form and the functional activity of mature organs may be very mis-
leading. One organ may assume the form and functions of another,
e.g. a stem resembling a leaf ; different primary organs may take on
the same forms in relation to performing the same functions and thus
be analogous but not homologous. As a rule, however, when all the
characters of an altered organ are taken into consideration, some will
leave no doubt as to its morphological origin.

»The form of a plant and of its parts is determined in the first
place by its mode of nutrition. Thus there are striking and important
morphological differences between cormophytes which require only
inorganic food materials (AUTOTROPHIC PLANTS) and those which
require organic food (HETEROTROPHIC PLANTS).

A, Autotrophic Cormophytes

The green plants are structurally adapted to autotrophic life. The
typical features of the construction of autotrophic cormophytes have
been described above. The green cormophytes may exhibit consider-
able variety among themselves, for their structure is adapted to the
different features of the environments in which they occur.

Among the numerous factors in the differing external conditions
WATER and LIGHT have by far the greatest influence on the form of
green plants. This is evident, for the plant can only earry on its
life when sufficient water is available, and only when there is sufficient
light can it construct organic substance from inorganic food materials
and thus be autotrophiec.

(a) Adaptations to the Humidity of the Environment

1. Water Plants. Hydrophytes (%*).—Special peculiarities in
structure are found in plants which live in water. These can
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absorb both water and nutrient salts and also the necessary gases
(carbon dioxide and oxygen) from the water by the whole surface
of their stems and leaves. In considering the conditions of life in
water it is essential to know the amounts of various gases which can be
dissolved and to contrast this with their presence in the atmosphere.
One litre of air contains about 210 c.cm. oxygen and 0°3 c.cm. of carbon
dioxide. In one litre of water at 20° C., on the other hand, there
can be dissolved only about 6 c.cm. oxygen, but 03 c.cm. carbon
dioxide. There is thus available for the submerged plant as much
carbon dioxide, or even somewhat more. There is, however, little
oxygen, especially in the case of still water, since the diffusion of
this gas in water is very slow.

Roots may be ahsent (Utricularia, Ceratophyllum, Wolffia) or
only serve to attach the plant to the soil. The shoot, on the other
hand, has become similar to a root, in that the thin walls of its
epidermal cells have a
very thin cuticle that
offers little hindrance
totheentrance of water.
The large surface ex-
posed by the fine sub-
division of the lamina
of thesubmerged leaves
(Batrachium, Fig. 138,
F1o. 187.—Transverse section of the leaf of Zannichellia palustris. Utricularia, Myriophyl-

(X 146. After SCHENCK.) Zum, C’emtophyllum)
stands in relation to
the slowness of the diffusion of gases in water; floating and
aerial leaves of water plants, on the other hand, are typically
formed (heterophylly, ¢f. p. 116). As regards their anatomy
the submerged leaves are characterised by the absence of stomata,
and usually of hairs from the epidermis, the cells of which
contain chlorophyll; the mesophyll has large intercellular spaces,
and consists of uniform parenchyma,.not showing the distinction
of palisade and spongy tissue. The leaves in transverse section
thus appear bilaterally symmetrical (Fig. 187). The feeble develop-
ment of water-conducting elements in the stems and leaves, and
the absence of secondary thickening, are related to the absence of
transpiration, and of active transport of water. The support afforded
by the surrounding water renders mechanical tissues unnecessary ;
the pulling forces exerted in quickly-flowing water are met by the
central position of the vascular bundle.

The great development of the intercellular spaces is a striking
feature of almost all aquatic and marsh plants. They are wide, and
form a regular system of air-filled chambers and passages, which are
separated by parenchymatous partitions, usually only one cell thick :
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this is the case, for example, in the stems of Papyrus, Potamogeton, ete.,
in the petioles of the Nymphaeaceae, and in the roots of Jussieua.
Such tissue is termed AERENCHYMA. Since its wide air-passages
serve for the storage of air, and allow of ready diffusion of gases
within the body of the plant, the rapid transport of oxygen from
the assimilating green organs to the colourless organs greatly
facilitates respiration.

In some swamp plants, the subterranean organs of which are in swampy soil with
little oxygen, special organs are concerned with obtaining this gas; respiratory
roots (PNEUMATOPHORES,
Fig. 188) grow erect from
the muddy soil, ebtaining
oxygen from the air by len-
ticel-like PNEUMATHODES,
and conducting it by the
aerenchyma to the subter-
ranean parts. Such plants
are found among the Palms
and in the Mangroves of
tropical coasts, some of
which are also anchored to
the mud by a system of
aerial stilt-roots springing
from the shoots (Fig.
189) (84).

2. Land Plants.—
These usually obtain
water and nutrient salts
from the soil, and
oxygen and carbon

o Fia. 188.—Respiratory roots of Sonneratia alba. (Reduced
dioxide from the atmo- from a figure in Pegetationsbildern by Jom. SCEMIDT.)

sphere; their aerial
shoots give off water in the form of vapour in the process of
transpiration.

A few plants of very moist habitats, especially the Hymenophyllaceae of
tropical forests, which can absorb water by the general surface, form an exception.
Some of them develop no roots but have a system of water-absorbing hairs on
their stems or leaves which considerably increase the absorbent surface.

The construction of land plants differs according to their occur-
rence in constantly moist localities, dry localities or climates, or
intermittently moist climates.

(a) Adaptations to constantly moist Habitats. Hygrophytes ().
—Terrestrial plants which inhabit situations in which the atmosphere
is permanently moist, such as many tropical shade plants, are spoken
of as HYGROPHILOUS or HYGROPHYTES. Like water plants they have
no need of arrangements to diminish transpiration but, on the
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contrary, require to facilitate the giving off of water from the aerial
shoots. Only in this way can a sufficiently active movement of
water from the roots in the soil
to the organs above ground be
ensured to supply the requisite
quantity of nutrient salts. Many
hygrophytes, especially those that
inhabit the moistest situations,
resemble water plants in form and
-structure.

Hygrophytes show a variety of ar-
rangements to favour transpiration such
agexpanded thin leaf-blades, thin cuticle,
and the situation of the stomata on
exposed projections raised above the
general surface. There are also peculi-
arities in their leaves which, as StAHL
showed, tend to get rid of the water after
heavy rainfall as quickly as possible.
Thus a drawn-out tip to the leaf-blade
(DRIP-TIP) or waxy coatings rendering
the surface of the leaf unwettable
Fig, 189.—Stilt-roots in Rhizophora mucronate  facilitates the shedding of water from
in the Malay Archipelago. (After KARSTEN.)  the Jeaf; while a velvety surface, due

to the presence of papillae, spreads drops
of water by capillary action into an extremely thin film which readily evaporates.
According to STAHL also the presence of pigments which absorb the rays of
light and heat falling on variegated leaves raise the temperature of the leaf and
maintain transpiration even in a saturated atmosphere. In guttation or the giving
off of drops of liquid water from water-excreting organs or HYDATHODES, some of
these plants have the means of giving off sufficient water when transpiration is com-
pletely stopped. These organs are glandular surfaces or hairs which secrete water,
or are special clefts in the epidermis through which water derived from the vascular
bundles is forced (cf. Fig. 131).

(b) Adaptations to physiologieally dry Habitats or to dry
Climates. Xerophytes (3¢%7). Plants, the shoots of which are
exposed to dry air while they have difficulty in obtaining an adequate
or sufficiently rapid supply of water to make good the loss in trans-
piration, require arrangements to diminish the latter process. The
ordinary limitation of transpiration by closure of the stomata is not
sufficient in the case of plants of exceptionally dry habitats or
climates. Only a few cormophytes can withstand drying up, as do
many Lichens and Bryophyta (cf. p. 222), and most of them die when
wilting is carried far.

Plants with such arrangements to diminish the loss of water are
termed XEROPHILOUS or XEROPHYTES. They are recognisable by
their general habit. The morphological peculiarities which are
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involved in arrangements to diminish transpiration are referred to
collectively as the xerophytic structure (XEROMORPHY). Desert
plants, the plants of dry rocks and many epiphytes, are naturally
extreme xerophytes (cf. p. 183).

It is, however, a striking fact that xerophytic structure is also met
with in plants of quite different modes of life, where it is not at first
sight comprehensible, e.g. in plants of high mountains or of high
latitudes, in many swamp plants, in plants of the sea-coast (HALO-
pPHYTES) (Fig. 195), even when, as in the case of the Mangrove
vegetation of tropical coasts, they grow directly in the water, and
lastly in many trees of the tropical rain-forest. Though much is still
obscure regarding this, it is safe to assume that the majority of these
plants are, at least
periodically, in danger
of losing more water
by transpiration than
they can make good by
absorption from the
soil. When they occur
in relatively moist soils
these appear to be more
or less physiologically
dry for the plants, i.c.,
to be such as to render
the absorption of water
difficult.

Both morphologica] Fic. 190.—Transverse section of the epidermis of Aloe nigricans.
and anatomical arrange- i, Inner, uncutinised thickening layer. (x 240. After
ments are concerned ~ STRASBURGER)
in diminishing trans-
piration. Some of these adaptations may at the same time be pro-
tective against strong insolation or overheating.

The following are anatomical features which serve to diminish
transpiration : thick epidermal cell walls and cuticle; formation of
waxy and resinous coatings, and, in the case of stems and roots,
layers of cork ; reduction in the number of stomata ; narrowing of the
stomata and their occlusion by resin ; sinking of the stomata below
the general level of the epidermis, either singly (Fig. 190) or in
numbers in special flask-shaped depressions of the under side of the
leaf (e.g. Oleander), or the over-arching of the stomata by adjoining
cells so that they come to be situated in cavities protected from the
wind. Hairs, whether woolly, stellate, or scaly, which early become
filled with air and give the plants a whitish or grey appearance
(Edelweiss, Australian Proteaceae, Olive), may serve as a protection
against the sun’s rays. On the other hand, evergreen leaves may be
small, leathery, and relatively poor in sap (e.g. sclerophyllous evergreen
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plants of the Mediterranean region, such as the Laurel and Myrtle).
The small size of the intercellular spaces in the mesophyll is
characteristic of the leaves of well-marked sclerophylls (Fig. 193);
there is often no spongy tissue, but frequently several layers of
palisade cells beneath both upper and lower epidermis so that the
structure of the leaf becomes bilaterally symmetrical. Some xero-
phytes are independent of such protections against transpiration, since
their highly concentrated cell sap enables them to absorb water from
very dry soil (p. 228). ’

These anatomical arrangements are usually associated with
morphological peculiarities of the external form. :

Many xerophytes with small leaves have the branches crowded
together to form a dense cushion (e.g. many Alpine plants, Fig. 191) ;
not only is transpira-
tion checked by this,
but a protection
against too strong in-
solation is obtained.

A very effective
protection  against
transpiration and
light is obtained by
: the leaf surface being

%  placed vertically
Fic. 191.—Raoulia mommillaria from New Zealand, showing the (AuStra‘ha‘n Aca’cm_’s
cushion-like shape of the individual plant. (From Scumrer’s and Myrtaceae) ; this
Plant-Geography.) is often associated
: with a reduction of
the lamina and a flattening of the petiole (PHYLLODES, Figs. 136, 192).
A similar position of the leaves is met with in some of our native
plants such as Lactuca scariola, the Compass Plant in which all the
leaves stand vertically and in the direction of north and south. Such
leaves avoid more or less completely the rays of the sun when this is
at its highest, and excessive heating and transpiration are thus
prevented.

Very commonly the leaf surface is reduced.. This takes place in
the grasses of exposed situations by the inrolling of the upper surface
(Fig. 194). In the Ericaceae, Genisteae, Cupressaceae, and some
New Zealand species of Peronica (cf. also Fig. 195), it is effected by
reduction of the lamina, which is completely lost in Cactaceae, in tree-
like species of Kuphorbia, and in some Asclepiadaceae. With the
reduction in the leaf-surface the assimilation of carbon is also
diminished, and a compensatory development of chlorophyll-containing
parenchyma takes place in the stems of such plants. The twigs of
the Broom (Sarothamnus scoparius), which bear only occasional leaves
that are soon shed, are elongated and green (sclerocaulous plants).
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A striking modification is exhibited by shoots which only
develop reduced leaves, while the stems become flat and leaf-like and
assume the functions of leaves. Such leaflike shoots are called
CLADODES or PHYLLOCLADES, and GOEBEL proposes to distinguish
those flattened shoots which have limited growth and specially leaf-
like appearance as phylloclades, and to term other flattened axes
cladodes. An instructive example of
such formations is furnished by Ruscus
aculeatus (Fig. 196), a small shrub of
the Mediterranean region whose stems
bear in the axils of their scale-like
leaves (f) broad sharp-pointed cladodes
(¢) which have altogether the appear-
ance of leaves. The flowers arise from
the upper surface of these cladodes,
in the axils of scale leaves. These
phylloclades afford a good example of
the analogy between organs. Their
appearance and functions are those

F1a. 192, —Acacia marginata, with vertically- Fio, 193.—Transverse section of the .leaf
placed phyllodes. (From ScBIMPER’s Plant- of Capparis spinosa, var. aegyptiaca.
Geography.) (X 40, ScHIMPER after VOLKENS.)

of leaves, but the morphological features mentioned above show that
they are shoots. A leaflike flattening of the massive stems which
thus form cladodes is met with in the well-known Opuntias (Fig.
197), the bases of the branches remaining narrow.

The great development of sclerenchyma in the shoots of many
xerophytes is associated with the development of THORNS. 'I"hx}s
spiny shoots, though not lacking in other regions, are chara({ter}stlc
of many xerophytes of deserts and steppes. The thorns are lignified
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and rigid pointed structures that may either be unbranched or
branched. They originate by the modification of leaves or parts of
leaves (LEAF-THORNS), of shoots (SHOOT-THORNS), or less commonly of
roots (ROOT-THORNS). In the Barberry (Berberis vulgaris) the leaves
borne on the main shoots are transformed into thorns which are
usually tri-radiate, while the lateral branches bearing the foliage
leaves stand in the axils of these thorns. In the Cactaceae also
(Fig. 197) the thorns arise from leaf-primordia. In Robinia (Fig. 198),
and in the succulent species of Euphorbia, the two stipules of each leaf

F16. 194.—Transverse sections of the leaf of Stipa capillata. The leaf above in the closed state,
the half leaf below expanded. U, lower surface, without stomata; 0, upper surface, with
stomata (S); C, chlorophyllous mesophyll. (X 30. After KERNER vON MARILAUN.)

form thorns. Shoot-thorns are found in Prunus spinosa, Crataegus
oxycantha, and Gleditschia (Fig. 199). In Colletia cruciata all the shoots
are flattened and spiny, so that, in addition to serving as protective
structures, they perform the duties of the leaves which are soon lost.
The plant is an American shrub belonging to the Rhamnaceae and
grows in dry sunny situations. Root-thorns occur on the stems of
some Palms (e.g. Acanthorrhiza).

Xerophytes may have swollen or succulent leaves or stems. The
green, columnar, prismatic, cylindrical, or globular Euphorbiaceae and
Cactaceae are examples. Many xerophytes not merely utilise water
economically, but, when it is obtainable, store water in special tissues
against periods of need. When typically developed such water-storage
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tissue consists of large colourless cells containing a large vacuole. Every
epidermal cell may be regarded
as storing water. In some cases,
however, the epidermal cells attain
a huge size and constitute a large
proportion of the leaf, or they
may be divided parallel to the

Fic. 196.—Twig of Ruscus aculeatus. f,
Leaf; cl, cladode; b/, flower. (Nat.
size. After SCHENCK.)

|
-

ey

P.

|

;T.‘ F1a. 195.—Salicornia herbacea, a character- F1a. 197.—Opuntia monatantha, Haw., showing
- istic halophyte. (From ScHIMPER’S flower and fruit. (} pat. size. After
E Plant-Geography.) SCHUMANN,)

: upper surface and give rise to a many-layered water tissue (various
b

4



174 BOTANY PART 1

Piperaceae, Begoniaceae, species of Ficus, Tradescantio). The water-
storage tissue often has a more central position, and when largely
developed gives the char-
acter of succulent plants.
In rare cases the roots
aretransformed for water-
storage (e.g. Oxalis tetra-
phylla). Leaf-succulents
are more common (e.g.
Sedum, Sempervivum,
Agave, Aloe, Mesembryan-
themum), while examples
of stem-succulents are
afforded by the Cactaceae,
species of  Euphorbia,
Fia. 198.—Part of stem and com- Sta'p 6 ha’ and O?her As-

pound leaf of Robinia Pseud- CIepladaceae (FlgS. 197,  Fic.199.—Stem-thornof

fr.cz;fia.t l'ln, St:,ipules mlod.iﬁed 200) and Kleinia amon g (Glcditstchia t.ria,canAt;L:s.

(mtosize, AfiorSemmeeny  the  Compositae. ~ The g oic wee A0

columnar or spherical

Cactaceae are especially characteristic of arid regions in the new
world, while Euphorbias of similar habit take their place in the
eastern hemisphere.  Similarity in the mode of life has thus

Fi6. 200,—Plants with succulent stems. a, Stapelia grandiflora; b, Cereus Pringlei;
¢, Euphorbia erosa. (} nat. size.)

brought about a corresponding form in widely distinct plants (cf. Fig.
200, a<). This phenomenon of CONVERGENCE OF CHARACTERS is nob
infrequent. In extreme cases the form of the stem or the leaf of
succulent plants may approach that of a sphere; this, for a given
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volume, exposes the minimum surface 'and is thus advantageous in
diminishing transpiration. NOLL has estimated that the loss of water -
from a spherical Cactus is 600 times less than from an equally heavy
plant of Aristolochia sipho.

Special interest attaches to some xerophytes in which the stems
as well as the leaves are reduced. Thus in the epiphytic orchid
Taeniophyllum (Fig. 201) the flattened green roots represent the
vegetative organs and carry on the functions of the leaves.

(e) Adaptations to periodically moist Climates. Tropophytes (54).
In some moist and warm regions of the tropics the climate remains
almost equally favourable to the growth of plants throughout the
year. Wherever, however, there is a marked periodicity in the
climate, with an alternation between a period favourable to the growth
of plants and -a more or less injurious season, a corresponding

Fic. 201.—Taeniophyllum Zollingeri. A xerophytic orchid without leaf or stem but with green
flattened roots, (Nat. size. From SCHIMPER'S Plant-Geography, after WIESNER.)

PERIODICITY is found in the vital processes of the plants. The resting
period may be brought about either by dryness or by the cold of a
winter season. Many of the plants living under such a climate show
differences in structure as compared with those of uniformly moist
tropical regions. Only those forms will succeed that can endure the
unfavourable period in one way or another. The main danger when
a cold winter alternates with a summer period lies in death from
lack of water during the physiologically dry cold period. This
danger does not threaten extreme xerophytes since they are suited
to dry habitats in the favourable period, but does affect plants the
structure of which is not xerophytic. Since the leaves as the organs
of transpiration are especially concerned, the shedding of the leaves
before the unfavourable period in the case of deciduous trees or the
dying down of the leafy shoots in many herbaceous plants is readily
understood. Further, the embryonic tissue, from which the lost parts
will be replaced at the commencement of the favourable season, may
require to be specially protected from the risk of desiccation.
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The majority of our native cormophytic plants show such pro-
tective arrangements against an unfavourable season. In the favour-
able period they resemble hygrophytes in not requiring any special
protection against excessive transpiration, but they behave as extreme
xerophytes during the unfavourable period. Such plants are spoken
of as tropophytes.

The plants of periodically moist climates may be perennial woody
plants (trees and shrubs), perennial herbaceous plants, and annual
herbs. Each of these groups exhibits special means of protecting
the transpiring surface and the embryonic
tissues against drying.

1. The woody plants (with the ex-
ception of a few evergreens with xero-
phytic leaves, such as Ilex, and the Coni-
ferae) shed their leaves. The evergreen
and the deciduous forms alike contrast
with many tropical plants in protecting
the growing points within WINTER BUDS
(Fig. 202).

Such buds are protected by the BUD-sCALES
which are in close contact. These may be derived
from entire primordial leaves that remain unseg-
mented but more commonly are formed from
the enlarged and modified leaf-base. The upper
portion of the leaf may scarcely develop or may
be recognisable at the tip of the bud-scale in a
more or less reduced condition. Thus in an
opening bud of the Horse Chestnut (Aesculus
Fra. 202.—Winter buds of the Beech Hippocastamwm) in the spring the small leaf-

(Fagus silvatica). kns, Bud-scales, blade can be clearly seen in the case of the inner

(Nat. size. After ScnENCK.) bud-scales, while it is scarcely visible on the outer

scales. In other cases (e.g. in the Oak) the
bud-scales arise from stipules and thus also belong to the leaf-hase. The base of
a subtending leaf may remain and cover the axillary bud after the rest of the leaf
is shed.

Bud-scales are thick, leathery, and hard, and usually brown in colour. They
are rendered even more effective in protecting the buds from desiccation by corky
or hairy coverings, by excretions of resin, gum, or mucilage, and by the enclosure
of air between the scales. Resin, ete., are usually secreted by peculiar, stalked,
glandular hairs or cOLLETERS (cf. Fig. 56); in the case of the winter buds of many
trees (e.g. the Horse Chestnut) a mixture of gum and resin is thus secreted and,
becoming free on the bursting of the cuticle, flows between the scales, sticking
them together. When the buds open in the spring the bud-scales as a rule are
shed. The internodes between them being very short, the scales leave closely
crowded scars on the shoots by the help of which the growth of successive years
can be recognised.

2. The perennial herbs sacrifice not only the leaves but whole
leafy shoots with their buds, so far as these project in the air and are
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exposed to the danger of drying. The buds that persist through the
winter may be just above the surface of the soil but protected by
fallen leaves or by snow, or they are subterranean and more effectively
protected both against desiccation and frost by the surrounding earth.

When the persisting buds are above ground they may be borne on creeping
surface shoots (e.g. Saxifraga, Stellaria holostea, Thymus, etc.), or are subterranean
shoots or rhizomes, as in the perennial rosette plants (Bellis, Taraxacum, Primula),
and in biennials which pass the winter with a rosette of leaves (e.g. Verbascum,
Digitalis, ete.). Here
also, as in the case of
geophytes, subterra-
nean storage organs
may occur. .

In the cEo-
PHYTES (%) or
herbs with subter-
ranean buds which
persist through the
winter, the parts
which bear the buds
have a construction
corresponding  to
their life in the soil.
They may be meta-
morphosed shoots
(RHIZOMES, TUBERS,
BULBS), or meta-

morp_hosed TOOtS Fic, 203.—Part of a growing Potato plant, Solanum tuberosum. The

(ROOT—TUBERS).The . whole plant has been developed from the dark-coloured tuber

e that form new in the centre. (From nature, copied from one of BaiLLoN's
> 1 illustrations, } nat. size. After ScHENCK.)

shoots in the spring

require a supply of food materials, especially when they are placed
some distance below the surface. These food materials were constructed
in the preceding favourable season before the aerial shoots died down.
The subterranean organs, formed largely of storage parenchyma, are
naturally thick or swollen, to allow of the accumulation of reserve
materials. Such storage organs may be modified stems, leaves, or
roots. They become gradually depleted at the commencement of
the period favourable for vegetation, and then (except in the case of
many rhizomes) perish and are replaced. v

(a) Root-stocks or RHIZOMES and STEM-TUBERS are colourless
subterranean shoots, the former being thick or relatively thin with
shorter or longer internodes (Figs. 123, 138), while the latter (e.g.
the Potato-tuber, Fig. 203) are greatly thickened. The leaves, as is
the rule in subterranean shoots, are developed as scales. The reserve
materials are stored in the stem, which is on this account usually

N
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swollen. By the presence of scale leaves, with their axillary buds,
the absence of a root-cap and the internal structure, a rhizome or
tuber can be distingnished from a root. While all transitions between
rhizomes and shoot-tubers exist, roots are usually absent from the
latter, while the rhizomes, which may grow horizontally, obliquely, or
vertically, and be branched or unbranched, as a rule bear roots.

In Fig. 138 is shown the root-stock of Solomon’s Seal (Polygonatum muliti-
florwm), which has been already referred to as an example of a sympodium. At
¢, d, and e are seen the scars of the aerial shoots
of the three preceding years; at  may be seen
the base of the stem growing at the time the
rhizome was taken from the ground, while at
@ is shown the bud of the next year’s aerial
growth.

Fie. 204. — Longitudinal section
of Tulip bulb, Tulipa Gesneriana.
zk, Modified stem ; s, scaleleaves;

v, terminal bud ; &, rudiment of a F1o. 205.—Root-tubers of Dahlia wvariabilis.” s, The
young bulb; w, roots. (Nat. lower portions of the cut stems. (% nat. size.
size. After ScHENCK.) After SCHENCK.) .

The tubers of the Potato, of Colchicum autumnale, and Crocus sativus, are
examples of stem-tubers. The tubers of the Potato (Fig. 203) or of the Jerusalem
Artichoke (Helianthus tuberosus) are subterranean shoots with swollen axes and
reduced leaves. They are formed from the ends of branched underground shoots
or runners (STOLONS), and thus develop at a little distance from the parent plant.
The so-called eyes on the outside of a potato, from which the next year’s growth
arises, are in reality axillary buds, but the scales which represent their subtending
leaves can only be distinguished on very young tubers. The parent plant dies
after the formation of the tubers, and the reserve food stored in the tubers
nourishes the shoots which afterwards develop from the eyes.

In the Meadow Saffron new tubers arise from axillary buds near the base of the
modified shoot, but in the Crocus from buds near the apex. In consequence of this,
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in the one case the new tubers appear to grow out of the side, and in the other
to spring from the top of the old tubers.

The Radish is also a tuberous stem, although only a portion of a single
internode, the hypocotyl of the seedling, is involved in the swelling.

(b) BuLss also belong to the class of subterranean metamorphosed
shoots. They represent a shortened shoot with a flattened discoid
stem (Fig. 204 zk), the fleshy thickened scale leaves (zs) of which are
filled with reserve food material. The aerial shoot of a bulb develops
from its axis, while new bulbs are formed from buds (k) in the axils
of the scale leaves. .

(c) Other herbaceous perennials of periodically moist climates
(¢.9. the Dahlia and many Orchids) form RoOT-TUBERS (Figs. 205, 206).
They resemble the stem-
tubers, though their true
nature can be recognised
by the presence of a root-
cap, the absence of leaves,
and the internal structure.
Tuberous main roots are
found in the Carrot and
the Beet, both of which are
biennial plants.

‘The morphology of the
tubers of the Orchidaceae is
peculiar. They are, to a great
extent, made up of a fleshy
swollen root terminating above Fic. 206.—Root-tuber of Orchis somewhat diagrammatically
in a shoot-bud. At their lower represented. ¢, The old root-tuber ; ¢”, the young root-

3 . r ; b, floral shoot ; s, scale leaf with axill ik,
e_Xtremlty the tubers are either g'lo‘fl which the new tuber has arisen ; r, orzﬂxfa?y 1;;38!7;
simple or palmately segmented. titious roots ; n, the scar on the old tuber marking its
In the adjoining figure (Fig. attachment to its pareng shoot. (3 nat. size.)

206) both an old (¢’) and a young

tuber (¢”) are represented still united together. The older tuber has produced its
flowering shoot (&), and has begun to shrivel ; a bud, formed at the base of the
shoot, in the axil of a scale leaf (s), has already developed an adventitious root
which has given rise to the younger tuber. Roots of ordinary form arise from
the base of the stem above the tuber.

Many bulbs, tubers, and rhizomes occur at a SPECIFIC DEPTH,
which may, however, vary with the nature of the soil. Thus the
rhizome of Paris is placed at a depth of 2-5 em., that of Arum at
6-12 cm., of Colchicum at 10-16 cm., and of Asparagus officinalis at
20-40 cm. The seeds of these plants germinate close to the surface
of the soil so that the subterranean shoots of the young plants must
penetrate more and more deeply into the earth. This may be effected
by the movements of growth of the stem (cf. p. 345) or by contractile
roots. Thus in Lelium (Fig. 207) all the roots are highly contractile ;
this is best seen in Fig. 207, 3, where the two lowest roots have con-
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tracted strongly and so altered the position of the bulb that the higher
roots appear curved near their attachment. When the bulb has
reached the proper depth it is only drawn down each year to compen-
sate for the onward growth of the growing point. In other cases all
the roots are not contractile (Arum), or only one or a few contractile
roots are developed (Crocus, Gladiolus, Oxalis elegans). While the above

Fio. 207.—1-4, Germination of Lilium martagon (reduced). The horizontal line marks the surface
of the soil; the vertical line is graduated in centimetres. 1, Seedling attached to seed ;
2, plant at end of the second year ; 3, young plant still descending in the soil ; 4, full-grown
plant at its normal depth. &, Colchicum oautumnale (somewhat reduced). The original
position of the tuber, which has been altered by the contraction of the roots, is shown by
the dotted outline. &, Contracted root of Lilium. (x 6. After RIMBACH.)

examples are of lateral roots a similar result may be brought about by
the main root. Thus in some rosette plants the main root continues
to contract as secondary growth proceeds, so that the growing point of
the shoot is drawn down each year as much as it is raised by its own
growth, and the rosette of leaves remains pressed against the surface
of the soil (e.g. Gentiana lutea).

3. Annual herbs do mnot retain their vegetative organs during
the unfavourable season, which they pass safely in the form of dry
seeds. ‘
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The more uniformly favourable for vegetation the climate is
throughout the year (as in the moist tropical regions) the more do
evergreen woody plants preponderate, though evergreen perennial
herbs often with subterranean shoots are also present. On the other
hand, as the periodicity in the climate becomes more extreme, as in
the steppes with a long dry period or in climates with severe winters,
the percentage of tropophytes with marked protective arrangements
increases, while annual plants and geophytes preponderate among the
herbs.

(b) Adaptations for obtaining Light (%)

In the luxuriant vegetation produced under favourable climatic
conditions plants of large or gigantic size are met with. ~As mentioned

Fia. 208.—Portion of stem and leaf of the common Pea, F16. 209.—Lathyrus Aphaca.
Pisum sativum. s, Stem ; n, stipules ; b, leaflets of the s, Stem; =, stipules;
(_:ompound leaf ; r, leaflets modified as tendrils ; @, floral b, leaf tendril. (3 nat.
shoot. (} nat. size, After ScHENCK.) size. After SCHENCK.)

above, the primeval tropical forest is composed of such large trees,
beneath the shade of which larger and smaller evergreen shrubs and
evergreen herbaceous plants live. The direct sunlight is in large
part intercepted by the foliage of the upper strata of this vegetation.

The cuticle of the leaves of tropical trees is often smooth and reflects a portion
of the light, giving rise to the characteristic glitter on the foliage in these regions.
This is possibly a protective arrangement against too great imsolation. Other
adaptations to the same end were considered on p- 169.

‘The smaller SHADE PLANTS of the primeval forests and also of our
native woods have usually large leaves, and are adapted to the assimila-
tion of carbon dioxide in light of low intensity.

- In the struggle for light two groups of cormophytes of character-
1stic construction have emerged, in addition to trees and shrubs.
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These are the CLIMBING PLANTS or LIANES and the EPIPHYTES. They
are specially characteristic of the troplcs, though also represented in our
native flora.

1. Lianes or Climbing Plants (*°).—These are able without great
expenditure of material in the construction of columnar stems to raise
their foliage above the shade of the forest and obtain stronger light.
Their slender stems climb by the help of the shoots, trunks, and

. branches of other plants. It is the ropelike stems of lianes that
render many parts of the tropical jungle
almost impenetrable.

Climbing. is effected in a number of
different ways. Some plants SCRAMBLE by
means of hooked lateral shoots, by hairs and
prickles, by a combination of these or by
means of thorns (e.g. Galiwm aparine, Roses,
Solanum dulcamara) ; others climb by means
of roots (ROOT-CLIMBERS, e¢.g. lvy, many
Araceae), or by twining stems (TWINING
PLANTS, e.g. Hop, Scarlet Runner Bean); in
others tendrils are developed as special organs
of attachment (TENDRIL CLIMBERS). Tendrils
are slender, cylindrical, branched orunbranched
organs; they are irritable to contact (cf. p.
353), and thus able to encircle supports to
which they attach the plant. They may be
METAMORPHOSED SHOOTS (stem-tendrils) as in
the Vine, the Wild Vine (Fig. 210), and the
Passion-flower. In other cases they are
TRANSFORMED LEAVES as in the Gourd, the
Cucumber, and Lathyrus aphaca (Fig. 209);
: S M . in the last example the functions of the leaf-
M;i;;?‘;, ﬁaﬁf“gii‘ﬁ“ieiﬁ’fﬁi blade, which has become the tendril, have

(i mat. size. AfterNoLn)  heen assumed by the expanded stipules. In
the Pea (Fig. 208) and many other cases the
- uppermost leaflets of the pinnate leaf form a branched tendril.

In some forms of the Wild Vine (Parthenocissus quinquefolia) and in
other species of this genus such as P. fricuspidata (Fig. 210) the branched
tendrils bear attaching discs at their tips and can thus fasten the plant
to flat surfaces.

{ The great width of the vessels and sieve-tubes is characteristic of almost all
lianes. In tropical climbers anomalous secondary growth is frequently met with,
resulting in a subdivided woody mass that renders the long rope-like stems capable
of withstanding bending and twisting. A very peculiar structure is exhibited by
many lianes of the Bignoniaceae, the wood of which is cleft by radially-projecting
masses of bast (Fig. 212). The primary stem of the Bignoniaceae shows the
ordinary circular arrangement of the vascular bundles. Wood and bast are at first
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produced from the cambium ring in the usual manner, and an inner, normal wood
cylinder of AX1AL wood is formed. Such normally-formed axial wood cylinders
are common to many otherwise abnormally developed lianes. The cambium ring
of the Biguoniaceae, after performing for a time its normal functions, begins, at
certain points, to give off internally only a very small quantity of wood, and
externally a correspondingly large amount of bast. As a result of this, deep
wedges of irregularly-widening bast project into the outer so-called PERIAXIAL
wooD (Fig. 212), The originally complete cambium becomes thereby broken into
longitudinal bands, which are broader in front of the projecting wood than at the
apices of the bast wedges. As the periaxial wood is always developed from the

F1G. 211.—Transverse section of
the stem of Serjania Laruot-
teuna. sk, Part of the rup-
tured sclerenchymatous ring
of the pericycle; ?and I*, bast

zones ; lg, wood ; m, medulla. Fic. 212.—Transverse section of the stem of one of the
(X 2. After STRASBURGER.) Bignoniaceae. (Nat, size. After ScHENCK.)

inside and the wedges of bast from the outside of their respective cambium bands,
they extend past each other without forming any lateral connection. Several
woody cylinders are found in a number of tropical lianes belonging to Serjania
and Paullinia, which are genera of the Sapindaceae. This anomalous condition
arises from the unusual position of the primary vascular bundles, which are not
arranged in a circle but form a deeply-lobed ring ; so that, by the development
of interfascicular cambium, the cambium of each lobe is nnited into a separate
cambium ring. Each of these rings, independently of the others, then gives
rise to wood and bast (Fig. 211).

2. Epiphytes (*).—In another group of cormophytes the leaves
obtain stronger light by the plants being able to establish themselves
on the stems and branches of high trees instead of being rooted in the
ground. Such plants are termed epiphytes. Since the trees only
afford them support they may be replaced by inorganic substrata such
as rocks. The supply of the requisite water and nutrient salts will
evidently be a difficulty. Consequently special adaptations are found
to meet this; in many epiphytes shoot-tubers serve for water storage
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(e.g. in the Orchidaceae), being replenished in moist periods, or there
may be adaptations to catch water more directly.

In our latitudes epiphytes are represented only by some Algae, Lichens, and
Bryophyta growing on the bark of trees. In the tropics, however, owix'lg to the
humidity of the atmosphere and the frequent and heavy downpours of rain, many
cormophytes live as epiphytes. These plants, which belong especially to the
Pteridophyta and the families Orchidaceae, Bromeliaceae, and Araceae, have no
connection with the
water-supply in the soil.

Their difficulty in
obtaining water explains
why the tropical epi-
phytes are nearly all
well-marked xerophytes
(Fig. 201). They are
fastened by ATTACHING
rooTs which are rela-
tively short,unbranched,
and negatively helio-
tropic, and grow round
and clasp the branch on
which the plant grows.
In addition to these
attaching roots, much
longer ABSORBENT ROOTS
are found in many
Araceae, hanging down
freely in the air without
branching until they
reach the soil. Most
epiphytes, however, are
dependent on the rain-
fall for their water-
supply, and frequently
have special arrange-
ments for collecting and
retaining this.  The
many-layered epidermis

Fie. 213,— 4, Dischidia Rafflesiana with foliage leaves (!) and pitcher L4 aerl_a 1 rociN
leaves (k). B, Pitcher cut longitudinally ; 6, opening ; st, stalk ; TRany Orchids, and of
w, root. (4 about §, B about } nat. size. After TREUB.) various Aroids, under-

: goes a peculiar modifica-

tion and forms the so-called VELAMEN, a parchment-like sheath surrounding

the roots, and often attaining a considerable thickness. The cells of this

enveloping sheath are generally provided with spiral or reticulate thickenings,

and lose their living contents. They then become filled with either water or

, air, depending upon the amount of moisture contained in the surrounding
atmosphere. These root-envelopes absorb water like blotting-paper ; when the

velamen is filled with water the underlying tissues impart a greenish tint to the

root ; but if it contains only air the root appears white. In other epiphytic

Orchidaceae and Araceae there are upwardly-directed roots forming a branched
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network in which falling leaves, etc., are caught and transformed into humus that
retains moisture. Among the Ferns also there are epiphytes which collect humus
by means of their leaves. In Asplenium nidus the leaves form a rosette enclosing
a funnel-shaped cavity above the summit of the stem, and humus accumulates in
this. In species of Polypodium and Plalycerium special pocket-leaves and mantle-
leaves serve for the accumulation of humus and water. The transformation of
the leaves of the Asclepiadaceous plant Dischidia rafflesiana (Fig. 213) goes still
further. Some of the lecaves form deep pitchers with narrow mouths in which
the water of transpiration becomes condensed ; roots which branch freely grow into
the pitchers, and obtain not only water but valuable nitrogenous substances. The
pitchers are, in fact, usually tenanted by colonies of ants, and their excreta and
remains form a source of food to the plant.

The American Bromeliaceae afford an extreme type of epiphytic plants in which
the roots may be wompletely wanting (e.g. Z%Wllandsia wusneoides) or serve for
attachment only. The absorption of water is entirely by means of peculiar, expanded,
peltate hairs borne on the leaves. In many of these plants water collects in the
cavities formed by the closely associated leaf-bases, and the plants are spoken of as
CISTERN EPIPHYTES.

(e¢) Adaptations of Green Cormophytes to special Modes
of Nutrition

The so-called INSECTIVOROUS or CARNIVOROUS PLANTS must be
referred to here (°'). These are plants provided with arrangements
for the capture and retention of small animals,
especially insects, and for the subsequent solu-
tion, digestion, and absorption of the captured
animals by means of enzymes. All these

Fia. 214.—Leaves of Drosera rotundifolic. That on the left with its partly incurved tentacles is
viewed from above, that on the right with expanded tentacles from the side. (x 4. After
DARWIN,)

insectivorous plants are provided with chlorophyll, and can thus live
autotrophically.

