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THE GENERAL STRUCTURE OF PLANTS 5

with its neighbours on all sides. In

such cells the proto-

plast when young usually oceupies the whole of the interior

(fig. 5, a), but when they are adult

it generally lies as a

Fi6. 5.—YEGETARLE CELLS.

A, very young ; B, a little older, ehowing commencing formation of vacuole.
P, protoplasm ; n, nucleus ; v, a vacnole.

peripheral layer round the wall, to which it is closely
pressed, while a central vacuole occupies the greater space
of the cavity enclosed by the cell-wallg (fig. 6). Sometimes
the vacuole 1s erossed by a number of bridles or strands

of protoplasm, which generally pass
from a somewhat central spot to
the periphery. The protoplasm is
transparent, but somewhat granular
in appearance, and is saturated with
water. Somewhere in its substance,
whether it fills the cell-cavity or
not, there exists a special differen-
tiated portion called the nucleus.
Sometimes, but only in particular
cells, the protoplasm contains other
differentiated portions, distinet from
the rest of the substance, which are
known as plastids. The bulk of the
living substance, to distinguish it
from these specialised portions, is
usually called the eytoplasm. It is

Fia. 8.—ApuLT VEGETABLE
CELLs, = 600, (After
Ea::]ni.]

hy cell-wall ; [p, protoplasm
k, nuclens, with nu-
eleoli; & &', vacuoles.

not of the same con-

sistency throughout, a generally firmer portion lying next to
the cell-wall being known as the ectoplasm. A similar firm
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THE GENERAL STRUCTURE OF PLANTS 9

The simplest plants, as we have seen, are unicellular,
and many remain in this eondition throughout the whole of
their existence, When they have attained a certain size
the cell or protoplast divides into two. Sometimes these
two become separated from each other, and we have two
plants where but one existed before. Plants with this habit
remain unicellular, and the
division of the cell is equiva-
lent to the reproduection of
the plant. The unicellular
condition in other cases is
transitory, and the plant soon
comes to consist of two, four,
or more cells, in eonsequence
of the products of each divi- P 10— Couoims or Profo.
sion remaining attached to-
gether. We get in this way a small colony of cells, each
like the others both in structure and in funetion. When
the power of division is limited the resulting colony
consists of a limited number of cells, and is often found
surrounded by a common ecell-wall or membrane. This
condition is seen in such plants as Chroococcus, Proto-
coccus, and other humble Alge (fig. 10). A colony of
somewhat higher type, though still of microscopie size, is
found in the form of a hollow sphere (fig. 11), the wall
of which is one cell thick (fig. 11, a). This organism,
known as Volvoz, shows a little higher differentiation than
those last described, the cells being furnished with cilia by
means of which the little sphere can propel itself through
the water.

In other cases the association of a number of protoplasts
is not complicated by the formation of any cell-wall. Fig.
4, A shows an aggregation of a number of naked protoplasts
which have combined to form a plasmodium. These
organisms are found creeping about upon moist surfaces ;
they form the group known ag the Myxomyecetes or slime-
fungi. One species, A thaliuwm, is found frequently among







THE GENERAL STRUCTURE OF PLANTS 11

have a number of protoplasts arranged togethar cver
the inner surface of a common cell-wall. The separate
protoplasts are often in such close contact with each other
that their separate outlines cannot be detected. They
have the appearance of a mass of profoplasm lining the
wall of a hollow, generally tubular,
eavity, and having a large number
of nuclei embedded in the mass.
The presence of a number of nuclei
indicates that there are really as
many protoplasts, as we have seen
a nucleus is an essential part of one
of the latter. Moreover, a single
protoplast eontains only a single
nucleus.

The difference between a colony
of this kind and one construeted
like Chroocoecus or Volvox is the
absence of a cell-wall between the
protoplasts. They are a stage
higher than the Myxomycetes, as
the whole colony is protected by an
external membrane.

Other eenocytes exist in which,
besides the limiting wall, certain
transverse walls exist, dividing up
the chamber into compartments.
This econdition is intermediate
between the cenocyte already de- F16; 12 Fwnrxo o Orobus
scribed and the simple colony or Svsexson. THE Larie

L BHOWS A LAENOCYTIC aTRUC
the multicellular plant. rune.  (After Guignard.)

In most cases the division of
the cells goes on for a considerable time and may continue
almost indefinitely, the number of the constituent proto-
plasts becoming very great and the eolony proportionately
large. According to the direction of the divisions we
get filaments (fig. 18), plates (fig. 14), or masses of cells,
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THE GENERAL STRUCTURE OF PLANTS 13

itself in harmony with its environment. Finally, it carries
out the processes of reproduction.

The primary needs of a plant are fairly simple. If we
study the life and the behaviour of one of the free-swim
ming organisms of which we have already spoken, we see
that its first requirement is water. In this it lives ; from
this it draws its supplies of nutriment and info this it pours
forth its exereta. The arrangement of the protoplasm in the
cell in one of the higher plants points to a similar need. If
we regard the arrangement whether in the young or the
adult cell, we notice particularly the very close relation of
the protoplasm to water. The young cell enclosed in its cell-
membrane speedily shows a tendency to accumulate water
in its interior, and gradually drops appear in its substance
which lead ultimately to the formation of a vacuole always
full of liquid (figs. 15, 16). This store of water in the
interior of a cell is of almost universal oceurrence in the
lowly as well as the highly organised
plant. The constitution of proto-
plasm, so far as we know it, depends
upon this relation, for the appa-
rently stroctureless substance 1is
always saturated with it. It is only
while in sueh a condition that a cell
can live; with very rare exceptions,
if a cell is once completely dried,
even at a low temperature, its life is
gone, and restoration of water fails
to enable 1t to recover.

Fi6. 16.—ADULT VEGETABLE

The constancy of the oceurrence  Crnes. = 500.  (After
of the vacuole in the cells of the ;. f;'ﬂ]:-,;}u; p, protoplasm ;
vegetable organism is itself an evi- 'ﬁﬂ‘:ﬁi;?,“:]‘g::;m'{”i‘ o
dence that such cells are completely
dependent upon water for the maintenance of life. The
cell-wall, though usvally permeable, yet presents a certain
obstacle to the absorption of water, and so even those
cells which are living in sfreams or ponds usually possess a
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The oxygen is usually obtained by the plant through
the intervention of water. The aquatic plant, whether
free-swimming or stationary, unicellular or possessed of a
highly differentiated body, absorbs the needed supply from
the quantity which is dissolved in the water of the sea,
stream, or pool in which it lives. The higher plant conveys
it to the protoplasts in solution in the water with which its
tissues or its walls are saturated. In such an organism
there is need of a special mechanism by means of which
the gases of the exterior may obtain access to the living
cells in the interior of the mass.

A third requirement of the plant is food. Here
ultimately, again, its dependence is placed upon the water
it obtains. The food or the materials from which the food
is constructed arve absorbed by the plant in solution in
water, whether the food material is solid, liquid, or gaseous
in the condition in which it is presentéd to it.

Another condition is imperative in the case of a plant
which 18 composed of a large number of protoplasts or cells.
Not only must each have its own needs supplied, but it
must be in a condition {o influence others and be influenced
by them. In such a plant we have, in fact, a community of
individuals, situated differently with regard to the supply
of individual and collective needs, and the well-being of
the whole community must depend upon the co-operation
of all in carrying out the different processes of life. The
protoplasts of such a community must therefore be in
organic connection with each other, so that such co-opera-
tion can be secured. The connection between contiguous
protoplasts which are separated by cell-walls is not easy
to determine. Special methods of preparation, and the
application of particular staining reagents, will show, how-
ever, under very high magnification, that the living sub-
stance of one cell is continuous with that of its neighbour
by fine delicate fibrils which perforate the wall (fig. 17).
In a few cases, as in certain seaweeds, and in the sieve-
tubes of the flowering plants, the connecting strands are
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THE DIFFERENTIATION OF THE PLANT-BODY 21

supplemented by masses or sheaths of hardened or .a-:,ler
enchymatous parenchyma or even by sclerenchyma itself
In forms which are intermediate
in requirements, such as the
petioles of leaves, layers of
collenchyma are developed below
the epidermis (fig. 25).

Sometimes sheaths or layers
of sclerenchyma are developed
instead of cork ; this condition
occurs especially among the
stouter Monocotyledons.

The prﬂtﬁﬂhi‘ﬂ?E machanisms Fro. 25.—COLLENCHYMA UNDER
developed by roots also show a  TuE Brperuis or Periots
good deal of variety. The outer-
most layer does not at first take the form of an impervious
membrane ; this would be ineonvenient in view of the neces-
sity for the existence of root-hairs. In some cases the second
layer later undergoes modification, its cells becoming thick-
ened in a peculiar manner; it then constitutes the exoder-
mis (fig. 26). Other sheathing layers
are also found more deeply seated,
while eventually the perieyele becomes
the place of formation of corky tissue.

The second prominent differentia-
tion which presents itself is the forma- 5 . 40 cpcrrox or Ouren
tion of a system of cells and vessels for Reciox or Root, snow-

158G EXODERMIS, 1.

the transport of water through the

plant and the circulation of nutritive and other materials.
We may speak of this as the conducting system. A little
reflection will show us the necessity for the development of
some such system as this, which must be more extensive and
complex as the size of the plant increases. We find that the
source of water on which a terrestrial plant relies is the goil
in which its roots are embedded. Even when it is young
many of its protoplasts are placed at a considerable dis-
tance from such a source of supply, and in the absence of
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THE DIFFERENTIATION OF THE PLANT-BODY 25

herbaceous forms, whose requirements are similar, but
which for various reasons have not a very great develop-
ment of either primary tegumentary tissue or of vascular
bundles. With no additional mechanism for support, they
would be in great danger of either collapsing or being
actually uprooted. In their cases we meet with a sub-
sidiary development of supporting tissue, which shows a
great variety in its arrangement and distribution.

We find that the tissue which most frequently subserves
this purpose is either collenchyma, sclerenchymatous par-
enchyma, or true sclerenchyma. In a few delicate stems
these tissues are much more prominent than the vascular
bundles. We can notice three regions of the stem or axis
where they may appear, and in these places they may take
the form of isolated cells, or strands of fissue, or complete
sheaths going round either the whole axis or separate parts
of it. The first of these regions is the layer underlying
the tegumentary tissue, which the new development sup-
plements and strengthens. Most moss plants show the
hypodermal cells of their axis thickened, while such a
development is very common in many petioles and leaf-
blades. The new development may occur in close relation-
ship with the vascular bundles, which, in such cases, are
found among large-celled somewhat succulent parenchyma,
and are not generally very strongly developed. The scler-
enchyma by forming a separate sheath round each bundle
gives it a rigidity which it could not derive from its own
elements, and in addition prevents the whole stem from being
crushed. This is seen in the stems of many semi-succulent
monocotyledonous plants, such as those of the maize and the
asparagus (fig. 81). The selerenchyma may also occur freely
in the ground tissue, at some distance from both tegumentary
and vascular structures, The bands of it which occur in
the rhizome of the bracken fern are good illustrations of
this mode of disposition. The two main ones form an
interrupted eylinder (fig. 29), so arranged as to protect the
delicate vascular tissue, which is in great part placed either
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THE DIFFERENTIATION OF THE PLANT-BODY 327

(fig. 80); the vascular bundles of many Monocotyledons
are surrounded separately by a sheath of small cells of
similar character (fig. 81); in Pennisetum (fig. 82, 4) a
sheath is developed round the stem in the form of a hollow
eylinder which lies between the bundles and the epidermis.

More frequent instances occur in which two of the
regions in question are strengthened simultaneously. In
the stems of Scirpus (fig. 82, 5) there is a development of
sclerenchyma round the periphery, and strands occur also
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F16. 80.—Lear or Pinus (oNE oF THE CONIFERS)

ap, epidermis ; by, layer of sclerenchyma ; en, endodermis ; v.h. vascular
bundle ; #.d., resin duct.

in connection with the bundles. BSometimes these are con-
nected by bands of sclerenchyma lying between them. In
Fimbristylis (fig. 82, T) there is a ring of sclerenchyma in
the cortex and patches around the periphery, which in other
cases are joined like those of the former type. In the stems
of Typha (fig. 82, 9) a band of sclerenchyma lies at the
back of each bundle, and either a ring or some isolated
strands may be found in the cortex. The stem of Juncus
(fig. 32, 10) shows these two forms combined together.

Still more complicated cases show selerenchyma arising
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THE DIFFERENTIATION OF THE PLANT-BODY 29

cells of curious shape which extend from one epidermis
to the other. Others show bands of sclerenchyma sup-
plementing the veins and not infrequently enclosing them
and reaching the epidermis on each side.

The supporting tissue is frequently known as the
stereome of the plant. It forms, as we have seen, the most
prominent part of the endo-skeleton.

Fiag., 82, —Diacerasm sgpowiNg THE CHIEF IMSPOSITIONS OF THE SKELETAL
APPARATUS 1N A STEM WITH FIVE COLLATER' L BUNDLES (IN TRANSVERSE
BECTION).

(The sclerenchyma is hlack ; the bast of the bundles is white ;
the wood is dotted.)

1 Tjj'-pﬂ without accessory sclerenchyma; 2, Eguiscfum; 3, Bambusa;
4, Pennisglum ; 5, Scirpus; 6, Eriantlhus; 7, Fimbristylis; 9, Typha ;
10, Juncus; 14, Cladium. [After Van Tieghem.)

