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TRANSLATOR’S PREFACE.

IN producing this work of Professor Schleiden in an English dress,
I feel that the reputation of the Author and the Work alike render
any apology unnecessary; but I am conscious that I owe some
explanation to the Publie, both as to the manner of the trans-
lation and the delay in its appearance.

The second German edition of this Work, of which the present
volume is a translation, was accompanied with a Methodological
Introduetion, intended as a development of those general principles
of science, which are derived from a study of the observing mind,
and the observed external nature. As the discussion of these
general principles occupies a considerable space in the original, and
it was deemed desirable not to increase the bulk of the present
Work, this Introduction has been omitted. In its place I have,
however, inserted a short summary of these observations, as they
have been given by the Author himself in his “ Grundriss der
Botanik,” which work consists of the text of the present volume
without the explanatory comments. This summary is given in the
four first paragraphs of the present translation.®* In the original
Introduction a considerable portion is occupied with the deseription
of the microscope, and its application to scientific researches; as
the observations of the Author seem to me to be judicious, and
we have none of precisely the same kind in our own language, and
especially as this book may fall into the hands of students who
are not acquainted with the powers or the manner of using this
instrument, I have thought it right to reproduce this portion of
the Introduction.t

With the exception of those parts of the Introduction referred
to, and in not more than two or three instances, of matters in
the notes that were not deemed relevant to the translation, nothing
has been omitted in the present Work.

* As general introductions on the prineciples involved in scientific inquiry, we have
in our own language two admirable works, — Sir John Herschell's “ Discourse on the
Study of Natural Philosophy,” and Professor Whewell's « Philosophy of the Inductive
Seciences.”

t Appendix D,



v TRANSLATOR'S PREFACE.

I feel that some portions of the Translation are open to the
charge of inelegance, and this has arisen from my anxiety rather
to give a correct notion of the Author’s meaning than, by the use
of other language, to diminish the force of the original.

The delay in the publication has been owing in part to ill-health,
and in part to the pressure of other engagements. I have only
now been enabled to produce it thus early in the year through the
kind assistance of my friend, Mr. Arthur Henfrey, who has not
only revised the whole of the Morphology, but translated several
sheets. I am also indebted to Mr. Henfrey for the translation of
the new matter in the third German edition of the Work, which
will be found in the Appendix. I have likewise to offer my thanks
to my friends, Dr. Day and Mr. Busk, for much valuable assistance ;

and to another friend, for kindly revising the proof-sheets of the
whole Work.

22, Old Burlington Street, London,
April, 1849.
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PRI'NCIPLES

OF

SCIENTIELC BOTANY.

INTRODUCTION.

BoTANY, as an inductive science, comprehends the study of the
laws and forms of the Vegetable Kingdom. As an experimental
seience, it takes a very low position; and, at present, embraces
but a very narrow cirele of actually established facts, few indications
of natural laws, and no fundamental principles and ideas by which
it might be developed. This becomes very obvious when even the
answer to the question, * What is a Plant?” is yet a problem of
Botany. Hence, it must proceed with its researches upon un-
doubted plants, and extend itself cautiously and exclusively in the
path of Induction.

§ 1. Botany is a branch of the one and entire Science of Na-
ture: since this embraces the laws of Physics and Chemistry,
these are indispensable branches of preliminary knowledge. Botany
1s also, in itself, Science; consequently the highest product of the
activity of the human understanding : but this may be led into
error, and follow wrong paths. If we would find truth, we must
know accurately what are the laws according to which the powers
of the mind work. Botany, therefere, requires a philosophical cul-
ture, that is, knowledge of a theory of the intelligent Reason,
founded upon an empirical Psychology; in a word, a critical

Philosophy.

§ 2. The objects of Botany are actual existences — natural
bodies. These must be examined in all possible ways; and to this
many aids are necessary, for even the parts invisible to the naked
eye must be investigated.

B



2 INTRODUCTION.

Those who wish to make solid advances in the science of Botany
will find the following instruments indispensably necessary : —

1. A microscope.*

2. A good pocket lens.

2. Secissors, knife, needle, and pineers.

4, Lmhm re-ngents, —as lodine dissolved separately in water
and in aleohol, lulmd Ammonia, Sulphuric Aecid, Nitrie Aecid,
Aleohol, E thm, &e.

§ 3. In relation to other sciences, Botany has to solve the
following problems : —

I. For Chemistry, must be resolved in the plant, as in the
simplest case, the question how organic combinations arise from
inorganic elements,

2. For Physiology to lay its simplest and most general founda-
tions.

Henee it is an indispensable branch of knowledge for the Che-
mist and the Physiologist.

In practical applications it subserves:

1. Agriculture ; as it teaches the conditions of the life of plants,

2. Pharmacy ; as it affords a knowledge of the officinal plants,
and gives, through the study of structural relations, the most secure
and often the only indications for the distinetion of the drugs de-
rived from the vegetable kingdom.

In all these cases, it is the physiology of plants which is alone of
use. A knowledge of the systematic arrangement of plants is only

of importance to the botanist : for all others it is a pastime, if not a
waste of time,

§ 4. The facts of the whole science, for the sake of study and
facility of comprehension, may be divided in the most mtelliml}]e
mannel accor dmg to the following scheme : —

Vngetab]e Chemistry.
2. Study of the Plant-Cell.
3. Morphology, or study of the Forms of Plants and their Organs.

4. Organology, or study of the Life of the entire Plant and its
Organs.

¥ See Preface,



FIRST BOOK.

CHEMISTRY OF PLANTS.

CHAPTER 1.

THE INORGANIC ELEMENTS.

§ 5. Tue clementary bodies found in plants are the following : —
1. Carbon (C); 2. Hydrogen (H); 3. Oxygen (O); 4. Nitro-
gen (N); 5. Chlorine (Cl); 6. Iodine (I); 7. Bromine (Br); 8.
Sulphur (S); 9. Phosphorus (P); 10. Silicium (Si); 11. Potas-
sium (K); 12. Sodium (Na); 13. Caleium (Ca); 14. Magnesium
(Mg); 15. Aluminium (Al); 16. Iron (Fe); 17. Manganese (Ma) ;
18. Copper (Cu).

These substances oceur in very varying proportions in plants. Car-
bon is of all the most important and the most abundant. It forms the
skeleton, the solid basis, of all plants. By eareful charring, the minutest
parts of the texture of plants may be preserved, and almost everything
15 consumed or driven off except the Carbon. In the spontaneous de-
composition of plants, it also remains longest unchanged ; and the entire
structure of the plant is often retained in peat and coal, so that the
families and genera of the plants can be recognised. Carbon is never
found pure in plants.

Hydrogen and Oxygen form, with Carbon,” most of the proximate
principles of plants, and in the more important substances they oceur
in the proportion in which they form water. Oxygen is found free
in plants dissolved in their juices. Hydrogen is also found free in the
Fungi.

Nitrogen in ecombination with the foregoing elements form some of
the most important secretions of plants.  Whether it is found free in the
Fungi, is not yet well made out.

Chlorine, Iodine, and Bromine, are found in the form of salts. The
first in plants of the sea-shore ; the two last in those growing in the sea.

Sulphur and Phosphorus are found in most plants as sulphurie and
phosphoric acids (the last is especially abundant in the membranes of the
seed in grasses). They both enter into combination with protein to form
albumen, casein, &e.

Silicium is present in all plants as silica; often in very large quan-
tities, as is shown by the following analysis of the ashes of several

leltﬁ et
n 2@



4 CHEMISTRY OF PLANTS.

The ashes of Equisetum limosum yiclded 94-85 per cent of siliea

Eqguisetum arvense . . 9548 5
Equisetum hyemale . . 9752 o
Calamus Rotang e e B

Where the silica is in very large quantities, as in the bark and epi-
dermis of the larger grasses, the tubular palms, and the equisetums, the
ashes by eareful burninz may be made to retain the form of the plant so
accurately, that even microscopic organs may be readily distinguished.}
The silica in these plants exists in the form of emall plates, grains, or
needles, which are often melted together by the heat ; but if the part of
the plant is submitted to the action- of sulphurie acid, the silica retains
its primitive forms, This proves that the silicinm is not chemically
united with the tissue of the plant, as is stated by Reade ; or even, in-
deed, organised, as was formerly gratuitously maintained.

Potassium, Sodiom, Caleium, Magnesiom, Aluminium, Iron, Man-
ganese, and Copper, are present only as oxides in combination with acids.
The first seven exist in very varying proportions in most plants: copper
probably in only a few. There iz an old saying among the people,
especially in the north of Germany, that the wood of the lime contains
gold.§

On the origin of these substances in plants, and more particularly
with regard to the question as to whether plants take them up from the
earth, or form them by a peculiar process of vegetation out of the first
four elements above-named, there is but one opinion amongst chemists
and physiologists, and that is, that no elementary body ean be present in
plants that has not been taken up from without the plant. The opposite
view, maintained by Reade|, can only be regarded at the present day as a
curiosity, and scarcely deserves reference but for the refutation supplied
by the labours of Saussure, Davy, Lassaigne, Jolin, Jablonsky¥, and
others. It is diflicult also to divine what could have induced the Berlin
Academy to give its prize to the single rough experiment made by
Sehrader, and the confused reasoning of Neumann; which, supported,
indeed, by Braconnot, first brought this absurd view into vogue.** If
we consider how small the quantity of solid matter is in most plants, and
the large quantity of water they take up and allow to evaporate, we
shall have no difliculty in accounting for the presence of substaneces in
plants, which, when diffused through the water absorbed, would resist
the test of the most delicate re-agents.

§ 6. The foregoing elements form amongst themselves certain
binary ecombinations, of which the following are the most important
that are met with in plants:—

a. Compounds with Oxygen.—Of these, water (IO or ) and

carbonic acid come first (CO? or C); then oxalic acid (O or C, 0,)
and the other oxygen acids; and lastly, the oxides of the metals,

Water is the most important: without it no chemical change could
take place, to say nothing of vital processes. Most plants contain large

* H. A. Struve de Silica in Plantis nonnulla. Diss. inang. Berol. 1835. 1 Ibid.

{ London and Edinburgh Phil. Mag. and Journ. 1837. Nov.

§ See A. v. Humboldt Flore Fribergensis Specimen, Berol. 1793, p. 134,

I Op. cit.

§ Jablonsky de Conditionibus Vegetationi necessariis quadam.  Diss. inaug. Berol,
1832, ** Thid, p 78.



THE INORGANIC ELEMENTS. 0

quantities of water in their tissues. In one hundred parts of Cerato-
phyllum  demersum ninety were found to be water, and ten solid
matter,

Carbonie acid is also widely diffused with water : it forms the principal
gource of nourishment for plants. It is found dissolved in the sap of
plants : at night, in almost every plant; in the day, in ripe fruits, in aerial
roots; &e.  In consequence of the processes of respiration nml combus-
tion on the earth, and voleanie ageney, the atmosphere contains an inex-
haustible supply of carbonie acid for plants.

Oxalic acid is constantly produced by the decomposition of the fore-
going compounds, and is found apparently in all plants. It is found
free in most suceulent plants, as the Crassulacee, Ficoidew, Cuctacea®,
&e. 5 also in the hair-glands of Cicer arietinum.

b. Compounds with Hydrogen.—These are principally ammonia
(NIH*), hydrochlorie, hydriodie, and hydrobromic acids.

Ammonia is probably the source of nitrogen in all plants. It occurs
free in the unassimilated sap, as in the spring sap of the birch and the
grape vine, and perhaps also in the tissues of unnaturally succulent
cultivated plants, as the beet.

§ 7. The foregoing oxides and acids unite together to form salts,
some of which are found dissolved in the sap of plants, and others
in the form of erystals. The most important are the alkalies in
combination with the vegetable acids, or chlorine, bromine, and iodine;
then, perhaps, those with sulphurie and phosphorie acids ; whether
any exist with carbonic acid, is doubtful: next come the earths,
with vegetable acids, especially oxalic acid, then with sulphuriec and
phosphoric acids; and, lastly, the metals mostly in combinations
not yet determined. The greater part of the salts are found in
the living, vegetating, green parts of plants, as the leaves, &c.;
the least, in the wood (Saussure). A certain quantity of t]'l(’::-t-
salts appears essential to the life of plants. Ammoniacal salts from
the atmosphere appear to be the source of the nitrogen in plants.

Fourcroy and Vauquelint, long ago, proved that the greater part of
the carbonates found in the ashes of pLuu% were formed, during the burn-
ing, from other salts of vegetable acids. They proved that almest all
pldnh contain—I. acetate and malate of lime dissolved in the sap ;
2. citrate and tartrate of lime, which either exist as a super salt or
in a solid form; 3. oxalate nf lime in a solid form. All these arve
found in the ashes of plants as carbonates; but these latter are not to
be found if, before the burning, the plants are by turns treated with
eold and boiling water and diluted muriatic aeid.

The salts of the alkalies are found dissolved in plants, but the
insoluble earthy salts present themselves in a erystallised form in the
cells.  OF these, the oxalate of lime has been most accurately inves-

» :Liel:ig (.ﬂnm_a.l. xIvi. p. 77.) says the Cactacex contain tartaric acid; but he is
certainly wrong with rng'trd to most Cactacede,
1 De la Métherie, Journ. de Physique et de Chim., tome Ixviii, p. 429. (1809).
B 3



¥ CHEMISTRY OF PLANTS.

1. 2. tigated. It appears to be present in

: every plant, and in some in very large

quantities. A stem of Cereus senilis,

3 f—-\\ after the water was driven off, con-
. i tained eight hundred and fifty-five
N / \ ; parts oxalate of lime in the thousand.
\qg = The form of the erystal of oxalate of

lime is the quadratic octaedron (fiz.
1.); and it presents, like almost all compounds of the earths, as its
primary form, the right-angled four-sided prism (in the binaxial and
unaxial systems). The following forms
o are easily distinguished : *—1. Needle-
formed erystals (Raphides, DeCand.),
being a combination of a very long
prism with an octaedron (fig. 3. 2),
whose surface, asin the Zireon and the
Hyacinth, is united with the surface
of the prism. These lie together in
bundles of from twenty to thirty in
a single cell, which they entirely fill
up; and are present in almost all
plants, and may be well seen in
Phytolacea decandra (fig. 3. ¢).

2. Large single crystals, either of the form of the last
(fig. 3. a), and then very long, as in the Agave americana, or
the primary forms or combinations, are octaedrons of the first
or second order, with two or three blunt or pointed. "This
last form is seen very beautifully in the pollen of many species
of Caladium, and in the parenchyma of the old stems of
Tradescantia (fig. 2.).

3. Large erystals, in which the erystals have developed
' one upon another, or grown to organic cells in such a way

that they constitute irregular-formed glands. They are so

common amongst phanerogamous plants at one season of the
year or another, that it would be difficult to give an example of a
plant in which they do not exist. They
are easily observed in the Cactacec.

Next to oxalie acid with lime, car-
bonie acid is most frequently found,
and this in combination with lime.
The carbonate of lime assumes a va-
riety of forms, but most commonly that
) . of the pure rhomboedron (fiz. 4.) ; as,
for instance, in the Cycadacea, in many Caetacee, and in the leaves of
species of Costus.

Sulphate of lime is also found, in the form of single or double
octaedrons, or in a tabular form, as octaedrons above and below, with

* Even through artificial precipitation, oxalate of lime is never amorphous, but is
constantly erystallised, as shown by Valentin, Repertorium, vol. ii, p. 30,

B ﬂ!:a'laie of lime as a :|l.|a_:|ratif. octacdron, and a combination of three octaedrons,
found in the pollen of a species of Caladium,

* a, Quadratic pillars combined with octaedrons, b, The same elongated. ¢ A
bundle in a cell.

* Carbonate of lime, as seen in the epidermis of Cuclacea,
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the end of the prism cut off (fig. 5. @) ; or, what is especially charac-
5. teristic, in a twin form,
é like the gypsum crystals
2L of Montmartre. This last
form 1is found in the
Musaceee and many Seci-
tamined,

Such erystals present
themselves in all phane-
rogamons plants, but are
not so frequently found in eryptogamic plants. They have been deseribed
amongst the latter in Chatophora, Hydrurus, and Chara, where they
exist not in the cells but in the intercellular spaces. In Polysperma and
Spirogyra they are found in the cells. In the Phanerogamia they lie
constantly enclosed in the cells (also in the glands of the air-passages
of Myriophyllum*); more formless crystalline masses, especially of
carbonate of lime, are found in the intercellular passages, and upon the
leaves of Lathrea ; and in many species of Saaifragae, as S. Adizoon and
8. longifolia, they are scen on the edges of the leaves as true exeretions.

History.—The discovery of erystals in plants is due to Malpighi, who
first figured the glands of Opuntia (Anatome Plant. tab. xx. fig.
105. £.). The needle-like crystals were discovered by Jurine {Journ. de
Physique, 56.). Meyen and Unger have deseribed various other forms,
Buchner was the first to give a chemical analysis, and thought he had
found phosphate of lime in them. Raspail showed that they were prin-
eipally composed of oxalate of lime, which had been previously discovered
by Scheele in the roots of rhubarb, but forgotten. Liebig first pointed
out that the vegetable acids, in all species of plants, exist combined with
a determinate quantity of the base, however different the base may be,
and that this quantity depended on the amount of oxygen combined with
the base, the oxygen being always in the same proportion in the same
species.t The salts of ammonia were first pointed out by Saussure as
the source of nitrogen in plants, and afterwards further elucidated by
Liebig. §

® Meyen (Physiologie, vol. 1. p. 241.) appears to have overlooked the fine mem-
brane which encloses these glands.
_ T Liebig, Chemistry in its Applications to Agriculture and Physiology.

{ Op. cit.

5 Sulphate of lime: a, simple crystal ; b and ¢, twin erystals. From the petioles of
Musa and Strelitzia.



8 CHEMISTRY OF PLANTS.

CHAPTER II.

ON THE ORGANIC ELEMENTS.

SECTION I.

OF THE ASSIMILATED BODIES.

§ 8. Tue four clementary bodies®, Carbon, ij'gen, Hydrogen,
and Nitrogen, are associated together as organic or vegetable
elements, hut they have {:ﬂdﬂntly different values for the life of
the plant even in its simplest forms. Next to these we find a
series of bodies, which are necessary for the origin and develop-
ment of cells, and these I call especial assimilated matters.

§ 9. Some of these are substances of which the cell-membrane
is formed, or which necessarily precede the formation of it, and
which contain only Carbon, Hydrogen, and Oxygen. I shall
mention here: 1. Cellulose, or Selerogen; 2. Amyloid: 3. Vege-
table Jelly; 4. Starch; 5. Gum; 6. Sugar; 7. Inulin; 8. Oil
of Fat,

1. Cellulose (Seclerogen, Lignine, woody fibre) is completely formed,
rather tender, flexible, and elastic, perfectly clear and transparent, and
entirely insoluble in all known menstrua. When treated with caustic
potash or concentrated sulphuric acid, starch is formed. Like all
organic substance it is distended by moisture and contracted by drying.
It iz permeable to all fluids and actual solutions, which, under some cir-
cumstances, are taken in on one gide and passed out on the other. Its
composition, when analysed, gave the following results :—

From the wood of the willow and the beech, 102 I; g
according to Prout - - - T
Various cell-membranes, according to Payen [ C H O
(Ann, des Se. Nat. 1839) - - 12 10 10

These analyses differ only in the quantity of water they contain.

To me it appears most correct to use the above formula, in which the
carbon is reckoned at 12, Mulder, however, takes C 24, H 21, 021, as
isomeric with soluble inulin.  Crookewitt has pointed out that this does

Vier Elemente
Innig gesellt
Bilden das Leben,
Bauen die Welt.

Four elements
Intimately mixed
Grive form to lifo,
Build up the world.

The genius of the poet has here evidently anticipated later ehemical discoveries,
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not makeit a simple substance. Combinationsof Cellulose with otherbodies
are not yet known ; there thus remains, to explain the easy transition of
Cellulose into Sugar, Dextrin, and Starch, only the hypothesis of Iso-
merism. All other formula appear purely al'lnn ary, and explain nothing,
for the elementary analyses vary from 43-22 to 52:01 of carbon, 59 to
691 hydrogen, 4157 to 50-38 oxygen, or of analyses of the same cellular
tissue taken into account C 43-2—44-7, H 6-:0—6-5, O 49-:3—50-539, which
agree perfectly with the formula giv e above. On the other hand, the
whole doctrine of an incrusting matter (Payen), althongh supported by
the profundity of Mulder (Physiol. Chem. Moleschott, p. 209.), is a mere
castle in the air, that must be rejected a priori.  On the application of
the ordinary re-agents, the thickness of the cell-walls is not diminished,
but they become loosened and swell up. What the reagents take up are
the contents of the cell, and matters which the cell-wall contain, and
which, according to the age of the cell, would become colouring matter,
tannin, humic acid, and humates. The wood-cells are, in comparison
with other cells, deeaying, and are constantly forming out of the cellulose
substances, which are more and more rich in carbon, which remain dis-
solved in the cell-walls, and which are taken up by means of re-agents.
The successive layers of the cell-wall are composed chemically out of the
same or an isomeric matter as the primary cell, which explains its whole
deportment, and even Payen’s elementary analysis of the spiral fibres
in Musa sapientum. A knowledge of the cell-layers is especially
important physiologically ; a know ledrr# of the substances which convert
sap-wood into heart-wood is only tLLllmml as here life 1s almost wholly
extinct,

Cellulose presents itself under many modifications. In its pure state
it appears to vary chemically, aceording to the quantity of water it con-
tains. Independently of this, it varies greatly in its physical properties,
such as brittleness, 1*15:30*111:1.', density, and espeecially in its lrreruousnass
to water, which the less it is the more it appears to approach in its
nature amyloid and jelly ; and there are, in fact, very many transitionary
bodies between these three.®

In the impure state in which it ordinarily occurs, it varies yet more
from the passage through it of other matters ; perhaps through some de-
composition which they induce. Its colour is especially various, passing
from perfect transparency to the darkest brown (as in ferns); and ocea-
sionally all other possible colours are present, as is seen in the epidermis
of the seeds of Leguminose, a golden yellow colour in the leaves of Phor-
mim fenax, &e,

2. Amyloid t is, when dry, a eartilaginous, but moist, gelatinous, clear,
transparent body, soluble in boiling water, strong acids, and ecaustic
alkalies, but not in ether and aleohol in a concentrated state. It is
coloured blue by iodine, and the combination is soluble in water, giving
it a golden-yellow colour. It is found only in the layers of the primary
cell-membrane. There is no chemical analysis of this substance. It
has been found at present only in the cotyledon-cells of Selotia latifolia,
8. speciosa, Hymenea Courbaril, Mucuna urens, M, gigantea, and Tama-
rindus indica. Perhaps many of the observations of Hugo Mohl belong
to this substance.

3. Vegetable Jelly (Vezetable Mucilage, in part, of the chemists, Bas-

* See Hugo Mohl, Some Observations upon the blue Colouring of vegetable Cell
Membrane, through Iodine. Flora, 1840.
+ See Poggendorfl's Annalen, 1839,
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sorin, Salep, Licken carragheen (Chondrus erispus) Gelin), This sub-
stance, when dry, is horny, or cartilaginous ; when moist, it swells up and
becomes gelatinous, and diffuses itself perfectly through cold pure water.
When pure it is clear, and is dissolved by (perhaps only diffused in) both
eold and hot water, and also in caustic alkalies ; itis, perhaps, chemically
changed in pure acids. It is insoluble in fixed and volatile oils, ether,
and alcoliol, and is not coloured by iodine. It passes, on the one side,
through various transitionary bodies into cellulose (through the cell walls
of the Fucoidew), and into amyloid (through some kinds of horny al-
bumen), and on the other side into starch (through the jelly of the orchis
tubers), and, in many ways, into gum and sugar. None of these bodies
have been analysed, so far as I know, and reduced to chemical equivalents.

Vegetable jelly forms the cell-walls of most Fueoidea, the albumen of
the Cesalpinee, and, in part, the so-called horny albumen (Albumen
corneum). It is also, like gum, found in the contents of the cell. It
is especially abundant in the cells of the tubers of our indigenous Orehi-
dee and in the Cactacee, filling large individuoal cells, which at firet often
exhibit upon their surface a granulated aspect : in the Cacfacew they are
often distinguished by a vermiform twisted line. It is also seen, as a
secretion, in the gum-receptacles, especially in tragacanth ; and a part
also of the intercellular substance seems to belong to it.

In the same way as in animal chemistry, we distinguish between
celatinous substances and gelatine ; so does Kiitzing (Phycologia gene-
ralis, p. 32.) distinguish gelin from vegetable, which last, by boiling,
passes into the first. Vegetable jelly will also, by long boiling, pass into
mucilage (schleim). These three substances appear to me to be hydrated
states of a common basal principle. Kiitzing’s horny gelin (said to
contain nitrogen) and his gelacin (through hydrochlorie aecid coloured
verdigris-green) appear to be only gelin contaminated by foreign bodies.
At any rate, the experiment of determining the nitrogen which was
given off in the form of ammonia, during the combustion of an entire
plant, to be a constituent of a particular substance, is too coarse to be
admitted as of any worth at the present day.

Whether pectin and pectic acid ought to be admitted under this head
appears, according to Mulder’s experiments, doubtful.* He gives the
formula C 12, H8, O 10. They appear to be more nearly related to
malie acid, and form, perhaps, transitionary bodies between the organie
acids and the indifferent secretions. The analyses, by Mulder, of the
carragheen moss ( Chondrus erispus), the mucilage of the quince and
the marshmallow, and of tragacanth gum, vary too much to allow of even
a common formula. The inquiry must not be disregarded, how the sepa-
ration of the various substances intimately mixed, as in the carragheen
moss and tragacanth gum, ean be separated, so as to yield a pure substance
fitted for chemical analysis. That peetin belongs to the substances em-
ployed in thickening the cell-walls, is a fiction which no one microscopical
observation of ripe or unripe fruits, or of roots containing pectin, supports.

4. Starch (Amylum, Amidon, Lichen-starch). When dry, it is toler-
ably hard, cracking between the fingers : when moist, somewhat gela-
tinous : dried from its solution, at first a trembling jelly, at last as brittle
as glass : when pure, constantly clear (even in lichens) : when pe.rfuctljr
pure and fresh from the plant, gradually dissolving in water. This

lution may, perhaps, be regarded rather as a diffusion through water,

* Poggendorf. Annalen. b. xlvi. (1838), p. 432.
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as the so-called solution does not penetrate through eell-membranes, 1In
the plant it is ordinarily defended from this solution by the action of
wax, albumen, mueus, and the like. It is easily soluble (diffusible) in
boiling water, acids, and alkalies; insoluble in aleohol, ether, volatile
and fixed oils, and is coloured blue by iodine in the most dilute solution.*
It appears, through modifications such as lichen-starch, to pass into amy-
loid, and, through the body discovered by Henry in mace, into cellulose
vegetable jelly, and perhaps also gum. On its chemical composition the
most distinguished chemists, Berzelius, Liebig, and others, are all agreed :
C12, H10, O 10. It forms the cell-wall in the asei of Lichens; and in
some, as the Iceland moss ( Cetrarie islandica), it is found in the external
layer of the thallus. It is also present, forming the contents of the cells.

A. The Nature of Potato Starch.

The ordinary potato-starch of commerce consists of a somewhat coarse,
glistening, white powder, intermixed with larger pieces. On rubbing it
between the fingers, it pulverises more finely, but is somewhat hard to
the touch, and grates between the teeth. When moistened it cakes to-
gether in larger masses, and does not fall to pieces again on being re-dried.
When, however, this starch, after a long-continued extraction with cold
water, has been thoroughly purified with alcohol and ether, it forms an
extremely fine, glistening powder, which will not continue to adhere
together on being moistened and dried. Some considerable time is re-
quired to purify the starch perfectly, and the fAuids used for its purifica-
tion continue for a long time to exhibit traces of albuminons matters and
of fats. The very various views that have been entertained regarding
the chemical relations of starch appear to me specially to arise from the
fact, that experiments are never made with perfectly pure, but with
variously adulterated, specimens, Payen and Persoz were the first who
seem to have thought of thoroughly purifying starch before they used it,
and the consequence was that the result of their experiments wholly
differed from those of others, and showed that starch was a perfectly
homogeneous vegetable substance,

When magnified 100 times, the separate granules of starch appear like
small, solid, invariably ovate corpuscles. Deviations from this form are,
comparatively speaking, very rare. In starch that has been freshly
extracted from the potato, we recognise most distinetly a small black spot
by its pointed extremity: this is Fritsche’s nucleus. It is only very
rarely, and when very strongly magnified, that it appears as a speck in
the potato, filled with such a thin substance as to allow of our regarding
it as an indentation, or rather as a small eavity, in the denser mass.  This,
however, is made much more clearly evident in the starch extracted from
the bulbs of some of the Liliacew, and is established with perfect certainty
on comparing it with various other kinds of starch. Around this so-
called nucleus there appears, sometimes paler or blacker, or sometimes
closer or further, a large number of lines, which at first pass circularly
round the nucleus: further on they deseribe more of an oval course, as
they elliptically enclose the nueleus like a focus. The space enclosed
by two such lines appears sometimes lighter, sometimes darker, often
strikingly eclear at separate spots; and an experienced microscopic
observer will soon recognise layers of different density, and that the

* Todide of starch is not more soluble in water than starch, and insoluble in acids.



12 CHEMISTRY OF PLANTSA.

external ones are generally clearer than the internal, whieh, in fresh
starch, often appear almost gelatinous. The dark lines do not intersect the
line of the external circumference in any one of the granules ; and, how-
ever close they may lie to each other at the pointed end, every line per-
fectly returns to itself. On turning a single granule with deeply
blackened lines under the microscope, which may be easily done by the
addition of a drop of water, which will oecasion a small current, we shall
see that the lines, when considered from all sides, remain equal, and
always encirele the nucleus in the same manner. From this it follows
that they cannot be mere markings upon the surface, but the surfaces of
contact of many hollow ovate scales laid around each other: from this the
whole granule is composed. Sometimes on making a fine section, with a
sharp razor, from a potato containing much starch, we may succeed in
seeing several granules of starch sharply intersected under the micro-
scope ; and we may thus perfectly convince ourselves that the layers to-
wards the interior are in general more aqueous and gelatinous, and that
those towards the exterior contain less water and are tougher.

Perfeetly dried granules exhibit a smaller number of lines, although
they are frequently more strongly marked; and we may often perceive
that each broad black line corresponds to a thin layer of air.  On suffering
starch to remain for any length of time in gum water, the lines gradually
will disappear more and more; and on drying it with the gum, until the
whole forms a perfectly tough mass that may be cut with a knife, we
may easily obtain a great number of sections by cutting off small chips,
and even have several thin dises from a single granule. In the latter we
discover a tolerably homogeneous substance, having in the centre a some-
what irregular indentation, which has naturally been oceasioned by the
drying up of the interior aqueouns layers.

On treating starch under the microscope with sulphurie acid, very dif-
ferent phenomena appear, aceording as to whether the acid is stronger or
weaker, and the action rapid or slow. On the rapid action of strong
acid, the granule is immediately affected from the point where it is
touched by the aeid ; it becomes distended, and gradually dissolves,—a pro-
cess that is quietly continued to the other end of the granule. We often
see granules which are quite dissolved at one end, while the opposite end
is still sharply defined, showing even a nucleus and layers. The whole
mass of the granule is quite uniformly affeeted, without the outer layers
being torn open, or the fluid contents escaping. In a slower action of
the acid, two different forms of selution occur alike frequently, depend-
ing probably upon the different degree of concentration of the acid. In
dilute acid the granule becomes gradually transparent and gelatinous ;
swells up, but in such a manner that it first exhibits an impression at
one side, and by degrees (swelling up less at the compressed side than ex-
ternally) assumes a complete cup form, and is at last gradually dissolved
from the marginz. The other form, exhibited by the slow action of the
very concentrated acid, consists in the nucleus passing over into a
decidedly recognisable air-bubble. This expands, eausing one or two
jagged rents in the interior of the granule, which gradually inflates and
becomes gelatinous, whilst the lines disappear, as far as they are touched
by the rent, until the whole granule is rendered invisible (dissolved).
The first action of the sulphurie acid appears to be, that water is with-
drawn from the inner layers ; and this appears further confirmed by the
action of dry heat.

On heating potato starch upon a small plate, to such a degree that only a
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minnte portion, immediately in contact with it, assumes a yellowish colour,
we may easily trace, under the microscope, every possible stage of transi-
tion in the gradual change ; which is very remarkable, and affords the
best explanation of the structure of the starch granule. The first action
here is naturally one of drying, by which the so-called nuclens is con-
verted into an air-bubble, appearing so characteristic that we can thereby
distinguish the use of dry heat, as, for instance, in the Mandiocca fu-
rinka, in Sago, &e.  The individual layers simultaneously separate, and,
in consequence of drying out, the lines of separation become sharper,
blacker, broader, and even recognisable broader or narrower layers of
air ; the layers hang closer together at some places than at others, and
larger or smaller spaces are formed. By degrees the separate layers peel
away from each other, like the scales of a bulb, whilst an actual fusion
(conversion into gum) takes place at individual points.

If we continue the action of water, heated gradually to the boiling
point, a change at first takes place, which is very similar to what has
been just described with reference to sulphuric acid. It is only in the
latter stages that the phenomenon is so far different, that the eleft in the
interior 1s gradually converted into a large eavity, when the whole
swollen granule looks like a compressed thick-skinned bag,

By degrees the outlines grow more indistinet ; but the paste-like
mass, consisting of a granule, continues elinging together; and, on
looking under the microscope at the thinly boiled paste mixed with
water, we may, by means of iodine, recognise the separate and inflated
granules, whilst the water added is never coloured blue. I have not
been able to continue the boiling during several days, but I think I may
venture to conclude, from my own experiments, that starch may take up
a large quantity of water, and thus swell to a large volume (although
even this seems to have its limitations), but that it never ean be properly
dissolved either in cold or boiling water.

I will here finally mention the treatment of starch with cold water.
If starch be rubbed up, for the period of half an hour, in a mortar, with
double the volume of water, we obtain a viscid, almost stiff, salve, capable
of being drawn into threads. A large number of the granules then
appear under the microscope, to be erushed in various ways, torn and
broken up, partly ground into small flakes. T'he inner aqueous layers
are pressed and combined with more water by friction, as it appears, ex-
hibiting a finely floccular or granular, but connected, mass, which is
coloured blue by iodine, whilst all the actual fluid round (the water)
remains wholly uncoloured.

All these experiments were frequently repeated with different impure
specimens of starch, such as are commonly bought, but all of the same
kind ; and the results were, in every case, essentially the same. Iodine
was always used in these experiments, and there never was the most
remote indication of there being any part in the starch granule which
was not equally coloured by it. There never occurred the slightest ap-
pearance, in these experiments, to refute the easily tested fact, that the
layers of starch granules are more aqueous in proportion as they lie fur-
ther to the interior: nor was the unimportant point refuted, that there
were slight differences in the external layers, arising from the adhesion
or infiltration of some few traces of albumen, fat, or wax ; these differ-
ences merely resulting in a longer or shorter delay of the action r)f: l:,ha
solvents. ‘The same experiments were constantly repeated with purified
starch, in order fully to test the correctness of the last-named facts.
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It will now be easily apparent from what has been said, that without
a simultaneous application of the microscope and chemical re-agents it is
utterly impossible to think of a true and fundamental knowledge of starch.
Starch is gradually dissolved in the full-grown potato, so that after three
months there is searcely a trace of it to be met with in that vegetable, even
where it is in a perfectly sound condition. This solution is most essen-
tially different from all others that we are able to bring about. The
individual granule retains to the last moment its solidity, and is only gra-
dually attacked from the exterior towards the interior ; the extremities of
the longitudinal sections offering the greatest resistance, on which account
the granule after a time resembles a knotty twig, owing to the promi-
nent appearance of the rest of the layers. The same thing occurs in the
germination of the cereals, and in the solution of starch which takes place
through diastase, but only at a temperature of 70° C.,* which corresponds
entirely in form with the solution by sulphurie acid, and has been referred
by chemists, with an inconceivable degree of superficial carelessness, to
the process in living plants.

B. On the Occurrence of Starch in various Forms in the
Vegetable Kingdom.,

We have only one treatise, and that by Fritsche (Pogrend. Ann.
vol. xxxii.), deserving of notice, on the differences of starch in different
plants; and this, with some few inconsiderable additions, has been
made use of by Meyen in his Vegetable Physiology. For the rest, this
work appears to have met with very little attention ; for when we read a
passage to the following effect in one of the most recent works, “ Starch
appears in the form of small spherical corpuscles,” (Endlicher und
Unger, Grundziige der Botanik,) we may easily see that the authors have
neither made original observations on the subject, nor even read anything
regarding it. The forms of starch are exceedingly various, and often,
as Iritsche remarked, so characteristie, that we may easily, by means of
the starch, determine the plant, at any rate with reference to its genus
and family. I subjoin the following tabular list of the forms with which
I am acquainted.

1. AsmomrpuoUs STARCH.

Hitherto I have found amorphous starch only in two phanerogamic
plants, it occurring then paste-like in the cells, as in the seeds of Car-
damomum minus, and in the bark of the Jamaica Sarsaparilla. In the
case of the latter, however, it is not improbable that the method of dry-
ing by the fire, common in the preparation of Sarsaparilla, may change
the character of the starch. The paste is most frequently found in ab-
normally red roots, and more seldom in the yellow ; neither of which,
however, have hitherto been esteemed in commerce as varieties of the
Jamaica Sarsaparilla,

IT. Simrre GrRANULES.

The majority of plants exhibit perfectly simple individual granules,
among which doublets and triplets only occur as exceptions. We may
further distinguish the following groups: —

* A temperature that would kill every vegetable embiryo,
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1. HNoundish Bodies.

A, With the central cavity, Fritsche's nucleus, apparently wanting.

1. Quite small, almost spherical, granules, occurring almost every-
where in the vegetable kingdom, from time to time, as cellular contents ;
for instance, in Carrots, in cambium, in the winter; in leaves, as the
bearers of Chlorophyll, &e.

2. Large, irregular, knobby, often truncated multangular granules ;
as, for instance, in the bulbous buds of Saxifraga granwlata, in the
spurious tubers of Ficaria verna.

. With small roundish central cavities.

a. With a perceptible laminated formation.

3. Very large, rough, granules, deformed as it were, found in the pith
of the Cyecadacee. There
are somewhat  similar
granules in the subter-
ranean leaves of Lathran
squamaria ; in these the
inner layers form an ovate
eranule, almost sgimilar to
those of potato starch: the
few external ones, on the
contrary, are so irregular,
and generally so dispropor-
tionally thickened at one
or two sides, that the whole
granule assumes a broadish
triangular figure.

4. Ovate granules. In
the potato (fig. 6.).

5. Mussel-like granules.
In the bulbs of the larger
Liliacee, as in Fritillaria,
Lilium (fig. 7.), &e.

6. Almost triangular in
tulips.

4. With an indistinet or
deficient lamellated form-
ation.

7. Rounded-off polyedric granules. In the albumen (perisperm) of
Zea Mays.

8. Sharp-edged, polyedrie, very small granules. In the albumen of
Oryza sativa.

8. C. With an elongated central cavity.

9. Roundish or oval granules, in a dry
condition, generally showing a star-like
cleft in the inner layers. In the Legu-
minose, as in the seeds of Pisum, Pha-
seolus.

D. Perfectly hollow, apparently cup-
like, granules.

<3 -

% Granules of starch from the potato, the layers being eopied true to nature.

* Granules of starch from the bulb of Liliwm bulbifernm. The layers are faithfully
delineated : a, from the surface ; and b, a lateral view. 3

% Granules taken from the rhizoma of Iris paliida, with a large central cavity.
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10. Very marked in the Rhizoma of Iris florentina, and in the kindred
species (fig. 8.).

2, Flatly-compressed lenticular
Crranules.

11. Sometimes with, sometimes with-
out, a decided lamellated formation ;
sometimes with a central, or excentric,
or less rounded, or more elongated,
or radiated torn-up cavity, In the
albumen of Triticum, Hordeum, Secale
(fig. 9.).

3. FPerfectly flat Discs.

12. With more distinet layers,

#  in which it is, however, at times

doubtful whether they pass

entirely round, or are only

menisei laid over one another.

The former appears to me pro-

bable, owing to analogy, and the

phenomena presented in roast-

ing and on dissolving in sul-

phuric acid. We do not find

it in the rhizoma of all the

Scitaminee, as Meyen attests,

but exclusively in the Zingi-

beracee Lindl. ; neither in the Cannacew, nor in the Marantacew
(fig. 10.).

4. FElongated Corpuscles.

13. With an elongated central cavity in the milk-juice of the indi-
genous, and a few of the tropieal, Euphorbiacee.

5. Perfeetly irreqular Bodies.

14. In the milky juice of many tropical Fuphorbiuecee.

IIT. Comrovsp GRANULES.

Here we only find simple granules, by way of exceptions, in the plant,
or part of the plant.

1. The separate Granules in the Composition without evident
central Cavity.

15. Compounded, aceording to the simplest types in 2, 3, or 4 in the
rhizoma of Marantacee (West Indian Arrow-root) (fig. 11.). In the
tubers of Aponageton ; in the thickened vagination of the leaves of
Mearattic ; in the root of Bryonia.

" Granules of starch from the albumen of the seed of Secale cereals : a is seen from
the surface, b from the edge. The difference of size, without any intervening stages, is
striking in Secale, Triticum, Hordewm, &e.

" Granules of starch from the rhizoma of Curcuma lewcorrkiza (East Indian arrow-
root), Very flat dizes seen at a from the surface, and at b from the margin,
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16. Generally regularly, seldom

11.
=y irregularly, composed of from 2
to 6. In the bark of the roots
of the various sorts of Sarsa-
: parilla,
2. The separate Granules in the

Composition having a distinet
central Cavity.

) A. All the parts of the granules
35;) nearly of the same size.
B 17. United, according to simple

types, from 2 to 4. The central
cavity small and roundish. 1In the tubers of Jatropha Manihot.
18. Combined from 2 to 4, according to simple types. The central
cavity large and very beautiful, opened in a star-like form. In the
cormus of Colchicum autumnale (fig. 12.),

e
i
i
N |
F;
¢

N

19. Combined according to simple types from 2 to 4. The separate
granules quite hollow, appa-
rently cup-shaped. A marked
orm oceurs in Radiz Tvar-
ancuse (Anatherum lvaran-
cusee) (fig. 13.).

20. Firmly ecombined, from
2 to 12 in number, in very
irregular groups. In the
rhizoma of Arum maculatum
(fig. 14.).

21. A large number (often
as many as thirty) of small
roundish granules, very loosely
rolled together. Frequent, as,
for instance, in the stem of the Bernhardia dichotoma.

" Granules from the rhizoma of Maranta arundinacea { West Indian arrow-root)
Composed of from 2 to 4 granules, the separate parti-granules always exhibit the
smooth eonnecting surfaces.

'* Starch granules from the eormus of Colehicum autwmnale, The separate granules
are quite similar to those in the seeds of the Leguminose, but generally composed of
from 2 to 4, with very beautifully radiated opened central cavities.

1 Starch granules from the rhizoma of Anatherum Ivarancusa ( Radiz ITvarancuse).
The separate granules with large central cavities, as in Jris florentina, but composed
of from 2 to 3 combined.

W Starch granules from the subterranean stem of Arum maculatum, irregularly
composed of many grains, each granule having an indistinetly defined central cavity,

C
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B. Many smaller granules grown together upon one larger one.

22. In the pith of Sagus Rumphii, &ec., generally in the sago.

Starch is the most generally distributed substance in the vegetable
kingdom. I am not acquainted with any plant which does not, at some
season of the year, at least at the period when vegetation is inactive,
contain more or less starch, frequently only in individual granules in the
cells, and frequently entirely filling them in grains of the most different
size. The starch granules adhere quite adventitiously, by means of mu-
cus, to the cell-walls, The umbilicus (hilom}), by which the starch gra-
nules are said to be attached to the wall of the cell, is an error on the
part of Turpin. The largest granules do not appear to exceed 005 of
a line in their longest diameter. The starch is mostly readily obtained
by bursting the cellular tissue, and by washing it from the plant; oceca-
sionally, however, it cannot be thus obtained, as, for instance, when it
occurs combined with much mueus, as in Hedychium ; the starch in
Maranta arundinacea (Arrow-root) appears to be the purest. We
certainly do not say too muech when we assert that starch constitutes
the most important, and the almost exelusive, food of two-thirds of all
mankind. It is certainly contained in all plants, but not always in such
a manner as to be sufficient and suitable for nutriment, and sometimes,
too, indivisible from other unpalatable admixtures, as, for instance, in
the horse-chestnut. Certain parts of plants contain it in the largest
quantity, namely, the albumen of seeds (the Cerealin), the cotyledons of
the embryo ( Leguminose), the medulla, or pith of the stem ( Cycadee and
Palmee)*® bulbs (Liliaces) T, the tubers, root-stocks, and roots of very
different families.7 It occurs in smaller quantities in the bark and the
alburnum of trees in winter, whence the inhabitants of the Polar regions
are able to bake the bark of trees as bread.

I must not omit to make mention of an error, which is unfortunately
too often repeated, and which may thus lead to much confusion, especially
in physiology. Deecandolle believed that he had proved that 100 lbs. of
potatoes would yield 10 1bs. of starch in August, 14} lbs. in September,
145 1bs. in October, 17 lbs. in Noyember, 133 1bs. in April, and again
10 Ibs. in May. From this it was concluded that the quantity of the
starch in the potato increased and diminished again during this interval
of time, —a most erroneous idea, which has unfortunately been too often
repeated in recent times. It may, however, easily be conjectured that
such per-centage calculations can only give relative, but no absolute,
quantities for any plant, or part of a plant. Granting that Decandolle’s
calculation is correct, it says nothing more than that the weight of starch
gradnally comes to stand in the same relation to the weight of the
potato as 10, 14}, 17, &e., to 100 ; but whether this changed relation is
to be sought in the change of the quantity of the starch, or in the dimi-
nution of other substances, is not even indicated. It is rather obviously
probable that in this ecase starch is neither formed nor destroyed, but that
the aqueous eontents of the potato decrease by evaporation, and again
augment by absorption on the revival of vegetation.

Historical Sketch.—Starch was known even to the ancients. (“Apvdor
deie 70 Ywpic podov karascevaleofar, Dioseor,) Leeuwenhoek was the first
who examined it in plants, in wheat and beans; and Stromeyer sub-

* As sago, from Cyeas revoluta, Sagus Rumphii, farinifera, &e,

+ Lilium camichaticum, in Greenland, &c., is a source of foad,

} Potatoes, from Sofanum tuberosum ; Cassava, from Jatropha Manihot ; Taroo, from
Arum esculentum ( Colocasia macrorhiza ?7), &e.
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sequently discovered the property possessed by starch of being coloured
blue by iodine.

Few substances have been so comprehensively treated of as starch,
and few have been more imperfeetly and unsatistactorily known, — this
arising solely in consequence of neglect or superficiality in microscopic
investigations, A very clear and eomprehensive report of Poggendorif
upon the numerous works, up to 1836, written on this substance, may be
found in Pogg. Annal. der Chem. und Pharm., vol. xxxvii. p. 114., &e.
The result of the whole is concisely summed up in these striking intro-
ductory words : —

“ No substance has been more investigated, and is yet less known,
than starch. It affords a striking proof of the diffuse manner in which
a subject may be treated if it fall into improper hands. After ten years’
investigations, in which the most various views have been get up on the
nature of starch, and when all its characteristics as a proximate vegetable
substance have been discussed, we are little or nothing in advance of
the old point of view; and although, perhaps, we may not be wholly
without some extension to our knowledge in secondary points, we are
still entirely without fundamental grounds in proof of our having arrived
at the truth.”

Since Pogeendorff wrote these words, eight years have elapsed. In-
numerable works upon starch have been published by chemists and
vegetable physiologists ; and, on testing more exactly what has been
done in Endlicher’s and Unger's Rudiments of Botany, we find that the
labours of the last eighteen years are lost, even as far as relates to the
more general knowledze of this substanee, whilst the whole eonfusion in
the literature of those eighteen years may be found reflected in the few
lines of those writers, who evidently were not able by their own ele-
mentary investigations to avail themselves with discrimination and
judgment of the extensive literature opened to them. The diametrically
opposite views of Fritsche and Raspail are so blended together in the
most extraordinary manner, that the confusion is beyond all deseription.

There are two views upon the structure of starch granules decidedly
opposed to each other, on the assumption or rejection of which the
chemiecal judgment passed upon this substanee must essentially depend.
The first, originating with Leeuwenhoek, and subsequently further de-
veloped by Raspail, tends to prove that the individual starch granules
consist of a tough sac, and semi-liguid, easily soluble contents (Dextrin),
and that both parts are chemically different. This view effected the
refutation of the diffuse works of the French chemists, who, although
they differed upon words and secondary points, yet agreed in the main
that starch was no proximate vegetable matter, and that the starch
granule was composed of substances differing considerably in a chemical
point of view. Among these may be reckoned especially the works of
Guibourt, those earliest written by Payen and Persoz, and those of
Guérin-Varry. Finally, after giving many proofs of their incapacity
to compose an unprejudiced and thorough analysis of organie substances,
Payen and Persoz came to the conclusion, “ that starch purified from
all extraneous matter was a simple, homogenous, proximate vegetable
substance.” Raspail's view was entirely given up, and the structural
relations of starch not more thoroughly pursued. Such was the state of
things in France. In Germany, starch was first more accurately
examined by Fritsche®, and by aid of the microscope, which is indis-

* Pogrendorfl®s Ann. vol. xxxii. p. 129, (1834).
]
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pensable in an investigation of this kind. His results form the second
hypothesis upon the nature of starch, which we may oppose as the views
of German vegetable physiologists againgt those of the French chemists.
According to the former, starch is composed of layers ranged over one
another, all consisting of the same chemical substance. The external
layers are less easily soluble in water, owing to their saturation with
foreign substances. In the interior there is an extremely small ninclens,
which appears, by its behaviour during the action of hot water, acids, and
alkalies, neither to be starch, gum, nor sugar. This is more especially the
ease with potato starch, butthe starch granules of the curcuma roots appear
to differ somewhat from this, exhibiting elongated flat discs, while those
of the cereals have lenticular bodies. Subsequent observation (especially
on the part of Meyen) has shown abnormally-irregular forms in the milky
juice of the Euphorbiacee. And here the theory rests, as far as the
main point is concerned. There has as yet been no thought of a more
exact investigation of the structural signification of the chemical rela-
tions, or of a comprehensive comparison of the different kiads, of starch in
various plants. The whole of this question has been condensed in
Endlicher and Unger in the following improper manner :—*“ Amylum
granules consist of a more or less solid (?) nucleus, around whieh layers
of solid(!) consistency are by degrees eccentrically deposited, admitting
gometimes even of being peeled off. (¥)  On the external case(?) of the
amyhum granule being burst, the interior will dissolve even in eold
water, and that about 0-413 of the whole granule. The chemieal cha-
racter of the nucleus is not essentially different from that of the layers
which either partially or entirely invest it. (!) Todine colours both parts
in like manner, blue! . . . . . Concentrated (7) mineral acids dis-
solve the amylum granule, boiling water occasions only an enlargement
in its size by means of absorption, and this often gives rise to a cleft in
the external layers (1) through which the softer nueleus (1) is expressed,
The probable special substanee of the nueleus, the so-called dextrin,
consists of gum and sugar.” (111)

By way of historical references we may recommend Poggendorff,
Annalen, vol. xxxvii. (1836), p. 123. ; Meyen’s Physiologie, p. 190, ; Mul-
der’s Physiol. Chem. Moleschott, p. 215.