A great variety of contrivances for the capture of insects are made
use of by carnivorous plants. The leaves of Drosera are covered with
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stalk-like outgrowths (“ tentacles”), the glandular extremities of which
discharge a viscid acid secretion (Figs. 214, 215). A small insect
which comes in contact with any of the tentacles is caught in the
sticky secretion, and in its ineffectual struggle to free itself only
comes in contact with other glands and is even more securely held.
Excited by the contact stimulus, all the other
tentacles curve over and close upon the captured
insect, while the leaf-blade itself becomes concave
and surrounds the small prisoner more closely. -
In Pinguicula it is the leaf margins which fold

Fia. 215.—Digestive Fie. 216. — Utricularia vulgaris. A, Part of leaf with several
gland from Drosera bladders (x 2). B, Single pinnule of leaf with bladder (x 6).
rotundifolia. (X 60. C, Longitudinal section of a bladder (x 28); v, valve; a, wall
After STRASBURGER.) of bladder. (4, B, after ScHENCK; C, after GOEBEL.)

over any small insects that may be held by the minute epidermal glands.
In species of Utricularia (Fig. 216), which grow frequently in stagnant
water, small green bladders (metamorphosed leaf-segments) are found
on the dissected leaves. In each bladder there is a small quadrangular
opening closed by an elastic valve, which only opens inwards. Small
crustaceans can readily pass through this opening, but their egress is
prevented by the trap-like action of the valve, so that in one bladder as
many as ten or twelve crustaceans will often be found imprisoned at the
same time. The absorption of the disorganised animal remains seems to
be performed by forked hairs which spring from the walls of the bladder.

More remarkable still, and even better adapted for its purpose, is
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the mechanism exhibited by some exotic insectivorous plants. In
the case of Venus’s fly-trap
(Dionaea), growing in the
peat-bogs of North Carolina,
the capture of insects is
effected by the sudden closing
together of the two halves
of the leaf, which are fringed
with long bristles. Fig. 217
shows a leaf of Dionaea in the
expanded condition, ready for
the capture of andnsect. The

European water-plant 4ldro-

R e s Fic. 217.—A leaf of Dionaea muscipula, showing the

vanda has 51m11ar1y formed sensitive bristles on its upper surface, which, in the

leaves. parts shaded, is also thickly beset with digestive
glands. (X 4. After DARwWIN,)

F1a. 219.—Pitchered leaf of a
Nepenthes. A portion of the
lateral wall of the pitcher
has been removed in order to
show the digestive fluid (F),
excreted by the leaf-glands.

¥1G. 218.—Nepenthes robusta. (} nat. size. After SCHEN(K.) (3 nat. size, After NorL.)

In the case of other well-known insectivorous plants (Nepenthes,
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Cephalotus, Sarracemia, Darlingtonia), the traps for the capture of
animal food are formed by the leaves which grow in the shape of
pitchers (Figs. 218, 219). The leaves of Nepenthes, for example, in
the course of adaptation to the performance of their special function,
have acquired the form of a pitcher with a lid which is closed in
young leaves, but eventually opens. The pitcher, as GOEBEL has
shown, arises as a modification of the leaf-blade. At the same time
the leaf-base becomes expanded into a leaf-like body, while the petiole
between the two parts sometimes fulfils the office of a tendril. These
trap-like receptacles are partially filled with a watery fluid excreted
from glands on their inner surfaces. Enticed by secretions of honey
to the rim of the pitcher (in the case of Nepenthes), and then slipping
on the extraordinarily smooth surface below the margin, or guided by
the downwardly-directed hairs, insects and other small animals fall
into the fluid.

B. Heterotrophiec Cormophytes (°%)

The green cormophytes utilise the light and by means of their
chlorophyll construct organic substance from carbon dioxide and
water ; they also require to transpire in order to accumulate the
nutrient salts from the soil in sufficient amount. Besides these forms
others, which obtain some or all of their organic substance directly
from the environment, are met with among cormophytes just as they
occur among the thalloid plants. They do not depend upon light
or transpiration, and frequently live at the expense of other living
organisms as. PARASITES. The peculiar form of these plants and the
contrast they present to the green cormophytes are related to their
special mode of nutrition. From the changes in their external appear-
ance it is evident how far-reaching is the influence exercised by the
chlorophyll. ~ With the diminution or complete disappearance of
chlorophyll, and consequent adoption of a dependent mode of life,
the development of large leaf-surfaces, so especially fitted for the
work of assimilation and transpiration, is discontinued. The leaves
shrink to insignificant scales, or are completely wanting. The stems
also are greatly reduced and, like the leaves, have a yellow instead
of a green colour. Since there is no active transpiration the roots
in many forms are reduced. Consequently the xylem portion of the
vascular bundle remains weak, and secondary wood is feebly developed.
In contrast to these processes of reduction resulting from a cessation
of assimilation, there is the newly-developed power in the case of
parasites to penetrate other living organisms and to deprive them of
their assimilated products.

Many exotic parasitic plants, especially the Rafflesiaceae, have
become so completely transformed by their parasitic mode of life that
they develop no apparent vegetative body at all, and do not show the
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characteristic segmentation of cormophytic plants, but grow altogether
within their host plant, whence they send out at intervals their extra-
ordinary flowers. In the case of Pilostyles, a parasite which lives on
some shrubby Leguminosae, the whole vegetative body is broken up
into filaments of cells which penetrate the host plant like the mycelium

Fic. 220. —Branch of a leguminous plant from the surface of which the flowers of a parasitic
plant (Pilostyles Ulei, Solms) are protruding. (From GoEBEL’s Organography.)

of a fungus. The flowers alone become visible and protrude from the
stems and leaf-stalks of the host plant (Fig. 220). The largest known
flower, which attains a diameter of 1 metre, is that of the Sumatran
parasitic plant Rafflesia Arnoldi; it is seated immediately on the roots
of its host plant, which is a species of Cissus.

Cuscuta europea (Fig. 221), a plant belonging to the family of the Convolvu-
laceae, may be cited as an example of a parasitic Phanerogam. Although, owing to
the possession of chlorophyll, it seems to some extent to resemble normally®assimi-
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lating plants, the amount of chlorophyll present is in reality so small that it is
evident that Cuscute (Dodder) affords an example of a very complete parasite.

The embryonic Cuscula plantlet, coiled up in the seeds, pushes up from the
ground in the spring, but even then it makes no use of its cotyledons as a means
of nourishment ; they always remain in an undeveloped condition (Fig. 221 at the
right). Nor does any underground root-system develop from the young rootlet,

F1e. 221.~—Cuscuta europaea. On the right, germinating seedlings. ,In the middle, a plant of
Cuscuta parasitic on a Willow twig ; b, reduced leaves; Bl, flower-clusters. On the left, cross-
section of the host plant W, showing haustoria H of the parasite Cus, penetrating the cortical
parenchyma and in intimate contact with the xylem v and the phloem c¢ of the vascular
bundles ; s, displaced cap of sheathing sclerenchyma. (After NoLL.)

which soon dies off. The seedling becomes at once drawn ouf into a long
thin filament, the free end of which moves in wide circles, and so inevitably
discovers any plant, available as a host, that may be growing within its reach.
In case its search for a host plant is unsuccessful, the seedling is still able to creep
a short distance farther at the expense of the nourishing matter drawn from the
other ?xtremity of the filament, which then dies off (¢) as the growing extremity
lengthens. If the free end, in the course of its circling movements, comes
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ultimately into contact with a suitable host plant, such as, for example, the
stem of a Nettle or a young Willow shoot (Fig. 221 in the centre), it twines
closely about it like a climbing plant. Papillose protuberances of the epidermis
are developed on the side of the parasitic stem in contact with the host plant,
and pierce the tissue of the host. If the conditions are favourable, these PRE-
HAUSTORIA are soon followed by special organs of absorption, the HAUSTORIA (H).
These arise from the internal tissues of the parasite, and possess, in a marked
degree, the capability of penetrating to a considerable depth into the body
of the host plant. They invade the tissues of the host, apparently without
difficulty, and fasten themselves closely upon its vascular bundles, while single
hypha-like filaments produced from the main part of the haustoria penetrate the soft
parenchyma and absorb nourishment from the cells.
A direct connection is formed between the xylem and
phloem portions of the bundles of the host plant and
the conducting system of the parasite, for in the
thin-walled tissue of the haustoria there now develop
both wood and sieve-tube elements, which connect
the corresponding elements of the host with those of
the parasitic stem (Fig. 221 at the left). Like an
actual lateral organ of the host plant, the parasite
draws its transpiration water from the xylem, and
its plastic nutrient matter from the phloem of its
host.

The seeds of Orobanche (Broom rape), another
parasite, only germinate when in contact with the
roots of the host plant; only its haustoria penetrate
the roots, and its light yellow, reddish-brown, or
amethyst-coloured flower-shoot appears above the
surface of the ground. Orobanche (Fig. 764), like Cus-
cuta, contains a small amount of chlorophyll. Both
are dreaded pests ; they inflict serious damage upon Fic. 222.—Rhizome of Corallor-
cultivated plants, and are difficult to exterminate. j rhizn innata. a, Floral shoot ;

s . . b, rudiments of new rhizome

A similar appearance to Orobanche is presented by branches. . (Nab. size, After
some plants which grow in the humus soil of woods, SCHACHT.)
and are, therefore, not at first sight regarded as para-
sites: certain Orchids (Neottia, Coralliorrhkiza, Epipogon) and Monotropa. The
absence of chlorophyll, the reduction of the leaves to scales, and (in Coralliorrkiza)
the absence of roots also (cf. Fig. 222), are indications that these plants obtain
organic material from without. They cannot themselves directly utilise the humus,
but fungi, which obtain food from this, are harboured in their subterranean parts
as a MYCORRHIZA. A proportion of the fungal hyphae is later digested.by the
plant. These cormophytes are thus in a sense parasitic on the fungi of the humus.

In contrast to these parasites, which have come to be almost entirely dependent
on other plants for their nourishment, there are others which, to judge by
external appearance, seem to have a high degree of independence, since they
possess large green leaves and are capable of assimilation. They are, however,
parasitic, since they can only develop normally, when their roots are connected
by means of haustoria with the roots of other plants; they are spoken of as
PARTIAL PARASITES. Thesiumn belonging to the Santalaceae, and the following
genera of the Rhinanthaceae, Rhinanthus, Euphrasia, Pedicularis, Bartsia, Melam-
pyrum and Tozzia, may be mentioned as examples; in Tozzda the parasitism is
especially well marked in the earliest developmental stages.
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The Mistletoe (Fiscum album), belonging to the Loranthaceae as do many
similarly parasitic exotic forms, possesses good-sized leaves, but reduced roots;
it is so well provided with chlorophyll as to be able to manufacture all the carbo-
hydrates it requires. 3

II. Organs of Reproduction (*°)

A. Significance of Reproduction to the Organism.—A natural
or an accidental death is the end of every organism. For the mainten-
ance of living beings reproduction is thus as essential as nutrition.
The main feature of reproduction lies in portions of an individual
continuing after its death, with the power of developing into new
individuals. On account of the possibility of accidental death, repro-
duction takes place before this occurs naturally, and usually involves
the formation of special germs, which separate from the parent plant
and, repeating the development of this, grow into new individuals.

In most plants a division of labour is apparent between the vegeta-
tive and reproductive organs. This becomes mote striking in the
more highly organised forms, in which an increasing number of parts
co-operate in reproduction.

B. General Properties of the Germs,—The construction of the
germs, as in the case of the vegetative organs, is closely connected
with the purposes they have to serve.

The small size of most reproductive bodies, in comparison to
the vegetative organs, is characteristic. The parent plant can thus
produce numerous germs without excessive expenditure of material,
while at the same time the distribution of the germs is facilitated.

The object of reproduction is not merely the production of a new
individual in place of the parent, but an increase in the number of
individuals. Since the majority of the germs may not meet with
favourable conditions for their germination and growth, and a large
number will perish before they can in turn reproduce, the pro-
duction of only a single germ would result in the speedy extinction
of the species. An apparently prodigal production of germs is thus
the rule. A cap-fungus or a fern may form millions of spores; a
poplar tree, according to BESSEY, may ripen twenty-eight million
seeds annually.

Provision is further necessary for the separation of the germs
from the parent and their dispersal widely from it. In the immediate
neighbourhood there may not be the conditions for germination, or
there may be no room for the development of the progeny.

Lastly, it is necessary for the germs to be provided with reserve
food materials from the parent organism, in order that their develop-
ment, until they are able to nourish themselves, should be ensured.

Frequently the reproductive bodies serve to carry the organism
over cold or dry periods that are unfavourable to active life. They
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pass into a resting condition (p. 305), in which they are more
resistant to injurious influences (desiccation, frost, heat). Such germs
are usually thick-walled, and only germinate on the return of
favourable conditions.

C. Types of Reproductive Bodies.—The germs which can develop
into plant bodies composed of many cells may themselves be
unicellular (spores) or multicellular (gemmae and seeds). Both kinds
may be produced irregularly on the plant, or be restricted to definite
regions, which are specially constructed for reproduction, and exhibit
great variety. These differences are of primary importance for the
division of plants into classes, orders, families, etc. Two types of
reproduction are,readily distinguished in plants of nearly all the
classes of the vegetable kingdom.

In the first type, cells or multicellular bodies are formed which can
develop into a new independent individual on their separation
from the parent, either at once or after a period of rest. This
kind of reproduction is termed VEGETATIVE, ASEXUAL, or MONO-
GENETIC.

In SEXUAL REPRODUCTION, the second of the two modes of
reproduction, two kinds of reproductive cells, each of which carries
the characters of the organism producing it, are formed, but
neither is directly capable of further development, and both perish
in a very short time, unless opportunity is given for their fusion with
each other. Not until the one cell has fused with the other cell does
the product acquire the capacity of development and growth. This
mode of reproduction is termed SEXUAL or DIGENETIC reproduction.

Most plants have both methods of reproduction. Sexual repro-
duction is wanting only in the lowest groups (the Bacteria, Cyano-
phyceae, and some Algae and Fungi). Some plants have several
methods of asexual reproduction.

In certain exceptional cases a sexual cell may proceed to develop
further without fertilisation. This is termed PARTHENOGENESIS (%).
This has been found in the vegetable kingdom in Chara crinita, one of the
Algae, and in the development of the embryo from the unfertilised ovum
in a number of families of higher plants (Compositae, Ranunculaceae,
Rosiflorae, Thymeleaceae, Urticaceae), and in the Marsiliaceae.

The process of fertilisation of sexual cells may, in particular cases, be replaced
by the fusion of the nuclei of adjoining vegetative cells (%). This is the case in the
prothallium of certain cultivated forms of Ferns (e.g. of Dryopteris (Lastraea) and
Athyrium). The product of this fusion effects the reproduction, the sexual organs
of the prothallium being reduced.

D. Alternation of Generations (°).—In plants there is frequently
an alternation of two generations differing in their modes of repro-
duction ; these may be morphologically distinct and independent
individuals. The life-history of such a plant is thus composed of

0
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two kinds of individuals, which regularly alternate with one another,
are frequently very different in form and structure, and bear different
reproductive organs. The reproduction of the one generation (sporo-
phyte) is asexual; that.of the other (gametophyte) is sexual. The
Fern may be taken as a typical example. The leafy fern plant is
the sporophyte, and produces only asexual spores. The spore on
being shed does not grow into a new fern plant, but into a small
thalloid structure ;known as the prothallium (Fig. 97), which is
the gametophyte, and reproduces sexually. The fertilised egg-cell
develops into a leafy fern plant. The reproductive cells of the one
generation give rise to the other generation, and there is thus a
regular alternation of the sporophyte and gametophyte. The two
generations may, however, as in the case of the Brown Alga, Dictyota,
resemble one another.

Frequently the two generations are not represented by inde-
pendent individuals, but the one remains permanently connected to
the other like a parasite on its host plant.
Careful investigation may then be required
to establish the existence of an alternation
of generations. This is the case for the
Bryophyta and the Seed-plants.

Both generations may be able to reproduce
their like by vegetative reproduction. Multicellular
gemmae formed on the prothalli of some ferns grow
into new prothalli; on the fern plant bulbils,
which grow into new leafy plants, may be
produced.

1. Multiplication by Multicellular
Vegetative Bodies (Budding)

This occurs in many Bryophyta, e.g. in
Marchantia, where the gemmae are formed
in special receptacles on the thallus (Figs.
444, 445). It is also widely spread in
the form of budding in Pteridophyta and
Fio. 228.—Shoot of Dentaria bulbi- Phanerogams.

fera, bearing bulbils, br, (Nat. ¢ A B
size. After SCHENCK.) Specially-formed lateral shoots serving to répro-

duce the plant are seen in the runners or stolons
produced above or below ground by many plants. The RUNNERS of the Strawberry
are slender cylindrical branches from the axils of the leaves of the rosette ; they
root from the terminal bud, which becomes independent by the subsequent decay
of the runner. Many BuLBS and TUBERS serve for reproduction in the higher plants,
as do also BuLBILS (Fig. 223) and the winter buds which become detached as the
HIBERNACULA of a number of aquatic plants (e.g. Hydrocharis, Stratiotes).
Buds may also arise in places where no growing points are normally present ;
they are then adventitious. Such buds are most commonly found on leaves,
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sometimes on the leaf-blade, e.g. in the notches of the leaf margin in Bryophylium,
and on the leaves of Cardamine pratensis. The leaves of Begonia, Drosera, ete.,
only produce buds after they have been separated from the plant.

Many herbaceous perennials, without forming special organs of vegetative repro-
duction, increase in number of individuals by the decay of the older portions
of their branched rhizomes isolating the branches. Among Sea-weeds also the
mechanical action of the surf may separate portions of the thallus which can grow
into new thalli. Caulerpa is propagated in this fashion.

2. The Formation of Reproductive Cells

(a) Asexual Reproduetive Cells (Spores). — Many unicellular
Thallophyta (Flagellata, Bacteria, Cyanophyceae, Diatomeae) are
multiplied vegetatively by dividing into two, the daughter cells
separating from one another. In others, such as the Protococcaceae,
the protoplast within its wall divides into several or many daughter -
protoplasts ; these separate from one another and emerge from the
parent cell through a pore or split in the cell wall. The unicellular
organism in these cases has at the period of reproduction become
converted into a receptacle containing the germ cells, or a SPORAN-
GIUM ; the germ cells which give rise to daughter organisms may be
termed ENDOSPORES or SPORANGIAL SPORES.

Among the multicellular Thallophytes simply-organised forms are
met with that might be regarded as cell colonies, in which the body
sometimes dissociates into the individual cells; these ‘then serve for
vegetative multiplication. In other forms the protoplasts of all the
cells, usually after preliminary division into daughter protoplasts,
emerge at the period of reproduction from the cells Which have thus
become sporangia.

The more highly organised multicellular Thallophyta, exhibit a
division of labour, only some portions or cells, which often have a
definite structure and position on the thallus, producing asexual
reproductive cells. Such spore-producing parts are often united in
numbers to form fructifications of more complex structure.

Thus in many Fungi the hyphae concerned in reproduction become associated
within the soil into more or less massive and variously-shaped FRUCTIFICATIONS
which later emerge to the surface.

The mode of origin of the spores is similar in the higher and
lower forms. In many Fungi germ cells are isolated by budding and
constriction from certain hyphae as EXOSPORES or CONIDIOSPORES
(Fig. 224). In other Fungi and in the majority of the Algae the
asexual cells originate as ENDOSPORES or SPORANGIAL SPORES from
the protoplasts of certain’ cells (SPORANGIA), and emerge through
openings in the wall of this (Figs. 225, 231 sp).

The asexual spores of the Thallophyta are in part adapted to
distribution by means of water, as in the case of many sporangial
spores of Algae and Fungi. These spores are naked, without a cell
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wall, and as a rule able to move through the water by the aid of
cilia (Figs. 225, 229 4). They are termed SWARM SPORES OT ZOO-
SPORES, and the receptacles in which they are formed are spoken of
as ZOOSPORANGIA (Green and Brown Algae, some Phycomyeetes).

The spores in other Thallophyta are adapted to dispersal by
wind. Examples are afforded by many sporangial spores and all
conidiospores of the Fungi. They are very small and light, sur-
rounded by thick walls and resistant to drying. Such spores are
usually produced by organs which are exposed to the air; in Fungi
living in or on solid substrata
they may be borne on aerial
hyphae (Fig. 224). They are
thus borne on CONIDIOPHORES or
SPORANGIOPHORES or on FRUCTI-
FICATIONS.

s F1a. 225.—Saprolegnia mixta. Sporangium from
Frc. 224.—Conidiophore of Aspergillus which the biciliate zoospores (s2) are escap-
herbariorum. (X 540. After Knv.) ing. (After G. KLEBS.)

In the Bryophyta, Pteridophyta, and Spermatophyta the asexual
cells are always developed as endospores in special sporangia of more
complicated structure than in the Thallophyta, These sporangia are
multicellular structures, one or more outer layers of cells forming the
wall, and the enclosed cells constituting the sporogenous tissue
(Fig. 226 sg). When ripe, the sporangia have usually special arrange-
ments in the wall for opening and shedding the small and light
spores, which may be dispersed by wind or (in the case of many
Spermatophytes) by animals. The spores are always surrounded by
cell walls.

The spore capsules or SPOROGONIA of the Bryophyta attain the
most complicated structure. They are as a rule stalked and are
situated on the thallus or at the ends of leafy branches. The sporo-
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gonium is not, as appears at first sight, a member of the moss-plant,
but lives on this like a parasite. It is, in fact, the spore-bearing
generation (sporophyte) which remains permanently attached to the
moss-plant (gametophyte).

In the Pteridophyta, on the other hand, the leafy plant is the
sporophyte and bears small and inconspicuous sporangia, usually on
leaves which are termed sPoROPHYLLS. These may resemble the
foliage leaves, but there is often a division of labour between the
sporophylls and the foliage leaves. The former are devoted mainly
or entirely to the production of sporangia and, therefore, differ from
the foliage leaves in the lack of expanded green surfaces. The
sporophylls are often associated in numbers at the ends of branches of

Fic. 226. — Diagram of the
sporangium of a Pterido-
phyte, the sporogenous
tissue (sg) being enclosed
by a sterile wall.

Fig. 227.—Flower of Paeonia peregrina. k, Calyx;
¢, corolla; a, stamens; g, carpels. The nearer
sepals, petals, and stamens are removed to show the
pistil formed of two free carpels. (4 nat. size.
After SCHENCK.)

limited growth, as in Equisetum and Lycopodium (cf. Figs. 486, 491).
These differ in appearance from the vegetative shoots and die off
after they have served for reproduction. They are known as CONES
or FLOWERS. THE SIMPLEST FLOWER IS THUS A PORTION OF A
SHOOT WHICH BEARS SPOROPHYLLS. The cones of Pteridophyta may
have a number of sterile scale leaves at the base.

In the Spermatophyta the sporangia are also formed in special
regions of the shoot or FLOWERS, all the members of which are
concerned with reproduction and not with the nutrition of the plant.
These flowers, which are homologous with those of the Pteridophyta,
are metamorphosed regions of the foliage shoots. They are the ends
of long or short shoots, the leaf primordia of which do not become
foliage leaves but develop as the crowded floral leaves. These have
the diverse forms of SEPALS, PETALS, STAMENS, and CARPELS.

The STAMENS produce the pollen or POLLEN GRAINS in the POLLEN
SAcs, which are special sporangia with a many-layered wall. The
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pollen grains are spores (Fig. 32) which to begin with are single cells
but later become multicellular (Gymnosperms), or at least contain
more than one nucleus (Angiosperms). The CARPELS, which are free
in the Gymnosperms but form closed OVARIES in the Angiosperms,
bear the ovuLES. These are shortly-stalked oval bodies of complicated
structure. In each ovule a single spore is permanently enclosed, pro-
tected by the sterile integuments.

The cone-like flowers of the Gymnosperms (), composed of
numerous, spirally-arranged, scale-like stamens or carpels, closely
resemble the cones of the Pteridophyta. The flowers of the

Angiosperms (°7) have usuallya quite distinet

® appearance (Iig. 227) owing to (1) the
A limited number of the usually whorled floral
o leaves, (2) the frequent differentiation of

: § % the outer floral leaves into firm green sepals

and coloured delicate petals, (3) the char-

e acteristic form of the stamens, and (4) the
W union of the carpels to form the pistil, All
these parts of the flower are arranged

regularly. In the typical angiospermic
Fra. 228.—Diagram of a Liliaceous * flower, five whorls, each of five floral leaves,
g::;gr'byT;‘ebl'::]‘{ndﬁ’folspg:?t: regularly alternate (Fig. 228); the outer-
to which is the bract. (After most whorl is formed of the sepals which
BrEiarEs ) enclose and protect the other parts when
young, the second is formed of the petals,
the third and fourth of the stamens, and the fifth and highest by
the carpels (*%). These foliar structures arose from the shortened,
and often flattened or hollowed, floral axis ; they are often united with
one another and with the axis in such a way as to require thorough
comparative and developmental study to ascertain the facts clearly.

(b) Sexual Reproductive Cells. Gametes. 1. Different Forms
of Sexual Cells and Sexual Organs,—A great variety in the methods
of sexual reproduction is shown by plants; different as the extremes
are, however, they are connected by intermediate links.

Thallophyta.—In many of the lower Algae and Fungi all the
cells of the plant may simultaneously form sexual cells. With pro-
gressive organisation a division of labour is met with. As in the case
of the formation of asexual reproductive cells, certain cells or organs
with definite positions carry on the sexual reproduction. The parts
of -the plant body which bear the sexual organs may be specialised in
relation to this.

In the simplest types of sexual reproduction met with in the
lower Algae and Fungi, the sexual cells or GAMETES are usually
naked protoplasts of similar size and structure; these resemble the
asexnal swarm spores but conjugate with one another (1s0cAMY, Fig.
229 B). They develop, singly or in numbers, from the protoplasts
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of certain cells termed GAMETANGIA, the process resembling the origin
of the swarm spores. The product resulting from the conjugation of
the gametes is called a ZYGOTE or zYGosPORE (Fig. 229 B 4). The
facts are in favour of regarding the gametes as homologous with the
swarm spores, from which they often differ
only in their smaller size, and the game-
tangia as homologous with sporangia. By
this is meant that the gametes and game-
tangia have been derived phylogenetically
by the modification of swarm spores and
sporangia. Such gametes are capable of
active movement, by means of cilia ; they
§eek one apother in the water and unite ..o .. 2 et
n pairs (Flg 229 B) i swarm spore; Bl, & gamete; B2,
The gametes, however, frequently M.&:yjuiatiug ga_metetS_;BL. zyizfée
differ in size in the Algae and Fungi; the (7. g’fnfzng;gga T faaee.
larger gametes, which contain abundant
reserve materials, are female ( @ ) and the smaller are male (3). The
female gamete may be non-motile when it is known as an egg-cell. In
this case the small SPERMATOZOID seeks out and fertilises the large EGG-
CELL (006AMY). In the case of oogamy the gametangia are usually

3

F1a. 230.—Monoblepharis sphaerica. End of filament with terminal oogonium () and an antheridium
(). 1.'Before the formation of the egg-cells and spermatozoids, 2. Spermatozoids (s) escaping
and approaching the opening of the oogonium. 3. osp, ripe oospore, and an empty antheridium.
(x 800. After CornvU, from voN TAVEL, Pilze.)

different. The cells in which the small naked spermatozoids arise
in large numbers are termed ANTHERIDIA (Figs. 230, 2 a; 231 a),
while those within which one or more egg-cells are formed are the
oocoNIa (Figs. 230, 2; 231 9, 0,,). The egg-cell (00SPHERE), which is
usually naked, frequently remains in the oogonium, in the wall of
which an opening forms (Figs. 230, 2; 2319, 0,,, §). Fertilisation of
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the receptive oosphere results from spermatozoids, which have been
liberated into the surrounding water in an actively motile condition,
being chemotactically attracted by substances excreted from the
egg-cells. 3

Numerous transitions between the two conditions show clearly
that oogamy has been derived phylogenetically from isogamy. From
this it follows that the antheridia and oogonia are homologous with
one another, and also with the sporangia (cf. also Fig. 231).

It is not until after the entry of a spermatozoid that the egg-cell
becomes capable, either at once or after a resting period, of developing
further. As arule, after becom-
ing surrounded by a thick wall
it separates from the parent
plant as a unicellular oospore
(Fig. 230, 3 osp), and only com-
mences its independent develop-
ment later with the bursting of
its wall. In other cases, while

; : still attached to the parent plant,
Fra. 231,—Diagrams founded on Algae. sp,’ Spor- . 3 J
angium with spores ; a, antheridium with sperma- it develops into a multicellular
tozoids} o,, bogonfum with several and o, with and more or less segnlented
a single egg-cell ; 6, the pore in the cell wall. bOdy which produces unicellular
asexual spores ; these spores are
then set free from the parent plant as the true reproductive bodies.

Bryophyta, Pteridophyta.—Oogamy is the rule in these groups.
The male and female sexual organs are of more complicated structure
than in the Thallophyta. They are not single cells but have walls
composed of a layer of sterile cells. In the case of the multicellular
antheridia (Fig. 232, 1) this encloses a larger or smaller number of
cells with abundant protoplasm (the SPERMATOGENOUS TISSUE), from
each of which a spermatozoid will be formed. In the flask-shaped
female sexual organ, which is known as an ARCHEGONIUM, there is
only one egg-cell surrounded by the wall formed of a layer of cells
(Fig. 232, 2). The archegonia and antheridia are homologous
structures. They bhave special arrangements for opening at maturity.
In the Bryophyta they are borne on the thalloid or leafy gametophyte.
In the Pteridophyta the sexual organs are not borne on the leafy
plant (which has been seen to be reproduced by spores) but on the
prothallium, which is the sexual generation or gametophyte living
independently of the sporophyte.

In the Bryophyta and Pteridophyta the oosphere after fertilisation,
which takes place in the same way as in the Thallophyta, develops
forthwith into the EMBRYO which becomes the SPOROPHYTE (the
stalked capsule in Bryophyta, and the leafy plant in the Pteridophyta).

Spermatophyta.—In this group also the sexual reproduction is
exclusively oogamous, but the sexual organs have come to differ
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widely from the simpler types. The gametes are formed in greatly
reduced or unrecognisable archegonia and antheridia ; these are pro-
duced in extremely reduced prothallia, often consisting of only a
few cells, that are enclosed in the pollen grains and ovules of the
flowers. The pollen grains contain the male sexual cells,
while one or more egg-cells are contained in the ovule. C%

The peculiar method of fertilisation in spermato- ﬁ
phytes is connected with the fact that the egg-cell ||
remains enclosed within the ovule in the flower. The
pollen grains after being shed from the pollen sac require
to be carried to the ovules in the case of Gymnosperms,
or to a special receptive portion of the ovary called
the stiGMA in the Angiosperms.
This is the process of POLLINATION.
Most of the manifold modifications
of the flowers of Angiosperms are
adaptations to the method of pollina-
tion (*), which always involves special
means of transport of the pollen.
When, as is often the case, male
and female organs are present in
the same flower, i.e. in hermaphrodite
flowers, it might be assumed that no
special arrangements would be neces-
sary to bring the pollen to the stigma.
More accurate investigation has, how-
ever, shown that such adaptations
exist in abundance and are often of
the m.ost detajlled Sy They do Fia. 232,—1. Antheridinm, with wall of sterile
not s1mp1y aim at the conveyance cells enclosing the spermatogenous tissue.
of the pollen to the stigma of the 2. Archegonium, with corresponding wall
same ﬂower; often they render such and an egg-cell. Both based on a Liverwort.
SELF-POLLINATION (autogamy)
impossible and effect CROSS-POLLINATION (allogamy), i.e. the con-
veyance of pollen to the stigma of another flower on the same plant
(geitonogamy) or on another individual (xenogamy). The transport
of the pollen may be by wind, water, or the agency of animals
attracted to the flowers by their colour, scent, or nectar ; thus most
flowers can be classed as ANEMOPHILOUS, HYDROPHILOUS, or ZOIDIO-
PHILOUS (cf. the Special Part). Most spermatophytes have thus
become independent of the presence of water for the purpose of
fertilisation and are in a special sense land plants.

In addition to plants which show allogamy there are others which have arrange-
ments leading to autogamy, either when cross-pollination does not succeed, or
primarily as in cleistogamous flowers (ef. the Special Part).

After pollination the pollen grain grows out into a POLLEN TUBE,

14 J@l




202 BOTANY PART I

which in Angiosperms makes its way by means of the style to the
cavity of the ovary and through the outer layers of sterile cells of
an ovule to the egg-cell. When an open connection has been estab-
lished between the pollen tube and the egg-cell, the latter is fertilised
by a nucleus from the pollen tube. The fertilised egg develops
within the enlarging ovule to a multicellular embryo, which becomes
segmented into the COTYLEDONS, RADICLE, and PLUMULE. The ovule
becomes the SEED, the outermost tissues giving rise to the seed-coat.
THE SEED, WHICH IS SHED WHEN RIPE AND SERVES TO MULTIPLY THE
PLANT, IS THUS A FURTHER DEVELOPED OVULE ENCLOSING AN EMBRYO.
The ovary also develops further after fertilisation and gives rise to
the FRUIT. When this remains attached to the plant it opens when
mature by splits, pores, or the separation of a lid," in order to liberate
the seeds (capsule). Often the whole fruit enclosing the seed is
separated from the plant, as in the case of berries, nuts, and stone-
fruits.

The seeds or the detached fruits are adapted for dispersal (1)
like other reproductive bodies. This is effected by the same means
as the transport of pollen, by currents of air or water, by means of
animals, and sometimes by special constructions or movements of the
plant. The construction ‘of seeds and fruits shows adaptation to the
mode of dispersal (cf. the Special Part). ; ,

On the seeds being thus sown, GERMINATION (1°!) commences after
a longer or shorter time. As a rule the root of the embryo emerges
first, rupturing the seed-coat. Since this is often very hard, special
regions for the exit of the root may be present in it (e.g. in the Coco-
nut). In the further development of the shoot of the seedling, mani-
fold differences become apparent in different kinds of plants; these
will be described in the Special Part. The seedling at first grows
at the expense of food materials provided by the parent plant and
stored in the seed.

A peculiar type of asexual reproduction (apogamy) occurs in some flowering
plants and replaces the sexual reproduction. Within the ovule and replacing the
suppressed egg cell, asexual embryos are developed from other cells (?3). The seeds .
thus include no product of sexuality but have become organs of vegetative repro-
duction. This formation of adveutitious embryos is commonly associated with
POLYEMBRYONY, %.e. the formation of a number of embryo plants in a single seed
(Funkia ovata, Citrus aurantium, Caelebogyne ilicifolia, cte.).

2. The Process of Cell-Fusion in Fertilisation and its Results.—
The actual process of fertilisation in its simplest form can be best
observed in those lower organisms with similar gametes (Fig. 229).
In these it can be easily shown that not only the cytoplasm of the
two cells but sooner or later the nuclei also fuse. When the male
cell possesses chromatophores, which in many Algae (Florideae, Chara,
etc.) is not the case, they do not fuse with those of the female cell.
They either coexist in the fertilised cell or, when a constant number
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of chromatophores is maintained, disappeat. In Angiosperms, so far
as our present knowledge goes, only a male nucleus, without cytoplasm
or chromatophores, enters the oosphere. From this it has been
concluded THAT THE ESSENTIAL ELEMENT IN FERTILISATION IS THE
PASSAGE OF THE MALE NUCLEUS INTO THE EGG-CELL.

In the typical process of nuclear division it has been seen that
the nuclei of an individual possess a constant number of chromosomes
characteristic of the species. The male gamete thus contributes as
many chromosomes as the female gamete. These chromosomes do
not fuse in the conjugation of the sexual nuclei, so that the nucleus
of the zygote has double the number of chromosomes possessed by
the sexual cells (1°2). It is DIPLOID and contrasts with the HAPLOID
nuclei of the gametes.

The nuclei resulting from the further division of the nucleus of
the zygote are as a rule diploid ; in each there are as many chromo-
somes derived from the male as from the female nucleus. When
the chromosomes of the haploid cells are characterised by differences
in size which are apparent at each nuclear division, the diploid
nuclei show pairs of chromosomes of each size. These chromosomes
of equal length, the one derived from the male and the other from
the female parent, as a rule lie in pairs in the nuclear plate (Fig. 14).

Since the nuclei of the sexual cells of all the individuals of a
race are always haploid, while the conjugation nucleus and as a rule
the products of its division are diploid, there must be a change from
the diploid to the haploid condition at some point in the developmental
history of the individual. Were this not so, the number of chromo-
somes would double with each generation. The change is effected
at the REDUCTION DIVISION (1%%), which is a peculiar nuclear division
in which there is a separation to form the daughter nuclei of entire
chromosomes, and not half-chromosomes resulting from longitudinal
splitting. This occurs at a definite point in the development, which,
however, differs in different organisms. Thus a regular alternation
of the haploid and diploid phases of the nucleus is characteristic of
the ontogenetic development of sexual organisms.

Frequently, but not always, the alternation of nuclear phase
is connected with the alternation of generations, as in many Algae,
Fungi, the Bryophyta, Pteridophyta, and Spermatophyta. The
sporophyte arising from the fertilised egg is diploid, and the reduc-
tion division precedes spore formation. As a result the spores, the
gametophytes developed from them, and the sexual cells are haploid.

In many Algae, however, the first division of the nucleus of the zygote is the
reduction division, so that all the cells of the organism, including the sexual cells,
with the exception of the fertilised egg, are haploid. In others, such as Fucus,
the reduction takes place at the formation of the sexual cells, so that the opposite
case is presented of all the cells with the exception of the gametes being diploid.

There are certain remarkable cases in which the one generation develops from
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the vegetative cells of the other without change in the number of chromosomes.
In dthyrium filiz foemina clarissima, Jones, the fern plant arises without nuclear
fusion from vegetative prothallial cells with diploid nuclei ; without any production
of spores, or the occurrence of a reduction division, the diploid cells of the leaf
margin produce diploid prothallia (Arospory). According to YAMaNoUcHI (in
Nephrodium molle) a haploid prothallial cell may, without nuclear fusion, give rise

Fia, 233._—Pc?1len-mother~ce]1 of a Lily in division, somewhat diagrammatie. Fixed with chrom-
acetic a.cld and stained with iron haematoxylin, The chromatophores are not visible, 1. The
separation of the chromosomes. Further description in text. (After STRASBURGER.)

to a haploid fern-plant. Further, it is possible to obtain experimentally, on the
::egenera‘mtior.g f cut portions of the stalks of moss capsules, a diploid moss plant,
te. o diploid gametophyte ; this produces diploid sexual cells that are capable of
fertilisation. Tetraploid moss capsules are the result, and from these again by
regeneration tetraploid moss plants have been obtained. It is evident, therefore,
that there is not a direct connection between the chromosome number and th(;
construction of the two generations (%).

In some plants the reduction division is omitted so that diploid egg-cells are

R -
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formed (%). Such eggs, which already have the double number of chromosomes
usually only attained on fertilisation, proceed to develop without fertilisation.
This is the case for the unfertilised egg-cells of the Spermatophyta, Marsiliaceae,
and Chare, mentioned on p. 193, while in other Algae the haploid egg-cell
develops parthenogenetically into a new plant. When diploid sexual cells proceed
to develop without fertilisation, it is usual to speak of apogamy (cf. p. 202) and not
of parthenogenesis.