The cells of which the masses of sclerenchyma are
composed have been ascertained to possess almost as much
power of withstanding longitudinal strain as the finest
steel, and they are much more ductile than either this
metal or wrought iron. Their arrangement in the different
ways described has a very distinet relationship to the
character of the strain they have to resist. In such
structures as hollow stems where there is but little
substance of tissue, but where they are required to resist
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other and form a system extending throughout the pia_nt.
They can be detected in the root, in the cortex of which
they are conspicuous (fig. 85) ; they may be traced through

Fro. 87.—Pant oF Lower Sunrace oF A Lear, sHowNg THREE STOMATA
IN¥ DIFFERENT STAGES oF OPENING. = BOD.
all the ramifications of the stem, and are seen to form a
very prominent feature of the mesophyll of the leaves (fig.
36). They communicate with the exterior in all the green
parts of the plant,
especially the leaves.
In the epidermis of
all such parts are
small openings known
a8 stomata (figs. 87,
38), which are pro-
vided with two guard- :
eslls by the behaviour ™% 34 Ssortox or Lowss Hervasis or
of which the aper-
tures can be opened or closed. In those regions of the
axis where corky layers cut off the metabolic tissue of the
cortex from the exterior, certain other special apertures,
3
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tion of every new cell being completed at once by the
membrane which is formed as soon as the protoplast has
divided into two. This is particularly noticeable in cases
where a cell-complex or community forms the plant-body.
Hach protoplast thus continually forms for itself a chamber
to dwell in, the walls of which at first, at any rate, are
probably all alike. We may thus recognise in the cell-wall
an exoskeleton for the individual protoplast, which may or
may not undergo subsequent modification.

In the case of a large plant consisting of innumerable
protoplasts, the cell-walls of the separate units are found
united together in different ways, and to a different extent
in different individuals. The resulting network constitutes
at first the skeleton of the whole plant. The modification
of the cell-wall which was unnecessary so long as the
protoplast was solitary, becomes imperative as soon as the
needs of a large community are established, and secondary
differentiations of such eell-walls result, the alterations
being due, like the original formation, to the activity of
the protoplasts. Not only are the walls changed in
substance and in thickness after they are formed, but the
protoplast itself frequently alters the form of the cavity
containing if, and consequently its own shape, by irregulari-
ties of subsequent growth. The skeleton of the plant is
not therefore merely the hard tissues which will survive
maceration and desiceation, not merely those coarser
structures evidently set apart for protection and support,
but it includes all the delicate cell-walls which form the
cavities in which the protoplasts are living. We may
indeed diseriminate between the skeleton of the individual
protoplast and that of the large community of which it
forms a part.

The skeleton of a large plant such as a tree increases
in complexity as its life continues. In such a plant
growth proceeds continuously so long as life lasts. Kvery
year new branches or twigs with their associated leaves
are constantly produced. With such continuous inerease






THE SKELETON OF THE PLANT 39

ment of the supporting and conducting ftissue at an early
stage of its life, and the latter indicates the condition
after several months, during which a large formation of
secondary vascular tissue has taken place.

The structure of & cenocyte shows a similar mode of
formation of the skeleton to that of
a multicellular plant-community.
In this case, however, the several
protoplasts are not furnished with
separating walls. The only skele-
ton is the external membrane which
limits the whole structure, and
which is formed by the conjoint
activity of them all. In compound
or septated ccenocytes we have in
addition certain transverse walls
crossing the inferior and giving a
greater degree of strength to the
whole body. These separating
walls have a similar origin.

The primary cell-wall which
clothes the unicellular plant, and
which serves as the original sup-
porting membrane of the separate
protoplasts of a community or
¢olony, is, when first formed, a
clear, transparent, extensible, and
elagtic membrane, which remains
in contact with the protoplasm so ¢ #L-—Tunrio or Orobus
long as the latter is living., Under i;m‘fﬂg:t :E:::;HTWJ?M-FE:EG,;
certain conditions it is capable of G:i:wcw:_c STRUCTURE
absorbing considerable quantities (afer Qtigubrd)

; The rounded bodies in the seg-
of water, and in consequence swell- ments of the conocytes are

ing to a greater or less extent. i e
Under ordinary conditions it is freely permeable by
water. It is usually said to be composed of a sub-
stance termed cellulose, whose chemical composition is
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tissue of the flowering plants is less resistent, giving very
easily the reactions which have been just described. A
third variety is hydrolysable with still greater readiness.
It is to a certain extent soluble in alkalies and is easily
decomposed by acids with formation of other carbohydrates
of low molecular weight. Such cellulose is represented in
the cell-walls of most seeds.

It is probable that cellulose is chemically combined
with a eertain amount of water, and that the degree of such
hydration differs in the different varieties described.

Though, as already stated, the cell-wall is commonly
said to be composed of cellulose, the latter material is always
associated with other constituents. Among the latter we
find various members of another group known as pectoses,
which differ in many ways from cellulose. This group
includes two series of bodies which vary among themselves
as to the degree of their solubility in water. One of these
series comprises bodies of a neutral reaction, while those
of the other are feeble acids. In each series there are
probably several members, which show among them every
stage of physical condition between absolute insolubility
and complete solubility in water, the intermediate bodies
exhibiting gelatinous stages, characterised by the power of
absorbing water in a greater or less degree.

Of the neutral series the two extremes are known as
pectose and pectine. The former is insoluble in water, and
is closely associated with cellulose in the substance of most
cell-walls ; the latter is soluble in water and forms a jelly
with more or less facility. Pectose has not yet been
obtained pure, in consequence of its close association with
cellulose and the readiness with which it undergoes change
in the process of extracting it. The reagents which
separate it from cellulose convert it into pectine, or into
pectic acid, the former being soluble in water, the latter in
alkalies. The cell-wall can be shown to contain the two
constituents by the action of Schweizer's reagent, which,
when used with proper precautions, dissolves out the
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The two series of peetic bodies are closely related to
each other, for by the action of heat, acids, and alkalies
the various members of both can be prepared from pectose.
The final product of the action of the reagents is the freely
soluble metapectic acid.

The cellulosic and pectic constituents of the cell-wall
show considerable differences of behaviour. The former
are soluble, the latter insoluble, in Schweizer's reagent ;
when oxidised with nitric acid the former yield oxalie, the
latter muecic acid. The celluloses when partially hydrated
stain blue with iodine; the pectic bodies give no coloration
with this reagent. They behave differently also to staining
reagents and to dilute acids and alkalies.

Cellulose, as we have seen, is a member of the group of
carbohydrates. Various writers are not agreed as to the
relation of the peectic bodies to this group, some holding
that their reactions separate them from it entirely, while
others contend that they are closely connected with it, if
they do not actually belong to if. It has been suggested
that they are carbohydrates chemically combined with
acids. Like cellulose they yield some form of sugar when
hydrolysed with dilute mineral acids.

All unchanged cell-walls contain a varying quantity of
water, and various views have been advanced as o the way in
which the latter is held by the other constituents. It is
probably not in a state of chemical union, as the gquantity
present can be easily increased or diminished.

Naegeli suggested that the wall contained particles of
solid matter or micelle, of erystalline form, the long axis
of the erystals being arranged at right angles to the sur-
face of the wall. He supposed each micella to be surrounded
by a thin film of water. Every cell-wall is thus under
some considerable internal strain, the micell®e attracting
each other and tending to squeeze out the water. The
latter, on the other hand, fends to separate the micellw.

. According to Strasburger, the molecules of the solid
mafter are held together by chemical affinity, and there is
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In eell-walls which have undergone considerable thick-
ening the membrane shows a marked differentiation. The
centre of the wall is found to possess a chemical composi-
tion very unlike that of the thickening layers. It marks

e & w W] c st
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F1o, 48.—LoNo1TUDINAL SECTION OF VASCULAR BUNDLE oF SUNFLOWER
BreM. (After Prantl.)
P, pith ; &, 57, spirnl vessels; w', w, wood-cells; p, p, pitted vessels;
¢, cambium ; s#, st, sieve-tubes; ph, fibres; n, bundle sheath;

C, cortex.

off the limits of the cells, ocenpying the position of the
original thin membrane, and looking as if it were the

basis on which the thickening
layers have been deposited. When
a piece of tissue is warmed gently
with a mixture of potassic chlorate
and strong nitrie acid, this layer
dissolves and the cells become sepa-
rated from each other. It has by
certain writers been termed the
intercellular substance and by others
the middle lamella (fig. 44). Though
it is most easily seen in thickened
cells, it is probably not confined to

Fia. 44.—THickExeEnr Woon-
CELLS, sHowmsog MIpnLE
Lasmenta.  (After Bachs.)

them, but exists in all cell-membranes, even when they are
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wall is the seat of a considerable chemical change which
affects its whole substance, though the degree, and possibly
the character, of the change may vary in the different
layers of which the wall is built up.

Not infrequently it is noticeable that the intercellular
spaces contain small concretions of various form, which
consist of the same substance as the middle lamella. This
is scarcely to be wondered at, as, when the intercellular
spaces are formed by the splitting of the cell-wall, the
region of the middle lamella, which is the eentral part of
the membrane, must abut upon the space formed in the
rupture. The caleium pectate which is formed or deposited
in the cenfral region, and which causes the thickening of
the middle lamella, may well exude to a certain extent into
the intercellular space that has been formed.

In such parts of the framework of a well-differentiated
plant-body as need considerable rigidity, a conversion of
cellulose into lignin takes place. This material is found
conspicuously in the walls of wood-cells and sclerenchyma.
It is formed in the substance of the cell-wall, and in par-
tially lignified membranes the lignin can be dissolved out
by appropriate reagents, leaving a cellulose basis. In its
chemieal characters lignin differs remarkably from cellulose.
It does not stain blue with iodine and sulphurie acid, but
can be recognised by its property of becoming red when
treated with phloroglucin and a mineral acid, or yellow
with anilin chloride under the same conditions. Its physical
properties are also different, and bear a definite relation
to the funetion of the tissue as a medium for the transport
of water. It has liitle extensibility, nor can it absorb water
and swell as can unaltered cell-wall; on the other hand,
it allows water to pass through it with great rapidity and
ease.

Lignin is probably not a definite chemical compound,
but a mixture of substances successively formed from the
cellulose.

Walls containing it subserve a double purpose. Its






THE SKELETON OF THE PLANT 49

constituents into a substance known as cufin. Its
properties are very different from those of the original
cell-wall ; it is but slightly permeable by water, and it is
not easy for gases to pass into or through it. This dif-
ference of physical property is accompanied by characteristic
reactions ; it stains yellow instead of blue when treated with
iodine and sulphuric acid, and becomes brown under the
action of strong alkalies, such as caustic potash.

More efficient and prolonged protection is afforded by
the formation of sheaths of cork, cerfain layers being
differentiated as meristem tissue, or actively dividing cells,
for the continued production of this material. The walls
of true cork cells are thin, but the presence of cutin is a

L

Fie. 46.—0uTER PonrTiox ofF CORTEX
ofF Youxa Twic oF LIME.

per, cork layer; ph, meristem layer. Fi6, 47—8EcTioN 0F A LENTICEL.
{, lenticel ; per, cork layer,

conspiecuous feature in them. They are very regular in
form, and are closely arranged together without any inter-
cellular spaces (fig. 46). Coming as they do between the
exterior and the metabolic tissue of the cortex of stems,
thus cutting off the intercellular space system of the latter
from access to the air, they are usually penetrated by special
structures known as lenticels, which are made up of corky
cells very loosely arranged, and which consequently set up
the communication needed (fig. 47). During the winter a
layer of eork is formed below the lenticel.

In the corky cell-wall the cutin is frequently associated
with a eertain amount of lignin.

The thin corky walls possess almost exactly the same
physical properties as the thickened cuticle of the epidermis,

4
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those of the cereal grasses. The value of this deposit to
the plant is not very evident ; it appears at first sight to be
an adaptation enabling the plant to remain upright, but it
is found that its absence does not render the grasses more -
liable to fall.

Some cells of the epidermis of certain plants, especially
among the Nettle family, contain curious ingrowths of
ecellulose, in which there is a very large deposition of
calcium carbonate. They are known as cystoliths (fig. 49).

The cell-walls of certain regions of particular plants
are transformed into mucilage. This material is especially
prominent in the large brown seaweeds, particularly the
Fucacee, where it forms the bulk of the internal tissue. It
ocenrs also in certain layers of the seed-coat of such seeds as
linseed, and in certain regions in the sporocarps of Marsilea.
It is of assistance in the dissemination of the spores of
this plant, and possibly has a similar value in the cases of
such seeds as contain it. It differs from cellulose by
absorbing water greedily, and swelling up considerably.
It gives a blue colour with iodine and sulphuric acid as
cellulose does, differing from the latter chiefly in the ease
with which the absorption of water is brought about. It
is not clear at present whether mucilage is derived from
cellulose only, or whether the pectoses take partin its com-
position, though the latter is probable. The gums are closely
related to mucilage, and seem to represent a further dis-
integration of the cell-wall in that direction. Many of the
gums yield derivatives much like those of pure pectic
bodies, which suggests that their affinities are rather with
the latter. In all probability, however, they are all mix-
tures of the two classes of constituents.

We see thus thaf in the construction of the skeleton of
a complex plant, while its basis is the cell-membranes of
the several protoplasts, which at first form -an almost
homogeneous tissue, not only does differentiation take
place in the direction indicated in the last chapter, but
this differentiation is accompanied by changes in chemical,
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nature of the process by which water malkes its entry into
a cell. This is based upon a physical process which is
known as osmosts.