5. Gum (Arabin, Dextrin, Vegetable Mucilage in part). In a pure
state it is clear; when dry, brittle like glass; easily soluble in water, and
also in dilute acids; not soluble in ether, alchol, and volatile and fixed
oils. The action of aleohol makes it horny, and it is coloured pale-
yellow by iodine. It passes through cerasin and some so-called varieties
of mucilage into vegetable jelly; it borders through dextrin on starch.
The analysis of gum Arabie by Berzelius gives the formula, C 12 H 11
O 11 ; of gums Arabie, Senegal, and Java, by Mulder, C 12 H10 O 10.

It is found in a state of solution in the interior of cells, or as a secre-
tion in the great gum canals, and not unfrequently mixed with vegetable
jelly, and is frequently, through foreign substances, coloured yellow or
brown, a condition in which it is almost always found when eollected for
commercial purposes. Some groups of plants are distinguished by the
great quantity of gum they produce, as the Mimosee and the Cycadee.

The substance called dextrin, and which ean be formed through the
action of dilute sulphuric acid, diastase, &e., on cellulose or starch,
agrees with gum in many points, and especially in its elementary com-
position. It seems to be a substance of more importance than gum.
According to Mulder, the greater part of what has hitherto been called
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eum is dextrin, Some time ago I advanced the opinion that dextrin
must be present in plants where so much cellulose and starch was dis-
solved and changed. Soon after, Mitscherlich pointed out the actual
presence of this substance in the sap of many plants, The principal
differenee between gum and dextrin consists in the fact, that the latter,
by the action of dilute sulphuric acid or diastase, is converted into
grape-sugar, while the first is not. Gum apparently originates in the
plant from dextrin, and not as a special product of secretion; whilst
dextrin is present in all the juices of the plant, and especially where
cells are about to be formed, and appears to be the formative matter of
the plant. Countless almost, however, are the modifications of dextrin,
through vegetable jelly, till it forms cellulose.

6. Sugar. Ina solid state, and entirely pure, sugar is erystalline,
clear, and easily soluble in water. In some states it is uncrystallisable,
and then, through foreign substances, coloured yellow or brown. It is
slightly soluble in aleohol, but not in ether, volatile and fixed oils, It
mixes with a solution of iodine. The analyses give, according to various
modifications, various results :—

Anhydrous salt of sugar, with oxide of lead, C H O
according to Berzelius and Liebig - 2 10 10

Laussae, Thénard .Bur.aellua, and Liebig

Grape sugar, from a erystallised compound H O
with common salt, according to Brunner - {12 12 12

The same from grapes, honey, and stnrch ac- }l'? 14 14

Crystallised cane sugar, according to Gay- } 12 11 11
C

cording to Saussure and Prout

Sugar, which is principally distinguished by its sweet taste, is by
various modifications, and in every case through inulin, connected with
the other bodies, but of the transitionary conditions we know but little,
It presents itself very widely in the vegetable kingdom, and especially
where starch and the other substances are developing or are dissolved,
as in unripe peas and cereal grains; and the early sap of trees, as of the
maple and beech. It is found in greater quantities, and in a more per-
manent form, in the stems of grasses, as the sugar-cane and maize, and
the Holeus saccharatus; in fleshy roots, as in the carrot and beet; and in
Juicy fruits, as the pear and apple; gooseberry and currant. Naturally
it is found dissolved in the plant, but when it becomes exereted it assumes
the forms of crystals, as in the nectaries of plants (ex. gr. Fritillaria
imperialis).  Mannite, the sugar of manna, does not belong to this series
of compounds. It is only the product of the decomposition of the sugar
cane. [ts formula s C6 HT O6. Acecording to Mitscherlich, the
Tamarix gallica, which yields manna, contains in its tissues no mannite,
but cane sugar,

7. Inulin (Dahlin, Calendulin, Synantherin, Sinistrin). Tt is obtained
from the tubes of the dahlia h}r simply w.rshintr It is a powder with
fine grains; the grains clear, easily soluble in hmhnﬂ' water, from which
it separates, on cooling, in a granular form. It is insoluble in ether and
alcohol, coloured yellow by iodine. Cold water makes thé grains to dis-
appear to the eye under the microscope, because their refr:mtmrr power
is similar to that of water. Ience the erroneous assertion of Link and
Meyen, that inulin is always in solution in plants. Crookewitt found
that inulin, by being boiled in water fifteen hours, was converted into an

&3
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uncrystallisable sugar.  According to the researches of Mulder and
Crookewitt (Liebig’s Ann. Bd, 44. S. 184.), inulin from the dahlia,
helenium, and the dandelion, in a pure state, consists of C 12 I1 10 O 10.
It is thus isomeric with sugar and starch. Inulin has been found in
many places where formerly starch was supposed to be present, as in
tubers and fleshy roots (ex. gr. Inwla Helenium, Dahlia variabilis),
and is probably a very widely extended substance,

8. Fived Ouls and Wax. The great peculiarities of these physically
and chemically varying substances is the property of leaving upon paper
a transparent spot, and not adhering to water. Their colour is very
various ; elear, yellow, and brown.

A. Fats (Fixed Oils). They are very widely distributed, and fre-
quently take the place of starch, as in the cotyledons of the Crucifera
(ex. gr. the species of Brassica), of the Synantheree (as Helianthus
annuus, Madia sativa) and many other plants, They are found in the
juices of the fruits and roots ; and there is, perhaps, no plant, or no part
of a plant, that does not contain a small quantity. The most common
fats in the vegetable kingdom are elain and margarin, which are formed,
according to Mulder, of glycerin (C 3 H 2 O), and elaic acid (C 44 H40
04 4+ HO), and margaric acid (C34 H34 03 + HO). Elin
is fluid, margarin solid; and the two, mixed in various proportions,
form the fixed oils found in plants. Desides these, there are peculiar oils,
such as the cocos and muscat butters, palm and bay-berry oils. They
form soaps with the alkalies, which are soluble in water. Alone they are
insoluble in water, in ether and aleohol gradually soluble, and in volatile
oils perfectly so. Of their changes into the other bodies mentioned, we
know nothing ; at the same time it cannot be doubted, from what we
know of the phenomena of germination in oily seeds.

B, Wax, This substance, which is distinguished from the oils and
fats through its perfect insolubility in cold aleohol, and its brittleness, is
found extensively in the vegetable kingdom, and plays an important
part. There are few plants that do not present traces of it upon their
surface. In all those plants and parts of plants called hoary, the delicate
bluish bloom consists of a thin layer of very small wax granules. This
layer is much thicker in the fruits of the order Myricewm, of Croton sebi-
Serwm, Tomex sebifera, Rlus succedanewm, theleaves of Enceplalartos, the
bracts of Musa paradisiaca and Strelitzia farinosa, the stem of Ceroay-
lon andicola, In plants generally it appears to be the basis of the
chlorophyll; and in many families, as, for instance, the Balanaphorea®,
it forms the entire contents of the cells. It is found in large quantities
in the milky juice of the Galactodendron wutile, forming the Galactin of
Solly. In wax two proximate principles appear to be present, myricin
(C 20 H 20 O), insoluble in boiling aleohol, and eerin (C 10 I 10 ),
soluble in boiling aleohol. Wax is decidedly formed by bees out of
sugar. A form of wax exists, according to Avequin ( Ann. de Ch. et de
Phys. Oct. 1840, p, 218.), in the sugar-cane, which sometimes passes into
sugar, and which is sometimes formed out of surar. The wax, which is
combined with chlorophyll, appears to be formed from starch, perhaps
from inulin (see Mulder, Physiol. Chem. Moleschott, p. 253.). 'The
composition of the last form of wax, obtained from apple-peel, accord-
ing to Mulder, is C40 H 32 O 10, but in most green leaves C 15 15 O.
In every case it was found peor in oxygen. 'The majority, however,

* See Goppert on the structure of the Balanaphorea, in Act. Acad. Leopold. Carol,
Nat, Cur., vol. xviii. Supplem. pp. 236, 253,
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of the forms of wax have not been sufficiently examined. According
to the first formula, 10 equivalents of starch (C 120 H 100 O 100)
forms 3 equivalents of wax (C 120 H 96 O 30), with the loss of 2 O
and 66 O. According to the second formula, 5 equivalents of starch
+ 10 HO = C 60 H 60 060, which, by losing 36 O, is converted into 4
equivalents of wax, C 60 H 60 O 4.

§ 10. Another class of substances is found in plants, which
neither exist in the cell-walls, nor are the cell-walls formed from
them, but nevertheless their presence is necessary for the simplest
processes of vegetation. They are composed of Carbon, Hydrogen,
Nitrogen, and Oxygen, to which are sometimes added 1’hosphorus
and Sulphur. I ecall them by the collective name Mucus ( Selleim) ;
the chemists give them various names, as Albumen, Gluten, Gli-
adin, Zymom, Gelatin, Diastase, Gluten vegetabile, Legumin, &e.

In all the vital eells of plants, besides the substances mentioned in the
last section, there is found a semi-fluid or liquid granular matter, of a pale
yellow colour, sometimes entirely fluid, sometimes solid, and which,
through the action of aleohol, becomes entirely granular, fibrous, or semi-
membranous ; which is coloured dark brown by iodine; and which, ac-
cording to all observation, is a multiform, changeable substance. Many
modifications of this substance have been separated from plants by
chemists, to which they have given the above names, but which are
perhaps seldom pure, and often formed during the process of separation.
All of them are characterised by the possession of nitrogen, and also by
their action (11.) on the previous substances (9.). They are sparingly
present, or are absent altogether, in those parts of plants which contain
starch, and which do not easily pass into fermentation, as the tubers of
the potato, the fruit of the rye, and the rootstock of the arrow-root plant
(Maranta arundinacea); but in parts of plants which easily ferment
they are found in large quantities, as in good wheat, the juice of the
grape, &e.

In the youngest cells of plants, the mucus ( Selleim of Schleiden ; pro-
tein of chemists *) presents itselt as a slight covering over the whole inner
surface of the walls of the cells. (See this work on the Motion of the Sap
in Cells.) In the seeds of Leguminose, this substance is found in the
same cells which contain starch, but in smaller and larger quantities
in especial cells, and sometimes apparently filling them entirely. 'Thus,
in the grains of the Cerealia, the layer of cells immediately under the
coats of the seed are almost exclusively filled with the muecus, whilst the
remaining cells of the albumen (perisperm) contain starch, with only a
small quantity of mucus, In the seeds of the almond, the mucus is
mixed with oil; but bitter and sweet almonds, under the microscope,
exhibit no essential difference.

Modern chemistry, in consequence of the labours of Liebig and Mulder,
divided the forms of muecus into three principal groups: into Albumen
(vegetable albumen), Fibrin (gluten of the Cerealia), and Casein
(legumin of peas and beans), and which are regarded as identical with
the substances of the same name found in the animal kingdom. Dumas
regards as a fourth group Gelatin (gelatina animalis), which should be
regarded as a part of the composition of gluten. Mulder has pointed out
that these compounds have all a common basis (H31 C40 N 10 O 12),

* Drotoplasma of Mulder and others.—Trave.
c 4
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which he calls Protein; and that the combination of this substance
with sulphur (10 Pr + S) forms Casein ; with phosphorus and sulphur
(10 Pr+1P+18), Fibrin; and with more sulphur (10 Pr+1P
+ 285), Albumen. There is no means of distinguishing these substances
in the cells of plants ; and they are all so variable in their peculiarities,
that they can only be regarded as groups of substances. Through
Liebig's observation®, that these substances cannot be formed in the
animal body, but must be taken into it from without, they have obtained
a new and peculiar importance. According to the researches of Rochleder
and Hruschauer (Liebig's Ann. vol. xlv. p. 253., and vol. xlvi, p. 348.),
these substances, when pure, have the power of acting as weak acids.
Very important in this relation is their constant union with alkalies and
earths, especially the phosphatic salts (perhaps double galts) in the
vegetable and animal organism.

§ 11. The substances mentioned in § 9. constantly pass from one
into the other, and the presence of mucus in the cells appears
necessary for this object. They appear to go through, successively,
all the forms from sugar, the most soluble, to cellulose, the most
insoluble.

From the preceding remarks it will be seen, that the substances men-
tioned in § 9. are not so well defined forms of matter as sulphurie and
sulphurous acids, or as the protoxide and peroxide of iron, but that a
pretty constant series of changes occur in the passing of one substance
into the other. Artificially we may produce this series of bodies by
mixing them with mueus, or acting upon them with sulphurie acid or
alkalies, or even by slighter chemical processes, as repeated solutions and
evaporations. The property possessed by mucus, sulphuric acid, &c., of
producing chemieal changes without themselves becoming changed, has
been called by Berzelius catalysis, by Mitscherlich the action of contaet
(Contactwirkung), and by Liebig by another name, but without any ex-
planation. In the first place, we ought to satisfy ourselves that it is so.
In those plants where the first-named bodies are in contact with mucus, a
constant metamorphosis seems to be going on, and only restz for a short
time at one point. Almost all these changeable bodies are compounded
according to the same chemical formula, and vary sometimes in the
quantity of oxygen, but mostly in the quantity of water, they contain.
Does 1t not appear very probable that they possess a common basal prin-
ciple, and that, through varying proportions of water, and through phy-
sical conditions, as cohesion, &c., they assume so many appearances? It
appears to me that there is here a great field for chemical inquiry.

The mysterious property of the physical processes which is called life,
and which is supposed to depend on an especial vital prineiple, has been
made use of from the fact of certain chemical actions and re-actions
going on which have escaped observation, but which all allow to go on
in the commencing combinations. We know now with certainty, because
these changes go on out of the plant, the transition of cellulose into
starch, of starch into dextrin, of dextrin and cane sugar into grape sugar,
and of grape sugar into gum (as in the fermentation of beet-root juice).
All these metamorphoses, with the exception of the first, which is
effected only through sulphuric acid, can be produced by the agency of
nitrogenous substances (mucus). With great probability it may be con-

* This 1s not Liebig’s, but Mulder's, observation. — Traxs.
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cluded, from observations on substitution in plants, and supported by
chcmmal analogy, that there is a transition from sugar into dextrin, from
dextrin into starch, amyloid, cellulose, and \rvg&tahh, Jelly, from wax into
sugar, from sugar and starch into wax, from starch into fixed oils, and
from the fixed oils into sugar and dextrin. In these changes the same
or very similar compound bodies, through merely taking up or depositing
water or oxygen, constitute the very foundations of ue;:f,t.lbk, change,
the formation and metamorphosis of the elementary organs, and thus
form an essential part of the so-called life. Any one who would wish to
study vegetable ]}h_‘(am]ﬂ""f, and every botanist must do this who attaches
importance to science, will not neglect a thorough investigation of the
subjects embraced in the sectmns of this wmk concerning Organie
Chemistry.

SECTION 1L

ON THE REMAINING ORGANIC SUBSTANCES FORMED UNDER TIE
INFLUENCE OF YEGETATION.

§12. Amongst the numerous principles present in plants are
some which appear to stand in a close relation with the general
process of vegetation, and which are generally present : these are,
1. (Jhloroph}ll 2, the other colouring matters of plants; 3.
Malie, Citrie, el Tartaric Acids; 4. Alkaloids ; : 5. Tennin; 6.
Visein and Caoutchoue ; 7. Humus.

1. Chlorophyll (Blatt-griin, feewla wviridis, Chromule, Phytochlor,
green vegetable wax). It any green part of a plant is bruised and sub-
mitted to the action of alcohol, a green tincture is formed, If this be
evaporated to dryness under the exhausted receiver of an air-pump, a
green fatty mass is left, which forms soaps with the alkalies. If this is
dissolved in ether and mixed with water, and the ether evaporated, small
greasy globuoles are obtained, which appear of a green colour by reflected
light, and of a Burgundy-red by transmitted light. Similar globules are
separated from the alcoholic solution by a freezing temperature. If the
aleoholie tineture is mixed with water and the aleohol evaporated by
heat, a part of the fatty substance iz thrown down, the water itself is
coloured of a brown-yellow, and has a characteristic smell like that of
black tea. This is what is commonly ecalled ¢hlorophyll.  When treated
with sulphuric acid it is either not changed or becomes carbonised ; it is
not dissolved or coloured blue, as is erroncously stated by Marquart.™
It is soluble in volatile and fixed oils.

This substance is found in all plants growing in the light, with the
exception of some of the algee, fungi, and lichens, and the true parasites,
covering either conformably the cell-walls or the spiral bands, as in
Spirogyra, or the granular contents of the cells which are composed of
starch or the other similar bodies.f Only in the last sense can we speak
of granules of chlorophyll, as granules consisting entirely of chlorophyll
are unknown. It is never found in the form of vesicles. 1

* See Hugo Moll on the Winter Colouring of Leaves, Tibingen, 1837. R

1t Hugo, Researches upon the Anatomical Relations of Chlorophyll. Tubingen,
1857.

} Smith (Elem, Phil. Bot. ed, 2.) does not state how he satisfied himself of chloro-
phyll vesicles.
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Chlorophyll is composed of a white wax-like substance (§ 9.), and a pe-
culiar green colouring matter. Of the first substance it contains more if
the first removal of the green parts is effected by ether. The fine green
colouring matter originates almost universally under the immediate
action of light, which presupposes that there must be universally diffused
amongst plants some substanee—a colourless chlorophyll, the first form
of the pure colouring matter, and which is easily decomposed under the
influence of light. To the products of this decomposition belong espe-
cially a yellow, a blue, and a blackish colouring matter; and under some
circumstances, according to Mulder, wax (?) also appears. The yellow
leaves in autumn contain proportionately more wax than the green leaves
of summer, the rind of the yellow ripe fruits more than the green rinds
of unripe fruits; but in both, starch, orits equivalent, inulin, is found
more abundantly earlier than later, The only analysis of this substance
hitherto made is the unsatisfactory one of Mulder, C18 H9 N2 OS8§,
which makes it a nitrogenous body, and which could not be formed out of
stavch alone. Meyen’s defence of this view (Physiologie, bd. i. p. 193.)
is a mere fiction. On the other hand, we know that, simultaneously with
the origin of every plant-cell, protein and protein-compounds appear,
and that these substances, at least, never fail to be present in the parts of
plants about to become green, It seems, therefore, more reasonable to
look for the origin of chlorophyll from protein. Chlorophyll also appears
very closely related with the colouring matter of indigo found in the
ereen leaves of the species of Indigofera, of Polygonum tinctorium, the
Isatis tinctoria, &c. The formula of blue indigois C16 H5 N2 02,
of white (deoxidized) indigo, C16 H6 N2 02, Pure chlorophyll is
soluble in hydrochlorie acid, sulphurie acid, and the alkalies, with a
oreen colour ; it is soluble in ether and aleohol, but inseluble in water.
Exposed to the action of light, or treated with hydrogen in state naseenli,
it is decolorised.

The various shades of green of the organs of plants depend upon very
different causes : partly upon the nature of the chlorophyll, whether it is
pure or more or less mixed with the yellow, blue, and black products of
its decomposition ; partly upon the quantity of ehlorophyll in individual
cells ; partly on the thicker or looser arrangement of these cells, which is
evident on the under sides of leaves, which are always of a fainter and
lighter green, depending on the intercellular spaces which are there
present, and which, reflecting the light white, mixes with and diminishes
the intensity of the green. Variegated leaves are produced in one of two
ways. First, the single groups of ecells contain only the yellow product
of the decomposition of the ehlorophyll, as in the Phalaris arundinacea
picta, a variety which appears on a dry seil, but disappears on a moist
one; or in the variegated varieties of the common holly ( flex Aguifolizm).
Secondly, the epidermis separates itself from the eells lying under it in
particular places ; and the layer of air lying between them appears as a
bright silvery spot, as in Begonia argyrostigma, Silybum marianwm, and
other plants. In the last place, the green colour of plants may be yet
considerably modified through the greater or less seeretion of wax upon
the surface, which in some cases forms a layer of small silvery scales,
which appear almost snow-white, as in Elymus arenarius,

2. Vegetable Colours. Of these we know at present very little. They
may be generally divided into soluble and insoluble. The last are found
in the cells of plants in the form of globules of a yellow (Fritillaria
imperialis), ved, and seldom of a blue colour ( Strelitzia furinosa) ; they
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are frequently soluble in ether, aleohol, volatile oils, and separated from
ether in a resinous, not in a fatty, form. The first, as far as I know, are
only of a red and blue colour ; the red caused by an acid, the blue by an
alkali ; and are dissolved in the fluid contents of the cell.  They may be
found in the red parts of plants, and in the flowers of Eehium velgare.
They all contain nitrogen.* But there are other colouring matters
present in plants, as the red in Iberis wmbellata, and the blue in violets,
which become green through the action of alkalies, and which are very
different from the foregoing. Chemistry has much to do in this depart-
ment of inquiry.

A theory was proposed in 1834, by Clamor Marquart, in a book on
the colours of plants, which supposed that two modifications of chlo-
rophyll, Anthoxvanthin and Anthocyan, the one containing a little more,
and the other a little less, water than chlorophyll, were the cause of the
red and yellow series of colours, and chlorophyll of the blue. Although
this theory is adopted by Endlicher and Unger, in their * Rudiments of
Botany,” it is not founded on sufficiently accurate data to demand refuta-
tion. Berzelins (Handbuch der Chemie) and Mulder (Physiol. Chem.)
liave both written on Chlorophyll, and I have mostly followed the latter
in the foregoing remarks. The remaining colouring matters important
in the arts, but unimportant physiologically, demand attention.

3. Tartarie Acid ( Acidum tartarieum, T.), Citric Acid (Acidum ei-

tricum, Ci.), and Malic Acid ( Acidum malicum, Ma.), are either found
together or alone in all sour fruits, and perhaps also in all acidulous
juices of plants, for malate of lime is found in the Sempervivum tectorum.
From the process of ripening in fruits, it has been coneluded that these
acids stand in a peculiar relation to sugar; that they are easily formed
out of it, and as easily pass into it. Liebig (Organic Chemistry) has gone
so far as to presume that, in the presence of alkalies, carbonic acid
and water are converted into hydrated oxalic acid, and this into tartaric
acid, malic acid, and, lastly, this into sugar and dextrin; and that thus
the orzanic acids stand in a middle place between the organie and in-
organic bodies. This is one of Liebig's most genial combinations, but
has no observation on which to rest. The chemical composition of these
acids, according to Berzelius and Liebig, is as follows :

i H -0
Tartaric Acid - - - 8 410
Citrie Acid - - - -12 4 12
Malic Acid - - - - 8 4 8

4. The Alkaloids, like the acids, are, as far as we know at present,
only so far important as the remarks of Liebig (Organic Chemistry), on
both classes of substances, extend. Many plants appear to have a
facility, when it is necessary to neutralise a base by an inorganic acid, or
an acid by an inorganic base, and these substances fail, of substituting
for them organic acids and bases. Thus we find that potatoes sprouting
away from the soil form Solanin ; thus Quinine, Cinchonine, and Lime,
take the place of each other in the Cinchona barks, and Meeconic acid is
found in opium to take the place of Sulphuric acid.

3. Tannin (Tannie Acid). In most plants, and especially the Pha-
nerogamia and Ferns, there is frequently found a substance which red-
dens litmus, tastes astringent, and changes animal gelatine into leather.
This substance appears to be modified in different plants. It is found

g * According to Liebig, Organic Chemistry.
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more constantly in cells presenting a low degree of vital activity, as those
of the wood and bark ; and those of early decaying exerescences, as galls
but still it is found in many leaves, as those of the tea-plant, and of the
Ericacee; but here, perhaps, it only occurs in the bundles of vessels, or
less actively vital cells, of the leaf. Frequently the cells of the bark
have few or no contents; and I may, perhaps, hazard the opinion that
the tannin is only found in the cell-wall, and perhaps as a product of the
commencing decomposition of the cellulose. If two equivalents of
cellulose, C 24 H20 020, take up 16 0 from the air, and 12 HO
(water), and 6 CO? (carbonic acid) disappears, there will be left one
atom of tannin (C18 H8 O12). The formation of tannin may be
conveniently regarded as the commencing process of putrefaction
in the cell-membrane. According to Mulder's formula of cellulose,
C 24 H21 021, only 4 O would be taken up ; and by the disappearance
of 13 HO, an equivalent of tannin would be formed. In the living
cells of plants, many substances are found which eannot exist with tannin,
such as mucus*® (Schleim ).

6. Fiscin (Birdlime), and Caoutehouc, have not been, up to this time,
sought after and examined, except in a few plants. Visecin is a clear,
very gelatinous, substance, and insoluble in water; it is found in the
berries of the mistletoe ( Viscum albwm), in the fruits of Atractylis gum-
mifera, and in the milky juice of the green twigs of Ficus elastica.
Under this head we must also include the peculiar substance found in
the proscolla of the Orehidee, and which exists as a fibrous tissue be-
tween the pollen grains in the same plants; likewise the fluid which
exudes from the glands on the stigma of the Aselepiadee ; and, lastly,
the product of the glands under the anthers of some Apoeynee, as in
Nerium Oleander. It the history of the development of these parts is
examined, as well as the formation of the viscin in Fiscum album, it will
be found that this substance is formed through the solution of existing
cells, Itis well known, that in nearly all decompositions of eellulose,
carbon remains in excess; and this agrees with the composition of
viscin, which contains, according to Macaire Prinsep, C 756 H 9-2
0152.

Caoutchoue, or at least an essential element of it, appears to stand in
the same relation to viscin as gum to pectin. It belongs to the excretory
substances, and is found in the milky juice of plants, especially in the
three Jussieuean families, Urticee, Euphorbiacee, and Apocynee. The
milky juices of other plants are comparatively poor in this substance,
although it is absent in none of them. This substance, which defies all
chemical agents, swells up and diffuses itself (not dissolves) in ether, and
on dry distillation renders some remarkable chemical products (see
Himly de Kaoutschouk ejusque sicem Destillationis Produetis ; Gottingen,
1833); has many peculiarities and unexplained properties; and its rela-
tion to plants, its origin, &c., are at present almost entirely unknown.
In the milky juice of plants, it is found diffused emulsively in the form
of little globules. If the juice be allowed to stand, especially if diluted
with a little salt water, it collects on the surface in the form of a white
eream, which, when dried, is of a yellowish colour, and almost Pl},rfﬁctl
transparent.  Schulze, who, in all his views on milky juice and milk-
vessels, is dreamy, regards Caoutchoue as analogous to the fibrin of
blood. Any one who examines the milky juice of Siphonia elastica,

* Endlicher and Unger say that the tannin is always dissolved in the cell-juice. How
comes it, then, that perfectly juiceless oak bark contains so much tannic acid ?
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and still holds by Schulze’s opinion, either eannot or will not see. T can
confirm all that Berzelius bas said on this subject in his Chemistry.*

7. Humus (Humin, Homie Acid, Ulmin, Ulmic Acid, &e.). If dead
animal and vegetable matters are exposed to the action of moisture and
the atmosphere, oxygen from the air is absorbed ; the nitrogen unites
with hydrogen to form ammonia, which, either alone or in combina-
tion with carbonic acid formed at the same time, disappears if it be not
fixed by some acid previously present or formed at the same time. The
carbon forms carbonic acid; the hydrogen, combining with the oxy-
gen of the air, forms water, and with its nitrogen, if the decompo-
sition takes place in a closed vessel, or as it does in the scil, forms am-
monia ; at last nothing remains but the inorganic salts of the plant
or animal. Between these changes, however, a number of other sub-
stances occur. The indifferent, insoluble, richly carbonaceous mass,
when it is black, is called Humin ; when brown, Ulmin. Further,
from these five acids present themselves, humie, ulmic, geinie, erenie,
and apocrenic acids. They were long regarded as substances between
resin and wax, and ecan be obtained in considerable guantities from
vegetable mould composed of leaves six years old, by washing with
ether. The acids combine with the alkalies, and even with the earths,
and form soluble salts which constitute the so-called humus-extract.
The mixture of these substances, combined with portions of the rocks
which form the surface of the earth, constitute the arable land or cul-
tivable soil, and which is the natural and most promising medium of
growth for the greater proportion of plants. The first-formed in time is
the ulmic acid, which consists of C 40 H 14 O12. This, through ab-
sorption of 2 O, and the separation of 2 H O, is converted into humie
acid, C 40 H 12 O 12; and this, through the absorption of 91 O, and the
separation of 40 CO? and 24 H O, is changed into geinic acid, C 40
H 12 O 14. These three acids are almost insoluble in water, and are
precipitated by strong acids from alkaline humus-extract. There re-
mains in the solution crenic acid (C 24 H 12 O 16), and apocrenic acid
(C 48 H 12 O 24): the last through acetate of copper, and the first
through acetate of copper and carbonate of ammonia, are precipitated as
crenate and apocrenate of copper. The following may be taken as an
example of the formation of these substances:

C H O N
7 Eq. of Cellulose + 80 ., — 70 78 0
2 Eq- Humin . = 80 24 24 0
4 Carbonie acid : ! 4 0 8 0
46 Water . , = 0 46 46 0

84 70 78 0
1 Eq. DProtein 4+ 4Eq. 0. = 40 31 16 10
1 Eq. Humin ‘ ‘ = 40 15 15 0
1 Water i . 0 1 1 0
5 Ammonia : 3 0 15 0O 10

40 a1 16 10

For further information on these substances, the reader may consult
Mulder, Bulletin des Sciences Phys. et Nat. en Néerlande Année, 1840,
liv. i., and Physiological Chemistry.

* Gutta Percha belongs to this group of vegelable products, — Traxs.
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§ 13. Besides the substances mentioned in the foregoing para-
araphs, there are a countless mass, the smaller part of which only
are probably at present known, and which appear generally to exert
but a very small influenee upon the life of the plant. To these
belong the substances called by chemists Alkaloids and Vegetable
Acids, Resins, Essential Oils, Colouring Matters, &c. Many of
these must be regarded as mere secretions, and this would not be
the place even to recount them. They may be sought for in
manuals of Chemistry.

A great part of the vegetable acids, almost all the alkaloids, and many
of the resins, are found in cavities (receptacula), or in the so-called
latex-vessels, but never in the plant-cells, Others, as the essential oils
and resins, are found in solitary cells, which they execlusively fill, and in
which it is impossible for any chemical change to take place, so that the
cell appears dead. Many amongst them, under peculiar circumstances,
fail to be developed, as the poisonous secretion of hemlock, which is not
found in the plant of the Asiatic steppes; whilst others are substituted,
the one for the other, without the vegetation of the plant suffering in the
smallest degree, Therefore, in the contemplation of the phenomena of
vegetable life, I think they may, in a great measure, be disregarded as
unimportant substances. Upon these bodies, then, I have little or no-
thing to say, and especially as chemistry has searcely begun to work
upon them,
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SECOND BOOK.

ON THE PLANT-CELL.

CHAPTER I

FORM OF THE PLANT-CELL.

SECTION I

THE CELL REGARDED AS AN INDIVIDUAL.

§ 14. ONLY in a fluid (eytodlastema) containing sugar, dextrin,
and mucus (protein), can cells be formed. This is effected in two
ways: lst. The particles of the mucus are drawn together into
a more or less rounded body, a cell-kernel (eytoblastus), and change
the entire surface of one part of the fluid into jelly, a relatively in-
soluble substance. Thus originates a closed gelatinous vesicle, into
which penetrates the external fluid, and distends it, so that the
mucus-corpuscle on one side is free, and on the other remains
adherent to the inner wall of the vesicle or cell. It forms then a new
layer on its free side, and is thus enclosed in a duplicature of the
wall ; or it remains free, and is then mostly dissolved and disappears.
During the gradual extension of the vesicle the jelly of the wall is
commonly converted into cellulose, and the formation of the cell is
completed. 2d. The collective contents of a cell are divided into
two or more parts, and around each part there is immediately
formed a tender gelatinous membrane. In this way many cells
are formed, which fill up the cell in which they originated.

Of the nature of the fluid in and ont of which the cells originate, we
are not yet perfectly cognisant. Thus much we know, that in some cases
(in the embryo-sac of the L equminose, for instance ) a solution of sugar is
present ; and, as far as may be decided by the action of alcohol, this is
mixed with gum (dextrin 7). The constant presence of a nitrogenous
substance is also necessary, and which we should have anticipated from
previous considerations (§ 11.).

In all tender hairs, almost in every growing portion of cellular tissue,
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and especially striking in some monocotyledonous orders, as Orchidec,
Commelinee, and Asphodelee, also in many dicotyledonous orders, as the
Cactee, Balanophoree, &c., in the entire leaves of Mosses, especially in
Sphagnum, we find in every cell, fastened to the inner wall, a smaill,
mostly plano-convex or lenticular, sharply defined body, strikingly dif-
ferent from all other contents of the cell. This is the cytoblast. It is
met with in all newly-formed cellular tissue, but later it disappears from
the same cells. It is seen in various stages of perfection. When per-
feetly formed, it is a flat, lenticular, sharply defined, transparent, pale-
yellow body, in which it is easy to distinguish one or two, seldom threq,
sharply defined and evidently hollow corpuscles, which are called nueleoli.
In its most imperfect form it appears merely as a flat, yellow, semi-granular
alobule, in which there are no nueleoli, and which do not appear later.
It varies much in its character, according to the plant as well as its
age: in colour, from perfect clearness to a dark yellow grey ; by iodine it
is converted from a pale yellow to a dark brown: in consistence, from a
granular mucilage to a firm homogeneous mass: in the number of its
nucleoli, from one to three; in the form of the same, from an entire
absence through a simple globule to one that is hollow: in its own
form, from the globular to the lenticular and to the egg-formed dise : in
its absolute size, from 0:00009 to 0:0022 of an inch in eircumference :
in its relative size, from the cells which it fills to those in which it forms,
not more than the five-hundredth part of the inner surface of the cell-
wall ; and lastly, in its attachment to the cell-wall, from a loose adhesion
to a perfect union with the cell-wall and enclosure in a duplicature of the
same. With the exception of the nucleoli, the first statements relate
universally to the younger states of the cytoblast.

In those cases in which I have been able to observe completely the
origin of the eytoblasts, as in the albumen (‘perisperm) of Chamedorea
Schiedeana, Phormium tenax, Colchicum autumnale, Pimelea drupacea,
and many papilionaceous plants, I have found that they appear at first
amongst the little mucus-granules of the formative fluid, and that they
are gradually accumulated around the nuecleoli; and as they combine
together to a greater or less degree, a thicker or thinner disc is formed,
and sometimes two or three such dises lie near one another, and at last
the eytoblast presents itself. All this takes place before a cell can be
zeen.*  In young cells I frequently found the cytoblast convex, granular,
yellow, with the nueleoli simple: in older cells of the same plant, flat,
homogeneous, uncoloured, the nucleoli hollow (e. g. Cacte).

In the Cryptogamia the cytoblasts are not so generally seen, yet they
are present in the spores of Ferns, Mosses, Lichens, and some Fungi, and
now and then in the cellular tissue of Algm, and in the cells of Spiro-
gyra, free in the midst of the cell.

A chemical analysis of the nucleoli is at present impracticable.

That the eytoblast is a nitrogenous body, a protein-compound, and
perhaps in its simplest state pure protein, is proved by its colour, con-
sistence, behaviour towards hiodine, aleohol, alkalies and acids, and
concentrated nitric acid ; and by the researches of Payen, confirmed by
Mulder, on the protein-compounds in the spongioles and in the cambium,
ecompared with the microscopic analysis of those parts,

Thus far extend my own observations, but recently Niigeli has con-
siderably enlarged them. (Schleiden and Niigeli, Zeitschrift fiir Wis-

» S\C‘E P]H-tﬂ I.- ﬁg-u i i, b,‘ 3,; 4. iy -F!; 5,’_ with the Elp]ﬂ“ﬂ.tiﬂn,
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sentschaftliche Botanik.) He has proved the existence of the eytoblast
in all the families of the Cryptogamia, especially the Alge, and shown
that it is necessary to distinguish between a parietal and central nu-
cleus.* The central nucleus subsequently becomes hollow, and miay
be increased by division. I cannot, however, agree with Nigeli when
he asserts that the cytoblast consists of an external membrane, with con-
tents, I regard this as a later stage of their development, for in the
young free cytoblasts there is no trace of a distinct membrane, and the
origin of the free cytoblast forbids such a supposition. Observation,
however, on this subject is not yet brought to a close ; and many things
will oceur to modify, extend and explain our present knowledge,

Complete Observations upon the Formation of Cells, — 1. When the
eytoblasts are perfectly formed, they soon present a delicate membrane,
which encloses them, and which is sometimes extremely fine and soft,
and sometimes thicker and more compact. ¥ This membrane soon
becomes elevaied on one surface of the eytoblast in a vesicular form, and
gradually extends itself, so that the cytoblast occupies at last only a
small part of the wall {; but still the eytoblast continues to enlarge, and
the nucleoli become more evidently defined. The membrane of the
vesicle, or young cell, becomes gradually stronger and thicker ; it gets a
round, or sometimes an elongated, form, and sometimes an irregular edge,
which subzequently disappears.

In the youngest state of the cell the eytoblast is generally covered on
all sides by a delicate membrane, which is not coloured by iodine. Mohl
(Botan. Zeitung, 1844) has clearly not understood my observations in
the paper which I published in Miiller’s Archiv for 1838, and in which
I first made known my discoveries on this subject. As soon as this
primary cell membrane is removed by extension, at some distance from
the eyloblast, it is often found covered with a delicate layer of semifluid
mucus, which is sometimes seen circulating in little anastomosing streams,
sometimes granular, sometimes entirely homogeneous and clear, and which
when present may be made visible by the action of nitric aeid, aleohol, and
iodine, This is Mohl's primordial utricle. It is directly on the bound-
ary between the membrane and its contents, that the most active chemiecal
processes take place ; and this goes on as long as the necessary conditions
are present, especially the formation of nitrogenous matters. It is,
therefore, not improbable that this layer is the agent in converting the
newly introduced constituents of the cell into eellulose, and thus of thick-
ening its walls (or even forming new cells). But at last these protein-
layers are dissolved and decomposed, and dizappear. In old ecells,
especially of wood, no trace of these layers is found, and generally only a
small quantity of nitrogenous matter at all. I can understand how it is
that Mohl may doubt the existence of a membrane free from nitrogen, for
I am far from asserting that my observations are complete; but I am at
a loss to explain how Unger can affirm that the eytoblast is first formed
after the development of the cell-membrane. (Linnea, vol. xv. part ii.
1841.) I have just been examining (June, 1845) the spongioles of
Cypripedium Calceolus and Neottia Nidus avis ; and although at first
I was doubtful as to whether any thing existed besides the great cyto-
blast, yet, when I employed nitric acid and iodine, I found surrounding
the eytoblasts cells which required a longer period for development in

* See Niigeli on the Formation of Cells, translated by A. Henfrey for the Ray So-

ciety. 1845.—Traxs. e
1 See Plate I. figs. 1. ¢, 4. c. | See Plate I. figs. 1. 4, 2. 14, 15, 16.

D
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the mother cells, and which last subsequently disappeared first. I find
it, in fact, impossible to obtain such a section as is represented by Unger
(table v. op. cit.).

There often appears on the free side of the eytoblast, as, for instance,
in the Fritillaria imperialis and in Chamaedorea Schiedeana, a new
lamella, which, at the edge where it touches the eytoblast, combines
with the first cell wall, and thus encloses the cytoblast. Such eytoblasts
seldom undergo any further change. The eytoblast, after the formation
of the cell, sometimes becomes absorbed, and sometimes remains for the
entire life-time of the cell. The cell at first consists of jelly (gallerte),
and easily dissolves in water ; gradually it becomes changed into cellulose.
I have traced accurately the steps of this change in the albumen of
Leucojum  @stivum, Phormivm tenax, Colehicum autumnale, Chame-
dorea Schiedeana, Pedicularis palustris, Momordica Elaterium ; in Lu-
pinus, and many other Leguminose ; in the embryo sac of Alisma
Plantago, Sagittaria sagittefolia, Pedicularis palustris, Enothera cras-
sipes, Tetragonia expansa ; in the germinating cotyledons of Lupinus
tomentosus ; in the many-celled hairs of Soelonwm tuberosum, and
many other plants; in the sporangia of Berrera ciliaris; and in the
sporocarpium of Blechnum gracile.

II. In addition to the above mode of cell-formation, Niigeli has de-
seribed a second, whieh he first observed in the formation of the primitive
cells of the pollen, and has more recently found to exist in a large
number of Alge. Mohl imagines something of the same kind to take
place in the new cells of the cambium. To this mode of cell-formation
belong all those cases where the division of cells takes place. I have
not had an opportunity of making any observations on this subject, but
the following facts are after Nigeli: — So long as a cell is internally
covered with a layer of mucus, this process may go on. In the first
place, this muecus layer is divided into two or four parts, each of which
is surrounded by a delicate layer of mucus. These external mucus
layers are converted into cellulose, and thus two or four little saecs or
cells are formed, which perfectly fill up the primitive cell. In a
peculiar and hitherto unexplained way, the eytoblast seems to be very
active in this process. This increase takes place in most instances in
cells with a central cytoblast, and this divides itself into two or four
cytoblasts, each of which becomes the central point of a new cell. — No
ohjection can be made to this history of eell-formation founded upon such
careful observations. Of the part it plays in the vegetable kingdom
Niigeli has given the following account. It seems to be the only mode
of cell-formation in the Diatomacee, Nostochinew, Oscillatoriee, Ba-
trachospermeee, and Fueacew. In the Conferve it takes place in all the
cells except those of the spores. It also takes place in the special
mother-cells of the tetrasporous plants, as the Floridew, Hepatice,
frondose Mosses, Ferns, Lycopodiacee, and Phanerogamia. Inthe Fungi
and Lichens, in the Ulvacew, and in the formation of the spores of
Characee and Egquisetacee, it is at present unknown. On the other
hand, with the exception of the special mother-cells, it is not found in
the cells of the Characew, Equisctacew, Floridea, Hepaticw, frondose
Mosses, Ferns, Lycopodiacew, and Phanerogamia, in all of which
the cell-formation takes place around a central nuecleus. Probably,
further observations would bring this process under the same general
law as the preceding.

Imperfect Observations.—There are some cases where the cells are very
small and delicate, and nearly filled with granular contents, and where a
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part of their layer obscures observation, and where from other causes it
has been found impossible to make complete observations. Nevertheless,
I have seen very generally, especially after the use of nitric acid, by
which the cells are separated from one another, sometimes two cells, with
their eytoblasts in a single cell in Gasteria nitida, and in the terminal
buds of Cypripedivin Calecolus, and in the spongioles of the last plant,
and, of Neottia Nidus avis two cytoblasts loose in a single cell, and
near by two cells with eytoblasts enclosed in another cell. All young
cellular tissue in the Phanerogamia, without exception, exhibits the
cytoblast. In the development of the pollen, the cells are seen filled
with a thick grumous fluid, which separates into four parts, around each
of which there is suddenly developed a tolerably thick membrane. These
might be regarded as four large cytoblasts, if' the appearance of the
membrane was not attended with another characteristic eytoblast. DBut
I have observed in H{Sﬁ{ﬂm‘a Princeps and Cucurbita Pepo, at the
time when the dark mass in the primitive cell was yet undivided, a
number of elear cells, each with a little clear eytoblast enveloped in this
dark mass. May not these be the pollen cells, which gradually form
within, take up the grumous matter, and, again precipitating it gradually
in their cavity, grow thereby, and, suddenly dividing into four parts,
become visible ? I have not made any observations on the intermediate
stages, and Nigeli (in the paper before quoted) thinks he has observed
another process. I have, however, found some interesting facts in
Rhipsalis salicornioides, which I have not had an opportunity to follow up.

Inferences from the above Facts.—Up to the present time no fact
has occurred which is not in accordance with the complete precedence of
the eytoblast, as above observed. The indications of its precedence are
only obscure and incomplete in those ecases in which accurate observa-
tion is surrounded by insurmountable obstacles. It is in the formation
of the spores, the foundation of the future plant, in Cryptogamia ; in
the embryo, the young plant itself, of the Phanerogamia, that the pre-
cedence of the cytoblast is fully made out. DBoth serve as points of sup-
port for analogous conelusions in other cases ; and it appears, until further
researches may necessitate modification, that we may safely conclude
that the precedence of the cytoblast in the formation of cells is a
universal fact.

If, further, we regard the easy transformation of the assimilated
matters, and may from artificially condueted experiments draw the con-
clusion that the nitrogenous matter which I have called mucus, and
which forms the cytoblast, is the substance which calls forth these
transformations, and if we further remark that sugar and dextrin are
more easily soluble than jelly, and that sugar and gum are changed into
jelly if the quantity of water is not increased, and which must be
necessarily precipitated, we must regard the whole process of cell-
formation as simply a chemical act. The gathering together of granules
of mueus to form the cytoblast we can as little explain as that, when we
form a solution of two salts, if we throw into the mixture a crystal of
one or the other salt, that salt alone erystallises around it.

Analogies. — Schwann has pointed out, in an acute and profound
treatise®, that the animal organism also is composed of cells, and that

* Microscopic Researches on the Analogy in the Structure and Growth of Animals
and Plants. Berlin, 1839. Although in this work the analogies between the formation
of vegetable and animal tissues are pointed out, it should be borne in mind that there
are some tissues which are peculiarly animal, and which constitute the distinetion be-

tween the plant and animal, Some of the animal tissues, such as the cell and nucleus
n 2
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these cells are formed in the same way as those of plants. Tf this law is
found essential to some plants and animals, this analogy forms a basis for
enunciating this mode of formation as a universal law for both kingdoms
of nature.

In the same work Schwann has given an interesting comparison be-
tween the formation of erystals and cells, and he was led to this from a
consideration of the nature of the substances of which the last are formed.
This view in future may be of the greatest importance, as it shows that
the apparent gulph between the organic and inorganic kingdoms may not
be impassable. There is one point to which I would allude, and which
seems to have eseaped the attention of Schwann. In the formation of
the crystal, the matter of the same already exists, as such, dissolved in the
fluid, and only awaits the withdrawal of the solvent to assume its peculiar
form : it is otherwise in the cell of the plant. Here the organie substance
forming the substance of the cell is not present in the eytoblast, but is
formed through another necessarily present substance, and this only takes
place when the new-formed substance is relatively insoluble.

In the crystallisation of salts, such as the nitrate of potassa, from a
solution, we can observe the increase of the erystal from additions to it
from without. But, on the other hand, if we take a solution of two sub-
stances which form, when mixed, a precipitate, we ghall find, on examining
this under the mieroscope, that a membrane divides the two fluids. Ac-
curate observation will gshow that this membrane consists of crystals of
various sizes. If the fluid remains quiet, some of the erystals are projected
into it on both sides ; if the fluids are mixed, the erystals are dissolved up
again, After many careful observations, I believe that all inorganic sub-
stances, if' they are allowed to remain quiet, assume a erystalline form;
and that the so-called pulverulent precipitates consist of erystals, the form
of which, from their smallness, cannot be observed.

In the last place I must mention a highly interesting analogy, which,
when more accurately examined, may perhaps one day lead to the most
satisfactory explanation of the process of cell-formation,—1 mean vinous
fermentation. We have here a fluid in which sugar and dextrin, and a
nitrogenous matter, as a eytoblast, are present. At a certain temperature,
which is perhaps necessary to the chemical activity of the mucus, there
originates, without, as it appears, the influence of a living plant, a process
of cell-formation (the origin of the so-called fermentation-fungus), and it
appears that it is only the vegetation of these cells which produces the
peculiar changes that oceur in the fluid. Whether this organism is really
a fungus, is a matter of indifference; but whether it alone, through the
activity of its vital processes, determines the process of fermentation,
deserves to be aceurately determined.