The reduction division in contrast to the typical division is termed HETERO-
TypIic, and is also spoken of as MErosis. It is characteristic of this, that
in the prophase the nuclear contents become for a period contracted together at
one side, at least in fixed preparations (synapsis, Fig. 233, 2, 3). It is
further characteristic of the succeeding stages that the paternal and maternal
chromosomes become associated or united in pairs or ¢EMINI. The number of
these GEMINI is half as great as the number of chromosomes in'the tissue cells
of the same plant, since two chromosomes are represented by each segment. The
paired chromosomes become shorter and thicker and are distributed around
the periphery of the nucleus; this is the condition that has been termed
DIARINESIS (5, 6). At this stage kinoplasmic filaments are becoming applied to
the nuclear membrane (6) ; the latter disappears, and the nuclear spindle, which
is at first multipolar (7) but ultimately becomes bipolar (8), originates from the
kinoplasmic fibres. The paired chromosomes become attached to the fibres of the
spindle and arranged in an equatorial nuclear plate (8). Shortly afterwards the
separation of the chromosomes, until now united in pairs, takes place (9). In
THIS PROCESS, IN WHICH THE ESSENTIAL OF THE REDUCTION DIVISION IS EFFECTED,
IT IS NOT LONGITUDINAL HALVES OF CHROMOSOMES BUT ENTIRE CHROMOSOMES
WHICH SEPARATE FROM ONE ANOTHER. The result of this is that each daughter
nucleus receives only half as many chromosomes as were found in the tissue cells
of the same plant, and that these chromosomes may be male or female. Since
chromosomes of corresponding lengths are always associated in the gemini, one
being derived from the male and the other from the female parent, and these
chromosomes separate from one another in the reduction division, each haploid
daughter nucleus must inherit some chromosomes from the father, and others
from the mother. Which chromosomes come from the one or other parent appears
to be determined by chance. The formation of the daughter nuclei is completed
(10) as in an ordinary division, but following promptly on the first reduction
division, which is also known as the HETEROTYPE division, comes a second or
HOMOTYPE division, which in all essentials follows the typical course (11, 12).
Thus two rapidly-succeeding nuclear divisions are characteristic of most cases of
reduction. In the homotypic division longitudinal halves of chromosomes separate
as in the typical division. A difference from the latter is that the chromosomes
are not split longitudinally in the prophase of the homotypic division itself, but,
as it seems, were already split in the prophase of the preceding reduction division
without the halves thus formed separating.

The fundamental difference between the typical and somatic nuclear division
and the reduction division may be made clearer by means of a diagram. Fig. 234
A represents a somatic division with longitudinal splitting of the .hromosomes.
In 4 a six longitudinally split chromosomes, distingunished by the different
shading, are shown arranged to form the nuclear plate. The two middle ones are
seen from the end, the others from the side. In 4 b the separated halves of these
chromosomes are shown on their way to the poles of the spindle in order to form
the daughter nuclei. In Fig. 234 B the reduction division is diagrammatically
represented. The six chromosomes of Fig. 91 4 are shown in B & similarly
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shaded and united in three gemini. The two lateral gemini are seen from the
side, the middle one from the end. The latter one shows the longitudinal split in
the component chromosomes and the orientation of the plane of fission. In Bb
the chromosomes of each geminus have separated and are moving towards the poles
of the spindle to form the two daughter nuclei. The two halves of each chromo-

Fia. 234.—Diagrammatic representation of ordinary nuclear division (4) and of the reduction
division (B). (After STRASBURGER.,)

some thus go to the same daughter nucleus. This division results in a reduction
of the chromosome number from six to three. In contrast to this reduction
division, which, because whole chromosomes separate, results in a definite differ-
ence of the products of division, may be placed the somatic nuclear division.
This, since the longitudinal halving of the chromosomes gives rise to completely
equivalent products of division, may be termed equation division.

Opinions are divided as to how and when the chromosomes in the reduction
division become associated in pairs, or temporarily united in a single structure,
It is possible that the scheme of the reduction division is not always the same.
Usually the chromosomes appear placed side by side in the pair (parasyndesis),
but in some cases they appear to be placed end to end (metasyndesis).

SECTION IV
THE THEORY OF DESCENT AND THE ORIGIN OF NEW SPECIES

A. The Theory of Descent (1%4).-——How the organic forms living
on the earth with their morphological peculiarities have arisen is one
of the most important theoretical questions in morphology. The
assumption once made that the kinds of plants were independently
created (theory of special creation) has become gradually abandoned
in favour of a theory of evolution, especially owing to the deepen-
ing of morphological knowledge and the influence of CHARLES
DARWIN. This has already been referred to in the Introduction.
The theory of evolution regards the existing organisms as developed
from other and frequently more simply-constructed forms which lived
in earlier periods of the earth’s history (cf. p. 1 ff.). This fundamental
biological theory now permeates morphological investigation so
completely that it is indispensable for the morphologist to be
acquainted with the evidence for it. Evidence is afforded by classifica-
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tion, morphology, the 0'eoorra,phwal distribution of plants and animals,
and by palaeontology.

1. EVIDENCE FROM CLASSIFICATION.—According to the theory
of special creation the various species of plants were created inde-
pendently and are essentially constant. They were supposed to be
so little subject to change that one species could not arise from
another ; at most a species could give rise to more or less inheritable
varieties. This view thus assumes that there are sharp limits between
the species, and also that there is an essential difference between
species and varieties. As the student of classification proceeds to
examine any group of organic forms he finds that there are no
characters to be relied on to distinguish varieties from species. The
amount of morphologlcal difference between the species of a genus,
the varieties of a species, or between species and varieties, is quite
undetermined. It has also come to be recognised that species are
not independent morphological units but in many cases are compre-
hensive groups of forms or petifes espéces (e.g. in the genera
Erophila, Bubus, Rosa, Hieracium, Quercus). The sharp differentiation
of such species from other species, i.e. other groups of forms, is
frequently difficult or scarcely possible. The constant small species
often differ less than do many so-called varieties. It thus becomes
a matter of taste or “systematic sense” whether a particular form
should be regarded as a species or a variety and how a species should
be delimited. - The rule formerly relied upon, that crosses between
two independently created species would be sterile while those
between two varieties of a species would be fertile, has proved
untrustworthy ; fertile and sterile hybrids are known both between
two varieties and two species. There are not only transitions
between species but between genera and even families, so that in
these cases also the limits have to be drawn at the discretion of the
systematist. All these facts only become comprehensible if it is
assumed that species were not independently created but are capable
of heredity with variation, so that new species can be derived from
others by inherited changes, while more marked changes give rise to
new genera or families. On any other assumption it remains incon-
ceivable why organisms can be placed in groups of lower and higher
order (species, genera, families, classes, etc.), which are in part co-
ordinate (like the species of a genus or the genera of a family) and
in part subordinated to others (like the species to the genus or the
genera to the family); further, that the groups of extinet organisms
which lived in earlier geological periods can as a rule be naturally
placed in the same classification as the existing forms. All these
difficulties disappear when orgamsms are regarded as blood relations,
and the natural system as expressing then nearer or more distant
relationship, and thus, in a certain degree, as a genealogical tree of
living beings.
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2. MoRrPHOLOGICAL KvIDENCE.—Certain facts are inexplicable on
the theory of special creation, while they are naturally explained on
the theory of descent. The common morphological plan of construction
exhibited by the members of a systematic group, such as a genus, a
family, or a class, is of this nature. It extends in a sense to all
organisms as shown in the cellular structure and the nature of proto-
plasm. On the other hand, the theory of evolution may explain the
unexpected occurrence of certain features in a group when the plan
of construction would not have led us to anticipate them (e.g. the
spermatozoids in the pollen-tube of the Cycadeae). The great groups
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Fie. 235.—Floral diagrams of Secrophularia-
ceae, A, Verbascum mnigrum ; B, Digitalis
purpureay C, Gratiola officinalis; D,
Veronica, Chamaedrys. The sterile stamens
are represented by black dots, and the
position of completely aborted stamens by

frequently homologous in spite of
their diverse structure and functions.
For example, thorns and tendrils are
“transformed” leaves, stipules, stems,
or roots ; the cotyledons, scale-leaves,
bracts, sepals, petals, stamens, and
carpels of a plant are all trans-

crosses. (D after EICHLER.) formed ” foliage leaves. All these

metamorphoses of organs have evi-
dently taken place during the phylogenetic development. In the
same way reduced functionless organs found in some plants have been
derived from plants in which the corresponding organs are still well
formed. In the family of the Scrophulariaceae (Fig. 235) the number
of stamens ranges from five in Perbascum to two in such forms as
Calceolaria ; in the genus Scrophularia one stamen of the five is present
in a reduced condition, while this stamen is wanting in Digifalis; in
Gratiola two fertile and two reduced stamens are present, in Feronica
two fertile stamens only, and in Culceolaria only two half-stamens.
Useless reduced organs are difficult to understand on the theory of
special creation. Occasionally an unfamiliar character appears in a
plant which can only be regarded as a reversion to a long-lost feature
of its ancestors; examples are afforded by the occasional fertility of
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reduced stamens or the appearance of reduced or fertile stamens in
positions where fertile stamens were present in the ancestry. The
similarity of the embryos of very different organisms, which is most
strikingly shown in the animal kingdom, is a further indication of
genetic relationship. So also is the fact that occasionally the embryos
are more highly organised than the mature organism (in some reduced
organisms, ¢.g. many parasites). The juvenile leaves on the seedlings
of some plants which are adapted to extreme conditions of life may
resemble the ordinary leaves of less specialised species of the same
genus (e.g. in Acacio, Fig. 136). Not infrequently a species repeats
more or less completely in its ontogenetic development what we assume
on other grounds to have been the course of its phylogenetic
development (BIOGENETIC LAW).

3. EVIDENCE FROM GEOGRAPHICAL DISTRIBUTION.—Geographical
limits which hinder free migration (e.g. high mountains, and seas in
the case of land plants and masses of land in the case of marine
organisms) stand in striking correspondence with differences in the
fauna and flora of particular habitats, countries, continents, or oceans.
The assemblages of organisms found in two continents differ as regards
their families, genera, etc., in proportion to the degree of present and
former isolation because the forms in each region have continued
their phylogenetic development independently. The easier the
exchange of forms between two regions the more numerous will be
those which are common to both. It is a general rule that the
inhabitants of any region are most closely related to those of the
nearest region from which migration may be assumed, on geological
and geographical reasons, to have taken place. This holds, for
example, for the Cape Verde Islands and the African mainland, and
for the Galapagos islands or Juan Fernandez and the neighbouring
regions of America. - The more a habitat, such as an island, is isolated
from the rest of the world the richer will it tend to be in peculiar
forms (ENDEMISM); these often differ only slightly from other non-
endemic forms from which they have evidently originated, though
further dispersal has been impossible.

4. PALAEONTOLOGICAL EvVIDENCE.—Palaeontology shows that in
the history of the earth species have become extinct and others
appeared ; that not infrequently the forms in successive geological
strata can be arranged in series showing progressive organisation ;
and that the groups which are regarded as most highly organised
appeared relatively late in the history of the earth (e.g. the Angio-
sperms in the Cretaceous period). It has also made us acquainted with
extinet intermediate types between genera, families, and classes.
That such cases are not more frequent evidently depends on the
incompleteness of the geological record. In Botany the most important
of these synthetic groups is that of the Pteridospermeae or Cycadofilices,
which are plants of the Carboniferous period connecting the Ferns

P
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and the Cycadeae ; they have leaves like the former but seeds like
the latter, while anatomically they present resemblances to both.

5. DireEcT EVIDENCE OF THE VARIABILITY OF SPECIES.—AIl the
preceding sources of evidence gain in significance from the direct
observation of the inconstancy of some species. Careful observation
establishes the appearance, both under natural conditions and, more
frequently, in cultivation, of inheritable deviations which would have
the systematic rank of varieties or species. It has also been possible
in various ways to experimentally produce new forms the characters
of which are inherited. The importance of such observations is that
they give some insight into the problem of the formation of species
and the origin of new morphological characters.

B. Formation of Species and the Origin of Adaptations.—All
observations have so far shown that the inheritable changes in
organisms may concern this or that character, may be larger or smaller,
and are irregular in origin. This serves to elucidate the great variety
in organic forms. These abrupt changes may be harmful, indifferent,
or useful to the organism. If they are so injurious that the life of
the organism is scarcely possible, the variety will disappear as quickly
as it originates (e.g. seedlings that have lost the power of forming
chlorophyll). To what extent such inheritable changes arise under
the influence of external conditions has yet to be determined in
particular cases; it will be treated of in the physiological portion of
this text-book.

Since the acceptance of a theory of evolution it has been evident
that the origin of the ADAPTIVE CHARACTERS of organisms called for
special explanation. The recognition that living beings vary in all
directions does not afford insight into the striking fact that organisms
are in many ways adapted to their environment, and organs more or
less adapted to their functions, while the reactions of the organisms are
beneficial. This condition of adaptation or inherited adaptedness
must in some way have originated phylogenetically. As to how it
arose, observations and experiments have to the present given no
direct answer. Explanations have been sought in a different way,
the two most important hypotheses being known as Lamarckism and
Darwinism,

1. Lamarekism (19°).—This hypothesis starts from the fact that
some organisms assume a different form according to the surroundings
in which their germ cells develop to the mature organism, without
losing the power of developing differently in another environment.
Thus there are plants which can live both on land and in the water
(amphibious), assuming different forms according to the environment.
When grown on land they have the form and internal structure of
typical land plants ; when cultivated in water they resemble typical
aquatic plants. Some plants under dry conditions of cultivation
produce xerophilous characters, while when grown in moist air they
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are hygrophilous. This power of reacting to different environments
by the development of different characters is known as the capacity
of modification. Such MODIFICATIONS (cf. Physiology, p. 322) are
not inheritable in the sense that the seeds of, for example, an am-
phibious plant which has developed in water to a water plant will
produce the aquatic form if they are sown on land. On the contrary,
the land form is always produced on land and the aquatic form in water
whether the seeds have been taken from the one form or the other.

These influences of the environment have been regarded as direct
adaptations on the part of the plant which has the power of thus
modifying itself. The power has further been attributed to the
organism of responding by a useful reaction to every external influence,
even to those not met with under natural conditions. Such a power
of adaptation would apply to new functions as well as to external
factors ; the need of an organ would bring about its formation. It is
further assumed by Lamarckism that every modification, especially
those resulting from external factors or the needs of the organism, is
inheritable, or at least can become inheritable in the course of time.
Thus when a plant has been for generations directly adapted to aquatic
life, to life in the shade, or at the expense of another organism, the
acquired peculiarities of structure gradually become fixed, i.e. they
also appear when the occasion for them is no longer present.
Regarding this view it must first be remarked that the assumption
“a need for an organ can bring about its formation” is not clear, and
also that nothing is known of the inheritability of those effects of
external conditions that have been termed modifications above. For
these reasons alone Lamarckism must be given up. Further, it is
difficult to conceive that the organism should react usefully in
anticipation of particular external factors. As a matter of fact we
not uncommonly meet with reactions to new unaccustomed stimuli
which appear quite indifferent or even harmful. Thus the tentacles
of Drosera become curved at a high temperature just as if they were
in contact with an insect. Leaves cut off from a plant may continue
to live for years by producing roots even when they are unable to
form shoots. When there appears to be direct adaptation to various
stimuli (e.g. water, light, air, shade, etc.), to which particular
organisms are exposed in their habitats, the result may be otherwise
explained. It may be assumed that such organisms already possess
the capacity or the factors which enable them to follow this or that
course of development according to the external conditions. The
external conditions would not produce the factors but only determine
their becoming manifest or not. How these factors have historically
come about, and why some organisms possess them and others not,
why, for example, only some plants are adapted to live in water as
aquatic plants or as land plants on the land, remains still unexplained.
On this question Lamarckism throws no light.



212 BOTANY PART I

2. Darwinism (10¢ 196) —DARWIN starts from the fact that the
limited conditions for life on the earth do not permit of unlimited
increase in the number of organisms. Nearly every living being
produces during its individual existence so many germs that were all
to grow the whole earth would in a-short time be overpopulated.
That so few descendants of an individual survive is due to many
being destroyed at all stages from the germ cell onwards. They are
overcome in the STRUGGLE FOR EXISTENCE with the environment, in
which other organisms of the same or different species are included.
Were all the offspring alike, accident only would decide which should
survive, and such accidents do play a great part. Since, however,
. inheritable differences occur among the offspring, those individuals
will as a rule be favoured in the struggle for existence which by
their peculiarities are capable of maintaining themselves, or are more
capable than the others in the particular sitnation to which chance
has brought them. Thus a process of selection (NATURAL SELECTION)
comes about. If, further, the selected variants hand on their
properties to their descendants, and the variation and the struggle
for existence is repeated, the process must lead to the selection of
still better adapted forms. Organisms may arise with any sort of
characters, useful, indifferent, or harmful. Since, however, those
with injurious qualities promptly disappear, those that remain are
better adapted than those that perish. Usefulness which was not
explained by Lamarckism (where the useful capacity of reaction in
relation to new conditions of the environment was assumed) comes
about according to Darwinism from the preservation of new inheritable
properties which contribute to the success of the organism in the
struggle for existence. It is in this that the great advance made by
DarwiN’S theory, as compared with Lamarckism, consists. It is
supported, as has been seen, by the observations hitherto made on
the origin of new inheritable characters in organisms, although the
assumptions of Darwinism leave various difficulties to be overcome.

"









DIVISION II

PHYSIOLOGY (%)

-

THE object of Physiology is to describe the phenomena of life, to
study their dependence on external factors, and so far as possible to
trace them back to their CAUSES. Physiology, like Chemistry and
Physics, is concerned with inquiries into the causes of what takes
place. It must, however, also take into consideration the significance
to the organism of what happens. In its methods as well as in its
problems Physiology agrees with Physics and Chemistry ; its methods
are EXPERIMENTAL.

The main results of physiologieal investigation are the following :

1. There is no fundamental distinetion between the vital pheno-
mena of animals and plants. This is not surprising, since plants
and animals are only morphologically distinet in their more advanced
representatives. In the physiological sphere it becomes more and more
_ clear, as investigation proceeds, how similar the course of life in the
two kingdoms is. The physiology of organisms is thus really a single
subject. A text-book of botany has evidently only to give an account
of the physiology of plants, but, where this is useful, analogous pheno-
mena in the animal kingdom will be mentioned.

2. In some respects the behaviour of the living plant does not differ
from that of non-living bodies. In spite of the large amount of water
which it contains, the plant is as a rule solid, and has the physical
properties of such a body. Weight, rigidity, elasticity, conductivity
for light, heat, and electricity are properties of the organism as they
are of lifeless bodies. However important these properties may be to
the existence and the life of the plant, they do not constitute life itself.

3. The ESSENTIAL PHENOMENA OF LIFE are strikingly different from
the processes met with in non-living bodies. They are intimately
connected with the protoplasm and depend on the peculiar fashion
in which this substance reacts to influences of the outer world, é.e.
upon its IRRITABILITY and CAPACITY OF REGULATION.

(a) Irritability.—In the reactions of the organism the con-
nection between the causal influence and the effect induced by it
is not so apparent as it is in chemical or physical processes. This

215
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depends on the part always taken by the protoplasm, so that the
reaction observed is not the direct effect of an external cause, but a
very indirect result. Further, according to the condition of the proto-
plasm, the same factor may produce different effects. An example
will make this clear.

If the free end of a flexible rod is placed horizontally, it will bend downwards
to a definite point as the result of its weight. A part of a plant will behave
similarly, and if dead, as for instance a withered stem, will remain in the position
it thus assumes. If, however, a living growing stem has been used in the experi-
ment it will exhibit an effect of gravity which -is very surprising in comparison
with the purely physical effect. The growing portion of the stem curves, and by
its own activity becomes erect again ; it thus moves against the force of gravity.
If the experiment is made with a tap-root, this will curve vertically downwards
much further than its own weight would cause it to do. A rhizome (e.g. of Scirpus),
on the other hand, will place its growing tip horizontally when it has sunk by
its own weight out of the horizontal plane. In these three experiments the
physical conditions are the same. The weight of the earth acts on a horizontally-
placed portion of a plant. The results in the three cases are as different as
possible.

The explanation of this remarkable behaviour of the plant is to
be sought in the fact that, while to begin with gravity influences it as
it would influence an inorganic structure—giving weight to the mass
—this primary physical change then acts as what is called a stimulus.
This liberates inner activities of the plant which have neither quantita-
tively nor qualitatively a recognisable connection with the force of
gravity. Such relations become clearer if the organism is compared
with a mechanism. The connection between the light pressure of the
finger on the trigger of a gun and the flight of the bullet is not a
simple one. The pressure first liberates a trigger; the energy thus
obtained drives the hammer on to the percussion-cap; this explodes
and causes the powder to explode ; the gases liberated by the explosion
force the projectile from the barrel. It is clear that the force of the
hammer bears no relation to that of the pressure of the finger of the
marksman, and there is just as little connection between the amount of
force generated by the expansion of the powder and that exerted by
the hammer of the gun. There are energies present, those of the
trigger and powder, which are set free. Such liberations of energy,
especially when they follow in order and constitute a chain of
processes, are of very frequent occurrence in the organism. They are
known as phenomena of irritability, and the factor which starts them
is termed the stimulus. They are always found when the specific
phenomena of life are concerned.

Just as the action of a machine is only comprehensible when its
construction is known, a knowledge of the external form and internal
structure of the plant is a necessary preliminary to its physiological
study. It has been seen, however, that it is not possible to under-
stand the function from the structure to the same degree in the case
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of the plant as it is in that of a machine. In the organism we
are concerned not with the mechanical interaction of parts but with a
succession of chemical reactions. While it is true that the phenomena
of life cannot as yet be thoroughly explained, this does not negative
the conviction that they only differ from the processes in inorganic
bodies by their much greater complexity; in principle a physico-
chemical explanation of vital phenomena can be attained.

(b) Capacity of Regulation.—The study of machines not only
assists in the comprehension of a liberating stimulus but further
renders clear the second widely-spread property of organisms, i.e. their
regulative power. As in a machine the speed may be automatically
maintained at a particular level, so in numerous processes in a plant
there is an element which controls the result both as regards quality
and quantity. Though self-regulated processes are not wanting in
the inorganic world, they do not occur abundantly as they do in
the organism. ON THIS ACCOUNT THE POWER OF REGULATION MAY
BE REGARDED, TOGETHER WITH THE IRRITABILITY, AS A SPECIALLY
IMPORTANT CHARACTERISTIC OF LIVING BEINGS. ;

4. So long as the organism is actively living, an unbroken chain
of changes can be recognised in it which are exhibited in the three
following ways :

(i.) An organism, which appears to us as an individual, does not
consist of the same unchanged material, even when no further growth
in size is taking place. While its external form remains constant,
progressive changes go on internally. New substances are taken
up from without, are transformed within the plant, and are again given
off from it. The organism has a METABOLISM. Inorganic nature
offers us no process analogous to this.

(ii.) As a rule, however, metabolism does not proceed so that the
absorption and giving-off of material are equal, but more is absorbed
than is given off. The mass of the organism is increased, it GROWS.
Growth is also known in the cases of chemical precipitates or deposits,
and of crystals. In these cases it tends to proceed in such a way
that no essential change of shape takes place (crystals), or that the
changes in shape are accidental and irregular (precipitates). The
organism, on the other hand, by changes of its form assumes quite
definite shapes, which follow in regular order. It passes through a
DEVELOPMENT which leads sooner or later to the production of new
organisms or daughter individuals; REPRODUCTION takes place.
Growth, development, and reproduction are processes highly charac-
teristic of living beings.

Some precipitates have a certain external similarity to plants under certain
conditions. If some sulphate of copper to which sugar has been added is intro-
duced into a solution of ferrocyanide of potassium and common salt containing
gelatine, a precipitate of ferrocyanide of copper is formed. This to all appearance
grows, and in its form recalls that of plants. This ““artificial plant” lacks, however,
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not only the internal structure of a true plant, but especially the power of repro-
duction and of regular development.

(iii.) Lastly, organisms’ exhibit powers of MOVEMENT ; they either
change their positions bodily, or they bring larger or smaller parts of
their bodies into other positions. Since inorganic bodies and dead
organisms may exhibit movements, it is only the kind of movement
and the means by which it is brought about that are characteristic
of living beings.

In nature the three processes mentioned above, metabolism,
development, and movement, usually go on simultaneously. Meta-
bolism without movement of the substances concerned is impossible ;
development is bound up with metabolic changes and with movements ;
and, lastly, movements cannot occur without metabolism. Neverthe-
less, we may for descriptive purposes consider the three processes
separately, and thus divide Physiology into the following sections :

(1) The study of metabolism or chemical physiology, which may

also be termed the physiology of nutrition.

(2) The study of development or the physiology of form, changes

of shape, and the mechanism of development.

(3) The study of movement.

5. The full vital activity of the plant is only attained when a number
of conditions, which may be divided .into internal and external, are
fulfilled (). The internal causes of life are connected with the
protoplasm. Its structure and organisation not only determine that
the changes which take place in the organism have a vital character,
but that the organism shows specific differences depending on the
descent of its protoplasm. Thus the most fundamental condition of
life is the presence of a living mass of protoplasm. All other condi-
tions of life can be created or removed at will. The protoplasm, on
the other hand, cannot be artificially synthesised, and only arises in
the organism by the activity of existing protoplasm.

The protoplasm can, however, only carry on its activity by con-
tinual interaction with the surrounding world. The influence of the
latter is threefold. It provides the material from which the body of
the plant is built up; it acts as the source of liberating stimuli
(p- 216); it provides the plant with the necessary energy either in the
chemical energy of substances absorbed from without or as vibrations
of the ether.

In the external factors that are of importance for the life of a
plant, a distinction must be drawn bhetween the necessary and the
inessential factors. Indispensable conditions of vital activity are a
certain temperature and the presence of certain substances, as well as
the absence of others that act injuriously or fatally (poisons). On the
other hand, light is not in such a general sense a necessary condition
for life. Some plants require direct sunlight, at least for their
aerial organs, while others avoid this and seek the shade (shade
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plants) ; others can pass through their whole life-history in complete
darkness.

The necessary factors must further be present within certain
definite limits. An excess (above the maximum) or too little (below
the minimum) is alike injurious, and at a certain intensity (optimum)
the best results are obtained. MINIMUM, OPTIMUM, and MAXIMUM are
recognisable in the dependence of every vital phenomenon on an
external factor, and are called the CARDINAL POINTS of the influence
of this factor. They are by no means constants; they differ for
particular organisms and particular vital phenomena ; they change
with the duration of the influence of the factor, and they depend on
the condition of the plant, and on other external factors.

Every transgression of the minimum, or the maximum, for an
external factor leads sooner or later to death. This may result from
too high a temperature or from too low a temperature, from too
much or too little light, or from an excess or an insufficiency of
some substance. Thus when too little water is given a plant dries
up, or when a substance is present in excessive and injurious amount
a plant may be poisoned.

Most plants are killed by being frozen (%) at sufficiently low temperatures.
Nearly all are killed by high temperatures that are far below the boiling point
of water. Only some Cyanophyceae can endure the very high temperature of
certain hot springs.

Susceptible plants, especially those of a tropical climate, are killed even at
temperatures above 0°C. Others are killed by the formation of ice in the tissues,
while some may be frozen hard in winter without suffering any harm. Cocklearia
Jfenestrata in Northern Siberia endures a temperature of —46° C. without injury,
and some forest trees can stand even -60°C. The resistance of lower organisms
to extreme cold is noteworthy. Thus in PrcTET’s experiments Diatoms endured for
a long time a temperature of - 200° C.

By increase of the intensity of light any cell can be killed ; in different cases
the action of the light may be either mainly chemical or mainly thermal. Many
Bacteria are killed even by bright daylight; on this depends the important
hygienic effect of light in houses and dwelling-rooms.

The need of light not only changes from one species of plant to another, or from
individual to individual, but the optimum effect of light may change for the same
individual as it develops. Many of the cultivated plants of the tropics, e.g.
Coffee and Cocoa, require shade when young, and need to be at first protected by
shade-giving trees (species of 4lbizzia, Musa) planted for this purpose. When older
they bear or even require exposure to the full tropical sun.

Among the influences of particular substances that of WATER is especially
evident. When light and temperature are at the optimum, as is the case in the
tropies, the development of plants depends above all on the supply of water. In
regions with a large rainfall, uniformly distributed throughout the year, a most
luxuriant vegetable growth occurs as in the formation of the TRoPICAL RAIN
FOREST. A regularly recurrent dry period determines DECIDUOUS FOREST, a lesser
rainfall permits of the formation of savAXNams, and still more reduced precipita-
tion leads finally to a DESERT (4).

Few plants can bear prolonged drying and the associated loss of water. Often
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death at low temperatures results, not from the direct influence of the cold, but
from the insufficient absorption of water, the roots being unable to take from the
cold or frozen soil enough water to make good the transpiration from the sub-aerial
organs.

6. Death does not necessarily at once result when the minimum
or maximum for external factors is overstepped. The organism has
frequently passed into a condition of LATENT LIFE, and this may also
come about from internal causes. It is often difficult to decide from
inspection whether an organism is in the condition of ACTIVE LIFE, of
LATENT LIFE, or of DEATH. Latent life has this in common with
death, that all vital activities are arrested ; but while active life can
be resumed from latent life, this is impossible when the organism
is dead.

Many resting stages of plants, such as seeds and spores, pass into the state of
latent life. They are then as a rule far more resistant to desiccation, heat, and
cold than organs in an active condition. Thus spores of Bacteria can bear a moist
heat of 100° C. and more, and the same holds for some seeds, such as those of speeies
of Medicago. On the other hand, spores and seeds in the dry condition resist a low
temperature even of —253° C. ()

SECTION I
METABOLISM (%)

I. The Chemical Composition of the Plant (7)

Any consideration of the metabolic changes in the plant requires
a knowledge of its chemical composition. This is studied by chemical
methods.

Water and Dry Substance.—Some insight into the composition of
the plant can be obtained without special means of investigation.
Every one who has dried plants for a herbarium knows that the plant
consists of water and dry substance. He also knows how the removal
of the water influences such fundamental physical properties of the
plant as its rigidity and elasticity. By means of weighing it is
easy to show how large is the proportion of water in the total weight
of the plant. For this purpose it is not sufficient to expose the plant
to the air, for when air-dried it still retains a considerable proportion
of water, which must be removed by drying in a desiccator or at a
temperature of over 100° C. It can thus be ascertained that the
proportion of water is very considerable ; in woody parts some 50 per
cent, in juicy herbs 70-80 per cent, in succulent plants and fruits
85-95 pergcent, and in aquatic plants, especially Algae, 95-98 per cent,
of the weight of the plant consists of water.
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Ash.—While we can thus distinguish by drying between the water
and the dry substance of the plant, we are able by burning to dis-
tingnish between the combustible or organic material and the incom-
bustible substance or ash. The fact that the plant leaves an ash is
evident in the burning of wood or in the smoking of a cigar; the
microscope further shows that even minute fragments of cell wall or
starch grains leave an ash on burning. Information as to the quantita-
tive relations of the ash is afforded by analysis, which shows especially
that the various organs of a plant differ in this respect; leaves, for
example, tend to contain more than stems. It has thus been found
that the dry substance of the leaves of Brassica rapa contains about
20 per cent of ash, while the stems have only 10 per cent (cf. p. 238).

The constituents of the ash also vary according to the nature of
the soil and other external influences. On the other hand, distinct
species may accumulate different quantities of mineral substances, even
when exposed to the same external conditions.

While the majority of the more common elements occurring in
the earth are found in the ash of plants, only a few elements are
present in sufficient amount to be quantitatively estimated. These
are the non-metals Cl, S, P, Si, and the metals K, Na, Ca, Mg,
and Fe.

Organic Substance.—Chemical analysis is not needed to show
that the plant contains carbon in a combined form. Every burning
log or match shows by its charring that it contains carbon. The
examination of a piece of charcoal in which the finest structure of the
wood is retained, shows further how uniformly the carbon is distributed
in the plant, and how largely the substance of the plant consists of this
element. Accurate weighing has shown that carbon constitutes about
one-half of the dry weight of the plant. On combustion of the dry
plant the organic substance is changed, and passes off in the form of
carbon dioxide and water, ammonia or free nitrogen. It contained
the elements H, O, N, and C chemically combined; some of the
elements mentioned as occurring in the ash may also occur in organic
compounds.

Source of the Materials.—There are thus only the following
thirteen elements found Jn considerable quantity in the plant:

H, Cl, 0, S, N, P, C, Si and Na, K, Mg, Ca, Fe.

When the plant is growing their amount is continually increasing
in the plant, and they must therefore be continually absorbed from
without.

As a rule, only gases and liquids can enter the plant; solid
substances have to be brought into solution before they can pass
through the firm cell walls. When, however, cell walls are absent, as
in the Flagellates and Myxomyecetes, the naked protoplasm is able
to surround and thus to absorb solid particles.
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The chemical composition of animals is essentially similar to that
of plants. The absorption of food in animals takes place by means
of the digestive system. The contrast is, however, not so great as
appears at first sight, for as a rule the food materials are converted
into a fluid condition before they are absorbed by the cells.

II. The Nutrient Substances : their Absorption and their
Movement within the Plant

The materials taken into a plant may be necessary, unnecessary, or
harmful. In any particular case this can only be decided experi-
mentally, for it would lead to erroneous conclusions to assume that
all substances constantly present in a plant are necessary. It has
indeed been found that only ten of the thirteen elements mentioned
above are indispensable. They enter the plant not as elements but
as compounds. We can distinguish as the three main groups of
nutrient substances—(a) water, (b) salts dissolved in water, (c) gases.

A plant cannot exist without a continual supply of nutrient sub-
stances. This is evident in the case of a growing plant in which the
increase in size of the body is at the cost of the material absorbed
from without. The fully-grown portions of the plant also require a
steady supply of new material, since their metabolism involves a
constant loss of substance.

(a) Water

All the chemical changes which take place in the metabolism of
the plant are carried out in WATERY SOLUTIONS. For this reason
WATER IS AN INDISPENSABLE CONSTITUENT of the plant. All portions
of the plant are permeated with water, and the protoplasm, the basis
of life, always contains 75 per cent or upwards of water. The plant
can only carry on its life fully when in this condition of saturation
with water. Any considerable diminution in the amount of water
either destroys the life permanently, or at least so greatly diminishes
the manifestations of life that they can no longer be observed.

With the exception of some succulent plants whjch are uninjured by the loss
of nine-tenths of their water, plants as a rule have their activity impaired by the
loss of water in withering, and are killed by complete desiceation. It is always to be
regarded as due to some special provision or exceptional quality when entire plants,
or their reproductive bodies which have been dried, can be again brought to life
by a supply of water. Thus, for example, some epiphytic Ferns, some Algerian
species of Isoefes, and the Central American Selaginella lepidophylla, can withstand
droughts of many months’ duration, and on the first rain again burst into life and
renew their growth. In like manner many Mosses, Liverworts, Lichens, and
Algae growing on'bare rocks, tree-trunks, etc., seem able to sustain long seasons
of drought without injury. 1

Seeds and spores after separation from the parent plant can as a rule endure
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drying and remain productive for a long time. In this case also all vital manifesta-
tions cease in the dry condition.

Many seeds lose their power of germination after having been kept dry for only
one or a few years ; others even after a few days ; and others again cannot endure
. drying atall. It must not be forgotten that in all these instances a certain amount
(about 9-14 per cent) of hygroscopic water is retained by plants even when the
air is quite dry. Over the sulphuric acid of the desiccator seeds retain for weeks
6 per cent or more of their weight of water. Even drying at 110°% or the action
of absolute alcohol, can be borne by some spores and seeds.

Absorption of Water

Absorption of Water by the Cell.—All parts of a plant and all
the parts of its inflividual cells are saturated with water. The cell
membrane has the water so freely divided between its minute particles
that the water and the solid substance are not distinguishable under
the highest magnification. If the water is allowed to evaporate, air-
filled cavities do not appear in its place, but a contraction of the
cell wall takes place. On the other hand, the absorption of water by
dry or not fully saturated cell walls causes a swelling of the latter.
The increase in volume which a body undergoes as the result of the
introduction of fluid is termed IMBIBITION (¥); the amount taken up
is limited for a particular temperature. There are substances which
swell in alcohol or xylol; the vegetable cell wall, however, swells in
water. The walls of lignified cells absorb about one-third of their
weight of water, while those of many Algae and some seed-coats
and pericarps absorb several times their weight. This takes place
with considerable energy, and can therefore overcome considerable
resistance.

The airdry protoplasm of many seeds and spores imbibes water
and swells just as does the cell wall. Like gum arabic, however, it
loses the characters of a solid body and passes into a colloidal solution.
This is the condition of the protoplasm, as a rule, in the actively
living cell, though certain portions may have a firmer consistence.
Colloidal solutions have, indeed, always the tendency to pass from
the fluid (sol) condition to the gel condition.

The cell sap is always a molecular solution of crystalloids in
water, but may also contain colloids.

Only a cell which is not completely saturated for water can
withdraw water from its surroundings. It is thus necessary to be
clear as to what is meant by a cell being saturated for water. For
the cell wall the answer is simple; the wall is saturated when the
maximum of swelling has been reached. It is much more difficult to
determine the limits of water capacity for the protoplasm and cell sap.
Taking the latter first, it may be assumed for the sake of simplicity
that it is a solution of crystalloids, and that it is enclosed by the
cell wall only without an intervening layer of protoplasm. If a tube
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of cellulose is filled with a solution, for instance of common salt, and
placed in water, a process of DIFFUSION will commence. Water -
passes into the tube while salt passes out from it. ~Although the wall
of the cell offers greater resistance to the passage of the salt than of
the water, the diffusion if continued long enough will result in the
same concentration being attained at all points both within and
without the cell. A partition which is permeable to both water and
salts thus only affects the process of diffusion by diminishing its
rapidity. When the wall consists of a .substance which is readily
permeable to water but quite simpermeable to the salt, the course of
diffusion is essentially different. If such a SEMI-PERMEABLE MEM-
BRANE is employed, there is no question of a diffusion of the salt, but
the conditions permit of a diffusion of water
inwards. Since within the semi-permeable
membrane a portion of the space is occupied
by the molecules of salt, the water is here less
concentrated than outside. A diffusion from
the more concentrated to the less concentrated
water, therefore, takes place. Such a one-sided
diffusion is termed 0sMosIs (?), and it results in
a condition of pressure (OSMOTIC PRESSURE)
within the cell.

A physical apparatus may, in the first
instance, be employed to demonstrate and
measure the osmotic pressure. Since semi-
F16.236.—Osmometer. 7,Clay  permeable membranes are mostly delicate, they

cell with the precipitation .
membrane (¥); E, mano- ar€ supported by a solid but porous substratum ;
meter with mercury (¢); they may be deposited on the walls of cells of
fuyareacinion. unglazed clay. Such a cell (Fig. 236) may,
for instance, have a semi-permeable membrane
of ferrocyanide of copper deposited on its inside. The cell is then
filled with a solution of sugar, closed, provided with a mercury
manometer, and immersed in water. The osmotic pressure is indicated
by the rise in height of the mercury. It has been found that a
1 per cent solution of cane sugar can give rise to a pressure of # atmo-
sphere. Assuming that the semi-permeable membrane is impermeable
to the dissolved substance, the effect of all solutions of erystalloids is
nearly proportional to the number of molecules and ions present.
Solutions that produce the same osmotic pressure are termed isosmotic ;
thus, for example, 058 per cent NaCl, 27 per cent grape sugar, and
5:13 per cent cane sugar, are isosmotic with 1 per cent potassium
nitrate. i

The clay cell corresponds to the cell wall and the ferrocyanide of
copper membrane to the protoplasm. In the vegetable cell itself the
cell wall is completely permeable apart from some special cases (%).
The layer of protoplasm applied to it, on the other hand, is more or
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less semi-permeable, at least so long as it is living. As a result of
this there is a one-sided passage of water into the vacuole without
any corresponding passage outwards of salts. A further result is
the pressure of the cell contents on the protoplasmic sac and through
it on the cell wall. The protoplasm becomes stretched under this
pressure (turgescence, osmotic pressure) without much resistance, but
the cell wall, by virtue of its elasticity, exerts a considerable counter-
pressure. This puts a limit on the absorption
of water by the cell. It ceases when the | L 23
amounts of water entering and forced through /

the distended membrane in a unit of time are
equal.