When two fluids of different densities, such as water and
syrup, are separated from each other by a homogeneous
permeable membrane, they will tend to pass through the
latter in both directions till there is a mixture of the two of
equal density on each side of it. We shall thus have a stream
of water passing through the membrane to the syrup, and a
stream of syrup similarly passing to the water. The rate
of flow of the two streams will not be the same, however,
and the first result will be a considerable increase of the
volume of the liquid upon the side of
the membrane in contact with the syrup,
owing to the greater amount of water
that will have passed through.

A convenient form of apparatus to
exhibit this process of osmosis is repre-
sented in fig. 50. It consists of a
bladder fastened to the end of a narrow
tube which is immersed, as shown, in a
vessel of water. The bladder and part
of the tube are filled with syrup, and the
height at which the latter stands in the
tube is noted. After some time the
contents of the tube will be inereased in
consequence of the enfry of water being Fio. 50—Arranarus
greater than the escape of syrup, and oBss or Osoms,
the liquid will stand at a higher level
in the tube. If the positions of the water and the syrup
had been reversed, the liquid would have fallen in the tube,
showing that the greater osmotic stream was in the opposite
direction.

The relative difference in the rate of the two streams
will vary with the concentration of the syrup.

Other substances than sugar have a similar power of
setting up osmotic currents, which indeed is especially pro-
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than can be stored in the molecular interstices of the proto-
plasm. Drops consequently appear, and these gradually
run together until a distinet though small vacuole, and
later a number of such vacuoles, are apparent in the proto-
plasm (fig. 51). These soon run together as the amount of
water still increases, while the gradually inereasing hydro-
static pressure stretches the extensible cell wall and so en-
larges the cavity. The growth of the
protoplasm does not keep pace with
this extension of the wall and there-
fore after a time the protoplasm
forms a layer round the cell-wall,
enclosing a single large cavity in
which the surplus liquid is held
(fig. 52), the hydrostatic pressure of
the latter pressing the living sub-
tance against the wall.

But, as has been said already, the | Y
process is not a simple physical one. g, 50— Apvrr Veorrance
Though the conditions of the first g:ﬁiﬁi x 500.  (After
experiment are approximated to, they ; ;i van; 5, protoplasm;
are not altogether realised. The * k nuclens, with nu:

? : cleoli; 5 &, vacuoles.

gyrup in the bladder finds its repre-

sentative in the osmotic substances formed by the proto-
plasm and dissolved in the water in its substance; the
water outside the cell is much the same as the water in
the outer vessel. But there is a great difference in the
membrane, The bladder of the experiment is replaced by
a film of cell-wall substance, which we may speak of in
general terms as cellulose, and this is lined by a delicate
coating of protoplasm. This again is not homogeneous,
but has on its surface, which is adpressed to the cell-
wall, a very thin dense layer which forms a kind of
membrane known as the ectoplasm. As soon as the
vacuole i8 recognisable its cavity becomes lined by another
similar membrane, and between the two lies the nearly
homogeneous protoplasm. These plasmatic layers are
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is also given off from them. This does not depend on
osmosis in the stem or leaf, but is due to evaporation,
which takes place from the surfaces of the cells abutting
on the intercellular spaces, whence the watery vapour is
exhaled through the stomata, or, in the case of a woody
stem, through the lenticels. In a cell surrounded by water
such removal must depend upon osmotie currents.

This removal of water occasions a need for a continuous
replenishment of the liquid in the vacuoles, which is
brought about by the same modified osmosis which has
heen described. We can see that this process must be
continually taking place in a complex of succulent cells.
If we consider two which are eontiguous and are separated
from each other by a common cell-wall, it is evident that
unless the proportion of water to osmotic substances in the
vacuoles of both is the same, osmotic currents will flow
from one to the other till this equilibrium is reached.
Any disturbance taking place in one cell of a eomplex will
hence spread from cell to cell until the composition of the
fluid contents of them all is uniform. When we consider
the differences, sometimes very slight, sometimes more
extensive, which are continually taking place in the meta-
bolic activities of the separate cells of a community, it is
evident that, so long as life lasts, osmotic currents of this
kind must be continually passing from cell to cell in various
directions, and frequently at very different rates.

Evaporation from a cell into an infercellular space
must lead to a certain inerease of the concentration of the
golution of osmotically active substance in its wvacuole.
This then attracts water from the contiguous cells, and
consequently, independently of metabolic changes affecting
the quantities of such osmotic substances, evaporation itself
must help in causing movements of water from cell to cell.

The quantity of these osmotic substances which are
present in any particular cell will depend upon the
behaviour of the protoplasm from time to time. BSuch
substances are usually being continually produced in all
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The active influence of the profoplasm is seen also in
another class of phenomena. Certain structures known as
nectaries oceur conspicuously in many flowers. They are
aggregations of cells of a particular kind which exude a
sugary fluid upon their surface. The liquid in the cells
contains a little sugar, and this weak solution is capable
of passing through the protoplasm, not by osmosis, but by
a kind of filtration. Ifs concentration is usually increased
by subsequent evaporation of the water in which it is dis-
solved, so that the secretion when collected has a distinetly
sweet taste. When the petals of certain flowers bearing
these nectaries are eut off, and their cut ends immersed in
water, the glands continue for some fime to exude the
nectar. There can be no question here of a gross filtration
of water under pressure through the tissue, as there is no
such pressure acting on the base of the cut petal. The
protoplasm causes a stream of water to flow into the cells
of the gland by producing osmotic substances inside them,
in this case chiefly sugar. The turgescence thus set up in
the gland cells exerts a strong hydrostatic pressure on the
limiting membranes of these secreting cells, which ultimately
go stimulates the protoplasm as to cause it to allow the
sugary solution to exude upon their free surfaces. We can
discriminate between two forces at work in the exeretion of
the nectar. The absorption of water by the gland cells is
due to osmosis ; the excretion from them on to the exterior
of the gland is more a question of a modified filtration
under pressure from the turgid cell. This is shown by the
fact that if the surface of the gland is carefully dried, the
exudation shortly recommences. Osmosis is not possible
under these conditions. If the gland is killed by alcohol,
the sugar already there is retained in the cells, and no
exudation of nectar, or even of water, takes place.

The vital activity of the protoplasm is thus seen to be
intimately connected with the presence of water in its
substance. The importance of the ready access of the
latter is seen further from other considerations. We have
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rapid current, and play quite a subordinate part in the
supply of the whole plant with water. They are, however,
supplementary to the ascending sap, and effect interchanges
in regions which the latter does not immediately reach.
The cortex of the axis of the plant is especially dependent
upon them, as various mechanisms exist in the different
regions of the stele to guard against too free an escape of
water from its tissues into the cortex.

Except in some special cases the water which passes
through the body of an ordinary terrestrial plant is
obtained from the soil in which its roots are embedded.
The soil itself is composed of minute particles of inorganie
matter of very different degrees of solubility, derived origi-
nally from the breaking down of rocks, together with decay-
ing animal or vegetable matter mixed with the inorganic
constituents. This organic matter is known as humus and
is of very varied composition. The soil thus consists of a
loose matrix of granular character, the interspaces of which
are normally filled with air. The air is in most cases
mixed with a certain quantity of ecarbon dioxide which is
being evolved from the humus constituents of the soil, and
which is slowly exhaled from the surface. The interspaces
are capable of containing varying quantities of water ;
indeed the soil may be so saturated with it that they are
all full. We find soils of all conditions in this respect,
from the dry sands of deserts to the mud of bogs. The
water may be held with greater or less tenacity, clays and
sandy soils affording instances of fwo extremes in that
particular. When the interspaces of the soil are filled
with water, the plants which it is supporting are very
unfavourably placed for absorbing the liquid. By the
excess of water their roots are deprived of the air which they
need for purposes of respiration ; their structure does not
enable the absorption of water to take place all over their
surfaces, as their external cells are more or less cuticular-
ised ; they are consequently hindered and not helped by the
superfluity of liquid. When a soil is properly drained, its
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THE TRANSPORT OF WATER IN THE PLANT 69

the film of hygroscopic water which surrounds them. In
some cases the pressure between the two is so close that
the particles become embedded in the membrane (fig. 55).
The hygroscopic film of water is thus separated from the
interior of the root-hair by a most delicate pellicle of cell-
wall substance, lined by an almost equally delicate layer of
protoplasm. The vacuole of the hair contains a somewhat
acid cell-sap, by virtue of which osmosis is set up; the
osmotic equivalent of the aecids of the
sap being considerable, the cell quickly
becomes turgid and distended, such
turgescence continuing so long as the
conditions remain favourable. The root-
hairs are very numerous, and their united
action causes a considerable accumula-
tion of water in the cortex of the root,
for it passes into the cells of this region
by osmosis through the base of the hair.
This, being one of the cells of the ex-
ternal layer, impinges upon one or more
of the cortical cells, which have a similax
reaction to that of the root-hair itself.
Osmotic currents are thus set up from Fio. §5.—Roor-mam
every hair, and a gradual accumulation  pyureres or Sor.
of water takes place in the cortex of the

young root, making all its cells turgescent and causing a
considerable hydrostatic pressure in the tissue. This tur-
gescence with its consequent pressure soon extends all along
the axis of the young root, though it is originally set up only
by the region which is clothed by the absorbing hairs.

The central portion of the axis of the root is occupied
by a cylindrical mass which extends throughout its whole
length, and which is known as the stele (fig. 56). It is
generally marked off sharply from the cortex, the cells of
whoge innermost layer, the endodermis, are often peculiarly
thickened. This thickening is nof, however, usually very
marked in the region of absorption. At certain places
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THE TRANSPIRATION CURRENT 79

indeed, it will be eoloured quite up to the veins of the leaves,
while the pith and cortical tissnes will remain unstained.
An isolated branch can be taken as the subject of the experi-
ment, its eut surface being placed in a solution of the dye.

The dye in these cases passes with the current of water,
as may be seen by the difference in its rate of passage when
transpiration is vigorous, and when from severance of the
leaves of a branch it ean penetrate only by diffusion.

A good deal of controversy has been excited with refer-
ence to the manner in which the transport of the water in
the wood takes place. Sachs originally suggested that the
path was altogether the walls of the cells, and that their
cavities were empty. This view was based partly on the
fact that the vessels undoubtedly contain a quantity of air
during the period of active vegetation, and that this air is
at a less pressure than that of the atmosphere. Another
reason advanced for it was based on the nature of lignin
and its relation to water. While refusing to absorb much
water and swell as cellulose can be made to do, lignin can
contain a certain quantity, which it will part with very
easily. On this view the walls of the lignified vessels may be
regarded as a column of water held together by the mole-
cules or micelle of lignin. A very little water removed
from the top of suech a column would be immediately
replaced from below so long as a supply existed there.
~ Such a remarkable eonduetivity, however, is probably
not possessed by the walls of the vessels. Many observa-
tions made in recent years tend to negative this view, and
to support the hypothesis that the water passes in the
cavities of the vessels. Sachs's opinion that these are
always free from wafer during active transpiration has
been shown not to be well founded, for various observers
have proved that their cavities are oceupied by a chain of
water-columns and air-bubbles, the air having been
originally absorbed from the intercellular space system.
If the end of a transpiring branch is injected for a short
distance with a viscid fluid, which will penetrate the
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immerse the cut ends of branches in a solution of such a
dye as eosin, and notice how far the dye penetrates in
some unit of time. The objection to this method is that
very frequently the water of such a coloured solution will
travel faster than the dye dissolved in it. Sachs used
instead a solution of a salt of lithium, which he found was
free from this objection. He detected the rate of progress
of the lithium by means of spectroscopical examination,
ascertaining how far the metal could be traced in the stem
when pieces were cut out and burnt after a definite time,
during which absorption had proceeded.

The causes of the transpiration current are not fully
known, but there is no doubt that it is due to the co-
operation of many factors, not one of which by itself is
sufficient to account for it. Two of the main influences
which are at work have been incidentally alluded to, which
must now be discussed in greater detail. These are the
constant pumping action of the cortex of the root, giving
us the force known as root-pressure, and the evaporation
into the intercellular spaces, and its exhalation from the
surfaces of the green parts of the plant, which we have
spoken of as transpiration. Recent investigations make it
probable that we must add to these the force of osmosis in
the parenchyma of the leaves, which apparently brings
about the passage of the water from the veins into the cells
of the leaf-substance.

Besides these, other factors have been held to co-
operate, though much less certainly than they. The walls
of the vessels having an extremely narrow calibre, capil-
larity has been suggested as playing a part. This cannot,
however, have much effect in a system of closed tracheids,
like those of the secondary wood of the Conifers, which,
nevertheless, conduct the water. It has been thought
that the living cells of the parenchyma, which abut upon
the woody tissue of the stele, may play a part similar to
the pumping action of the root. The medullary rays of
the stele in tall tree trunks have been held to play a

6
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quantities of liquid are confinually being forced into the
axial stele. This rhythm, which is comparatively rapid,
must not be eonfused with another rhythm which is much
more gradual, and which constitutes what is called the
periodicity of the root-pressure.

When transpiration is nof taking place, the water may
accumulate in the vessels, and its presence can then very
readily be demonstrated, and the force of the root-pressure
measured. If a vine stem is eut through in the early
spring before its leaves have unfolded, a continuous eseape
of water takes place from the eut surface, and the vine is
said to bleed. The phenomenon is not peculiar to the vine,
but is exhibited by most other terrestrial plants.