I will here add my own observations on these fermentation-cells, T
bruised some currants with sugar, and, having pressed the juice through
a cloth, diluted it with water and filtered through folded paper. The fluid
was bright red, quite clear and transparent, and, under the microscope,
showed no trace of granules, but presented a number of little drops of a
pure clear oil. At the end of twenty-four hours the whole fluid was
opalescent, and presented, under the microscope, a number of granules
suspended in it (fig. 9. @, Plate I.). On the second day these granules had
greatly increased, and there appeared amongst them perfectly-formed
ferment-cells (Plate L. fig. 9. a, 4, ¢). There also appeared, now and then,

fibres (Henle, General Anatomy), bave no analogues in plants.  [Sehwann's treatise
hias been translated and published by the Sydenham Society. — Traxs. ]
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vesicles of carbonie acid gas, On the fourth day fermentation was ver
active. At the bottom of the vessel, and on the surface of the fluid, yeast
had formed : but these yeasts consisted of single eells, or several attached
one to another. In the solitary cells could be observed the way in which
one cell was formed from another (Plate L fig. 9.4, e, /). The ferment-
cells do not in this state permit of a distinction between the contents and
the membrane of the cell. In the midst of the cell there is a transparent
spot ; but whether hollow, or a solid nucleus, 1 could not decide. The re-
maining parts appeared entirely homogeneous, yellowish like a nitroge-
nous substance, sometimes mixed with small solitary granules (Plate L
fig. 9. d, ¢, f'). In a similar way, a solution of sugar with elder-flowers
was examined, and gave similar results.  Other results were obtained in
the following way. Pure white protein (albumen), from the white of an
eze, was dried, and rubbed down with sugar, and left to ferment : the fluid
at first was perfectly clear. On the third day, the small portions of pro-
tein, which at the commencement exhibited a sharply angular aspect,
assumed partly a granular aspect, and some a more or less rounded form.
These globules showed an active molecular movement, and some appeared
strung together. On the fourth day there was seen between these granules
round or elongated cells, which were either solitary, or arranged together
in a line with a tendeney to the formation of branched fibres. These cells
were not more than one-third of the diameter of ordinary ferment-cells
(Plate I. fig. 10. ¢, d). An active fermentation went on, and gas-bubbles
were given out from the protein-granules and the linear cells.  Proper
ferment-cells did not make their appearance.  Fluid albumen, mixed with
sugar and filtered, became thickened on the second day, and contained
little granules of albumen (coagulated?). The further phenomena were
similar to those exhibited by the preceding, except that there were deve-
loped a few true ferment-cells.  Protein moistened with water displayed
the same appearances as when mixed with sugar and water ; ultimately
putrefaction came on, and the development of infusoria, but the vegetable
formation preceded. There appear to be two very different types of
ferment-cells, according as the fluid contains organic acids and essen-
tial oils or not. From the phenomena exhibited by the ferment-cells,
one might be inelined to regard them as similar to animal-cells, which
are formed through a eavity in the cytoblast, and which afford indica-
tions of the nueleoli in their highest development. But this analogy
is not tenable, and the above observations must be regarded as imperfect.
If we take fully developed ferment-cells, and treat them with ether,
aleohol, or caustic alkalies, there will be found in the flnid a number of
clobular delicate cells, with thin but clearly distinguishable walls, which
contain a clear fluid, with here and there very small granules, which,
alone or in groups, are attached to the inner surface of the cell wall, and
(almost 7) always a large round flat body (a cytoblast 7).

History and Criticism.— Before the discovery and scientific use of the
microscope, of course there could be no accurate knowledge of the cells of
plants.

Robert Hooke, an Englishman, was the first discoverer of the cellular
structure of plants.  He used a microsecope first brought to England by
Cornelius Drebbel in 1619. (Mierographia. London, 1667. Fol.)

Marcello I'l'.[ll|piglli, professor at Bu]ﬂgnﬂ, gave a more accurate 1L{‘.ﬂﬂtll‘ft
of the structure of plants. He sent to the Royal Society of London his
great work, Anatome Plantarum, in the year 1670, and which was pub-
lished in two volumes folio, at the expense of the Society, in 1675 and

n 3
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1679. This work claims for him the title of the creator of scientific
botany. He is so accurate, and pursues so correct a method, that 1t was.
a century before the time at which he wrote it, and at the present day
many so-called botanists do not know so much of plants as Malpighi.
He not only observed the cellular structure of plants, but maintained that
it was composed of separate cells, which he called Utriculi. )

" Nehemiah Grew was secretary to the Royal Society at the time Mal-
pizhi’s work was publishing. He published his Anatomy of Plants in
1652 ; is much indebted to Malpighi. He first took up the wrong view
that the walls of cells are composed of fibres; he also, by eomparing the
cells of plants to the froth of beer, would appear to have thought that
they were mere cavities in a homogeneous substance, a view which was
afterwards supported by C. Fr. Wolff in his Theoria Generationis, Halle,
1774. These false views have in modern times found supporters: the
first in Meyen, in his Physiology of Plants (vol.i. p.45.); the second
in Mirbel and Unger. Meyen founds his notion of the fibrous strue-
ture of the cell-wall on having observed this structure in a new species
of orchid from Manilla. This is, however, not a singular appearance,
and an inquiry into the history of the development of the cells would
have dispelled the delusion.

Mirbel has recently attempted * te support his view of the origin of the
cells as mere cavities in a homogeneous saline mass which he calls cam-
bium, by observations on the root of Phenix dactylifera. This paper
is very incomplete, and the anthor has adopted a new system of nomen-
clature, which makes it difficult to follow him. Thus far I can say, that
no such division of continuity filled with a mucilaginous mass (his cam-
bium globulenax) between the bark (his région periphérigue) and the
external portion of the woody bundles of the root (his région intermé-
diaire) exists as he deseribes. I have constantly found present eellular
tizsne. Nor are the woody bundles of his région intermédiaire sur-
rounded by this substance, but by cellular tissue. He is also deceived in
the nature of the contents of the eell by their intermixture with water.

Unger (Bot. Zeitung, 1844) has published some observations on the
growth of the stem, in which he doubts whether the cytoblast is the origin
of the cell.  In the instances where he has not observed the cytoblast in
the cells they had been evidently absorbed, whilst in those in which he
has seen and drawn them he has represented them to meet his own views,

The views of Sprengel on the origin of eells from starch granules, the
similar ones of Du Petit Thouars and Raspail, and those of Turpin on the
nature of globuline, under which term he includes starch, mucus, colouring
matters, &e., do not deserve a scientific refutation. Other observations
on the origin of the plant-cell are unknown to me.  Most botanists pass
the subject over in silence, although there ean be no doubt that it forms
the introduction to a strictly scientific investigation of vegetable structure,
o In conclusion, I refer to Robert Brown (Observations on Orchides,
Irans. Linn. Soc. 1833), who has here, as in so many other instances,
opened up a new path of inquiry, He first observed the cytoblast, as a
body, f:rcquently present in plants: he did not, however, know its signifi-
eanee in relation to the life of the cell ; he called it “ nucleus of the cell.”

§ 15. The free independent cells of plants are developed in a
globular form. Their subsequent forms appear to depend on the
dissimiliar nutrition of individual parts of the eell-wall, and a con-

* “ Nouvelles Notes sur le Cambium,” read at the Academy of Sciences, April,
1839,
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sequent in'egl'ulm* distension. Several forms of this nutrition may
be distinguished.

A. Many-sided, or a nearly uniform, nutrition.—From this arises
globular or elliptic cells; or, if pressed on all sides, polyedral cells;
or, in a regular arrangement, dodecaedral cells. When the parts
deposited are unconformable, little protuberances projecting on all
sides in the form of rays are developed, which eonstitute stellate
cells,

B. Nutrition in the dimensions of the plane.—TFrom this arises
tabular cells; or, if the nutrition goes on in three dimensions of one
side, plano-convex cells; but if the nutrition goes on in one direction
of the surface, then long small tabular cells, which may be called
strap-shaped. With an irregular extension this form of nutrition
developes rayed or stellate cells.

’. Nutrition in one direction, extension in length only.
formed are the eylindrical, prismatie, and fibrilliform.

That an irregular nutrition is the principal cause of the variety in the
forms of cells is in the highest degree probable. Cells which are not
immediately in contact can only be nourished in those spots where they
are in contact with other cells ; and cell-walls in contact with air do not
continue to grow in that direction, but become flattened, as in the upper
surface of epidermis cells, and in the cells of the partition-walls of air-
passages on both sides. In the air-passages, when young, there are
globular eells which touch only at particular points: from the rapidity
with which the sap passes through these spaces, and is decomposed by
the air, these cells are only nourished at the points where they touch,
and the points of contact continue to grow, so as to form rays which
constitute the stellate cells of the partition walls, and the spongiform
cells of the air-passages. This irregular nutrition may also take place
in cells with perfect contact: in these cases the projecting rays are dis-
posed alternately, as is the case in many epidermis cells, whose edges
appear waved or toothed on the surface.

But the most decided proof that irregular nutrition of the cell-wall is
the cause of the varions forms of cells, has been afforded by Niigeli*, in

his researches upon Cawulerpa prolifera. Tt consists of a little creeping

stem with roots below and leaves above, and sometimes forming branches
on the sides, and originates in the growth of a body which may be
regarded as an individoal cell. The large size of the parts admit of an
easy distinction being made between the old and young cells, as well as
the origin of the wvarious forms from the differing nutrition of the
individual parts of the cell. The diversity of growth in individual cells
admits of analogy between the morphological distinction of stem and leaf
in the higher plants, as between the leaf and stem divisions of the single
cell in the present case.

All the various forms of cells, with the exception of the globular,
elliptie, and fibrilliform, originate in the combination of many cells with
one another. Every free cell forms for itself an arched surface; polye-
dral cells originate from the mutual pressure of cells. 1f perfectly
formed ecells of the same size are allowed to press against each other, they
will form rhombododecaedrons. The rhombododecaedron, although fre-
quently present, must not be regarded as the primitive form of the cell.

The cells

* Sechleiden and H:'I:gl?]i, Zeitschrift fiir wissentschaftliche Botanik, part i p. 134—165,
v 4
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History and Criticism.—It is nsual to distinguish a number of ele-
mentary organs in plants, and, although mostly regarded as forms of the
cell, yet Link and Treviranus adhere to three, the cell, the vessel, and
the fibre. It is, to say the least of it, unphilosophical to assume that
plants have three elements, and then to prove that all three are one and
the same. The pretended difference of function which confirms this
division is of no importance, as there is not so much difference of function
between vessels and cells as there is between two cells, the one of which
secretes a volatile oil and the other granules of starch.

The milk-vessels (laticiferous tissue) which are eovered with a proper
membrane have not, with certainty, been made out to originate in cells,
Their origin is obscure, and in their perfect state they resemble elon-
gated branched cells, and agree with these in the transition forms which
they exhibit in the progress of development.

§ 16. Up to a certain time the ecell-wall grows in its entire
extent, through intus-susception, but not often uniformly. Indi-
vidual spots are more freely nourished, and form warty projections
upon the external or internal surface of the cell.

It appears to me that the attention which this peint deserves has not
been given to it. Tt has been long known that certain hairs possess
warts, which are clearly arranged in epiral lines. In most cases these
warts are small and uniform in size, as on the hairs of the families
Boraginee, Urticeee, Malvaceee, &c.  Sometimes, however, longer striped
elevations of the external surface are seen, as in the anther-hairs of Lobelia
cardinalis, the two-armed hairs upon the young branches of Cornus
mascula, &, Dut the most striking thing about these warts is, that
they display one or two eavities in their interior, and are separated by a
definite line from the surface of the hair, as though they were adherent
cells,  They are seen in the hairs of the throat of the species of Anchusa
(fig. 15.) and other plants. These warty excrescenees are not confined

15 16

to the external surface of hairs, but often form projections in the interior
of hairs, as, for instance, in the so-called root-hairs of Marchantiacee, in
the fibrous cells of Peltigera canina, in the spindle-shaped cells in the
style of Cereus phyllanthoides (fig. 16.), in the medullary rays of Pinews
sylvestris, in the hairs of Malpighiacea, where they form small peduncu-

tn_ @, A hair from the neetary of dnchusa itulica, covered with warts. b, ¢, d, Longi-
tudinal section of warts (¢), as seen from above,

'* Hair, with warts upon it, from Cerens phyllanthoides, The cell-walls are irregularly
thickened,
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lated knobs*, and in the stinging hairs of the leaves of Anchusa crassi-
JSolia, where they appear as granular warts. Of the history of the
development of these little knobs, especially those of the Malpighiacee,
we know nothing.

§ 17. In some rare cases, as in the spores of some Conferve, there
are formed, sometimes upon the external surface of the cell and
sometimes only at a particular spot, fibrilliform processes, which
exhibit a vibratile motion similar to the cilia found on the mucous
membranes of animals.

For the observation of this highly interesting phenomenon, we are
indebted to the labours of Ungerf and Thuret.f I have not yet had an
opportunity of confirming these observations. The following is the
result of their researches : — Thuret distinguishes four forms. In the
Conferva rivularis and C. glomerata the spores have at their tapering
ends two vibratile cilia. In Chetoplora elegans var. pisiformis and
another species there are four cilia. Prolifera rivelaris and . Candollii
of Leon Leclere ( (Edogonium of Kiitzing?) have in the same spot a
crown of vibratile cilia. In the last place, the Vawueheria Ungeri Thu-
ret ( V. elavata and ovata DeC.) have the entire surface of their spores
covered with vibratile cilia. This last fact was first ascertained by
Unger. Upon the origin of these cilia nothing is known, and just as
little of the mode of their disappearance. Just as suddenly as these cilia
disappear when the moving spore has fixed itself, do they appear when the
spore leaves its spore-case. The perfectly formed spore-cells are brown
in all cases, according to Kiitzing, but those which have the power of
moving are green, According to the history of the development of the
cells of Alge, given by Niigeli, they originally consist of a closed sac of
mucus, and subsequently there appears around them a membrane of
cellulose. It might be a matter of inquiry whether the imperfect mucus-
cells have not the power of forming cilia, which they lose immediately
the proper cell-membrane is formed. The membrane bearing the move-
able cilia would be then the same layer of mucus as, in the antheridia
of the Mosses, Hepatice, &e., is transformed into spiral fibres, and which,
in the cells of the Characee, Naiadee, and many higher plants, form
little moving streams. Niigeli has also promised shortly an account of
the relation between these movements and the nitrogenous contents of
the bodies in which they oceur.

§ 18. When the cell has reached a certain degree of development,
an essential change takes place in its mode of nourishment: the
newly formed cellulose is not taken up by intus-susception, but is
deposited upon its inner surface as a concrete layer. This deposi-
tion does not, however, take place as a continuous membrane, but
is formed in the direction of a spiral, as a spiral fibre or band.
Should the cell distend after this deposition, then the spires which
laid close together at first are drawn asunder. The less the cell is
extended, the firmer is the union of these fibres with its walls.

* Morren, Obs. sur I'Epaississement de la Membrane végétale dans plusieurs Or-
ganes de I'Appareil pileux. ( Bullet. de I' Aead. Roy. de Bruxelles, tom. vi. No. &)

+ Unger, Die Pflanze in Moment der Thierwerdung. Vienna, 1843.

t Thuret, Recherches sur les Organes locomoteurs des Spores des Algées. { Ann
des Se. Nat., Mai, 1843.)
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The individual spires of fibres, or particular spots of the spires,
often grow together. From these circumstances a very varied
configuration of the cell-wall results, which may be comprehended
under two divisions. First, where the fibres are clearly separable
(fibrous cells, eellule fibrose); and, second, where the fibres are so
grown together, that they appear like a continuous membrane
beset with little pores (porous cells, cellule porose).

Nature and Origin of the Spiral—A spiral may be formed either
from left to right or from right to left. If we take the distance from the
commencement of the one spiral to
17 the "commencement of another di-
rectly above it, and make it @, then
+ a will be the expression of the
spiral winding to the right, and
— a that of the spiral to the left,
and @ — a the expression of the
ring passing between them. The
right spiral is the most frequent,
but the left occurs often enough
to render the resulting ring as
indifferently the produce of either.
It 1is, however, possible for the
ring to have another origin. Each spiral may be divided into two
halves, which, regarded from the same point, proceed in different diree-
tions. If the one half of the winding be from right to left, the other
must be from left to right. Two spirals proceeding in the same direction
would run parallel, but would cross each other on a flat surface (fig. 17. ¢).
Two spirals running in opposite directions would cross each other twice
in the course of one entire turn (fig.17.4). This last form has not yet been
observed. Link* thinks he has seen it, but his own drawing shows that
it belongs to the first case. The lines crossing each other in the walls
of the liber cells of Apoeynacee, may be explained upon the supposition
of there being two layers, lying one upon another, turning in opposite
directions.

It is easy to perceive in the larger spiral fibres, when they are cut
transversely, that they are homogeneous. In the old fibres of Arundo
Donax they consist of a fibre lying on the wall, and one on each of the
three free sides. In a transverse section, under a good microscope, it
may be easily seen that the fibres are never round, but that they consist
of a flat, thicker or thinner, band, whose free edge or side is, perhaps, at
the utmost a little rounded. (Plate I figs, 18, 19, 20.) The idea that
they are hollow canals arises out of defective observations,

I do not believe that the first origin of the spiral has been observed.
It appears to me that it exists much earlier than can be at present
detected by our optical instruments, as it is formed from a matter which
cannot be distinguished from the contents on the walls of the cell. The
spires are more transparent in their earliest stages, and when invisible
as a whole they may be observed as small projections upon the edges of
the cell: in this state they are contracted, and are thus more bulky.

* Elementa Philosophiz Botanica, p. 167.

' Diagram. a, Left spiral. &, Right spiral. ¢, Two left spirals in one cell. d, Twa
spirals right, and two left, in one cell.
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Where they are perfectly invisible, the application of a little iodine will
frequently make traces of them evident: spiral formations are also fre-
quently observed, for the first time, when the vessels begin to carry air,
on account of the different relation of the air and the solid substance of
the vessel to light.

In addition, I find that in all spiral formations the spires are narrower
the younger they are, and also more simple and unbranched in their
structure : in the most abnormal forms—for instance, the annular ves-
sels — I have found most evidence of this.* IFrom these facts, then, it is to
be inferred, that the foundation of all the forms of spiral formation are
simple, unbranched, narrow, spiral fibres lying one upon another ; and
upon this simple hypothesis, combined with the undoubted fact that all
spiral formations become first known to us after they have been present
for a long time, and during this period have become considerably
changed, we may easily explain all the phenomena observed.

Tty must, however, be confessed, that we are still far from being able to
supply a rational induetion for the phenomena of spiral formation: we
have, even now, 5:3:1113&137 any indication of the relation which exists
between the formation of a spiral and the nature of the plant or of the
cell in which it occurs. We should gain a secure point for the develop-
ment of the whole doctrine if we could find a single case, even a case
which was not connected with the formation of a spiral fibre, in which
we could prove, from the existence of a vegetable cell under certain cir-
cumstances, that a tendency to a spiral direction must necessarily follow,
Could we trace the spiral direction of the eirculation in the central cell
of Chara to a peculiarity in the nature of the cell as a necessary con-
sequence, then we should obtain for all spiral phenomena an entirely
different signification. In looking at the peculiar brown-coloured spiral
fibres in the cells of the sporidia of the Jungermannie, the movable
spiral fibres in the antheridia of Charas, Mosses, Jungermannice, and
Ferns, it appears to be not imprebable that we include under the name
Spiral Fibres very different things. In these instances, the one is a
peculiar form of the deposit layer of cell-membrane, a non-azotised sub-
stance (cellulose) ; and in the other, an especial form of the mucus, the
nitrogenous constituent of the eell.

Forms of the Spiral.— After the spire has been developed in a cell, the
latter often becomes extended.

A. This extension produces the following modifications : —

a. When the turns of a single fibre early grow to-
gether go as to form a ring, whilst the free fibres become
torn or resorbed, so that the cell exhibits either the
rings alone, or mixed with single turnings of the spire,
these rings are ordinarily little or scarcely at all con-
nected with the cell-wall ( Cellule annulifere) (fig. 18.).

This oecurrence has been observed in its entire
course in the stem of many 7Tradescantie, in the root-
stock of Equisetum arvense, and in some other plants.
In many other plants I have failed in detecting the
first formation of the rings. In the Cuctacee, in which
the rings are so large, I have not been able to observe their formation,

* Notwithstanding Mohl's objections ( Flora, v. 1839, Nos. 43, 44.), 1 still, after
repeating my observations, hold the view I took at first. (Ibid. Nos. 21, 22.)

" A fibrous cell, with two single rings, from the neighbourheod of the woody bundles
of the Opuntia pervviana.
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b. When simple or compound spirals do not grow together and form
rings, but the cell continues to grow, the spirals are then found in the
cell more or less free ( Cellule spirifere) (fig. 19.). 2

¢. When many fibres grow together longitudinally, or the individual
turns unite at different points, and the cell grows rapidly, the free parts
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of the fibres are drawn away from each other. The more numerous the

points of adhesion, the less the cell extends itself, the firmer grow the
fibres to the cell-wall * ( Cellule retiferee) (fig. 20—23.).

20

B. When the cells, from the first moment at which the spiral fibres
are produced, ceaze to extend, the turns of the spire grow firmly together
to the original walls of the cell. In this case the fibres touch each other
at countless points, and grow together. It is seldom that the spires
unite throughout their whole length to form a homogeneous layer; yet
this oceurs sometimes, as seen in the cells of the liber of the Flax and the
Lime ( Tilin europea). This sometimes takes place on one side of a cell,
whilst the other exhibits a formation of pores, as in the rows of great
porous cells in the vascular bundles of Monocotyledons. In most cases,
however, the spires grow together at particular points, leaving between
them smaller or larger openings in the disunited spaces (fig. 23.). Fre-
quently the corners of these openings become rounded by the deposition
of fresh matter, and the original chink appears as a little pit in the deposit-
layer (fiz. 24.). In tolerably thick deposit-layers this pit, by a transverse
section, may be observed as a narrower or wider canal (fig. 24.), which
sometimes gradually or suddenly opens at the outside of the wall of the

* To this form belongs the branched spiral of authors.

® A fibrous cell, with 1—3 pure spiral bands; a seen from the side, b and ¢ from
above. ‘These cells are found under the epidermis of the leaves of Pleurothallis rusci-
folian.

® Fibrous cells, with netted fibres, formed from a spiral, as seen in the veins of the
leaves of Gesneria latifolia.

? Netted fibrous cells, from the back of the root of Mazillaria atropurpurea.

# The same from the root of Acropera Loddigesii,
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cell (fig. 25.). In the woody tissue of the Conifere, in the porous
vessels of the wood, in almost all vessels with oblong pores, the pore

may be seen surrounded by a double circle, an inner one easily recog-
nised as the pit in the deposit-layer, and an outer wider circle (fig. 26.).

Sometimes three circles are seen. If we compare the transverse section
of these pits with their appearance on a flat surface, we shall see how
this takes place (fig. 27.). In the region of the
canal of the pore, the cell-walls, which at first
lay upon one another, become separated, and
leave a lenticular space between them, which is
filled with air. The edges of this space appear
from the surface as an external circle. The one
or two inner circles are produced by the canal, as
seen in fig. 27, This appearance of the external
circle admits of two explanations: lst, its greater

# Porous cells from the parenchyma of the stem of Arundo Donaxr.

# T'orous eells, from the petiole of Hoya carnosa.

* Porous cells of the petiole of Cyeas revoluta. Small pores are found where
the cells are united to each other, but large ones where the cells open into the mter-
cellular passa

* Porous cells from the wood of Abies excelsa. The pores are surrounded by a large
external circle.

7 Semidiagrammatic, A single perfectly developed pore from the wood-cells of
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distance from the pore, when seen together with it from the plane sur-
face, is diminished (fig. 28. @, 4); and, 2dly, the thickness of the air-
clefts between the cell-walls ; for
if these are very flat, the bor-
dering surfaces will appear almost
parallel, and the edge is either
not at all or in a very slight
degree darkened, so that it cannot
be observed. If these cases are
placed in profile, as in fig. 28.
a, b, ¢, d, this explanation will be
understood. If we examine the pro-
cess of development in the large
and easily observed porous vessels of the cambium of the Willow, the
Lime, the Poplar, and the Maple, we shall find that all of them present
dark spots, which resemble those of the external circle of the air-clefts :
a clean transverse section of these spots is difficult to obtain ; but, from
our knowledge of optical phenomena, this dark spot may with certainty
be referred to the presence of a bubble of air. At this time no pore is
present : this is generally formed at a subsequent period. If these facts
are placed together, we may arrive at the conclusion that the air-cleft is
universally present previous to the appearance of the pore. The con-
sequenee is, that, as the changes of matter by which the eell is nourished
can only take place during the contact of two cells, the eells are not
nourished at those points where the air exists between their walls : thus
the pore and its canal originate as a partial atrophy of the cell-wall.
Therefore, in all the transitions between porous cells through the netted

cells into the pure spiral, we must seek the cause of the division into
separate spirals—mnot in the cell itself, but in its circumference. This

Schubertia disticha, seen from the surface and in transverse scetion. The dotted lines
explain the relation which the two aspeets bear to each other.

* Semidiagrammatie. Transverse scetions of the pores, a, Pores small, in relation
to the spot where the neighbouring cell-walls separate from each other. b, Pores
large, in relation to this spot, ¢, The separation of the cell-walls so small that it only
appears as a black streak. d, The separations mot observable between the cells are
apparently homogeneous layer rings, in which the pores terminate.

* Porous cells from the perispeum of the ivory nut.

* Transverse seetion of an intercellular passage, with the three portions of eell-wall
which forms it. The larger pores in the deposit-layer of the intercellular passages, as
well as the smaller ones on the double cell-walls, are scen. The corners of the inter-
cellular passages are rounded off by a peculiar deposit.
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is offered as an explanation of the facts, to guide farther inquiry, rather
than as a true law of development. There are two cases which seem to
form exceptions to this view. The first is the formation of pores, which
open into intercellular passages independent of the neighbouring cells,
These are very beautifully seen in the petioles of the Cyecas revoluta. In
this case the single wall is easily affected, and the intercellular passages,
filled with air, act in the same way as the air-clefts. We frequently see,
also, a great air-cleft, forming a large fissure-like pore on one side, and
many little pores on the other side, as is frequently seen present in the
porous vessels of the Balsaminee. In a similar manner the porous cells
of the medullary rays in various species of Plinus often exhibit a longitu-
dinal air-cleft, which resembles the pores
in many cells.

The last form worthy of mention is
when the cell-walls do not extend, and the
spires touch each other, but do not grow
together. This is the form on which
Meyen founded his false theory of the
fibrilliform nature of all cell-membrane.
This phenomenon often presents itself, as
in the cells of the parenchyma of the
tubers of the Dabhlia (Plate L fig. 26.),
the hairs of the young leaves of Cyeas re-
voluta, in the hairs of many Mammillarie
and Melocactee, the scales of the buds
of Pinus sylvestris, &e. Sometimes the
spires in these cases present fissures, as
is beautifully seen in the cells of the
rootlets of Oneidivim altissimum (Plate L
fig. 24.).

Individual Development of the Spiral
Fibres, and of Abnormal Forms.— Every
spiral fibre at its first visible existence is
a fine thread, which inereases both in
breadth and length (fig. 31. ¢, d.). This
goes on s0 long as the cell contains sap,
but ceases immediately this is absorbed,
and the cells fill with air. Insome casesa
part of the spiral fibre does not inerease
with the rest, and the fibre terminates as
it were with a pointed end, as is often
seen in the vessels of the common gourd
(fiz. 31. e.). Ocecasionally, and apparently
trom disease, the cells which had originally
been filled with fluid, and which had
given place to air, are again filled
with fluid when a fresh set of anasto-
mosing spiral fibres are formed. This
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a, Annular ducts from the stem of Canna occidenfalis, with a regular distance of
the rings. &, Annular ducts from the petiole of Musa sapientum, the vessel between
the two rings being distended. ¢, d, Spiral from a eactus, very young, and perfectly
developed. e, A spiral vessel from Cucurbita Pepo, with some of the spiral hbres ending
in a point.
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takes place in the old stems of Seitaminee, and of speces of Commelinee,
as in Hedychium Gardnerianum, and Tradescantia erassula. Another
regular formation of anastomosing fibres oceurs between the spires of
neighbouring cells. This may be seen in the large knotted vessels of
many Balsaminee. In these may be seen a perfectly regular spiral fibre
with a slight yellow colouring, but aceompanied by another short, almost
colourless, vertieal branch, which is easily recognised by its transparency.
If this is traced it will be found to follow aceurately the course of the
commissure between the two vessels, and to form a kind of bridge over
the commissure from one fibre to another. This clearly does not belong
to the original spiral formation. Its constant appearance in porous
vessels, with long transverse clefts, has caused it to be called scalariform
tissue.

In the last place the annular ducts present some striking phenomena,
amongst which must be reckoned the constancy of the distance between
the same annuli. A remarkable instance of this I have observed in
Canna occidentalis, where a short distance between the annuli regularly
alternates with one three times as long (fig. 31. @.). In the annular ducts
of the petioles of Musa paradisiaca, 1 have observed the cell between
the two rings to be remarkably distended and swollen, so that there could
be no union with the rings of cells near to each other.

Historical and Critical Remarks.—The spiral fibres were early dis-
covered by Malpighi and Grew, or perhaps even sooner by Henshaw.
Bernhardi (Ueber Pflanzengefiisse und eine neue Art desselben : Erfurt,
1803) and Moldenhauer (Beitriige zur Pflanzenanatomie: Kiel, 1822)
pointed out the existence of the external cell-membrane enveloping the
spiral fibre. The annuli or rings were discovered by Bahel, and their
enveloping membrane by Bernhardi, ﬁﬁm Link, Elementa Philosophia
Botanice, ed. see. tom. i. p. 27. 169.) The porous cells were discovered
by Leuwenhoek (Opera omnia, tab. 462. fiz. 20.); but they were first
correctly estimated by Mirbel (Histoire Nat. des Plantes, 1800, tom. i,
p- 57. 3 Traité d"Anatomie et de Physiol. végét., Paris, 1802, t. i. p. 57.
fig. 1—4.). He was at first opposed till Hugo Mohl published his ob-
servations confirming Mirbel's views (Ueber den Bau der Ranken und
Schlingpflanzen, Tib. 1828). Mohl also discovered the membrane in-
vesting the porous cells (Ueber die Poren des Pflanzenzellgewebes, Tiib.
1828), These are the most important steps in the history of our know-
ledge. What remains is the notice of the more or less frequent oceurrence
of one or another modification. Meyen (Physiologie, vol.i.) has collected
a large mass of information on the whole of this subject. Valentin (Re-
pertorium, vol. i.) was the first to contend that all these formations origi-
nate in the spiral. Link (Elementa) maintains that the pores and clefts
are portions of torn spiral fibres. Mohl is of opinion that the annular
ducts are primary formations. Hartig (Beitriige zur Entwickelungsge-
schichte der Pflanzen, &e. Berlin, 1848) has announced a view of spiral
cell development which cannot be regarded as any thing more than an
ingenious fiction, it having no foundation in facts.

§ 19. Generally, the deposit-process forms a new layer on the
wall of the cell of the same form; but cases oceur in which on the
one side of the wall it unites a spiral fibre to a homogeneous mem-
brane, whilst on the other it excavates a spot for a fissured pore
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(here belong the so-called porous vessels of the wood); or in one
part of the LLH it becomes changed to rings, whilst in another part
1t becomes spiral, netted, or, what more lqulILl]tlJ happens, it re-
mains entirely porous,

To this point teo little attention has been given. We know in this
relation only the last modification, the mixed tubes (tubes mixtes) of
Mirbel. Here, however, belong also the so-called porous vessels of our
dicotyledonous woods, which, in the manner in which they are spoken of
in books as tubes formed of an entirely porous membrane, certainly do
not exist. All these so-called vessels are only so far porous as they
touch one another; as, where they project on the wood-cells, these walls
are often almost entirely homogeneous, and exhibit scarcely a trace of
pores. This may be easily seen if' the individual cells are isolated by
means of nitrie acid.  When these vessels are arranged in radial rows,
but never or very seldom when they lie laterally on one another, if we
cut them directly across we shall find very evident porous walls, but
never or e :';l:raa.tm.l‘],r seldom are they to be seen by a longitudinal section.
This is the case in the Conifere, where the pores pr edominate (but not
exelusively) on the side next the medullary rays; or in the Hibbertia
volubilis, where they appear, on the contrary, towards the pith and the
bark, Su]dum towards the side of the medullary rays; so that the two
other sides in these cases have a homogeneous development,

§ 20. The process of depositing layers is often repeated during
the life of a cell. a. Each successive layer is generally d-:..pnmtul
accurately upon the preceding, ring upon ring, spiral upon spiral,
porous layer upon porous layer. “b. But in some less frequent
cases the deposit takes place according to the circumstance of the
cell ; so that when, through extension, the cell-fibres become sepa-
rated, the extension causes the deposit of a porous layer. Ordinarily,
u]sn, the direction of the spiml in the following layer is the same
as in the foregoing, but in some cases the du‘cctlun of the next
spiral 1s d]l‘ﬂﬂtf opposite that of the first.

The first condition mentioned above is very common, and rings are
often found so very much thickened that they have only a little hole in
the centre ; and as they do not increase so much in ]}I'LJJ“..II they appear,
when per f'LctIJr formed, like thin discs with a hole bored
through them. They are seen in the Cactew, as Opun-
tie eylindrica, Melocactus, Mammillaria, &c. This
occurrence is also very frequent in porous cells, so that
the eavity of the cell is reduced to a scarcely visible
point. Such cells are very common in plants, and a
single layer may be easily seen upon a transverse section.
The pores of the deposit layers become gradually con-
verted into canals (fig. 32.). Such canals frequently
approach each other, and at last unite, so that the inner
layer is much less porous than the outer (fig. 33.).
With these may be compared the elegant formations in the so-called

% Transverse section of three liber-cells and some parenchyma-eclls in the China
regia { Cinchona scrobiculatn IIu]nI},} The liber-cells show wvery ele arly the deposit
layers and the porous canals.

E
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stones of winter pears and quinees ;

in the bark of the petiole and stem 53
of Hoya carnosa; in the stem of Fraui-
nus exeelsior (Plate 1., fig. 22.); and in
the fruit stalks of Magnolia (Plate L,
fig. 21.), &ec. These are called, with
peculiar impropriety, branched porous
canals. Mohl* was the first who dis-
covered this process of growth by de-
posit-layers in the cells of the plants,
and thus explained one of the most
important processes in the life of the
plant.

FFormations of the second kind have
been longer known, as in the wood
of the Yew, where separated spiral
fibres and rings are seen, between
the windings of which are also large
pores. In recent times many simi-
lar formations have been observed in the Lime, the Vine, in Prunus
Padus, Helleborus fuetidus, &e. (fig. 34.). Little
is at present known of their mode of formation.
In the Lime, in the spring, we find in the cam-
bium spiral cells with the fibres close together ;
in the course of growth these extend, the spires
separate from one another, and pores are formed
between them, so that here the porous layer is
the last formed. How it is formed in other
cases is yet a question.

In the tender spiral cells of the bark of the
Asclepiadew and Apoecynacee, and in the deli-
cate spiral cellular tissue generally, there is
sometimes observed the appearance ot a crossing
of the spiral fibres. This may arise from the
spires of neighbouring cells, or from the transparency of the walls of the
same cell ; but there can be no doubt that in some cases it is an original
formation (Plate I, fig. 23.), and arises probably from spires formed in
opposite directions.

§ 21. In many cells the spots remaining free from the secondary
deposits become fluid and are resorbed. In this way cavities
are formed in the membrane. Upon this depends the distine-
tion between cells and vessels. The last are only rows of cells

whose cavities have in this way been brought into union with each
other.

* In his work on the structure of the palm-stem, and in other places.

- P'ur::lm{ eells of the petiole of Cyeas revoluta,  Small pores are found where the
eclls are united to each other, but large ones where the cells open into the intercellular
passages,

M Vessels from Helleborus fietidus, A, Longitudinal section. a, Two adhering vessels
with the pores cut through, and the projections of the spiral fibres. &, The wall of

the vessel, without pores touching the wood-cells, with the projections of the fibres.
i, A vessel seen from without,
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Hugo Mohl was the first to point out the distinction between these
excavations and pores; and daily observation confirms the existence of
actual cavities in the membrane. The existence of a free communication
between the vascular cells was early recognised ; but they werg regarded
as originally continuous tubes, and wonderful views of their structure
announced, because the history of their development was not studied.
All vessels consist originally of vertical rows of closed cells, in which are

oradually deposited the secondary layers, according to the
35 forms of which they are named. When these deposit-
layers are tolerably perfectly formed, a process commences
whereby the primary cell-membrane is resorbed, so that
the individual cells are brought into free communication.
This resorption generally includes all horizental form-
ations of the deposit process, but in some cases a horizontal
wall remains with only a pore or hole in its centre (fig. 33.).
Such formations present themselves very decidedly in the
Mosses in the group Leucophanee, as in Sphagnum, in
the parenchyma-cells of old Cyeadee, in the so-called
vessels and sometimes porous cells of Conifere, where
they touch the medullary rays, in the green-walled cells
of the root-caps of Aerides odoratum, &c.

SECTION IIL.

OF CELLS IN COMEBINATION, AND INTERCELLULAR FORMATIONS.

§ 22. The individual cells, originating in the manner desecribed,
are grouped together in various ways into great masses (called
tissues, fela, contextus), which, according to their combination out
of various or similar elementary parts, may
be arranged on the following plan : —

§ 23. 4. ParExcuyma, — It forms the
principal mass of plants and of their parts.
It is,

a. Incomplete Parenchyma, when the cells
barely touch each other by their parietes.
This may be again divided into,

1. Spherical or elliptical Parenchyma,
in which the cells are round. This pre-
vails in succulent plants (fig. 36.).

® Porous vessel from Arundo Donaz, in which a portion of the outer wall is removed,
exposing the point of union of two cells, where a horizontal wall, with a large hole in
it, is seen.

* Jmperfect elliptical parenchyma from the leaf of Acrostichum aleicorne.  The ad-
hering surfaces are porous.

E 2
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2. Spongiform Pa-
renchyma, which con-
gists of cells extend-
ing themeelves irregu-
larly in a stellate form,
and which touch only
at the end of each ray
(fig. 37.). Such tis-
sue frequently fills up
the air-passages, and oc-
eurs in all tissue which
dries rapidly, and also
in the under half of the
parenchyma of most
leaves.

b. Complete Paren-
chyma, in which the
touching of the cells is
complete on every side,

1. Regular or dode-
caedral  parenchyma,
consisting of almost
pure polyedral cells,
without the predomi-
nance of any particular dimension. It is found mostly in the pith
of plants (figs. 38, 39.).

38
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2. Longitudinal, cylindrical, or prismatic parenchyma. It oceurs
in rapidly growing plants, sometimes in the pith of monocotyledons
and in the interior of species of Fucacee (fig. 40.).

3. Tabular parenchyma, consisting of four-cornered tabular
cells. They occur in the external harﬁ, especially in the suberous
and cellular layers (fig. 41.).

¥ Spongiform parenchyma from an incomplete intercellular passage of Canna acei-
dentalis,

# Transverse section of the parenchyma of the stem of Balsamina hortensis.

* Longitudinal section of the same.
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$ 24, B. INTERCELLULAR SYSTEM.— The contact of the sides
of the cells in plants is seldom or never perfect, so that there are
formed numerous cavities, of which the following are the most
important varieties :

a. Original cavities formed by the imperfect contact of the cells:

1. Intercellular passages; small three-cornered canals running
around the cells, and seen in almost all kinds of parenchyma.

2. Intercellular spaces; great irregular spaces between the cells,
oceurring especially in spongiform cellular tissue.

b. Later-formed cavities:

1. Receptacles of special secretions. These arise from the ex-
udation of the juices of the cells into the intercellular passages.
Two kinds of these may be distinguished :

«. Formed by compact cells,
lying close on one another, and
apparently not separable; asthe
resin-cells of the bark of Coni-
Sere, and individual gum-cells.

B. Formed by loose cells, with
their walls projecting vesicularly
into the cavity, and apparently
separable.  Such cavities mostly
contain peculiar secretions, and
are seen in the latex-canals
of species of Mammillaria and
Rhus, the gum-cells of Cyeadee
(fig. 42.), and the resin-cells of
the wood of Conifere,

* Parenchyma from the stem of Ficia Faba. In the eells are seen porous openings,
and in two cells eytoblasts, with granules of starch, )

! Parenchyma from the bark of Quercus Suber (cork oak).  a, longitudinal section.
b, as seen from surface.

" Tissue from the opening of two dextrin passages in the petiole of Cycas revoluta.
The compact parenchyma is clothed with a delicate vesicular tissue, projecting into the
cavity,

42
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2. Receptacles of air, formed by the destruction of a mass of
parenchyma. They are :

«. Air Canals. "These are formed by a portion of parenchyma
becoming changed first into spongiform cellular fissue, which
is then torn and resorbed. The walls of these canals are per-

fectly smooth, and the cavity is divided into B
definite spaces by a layer of stellate cells, as S
though interrupted by horizontal layers. Seen f y O N
in Canna, Nymphea, &ec. (figs. 43, 44, 45.). = '3
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B. Air Cavities. In these a portion of parenchyma is inor-
dinately torn by the growth of a portion of the plant. Their walls
are rough with the remains of torn cells. Seen in the stems of
orasses, many Composite, and in the Umbellifere.

§25. C. Vessers. (Vasa, Trachee.) When a row of
lengthened parenchyma-cells have, through resorption, their ca-
vities brought into continuous communication, such a series of
cells arve called, by an unfortunate expression, a vessel; and it
is distinguished from the above tissues by different names, accord-
ing to the nature of its walls, as spiral vessel, annular duet, porous
vessel, &e. (vasa spiralia, annulata, porosa).

The nature of the vezetable vessel has been much misunderstood, from
the neglect of the history of its development. Various views have been
and are entertained ; yet nothing is easier, in the larger and more fully
developed parts of plants, than to observe the formation of a vessel out of
a row of cells, In many cases, however, it may be difficult, as the forma-
tion of the vessel occurs at too early a period in their history to be seen.
In other cases, a union of the two vessels, side to side, may prevent an
unskilful observer from deteeting what is going on in them. Nowhere is
the formation of vessels out of cells, and the connexion of the spiral

formation with this process, more easy to be observed than in the com-
mon balsam (Bm’mmina}.*

* Anatomie und Physiologie der Cacteen.

** Stellate eellular tissue, from the horizontal layers in the air-eanals of the petiole of
Aponogeton distachyon.  The threc-cornered intercellular passages are very large, and
the rays of the cells proportionately long,

" The same.  The three-cornered intercellular passages are somewhat rounded, and

rather small; the rays of the cell proportionately short. The walls of the cells, between
twa rays, are somewhat thickened.

“ The same from the leaves of Pilularia globulifera. The cells are somewhat length-
ened, with short and broad rays; the parts of the wall in contact thickened ; the inter-
cellular passages irregularly rounded.
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Frequently, in the later-formed vascular cells, the septum is broken
down in such a manner that it remains in a cirele as a small edge. This
septum is seldom entirely horizontal, but ordinarily somewhat inclined
from the axis of the plant towards the radius, very seldom towards the
periphery. Such ecavities in the septum may be frequently seen by a
longitudinal section of a vessel. Treviranus® first remarked this, but
knew not what to make of it. Meyen T gave a very unsatisfactory expla-
nation of it. This breaking up of the septum only occurs where there is
a kind of resistance on the part of the septum itself. Where this ten-
dency is very strong, instead of a single cavity many are formed, and
the septum acquires a regular ladder-like aspect ; a fact first announced
by Mohl. f Examples may be seen in the Beech, in the roots of Palms,
in Arundo Donax, &c. Again, the tendency may be so strong, that the
cells may be regarded as lying on one another, and there is formed upon
the septum, according to the nature of the cell, spiral fibres or pores.

That the completely developed vessels contain only air, is a fact that
can be ascertained by the naked eye. Sometimes, in old age, abnormal
fluids will be found in them, and cells are developed in the vessels, Cells
are found in the old porous vessels of the Oak and Elm, and I have found
them frequently in the spiral vessels of the stems of Seitaminee, as
Canna and Hedychium. Such cells do not appear to me to originate in
the vessels, but arise from neighbouring cells being pressed into the
vessel between the spiral fibres, The cell thus pressed into the vessel
originates the new ecells. The so-called moniliform vessels are not

g
formed in a different manner from others.

§ 26. D. VascuLAr BuNprEes.—This term is applied to a mass
of lengthened cells, of which a part have been changed into vessels,
and which 1s more or less clearly distinguished from the parenchyma,
which they penetrate in longer or shorter masses. They are
either, —

a. Simultancous vascular bundles, when all parts of the bundle
originate and are developed at the same time, as seen in the
Cryptogamia.

b. Successive vascular bundles, when the individual parts of the
bundle, and especially in the stem, arise and are developed from
within outwards. At first they consist of a delicate cellular tissue,
filled with an opaque fluid (cambium), which, whilst internally it
forms lengthened cells and vessels, goes on increasing externally.
These may be divided into,—

1. Definite or closed bundles. Tn these the growth of the bundles
only continues for a short time ; they then become surrounded by a
sharply defined cellular tissue, and are incapable of further develop-
ment. Ordinarily the vessels lie in a line, or are formed from
within outwards; externally, or on both sides the line, are seen a
pair of large porous vessels, and the whole is surrounded and mixed
with lengthened thick-walled parenchyma, which distinguish the

* Vom inwendigen Bau der Gewichse, Gittingen, 1806, tab, i. fig. 10. b.
1+ Phytotomie, S. 264.
T De Palmarum Struetura, tab, ¥, figs. 13, 14, 15,

E 4
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bundles from the thin-walled short parenchyma around.  Such are
monocotyledonous vaseular bundles.

2. Indefinite or unclosed bundles. TIn these the cambium does
not cease to develop, and the vessels to thicken from within outwaydrs,
till the organ, or the plant to which it belongs, ceases to live.
Such are dicotyledonous vascular bundles, and they may again
be distinguished into,— !

«. Primary vascular Bundles, those which are produced during
the first period of vegetation, or first year. In the inner half 1t
consists of the same parts as the closed bundles, only that the ves-
sels are more numerous, and not so regularly arranged; the outer
half is composed of cambium-cells, which are distinet laterally and
in front, but pass quickly into the surrounding parenchyma.

B. The Wood. After the completion of the first period of vege-
tation, the parts of a plant generally cease to increase in length ;
but as the new cambium-cells must, nevertheless, extend to a certain
length, they necessarily interpenetrate amongst each other by
pointed extremities. Thus originates, in the place of parenchyma,
a peculiar tissue which is called prosenchyma. A part of these
retain their narrow lengthened form, pointed above and below
(wood-cells, woody fibres), but between them open individual per-
pendicular rows of cells, often very strongly marked, which become
converted into vessels, The only exceptions to this are the Conifere,
('yeadacee, and some others, where all the wood-cells are tolerably
uniform.  The portion of wood that is formed first in every year
12 composed of broad thin-walled cells, and contains more vessels
than later-formed wood, which consists of smaller vessels, and the
cells are always narrow and thick-walled. In this way the differ-
ence between the growth of the earlier and later periods of the
year may be detected by the naked eye. It is from this cause
that the trunk of a tree displays, on a transverse section, as many
concentric rings as the tree is years old; and these are called
annual rings.

The cellular tissue existing between the vascular bundles and
their developing masses, and which ordinarily appear extended from
within outwards, are called medullary rays. Such extensions of the
cellular tissue are large when they reach from the pith to the bark,
and small when they begin or end in the wood.

The Cambivm. — When the growing parts of plants which form
and develope buds are examined, there will be found always present a
tissue which is only difficult of reognition in its individuality. The
cells of this tiszue, distended with assimilated mucilaginous granular
matter, contain young cells, eytoblasts, and often also superfluous nutri-
tionary matter, such as starch; and are pressed by small narrow delicate
cells, so that it is very difficult in this tissue to distinguish its component
parts. Gradually, separate masses of cells, with a distinet and definite
outline, appear in this chaos, and they cease to partake of the process of
growth going on. At first the epidermis is separated, then the vascular
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bundles, later the parenchyma, and at last there remains a portion of
cambium at the point of the stem ( Punctum vegetationis, C. Fr. Wollf ),
and externally to the vascular bundles. This last part has been more
especially characterised as cambium, but it does not differ from the other.
The cambium is not an unorganised mass, as was formerly supposed, but
in the vascular plants, at least, is always a cellular tissue uunmiuing cyto-
blasts, and, in a state of active vitality, forming new cells, a part of
which adheres in’all its forms to the celiular tissue alre: ady formed, and
a part remains as cambium to carry on the process of growth. In this
cambium the following tissues originate : —

The Vascwlar Bundles. — A large series of observations prove that
the vessels, and to a certain extent the cells connected with them, cease
to exhibit the collective energy of cell-life sooner than the neighbouring
cells. They cease earlier to develope new cells, they pass sooner from
the condition of the general nutrition of the membrane into that of the
deposition of secondary layers, they consume quicker their assimilated
contents without forming new ones, and when the neighbouring cells
are first commencing their chemical activity they have either consumed
all their juices, or convey only air (the vessels) or a very homogeneous
indifferent sap (the young wood-cells). There are cells which pass
through all the stages of life quicker than the parenchyma-cells. In
this way all the p]wnﬂmenn may be easily and perfectly explained. The
parenchyma-cells form new cells when the vascular bundles have ceased
to do so. There will, therefore, be always present, in a longitudinal
mass, a larger nnmher of parenchyma-cells than cells of the vaseular
bundles ; the last are always much longer than the first. This antago-
nism is especially evident at the commencement of a vascular bundle,
at least at its sides, where its cells gradually pass into the parenchyma.
As the formation of the secondary layers is an important point in the
permanent development of' cells, so the form of individual cells of the
vascular bundles depends on the period in which they originate. Several
kinds of vascular bundles are recognised.

1. In the higher Cryptogamia, the Ferns, Lycopodiaceee, Equisetacee
(eryptogamic vascular plants), sometimes in aerial stems (less in the
creeping subterranean stems, and in the Eguiseta generally), the entire
vascular bundle arises and is developed at the same time. In these
vascular bundles there is a great similarity of form ; and, as the stems of
these plants increase little in length after the formation of the vascular
bundles, almost the only kind of vessel seen is that with cleft-like pores.*
The Lycopodiaceee have vessels with a very narrow spiral fibre; the
Eguwisetacea T annular vessels, but with narrow rings.§

2. In the Phanerogamia a successive formation of vascular bundles
takes place. The parts next the axis are first developed from the cam-
binm, and the development extends gradually towards the periphery.
Then appear the parts belonging to the vascular bundles, but never
until the other portions have made considerable progress. From this
arises several important modifications of the vaseular bundles. The
type of the deposit layer depends on the nature of the vessel at first,
Nearest the axis we find distant annular vessels ; following these, vessels

* Nohl de Structura Caudieis Filicum arborescentium. Munich, 1833, :
T They ought to be placed highest among the Cryptogamia, according to my view.
1 Bischoff, Die kryptogamischen Gewiichse, Niirnb. 1828,
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with rings less distant; then spiral vessels succeed, whose spires, al-
though far apart, are yet not so far apart as the rings of the annular
vessels 3 then follow closely-wound spiral vessels ; then reticulated ; and
lastly, porous vessels. This courege is observed although one or more of
these formations may be absent. So constant is this structure, that the
relative age of two vessels may be easily indicated by it. Thus in
monocotyledonous plants we often see porous vessels lying at the side,
or behind, the spiral and reticulated vessels, but they arise later than
the others, and this is shown by their configuration.

a. In Monocotyledons, a remarkable change takes place in the cam-
bium within a year of the first period of vegetation. At the commence-
ment the cells which contained cytoblasts lose them, and their place is
taken by a clear fluid, and all new formations cease, and the cells become
arranged in perpendicular rows, so that where from three to five cells

% Simultaneous vaseular bundles from the stem of Polypodium ramosum. A, Trans-
verse section. B2, Longitudinal section, through the smaller diameter of the vascular
bundle. The arrows show the direction from the eentre to the peripbery of the stem.
"The thickened, somewhat lengthened, parenchyma which lies upon the vessels, surrounds
a thickened, very lengthened, parenchyma which represents the cambium in monoeo-
tyledons,
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were heaped together, a row of stronger, thicker, and longer cells are
found (fig. 47.).*

During this time the longitudinal parenchyma-cells belonging to the
vascular bundles, and which either surround them, or form a great bundle
both before and behind, have their walls strongly thickened, so that the
unchanged vascular bundles are rendered much more apparent in the

* See Mohl de Palmarum Struetura, where there are many drawings of mono-
cotyledonous vaseular bundles, but which do not express strongly enough the above
peculiarity.