It is not necesSary to go further into the
question of the water-content of protoplasm.
It is also necessarily limited, since the proto-
plasm is under pressure on the one side from
the cell sap, and on the other from the cell
wall.

The distension of the cell wall is often con-
siderable and depends on the amount of the
internal pressure and the elastic properties of
the cell wall. In many cases the cell wall is
stretched by the pressure some 10 per cent to "
20 per cent, in extreme cases even 50 per cent, |
and it contracts when the pressure ceases. ;
When the cell is pricked or the protoplasm -
killed, the pressure is removed and the wall con- 6&7
tracts (Fig. 237). By the distension the cell ?j
wall becomes more rigid, just as a thin india-
rubber balloon when air is forced into it resists . 237.—Internodal cell of
changes of shape. The increase of rigidity of  Nitella. F, Freshand tur-
the plant, by reason of the turgor pressure or f:;ﬁi’;fi, g;c;?f' Sl
turgescence, is very important ; it is the simplest,  and narrower, the proto-
and in many cases the only way, in which the  plasm separated from the

> Bre cell walls in folds; ss,
cell becomes rigid. This is dependent naturally  |5¢eral segments. (x cirea
upon the presence of a sufficient supply of water; 6. After Notr.)
if a distended cell is taken from the water and
allowed to give up water in the air, the stretching of the wall disappears,
and with this the rigidity ; the cell wilts. With a fresh supply of
water the turgescent condition can be restored. So long as a cell does
not possess its maximum water-content it acts as a suction-pump, the
degree of suction depending on the deficiency in water. Under such
circumstances it will be evident that cells with highly-concentrated cell
sap will develop the greatest power of suction.

Many chemists regard every molecular watery solution as having
a definite osmotic pressure, whether this is actually effective towards

Q

b~
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the outside or not. A wilted cell which has lost water has more
concentrated cell sap, and in the chemist’s sense the osmotic pressure
has increased. On the other hand, the pressure acting on the mem-
brane has diminished or is completely eliminated. This latter pressure,
i.e. the externally effective osmotic pressure, may be distinguished as
TURGOR PRESSURE, since it brings about the stiffness or turgescence of
the plant. A statement that a cell has a certain osmotic pressure
thus tells nothing as to the height of the turgor pressure ; this will
vary according to the water supply. Given a sufficient supply of
water it is true that the whole osmotic pressure will be expressed as
turgor pressure.

The phenomenon known as PLASMOLYSIS serves to determine the
osmotic pressure. If a turgescent cell is placed in a salt solution
which has a higher osmotic pressure than the cell sap, the pressure on

Fi6. 238.—A young cell from the cortical parenchyma of the tlower-stalk of Cephalaria leucantha.
m, Cell wall; pl, protoplasm ; v, vacuole, I, In water; II, in 4 per cent potassium nitrate
solution ; II1, in 6 per cent solution ; I¥, in 10 per cent solution. (After DE VRIES.)

the membrane is removed and there is a shortening of the cell
followed by a separation of the protoplasm from the wall; this
begins at the angles and ultimately leads to the rounding off of the
protoplast within the cavity of the cell (Fig. 238). It is immaterial
what substance is employed to produce plasmolysis, but the proto-
plasm must be impermeable to it and not injured by it. The reason
why the solution withdraws water from the cell sap is readily under-
stood. Since the external solution contains more molecules and ions
than the internal solution, the water in it is less concentrated ; water
therefore passes from the higher concentration to the lower until
the concentration within and without is the same. If the solution
employed for plasmolysis just effects the separation of the protoplasm
at the angles of the cell, it can be regarded as isosmotic with the cell
sap. Since the osmotic pressure of the solution is known from
physical investigations, we thus arrive at the osmotic pressure in the
cell. Plasmolytic determinations have shown that in ordinary cells
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this amounts to 5-10 atmospheres, but can sometimes be 100 or more
atmospheres. It tends to be unequal even in neighbouring cells,
and may show periodic variations in connection with external
conditions (1°).

The separation of the protoplast from the cell wall does not take place so
smoothly as shown in Fig. 238. The protoplasm tends to remain connected to the
wall by fine strands which rupture later.

On transference to pure water the turgescent condition will be regained, if
the protoplasm has not been injured by the solution. If the protoplasm is killed,
however, it has become completely permeable, and the necessary condition for a
one-sided pressure has disappeared. Fresh living slices of the Sugar Beet and of
the Beet Root when placed in pure water do not allow the colouring matter to
escape from the uninjared cells. If the protoplasm is killed, the pigment passes
into the surrounding water. :

High osmotic pressures are found in cambium cells (25 atmospheres), nodes of
grasses (40 atmospheres), and certain .desert plants (100 atmospheres). The
highest pressures are met with in plants, which like those of the sea and sea-
shore live in solutions of common salt, or like some Fungi succeed in sugar solu-
tions. In these cases also the osmotic pressure of the cell always exceeds that of
the surrounding solution ; it is adapted and capable of regulation in relation to
the medium, and is therefore not always the same (). It is easy to understand
why cells with such high osmotic pressures burst when transferred to less con-
centrated solutions or to pure water, in which their turgor pressure is greatly
increased.

The Absorption of Water by more Complex Plants.—In many
lower plants all the living cells take part in the absorption of water.
In more complex plants only the
superficial cells are in contact with
the supply of water in the environ-
ment, and absorption of water is
limited to them. In the cormus,
at least in the typical land plants,
the a.bsorption of water is limited Fic. 239.—Tip-of a root-kair with adhering
to the epidermal cells of the roots. particles of soil. (x cirea 240. After Norr.)
The sub-aerial parts of the plant,
covered with a more or less strongly-developed cuticle, cannot under
natural conditions absorb sufficient water for the needs of the plant.
The root, on the other hand, is highly specialised for this purpose,
both as regards its external form and the structure of its limiting
layer. Since the water in ordinary soils is finely subdivided and held
firmly by the particles of the soil, a large surface must be exposed
by the absorbing root. This is attained by the extensive branching
of the root-system and by the presence of root-hairs which become
attached to the finest particles of the soil (Fig. 239).

The plant is connected to the soil by the numerous lateral roots
and their root-hairs, and can thus obtain the water held by capillarity
in the soil, as soon as by loss of water a power of suction has arisen
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in the root-hairs. A plant can extract water even from a soil which
appears dry. As absorption from such a soil continues the plant
begins to wilt, but even in this state absorption is still taking place,
though it does not go so far as to obtain the last traces of water from
the soil. -The process continues further in desert plants according to
FITTING, since their cell sap is highly concentrated and can develop
a very strong osmotic suction (12).

Following Sachs, Brices and SHANTZ have determined the water-content of
the soil at the moment of wilting, This they term the coefficient of wilting and
express it as a percentage of the dry weight of the soil. They find that it has
nearly the same value in different plants, but differs widely in different soils.
Thus the coefficient of wilting in coarse sand is 09, in fine sand 2°6-3°6, in sandy
loam 9°9, and in clayey loam up to 16°5.

Other Types of Absorption of Water.—Some plants do not obtain their water
from the soil. They belong chiefly to two distinct ecological groups, the
EPIPHYTES and the WATER pranTs. The morphological and anatomical pecu-
liarities found in relation to the absorption of rain and dew by the sub-aerial
organs have already been dealt with on p. 184. :

Movement of Water in the Plant

That a movement of water from the roots to the aerial parts of the
plant must take place follows from the fact that water is required in
the development of new cells in the growing regions. The plant,
however, requires far more water than is needed for its construction,
because it gives off large quantities of water in the form of vapour,
and a less amount in the liquid form from its aerial portions. The
former process is known as TRANSPIRATION, the latter as EXUDATION.

Transpiration (%)

The vegetable cell, like every free surface of water or substance
swollen with water (e.g. gelatine, mucilage), must give up water to the
air so long as the latter is not completely saturated. Under certain
conditions the loss of water from some parts of plants (e.g. roots, sub-
merged portions, shade plants) is very great. Such objects exposed to
dry air, especially in the sun, lose so much water that they become
collapsed, limp, and wilted, and ultimately dried up. The leaves borne
on ordinary land plants behave otherwise. At first sight no loss of
water is perceptible from them ; but they also wilt during a drought,
which renders absorption of water from the soil difficult. If the supply
of water to them is interrupted completely, as by cutting them off,
the wilting occurs more speedily. That they as a rule do not wilt
when in position on the plant evidently depends on the fact that water
is supplied from below in equal amount to that evaporated from above.
The giving off of water can be demonstrated by simple methods.
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1. If a transpiring part of a plant is covered with a bell-jar that has been pre-
viously cooled, the water vapour given off from the plant will be deposited in the
lignid form on the inside of the bell-jar, just as the aqueous vapour in our breath
condenses on a cold window pane. 2. Transpiration can be very strikingly
demonstrated by the change in colour of cobalt paper; filter-paper soaked in a
solution of cobalt-chloride has when completely dried a blue colour which changes
to red on the presence of water. If a small piece of this cobalt paper is laid on
a leaf and protected from the dampness of the atmosphere by a slip of glass, the
change in colour to red, that commences at once, indicates the transpiration ;
conclusions as to the quantity of water given off may be drawn from the greater
or less rapidity of the commencement and progress of the change in colour.
3. Exact information on this point can only be obtained by weighing experiments.
These show that the loss of water vapour by a plant is usually so great as to be
recorded as a common balance without great difficulty in the course of a quarter of
an hour. No general statement can be made as to the amount of transpiration
from a unit area of transpiring surface, for this depends on many external factors,
e.g. temperature, light, supply of water, etc., as well as on the structure of the
plant. ‘

The process of transpiration takes place in this way. An
epidermal cell exposed to the air will lose some of the iwmbibition
water of its cell wall by evaporation; this would go on until the
cell wall was dried by the air if a reserve of water were not obtainable
from within the cell. This is in fact obtained from the protoplasm,
from which the cell wall, no longer fully saturated, withdraws imbibi-
tion water, and the protoplasm in turn makes good its loss from
the vacuole. The movement of the water affects the interior of
the cell, and brings about a concentration of the cell sap. Thus the
conditions are established for the cell to absorb water from an adjoin-
ing cell which is not itself transpiring, and the loss of water is thus
conducted from the superficial cells where evaporation is taking place
into the depths of the tissue. The amount of transpiration primarily
depends on the permeability to water of the cell wall. If the cell
wall is an ordinary cellulose membrane the amount of transpiration
will be large; when the wall is covered with wax or cuticle, or
impregnated with cuticular substance, it gives off little water. Com-
parative investigations on suitable objects, by means of cobalt paper,
show how the transpiration diminishes with the increase in thickness
of the cuticular layers until it ultimately becomes practically non-
existent. Corky walls behave in the same way as cuticularised
layers. In their outer covering of cork, cuticle, and wax, plants
possess a protection from a too rapid loss of water. A pumpkin, with
its thick cuticle and outer coating of wax, even after it has been
separated from its parent plant for months, suffers no great loss of
water. A potato or an apple is similarly protected by a thin layer
of cork from loss of water by evaporation. The green organs of
plants, on the other hand, which must be able to get rid of the
surplus water in order to secure the concentration of the nutrient
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salts and to reduce their temperature, make little nse of such pro-
tective coverings. On the contrary, it has been seen (p. 168) that
they are provided, besides the adaptations to regulate the transpiration,
with special contrivances for promoting evaporation. Their great surface
extension may be specially mentioned.

Transpiration is not, however, limited to the cells which are directly
in contact with the atmosphere ; an enormous number of internal cells
can get rid of water vapour when they abut on intercellular spaces.
The airfilled intercellular spaces would clearly become after a short
time completely saturated with water vapour were they completely
closed. Communications exist, however, as we have seen, between
the atmosphere and the intercellular spaces, the most important
being the stomata (p. 51). The aqueous vapour can escape by these,
and thus the condition of saturation of the air in the intercellular
spaces is not complete. The water vapour escaping from the stomata
is readily recognised by means of cobalt paper. If pieces of this are
laid at the same time on the upper and lower surface of a leaf that
has stomata only on the lower side, a change of colour will take place
in the cobalt paper on this side, while no appreciable giving off of
water will be shown for the upper side.

It is usual to distinguish stomatal and cuticular transpiration, and
we may thus say that only the stomatal transpiration is of importance in
the typical land plant. In plants inhabiting damp localities the cuti-
cular transpiration becomes considerable. Though the openings of the
stomata are extremely small (the breadth of the pore being 0:007 mm.
and less) so that neither dust nor water can pass through them into the
plant, they are usnally present in such enormous numbers and so suitably
distributed that their united action compensates for their minuteness.
When it is taken into consideration that, as NoLL has shown, a medium-
sized Cabbage leaf (Brassica oleracea) is provided with about eleven
million, and a Sunflower leaf with about thirteen million stomata,
it is possible to estimate how greatly evaporation must be promoted
by diffusion through these fine sieve-like perforations of the epidermis
and of the cuticular membrane which allows practically no water to
pass. BrowN and EscoMBE have shown that the movement of
diffusion through this perforated membrane is as rapid as if no cuticle
were present. If this is correct the question presents itself, why
the plant has constructed such a complicated apparatus instead of
allowing free transpiration from unprotected cells. The explanation
lies in the fact that the stomata not merely facilitate transpiration,
but can stop it; they serve to REGULATE the transpiration, which
a cuticle cannot do. The width of the pore of the stoma can be
altered by changes in the guard cells. When the pore is fully opened
transpiration is maximal, and when it is completely closed transpira-
tion sinks to zero. Since the opening and closing of the pore take
place in accordance with the needs of the plant, the stomata are
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organs which react in a wonderfully purposive fashion.  Opening
is caused by illumination and by a certain degree of humidity of
the air; on the other hand, darkness or dry air effect a closing
of the pore.

The movements of the guard cells are movements of irritability
and are brought about by changes in turgescence. As a consequence
of the peculiar thickening of the elastic cell walls of the guard cells
(p- 52), an increase of the turgor pressure intensifies the curvature
of the cells and a diminution of turgor lessens the curvature. The
former change leads to the opening of the pore and the latter to its
being closed, as will be evident from Fig. 240 without further descrip-
tion (cf. also Figs. 47-49).

The stomata are mainly present on the leaves, which are thus to
be regarded as organs of transpiration (and of assimilation, p. 249).

Fia. 240.—Stoma of Helleborus sp. in transverse section. The darker lines show the shape assumed
by the guard cells when the stoma is open, the lighter lines when the stoma is closed. (After
ScEWENDENER.) The cavities of the guard cells with the stoma closed are shaded, and are
distinctly smaller than when the stoma is open.

The amount of water evaporated from the leaf surfaces is surprising (14).
For instance, a strong Sunflower plant, of about the height of a
man, evaporates in a warm day over a litre of water. It has been
estimated that an acre of Cabbage plants will give off two million
litres of water in four months, and an acre of Hops three to four
millions. For a Birch tree with about 200,000 leaves and standing
perfectly free, Vox HOHNEL estimated that 300-400 litres of water
would be lost by evaporation on a hot dry day; on an average the
amount would be 60-70 litres. A hectare of Beech wood gives off on
the average about 20,000 litres daily. It has been calculated that
during the period of vegetation the Beech requires 75 litres and the
Pine only 7 litres for every 100 grammes of leaf substance. For every
gramme of dry, solid matter produced, 250-900 grammes of water
are evaporated on the average.

It is evident from these and similar experiments that more water is evaporated
in a given time from some plants than from others. These variations are -due to
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differences in the area of the evaporating surfaces and to structural peculiarities
(the number and size of the stomata, presence of a cuticle, cork, or hairy covering,
etc.). But even in the same shoot transpiration is not always uniform. This is
attributable to the fact that, both from internal
and external causes, not only the size of the
openings of the stomata varies, but also that
transpiration, just as evaporation from a surface
_of water, is dependent upon external con-
ditions. Heat, as well as the dryness and
motion of the air, increases transpiration for
purely physical reasons’; while light, for
physiological reasons, also promotes it. From
both physical and physiological causes, tran-
spiration is more vigorous during the day than
night. Plants like Jinpatiens parvifiora, which
droop on warm days, beconie fresh again at the
first approach of night. Information as to the
condition of opening (%) of the stomata can be
obtained by the use of cobalt paper (cf. p. 230)
or by the method of infiltration. If the stomata
are open, fluids such as petroleum, alcohol, ete.,
easily penetrate and inject the whole system
of intercellular spaces ; the leaf thus becomes
translucent. If a strip of black paper is laid
across a leaf the underlying stomata close. On
treatment with alcohol the appearance repre-
F16, 241,—A leaf of Lilac darkened inthe gented in Fig. 241 is then obtained. The open
middle while the ends were exposed t0 o\ giion of the stomata may also be demon-
light, Only the illuminated stomata A r
remain open and allow the absolute Strated by the method of gaseous diffusion.
alcohol to enter. (After Morisca,)  If a red leaf containing anthocyan with its
stomata open is placed in air containing
ammonia, a blue colour develops in a few seconds; this does not take place if
the stomata are closed.

Plants of dry habitats which require to economise the absorbed
water show numerous arrangements which protect them against
excessive transpiration (cf. p. 168). In plants living in very damp
situations, on the other hand, arrangements to further transpiration
are found. When the leaf is able, either by absorption of heat from
without or by the production of heat within itself (p. 276), to raise
its temperature above that of its surroundings, transpiration is still
possible even in an atmosphere saturated with aqueous vapour. In
the process of exudation the plant has a further means of giving off
water even after transpiration has completely stopped.

Exudation (°)

The discharge of water in a liquid state by direct exudation is
not of so frequent occurrence as its loss by transpiration, but is found
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under special conditions, viz. when the plant is saturated with water
and the air is saturated with water vapour. Early in the morning,
after a warm, damp, but rainless night, drops of water may be
observed on the tips and margins of the leaves of many of the plants
of a meadow or garden. The drops gradually increase in size until
they finally fall off and are again replaced by smaller drops. These are
not dew-drops, although they are often mistaken for them; on the
contrary, these drops. of water exude from the leaves themselves.
The drops disappear as the sun becomes higher and the air warmer
and relatively drier, but can be induced artificially if a glass bell-jar
be placed over the plant, or the evaporation in any way diminished.
The excretion of drops from the leaves
can be brought about by artificially forcing
water into cut shoots.

The drops appear at the tips of the leaves
in Grasses, on the leaf-teeth of Alchemilla,
and from the blunt projections of the leaves in
Tropacolum (Fig. 242). They come from so-
called WATER-sTOMATA (p. 113) or throvgh
ordinary stomata, or they are secreted by small
pits or hairs (sometimes by stinging hairs).
All such water-excreting organs are termed
HYDATHODES.

The excretion of liquid water is far more
common in moist tropical forests than in tem-
perate climates. Such exudations of water are
particularly apparent on many Aroids, and drops
of water may often be seen to fall, within short
intervals, from the tips of the large leaves. From g, 949 mxudation of drops of water
the leaves of Colocasia nymphaefolia the exuded  from a leaf of Tropacolum majus.
drops of water are even discharged a short dis- (After NoLL.)
tance, and 190 drops may fall in a minute from
a single leaf, while 1% litre may be secreted in the course of a night. Again,
in unicellular plants, especially some Moulds, the copious exudation of water is very
evident. The water in this case is pressed directly through the cell walls, and
in some cases also, as is the case in water plants, through the easily permeable
cuticle.

Since the excretion of water in the liquid form can occur when
the conditions are unfavourable to transpiration, especially in sub-
merged water plants, it may in a sense take the place of transpiration
in maintaining the current from the water-absorbing organs. Its
physiological significance is not, however, the same as transpiration,
since the expressed water always contains salts, and sometimes also
organic substances in solution. In fact, the quantity of salts in water
thus exuded is often so abundant that after evaporation a slight
incrustation is formed on the leaves (the lime-scales on the leaves of
Saxifrages and the masses of salt in some halophytes, p. 240). In
“some instances, also, the substances in solution in the water may play
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the main physiological part in the process as in the case of  the
secretions of the NECTARIES, of the DIGESTIVE GLANDS of insectivorous
plants (p. 258), and of the STIGMATIC FLUID.-

Bleeding.—Exudation of water may often be observed after a
plant has been.wounded ; it is regularly seen in trees and shrubs
when cut in the spring, and is especially
well marked in the Vine. In shrubs cut
off a short distance above the ground, the
extrusion . of water from the wound is
readily demonstrated. In this weeping
or bleeding of wounds the water comes
from the vessels and tracheides, and is
pressed out with considerable force (ROOT
PRESSURE).

If a long glass tube be placed on the root-
stump and tightly fastened by rubber tubing,
the exuded fluid will be forced up the glass tube
to a considerable height. How great the force of
this pressure is may be shown by attaching to
the stump a manometer (Fig. 243). The column
of mercury will in some cases be forced to a
height of 50 or 60, and under favourable con-
ditions to 140 cm. or more (in the Birch). These
pressures would be sufficient to raise a column of
water 6, 8, and 18 metres high. The amount of
water extruded is greater when the soil is kept
moist and warm ; it coutinues under such con-
ditions, according to the kind of plant and its
stage of development, some days or even months.
The water may amount to many litres: up to

Fi1a. of

248, — Vigorous exudation
water as the result of root-pres-

sure from a cut stem of Dahlia.
The smoothly-cut stem s is joined
to the glass tube g by means

of the rubber tubingc, The water
W, absorbed by the roots from
the soil, is pumped out of the
vessels of the stem with a force
sufficient to overcome the resist-
ance of the column of mercury Q.
(After NoLvr.)

some plants is so great that sugar may be profitably derived from it.

1 litre per day in the Vine, 5 litres in the Birch,
and 10-15 litres in Palms. In parts of plants
that continue bleeding for some time a certain
periodicity in the amount is noticeable ; more is
extruded by night than by day.

The outflowing sap often contains, in addition
to mineral salts, considerable quantities of organic
substances (dissolved albuminous matter, as-
paragin, acids, and especially carbohydrates).
The amount of saccharine matter in the sap of
The sap of

the North American sugar maple, for example, contains  per cent of sugar, and a

single tree will yield 2-3 kilos.

The sap of certain plants is also fermented and

used as an intoxicating drink (birch wine, palm wine, pulque, a Mexican beverage

made from the sap of dgave, etec.).

One inflorescence of Adgave will yield 1000

litres of sap in from four to five months.

Causes of the Excretion of Water (1").—The excretion of drops of water from
intact plants is in part due to an active excretion of water from superficial cells. _
In other cases water is forced into the vessels, and finds a way out at the points of
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least resistance (p. 114). In the phenomenon of bleeding, also, water is forced from
parenchymatous cells into the cavities of the vessels ; although this process takes
place especially often in roots, it is not always absent in the cases of stems and
leaves.

Thus, when fully analysed, all the phenomena described show a one-sided
excretion of fluid from living cells. That this does not always result from the
same cause is indicated by what was stated above, since the fluid is sometimes
nearly pure water, at other times more or less concentrated sap.

1, The conceptions which have been formed regarding the one-sided excretion
of pure water from a cell cannot readily be summarised here.

2. When the excreted fluid contains dissolved substances in considerable
quantity, for example in nectaries, two possibilities present themselves. Either
these substances come from within the cell and the protoplasm must have become
permeable in one direction to them ; or they have been formed from the outer
layers of the wall and withdrawn water from the cell sap osmotically. It appears
that both possibilities are realised. -

Conduetion of Water (18) -

The water, which is partly given off in the form of vapour,
especially from the leaves, and in part exudes in the liquid form from
hydathodes and wounds, has, as a rule, been absorbed by the roots.
It has thus to traverse a path which, even in annual plants, may
amount to some metres, and in the giants of the vegetable kingdom
may be more than 100 m.; the stems of FEucalyptus amygdalina
are 100 m., those of Sequoia gigantea 95 m. in height. Osmotic
passage from cell to cell would bring about the movement of this
water far too slowly to cover the loss. The movement of water for
this purpose, or, as it is called, the TRANSPIRATION STREAM, is prac-
tically confined to the woody portion of the vascular bundles, e.g. the
wood of trees. This is shown by a classical experiment repre-
sented in Fig. 244. At Z in the branch b all the tissues external
to the slender column of wood have been removed. Since the leaves
of this branch remain as fresh as those of the branch ¢, it is evident
that the transpiration current must pass through the wood and not
through the cortical tissues. On the other hand, when a short length
of the wood is removed from a stem without at the same time unduly
destroying the continuity of the bark, the leaves above the point of
removal will droop as quickly as in a twig cut off from the stem.
This experiment can be performed either on intact plants or on cut-
off branches placed in water; the latter for a time, until changes
have taken place at the cut surface, absorb water as actively as
does the intact plant by its roots. When a branch is cut off and the
cut surface is placed in a solution of gelatine, which penetrates for
some distance into the vessels and can then be allowed to solidify,
the wood will be found to have lost its power of conducting water.
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This shows that the cavities of the vessels are essential for water
conduction. In the living plant, however, the vessels and tracheides
always contain air in addition to water, at least when transpiration
is active.

In water plants and succulents, in which little or no transpiration takes place,
the xylem is correspondingly feebly developed. On the other hand, the transpiring
leaf-blades have an extraordinarily riel
supply of vascular bundles ; these anasto-
mose freely, so that any particular point
is sure to obtain sufficient water. The
illustration (Fig. 126) gives some idea of
this irrigation system of a leaf-blade, but,
since the finest bundles are only visible
with the help of the microscope and are
not represented, the system is even more
complex. The conducting tracts in the
stem leading to the leaves form, especi-
ally in trees which grow in thickness, a
wonderfully effective conducting system.
All the wood of a thickened stem does
not serve this purpose ; water conduction
is limited to the more recently developed
annual rings. When a heart-wood (p.
158) is formed this takes absolutely no
part in the process.

There is still uncertainty as to
the forces which give rise to the
transpiration stream. It is natural
to think of a pressure acting from
below, or a suction from above,

: and to regard the former as due to
b sl it o s b et voot-pressure the latter to the pro-
has been entirely removed at Z, and the wood C€SS of transpiration. There are,
alone left, the leaves of the branch b remain however’ a number of reasons
s st s o o the anied ¢ qgaingt ascribing the movement of
illustration in HALES' Vegetable Statics, 1727. the water to root-pressure, and
whether the suction force exerted
by transpiration is sufficient to continuously raise water to the summit
of a high tree appears doubtful. No generally accepted solution of
the much-discussed problem of the ascent of water has yet been
attained.

The following points have to be considered as regards the root-pressure. In
many plants the root-pressure actually observed is very slight or absent. Even
in plants with a powerful root-pressure the -amount of water thus supplied in a
given time is considerably less than that lost in transpiration. With somewhat
more active transpiration, therefore, the root-pressure is not manifested in the
way described above. When an actively transpiring plant is cut across above the
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root, no water is at first forced from the stock ; but, on the other hand, if water is
supplied to it the cut surface absorbs it greedily (negative pressure). Only after
it is fully saturated does the forcing-out of water commence. In nature root-pressure
thus only comes into play when transpiration is greatly lessened, for instance at
night when the air is damp and cool. The most, favourable conditions for this
phenomenon occur in spring when, on the one hand, the wood is richest in water,
and, on the other, the transpiring foliage is not fully developed. On wounding
the xylem the sap then oozes in drops out of the vessels and tracheides. A positive
root-pressure in trees with foliage appears only to occur in tropical forests.

That transpiration induces a suction from cell to cell has been pointed out
above, and it is clear that this suction will be continued from the parenchymatous
cells into the vessels. This suction force can be readily demonstrated.

A cut shoot placed with its lower end in water shows by remaining fresh that
it is able to raise the water to its uppermost twigs. This does not fully exhibit the
amount of suction force which the shoot can exert, for if the latter is connected with
a long tube filled with water it can support a water column of 2 metres or more in
height. If the end of the tube is dipped into mercury even this heavy fluid will
be lifted to a considerable height. Strong and otherwise uninjured branches of
Conifers are able to raise the mercury to the height of the barometric column, and
even higher, without showing signs of wilting. The connection between the end
of the shoot and the glass tube must of course be air-tight. Necessary conditions
for such a suction are on the one hand an air-tight closing of the water-conducting
tracts such as is actually found in the plant, and on the other hand a considerable
cohesive power of the fluid to be raised, which is also found toexist in practice.
The conception is thus reached of a pull exerted by transpiration being conducted,

.owing to the cohesion of the water, to the tips of the roots of a plant. Very
considerable traction forces have been demonstrated in the conducting tracts of
transpiring plants as is assumed by the comEsiox THEORY (*°). This theory is,
however, not yet proved. To transmit the suction downwards, the vessels would
require to be continuously filled with water, while, in practice, columns formed
alternately of air and water are found. When a pull took place the air bubbles
would expand, and in practice air under diminished pressure is found in the
vessels of actively-transpiring branches. When such vessels are cut across under
mercury, this is forced for a considerable distance into the cut vessels by the
force of atmospheric pressure. The supporters of the cohesion theory therefore
assume that other tracts completely filled with water are present, and that those
containing air merely serve as a magazine of water. It is not out of the question
that the living elements always present in the neighbourhood of the vessels and
tracheides may play a part in the raising of the water.

(b) The Nutrient Salts

The nutrient salts which are absorbed by a plant are almost all
met with in the ash; only the compounds of nitrogen are wanting
Thus the following table of the nature of the ash of a number of
cultivated plants affords some insight into the amount and the dis-
tribution of the nutrient salts.

It is seen from this table that the ash-constituents are very
generally distributed but occur in varying proportions in different
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plants and different parts of the same plant.
out by the table in the proportions of the more important phos-
phoric acid and of the less essential silica and lime contained in
Rye and Pea seeds, as compared with the amounts of the same
The Potato contains
much K,0 and little CaO, while the wood of Spruce shows the
opposite condition.

substances in the straw, is worthy of notice.

The difference brought

Ash in 100 parts of ash contain
100 parts of
SHPES dry solid [ :
matter. | K,0 l Nay0 | CaO  MgO |FegOg| MngOy [ P05
|[—

Rye (grain) . . 2°09 32:10 | 1+47| 2:94|11:22| 1-24 47-74
Rye (straw) . . 4-46 22°56 | 1'74| 820 3°10( 191 6°563
Pea (seeds) . . 278 43101 098| 481 | 799 | 083 3590
Pea (straw) . . 513 2290 | 4°07 | 36°82 | 804 172 8056
Potato (tubers). 379 60°06 | 296 | 264 i 493 110 16-86
Grape (fruit). 5°19 5620 | 142 {1077 | 4-21| 087 1558
Tobacco (leaves) 1716 29°09 | 3:21)36:02| 786 1'95 o] 1466
Cotton (fibres) . 1-14 3696 1 18-16 | 17°52 | 536 | 0°60 o 10-68
Spruce (wood) . 021 19°66 ’ 1-87(33:97 | 11-27-| 1-42] 2296 | 212

80, ;Siogy a |

1-28 | 1:37 | 048
4:25 '49°27 | 218
3-42 | 091|159
6:96 | 683 | 564
652 2:04 | 346
562 | 275 152
607 | 577 6771
594 2:40 | 760
264 273 | 0°07

i

In the preceding table the figures do not express absolutely constant proportions,
as the percentage of the constituents of the ash of plants varies according to the
character of the soil.

The mineral substances which form the ash were at first regarded‘

as accidental impurities of the organic substance of the plant.

But

every attempt to obtain a plant free from mineral substances shows
that they form essential constituents.

It was first asserted by BErTHOLLET (1803), and afterwards
emphasised by KARL SPRENGEL (1832), and later by LIEBIG, that the
mineral salts contained in plants were essential constituents of plant
food. Conclusive proof of this important fact was first obtained in
1842 by the investigations of WIEGMANN and POLSTORFF.

This conclusion can be reached by two methods, which at the
same time show whether all or only certain of the substances in
the ash are necessary. The first method is to cultivate the plant
in an artificial soil composed of insoluble substances such as platinum,
pure carbon, pure quartz, with which the substances to be investi-

gated can be mixed.
is more convenient.

in water instead of in the earth.

The second method, that of WATER CULTURE,
Many plants are able to develop their root-system

It is thus possible to add to the

water the elements found in the ash in various combinations, and so

to ascertain which elements are necessary and which superfluous.

As

Fig. 245, I, shows, the plant (Buckwheat) succeeds well in such a
food solution if of suitable composition; it can form roots, shoots,
flowers, and fruits, and increase its dry weight a hundredfold or a
thousandfold, just as if it were growing in the soil.

In distilled
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water, on ‘the other hand, while the plant begins to grow normally,
the growth soon ceases entirely, and only a very dwarfed plant is
produced.

Culture solutions of various composition are used (1). Kxor's solution
contains —water 1000, calcium nitrate 1, magnesium sulphate 025, acid potassium
phosphate 025, potassium nitrate 0-25, and .
a trace of ferric chloride. The solution of
v. p. CrONE, with almost completely insoluble
compounds of phosphoric acid and iron, appears
in some cases to give better results (water
1000, potassium nitrate 1, potassium sulphate
0°5, magnesium sulphate 0°5, tertiary potassium
phosphate 025, ferrous phosphate 0°25).

From such water cultures it results
that the typical land plant succeeds satis-
factorily if supplied with the elements
K, Ca, Mg, Fe,and H, O, S, P, N, if
in addition O and C (the latter as carbon
dioxide) are available in the atmosphere.
There are thus in all ten elements
which must be regarded as indispensable
food-materials. Of these the seven
which remain after excluding H, O, and
C concern us here, since the plant obtains
them as nutrient salts from the soil or
water. Six of these seven are found in
the ash, while the nitrogen escapes on
combustion in the form of volatile com-
pounds. That these seven elements are
completely indispensable is shown by
the fact that if a single one is wanting
its loss cannot be made good by an
excess of the others, or by the presence
of a related element.

Thus, for example, potassium cannot, as
a rule, be replaced by sodium, lithium, or FIc. 245.—Water cultures of Fagopyrum
rubidium. Lower organisms (Algae, Bacteria SOBIER  cH T8 paticny solutign
y o g. o 'd containing potassium ; II, in nutrient
Fungi) are able to do without Ca. The absence solution without potassium. Plants
of a single necessary element is shown either  reduced to same scale. (After Nosse.)
by the feeble and dwarfed development of the
plant (Fig. 245, 17, absence of potassium) or by characteristic changes in the plant,
The best known of these is the effect of absence of iron, in which case the plant
does not become green (chlorosis). Injurious effects of poisoning are shown when
calcium is lacking.

More accurate consideration shows that it is not correct to speak
of definite elements which are indispensable to the plant. Just as a
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mixture of the elements H and O is not a substitute for water, it is
not sufficient to supply the plant with the elements contained in the
nutrient salts either as elements or in any of their combinations.
Thus metallic potassium or pure sulphur are of no use. The plant
requires particular salts or, since these in part dissociate in water,
particular ions. Necessary kations are K+, Ca++, Mg*+, Fe++ (or
Fet+++), while SO, -, H,PO,~ and NO,~ are necessary anions. While
phosphorus and sulphur can only be utilised in these combinations,
the nitrogen can also be obtained, although not always so usefully in
the form of the kation NH,*.

The method of water culture has not only shown the necessity for
certain salts, but also that many substances, especially sodium, chlorine,
and silicon, which the plant usually absorbs can be done without.

Even in halophytes, in which it is present in greatest quantity, sodium is not
indispensable. These plants live in soils rich in sodium chloride not because this
substance is necessary to them but because they bear it better than other plants
do. The concurrence of these in such localities is thus prevented. The character-
istic succulent construction of halophytes (Fig. 195) is more or less completely lost
in the absence of common salt. Sodinm appears to be indispensable to the Diatoms
and some Seaweeds (¥).

Silicon is not indispensable to Eqmsetum and Grasses which contain considerable
quantities of 8iO, ; on the other hand, it is requisite to the Diatoms, the cell walls
of which are almost entirely composed of silicic acid, and owe their permanence
to this. The cell walls of Diatoms form considerable geological deposits of siliceous
earth or kieselguhr. Aluminium (*!), while generally distributed in small quantities,
is only absorbed in considerable amount by a few plants (e.g. species of Lycopodium) ;
whether useful or indispensable to these is not established. On the other hand,
although scarcely a trace of iodine can be detected by an analysis of sea-water,
it is found, nevertheless, in large quantities in seaweeds, so much so that at one
time they formed the principal source of our supplies of this substance. Whether
it is essential to these plants is not known.

The substances which, as culture experiments show, are not indispensable for
the life of the plant are, however, of use in so far as they can replace for some
purposes (such as the neutralisation of free acids, etc.) essential elements of plant
food. The latter are thus available for the special purposes for which they
are indispensable. Thus K can be partially replaced by Na, and Mg by Ca.
Certain other substances, although not indispensable, are of use in the plant
economy and of advantage to growth. For example, Buckwheat flourishes
better when supplied with a chloride, and the presence of silica is advantageous
as contributing to the rigidity of the tissues. It has also been found ‘that the
presence of certain substances which are not of direct use may inhibit the poisonous
action of other substances some of which are necessary.

Absorption of Nutrient Salts.—The nutrient salts can only be
absorbed by the superficial cells of the plant when in solution. The
question has to be considered in what way the dissolved substances
reach the vacuole through the cell wall and the protoplasm. It was
seen in connection with plasmolysis (p. 226) that the protoplasm is
semi-permeable, i.e. permeable to water but not to dissolved substances.
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If the protoplasm were really quite impermeable to the salts that
have been considered above, not even traces of them could enter the
cell cavity. Practically, however, the impermeability of the protoplasm
is perhaps not absolute for any substance; there are all grades, from
substances that pass through the protoplasm as easily as water, to
those that are almost incapable of passing through it. Alcohol, ether,
chloral hydrate, numerous organic pigments, and, lastly, very dilute
acids and alkalies, diffuse with special rapidity.

The permeability of the protoplasm is not always the same, and
may be regulated according to the requirements of the cell (32). The
salts of alkalies, for example, determine an increasing impermeability
as regards themselves, and the salts of the alkaline earths can also
dlmlnlsh permeablhty for the alkaline salts. The absorption or not of
a substance is determined not by the whole protoplasm but by its
external limiting layer. In the further passage of the substance, from
the protoplasm “into the cell sap, the wall of the vacuole exercises a
similar power of selection. The cause of the SELECTIVE POWER, by
reason of which different cells can appropriate quite distinct con-
stituents or substances in different amounts from the same soil, is to
be sought in this most important property of the limiting layers of the
protoplasm.

From the same soil one plant will take up chiefly silica, another lime, a third
common salt. The action of Seaweeds in this respect is especially instructive ;
living in a medium containing some 3 per cent of common salt and poor in
potassium salts, their cells, nevertheless, absorb relatively little common salt, but
accumulate potassium salts.

Every substance to which the limiting layers of the protoplasm
are permeable must ultimately reach the same concentration in the

“vacuole as in the solution outside the cell when its absorption would

cease. Practically it often enters in much greater amount than this.
Thus, for example, only a trace of iodine is present in sea-water,
but may be accumulated in such quantities in seaweeds for these to
become a source from which it is commercially obtained. The cell
has not only a selective power, but is also able to store up materials
by converting them into insoluble or indiffusible forms.

Certain organic pigments (®) such as methylene blue are especially suited to
demonstrate the entrance and accumulation. Many cells contain tannins in their
vacuoles, and these substances form with the entering pigment a compound which
is indiffusible or quite insoluble. For this reason the vacuole becomes deeply
coloured or has blue precipitates, thongh the solution of methylene blue employed
is extremely dilute. It is noteworthy that the protoplasm itself remains un-
stained and is not in any way injured ; the pigment would be accumulated in
dead protoplasm.

Under natural conditions some plants absorb the nutrient salts
from water as do the plants in a water-culture experiment. This is

o
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the case in many water plants in which the whole external surface is
of use in absorption. Since the salts only exist in very dilute solution
in the water, the need of an extended surface for this purpose is
readily understood ; this in part explains the frequent occurrence of
finely divided leaves in water plants. The salts dissolved in the water
are not, however, sufficient for all aquatic plants; many absorb
substances from the soil underlying the water by means of their roots,
and do not succeed when deprived of roots.’