In plants which have a large woody system the accu-
mulation of water in the vessels ean only be demonstrated
while the absence of leaves renders transpiration impossible.
Many herbaceous plants show a similar phenomenon daily,
owing to the intermission of transpiration duoring the
night. In these cases it is not necessary to cut the axis
at all ; the aceumulation of water extends to the whole of
the plant. In the early morning the plants show a certain
exudation of water from the tips or apices of the leaves,
drops accumulating on their surfaces. Alchemilla and
Tropaolum especially display this phenomenon, which is
due to the over-turgescence of their tissues, brought about
by the pumping action of their roots.

This phenomenon of setting up a hydrostatic pressure
causing an exudation of water is not confined to roots.
Whenever the active living cells of the stem, or even of
the leaves, force water into the vessels, the same exudation
can be noticed. It can be shown by burying the cut ends
of young stems of grasses in wet sand ; after a time drops
of water ooze out of their projecting upper ends. If the
leafy branches of some trees are immersed in water so that
only the cut ends project, the leaves can absorb water and
force it through the stem, so that an exudation after a time
can be noticed to take place from the cut surface which is
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apparatus the manometer can be fitted with a float carrying
a pen, which can be made to trace a continuous line on a
slowly rotating recording surface. The line will be found
to deseribe a curve, showing points of activity varying from
maximum to minimum. The general features of the eurve
will be the same for all plants, but all do not give the
maximum at the same time of. the day. In the case of
Cucurbita Melopepo the minimum point oceurs in the early
morning ; the curve rises slowly during the forenoon,
reaching its maximum soon after midday. From this
point it falls ; sometimes a second smaller rise takes place
towards evening, and then it sinks continuously all night.
The time of the occurrence of the maximum point varies
in different plants, but in all it appears to be during the
afternoon. In Prunus Lawrocerasus it is much later than
in Cucurbita. The points of maximum and minimum
activity appear, however, to be about twelve hours apart,
so that there is a complete diurnal cycle.

There may be noficed in some trees also a variation
which suggests a yearly periodicity. The power of exud-
ing water is lost for a time during the winter, the loss
being noticeable at different times in different trees. Vitis
vinifera does not show any exudation usually in January ;
Acer platanoides is passive in November ; many plants will
not bleed at all during the winter,

The causes of these variations in the activity of the
absorbing mechanisms of the roots are still obseure. The
annual periodicity, when it exists, appears to be connected
with eonditions which lead to the discontinuance of growth
during winter. The trees pass in fact into a state that may
be compared to hibernation. The daily periodicity does not
appear fo depend upon variations is the surroundings of
the plant, but to be due to some cause or causes inherent
in its constitution. It has been suggested that it has been
induced in plants by long-continued variations of external
conditions, particularly those of illumination, involved as
these are in the alternation of day and night. This alter-
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TRANSPIRATION 91

two dry sheets of glass of somewhat larger area. In a very
short time, often in less than a minute, the paper in con-
tact with the lower side of the leaf becomes pink, while the
other piece remains blue for a considerable time.

The amount of water given off by transpiration varies
in different plants. In the sunflower (Helianthus) the
amount has been stated to be 14 cubic inch of water per
square inch of surface in twelve hours. V. Hihnel has
computed that a birch-tree with about 200,000 leaves may
transpire 60 to 80 gallons of
water during a very hot day.
Doubtless, however, individual
plants show a considerable variety
in the amount. This copious
evaporation readily explains why
the bleeding of plants from wounds
can seldom be observed when the
leaves are expanded and active.

When franspiration is exces-
sive the leaves and branches lose
their turgescence, become flaceid,
and droop. A branch which has
reached this condition may be / S \
revived by forcing water into it, * :
which ean be done by fastening wis. 65.—Arparatvs 10 smow
it into one arm of a U-tube con- DrrEiPENCE oF WITHERING
taining water (fig. 65), and pour-
ing mercury into the other. The restoration of the water
restores the turgescence of the tissues, and the branch
regains an erect position.

The exhalation of the water accumulated by root-
pressure in the closed system of the vessels leads to a
diminution of the pressure of the air which they contain
in addition to the water. Indeed it is by such a suction
that the air is originally enabled to enter the vessels, being
drawn into them from the intercellular spaces. Conse-
quently, while transpiration is active, there is a negative
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TRANSPIRATION 95

tiguous to them. When, therefore, the epidermal cells are
charged with water, this is osmotically drawn into the
guard-cells, which become turgid, and consequently separate,
opening the aperture. 'When the contiguous epidermal cells
lose their water, the osmotie constituents of their contents
become more concentrated, as these do not leave the cells
with the water. The direction of the osmotic stream is
consequently reversed, the guard-cells lose some of their
targidity, so that their edges fall together and partially or
wholly close the slit. Thus the escape of watery vapour
is accelerated or retarded by their action.

Transpiration is markedly increased by sunshine, rising
to many times its original amount when a plant is trans-
ported into it from a dim light. No doubt this is due in a
very large measure to the heat rays which then fall upon
the plant, and which would raise its temperature very
dangerously were they not applied to the evaporation of
the water. DBut it is not due entirely to them, nor to the
higher temperature of the air accompanying their passage.
The light has, indeed, an influence apart from the heat.
No doubt, so far as the visible rays of the spectrum are
converted into heat vibrations after absorption, they must
influence transpiration indireetly in this way. DBesides
acting thus indirectly, light has a direct effect upon the
process, for it influences the size of the stomatal aperfures.
These have been observed to be open during the day and
more or less completely closed during the night. The
gaseous interchanges which light induces, in causing the
decomposition of ecarbon dioxide and the evolution of
oxygen, on the whole favour the exhalation of watery
vapour. When green plants are exposed to light of various
colours the most marked inerease of transpiration is caused
by the light of which the plants absorb most. This ecan
be observed not only in the green parts of plants, but in
those which are not green, as in the petals of the flowers.

The fact that the rays which are absorbed by chloro-
phyll are the most active in promoting the process has
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tion of watery vapour, which increases as the soil is
warmed and diminishes as it becomes cooler.

If the protoplasts of the cells of the turgid leaves of a
branch are stimulated by violently shaking it, the leaves
become flaceid. The protoplasm under the stimulus allows
more water to pass through it to the cell-walls, and hence
evaporation is promoted. The effect may be compared
with that which has already been mentioned as set up in
the cells of the cortex of the root by their over-distension
by the water which aceumulates in them in consequence of
the continuous osmotic activity of the root-hairs. The
stimulus of this distension is responded to by the proto-
plasm by its becoming more permeable by the water of the
vacuoles of the cells. The response made by the protoplasts
of the leaves to the stimulus of shaking may help to explain
the flaccid condition observable in the foliage of certain
trees after the prevalence of a high wind. Besides this
effect upon the protoplasm, the continuous removal of the
air around the transpiring organs has, no doubt, a consider-
able influence upon the removal of the watery vapouvr from
their intercellular passages.

The effect of alteration of the external conditions upon
transpiration may be investigated by means of Darwin’s
potometer, which enables approximately accurate determina-
tions of its amount to be made from ftime to time. This
instrument is shown in fig. 68. It consists of a glass tube
with a side arm which is bent upwards so as o be parallel
with the tube itself. A capillary tube of about *2 mm, bore
is fastened by an indiarubber cork into the lower opening
of the tube so as just to project beyond the cork. A con-
venient length of the capillary tube is about 20 em, Its
lower end dips into a small vessel of water, arranged so as
to be easily withdrawn from the tube. The upper orifice
of the potometer is closed by a tightly fitting cork, and the
plant whose transpiration is to be observed is fitted info
the side arm by means of an indiarubber band or tube
which embraces the glass arm and the end of the cuf
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series of observations. Less accurate observations can be
made by substituting for the eapillary tube a tube of wider
bore bent at right angles a little below the orifice of the
potometer, and affixing to it a scale by means of which

the rate of passage of the
column of water in the tube
can be observed (fig. 63).

According to the varia-
tions in the external condi-
tions of the plant, including
all the features already
alluded to, the amount of
watery vapour ftranspired
is continually changing.
The most favourable con-
ditions being afforded in
summer, it is not to he
wondered at that tran-
spiration aftains an annual
maximum during that sea-
son. It does not, however,
entirely cease during the
winter, though it is reduced
to a minimum, especially
i the case of such trees
as shed their leaves in the
antumn.

Apartfrom such changes
in the external conditions,
transpiration appears to
show no independent pe-
riodicity, differing in this
respect conspicnously from
root-pressure. It is, how-
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Fra. 60.—APPARATUS TO BHOW THE
BucTion cAUSED BY TRANSPIRA-
TION. (After Detmer.)

ever, very sensitive to only slight changes in the environ-

ment,

It was mentioned in an earlier part of this chapter that
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cells. Air makes its way into these spaces by a process of
diffusion outwards from the cells abutting upon them, and
very soon external orifices in the shape of stomata make
their appearance. The various constituents of the air
make their way into and out of the cell by a process of
diffusion, being dissolved in the water of the cell-wall or
eseaping from such a moist mem-

brane according to the conditions

existing, and the relation between the

internal and external pressure of the

particular gas in question.

As soon as the differentiation of ws, 71— Cerrs seriTTING
the tissue in the growing part of an e AL e oy
organ begins to take place, the forma-
tion of the intercellular spaces can be observed. In these
regions they begin by a splitting of the wall between two
contiguous cells or at the angles where three cells join
(fig. 71). The crevice soon extends and may make its
way for a considerable distance round any particular cell.
The cavities so come
into communication
among the cells, each
of the latter abutting
upon a single one or
upon several. While
the tissue is young
these are very narrow
and slit-like, or are
only visible at the
angles when the cells
are pl:!]j"hﬂdrﬂ.]. ThB}f Fia. 72.—Contex of Roor, sHowrxg INTER-
rﬂ.pidl_'f become lil.l‘gﬂl.' CELLULAR PASSAGES BETWEEN THE CELLS.
(fig. 72), and in some parts, particularly in the interior of
the lower strata of the mesophyll of dorsiventral leaves, they
may occupy more space than the cells themselves (fig. 73).
Light appears to influence their development somewhat,
though no definite relation can be shown to exist between
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stomata do not exist upon roots. There is thus a necessity
for a larger reservoir of air than in parts where gaseous
interchange is more readily effected. :

Besides these comparatively narrow channels we find
cases where reservoirs of large size are specially developed.
Such structures oceur in the leaves, rhizomes, and roots
of aquatic plants which are nearly or entirely submerged.

*Hnﬁ-'ff-
--—-}'ﬂ!lfi

3

Fig. 76.—8ecTion o Bmizoue oF Marsilea.

eoda., lacunse in cortex.

Among them conspicuous examples are afforded by the
leaves of Salvinia and Isoétes (fig. T4), the rhizome of
Marsilea (fig. 75), and the leaf stalks of many of the aquatic
Phanerogams. These are developed in a similar manner to
those already described, and they are so prominent in the
structure that a section shows them separated from each
other by rows of eells not more than one cell thick (fig. 76).

In some cases where large cavities of fhis kind oceur
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stomata are placed upon the upper surface, and afford its
only means of entrance. The stems and roots are also cut
off from air by being placed either in water or in mud. The
protoplasts of such a plant are almost entirely dependent
upon the reservoir of air which the body of the plant ean
contain, a small quantity only entering by diffusion from
the water into its epidermal cells.

The air cavities which arise in the stems of terrestrial

Fia. 77.—onriox or AERiaL Stem or Egquisefum,
@, cortical lacuna ; b, lacuna in vascular bundle ; ¢, chlorophyll-containing cells,

plants, such as the grasses, are probably not primarily
developed with a view to the aeration of the plant, but are
rather intended to economise the material used in construc-
tion. The hollow stems with a rigid periphery, strength-
ened at intervals by diaphragms, such as occur at the
nodes of these organs, are especially adapted to maintain
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of water in the plant. Theyserve automatically to preserve
the plant from excessive loss of water, but they have
no direct regulating influence upon the interchange of
cases. Indeed, when, from flaceidity of the leaves or from
other causes, they close, the aeration of the plant is, to a
certain extent, interfered with, if not suspended—a con-
sideration which will help us to understand why a plant
needs to contain so large a reservoir of air as is afforded
by its intercellular spaces. The volume of this reservoir
varies considerably in different plants, as has already been
shown. Unger has put on record measurements of the
relative volumes of air and cellular tissue in the leaves of
forty-one species of plants. These were found to range
from 77 : 1000 in Camphora officinalis, where it was least,
to 718:1000 in Pistia texensts, in which it was greatest.

The movements of the air in the intercellular space
systems of plants depend almost entirely upon the physical
processes of diffusion. The entrance and exit of air from
the exterior are generally possible, occasions when the
orifices are completely oceluded being very rare. If does,
not, however, at all follow that the atmosphere in the
spaces has the same percentage composition as the external
air. When we consider that it is the source of the supply
of the gases used in the metabolism of the plant, and the
recipient of those which are from various causes exhaled, it
becomes evident that this is not the case. Nor is its
composition uniform for even a short time, as the various
processes which subtract from or add to it take place in
different parts with very different rapidities. At the same
time there is a tendency for it to become uniform according
to the laws of the diffusion of gases.