¥ Successive closed vascular bundles from the petiole of Musa sapienium, from a
horizontal wall between two air-passages near to the under surfaces of the petiole.
A, A transverse section. B, A longitudinal section of the same, The arrow denotes
the direction from the upper to the under surface of the petiole. «, The cambium
cells ( Fasa propric of Mohl).
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surrounding parenchyma (fig. 47.). Still, examples are very frequent in
which the vaseular bundles pass into the surrounding parenchyma.

B. In the earliest stages the vascular bundles of the Dicotyledons
eannot be distinguished from those of Monocotyledons. The difference
is first visible towards the close of the first period of vegetation. At
this period the aspect of the cambium is unchanged, its formative ac-
tivity continues, and new cells are deposited upon the vascular bundles,
The first part of the vaseular bundle is formed under exactly the same
circumstances as in Monocotyledons, and exhibit precisely the same
appearances (fig. 48). From this point, however, the further development
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is very different, for here it is important to observe that all longitudinal
extension of the parts of the plant ceases. When this takes place, the
new-formed cells frequently continue to extend, so that they have not
sufficient room ; and the consequence is, that the ends of* the cells in a
horizontal layer press themselves between the ends of the cells which
lie above them and below them, and thus they all become pointed. In
all recently formed wood-cells it may be remarked that they are shorter
than the old cells, and their ends are rounded. The peculiar form of
the prosenchyma-cells is produced later. In the first part of the vascular
bundles no such cells are ever found; the innermost are longitudinal
parenchyma-cells, and pass gradually outwards into the wood-cells. But
there are instances where no such extension of the recently formed cells
ever takes place, and then the entire wood consists only of parenchy-
matous cells, as, for instance, in Bombax pentandra, Carolinea minor,
and perhaps all Bombacew, In the later products of the formative acti-
vity of the cambium, a great difference in its growth is observed,
according as the cells are developed as wood-cells (prosenchyma) or as
they are uniformly or irregularly deposited. The simplest kinds of wood,
on the one side, are those in which all the cells are similarly developed,
and where no distinction between the cells and the so-called vessels
exists. Such wood is seen in the Conifere and Cyeaducee, consisting of
lengthened prosenchyma, like broad cells with from one to eight rows of
pores (fiz. 49. A, I}).

“ Suecessive unelosed vaseular bundles from Viein Faba; a longitudinal seetion,
The arrow denotes the direction from the pith to the bark. a, Cambium cells.
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The wood of the species of Mammillaria differs little from this. At first
sight it appears to consist of an entirely uniform tissue of somewhat ex-
tended eylindrical cells, which are distinguished by a most delicate spiral
band projecting far into the ecell (fig. 50. B). DBy greater observation
upon longitudinal and transverse sections of the cells in which the spiral
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fibres project less into the cells, it will be found that they are in com-
munication with one another, and allow air to pass through (fig. 50. 4 a,
B a). This is the simplest form of the so-called vessel.

In another way a simple kind of wood is formed in Carolinea minor.
It is extremely light and soft (like cork), and consists of regular paren-
chyma-cells, slightly elongated and somewhat porous, and of individual
rows of much broader and longer, eylindrical, and clearly porous cells
(called vessels), standing in open communication with one another. Very
similar to this is the wood of Bombax pentandra (figs. 51, 52.), where
we find, between the parenchymatous cells, individual, long, but tolerably
thin-walled, prosenchyma-cells (figs. 51, 52. #). From this to the ordinary
wood a transition is formed by some wood in my possession from the

A, Transverse seetion of the wood of Cycas revolute. B, Longitudinal section of
the same, parallel to the medullary rays. a, In both figures, medullary ray cells.  The
most elongated cells have upon their walls innumerable large pores.

= d, Transverse S'E'Gti.ﬂ-l'l. af the wood of Mammillaria q:mdrr'_spzznu, i, I..nngltu-:liual
section of the same, parallel to the bark. « and «, Spirally formed plates inside the
cells : these cells contain only air, &, Medullary ray cells.
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cover of a Chinese casket. At a cursory first glance the transverse sec-
tion (fig. 53.) appears to exhibit clearly defined annual rings. More ac-
curate research shows that the dark stripes which, as the most external

part of an annual ring, appear, are not connected, but form isolated
transverse bands between the two medullary rays. These transverse

8 Transverse section of the wood of Bombar pentandra. The entire wood consists ot
thin-walled but porous parenchyma (¢), in which individual thick-walled wood-cells (4)
are scattered.  Small medullary rays, consisting of individual rows of cells, pass through
the wood at pretty regular distances. In the under half of the section, the cell-walls
become imperceptibly thicker, by which the boundaries of the two annual rings are
clearly indieated. Single or in pairs, porous cells, lying on one another, pass through
the wood (¢).

“ Longitudinal section of the same wood. &, Porous vessels, 5, Wood-cells.
¢, Parenchyma.

8 Transverse section of wood from a Chinese casket, with a low magnifying
power, At first sight, the dark transverse bands might be regarded as the boundaries
of the annual rings. They are not, however, connected together, and each extends
between the medullary rays.  The small space marked at x is strongly magnified at
fig. 54., where it will be scen that the dark bands are formed out of small stripes of
wood-cells, which alternate with a thin-walled porous parenehyma (¢). Between the
wood-cells and the medullary rays there exists also a layer of thin-walled parenchyma-
cells. Between the wood-cells may be observed radial rows of somewhat broader and
smaller thick-walled wood-cells.  The thin-walled medullary ray cells (b) are also
porous, Fig. 55. is a longitudinal section, parallel to the medullary rays; and the
letters iy, ﬁ, e illdiﬂﬂtﬁ' the same pﬂf[& as in ﬁg. 54, I_,argg porous vossels are seen in
fig. 53., which are not represented in the other figures,
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bands consist exclusively of prosenchyma (figs. 54. a, 55. @), whilst the
wood between which they lie consists of very regular, not much ex-
tended, thin-walled, and porous parenchyma (figs. 54. ¢, 535. ¢ ).

The opposite of this is the extremely light and porous wood of the
various species of Avicennia, which consists almost entirely of very broad
porous vessels, whose interstices are filled with small porous parenchyma-
cells (fig. 56.).

Lastly, the great mass of most wood consists of longitudinal, thick-
walled prosenchyma-cells, and, to a greater or less extent, of smaller
porous vessels (figs. 57, 58.).

From the foregoing remarks and observations it will be seen that what
are called vessels are unessential modifications of the cellular tissue, and
care should be taken that no erroneous impression be conveyed by the
once generally received term of “ vascular bundles.” Such bundles may

* Transverse section of the wood of Avicsania. The wood consists entirely of very
Lroad porous vessels, together with very small thin-walled parenchymatous eclls.

# Transverse section of the very heavy and thick wood of Muhonia nepalensis. The
entire mass consists of very thick-walled wood-eells (¢), and broad porous vessels (&)
The cells of the medullary rays (a) are very thick-walled, and scarcely to be distin-
guished from the wood-cells.

* Longitudinal section of the same. a, b, ¢, correspond with fig. 55. d, the cut
cells of a large medullary ray.
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be seen without vessels in the longitudinal tissue of many Grjfjjfﬂyﬂ?H%ﬂ-
as in the Mosses, also amongst the Phanerogamia, in Mayaca ﬂuvta-
tilis, some species of Potamogeton, in Najas, Caulinia, and Cerato=
phyllum ; in short, in all plants growing under water, or which are
nourished frofn their surface and not their roots. The term * vessel” has
misled botanists, and it is time that we should be apprised of the fact
that there is as much difference between the so-called vegetable vessels
and those of animals, as there is between vegetable and animal wings and
reproductive germs, The vessels of plants play but a very subordinate part
in the functions of vegetable life, and, so far from being special organs for
the circulation of the fluids of plants, they are themselves the last pro-
duced results of such movements of the sap, and the first parts to become
filled up and impervious to the admission of the juices circulating in the
plant.  Vessels are often found wanting in entire plants, and the most
important parts of plants, as in the gemmules and filaments, whilst in
other plants closely related to these they are found present. These views
of the doctrine of the vascular bundles I first propounded in Wiegmann’s
Archiv for 1839 (Bd. L 8. 220.).*

§ 27. E. Tissue or tuE Laper (Zela fibrosa, Bastgewebe).
This is formed of cells so long that they cannot be regarded as cells
superimposed upon one another, but as fibres lying close to one
another. The walls of these cells are strong, often thickened =o as to
exclude the transmission of light, without exhibiting a clear confi-
guration of the deposit layers. They are mostly soft and flexible.
These cells seldom present themselves individually in the pith and
the bark : they are more frequently seen in bundles (liber-bundles),
in the visible nerves (veins) of flat small leaves, in the projecting
angles of stems, and very frequently in the neighbourhood of the
vascular bundles on the external side of the cambium; in the last
it is especially called liber.

F. Laiper CeLLs of Apocynacee and Asclepiadacee. These are
peculiarly long, seldom branched cells, with thickened walls, which
often exhibit very delicate spiral fibres crossing each other. In
some spots their eavity is entirely obliterated, whilst in others they
are swollen and vesicular, and contain a true milky juice.

G. MiLk VEsseLs ( Vasa lactescentia), are longitudinal cells,
frequently branched in all directions. Sometimes their walls are
thin and homogenecous; at other times, especially from age, they
are thickened by layers, and marked in a spiral manner (as in the

leafless Fuphorbiacee). They contain a colourless or variously
coloured milky juice.

There are few departments of Lotany that offer more unanswered
questions, and that demand greater research, than the subjects of the
three preceding paragraphs.

The fibres of the liber in the youngest parts of the bud in which they
can be seen are very short, almost spindle-shaped, cells, which lie with
their sharp ends pushed between each other, so that as the part to which
they belong increases in length, so do they increase also, but are brought

* This paper is also printed in Schleiden’s Botanische Beitriige, vol. i. p. 29.; and has
been translated in Taylor's Scientific Memoirs, and by the Sydenham Society.— Traws,

e e e




FORM OF THE PLANT-CELL. 65

into closer contact, always pressing more and more upon each other,
until they are quite parallel. They probably originate in parenchyma-
tous cells, in the same way as prosenchyma. Between them and the
longitudinal parenchymatous ecells, there are a number of transition
forms, and in many cases it is difficult to say to which form a particular
tissue may belong. Such intermediate forms are very frequent in mono-
cotyledons in the neighbourhood of vessels; they are also seen in dico-

tyledons, as in some of the Cactacer (fig. 59.). As they approach the
character of shorter eells, the configuration of the walls, with pores or
sharply defined layers, is evident (figs. 60, 61.).

If we regard the pointing at both ends and the thickness of the de-
posit layers as essential characters of liber-cells, then the branched cells
discovered by me®* in the ovary of some Aroidew (in Monstera and
Seindapsus), and in the pith of Rhizephora Mangle (fig. 63.), belong
to them.

Ordinarily the liber-cells are so long, that the whole of them cannot be
seen by a strong magnifying power (fig. 62.), and, next to the cells of
some species of Chara and the pollen tubes of some plants, are the longest
cells which present themselves in the vegetable kingdom. I have mea-
sured liber-cells from 4 to 5" in length, but these are probably not the

* Wiegmann's Archiv, 1839, vol. i. p. 231.; Sechleiden, Botanische Beitriige, vol. 1.
p. 42,

® An intermediate form between liber- and parenchyma-cells (a), from the bark of
the root of Maxillaria atropurpurea.

% A liber-fibre, short, thick, and porous, from the China regia. 4

% Transverse section of three liber-fibres and some parenchyma-cells from the China
regic ( Cinchona serobiewlata Humb. Yellow Bark,) The liber-cells show beautifully
the deposit-layers and the porous canals.

% Upper end of a liber-fibre from the Tilia enropaa.

“ A branched liber-cell from the pith of Rhizophora Mangls,

¥
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longest. The branched liber-cells (fig. 63.), on account of their branch-
ing, are included in the following forms.

Upon the origin of the liber-cells of Apocynacee and Asclepiadacea no
observations have been made : only thus much is certain, that they fre-
quently contain milky juice. They are found singly, or in little bundles,
near to, or in the place of, the liber-bundles ; and are sometimes branched,
ex. gr., in Hoya carnosa (according to Meyen), and very beautiful in Sar-
costennma viminale. The configuration of their walls is entirely the same
as in old milk-vessels,

The Milk-vessels, in relation to their origin, have been at present but
little examined. They appear at first as enlarged intercellular passages,

i

and without any visible membrane (fiz. 63.) to form them. Nor does any
membrane appear to exist over the furrow formed by two neighbouring
cells, as it does in all true cells. In old vessels, also, we often find impres-
sions and projecting angles, showing that they must have fitted accurately
into the surrounding cells (66. 4, B). They are mostly branched in so
compound a manner, that it is not often possible to examine a cell in its
entire length (fiz. 67.), yet it is easy to separate it into its parts if the tissue
is treated with nitric acid.  'Without this means it is easily seen that they

* Intermediate formation between liber-cells and milk-vessels from the bark of Cero-
pegia dichotoma,  The spiral stripes are drawn only in one half.

@ Milk-vessels from the leaves of Limnocharis Humboldti, The walls of the upper
part of the vessel at o are fallen together.  The arrows show the direction of the cur-
rents, Every milk-vessel is enclosed by two rows of smaller and longer celis of
parenchyma.
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extend through the entire length of a plant, and often end in a cul de sac.
This is so obvious in some forms of leafless Fuphorbiacew, that it is
wonderful how any difference of opinion could have existed on the point.
In the older vessels, also seen well in the leafless Euphorbiacee, the
spiral bands and the deposit-layers on the walls are easily distinguished,
s? thﬂt the lateral development of these organs agrees entirely with that
of cells.

In their relation to one another, these three forms of tissue, as well as
the receptacles of milk without proper walls, seem mutually to represent
each other. They are seen before the vascnlar bundles of the stem, as
receptacles of milk in Mammillaria, as liber in Cereus, as transitionary
forms in the Apocynacee and Asclepiadacee, which in some species
resemble liber-cells, whilst in others, as in Sarcostemma viminale, they
are not to be distinguished from milk-vessels.

History and Criticism. — The liber and the milk vessels were known
to the earliest ocbservers. The proper walls of the last were first seen
by Mirbel, but more aceurately observed by Schultz, whose observa-
tions, overloaded by false theory and hasty inferences, have led to this
principal result, that a large proportion of the milk-vessels do really
possess a peculiar covering.* His theory of their origin, founded on
insufficient observation, has become now quite antiquated. Unger

* Ueber Circulation des Saftes im Schollkraut. Berlin, 1821.  Natur der lebenden
Pllanze. Berlin, 1832,

5 A, A transverse section of a thickened milk-vessel from the bark of the stem of
Euphorbia carulescens, with the walls of the same lying upon the cells. 5, A longi-
tudinal section of the same, isolated through maceration. The sides of the vessel are
irregular, from being pressed into the surrounding cells.

“ Longitudinal section from the rind of Euphorbia trigona, parallel to the medullary
rays. DMany of the vessels branch and anastomose, whilst others end in blind extremi-
ties. Irregularly formed stareh granules are seen in their interior,

2
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thinks they originate from the union of rows of cells, but accurate ob-
servations do not support this view. Mirbel was the first to discover the
liber-cells.* Meyen, in his Physiology of Plants (vol. i. p. 107.), appro-
priates to himself their discovery, but does not say where his observations
on that subject are to be found. Mohlf first examined the liber-cells
with care. Upon the origin of the liber-cells Meyen has set forth a
peculiar view.} He believes them to originate in the union of rows of
parenchymatous cells. This view is founded upon erroncous observations
on the appearance of the liber-cells in the buds of Fsculus.

§ 28. H. Fiprous Tissur§ ( Tela f
contexta) consists of very long, thin,
fibrilliform cells, intimately woven
and variously mixed with each other.
It 18 of two kinds.

a. It exists in the Fungi as a soft,
almost sebaceous, and easily destruc-
tible cellular tizsue.

b. In Lichens as a dry, tender,
fibrous tissue, formed out of forked
and branched cells (fig. 68.).

§ 20. I ErmoerMar Tissvr (Tela epidermoidea), is univer-
sally the most external layer of cells of a plant, so far as they can
be distinguished from the cells they cover, by their form and con-
tents. They only exist in the higher Cryptogamic and in nearly all
the Phanerogamic plants,

It may be distinguished into,

a. The Epidermis, a continuous layer of cells, which may be
again divided into three kinds, according to the medium in which
it is developed.

1. Epithelium. Exceedingly delicate, homogeneous, transparent
cells, filled with colourless juices, and covering the surface without
forming intercellular passages. It is always present in the growing
parts of plants, and remains longest in closed cavities, as in the
{f:‘war:,r, but changes mostly into one or other of the following

orms : —

2. Epiblema, consisting of compact cells flattened outwards, though
not so at first, and without intercellular passages opening exter-
nally. They are developed in the water and in the earth.

3. True Fpidermis, It consists of very flat tabular cells, whose
walls laterally and outwardly are usually very compaet. They are
generally placed close to each other; but in most plants there

. hnﬁulm des Sciences Naturelles, 1835,

t Erlduterung meiner Ansicht tiber Struetur der Pflanzensubstanz. Tiibingen,
1854.

} Wiegmann's Archiv, 1839,

§ The English reader must not eonfound this with woody fibre, as this term has been
sometimes thus used by British botanists, — Traxs,

" Fibrous tissue from the iner portion of Cetraria islandica, from a section parallel
to its surface,
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exists, at particular points, an intercellular passage, which, through
the other intercellular passages and spaces, enables the suhiur:cr:lt
parenchyma to communicate freely with the external air. At the
inner opening of these intercellular passages, are placed (except in
Salvinia and Marchantia) two semi-lunar parvenchyma-cells, with
their concave edges turned towards each other, which, according to
the amount of their turgescence, allow a greater or less space to
exist between them, or close the intercellular passage up alto-
gether.  These two cells, with the intercellular openings, are ealled
stomates (stoma).

b. Appendicular Organs. They are all found upon the surface
of plants, and are formed from cells. They are:

1. FPapille, which are mere extensions of the external cell-wall,
in the form of little elevations, as upon the petals of flowers; or as
vesicles, as in Mesembryanthemum crystallinum; or as apparent
hairs, as the so-ealled root-hairs,

2. Hairs (Pili) consist of one or more thin-walled cells, varied
in their form and arrangement, and planted upon the epidermis.
They are simple (pili simplices), branched (p. ramosi), stellate (p.
stellati), scales (lepides), knobbed (p. eapitati), glandular (p. glandu-
liferi) if the upper cells secrete a peculiar fluid.

3. Sete, stifl, thick-walled, pricking cells.

4. Stings (Pili urentes) are stiff, thick-walled cells, terminating
either in a point or a little head turned on one side, and mostly
containing an irritating secretion. The cells at the base are often
thin-walled, club-shaped, and swollen, and the whole enclosed by a
number of wart-like cells produced from the epidermis.

5. Thorns (Aeule) consist of numerous rigid, thick-walled cells,
firmly bound together, and terminating in a sharp point.

6. Warts ( Verruee), formed out of many compact semicircular
and variously formed cells.

¢. Cork (Suber). In the cells of the epidermis there is often
collected a grumous substance, from which are developed flat
tabular cells. The epidermis bursts, and thus is formed what is
popularly called ¢ bark,” or, where it is strongly developed and
elastie, ¥ cork,” as in juicy fruits, but especially in the second year’s
stems of the Quercus Suber.

d. Root Sheath ( Velamen radicum). In most tropieal Orchi-
de@, and some Aroidee, there exists upon the epidermis of the
roots (the adventitious roots) a layer which is ordinarily composed
of the most delicate cellular tissue, whose contents are entirely air.

The controversy about the nature of the epidermis was only possible
at a time when the conception of the elementary structure of plants was
of a very imperfect kind, and a false analogy with the epidermis of ani-
mals led to erroneous conclusions.

When a part ia about to be formed from the cambium in phaneroga-
mic plants, the first thing that meets our view is a layer of one or more
series of delicate cells, which are homogeneous and contain a clear fluid,

F 3



70 ON THE PLANT-CELL,

and which form the external boundary and cover over the developing part.
These cells of various signification I call Epithelium (fig. 69. a). The

69 =0

same thing may be observed in the so-called vascular eryptogamic plants
(Ferns, Lycopodiacee, Equisetacew, Rhizocarpee). It is also seen in
the Marchantinceee. ‘This epithelium differs according to the external
influences which act upon it. It is
only in a few cases that the epithelium
retains its true character for any length
of time, as in the cavities of the ovary.
In the air, in water, or in the earth, it
becomes changed more or less, the cells
become more compact, and their ex-
ternal surface flattened (fiz. 70. @)in the
air, 20 that most epidermis-cells have
a tabular or ligulate form (fig. 71. a).

The forms which these tissues assume are very numerous. In the
more delicate forms of these external coverings, as seen in the petals of
some plants, individual cells elevate themselves above the surface (fig.
72. @), and thus form a transition to the simple forms of hairs.

In other petals they are much more compact, and very much elongated
from within outwards (fig. 73. @). The extreme of these two conditions
occurs in the epidermis of some seeds, especially in those of the Legumi-
nosee. Here the cells are often long, cylindrical, extended from within
outwards, and often entirely filled up at particular points (fig. 74. a).

“ Epithelium (a) from the gemmules of Tradescantia crassula, with a layer of
parenchyma-cells lying under it.

" Epiblema (a) from the root of Spirodela Miza, lyi
S P polyrrhiza, lying over a layer of paren-

' Epidermis (a) from the upper surface of the leaf of Tradescantia discolor, with the
parenchyma beneath,

"™ Papillary epidermis («) from the under surface of the petals of fris variegata
accompanying the underlying parenchyma. !

I E];:“ler:nls {ﬂrl} of t!m under surface of the petals of the white rose. The external
s.-u_rgacu is beset with delicate furrows (acienlatus), Loose parenchyma underncath the
epidermis,
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The graduoal development of these external cells is attended with an
irregular nourishment of their lateral walls, whereby round or pointed
projections are formed, which are received into the concavities of the
surrounding cells, so that a waving line appears. This causes a great
variety in the appearance of the cells, according to the number of the
individual cells, the size of the wavy bulgings, and the roundness or
sharpness of their projections (fig. 75.). These cells are distinguished from
those lying under them, by the presence of a transparent colourless or
coloured fluid, but never, as has been erroncously stated, by containing
air. The confizuration of the cell-walls of the epidermis is very varied.
A common phenomenon is, that their walls are, above and laterally,
thicker than they are at the lower part, where they lie upon the paren-
chyma (figs. 68, 69.), as seen in the seeds of the Asparagus officinalis.
Spiral formations abound in it, both with jelly in the seeds of Hydrocharis
Morsus rance, and without jelly in the pericap of Salvia verticillata.* The
epidermis-cells are frequently porous, sometimes on the side where
they touch each other, as in the leaves of Epidendrum elongatum ; or
where they touch the parenchyma-cells, as in the stem of Melocactus;
they are least frequent externally, but this form presents itself in the
leaves of Abies. In these leaves
every one of the thick-walled ex-
ternal cells possesses three or four
rows of porous canals, which run
externally, and terminate ina small
round eavity. The same thing is
seen in Cyeas (fig. 76.). The cells
of the epithelium are placed so
close to one another, that no inter-
cellular passages are found opening
between them. When epithelium is eonverted into epidermis in the
air, it happens that the cells soften at their margins, and thus form inter-

* Schleiden, Beitrige zur Phytogenesis, Miiller’s Archiv, 1838. See Taylor's
Secientific Memoirs,

 Epidermis (a) of the seed of Lupinus rienlaris, composed of long, very much
thickened, cells. Under these is a layer of entirely separate cells, and beneath them
parenchyma,

" Epidermis of the nectary of Goldfussia anisophylla. The cells are exceedingly
flat and irregular. Section parallel with surface.

™ Perpendicular section of the surface of a leaf of Cycas revoluta. The epidermis-
cells (&) are ]aterall;.r anmd Eltcrnn":f porous, They are covered above by a layer of
secreted matter (a).
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78

cellular passages, either generally, as in ‘
Salvinia (fig. 77.), or in particular spots,
asin other plants (fig. 78.). Sometimes  [[[ |/
they occur in groups, whilst the re- \
maining epidermis is free from inter- 1
cellular passages, as in Saxifraga sar- ) l r
mentosa ; and sometimes, in special, ex-

cavated pits, surrounded and eoncealed

by hairs, as in Nerium Oleander, and species of Banksia and Dryandra
(figs. 79, 80.). This intercellular passage during its growth is entirely

79

WDEGCDEED
= - O
}Lﬁn

r:
1 &,ﬁ%ﬁ,—‘;’é&@su;

i

closed towards the inner part of the leaf by a simple cell. Tn the course of
further development two new cells are formed in this cell, which is
subsequently absorbed, and the two new cells gradually assume a semi-
l}mar form, ﬂl‘_a coneave sides of which, being presented to each other,
form an opening between them, through which a communication is

* Epidermis of the upper surface of the leaf of Salvinia natans. Here may be

"Bfl“ the simplest form of stomates, as intercellular passages between the epidermal
cells.

™ Epidermis peeled off from an Allium, with four stomates.
_ ™ Transverse section through the leaf of a Bunksia. a, a, Epidermis, under which
lies, on hoth sides, a layer of transparent cells, e, Spongy cellular tissue. d, Stretehed
cellular tissue of the upper half of the leaf; to the right and left, bundles of liber trans-
versely cut thmu;f'h. B, A transverse section through one of the little pits of the

under part of the leaf, which are clothed with hairs, and at whose base peculiar stomates
(&) are found.
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formed with the intercellular passage in the parenchyma. These semi-
lunar cells are not found in Salvinia, nor in Marchantiacee®, but are
found doubled and trebled in some Proteacee.}

In the arrangement of the parts of these organs many varieties are
found, especially in the relation of the stomatic cells with the intercellular
passage, and the arrangement of the epidermal cells forming the inter-

cellular passage ; these peculiarities distinguish families and genera, as
in the Cactacew, the Grasses, Aloe, Tradescantia, &c. The stomatic
cells may be pushed somewhat outwards with their edges above the
epidermal cells, or they may lie upon the same plane (fig. 81.), or they
may lie entirely under the edge of the cells of the epidermis (fig. 82.).
With regard to the second form here mentioned, we frequently see the
eells lying next to the intercellular passage coloured differently, and

* In these plants the intercellular space ordinarily found under the stomates is beset
with peculiar flask-shaped papillary cells. "

1 See Mohl, Ueber die Spaltoffnungen der Proteacem, in N. A. A, L. C. N. C.
t. xvi. p. 2.

% A parallel section of the under surface of the leaf of a Banksia, from which
the epidermis is removed. z, The vascular bundles forming the network of the leaf.
a, b b, Three little pits, which vary in appearance according as the section by which the
epidermis was removed, cut deeply or superficially. The lower b, A pit with the hairs
and stomates at the base : a exhibits the base of the pit, with the stomates; b exhibiis
the same, but the spongy cellular tissue is seen below. ¢, The epidermis clothing the
base of the pit is removed, leaving nothing but the spongy cellular tissue.

s Perpendicular section through the epidermal tissue of the leaf of a Stock. ¢ The
epidermal cells covered with a layer of secretion (b), which, at the most external parts, 1s
formed out of a more compact layer. @, Entrance to the stomate through the secreted
layer.
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flatter, and the intercellular passage itself formed of a larger or smaller
number of cells. In the Marchantia four cells are usually found ; in

83

Cyeas, and at the base of the leaves of Nelumbium (fiz. 85.), a much
greater number. In most cases the epidermal cells lie on the same plane
with the others, but in Cyeas and Marchantia they are elevated so as
to form a semicircular wart open at the point. In some instances a
kind of stunting takes place, which, in the leaves of Opuntie, is almost
normal.  In this case, from three to five semi-lunar cells are pressed irre-
gularly one upon another.

The contents of the stomatic cells, without exception, resemble those
of the adjacent parenchyma, seldom or never those of the epidermal cells
(figs. 83, 84.) I know of only a few cases, as Agave lurida, Aloe nigri-

8 Perpendicular section of the surface of the leaf of Hakea amplerifolia.  The
stomate forms a large cavity, the bottom of which is elosed on every side by two cells,
which embrace between them the two special stomatic cells.  The loose parenchyma
contains many oddly-formed cells.

8 Epidermis from the under surface of the leaves of Tradescantia discolor. The
hatched cells contain a dark-red fluid. The two stomatie cells are surrounded by four
regular cells, with perfectly clear contents.

M OA pm'pandicul,ar section of the surface of the above, in the direction a=-b. The
epidermal cells, filled with red sap, present a vacant space, which is elosed externally by
the flat clear cells, and the stomatic cells filled with ehlorophyll.
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cans (fiz. 86.), and some others, where remarkable substances, such as
oil or resin, are present.

The epidermis of the roots of tropical Orchidee and Aroidee exhibit
some very anomalous phenomena. In these cases the stomates lie upon
the epidermis, and do not belong to the parenchyma of the bark, but to
the root-sheath. The most regular and ordinary form of these internal
stomates are seen in FPothos crassinervis, the most complicated and
irregular in Aerides odoratum,and in various others they are more or less
evident.

History and Criticism.—A knowledge of the functions and structure
of the epidermal tissues depends upon accurate observation, which the
author of this work was almost the only one to make during the present
century. Much misunderstanding has, however, prevailed, and many bad
observations have been made. The most important co-workers on this
subject have been Krocker, father* and sonf, Treviranus}, Meyen§,
Brongniart||, Unger], and MohlY. The view of Brongniart, that the
epidermis is a delicate structureless membrane, will be mentioned pre-
sently (§ 69.). Recently, some botanists instead of using the term stomates
have employed the expression skin-glands (Haut-driisen), thus unneces-

* De Plantarum Epidermide. Hal®, 1800,

+ De Plantarum Epidermide. Breslau, 1833,

{ Beitriige zur PHanzenphysiologie. Gottingen, 1811.

§ Phytotomie, s. 67. [| Annales des Sciences Nat. vol. xxi.

1 Die Exantheme der Pflanzen, Wien, 1833,

9 Uecber die Spaltofinungen der Proteacem, N. A. A. L. C. N. C. t. 2vi. p. 2.

% Epidermis from the midst of the upper leaves of Nelumbium speciosum, with a
stomate. The cells of the epidermis are elevated in the midst into a papilla, which,
seen from the surface, appears like a ring. The stomate itself is formed of nine cells
of epidermis, and under it lie two stomatic cells of the usual semilunar form. & 1s a
perpendicular section of the same.

% A perpendicular section of the surface of the leaf of Aloe nigricans. a, Canal of
the stomate, filled with orange-coloured grnnuluﬂ of resin. &, Cavity under Ita-:: .-:tumat_e
lined with cells, which contain granules of chlorophyll and resin. The papillose epi-
dermal cells are filled with elear or dark-red sap, and rose-coloured granules of resin.
OF the two stomatic cells, one contains chlorophyll, the other a large bright-yellow
granule of resin. ¢, Seeretion of the epidermis.
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sarily playing with words. From a long series of researches I have
come to the conclusion, that in at least two thirds of the whole vegetable
kingdom the function of the two semi-lunar cells of stomates is no
way different from the ordinary cells of the leaf. That in the other
cases these cells act as glands, I do not at all believe.

Appendicular Organs.— Although the epidermal cells are universally
the first in which the process of growth ceases, yet it often continues in
particular spots. The most simple form g7
is the mere extension of the external
cell-wall into longer or shorter papillee,
which give to petals their peculiar as-
peet, and roots their hairy appearance
(fig 87.). Frequently these papillary
growths exist only at particular spots,
and the papille develop from two to five cells, which at first are round,
but afterwards become extended, and thus form a cellular upright hair
of the epidermis (fig. 88.). This is the general way in which hairs are

*" Papillary epidermis from the under surface of the petals of Jfris variegata, with
underlying cells of parenchyma.

™ ¢, Epidermis, with simple hairs, from the stem of an Enothers. a, Club-shaped
hair. &, Pointed hair.

** Part of the epidermis of the leaf of Helleborus fietidus, with two hairs. Every hair (a)
is swollen and club-shaped above, and appears to contain a poisonous seeretion. The hair
becomes gradually empty, and falls in, as seen a b

® Stellate hair of Alyssem rostratum. @, Its point of attachment.

" ¢, Epidermis, and d, the parenchyma, of Alternanthera axillaris, with a single hair.
This consists of a series of flat cells at the base (F), and a multiform thick-walled cell
above, a, Spot where a branch of the eell has been removed.
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developed, but further special researches are needed. Frequently a hair
consisting of a single cell is developed into manifold forms, sometimes
swelling into a knot (figs. 88, 89.); at other times forming numerous
branches (fiz. 90.), as, for instance, in the hairs of some species of
Malpighia and Rhamnus, in which the branches of the hair extend in
two opposite directions, and are pressed flat upon the surface of the
epidermis; and also in the remarkable four-armed pair of cells in
the vessels of Utricularia. These at first consist of two round cells
lying close to one another; they then form two short pedicels, which
swell and form a little head, each of which sends out two arms, a long
one and a short one.

In most cases, several cells go to form a hair. In this case the
branches often consist of cells (fig. 91.). Amongst compound hairs those
bearing knobs are very frequent. The pedicel either consists of a
single cell, or a row of cells (fig. 92. &), or several cells. The same

| g

thing oceurs in the structure of the knob, which is often green, or
coloured, or contains a peculiar secretion.®* Sometimes hairs exhibit
in the interior spiral vessels, as in Drosera. The most remarkable

* I cannot entertain the notion of a gland in the vegetable kingdom ; so that here, as
elsewhere, I make no distinetion.

% Lateral view of a portion of the epidermis of the Wigandia urens, with two hairs:
a is a stinging hair, with a knob, and circulating fluid in the interior; 5 a club-shaped
glandular hair, Every one of the simple eylindrical cells, which, placed one upon the
other, form the stalk, exhibit a eytoblast and circulation. The knob, formed out of
many little cells, is covered with secreted resin,  The arrows show the direction of the
streams.

% A prickle-hair from the leaf of Dipsacus fullonum. It consists of a long, some-
what bent cell. thickened by layers (a), which is embraced at the base by an clevated
mass of porous epidermis-cells.
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of the epidermal processes are the stinging hairs. They constitute
the type of a very common form of the epidermal tissue, in which a
few wart-like cells are elevated above the surface, and embrace the base
of a single elongated cell (figs. 92, 93. a). _ _

Such hairs, very much thickened and distinguished by the porosity
of the epidermal cells, are seen in Dipsaeus (fig. 93.); ordinarily
the lower cells of such hairs are swollen, with thin walls, whilst those
above are pointed and thick-walled. They are frequently marked on
the upper surface with little warts spirally arranged, and with elevated
stripes. This form characterises the Urticacew, the Boraginacee, the
Cucurbitacee, and the Loasacee. The mechanism also of the stinging
haivs in [rtica, Wigandia urens, and the Loasacee, is very interesting.
Almost all stinging hairs end in a little knob-shaped swelling, which
is exceedingly brittle, and easily knocked off’ by a touch. The opened
point, on being pressed against, exudes the secretions contained in the
cells at the base of the hair, and will produce poisonous effects when
introduced into animal tissues. Our indigenous nettles are the least
injurious. The stings of the Loasacee are much more so, while the Urtica
crenata and erenwlata of the East Indies produce wounds in which

ain is felt for weeks and months after touching them. The most dan-
gerous of all is the Urtica urentissima of Blume, called in Timor Daoun
setan, and by the English “ Devil's leaf.” The wounds of this plant give
pain for years after, especially in damp weather, and occasionally death
from tetanus is the result. Could we separate this poison, it would be
the most powerful vegetable poison known.

In the early stages of growth these hairs, all of them, possess an active
circulation of the sap. Some hairs have their contents absorbed at a
gpecial time, so that the hair is, as it were, absorbed into its own proper
cavity. This remarkable phenomenon
takes place in the hairs of the style in
Campanulacee® (fig. 94.). Also in the
globular cells of knob-shaped hairs, which
then look as if half had been cut through,
or as if a cover had been removed.}
Meyen has published a work on hairs,
distinguished by a host of peculiarities.}

Cork.— A peculiar change goes on in
the epidermal cells of particular parts,
more especially the stem and fruits of
certain trees. A quantity of yellow slimy
matter collects in the cells and gradually
inereases in quantity, so that the external
cell-wall is torn by the under one and lifted
above the surface. Cells are formed in
a hitherto undiscovered manner in the
yellow substance, which assume the form of four-cornered tables, and are
arranged in connected concentric layers. When perfectly formed, this

* See Brongniart, Ann, de Se. Nat., 1899
w ¥ + EFua = 24"!-&
iF According to Meyen; but it is nrmnmu;.]}‘
t Ueber die Secretionsorgane der Pllanzen, Berlin, 1837.

ﬂ' J.?ngitliqiﬂﬂl 5-:._-:liun_1hrmlgh the style of a Campanula, with two hairs : a, a hair
exhibiting a eirculation ; its point is enclosed in a layer of mucus: b has lost its con-
tents, and is in consequence contracted. :




FORM OF THE PLANT-CELL. 79

tissue exhibits great elasticity, and the tissue known by the name of cork
belongs to this form. It exists, however, in countless other forms, and
its existence seems detetermined by the presence of an epidermis which
vegetates for a longer period than is usual. When the process of cork-
formation once commences, it goes on; but should the layer be thrown off
the tree at any particular stage of its growth, it is not again engendered,
as, for instance, in the vine and the Clematis Vitalba. Mohl * was the
first who accurately examined this subjeet, and 1 have sought to explain
its origin. T

Hoot-sheaths.—1If the organs of Pothos crassinervis, called airial-roots,
are examined, there will be found a distinet epidermis, with stomates whose
semilunar cells, filled with a brown granular matter, are elevated above
the surface of the epidermis, and form a speeial tissue whose walls exhibit
the most delicate spiral fibres. These cells are filled with air, and thus
give the brilliant white appearance to these roots. How this layer origi-
nates is not very clear, but it is formed in the same way at the points of
the roots as in the other parts. The same layer is found on the roots of
most tropical Orchidacee, and the cell-walls exhibit in them the most
striking modifications. It is veryremarkable in Aérides odoratum. Thave
seen it in Epidendrum elongatum, Cattleya Forbesii, Brassavola cordaia,
Maxillaria atropurpurea, M. Harrisonii, Acropera Loddigesii, Cyrto-
podium speciosissimum, Oncidium altissimum, and other species. 1 also
found it, but without spiral fibres, in Pothos reflexa, acaulis, violacea,
cordata, longifolia, and digitata. In other families I have not seen it.
The roots have ordinarily a fresh green point; in these the cells are full
of sap, and the green cortical parenchyma is seen through them. The
relations of this layer differ so much from those of the epidermal cells,
that it has been regarded as a peculiar tissue. Link { first discovered
this layer, Meyen § examined it more accurately, but no one has correctly
appreciated it,

* Ueber die Entwickelung des Korkes und der Borke. Tiib. 1836.

1 Beitrige zur Anatomie und Physiologie der Cacteen.

{ Elem. Phil. Bot. Ed. i. p. 393,

§ Physiologie, i. p. 47. DMeyen, copying Link, says that Dutrochet has examined
this tissue ; but this is a mistake.
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CHAPTER IL

ON THE LIFE OF THE PLANT-CELL.

SECTION I
FUNCTIONS OF THE INDIVIDUAL CELL,

§ 30. ALL the chemical and physical powers of the earth naturally
act upon the plant-cell. Inasmuch as these striking phenomena are
called forth, and especially as they exhibit, in and through the cell
itself, an especial form of action, I call all such action the life (vifa)
of the cell. Most of the physical powers of nature are too little
known for us to be able to comprehend the peculiarities which they
exhibit under especial relations. We can only say generally that
the various chemical processes which take place in the cell must
be accompanied by changes of temperature, eleetricity, absolute
and specific gravity, &c., without being able to count or measure
the same. There are, therefore, only a few relations which permit
of a more accurate estimation, as the absorption of foreign agents
(endosmosis), the decomposition and recomposition of the same (as-
similation and secretion), the getting rid of superfluous matter
(exhalation and exeretion), the working up of the assimilated
matter (organisation), the movements of the contents of the cell
(circulation), the movement of the whole cell (locomotion), the
formation of new cells within the old ones (propagation), and the
cessation of all these processes (death).

1. On the Absorption of Foreign Agents.

§ 31. The cell-membrane (in its young state) is perfectly closed,
but permeable to all fluids. It thus takes up all perfect solutions
through its walls into its cavity. In consequence of the chemical
change going on in its interior, the cell constantly contains a fluid
thicker than water, or dilute solutions of saline substances, and
mostly one which, like a solution of sugar or gum, has so great an
affinity for water, that they draw water into the cavity with a cer-
tain degree of force, and, on the other hand, a small quantity of the
concentrated fluid passes out of the cell. The passing in of the

fluid into the cell has been called by Dutrochet endosmose, and its
passing out exosmose.

The property which cellulose possesses of allowing fluids to pass
through it has already been mentioned. Tt is an entirely superfluous

N S —
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and gratuitous hypothesis to suppose that it possesses invisible pores, or
that the membrane stands in the same relation to fluid as salts to water.
In the latter case, the water is supposed to dissolve up a little of the mem-
brane, which, in passing through, it yields up again. The passing of the
fluid through the membrane is produced by the relation of water to certain
other substances contained in the cell.  If gum or sugar 15 dissolved in
a small quantity of water, and pure water is poured carefully over the
solution, the two liguids remain apparently for a short time unmixed, but
at the edges where the fluids meet a process goes on, in which the two
fluids pass one into the other until the whole is completely mixed. If the
two fluids are separated by a vegetable or animal membrane, the attraction
is not diminished, because both fluids penetrate the membrane and thus
come in contact, but the thicker fluid paszes through the membrane with
more difficulty than the thinner. Thus a larger quantity of the thin fluid,
in the same time, is found present with the thicker than of the thicker with
the thinner. The experiment may be performed in glass tubes, when the
relative height to which the fluids will rise in a given time will be in pro-
portion to their relative thickness. The same results take place when
fluids, not thickened, but varying in specific gravity, as alcohol and water,
are employed, the lighter passing into the heuvier most rapidly. Dutrochet
called the passing in of the thinner fluid endosmose, and the passing out
of the thicker exosmose, and measured the endosmotic power of the fluids
by the difference of height which they reached in tubes. By means of a
graduated apparatus, Dutrochet estimated the relative power of the fol-
lowing substances as compared with water: —

Animal albumen . R
Sugar . - : . 11
Gum . ; : . 5:17.

Vegetable albumen belongs to the nitrogenous vegetable substances, and
is similar in many points to animal albumen. In its physical properties
it is difficult, if’ not impossible, to separate it from the vegetable substance
deseribed above as mucus (protein). It appears to me not too much to
assume that this vegetable albumen (mucus), out of which the evtoblast is
formed, possesses the same endosmotic power as animal albumen. We can
thus easily explain how it is that, immediately after the eytoblast is sur-
rounded by a membrane, endosmaose hen*ins, nd thus takes op those sub-
stances upon which the cytoblast exercises a changing influence. In this
way sugar and gum are formed, and the cell is thus filled with substances
which inecrease the process of endosmose. Sear cely any further explana-
tion of the process of absorption is needed, as this simple process suflices
for the understanding the most complieated phenomena of vegetable life,
It is to be regretied that so few experiments have been made on the
relations exhibited by this process. There are two points of espeeial im-
portance. The first is, the great variety in the nature of the various sub-
stances within and without the cells of plants, and the great difference in
the power with which they are attracted: on the relation of numerous
solutions to one another, we have no experiments. In the second place,
the nature of the separating membrane demands attention. Water and
aleohol, for instance, exhibit a very powerful reciprocal attraction ; but in
an endosmotie apparatus, when bladder or caoutchoue is used as a means
of separation, the result is very different. With the bladder the water
passes to the alcohol, but not wvice versa, as aleohol does not easily per-
meate animal membmne. With the caoutchoue the result is exactly the
G
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reverse, the aleohol readily passing through this substance. Similar
modifications in the simplest processes of ecell-life must take place, on
account of the countless varieties of cell-membrane. In all experiments,
however, it is necessary to avoid the the hypothesis of the porosity of the
organie membrane, which can only be attended with the same bad results
as the notion of the existence of atoms in chemistry.*

§ 32. The most universally distributed medium of solution in
nature, water, is also the fluid which is absorbed by the plant-
cell, and conveys all other matters into its interior. The most
essential of these matters are carbonic aecid and ammonia, both of
which are contained in water which either falls from the air or has
been a long time in contact with it. Water, carbonic acid, and
ammonia contain carbon, hydrogen, oxygen, and nitrogen, all of
which are essential to the formation of the assimilated substances
and to the especial nourishment of the cell. DBut the water occa-
sionally conveys to the cell, in small quantities, all substances which
are capable of solution in water.

In spite of the almost endless works npon the nourishment of plants,
nothing is in a more uncertain state than our knowledge of the food
necessary for plants. This has arizen from the facts having been seleeted
from, and the experiments made upon, the higher and more complicated
forms of plants instead of the lowest. The simplest and most natural
object for such researches is the Protococcus viridis, or some other simple
‘C'mg_fhrmq which consists of one or only a few cells, and which floats free
in water, and contains the substances universally necessary for the life of
the cell. These plants require nothing more for their vegetation than
pure water, which has taken up from the atmosphere carbonic acid and
ammonia, and perhaps a very small quantity of inorganic salts; the
necessity for which last has not been proved, but is supposed to be
necessary from analogy with the higher plants. The experiment is
easily made of supplying these plants with water containing a large
quantity of carbonic acid, when they will be found to grow more rapidly,
and thrive more luxuriously, than when placed in water to which
humus, humic acid, or humic acid salts have been added. This is
fluiﬁ::i{izlnt proof that these last substances are not essential to the life of

12 Cell,

It is wm‘t!]}" of remark, that just as Carices, and other so-called moor-
plants, flourish with a certain quantity of humic acid, which is generally
unl:m'uur::.hl'ﬂ to vegetation, so also other plants, as the little Conferva
which requires tannin and grows in infusions of galls, require other
substances. The Mycoderma aceti grows under the influence of the
decomposition of vinegar. In these cases, probably, the free acid is as
little necessary to nutrition as in other plants, but the mode and manner
of the decomposition of the acid is a favouring moment for the vegetation
of the above-named plants, & i

Few researches have been made on the nature of the nitrogenouns
;‘il:’if;’ﬁsi;’;U:::ﬂni:;‘{‘{l_ﬂL‘-"'l!* I]].“m.ﬁ' 1 have hitherto supposed that the

2 pounds ot plants are pure protein. But if we regard

* Sce I'.'-'l.ltl'ﬂ‘-':h!,:l, L'Agent immédiat du Mouvement vital déveilé, &e. Paris, 1896.
Also I"ngg:?:rldurfr!i Annalen, vol. xi. p. 138., vol, xxviii p. 184 ; and Schweigger's
Journal, Iviii. p. 1. 20. [ Also Draper on the Chemistry of Plants, and Matteucei on
the Physical Phenomena of Living Beings.—Traxs.]
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them as albumen, fibrin, and casein, we must allow for the absorption
of sulphur and phosphorus, as well as salts of sulphurie and phosphorie
acids : through this the phenomena become much more complicated.
The reduction of the phosphates and sulphates to phosphorie and sul-
phurie acids, and the separation of the sulphur or phosphorus and the
oxygen, indicate complicated chemical processes, which are not, however,
performed without the presence of nitrogenous substances, and thus they
appear to be the simplest additions to the plant-cell next the formation
of protein. The notion of such changes is justified by Mulder’s re-
searches upon the mother of vinegar (Mycoderma Pers.), which is
formed out of hydrated acetic acid and the albumen contained in the
vinegar. It is composed of cellulose and protein, which always exist in
the proportion of one equivalent of protein with four of cellulose.* A
similar accurate examination of the fermentation-cells would be of the
highest interest.

The plant-cell takes up all substanees that are in solution in water,
both mineral and vegetable poisons and tannin, which, by producing an
interruption of the chemical processes, are capable of destroying its life.
The cell in this view has no choice beyond the endosmotic power of the
various substances which are presented to it.¥ On the other hand, every
fluid is unfit for the nutrition of the cell, which, on account of its specifie
nature as aleohol, or its density as concentrated solutions of sugar and
gumy, renders endosmose impossible, should it even contain all the
elements necessary for the growth of the cell. §

In the last place we may observe, that in the changes which are
undergone in the eell of the plant there is no individual element, with
the exception of oxygen, which takes part alone in those chemical pro-
cesses. Nitrogen is taken in with water, but passes out again without
undergoing any change. Hence all caleulations with regard to the
ecomposition and metamorphoses of organic bedies, in which the pure
elements, and not their combinations, are supposed to play a part, must
be rejected as hypothetieal.

I1. On the Assimilation of the absorbed Matters, and Secretion.

§ 33. The assimilated substances consist of earbon, hydrogen, oxy-
gen, and nitrogen (sometimes with sulphur and phosphorus); and these
are only assimilated from the definite combinations, carbonie acid,
water, and ammonia. As soon as these substances are conducted
into the interior of the cell, in the before-mentioned manner, che-
mical processes originate which first commence in the destruetion
of the ammoniacal compounds and (perhaps as a result) the decom-
position of the water, and whose progress is distinguished by the
action of the assimilated nitrogenous matter (mucus) upon non-
nitrogenous substances. Thus are formed at the same time both
mucus and non-nitrogenous substances.