As a rule in the higher plants the salts are absorbed from the soil.
The salts contained in the nutrient solution described above, or similar
compounds, are constantly present in the water of the soil; some of
them, however, in such small amount as only to suffice for the growth
of plants for a short period. Other sources of supply of the food-salts
must exist when such growth continues. In fact, the amount of salts
dissolved in the soil-water is no measure of the fertility of the soil.
The soil always contains food-salts, partly in an absorbed condition,
and partly in mineral form which the plant has to render accessible.
This is effected mainly by the excretion of carbonic acid from the root-
hairs. Many substances are much more readily soluble in water con-
taining carbonic acid than in pure water.

The solution of solid rock by the plant may most readily be shown by allowing
the roots to grow against smooth polished slabs of marble ; the course of the roots
is indicated by the etching of the surface.

There are other cases in which stronger acids than carbonic acid excreted by
the plant are concerned in bringing minerals into a soluble form. This can hardly
be doubted when felspar and mica are dissolved by certain Lichens (*). Fungi
and Bacteria also frequently produce and excrete solvents of this kind during their
metabolism, and may have a similar effect on insoluble substances in the soil.

Some soils, especially those containing much clay, lime, or humus, have the
property of retaining potassium and ammonium salts, and in less degree salts of
calcium and magnesium, as well as phosphates ; these substances are not easily
washed out of the soil but can be obtained by plants. This is spoken of as the
power of absorption of the soil for the substances in question. This does not hold
for all salts ; thus, for instance, sulphates and nitrates are not absorbed. Absorp-
tion is completely wanting in a pure sandy soil.

When the substratum contains, in addition to water and nutrient
salts, dissolved organic substances, these may be absorbed in the same
way. Water cultures show, however, that at least the typical green
plant is not dependent on such substances. It is otherwise with the
Fungi and other plants which resemble them in metabolism (p. 255).34

In addition to water and nutrient salts dissolved gases may also be
absorbed by the roots. As a rule only oxygen need be considered.
The main source from which gases are absorbed is the atmosphere

Transport of the Nutrient Salts.—The salts do not remain in
the epidermal cells of the root or shoot but pass from the place of
absorption through.the whole plant. This takes place in two ways,
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by DIFFUSION and by CONDUCTION. Necessary conditions for diffusion
are that the cell wall and protoplasm should be permeable for the
substance in question, and that there should be a difference in its
concentration between the starting place and termination. In the
transport from one vacuole to that of the neighbouring cell the
substances must first pass into the protoplasm, then into the cell
wall, then again into the protoplasm, and finally into the vacuole.
The cell walls, at all events when thick, appear to offer special
difficulty in the process. On this account all thickened cell walls
are provided with thin places (pits), and the pit membranes are
traversed by fine protoplasmic threads (plasmodesms, p. 44). In
the sieve-tubes the pit membrane is absorbed, and thus coarser
strands of protoplasm connect the one cell with its neighbour. The
investigations of BROWN and EScoMBE have shown that a finely per-
forated septum, if the perforations are a certain distance apart, offers
no obstacle to diffusion (%).

Movements of diffusion may also take place within a cell if dissolved
substances are not at the same concentration throughout the cell.
Movements of diffusion proceed quite slowly. The rapidity with
which mixing occurs may be greatly hastened if a movement in
mass be added to that due to diffusion. In common life and in the
laboratory this is effected by shaking the solution, and within a cell
the same result may be obtained, e.g. by the protoplasmic movements.
The greater the length of a cell the more suitable is it for conducting
material through the plant, since the slow diffusion movement need
only take place at long intervals, i.e. at the ends of the cell; in the
intermediate portion movements of mixing play a large part.

‘When a plant requires more rapid transport of materials the
nutrient salts are conveyed in the plant by the transpiration current.
It is thus not merely water but a very dilute food-solution that is
conducted by the vascular bundles, and the unse of transpiration is, in
the first place, to concentrate this nutrient solution and, in the second,
to bring it quickly to the proper parts of the plant. Apart from this
result it would be difficult to understand the process of transpiration,
and the plant would certainly have found means of limiting it. When
it is actually checked (cf. p. 168), we have to do with plants which
grow slowly on account of the poor supply of salts, and also it is true
of carbonic acid.

Nutrient Salts and Agriculture.—Since the plant thus continues
to absorb nutrient salts from the soil, this must become poorer in the
particular substances unless the loss is repaired in some way. In
nature this results from the fallen and dead parts of plants returning
to the soil, and the salts contained in them becoming available for
further life. Tn agricultural practice, however, a large proportion of
the vegetation is removed in the crop, and the salts it contains are
thus lost to the ground; at the most a fraction may be returned to
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the soil in the dung of grazing animals. The effect of manure in
increasing growth, which has for ages been known to practical men,
depends at least in part on the salts contained in it. Since, however,
the amount of salts thus returned to the soil is insufficient to meet the
loss, artificial manuring is required in agricultural practice (*°).© The
first place among manures must be given to those which contain
nitrogen, potassium, and phosphoric acid.  Nitrogenous substances
which are used besides guano (which also contains phosphoric acid)
are Chili saltpetre, ammonium sulphate, calcium cyanamide, and
calcium nitrate ; the two last have recently been artificially prepared
from atmospheric nitrogen. Potassium is present in the Stassfurt
waste salts, of which kainite is the most important since it also
contains MgSO,. As an important source of phosphorus, the so-called
Thomas slag may be mentioned ; this substance is formed in working
ores containing phosphorus, and consists of triple phosphate of calcium.
It can only be utilised by plants when in a state of very fine sub-
division, as what is known as “Thomas-meal.” Superphosphate is
obtained by the treatment of potassium phosphate with sulphuric acid.

The Soil and Plant Geography.—From what has been said it
might be concluded that a soil capable of supporting one kind of plant
must be able to support any other species. Plant geography (%),
however, shows that the composition of the soil exerts a great influence
on the distribution of plants. This depends, on the one hand, on the
fact that different plants make different demands on the amount and
solubility of the essential food-materials, and, on the other, upon the
presence in the soil of substances other than the indispensable salts ;
the influence of these non-essential substances is different upon different
species of plants. For example, CaCo, has a poisonous effect on some
plants, and NaCl upon others, while other plants can endure large
doses of these substances.

The effect of the soil upon the distribution of plants does not depend merely
upon its chemical nature. The physical properties of soils play an important réle.
Further, a plant may be absent from a locality, which, so far as the nature of the
soil is concerned, would be suitable, because its seeds have never been brought to

the spot.

(e) Gases

While water and salts are, as has been seen, as a rule absorbed from
the soil, the air contains substances which are necessary to the success-
ful existence of the plant, and must be termed food-materials. These
are carbon dioxide and oxygen. They are, as a rule, obtained from
the atmosphere. Only submerged water plants obtain them from the
water, in which case they are absorbed in the same way as other
dissolved substances.

Oxygen.—When a plant is deprived of oxygen, all vital manifesta-
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tions usually cease. Since oxygen is also essential to the human
organism, this fact does not seem surprising (cf. p. 273).

Carbon Dioxide.—It appears at first sight much less self-evident
that carbon dioxide should be indispensable to the plant, and yet
this is the case. While no source of carbon is offered to the plant
in a water culture, it grows in the food-solution, and accumulates
carbon in the organic compounds of which it consists; the only
possible conclusion is that the plant has utilised the carbon dioxide of
the atmosphere. Carbon dioxide is present in ordinary air in the pro-
portion of 003 per cent. If such air is passed over a green plant
exposed to bright light, it can be shown that the carbon dioxide
diminishes in amount or disappears. Colourless parts of the plant, or
organisms like the fungi which are not green, behave differently ; they
absorb no carbon dioxide. If a green plant is placed in a bell-jar and
supplied with air freed from carbon dioxide, its growth soon stops, and
increase in dry weight ceases completely. Carbon dioxide is thus an
indispensable food-material, and is evidently the source from which the
plant obtains its carbon. The small proportion of this gas present in -
the atmosphere is quite sufficient for the nutrition of plants (p. 251).
A supply of organic compounds of carbon in the soil or culture solution
does not enable a plant to dispense with the carbon dioxide of the air ;
in any case CO, is the best source of carbon for the green plant which
we are at present considering. Neither is it sufficient to supply such
a plant with carbonic acid in the soil or culture solution; it requires
to be supplied directly to the leaves.

Other Gases.—Oxygen and carbon dioxide are the only gases
which are necessary to the plant. For most plants the nitrogen of
the atmosphere is of no use (cf. p. 259).

Absorption of Gases.—Carbon dioxide and oxygen in part enter
the epidermal cells, and partly pass by way of the stomata into the
iutercellular spaces, from which they reach the more internal tissues.

There are no air-filled canals or spaces in the cell wall or the
protoplasm through which gases could diffuse into the cell. Thus
absorption of gases is only possible in so far as they are soluble in
the water permeating the protoplasm and wall. The gases behave
like other dissolved substances and diffuse into the cell. They
diffuse through cell walls more easily the richer in water these are.
The ordinary cell wall, when in a dry condition, hardly allows gases
to diffuse through it (*8); in nature, however, the cell wall is always
more or less saturated with water. The cuticle, on the other hand, has
very little power of imbibing water, and places considerable difficulty
in the way of any diosmotic passage of gases; it is not, however, com-
pletely impermeable.

The gaseous diffusion takes place rather through the substances

" with which the cell wall is impregnated than through the substance

of the wall itself. Since carbon dioxide is much more readily
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soluble in water than is oxygen, it will be evident that it will
pass more rapidly through a cell wall saturated with water than
oxygen will. In all probability this holds for the cuticle as well.
Since, however, the partial pressure of the oxygen in the air is
relatively considerable, while that of carbon dioxide is very slight,
oxygen can pass in sufficient quantity through the cuticle, but carbon
dioxide cannot; on this account we find that all organs which only
require to absorb oxygen are unprovided with stomata, while organs
which absorb carbon dioxide always have stomata.

In the soil as well as in the air, plants,as a rule, find so much oxygen that this
gas is able to pass through the epidermis. Organs which live in swampy soil
e which is poor in oxygen form an exception to this.
In marsh plants, which stand partly in the air, the
large intercellular spaces form conmecting canals
through which the atmospheric oxygen without
being completely used up can reach the organs grow-
ing deep in the swampy soil and cut off from other
supplies of oxygen. In some cases (especially in
Palms and Mangroves) the need of a supply of oxygen
to such roots is met by specialised roots (PNEUMATO-
PHORES) which project vertically from the muddy
soil (Fig. 188), and absorb oxygen from the air.

The efficiency of the stomata in gaseous exchange

varies with the width to
which the pores are open.

The closure of the pores of

1 ﬁ% the stomata, which may be

NN Y broughtabout in maintain-

f]ﬁ: = L J ing a sufficient supply of

water, not only arrests
Fic. 246.—Diagram of an experiment to demonstrate the transpiration, but also pre-
movement of air through the stomata. vents the entrance of CO,

into the plant.

It has been seen in considering the giving off of water vapour that the stomata
in spite of their small size facilitate diffusion on account of their enormous
numbers and their distribution. This also applies to the absorption of carbon
dioxide. Thus, for example, a square metre of the surface of a Catalpa leaf absorbs
about two-thirds the amount of carbonic acid gas taken up in an equal time by the
same area of potash solution freely exposed to the air.

i
St

The Movement of Gases from cell to cell and their interchange
between the cells and the intercellular spaces takes place by diffusion.
In the intercellular spaces movements in mass due to pressure are
concerned. Unequal pressure is set up by the warming or cooling
of the air in the intercellular spaces, or by movement of the part of
the plant leading to changes of shape. The intercellular spaces form
a highly-branched system of cavities communicating with one another
and with the atmosphere. The communication with the outside is
effected in the first instance by the stomata, and also by the lenticels
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and organs of similar function (p. 59); both diffusion and move-
ments in mass of the gases go on through these openings.

- That the intercellular spaces were in direct communication with each other, and
also with the outer atmosphere, was rendered highly probable from anatomical
investigation, and has been positively demonstrated by physiological experiment.
It is, in fact, possible to show that air forced by moderate pressure into the inter-
cellular passages makes its escape through the stomata and lenticels ; and con-
versely, air which could enter only through the stomata and lenticels can be drawn
out of the intercellular passages. The method of conducting this experiment can
be seen from the adjoining figure (Fig. 246). The leaf-stalk of an uninjured leaf
of Nymphaea is introduced into a glass cylinder which has been filled with and
inverted in water. The leaf-blade is under atmospheric pressure ; the pressure
on the cut end of the petiole is less than this by a few centimetres of water. This
difference is, howeyer, sufficient to maintain an active current of air from the eut
petiole. That this air enters by the stomata is shown by the stream ceasing when
the upper surface of the leaf is submerged and the stomata thus cut off from the air.

Intercellular air-spaces are extensively developed in water and marsh plants
(cf. p. 165), and may form two-thirds of their volume. The submerged portions
of water plants unprovided with stomata thus secure a special internal atmo-
sphere of their own, with which their cells maintain an active interchange of
gases. This internal atmosphere is in turn replenished by slow diffusion with the
gases of the surrounding medium. As regards the rest of their gaseous interchange,
these plants are wholly dependent on processes of diffusion, since stomata, etc., are
wanting. Plants which possess these organs may also obtain gases by diosmosis
if the cuticle of their epidermis is permeable to gases.

III. The Assimilation of the Food-Materials

The plant grows and continues to form new organs; for these
purposes it continually requires fresh supplies of food-materials. The
materials of the food become changed after their absorption, and the
substance of the plant is built up from them. They are said to have
been ASSIMILATED. By assimilation is understood the transformation
of a food-material into the substance of the plant. Those pro-
cesses of assimilation in which profound changes take place, e.g. the
change from inorganic to organic compounds, are especially interesting.
This is particularly the case when we are still unable to experimentally
bring about the reaction outside the organism.

A. ASSIMILATION OF CARBON
1. Assimilation of Carbon Dioxide in Green Plants

The assimilation of carbon dioxide by a green plant is a process of
the kind referred to in which organic substance containing carbon is
derived from carbon dioxide. In the assimilation of carbon dioxide,
soluble carbohydrates such as grape-sugar are formed in the chloro-
plast under the influence of sunlight. If we assume that the carbonic
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acid gas of the atmosphere (carbon dioxide, CO,) becomes on its solu-
tion in the cell H,CO,, the formation of sugar would take place in two
stages. In the first, oxygen would
be given off and formaldehyde (?57)
formed :

H,C0,=H,CO + 0,

In the second stage the aldehyde
is polymerised to sugar :

6H,C0 = C,H,,0,.

In any case, for every volume
of carbon dioxide which disappears
an equal volume of oxygen makes
e its appearance. It has been shown
i e by eudiometric measurements that

S i this is the case (WILLSTAEITER).

ke =t Mg The oxygen given off can, how-
SR ever, even when it is only detected

3 NEORTY qualitatively, be used as an indi-
SESESL cator of the decomposition of the

! ‘ A carbonic acid. Thus, when a plant
is enclosed along with phosphorus
in a space free from oxygen and
it 1 exposed to light, the formation
E i e -~ of oxygen is shown by the white
Sc . = — = fumes given off from the phos-
e phorus. Another means of draw-
Fia. 247.—Evolution of oxygen from assimilating ing conclusions as to the production
plants. In the glass cylinder C, filled with of oxygen by a green p]a,nt is

water, are placed shoots of Elodea canadensis ; L
the freshly-cut ends of the shoots are intro- afforded by the movements of

duced into the test-tube R, which is also full certain Bacteria which pI'eViOUSI}’

of wate;. The glz;s I;ul;;bgas li,lristingdfr:);n tl;he lay motionless in the water (p
;‘;i;x;:::t’_tcsbzc (the.r No,Li,; "m0 331).  The clearest demonstration

. of assimilation is obtained by using

certain water plants such as Elodea or Potamogeton. If cut shoots or
leaves of these plants are submerged in water and exposed to light, a
brisk continuous stream of bubbles comes from the cut surface. If the
gas is collected in considerable quantity in a suitable apparatus, e.g. in
a test-tube (Fig. 247), it can be shown to consist not of pure oxygen

but of a mixture of gases rich in oxygen; a glowing splinter bursts
into flame in the gas.

The appearance of the bubbles of oxygen is explained in this way. The carbon
dioxide dissolved in the water enters the green cells of the plant by diffusion and is
there decomposed. The oxygen given off is much less soluble than carbon dioxide
and therefore appears in the gaseous form., It passes into the intercellular spaces,
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causing there an increase of the pressure, and this is the cause of the appearance of
bubbles of gas at every wounded surface.

The foundations of our knowledge of the assimilation of carbon
dioxide by the green plant were laid, in the end of the eighteenth
and beginning of the nineteenth centuries, by PRIESTLEY, INGEN-
HOUSS, SENEBIER, and TH. DE SAUSSURE. The discovery is of
extraordinary significance, for THE FORMATION OF ORGANIC MATERIAL
FROM CARBON DIOXIDE BY THE GREEN PLANT IS THE PROCESS WHICH
RENDERS POSSIBLE THE LIFE OF ALL OTHER ORGANISMS AND IN
PARTICULAR OF ANIMALS UPON THE EARTH (cf. p. 255).

By means of the gas-bubble method it is easy to bring proof of
the statement made above that only the green parts of plants, and
these only in light, are able to assimilate CO,. Thus the stream
of bubbles from an Elodea which goes on briskly at a brightly-lit
window becomes slower as the plant is brought into the middle
of the room, and ultimately ceases when the intensity of the light is

2 o E
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Fic. 248,—Absorption spectrum of chlorophyll according to Gr. Kraus, The Fraunhofer lines

(B, C, etc.) are indicated above and the wave-lengths (700 zx~400 ) below, The black and
shaded regions are those where the light is absorbed or weakened.

still such as to allow our eyes to read. ~Within certain limits
assimilation increases in proportion to the intensity of the light.
Similar experiments may be carried out using artificial sources of
light. They show that all the methods of illumination in common
use may be effective in the assimilation of CO,. The rays of different
wave-length are by no means of equal use in assimilation.

The ultra-red and ultra-violet rays have very little effect, and the assimilatory
activity is almost entirely limited to the rays of a wave-length from about 0'4 u
to 0'8 u which are perceived by our eyes. Within these limits light of a wave-
length of about 0:68 x has undoubtedly the greatest effect ; this is the wave-length
at which the maximum absorption of light by chlorophyll occurs (Fig. 248). In
other regions of the spectrum also, according to UrRsPRUNG, there isa correspondence
between the absorption of light and assimilation. It is true that the assimilation
in blue and violet light is not so great as the absorption bands would suggest ;
according to UrsrruNG this depends on secondary causes.

_ Since sunlight is in nature an indispensable factor in CO, assimila-
tion 1t becomes at once clear why certain organs of the plant, the
foliage leaves, have a flat expanded shape. Their large surface fits
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them to absorb the light. If their function of CO, assimilation is
to be well performed the foliage leaves must not only have a large
surface but also be thin. Practically it appears that light which has
passed through one or two foliage leaves is unable to exert any further
assimilatory effect. The leaves must, however, contain a very large
number of chlorophyll grains. Their dark green colour shows that
this is the case, and microscopical examination confirms this. Stems
have far fewer chloroplasts than the leaves, and the roots and other
subterranean organs have none at all.

Every investigation shows that organs without chlorophyll are
quite unable to assimilate carbon dioxide. This holds not only for
the organs of the plant but for the parts of the cell. The colourless
protoplasm and the nucleus of the cell give off no oxygen when
exposed to sunlight; this can readily be proved by the bacterial
method (p. 248). The chloroplasts alone are the active organs in CO,
assimilation, and only when they contain chlorophyll; etiolated or
chlorotic chloroplasts are not functional.

In the red-leaved varieties of green plants, such as the Purple Beech and Red
Cabbage, chlorophyll is developed in the same manner as in the green parent
species, but it is hidden from view by a red colouring matter in the epidermis or
in deeper-lying cells. In the Red Algae, on the other hand, the chromatophores
themselves have a red colour ; after death a red pigment (phycoerythrin) becomes
free, leaving the chloroplasts green. Regarding the pigments in the Phaeophyceae
and the Diatomeae cf. p. 19.

In studying the effect of different kinds of light upon assimilation, it is custom-
ary either to use the separate colours of the solar spectrum, or to imitate them by
means of coloured glass or coloured solutions, ScHOTT and others have employed
red and blue glasses or double-walled bell-jars filled with suitably-coloured
solutions.

Only a relatively small percentage of the light which falls on the
leaf and is absorbed is utilised in the assimilation of CO, (**). That,
however, light must disappear as such in CO, assimilation is clear, for
from what other source than the energy of light could the energy be
obtained that is stored up in the organic substance formed in assimila-
tion ¢ This potential energy of the organic substance of the plant
serves to maintain the vital processes. The force exerted by our
steam-engines is also to be traced to the assimilatory activity of the
plants, the wood or the carbonised remains of which are burnt
beneath its boiler. In the combustion of the reduced carbon com-
pounds to carbon dioxide the energy, which was previously required
to transform carbon dioxide into the combustible materials, again
becomes free.

The assimilatory activity of a chloroplast, like every vital function,
is dependent on a number of internal and external factors. To the
internal factors belong the presence of the pigment chlorophyll and
its situation in a living chloroplast. Chlorophyll itself, separated from
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the plant, is as little able to decompose the carbon dioxide as is a
chloroplast which for any reason has not developed the characteristic
pigment (chloroplasts developed in the dark or in the absence of iron,
leucoplasts of subterranean parts or of epidermal cells) or has lost it
(chromoplasts). Since, however, assimilation is not proportional to the
amount of chlorophyll, it is necessary to assume with WILLSTAETTER (*°)
that in addition to the pigment another factor is essential, whether
this is the protoplasm of the chloroplast or an enzyme which it contains
(p. 264). -
Among external factors sunlight as referred to above must b
mentioned first, and next the presence of carbon dioxide. Since the
latter is only present in small proportion in the air, the life of plants,
and with this the existence of all organisms, would ultimately cease
were not fresh supplies of carbon dioxide continuously produced.
Estimating the amount of carbon dioxide in the atmosphere at 2100
billion kilogrammes and the annual consumption by green land plants
at 50-80 billion kg., the supply would be used up in some thirty
years (302).

The air is continually receiving new supplies of carbonic acid through the
respiration and decomposition of organisms, through the combustion of wood and
coal, and through volcanic activity. An adult will exhale daily about 900 grammes
CO, (245 grammes C). The 1400 million human beings in the world would thus
give back to the air 1200 million kilos of CO, (340 million kilos C). The CO,
discharged into the air from all the chimneys on the earth is an enormous amount.
In Germany alone in 1911, besides 73 million tons of brown coal, 161 million
tons of coal were used ; the latter would produce some 400,000 million kg. of
carbon dioxide, which is about 1/5000 of the total amount in the atmosphere.
Animals produce large amounts of carbon dioxide in respiration, as also do plants,
including fungi and bacteria (especially the bacteria of the soil).

The fixation of carbon dioxide by green plants and the production of carbon
dioxide in the ways referred to are approximately equivalent. The amount of
carbonic acid gas contained in the air varies at different times and places. It
has been found that in 10,000 litres of air it was 2°7 to 29 litres in July, 3+0-3'6
litres in the winter; close to the ground 12-13 litres were present in the same
volume. The average amount is about 3%-3% litres in 10,000 litres of the
atmosphere. This weighs about 7 grammes, of which % is oxygen, and only 4
carbon. Only 2 grammes of carbon are thus contained in the 10,000 litres of air.
In order, therefore, for a single tree having a dry weight of 5000 kilos to acquire its
2,500,000 grammes of carbon, it must deprive 12 million cubic metres of air of their
carbonic acid. From the consideration of these figures, it is not strange that the
discovery of INGENHOUSs was unwillingly accepted, and afterwards rejected and
forgotten. LIEBIG was the first in Germany to again call attention to this discovery,
which to-day is accepted without question. The immensity of the numbers just
cited are not so appalling when one considers that, in spite of the small percentage
of carbonic acid in the atmosphere, the actual supply of this gas is estimated at
about 2100 billion kilos, in which are held 560 billion kilos of carbon. The
whole carbon supply of the atmosphere is at the disposal of plants, since the CO,
becomes uniformly distributed by constant diffusion.

Submerged water plants absorb the CO, dissolved in water. Its amount varies
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considerably according to the temperature. At 15°C, a litre of water contains about
as much CO, as a litre of atmospheric air, The disselved bicarbonates also play
an important part in the supply of carbon to aquatic plants ().

Artificially conducting carbonic acid through the water increases, to a certain
degree, the evolution of oxygen, and the assimilatory activity. Similarly an
artificial increase of carbonic acid in the air is followed by increased assimilation.
Whether aud to what extent an artificial enriching of the air in CO, would be of
advantage in horticulture or agriculture cannot be said (%2).

The CO, assimilation, like all vital processes, is dependent on the
temperature. It begins at a temperature a little above zero, reaches
its maximum at about 37° C., and again stops at about 45° C.

These cardinal points not only have different positions in different plants but
do not remain constant for any particular plant. This is especially true of the
optimum which in the course of a few hours may sink from 87° C. to 30°C. In bright
warm weather assimilation does not reach its full possible value since the supply of
carbon dioxide is then insufficient.

Other less important factors need not be considered in detail. It may be
mentioned, however, that many substances can bring about a temporary, or
ultimately a permanent, limitation or arrest of the assimilatory process.

Products of the Assimilation of Carbon Dioxide.—It was assumed
above that sugar was formed from the carbon dioxide, and analysis
in fact shows that the amount of sugar in a foliage leaf is increased
after exposure to sunlight. It is true that grape-sugar is neither
always nor only shown to be present; usually other more complex
carbohydrates appear. These can all, however, be traced back to
hexoses like grape-sugar, and arise by the union of two or more
molecules of hexose and the loss of the elements of water. Prominent
among them are cane-sugar (C,H,,0,,) and starch (C;H,,O;),. The
occurrence of starch in the chloroplasts of illuminated foliage leaves is
very common, but by no means general. 'When the leaves are placed
in darkness for some time the starch disappears. When on the other
hand a part of the plant from which the starch has been removed is
exposed to sunlight, new starch grains often form in the chloroplasts
in a surprisingly short time (5 minutes); these soon increase in size
and ultimately exceed in amount the substance of the chloroplast itself.
Since starch is stained blue by iodine the commencement of assimila-
tion can be readily demonstrated macroscopically (SACHS’ method).

Leaves which have been in the light have their green colour removed by means
of alcohol, and are treated with a solution of iodine ; they take on a blue colour.
If the amount of starch is greater the colour is a deeper blue or almost black. The
depth of the coloration thus affords a certain amount of information as to the
quantity of starch present. To demonstrate smaller amounts of starch the
decolorised leaves are placed, before staining with iodine, in a solution of potash or
of chloral hydrate in order to swell the starch grains. This method of demonstrat-
ing assimilation can also be used to show that the starch only appears in the
illuminated portions of the leaf. If a stencil of opaque material from which, for
instance, the word ‘‘Stdrke " has been cut is laid on the leaf, the word ‘¢ Stirke
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will appear blue on a light ground, as in Fig. 249, when the leaf after being
illuminated is treated with iodine. Instead of a stencil a suitable photographic
negative can be used, as MoLiscH has shown ; after illumination and subsequent
treatment with iodine a positive photograph is obtained (Fig. 250).

In some plants (many Monocotyledons) no starch is formed in the chloroplasts,
but the products of assimilation pass in a dissolved state directly into the cell
sap. Starch is formed, however, where there is a surplus of glucose, sugar, and
other substances, as, for example, in the coloured plastids of flowers and fruits.
The guard cells of the stomata and the cells of the root-cap of these Monocoty-
ledons also contain starch. In other cases only a fraction of the product of
assimilation appears as starch (in Helianthus, for example, only }), while the rest
remains as sugar or is otherwise
made use of. Itis thus clear that
the amount of starch formed cannot
always be taken asva measure of
the assimilation.

Starch formationcan be induced
to take place in the dark by float-
ing leaves on a sugar solution of
suitable concentration. Thisshows
that the formation of starch does

F16. 250,—The positive photograph obtained by cover-
ing a leaf of Tropaeolum which has been freed of

Fic. 249. — Assimilation experiment starch by the negative and exposing it to the sun.
with the leaf of Ariopsis peltata. After assimilation the leaf has been treated with
(Reduced.) iodine. (After MoLiscH.)

not stand in direct connection with the assimilation of carbon dioxide but is only
the result of the accumulation of sugar in the cell.
In some Algae neither sugar nor starch but other products of assimilation are

formed, e.g. Floridean starch.
The nature of the ‘‘fat-drops” which frequently appear in assimilating cells
and their connection with this process is still uncertain (24),

The Quantity of the Assimilated Material depends on the one
hand upon the kind of plant and on the other upon the external
conditions to which it has been exposed. It can be said that a square
metre of leaf of an actively assimilating plant under optimal external
conditions produces between 0-5 and 1 gramme of dry substance per
hour. When it is considered how many square metres of leaf surface
are daily assimilating, a conception can be formed of the huge produc-
tion of organic substance in this largest of all chemical factories.
SCHRODER estimates the amount formed annually by land plants
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as about 35 billion kg. The German harvest alone contained in 1912
some 9 milliards kilos of assimilated material in the cereals (rye,
wheat, spelt, barley).

There are two methods (*) in use for determining the amount of assimilation.
The method invented by SAcms is as follows. In the morning portions of
leaves, usually halves, are removed ; their superficial area is measured and they
are then dried and weighed. In the evening equally large portions (the remaining
halves) of the leaves which have been exposed to light throughout the day are
similarly dried and weighed. The increase of weight indicates the gain to the
plant by the assimilation of carbon. This is Sacus’ half-leaf method. A quite
distinct method of quantitatively determining the assimilation of CO, is that of
KrEUSLER which has been used by GILTAY and BrRowN. A leaf still attached to
the plant is placed in a closed chamber through which a constant current of air
passes ; the amount of CO, removed from the air by the leaf is determined. The
amount of sugar or starch which could be formed from this amount of CO, can
then be easily «ealculated.

2. The Gain in Carbon by Bacteria (**)

Certain Bacteria, which will be described in another part of this
text-book, are characterised by the power of increasing their substance
in a purely inorganic food-solution ; they do this in the dark and
without chlorophyll so long as carbonates are present. This has been
determined for the Nitrite- and Nitrate-bacteria, the Sulphur-bacteria,
and for the Bacteria which oxydise methane and hydrogen. Some of
them depend entirely on CO,, while others can also utilise organically-
combined carbon.

Nothing is known at present of the products of carbon assimilation
in these Bacteria. The gain in organically-combined carbon is slight.
Only a quite minimal fraction of the organic carbon compounds which
at any moment exist on the earth owes its origin to these Bacteria.
The fact of their carbon assimilation remains none the less interesting,
especially since it takes place in an essentially different manner to the
assimilation of the green plant. Some other source of energy must
take the place that sunlight does in assimilation in a green plant to
build up the organic substance; this energy is obtained by oxidation
of ammonia, nitrites, oxide of iron, sulphuretted hydrogen, methane,
and hydrogen (p. 274). We may therefore term the formation of
organic material in green plants PHOTOSYNTHESIS, and in these Bacteria
a CHEMOSYNTHESIS,

3. The Gain in Carbon in Heterotrophie Plants

While the gain of carbon from carbon dioxide is to be considered
as the typical carbon assimilation of plants, it is by no means the only
method found in the vegetable kingdom. Since it depends—leaving
the Bacteria mentioned above out of account—on the presence of
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chlorophyll and of sunlight, it cannot ‘come into consideration in sub-
terranean parts of plants, in all plants that are not green, and in the
case of all animals. All these are in fact dependent on organically-
combined carbon which has been derived directly or indirectly by the
assimilatory activity of green parts of plants. All organisms which
in their nutrition are dependent on the activity of green plants are
termed heterotrophic ; the green plants and also the Nitro-bacteria are
termed autotrophic. Autotrophic plants also depend on other organisms.
It will be seen that life is only continuously maintained on the earth
by the changes in substances effected in one direction by particular
organisms being balanced by the activity of other organisms. Hetero-
trophic organisms show by their mode of life, and especially by the
situations in which they live, that they make other demands on food-
material than do autotrophic plants. They occur either as parasites
on living plants and animals, or they live as saprophytes on dead
organisms or substances derived from organisms.

The demands which heterotrophic plants make on a source of carbon
can be best studied in saprophytic Bacteria and Fungi. These
organisms can be cultivated on various complex substrata, and con-
clusions can be drawn from their growth as .to the nutritive value of
the compounds supplied as food. The nutrient solution must as a
rule contain, in addition to the indispensable mineral substances and
a source of nitrogen (usually a salt of ammonia), sugar as a source
of carbon. It should have a slightly acid reaction for mould fungi and
be weakly alkaline or neutral for bacteria, and-is often converted into
a solid medium by mixture with gelatine or agar-agar. The sugar
can, in many cases, be more or less suitably replaced by other organic
substances such as other carbohydrates, fats, albumen and derived
substances, organic acids, ete. While these sources of carbon can
be placed in order as regards their nutritive value for any particular
organism, this cannot be done generally ; there are many saprophytes
which are adapted to quite peculiar conditions and use in preference,
as a source of their carbon supply, compounds, which for the majority
of other plants have scarcely any nutritive value (e.g. formic acid,
oxalic acid).

Even the saprophytes which succeed on very various compounds of carbon
(omnivorous saprophytes) are capable of distinguishing between them. Thus from
ordinary tartaric acid Penicillium only utilises the dextro-rotatory form, and Bacillus
subtilis only the laevo-rotatory form. Aspergillus growing in a mixture of glucose
and glycerine utilises the former first (*‘election ™ of nutritive materials). If the
glycerine alone is given, it is completely utilised.

The power possessed by many Fungi of utilising such organic
compounds as starch, cellulose, etc., which are insoluble in water, is
very remarkable ; these substances can only be absorbed after a process
of transformation and solution. The Fungi and Bacteria in question
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excrete enzymes (cf. p. 264), which have the power of rendering the
substances soluble.

Saprophytes are thus characterised by the nature of their
assimilatory activity ; they are unable to carry out the first
step in the assimilation of carbon which is effected so easily by the
green plant with the help of light. On the other hand, there is
probably no difference between them and autotrophic plants in
the further steps of assimilation, in the construction from simple
organic compounds of the more or less complex compounds which
compose the body of the plant.

Among phanerogamic plants also some heterotrophic forms, that at
first sight appear to be saprophytes, occur. This is the case for certain
orchids which grow in humus (Neottia, Coralliorrhiza, Epipogon) and
for Monotropa. The absence of chlorophyll and, except for the
inflorescence, the subterranean mode of life indicate the heterotrophic
nature of these forms. The obvious assumption that they obtain
their supply of carbon from the humus of the soil of woods is, however,
very improbable. Since all these plants harbour a fungus in their roots
or rhizomes, the absorption of food material is probably due to the
fungus. The flowering plants probably lead a parasitic life upon the
fungi in their roots (mycorrhiza ; cf. p. 261).

These plants thus lead us to the consideration of PARASITES,
numerous examples of which are found in the Fungi and Bacteria ;
parasitic forms also occur among Algae, Cyanophyceae, and the higher
- plants. '

That these parasites, or at least many of them, absorb nutrient
materials from the. host upon which they live is often evident
from the condition of the latter; the host may be seriously injured
and even ultimately killed by the parasite. = What the particular
substances are that the parasite absorbs and requires for successful
growth is, however, difficult to determine. Since frequently only
organisms of a definite natural group (family, genus, species) are
attacked by one species of parasite, it may be assumed that the latter
makes quite specific demands as to the quality or quantity of its
nutriment. This assumption is supported by the fact that we are
unable to cultivate most parasites apart from their hosts.

B. ASSIMILATION OF NITROGEN

Since a green plant obtains its carbon from carbon dioxide, which
is only present in a very small proportion in the air, it might be
assumed that the enormous supply of nitrogen in the air would form
the primary and the best source of this element of plant food.
Every water culture, however, shows clearly that atmospheric nitrogen
cannot be utilised by the typical green plant. If combined nitrogen
is omitted from the nutrient solution the plant will not grow.
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In the food-solution given above nitrogen was supplied as a
nitrate, and this form is most suitable for the higher plants. But
compounds of ammonia, so long as they are not injurious to the plant
owing to an alkaline reaction, can also be utilised. Organic com-
pounds of nitrogen also, such as amino-acids, acid amines, amines, etc.,
will serve for food, though none of them lead to such good results as
are obtained with nitrates. Nitrites can also serve as a source of
nitrogen, but in too high concentrations are injurious.

We are not nearly so well acquainted with the assimilation of
nitric acid and of ammonia as we are with that of carbon dioxide.
We do not know accurately the place in which the assimilation
takes place, we know less of the contributory external conditions,
and lastly, we are not clear as to the products of assimilation.
Ultimately, of course, albumen is formed, a far more complex substance
than a carbohydrate, containing always, besides C, H, and O, some
15-19 per cent of N, besides S and in some cases P. The methodical
study of the products of the breaking down of albumen gives some
insight into the structure of the proteid molecule. This shows that
in albumen a large number of amino-acids are combined with loss of
water. Since EMIL FIscHER has obtained albuminous substances
(polypeptides) by a union of amino-acids followed by polymerisation,
it is probable that in the plant also such amino-acids are first
formed and then unite further. If the simplest amino-acid, glycocoll,
NH, ' CH, - CO,H (which, it is true, is not of wide occurrence in
plants), is considered, it is evident that this can be derived from
acetic acid by replacing an atom of H with the NH, ‘group. Nitric
acid, HNO,, must therefore be reduced when its nitrogen is to
be employed in the construction of proteid. This reduction is
independent both of sunlight and chlorophyll, so that nitric acid can
be assimilated in darkness and in colourless parts of the plant.
Indirectly, of course, chlorophyll and light are of importance in the
synthesis of proteids in so far as compounds containing carbon are
required, and these are formed in sunlight with the help of chlorophyll
On account of their rich supply of carbohydrates the foliage leaves
are specially fitted for the production of proteid, but they are not
“organs of proteid formation” in the same degree as they are organs
for the formation of carbohydrates. Only in a few plants (nitrate
plants, e.g. Chenopodium, Amaranius, Urtica) can the nitric acid be
recognised in the leaves; in most plants it appears to be transformed
soon after its absorption by the root.

We know as little of the steps in the assimilation of ammonia as
of those of nitric acid. Since no preliminary reduction is required,
ammonia might be regarded as more readily assimilable than nitric
acid. When ammonia is found to be less favourable in a water
culture than nitrates, this may be due to certain subsidiary harmful
effects of the former substance.

S
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The hypothetical intermediate products between the nitrogenous
compounds absorbed and the completed proteids, ¢.e. various amino-
acids and related substances, are present in all parts of the plant.
Leucin, tyrosin, and asparagin are especially common. It ecan,
however, rarely be determined whether these substances have been
synthesised from ammonia or nitric acid or whether they have arisen
by the breaking down of albumen (cf. p. 266).

Nitrogen is present not only in proteids but in LECITHINS and in
ORGANIC BASES. The former are complex esters in which glycerine is
combined with two molecules of fatty acid, one molecule of phosphoric
acid, and the nitrogen-containing base, cholin. They are never
absent from living protoplasm. The majority of organic bases
(alkaloids) are probably by-products of the assimilation of nitrogen
and are not further utilised.