The amount of nitrogen varies but little. This gas
has a certain feeble solubility in water, and a small
quantity goes into solution in the water which saturates
the cell-walls ; but as such nitrogen is not made use of in
the cells, its absorption very speedily ceases, the cell-sap

not being able to contain more than a trace of it. The
8
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ABSORPTION OF FOOD MATERIALS 137

duced by the addition of certain compounds to the culture
fluid, or how the absence {}f any particular salt affects their
well-being.

In carrying out experiments in this way, it is usual to sow
some large seeds, such as those of the broad bean, in damp
sawdust, and allow them to germinate. When the radicle
of the seedling has elongated to the extent of about an
inch, the seed is placed upon a perforated cork inserted into
the neck of a bottle eontaining the liguid which is the
subject of the investigation. It is so arranged that the
radicle dips down through the cork into the liquid. As
growth proceeds the radicle develops a root-system in the
way appropriate to the particular plant used, which absorbs
from the liquid the salts which are required by it, so far as
these are present. At the same time the plumule grows
upwards, and soon a shoot appears, which develops pari
passi with the root.

By this method various plants ean be cultivated with
different degrees of success ; in some cases not only leaves,
but flowers and even fruit can be produced. The progress
of the plant, and the readiness with which it will dﬂvelﬂp,
will depend upon the salts which are supplied to it in the
water, if it is maintained in normal conditions of light,
temperature, and aeration. In preparing the soclution,
particular mixtures ecan be employed, and the most favour-
able one ascertained, while subsequent analysis of the
liquid will show to what extent the various constituents of
the culture fluid have been abstracted from it.

This method is, however, only of use in determining
particular points, such as the effect of the presence of
certain metals in particular combinations, or the influence
of different concentrations of particular substances. It
does mot give an account of what is happening to a
plant with its roots embedded in the soil, for the com-
position of the latter cannot he compared with that of
a solution definitely made up for purposes of experiment.
The composition of the soil, as we have seen, is very far
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by grasses and by leguminous plants respectively. In an
ordinary pasture there are always found several kinds of
grasses, together with clover and other allied plants. An
analysis of these will show that the ash of the grasses may
contain many times the percentage of silica that is found
in that of the leguminous plants. The grasses accumulate
silica in their epidermal cells, while the leguminous plants
do not. Hence the absorption of that substance soon
ceases in the latter case.

Again, if a particular soil contains several different
salts, a plant growing in it will not absorb them in equal
proportiong, nor in those in which they exist in the soil,
An illustration of this fact is afforded also by marine Algwe,
which accumulate in their tissues much greater amounts of
potassic than of sodic salts, thoungh sea-water contains
much larger quantities of the latter than of the former.
This fact admits of a similar explanation to that given in
the case already mentioned. The absorption of a salt will
cease as soon as the cell-sap attains exactly the same degree
of concentration as the entering stream. In this case
there will be no further osmotie action as far as the salt
is concerned, though there may be a continuous entry of
water into the absorbing cells.

We have seen that the continnous absorption of water
by the root-hair will depend upon certain external condi-
tion, such as the temperature of the soil, the activity of
transpiration at the time, the degree of illumination the
plant receives, &e. These conditions affect also the absorp-
tion of the substances in solution. ;

The substances which are absorbed by the roots in this
way are naturally very varied. The most important of
them in the metabolism of the plant are the compounds of
nitrogen. In the soil these exist in the form of nitrates or
nitrites of the metfals mentioned, and as compounds of
ammonia. Green plants take in little or none of the latter,
which are, however, made available for their use by the
action of certain bacteria which the soil contains. These
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THE CHLOROPHYLL APPARATUS 143

In fig. 84 is a representation of the spectrum which
such treatment produces and which is called, from the facts
just narrated, the absorption spectrum of chlorophyll. The
uppermost figure is that which is exhibited by an aleoholie
solution or extract of leaves; the middle one is given by
chlorophyll dissolved in benzol. The first band on the left
is the darkest, and is found to be in the red part of the
spectrum. The three bands on the right are broader, but
are not so well defined. They cover nearly all the blue end.
The three thinner and lighter bands are in the yellow and
green parts of the spectrum. Chlorophyll therefore has
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Fia. 84.—ARSORPTION BPECTRA OF CHLOROPHILL AND
RANTHOPHYLL, [(After Kraus.)

the power of absorbing a large number of red rays, a good
many blue and violet ones, and a few of the green and
yellow. The distinetness with which these absorption
bands are seen depends upon the strength of the solution,
those in the red and blue being, however, always promi-
nent. Careful experiments have proved that chlorophyll
is a single pigment and not a mixture of two, as has often
been stated. It is, however, easily decomposed, and the
products of its decomposition are generally found with it
in the chloroplast. One of these, Xanthophyll, which is
of a bright yellow colour, is always extracted with the
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plasm of the cell (fig. 85). Even in the lowly forms it is
apparently never uniformly distributed through the body
of the protoplast. The form, dimensions, and structure of
the chloroplast differ considerably in the different groups of
plants. In some of the filamentous green seaweeds it may
appear as variously shaped bands or plates. Spirogyra
shows it as a spiral band passing round the cell; in Zyg-
nema it has the form of two star-shaped masses which are
attached to the eytoplasm by bridles ex- -
tending to the cell-wall. In the brown
and red seaweeds the plastids are not
green, but have the appropriate colours
of the plants. These plastids contain
other pigments in addition to the chloro-
phyll, but the latter can be made ap-
parent by extracting the cells with eold
distilled water, in which the other Pig- Fi6. 85, —~CHLOROPLASTS
ments are soluble. In all plants higher in Fapri o s e 2o
the scale than the Algm the chloroplasts ™ Pautsavr Tissu
are found as round or oval bodies em-

bedded in the eytoplasm. They never occur in the vacuoles
of the cells. Though normally green, they can assume
other colours, such as yellow, brown, or red, but this is due
to an alteration of the pigment they contain. Examples
of this change are afforded by the assumption of the
autumnal tints by foliage leaves, and by the changes in
colour which are characteristic of ripening fruits.

In the Mosses the chloroplasts are found throughout
the cells of the leaves, in the outer parts of the sporo-
gonium, and in certain cells of the axis. In the Ferns they
oceur chiefly in the leaves, occupying the cells of the
eliudermis as well as those of the mesophyll. In the
higher plants they are found most prominently in the
mesophyll of the leaves, the epidermis as a rule being free
from them. When the leaves are dorsiventral in structure,
the chloroplasts are more numerous in the palisade paren-
chyma which lies just below the upper epidermis than they

10
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THE CHLOROPHYLL APPARATUS 149

which are produced later, when the temperature of the air is
higher, have the normal green appearance.

Chlorophyll is not developed in a plant unless the latter
is supplied with a certain quantity of iron, but the relation
of the latter to the pigment is not known. It does not
enter into its composition. The influence of the metal can
be ascertained by cultivating a seedling, by the method of
water-culture, in a solution which is free from iron. The
seedling assumes a sickly yellow appearance, not unlike that
presented by a plant grown in darkness. It is said to be
chlorotic. The addition of a very small quantity of an
iron salt to the culture-medium causes the appearance of
chlorophyll in the plastids. The presence of oxygen is
also necessary for the formation of the pigment.

The chlorophyll apparatus of a plant is primarily con-
cerned with the production of carbohydrate bodies, such as
the various sugars which the plant contains, and it is to
the formation of these that attention must first be given.
It carries out this constructive process only under partieular
conditions, the most important of which is light. We have
seen that a cerfain degree of illumination 1s necessary for
the formation of the chlorophyll. The pigment once -
formed may continue to exist for a time in darkness, but it
is quite incapable of exercising any constructive power
unless light be admitted to it. Consequently the formation
of earbohydrates is an intermittent process, being quite in
abeyance during the night. The effect of light is thus
twofold, its aceess eausing the original formation and the
subsequent activity of the chlorophyll apparatus. The
illumination need not be very intense, though it is probable
that the greatest activity is manifested in direct sunlight.
Plants which grow even in deep shade are, however, capable
of forming earbohydrates. It must be remembered, too,
that the chloroplasts are situated some little distance within
the leaf or stem, at any rate in phanerogamic plants, and

there must be a certain loss of light as it penetrates through
the epidermis.
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aquatic plant is put into the water and a funnel inserted
above it, the end of which rises into a burette filled with
water and closed by a stopcock. The whole apparatus
being placed in sunlight, bubbles of oxygen will be given
off by the leaves and will rise into the burette. If mo
carbon dioxide is in the water, no oxygen will be given off.
There is nothing certainly known at present as to the
details of the changes which connect these two phenomena.
It has been suggested by Baeyer that the earbon dioxide is
decomposed with the formation of carbon monoxide and
oxygen, according to the equation 2C0, = 2C0 + 0,. At
the same time there is a decomposition of water, possibly
in the way denoted by the equation 2H,0 = 2H, + 0..
The oxygen is given off, the volume being found, when care-
fully measured, to be equal
to the volume of carbon
dioxide undergoing de-
composition. The earbon
monoxide and the hydro-
gen are then thought to
unite, producing form-
aldehyde, a body repre-
sented by the formula
CH,0, or preferably
HCOH. This suggested
series of reactions AQTEEs Fia. 88.—APPARATUS To sHOW THE EvoLu-
‘fﬂil'].j’ EIGEBI:F with the ob- ;L?T?mz};igxmm: nY A GREEN PLANT IN
served facts, but it must
not be regarded as anything more than an hypothesis. Indeed
there are considerable difficulties in aeccepting it as it
stands. There is no evidence that carbon monoxide is
formed. Experiments have shown that this gas is quite
useless to most plants ; if it is supplied in the place of the
dioxide, the formation of carbohydrates does not take
place. Nor has any formation or liberation of hydrogen
ever been detected so long as the plant is maintained in
normal conditions,
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views of Usher and Priestley should prove to be correct, part
of it is applied direetly to the original decomposition of the
absorbed carbon dioxide without the intervention of the
living substance of the plastid. A very ingenious method of
demonstrating that the energy is derived from the rays of
light absorbed by the pigment was devised by Engelmann.
He observed that certain bacteria were excited to active
movement only in the presence of free oxygen. He placed
a filament of a green alga upon a glass slide in a fluid
containing a number of the bacteria, covered it with a glass
cover-slip, and sealed it with wax. He kept it in darkness
till the microbes had come to rest, and then by the aid
of a microspectroscope he threw a spectrum upon the
filament and observed in what parts of it the bacteria
accumulated as soon as they began to move. These places
corresponded with the positions of the absorption bands
- which we have seen to be characteristic of the chlorophyll
spectrum, the maximum effect being produced by the deep
band in the red region. These were evidently the places
at which the chlorophyll apparatus of the filament was at
work, the movements of the bacteria showing that oxygen
was liberated there. Tmiriazeff proved the same thing by
throwing the spectrum of solar light upon a darkened leaf,
when he found that starch was produced only in the
positions of those same absorption bands, indicating that
those were the only places of photosynthetic activity.

The process of photosynthesis has been found to pro-
ceed under cerfain ecircumstances in light which is too
feeble in intensity to cause the development of chlorophyll.
It is effected in these cases by the etiolin, which we have
seen to be the antecedent of chlorophyll. The photo-
synthetic power of etiolin is, however, exceedingly small.

The percentage of carbon dioxide admitted to the
chloroplasts has some influence upon the activity of the
process. Normal air contains a mere trace of the gas, less
than 4 parts in 10,000. A more copious supply is, how-
ever, distinctly advantageous, and the activity inereases as
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3. Mers-prorEINs.— These are insoluble in distilled
water or in solutions of neutral salts. They are readily
soluble in very dilute acids and alkalies, and their solutions
do not coagulate on boiling. They are precipitated by care-
fully neutralising their solutions, and when they are boiled
in the resulting state of suspension they are converted into
coagulated protein, and will not re-dissolve on the addition
of either dilute acid or alkali.

They are readily prepared from either albumins or
globulins by warming them in the presence of a little acid
or alkali, preferably at about 60° C. Alkali-albumin may
be prepared by acting on albumin with fairly strong caustie
potash in the cold.

~ The meta-proteins are not of frequent oceurrence in
plants, but may be met with in certain seeds.

4. Proreoses or Avnpumoses.—These are generally
goluble in distilled water, though some are less so than
others. They can he precipitated from their solutions by
saturating the latter with neutral ammonium sulphate.
They differ from the members of the first two classes by
not being converted info coagulated protein on boiling,
Their characteristic reaction is that they give with nitrie
acid, or with potassium ferrocyanide in the presence of acetic
acid, a precipitate. which dissolves on warming the liquid
and reappears as it cools. Unlike any of those of the
preceding groups, they have the property of dialysing
through a parchment membrane, but only very slowly.

5. Peprones.—These are much like albumoses, but do
not give a precipitate with nitric acid or with potassium
ferrocyanide in the presence of acetic acid. They are not
precipitated by saturation of their solutions with ammo-
nium sulphate, nor are they coagulated on boiling. Their
power of dialysis is much greater than is that of the
proteoses.

Neither peptones nor proteoses oceur very plentifully
in plants, and they are probably formed in them only from
the decomposition of the more stable forms of globulin and
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compounds of ammonia, which have to be converted into
nitrates before green plants can utilise them.