* Liebig's Annalen, vol. xlvi. p. 207.

t See the experiments of Saussure, Chemische Untersuchungen iiber die Vegeta-
tion, Leipzig, 1805, p. 228. 3

t De Saussure and Davy found that plants flourished on dilute solutions of gum and
SUgar.

3 Davy, Elements of Agriculture,
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I eall those assimilated matters which have been mentioned above in
the chapter on the substances contained in plants. We can only place
in this class those substances which are produced and exist in the
simplest cells, and which are necessary universally for the growth of
the plant-cell. I do not say that those mentioned above are all, as
subsequent researches may add to their number by the discovery of
unsuspected relations.  There is, for instance, resin, which, though fre-
quently present, is excluded beeanse we cannot deteet its transitions to
the assimilated matters as we can in the fixed oils. In this way we may
draw a permanent and useful distinetion between assimilated substances
and secretions. I would, however, disclaim here any analogy that may
be supposed to exist between these substances and those of the animal
kingdom, and must insist on regarding these terms as connected with
ideas belonging to the vegetable kingdom alone.

There can be little doubt that all the foregoing processes of decom-
position and recomposition of the substances of which the plant-cell is
composed have their foundation in well-known chemical powers and laws.
That the elements of which the plant-cell is composed obey the same
laws in the cell as out of it, seems warranted by the strongest presump-
tions of inductive inquiry. All the elements of which plants are com-
posed are derived from the inorganie world, and the combinations which
carbon, hydrogen, oxygen, nitrogen, &e. enter into in the plant take
place under the influence of the properties or powers which they possess
independent of the plant-cell. Tt is for those who suppose that these
substances undergo some change in passing into the organism to bring
forward some proof of such a change. So long as this proof is wanting
(and it ever will be), we must regard it as true that all the chemiecal laws
find uncontrolled exercise in the organism, The activity of the modern
school of chemists, Liebig and his followers, Dumas, Mulder, &ec., lead
us from another point of view to the same results. Their labours have
placed the perfect identity of the elements and processes which go onin
and out of the body upon the most satisfactory inductive basis, Liebig
and Mulder especially have shown that, if we analyse the course of
?;l}lﬂ:]]ﬁfsl;:\!:ckf‘ﬂ?s::jn the elem_euts composing an organism according

2 ganic chemistry, we come to the same results as
though they were independent of the organie body.

Ihe questions to be solved in this department of vegetable physiology
are, first, what are the compounds, and what the chemieal processes, by
:::,;,I:, ;::qu ,'::.*Ekjf ETII:::II:-E'e:Hs are i'{h-rmei] ;I:md, fecund]y, w!m.t are the
etk oo év e _. : ay flI‘E ml:nw: the substances, which are con-

. 'EG Y plant-cell.  For a knowledge of the compounds, am-
:?:z]ir:r]«i:sn?lﬂ: 1{:::3::!11*;{1“‘;{11:%:;?:9 E;'n& water, which are every where and
are indebied ;.n the cl:umiaf'; ].;[:T:'f-ltmn . ﬂ'le ‘HSSImilBtEd i
has rightly exposed the Bi};: -IF .' tll;ﬂﬁm‘e, ke e Ll?hlg*
ﬂI""‘II.'t'IE’.'- phenomena by wlulltlli;:?'ﬁi thﬂ?i‘- sl o i i
nrrb-'mﬁim. There is i?m'.vr-vcr“ . Efl’“m3 3 e e'Iem-:Ent?, b hf'rmn o
w]Ti{:h r:xf-rcisnﬁ.the r!nnqt 5;11 :[:1-?1?Et i&ﬂﬂw}nch e ln_lnorgun!c b(jdms
It is, that bodies will e-!ﬂ : : = I-ll I'I-L"m'"I 5 ‘ﬂﬂmbinﬂtmns.

, nter much more freely into union with each other
at the moment they are released from other combinations than at
other time. A body in this condition is said to be in sfasu ?msc.-:ﬂtia?ﬁ
a nascent state.  Of the substances which constitute the food of pla!nts,

* Chemistry in its relation to Physiology and Pathology.
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two, water and the salts of ammonia, easily enter into a state of decom-
position. Water on coming in contaet with zine gives off its hydrogen,
and the weakest galvanic current serves to separate its oxygen and 11_1,-
drogen ; whilst an alteration of temperature or solution is sufficient to
ﬂecompﬂse or produce important alterations in the salts of ammonia,
Thus, through the destruction of a single equivalent of water, an impulse
would be given to an endless chain of chemical processes, which would
result in the development of those substances which are found in the
plant-cell.  The question is, however, still unanswered as to what
change is the first that takes place in the series. Liebig has observed,
very correctly, that, as far as the ultimate results are concerned, it
signifies little whether carbonic acid or water is first decomposed. Al-
though, as betore stated, we must not explain the changes which take
place in the cell on the supposition that the elements, as such, unite
together, yet, on the other hand, we are not in a position to say that the
formation of starch, &c. is dependent on the decomposition of earbonic
acid and water. Where plants grow, and where cells are formed, there
we have present at the same time water, carbonic acid, and the com-
pounds of ammonia. We also see that nitrogenous and non-nitrogenous
substances are developed at the same time, and apparently by the same
process. In this point of view, the analogy between the composition of
vinegar and the mother of vinegar, which last, according to Mulder,
consists of one equivalent of protein and four equivalents of cellulose,
is a matter of some interest. Thus:

C H 0 N
74 Water (HO) = — T4 74 —
94 Carbonic acid (CO*) = . 94 — 188 -
2 Carbonate of ammonia] _ | ;
(H2 N6 CO?)? } =M R I
96 76 266 12
Forms
1 Protein = . 48 36 14 12
4 {;Elllllnsﬂ ({Jlg H|u “3} = 48 40 40 —
212 Oxygen = . — —  2]2 —_

96 76 266 12
The 212 of oxygen would suffice to convert 53 equivalents of alcohol
into acetic acid.
But if we leave out of the question the nitrogenous substances, the
following scheme will give us the changes that occur in carbonic acid
and water :

0 H 0
12 Carbonic acid = . o — 24
24 Water = : o 24 24
12 24 48
24 0= : P — 24
X = 2 Fag o 24 24
X=1 Grape Sugar + 12Water = 12 12 12412 H O
"Cellulose
Dextrin 1 b
o0l S et f t 14 » = 2 10 10+ 14 O
Inulin :
» 1 Wood(Prout)+ 16 ,, = 12 8 8+16HO
a3
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These changes require no further explanation than the decomposition
of water, the setting free of oxygen, and the Sepé‘ll'ﬂtlf]ll of a smaller or
larger number of equivalents of water; processes which we know con-
stantly present themselves in the decomposition of organic substances.

One of the most important of the proximate principles is undoubtedly
dextrin,  In all formative fluids, according to Mitscherlich and Mulder,
dextrin presents itself as the primary substance out of which all the
other assimilated matters are formed. In the various changes which
these matters undergo, the nitrogenous bodies seem to be the means of
effecting changes in the other bodies, whilst they themselves remain
unchanged. This phenomenon has got various names without any ex-
planation of it being given. Berzelius calls the process catalysis;
Mitscherlich, the contact of substances; and Liebig the activity of ap-
prehending bodies. A number of such chemical facts are known ; thus —
sulphuric acid, with heat, converts starch into dextrin and sugar and
alcohol into ether ; diastase changes starch into dextrin and sugar ; albu-
men, protein, &c. convert sugar into aleohol. Liebig’s explanation of
the phenomenon as a communication of motion is founded on the notion
of the existence of ultimate atoms, and iz otherwise untenable. Could
we explain better this phenomenon of one of the assimilated substances
facilitating the changes which go on in the others, we should have yet
to explain the changes which produced the nitrogenous substances.

The most important of these changes appears to be the decomposition
of water, but we are at a loss to know whose caleulations to adopt.
Almost all plants need for their growth the influence of light. Here
also we have a need of experiments to determine the action of the par-
ticular rays of the sun-light, as of the coloured, the ealorific, and the
chemical. Only thus mueh is known from De Saussure’s experiments :
that under the influence of light the carbonie acid of the air is fixed in
the cells, and combines also with hydrogen ; a process which will not go
on when light is excluded. That in this case light can be supplied
through hydrogen, appears to be proved by an interesting experiment of
Humboldt’s.*

§ 34. In the formation of the assimilated matters, many sub-
stances become free, which, either through their natural affinities,
or the effect of contact, or predisposing affinity, form new com-
binations either amongst themselves, or with the non-assimilable
substances which may have been absorbed at the same time, All
substances formed in this way I call secretions (materia secreta) of
the cells. Some of these are universally present, as free oxygen,
or at least when they have vegetated under definite circumstances,
as the green colouring matter (chlorophyll). There are others
whose formation depends on especial circumstances, as conia, so-
lania, and the like. The chemical changes by which such sub-
stances are produced are for the most part concealed. Two points
remain to be noticed here:— 1. That these secretions would be
frequently injurious to the cells were they not neutralised by in-
organic substances taken up from without. or by newly formed -
organic matters: thus, oxalic acid combines with lime, and the

* Flora Fribergensis Specimen, p. 180, [See also, on this subject, Hunt's Reports

in the Transactions of the British Association, 1847 s and Draper on the ﬂhﬂui%lr;‘ af
PIHI]I\;.-’]'H.A:;_-{_]
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alkaloids are found united to the organic acids, 2. Bodies such as
tannin, resin, &ec., are frequently formed which have a great affinity
for oxygen, and thus from the vicinity of the cell absorb a con-
siderable quantity of this gas.

There is more need perhaps of research on these subjects than those
of preceding paragraphs, but yet sufficient is known to impress us with
the fact that all depend on physico-chemical processes. The great in-
security here arises from the deficient knowledge we possess of the rela-
tion of these substances to the so-called indifferent bodies. We know
that starch, sugar, &e. are composed of so many atoms of carbon and
water, but not how they are actually formed, or how they originate from
their elements.

Above I have divided the secretions from the assimilated matters ; and
though some of the former should ultimately be placed among the latter,
it will not affect the propriety of this division. We might here classify
these secretions according to their greater or less extension throughout
the vegetable kingdom ; but such an arrangement would have no relation
to the processes of life in the plant-cell, and therefore would be super-
fluous in this place.

Two points must be noticed here. The cells take up with the water
various salts. A part of them are inorganic, a part organic. Of the first
a part, perhaps, remain in the cell from the evaporation of the water.
Another part are decomposed in manifold ways through the chemical
processes which go on in the inside of the cell. From these are pro-
dueed new bodies, which again decompose each other, and act upon those
bodies alveady formed ; and thus the whole of the processes become more
complicated. A part of the salts seem also destined for the neutralisation
and removal of the acids produced by necessary processes. The pre-
sence of a large quantity of oxalate of lime in the Cactace@ is thus
explained, the injurious oxalic acid which is formed in the cell being
united to lime, which is taken up from without in the form of a soluble
carbonate of lime, and an insoluble and innocuous salt is thus formed.
Liebig* has given an opinion that a certain quantity of bases appear to
be constant, in every plant, in every locality. Perhaps, they are those
which the plant eannot do without to bring its ehemical processes into
equilibrium. A similar equilibrium may be found between some of the
substances which are injurious, and formed in the cell, and which united
together form perfectly harmless bodies,

The substances which are formed in the eell, and which have a great
affinity for oxygen gas, will take up this substance from without the cell,
provided it is not supplied them from within. This is easily effeeted, as
the experiments of Dalton and Graham show that a moist membrane is
no hindrance to the penetration of a gas. In this way an absorption of
foreign substances originates which is entirely independent of the pe-
ealiar nutrition of the cell. It may be a question as to whether other
cases, as, for instance, carbonic acid, ate not taken up into the cell in this
manner, It is very certain that through this oxidation the substances
are thus brought into a new relation with each other, and a new play of
chemieal activities is introduced.

* Organische Chemie, p. 85.
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1L OFf the Excretion of Substances from the Plant-Cell.

§ 35. The endosmose whereby fluids are introduced into cells
necessitates an exosmose, consequently a small quantity of the
contents of the cell pass out. In this case there is no clective
ower of the cell to be assumed, but all that is dissolved in the
cell, with the seereted matters, are exposed to a modification whic]},
as in endosmose, is regulated by the relation of the substances In
the inside to those on the outside of the cell.

In this place we must speak of the theory of excretion by the roots.
But, first, we must regard this process as it takes place in the individual
cell, for of such is the external part of the root composed. In this case
we find that where endosmose takes place there also exosmose must
exist ; and the denial of exeretion by the one process whilst absorption is
admitted by the other, as is done by Meyen®*, is highly unphilosophical.
This, however, is a different question from that as to whether the plant
has the power of rejecting those substances which are injurious to its
life. We cannot conceive of an endosmose without an exosmose; but
there is no sense in which we can say that the plant has the power of
oetting rid exclusively of that which is injurious to it, because the
assumption of injurious and non-injurions substances is altogether gra-
tuitous.

The substances which are thrown out from the cell during exosmose
may become changed at the moment of their exit by contact with the
substances passing inwards, so that in many cases it is not improbable
that it is impossible to learn what is truly the product of exosmose.
With this ease we have one remarkable analogy. During the process of
germination, starch, by virtue of the gluten (diastase), is converted into
dextrin, and this again into sugar, and the sugar is ultimately converted
into other substances, during which changes carbonic acid is fixed, and
acetic acid is set free (according to Becquerel); at the same time acetic
acid is never feund free in germination. In fermentation the gluten
changes the starch into gumn and sugar, and separates this into carbonic
acid and aleohol, which is easily (as, for instance, with soft platinum) con-
verted, in contact with oxygen, into acetic acid. The analogy is so strik-
ing in this case, that we cannot avoid supplying by hypothesis the failing
link, and supposing that aleohiol also is formed during germination, and is
immediately converted by union with oxygen into acetic acid, which is
then separated.

Two points demand attention here, which modify the process of exos-
mose considerably,  The one is the decided affinity between substanees
without the l’.'lf'H, i'-lrlil which are ﬂ“eu to f{;“ﬂ“r this ﬂtt]‘ﬂﬂtiﬂn; and, semndl}l,
?lu—: al'._tl‘u{:l.lml which Ein_lilul* substances have for each other. In a fluid
in which two salts are dissolved, we may produce a crystallisation of either
one or the other, ucr':fnhng as we throw into the solution a erystal of one
ol tlIE ('.'.tlllf‘!l'- ]." this \'-’:'L:"' Hi {Fl*]l appenrs it givu ot EEpEﬂiﬂ-"j" I'.I'I.I'_‘.- mit=
ters which are found 5u3‘1‘::|||ltli|1g 1t in greatest quantity. At least, in
tais way we may explain the fact that the cells surrounding the gum-
pnssages secrete the largest quantity of gum. These points will be recon-
sidered when we speak of the root,

= l’ll}'siuhl;;ic* vial, il pp- 27, 524.
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§ 36. When free gases are present in the cell in larger quantities
than can be held in solution in the fluid, they naturally pass through
the cell-wall, which presents no hindrance to their escape. When
the fluid is saturated with gas, the nature of the gases in the neigh-
bourhood of the cell determines whether, according to the law of
equilibrium of gases, a partial interchange takes place or not. The
gases which are combined in this way are principally oxygen, car-
bonic acid, and hydrogen.

The most universally present processes in the cells of plants are the
decomposition of water, with the fixation of hydrogen, and the decom-
position of the assimilated matters by the formation of carbonic acid.*
Sometimes, as in the Fungi, the decomposition of water is attended with
the liberation of hydrogen.t From hence it arises that, with the water of
the plant-cell, the gases which are dissolved in it are also taken up. Thus
we constantly find free gases which do not unite as in other chemical
combinations, but which must also pass out free. This process occurs in
its simplest form in the vegetating cells of the Conferve, where carbonic
acid gas is taken up, and oxygen gas is given out as the consequence, ¥
In this case, the Daltonian law of the interchange of gases cannot be
taken into consideration, because the quantities do not correspond with
the law.

A fluid consisting of a solution of equal parts of gum and sugar, when
saturated, would contain about 70 per cent. of carbonic acid. When this
becomes fixed, about sixty-three volumes must be set free in the form of
oxygen gas, so that the earbonie acid is diminished nine-tenths of its bulk
by the loss of oxygen. De Saussure’s experiments prove that this is
about the relation which the earbonie acid and oxygen bear to each other.
There are, however, many ecircumstances which may modify this process
to sume extent, and especially the interchange of gases according to the
law of Dalton. This process is sometimes called, with great impropriety,
respiration, and is supposed to resemble the same process in animals. The
phenomena become much more complicated when, in addition to the
simple process of decomposition which goes on in the cell, some of the
contained substances, as, for instanee, resin and the like, absorb gases, as
oxygen, from without, and unite with them.

ILV. Dispesition of the assimilated Matters.

§ 37. The plant-membrane grows through the assimilated matters
in such a way that it is extended equally on every side, so that a
still larger space is surrounded, and its walls become thickened.

The cause of growth in this case is apparently from the attraction of
similar substances for each other, as seen in the increase in size of erystals
when placed in solutions of the same salt. The absorbed matters do not,
however, arrange themselves in regular layers upon the surface of the
membrane, but permeate all parts of the absorbent membrane in a semi-
fluid state ; but still the inerease of surface is greater than of thickness.
In this way a cell continues to grow without its walls becoming thicker.
We have no grounds to suppose that isolated cells grow through apposi-

* See Germination.

+ Humboldt, Flore Fribergensis Specimen, p. 179. ]

t First observed by Priestley, in the year 1773. See [riestley, Observations and
Experiments on various Kinds of Air.
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tion, but much more evidenee to prove that this process takes place by a
true intus-susception. Schwann has made some highly ingenious re-
gearches on this subject.”

§ 38. At a definite period, the -::ell—:lmgmbrane ceases ﬁ}r_ the most

rt, or entirely, to grow ; and the assimilated matters, which are so
formed that they pass readily into a solid form, distribute themselves
in a special layer upon the inner surface of the membrane, in the
various forms we have already spoken of (§ 16.). This process goes
on as long as new matters are formed.

In the formation of erystals, we find that the constantly increasing
layers arve deposited only of a definite thickness, and when this thickness
is reached the formation of a new layer begins. We find the same taking
place in the plant-cell ; only with this difference, that in the cell the solu-
tion is in the interior, and the newer layers are deposited from within.
Of the cause which gives to these deposits a spiral form we know little or
nothing ; only this much we can say, that neither in round nor longitudinal
isolated cells are either deposit-layers or a spiral arrangement exhibited.
The first indication of a spiral direction of parts is seen in the species of
Spirogyra ; but here the spirally deposited matter is not the formative
matter of the cell, but ehlorophyll.

It often happens that the primary cell-membrane continues to grow
after the second layer is deposited, which results in a division of the last
layer if it has not grown equally with the first. When a new layer con-
sists of another modification of the assimilated matter, or the first layer
becomes dry and firm before the second is deposited, a greater or less
evident separation between them is visible.

§ 39. The matters contained in the cell serve not only for the
completion of the cell itself, or for the formation of new ecells
(§ 13.), but also eonstitute, in various conditions of aggregation,
and under multifarions forms, the contents of the cells, In the
organic substances the fluid portion is very gradually transformed
into a relatively speaking firm, but not completely solid, matter.
The unazotised compounds, gum, dextrin, jelly, amyloid, starch,
&ec., are rendered firm by the gradual abstraction of the solvent
(water), and, in a similar way, from the azotised compounds, is
formed the mucus. In consequence of this process of change,
many ‘{)f' thesc_ substances appear in remarkably defined forms,
vequiring especial notice.  Besides crystals of inorganic salts, we
observe, in the cells, starch-, inulin-, and mucus-granules, larger
glnhulf:s of gum, resin, and oil. But the most remarkable of these
forms is one of a peculiar character, assumed by the mucus in cer-
tain cells of the antheridia in the Characee, Mosses, Lichens, and

Ferns, in which it presents the aspect of a spiral filament, with from
one to two turns and a half.

The contents of the individual eells exhibit an endless variety, from a
mixture of many ?EI‘;{ different fluid and golid constituents to a Bing!g
nearly uniform material, either liquid or solid, occupying the whole cell.

* Mikroskopische Untersuchungen, p. 223,
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Individual cells are frequently entirely filled with essential oil or with
resin, or with a substance not yet chemically determined, of a red or
brownish colour, which is found in the cells of many Alge (the hologo-
nimie cells of Kutzing), In the green cells in a state of active vegetation,
the following appearances are usually observed: the internal surface is
invested with a continuous and very delicate layer of semifluid mucus
(* amylid-cell” of Kutzing, * primordial utricle” of Mohl), to which the
more solid mueus and starch granules adhere ; these granules are usually
covered by chlorophyll in a semifluid state, or that substance is attached
to the mucous layer, occasionally, as in the species of Spirogyree, in
spiral bands jagged at the edges.®* The chlorophyll may be merely
deposited #pon the starch, or it may be, perhaps, that starch is formed
into chlorophyll, but never from it. Chemistry is wholly opposed to
the latter being the case (§ 12. 1.). The rest of the space in the cell is
usually filled with a thin, tolerably clear fluid — a mixture of dextrin,
sugar, and albumen in solution, in the most varying proportions ; and not
unfrequently also containing more minute, semifluid, mucus-granules,
inulin, extremely minute oil-globules, and echlorophyll, distributed in
various ways : inorganic erystals, on the other hand, are rarely met with
in cells in a full state of vitality (as is sometimes the case in Spirogyra).
Of these matters, however, one or the other is oceasionally wanting, or
exists in greater or less proportion, Crystals, especially when in great
numbers, usually oceur only in an aqueous fluid containing few organie
compounds, as, for instance, dextrin: oil and resin are frequently found
alone, As to the forms exhibited by these substances, all that is
necessary has been already said (§ 7. 9, 10.) : I will here merely notice,
in addition, two very remarkable conditions.

a. Upon examining the fibres of the root of Neottin Nidus avis (in
flower), three layers of cells will usually be observed immediately
beneath the epidermis; the first consisting of cells about three times as
long as the epidermis cells, and of the same breadth; the second and
third, of cells of the same length as the former, but as broad as long.
Immediately on the inside of these succeed cells of the same breadth, but
three or four times longer, containing starch. Each cell of the outermost
of these three layers contains an elongated irregular mass of a semi-solid
yellowish substance (ecoagulated mueuns?), which oceupies nearly the
whole of the cell. Each cell of the internal layer is filled in the same
way, but in them the contents are intermixed with distinet fibres. The
cells of the intermediate layer, lastly, contain a globular mass of a
material of a browner colour which almost fills them ; this globular mass
is not composed of an amorphous substance, but, on the contrary, is con-
stituted almost entirely of interlaced fibres, very similar to those which
occur in the internal layer of cells. These fibres, which at first sight
might be taken for spiral fibres, are seen, on stricter examination, to be,
in the first place, all confusedly entangled, and, secondly, to be not solid
but to constitute tubes with unyielding walls and of moderately wide
calibre. They frequently present irregular dilatations and short lateral
cozeal branches, and they not unfrequently subdivide into longitudinal
branches. They also exhibit dissepiments at regular distances, Eﬂpf_-.viull_',r
towards their extremities, which are rather dilated; these dissepiments

* Kiitzing’s notion that the amylid-cell is contracted into these spiral bands (Phy-
cologia generalis, p. 49.) is to be attributed to the want of precise observation.  The
soft mucus investment co-exists in a perfect state together with the spiral bands.
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are composed of a bright yellow substance (mucus?), so that the fibres
do not altogether appear unlike some Conferve. With respect to the
real character of these peculiar formations I have nothing at all to
observe. The system of vessels discovered by Gottsche, in Preissia
commutata, may be adduced as the only thing at all analogous to them,
but just as isolated and mysterious. In this casc the individual cells are
traversed by similar tubes, which appear to perforate the cell-wall itself.
In either ease, an elucidation of the mystery can be expected only from
tracing the course of development. ]

b. In the antheridia of the Characee, Mosses, and Lichens, as well as
of the Ferns, the layer of mucus is apparently transformed, in the
tender cell, into a spiral filament ; the history of which has, as yet, been
by no means rendered clear. Its relation to the soft mucous layer
especially, still requires more particular investigation ; and it m_lght. uilsu
probably be a question for determination, whether the cells in which
these spiral filaments are developed are in reality perfect cells or only
the nuclei of cells, that is to say, hollow cytoblasts. The best recent
researches on the subject are those of Niigeli.*

V. Motion of the Cell Contents.

§40. The fluid contents of vegetable cells exhibit two kinds of
motion, as to the causes of which we are still wholly in the dark.
In most plants in the families of the Characee, Najadace, and
Hydrocharidace@, there is observable in each cell a single current
ascending on the one side and descending on the other, the fluid
constituting which, differs in colour, consistence (mucosity), and
insolubility in aqueous fluids, from the remainder of the transparent
cell-juice. The current is rendered more evident, in some cases,
from its carrying along with it the spherical bodies contained in
the fluid (starch, chlorophyll, mucus, &c.); but for the most part it
is sufficiently evident of itself.

The motion is best seen in the species of Nitella, in the hairs on the
roots of Hydrocharis morsus rane, and in Vallisneria spiralis. Each,
however, has its peculiarities. In Nifella the moving stream is very
considerable, so that only a narrow streak remains at comparative rest
between the ascending and descending currents. The stream is strong
and rapid, and carries along with it starch-granules of considerable size.
Its course is not exactly parallel to the axis of the cell, but forms a small
angle with it. In two contiguous cells the currents flowing on the par-
tition between them run in opposite directions, consequently throughout
the whole plant the ascending streams are on one side, and, in fact,
owing to their oblique direction, form a spiral ; this is the case also with
the descending streams, When very young, the cells are perfectly trans-
parent, a condition which they subsequently lose, in consequence of
numerous granules, covered with chlerophyll, arranging themselves in
slender parallel rows upon the walls exact] y in the course of the streams
and leaving on each side only the narrow intergpace between the st.ream;

* Schleiden und NHEEH, Zeitsehrift fiir Wiﬁﬁﬂllﬂtlmﬁliuhu Hutnl\i'ﬁ, Bd. 1. Heft. L

5. 168, et seq.  This paper is translated by the Ray Society in © : :
on Botany,” 1845. ¥ y in * Reports and Papers
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uncovered. If the cell be carefully tied across, the current is in a short
time re-established in each subdivision. If the cell be eut through, the
circulating fluid escapes only on one side from the stream which is directed
towards the opening, the remainder of the fluid completing its entire
eircuit through the cell before it also comes to eseape. Any influence
detrimental to the lite of the plant also affeets the motion of the sap, and
whatever favours the former also promotes the latter. The same thing,
in all respeets, takes place in Chara, only that in this plant the observa-
tion is not so readily made. In no plant in which the circulation is in
any way exhibited are the currents found to be so associated az to
constitute an asecending and a descending spiral.  In Hydrocharis,
owing to the perfect transparency of the naturally isolated cells of the
hairs of the roots, the observation is exceedingly easy. In Vallisneria
(figs. 95, 96.), although the leaf must first be cut parallel to the surface,
in order to render it sufficiently transparent for convenient observation,
this proceeding is not detrimental to the motion, which, after a few
minutes, is again exhibited in its pristine activity. In this plant the
circulating mucous fluid is very seanty, and constitutes merely a very
thin covering on two opposite walls; but it has sufficient power to carry
on the usually flattened lenticular granules covered with chlorophyll,
and which are of tolerable size.

% 4, Section parallel to the surface from the leaf of Pallisneria spiralis. In the cells
from a to e is seen the current of sap, the direction of which, as observed in each r.:-.-il.._
is indicated by the arrow. In the cells marked b, which form the lateral boundaries ot
the air-passage opened by the section, the anterior half only of the current is seen in
its whole width. The very gelatinous eytoblast cireulates with the stream. 5 exempli-
fies the same section on a ground plan, . :

% A portion from the seetion shown in fig. 95. more highly magnified. The thick-
ness of the siream exceeds that of the double cell-wall: the uhm;_r,:i_tuii. roughened
corpuscles are the lenticular granules of chlorophyll earried -Jllﬂng “'l_th the current ;
at the same time their varying figure and various positions in the circulating fluid
are exhibited.
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In Najas major and Caulinia fragilis, in the fruil_: stalk of the Junger-
manniace (according to Meyen), the motions are precisely of the same kind.
The observation is of extreme difficulty in Stratiotes aloides; and after
frequently repeated examination of every species of Potamogeton, 1 have
only twice succeeded in actually seeing the motion : I have, unfortunately,
forgotten to note the species. :

After the most careful research with the best instruments, ]' have
been unable to perceive a trace of the presence of vibratile cilia as a
cause of the motion, and it is very improbable that such should exist.
Whenever these cilia are found in animals and plants, they always
appear as processes on the exterior, never in the interior, of cells.

This kind of eirculation, taken as a whole, seems to be, for the most
part, a phenomenon wholly peculiar to the vegetable-cell, and to be con-
neeted with its perfect individuality. All the plants above mentioned,
in which the circulation is observed with certainty, are aquatic, or else
very fond of water, belonging to families very low in the scale of
organisation, i which the cells exhibit a great degree of independence,
so that separated portions of the plant (for instance, of the leaves of
Vallisneria) often retain their vitality for months. The supposed cireu-
lation of the same kind in higher terrestrial plants I must for the present
leave undetermined, as I have never been successful in making even a
single observation with regard to it.

Historical and Critical. — In the year 1772, Bonaventura Corti dis-
covered the circulation of the sap in certain Characee and in Caulinia
fragilis (% mia pianta,” as he constantly terms it), and also extended his
observations to many land and water plants, the determination of which
is, at the present time, for the most part impossible. IFontana confirmed
these discoveries, and at the same time cleared up some errors into which
Corti had at first fallen. DBoth these inguirers had obzerved so accu-
rately, and made such numerous experiments, that their successors were
not able to add anything essential. Their discoveries, however, in
the times of the Linnman school of compilers, were so totally forgotten,
that C. L. Treviranus, first in 1807, rediscovered the motion of the sap
in the Chare, and Amici in 1819 in Cawulinia; to which instances Meyen
subsequently added the other plants enumerated, after Horkel had again
fallen upon the writings of Corti, and drawn attention to their contents.

Corti’s obzervations, above alluded to, upon land plants, as has been
said, do not admit of repetition. Meyen® formerly said a good deal
about these observations, that he had confirmed them all, without at the
same time entering into particulars, with reference to which I would
remark, that at the time he wrote his “ Phytotomie” he was unac-
quainted with the kind of motion deseribed in the following section, or,
at all events, did not distinguish it from the other. In his last work { he
passes it over in, as it appears, prudent silence. In his ¢ Prize Essay”
he states that he has also observed the motion in Pistia Stratiotes. He
and others have repeatedly confounded the cireulation here deseribed
with the following.

Corti’s notion, which was opposed even by Fontana, that the ascending
and descending streams are separated by a septum in the eell, has been
repeatedly broached since his time, but it is easily shown to be false.

e I}'[ﬁ"_‘fﬁp, Phj"tﬂtﬂmil!, 5. .] 82. Ueber die nenesten Fortsehritte der Anatomie und
Fhysiologie. Harlemer Preisschrift, 1836, p. 165, and elsewhere.
t Physiologie, vol. ii. p. 206, et seq.
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A

The fanciful opinion propounded by Amiei, Dutrochet, and others, of the
motion being caused by a galvanic influence, in which the rows of
chlorophyll globules in the Clhare represent the connecting chain, is an
unscientific sporting with lame analogies. It is at once refuted by the
fact, that in the germinating Charae the circulation is evident previous
to the existence of the globules and their serial arrangement.

§ 41. In almost all cells which, according to their position or
degree of completion, enjoy a high degree of independence, a
peculiar system of minute currents, with numerous anastomosing
branches, i1s exhibited. The fluid of which these currents are
constituted is of a mucous nature, mixed with minute opaque
granules ; and the streams proceed from, and return to, the eyto-
blast, which is invariably present at the same time: they cover the in-
ternal surface of the cell-wall (fig. 97.),
or traverse the cavity of the cell from
one wall to the other, without ming-
ling with the rest of the cell-fluid,
which is for the most part as clear as
water.

Up to the present time, I have found
this peenliar form of cirenlation in nume-
rous eryptogamous plants, for instance, in
Achlya prolifera, Séf}imgym, and other
Hyphomycetes and Conferve ; in almost
all the forms of hair in the Phanero-
gamia (Plate I, fiz. 13.) that I have as
yet examined, for instance, in Solanwum
tuberosum ; in many spores, such as of
Equisetum arvense, and pollen granules,
for instance, of (Fnothera grandiflora in
the immature state ; in almost all immature endosperm-cells, as in Nuphar
lutewm, and especially in such as are subsequently reabsorbed as
in Ceratophyllum demersum, in almost all stigma-papilke,
as in Tulipa Gesneriana, in the loose cells of juicy
fruits in the young state, as in Prunus domestica ; in the
pulp which is constituted by the placental cords (Plate L,
fig. 7.), as in Mammillaria ; less frequently in the loose
juicy parenchyma of many plants in the young state, [
asin Tradescantia rosea. 1 believe it exists, however, in | | :
all vegetable-cells as long as the cytoblast retains its vital }.1 ‘E=
activity. Upon the whole, I have, up to the present time, '\ 17 %
collected several hundred examples from the most varions
families.

As instances admitting of easy verification, I would
mention the fruit of Symphoricarpos racemosa (znow-
berry) (fiz. 98.), which may be procured anywhere, or of
a Mammillaria. Each cell in these instances is entirely

s

" Longitudinal section through the style of a Campanula, with two hairs: a, a hair
exhibiting a circulation ; its point is enclosed in a layer of mucus: & has lost its con-
tents, and is in consequence contracted.

"W A single cell from the fruit of the Snowberry : the arrows give the direetion of the
currents, -
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isolated, and filled with a colourless clear fluid. At one part of the wall is
affixed a sharply defined, faintly granular cytoblast, presenting a well-
marked nucleolar corpusele. The cytoblast is always surrounded by a
narrow areola of a yellowish mucous fluid, thickly crowded with minute
opaque granules, and from it proceed currents of various width and
depth. At the margin, and consequently where the cell is viewed from
the side, these eurrents are often seen to advance with distinet minute
undulations : the direction of some of the currents is from the cytoblast,
of others towards it. In their course they exhibit numerous branches,
and anastomose with each other: in these plants only rarely, but in others
more frequently, separate currents traverse the cell, in order to unite
with other currents on the opposite side. Many of the streams are so
minute, that under the highest magnifying power they exhibit the
appearance of a line without any breadth, merely rendered to a slight
extent irregular by the individual granules. Oceasionally a current is
suddenly interrupted, the leading portion continuing its course; a minute
drop of the fluid is then formed at the extremity of the remaining portien,
from which, after some time, the current is continued in the former or
in a new direction, or else two or more currents proceed in a new direc-
tion. In this respeet, all other cells present merely unessential differ-
ences, of which, however, the most interesting is exhibited in Cerato-
phyllum.® There are certain facts that must be borne in mind, in future
attempts at explaining the nature of the motion deseribed in the two
preceding paragraphs, and which may probably lead to the explanation
of them: these are the endosmosis and exosmosis, which must neces-
sarily, in some way or other, give existence to a motion of the cell
contents ; the continunous formative agency of the eytoblast, the peen-
liar nature of the circulating fluid, its immisecibility with the watery
sap, its great adhesion to the cell-walls, as well as its great intrinsic
eohesion. At present it must be confeszed, however, that we are not in
a condition to construct any useful theory out of these elements.

As far as it can be determined with certainty, the circulating fluid
appears invariably to be mucus (albumen?). When eells, in which is
exhibited the circulation deseribed in this and the preceding seetion, are
submitted to the action of aleohol or nitrie aecid, the mucus contracts on
its coagulation, and may be ohserved to invest the whole surface of the
walls with a thin layer, and the currents will be seen to eonstitute merely
thicker streaks of mucus, The same thing takes place in every cell as
yet immature. Both in the latter, and in those cells which exhibit a
circulation, the eell-contents frequently coagulate of themselves, in con-
sequence of chemical proeesses in the cell, and then retract spontaneously
from the walls. In cells undergoing lignification the mucus gradually
disappears.  In all young cells the mucous investment may be de-
monstrated also by the use of iodine. Might not its existence be
said always to indicate motion? What phytotomist can have over-
]un];:r:d the innumerable instances of cells in which mucous filaments
radiate frmn tlm: cytoblast?  Whenever I have examined these eells in
the earlier condition, T have never failed, with due perseverance, to ob-
serve the cirf.'.ul.'n_"mn in these mucous filaments, or rather streams. The
mueous layer in question is frequently so little granular, that its motion

* Spe my i Bnitr;l'g{.‘ or ]‘Fi'““'-ﬂiﬁe.‘l der {!";'rﬂh’Pj'I}'”li'El'l in the I.il‘.ll]:l':l.,," val, ii.
(1837), p. 527, et seq. Dotanische Beitriige, vol. i p. 218, et seq.
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is scarcely at all observable. May not this motion be regarded as a
universal phenomenon, and as most intimately connected with the assi-
milation of the azotized matters?

Historical and Critical. — This form of sap-motion was discovered
by Robert Brown in 1831, in the hairs of the filaments of Tradescantia
virginica.®  Slack, Meyen, and myself, have contributed the prineipal
additions to the number of instances. Meyen thinks that, besides these
sap-currents, air is contained in the hair-cells in 7% wirginica; but
this is altogether erroneous. His attributing an assertion to the same
effect to Robert Brownt, arises simply from a mistranslation of the
English : Robert Brown refers merely to the air which is adherent to
the hairs. Slackf supposed that the hair-cells of 7. virginica contain
a second utricle, and that the currents flow between its wall and that of
the cell. Accurate observation easily shows this view to be a mere
fiction. The most superficial observation only, or the most defective
microscope, could have led Schultz§ to misplace these currents on the
outside of the cell, in a special system of vessels (his  vasa laticis con-
tracta™). A single attentive observation is sufficient to refutet his notion,
and to demonstrate the phenomena as I have described them, as well as
the impossibility of the existence of such a system of vessels. Meyen
ascribes the motion not to the fluid, but to a self-motive power inherent
in the granules that are carried round with it; an idea which, in some
cases, has led to his overlooking the fluid, But views of this kind I regard
as being without any foundation whatever.

I make no reference to the dispute as to the existence of either this or
the previously deseribed motion, any question upon the subject being
altogether out of date. Whoever, at the present day, entertains a doubt
about it, is quite unfit to make any physiological observation.

§ 42, The spiral filaments in the antheridia of the Characee,
Mosses, Hepaticw, and Ferns, mentioned at the end of § 39., ex-
hibit, at least when in contact with water, a peculiar motion, con-
sisting principally in a rotation around the axis of the spiral, and
which motion in the free filaments is shortly changed (according
to the law of the Archimedean screw) into a progressive movement ;
but the motion is modified in divers ways, according to the varying
width and diameter of the spirals.

The motion referred to in the section is as yet, together with the
existence of vibratile cilia, one of the most remarkable and mysterions
phenomena in the vegetable world. Phenomena of this kind afford but
too ready a ground for the unbridled fancy to fill up the defective gaps
in our Lnnwleﬂge, with what are termed clever notions; the divine
maxim of St. Paul, “that we know in part,” being {llﬁl‘{.f'ﬂr{]l’!d. Many
fabulous statements consequently have, in former tlme been made
on this subject. Too much caution, tlmrLfnrv eannot "be employed
when apparent analogies are indicated, lest they should be received
as views having a scientifie Fuundation, and used in the erection of a

H.}

* On the Sexual Organs, &c. in the Orchidex and Asclepiadew (1831), p. 17
t Physiologie, Bd. II. 8. 244, et seq.

{ Transactions of the Society of Arts, &e., vol. xix. (1833).

§ Flora, 1834, p. 120., and his Paris prize essay upon * Cyclosis.”

H
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fartber superstructure. I myself always prefer as much as possible
to refrain from this play of an active fancy, rather acknowledging my
ignorance, and endeavouring to show that it arizes inevitably from the
nature of the thing itself. As in every thing else, however, theoretical
views of one sort or another have abounded respecting the phenomena in
question. )

In the first place, we are not even acquainted with the morphological
significance of the organs in which the delicate cells, with spiral fila-
ments, are developed. We know just as little about the development of
the cells; are just as, or perhaps more, ignorant regarding the formation
of the spiral filaments ; and with respect to their chemical nature, we are
able to arrive at only a very imperfect probability. As to the mechanism
of the motion, we know just as little as we do of that of the moving cilia :
of the cause of motion, of the motive power, just as much as that of
the contraction of the primitive muscular fibre, of the motion of animal
spermatic filaments, and of the vibratile cilia on animal and vegetable
cells ;— that is to say, absolutely nothing. A comparison of this motion
with that of the heavenly bodies, is, however, wholly inadmissible, be-
cause the commencement of the motion in the organisms in question has
relation to time, but not so that of the heavenly bodies; on which ac-
count, with respect to the latter, the question after the first impulse
(tangential force) does not concern us at all, but it dees very materially
with respect to the organic structures. All these motions fall into the
same category, in every respect, with those which will be described in
the following section. Ignorance and stupidity term them * primitive
phenomena.” The discreet and profound investigator of nature recog-
nises their temporary limitation in this respect, as well as their destined
application to purposes of further activity.

§ 43. When a multitude of very minute corpuscles of either an
organic or inorganic nature, for instance, minute starch-granules,
small erystals, &e., are contained in a cell in a fluid of sufficient
tenuity, they usually exhibit a quivering motion (termed * mole-
cular motion”), the cause of which is still unknown to us; but in

any case it has no necessary or exclusive connexion with the life of
the cell.

Some observations relative to this subject had been made at an earlier
period, but had been either disregarded or at least not followed up, and
it was not till 1827 that R. Brown* first took up this phenomenon in a
qﬂnncr:tml point of view, and at the same time completed the inquiry so
fully, ﬂ_-'l-?lt searcely any thing remained to be added ; and it required the
subjection of a Meyen to preconceived notions to speak of it as a vital
phenomenon,

All bodies sufficiently minute, organic or inorganic, and suspended in a
fluid not too thick, present a peculiar oscillatory motion, unattended with
any perceptible change of place. Instances of this phenomenon are to
be found in almost all plants, in the mucus- and starch-granules, erystals,
&c., whether inclosed in a cell or free; but only when the fluid can
retain them in suspension, so that they cannot sink to the bottom. The
lllilk}"juiﬂl‘:, and that contained in the [‘lﬂ]icn arains, are fluids El'l'lllllEﬂt.]JF
of this nature, and in these, consequently, the motion in question is most

* Vermischte Sehriften herausg. von Nees v, Esenbeck, vol, iv. p. 143,
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frequently and most readily observed. As it happened accidentally that
these motions were first observed in the latter organs, as being more fre-
quently and more particularly examined than the commaon cells, fancy was
at once busied in erecting therefrom all sorts of wonderful systems. It is
to these motions that those amongst us who are gifted with speculative
heads are indebted for the vegetable Spermatozea. Dut it is to be
hoped that we shall soon be delivered from them, as such true and sober
observers as Fritsche® and Nigelit for plants, and Kollikert for ani-
mals, have declared war on good grounds against the animality of
the Spermatozoa. That the supposed change of form of the minute,
elongated, crescentic starch-granules in the Onagraacee depends upon
optical illusion, is easily ascertained by the attentive and unprejudiced
observer. There can be no question as to its not being a vital phe-
nomenon, because the motions continue even in the aleoholic tineture of
iodine (an absolute poison for all vegetable and animal life), of which
any one may readily convince himself, and which Fritsche § has, with his
well-known aceuracy, shown to be the case in a great number of plants.
No person but one blinded by preconceived notions, and looking every
where for prodigies, and especially not under the cautious guidance and
support of a sound philosophy of nature, can find anything extraordinary
in the perfectly natural oceurrence of this universal physical phenomenon
in the contents of the pollen-cell, or endeavour, with empty fancies, to
supply the gap which he imagines nature to have left,

Respecting the ultimate cause of this phenomenon we know nothing at
all ; electrical tensions and the balancing of eleetrical forces, consequent
upon chemieal processes, have been provisionally proposed as an ex-
planation. It is better to wait and direct our activity to something else,
than to waste our own and others’ time with premature views and untenable
fictions.

VI. Motions of the Vegetable- Cells.

§ 44. In the spore-cells of certain of the lower aquatie plants, there
is exhibited, for some time after their quitting the mother-cell,
occasionally also some time before their doing so, a locomotion
resembling the molecular movement ; but with the difference, that
in this case the motions are more considerable, and effected by
means of vibratile cilia.

Perhaps in no case has the want of sound philosophical prineiples led
to greater phantasies than in the above phenomenon. The subject has
become still more involved by the statement in former times of a multi-
tude of supposed facts, the immediate offspring of imperfeet observation,
and which had no actual existence. Meyen, to whom we are indebted
for a very industrious compilation of all that has been said on the subject,
(Physiologie, vol. iii.) says that he found himself compelled to make a

* Ueber den Pollen. St. Petersburg, 1837. From the Mém, de I'Acad. Tmp. des
Se, de St. Pétershurg, printed separately, p. 24, et seq,
t Zur Entwicklungsgeschichte des Pollens bei den Phanerogamen. Zurich, 1842,
} Beitriige zur Kenntniss der Geschlechtsverhiltnisse und der Saamenflussigkeit
wirbelloser Thiere, u. s. w. Berlin, 1841, p. 49.
§ L.c.
2
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eritical selection of the facts, but afterwards goes to work as uneritically
as possible.  Two circumstances conduece to render the earlier observa-
tions of Ingenhousz, Agardh, Wrangel, Wilke, Girod-Chantrans, and
others, entirely useless, or, at all events, very suspicious; in the first
place, because the above-named observers were not sufficiently assured of
the identity of the motionless and moving corpuscles, and secondly
because, owing to the then state of science, and the nature of their instru-
ments, they were not at all in a condition to distinguish between true
Infusoria and the minute spores of the Conferve, &e. To which, also,
may be added that, as regards the Conferve, many things have been
looked upon as spores which were lnﬁraly cell-contents, as starch, chloro-
phyll-granules, &c., and which consequently, very naturally, occasionally
exhibited the molecular motion.

As a proof of the good grounds I have for this scepticism, I would
merely remark, that an observer like Kiitzing, who has devoted thirteen
years, with the most unwearied industry, to the observation of the Alge,
ventures to state in his whole work but three instances in which he him-
self had an opportunity of observing the phenomenon in question.

As facts of a more certain and useful nature, only a few observations
remain, in which it was noticed that the spore-cells were liberated and
exhibited spontaneous motion, but afterwards became motionless and
germinated. The latter circumstance especially must necessarily be
inquired into in referring to the older observations, because we also know
az a fact that true fufusoria are actually met with in the interior of the
cells of Conferve. Acting in an earnest spirit of criticism, which
alone will suffice to secure us from being misled by the dreams of
faney, I can admit but very few of the facts adduced by Meyen
in his ¢ Physiologie” and Annunal Reports, all of which have re-
ference to spore-cells, partly of the Conferve and partly in the fila-
mentous Fungi. To these, also, are to be added some later observations
by Unger *, Kiitzing f, and Thuretf. I have succeeded in observing a
phenomenon of the kind in question in two plants only, viz, in Acklya
prolifera and Vaucheria clavata DeC. This observation is quite suffi-
cient, however, to place the fact itself beyond doubt. _Acklya prolifera
presents two kinds of spores : larger ones, which are formed in smaller
number in spherical sporangia ; and smaller ones, which are developed in
greater numbers in the unchanged filiform terminal joints, from which,
when the spores are mature, a minute opereulum is detached. Shortly
before this, the spores assume a vibrating motion, which is accompanied
with change of place, often considerable. This motion lasts for some time
after the spores have escaped, and finally ceases, whereupon the spores
frequently, even after a few hours, begin to germinate. When a terminal
joint of this kind is emptied, a new similar joint usually grows within ity
arising from the next septum, and frequently not wholly filling the
remaining former one.  In this new joint, also, spores are again formed,
which have then, in making their escape, to pass two openings, and
oceasionally move about for a long time between the two cell-walls before
they reach the second opening.  Dut it also happens, that they never
arrive at this second opening at all, and germinate, or at least begin to
germinate, within the older utriele.

* Unger, Die Pflanze im Momente der Thierwerdung.
+ Kiitzing, Phycologia generalis.
{ Thuret, Les Organes Locomoteurs.
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In Aeklya prowyera, no ohservation has yet been published serving to
throw light upon the mechanism of this motion ; my own observations
date at a period in which I first began the pursuit of Botany. In Fau-
cheria clavata 1 have only once observed a liberated and spontaneously
moving spore, and immediately noticed currents on each side of it, rendered
manifest by the rapid transit of minute corpuscles. I thereupon concluded
that these currents were produced by eilia, but in trying to fix the spore
and observe it more closely it was unfortunately destroyed. Unger, and,
after him, Thuret, have communicated more particular observations on
this subject, and shown that the whole exterior of the cell is covered with
vibratile eilia. Thuret has also observed motion and vibratile cilia as the
eause of it in Conferva rivularis and C. glomerata, in two species of Che-
tophora, and two of Prolifera. (¢) Kiitzing simply noticed the motion in
Aehlya prolifera, Tetraspora gelatinosa, and Ulothriz zonata, without
making any observation on its cause. Excepting in those of Achlya
prolifera, Vauwcheria clavata, and Tetraspora gelatinosa, Kiitzing and
Thuret found in the self-moving spores a reddish spot, like that in the
green monads, and termed by Ehrenberg “ eye-points.” Kiitzing observed
this spot in the spores, not only whilst yet in the sporangium, but also
even in the first or second cell of the spore when becoming developed into
a Conferva.  All these spoves, except those of Aeklya prolifera, arve
green ; whilst Kiitzing states it as a law, that in all the lower Alye
(his Isocarpee) the true and mature spores are brewn. More pre-
cise and comprehensive observations on this phenomenon are still indis-
pensable before any conelusive result can be drawn from them. Are there
not probably spores whose completion is not yet effected, in which the
formation of the cell-membrane from the tender mucus-layer has not been
as yet perfected, which lose their cilia (mucus?) and become capable of
development as soon as the formation of the cell-membrane is quite
completed ?