While it can be said that the typical autotrophic plant can
assimilate nitrogen as well or better as nitric acid than as ammonia,
this does not hold for the majority of Fungi. Only a few of these
prefer nitric acid ; as a.rule ammonia is the best nitrogenous food.
Some Fungi lack the power to construct the more complex substances
of the plant from such simple nitrogenous compounds, or at least
the latter are formed more rapidly and certainly from organic sub-
stances. Further, in these Fungi there are various types; some
succeed best with amino-acids, others with peptone, while others
prefer proteid. They" are all heterotrophlc as regards their nitro-
genous-food.

The so-called INSECTIVOROUS or CARNIVOROUS PLANTS must be
referred to here (®) (ef. p. 185). These are plants provided with
arrangements for the capture and retention of small animals, especially
insects, and for the subsequent solution, digestion, and absorption of
the captured animals by means of enzymes. All these insectivorous
plants are provided with chlorophyll; the explanatlon of their peculiar
mode of life can hardly be to obtain organic compounds of carbon.
It is further known that they can succeed without animal food, but
the moderate supply of an animal substance has a distinctly beneﬁcial
effect manifested in increased production of fruits and seeds. It is
very probable, though by no means established, that the carnivorous
habit is a means of obtaining nitrogen. Whether the nitrogen in the
peat or water in which insectivorous plants often grow is insufficient
in quantity, or whether its quality is not optimal, must be left
undetermined. It is doubtless possible that organically-combined
nitrogen is specially advantageous to these plants. This does not
exclude the possibility that the insectivorous habit is related not only
to the supply of nitrogen, but to that of other nutrient salts, especially
of . potassium and phosphoric acid. Whether these salts are utilised
in organic combinations or are transformed in the digestive process to
the inorganic form is unknown. In the latter case the use of the



1.

DIV. II PHYSIOLOGY 259

insectivorous habit would have to be sought in the provision of more
nutrient salts than are afforded by the soil.

The insectivorous plants strike the ordinary observer as deviating
from ordinary plants in the direction of the animal kingdom. Like
animals they utilise solid food which has to be rendered fluid by
enzymes before it is absorbed into the cells. The similarity between
animals and these plants appears to be increased by a comparison of
the stomach and the pitchers, etc., of some insectivorous plants. It
should be recognised, however, that some Fungi and Bacteria stand
physiologically closer to animals. They can obtain all their food by
the digestion of solid organic material, while the insectivorous plants
are autotrophic, at least as regards their supply of carbon.

In relation to insectivorous plants certain phanerogamic parasites
may be considered which were omitted above (p. 254), since they
possess green leaves and are evidently autotrophic as regards their
supply of carbon. In spite of this, however, the plants only develop
normally, when their root-system is in connection with the roots of
other plants by means of disc-shaped haustqria. They may even (as
is also the case with Cuscufa) enter into this relation with other
individuals of the same species. 7hesium, belonging to the Santalaceae,
and the following genera of the Rhinanthaceae, Rhinanthus, Euphrasia
Pedicularis, Bartsia, and Tozzia, may be mentioned as examples of
plants showing these peculiar conditions. In Zozzia the parasitism is
well marked in the earliest developmental stages. The Mistletoe
(Viscum album), although strictly parasitic, possesses, like many of the
allied foreign genera of the Loranthaceae, fairly large leaves well
supplied with chlorophyll, and quite able to provide all the carbo-
hydrates required. By its reduced root-system it obtains, however,
from the host plant (as has also been shown to be probable in the
case of the Rhinanthaceae (*%)) its supply of water and dissolved salts.

In contrast to these plants, whichare either demonstrably or probably
supplied with organically-combined nitrogen, there are certain micro-
organisms which are strikingly autotrophic as regards nitrogen, while
they are heterotrophic as regards their carbon assimilation. These

-organisms are able to utilise the nitrogen of the atmosphere. Their

existence was first established at the end of last century by the work
especially of WINoGRADSKI, HELLRIEGEL, and WILFARTH (*7).

In the first place there are certain Bacteria, such as Clostridium
Pasteurianum and related forms and Azofobacter chroococcum, which live
independently in cultivated soil and in water under very various
external conditions. They fix free nitrogen and thus possess a
very important power both for their own success and for that
of many other organisms ; this property is of the greatest importance
in agriculture. An increasing number of the lower Fungi have been
shown by recent researches to have the same power though in less
degree. In addition to these free-living forms there are micro-organisms
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which occur parasitically in higher plants and have the same property.
The best investigated among these are the various forms of Bacillus
radicicola, which infest the roots of Leguminosae and frequently give
rise to enormous numbers :

of gall-like tubereles upon
them (Figs. 251, 252).
The Leguminosae thus
appear to differ from all
other green plants intheir
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Fia. 252.—1, Young tubercles (K) on a root () of Vicia Faba,
B, large-celled tissue filled with masses of Bacteria, M, the
“meristem ™ of this. T, tracheides. (x 60.) 2, A cell of
the tubercle filled with thousands of Bacteria, and beside

F1a. 251.—A root of Vicia Faba, it some un-infected cells. (x 820.) 3, An infected root-
with numerous root-tubercles. hair containing the ¢ infection hypha.” (x 820.) 4, Bacteri-
(Reduced. After NoLr.) oids. 5, Unaltered Bacteria. (x 1200. After NorL.)

mode of accumulating nitrogen (*%); this was first established by
GILBERT and LAWES in England and ScHULTZ-LUPITZ in Germany.

The rod-shaped bacteria penetrate through the root-hairs into the cortex of the
roots, and there give rise to the tubercles. These tubercles become filled with
a bacterial mass, consisting principally of swollen and abnormally-developed
(hypertrophied) BAcTERIOIDS, but in part also of bacteria, which have remained
in their normal condition. While the bacteria live on carbohydrates and at first

LA
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also on albuminous substances supplied by the host plant, the latter profits by
the power of fixing free nitrogen possessed by the bacterioids. The bacterioids
furnish a steady supply of combined nitrogenons substance to the leguminous
plant. It has been calculated that Lupins are able in this way to obtain 200 kg.
of nitrogen per hectare. The agricultural importance of this natural fixation of
nitrogen will be evident. It has been attempted to further it by infecting fields
with soil rich in the bacteria, or with pure cultures of specially active forms
(““nitragin ). A marked increase in the crop of Serradella is obtained in this way.
If the soil in which a Leguminous plant is grown contains a sufficiency of nitrates,
the plants may live at their expense; since the presence of nitrates exerts an
injurious influence on Bacillus radicicola, practically no nodules are formed under
such circumstances.

Besides the Leguminosae, Elaeagnus and Alnus are able to utilise free atmo-
spheric nitrogen when their roots bear nodules; these are due to infection by
another of the lower organisms. A species of Podocarpus which has a mycorrhiza
can also utilise atmospheric nitrogen. It is thus not improbable, though as yet
unproved, that other mycorrhizas may have a similar significance. Thé roots
not only of the phanerogamic plants without chlorophyll, referred to on p. 256,
but also of most green plants living in the humus soil of woods and heaths,
especially the trees, stand in close relation to Fungi (*).

The fungal hyphae are sometimes found within the root occurring in tangled
groups in the cells of definite cortical layers, while individual filaments extend into
the soil. In other plants the hyphae invest the outer surface of the young roots
with a closely-woven sheath. The former is called endotrophic, the latter ecto-
trophic mycorrhiza, but the extreme forms are connected by intermediate conditions.
The fungi of the endotrophic mycorrhiza are in part digested by the cells of the
root, and thus all the substances liberated will be available for the phanerogamic
plant. This is not known in the case of ectotrophic myecorrhiza. STAHL regards the
significance of fungal infection of the flowering plant to lie in the active absorption
of nutritive salts from the soil by the fungus. The advantage to the fungus is
obviously, at least in the cases in which it infects green plants, the provision of
carbohydrates which it obtains. It is probable that the comsortia of Fungi and
Algae which are called Lichens can be ranked here as regards their physiology of
nutrition (¥8).

More recently swellings which are due to infection by bacteria have been dis-
covered in the leaves of tropical plants belonging to the Rubiaceae and Myrsinaceae.
While, however, in the case of the Leguminosae the infection always depends on
accidental meeting of the bacteria and the flowering plant, in these families the
bacteria are present in the embryo of the plant. When they are artificially kept
from the egg-cell the development of Ardisia is abnormal. It is quite probable
that in these cases also an assimilation of free nitrogen takes place (*).

C. ASSIMILATION OF OTHER SUBSTANCES

Sulphurie acid most nearly resembles nitrogen since it also is used
in the construction of proteids which contain about 4—11 per cent
of S. It is still uncertain where and under what conditions its
assimilation occurs; we only know that a reduction of acid radicals
must take place in the process. In some plants sulphur is combined
‘in other substances besides proteids.
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Phosphorie aeid is connected with sulphuric acid in so far as it
is employed in the construction of at least some proteid substances,
especially the nucleo-protein of the cell nuclei ; it forms from 03 to 3
per cent of this. In entering into the molecule of this substance the
phosphoric acid, unlike sulphuric acid, is not reduced. Lecithin (cf.
p- 258), which is present in all plants, also contains phosphorus, and
this is also the case for phytin, which occurs especially in seeds.

The Metals.—As may -be shown by the method of water culture,
potassium, calcium, magnesium, and iron are just as essential as any
of the substances hitherto mentioned. It is very probable, at least
for potassium and magnesium, that they take part in the construction
of certain compounds that are essential for the existence of the plant.
Probably protoplasm contains these elements. Other substances also
may contain them ; thus, for instance, a considerable amount of
magnesium has been shown to exist in chlorophyll. It was formerly
believed that chlorophyll contained iron because the chloroplasts
remained yellow when iron was omitted from the food solution. It
is now known that chlorophyll does not contain iron and that iron is
also necessary for plants that are not green. This supports the assump-
tion that protoplasm itself contains irom, and that the * chlorosis”
which occurs when iron is wanting is a result of a diseased condition
of the protoplasm.

Since potassium, magnesium, and iron thus pass into the substance
of the plant they must be assimilated, but we know nothing of how
or where this happens. The case of calcium is somewhat different ;
it is not invariably essential, for some Algae can succeed without it.
In other plants it has a protective function, preventing the poisonous
effects which result from iron, magnesium, potassium, and sodium, and
also from phosphoric acid, sulphuric acid, nitric acid, and hydrochloric
acid. It is, however, improbable that the indispensability of calcium
in the case of the higher plants is merely due to this profective
function.

In speaking of insectivorous plants and of certain green parasites it
was mentioned that they might perhaps obtain their mineral food-
materials in organic compounds; nothing certain is known on this

oint. v
i Water.—We know that water is essential to the plant. When it
is taken into the plant as water without undergoing chemical change
we do not speak of its “assimilation.” This is the case, for example,
in the water which fills the vacuoles of cells or that which permeates
the protoplasm and cell wall. It is different where the water is
chemically combined. This necessarily takes place when carbohydrates
are formed from carbon dioxide, and probably in other cases also.
In these cases there is the same justification for speaking of the
assimilation of the water as of the assimilation of carbon dioxide.
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1V. Translocation and Transformation of Assimilates

The assimilates serve primarily .for the construction of new
substance of the plant and the growth of new cells. They are also
employed as reserve materials and as substances in course of trans-
location, while some are used up in the metabolism and others in the
production of excretions and secretions.

It is only rarely, however, that growth takes place where the work
of assimilation is effected. ~Thus the assimilation of carbon dioxide goes
on mainly in fully-grown foliage leaves while the growing points are
more or less distant from the leaves. The assimilatory activity and
the formation of new organs also do not coincide in time. Many
plants have perfods of active assimilation when but little growth is
taking place and, alternating with these, periods of active growth
associated with little or no assimilatory activity. Our trees lose their
leaves in autumn and herbaceous plants lose all the above-ground
organs. In both cases new organs of assimilation must be formed in
spring before assimilation can be resumed; in the growth of these
organs the plant utilises stored assimilates. KEvery germinating seed-
ling also lives at first wholly at the expense of assimilates of a preced-
ing generation. Such stored-up assimilates are termed RESERVE
MATERIALS ; they may be deposited where they are formed or may be
carried to secondary places of deposit. Every foliage leaf which in
the evening of a bright summer’s day is gorged with starch is an
illustration of the first condition. The second is seen in seeds where
reserve materials are stored in the endosperm or the cotyledons. It
is also found in vegetative organs, which may even show by their form
that they are places for storage of reserve materials; examples of
these are the swollen leaves of bulbs, swollen stems (e.g. potato), or
swollen roots (e.g. turnip). In order that assimilates should reach
these storage places they must be capable of TRANSLOCATION, and they
have also to be conveyed through the plant when they are removed
from the place of storage and employed in the development of new
organs. Many reserve materials or assimilates occur in a solid form
which does not allow them to pass from cell to cell; starch is an
example of this. Others are, it is true, soluble, but have such large
molecules that they only diffuse with difficulty. For these reasons
reserve substances have usually to undergo a change before they can
be conveyed through the plant.

A. MOBILISATION OF RESERVE MATERIALS

In the mobilisation of reserve materials we have usnally a not very
profound change of the nature of a hydrolysis, i.e. a splitting of the
substance into smaller molecules with the absorption of water.
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This must be separately considered for the three main types of
reserve material, the carbohydrates, the fats, and the albuminous
substances.

1. Hydrolysis of Carbohydrates

Starch is one of the most important reserve materials in
plants. It not infrequently forms the main part of the reserve
substance in seeds as well as in tubers and bulbs. In the potato
tuber 25 per cent and in the grain of wheat 75 per cent of the
fresh weight consists of starch. It is also present in considerable
amounts in the pith, the xylem parenchyma, the medullary rays, and
the rind of trees. The starch has to be broken down in order to
allow of its translocation. This is effected technically by treatment
with acids; the grape-sugar of commerce is obtained by treating
potato-starch with sulphuric acid. The molecule of starch is split up
into numerous molecules of dextrose according to the formula

(CoH,,0,), + nH,0 = nC,H,,0,.

In the plant this hydrolysis is effected not by means of acids but by
a special organic substance called diastase. Diastase can be extracted
from the organs by water or glycerine, precipitated by means of
alcohol from the extract and again dissolved, without any essential
change in its properties. On the other hand, diastase is very suscep-
tible to high temperatures, and is rendered permanently inactive by
heating to about 75° C. It has not yet proved possible to obtain
chemically pure diastase; it is always mixed with proteids and was
therefore for long regarded as of this nature. Remarkable views which
have more recently been formed as to its chemical nature and its
formation still require confirmation (%),

Diastase has the same effect on starch as sulphuric acid has ; they
both act as catalysators. The name catalysators is given to sub-
stances which influence the rapidity of a chemical reaction. We are
mainly concerned with the aeceleration of reactions. The usual
method in the chemical laboratory of accelerating a reaction is the
application of heat ; the fact that the life of the organism is confined
to a narrow range of temperature limits this method. A second
method is by the use of inorganic catalysators. Many of these, such
as sulphuric acid mentioned above, injure the protoplasm ; it is thus
easy to understand why the organism should form special catalysators
that are not injurious. These are termed ENZYMES (*!) and occur in
both plants and animals. While many inorganic catalysators influence
very various chemical processes, the influence of organic catalysators
is quite specific ; thus diastase only acts on starch. Since the cataly-
sator either does not enter into the reaction or at least does not do
so permanently, a small amount of it is able to hydrolyse a large
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quantity of the substance acted on, if the products of the reaction
are continually removed.

Diastase is found in many parts of the plant, especially in those
which contain much starch, such as foliage leaves and germinating
seeds. The amount of diastase in an organ is not constant, but is
regulated according to the needs of the plant; further, its action
can be arrested by the formation of other enzymes (anti-enzymes).
This is one of the many regulatory processes so characteristic of the
organism.

In the plant diastase acts on the starch grains. These are corroded
under its influence; they are dissolved away from without inwards, but
this proceeds as a rule irregularly, so that the shape of the grain changes.
At particular spots thediastase
eats more quickly into the
grain and, using pre-existing
splits and canals, breaks it up
into smaller portions which
then dissolve further (Fig.
253). Outside the plant the
action of diastase can best
be shown on thin starch
paste; on adding diastase to
this the characteristic iodine
reaction is lost after a few
minutes or a quarter of an
hour. The blue colour given

o h & d Fic. 253.—Different stages of the corrosion shown by
a’P I‘St, ¢ anges to a wine-re the starch grains of germinating Barley. (After NoLL.)
tint, and ultimately a yellow

colour is given. Dextrin is an intermediate product between the starch
and the maltose.

Cellulose is also of frequent occurrence as a reserve substance. In
the endosperm of many seeds the cell walls are very strongly thickened
and the thickening layers are dissolved in the process of germination.
Such thickened walls are beautifully shown in many palm seeds, ¢.g. in
the Vegetable Ivory Palm. The solution of the thickening is due to
an enzyme, the so-called cytase, which, however, does not act on every
variety of cellulose. Typical cellulose (p. 38) is not attacked by it,
but only reserve cellulose, which differs in its chemical structure.

Inulin, which is found especially in Compositae and Campanulaceae,
is related according to its empirical formula (CgH,,0,), with cellulose
and starch, but is distinguished from these substances by always
occurring in plants in the dissolved form. In spite of this it is
incapable of translocation on account of the size of its molecule, and
is broken down on germination by an enzyme into a sugar of the
formula CgH,,0,. The sugar in this case is, however, levulose.

Cane Sugar, which occurs for example in the sugar-cane and sugar-
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beet, may be connected with inulin. It is converted by the widely-
spread enzyme *invertin” into equal parts of dextrose and levulose.

2. The Fats

Though we are unable to manufacture the reserve carbohydrates
mentioned either from dextrose or levulose, we can understand that
it is as easy for the plant to build them up as to break them
down. It is much more difficult to understand in what way the
plant is able to form fats (glycerine esters of various fatty acids; cf.
p. 30) from carbohydrates. Fats are always present in living proto-
plasm ; the general distribution of lecithin which is derived from fats
has already been mentioned. Fats occur in relatively large amounts
as reserve materials, but not in the assimilating foliage leaves. They
occur in large amount in many ripe seeds, where they are formed
at the expense of carbohydrates. At germination they are decomposed
by the enzyme lipase into fatty acids and glycerine. The fatty acid
is capable of passing through the water-saturated cell wall more readily
than the fat, but does not usually travel as such for any considerable
distance in the plant; it is usually quickly converted into a carbo-
hydrate. A fatty oil sometimes occurs in the succulent portions of
fruits, e.g. in the oil-palm and the olive, and then does not enter again
into the metabolism of the plant.

3. Albuminous Substances

Albumen occurs in the storage places for reserve materials partly
in a crystalline and partly in an amorphous form. The crystals occur
free in the cytoplasm, nucleus, or in the chromatophores; in seeds
they are” found especially in the aleurone grains, where they are
associated with globoids. The latter then contain Ca, Mg, and
phosphoric acid in an organic compound (cf. p. 31).

The products of the hydrolytic breaking down of albuminous
substances are mainly amino-acids, the wide distribution of which in
the plant has already been referred to. When seeds rich in proteid
such as Ricinus, Pinus, etc., are germinating, the abundant amino-
acids may be regarded as derived from the proteid. = Amino-acids
occurring in other situations may have arisen in the synthesis of
proteids. The proteid-molecule does not produce at once or ex-
clusively amino-acids ; the breaking down of the very large molecule
is a gradual one, in which the bodies which appear first have many
properties in common with proteids; first comes albumose, then
peptone, and only then amino-acids. With the latter appear ammonia,
also products of decomposition containing sulphur and phosphorus,
and generally carbohydrates also.
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This hydrolytic breaking down of proteids takes place under the
influence of *proteolytic” enzymes (proteases) which very probably
are closely similar to corresponding enzymes in the animal body. We
should therefore have to distinguish

1. Pepsin, which only breaks down the proteid molecule to
albumoses and peptone.

2. Erepsin, which transforms peptone into amino-acids. It is
uncertain whether in addition there should be added

3. Trypsin, which transforms proteids directly into amino-acids.

The decomposition products of albumen quickly undergo changes in the plant,
and therefore the mixture of nitrogenous organic compounds which one obtains
from a plant kept in the dark is not identical with the products of the hydrolysis
of albumen outsidg the plant. In the plant syntheses take place after the primary
decomposition, and these lead to the formation of such substances as amides, the
most widely spread of which is asparagin. This dominates in Gramineae and
Leguminosae (15 g. are present in a litre of sap from bean seedlings); it is
replaced in Cruciferae and Cucurbitaceae by glutamin, while in the Coniferae
arginin, a di-amino-acid, appears to play the same part. The syntheses proceed
still farther in light, when proteid may again be formed from the products of
decomposition of albumen. x

B. TRANSPORT OF THE MOBILISED RESERVE MATERIALS

When the reserve materials have been brought by the aid of the
proper enzymes into the soluble form, or have been transformed into
substances with smaller molecules, they are capable of being
transported ; we may speak of them as being mobilised.  Their
movements are governed by the general principles of translocation of
substances. It is especially necessary that a diffusion current should
be established and maintained. This is brought about by the active
growth of cells at a greater or less distance from the place of storage
of the reserve material. As long as this lasts each molecule on
its arrival at the place of growth is promptly transformed (e.g. sugar
into starch or cellulose), and thus room is made for the molecules that -
follow. In non-growing organs also (e.g. cotyledons, endosperm) a
gradient of diffusion is established by the cells to which the current
passes, having a greater power of condensing the sugar (forming
starch) than the others. A diffusion current can also be artificially
established where a storage structure under proper conditions is
placed in relation on one side with a large amount of water. It is thus
possible to bring about artificially an emptying of seeds, bulbs, ete.

When substances have to be transported for considerable distances,
the movement of diffusion, since it goes on slowly, is replaced by
movement in mass. Thus in spring the reserve materials deposited
in the wood of our trees are carried up by the ascending current of
water in these vessels ; at this season the fluid in the vessels contains
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abundant glucose. In the other direction a stream of mobilised
reserve material can pass downwards from the foliage leaves by way
of the sieve-tubes (#2). While, however, the mechanical causes of the
transpiration stream are at least partially understood, so far as they
depend upon the evaporation of water, we do not know the forces
concerned in movements in mass in the sieve-tubes.

Another example of translocation is afforded by leaves shortly
before they are shed. In many but not all cases the useful materials
in the leaf are transferred to the stem and thus are not lost to the
plant. Phosphoric acid, potassium, and nitrogenous substances are thus
transferred to the stem, but the cell walls, a protoplasmic layer, and
osmotically-active substances in the vacuole remain so that the leaf
falls in a turgescent condition (*3).

C. FURTHER METAMORPHOSES OF SUBSTANCE

Regeneration of Reserve Materials.—Sooner or later the reserve
materials mobilised by the help of enzymes are again converted into
substances with large molecules. This occurs at any rate at the end
of their transport, whether they are again deposited as reserve
materials or are employed as constructive substances. Thus, for
example, glucose formed in a leaf may pass to a seed or a tuber and
be there transformed into starch or cell wall. ~When the transport
is for a considerable distance the formation of reserve material may
go on by the way and not only at the end of the journey. This is
specially well seen in the case of starch. Along the routes of sugar
transport so-called transitory starch may be formed in every cell.
This starch formation diminishes the concentration of the solution,
and thus helps to maintain the continued motion of the diffusion
current. <

Other Produets of Metabolism (**).—Only a small proportion of
the substances met with in plants have been enumerated above. It
will be sufficient to mention here the organic acids, tannins, glucosides,
alkaloids, colouring matters, ethereal oils, resins, gum-resins, caoutchouc
and gutta-percha among the legion of substances which are derived
from the products of assimilation. The organic acids will be referred
to later (p. 271); the origin and physiological significance of the
others are too little known for them to be dealt with. It is known
that as a rule they are not further utilised after their formation. They
are probably, therefore, by-products of the metabolism of the plant.
They need not, however, for this reason be useless, and it is believed
that some bitter or poisonous substances protect the plant from being
eaten by animals; some pigments are of use in the attraction of
animals which distribute pollen, seeds, and froits, or frighten away
injurious animals (warning colours). Resin and latex when they
exude and harden may assist in the closing of wounds.
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The Ripening of Succulent Fruits.—A striking transformation of substances
takes place in the ripening of succulent fruits. The relatively rare case of the
formation of fats has already been mentioned. Much more frequent is the change
of starch into sugar associated with the disappearance of organic acids and tannins.
The fruits thus become sweet-tasted instead of acid or bitter, and are eaten by
animals which distribute the seeds. The significance of these chemical changes
is thus ecological.

V. Respiration and Fermentation

In the higher plants all the organic substance produced in
assimilation is not used for construction and storage purposes;
a part of it is always broken down and returns to the state of
inorganic compounds. The significance of this process, which is
usually associated with the absorption of oxygen and is termed
respiration, does not lie in the substances formed but in the libera-
tion of energy which is essential for the life of the plant. In certain
lower plants the necessary supply of energy may be obtained in other
ways. Usually organic substances are absorbed from the substratum
and broken down without being first assimilated. The decomposi-
tion may be effected by oxidation, reduction, or dissociation ; all these
processes are grouped together as fermentation. Other lower organisms
can utilise the energy set free in the oxidation of certain inorganic
compounds. Transitional forms occur between the various methods
of obtaining the necessary energy.

A. RESPIRATION

By respiration in its typical form is understood the oxidation of
organic material to carbon dioxide and water; this involves the
absorption of oxygen from without (cf. p. 244).

In the higher animals the process of respiration is so evident as
not easily to escape notice, but the fact that plants breathe is not at
once so apparent. Just as the method of the nutrition of green plants
was only discovered by experiment, so it also required carefully-
conducted experimental investigation to demonstrate that PLANTS
ALSO MUST BREATHE IN ORDER TO LIVE; that, like animals, they
take up oxygen and give off carbonic acid. The question had already
been thoroughly investigated by SAUSSURE, and by DUTROCHET in
the years 1822 to 1837, and its essential features correctly interpreted.
Later the existence of respiration in plants was doubted owing to
the demonstration of their power of decomposing earbon dioxide and
giving off oxygen ; it seemed impossible that both processes could go
on at the same time. The correct view was then formulated by
SACHS. ASSIMILATION AND RESPIRATION ARE TWO DISTINCT VITAL
PROCESSES CARRIED ON INDEPENDENTLY BY PLANTS. WHILE IN THE
PROCESS OF ASSIMILATION GREEN PLANTS ALONE, AND ONLY IN THE
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LIGHT, DECOMPOSE CARBONIC ACID AND GIVE OFF OXYGEN, ALL PLANT
ORGANS WITHOUT EXCEPTION BOTH BY DAY AND BY NIGHT TAKE UP
OXYGEN AND GIVE OFF CARBONIC ACID.  Organic substance, obtained
by assimilation, is in turn lost by respiration. That green plants
growing in the light accumulate a considerable surplus of organic
substance is due to the fact that the daily production of material by
the assimilatory activity of the green portions is greater than the
constant loss which is caused by the respiration of all the organs.
Thus, according to BOUSSINGAULT'S estimates, in the course of one
hour’s assimilation a plant of Sweet Bay will produce material
sufficient to cover thirty hours’ respiration. If assimilation is sup-
pressed by keeping the plant in darkness, it loses considerably in
dry weight.

Plants produce in twenty-four hours about five to ten times their own volume
of carbonic acid. In shade plants this is usually reduced to twice the plant’s
volume, while the commonly-cultivated Aspidistra produces only one-halfl of its
own volume, and can therefore succeed even under conditions which are unfavour-
able to assimilation.

In order to demonstrate the existence of respiration either the
absorption of oxygen or the giving off of carbon dioxide by the plant
may be employed. If a handful of soaked seeds is placed at the
bottom of a glass cylinder, the top of which is closed for a day by a
glass plate, the oxygen in the space is used up by the germinating seeds;
a candle will be extinguished if it is introduced into the cylinder. If
germinating seeds or flower-heads of Compositae (B, Fig. 254) or
young mushrooms are placed in a flask and prevented from falling
out when the flask is inverted by means of a plug of cotton-wool (W),
the mouth of the flask can be dipped under mercury (S) and some
solution of caustic potash (K) be introduced above this. The carbon
dioxide formed is then absorbed by the caustic potash and the
mercury rises (Fig. 254). When this experiment is carried out
quantitatively it is found that a fifth of the volume of air disappears,
so that all the oxygen has been absorbed. Since, however, when no
potash is present, the volume of gas is not altered by the respiration
of the plants, an equal volume of carbon dioxide must be formed for
each volume of oxygen that is absorbed. The respiratory coefficient

or ratio between the absorbed oxygen and the excreted carbon dioxide

is equal to unity (%22= ) If we assume that sugar is the substance
2

respired, this must take place according to the formula

CeH,,04 + 60,=6C0, + 6H,0.
This is an exactly opposite process to the assimilation of carbon dioxide.
It is not so easy to demonstrate the formation of water in typical

respiration as it is to show the utilisation of oxygen and the pro-
duction of carbon dioxide. Quantitative estimates of the loss of dry
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weight and of the carbon dioxide formed show that the latter does
not account completely for the former; a part of the dry substance
must thus have been transformed into water.

The volume of air does not under all circumstances remain
unchanged by the respiration of the plant ; the carbon dioxide pro-
duced is not always equal in
volume to the oxygen which dis-
appears. Small deviations from
this ratio occur in all plants,
and considerable ones in, for
instance, the germination of fatty
seeds, and in the leaves of cer-
tain succulent plants (Crassu-
laceae). This is connected
with the fact that in these seeds

fats, which are much poorer in

oxygen than carbohydrates, are
used in respiration; and that
in the Crassulaceae certain
organic acids are produced from
carbohydrates instead of carbon
dioxide and water. In other
plants also similar acids, though
not in so great amount, are
formed. They probably arise
mainly in the respiratory pro-
cess, but may also be produced
in constructive metabolism.

In the germination of fatty seeds
far more oxygen is absorbed than
carbon dioxide is given off ; this may
go so far that in the first days in the
dark, in spite of continual respiration,
an increase in the dry weight takes F‘G"ni-’“-_ _ggsri’;e‘;{t :;)df;"°n::l‘1e rglsllridm?ija;

. . . 8L 3 as. ¢
Place. ' The respiratory quotient is o0 WO T 0D > Mace by the plug of
thusless than1. Most of the oxygen  (otp0n (#). Owing to the absorption of the
is used in the transformation of fats, carbon dioxide exhaled in respiration by the
which are poor in oxygen, into carbo-  solution of caustic potash (K), the mercury (@)
hydrates, and‘only a small proportion rises in the neck of the flask. (After NoLL,)
is used in respiration. :

In the Crassulaceae a large proportion of the carbohydrate is changed into
organic acids in the process of respiration. The oxidation is thus incomplete ;
it does not lead to the formation of CO,, so that less of this gas is formed than the
amount of oxygen absorbed would lead us to expect. The respiratory quotient is
less than 1, This peculiar respiratory process which is connected with an accumu-
lation of acids in the cell sap, as can be recognised by the taste, is not without
ecological significance for succulent plants. The acids formed (especially malic and
oxalic acids) give off CO, in the light. This can be again employed in assimilation,




272 BOTANY PART I

while, in typical respiration at least, the CO, formed during the night escapes, and
is lost to the plant. The succulents thus economise their supply of C, which is
probably connected with the fact that they do not so readily obtain carbon dioxide
from the air as other plants, owing to the diminution of gaseous exchange on account
of the limitation of transpiration.

As has been mentioned, respiration is of general occurrence
in the higher plants. It not only occurs in the parts of plants which
do not possess chlorophyll and are commonly used in experiments
on respiration, but can be demonstrated also in cells which contain
chlorophyll. In this case the respiration in the light is masked by
the quantitatively greater process of assimilation ; it appears only as a
diminution in the products of assimilation. If the light is diminished
assimilation ultimately ceases and the respiration becomes evident.

Though respiration goes on in every cell its intensity varies greatly
in different organs and under various external conditions. Actively-
growing parts of plants, young fungi, germinating seeds, flower-buds,
and especially the inflorescences of Araceae and Palms, exhibit very
active respiration. In some Bacteria and Fungi this exceeds, as
compared with the body-weight, the respiration of the human body.
In most cases, however, especially in parts of plants composed wholly
or mainly of full-grown tissues, the consumption of oxygen and
production of carbon dioxide is considerably less than in warm-blooded
animals. Among external conditions which have an important
influence on the intensity of respiration the temperature and the
amount of oxygen must be especially mentioned. An increase of
temperature accelerates respiration as it does all the vital processes.
The production of carbon dioxide is about doubled or trebled by a
rise of 10° C., just as other chemical processes outside the plant
are. With continued rise of temperature, however, the respiration
diminishes. In contrast to other like phenomena the fall in the
respiratory curve is exceedingly steep, so that the optimum and
maximum almost coincide.

Respiration is commonly spoken of as a process of combustion.
Were this correct it might be expected that the amonnt of available
oxygen would be of fundamental importance; in particular it
might be anticipated that respiration would be greatly increased in
pure oxygen and completely suspended in a space free from oxygen.
Neither of these assumptions is true. Respiration is not markedly
increased in pure oxygen, and only at a pressure of 2-3 atmospheres
of oxygen does an increase in the respiration become perceptible ;
this is soon succeeded by a decrease in the respiration indicating the
approach of death. Even more striking is the fact that plants in the
absence of oxygen continue to produce carbon dioxide. In this case
one cannot speak of a process of combustion ; the phenomenon is termed
INTRAMOLECULAR RESPIRATION (*°) because the carbon dioxide which is
formed owes its origin to a rearrangement of the atoms in the molecule
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of the sugar which serves as the material for respiration. The molecule
of sugar breaks down and forms, in addition to carbon dioxide, other
reduced compounds. Sometimes, for example, alcohol according to
the formula

CH,,0, = 2C,H,0 + 2CO,.

If this empirical formula is replaced by the structural formula

COH . CHOH . CHOH . CHOH . CHOH . CH,0H
= CO; + CH,. CH,0H + CH,CH,0H + CO,,

it will be seen that the molecule of sugar has broken down into four
portions, two of which are poorer and two richer in oxygen than the
molecular groups from which they are derived. In this type of
respiration certain molecular groups withdraw the combined oxygen
from others.

It may be assumed that oxygen-respiration and intramolecular
respiration are expressions of one and the same property of the plant;
in other words, that on withdrawal of oxygen normal respiration passes
over into intramolecular respiration. If this is true, it follows that the
essence of respiration does not consist in an oxidation process but in a
breaking down of organic substance in which products arise that readily
take up oxygen. The materials which are respired in the plaut, such as’
carbohydrates and proteid, are not easily oxidisable at ordinary tempera-
tures. Fats, it is true, which may also serve as material for respiration,
are oxidisable, but in this case we know that they are transformed
into carbohydrates before they are used for respiration by the plant.
The plant must thus have at its disposal special means in order to
carry on the oxidation and the preceding decompositions that are
involved in respiration. It is scarcely to be doubted that enzymes are
concerned in this, but we have at present no insight into their precise
action (%6).

At first sight respiration appears a contradictory process, since in
it organic material which has been built up in assimilation is again
broken down. Its meaning only becomes evident when, turning
from the changes of substance, those of energy are considered. It
is not the production of CO, and H,0 that is important, but only
the liberation of energy. This is effected on the breaking down of
such substances as carbohydrates, for the construction of which,
as has been seen, a supply of energy is requisite. On this liberated
energy the plant is dependent for the driving force in many of
its vital phenomena. Movement of protoplasm, growth, and move-
ments due to stimuli cease on the withdrawal of oxygen from the
plant. All these vital phenomena begin again on the restoration of
a supply of oxygen, if this is not too long delayed. It might have
been expected that the organism would possess arrangements by the
help of which the external energy of light or heat could be employed

T
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as driving power. Practically, however, it is found that the plant
proceeds to store up the energy of the sun’s rays in the form of
potential chemical energy, and then utilises this at need.

In intramolecular respiration also energy is set free ; this does not,
however, suffice in most organisms to maintain the driving force for
the vital processes. Some seeds can remain alive for many hours or
days with intramolecular respiration, and some even continue to give
off the same amount of carbon dioxide as in ordinary respiration.
In most cases, however, the amount of CO, rapidly diminishes.
In other plants death soon occurs, probably owing to the reduced
compounds acting as poisons. The value of intramolecular respiration
is in these cases only slight. On the other hand it has a very great
importance in certain organisms which will be referred to later.

B. OXIDATION OF INORGANIC MATERIAL (%7)

While most plants use organic compounds, especially carbohydrates,
in respiration, certain Bacteria utilise other sources of energy. Thus,
the nitrite bacteria which commonly occur in the soil oxidise ammonia
to nitrous acid, and the associated nitrate bacteria further oxidise the
nitrous acid to nitric acid. By the help of the energy thus obtained
they can then—as has already been pointed out on p. 254—assimilate
carbon dioxide ; the chemical energy takes the place in them of the
sun’s energy for the typical autotrophic plant. There is no breaking
down of organic material so that the whole of the assimilated nutri-
tive substance is retained, and the working of these organisms is very
economical. Since, however, ouly a limited amount of ammonia is
available, and this is derived from other organisms, they cannot take
the dominant place in nature which the green plants do.

With the nitro bacteria the so-called sulphur bacteria may be associated ; these
oxidise sulphuretted hydrogen to sulphuric acid, sulphur being an intermediate
product, and being stored in the body of the plant. In the same way as the
sulphur bacteria utilise the energy set free in the oxidation of sulphuretted
hydrogen, the iron bacteria obtain usable energy by the oxidation of ferrous to
ferric oxide, other bacteria by the oxidation of methane to carbon dioxide and water,
and yet others by that of hydrogen to water.

C. FERMENTATION (*8)

With the removal of oxygen intramolecular respiration begins, but
this cannot supply the necessary energy to maintain life in the higher
plants, although it may do so in lower organisms. Many Bacteria,
Fungi, and certain Algae (Characeae) are notably independent of a
supply of oxygen ; they succeed with slight traces of this gas, or they
avoid it altogether and live in situations where oxygen is absent.
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Such organisms are called anaerobes or anaerobionts in contrast to
the typical aerobes or aerobionts. All intermediate stages connect the
two extremes. The true anaerobionts decompose large amounts of
organic substances,and this decomposition, which is in principle the same
as the process of intramolecular respiration, is termed FERMENTATION.
As in intramolecular respiration, these processes are concerned with
obtaining combined oxygen.

The prototype of fermentation is the alcoholic fermentation brought
about by the yeast fungus. In this sugar is split up into alcohol
and carbon dioxide, and the process has great technical importance
in the production .of beer, wine, and brandy. The chemical process
is the same as that of intramolecular respiration in a green plant;
in contrast to .this the yeast plant obtains in the fermentation a
complete substitute for respiratory activity. It is, however, only
independent of oxygen when it is supplied with a suitable ferment-
able material (sugar). In the absence of sugar, oxygen is indis-
pensable, and normal respiration takes place. ~'When both sugar
and oxygen are supplied, respiration and fermentation go on simul-
taneously ; part of the sugar is transformed into C,H,O and CO, and
another part into H,O and CO,. Obviously, the transformation of
sugar into alcohol and carbon dioxide will provide much less energy
than the complete combustion to carbon dioxide and water. It is
thus easy to understand that yeast utilises enmormous quantities of
sugar. Only about 2 per cent of the sugar in the nutrient solution is
used in the constructi®n of the substance of the plant, .e. is assimilated ;
the rest is fermented. For effecting this extensive decomposition of
the sugar, yeast employs a specific enzyme (zymase), the existence of
which was demonstrated by E. BUCHNER (#9).