For the synthesis of proteins we have accordingly two
certain starting points, to which may be added another
which is confined to a small group of plants, if not indeed
to a single organism. We have already alluded to the fact
that certain plants, chiefly belonging to the Leguminosw,
have the power of using the nitrogen of the atmosphere for
the purpose of constructing organic food. This ufilisation
of it is, however, not ecarried out by the green plant
independently, but only when its roots are associated
symbiotically with a fungus which usually forms peculiar
tubercular outgrowths upon the root-branches. It is
apparently the latter organism which effects the first fixa-
tion of the nitrogen. The leguminous plant alone is as
powerless in this direction as any other green plant. How
the fixation takes place, what part of it is due to the direct
metabolism of the fungus, and how far the protoplasm of
the green plant is concerned in the early stages, are at
present quite uncertain, It seems, however, probable that
the fixation is carried out by the fungus alone, without any
influence or aid derived from the green plant A few other
similar organisms can under appropriate conditions carry
on a similar fixation without being in symbiotic union with
any green plant. If this view is correct, the leguminous
plant is supplied by the fungus with a food material which
has already been worked up from the simple form in which
the elements of it are absorbed ; but how far the manu-
facture has proceeded—that is to say, in what condition
the nitrogenous material is actually presented to, and
absorbed by, the tissues of the root—is at present un-
certain.

The power of fixation of free nitrogen thus possessed
by the organisms mentioned has been stated by several
observers to be shared by certain lowly Algw, but the
evidence as to their activity in this direction is conflicting.
It may be that they are capable of a similar symbiotic
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Iron can be absorbed with advantage apparently in any
soluble combination.

The third group of elements comprises several that are
of importance to particular plants but are not universally
necessary. Others usually incladed here are not known
to be functionally important at all, except that they have
a certain power of replacing to some extent the more
important metals which have been already spoken of.

Of the metals of this group, sodium is the most widely
distributed. It exists in all soils, and it is capable of
absorption in considerable quantities. Experiments by
means of water-culture show, however, that its beneficial
influence is extremely slight. It can be omitted from the
culture-fluid without entailing any harm to the plant, and
its presence in any quantity will not compensate for the
absence of potassium (fig. 89, 1 and 8). If compounds of
sodium and potassium are present together in sufficient
quantity, the latter is always absorbed in far the largest
amount, indeed almost exclusively by many plants. So-
dium seems able, however, to effect a certain economy
in the use of potassium. If a cereal plant is supplied
with too little potassium, and with a certain amount of
sodium, development is normal, and an examination of
the distribution -of the two metals in its tissues shows
that the potassium is accumulated in the flowers and seeds,
while the sodium replaces it in the vegetative parts. It is
absorbed in the same combinations as potassium, but the
chloride is not, as in the latter case, a valuable salt.
Indeed, sodium chloride is generally deleterious, except,
perhnpa, to the plants of the sea-shore, in which it pro-
motes their peculiar succulence.

1f we compare the influence of potassinm, audmm, and
caleium on the development of a crop of herbage plants,
we find that the presence of potassium leads to a develop-
ment of stems, flowers, and fruit, or to what may be regarded
a8 the maturing of the plants, while in the absence of
suflicient potassium and the presence of ealeium and sodium
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being effected, so that transport of elaborated food materials
can readily take place between them. In those cases in
which this close association is of benefit to both the
organisms it is spoken of as symbiosis ; in those in which
one flourishes at the expense of the other, the relationship
is called parasitism. While there are many cases which
can be definitely referred to both these categories, they
gseem to blend one into the other, cases being known in
which it is very diffieult or impossible to say whether the
advantages are all on one side or not,

The plants which differ least from the normal habit
which we have desecribed are those which are known as
Saprophytes, their characteristic feature being that they
derive at least part of their food from decaying animal or
vegetable matter, absorbing it in some cases as actual food-
stuffs, and in others as organic eompounds which require
relatively little expenditure of emergy to build them up
again into proteins or carbohydrates.

Numerically the fungi are the most prominent in this
group, but the green plants also afford many instances of
the habit. Among the mosses Splachnum can grow upon
lumps of dung, and various species of Hypnum flourish in
water which contains various compounds derived from the
decomposition of once living matter. Among higher
plants still, the soil of woods and pastures affords many
examples of individuals which depend partly upon the humus
of the soil and partly on their own chlorophyll. Among
the ferns we have notably the moon-wort, Botrychium
Lunaria, and among the club-mosses some species of
Lycopodium, while numerous flowering plants show this
peculiarity.

The chlorophyll apparatus is found in nearly all of
them, though in some cases it is so reduced as to be
almost funetionless. Some of our native Orchids are
remarkable in this respect, that they are almost, if not
altogether, dependent upon their saprophytism. Neottin,
the so-called bird’s-nest orchis, has a flowering stem above
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OTHER METHODS OF OBTAINING FOOD 195

attack sometimes starch, sometimes inulin, sometimes
various sugars which are not immediately available for
nutrition, sometimes other more complex substances, all of
which undergo this external process of digestion, the result-
ing bodies being subsequently absorbed.

In the earlier pages of this chapter we drew attention
to the fact that it was not at all uncommon to find two
plants closely associated together, with different degrees of
completeness, with a view to their co-operation in carrying
out some of these abnormal processes of nutrition. We
may now study these relationships a little more fully.

The simplest cases of the dependence of one plant
upon another are afforded by the so-called epiphytes,
representatives of which are supplied by many members
of the Orchidacee and the Bromeliacee which inhabit
tropical forests. The dependence in these cases is merely
one of situation. The epiphyte grows upon the external
surface of some supporting tree, to which it eclings by
various arrangements, without penetrating into its tissues.
Frequently the long roots of the epiphyte are attached
closely to the erannies of the bark of the tree, and the dust
and débris which accumulate there are utilised for the
purpose of supplying it with nutriment. In other cases the
supporting plant does not give it even so much assistance.

An almost equally simple relationship is seen in the
cases of Anthoceros and Azolla. Cavities in the tissues
of these plants are inhabited by numerous cells of an Alga
(Nostoc)., Beyond affording them shelter and a certain
degree of protection, the higher plant does nothing for its
guests. The relationship is sometimes called commensalism.

A more complete association, attended by distinct
advantage to one or both of the plants taking part in it, is
known under the name of symbiosis. By some writers
this term is confined to such an association as is of
benefit to both organisms, and does not profit one at the
expense of the other. Where the latter is the case the
relationship is said to be one of more or less complete para-
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two constituents are a yeast and a bacterium, the former of
which is closely surrounded by chains of the latter, making
a fleshy mass of irregular shape, and sometimes of compara-
tively conspicuous dimensions. The parts played by the two
organisms are not very well understood, but there seems to
be no doubt that the association is mutually beneficial.

In a former chapter mention was made of a property
which is possessed under certain conditions by various
plants, particularly by some members of the Leguminose—
that of being able to utilise the free nitrogen of the air in
the construction of protein food-substances. The power
was shown to be connected with the formation of certain
tubercular structures upon the roots of the leguminous
plant. These tubercles are swellings of the cortex of the
root, the cells of which are inhabited by a particular
fungus, which breaks up in their interior into curious
bacterioid bodies. The exact nature of the fungus has
not been accurately determined. The soil contains many
of these bacterium-like bodies, which make their way into
the interior of the leguminous plants by penetrating their
root-hairs, and growing down them into the cortex of
the root. In the cells of the latter the penetrating fila-
ments bud off the bacteriold bodies in great numbers. The
stimulus resulting from the invasion causes a considerable
hypertrophy of the cortex of the roots at the points attacked,
and tubercles are frequently the result. The fungus
appears to have the power of fixing atmospherie nitrogen,
bringing it into some combination, the exaet nature of
which is unknown, but which serves as the starting point
of protein synthesis, either by the green plant or by the
intruder. The relationship is clearly of great advantage
to both organisms, the fungus obtaining its carbohydrate
#upplies from the green plant, much as is the case in the
lichens already described.

Many of our forest trees, among which the members of
the Cupulifera are conspicuous, exhibit another symbiosis
which is of the greatest interest and importance. The
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The latter is entirely saprophytic. We have here a curious
case of the complete dependence of a higher plant upon a
more lowly one.

A complete symbiosis between two green plants is
occasionally met with. A good instance is afforded by the
Mistletoe and the plants upon which it grows, usually
either the Poplar, the Silver Fir, or the Apple-tree. The
seed of the Mistletoe is left by a bird upon a branch of
one of these trees, and under appropriate conditions it
germinates. The root of the seedling penetrates into the
bark of the tree and grows inwards fill it reaches the wood.
It makes its way no further, but maintains its position
there, and as the branch gradually thickens by the activity
of its cambium, the intruding root is by degrees impacted
in the secﬂn&ury wood, its own growth preventing its being
cut off and buried by the latter. The root branches in the
substance of the tree, and the secondary roots make their
way along in the bast, growing parallel with the exterior.
These branches also puf out small vertical outgrowths,
which make their way to the wood just as the primary
root did. A very complete fusion of the tissues of the two
plants is thus ultimately arrived at. = The advantage of the
alliance is on the side of the Mistletoe, which derives a
great part of its nourishment from the host. It possesses
evergreen leaves, however, which serve for the construe-
tion of carbohydrates, and as it manufactures these during
the winter, when the host plant has no leaves, the latter is
able to benefit in its turn during that season.

Passing on to notice the association of two organisms
which is known by the name of antagonistic symbiosis or
parasitism, we find various degrees of completeness in the
dependence of one form, the parasite, upon the other, the
host. As in the case of the insectivorous plants, there are
members of this class which are provided with a chlorophyll
apparatus, and which are therefore indebted to their hosts for
protein substances only, or perhaps also for certain of their
ash constituents. As these almost without exception fasten
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themselves upon the roots of the host plant, they are
frequently spoken of as root-parasites, From their general
structure and their relationship to the host plant, they
evidently have much in common with the Mistletoe, and
it is not very easy to distinguish between their gemi-
parasitism and the symbiosis of the latter with the trees
on which it lives. They are, however, usually herbaceous

F1G. 90.—Thesivm alpinum, snowixe toe Suckers oN THE RooTs.
{After Kerner.,)
forms, and ean therefore be of no use to the host plant
in the winter. Moreover, most of them ultimately destroy
the root on which they have fastened.

These root-parasites are mainly members of the Scroph-
ulariacee or the Santalacew. As a rule, they are
herbaceous annuals, though there are some perennial
species. They grow from seed with fair rapidity, the root
of the seedling attaining a length of an inech in two or
three days. Shortly after penetrating the soil, the main
root puts out secondary branches, which make their way
parallel to the surface. As they grow chiefly in woods or
among herbage, they speedily encounter the roots of other
plants, and on contact being made between one of these
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root-branches and a root of a suitable host, a eurious sucker-
like body is developed at the point of contact (fig. 99).
This is a kind of parenchymatous cushion, which partly
surrounds the host, and from the inner side of its con-
cavity certain absorption-cells grow out and penetrate
into the former, pushing their way until they reach the
centre of the invaded root (fig. 100). These absorbing
organs are often erroneously spoken of as roots. They
cannot properly be go
called, as they are
developed from the
cortex of the rootlet,
and not, as root-
branches are, from
the tissue of the peri-
eycle. They are best
spoken of as haus-
toria, a term which is
purely physiological,
and earries with it no
anatomical  signifi-
cance. SR
While the root is Fia. 100.—Thesium alpinum. PIECE OF A
E}Bﬂ]iﬂg 111] thlﬂ _lqﬁlal_ :tf;;:r Eiz:iﬂ:’lithhlt IN SECTION, * 8b.
tionship with a host
plant, the shoot of the seedling is growing normally.
Its leaves and other sub-aerial parts are well developed
and discharge their appropriate functions. The plants
would not be recognised at all as in any way parasitic
without an examination of the subterranean parts. They
absorb certain nutritive materials from the roots on which
they fix themselves, and generally destroy them. The
damage is, however, local, and does not involve the death
of the host plant. Indeed, many of these root-parasites do
so little harm to the latter that an affected host is often
not noticeably different in appearance from a neighbouring
plant of the same species which is not attacked.

:'-'i.'-::'-:c.'r'.;_-'I SR : ::::
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the tissue there, which are using it in the construction of
living substance, becomes continually weaker in that con-
stituent, and hence more and more diffuses into them to
equalise the concentration. The utilisation or consump-
tion of the sugar so acts as an attracting force, directing
the stream to the points where it is required. The same
prineiple applies to the consideration of the deposition of
the large reserves of carbohydrates in seeds, tubers, or
other organs. The withdrawal of it from the travelling
stream, which is the result of the formation of the quantities
of starch or cellulose which those reservoirs contain, leads
to fresh quantities being transported slowly but con-
tinuously to those cells, owing to the same physical pro-
cesses already deseribed. The stream passes in faet in
both cases exactly in proportion as the consumption takes
place, whether the consumption takes the form of construc-
tion of new protoplasm, or the transformation of the travel-
ling earbohydrates into the insoluble resting forms.

This passage of the sugar about the plant need not
demand a coincident transport of water, so that the old
idea that there was an actual stream of fluid along the
bast, or in the old nomenclature a stream of descending
sap, need not have any foundation in faet. The principle
of diffusion alone will suffice to explain the passage of the
sugar, Disturbances of the fluid contents of the cells dono
doubt occur, as osmosis is continually taking place in both
directions between the configuous cells. A definite flow of
water need not, however, coincide in either magnitude or
direction with the passage of the stream of sugar.