The lower Conferve, filamentous Fungi, &c., have at all times af-
forded the most fertile field for the mystical dreams of fancy, because in
no part of Botany are researches so difficult to make, and so much out of
our power to control. Here, more than any where else, it is necessary, in
order to escape all unscientifie, fanciful delusions, to be guided by the
maxims of a sound philosophy. Particularly is it necessary in this case,
if we do not wish to deprive scientific research of all certainty, at once to
dismiss from consideration every observation that has not been made
upon indubitable plants. 1 have consequently, in considering this question,
as elsewhere, left entirely out of the field the Diatomaces, Bacillarie, &e.;
in short, all those forms the animal nature of which has been asserted by
Ehrenberg, upon grounds at all events worthy of consideration. Whoever
is interested in this subject, will find in the masterly works of Ehrenberso,
especially in his great one on the frfusoria, as well as in the diligent
labours of Kiitzing, a great mass of historieal matter, collected with the
most extraordinary industry, together with abundance of remarkable
original observations. As a basis, however, for the foundation of botanical
laws, these materials should not be employed.
~ Only a science erazy with fantastical mysticism, and far removed from
a clear, self-intelligible Natural Philosophy, could entertain the dreamy
notion that creatures may be at one time animals and at another plants,
Were this possible, it would necessarily much more readily happen that
a being should be now a fish and now a bird; or at one time a conferva,
at another a rose ; and then what would all our natural science be but

w3
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folly ! This perplexity of ideas, correctly and most happily designated
by Valentin (Repert. Bd. 8. 8. 4.) as Anachronism, has latterly been
carried to a great length by Unger (Die Pflanze im Momente der Thier-
werdung ) and Kiitzing ( Phycologia generalis). It can only be regretted
that such able inquirers should be so entirely without any philosophical
insight.

L?tstly, when, in the mention of facts of the nature in question, we
meet with the expressions *the cells move spontaneously here and
there,” &ec., it shows us how obscure and perplexed so many men even
of the greatest scientific acquirements may be. We discover spontaneity
only in our minds by self-observation. In animals, analogy leads us to
conclude its existence, from our observing actions having a definite
object ; and yet in this case the subject is attended with a sort of
mystery, for there is nothing by which we can know that the object was
really aimed at by the animal itself. No reasonable man, however,
believes that the planets designedly pursue exactly this or that course,
and with exactly the proper degree of rapidity or slowness, to prevent the
possibility of mishap; and yet an object iz attained by their motion —
the maintenance of the solar system. But, with reference to motions
by which in no ecase can any intelligible object be attained, to speak
of “will ™ is a mere playing upon words.

VII. Reproduction of the Cell.

§ 45. When a large quantity of soluble assimilated matter,
together with the needful quantity of mucus, have been formed in a
cell, the processes described § 23. necessarily recommence. One
or several new cells (filial cells, dlastidia) are formed within the
cell (mother-cell, matriz), which is destroyed when the new cells
have attained a sufficient expansion. Since it is a matter of
course that a figure should depend upon the material from which
it iz constructed, and the conditions of its formation, and as both
these are derived from the mother-cell, it necessarily follows that
the filial cells are repetitions of, or resemble, the mother-cell.

If anywhere, it may certainly be here asserted that it is of essential
importance in the treatment of a science to set each individual point in
its appropriate place and in its proper light, to allow of the whole being
correctly understood. As the scientific problem has never been put
plainly and rigorously, nor the questions requiring answer deduced from
it, the point referred to in the section has remained even up to the
most recent period wholly untouched, and has in fact but just received
some cursory notices ; and yet in the whole vegetable kingdom there is
nothing of more importance. With few exceptions, every plant consists
of numerous cells; the beginning, however, of every plant is in a single
cell, in the Cryptogamia the spore, in the Phanerogamia the embryonic
cell. The question respecting the multiplication of the cells consequently
includes the origin and the life of the whole plant, which remaing alto-
gether obscure to us previous to the elucidation of this relation. The
mode in which one cell forms many, and how these, dependent on the

* See C. v. Siebold de Finibus inter Regnum Animale et Vegetabile constituendis.
Frlangen, 1844,
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influence of the former, assume their proper figure and arrangement, is
exactly the point upon which the whole kumvlu_{l"(, of plants turns ; and
whosoever does not propose this question to hllllEL“ or does not n:pl ¥
to it, can never connect a clear scientific idea with plants and their
life, From the total neglect of this _point it is no wonder that most of
the notions in Botany are enveloped in a dark and formless mysticism.

The Protococcus-cell here again suggests the natural standard by
which to judgze of the most suuplc conditions. In it we may observe
that two new cells are formed within the eell, which lie for a time
loose in the mother-cell, and at last destroy it, and then become new,
free organisms, The same thing takes place, according to Niigeli, in
almost all the Alge: a similar process is exhibited in the double spores
of the Lichens. In the Fezize we may notice eizght new cells orizinate
in a cell.  In the Ferns and Equiseta the spore-cells are formed in the:
mother-cell. In the Phanerogamia it is easy to observe the formation of
cell within cell : in the embryo-sac (a large cell), in the embryonie cell,
in which the production of new cells within the first-formed ones may
also be traced. In the pollen of most plants there is no doubt that free
eells are formed in other eells ; in the apex of the bud, and in the cambium,
it not unfrequently happens that new-formed cells are seen in the
mother-cell : almost all forms of hair entirely corroborate this view of
the process. Examples of this sort are exhibited in nearly every group
of plants, and almost in every part; and consequently I believe that
the proposition based upon induction may be thus pimisimmll}r de-
fined : —* The process of the rquﬂd.uctmn of cells by the formation of
new cells in their intevior is a general law in the wgpm.";fa kingdom, and
25 the foundation of the production of cell-tissue” Respeeting the way
in which new cells are produced, all that is necessary has been pre-
viously stated (§ 13.).

The figure of the incipient erystal depends upon the material of which
it is formed, and the physical conditions under which it originates. This
might, perhaps, be thus expressed in general terms: the figure depends
upon the nature of the material and the nature of the formative processes.
To apply it to the cell, as the matter and form of the orizinating formative
process are derived from the mother-cell, the latter must exert an es-
sential influence upon the filial-cell. The formation of the latter, how-
ever, is not completed in the mother-cell, but is continued after its
liberation therefrom, and consequently the figure of the filial-cell is
modified in many ways by after influences and relations. This explains
both the constancy of the specific figure, and the multiplicity of the
individual varieties, Iere, consequently, we require nothing but the
complete analysis of the process of cell-formation in its separate elements,
and of the information to be derived from crystallisation (as, from a definite
material and determinate physical condition, a determinate figure must
inevitably arise), in order to subject to a scientific solution, and under
the simplest form, the great mystery of organie generation, upon which
the constaney of species, and together with it the normal conditions of
the whole of organic life upon the earth, depend: elearly a goal within
the possible attainment of the human faculties.

The primary elements of this doctrine I gave in Miiller's Archiv,

for the year 1838.* It was further developed by Niigeli.t Mirbel | dis-

# Schleiden, Botanische Beitrige, vol. 1. p. 121.
t Schleiden und Nigeli, Zeitsch, £ w, B, vol. i. part 1.
t Sur la Marchantia polymorpha, Paris, 1831 et 1832, p. 32.

w4
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tinguishes three modes in which vegetable cells originate, which he terms
“intra-utriculaire” (the process above descrived), *supra-utriculaire,”
and “ inter-utriculaire.” The first only of these modes is proved to exist
by actual observation ; the two latter have not been observed, and are gra-
tuitous assumptions.

§ 46. According to Hugo Mohl#, another mode of increase ob-
tains in the cells of the Cryptogamia ( Conferve), consisting in a
circular constriction of the cell, which gradually advaneing inwards
divides the cell in the middle into two, so that a complete division
of the cell into two new ones is effected.

These researches of Mohl contain the first and (except those of Nigeli
and myself’) the only actual observations on the multiplication of vege-
table cells.t I have never been so fortunate as to observe a complete
series of cells in this course of development, although I have frequently
examined Polysperma glomerata, the plant which formed the prineipal
subject of Moll’s researches. This has been the case also with Nageli,
who has explained the error in Mohl's supposition. }

After Mohl, Meyen has been the principal advocate of this view, be-
liecving that he has in numerous instances recognised this process of
spontaneous seission, and regarding it as almost a general law in plants.
In most of the cases adduced by him, the fact has simply been invented,
not observed. In the instance in which he refers to direct observation §
on the origin of four pollen-cells in the matrix, the fact is exactly the
reverse ; with reference to which, compare what is said on the subject
of pollen in a subsequent part of this work.

Unger, also, has again propounded the multiplication of cells by scission
as a general law in plants|, but with as little truth as Meyen. Neither
has he adduced a single instance in which he had actually observed the
process of division. The fact that, in a particular instance, at first but
one and afterwards in the same place two cells exist, that near one large
cell two others oceur which together perhaps have the same circum-
ference as the first, does not throw the least light upon the process of
multiplication : he has, however, no other facts to rest upon, or at least
has not communicated them,

Whether cell-division oceurs generally in plants is still to be deter-
mined. Certainly, the condition mentioned in the preceding section is
the more frequent one.

VIIIL. Of the Termination of Cell-Life.

§ 47. As =oon as the play of chemical affinities has hecome im-
possible in a cell, the latter must be regarded as individually dead.
So far, all cells must be considered to have died as individuals which

* Uecber Vermechrung der Pflanzenzelle dureh Theilung. Tiib., 1835,

t To these names must be added that of Mr. A, Henfrey, whose original and in-
teresting observations respeeting the multiplication of vegetable-cells were first made
known at the meeting of the Dritish Association at Cambridge, in 1845, and have
subsequently been incovporated in his work entitled “ Outlines of Structural and
Physiological Botany,” Lond. 1847,  Mr. Henfrey adopts Mohls views with some
modifications, —"T A xS,

} L. o § Physiologie, vol, iii. p. 123, et seq.

|| Bau und Wachsthum des Dicotyledonenstammes, Petersburg, 1840, p. 86, et seq].
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have entirely consumed their contents, and contain nothing but
air: the so-termed vascular, medullary, and liber cells; or those
the contents of which have become converted into an isolated ho-
mogeneous matter, as the cells containing nothing but essential
oil, resin, &e. The latter, however, are proportionately few in
number,

Here we have another point, which has been either entirely neglected,
or only superficially and cursorily treated of in books which for the most
part do not even teach us any thing respecting the death of the whole
plant, If we place the life of the cell wholly, or at all events for the
greatest part, in the chemico-physical processes going on in the eell, we
must term the cell dead in which these processes have entirely and for
ever ceased. This is the case particularly in all cells which convey only
air, which, being themselves dead, are saved from decomposition only by
the living cells surrounding them, but which are instantly destroyed
when exposed to the decomposing action of the atmosphere; as, for in-
stance, the pith and heart-wood in trees becoming hollow, and cork and
bark always at a certain time. There are, however, cells of this kind
which gradually convert their whole contents into an isolated secretion,
as into essential oil, as happens in the rhizomes of the Scitaminee, in
the leaves and stem of the Aloes, &c. In these cases the cell must be
regarded as dead from that moment. The after-process is neither de-
termined nor modified by the cell; it is a chemical process, and consists
in the gradual oxidation of the essential oil, with the completion of which
all farther change is at an end. It is in this way that the termination
of the individual cell-life, even in the very interior of the most perfect
plants, is indicated.

§ 48. Only the completely formed cellulose resists the usual
solvent reagents; all the other substances of which cell-walls can
consist, are still within the domain of the solvent or transmuting
chemical forces which are active in the cell. All cells, therefore,
whose formation is not completed admit of being again rendered
fluid and becoming absorbed. This is the case in all mother-cells,
in the spongy cellular tissue which originally fills the air-canals,
in the nueleus of the ovule, &e.

It is undoubtedly a proof of superficial observation when a botanist,
as has been the case, denies the resorption of organised structures in
plants, an event which is observed with less facility in animals than in
plants. The enormous number of mother-cells alone affords the most
irresistible proof that this process does take place. DBut in what way
it is effected is as yet unknown. Probably there takes place in this case
a chemical change of the assimilated matter opposed to the formation of
cellulose 3 that the former is first changed into jelly, then into gum
(dextrin), and finally into sugar, and as such is abscrbed. I would
hereupon remark, that it has sometimes appeared to me as if, in the
nucleus of the ovule, the cytoblasts reassumed a more sharply defined
and younger aspect when their cells approached the period of solution.
A peculiar transformation of already formed cells into an amorphous
substance, * viscin,” has been before adverted to (§ 12. 6).

§ 49. The life of the vegetable-cell continues only so long as
the chemico-physieal processes go on within it, and these become



106 ON THE PLANT-CELL,

impossible immediately that endosmosis is in any way arrested.
The cell is then gradually destroyed by the action of the atmo-
sphere, and decays, though in different ways as it is exposed ocea-
sionally or constantly to the action of water, The causes of
this death may be various — laceration (as in the sporangia of the
Cryptogamia on the escape of the spores), complete dryness, removal
from the situation in which alone endosmosis is maintained (as in

the fall of the leaf), &c.

The process of dissolution of a dead cell does not belong to Botany ;
we willingly commit the inquiry into it to Chemistry, and refer to the
latest and best works on the subject, by Berzelius#, Liebig f, and Mulder {.
The causes, however, which expose vegetable-cells to these destructive
influences are of interest to us ; and we may name among them, as a
very general one, the impossibility of endosmosis. Every vegetable-cell
which ean no longer take up fluid, in order to maintain the chemical
processes within it, necessarily dies. Complete desiccation acts in the
same way ; and also the disruption of the cell, in consequence of which
isolation of the materials contained takes place, and the processes going
on within it cease. A peculiar state connected with this, is exhibited in
most of the cells which are separated from a plant in the form of leaves.
At the time of separation they are evidently not yet dead, for, under a
very favourable though extremely rare conjunection of ecircumstances, a
new process of vegetation may commence in one cell or another, in such
a way that an entirely new plant is thence produced. Commonly, how-
ever, they die altogether, it being no longer possible for them to take
up fluids, which had previously been brought to them in consequence of
their connection with the entire plant,

SECTION IL
LIFE OF THE CELL IN CONNECTION WITH OTHERS.

§ 50. As soon as the cells are associated so as to constitute
tissues, they exhibit certain modifications in their vital processes,
and these modifications are especially worthy of consideration.
Much of what relates to this part of the subject has necessarily
been touched upon in former seetions, as we are not yet sufficiently
advanced to be able to comprehend with absolute precision the
individual ecell-life, and thus in many things that occur do not
know how much or how little is due to the influence of the con-
tiguous cells: much, also, that is undoubtedly referable to the
combined action of several cells has necessarily been adduced, as
serving to explain the nature of the individual cells. What we
have now to consider are, first, the modifications which universally
take place in the life of cells in consequence of their being asso-
ciated ; and afterwards, the special peculiarities incidental to the
different tissues.

* Lehrbuch der Chemie, latest edition, vol, viii. 1 Organic Chemistry,

{ Physiologische Chem. (Moleschott), p. 146, et seq. Translated into English, by
Fromberg.
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I. General Modifications of the Life of Cells in consequence of the
Association of several Cells.

§ 51. As soon as a large number of cells are united into a cel-
lular tissue, part of them at least are shut out from immediate
contact with the nutritive fluid; consequently, they receive nutri-
ment by endosmosis only from the contiguous cells, in which,
however, the fluid has always already undergone a change.

When all the cells of a tissue contain a fluid of equal density, en-
dosmosis takes place in those which are in immediate contact with water,
in consequence of which the fluid contained in them is diluted, and there
is established between them and the next cells a condition of the fluids fa-
vourable to endosmosis, and so on. This is the most important relation in
which cell-life ean be viewed, because the sole, universal motion of the
fluids, upon which the nutrition of the whole plant is contingent, arises
therefrom. There are absolutely no vessels for the distribution of the
nutritive fluid in the body of plants- and no person would take the
trouble of looking for them, or would imagine he saw them anywhere,
but one who goes to the investigation of plants labouring under the
false and pernicious prejudice in favour of the supposed 111111f|p]'r_r,|r ang-
logy between them and animals (§§ 63 —146.). The sound sense of
all botanists has been much confused on this subject; who have ad-
vanced every possible perversion of physies and logie, rather than part
with this fixed idea.®* Every living cell, however, which obtains fluid by
endosmosis immediately induces in “such fluid a chemical change and con-
verts it into assimilated matter, so that the cells which are remote
from the source of the raw nutritive fluid do not receive it in this state.
In them, consequently, there is no occasion for the process of assimilation
to go on, as far as relates to the decomposition of water and the fixation
of earbonic acid ; they enjoy, however, an active life, are nourished, form
new cells, &c., as in the woody bundles of dicotyledons. This is suffi-
cient to show how untenable is the law instituted by Liebig.f

§ 52. By the arrangement of a great mass of the cells in a
plant, some of them are partially brought into contact with the
atmospherie air.  From this, two important conditions result: first,
that the water evaporates constantly from the surface of the cell
in proportion to the warmth, dryness, and motion of the air, un-
less the cells are protected in some special manner (§ 69.); in
consequence of this evaporation the fluid in the interior of the
cell is continually lessened in bulk and concentrated, and thus the
endosmosis towards the other cells is strengthened and sustained :
secondly, that the fluid contained in the cells is enabled to absorb
gases from the air, viz. carbonic acid and ammonia, and occasionally
oxygen.

* See Knight, in Treviranus's Beitriige zur Planzenphysiologie, Gittingen, 1811,
p- 162, Sennebier, Physiologie végétale, vol. ii. cap, iv. p. 332, ; and others.

t « No material can be regarded as the nutriment of plants whose composition is
identical with or similar to their own, and consequently the assimilation of w hich can

ensue without the sepnralmn of nx}gl.n,"—fub Org. Chem. p. 26. The law is at
once simply contradicted by the great number of Fungi and true parasites.
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The conditions mentioned are of the highest importance as regards
the life of the entire plant. Carbonie acid, ammonia, and water, con-
stitute the chief nutritive matter of the cell, which, however, takes it up
in various ways. Those cells which are in contact with fluid receive all
the three substances at once. In this, consequently, must the most active
assimilating process take place. Those cells which are partially in con-
tact with the air obtain, it is true, on the one side, all necessary elements
dissolved in water, but they can also receive, on the other side, carbonic
acid and ammonia from the atmosphere. At the same time they give
out into the atmosphere a larger or less quantity of water, by the loss of
which their juices are concentrated, and this concentration again main-
tains the endosmosis. This enables us to explain how it is that after the
bursting forth of their leaves plants no longer abound with such very
watery sap, and yet continue the process of assimilation with greater
energy. The perfect solution is conveyed farther by the endosmosis.
The salts held in solution by the water and the inorganie constituents in
eeneral, upon which the chemical forces of the cell have little influence
or none at all, are carried with the water unchanged through all the
cells until they reach the surface of the cells at which evaporation takes
place. At this point, they of necessity gradually accumulate in larger
quantity, which accounts for the greater residue after incineration left
by the leaves, green bark, &e. The water evaporated from the cell,
like all water when evaporating, carries away with it a small quantity
of non-volatile substances, on which account the water perspired by
plants is never quite pure *, but is impregnated more with organic than
with inorganie (less volatile) matter,

§ 53. By the association of many cells, and the reciprocal in-
fluence thence set up, certain modifications are produced in the
life of the individual ecells which have been in part previously
considered. 'L'o these modifications is probably to be referred,
in part, the formation of new distinet layers, and the spiral arrange-
ment of the material constituting these layers connected therewith.
This part of the subject also embraces the peculiar construction of
air-vesicles between two contiguous cells, upon which the forma-
tion of the pores appears to depend.

What refers to this subject has been already discussed (§ 17.). In no
isolated cell, in no cell previous to its association with others into a
tissue, do we find spiral deposit-layers ; nor, moreover, do we observe in
any such the air-vesicles on the outer wall to which the canals of the
pores correspond internally, It appears that the canals of the pores of
two contiguous cells always correspond in such a way that they com-
mence from an air-vesicle of this kind, or from a space in the common
wall corresponding to it. We are acquainted with but few exeeptions
to this, which, however, demand further investigation. InJuniperus
Sabina there occur in the bark thick-walled, four-sided, prismatic cells,
the pore-canals of which regularly run only towards the four inter-
cellular passages, which in this instance, and in a tissue which elsewhere
presents no intercellular passages, appear to represent the air-vesicles
above described. The same thing is seen in the parenchyma of the
petiole in Cycas (vide p. 45.). 1In the epidermis-cells of several plants,

* Bennebier, Phys. vig. t. i. p 79., and many others.
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as, for instance, in Cyeas and Abies, pore-canals also find their way
towards the free surface (vide pp. 45—350.).

§ 54. Peculiar changes also take place in the secretions, the
more solid secretions assuming definite forms. To these may be
referred the gelatinous envelop of many Alge; the intercellular
substance, the peculiar matter, which invests the spores and pollen-
grains; and the matters secreted from the epidermis.

Most Conferve, several Ulve, &e., secrete a large quantity of gela-
tinous matter, which assumes a definite form, and thus frequently deter-
mines the fizure of the whole plant, as in Chetophora and Undina. In
most Conferve it constitutes a delicate uniform membrane investing the
whole plant; in Rivularia, Chetophora, Nostoe, &c., larger masses. It
is always wanting, however, in the spore, and is not formed except by
the vital activity of the self-multiplying cells.*

In the same way a solid substance is secreted in the intercellular
passages : a similar secretion, of determinate form, is also found on the
epidermis. The subject of both these secretions will be entered upon
more fully hereafter (§ 59. 63.).

The most interesting and most complieated phenomenon, however,
still remains—that of the peculiar investment of the spores and pollen-
grains. All spores (except those of the Alge, many Fungi, and some
Lichens), all pollen-grains (with the exception of those of plants which
flower under water), are constituted of the proper, essential eell, which
is formed as such, and a peculiar material investing it, which is simply
uniform or is furnished with warts, protuberances, gpines, bands, or the
most extraordinary abnormal formations, disposed irregularly or with
the utmost mathematical regularity. The nature of this material differs
from all known assimilated vegetable substances in this respect: that it
is affected, according to Fritsche, not at all, according to others but
very slowly, by concentrated sulphuric acid, but is always rendered
more opaque, and sometimes of a purple-red colour, The matter itself
presents various colours, mostly yellow, though also blue, red, green,
brown, &e. It is a pure produet of secretion of the spore, or pollen-cell.
I shall be obliged to say more about it afterwards, when speaking of the
pollen. For our best information respecting its chemieal nature, but
especially with respect to its extraordinary forms, we are indebted to the
indefatizable and astonishing researches of Fritsche.t Mohl's opinion
upon this point —that the external pollen-membrane is intercellular
substance, in which perfect cells or their beginnings (as granules) are
formed —appears to be completely contradicted by Fritsche's, Meyen’s §,
my own, and Nigeli’s | investigations. The peculiar chemical nature
of the material appears at once to be opposed to any comparison of it
with the substances of which cells are formed.

§ 55. The peculim* relation in which the sap-currents stand

* This condition has not been quite correctly comprehended by Mohl, Erlauterung
und Vertheidigung meiner Ansicht von der Structur der Pflanzensubstanz. Tiibingen,
1836. In other respects he shows, as usual, distinguished powers of observation.

t+ Fritsche, Ueber den Pollen. Petersburg, 1837.

- § Hugo Mohl, Beitriige zur Anatomie und Physiologie der Gewiichse, Part L ; und
Erlduterung und Vertheidigung, &c., p. 18. and elsewhere.
Physiologie, vol. iii. p. 146, et seq.
E‘ Zur Entwicklungsgeschichte des Pollens, &e.
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towards each other in their direction, in two contiguous cells,
manifestly depends upon the association of the cells, since in the
Chare, without exception, the current in the one cell corresponds
to a current in an opposite direction in the other.

The fact itself is indubitable, and is readily observed in Chara, and
partially also in FVallisneria, &e. : the reason of it is wholly unknown.
It shows, however, pretty distinetly, that the necessary conditions of
the sap-motion lie altogether or in part external to the cell, and that
endosmosis probably has a great share in producing them. We never
observe, also, in cells which are in contact with others on all sides, as in
Najas and Vallisneria, that the currents cover the whole of the walls, but
exist only on two opposite sides, which lie, throughout all the cells, in
parallel planes, by which the possibility of the contiguous streams being
frequently in opposite directions throughout the plant is explained. The
second kind of sap-motion in a network of minute currents is probably
connected with a greater degree of independence and disconnection of
the individual cells among themselves; and it is also but very rarely
observed in the closed eellular tissue.

§ 56. The individual cell may, as regards its own vital processes,
be already dead, but yet retain its connection with other living
cells, and probably also conduce to their vitality, and consequently
to that of the whole plant, for some time longer. In this way,
probably, the so-called vessels, at the period of the ascent of the
sap in spring, are reservoirs for the reception (quite passive) of the
superabundant sap, which is not yet fit for assimilation; but at
other times they are receptacles for secreted air: the same with

the cells which contain special secretions, &e.

It is a peculiar condition, and one proceeding only from the high degree
of individualization of the cell, and its association with others into a plant
without complete abolition of its own individuality, that it may be so cir-
cumstanced as relatively (to itself) to be dead, but, as regards the whole
plant, still to be deemed alive. This condition also shows how futile and
inapplicable all analogies between animals and plants are,—two ereations,
whose most intimate nature is so entirely different, that almost every
comparison proceeding upon the constitution of the elementary organ is
a mere delusion of the faney, without any scientific value.

IL. Peculiaritics in the Life of entire Tissues.

§ 57. It may be stated generally, that the vital processes in
each individual cell in the same tissue are identical, or at all events
very much alike: thus, similar elements frequently compose the
greater mass of the parenchymas the alburnum-bundles, the milk-
vessels, &e. of a plant, contain the same substances. Important
exceptions, however, are also met with; and we find in the par-
enchyma, and in closely contiguous cells of the same form, contents
of very different nature ; and in the vascular bundles and elsewhere
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the different vital properties of the individual cells are exhibited
in the varying mode and rapidity with which the cells themselves
are perfected.

It can only be regarded as a law having an average or general appli-
cation, that the cells of an entire tissue have identical funections; and
such important exceptions exist in this respect, that the classification of
the tissues, according to supposed diflferences in their funetions, appears
to be at least wholly untenable ; the morphology of the cell alone afford-
ing a sufficient principle to go upon. In the same parenchyma we find
a cell crammed full of starch, next to a similar one containing nothing
but essential oil; and both, probably, contiguous to a third, filled with a
clear, watery, red or blue coloured matter ; whilst a fourth, together with
various assimilated substances, contains a large quantity of chlorophyll.
In the midst of the thin-walled parenchyma we observe scattered, or
forming groups with the others, cells of the same size and form, but
filled up almost to the closure of their cavity by deposit-layers, as in
the so-called stony concretions in the quinee and pear, in the bark and
pith of Heja earnosa, and of many trees, in the aerial roots of the
Mazxillarie, and in a hundred other situations. All this indicates the
ereat independence of the individual cells, and the possibility of each
ecell, in any situation, on occasion, going through all the phases of cell-
life, and becoming developed in any way that the circumstances under
which it is placed render necessary. The ecell-life is modified only to
a slight degree by the mode of disposition of the cells, and consequent
dependence on the contiguous cells.  Leaving this independence out of
the question, the tissues, as a whole, present certain phenomena which
must be regarded as peculiar to each.

§ 58. The cells of the parenchyma enjoy the greatest degree of
independence, and it is, consequently, in that tissue that we find,
in the greatest number and disposed with the least regularity, cells
with the greatest variety of contents, and having the most various con-
ficuration of their walls, next to each other. Larger masses of the
parenchyma present, in preponderating quantity, starch (potato), or
fixed oil (cotyledons of the species of Brassica), or gum (roots of
Althea), or emulsin (oil and vegetable albumen in the cotyledons
of the almond), or assimilated substances and chlorophyll (in all
green leaves), or colouring matters of the same kind (in the petals
of flowers), or air (in the pith), &e.

§ 59. The various formations in the system of intercellular spaces
comprehend a very great variety of substances. The peculiarity in
this case consists in the cireumstance, as [ believe, that all the cells
forming the boundaries of these intercellular spaces, without excep-
tion, exhibit equal vital activity; they either exert no influence at all
upon the contents of the intercellular spaces, or all secrete into it
the same material. To this system are to be referred all the various
reservoirs of special seeretions, resin- and gum-passages, as well as
the receptacles of the milk-sap; and, besides these, the solid inter-
cellular substance (substantia intercellularis), which frequently pre-
sents a determinate form, dependent on the neighbouring cells.
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Respecting the process by which the reservoirs of proper juices are
filled with the matters contained in them, the preparation of this matter
by the neighbouring cells, and the power through which these materials
are secreted within the reservoirs, we as yet know nothing. All these
particulars being left out of consideration, the only differences pre-
sented by the intercellular spaces, which are filled with a solid substance,
arise from the nature of the secreted substance. These spaces present
two varieties of form. In the wood of dicotyledons, and in other instances,
the narrow intercellular passages are frequently occupied by a substance
homogeneous in appearance, its colour and tenacity differing in some
degree from those of the cell-wall.

On the other hand, the constitution of the intercellular substance be-
tween the cells of the external cortical layer in the Chenopodiace, Ama-
ranthacee, Umbellifere, Malvacee, &c., is more remarkable.

If we examine these cells in a
transverse section of _Abutilon
graveolens (fig. 99.), we observe
large intercellular spaces formed
by from three tosix cells(4). From
each of the cell-walls, forming
the boundaries of the space, there
projects into it a semi-golid, semi-
gelatinous mass (a); the agore-
gate, however, of these masses
15 not sufficient to fill up the
whole intercellular space,

In Amaranthus viridis (fiz. 100.), three cells on a transverse section
present a stellate form (&), and in this way constitute very spacious,

rounded, intercellular passages, which also are partially filled with a
secreted substance (@), exhibiting concentrie lamina, which run parallel

*® Transverse section from the outer cortical layer of Abwtilon graveolens. a, The
intercellular substance secreted by the cell-walls, 5, Cells. i

"™ Transverse section of the outer cortical layer of Amaranthus viridis. i, The inter-
cellular substanee seereted in laminee by the eells,
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to the cell-walls from which they are secreted. The
latter circumstance appears to me to be decisive of
their nature as a product of secretion.

Lastly, upon examining the same formations in
Justicia carnea, in a longitudinal section (fig. 101.),
the secreted substance is seen to be continuous
throughout the whole length, between the rows of
eells, and presenting only indistinct traces of divi-
sion.

The history of the development of these forma-
tions is at present deficient. Mobhl's * earlier opi-
nion, according to which the intereellular substance
is said to be the remains of the primordial ma-
terial in and from which the cells are formed, I
consider decidedly incorrect, and to be contra-
dicted by Meyen'st discovery of the division into
portions of the intercellular substance. He has
limself also, perhaps, since then relinquished this
notion.

It appears, however, to me that, to the above de-
seribed formations in the external cortical layer in
the families mentioned, and some others, other dif-
ferent but analogous forms must be referred, par-
ticularly the cells of the cotyledons in Schotia
speciosa and latifolia, Tamarindus indica, and some other Leguminose,
as well as the very similar formations between the angles of the epider-
mal cells in many species of Begonia, and of the leaf-cells in several
Jungermannie. In these instances, also, a triangular intercellular space
appears to be filled with a substance secreted from the three cells form-
ing its boundaries, as has been also observed by Meyent in Begonia.
Of some formations (particularly those in Sechotia and Jungermannice),
Mohl has now offered an explanation similar to that which he gives of
the seereted layer in the epidermis, viz., that the cells are thickened by
a laminated deposit on the internal surface, in consequence of which the
outer layers must necessarily constantly undergo a change in their
chemical nature, for in all these formations the apparently perfectly
continuous cell-membrane bounds the cavity of the cell. Iow far Mohl
is ineclined to extend this view of his to other conditions, I know not. I
must confess, that the view propounded by Meyen at present appears to
me to be inadmissible. As yet, however, a complete history of the de-
velopment of these structures is wanting, to enable us to arrive at a more
certain conclusion.

The semi-fluid gelatinous matter which occurs in the intereellular
gpaces of the albumen of the Cassice and other Leguminosee, between
the cells of the Lichens, especially of the utricular layer, but, above
all, in the intercellular spaces of the Fucoidew, which latter ver ¥
nearly approaches dextrin (?), presents a manifest transition from the

* Erlauterung und Vertheidigung meiner Ansichten tiber Pflanzensubstanz, &e.
+ Physiologie, vol. 1. p. 170, I Lo

" Longitudinal seetion through the outer cortical layer of Justivia carnca ; perpendi-
cular rows of cells with ehlorophyll granules, intercellular substance, scereted on both
sides of the intercellular passages,

I
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intercellular substance to gum. The cells are oceasionally observed
to exist previous to the formation of these matters; and the latter are
found to inerease, instead of diminish, on the completion of the cellular
tissue; consequently they are in all probability secreted by the cells.

§ 60. All the cells of the vascular bundles exhibit nearly iden-
tical vital processes, and differ for the most part only in their age
and the configuration of the walls dependent upon their age. The
vessels, when completed, convey air, and perhaps admit juices, but
these only occasionally for a short time, and in any case passively.
The other elongated cells of the prosenchyma exhibit, as long as the
tissue is living, a rapid change of matter in their interior, and, con-
sequently, in general contain a homogeneous watery fluid. They
subsequently lose their vitality, and then convey nothing but air.

That the vessels convey only air, and no juices, may be seen by
any one, possessing the least physical knowledge, on the most cursory
glance at a longitudinal section of a plant. That any dispute should have
arisen on this point, only shows how exceedingly confused most observers
are by prejudices and supposed analogies : it is not worth while, however,
to waste words about it. It has been already remarked (pp. 57, 64.), that
the cells of the vascular bundles probably owe their elongated form itself
to a rapid current through them of the sap in a determinate direction, by
which means their extremities are more vigorously nourished than their
gides. This rapid change explains the circumstance of the chemieal
processes carried on in them being very simple. We very seldom find
peculiar substances formed in them as long as they retain their vitality :
even the more solid assimilated matters, as starch, oceur in them but
seldom, and in small quantity. When they have begun to lose their
vitality, however, (to constitute heart-wood,) they for the most part cease
altogether to convey sap; and where they are not completely protected
against the external air and moisture, a process of ehemical decomposition
(decay) is set up, in consequence of which, although retaining their
form, they are graduoally eonverted into substances rich in earbon. The
peculiar products of the wood, tannin, extractive matter, colouring
matter, probably for the most part owe their origin to this process; less
frequently to the sap-channels, bounded by parenchymatous cells, which
penetrate the wood, as is the case with the resinous products in the
Coniferee. 'This subject, however, still presents an extensive field for
further investigations.

§ 61. With regard to the peculiar vital properties of the liber-
cells, of the usual form, as seen in the Apocynacee and of the

milk-vessels, our knowledge is equivalent to nothing at all. Every

thing with respect to these remains to be investigated.

On the subject of these structures, and especially on the milk-ves-
sels, I am rather afraid of saying too much than too little, for, owing
to the total neglect of a correet, scientific method, and the puerile sporting
with hypotheses, without any foundation or guiding principle, the
uestion respecting them is loaded with such a heap of nonsense, that the
best way in beginning upon it is, in the first place, to throw overboard
all that has hitherto been done and commence entirely de nove, instead
of undertaking the thankless task of cleansing this true Augean stable.
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In the works of our first botanists we meet with such propositions as
this : — “ The vessels of the stem which belong to this system are the
expressions of the two foei of the ideal ellipse of the true peripheric cir-
culating system. The one abside conducts towards the light, .. .. the other
abside carries the diagonal of the former in an opposite direction into the
darkness. . ...” W m*ds like these are so entirely without mLamng, that
one scarcely knows what to say to them. But when once the reins of a

sound method are broken, there is no stopping short of the most absolute
nonsense, the writer not even having the least suspicion of it.  Almost
every page that has been written on the milk-vessels exhibits proofs
of superficial observation, unbridled fancy, unscientifie physical notions,
&c. The whole idea of a universal intercommunicating system of vessels
throughout the plant (*“a cell with multifarious ramifications through the
]}I'mt but closed in itself,” Meyen) is purely visionary (how could the
few little sections, taken fmm a plant upon which observations are made,
afford foundation for a notion of this kind ¥); but writers have been so
deeply smitten with it, as to have adduced it as the fruit of observation
with the utmost ceolness.  Up to the present time, a motion of the milk-
sap has been noticed in only two or three uninjured plants ; and even in
these instances only by the direct light of the sun, observations made with
which are so open to optiecal illusion : from them, however, a universal
cireulation is boldly deduced, and its direction, even through the entire
plant, described with the utmost precision. The escape of “the sap from
cut portions is viewed as a decisive proof of its motion in the uninjured
part. Does not the wine in a cask also move as it runs out, when the tap
is turned and the equilibrium which had hitherto existed is destroyed ?
“The sap is expelled only by a vital aection, otherwise it would be
retained by eapillary attraction,” say others. DBut do those who make this
assertion know what capillary attraction is? Unyielding walls are essen-
tial to it, but not thin membranes in a turgeseent tissue. Do they know
how capillarity acts ?—that it exhibits a determinate relation to the size
of the tube, the nature of the material of which the tube is composed, and
the mutual relations of the fluid and tube towards each other:; and also
that it exists as eapillary elevation or capillary depression? Have they
measured the diameter of the latex-vessels, and determined the capillary
force of the substance composing the tubes and of the fluid, and from
these data calculated their capillarity ? Oh! no,—it is much easicr to
weave vain fancies than to make accurate measurements and preecise cal-
eulations? What is the amount of the flow, then, from a stem when
eut across? Very little; and it is necessary to make a fresh section to
procure another flow of sap, and so on. In this case it would not be
wholly improbable that the capillarity should actually retain some of the
sap after the escape of that portion of it which could not be thus retained.
But in every case, however the escape is effected, leaving out of view
the actual motion of the sap in uninjured plants, by the turgescence of
the contiguous cellular tissue ; and this canse must always be first taken
into account. It explains, for instance, very readily, the reason why more
sap escapes from the upper end of a cut stem than from the_lower ;
because the younger cells, with more yielding walls and more distended
with fluid, must necessarily enlarge more than the more closely united,
older, and thick-walled cells in the lower portion of the plant. Argu-
ments of this kind might be multiplied to a great length, but what I have
observed is suflicient to shclw how very super ficially this subject has been

treated. It is by no means my intention in this way to prove the non-
12
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existence of the motion of the latex, but merely to show that the mode in
which this subject has hitherto been treated cannot lead to any useful
scientific result.

When the facts themselves are consulted we must accurately divide
them into two sets ; those which are derived from the prepared, and those
from the uninjured, plant. It must, moreover, here be remarked that in
the very young condition only a elear watery fluid is contained in the
latex-vessels, and consequently that it is impossible to observe any

motion in it; and that in ves-
10= sels of a certain age, and with
thick walls, the latex coagu-
lates in many ways, and is
transformed into a solid mass,
as, for instance, in the ZFu-
phorbiace. The question re-
gpecting a motion can only
arise principally with respect
to vessels of an intermediate
age. Under these circum-
stances, when a section is
placed under the mieroscope,
a rapid motion is noticed in
the, for the most part granu-
lar, sap *, frequently in oppo-
gite directions. Upon looking
at the extremities .of the cut
vessels, a protruded and coa-
gulated mass will be found at
each end of the same vessel,
and at the same time an outward current will be remarked at each side
or the commencement of such a current at one side:; and when the
escape of the fluid is stayed at this point by the coagulum, immediately
after its cessation, an outward current will be established on the other
side : so that it is impossible, without a preconceived notion, to regard
this motion as it appears in these observations as one having a deter-
minate direction.

In uninjured plants, the motion of the latex can very seldom be suc-
cessfully shown : even in Chelidonwm majus it is only occasionally pos-
sible, and then presents great optical difficulties. It is easy, on the other
hand, to observe it in Alisma Plantago. In this case a motion is un-
doubtedly visible, viz. a current sometimes more rapid, sometimes slower,
and, in the same vessel, sometimes in one direction, sometimes in the
other, but frequently alternating with very long periods of quiet. Of a
regular motion in a determinate direction, I have never been able to ob-
serve any indication. What I have just stated, then, may in general
terms be said to include all that I have been able to arrive at as a certain
result, from the most careful observations made on the most different

* Meyen, who at one time saw cells everywhere as Musca wvolitanies, also regarded

these granules in the same light. They are, however, decidedly consistent, solid
granules.

" Latex-vessel from the leal of Limnocharis Humboldti, At the commeneement cf
the observation, tha;: upper end (a) emptied itself and collapsed. The arrows indicate
the observed direction of the outward current, Every latex-vessel is bordered by two
rows of narrow, somewhat elongated, parenchymatous cells (b).
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plants, and under the most varied eircumstances. Every one having
the slightest idea of what experiments, hypothesis, induction, and theory
really signify in the natural sciences, will certainly agree with me, that,
in the generally defective state of our knowledge 1'c-p|3ct1ng the physical
and chemical processes going on in plants, it would be altogether a
childish undertaking to attempt to weave a theory out of clements such
as these ; and any ﬂthers are, as yet at least, in dispute., Let any one
that will lmve recourse to the convenient scape-goat of a universal vital
power amuse himself with it, but he must not imagine that in doing so
he is proposing any thing prof’uund or really scientific. It is also clear
that we have no certain facts sufficient to afford foundation for an ana-
logy with the motion of the blood in animals, even allowing that this
analogy is any thing more than an idle and fanciful notion.

Respecting the contents of the latex-vessels and of the other two forms
we know just as little. They differ specifically in almost every plant,
and frequently in different individuals of the same species, at least in
the quantity of the separate constituents. It would appear that the latex
pretty generally contains caoutchoue in granules, in greater or less quan-
tity according to the age and the manner of vegetation of the plant.
It also presents a great number of peculiar substances, for the most part
of a poisonous, at all events of a highly suspicious, nature. Of the
contents of the liber-cells we know nothing at all. With regard to
the importance of the latex, in respect to the life of the plant, if we
disregard Schultz’s wholly unfounded fancies, we are also entirely in
ignorance. Meyen®, after collecting all the cases in which the latex is
innoxious, and showing that, in many instances where it is poisonous,
innoxious substances are also found in it, concludes *that the latex
may be a thoroughly elaborated nutritive juice, at least as regards man
and animals, and therefore the assumption that it also plays the part of
a nutritious sap in the p]n,nt is certainly not inadmissible.,” It is cer-
tainly impossible to arrive at a conclusion more illogically. Commencing
with the absolutely lnmsmmua latex of Antiaris toviearia, If:_.upﬂnmm'
and Erewearia, when it is shown how frequently an innoxious latex,
as, for inslmm: that of the young lettuce, becomes poisonous as soon
as the plant is un!_v in some degree perfected, how the poppy can be
poisoned with opinm, and the lettuce with lactucarium, there would
appear to be much better reason for arriving at an exactly opposite con-
elusion. DBut, on this subject, the question is not at all as to inferences
and conclusions ; we have here to deal only with suppositions and asser-
tions.

Probably all these organs, like the latex receptacles by which they
are frequently replaced, are for the purpose of receiving matters, and
preventing their reaction upon the living cells, which would otherwise
be detrimental to the life of the plant. "This is at all events indicated
by the circumstance that almost all vegetable poisons, and which act as
such on the very plants by which they are yielded, are found in the
latex ; but, as yet, nothing but the most vague suppositions can be
broached. Liebig'st notion, that in plants with a milky sap the water is
surrounded by an impervious case of eaoutchoue, and that plants in a hot
climate are thus secured against desiceation, arises from a complete ig-
norance of vegetable structure,

* Pflanzenphysiologie, vol. ii. p. 410.
1 Organische Chemie, p. 57.
18
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§ 62. Of the filamentous tissue of Fungi and Lichens we know
at present next to nothing. The cells usually contain a clear co-
lourless juice; in the Lichens, occasionally, air.

§ 63. The epidermal cells contain a clear aqueous or coloured
fluid, rarely here and there peculiar substances, as resin (in Aloe
nigricans). Externally the true epidermis affords peculiar secrec-
tions, at first a waxy material, usually in the form of a delicate
layer, which renders the surface smooth or shining, more 1'a1‘c!y
in that of minute granules (the so-called bloom, pruina), in
cither case protecting the epidermis against being wetted or penc-
trated by water, thus rendering all interchange of gases and va-
pours impossible excepting only through the stomates. A second
layer (cuticula) is subsequently formed beneath this first secretion,
which is composed of an assimilated material not yet precisely
investigated. This layer is in many cases of great thickness, and
constitutes tubercles, warts, and such-like productions, especially
in the neichbourhood of the stomates. In their vital properties
these epidermoidal appendages exhibit numerous varieties, and in
them again we meet with very various contents and peculiar
secretions.  With respeet to cork, we only know that it soon dics
and decays bit by bit.

The epithelium differs from the parenchymatous cells only in its clear
aqueons juice: the epiblema has not as yet been sufficiently investigated,
But as soon as the epithelinm is converted in the aér into epidermis, it
becomes covered with a delicate layer of a material which can be re-
moved by absolute alcohol or ether, and which always gives the epi-
dermis a certain brilliancy, and affords a perfect protection against its
being wetted by water: the latter is the most important point. We
well know that a membrane penetrated by moisture offers no impediment
to the evaporation of the water enclosed by it, and to the absorption and
transmission of gases, but that the contrary is the case with a dry mem-
brane. In this way the epidermis isolates the cells of the parenchyma
from all action of the atmosphere, ag, owing to the intervention of the
epidermis, they cannot receive anything from it nor give out anything
to it. The whole reaction, therefore, is limited to the stomates, through
which alone is evaporation or interchange of gases possible. This pe-
culiar investment of the epidermis has been hitherto wholly unnoticed,
and has been recognised only in those cases where it is presented in
greater quantity, in the form of minute granules, as the *“ bloom:”
it exists, however, on every epidermis, and may be removed by ether,
when the cells of that membrane, like all others, become permeable to
water,

In a section perpendicular to the surface this waxy seeretion can be
demonstrated only in those cases in which, as in Elymus arenarius,
Strelitzia farinosa, &ec., it attains a considerable thickness: conse-
quently it is not shown in all the woodeuts appended to this Section.

The object of preventing, by this layer, all evaporation, &e. on the
surface of plants is probably still further promoted by the secondary
seeretion.

Upon examining a fine transverse section of the epidermis of Alse
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aigricans (fig. 103.), epidermis-
cells enlarged outwardly into
papille will be observed, al-
though the surface of the leaf
is very nearly smooth, the
spaces between the epidermis-
cells being filled up by a
material which extends out-
wardly far beyond them, is
readily distinguishable from
the cell-membrane by its op-
tical properties (fig. 103. ¢).

When a very young leat of
Hyacinthus orientalis is in-
spected, it will be seen to be
enveloped merely by a de-
licate epithelium, the cells of
which are slightly elevated on the external surface in a vesicular manner-
During the fturther development of this epithelium a gelatinous matter
appears first in the depressions between the cells, which soon hardens,
and thus represents a network, the meshes of which indicate the limits
of the cells. In a short time the cells are wholly covered with a similar
layer, which is firmly united with the network above described, and
which, also, rapidly hardens. The epidermis-cells now secrete on their
external surface a material of less
consistence and density, which raises
the former layer, together with the
fibrous network, and gradually attains
considerable thickness.

These distinet portions may be
observed even in the completely-
formed cuticle of Dipsacus fullonum
(fiz. 104.) DBut in this instance the
epidermizs-cells (¢) secrete this layer,
not only on their external aspect (a),
but also seerete an intercellular sub-
stance on their internal aspect (&);
and in this respect the same condition
obtains in the layer of cells imme-
diately subjacent to the epidermis.

03 A section perpendicular to the surfuce of the leaf of Aloe nigricans. a, Canal of
the stomate, filled with orange-coloured granules of resin. b, Cavity beneath the
stomate, surrounded by eells, containing in part chlorophyll granules (Wlack in the
figure), and in part 1ose-red or orange-coloured resin granules. The papillary euticu-
lar cells are filled with fluid of a brighter or darker red, and in part with rose-red
resin granules. OF the two celis forming the stomate, the one contains ehlorophyll,
the other a single large bright-yellow granule of resin. ¢ is the secreted layer of the
epidermis-cells.

" A section perpendicular to the surface of the leaf of Dipsacus fullonuwm. e, lhe
epidermis-cells, with their granular contents. a, The secreted layer of the epidermis
cells, on their external surface. The most external portion of this secreted layer s
more dense, and readily distinguishable; beneath it, and corresponding to the furrows
between the cuticular cells, is a fibrous network, also composed of a more dense ma-
terial.  The elaiglurmiﬁruuus also seerele from their internal surface an intercellular
substance, which, in this situation, juine that which is secreted by the subeuticular I"':""'-T
of cells, which cells are again covered, on their internal aspeet, with an intercellular
substance, resting upon the more lax green pareuchyma.

14
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The cuticula (b) is remarkably thick in the Tree Carnation
(baumnelke) (fig. 105.), in which the first and firmer secretion can also
be clearly distinguished from the subsequent and softer deposit.

In Cycas revoluta (fig. 106.) the entire secreted layer is homogeneous ;
but in this plant an interesting condition is presented, the epidermis-
cells exhibiting pores on the external wall, in consequence of which it
is more easy to distinguish the membrane of the epidermis-cells from
the secreted layer.

Hugo Mohl * has furnished a whole series of other peculiar modes in
which this seereted layer is formed.

Sometimes the first secretion is formed more prominently in definite
situations; for instance, on the middle of the cell (Phormiwm tenax),
or at two or three points, or at the margins of the stomates (Agave
americana), constituting warty and other similar productions. It
is frequently deposited so irregularly that it appears as if seratched
with needles, as in Epidendrum elongatum. In most cases the secretion
manifestly differs in aspect from the outer wall of the epidermis-cells,
Frequently the wall of the cells merely appears to be thickened; but,
even in this case, careful maceration will render the secreted layer
evident, which is elsewhere readily seen. It is in this way that the
membrane termed cuticula by Brongniart is obtained.t Along with
this secretion, that of the waxy substance is also probably developed ;
for the more brilliant and less pervious to water, and the less readily
deprived of that property by means of aleohol, do we find the epidermis
cells to be in proportion to the greater thickness of the last-described
layer.

I must here, however, mention two different views that have been
more lately advocated respecting the layer of secretion on the epidermis.
The former has been developed by H. Mohl in the Linnea (1842). e
is of opinion that the secreted layer is wholly formed from the outer
walls of the epidermis-cells, which become thickened in the usual lami-
nated manner, and, in fact, in such a way that normally the innermost
last-formed lamina acquires the nature of the original membrane, whilst
the exterior older lamina become gelatinons, or otherwise variously
modified by the common membrane. This view is based upon very pre-
cise and comprehensive investigations of the perfect epidermis, to which

* Linnaa, 1842, 1 Annales des Sciences natur. tom. xxi.