Many other carbohydrates undergo fermentations, and this also
holds for proteids. In the latter case the process is termed putre-
faction when it takes place in the absence of oxygen, and decay when
oxidation is possible. In nature aerobic bacteria occur first in the
fermentation of albuminous substances, and these prepare the way for
anaerobic forms, so that a sharp distinetion between decay and putre-
faction is impossible. In all cases the proteids are first hydrolytically
dissociated with the production of the substances already mentioned,
especially amino-acids. These are further changed, first by the separa-
tion of NH,, and then more profoundly ; ill-smelling substances such as
indol and skatol are often, but not in all cases of proteid fermentation,
formed. It is impossible to draw a sharp line between those decom-
positions which go on without the assistance of atmospheric oxygen
and those in which oxygen plays a part. We are obliged to class as
fermentations all those metabolic processes by which energy is obtained,
which differ from typical oxygen respiration. In this sense the oxida-
tion of alcohol to acetic acid effected by the acetic acid bacteria and
also the production of acids in the higher plants, especially in succulent
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plants (p. 271), would be fermentations. Lastly, the processes of de-
nitrification and of reduction of sulphates, in which anaerobic bacteria—
probably in order to obtain oxygen—reduce nitrates to free nitrogen
and sulphates to sulphuretted hydrogen, cannot be excluded from
fermentations.

Many fermentations have another significance besides that of
obtaining energy. The products of fermentation such as alcohol,
acids, etc., are poisons; they are, as a rule, more injurious to other
organisms than they are to those which produce them. On this
account they are suited to exclude other organisms from the supply
of food-material. It is true that a fermentation organism in a pure
culture on a definite substratum renders, by the products of its meta-
bolism, the latter not only unsuitable to concurrent organisms but
sooner or later for itself. When organic material, as is the case in
nature with the remains of dead organisms, is the prey of various
micro-organisms these co-operate in their action; metabolic products
of one kind of micro-organism are further decomposed by-others until
the organic compounds are converted into inorganic or mineral sub-
stances.. The final products are water, hydrogen, methane, ammonia,
nitrogen, and sulphuretted hydrogen.

Circulation of Material—All these end-products of fermentation
can be utilised by other organisms. Leaving CO, and H,0 aside as
having been sufficiently dealt with, it may be noted that hydrogen,
methane, ammonia, and sulphuretted hydrogen are all oxidised by
particular bacteria, while others assimilate nitrogen. It is only by
this co-operation of all organisms that life is maintained on the earth
and substances again brought into circulation. If only one type
of organism existed, it would in a short time have destroyed the
possibility of its own existence by its one-sided metabolism.

D. PropuctioN oF HEAT AND LIGHT IN RESPIRATION
AND FERMENTATION

' Heat (°°).—Since typical respiration is a process of oxidation, it is
easy to understand that it is accompanied by an evolution of heat. That
this evolution of heat by plants is not perceptible is due to the fact
that it is not sufficiently great, and that considerable quantities of heat
are rendered latent by transpiration, so that transpiring plants are
usually cooler than their environment. In some fermentations, e.g.
alcoholic fermentation, a considerable quantity of heat is evolved.
The heat of rotting manure is well known and employed in the con-
struction of hot-beds.

The spontaneous evolution of heat is easily shown experimentally, if tran-
spiration and the loss of heat by radiation are prevented and vigorously-respiring
plants are selected. A quantity of germinating seeds (peas) shows under proper



DIV. II X PHYSIOLOGY 277

conditions a rise in temperature of 2° C. The greatest spontaneous evolution of
heat manifested by plants has been observed in the inflorescences of the Araceae,
in which the temperature was increased by energetic respiration 10°, 15°, and
even 20° C. Also in the large flower of the Victoria regia temperature varia-
tions of 15° C. have been shown to be due to respiration. One gramme of the spadix
of an Aroid exhales, in one hour, up to 30 cubic centimetres CO,; and half of
the dry substance (all the reserve sugar and starch) may be consumed in a few
hours as the result of such vigorous respiration. These high temperatures in
flowers and inflorescences attract insects that are of use in pollination. Specially
high temperatures are obtained by cutting up living leaves in large quantity and
ensuring a sufficient supply of oxygen. Under these conditions the temperature
rises to 40°-50° C., and the leaves perish, After their death a further rise of
temperature is due to the action of micro-organisms.

In the healing.of wounds in plants, respiration and also the production of heat
are markedly increased ; the contrary js seen in conditions of starvation.

In the fermentation of tobacco also a considerable rise in temperature takes
place. This is still more marked when damp hay or cotton wool is piled up in
large quantity and left undisturbed ; by the formation of easily inflammable gases,
this may lead to the spontaneous combustion of the material. MIEHE has most
recently investigated the spontaneous heating of hay. First by the respiratory
activity of Baeillus coli the temperature is raised to 40° C.; then a number of
thermophilous Moulds and Bacteria become established, among which Bacillus
calfactor raises the temperature to 70° C. Ultimately all the organisms perish
owing to the temperature to which they have given rise and the hay becomes
sterile.

Phosphorescence (*). —Under the same conditions as those of respiration a
limited number of plants, particularly Fungi and Bacteria, emit a phosphorescent
light. The best-known phosphorescent plants are certain forms of Bacteria which
oceur in the sea, and the mycelium, formerly described as *‘ Rhizomorpha,” of the
Fungus Armillaria mellea. Harmless phosphorescent Bacteria (Microspira photo-
gena, Pseudomonas lucifera) occur on phosphorescent fish or meat. According
to Movrisca Bacterium phosphorewm (Micrococcus phosphoreus) usually oceurs on
meat which has been moistened with a 3 per cent solution of common salt and
kept at a low temperature. The most important plants, in addition to many
animals, taking part in the phosphorescence seen in the sea are Pyrocystis noctiluca,
belonging to the Gymnodiniaceae and certain Peridineae.

This phosphorescence at once disappears in an atmosphere devoid of oxygen,
only to reappear on the admission of free oxygen. On this account the phos-
phorescent Bacteria, according to BEvErINCK and MoviscH, afford a delicate test
for the activity of assimilation. All the circumstances which facilitate respiration
intensify phosphorescence ; the converse of this is also true. According to the
results of investigations concerning the phosphorescence of animals, from which
that of plants does not probably differ in principle, the phosphorescence is not
directly dependent upon the respiratory processes. No use is known for the
phenomenon of phosphorescence.



278 BOTANY PART I

SECTION 11
. DEVELOPMENT ()

DEVELOPMENTAL PHYSIOLOGY, which is also spoken of as the
MECHANISM OF DEVELOPMENT, will be treated here under three heads.
A few introductory remarks will in the first place render more vivid
some facts that have already been mentioned in the morphological part.
On this follows  developmental physiology in the proper semse, the
object of which is to understand causally the successive processes in
development and to modify these at will. As yet the results
obtained do not reach far towards this goal; the problems are more
numerous than the solutions. These problems require to be presented
from two points of view : in the second sub-section the factors which
influence development will be considered, while in the third sub-section
the presentation will be based on the developmental processes them-
selves.

I. Introductory Remarks

Development accompanied by changes of form due to growth is
one of the most general and striking of the vital phenomena of the
plant. A mere increase in volume does not necessarily imply growth,
for no one would say that a dried and shrivelled turnip grows when
it swells in water. Only permanent and irreversible increase of size
can be termed growth, and this whether the plant as a whole is gain-
ing or losing in substance. Usually growth is associated with gain of
material, but in the case of potatoes sprouting in a dark cellar loss
takes place by transpiration and respiration, and yet the shoots
exhibit growth. :

1. The Measurement of Growth.

Total Elongation.—The rate of growth of a plant, or the total
elongation in any unit of time, may be directly measured by means of
a scale in the case of some quick-growing organs, e.g. the inflorescences
of Agave and the shoots of Bambusa. Usually it is necessary to magnify
in some way the actual elongation for more convenient observation.
This may be effected by means of a microscope, which magnifies the
rate of growth correspondingly with the distance grown. For large
objects, the most convenient and usual method of determining the
rate of growth is by means of an AUXANOMETER.

The principle of all auxanometers, however they may differ in construction, is the
same, and is based upon the magnification of the rate of growth by means of a
lever with a long and short arm. In Fig. 255, at the left, a simple form of auxano-
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meter is shown. The thread fastened to the top of the plant to be observed
is passed over the movable pulley (r) and held taut by the weight (g), which
should not be so heavy as to exert any strain on the plant. To the pulley there
is attached a slender pointer (z), which is twenty times as long as the radius
of the pulley, and this indicates on the scale (S) the rapidity of the growth
magnified twenty-fold.

Self-registering auxanometers are also used, especially in making extended
observations. In Fig. 255, at the right, is shown one of simple construction.
The radius of the wheel () corresponds to the long arm, and the radius of the
small wheel (r) to the short arm of the lever, in the preceding apparatus. Any
movement of the wheel, induced by the elongation of the shoot, and the con-
sequent descent of the weight (g), is recorded on the revolving drum (C) by the
pointer attached to the weight Z, which is in turn balanced by the counter-weight

Fig. 255.—Simple and self-registering auxanometers. For description see text.

(). The drum is covered with smoked paper, and kept in rotation by the clock-
work (U). If the drum is set so that it rotates on its axis once every hour, the
perpendicular distances between the tracings on the drum will indicate the propor-
tional hourly growth.

The rate of growth in plants is usually too slow to allow of the
result being directly observed after a short time. Only some fungal
hyphae and the stamens of some Gramineae grow so rapidly that
their elongation is evident, even to the naked eye. The fructifica-
tion of the Gasteromycetous fungus Dictyophora grows in length to the
extent of 5 mm. per minute (A. MOLLER), and according to ASKENASY
an increase in length of 1'8 mm. a minute has been observed in
the stamens of Triticum (Wheat). This approximately corresponds to
the rate of movement of the minute-hand of a watch. In comparison
with these the next most rapidly-growing organ known is the leaf-
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sheath of the Banana which shows an elongation of 1°] mm., and a
Bamboo shoot, with an increase in length of 0:75 mm. per minute; a
strong shoot of Cucurbite grows 0°1 mm. per minute, the hyphae of
Botrytis grow 0:034 mm., while most other plants, even under favour-
able circumstances, attain but a small rate of elongation (0:005 mm.
and less per minute). :

The rate of growth of an organ never remains uniform; even
under constant external conditions it gradually increases from very
small values to a maximum and then decreases to zero. This pheno-
menon is known as ‘‘ the grand period of growth.” An example will
illustrate its course.

For the first internode of the stem of the Lupine, growing in the dark at a
constant temperature, the daily growth observed, measured in tenths of a milli-
metre, was :

8, 9, 11, 12, 85, 43, 41, 50, 51, 52, 65, 54, 43, 37, 28, 18§, 6, 2, o.

The grand period is not always so regular as in this example ;
frequently deviations due to abrupt changes in the growth are
apparent. 2

Distribution of Growth (**).—As a rule any part of a plant is
not growing throughout its whole extent but consists of both fully-
grown and still growing portions. The latter also are not elongating
uniformly but are composed of zones, passing gradually into one
another, in which the rates of growth differ. The length and position
of the growing zones is not the same in different organs. The grow-
ing zone is longer in aerial roots and in extreme cases may amount to
1 m. In roots it is situated at the tip and occupies a length of 5
to 10 mm. The behaviour of stems varies. Those without sharply-
defined nodes have a single zone of growth of considerable length
(frequently extending to -5 m.). They thus resemble the aerial roots.
In many shoots, especially those divided into nodes and internodes,
there are a number of zones of growth separated by fully-grown zones.
This is termed intercalary growth and is beautifully shown, for
example, in the haulms of grasses, where a growing zone is found
at the base of each internode. At the bases of many leaves also,
especially ‘of Monocotyledons, an intercalary growing zoue is found.

The distribution of growth in any member of the plant is ascertained by
periodically measuring the distance between certain natural or artificial marks.

Thus, for example, the tip of the root in Fig. 256 I is marked with lines of
india-ink at intervals of 1 mm. The marks start from the growing point of the
root (0) just behind the root-cap. Twenty-two lours later the marks had been
separated from one another as is shown in Fig. 256 IZ. The elongation has been
unequal in the different zones; at the upper and lower ends of the marked
region it diminishes and thus leads to the fully-grown region on the one hand
and the embryonal region at the tip on the other. Between these and nearer to
the apical end is a zone where the maximal growth has taken place. If the
growth of one transverse zome such as that between 0 and 1 is followed on
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successive days it is found that it grows at first slowly, then rapidly, and then
again slowly. In other words, every division of the growing zone exhibits the
grand period of growth, The millimetre zones marked off from the apex are
thus in different stages of their grand periods ;
the two first are on the ascending side of the T
curve, 3 and 4 are at the summit, and the
others are on the descending slope of the curve.
Other organs give corresponding results.
Distinet periods of growth separated by an
interval of time occur in the scapes of the Dande-
lion, the first period in relation to the develop-
ment of the flowers, the second to that of the
fruits. A similar behaviour is found in other
organs whose function after a time becomes
altered (flower or Yruit stalks in Linaria cymba-
laria, and Arachis hypogaca).

Rate of Growth.—From the fact that
in different organs zones of different
length are in a growing condition, it
follows that such results as to the total
growth of an organ as were described on
p- 279 do not give the true rate of growth, -
i.e. the growth of a unit of length in unit
time. Thus in the shoots of the Bamboo 1
the growing zone is many centimetres
long, while in Botrytis it is only 0-02 mm. !
in length. While Bambusa shows twice lj
as much growth per minute as DBoirylis
does, its rate of growth is really much Fre. 256.—Unequal growth of different
less. To express the rapidity of growth regions of the root-tip of Vicia Faba.
= e - I, The root-tip divided by marking
it is necessary to express the elongation Vi india-ink into 10 zones, each
per minute as a percentage of the growing 1 mm.long. IZ, The same root after
zone. This gives a rapidity of growth  fWenfy-two hours; by the unequal

- H growth of the different zones the
of 83 per cent in Boirytis, and of only  fines have become separated by un-
1-27 per cent in Bambusa. The maximum  equal distances. (After Sacus.)
growth observed is 220 per cent in some '
pollen tubes, while some shoots which are still elearly growing have a
rate of only 0°5 per cent.

Size of the Plant.—We can only determine the definite elongation
of a part of the plant when, in addition to the rate of growth and the
length of the growing region, the duration of growth is known. The
size of the plant, which, as is well known, depends in various ways on
external conditions and yet is a specific character, is determined by
variations in these factors. A definite size belongs to the specific pro-
perties of an organism just as much as the form of its leaves, etec. ;
further, the whole organisation of the plant is such that it involves a
particular size. The stems of twining plants are particularly long,

0
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while “rosette plants,” in which the leaves are separated by hardly
recognisable internodes, stand in striking contrast to them.

2. The Phases of Growth

In the simplest plants, such as the lower Algae, Fungi, or Bacteria,
development consists merely in growth of the cell followed by cell
division. These cases have been sufficiently dealt with in the morpho-
logical section. In more complex plants growth and division of cells
are also found, but these processes appear subordinated to the growth
of the whole. Three distinct processes can be distinguished in this,
though they are not always separated in time. These are the stage of
FORMATION OF EMBRYONIC ORGANS, that of ELONGATION, and the stage
of INTERNAL DEVELOPMENT (°*).

(a) Embryonie Rudiments.—The embryonic growth takes place
normally at the growing points, and new growing points arise as a
rule directly from the latter. Only in the case of roots is the forma-
tion of the growing points of lateral branches somewhat delayed and
takes place from remains of the growing point which have retained
the embryonic character. The main features of the formation of
organs at the growing points have been dealt with in the section on
Morphology. SYMMETRY and POLARITY have been considered on
p. 741f.; these are often manifested even at the growing point. The
contrast of base and apex which constitutes polarity is determined in
the egg-cell in higher plants, and is as a rule maintained when once
established. It must be pointed out here that all growing points do
not arise from pre-existing similar ones. Development of the plant
can proceed by restitution as well as by the normal organogeny.

By Restitution () is understood the new formation of organs
which as a rule follows the mutilation of a plant, and can take place
in situations where no active growth would have been manifested in
an uninjured plant. The types of restitution may be distinguished
as regeneration and reparation.

RepARATION is when the lost organ is again formed from the
wounded surface. This kind of restitution, though not uncommon
inlower plants such as Algae and Fungi, is of very restricted occurrence
in the higher plants. Only tissues that are meristematic or embryonic,
and by no means all of these, are capable of reparation. It is most
frequently seen in the growing point of roots ; when the tip is removed
by a transverse cut, if this is not more than 0'5 mm. from the tip,
it may be again formed. A longitudinally-split root-tip tends to com-
pletion by reparation, so that a root thus treated may obtain two
growing points. True reparations do not occur at the growing points
of shoots ; they are rare in the case of leaf-primordia.

REGENERATION, on the other hand, is wide-spread among plants.
In this case an organ which has been lost is replaced either by the
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formation of a new one in the vicinity of the wound or the out-
growth of one which was in a rudimentary condition. Examples
of this type of restitution are afforded by the Algae and Fungi, and
especially by Bryophyta. These can only be mentioned here, and
consideration will be limited to the Flowering Plants. The capacity
to form roots is especially wide-spread. In Geraniums, Willows,
and many other plants, roots can be induced to form at any point
by cutting off the shoots. In other plants the roots develop at
particular places such as the older nodes. After roots have developed,
the stem gives rise to a complete plant either by the unfolding of
axillary buds or by the development of new growing points of shoots.
Separated leaves are often able to form

roots, though ¢he power of giving rise

to a new shoot is rarely connected D@Q(
with this. Even separated roots, when :
they are able to give rise to shoots,

may regenerate new plants. Regenera-

tive buds may also arise on tendrils,

flowers, and fruits. When in regenera- a N

tion the production of shoots is not
provided for by existing growing
points, new ones may
be developed. If the
growing point of a
seedling is destroyed
a new growing point
may bedeveloped from
the meristem above
the youngest leaf- b

primordium. While Fic. 257.—Transverse section of the leaf of Begonia showing the
the regen g o development of an adventitious shoot from an epidermal cell.

ge, eration I,S a, The epidermal cell has divided once; b, a multicellular
here restricted tomeri- nieristem has been produced. (x 200. After HANSEN,)

stematic cells, in other

cases older fully-grown cells may recommence to grow and divide
and thus return to the meristematic condition. A special tissue, called
CALLUS, is thus first formed at the wounded surface, and new shoots
may form within this. In yet other cases fully-grown epidermal or
parenchymatous cells may give rise to growing points directly, ‘..
without the formation of callus. Fig. 257 shows the origin of a
regenerative shoot from an epidermal cell of a leaf of Begonia.

Tissues may also be regenerated from mature parenchymatous cells. Thus
when the conducting tracts are interrupted new vessels may be formed from the
parenchyma and re-establish the connection. The tissues whicl: have been removed
or interrupted are, however, not always formed anew ; frequently substitutionary
growth takes place. Thus, as a rule, an epidermis is replaced by cork, and it is
exceptional for a true epidermis with stomata to be regenerated (%).
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The new formation of epidermis, which occurs in the normal course of develop-
ment in certain Araceae with perforations in their leaves, may be referred to here.
In Monstera deliciosa particular limited regions of the laminae of quite young leaves
die. Around these spots the mesophyll divides and forms from the outermost
layer of cells a secondary epidermis, clothing the perforations and connecting with
the primary epidermis of the upper and lower surface of the leaf. In the normal
development of plants many processes which can be regarded as regenelatlve take
place such as repeated cork-formation (p. 163).

In addition to the fact that regeneration occurs, the question as
to where this takes place is of interest. The polarity which exists
in the intact plant is frequently manifested in regeneration. Thus
shoots tend to appear at the apical end and roots at the basal end
of portions of stems, while the opposite distribution is found in roots.
In more lowly-organised plants polarity is often apparent in the re-
generative process, as when each of the single cells separated from a
Cladophora forms a colourless rhizoid at the base and a green filament
at the apical end.

This contrast of base and apex does not appear in regeneration
from foliage leaves; this may be connected with the fact that the
regenerating leaf is not included in the new formation. Frequently
a new plant arises at the base of the leaf, which then dies off. Some-
times regeneration proceeds from the general surface of the leaf
(Torenia), but frequently the place of regeneration can be determined
by cutting the lamina, the new plants forming above the incisions
(Begonia, Fw 258).

The phenomena of regeneration have great importance in horticulture, since
they allow of plants being rapidly multiplied without the aid of seeds. In
artificial reproduction detached pieces of plants are made use of for the purpose of
producing fresh complete plants. In many cases this is easily done, but in others
it is more difficult or even impossible. The favourite and easiest method is by
means of CUTTINGS, that is, the planting of cut branches in water, sand, or earth, in
which they take voot (Oleander, Pelargonium, Tradescantia, Fuchsia, Willow, ete.).
Many plants may be propagated from even a single leaf or portion of a leaf; as,
for instance, is usually the case with Begonias. In other cases the leaves, while
still on the parent plant, have the power to produce adventitious buds, and in
this way give rise to new plants. The Dandelion possesses the capability of
developing from small portions of the root, and to this peculiarity is due the
difficulty with which it is destroyed.

(b) Elongation.—The meristematic primordia require to enlarge
and unfold before they can become functional, and this increase of
size is effected in a peculiar and economical fashion. It results
mainly from absorption of water from without. Organic material
is of course required for the extension of surface of the cell walls,
but there is no need of an increase in protoplasm during the enlarge-
ment. There is a great difference in this respect between the growth
of a plant and a typical animal ; nothing corresponding to this “ phase
of elongation ” is met with in the latter.
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The meristematic cells of the growing point contain considerable
amounts of imbibed water in the wall and protoplasm. As absorp-
tion of water from without continues, a distinction becomes evident
between the fully-saturated protoplasm and the vacuoles filled with
a watery solution ; this leads ultimately to the single large central
vacuole or sap-cavity surrounded by the peripheral layer or sac of
protoplasm (cf. p. 12, Fig. 3). It has been already seen (p. 225)
that the vacuole is the seat of osmotic forces; the turgidity of the
cell is essential to the growth in surface of the cell wall

Fic. 258.—Leaf of Begonia used as a cutting and bearing regenerative shoots. (After STOPPEL.)

Cells in which the turgescence has been destroyed by plasmolysis (p. 226)
exhibit no further growth, and it might be concluded from this that the mechanical
distension of the wall assists or renders possible its growth. No clear corre-
spondence between distension and growth can, however, be assumed to exist. More-
over, the pressure of turgescence cannot be replaced by mere mechanical stretch-
ing of the wall. The protoplasm plays the main part in the growth in surface
of the cell wall, and in connection with this it can be understood how the walls
of cells that are only slightly distended may grow rapidly.

Regarding the processes in the growth of cell wall which are termed apposition
and intussusception, what is necessary has been stated on p. 85. In growth in
surface due to plastic stretching without addition of material, followed by the
addition of new layers to the wall, the stretching due to turgor appears as a
natural preliminary to the growth. In the case of growth by intussusception the
turgor pressure appears less necessary.

With the increased absorption of water following on the growth of the wall
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the cell sap must become more dilute. This does not actually occur owing to the
power of the growing cell to regulate the osmotic pressure of the cell sap. The
pressure can be increased by the transformation of sugar into organic salts ; thus,
for example, by a change of glucose into oxalic acid the osmotic pressure can be
trebled. On the other hand, the pressure can be lessened, e.g. by complete
combustion of sugar in respiration.

Besides the expansion in the longitudinal direction, expansion in
a transverse plane (growth in thickness) has to be considered. The
diameter of the mature root or stem is often considerably greater than
that immediately behind the growing point. As has been seen on
p. 140, a distinction is drawn between primary and secondary growth
in thickness. Only the primary growth in thickness is a phenomenon
of the kind that is here being considered. In secondary growth new
meristematic cells are formed from an intercalary meristem or cambium,
and only later pass into a phase of expansion.

TissuE TENsIONS.—The expansion of the cells in length and
breadth does not always take place uniformly and simultaneously in
the whole cross-section of an organ. It is usual to find that, in
growing stems for instance, the pith strives to expand more strongly
than the peripheral tissues. Since no breach of continuity between
the two regions is possible, a state of tension (tissue tension) results.
The pith expands the cortical tissues and these compress the pith ;
the actual length of the organ is the resultant of these antagonistic
tendencies. If the tissues are artificially separated, each assumes its
own specific length ; the pith elongates and the cortex contracts and
the tension disappears.

The tissue tensions which occur generally in growing organs may be demon-
strated in this way. In a sunflower shoot the pith is separated for some
distance from its connections to neighbouring tissues by means of a cork-borer.
On withdrawing the cork-borer the cylinder of pith projects for some distance from
the cut surface of the stem (Fig. 259, 7). If a similar shoot is split longitudinally
the two halves curve outwards owing to the elongation of the pith and the
contraction of the epidermis. Even in the case of hollow shoots such as the stalk
of the inflorescence of the Dandelion (Zaraxacum) a tension exists between the
outer and inner tissues which is expressed by curvatures when the stalk is split
longitudinally (Fig. 259, 2a). If the stalk after this treatment is placed in water
the curvature increases considerably (Fig. 259, 2b).

Tissue tensions also occur in leaves and roots. The tensions need not be in the
longitudinal direction alone ; there are also transverse tensions. Thus, for example,
the rind of trees which increase in thickness by secondary growth is considerably
stretched in the tangential direction. On being separated from the wood it there-
fore contracts.

The tissue tensions gradually arise at some distance from the
growing point when the expansion of cells is commencing, and as a
rule they again disappear in the fully-grown zone, though they persist
in the case of some organs. They are of great importance for the
rigidity of growing tissues; they increase the rigidity given by the
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turgescence of the individual cells. The tissue tension presents a certain
resemblance to the turgescence of the cell ; this is most evident in the
typical stem. Just as the cell sap distends the cell wall by its osmotic
pressure, the expanding pith stretches the cortical tissues. Increased
resistance to deformation and increased rigidity result from the
stretching of the cortex, just as they do in the cell from the stretching
of the wall.

The tissue tension ceases as all the cells attain the permanent
mean length dictated by the size of the organ. Sometimes, however,
certain cells after attaining their greatest
length exhibit a considerable contraction
associated with an alteration in shape.
This occurs often in roots when the tissues
of the cortex dnd of the central portion
are thrown into folds by the contraction
of the tissue that lies between them. The
significance of this contraction of roots,
which may lead to a shortening of the
fully-grown structure by 10-70 per cent,
is very great. Thus it is due to it that
the leaves of many ‘rosette plants,” in
spite of the continued growth in length
of the stem, remain always appressed to
the soil. It determines and regulates the
penetration of many tubers and bulbs to
a definite depth in the soil. It increases e e
the fixation of the plant in the soil, since % =t B0 o emoved
greater stability results from tense than  and the pith separated from the

from slack roots. Pe’iph;m‘ “S‘;“sst:l’;( "(‘)‘;a‘:lsm"fma
a St cork - borer. . -
(c) Internal Differentiation.—The  goeqcence of  Tarazacum, split

cells of the typical growing point maintain  longitudinally by two incisions at

their power of growth and division ; they  riht angles to one another; a,
= 3 just after splitting ; b, after im

are termed meristematic cells. All organs  ‘mersion in water.

composed of such cells have in principle

the capacity for unlimited growth. Embryonic tissue is found not only

at the growing points, but in the secondary meristems (p. 47).

A portion of the meristematic tissue, or the whole of it in the case
of organs of limited growth, becomes transformed into the somatic
cells of the permanent tissues; in these growth and cell division cease,
and sooner or later death ensues (p. 309).

The internal development of an organ commences close behind the
growing point and lasts for a longer or shorter time. While the full
development of hairs is frequently very rapid, the definite form and
structure of the internal tissues is often only completed after the phase of
elongation is ended. When secondary growth in thickness takes place
there is no termination to the internal development. The development
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of the ¢ permanent tissues” from the primary and secondary meristems
has been described in the morphological section. Here it is only
necessary to recall the fact that the following processes are con-
cerned ; in the first place the formation of cells by cell division which
takes place in the embryonic tissues and at the commencement of
elongation ; following on this the separation of cells which gives rise
to intercellular spaces ; the independent growth of the individual cells;
thickening and chemical changes of the cell walls ; modifications (and
eventually in some cases the complete disappearance) of the cell
contents ; and lastly fusions of cells (cf. p. 44).

In the arrangement of the tissues the same symmetry, which is
apparent in the external form of the organs of the plant, is seen; the
internal structure of the organs is thus radial, bilateral, or dorsiventral.

II. The Factors of Development

In attempting to determine the factors which influence development
it is necessary to treat of examples which show in characteristic fashion
the effect of particular factors. Completeness, either in the enumera-
tion of the factors or as regards their influence, is out of the question.
It is advisable to select the simplest influences when possible, since
more complicated cases require further investigation. As in other
cases the factors may be divided into the two groups of éxternal and
internal factors.

A, External Factors

All the forces and substances which have been seen to be
physiologically effective in the metabolism, or which play a part in
movements, are among the external factors of development.

Certain external factors were mentioned on p. 218 as general
conditions of life; without these it is evident that no development
would take place. These, and other factors which are not necessary,
exert a profound influence on growth. Quantitative and even quali-
tative changes in the organs of plants may be educed by variation in
the intensity, quality, or direction of such factors. These infiuences,
in which the connection between cause and effect is always compli-
cated and involves stimulation of the protoplasm, are termed
formative.

1. Temperature.—As in the case of metabolism it is found that
a certain temperature is a necessary formal condition of growth.

There is complete cessation of growth at a temperature less than
0° or higher than 40°-50°. Between the MINIMUM and MAXIMUM
temperatures, at which growth ceases, there lies an OPTIMUM tem-
perature at which the rate of growth is greatest. This optimum
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temperature usually lies between 22° and 37°C. Plants inbabiting
different climates exhibit considerable differences in regard to the

cardinal points for temperature (cf. p. 219).
That the different individuals of the same
species may show great differences in the
dependence of the phase of elongation on tem-
perature is seen in the unequal development of
the buds of the Horse-chestnut, ete., in spring.
Even in the same individual the processes of
growth in the different organs are variously
influenced by the temperature.

In tropical plants the minimum temperature may be
as high as + 10° C., while those of higher latitudes,
where the first plants of spring often penetrate a covering
of snow, as well as those of the higher Alps and polar
regions, grow vigorously at a temperature but little
above zero. Many of our spring plants show that the
opening of their flowers can take place at a lower tempera-
ture than the unfolding of the foliage leaves.

2. Light.—The growth of a plant is rarely
so strictly limited to a particular illumination as
to a particular temperature. There are, however,
some organs in which growth commences only
after a certain intensity of light has been experi-
enced; some seeds (p. 305) and all parts of plants
which are normally exposed to light can only
continue their development when this is present.
Long-continued darkness produces an abnormal
growth, in that the normal correlation between
different organs is disturbed ; the growth of
certain organs is unduly favoured, and of others
greatly retarded. In darkness the yellow pig-
ment of the chloroplasts but not the chlorophyll
is formed. The stems of Dicotyledons, in such
cases, become unusually elongated, also soft and
white in colour. The leaf-blades are small and

A
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Fi6. 260.—Two seedlings of
Sinapis alba of equal age,
E, Grown in the dark,
etiolated ; N, grown in
ordinary daylight, normal.
The roots bear root-hairs.
(After NoLv.)

of a bright yellow colour, and remain for a long time folded in the bud
(Fig. 260 E). A plant grown under such conditions is spoken of as

ETTIOLATED.

The elongation of certain organs and simultaneous reduction of others has
an ecological significance in nature in the case of seedlings and rhizomes which
are growing in the dark. The parts which are functional only in the light remain
at first undeveloped, and the constructive material for them and especially for
the chlorophyll is economised. The great elongation of the other organs which
is mainly dependent on an accumulation of water brings the parts that need it

as soon as possible into the light.

U
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Comparison of an etiolated plant with one grown in the light shows
that the influence of light is not the same on all organs; it may
either increase or arrest the growth. While, however, the action
of light in arresting the growth of the stem increases with the
intensity, the increase of the growth of leaves due to the light has
a limit ; the leaf attains its maximal size in light of moderate intensity.
It is a onesided view of the growth in length of the stem, and the
resulting height .of the plant that is expressed by the statement,
“the effect of illumination is to retard growth.” In these organs,
and in others that behave similarly, the effect of light is found
to be much less simple. It appears rather, as is shown by the
accurately-investigated case of the coleoptile of 4vena, that light
first accelerates and then retards growth, and that both influences
increase with the intensity of the light. With every increase in
the illumination there is first acceleration and then retardation of
growth, while on darkening the plant there is retardation followed by
acceleration (°7).

The effect of the component rays of white light appears to be still
less simple. 'When light is arresting the elongation of the stem it is
the blue and violet rays of short wave-length that are effective, while
the red rays behave in the same way as darkness. Other processes
of growth, however, are influenced differently. The germination of
the spores of certain ferns is accelerated by red light, while blue
light hinders it even more than darkness. Spores germinated in red
light produce greatly elongated cells which only become divided by cell
walls in blue light (**). The complicated nature of the phenomena
is in part explained by light acting both as a stimulus to growth and
as a source of energy. Ultra-violet light injures the plant ; radium-
and Réntgenrays retard, but, like poisons (p. 29 4), may when in
small quantity promote growth (°8).

In addition to the intensity and the quality of the light, its
direction greatly influences the form of the plant body. The
curvatures due to one-sided illumination (phototropism) will be dealt
with later in connection with the phenomena of movement. The
illumination may also influence the polarity and symmetry of the
plant. Thus in some simply-organised plants the more strongly
illuminated side of the cell from which development starts becomes
the apex and the other side the base. In other cases an originally
radial growing point becomes bilateral or dorsiventral under one-
sided {llumination. Lastly, an organ which has passed the embryonic
stage may become dorsiventral, as in cases where roots form on the
shaded side only. When it is possible to experimentally transform
the external symmetry the internal structure is also as & rule altered,
the connection between the two being very close.

In the germination of the spores of Equisetum, the first division wall, and with
this the distinction of apex and base, is determined by the direction of the light.
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A similar influence of light on the polarity is shown by the egg-cells of Fucus and
Dictyota.

Antithamnion cruciatum, one of the Florideae, forms decussately-arranged
branches when in diftused light ; on one-sided illumination the branches all stand
in one plane at right angles to the direction of the rays. Further examples of
dorsiventrality induced by one-sided illumination are afforded by the branches of

‘many Mosses, the thalli of most Liverworts, and the prothalli of Ferns; these

structures in the absence of such illumination are sometimes radial and in other
cases bilaterally symmetrical. In fern prothalli and the thallus of Marchantia
the dorsal side is determined by the stronger illumination. In the case of the
prothalli, when the lower side is illuminated, the new growth is adapted to the
altered direction of the light and the former upper side becomes the lower ; in the
Marchantiaceous thallus, on the other hand, the dorsiventrality once induced
cannot be changed. The shoots of Ivy and other root-climbers in which the
climbing roots are produced on the shaded side may be cited as an example of
dorsiventrality induced by light in the higher plants.

Comparison of an etiolated and a normal plant shows that influence of the
intensity of the light under which the plant has grown extends to the internal
structure. The tissues of the etiolated plant are less differentiated and thickened
cells are wanting. A less complete contrast than between light and darkness
may be effective. Shade-leaves (°%) have a very different structure from the leaves
of the same species developed in full sunlight. They are thinner, their palisade
cells narrow below,.leaving wide intercellular spaces between them, and form only
a single layer ; in sun-leaves the palisade cells are longer and form several layers.

Alpine plants, the illumination of which differs in duration, intensity, and
composition from that in the plains, differ in their whole habit from lowland
plants. Their vegetative organs are contracted, while the flowers are large and
brightly coloured. Other factors than light are concerned in this change.

8. Gravity.—A plant can readily be removed from the light but
gravity is always acting upon it. It is only possible to change the
direction of its action. When the direction of the action of gravity
coincides with that of the main shoot and root of the plant no effect
is perceptible ; when it forms an angle with the line of these organs
curvatures are produced (see Geotropism), as in the case of illumina-
tion from one side. Apart from these curvatures an action of
gravity on the polarity of the plant is established ; this does not
amount, however, to inversion or to the transformation of the shoot
into a root. There is no case of the polarity of the undifferentiated
egg-cell being altered by gravity; this is always determined by
internal causes, though gravity may have a modifying influence.

If twigs of Willow are cut and suspended in a moist chamber roots form near
to the lower end, while only the buds situated near the other end expand into
shoots (Fig. 261, 1). If the twig is hung in the inverted position it is the
corresponding buds at the end which is now lowest which still give rise to shoots,
while the strongest roots are produced near to the lower end which is now upper-
most (Fig. 261, 2). This experiment shows that internal causes mainly determine
the contrast of the two poles. Since, however, in the inverted position there is a
displacement downwards of root-formation and upwards of the unfolding of the

Ul
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buds gravity must also play a part. It has, however, in no case proved possible
to effect a complete and lasting inversion of the polarity of a plant in this way ;
while snch inverted plants may live for a considerable time, they exhibit serious
disturbances in their anatomical construction (%%).
An effect of gravity on the internal dlSpObltlon is also seen in the case of
obliquely or horizontally placed branches. The tendency of the internal disposition
is to cause the uppermost buds to develop and give rise to long
,.3 shoots. On branches displaced from the vertical the basal buds are
favoured and the more apical buds arrested. When the branch
is eurved the strongest branches arise at the highest point of the
% curve. Inthecultivation of vines
~— and fruit trees this peculiarity is
utilised to produce shorter and
weaker shoots (short shoots),
which experience has shown are
those that bear the flowers.

4. Mechanieal In-
fluences. — Pressure  and
traction exert a purely
mechanical influence upon
growth, and also act as
stimuli upon it. External
pressure at first retards
growth ; it then, however,
stimulates the protoplasm
and occasions the distension
of the elastic cell walls, and -
frequently also an increase

1 of turgor. Asa consequence
F1a. 261.—Twigs of Willow : 1, in the normal position; 2, of this increased turgor, the
in the inverted position growing in a moist chamber. counter-resistance to the ex-
(After VOCHTING.) A 7 3
ternal pressure is intensified.
If the resistance of the body exerting the pressure cannot be overcome,
the plasticity of the cell walls renders possible a most intimate contact
with it; thus, for instance, roots and root-hairs which penetrate a
narrow cavity fill it so completely that they seem to have been poured
into it in a fluid state. It would be natural to suppose that the effect
of such a tractive force as a pull would accelerate growth in length by
aiding and maintaining turgor expansion. But the regulative control
exercised by the protoplasm over the processes of growth is such that
mechanical strain first acts upon growth to retard it, but then causes
an acceleration of even 20 per cent.

-
/——'

Other actions of mechanical influences as stimuli may be mentioned. Lateral
roots arise only from the convex sides of curved roots (Fig. 262), the cause lying
probably in the DIFFERENCES OF TENSION between the two sides. The primordia
of the haustoria of Cuscufae and the adhesive discs on the tendrils of some species
of Parthenocissus are caused to develop by the STIMULUS OF CONTACT.
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If mechanical effects lead to wounding the result may be the
phenomena of healing (p. 164) or restitution (p. 282).

5. Chemieal Inﬂuenees —The presence of the necessary nutrient
substances in sufficient quantity and the absence of poisonous
substances are formal conditions for growth. While it is known that
particular, essential, nutrient materials are not replaceable by an
excess of others, some substances may be of special importance in
particular processes. Since elongation is essentially due to the
introduction of water, the signifi-
cance of the water supply to a
growing plant is obvious. Growth
often ceases when there is not
sufficient waterjn the soil. Even
a diminution in the humidity of
the air may arrest growth by
increasing transpiration. Some
plants, however, can store water,
and are therefore more inde-
pendent of its direct absorption.
They grow at the expense of the
stored water, and can often with-
drawthe water from older portions
so that these wither while growth
goes on at the apex, as is shown
by potatoes sprouting in a dark
cellar. Plants in damp situations ;
are usually larger than those Oy
grown in dry places, and in fact - '\
may differ from them in their
whole habit and mode of growth. F!G‘;}fﬁi—hi’mag plant of Lgpiu;,h thtia r:ainlroot :f
A local excess of water in the hav: ari::n or::(;rlr\l: c:)ulf::x't‘aceseof tlf:acurr'z:
plant, such as may be brought  (after Norr) .
about by arresting transpiration
by a coating of paraffin oil, may lead to various departures from the
normal structure ()

A striking stimulus-effect results from permanent contact with
liquid water in such plants as can endure this. This is doubtless the
result of the combined effect of a number of factors and not simply to
the material effect of the water. Thus both the arrest of transpiration
and the change in the illumination are of importance.