The translocation of the sugar, we see, thus varies in
direction and in magnitude according to the varying pro-
cesses which are from time to time proceeding. As the
variations in these processes, particularly those of growth
and nutrition, are often sudden and considerable, we find
the translocation is generally accompanied by changes of
the earbohydrate from the labile to the storage forms, and
vice versd. Itis very usual to find temporary accumulations
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METABOLISM 261

substances which are useless to them or which may even
be deleterious. There are numerous products which
come under this category, but from the mode of construe-
tion of the body of the plant they are not cast off as they
would be from the animal organism under similar conditions.
Instead of being eliminated entirely they are only removed
to such localities as ensure their being withdrawn from
the spheres of vital activity. They are generally deposited
in such regions as leaves which are about to be shed, or
the bark of trees, which is a collection mainly of dead
matter ; or they may be stored away in speecial cells, or in
cell-walls, or intercellular passages, or elsewhere. These
bodies really correspond to excreta, and the processes of
their formation and deposition arve called processes of
excretion,

Most of the katabolic construetive processes are direetly
applied to the production of substances which are of great
use to the plant. FEmanating as these do diveetly from the
protoplasm, their formation is generally termed secretion.

Though they originate, however, directly in and from
the living substance, the latter does not always present
them in the form in which they are found in the adult
plant-body, for various changes both of the mature of oxida-
tion and reduction may take place in them after they have
been secreted.

The processes included under the general term katabolism
are thus seen to be very varied. During the course of such
changes many substances are frequently formed which
seem to have no direct bearing on the vital processes, and
Wwhose meaning is still obscure. These are often spoken of
as the bye-products of metabolism.

We may now pass to consider in some detail some of
the more prominent processes of secretion.

For many reasons the formation of such enzymes as are
used during digestion may be regarded as the most fypical
of these. A cell which is about to secrete is generally
found to be filled with colourless hyaline protoplasm in
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which certain vacuoles may be seen. Immediately before
secretion begins an increase of the amount of the protoplasm
can be observed, which is effected at the expense of various
nutritive products which arve transported to it. During the
whole of the process, when this is prolonged, such a supply
of nutritive material takes place. If during the secretion this
supply 1s stopped, the process is rapidly suspended. This
can be detected easily in the case of the epithelium of the
secutellum of the barley grain, which we have seen produces
considerable quantities of diastase. The first stage of the
process is thus evidently anabolie. As soon as the nutrition
of the cell has reached a certain point the appearance of
the protoplasm undergoes a change. Minute granules
begin to be formed in its substance, which increase in
number until the hyaline character is replaced by a
marked uniform granularity, the cell substance becoming
somewhat like ground-glass in appearance. The growth
of the protoplasm and this subsequent formation of
granules lead to the obliteration of the vacuoles, till the
cell is completely filled. After a fime as the secretion
leaves the cell the latter shrinks again; the granules are
passed out in solution in the sap which is exuded, and the
protoplasm is seen to be less plentiful and to become
hyaline and vacuolated as at first.

Following the anabolic changes we have thus the
breaking down of the protoplasm, attended by the appear-

ance of the granules to which it has given rise. There is
reason to believe that the granules consist of the zymogen
rather than the enzyme and that the final transformation
of the former into the latter takes place just as the exuda-
tion of the sap oceurs.

In glands in which the process of secretion is repeated
more than once, similar changes may be traced. The
secretion of the enzyme in these cases can be shown to
take place by successive stages. The preliminary l.ljrnlina
condition is followed by the granular one, and in this state
the cell can remain for some time before the enzyme 18
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with a microscope, the plastids will be found in the cells,
but they will be tinged with a pale yellow pigment known
as etiolin. When the latter is exposed to light it will
rapidly become green, being in fact converted into chloro-
phyll. The etiolin is in the first instance secreted by the
protoplasm of the plastid, and subsequent changes take
place about which very little is known, but which result in
its eonversion into chlorophyll. If the temperature is kept
very low, the etiolin remains unchanged, even though light
is admitted. Hence the first leaves of plants which spring
up in winter or early spring ave frequently yellow and not
green. This peculiarity may easily be observed in the case
of snowdrops and hyacinths which appear very early in the
year.

The funetion of the iron is not understood ; plants which
are cultivated in such a mediam that this element is not
supplied to them have an appearance much like that
associated with etiolation. Their eolour is even paler,
indeed they are almost colourless, though the plastids are
present. A supply of iron at once causes them to assume
the normal appearance. Plants so suffering from the
absence of iron are said to be chilorotic.

The influence of a supply of oxygen is probably not
a direct one. The failure of plants to form chlorophyll in
its absence is most likely due to a pathological or unhealthy
condition of the protoplasm, all whose activities are dis-
turbed under such circumstances.

Another pigment which is of fairly widespread distri-
bution in plants is the red colouring matter known as
anthocyan. This is not associated with any plastids, but
oceurs in solution in the cell-sap. It is found very com-
monly in young developing shoots, on the illuminated side
of leaves which appear during cold weather, on the petioles
and midribs of leaves which are put out on twigs of many
plants in sunny places, and in many tropical plants which
grow in deep shade. In seedlings which are developed in
spring or in cold weather, the anthoeyan may appear some-
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many of the Alg®e and Fungi, and the antherozoids of most
of the other Cryptogams effect this locomotion by means of
cilia which wave to and fro vigorously in the water in
which they find themselves. The proportionate amount of
energy which they expend in this way is very great com-
pared with the total amount which they possess. Other
movements which are not dependent upon ciliary action
are not uncommon. The ameboid movements of the
Myxomyeetes or slime fungi, the rotation and cireulation
of the sap in many cells, the other internal movements of
protoplasm, the hitherto unexplained movements of diatoms
and the oscillations of certain filamentous Alge, illustrate
these. All alike are dependent upon a certain expenditure
of energy.

The so-called movements of the growing parts of plants
are frequently quoted in this connection. As we shall see
hereafter, however, these are usually changes of position
induced by variations in the processes of growth, and may
rather be referred to expenditure of energy in connection
with the latter than to actual movement. The movements
of adult organs are also effected by causes which corre-
spond in great measure to those which modify growth,
being generally brought about by such variations in the
turgescence of particular cells or groups of cells as those
upon which we shall see growth largely depends. In this
sense they are to be associated with modifications of the
hydrostatic tensions in the parts concerned. A certain
amount of expenditure of energy in the cells concerned is,
however, most probable, though it is uncertain how far
such changes as modify the resistance of the protoplasm to
the passage of water through it involve the application of
energy. The establishment and maintenance of the turgid
condition, due to the hydrostatie distension of the extensible
cell-wall, also demands the expenditure of energy.

We have instances of what we may call the passive
escape of energy in the shape of heat, and to a less extent
in the manifestation of the phenomena of so-called phos-
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a solution of chlorophyll is seen to be robbed of rays in
these regions, and hence to present the appearance of a
band of the different colours erossed by several dark bands
(fig. 180). The greater part of the energy so obtained in
the cells which contain the chloroplasts is at once expended,
partly in constructing carbohydrate food materials and
partly in evaporating the water of transpiration. The latter
process is much the more expensive; recent observations
have made it probable that 98 per cent. of the radiant

F o m n
Fra. 180 —ApsoRrTIoN SpECTRA OF CHLOROPHYLL AND
Xawrnorayrr, (After Kraus.)

energy actually absorbed during bright sunshine is at once
devoted to this purpose.

When we speak of radiant energy we must remember
that the rays of the visible spectrum do not supply all the
energy which the plant obtains. It has been suggested by
several botanists with considerable plausibility that the
ultra-violet or chemical rays can be absorbed and utilised
by the protoplasm without the intervention of any pigment
such as chlorophyll. There is some evidence pointing to
this power in the cells of the higher plants. Certain
bacteria also construet organic material from simple com-
pounds of nitrogen and carbon dioxide, though it is not
probable that they utilise radiant energy directly.
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Finally we have evidence of the power of plants to
avail themselves of the heat rays. The relations existing
between the organism and its environment have already
been mentioned. Not only can the air rob the plant of
heat by radiation, but when its own temperature is high it
can communiecate heat to it in turn. Leaves have been
proved to absorb heat with great avidity, particularly those
which are succulent or fleshy, a difference of more than
20° C. having been noted between their temperature and
that of the air. The direet absorption of the rays of heat
from the sun has also been noted, apart from the tempera-
ture of the air through which the rays were passing.

The supply of radiant energy is very much in excess of
the amount which is needed for the internal work. Indeed
its absorption by the leaves would be a source of consider-
able danger to the plant were it not for the cooling effect
of transpiration, which we have seen dissipates 98 per cent.
of it during bright sunshine. No doubt this dissipation is
one of the chief benefits secured by transpiration.

It is evident, however, that in the general economy
of the plant something further must be at work in connee-
tion with the supply of energy. The absorption of these
external forms must take place at the exterior of the plant,

‘while many of the processes of expenditure are carried out

in parts which are more or less deep-seated. We are obliged
to furn our attention, therefore, in this connection as in
that of the construction and utilisation of food, to processes
of accumulation, distribution, and economy.

We may ask ourselves what is the immediate fate of
the energy absorbed. It enters the plant in what is known
a8 the kinetic form. A very considerable part of the
kinetic energy of the sun's rays, we have already seen, is
devoted at once to the evaporation of the water of transpira-
tion, but some of it is employed by the chloroplasts to eon-
struct some form of earbohydrate. The energy so applied
can be again set free by the decomposition of this formed
material. If the latter were burned its combustion would
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studied by a close serutiny of the internal work of the cell
itself.

The transformation of potential into kinetic energy is
associated with decomposition just as the converse process
is bound up with construction. Destructive metabolism
in the cell is fhen the means by which its energy is made
available. We have seen that the processes of this kata-
bolism go on in the interior of each cell. Kach liberates
at least as mueh energy as it requires for the maintenance
of its life and the discharge of its particular functions.

The processes associated with the utilisation of the
stored energy are, then, chemical decompositions in which
various constifuents of the cell are involved. We may
divide them into fwo series, in the first of which the
protoplasm itself takes part, and which comprise the pro-
cesses in which its own breaking down takes place. In the
second series it effects the splitting up of other bodies
without a necessary disruption of its own molecules.

The first of these two series involves the phenomena of
respiration, to which we must now turn our attention.

Of the gaseous interchanges which were mentioned in a
former chapter as characteristic of living protoplasts, the
most widespread is that which is marked by the absorp-
tion of oxygen. With the exception of a few of the lowlier
organisms, all of which are members of the group of
Fungi, every living protoplast must be constantly absorb-
ing this gas in order not only that its vital activities may
continue to be discharged, but that its life itself may be
maintained. Withdrawal of oxygen from the environment
of the protoplast is after a longer or shorter interval
followed by its death, It is true that under certain con-
ditions which we shall diseuss in a subsequent chapter
the interval may be prolonged, but death ultimately
ensues.

This absorption of oxygen is in most cases associated
with an exhalation of carbon dioxide, which is generally
given off in a volume approximately equal to that of the
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RESPIRATION 297

activity of respiration inereases up to a certain optimum
point, which is usually not well defined, and which varies
considerably in different plants. If the temperature is
raised only a little higher than this, the living substance is
rapidly injured, and its respiration is checked. Variations
in temperature do not affect equally the absorption of
oxygen and the exhalation of carbon dioxide. At low
temperatures the latter is smaller than the former ; at high
ones the reverse is the case.

The effect of light upon respiration is not very marked
and is probably indirect. Plants which grow in shady
spots usually manifest less respiratory activity than
similar ones growing in bright sunlight, but this may be
the result of the difference in the amount of nutritive
material they obtain, which is incident to the difference in
their situation. As we shall see in a subsequent chapter,
light has a very marked influence on the metabolic pro-
cesses, and its indirect effects may be very far-reaching.

Respiration is considerably affected by variations in the
amount of oxygen which the environment of the plant
contains. The protoplasts can absorb even the last traces
of the gas which reach them, but a certain amount is
necessary for them to maintain a healthy condition. Great
variations are not usually met with, but on the summits of
high mountains there is much less available for them than
at the sea-level. If the amount of oxygen in the atmosphere
from any eause falls below about 5 per cent., respiration is
seriously impeded. Similarly plants cannot thrive in the
presence of too great an amount. When the pressure of the
gas attains the amount of twenty to thirty atmospheres,
respiration becomes very difficult and after a short time
ceases, and death ensues.

The process of respiration is also affected to a eonsider-
able extent by the nature of the substances which serve as
nutritive material for the reconstruction of the protoplasm.
It has alveady been pointed out that seeds containing oil
absorb more oxygen during germination than those which
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GROWTH 315

Cylindrical organs may exhibit similar phenomena.
One side of a stem may be more turgid than another, and
the maximum turgidity with its consequent growth may
alternate between two opposite sides. The greater turgidity
of the cells is often accompanied by an increased extensi-
bility of the cell-walls of the turgid region. The growing
apex of such a stem will alternately incline first to one side
and then to the other, exhibiting a kind of nodding move-
ment in the two directions. This is known as nutation,
and is of very frequent occurrence, particularly in such
stems as are slightly flattened instead of being truly
eylindrical.

The region of maximum turgidity instead of oceurring
alternately on two opposite sides may pass gradually and
* regularly round the growing zone. The apex of a truly
cylindrical stem in this ease will deseribe a cirele, or rather
a spiral, as it is elongating all the time, pointing to all
points of the compass in succession. This continuous
change of position has been deseribed by Darwin as
eircumnutation, and has been said by him to be universal
in all eylindrical growing organs. The passage of the
maximum turgidity round the stem may vary in rapidity
at different places, causing the ecirele to be replaced by an
ellipse. Indeed the simple nutation spoken of above may be
regarded as only an extreme instance of the latter.