3 Perpendicular section through the epidermis of the leaf of a Tree Carnation.
¢, Epidermis-cells eovered with the secreted layer (b), which, externally, is constituted
of a more dense deposit. @, Passage through the secreted layer to the stomate.

"% Section perpendicular to the surface of the leaf of Cyras revoluta. The epidermis-
cells (b) are porous on the lateral and external aspects, and, on the latter, covered with
the secreted layer.
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Mohl very briefly adds the remark, that the development is also in
accordance with it. I believe that a thoroughly complete history of the
development of this structure would have been on all accounts of greater
importance than the most comprehensive observation of it in its com-
pleted state, I believe that H. Mohl will be obliged to admit with me
that all the completed forms may, in the absence of any preconceived
opinion, be explained at least as well according to my view. I believe,
however, that his mode of explaining this formation is met by insuper-
able difficulties in certain econditions, as, for instance, in Cyecas revolut:
on account of the formation of the pores, which elsewhere universally
proceeds from the original cell-membrane. By far the most simple and
most natural explanation of this formation in Cyeas appears to be the fol-
lowing : that on the one side (externally) a secretion has been deposited,
and on the other side (internally) a thickening of the original cell-mem-
brane has been effected by the formation of laminz, up to the commence-
ment of the pore-canals. In this case, also, the observation of earlier
conditions shows that the pores become visible at least simultaneously
with the commencement of the formation of the *cuticula,” and probably
even somewhat earlier ; a fact that is totally irreconcilable with the view
advocated by Mohl, I must continue, for the present, to consider my
view as supported by the observation of the covrse of development of
the secreted layer. Ispecially do the observations on Oryza sativa, the
Hyaecinth, and on Dipsacus fullonwm, appear to me to afford sufficient
assurance of its being well founded.

The second view has been proposed by Hartig (Beitrige zur Entwick-
lungsgeschichte der PHlanzen, 1843). He assumes that the first cell, the
foundation of the whole p]imt (primary cell), remains persistent, and
envelopes the entire plant, continuing to grow during the whole life of
the latter ; that it is sometimes drawn through the stomata into the
intercellular spaces, and is sometimes mntinuous over the stomata,
closing them up.* This primary cell subsequently acts like all other
cells ; that is, it secretes, as “ ptychode,” an * astathe,” and *eustathe,”
which would appear to be my “secreted layer,” the history of the de-
velopment of which is given with perfect correctness, and accords with
mine. With respect to this it is to be remarked, that, in direct opposi-
tion to his entire view of the mode of formation of cells, Hartig in this
case assumes that the “ eustathe” is formed before the “ astathe ;” more-
over, although a secretion may be allowed to take place in the ecase of
eells with amorphous contents, in which chemical changes are proceeding,
it cannot be admitted to oceur in Hartig’s imaginary primary cell, which
has no proper contents at all, but merely encloses the eells of which the
plant is constituted. Conseguently, in this ease the epidermis-cells must
have secreted exteriorly their proper * eustathe” and “ astathe,” and
then, by means of these and the * ptychode” of the primary cell through-
out, also the *eustathe” and “astathe” of the primary cell. It will,
from what precedes, be already evident that this view is very obscurely
worked out, and c{}nscquf,nl;I_',f eannot in any way be derived from direct
observation. Moreover, it is again to be remarked that the existence of

o
the primary cell in the form of a membrane immediately superjacent

* This double relation of the cutiewlz to the stomate is of itself in the highest
degree improbable, and is evidently only imagined in order to bring into accordance
wi.hh the notion set up by him of the primary cell the umnnlrnumllh. fact that the
stomate, for the most part indubitably open, leads into the subjacent intercelluls
space,
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upon the epidermis-cells is not proved by Hartig in a single actual in-
stance ; and proof is also wholly wanting, that the delicate * cuticula,”
rendered evident on the embryo by sulphuric acid, is identical with the
presumed “ptychode” of the primary cell lying immediately upon the
epidermis-cells, and much less with the outermost secreted layer (the
“eustathe™) of the epidermis-cells. I consequently consider the view
which I have developed, and which is not, as Hartig says, the general
one, but peculiar to myself, to be, as yet, the better founded and more
correct of the two.

The two cells of the stomate do not differ, as has been previously re-
marked, in their contents and vital properties from those of the subjacent
parenchyma. The width of opening of the fissure left between them
varies at different times, and in different parts in the same plant; and
it is thence evident that the degree of admission of atmospheric air to
the parenchyma is variously modified. Our knowledge with respect to
these cells is, as yet, very imperfeet, and we do not even know whether
the contraction of the fissure be effected by the turgescence or by the
collapse of the cells. The latter appears to me to be the more probable
supposition, because when the evaporation is too rapid, in which case
these eells are evidently the first affected, it would by this means be
checked.

The appendicular organs, again, consist of cells, which, like the paren-
chyma, have necessarily relinquished less of their individuality, owing
to which innumerable peculiar processes continue to be exhibited in
them, the production of special substances, some of which
are secreted, particularly viscous, saecharine, resinous matters,
and essential oils, The conditions exhibited in these organs
are endlessly multifarious, and what is necessary regarding
them has already been partly referred to.

To one phenomenon, however, I must here direet attention.
The stinging hairs of the Boraginacee (Borago officinalis,
fig. 107.) and Urticacea become filled, when old, from the point
towards the base, with an assimilated material deposited in
laming, and differing from the wall. In the Urticacee (in the
Boraginacee 1 have not as yet been able to observe any thing
similar), this deposit, when it has extented to the dilated base
of the hair (fiz. 108. ¢), constitutes a globular mass projecting
into the base of the hair, the peduncle of which is sometimes
longer and sometimes shorter (Fiews, Broussonetia), and
which is occasionally beset with minute erystals of carbonate
of lime (fig. 109.). In Cannabis a minute point only of
these hairs projects above the epidermis; in Urtica cana-
densis there is merely a large elobular eell, level with the sur-
face le the E[ﬁd&!‘l“iﬁ; in Ih'!'ffffﬂ?fﬂj;ﬂfaicﬂ, HT#W.HIHS, Fgrgﬁmf;fm feneis-
sima, a similar cell (a) is placed beneath the epidermis (5). I believe
the latter might be regarded as stinging hairs, normally undeveloped in
accordance with a specific law. *

* Meyen ( Miiller's Arehiv, Jahrg. 1839, . 257.) discovered these coneretions in Ficus.
Payen ( Froriep's I\‘:uu_aen, Vol xvi. No. 935.) found them in several plants, and there-
upon has woven a prolix sei-disant_theory d la mode Frangaise, which, to a physiologist
with more precise notions, carries its own refutation with it.

i Upper part of a hair of Borago afficinalis, at first thickened by a laminated de-
posit, and afterwards gradually filled up from above downwards by a solid material.
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§ 64. The cells of the root sheath contain only air, and probably
serve for the condensation of the aqueous vapour, and the con-
veying of it to the parenchyma of the root.

Here we have again an unsolved mystery of which I can give no other
explanation, although the consideration of the conditions under which
these roots oceur in plants, growing for the most part without earth in
an atmosphere saturated with moisture, may throw some light upon the
subject. I do not allow much importance to the supposed great hy-
groscopicity of the spiral fibres, which is always put prominently forward
by Meyen ; but attribute more to the extreme porosity of this layer, which
probably acts in the same way as freshly burned charcoal.

"™ Perpendicular section through the epidermis (d) of the leaf of Ficus Carica, by
which two hairs (@ and b), with dilated basal portion, are laid open. In the fizure, the
point of b is left. Both hairs are filled towards the upper part by gradual deposits,
and these coneretions (¢) hang down into the basal dilatation of the hair-cell. In the
hair marked b, this coneretion consists of three united portions.

' Section perpendicular to the surface of the leaf of Humulus FLupulus, through
the epidermis (b), and some of the subjacent parenchymatous cells. &, An epidermis-
cell dilated inwardly into a vesicle, analogous to the hairs of Fiews. The narrower
extremity is filled up, and from this part depends by a sort of peduncle a concre-
tionary mass into the dilated portion of the cell.
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THIRD BOOK.

MORPHOLOGY.

§ 65. MorrPHOLOGY is the study of the forms of plants, and of their
several parts. It is divisible into a general branch, which elucidates
all that has reference to plants and their organs in general; and a
special branch, which treats of plants according to their principal
groups, as well as their individual organs: and this latter branch,
again, is separable into two parallel sections, namely, the delineation
of external form, and the delineation of internal structure, or of
the peculiar composition of plants and their parts from various
tissues,

In my methodological introduction I have endeavoured to show that
the external morphology of plants is really the most important sec-
tion of Botany. A mere glance at the history of the science will con-
vinee any one of the truth of this view, for it is truly wonderful to observe
how far it has succeeded, to the almost entire neglect of all other
scientific knowledge, in taking possession of the material by merely
examining its exterior, and arranging it in such a manner that the
gystems which, in recent times, have taken another path—1I allude to the
anatomico-physiological—have scarcely effected more than the introduc-
tion of extremely trifling changes, in some instances clearly untenable,
and others at best of very doubtful validity. The morphological method
of observation has certainly, from the origin of the science, been the
basis of all treatises on Botany ; but those who have thus pursued it have
been far from taking a strictly scientific view of the question, or seeking
in this way for the solution of its difficulties. This task is two-fold, at
once empirical and theoretical. 1In its first character, the study requires
us to examine into and characterise the fundamental forms which, as
types, or conceptions of generie and specific shapes, constitute the basis
of individual forms. 1In its second character, this study has to unfold
the natural laws according to which these types are formed, and which
control and explain the deviations that occur in individual forms from
their prototypes. For the first, or empirieal part of our researches, we
may congratulate ourselves on having some little information, although of
a very fragmentary nature ; but in the second, or theoretical department,
we have SEHI*{:{_']I}" even an indieation to guide us. That the solution of the
difficulties must be sought by beginning from the simplest ease is evident,
and here Schwann has certainly shown eminent aenteness in establishing
the analogy between the formation of erystals and that of cells; but
unfortunately we have not yet brought the law of crystalline formation
into the dominion of science. Thus at the present time we can do no
more than gpecify the problem presented to Botany, the solution of which

—
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is alone to be expected when the mathematical construction of the
formation of erystals lies perfectly complete before us.  If, however, this
is ever to be effected, we must enter upon all possible construction in a
very different way from what has hitherto been done. For this purpose,
we must consider somewhat more exactly the characteristics of organic
form, especially the vegetable, as opposed to the inorganie. The
inorganic form, the erystal, is permanent when onece formed; it is un-
changeable ; the individual (the individual existence) is the form itself,
and by its solution and change of form a new individual arises, In the
plant, on the other hand, the form is not stable, or permanent, but an
ever-changing one, The analogies between the two hold good only in
the simplest eases. The nueleus of a erystal originates in a definite form,
and then passes through a series of forms, until it reaches the deduced
crystalline form. As such it then remains unchangeable until the
individual is destroyed with the form. Thus, certainly, it has a very
simple history of development, but this continues merely so long as
something is still being added to that which is already present—ountil
the whole is completed. The cell is formed in a manner somewhat
analogous to this, originating in a definite form, and passing through a
series of changes, which, as it appears, only contribute new matter
until the form is complete ; this then remains stationary until its solution
and the consequent destruction of its individuality. It is, however,
wholly different in combined forms, and these it is which, with few
exceptions, compose what we term plants. Here a number of cells com-
bine together within definite external limits; but these cells themselves
do not enter into the form as dead particles of the mass; they continue
to develop new cells, whilst the old ones are partially -:1L-'~tm}ul* the
newly originated cells change, by their arrangement, the form of the
whole, mnl since formation of new parts and destruction of the old are
contmu:}Il}r going on, the general boundary of the whole never appears as
anything definitely fixed. As, however, this metamorphosis 1s constant
in its nature, and only occurs in individual parts, we cannot regard each
one of the forms resulting from this process as a new one, but merely as
a slight modifieation of the one immediately preceding it; and this
peculiar connection brings the whole to us as ene individual, which, at
its first appearance, may be entirely different in all its parts, both in
shape and material, from what it is at last; but in the conception of
which we must cmnprdmnﬂ the whole series of changing forms, wherein
the widely distant members have perhaps no element identical, if we
would attain to scientific knowledge, if we would understand tlw object,
and not merely acqnire a digjointed, uncomprehended, and incomprehen-
sible impression. From these considerations it follows, granting the
paramount importance of the morphologieal method of observation, that
we gain nothing by the comprehension of the forms complete at any one
moment, but that we must trace out the law of morphological develop-
ment, and direet our scientific inguiries, not to an individual complete
at any one period, but to the comprehension of the collective constant
series of normally changing forms.  The conception of genera and specics
in Botany is cﬂnsequently, therefore, not merely the result of a compari-
son, but also of a connection of the various individual characteristics
with each other. In this manner we should lay a firm foundation for the
inductions to lead us to a theory of organic morphology, if we could but
suceeed in completing the theory of the formation of inorganic forms,
As yet we are far from this point, and simply because it is “onl y in the
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most recent times, and yet very imperfectly, that the importance of the
study of the history of development has been acknowledged ; although,
without this, Botany would be wholly divested of all seientific principle.
This deficiency renders it impossible as yet to treat morphology with
seientific logical development, or in accordanee with a perfectly systema-
tic mode of arrangement, as will but too obviously appear in my manner
of treating this subject, although the blame of this is only partially to be
imputed to me. It seems, however, practicable perfectly to state the
problen, and to this end I subjoin the following remarks.

We have to construct the laws of morphological formation, and to
delineate the forms themselves, The first remains for the present a mere
problem, the solution of which must be reserved for succeeding times.
The second may be accomplished, although imperfectly. I say imper-
fectly, because, instead of those complete series of development of which
we ought alone to treat, we only know a few individual conditions; and,
therefore, the greatest portion of the task still lies unperformed before
us, Here we must again distingnish between—I1. Series of forms which
occur. in all or in very many plants of a very different nature, and may,
therefore, especially serve as the foundation of the study of vegetable
forms ; that is, “ general morphology.” 2. Series of forms which are only
peculiar to definite groups of plants: “special or comparative mor-
phology.”  These two would further branch off into the consideration of
form without reference to its composition from the different forms of the
elementary organs, “external morphology;” and into the consideration
of the manner in which forms are composed from individual tissues,
“internal morphology” (the theory of structure — * comparative
anatomy ”).  This last part falls, however, away from general mor-
phology ; for all that we can, for the present at least, say is, that every
plant is composed of the different forms of the elementary organs which
have already been treated of. Even with respect to the second part,
in regard to comparative morphology, it appears to me unadvisable
to divide the two sections, on account of our deficiency of material ;
T shall, therefore, in the examination of the individual groups and parts
of plants, subjoin all that is known concerning their structure.

CHAPTER 1.

GENERAL MORPHOLOGY.

§ 66. Tur forms of individuals and their parts are the special
objects to be considered by Morphology.

I In sui?nhﬁr:, Botany we have to consider the separate cells,
and, according to the empirical conception, plants, as individual
organisms. In the latter relation we find individuals of different
orders. The elementary organs combine to constitute definite
forms (a simple plant, planta simplez), New and like individuals
(buds, gemme) are formed by development upon the plant, and
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frequently remain in connection with the parent plant, offering for
our consideration one collective individual (a compound plant,
planta composite). 1If only organs of propagation, or blossoms,
proceed from the buds, we still term the plant simple. This com-
position is repeated in innumerable gradations.

Much has been written and digputed concerning the conception of
the individual, without, however, elucidating the suh_]f'cl:, principally
owing to the misconception that still exists as to the origin of the con-
ception. Now the individual is no conception, but the mere a.uh_lf,utnemm-
prehension of an actual object, presented to us under some given specific
conception, and on this latter it alone depends whether the object is or
is not an individual. Under the specific conception of the solar system,
ours is an individual: in relation to the specific conception of a planetary
body, it is an aggregate of many individuals. There is, therefore, no
sense in cuntn‘:mlm-r as to whether a certain object is or is not an indi-
vidual in the vegetnble world, until the conception of the species, the
plant, be perfectly defined. Now I have already shown in the intro-
duction that we have hitherto been unable to comprehend plants col-
lectively, with any degree of scientific perspicuity in a definite con-
ception, but have merely given them in rough outline, The manner
in which we take up the materials we have become acquainted with,
and apply them as temporary scientific aids in defining the conceptions
of the species of plants, is purely arbitrary, and can at most only give
rise to a contest upon the applicability of this or that definition. 1
think, however, that, looking at the indubitable facts already mentioned,
and the relations treated of in the eourse of these considerations, it will
appear most advantageous and most useful, in a scientific point of view,
to consider the vegetable cell as the general type of the plant (simple
plant of the first order). Under this conception, Profococcus and other
plants consisting of only one cell, and the spore and pollen-granule, will
appear as individuals. Such individuals may, however, again, with a
partial renunciation of their individoal independence, combine under
definite laws into definite forms (somewhat as the individual animals
do in the globe of the Volvox globator). 'These again appear empirically
as individual beings, under a eonception of a species (simple plants of
the second order) derived from the form of the normal connection of the
elementary individuals, DBut we cannot stop here, since Nature herself
combines these individuals, under a definite form®, into larger associa-
tions, whence we draw the third conception of the plant, from a con-
nection, as it were, of the second power (compound plants — plants of
the third order). The simple plant proceeding from the combination of
the elementary individuals is then termed a bud (gemma), in the compo-
gition of plants of the third order. This last conception, however, admits
only of strict applicmiun where the form of the connection of the ele-
mentary individuals is quite reguolarly defined ; and this we first meet with
from Mosses upward ; the connection being so loose in the Alge, Lichens,
and Fungi, that we cannot well {hstuwulah between an individual
development of the plant, and a repeated cﬂmpusilion of the same; or, In
other words, between growth and the formation of buds (gemmation .
We regard them provisionally as simple plants (of the second order).

* « Gemma totidem herba,” Linné, Phil, Bet. §152. We find this relation already
correctly coneeived here.
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As, however, the formation of reproductive organs, or blossoms, in every
case completely hinders the further development of the simple plant in
the same direction, we still apply this term of simple plants to those in
which the buds are solely reproductive organs, or blossoms, and which,
consequently, are individuals incapable of growth.

67. II. Under the parts of the plants whose forms have to be
considered, I understand the constant subdivisions of the total
form which present themselves as subjectively perceptible within
the sphere of a group of plants, and these parts I name the organs

of plunts.

Among the deplorable confusions which a false analogy with animals
hias introdueed into Botany, we must reckon the attempt that is commonly
made to define the organs of plants by their physiological characteris-
tics, with a thorough disregard of the fact that we know of no organ in
which the individual cells have not a perfectly independent life, only occa-
stonally so far modified as to cause one definite phenomenon of this life to
appear especially prominent (as we shall subsequently show under the head
of Organology), without the others becoming, on that account, completely
suppressed.  Through what vital part can the plant not imbibe nutri-
ment, form seeretions, and develop itself? If even these most important
funetions are not apportioned to a definite organ, how can we still
universally talk of the physiological differences of organs? It appears
to me that everything regarding this subject has to be based upon mor-
phology. It must be left to Special Morphology to determine whether,
and what, organs are thus formed; while it belongs to Organclogy to dis-
cover how far, in these organs, particular definite phenomena of cell-life
are developed for the production of one remarkable collective effect.

§ 68. The condition of all morphological development is exten-
sion in space. Every plant, every part of a plant, may therefore
appear in the form of a line— Conferva, Usnea, Cuscuta, most
stems, the leaves of Juncus, Triglochin, &c.; in the form of a sur-
Jace, as Ulva, Parmelia, Lacis, Marathrum, the stem of Opuntia,
LPhyllanthus, Ruscus, ordinary leaves, &c., or be expanded into a
solid, as Protococeus, Undina, Mammillaria, Melocactus, and the
leaves of the species of Sedum, or Mesembryanthemum,

The mere prevalence of one dimension must never be received as a
characteristic in our conception of a group of plants, or of a part of a
plant, since herein experience leads to no definite laws; @ priori, how-
ever, expansions in all three dimensions of space are equally possible,
It is certainly very important to hold firmly the general validity of this
proposition, for, simple as it is, it has frequently been contested, in
deeciding upon the nature of individual organs according to mere relations
of dimension.

§ 69. Linear structures (fig. 110.) are still more exactly defined
according to a sectional figure, as teves (a), anceps (b), trigueter (c),
10
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quandrangularis (d), &e. The forms of surfaces are never enclosed
by exactly straight lines, but are mostly bounded by curves, and,
in accordance with these, are either rotundus (¢), ovatus ( f), &e.
Lastly, the forms of solids are designated according to their resem-

SImi " ;

blance to stereometric figures (fig. 111.), as globularis (g), cubicus (h),
conicus (i), &e.; or according to incidental resemblances to known
objects, as acinaciforme (k), dolabriforme (I), mammillaris, &c.

It cannot be my object to give here the whole of this terminology,
which is in part so very superfluously diffuse, and yet in many respects
most inappropriate. I would merely indicate the method in which these
expressions have been sought for, and the point of view from which they
must be explained. No one can deny that it is absolutely disgusting to
read in botanical works, for instance, that a leat may be flat and oval,
or lanceolate or linear, and likewise thick and fleshy; and then again
with reference to the stem, that it may also be thick and fleshy, or flat
and oval, or lanceolate, or linear; and, finally, the same rigmarole
repeated about the petals, anthers, and a hundred other parts, by which
the time of the scholar is most lamentably wasted. These general
adjective technical expressions are not peculiar to Botany, but belong to
the natural sciences in general; they properly constitute a special study,
the secientific theory of observation, which Illiger*® made an attempt,
although an unsuccessful one, to systematise. Since then the subject has
remained untouched. The more recent theories of the schools have,
however, seriously endeavoured to educate boys gradually into sensible
beings, with open eyes and senses; whilst philology seemed in former
days to have trained men to little better than mere book-worms, and spoiled
them for all sound and clear comprehension by observation ; whence have
come into our science so many useless wildernesses of words, and so little
simplicity and correctness of observation. By way of reference for all
these useless, and in some degree foolish, designations, I would recom-
mend Bischoff’s + little hand-book of botanical technical terms, as the
simplest and most concise. I shall here, and in my subsequent descrip-
tions, only indicate the correct arrangement of the technical terms
according to the roots of their meanings, and limit myself’ as much as
possible to the use of such as designate something peculiarly botanieal.
I would here remark, however, that we soon find our stock of accurately-
defining mathematical expressions exhausted, and that we have then no
alternative left but to use fimurative terms; and here the fate of the art
of scientific description depends upon the greater or lesser skill of the
individual. The main cause of the great deficieney that characterises
our terminology for the natural sciences, has arisen from heedlessness in

* J. K. W. Illiger’s Versuch einer systematisehen, vollstindigen Terminologie fiir
das Thier- und PHlanzenreich. Helmstadt, 1808,
t Bischoff, Lehrbuch der Botanik. Appendix. Stuttgart, 1839.

K
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the choice of words, it having appeared sufficient in most instances that
these terms applied to the case immediately in point, whilst an incidental
accessory signification of the word often rendered it wholly inapplicable
in its general interpretation.

§ 70. As the comparison with geometrical figures cannot be carried
out very far, and as the designations of resemblance with other
known objects may easily become too vague and uncertain, we must
have recourse to some artifices to aid us in the deseription of forms.
They are partly described as follows :—

I. In the first place the general outlines must be defined, and
this is done by supposing all the external points in a superficies to
be united by a line, and those of a corporeal form by a surface,
and then applying some term to this line or surface. We thus
obtain the following designations (fig. 112.): —
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A. The greatest transversal diameter in the centre.

1. About twice as long as it is broad, oval ().

2. Three or more times as long as it is broad, oblong (7).

B. The greatest transversal diameter in the lower third,

L. Twice as long as it is broad, ovate (c), or if the greatest

diameter lie in the upper third it is conversely ovate (obovatus).

2. Three and more times longer than it is broad, lance-shaped
(lanceolatus) (d).

C. Broader than it is long; rounded off at the one extremity,
and excavated at the other, kidney-shaped (reniformis) (e).

D. The upper part broader than the lower, which ends in a
decidedly narrower portion: in bodies this form is club-shaped
(elavatus); in surfaces it is spatula-shaped (spath ulatus) ( f).

II. The main division of these forms is further given according
to the following gradations: for instance, we draw the divisions
upon an imaginary medial line, or around a central point (fig. 113.)
and divide the distance between this line or point to the cireum-

ference into two parts.

118 ‘
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A. Divided to about half-way, ecleft ( fissus) (g, £); the indi-
vidual parts ave lobes (lobi),

B. Divided beyond the middle, divided (partitus) (k); the
individual portions, parts ( partes).

C. Divided to the assumed line or point, cut up (sectus) (¢); and
the individual portions, segments (segmenta).

I1I. We have a series of tolerably definite expressions for the out-
lines of hollow forms, in which we make no special reference
to the division. The expressions are comparisons, and explain
themselves (fig. 114.).
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Bell-shaped (eampanulatus) (1), fannel-shaped (infundibuliformis),
(m), salver-shaped (hypocrateriformis)* (n), pitcher-shaped (ureceo-
latus) (0), flask-shaped (lagenaformis) ( p), tube-shaped (tubuliformis)
(¢), cup-shaped (cupuliformis) (s), plate-shaped ( patelleformis) (r).
In all these forms where the distinction is applicable, the lower and
more cylindrical part is termed the tube (#ubus), and the upper and
more expanded the limb (lmbus), and the point of junction the

throat ( faux).

§ 71. In the further description of forms we especially examine
the base and the apex. The region of a form by which it is
attached, as, for instance, a leaf on a stalk, is termed the base
(basis), and the opposite free end the point or summit (apex). There
are special designations for both (fig. 115.).

I. A. Apex with a noteh, where this is 1. acute, excised (exeisus)
(a); 2. where the angle is rounded off, it is emarginate (emar-
ginatus) (b).

B. Where the apex is abrupt, either truncate (truncatus) (c),
or when rounded off, rounded (rotundatus) (d).

C. Where the apex terminates in an angle with convex sides, 1.
in aright or larger angle, the form is obtuse (ebtusus)(e); 2. less than
a right angle 1t is acute (acufus) ( f).

D. Where the apex terminating in an angle with concave sides is
1. suddenly and sharply acute, the form is muecronate (mucronatus)
(g)3 2. gradually and long pointed it is peaked (acuminatus) (k).

II. 4. A base with a penetrating angle: 1. where the angle is

* This expression will be best understood by those who are familiar with the form
of the plate or salver on which glasses were placed in the muddle ages, 0s we find 1t in
old collections, or delineated by the old masters.

K 2
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acute, the form is heart-shaped (eordatus) (¢); 2. where the angle is
rounded, it is kidney-shaped (reniformis).

B. A base roundly truncated is rounded (rotundata) (k).

C. A base continued down into an angle with convex sides, 1.in
a right and larger angle, is obtuse (obfusa) (I); 2. in less than a right
angle, is acute (acuta) (m).

D. A base terminating in an angle with concave sides 1s attenu-
ated (attenuata) (n).

All these expressions apply equally to solid and to superficial
forms ; but as the latter only can have a margin (margo), the fol-
lowing terms are applicable to them alone, being derived from
slighter marginal irregularities of figure (fig. 116.).
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A. With acute angles, either projecting or penetrating: 1.
where the sides are unequal, the margins are said to be serrate
(serratus) (0); 2. the sides equal, toothed (dentatus) (p). The sepa-
rate projections in either case are termed teeth (dentes).

L. Where the projecting points are rounded, and the penetrating
angle acute, the outline is notched (erenatus) (¢), and the separate
projections are crenatures (erenalura).

C. Where the projecting angle is acute, and the penetrating one
ruupdegl, the outline is scooped out (repandus), and the separate
projections are teeth (dentes).

D. Where the projecting and penetrating angles are rounded, the
margin 1s sinuate (sinuatus) (s), and the separate parts are termed
lobes (lobuli).

E. Where the projecting and penetrating angles are very acute,

and the scctions very narrow and long, the outline is ciliate (ciliatus)
(¢), and the separate parts are termed cilia (cilie).
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F. Where the projecting and the penetrating angle and the lobes
are very irregular, and small and close, the margins are said to be
bitten out (erosus) (u).

§ 72. The simple fundamental forms may combine again by
uniting together according to the three dimensions of space, whence
an endless variety of compound structures is produced, for a very
few of which only we have designations which give clear impressions,
as, for instance, spherical forms connected in a linear series are
termed (moniliformes) necklace-shaped or beaded. A spherical or
flat part, the base of which is connected by a linear part (stipes)
with another, is said to be stalked (pars stipitata) (fig. 117. a, 1.);
if it be zmmedmtel}r connected with some other part, it is sessile
(sessilis) (a, 2.).

The most important relations have been comprised under the
following method of consideration : — A simple form is regarded as
the main part, the supporter of the others, the axis on which they
are attached as limbs or accessories of the whole (articuli, partes ap-
pendiculares vel laterales). In the first place, a distinction iz made
according to the form of the axis, whether it be elongated or not;
and next, according to the form of the lateral parts, whether they
are stalked; further, according to the arrangement of the lateral parts
on the axis; and, finally, according to their different relative size.
We thus obtain the following distinetions : —

A. The axis gpherical or short.

A. When all the lateral parts lie on one plane (, ¢), they are hand-
or finger-shaped (partes palmate, digitate ).

B. When they surround the axis on all sides:

1. Sessile lateral parts are in heads (p. capitate) (h);*

2. Stalked lateral parts are in umbels (v. umbellate) (c).
B. The axis elongated.

A. Lateral parts of equal length, from below upward.

* Or at the end of an clongated axis, also tufted (p. comose).
E 8
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1. When pointing in all direetions.

a. Many arising nearly at one point.

«. Repeated at intervals along the axis, whorled (p. verticillate)
d).
( fﬁ On the base of the axis, rosette-shaped parts (p. rosulate).

. Arising at different heights, scattered, spirally arranged parts
(p. sparse, spiraliter posite) (e).

. Sessile lateral parts, spiked (p. spicate) ( f ).

B. Stalked lateral parts, clustered or racemose (p. racemose) (g).

2. When lying in one plane.

a. Only on one side of the axis, unilateral or secund (p. secunde).

4. On both sides of the axis.

«. All equally long, pinnate (p. pinnate) (k).

B. Alternately long and short, interruptedly pinnate (p. infer-
rupte pinnate) (7).

B. Where the lateral parts decrease gradually in length from
below upward, so that the points lie in one plane, pyramidal parts,
corymbs (p. fastigiate, corymb?) (k).*

Here, as we have already remarked, perfect completeness is not aimed
at; nor, indeed, is it attainable. As in every other instance, our termin-
ology iz here an unscientific chaos. Expressions have been constantly
adopted for mere individual cases; and as observation becomes more
extended, the expressions admit either but imperfectly or not at all of
being further applied to the general characteristics which the individual
cases present, while these, after all, are precisely what we want to name.
But we can scarcely expect to attain to a strictly scientific morphological
terminology before we have fully succeeded in the mathematical con-
struction of forms. In the mean time we may, in some degree, prepare
for this by abstaining from using expressions which indicate nothing pe-
culiarly relating to plants, but merely conditions of simple combinations
of forms, in accidental application to wholly special cases, without, at the
same time, explaining their generality.  We might, with equal correct-
ness, talk of head-shaped, united, pinnate, palmate, &e., erystals. What
distinguishes ears and heads in blossoms is precisely similar to that which
marks the difference of folia sparsa from foliis rosulatis. We com-
prehend under these terms nothing peculiarly characteristic of blossoms,
leaves, or, indeed, any part of the plant, but merely a combination of
torms, wholly independent of the nature of the forms themselves.

§ 73. As soon a8 we meet with more intricate combinations, or
less definite forms, nothing remains for us but to combine these
expressions, or choose wholly indefinite comparisons; thus we say
palmatifid parts (p. palmatifide), bipinnate parts (p. bipinnate), &c.;
or we designate forms as helmets, hoods, spurs, &ec., which are
almost all expressions which are intelligible merely within a definite
sphere of forms, and eonsequently relate only to special botany.

Finally, to express small inequalities on the surface, a large
number of terms have been made use of, which in like manner are
for the most part figurative, and admit of no scientifie strictness of

* Several corymbs combined form a eyme (eyma).
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applications: as, for instance, aciculatus, as if torn by a needle;
rimosus, with fissures or chinks; sulcatus, punctatus, scrobiculatus,
granulosus, verrucosus, &e.; and to these we may add the designa-
tions in use for a hairy surface, as, for instance, arachnoideus, lanu-
ginosus, tomentosus, pubescens, pilosus, setosus, strigosus, &e. Scien-
tific exactness can only be attained here by a more accurate
description of the parts in question, and especially by the charac-
terisation of their morphologieal or anatomical signification.

§ 74. In all plants, with the exception of the few which consist
only of one cell, the form depends upon the manner in which the
cells are combined together. The development of forms is here
dependent on two essential points, namely, the arrangement of the
newly formed cells, and the different expansion of those already
existing, These two determining causes are normally definite for
every individual species of plant and for each separate organ, but
are entirely incidental for plants in general. The expansion of a
plant, or the part of a plant, in one, two, or three dimensions of
space, may depend as well upon the arrangement of the developing
cells as upon the expansion of those already developed, or as upon
the two causes combined,

This subject has hitherto been wholly negleeted, although it must form
the foundation of the whole science of morphology, since on this alone
depends the development of forms in plants. The whole question will be
understood in all its relations if we only remember that when four new
cells arise in one cell (fig. 118.), they may be within the parent-cell, either

& K3 0000

in a row, linearly (C'), or two and two beside each other (B), forming a
plane, or, finally, may lie within the parent-cell, like the corners of the te-
traedron (A), forming a solid body. Owing to the great difliculty, in most
cases, of observing the first origin of cells, a long time must elapse before
we shall be able to account for the origin of different forms. All future in-
vestizations into the history of development must, however, necessarily be
directed to this essential point, and it is here, therefore, that we have to
expect the most interesting laws for the science of morphology. We are
unable, at present, to express any general statements, and it must, there-
fore, suffice here to have drawn attention to the paramount importance of
this point. A few more special amplifications will be met with in a sub-
sequent part of our work, especially with reference to the stem and
the foliar organs. As the foundation of every plant is in all cases one
individual cell (spore or embryonary vesicle), within or ont of which the
new cells which gradually form the whole plant are developed, in each
primary cell must lie the conditions according to which the subsequently
developed cells are arranged : since, however, the expansion of the indi-

vidual cell in the three dimensions of space depends essentially upon
E 4
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the nutrition of its membrane, and the latter upon the presence of a
nutrient fluid, that second cause of form will almost always be a conse-
quence of the first, so soon as the cells are removed from an immediate
contact with the nutrient fluid. A linear arrangement of the cells may,
therefore, easily produce a greater expansion lengthwise, &c. By way of
illustration of the regular arrangement of newly developed cells, I will
only cite the case of two cells of the stomate. Here two young cells arise
in a parent-cell, formed, without exception, exactly in such a manner that
they lie in a plane with the epidermis, and never so as to lie one upon
another, as seen from the exterior of this membrane.

§ 75. Regular mathematical forms never occur in plants, with
the exception of the spherical form of individual cells. We term
those forms in plants regular which admit of being divided into
two equal parts by many sections passing through an imaginary

o, 119

axis (a); and symmetrical, those that can only be divided by one
single section into two equal parts, standing in the relation of right
and left to each other (b).

As each separate cell is a wholly independent individual, and as only a
few simple individnals of the second order are formed by the mere col-
leetion of cells, while most plants acquire their whole form from the
combination of these latter; and since each individual of the first and
second order may be considered per se, owing to the independence of
external influences possessed by its existence, without, at the same time,
its being on that account exerapt from a connection with the whole, it will
easily be understood how very indefinite the form of most plants must be.
We consequently meet with regularity, or even symmetry, in the sense
above applied to the terms, in but a very small number of entire plants,
as, for instance, in Protococcus, Phaseum, Equisetum, Wolffia, Melo-
cactus, We more frequently meet with both in the individual parts of
plants, especially in the reproductive apparatus of the higher plants
which have the closest morphological and physiological connection ; for
instance, in the capsule of mosses, in blossoms and lieruita._:, we also often
find only symmetry, at least in the leaves, and in whole individuals of the
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second order, as in young shoots. Hugo Mohl* has collected many in-
teresting facts with reference to this, but as yet we have not been able
to deduce any results from them.

§ 76. A form that frequently occurs in the plant, and which
appears to be especially characteristie, is the spiral, most constantly
and normally appearing as a thickening layer, in the vital processes
of the individual cell (see above, § 18, ), also in the arrangement of
the chlorophyll in Spiregyra, Chara; again in the slm'ul position
of the nodose thickening of ‘the coll-wall (see § 17.), in the very
frequently evident spiral arrangement of appendicular parts round
an axis; and, finally, in the spiral twistings of elongated parts,
as tendrils and twining plants.

The facts adduced in the above paragraph are indisputable, and
decidedly indicate a certain connection between a spiral direction and
some peculiarity inherent in the nature of plants ; but we must beware of
overrating the importance of these facts, since they present much that is
but vague and uncertain, In tendrils and twining plants, the phenomenon
admitz of a different explanation, for every filiform part, when wound
round a stick, must form a spiral, which no one would seek to explain
from the nature of an iron wire or a hemp cord. With respect to the
gpiral position of appendicular organs, appearance, or even strict mathe-
matical measurement, may in many cases confirm the view of the existence
of this peculiarity, as, for instance, in the cones of Conifere, in the warts of
Mammillariee, and in the fruits of the sun-flower; but it cannot be denied,
at the same time, that in most of these cases the leaves decidedly do not
form any mathematical spiral, and that it can only be proved that the law
discovered for the spiral may be tolerably well applied to the arrange-
ment of leaves, when only we bring the leaves a little into order. It
geems to be entirely forgotten here, that all the points scattered upon a
eylinder (and a stem is seldom or never a mathematical cylinder) may be
united by a spiral, if we consider the distances of all the points from the
base as fractional parts of the length of the eylinder, and assume that the
common measure of these fractional parts is the distance between every
two windings of the spiral. We ought, however,only to assume that there is
the spiral indicated in the arrangement of the points when the distance
between the two points is everywhere equal. But this requirement is only to
be fulfilled by an arbitrary pushing aside of the points (the places at which
the leaves are inserted), or by the ﬂqsnmptmn of an abortion, which we
cannot find in nature. Thiz view will acquire a true "I""‘I'tillﬂ{l]"l{:ﬁ in the
observation of the vegetable or E:‘mlsm when we are ablﬂ to show from
what pmpu ty of the ph‘mt a spiral arrangement must necessarily result,
and the laws on which the individual irregularities depend. The two
opposite views of Schimper and the brothers Bravais plainly demonstrate
how arbitrary every thing is that has reference to the subject. I shall
have oceasion to revert to this when I come to speak of the leaves of the
Phanerogamia. The spiral arrangement of the thickening layer in the
cell seems evidently the most eertain, but even in this we e have the mere
naked fact, and not a single idea how it may be methodically derived from
the nature of the cell of “the plant. It iz manifest that the comparisons

* Hugo Mohl, Ueber die Symmetrie der Pflanzen, Tiibingen, 1838,
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made with a magneto-electrie spiral* are a mere jest, and a very superfi-
cial one, since we have not as yet obtained any proof, based upon the most
remote appearance of probability, of the presence of a galvanic current,
for which there is not even a semblance of possibility when we consider
the damp, and consequently universally conducting, condition of the cell-
membranes.

§ 77. We have, as yet, no general numerical laws for plants.
Indications of such admit, perhaps, of being traced from the fact
that, in the far greater majority of cases, two, four, or eight young
cells are formed within the parent-cell, as in 7etraspora, in the
spores of the Octosporidia, Mosses, and the pollen of Phanerogamia.
To these we may probably also add the frequently regular occur-
rence of definite numbers in whorls, as the recurrence of the number
three in the parts of the flower of the monocotyledons, and the
number five in the dicotyledons.

All these specified relations have already often been used in mere
childish numerical jugglery; individual cases having been arbitrarily
selected to confirm a preconceived theory, the exceptions being disre-
garded, fashioned by means of just as arbitrarily imagined fictions into a
form adapted to the pretended theory. We cannot as yet decide, even
with the most remote approximation to probability, if, for instance, the
three petals of a monocotyledonous plant are to be regarded as a triple
whorl or as a three-limbed spiral. These two must, however, be very
differently derived from the nature of the plant, and, in the latter view,
the contest originating in the hitherto equally balanced hypotheses of
Schimper and Bravais would still remain to be decided. Before we can
give any probability to such a deduction drawn from the nature of the
vegetable organism, it is at any rate but just, amid the large number of
exceptions present before us, to consider the more frequent occurrence of
one¢ or other number as purely accidental to plants in general. This
occurrence of the numbers 2, 4, 8 in the young cells seems to possess
more the appearance of systematic arrangement, but here we are utterly
unable to discover any connection with the nature of the vegetable cell.
We shall probably have to wait long before we meet with even indications
more definite.

CHAPTER II.
SPECIAL MORPHOLOGY.

§78. Tue history of development forms the groundwork for
all special botanical morphology, and we must, therefore, have
reference to it in choosing our general modes of classification.
Every plant originates from a cell; and the first difference among

* As, for instance, in Link's Element. Phil. Bot. ed. 2, t.i. p. 177.
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cells capable of affecting the form of their development is, whether
these cells become at an early period, isolated and independent,
whether they remain for a longer period of time, till their sub-
sequent development, merely as parts of the parent oreanism, as
secondary cells within the parent cell. In the latter case the pro-
pagating cells are enclosed within a parent cell (sporangium),
while in the former they are contained free in a cavity of certain
portions of cellular tissue (sporocarp, anther cell); and, grounding
my division on these points, I divide plants into covered-spored
(Angiospore) and naked-spored ( Gymnospore).

The next difference to be considered affects the manner in which
the spores are developed, whether under the influence of other cells of
the parent plant or not. We find that this affords us another ground
of division for the Gymnospore, for the propagating cell either
develops itself freely to a mew aserual plant (Plante agamice),
which, together with the Angiospore, have been termed, since the
time of Linnweus, Cryplogame ; or it requires for its development to
be previously encased by, and brought under the material influence
of, certain cells of the parent plant (sexual plants (Pl gamice).
Finally, under this last head, we may admit another difference
between plants having no definite point of union for the sexes (Pl
athalamice), where the two different kinds of cells, or cellular
masses, only combine subsequently to their separation from the
parent plant, and plants having a definite point of union for the
sexes (Pl thalamice or Phanerogame), where the propagating cell
is taken up at a definite part of the parent plant, and there deve-
loped for a time previous to its separation from it.

My words would be most erroneously construed, were it supposed for
a moment that I was arbitrarily constructing a form of division, and
then arranging the plants in accordance with it. So far from this, it
has been my endeavour first to form the groups by a comparison of the
whole history of development, and then seek for a characteristic by
which to designate the groups thus found, On taking a general survey
of the whole vegetable kingdom, unbiassed by previously conceived
views, we should be inevitably led to separate the Alge, Lichens, and
Fungi from all other plants, and arrange them in one common group, but
it must be left to a subsequently acquired and a more extended know-
ledge of all plants to determine the striet confines and the combination
of characteristics appertaining to this group. It cannot, however, be
denied that an essential difference is manifested in the formative prin-
ciples of the already named lower groups, and the higher plants, which,
although apparent to every observer, science is not always able to cha-
racterise. Granting even that in the form of separate lateral parts, as,
for instance, in the so-called fronds of the Floridew, an analogy may
really be found with the leaf-formation of higher plants, this would
only be an evidence of the deficient condition of our knowledge, but
could not efface the line of demarcation which has here evidently been
drawn by Nature. Niigeli, in opposing my mode of division, has afforded
a most signal proof of the difficulty, to those who have once been led
astray in dogmatising, of extricating themselves, although with the best
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will to do so, or even of comprehending the more correct views of
others. Niigeli might have spared himself the trouble of contesting
against my system, as I have expressly protested against any such mis-
conception. No one possessed of a capacity for classification will ever
concur in drawing a main line of demarcation between Floridee and the
other Alge (as Niigeli does), so that the former are not made to find
the most provimate affinity to the latter; and the mere subtilty of
dogmatism seleets a character, or a mode of division, and then sepa-
rates the groups in accordance with it. According to my views, it would
form a more natural classification if one were to insert the three lowest
acroups of plants as a special kingdom between the animal and the
vegetable, rather than to divide a portion from this department and
subjoin it to the higher orders of plants. No ground for such a division,
no systematic principle, justifies us in adopting this mode of separation;
simply the judgment from appearances, if I may so express myself, which
requires that science should corroborate it ; the expression of the same
sound sense that has named the heads of the Composite a flower, and
which, indeed, may demand the assistance of science, but may never
be slichted by her. The task of science is to refine and cultivate
the sense of perceptive comprehension, to render the appreciation of the
true and natural more acutely sensitive, and, finally, to ground the
dictum of the senses upon the scientific basis derived from the study of
comparative development. As the principal groups are adopted espe-
cially from observation, their designations may naturally be derived from
various characters, since it is only by degrees that we are enabled to
substitute in the place of these the only correct ground of division—
namely, that founded upon the history of development. This demand
for uniformity of division carries us away from the purely inductive
method, which, while it always follows a definite course, is conscious of
being still far removed from the aim it strives to attain.
Notwithstanding Niigeli's opposition to them, my provisional designa-
tions of the two principal groups, as Angiospore and Gymnospore, seem
to me perfectly applicable. This difference still remains, that in all
Angiospore the propagating cells remain firmly enclosed in the paren-
chyma of the parent plant, forming one continuous tissue, until their
separation from it, while in all other plants the propagating cells remain
perfectly free, unconnected with the tissue of the parent plant, and
merely enclosed within its cavities. As yet, we are deficient in the
investigations necessary for substituting any term derived from the
history of development in the place of this character. As far as I am
able to judge, the following difference seems to be indicated :—In the
Angiospore the whole propagating cell is converted into the new plant,
and in the Gymnospore the propagating cell extends into a pouch-like
cavity varying in length, one protruded cellular extremity only being
developed into a new plant, while the other dies off. This characteristic
is only lost, but its truth at the same time confirmed, in the Liverwort,
which evidently forms the transition in the relation already designated.
But here we are deficient in our knowledge of the more minute phe-
nomena of development of the Lichens and the Lycopodiacew. The same
difficulty meets us in the classification into asexual* and sexual plants.

* It will of course be understood that the word “ sex  means nothing beyond a mere
indication, it being at any rate at present incorrect to attach to the term the meaning
current with respect to animal life. It would be highly desirable wholly to banish the
use of this equivoeal term, as many misconceptions might thus be avoided.
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The law of development might perhaps aid us in finding the distinguish-
ing differences in the development of the proembryo in the first named,
since between the first development of the propagating cell and the
actual development of the perfect plant a passing stage of transition is to
be met with, which manifests a certain analogy with the formations of
the groups of the Angiospore. The further subdivision of the sexual
plants is, however, wholly based upon the law of development. The
Rhizocarpee, as the Athalamice, constitute an admirable medial stage
between the Adgame and the Phanerogame; agreeing with the former
in this, that the propagating cell is developed to a new plant, without
any intermediate interruption®, and with the latter in their development
not being free, but being effected at first in the interior of a cellular
mass engendered by the parent plant.

There are other characteristics denoting the internal and external
form of developed plants, which coinecide in a remarkable manner with
those above given, and derived trom the law of development ; these have
been already partially, but very imperfectly, treated of. The Angiospore
may also be termed cellular plants (P cellulares), since they afford no
indication of a eurrent of sap passing through definitely arranged elon-
gated cells (vascular bundles). In like manner, their external form may
be defined as stemless (Pl acaules, Thallophyte Endl.), as we have
not hitherto been able to detect any sharply defined morphological con-
trast between a lateral parenchymatic extension (leaves) and a body
uniting these (stem). Incontradistinction the Angiospore are designated
as vascular plants ( U, vasculares), and as plants having stems (P eau-
line, Cormophyte Endl.), The divisions of the Gymnospore would
correspond to plants having simultaneous and progressive vascular bun-
dles (§ 26.), and plants with or without an apparatus for propagation, and
finally characteristics drawn from the nature of the vascular bundles and
the morphology of the flowering portions of the plant might perhaps be
added to the Athalamic and Thalamic orders, but unfortunately we are
still deficient, especially with respect to the Rhizocarpea, in the more
accurate investigations necessary to guide us. We cannot too frequently
repeat, that all our subdivisions are, and must be, regarded as merely
provisional, and as extremely deficient, as a correct classification can
only be derived from a complete knowledge of the law of comparative
development, from the attainment of which we are still infinitely far
removed. All that we can say is, that all divisions grounded upon cha-
racteristics which appertain in their nature only to a definite stage of
development, and do not stand in the most immediate connection with
the developing process, must either be decidedly false, or, at best, simply
aceidental, and do not by their own value constitute the natural groups.
On the other hand, every classification must remain permanent that has
been derived from characteristies depending upon the law of develop-
ment. Thus the line of demareation which has been laid down between
the Cryptogamia and the Phanerogamie will ever continue, even though
these divisions may not always be regarded as those possessing the
highest importance. The recent attempts to range the Cyecadacea under
the head of the Ferns rests on such erroneous conceptions of vegetable
nature, and are based upon observations of so inessential a kind, that
they cannot be long maintained. In the same way, Monocotyledons and
Dicotyledons will always remain separated, and notwithstanding all the

¢ * They do not pass through a stage of seminal maturity, or slumber in embryonic
ife.
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substitutes that have been proposed, tried like some new article of
fashion, and then rejected, as Endogenes and Exogenes, Amphibrye and
Aeramphibrye, Lovine and Orthoine, Evorkize and Endorkize, &e.,
we shall still have to return to the old division, as being the best and
most applicable of all, because it rests upon what is most essential in the
morphological law of development. It is only to be lamented that so
much valuable time and such fine powers, which might be devoted to
well-grounded observations on the law of development, and consequently
to the special furtherance of science, should have been wasted in this
utterly useless game of system-making.