Amphibious plants, that is such as are capable of living both upon land and
in water, often assume in water an entirely different form from that which they
possess in air. This variation of form is particularly manifested in the leaves,
which, so long as they grow in water, are frequently linear and sessile or finely
dissected, while in the air their leaf-blades are much broader and provided with
petioles (ef. Fig. 128). The leaf-stalks and internodes also often exhibit a very
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different form in air and water, and undergo the same abnormal elongation as in
darkness." This is especially noticeable in submerged water plants, whose organs
must be brought to the surface of the water (stem of Hippuris, leaf-stalk of
Nymphaea). Such plants are enabled by this power of elongating their stems or
leaf-stalks to adapt themselves to the depth of the water, remaining short in
shallow water and becoming very long in deep water.

The water-forms also differ from the land-forms in their internal structure.
Thickened cell walls are frequently absent from the stem, and the vascular bundles
are reduced ; the leaves resemble shade-leaves. The most marked contrast to
water plants is presented by such land plants as are exposed to insufficient water
supply or too active transpiration. In these the vascular bundles are strongly
developed, while the epidermis has the arrangements which have been considered
under the means of protection against excessive transpiration.

In addition to the true nutrient materials which are employed
in the construction of the substance of the plant, oxygen requires to
be mentioned. Although its entry into the plant is connected with a
loss of organic substance, it is quite indispensable for growth on
account of the need of respiration. In aerobic plants at least, growth
ceases completely on the withdrawal of oxygen; a diminution or
increase of the proportion of oxygen in the air also influences growth.

Stimuli of the most various kinds proceed from substances acting
on the plant.

Poisons must first be mentioned ; these are substances which in very dilute
solutions arrest growth and ultimately life. Thus even in a dilution of 1 in
25,000,000 copper sulphate kills such Algae as Spirogyre and also peas in water
cultures. It is a striking fact that many poisons when in extreme dilution have
a stimulating effect on growth. Chemical stimuli due to other substances play a
large part in the germination of many seeds, spores, and pollen grains, and in the
development of fruits. Some pollen grains only germinate when they obtain traces
of substances which are present on the stigma. Many parasitic fungi and also
parasitic Phanerogams (Orobanche, Lathrea) are stimulated to develop by unknown
substances proceeding from their hosts. In Algae and Fungi high concentration
of some food materials may give rise to striking changes in form.

6. Influence of Foreign Organisms.—Fungi and Bacteria living
parasitically in flowering plants often cause profound deformations
that are known as GALLS (%). In the simplest cases there is merely a
hypertrophy of cells, while in more complex ones there are qualitative
changes in the organ. Still more striking gall-formations are caused
by animals, especially insects. Outgrowths form, which serve the
parasites for protection and food. The structure of the gall appears
purposive when considered from the side of the parasite, the protective
layers and nutritive layers of the gall being without significance for
the plant.

Euphorbia Cyparissias, when attacked by a rust fungus (decidium Euphorbiae),
becomes sterile, remains unbranched, has shorter and broader leaves, and in its
whole appearance is so changed as scarcely to be recognisable. Plant lice some-
times cause a flower to turn green, so that instead of floral leaves green foliage-like
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leaves appear. Another peculiar example of abnormal growths is afforded by the
GALLS or CECIDIA produced on plants by Fungi, or more frequently by insects,
worms, and arthropods. The effect of these formations on the normal development
of the tissues of a plant is more or less disturbing, according to their position,
whether it be in the embryonic substance of the growing point, in the tissues still
in course of differentiation, or finally in those already developed. Galls which are
products of abnormal tissue formation are termed HisToID, while oRGANOID galls
depend on the transformation or new formation of members of the plant body.
The latter are especially instructive. The larvae of Cecidomyia rosaria live in the
growing points of Willow stems, and occasion a malformation of the whole shoot
by the production of galls, known as ‘‘willow-roses,” which are composed of
modified leaves and axes. Flies (Diptera) often deposit their eggs in the tissues of
partially-developed leaves, in consequence of which the leaves become, according
to their age when attacked, more or less swollen and twisted. After the leaves of
the oak have attained their full growth they are often stung by a gall-wasp of the
genus Cynips. The poison introduced by the sting, and also by the larvae hatched
from the eggs deposited at the same time, occasions at first only a local swelling of
the leaf tissue, which finally, however, results in the formation of yellow or red
spherical galls on the lateral ribs on the under side of the leaf.

Symbionts, .. associated, mutually-beneficial organisms, neither
of which can be regarded as the host, may influence one another
formatively. This is seen, for example, in Lichens.

It is probable that chemical substances play an important part in
the influences exerted by one organism on another. It is true that
only in rare cases have deformations resembling galls been brought
about by the action of dead substances extracted from the normal
inhabitant of the gall. Parasites which do not give rise to galls
probably act on the host plant by poisonous substances. On the other
hand, the host plant by forming anti-bodies may injure the parasite or
prevent its entrance. Thus HEINRICHER has shown that some kinds
of pear-tree are readily infected by the mistletoe and others only with
difficulty ; he has also shown that probably one infection by the
parasite renders the host more resistant to artificial infections. There
are thus PHENOMENA OF IMMUNITY in the vegetable kingdom, though
they have not been nearly so thoroughly investigated as in the case of
animals (%02),

7. Purposiveness of the Reactions to External Factors.—It has
been seen that the form and structure of the plant is influenced in a
regular fashion by many external factors. While some of the resulting
changes are without importance to the plant or, as in the case of galls,
are only of use to the organism causing the change, the majority of
reactions to external stimuli are remarkably purposive, i.e. they are
of use to the plant. Examples are afforded by the elongation in
etiolation, the characteristic development of amphibious plants in
water and on land, the increase of protections against transpiration
with the greater dryness of the atmosphere, ete.; these purposive
reactions are termed ADAPTATIONS. How it comes about that the

U2
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plant frequently reacts in a purposive fashion will not be considered
here (cf. p. 212).

B. Internal Factors

When a change occurs in an organism while all the external factors
remain constant it must be referred to internal factors. The latter
cannot be so readily analysed as the external factors, so that the
reference of many phenomena to internal factors is frequently little
more than a statement of our ignorance.

1. Determinants.—The determinants which a plant has derived
from its parents are the first internal causes to be mentioned ; it is
these that lead to the regular origin of a fungus from a fungal spore
or of a bean-plant from a bean-seed. In particular they determine the
agreement of all the individuals of any species, when under the same
external conditions, in such characters as the colour of the flower,
form of the leaf, size, etc. It is not as a rule possible to experimentally
alter the determinants possessed by a species, and they cannot be
ascertained by direct observation  On this account further considera-
tion of them may be deferred until heredity is treated later.

2. The Phenomena of Correlation (%1).—While external factors
have a profound influence on the internal structure of plants the
differentiation of tissues proceeds under quite constant external con-
ditions ; it is thus determined by internal causes. We do not know
what is the nature of the particular causes that force a meristematic
cell into a definite course of development. Only one thing is certain ;
from every cell of the growing point everything might arise, all the
cells agreeing in their determinants. It is the mutual connections or
correlations between the cells that lead to the lines of development
followed by this and that cell. 'When these connections are removed
it has been seen in the phenomena of reparation (p. 282) how cells
exhibit quite other capacities than those they had previously shown
when in connection with one another. This applies to mature as well
as meristematic cells when their connection with neighbouring cells is
interfered with. Thus in the process of regeneration (p. 282) it has
been seen how fully-grown cells that would soon have perished again
become young, and how, for example, from a single epidermal cell all
the various cells characteristic of the particular plant can be derived.
It is clear that an organism in which such mutual action of the cells
was lacking could not exhibit the division of labour that is customary
in the higher plants. In other words, correlations must be reckoned
among the “regulations ” without which the organism is inconceivable.

Such correlations exist between the externally visible organs of
a plant as well as between its cells. This, if not as a rule evident,
becomes apparent when an organ is removed and the reactions of the
isolated organ and of the plant from which it was taken are studied,
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or when an organ is experimentally brought into a position it did not
previously occupy.

The first result of the removal of an organ may be the appearance
of so-called COMPENSATIONS ; other remaining organs become larger.
The leaves which arise at the growing point prevent older leaves
attaining their maximal size, and if the growing point is removed the
size of the leaf may be increased (e.g. in the tobacco plant). The
active development of some of the axillary buds hinders that of many
others ; if the dominant shoot is removed the resting buds commence
to grow. The conclusion may be drawn that even in normal develop-
ment the size of the organs is determined by correlative influences
from neighbouring organs. In other cases a QUALITATIVE effect
follows the removal of an organ. If the tip of a Pine is removed, its
place is taken by one of the adjacent lateral branches, which assumes
the erect position and shows the same leaf arrangement as the original
main shoot. It appears that the usual oblique position and dorsi-
ventral arrangement of the foliage on the lateral branches comes
about under the influence of the main shoot. In this and many other
cases of correlative influence it is not necessary that the organ should
be removed ; as a rule it is sufficient to interfere with its normal
action, as for example by embedding it in plaster of Paris.

It has been shown in treating of restitution (p. 282) that new
roots or shoots may be produced on isolated organs. Thus the
members of the plant, like every cell, are originally capable of further
development in a number of directions. It is their mutual influence
that serves to control this.

The effect of correlation is also shown when an organ is trans-
planted to a new position. By methods of transplantation, which
have been derived from horticultural practice, it is easy in the case of
many plants to make a separated part grow in relation to a wounded
surface. The separated part is termed a graft, while the plant upon
which it is inserted is called the stock. The graft may be of the same
species as the stock, or from a related kind of plant. One correlative
influence which is apparent is the suppression of regeneration on the
part both of the stock and the graft. The latter adopts the root-
system of the stock, while the stock in turn adopts the shoot-system
of the graft ; there is no necessity for the formation of new organs.

Artificial ¢rAFTING, like artificial propagation, plays an important part in
horticulture. Separated shoots bearing buds serve as the grafts or scions, and are
caused to unite with a rooted plant as the stock. In this way it is possible to
obtain examples of considerable size of a race or species more rapidly than by
seeds or by artificial propagation. In practice several different methods of insert-
ing grafts are in use, but only the more important can be mentioned here.
GRAFTING is the union of a shoot with a young and approximately equally-
developed wild stock. Both are cut obliquely with a clean surface, placed
together, and the junction protected from the entrance of water and fungi by
means of grafting wax (Fig. 263 II). Cleft or tongue grafting is the insertion of
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weaker shoots in a stronger stock. Several shoots are usually placed in the
cut stem of the stock, care being taken that the cambial region of the different
portions are in contact, and that the cortex of the shoots is in contact with that of
the stock. In other methods of grafting, the”cut end of the shoot is split longi-
tudinally and the cut shoot is inserted in the periphery, or a graft may be inserted
in the cortex or in the side of the stock. In grafting in the cortex the flatly-cut
shoot is inserted in the space cut between the bark and the splint wood (Fig. 263
I). In lateral grafting, the shoot, after being cut down, is wedged into a lateral
incision in the stock. ;

Fic. 263.—Different modes of grafting, I, Crown grafting ; I, splice grafting; II7, bud grafting.
W, Stock ; E, scion. (After NoLL,)

A special kind of grafting is known as BuppiNG (Fig. 263 III). In this process
a bud (““eye ”’) and nota twig isinserted under the bark of the stock. The ‘“eye”
is left attached to a shield-shaped piece of bark, which is easily separated from
the wood when the plants contain sap. The bark of the stock is opened by a
T-shaped cut, the ‘“‘eye” inserted, and the whole tightly covered. Occasionally
some of the wood may be detached with the shield-shaped piece of bark (budding
with a woody shield). In the case of sprouting buds, the budding is made in
spring ; in dormant buds, which will sprout next year, in summer.

The unjon is accomplished by means of a callus (p. 164), formed by both the
scion and the stock. Vessels and sieve-tubes afterwards develop in the callus,
and so join together the similar elements of the two parts. Such an organic union
is only possible between very nearly related plants: thus, for example, of the
Amygdalaceae, the Plum, Peach, Almond, and Apricot may readily be grafted one
upon the other; or of the Pomaceae, the Apple with the Quince ; but not the
Apple with the Plum, nor (as has been asserted) with the Oak.
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The polarity which is noticeable in phenomena of regeneration also influences
the practice of grafting. Unlike poles of a plant may readily be induced to grow
together, while like poles may only be brought to do so with difficulty, and then
do not develop vigorously.

The stock and graft influence one another in a variety of ways.
For example, portions of annual plants grafted on perennials attain an
extended period of life ; the opposite effect, a shortening of the life
of the graft, may also result from grafting. Qualitative changes may
also be brought about and may go so far as to lead to a vegetative bud
of the graft becoming transformed into a flowering shoot. The specific
properties of the two components are, however, maintained in cases of
transplantation.  Certain cases known as chimaeras appear at first
sight to constitute an exception to this statement ; fuller investigation,
however, shows that while externally they appear intermediate forma-
tions between the symbionts in the graft, no mingling of the specific
characters has taken place.

Chimaeras (%1¢).—Some plants grown in Botanic Gardens under
the names Laburnum Adami and Crataegomespilus suggest in a number
of ways comparison with hybrids (p. 317), but have undoubtedly not
arisen by sexual reproduction. Laburnum Adami (Fig. 264) is inter-
mediate between Labuirnum vulgure and Cytisus purpureus ; it frequently
develops branches which can only be regarded as ‘“reversions” to
Laburnum vulgare, and less commonly others that completely resemble
Cytisus purpureus.  Certain intermediate forms between Crafaegus
monogyna and Mespilus germanica are known as Crataegomespilus or
Bronveaux hybrids. The origin of these is known. The intermediate
forms, of which several are known differing from one another, arose in
the region of a graft of Mespilus on Crataegus in a garden at Bronveaux
near Metz. It can be regarded as certain that the origin of Laburnum
ddumi was similar. Both plants have therefore been regarded as
graft hybrids, i.e. as hybrids not resulting from the union of sexual
cells, but by some influence of vegetative cells on one another.

More recently HANs WINKLER has produced such * graft hybrids ”
experimentally. He grafted Solunum nigrum, the Woody Nightshade,
on Solanum Lycopersicum, the Tomato, and after union had taken place
cut the stem of the stock transversely at the level of the graft.
Among the adventitious shoots which developed from the region of
junction of the two components there occurred well-marked inter-
mediate forms. In the first instance there were forms which were
composed of longitudinally-united halves with the characters of the
grafted plants; these were termed chimaeras by WINKLER. Later
there were obtained other intermediate forms, externally uniform
(Fig. 265), which appeared to be the desired graft hybrids. Closer
investigation showed, however, that these also were to be regarded
as chimaeras, since they consisted of parts of the Tomato and the
Nightshade intimately united in growth but otherwise unchanged.



Fic. 264.—Laburnum Adami, Poit (Cytisus Adami, Hort), with atavistic branches showing the
characters of the two parental forms, Laburnum vulgare to the left and Cytisus purpureus to
the right, (After NoLL.)
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They were not longitudinally-united halves, however, but inner and
outer layers of the growing point were formed of tissues of the two
different species (cf. pp. 307 and 86). These have therefore been termed
periclinal chimaeras in contradistinction to the sectorial chimaeras in
which longitudinal segments are evident.

Cytisus Adami and the Crataegomespili are also periclinal chimaeras.
True graft hybrids in which a mingling of the specific characters in a
single cell has resulted from grafting are as yet unknown.

Solanum tubingese has the dermatogen of the Tomato, while the internal
tissues are those of the Nightshade. The converse is the case for Solanum Kolreu-
tertanum. In 8. proteus the two outer layers are from the Tomato and .the
remainder from the Nightshade, while S. Gaertnerianum affords the converse
condition (Fig. 265). In a corresponding fashion the dermatogen in Cytisus
Adami is deriv'ed’from Cytisus purpwreus and the internal tissues from Laburnum
vulgare. In one of the Bronveanx hybrids (the form Asnieresiz) a core of Crataegus
is covered by the epidermis of Mespilus; the other form (Datrdari) has two or
more enveloping layers from Mespilus. When adventitious shoots are developed
from a single layer, these have the pure specific characters proper to the layer
without any trace of admixture with the other symbiont.

Nothing is known with certainty of the mode of origin of periclinal chimaeras,
but it can hardly be doubted that the growing points of these adventitious shoots
are composed of cells derived from the two components, the one forming the core
and the other the surface layers. WINKLER'S contention that there were also
true graft hybrids is doubtful, and this author’s own investigations show that
the change in chromosome number in these plants is susceptible of another
explanation. Further, the association of specifically different nuclei in the one
cell, so long as they do not fuse, does not constitute a true hybrid but only a
chimaera. Such a mixo-chimaera, which can again separate into its components
vegetatively, has been experimentally produced in Phycoinyces nitens by
Bureerr (518).

III. The Course of Development and its Dependence
on External and Internal Factors

The course of development consists of a succession of processes
which tend to be repeated in the same order in any particular kind of
plant. Observations in nature suffice to show that this succession
must be capable of modification. Deviations from typical form which
are spoken of as monstrosities are not uncommonly met with. It is
one of the objects of developmental physiology to ascertaiu the causes
of such monstrosities, to produce them experimentally, aud thus to
arrive at some insight into the causes of normal development.

Although there are at present few of the phenomena of develop-
ment which can be controlled experimentally, the results obtained force
the conclusion upon us that THE TYPICAL COURSE OF DEVELOPMENT
IS ONLY ONE AMONG A NUMBER OF POSSIPILITIES, THE OCCURRENCE
OF WHICH IS DETERMINED BY A PARTICULAR COMPLEX OF CAUSES.
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Every departure from this complex of causes \vﬂl also find its ex-
pression in the form of the plant.

Alterations of the normal form tend to be more extreme the
younger the cells are which are influenced. When the embryonic
substance of a growing point is diverted from its normal course of
development, a quite different structure may replace the one which
was anticipated ; in other cases intermediate forms of more or less
monstrous appearance are developed. The embryonic substance of a
growing point is still capable of giving rise to all the primordia which
are included in the range of form of the species, and thus a vegetative
shoot may arise in place of a leaf; in exceptional cases even the
growing point~of a root may continue its development as a shoot.
On the other hand, the alteration of leaves that have commenced to
develop is mainly restricted within the limits of the metamorphosis of
the leaf ; thus, for example, petals may be formed in place of stamens
or carpels. The later the transforming influence takes effect on the
primordium, the more incomplete will be its transformation.

All anomalous formations and functions of plants constitute the province of
PHYTOPATHOLOGY (%) ; pathological morphology is concerned with the former.
Monstrosities of external form are treated of under VEGETABLE TERATOLOGY (%)
and the pathological alterations of the shape and contents of cells and tissues in
the pathological anatomy of plants (%).

The development of an organism does not proceed always with the
same activity or in continuous uniform growth. Usually periodic
alterations are evident, resting periods alternating with others of
active growth. During the latter, cell divisions periodically take
place, various forms of leaves and shoots arise, and reproductive organs
are developed ; periodically also larger and smaller parts of the
organism die off.

A. Resting Condition and the Commencement of Growth (%)

Attention has already been directed to the fact that three distinct
states may be recognised in the plant: active life, latent life, and
death. It was further pointed out that all the manifestations of life
are at a standstill in the condition of latent life; the activities
of metabolism, even respiration, are suspended, and there are no
indications of growth and movement. The capacity of development
still remains, however, and this distinguishes latent life from death.

Resting Condition.—The condition of latent life is met with in
seeds, in the spores of some lower plants, and in many fully-grown
parts and buds of plants during unfavourable periods of the year (cold
periods, dry periods). It cannot be endured indefinitely by plants ;
even seeds and spores in which it is most complete lose sooner or later
the capacity of development and die. In other cases, as in the
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unfertilised egg-cell, growth is suspended, but all vital activities are
not suppressed.

At first sight it appears as if the resting eondition during an
unfavourable season was caused thus. As a matter of fact, however,
periodic cessations of growth are found in many tropical trees; while
temperature and water-supply continue favourable, the leaf formation
does not proceed continuously, but is interrupted by resting periods,
so that there are several periods of active growth in the course of the
yvear. In our native plants also the entry upon a resting period is
in no way determined by the low temperature. The unfolding of the
leaves of many trees ceases completely in May or June. Further, our
trees, when transferred to a tropical climate, frequently exhibit a
periodicity similar to the native plants of the new locality. These
phenomena are not interpreted in the same way by all investigators.
On the one hand it is assumed that every periodicity in the growth
of a plant is determined by a periodicity in the environment which
need not be in the supply of moisture and warmth, but may concern,
for example, the absorption of nutrient salts. On the other hand it
may be assumed that plants possess a periodicity depending on
internal causes, and that they become adapted to the seasonal
changes in countries where such occur; with us the resting period
is the winter, while in other countries it oceurs in the dry period.
This does not hold for all plants, however. In our climate there are
some herbs, such as Senecio vulgaris, which continue to grow throughout
the whole year if the external conditions permit, and in the tropies
plants which grow continuously also occur.

The Oak, Beech, Apple, and Pear retain their resting period in the sub-tropical
climate of Madeira, while under uniformly favourable conditions in the mountain
regions of Java the periodicity may be disturbed in particular individuals. This
even occurs in the several branches of the same tree, which may then bear leafy
and leafless boughs at the same time (Oaks, Maguolias, Fruit, and Almond trees,
together with some endemic species). Other trees gradually accustom them-
selves to the new conditions, as the Peach, for instance, which in Réunion has
become nearly evergreen in the first generation and completely so in the second.
It does not appear to be known how the periodicity of the unfolding of its buds
has been affected.

Commencement of Development.—The termination of the resting
condition and the resumption of growth often depends only on the
establishment of general eonditions for growth. In other cases the
resting condition is more fixed but may be sometimes shortened by
particular stimuli.

The germination of seeds takes place as a rule when the general
conditions for growth are present, especially the necessary temperature,
supply of oxygen, and water ; but examples are not wanting in which
special stimuli are requisite. Such special stimuli, usually provided
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in the process of fertilisation, are also concerned in removing the
inhibitions on the growth of egg-cells.

Some seeds pass through a prolonged resting period before they commence to
* germinate. They may lie for years in the soil, while others of the same age have
germinated long before ; this in part depends on the hardness of the seed-coat and
the consequent difficulty of swelling. This also appears to be the main reason
why the seeds of many aquatic plants (%) will not germinate in pure water,
but do so on the addition of acids or alkalies. In some cases fully swollen
seeds are unable to germinate except in the LIGHT (7). The red and yellow rays
are usually more effective than move highly refractive rays, and a surprisingly
short exposnre to illumination may suffice (Lythrum salicaria, &% second, at
Hefner-Kerze intensity of illumination 730). Not uncommeonly the illumination
may be replaced by a particular high temperature or by chemical stimuli. The
latter play the chief part in the case of certain parasites which only germinate
in the vicinity of their host plants (Orobanche, Tozzia). In other cases (e.g.
Amarantus) light hinders or delays germination, and darkness is an advantage.

In the case of spores also germination may begin on the establishment of the
formal conditions of growth or may require special stimuli.

A striking and fixed resting condition is seen in deciduous trees.
At a certain season of the year, in the autumn or earlier, their buds
can in no way be induced to expand. Later, however, a considerable
shortening of their resting period may be caused not only by a higher
temperature but by a number of stimuli such as frost, heat, dryuess,
darkness, illumination, ether vapour, acetylene, tobacco smoke, wound-
ing, injection of water, etc..

The awakening from the resting state (%) is most readily effected shortly before
the normal resumption of activity, but almost as readily at an early period shortly
after the period of rest has begun. In the intervening period of complete rest,
attempts at removing the inhibition on growth are usually without effect. These
relations have to be taken into consideration in the foreing of plants in horti-
cultural practice.

The Stimulus of Restitution (%).—The causes of the commencement
of growth in the case of restitutions have also to be considered. The
answer appears simple, since the phenomena as a rule follow on
wounding. The fact, however, that processes that resemble restitu-
tions are met with in the course of normal development shows that
circumspection is required. Thus, for example, young plants arc
developed in the indentations of the leaves of Bryophyllum, and in the
case of certain Begonias shoots are developed from the intact as well
as from the incised leaf-blade. It has been shown experimentally that
for many true restitutions it is not the removal of an organ but
the interruption of its functions that is required to start the new
growth (p. 297).

Polarity.—The fertilised ovum of the flowering plant, when the
inhibition on its growth is removed, forms two distinct growing
points for the shoot and root respectively. A corresponding polar

X
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differentiation with the distinction of apex and base is met with also
in more simply-constructed plants. While cases have been already
referred to in which this distinction is determined by an external
factor, in all higher plants the polarity is specific and depends on
internal causes. We can neither cause growth with polarity in
a spherical apolar Alga, nor induce a higher plant that possesses
polarity to become apolar.

The polarity once it has been defined in the egg-cell is on the
whole maintained throughout growth. In some plants, however, it
can be seen to be altered from internal causes.

Thus in species of Platycerium and Adiantum among the Ferns and in
Neottia nidus avis among the Orchids, shoots are formed directly from the growing
points of roots. In the Adder’s-tongue Fern (Ophioglossum) the vegetative repro-
duction depends entirely on the formation of buds close to the growing points of
the roots. The apex of some fern leaves also (e.g9. Adiantum Edgeworthii) may
grow directly into a shoot.

.Symmetry.—Every growing point effects in a characteristic fashion
the further construction of the organ to which it belongs, and also
provides the primordia of lateral organs, the distribution of which as
they appear is definitely determined, and may be radial, bilateral, or
dorsiventral. Thus a certain symmetry already exists in the growing
point, and, at least in many cases, is determined by purely internal
causes ; in others external factors have a preponderating effect.

B. Growth and Cell Division

Growth, once started, does not always proceed uniformly. Some
Algae such as Vaucheria or Fungi like Saprolegnia continue to extend
the cell by apical growth. In the great majority of cases, however,
there is a limit to this, and when a certain size has been exceeded
the normal mass of the cell is regained by division. There is no
regular rule, since the process depends not only on external conditions
but in great part on internal. Thus, for example, divisions proceed
rapidly at the growing point while they become less frequent later,
though growth still proceeds. In accordance with this the size of
the cells as a rule increases considerably on passing from the growing
point to the region composed of permanent tissue behind. The
volume of the nuclear mass is also of importance in the question
of the size of the cell. It has been possible in some instances to
obtain a nuclear mass twice or four times that of the normal nucleus
in a cell; all the cells derived from such a cell proved to be consider-
ably above the normal in size (7).

A mean volume or mass of the cell can always be regarded as one
of the hereditary characters of a species. When species of different
sizes are compared, the range in size of cell is not found to be as great
as that in the size of the plant as a whole. In other words, large
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plants are mainly (but not entirely) determined by a large number of
cells (™).

Little is known as to the particular causes of cell division (2).
It doubtless depends on a very complicated succession of phenomena ;
these concern not only the protoplasm but the nucleus which initiates
the process. In the growing point of the shoot in higher plants, and
also in some Algae, a certain periodicity is evident in the cell division
which occurs more frequently at night than during the day; it is
evident that light has an inhibiting effect, but unknown external and
internal factors must co-operate. Not merely the fact that a new
cell wall is formed but the direction in which it arises is a problem
of developmental physiology. It has long been observed that the
position of the new cell walls
shows a striking similarity to
the behaviour of weightless
liquid films such as those of
soap bubbles. The latter tend
to contract to the least possible
surface, and therefore are in-
serted as nearly as possible at
right angles on the walls already
present. In spite of the great
similarity between the arrange-
ment of cell walls on th.e.one F16. 266.—Diagrammatic representation of a growing
hand and of surfaces of minimal point. (After Sacrs.)
area on the other, it would be
unsafe to conclude that the same causes determine the position in
the two cases, for the cell wall is never fluid.

The principle of the rectangular intersection of cell walls is strikingly shown
in the growing points of phanerogamic plants. In these, as is shown in Sacus’
diagram (Fig. 266), the cell walls form two systems of parabolas which have a
common focus and intersect at right angles. The one system (Fig. 266 I-77) runs
more or less parallel to the surface of the growing point ; these cell walls are
termed PERICLINAL. The walls at right angles to these (1-11) are termed
ANTICLINAL.

C. Further Periodic Changes in Vegetative Form

Other periodic phenomena often occur while growth is active,
There are, for example, periodic changes in the form of the leaves and
stem, which are not only quantitative but qualitative ; foliage leaves
alternate with scale leaves or bracts, or leafy shoots with rhizomes.
the transitions being either gradual or abrupt. The correlation of
growth, already considered (p. 296), is concerned in these phenomena.
The existence, or rather the activity, of a certain quantity of foliage
exerts an influence on the primordia forming at the growing point
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and causes them to develop as bud-scales. If the foliage leaves are
removed in early summer these primordia develop as foliage leaves
instead of scale leaves. In a similar fashion the removal of leafy
shoots may affect a subterranean rhizome, and cause it to grow out of
the soil and form foliage leaves instead of scale leaves.

Another kind of heterophylly is met with in some plants in
which the form of leaves produced during youth differs from those
borne on the older plant. It is somemmes possible to bring about
a return to the Juvenlle form when the external conditions under which
this arises are again established. Thus in the case of Campanula
rotundifolia round leaves can be developed on plants which have
formed the subsequent linear leaves by diminishing the intensity of
the illamination. In some aquatic plants the submerged leaves belong
to the juvenile form, and the floating or aerial leaves to the later
adult form. Here also the juvenile form can be induced. This is not
always the case, however, for sometimes the growing point has been
so profoundly changed that it can only produce the later adult type
of foliage.

The stem also may undergo far-reaching transformations. It may
be erect in the case of leafy shoots or creep horizontally on or
in the soil ; in twining plants the internodes are greatly lengthened,
while they are very short in rosette plants ; there are wide differences
in the growth in thickness, in extreme cases the stem becomes a
tuber, All these various forms or modes of growth result from
definite influences, and can, in part at least, be obtained experimentally
even at times and places where they would not occur in the “normal”
course of development.

The formation of tubers in the Potato affords an example of the
plasticity of the stem. As is represented in Fig. 203, the tubers
usually form at the ends of horizontal stolons which arise from the
lower region of the foliage shoot where it is embedded in the soil.
The tuber forms by marked growth in thickness of the end of the
stolon, and cessation of its. growth in length. If, however, the leafy
shoot is removed at the proper time, the ends of the stolons grow into
erect branches which emerge from the soil and bear foliage leaves.
The typical development of the Potato can thus be modified so that
no tubers are formed. On the other hand, tubers can be caused to
form at other places: for example, at low temperatures the main
axis of a particular kind of Potato will remain short, and be trans-
formed into a tuber; in other varieties tubers are produced near the
summit of the aerial leafy shoots when the tip of the shoot is
darkened. Boussingaultia baselloides is even more plastic than the
Potato ; any bud can be induced to form a tuber, and when buds are
lacking, internodes or roots may swell into tubers. Apparently the
production of a certain amount of reserve material acts as a stimulns
leading to the formation of a storage organ.
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D. Duration of Life

We have further to consider the periodic alternation expressed in
the duration of life of the plant as a whole. There are plants, such
as Stellaria media and Senecio vulgaris, which in a few weeks go through
their whole development from the germination of the seed to the ripen-
ing of their seeds. Since each seed can germinate at once, several
generations may be developed within the year. The individual plant
dies on producing a certain number of seeds, but the seeds ensure the
maintenance of the type of plant. Many annual plants are similar
though their life is more closely connected with the seasons of the
year. With these may be placed other plants which only fruit once
(monocarpic) but in which seed-formation is preceded by two or
many years of purely vegetative growth, with or without resting periods.
Probably in all these cases the development of fruit is the cause of
the death of the vegetative organs, for their life can be considerably
prolonged by preventing seed-formation. In contrast to these plants,
others, such as our native trees, fruit repeatedly, the existence of
the individual not being terminated by seed-formation. All perennial
types exhibit another periodicity besides that due to the seasons.
A tree in its first year when it is a seedling has less intensity of
growth than many annual plants; the intensity of growth increases
gradually and its growth in length, its growth in thickness, and even
the elementary organs of the wood continue to increase in size until
a maximum is attained. Some trees attain a great age and are
capable of unlimited growth. From a certain point of maximum
development, however, the annual shoots become smaller, apparently
on account of the increased difficulty of exchange of materials between
the roots and leaves. Ultimately the tree dies for this reason, or
owing to the attacks of parasites or other disturbing external effects.
If care is taken to ensure the production of new roots near the
growing points of shoots, the latter will continue to grow with
the same intensity, and no termination of the growth is to be
anticipated. This experiment cannot be performed on every tree,
since some do not readily give rise to roots; it is easily done
with the Willow, however, by using branches as cuttings. Long
before the whole individual perishes, however, single parts of it
have died. Thus the leaves have been shed after persisting for
one or several years. In some cases whole branches are shed, though
often they perish without being thrown off and gradually break up
while still attached to the plant. All the older tissues of the stem
also die ; the peripheral tissues are transformed into bark and either
fall off or form a protective covering to the parts within. In the
centre the wood is transformed into heart-wood in which the remain-
ing living elements die. In an old tree only the growing points,
whether apical or intercalary, and the youngest tissues derived

X1
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from them remain alive. Thus we see that every cell which has
lost its embryonic character dies after a longer or shorter time.
Though this cannot as a rule be prevented, we cannot say that the
death is necessary. It is because certain cells develop that others
die, and their death is a phenomenon of correlation. In plants that
are capable of restitution the removal of the growing point before
the permanent tissue has become too old leads to fully-grown cells,
which would normally die, becoming embryonic again and continuing
to live.

The longevity of trees (*) having an historical interest isnaturally best known and
most celebrated, although, no doubt, the age of many other trees, still living, dates
back far beyond historical times. The celebrated Lime of Neustadt in Wurtemberg
is nearly 700 years old. Another Lime 257 m. in circumference had 815 annual
rings, and the age of a Yew in Braburn (Kent) which is 18 m. in circumference is
estimated at 2880 years. Sequoia gigantea, the giant tree of California, attains
according to H. MAYR the age of 4000 years, An Adansonia at Cape Verde, whose
stem is 8-9 m. in diameter, and - a Water Cypress (Zaxodium mexicanum) near
Oaxaca, Mexico, are also well-known examples of old trees. The celebrated
Dragon tree of Orotava, which was overturned in a storm in 1868, and afterwards
destroyed by fire, must have been some 600 years old. Bryophytes also may
attain a great age; the apically-growing mosses of the calcified Gymnostomum
clumps, and the stems of the Sphagnaceae, metre-deep in a peat-bog, must
certainly continue to live for many centuries.

E. Reproduction

Cell division, especially when the two resulting cells separate, can
be regarded as a process of reproduction. In more complex organisms
also vegetative growth often passes gradually into reproduction.
Only those forms of reproduction require special consideration in
which special organs are formed (reproductive organs, germs) which
separate from the parent plant and, at the expense of a supply of
reserve material, commence a new life. In this way young organisms
originate which then repeat the development of the parent organism,
its gradual increase in strength, and its later decay. Often these
reproductive organs have the further duty of carrying the organism
over a period of cold or drought; they thus constitute a resting
stage. With favourable conditions their growth recommences, they
germinate.

Reproduction is concerned, however, not merely with the continua-
tion of the parent organism, but at the same time with an increase
in the number of individuals (p. 192). For the continuance of the
species it is not only necessary that numerous germs should be
produced, but that they should be widely distributed ; as a rule there
will be no room for new individuals to grow in the place where the
plant which bears the seeds is growing.
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It will be seen in the Special Part how various are the arrange-
ments to ensure the formation of reproductive bodies in the vegetable
kingdom. The division of the latter into classes, orders, ete., is
mainly based on this variety. Two types of reproduction can, how-
ever, be readily recognised thronghout. These are vegetative and
sexual leproduction and may also be termed monogenic and digenic
lespectlvely since only one organism is concerned in vegetative and
two in sexual reproduction.

The organs which serve for reproduction have been treated in
the section on Morphology. In this place the conditions and the
significance of the phenomena have to be considered and the properties
of the offspring discussed.

1. The Conditions of Reproduction (™)

In nature reproduction appears to follow vegetative growth with
some degree of necessity. It commences as a rule when the vegetative
growth is slackening and the plant has attained a certain age. It
can, however, be shown that this succession is not obligatory, and that
the natural course of development is determined by quite definite
conditions, and can be greatly modified by other influences.

Thus the guestion arises, under what conditions does vegetative
growth and under what conditions the formation of reproductive
organs respectively take place? Since these problems have as yet
been relatively little studied, it is not easy to give a general answer
to this question. We must, therefore, confine ourselves to making clear
the essential facts by means of some examples

Lower Plants.—The fungi belonging to the genus Saprolegma
have a non-septate, branched mycelium without chlorophyll. They
oceur commonly in nature on dead insects which have fallen into water,
and their thallus first grows through the body of the insect. After a
time, however, it grows out and forms a radiating growth around the
insect. The end of each of the radiating hyphae becomes as a rule
cut off by a septum, and its contents divide up into numerous swarm-
spores ; these emerge, move about, and finally germinate to give rise
in another place to a new individual of Saprolegnia. Later eggs and
sperm-cells are formed on the older plant and, at least in some species,
the former only develop after being fertilised. With the production
of fertilised eggs the activity of the Saprolegnia plant tends to cease ;
it gradually perishes.

G. KvLEBS has shown that it is possible to completely change this
course of development of Saprolegnia ; KUEBS has succeeded in direct-
ing the development in the following ways among others :

1. The mycelium can continue for the whole year to grow vege-
tatively when supplied continually with fresh and suitable nutritive
material.
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2. Such a well-nourished mycelium on being transferred to pure
water proceeds completely and at once to form sporangia.

3. In solutions of leucin (01 per cent) and haemoglobin (0'1 per
cent) at first a strong growth develops and then sexual organs are
formed. Swarm-spores are not formed ; they appear, however, after
the sexual organs, when a more dilute solution (0'01 per cent) of
haemoglobin is employed.

It is thus clear that guite definite conditions exist for vegetative
growth, others for the formation of sexual organs, and yet others for
the appearance of asexual reproduction.

Conditions of the Formation of Flowers.—In the Phanerogams
asexual reproduction by means of bulbils, ete., is much less prominent
than the sexual reproduction which is connected with the flower.
The question of the causes of the development of flowers is of
special interest. Observations in nature and experimental work
show that in this case also sexual reproduction is not absolutely
essential to the maintenance of the species, and that the formation
of flowers only takes place under quite definite conditions. The
results which KLEBS obtained with Sempervivum Funkii ecan be sum-
marised thus:

1. With active carbon-assimilation in bright light and rapid
absorption of water and nutrient salts, the plant continues to grow
purely vegetatively. .

2. With active carbon-assimilation in bright light, but with
limitation of the absorption of water and salts, the development of
flowers takes place.

. 3. With a moderate absorption of water and nutrient salts it de-
pends on the intensity of the illumination whether vegetative growth
or the production of flowers takes place. With weaker intensity of
light, and when blue light is used, only growth takes place; with
stronger illumination or with red light flowering occurs.

KiEBs distinguished three phases in the formation of the flowers
of Sempervivwm. 1. The establishment of the condition of readiness for
flower-development. 2. The formation of the primordia of flowers
recognisable under the microscope. 3. The enlargement of the in-
florescence. These three phases are connected with wholly different
conditions and depend therefore in different ways on external factors.
The initial condition is determined by a preponderance of carbon-
assimilation over processes in