The variations of turgidity which cause eircumnutation
only affect the zone of active growth. They are not
observable towards the base of this, so that the adult part
becomes straight and growth is ultimately in a straight line.

Cirecumnutation is exhibited during growth also by the
hyph® of many fungi, some of which have a cwnocytic
structure. In these cases the movement appears to be
due to a rhythmic variation in the extensibility of the
membrane, induced probably by the protoplasm. It cannot
be caused by differences of turgidity on the two sides of the
hypha as this contains only one cavity.

By these movements of the growing apices—movements
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TEMPERATURE AND ITS CONDITIONS 327

temperature. On the other hand again the processes of
growth, repair, and constructive metabolism are also in-
creased as the plant becomes warmer. Conversely, the
setting up of metabolic activity raises temperature. A rise
which ean be measured by a delicate thermopyle follows
the cufting or wounding of a potato, or the bulb of an
onion. The metabolism set up is chiefly respiratory, for it
is accompanied by an inereased output of carbon dioxide.

We can thus speak of what takes place as a tendency to
economise and distribute heat, rather than as a process of
regulation. Even the distribution of heat, whether on its
first absorption or after subsequent fixation and liberation,
is s0 unequal that different parts of a plant may differ con-
siderably as to their temperature.

As we have seen, life is possible within certain limits of
temperature only. The maintenance of a healthy life
depends upon the adequate discharge of various funetions,
each of which needs again a certain range. The limits
within which life is possible do not necessarily coincide
with those which are appropriate to every function. Out-
side the latter, however, a plant becomes unhealthy and
eventually perishes, falling a wvietim to the attacks of
internal or external adverse influences. '

We do not find that all plants, or indeed all parts of
plants, show the same amount of resistance to the extremes
of heat and cold. The injury which any part of a plant
experiences under such conditions, depends very mueh upon
the amount of water which it contains. If more than a
trace of the latter is present, the formation of ice which
takes place below 0° C. may lead to rupture of the cells, the
1ce being usually deposited outside them. A considerable
disturbance of the osmotic equilibrium of the sap may
oceur, setting up secondary injuries. The protoplasm
becomes disorganised also at the low temperature.

After the freezing of a tissue has taken place, a subse-
quent rise of temperature leads to a process of thawing.
This in many cases is more fatal to it than the freezing, but
the effect depends largely on the rapidity of the thawing. If
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INFLUENCE OF ENVIRONMENT ON PLANTS 341

saprophytes. Their mode of nufrition is, however, essen-
tially the same. They have all lost the chlorophyll
apparatus characteristic of the greem plant, and cannot
therefore work up the food materials that the latter
absorbs from the air. Instead, therefore, of absorbing their
earbon in the form of carbon dioxide, these plants take it
in in the form of an organic compound of some complexity,
which is usually some kind of sugar. Saprophytes ean
absorb nitrogen in the same combinations as a green
plant, but they appear to utilise compounds of ammonia in

e i :
Fra. 145, —Thesinm alpinum, SHoWING THE SUCKERS ON THE ROOTS.
(After Kerner.)

preference to nitrates. No doubt their protoplasm is
ultimately fed with the same substances as is that of the
higher plants, but they lack a great deal of the construetive
power of the latter. '

The degradation of the structure of such plants is
associated with the absence of the constructive processes
which depend on the presence of chlorophyll. Their hody
18 usually composed chiefly of delicate hyphwm, whieh
ramify in the nutrient substratum, either living or dead,
and which absorb elaborated produets of some complexity
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freely by their whole surface. They have, therefore, no need
of differentiated absorbing or condueting tissues, which are
consequently not developed. A further consequence of the
ease with which they obtain their food is the readiness with
which vegetative and asexual reproduction is brought about :
hence sexuality is in many eases non-existent among them.

Phanerogams which are completely parasitic show a
similar degradation of structure. They possess no chloro-
plasts, their leaves are absent or reduced to the condition
of scales, while their stems are often thick and succulent.

Fio, 140.— T hesivm alpinum, PIECE OF A ROOT WITH S8UCKER
IN SECTION. x 85. (After Kernor.)

Their roots are replaced by the so-called haustoria, which
penetrate into the tissues of their hosts, complete fusion of
the tissue of the host and the parasite frequently taking
place. We have representatives of such parasites in the
British flora in Cuscuta and the Orobanchacee.

Many of the plants belonging to the Santalacee and
the Scrophulariace show a partial parasitism of this
kind. They have short stems which bear green functional
leaves, but are peculiar in that their roots become attached
by curious sucker-like bodies to the roots of other plants
erowing near them (figs. 145, 146), and from these suckers

bt il s e o s e
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absorbing cells are developed which penetrate into the
substance of their hosts and draw nourishment from them.
They are generally described as roof parasites. The
Mistletoe behaves similarly, striking its haustoria into the
tissue of the branches of the apple, oak, poplar, &e. The
parasitism is partly compensated by the fact that its leaves
remain green when the host has lost its foliage, and by
their activity they to some extent assist the tree on which
the mistletoe is growing. The relationship seems to be
almost one of symbiosis rather than of parasitism. Pro-
bably the relationship of the root-parasites and their hosts is
also one of mutual assistance rather than true parasitism.

The habit of eapturing insects, which we have seen to be
characteristic of several plants of very different forms, may
also be looked upon as connected with their environment.
Many of them, e.g. Drosera, grow upon a substratum which
is largely composed of plants of Sphagnum, and which yields
to them a very limited supply of nitrogenous compounds ;
others are found growing on the surface of rocky mountains,
into the chinks of the stones of which their roots penetrate ;
others again flourish in the sandy soil of deserts ; in all of
which situations compounds of nitrogen exist only in very
small amount. .The organic substances yielded by the
decomposing bodies of the eaptured insects must therefore
form a valuable supplement to the ordinary sources of
nitrogen.

These illustrations of the modification of structure and
general habit serve to show us that there is, throughout
the vegetable kingdom, a constant effort on the part of the
plant to adapt itself to its surroundings, so as to make the
best of the external conditions. This struggle, though
perhaps most easily realised by a survey of large groups
which are affected, is really carried out by the individual
organisms, and the comparatively striking effects seen are
the result of the cumulative efforts of a long series of indi-
viduals, each of whom has possessed in different degrees
powers of reacting to varying external conditions. These
powers will be considered in subsequent chapters.
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362 VEGETABLE PHYSIOLOGY

to the chloroplasts if they are too brilliantly illuminated.
The arrangement of the palisade cells shields them to a
certain extent. ;

If we pass to consider the effects of foo intense an
illumination we find that it is attended with considerable
danger to the well-being of the protoplasm. When the
leaves of certain plants, among which may be mentioned
Oxalis acetosella, are kept exposed to very strong sunlight,
and prevented from shading themselves as they normally
do by changes in their position, they rapidly die, the dura-
tion of their life being reduced from two or three months
to as many days. Bright sunlight has in other cases been
found to check the growth in length of seedlings, the effect of
different degrees of illumination having been compared by
direet measurement. We find various arrangements in
different plants which appear to be directed towards pro-
tecting them from the effects of too brilliant an insolation.
Many which normally have their leaves so arranged as to
expose their upper surfaces to the incident rays are found
under bright sunlight to place them so that their edges
and not their surfaces receive the light. This phenomenon
has been called Paraheliotropism. 1t is exhibited normally
by the leaves of Oxalis which have just been alluded fo.

Another phenomenon, having for its purpose the protec-
tion of the chlorophyll, can be seen in many ordinary dorsi-
ventral leaves. When brightly illuminated they are of a
lighter green colour than when shaded, and this has been
found to be due to a different arrangement of the chloro- -
plasts in the two cases. In a leaf exposed to diffused light
these are collected on the upper and lower walls of the cells
just under the epidermis, and they present their broader
surfaces to the incident rays. When the light is cuf off
altogether for a considerable time, and other conditions
are unfavourable, they colleet on the lateral and lower
walls. When the leaf is brilliantly illuminated they place
themselves upon the lateral walls only, and rotate on their
long axis so as to present their edges instead of their
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388 VEGETABLE PHYSIOLOGY

wall or other support to which it is clinging. The roots of
Thestum show a similar property. When they come into
contact with other roots growing near them they develop a
swelling at the point
b of contact, from which
certain cells grow out
and penetrate the
host, forming haust-
oria (fig. 157). The
parasite Cuscuta,
often found growing
on clover, is affected
in the same way, first
twining round the
clover stem and then
s putting out haustoria,
]. ﬂ Lif which penetrate its

Fio. 167.—Thesium alpinum. TPrece or A bissues {'ﬁg 158).
ROOT WITH SUCKER IN SECTION.  x B5, Another form of

s e g e
bited by many growing shoots, which is perhaps somewhat
akin to sensitiveness to contact. It is an appreciation of
oscillation, or shaking. If a shoot is gently struck laterally
several fimes near its base, its apex curves over fowards
the side struck. If the blows are given near the apes, the
resulting curvature is in the opposite direction. If a
plant of Mimosa pudica is shaken, the leaves fall as they
do when they are viclently handled.

The mechanism whereby the response to the stimulus
of econtact is brought about in growing organs we have seen
to be an increased turgidity on the convex side, followed
by growth. In those cases where the organ is mature it
is evident that growth can have nothing to do with the
movement. In these instances we have rather to do with
a modification of turgescence, involving a redistribution
of the water contained in the organ. The falling of the
leaflets and leaves of Mimosa is due to a sudden change




STIMULATION AND ITS RESULTS 389

in the protoplasm of the cells on the lower sides of its
pulvini, in consequence of which water escapes from them

Fia, 158.—8ectior oF Stem oF DIcoTYLEDONOUS PLANT ATTACKED BY
Havstonta oF usouta.

into the intercellular spaces between them. It is attended
by a change of colour, the pulvinus becoming of a deeper
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440 VEGETABLE PHYSIOLOGY

which are associated with their mode of transference of
the pollen. It is produced in such flowers in great abun-
dance, is extremely light and dry, and in some cases is
furnished with bladders to aid its transport. The receptive
organ is in some cases a bulky cone, the leaves of which are
separated from each other, and from the common axis, by
spaces into which the pollen may drop. In others it is
a much-divided or plumose stigma, often furnished with
hairs, so that pollen falling on it may be readily retained.
The method, however, is a wasteful one and involves the
production of a superabundance of pollen. On the other
hand anemophilous flowers are always inconspicuous and
of a comparatively humble type.

Flowers which are pollinated by insects are usually
much larger and more showy, not infrequently possessing
irregular corollas, and are often very highly coloured and
provided with characteristic odours. Their perianths, and
sometimes their sporophylls, are highly modified to adapt
them to the habits of their insect visitors. As a further
attraction to the latter they usually produce honey in some
part of the flower, in such a situation as will lead to the
removal of pollen by the insect in its search for the
attractive liquid. The markings on the coloured perianth
leaves are often arranged in such a way as to direet the
ingect towards the spot where the honey is concealed. The
pollen itself also is often the object of the insect’s visit.
Many special mechanisms to secure the removal of the
pollen from the microsporophyll and its deposition on the
stigma of another flower are to be met with ; indeed almost
every Natural Order shows some modification of the struc-
ture of the flower in this direction. The consideration of
them in detail, however, is beyond our present purpose.

Something akin to cross-pollination oecurs in one of the
Hydropteridee, a family of Ferns with an aquatic habit.
The plant in question, which is known as Azolla, is a small
floating organism, consisting of a horizontal rhizome, some-
times copiously branched, on which are borne numerous
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normal ones. The most conspicuous instances of this are
afforded by several species of the genus Fiola. In one of
these flowers the pollen grains often put out their pollen
tubes while they are in the sporangia, and the tubes grow
towards the stigma, penetrating it and reaching the ovules
as in the case of the normal flower, fertilisation resulting
in the same way.

The process of pollination is followed in the ordinary
course of events by the germination of the microspore or
pollen grain. The facts that it grows upon the substratum
of the stigmatic surface and that the resulting gametophyte
or pollen tube is often of considerable length mark a great
difference between it and the gametophytes of the vascular
eryptogams. It becomes indeed a parasite feeding upon a
host plant during the greater part of its development.

The course of events in the germination of the pollen
grain appears to be the following. At the outsef it absorbs
water from the moist surface of the stigma and swells, its
protoplasm becoming generally more granular. It almost
simultaneously absorbs such food material as the surface
of the stigma can supply, usually some kind of sugar.
Most pollen grains contain a certain amount of reserve
food mafterial, frequently starch or sugar, or both. The
process of absorption is followed by the secretion of
enzymes, which can act upon these reserve materials, the
most prominent of which are diastase and invertase. The
former seems to be the most widespread, but the latter is
far from uncommon. In some cases both enzymes are
developed. The outer coat of the grain then bursts, and
the inner one begins to protrude, probably in consequence
of the hydrostatic pressure set up by the water that has
been absorbed. Usually only one such tube protrudes,
though occasionally several are developed. Intra-cellular
digestion of the reserve materials follows, and the tube
erows at their expense. The increased nufrition is fol-
lowed by a further increase of the enzymes, which is
som>times preceded by a temporary diminution. This,
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J. & A. CHURCHILL’S

CATALOGUE OF

SCIENCE BOOKS.

7 GREAT MARLBOROUGH STREET,
LONDON, W,

August, 1907,

GENERAL CATALOGUE ON APPLICATION.
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