I must, however, be permitted to remark, that, with very few excep-
tions, all our classifications of plants into individual larger or smaller
groups are still so unstable, that we are obliged almost in every case to
designate certain forms as mere transitions from one group to another.
In order to avoid miseonception on this head, we must, however, consider
more attentively what is meant by the term Z'ransition. We may inter-
pret it in three different ways. In the first place, it may mean an
individual transition of the nature that oceurs when one and the same
being passes through different phases of its existence at different times,
and may therefore at various periods fall under various specific heads.
We have already pointed out the absurdity of such an idea ; it has never-
theless met with supporters among persons who have given evidence, by
the maintenance of such views, of their own ignorance and thorough
want of philosophical elearness of understanding. In the present highly
deficient state of our knowledge regarding simple vegetable organisms,
a transitional stage of development must often be mistaken, for a time, to
be an independent species; but as soon as further observations have
shown the course of its development to another speecies, the transiently
established classification falls to the ground, and we are as little disposed
to regard the plant as a separate species as we should be thus to de-
signate the pollen-granule and the seed or the ovum in animals. The
matter appears so simple, that we should be struck with astonishment that
any one could even have arrived at the conclusions embraced by Agardh®,
Hornschucht, Meyen }, and others, but that we know that Schelling’s
go-called Philosophy of Nature has misled so many into the belief that there
is something scientific in the subtleties of comparison and analogy. The
proembryo of Mosses is as little a Conferva as the pollen-granule of the
Zostera marina. Both are dependent structures, which only acquire their
full signification in the complete connection of the law of development.
Thus the whole of what Agardh and others have enlarged so much upon
simply amounts to this, that Mosses as well as all other plants consist of
differently formed cells at various periods of their existence.

The second interpretation that may be given to the expression
transition, does designate actually different species, the characters of
which are so similar in the two most immediately allied species, or ap-
proach so nearly through the individual variations, that it is impossible
to lay hold of any one individual character which may separate the
whole into two groups, although their extremes seem to indicate or
demand some such division. IHere we must in the first place remember

* Allgemeine Biologie der Pflanzen, from the Swedish hy Creplin. Greifswald,
1832, § 42,

1+ Act. Aead. Leop. Car. x.

{ Robert Brown's Miscellaneous Writings, [German edition, in 5 vols. For the
purpose of illustration, it contains the papers and remarks of other botanists. —Traxs.]
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that Nature presents no system for our scientific considerations, but
simply individual beings, between which no middle form can be imagined,
since the character of individuality precludes the possibility of varia-
tions. It is we ourzelves who introduce into the number of individual
beings an arrangement and classification into larger or smaller groups,
species, races, or families. On finding a greater degree of uniformity
among & certain number of individuals, we arrange these together, and
then proceed to seek for an expression by which to characterise this
group. And it is only when we have learnt to know all the individuals
perfectly according to all their characters, and have made ourselves
thoroughly acquainted with each character in all its relations, that
we are enabled to find an expression that shall fully mark and distin-
guish the individuals of the group from those in that immediately sue-
ceeding it. As long, however, as this perfect knowledge is nothing
more than a mere desideratum, we content ourselves for the time with
the choice of any character that may seem most applicable for the
purposes of classification, although it may not be perfectly correct, and
may not draw the line as elearly as should be. Thus there will present
themselves many individuals which the provisionally adopted character
will not aid us in defining, and such we term Transition forms. These
exist, therefore, only as the creations of our ignorance ; and it is merely
owing to our own inefficient knowledge that we are unable to define
clearly the different boundaries, the occurrence of these transitions
affording us a eriterion by which to judge of the great deficiency of our
information regarding any one particular point, and thus stimulating us
to further and more exact observations.

There still remains a third signification of the word transition for
us to notice. 'We have not as yet found any expression for the nafure
of the plant in general, which might enable us in doubtful cases to de-
cide upon the vegetable or animal nature of an object. On passing
from one certain group of plants to another, we must have common
parts of both by which the two groups may be connected together
under one general conception of plants, that we may know with
certainty that we are not encroaching upon the department of animal
life. This occurs everywhere, where we combine two or more subor-
dinate groups within the sphere of a higher conception; and here, con-
sequently, the links necessary to convince us that we are correctly
embracing the lower groups under the idea of a higher one must be re-
garded as transitions from one group to another, although in a totally
different sense from the one already alluded to. Instead of the term
transition, I shall in the latter signification use the words “intervening
stage,” limiting the application of fransition merely to those cases where
the line of demarcation cannot be sharply defined, owing to the deficiency
of our knowledge on the subject.

SECTION I.
THE ANGIOSPORE.
§ 79. Plants develope either from a naked cell, or, in the case of

Lichens and Fungi, from an enclosed and double cell, into such
multifarious and idefinite forms that no general character can be



144 MORPHOLOGY.

applied to their parts. They have, therefore, no distinet organs.
In the less simple plants, merely certain cells or portions of cells, or
else cellular groups with a clearly characteristic constant form and
arrangement, especially officiate in the formation of new propa-
gating cells, and, therefore, can alone be regarded as organs. The
single or complex cell out of which the new individual is deve-
loped, I name spore (spora); the parent cell forming and enclosing
the former, the spore case (sporangium); and a number of these
combined together in a definite form with the special parts of the
plant which enclose them, a sporocarp (sporocarpium). Some-
times, also, individual cells or groups of cells assume the form of
fibres or laminw, in ovder to fasten the plants to the body which
supports them (organs of attachment, »kizin@). These plants have
been provisionally divided into three groups, the limits of which
are still very ill defined. The best characteristic may perhaps be
derived from the habitation and the formation of the spores, and
we may thus distinguish those growing in the water (Pl aguatice)
(Alge), from those growing upon any kind of support in the air
(Pl aeree); and these latter may again be designated as Fungi and
Lichens, according as their spores are formed separately in pro-
tuberances of the sporangia, and thrown off with the latter, or
numbers of spores are developed in one sporangium which subse-
quently bursts to discharge them.

The same useless playing with fictions to explain what is perfectly
simple and ¢lear in itself, which meets us at every step in the science of
Botany, is not absent here. Most botanists have not deemed it suffi-
ciently abstruse to suppose that cells combine in simple plants to produce
simple undefined changeable forms, and mueh senseless matter has been
advanced not only concerning the fusing of leaves and stalks, but also
about the formation of buds and all appertaining thereto. In the case
of the Marchantice, which belong to a group of plants in which the form-
ation of the stalk and frond is normal, such views, by way of analogy
at any rate, might have some reasonable grounds. In the three groups
of plants in question, it iz, however, a mere childish play of words to
speak of stalks and leaves, it we do not understand under the term de-
finite products of the formative foree, and prove the actual existence of
such : things created by imagination exist, however, only in confused
heads, and not in nature, which embraces nothing beyond the actual in
space and time.

The expressions already made use of, and which were first proposed
by Link (Elem. Phil. Bot. ed. 2.), fully suffice for the description of the
Angiosporee, although they are not clearly defined, and therefore still
loosely applied, and we may thus entirely dispense with the diffuse and
in part irrational terminology, and that confusion of words which has
originated in vanity and a love of innovation.

It is extremely diflicult to characterise the three above-named divi-
gions in such a manner as to decide at once in individual cases; and
wholly impossible to do so at present, when we are only able to eompare
individual conditions instead of complete series of development. For
instance, it is wholly impossible to distinguish Undina (Alge) and Col-
lema (Lichens); Spheria, Sporocybe (Fungi) ; and Verrucaria, Calycium
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(Lichens), or Myecoderma (Fungi?) from Protococcus (Algm), by
characters belonging to groups, and scarcely even generically. We may
separate them more safely by looking at the whole series of development ;
but even here the boundaries, as especially between Alge and Fungi,
when the latter grow in water, are confused, and between Fungi and
Lichens there are at least transitional forms which it is difficult to bring
into a definite position.

It we look, on the one hand, at the often naked fruits of the gelatinous
Liehens and the species of Peziza, and on the other at the Spherie,
which agree with many of the Lichens, we soon gee that no very marked
difference can be established between Lichens and Fungi from their con-
ditions of consistence or structure. If we join the Pyrenomyecetes and
the [iscomycetes to the Lichens, which, as far as regards the former of
the two, appears in conformity with a natural arrangement, and is not
very extravagant with respect to the latter, if we look upon a Peziza,
for instance, as an Apothecium with the tlmilua (the myeelium) obli-
terated — the formation of the spores within the sporangiuvm ( ZTheew)
would in that case be characteristic of Lichens. For the sake of the
facility which it affords in the treatment of the subject, I shall adopt
this mode of subdivision, without, however, laying any peculiar stress
upon its importance. ‘T'o me it appears evident that whoever has ae-
curately observed both groups must see the little value that is to be
attached to the difference of the #hallus (in the Lichenes) and the stroma
(Fungi), (owing to a few green cells in the former,) as characteristic of
the two groups. One is disposed to assert that all botanists have ab-
stained from placing most Spherie and Hysterie under the head of
Lichens solely because their teachers had told them that they were Fungi,

We obtain the following divisions from the form of the spores: —Spores
which develop themselves (from 1 to 4) in the sporangium according to
the second form of cell formation —A.-'qce. spores which to the number of
eight to ten are formed in the sporangium according to the first form of
cellular formation— Lichenes; and lastly, spores develﬂptd individually in
amali;r lateral expansions of the sporangium, separating themselves with
it — Fungi.

L. ALGZ.

§ 80. The propagating cell (the spore) constitutes, in some rare
cases, the whole plant ( Protococcus, &c.). More generally, however,
it expands itself during its development to a long, thread-like, often
ramifying cell ( Vawucheria); or it forms, in a manner with which we
are as yet unacquainted, many other cells, variously and multi-
fﬂriuusly arranged, and thus constitutes the plant (frons Auctor).

The simplest forms exhibit waving ( Undina) or straight rows of
spherical cells interspersed here and there with whorls of lateral
hl'mchea ( Batrachospermum): in other cases the cells acquire the
form of eylinders attached together so as to compose longer or
shorter filaments. These threads are either simple, or are them-
selves ramified in various ways =0 as to constitute a closed net
( Confervacee). These plants generally secrete a definitely formed
gelatinous layer, which in the case of the Nostochinee determines
the form of the whole plant, while in that of the Confervacea it
constitutes only a membranous investment of the individual threads,

L
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(Sece Plate IT. fig. 7.) The majority swim freely in water, while
in a few the spores form in the course of their development a
thread-like prolongation, terminated at the extremity in a little
disc which adheres to some foreign body (organs of attachment,
rhizine), as in the instance of the Polysperma glomerata. In
others, again, the cells developed from the spores arrange themselves
g0 as to produce a greater surface (Ulvacee), which at times ex-
pands at one extremity into a small adhering disc, and occasionally
appears as a hollow eylinder (Solenia Ag.).

Finally, in the most complicated forms the cellular process
developed by thg propagating cell gives rise to solid struetures
composed of cells ranged one upon the other; these are either
thread-shaped ( Scitosiphon Ag.), band-shaped (Laminaria Lam.),
leaf-like ( Delesseria Lam.), simple, or divided in many ways, or
developed alternately in an apparently regular order into thread-
like and leaf-like forms ( Sargassum). The plants are for the most
part attached to some place by a disc-like organ of attachment.
At times we meet with bladder-like inflations (Fucus nodosus) or
pedicled bladders ( Sargassum).

I believe that no system is déstined to be so thoroughly overthrown
as the one at present established for the Alge, especially with reference
to the lower divisions ; and it appears to me that at least one third of
the species will probably be set aside. Certain it is, that many species
are described three or four times according to the different appearance
they have presented under magnifying powers of wvarying strength.
Hence it comes that most writers have had little or no econception of
the actual structure of plants in general*®, and of the Alge in particular,
and that eonsequently a certain distinetion between the stages and kinds
of formation is impossible, It is at any rate certain that mere stages of
development, which have very frequently been deseribed as peeuliar
species of plants, must fall to the ground as soon as their true character
has been recognised. My views on this subject are fully concurred in
by Kiitzing f, who, after thirteen years’ laborious study, declares that
there are no species, but merely forms, of Alye ; and these he has fol-
lowed thronghout the whole course of their development, showing, in
many cases by careful observation, although in a confused manner, that
they are devoid of an independent existence.

The terminology in use at the present time with respect to the Alge
is a mere confusion of words; and as my purpose is simply to throw a

* Phycomater; Gelatina inorganica (¥), effuse, granulis (but surely celluliz) nullis :
or Byssi meteorici : formationes aérew, vegetatione nulla (#).  What this is I eannot
deeide ; but that it ean be no race of plant, must, I should think, be evident to every
one who has acquired any fundamental knowledge of the nature of vegetable life. And
it will, at all events, be acknowledged by every man, even if he be no botanist, that it
is a flagrant absurdity to reckon among plants that which is defined as inorganie, and
to which is denied the first and indispensable character of plants. * There is a great
confusion in synonymy, which can only be cleared up by the careful examination of
original specimens.  All delineations hitherto made only allow of a partial idea of the
real form and species, owing to their being copied from specimens which were not
sufficiently magnified, and also owing to their being drawn without the requisite exact-
ness.” — Kiitzing, Phycologia generalis, p. 249,

t Phycologia generalis.
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glance over the forms as far as may be necessary for the clear compre-
hension of the whole, and not to furnish my readers with a monography,
I may wheolly dispense with all these empty terms. Kiitzing, who has
carried this fabrication of words beyond all limits, makes use of seventy
terms for the different forms of the family of the Alge.

We have already spoken at large, in the first part of this work (p. 36),
of a very interesting specimen of Alge, namely, the Fermentation
Fungus. Much has been written of late years upon this subject, but
I will here only enumerate some of the principal works: as, for in-
stance, Schwann (Poggendorfi’s Ann. vol. xli. p. 184.); Cagniard-La-
tour (L'Institut, 1836, Nov. 23.); Meyen (Wiegmann's Archiv, 1838,
vol. ii. p.99.); Querenne (Journal de Pharmacie, 1833, June) ; Turpin
(Comptes rendus de ' Académ. 1838, July ; and L'Institut, 1838, August).
We are still very much in the dark respecting the law of development
of the Alge. I am not acquainted with any complete exposition of the
subject.®* There are many Alge of which we do not even know the
spores ; for where, in the case of the Conferve, the author speaks of a
Massa sporacea (chlorophyll, starch, &e.), he neither understands
himself or nature. Kiitzing certainly maintains that the granular cel-
lular contents are developed into new plants, but his representations to
that effect are far from furnishing us with the requisite proofs; besides,
the whole thing is so contrary to all analogy in the vegetable kingdom

that it seems best to receive the fact only

120 as provisionally true. The process exhi-

bited in the Profococcus wviridis is the
simplest. Here a spherical cell is slightly
expanded, soon after which we perceive
two young cells, which become izolated as
the parent cell gradually disappears. I
have not, however, been able to observe
how these young cells are developed. In
Mougeotia  genufleva (fig. 120.), the cell
of the spore extends at one extremity into
a tube, whose end bulges out into a spherical
form, flattening out on reaching any sup-
port in order to attach itselt to it (f ).
From the other extremity of the spore, cells
proceed, which expand cylindrically and ar-
range in a thread-like form. I have been
unable to trace them in their earliest deve-
lopment ; and have hitherto been unsue-
cessful in my attempts to observe the ger-
mination of Spirogyra. Since Vawehert
observed the young Conferve issuing from
the burst spore {, nothing more exact has been noticed with regard to

* Meyen, Fhysiologie, vol. iii. p. 411., gives the heading of his subject as the Pro-
pagation of the Alye, but in the text speaks almost entirely of Diatomea, part of which
are undoubtedly animals, and of a few Conferva.  The most important, as the Fucoidea
and Floridea, are not even mentioned ; and this is called a system of physiology.

1 Vaucher, Histoire des Conferves d'Eau douce. Genéve, 1809,

{ Meven, Physiologie, vol, iii. p. 423., offers only conjectures on the subject.

10 Mougeotia genuflexa, Development of the plant from the spore (a) in four stages
!:b—e} The last stage shows the adhesion of the plant by an adhering dise (f ), which
15 already indicated at d by the spherieal enlargement (x).

L=
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them. In a few instances germination has been observed in more deve-
loped Alge, as, for instance, by Martius *, Agardh, and Kiitzing, with-
out, however, their having had regard to the most essential points, viz.
the origin of new cells. The self-division so much insisted upon by
Meyen T has not been established by observation, excepting in the case
of Diatomee, and other doubtful organisms, but has merely been as-
sumed. In Hydrodictyon utriculatum a young plant is developed within
a cell in an unknown manner.f DMohl § thinks he has seen a multipli-
cation of cells by division in Conferva glomerata. We are, however,
indebted to Niigeli for elucidating this relation, as well as the whole cel-
lular formation, of the Alge, by showing that all increase of cells in
the Alge depends upon the second type of cellular formation (§ 14).

§ 81. In the simplest forms of Alge the plant itself is the parent
cell (sporangium) of the spores (Protococeus). In the thread-like
Vaucherie, a portion of the cell expands spherically into a spo-
rangium. In those composed of many cells the sporangium is
formed from one individual cell which, at times swelling into a
spherical form, furnishes the sporangium ( Fdogonium vesicatum).
In the case of the greater part, however, we know but little of
the formation of the spores. In the more complex Floridee there
are apparently two kinds of spores in the different individuals.
Some enclosed in large numbers in a sporocarp (Kiitzing’s Kapsel-
Sfruchte) are developed in a manner with which we are still unac-
quainted: the others (Kiitzing’s Vierlingsfriichte) are formed, accord-
ing to Niigeli, exactly like the pollen-granules of the higher plants,
in a parent cell (sporangium), which sometimes becomes subse-
quently absorbed and disappears.| The different forms of fruits
are either scattered, heaped together, or again frequently united
upon peculiarly formed lobes of the plants (receptaculum).

Here, again, we have every thing shrouded in the greatest darkness,
Not that the water contains marvels, as Link declares, but that it has
been examined with the most unsatisfactory observation, combined in
some degree with an unrestrained fancy. In such a state of things there
cannot of course exist any thorough well-grounded study of the law of
development. I have myself unfortunately been unable hitherto to make
any more comprehensive observations.

In certain respeets, Kiitzing’s Phycologia generalis forms a new epoch
in the study of the Alge, and, notwithstanding the constant and reiter-
ated changes and enlargements which he superfluously makes in the
terminology, and the deficiency which is throughout observable of aceu-
rate observations upon the law of development, his work furnishes us
with the first attempt at arrangement of the greater part of the mate-

* Martius, Nov, Act. Leopold. Carol. ix, p. 217.
1 Meyen, Physiologie, vol. iii. p. 440, &e.
Vaucher, Hist, de Conf,
“ Vermehrung der Pllanzenzelle durch Theilung.” Multiplication of the vegetable
cell by division. ‘T'ub. 1836.
|| This Nigeli maintains at any rate (loe. eit.), whilst Decaisne { Archives du Mus.
d'Hist. Nat. vol. ii. ; Plantes de I'Arabie heureuse, p, 112.) positively maintains the
Teverse.



SPECIAL MORPHOLOGY : ALG.E. 149

rials, which he handles according to a principle of unity, by which we
are enabled to compare separate observations with each other, and trace
their mutual relations. And we must not conceal that it is extremely
difficult, owing to the external relations, to make comprehensive obser-
vations upon the law of development, and that consequently the re-
proaches which we must make against the state of the science in regard
to the Alge in our day, only apply to a certain extent to the individual
investizations. In some degree, certainly, the cause lies in the artificial,
senseless methods of research that infect the whole science of Botany,
which has hitherto directed its attention far more to herbaria than to
living plants; and hence, those who live far inland become Alzologists,
whilst botanists residing near the sea-side busy themselves in describing
some little dried Jungermannia brought from Java; and European in-
vestigators thus too often devote more attention to tropical plants than
to those that are indigenous to their own country, and are in their own
immediate neighbourhood.

The so-called copulation of Spiregyra and a few other Conferve
(fig.121.)are generally represented as especially remarkable. They consist

of thread-like eylindrical cells arranged in a linear series. At a definite
time one side of each cell expands into a papilla, which combines with
any papilla of another cell of the same or another filament with
which it may come in contact, and then the partition is absorbed, the
contents of the one cell pass over into those of the other cell, and out of
the total mass a spore is formed (fig. 121. @ @). I have observed the
following eases, which prove how inessential this process really is. Two
cells were combined with the papilla of a third cell ; and thus arose four
gpores, one in each of the first-named cells, and two in the third. Three
cells were combined, and the result was the formation of one spore in
the space formed by the three papilla. Again: two cells were combined,
in the one of which there appeared two spores, and a third spore in the
eavity of the papilla. Two cells combined together, and here a spore
was formed in each one (fig. 121. ¢). Another instance very frequently
occurred in which one cell, that had a papilla which did not combine
with another, exhibited a spore formed within the cell (fig. 121. & b).
Finally, it sometimes happens, although but rarely, that a spore is formed
without the cell having borne any papilla.

The Alge certainly merit the most thorough examination, as we are

- " Zygnema - quininum.  Phenomena of the so-called eopulation. At a a, the con-
nexion is effected, and the contents, being transferred from one thread to another, form a
spore. At b b, the projections are formed, without, however, their being able to com.
bine with another cell ; notwithstanding which, a spore is formed. At ¢, a spore is
formed, and here another prolongation effected, which is connected with another cell, in
which the contents begin at the same time to concentrate themselves into a spore.

L3
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justified in expecting important results to science from them on account
of the simplicity of their structure and life. To effect this, however, 1t
will be necessary, if we would avoid thorough confusion, entirely to
exclude the Dintomee and the true Oscillatorie, which, according to my
view, are equally dubious.

§ 82. The Alge consist generally of cells in a low condition of
development, having for the most part gelatinous walls; in the
Fucoidee and Floridee we find, in the interior, more elongated or
broader cells, which, by their distinet porous canals, indicate the
presence of thickening layers, so that the cavity of the cell has fre-
quently a beautifully ramified appearance. These cells are very
often found to be arranged with the greatest regularity. In
most of the Alye, the tender mucous integument of the inner
surface of the cell-wall is especially developed, and here motions of
currents of fluid may frequently be traced, as, for instance, in the
species of Spirogyra. The chlorophyll often appears as an in-
vestment of the cell-wall, in the form of spiral bands with jagged
edges; the granular contents of the cells (the starch) are generally
very coarse-grained. In the more complex species, we may distin-
guish a smaller, more closely packed cellular tissue, as rind (cor-
tex) from the larger-celled porous pith (medullia). The vesicles
contain very porous, spongy cellular tissue. All the Alge exhibit
a more or less distinetly apparent secreted layer of gelatinous,
amorphous substance, covering the whole external surface.

The structure of the Alge is, on the whole, very simple, if we do not
include amongst them the dubious Diatomee, &c. with their siliceous
shields; and which, as has been already stated, are quite out of place
here. I give an exact representation (Plate IL. figs. 1 to 6.) of the sili-
ceous shield of Navicula viridis, one of the commonest of the Diatomee,
of which I have not hitherto met with so minute, nor indeed any aceu-
rate, representation. It will show that this curious structure is wholly
without analogy in the vegetable kingdom®, and cannot be derived from
laws of vegetation with which we are at present acquainted. One of the
most striking phenomena is the deposition of chlorophyll in the spiral
Jagged bands observed in the species of Spirogyra. The formation of a
seereted layer upon the surface of the Alge appears to throw consider-
able light upon the nature of the cuticula in the higher plants. Ca-
bombe aguatica shows great affinity to these formations, by its very
gelatinous cuticula. It has, however, been shown by the observations of
Kiitzing f, that this layer in the Alge must certainly be a secreted sub-
stance, as, when removed or injured, it is replaced by a liquid mucus,
that gradually hardens. On the other hand, the clothing of the inte-
rior of the actively vegetating cell, with a semi fluid layer of a nitrogenous
substance, frequently ecirculating in currents (inappropriately termed
an amylid cell by Kiitzing), is most remarkably conspicuous in the
Alge. Compare, with reference to the above, the Plate II. fig. 7. with
the accompanying explanation.

® Meyen passes this by as a matter of eommon occurrence because silica is found in
other plants, and thus entirely overlooks the essential difference.
1 Kiitzing, Phycologia generalis, p. 87,
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IL. FUNGI.

§ 83. Thespore expands in many directions into an interwoven
tissue (mycelium, stroma, flocei, thallus) composed of thread-like,
mostly transitory, cells, forming the actual plant, which exhibits
no other organs excepting those of propagation. We are wont to
make the transitory nature of this part a means of judging of the
more strikingly apparent, and frequently more lasting propagating
organs of the whole plant.

A Fungus, as I believe, very seldom consists solely of roundish cells.
I cannot regard the true Uredines, &c. (Coniomycetes) as independent
plants. Meyen observed the formation of Uredo Maidis* as an abnormal
process of cell-formation in the interior of the cells of the parent plant;
and, in this respect, my own observations on Elymus arenarius coincide
with his: on the other hand, the views of Leveillé{ appear but little
entitled to be opposed to the investigations of Meyen, being evidently
more superficial and incomplete. An advanced stage of knowledge re-
garding the Fungus tribes will no doubt lead to the general conviction
that all Fungi consist of a few thread-like cells, forming spores in a
similar manner ; and that the classification into groups, tribes, and spe-
cies, must depend upon the modification of the process of the formation
of spores, upon the aggregation of individual fungus-cells to more com-
plex plants, and upon the types of the forms of these compound Fungi.
I must, also, regard many other supposed species of plants, as Ceoma,
Puceinia, &e., as devoid of individuality, and simply as diseases of plants,
On the other hand, such Fungi as are formed in the intercellular pas-
sages, and grow from the openings of the stomates, I consider as real
paragitical plants (Epiphyte). The whole tribe of the Leptomitee Ag.
do not appertain as independent structures to the Alge, but to the
Fungif, as being speecies of mould germinating in water. The confu-
sion that existed regarding these most imperfect plants was, up to the
most recent time, beyond all deseription, and will not be very speedily
removed, since only a few botanists deserving of credit, as Leveillé,
Montagne, and Berkeley, have devoted themselves to the general study
of these groups ; and, in spite of the best observations on the subject,
the old errors are for ever revived in systematic works. It may be said
of such systematisers, as of the French emigrants, * They forget nothing,
and learn nothing.”§

We still know but little of the law of development of Fungi. Thus,
although the origin of new cells from the spore may have been observed,
we yet have no delineation of any ome single kind. J. Schmitz has
made a very successful introduction, in recent times, to accurate observ-
ations of the law of development. (See Beitriige zur Anatomie and Phy-
siologie der Schwiamme, Linnma 1843, p. 417.)

We have certainly recently acquired many very complete series of

* Wiegmann's Archiv, Jabrg. 1837, vol. i. p. 419.

1 Annales des Se. N, ser. ii. vol. xi. p. 5.

{ Compare, amongst others, Meyen, in Wiegmann's Archiv, 1838, vol. ii. p. 100, ;
and Montagne’s Skizzen zur Organogr. und Physiol. der Sehwimme, Prag. 1844,
p- 15.

§ Thus we find in Kiitzing's Phycolog. gen. all the species of Leptomitus and Hygro-
crocis veceived as Alge.

L 4
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observations on several of the more interesting species, but even these are
deficient, in a botanieal point of view, in that completeness which can
alone be obtained by the acquirement of a more perfeet knowledge of the
origin of the individual cells. I will here especially mention the follow-
ing works :—

1. The Ergot ( Sphacelia segetwm ), on which observations have been
contributed by Meyen (Miiller’s Archiv, 1838, p. 357.); Leveillé (Ann.
des Sciences Nat. 1837, Dec.); Pheebus (Description of German Poison-
ous Plants, Part 2, p. 97.); Fée (Flora, 1839, p.293.); Spiering (De
Secali cornuto Diss. inaug., Berlin, 1839); E, J. Quekett (Ann. of Nat.
History, 1839, p. 54.).

2. The Muscardine (Calcino, Botrytis Bassiana); a Fungus growing
upon the Caterpillar of the Silkworm, observed by Bassi (Wiegmann’s
Avrchiv, 1837, vol. ii. p. 107.); Balsamo Crivelli (Linnw®a, 1836, p. 609.) ;
Audounin and Montagne (Comptes rendus de ' Acad. 1838, p. 86.).

§ 84. The development of the organs of propagation varies very
much, and has only been perfectly observed in a very few instances.

The most simple (Hyphomyeetes, filamentous Fungi) form, at
the end of the thread-like cells, narrower protuberances, in each of
which a spore is developed ; this at length separates, having con-
sequently a double membrane, the cell of the spore itself and the
covering (sporangium) arising from the parent cell, as, for instance,
LPenicillium, Botrytis, In others the thread-like cells form a sphe-
rical swelling at the extremity, from which project a number of
such prolongations, each of which contains a spore, while the
whole forms a divided sporangium, as, for instance, Mucor, Penicil-
lium ?

In others ( Gasteromyecetes, the ventricular Fungi) the thread-
like cells combine into pointed, or non-pointed, variously-shaped
sporocarps; in or upon which are spores, of the development of
which we know nothing. After the scattering of the spores,
the thread-like cells often remain as tender wool (in the Z'richi-
acee ), or as a delicate network (capillitium), as, for instance, in
Stemonitis, Cribraria; and the external capsule (uferus, peridium)
generally composed of fine filamentous cells, is then dissolved, or
bursts in different regular ways, as in Areyria, Geastrum.

In the most highly developed Fungi ( Hymenomyeetes, membrane
Fungi), elongated pouch-like cells (probably only the ends of the
interwoven filiform fungus-cells, developed into the sporocarps, or
cells formed at the ends of these cells) combine by arrangement
side by side so closely as to form a membrane (hymenium). Some
of the cells of this membrane enlarge considerably (sporangia), and
send out from one to six points at their free extremity, in each of
which a spore is developed. The filiform cells of the Fungus then
either form round masses, closed in all round (sperocarps), with
cavities in their interior, the walls of which are clothed by the
hymenium, or they form definitely arranged columns (in Merisma),
tubes (in Polyporus), or lamelle (in Daedalea, Agaricus), which
are clothed by the hymeniam (the Hymenomyeetes). Of the latter
we only know, with any amount of accuracy, the law of develop-
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ment relating to the Toadstools, and more especially that of the
Agaricinee. In these latter there are formed, at definite parts of
the floculent myecelium, small hollow heads (velve); at the bottom of
the cavity there grows a corpuscle, shortly pedunculated below, and
enlarged into spherical form at the top. In the lower part of this

rotuberance, a horizontal circular cavity is formed, to the upper
surface of which are attached the tubes, lamella, &e., which bear
the hymenium. The bottom of the cavity is only formed by a
membrane (indusium), which is either separated from the pedicle
on its further development, or, loosening itself from it and the
upper part at the same time, remains as a “membranous ring (annu-
fus) upon the stalk. The upper part, which supports the hyme-
nium on its lower surface, dilates subsequently, and appears as an
umbrella-like expansion, called the hat (pileus). The whole then
breaks through the volva, which is very soon dissolved.

Almost all the works that have hitherto appeared on the lower Fungi
are wholly useless, and may, without farther consideration, be cast aside,
since the work must again be commenced from the beginning. Investi-
gations are of no value where they do not trace the composition of the
forms from the individual cells. Iven by the aid of delineations (as, for
instance, in Nees von Esen-
beck’s System of the Fungi
and of Floceulent Plants.
Selivdmme), we do not learn
whether we have to do with
individual eells, or structures
composed of such cells ; and
yet on this depends every-
thing. I must confess that
I find it quite impossible to
determine one of the lower
Fungi from the ordinary
descriptions, as they do not
express what nature exhi-
bits. Even delineations are
not often of much avail. This
arises from the fact that in
many cases the specific dif-
ference does not certainly
rest in the plant, but in the
observers, their instruments,
and the magnifying power
used. My own limited ob-
servations yield the following
results : on the Allivm fistu-
losuwm there is, on the yel-
low leaves, a small epiphyte
(Bﬂfryhs‘?} (fig.122.), con-
sisting of one single multi-
fariously rmmf_}rlng cell. It
cerminates in the intercel-

12 Botrytis (parasitica?). 4, Grown out from the stomate of a leaf of Alliwm fistu-
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lular passages, and grows as a little stem from the stomate, branching
externally in a tree-like form. I observed it in all its stages of develop-
ment from the germ. At the points of the branches, and distinetly en-
closed by the membrane, a small cell is seen, which gradually swells to a
considerable size, and then separates itself from the branch with the in-
tegument it has derived from the parent cell. This is the mode of forma-
tion of the spore. According to Meyen’s delineations®, the same pro-
cess goes on in Penicillivm. 1 found upon damp linen a colourless mould
( Mucor ?) (fig. 123.), consisting of one eylindrical cell (seldom more),
much ramified upon the surface ; it had one stem, the end of which was

gpherically enlarged, and furnished with small pear-shaped processes,
projecting in all directions. An individual cell was distinetly visible in
the interior and at the point of each process, which, gradually enlarging,
separated itself from its support. On the withering leaves of the Pussi-
Mora alata, T found a mould that was almost as black as pitch, consist-
ing of one simple thread, formed below of shorter and thicker, and
above of longer and narrower cells, of which the uppermost, which was
spherically expanded, exhibited the same process of spore-development.
I found upon the withered stalks of the same plant another whitish-gray
mould, composed of short and thick cells at the bottom, and longer and
thinner ones at the top, forming ramified threads. The two or three last
Joints of the stalks and the branches contained a turbid, mucous, granu-
lar fluid, which sometimes exhihited very small but sharply-defined
globules, or dises (cytoblasts). Very minute delicate cells were fre-
quently to be observed, closely applied upon the wall of the cell,
which was often arched outward over the ecells. I met with all
possible stages of transition from this condition to a longer wart-like
projection of the wall, at the point of which lay a young cell, free and

* Pfanzenphysiologie, vol. iii. pl. x. figs. 22. 20, and 21.

loswm. A section of the latter is given. B, A portion of the fungus, with spores in
different conditions of development (a—d), and a barren branch (e).

58 Mucor (spherocephains 7). a, The whole plant. &, The head of the spore-case,
in a longitudinal section, the greater part of the processes with the spores being omitted
in the delineation. ¢, Earlier condition of such a protuberance, with the spore originat-
ing from it. o, Protuberance, with the ripe spore.
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again from this condition to that of a riper spore, connected by a short
pedicle with the cellular wall. (Compare Plate I1,, fiz. 8.) In both of the
above-described species of mould, the lowest cell was short, almost
barrel-shaped, and immediately attached to the still distinetly recog-
nisable cells of the epidermis of the plant, which, although they were
withered, were otherwise wholly uninjured, while not a trace of adhering
dises or fibres was to be perceived. I likewise observed upon the hyme-
nium of Agaricus campestris (figs. 124, 125.)and 4. Oreades, and Amanita

musecaria, the perfect formation of these processes from the large cells of
the hymenium, and the origin of the spores as little globules within the
points of these projections, On comparing this representation with
what follows, it will become very evident that the external membrane
of the Fungus-spores eannot be compared with that of the Moss-spores, or
the pollen granules ; but that it represents a spore-case. This membrane
does not prevent the spore from expanding irregularly, in the act of
germination, into many thread- like prolongations, and that at any point
indiseriminately. The above-mentioned development of the pileus of
the pileate Fungi has been thoroughly observed, and frequently deline-
ated.* Of the development of all other Fungi, with the exception of the

* By Bischoff, among others, Handb. der Botanik, pl. vii. fig. 163. of Adgaricus vol-
vacens,

¥ dgaricus campestris, shown in a longitudinal section. @, Substance of the pileus.
b, The lamelle, covered by the hymenium. ¢, The stipe of the pileus. d, The
actual plant (myeelium). The dotted line indicates the direction of the section
125. a.

1% g, A section through the lamelle of the pileus of the Agaricus campestris (fig.
124,). The lamellae are covered by the hymenium, on which appear the spores. & is
a portion of the hymenium, with the spore.cases in three different stages of formation ;
the middle one shows already the four processes. ¢, A spore somewhat more deve-
loped. In the process to the right is a spore in the first stage ; to the left, one some-
what more developed. d shows a spore-case with four processes and many half-
developed spores. e, The upper part of a spore-case, with a process, and a fully
developed spore.
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parasitical®, we know scarcely anything. In the Fungi, too, we observe
a formation of the spores very similar to the m}pulatmn in bpuﬂg‘fjra :
with this exception, that here the spore is developed quite regularly in the
middle of the tube formed by the fusion of the two papille. }

In more recent times, much has been said on the subject of the an-
theridia of the Fungit; and Meyen § has even discovered them in Fei-
divm. What is to be thought of all this scientific jugeling with the
word anther, will be subsequently discussed. The case is as follows in
the Hymenomycetes. Beside the sporiferous cells, between the sterile
cells upon the hymenium, there are a few projecting, wider tubes, filled
with a turbid, mucous fluid (eystides, Leveillé ; utricles, Berkeley ; para-
phlyses, Auctor); and this is all that we know of the matter. Klotsch,
according to his own statement, has observed that the spores coming in

contact with these tubes germinate more certainly than those in which

he was not positive of the same condition existing.| At present this
seems to be a very vague supposition, and proves nﬂtlling for the nature
of the anthers. As to the AFeidivm anthers, an exanthema deseribed by
Unger, and frequently occurring, together with the external eruption of
Aeidinm —it is asserted by Meyen, that a more accurate investigation of
its formation, as well as its relations in time and space, eompel him to re-
gard it as a male Feidium plant, although it may be proved by observa-
tion that there ean be no question here of actual impregnation. Anthers
must really have become a fixed idea in the mind of Meyen, since, in
spite of everything, he can declare these structures to be such. The
facts furnish not l:-uly no compulsory arguments in favour of it, but
not even a shadow of possibility, that Feidiolum exanthematum (Ung.),
which develops alone previously, frequently upon leaves, on the other
side of which the Aeidia are formed, while sometimes no such eon-
sequence follows, — stand in any other relation to the Feidium than
the Aene punctata does to the Aene rosacea, in the human subjeet, or
any one disease of the skin to another. Those imaginative physicians
who declare disease to be an independent organism, hﬂe, according to
this analogy, a wide field for the flizhts of their f’uuc}r, in seeking for
males and females among the different pocks, pustules, and vesicles.

§ 85. Filiform cells and the interwoven tissue are almost the
gole element of the Fungi. The nature of the cells, however,
varies from a readily deliquescent softness, fatty or greasy, as it
were, to the touch, to the most compact wood-like hardness, as in
German tinder.  Spiral formations do not appear to eccur. A few
Agaries contain a milky juice, which, in the case of the Ag. deli-
ciosus at least, is contained in definite small groups of parenchy-
matous cells.

The hair-like cells in the sporoecarp of the Trichia and the Areyria
appear almost like spiral fibrous cells ; but I think that I have reason to
assert that they are merely flat band-like cells spirally twisted. In the

* See Unger's excellent treatise, Die Exantheme der Pflanze, Vienna, 1833.

1 See Ehrenberg, in Transactions of the Ges. naturforschender Freunde, Ierlin,
1820, vol. i. page ii.

1 See Wiegmann's Archiv, 1839, vol. ii. p. 51.

& PHanzpathologie, p. 41.

| Dietrich’s Flora of the Kingdom of Prussia, vol. vi., under the head Agaricus deli-
qh‘fﬁ'f‘r‘ﬂ-‘h
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Ag. deliciosus the milky juice is certainly present, as I have indicated; Lint
some have insisted that they also found true lacteals in Fungi,—a state-
ment that for the present 1 must leave undisputed. The most remarkable
thing in the Fungi is at all events the great difference in the nature of
the cell-membrane, which, at least, according to Payen’s investications,
consists of common cellulose. The state of decomposition into which
the various species of Coprinus pass in the course of a few hours,
becoming converted into a black, highly earbonaceous fluid, is very
striking indeed. But we are still deficient here in accurate observations.
Telephora hirsuta contains, according to Schmitz (Linnwxa, 1834, p. 438.),
beautiful octoedrie crystals (oxalate of lime 7)

III. LICHENES (LicHENS).

§ 86. Whilst the Fungi form their spores in a thread-like pro-
longation of the parent cell, and separate by constriction across
the neck, the Lichens develope many spores simultaneously (many
of them double spores) in the interior of a larger parent cell. We
thus have a clearly defined limit drawn between the two groups.

Many nuclear Fungi ( Pyrenomyeetes) cannot, or at least not easily,
be distinguished, without previous acquaintance with them, from many
Lichens (as, for instance, of the groups Idisthalami and Gasterothalamsi).
They correspond so closely with Lichens, with respect to the law of the
development of their spores, that I, at least, for my part am unable
to separate them. DBut the same may be said of the discoid Fungi
( Discomycetes). Most of the smaller species of Peziza are altogether
deficient in any characteristic by which they may be distinguished from
the apothecia of Lichens as a peculiar order, especially if we compare
with them the soft gelatinous substance of the fruits of the Collema,
which so frequently occur without any thallus. I therefore combine
them with the Lichens, as I thus gain from the peculiar, essentially-
distinet history of their development a well-marked characteristic to
separate the two groups. After the admirable observations and inves-
tigations of Camille Montagne®, we can no longer doubt that Lichina
(£g.) belongs to the true Lichens,

§ 87. The spores of Lichens develope, in a way of which we are
ignorant, cells mostly of roundish form, which spread out flat upon
the subjacent surface (protothallus): by degrees larger globular
cells are formed upon this, which the upper and under surfaces, be-
coming more closely connected, and the lower face a little elongated
in a vertical direction, form a plant (thallus Aut.) of erustaceous
aspect (thallus erustaceus), the outline of which appears usually very
irregular and dependent upon accident.

In other forms the Lichen tissue i1z developed between the upper
and lower layer, and then the plant assumes more definite and
independent lobed forms (thallus jfoliaceus), the outline of which is
generally circular. Trregular bundles of interwoven tissue often
separate themselves from the lower surface, serving as organs of

* Ann. de Se. Nat. 1841, xv. ( Mars), p. 146.
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attachment (rhizine). For the most part the thallus foliaceus is
more or less elosely appressed to the supporting surface, sometimes
only fastened at the middle point by a small adhering disc (as, for
instance, in Umbilicaria); at others it rises freely, and then appears
in flat ramifying forms, which always admit of being distinguished
from the succeeding form by the inequality of their two surfaces.

Finally, in the highest forms the cellular mass rises and forms
multifariously ramifying bands or threads of greater or lesser thick-
ness (thallus fruticulosus).

We know but little as yet of the law of development of Lichens.
Hitherto, Meyer* and Wallrotht are the only ones who have given us
any information on the subject; yet both were as deficient in funda-
mental physiological information to know what was requisite, as in good
microscopes, &c., to see things worthy of being noticed. Meyer has
clearly and fully explained all that eould be seen with the naked eye,
whilst Wallroth has rendered his work wholly unendurable by the use
of a terminology as superfluous as it is disgustingly barbarous.

The strueture of the forms in Lichens is on the whole very simple. As
they almost all grow uniformly from one poeint of the spore in all direc-
tions, and are besides generally attached to the supporting surface, the
most general is the round outline, modified by the form of the surface on
which they grow, and by the specific structure of the lobes. In some, as,
for instance, in those nuclear Fungi which I include under the same head
and Helvellaceee, and also in many troe Lichens, especially in the pul-
verulent Lichens, or as, for instance, in Coniothalami, and some columel-
lar Lichens, the plant is so perishable that we scarcely find anything
beyond naked sporocarps. In some, as in the Graphidee, &c., the plant,
similarly to what is the case in most Pyrenomycetes, expands itself
within those parts of plants (mostly bark) which serve as a basis to
it, and subsequently, after the destruetion of the covering, nothin
appears but the naked sporocarp, or sometimes, but rarely, also the
plant itself. It is only in a very few cases that the plant rises stem-like
and free from the base, either by the erection of the lobes, as in Evernia,
Borrera, &c., or by some real difference of development, where the plant
developes linearly upwards instead of laterally and superficially ; thus,
consequently, exhibiting the same surface as it had previously done
while recumbent. The word thallus is superfluous in the case of such
a plant.

§ 88. The development of the spores is very uniform for all cases
included within the limits of this family. At wholly indefinite
parts of the surface of the plant, there is formed a semi-circular
channel-shaped, or more or less spherical or eylindrically closed
layer of delicate walled, closely packed, roundish cells, which
sometimes appear coloured, as in Lecidea sanguinea (when form-
ing a rim round the developed sporocarp, named excipulum pro-
priun); and on the inner surface of this layer is a second, composed
of thin filiform cells (paraphyses, Saftfiiden), placed vertically
upon the preceding layer (lamina proligera Auct.). By degrees,

* The Development, Metamorphosis, and Propagation of Lichens. Gottingen, 1825.
1 Natural History of Lichens. Frankfort, 1825-27,
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single, broader, elliptical, tender-walled cells (sporangia, theee,
asci, Auct.), grow up between them, and soon become filled with
a viscid matter. Within these, cell-nuclei are developed, and from
them cells which form simple spores; or, again, two or more cell-
nuclei appear, from which cells, and then double-spores, are deve-
loped. ]Euring this process, the whole sporocarp approaches by
degrees nearer to the surface of the plant, being always covered
by a substance the tissue of which it is difficult to determine, but
which appears to be partly the product of the paraplyses, fre-
quently occurring as a black, finely granular, mass, as is especially
the case in Pyrenomycetes and Pyrenothalami; and partly, in the
subsequently expanded fruits, composed of a thin lamella of the
cortical layer of the thallus, and is sooner or later destroyed.
Remaining in this closed condition as a nucleus, it forms the fruit
of Pyrenomycetes and Pyrenothalami (sporangia angiospora nu-
cleo predita, Meyer). In others it bursts through the upper
surface, spreads itself more or less into a linear cup, or disc-shaped
(apothecium) patella, when circular; lirella, when linear; (sporo-
carpia angiospora laminam gerentia, Meyer). It sometimes raises
a part of the upper surface of the plant, which then appears as
a margin (margo thallodes, excipulum thallodes); at others, again,
this portion grows more decidedly out, and raises the sporocarp
upon a pedicle (podetium) varying in height. In most Lichens the
gporangia remain long closed ; in some, however, they open early,
and the gpores then lie free upon the sporocarp (sporocarpia gym-
nospora, Meyer ; coniothalami).

The history of the development of the fruit of the Lichens is still
very incomplete. Meyer has furnished us with much valuable informa-
tion concerning all that may be seen by the naked eye, or an ordinary
lens ; as, for instance, his valuable account of the development of the cup-
shaped fruits of the species of the Cladonia, appearing either on the
margin in new fruits, or expanding into cups. I have sketched the
process from my own observations on Boerrera ciliaris, Lecidea san-
guinea, Spharophoron coralloides, Calycium trachelinum, Parmelia
subfusca, &e. By way of illustration I will here give the development of
the sporocarp of Borrera ciliaris (figs. 126. 127.), and at Plate IL. fig. 9.

185 FgE i - n - "
| Borrera ciliaris ; a portion of the plant. a, First beginning of a sporocarp.
b, :]:,Im same more fully developed. ¢, Quite developed.
Section through the sporocarp of the Borrera ciliaris, in three different conditions
|
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the development of the spores of the same plant. It is eertain that
there is no difference perceptible between the development of the pul-
verulent and that of other Lichens; and equally certain, that the so-
ealled paraphyses appear earlier than the sporangia, and that the latter
grow between the former, differing in their volume from the very begin-
ning, which proves that these paraphyses cannot be regarded as abortive
sporangia. Finally, it is evident that nothing appears in the whole
sporocarp but the paraphyses and the sporangia in different stages of
development. We cannot, for want of the necessary details, determine
what is meant by the so-called antheridia purporting to be discovered
by Link (indeed the statement rests only on an announcement in the
Prussian newspaper, Die preuss. Staatszeitung). The development
of the spores is very interesting in Lecidea sangwinea. The young
sporangia have a very thick gelatinous wall, and the narrow cavity is
filled by a mucous mass (appearing in all Lichens), resembling intestinal
convolutions, in which from eight to twelve young spores are formed ;
of which only one, or occasionally two, are perfectly developed. In
time there appears upon the gelatinous wall of the sporangium a thicker,
more internal, lamella, formed probably by the pressure of the expanding
contents, which is gradually pressed outwards, and at length becomes
so blended with the outer bounding surface, that it alone encloses the
ripe spore. The ripening spore has likewise a gelatinous cellular mem-
brane, thickened in layers. The abortive, or more or less developed
spores often adhere to the perfectly formed spores, imparting to them
horns, points, or other strange excrescences. A few Lichen spores have
distinetly an outer coating of a hardened mucous substance. In Par-
melia parietina, for instance, this covering forms hollow hemispheres,
covering both ends of the spores, connected by a narrow strip of the
same substance (similar to the pollen-granules in Pinus). In Borrera
ciliaris the spores are of a dark, blackish-green colour, and it is dif-
ficult to determine whether this is produced by a similar coating, or is
due to the cellular contents. Owing to the almost general unanimity
that exists as to the use of the terminology, which is, to a great extent,
superfluous, I have given the most commonly used expressions in
parentheses.

§ 89. The anatomical structure of the Lichens is, generally
speaking, very simple. The most complicated, as, for instance,
Borrera ciliaris, consist of a three-fold layer. The prineipal mass
is formed of lichen tissue ; long, thin, dry, mostly forked, ramified,
and rather loosely interwoven cells (medullary layer), which eurve
outward on the external surface, and, by degrees, pass into shorter
cells more closely packed together, and firmly connected by much
intercellular substance, and often into detached cells, the character
of which is with difficulty to be recognised as that of cells at all
(cortical layer). On the limit between the two lie larger or smaller
groups of roundish cells, containing chlorophyll, and exhibiting, in

(a, b, ¢), which correspond with the parts delineated in fig. 126. at a, b, e, We may
distinguish the layers of medullary and cortical layers of the plant in the sporocarp,
the layer of spore-cases at a still as the nuclews, and as a dise at b and e,  Around the
nucleus at a there is a delicate layer of formative ecells, which at b forms a base below
the tubular layer. At a the whole is enclosed in the layers of medulla and cortex ; at
b the latter layer only covers the dise ; at ¢ this has also disappeared.
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most cases, a distinet cytoblast. The colour of the plant, in a
moist condition, depends upon whether the colour of the chloro-
phyll be yellow (as in the Parmelia parietina), brownish (in 2.
stygia), or of a pure green colour (in the Borrera ciliaris), &ec.
since the gelatinous cortical layer is then transparent. In a dry
state the colour is more or less blended with gray, according to the
different thickness of the cortex. If we suppose two Lichens of the
above-described structure laid together by their under surfaces, we
have the structure of the flat upright Lichens, as the Cetraria, of
which the filiform Usnee and Alectorie arve the thinnest forms.
The sporangia of all Lichens, with the exception of those plants I
have added to them from the Fungi, are formed of a substance
(starch?) which is rendered blue by iodine. In the Cetraria
islandica, the cells and the intercellular substance of the cortical
layer are coloured blue by iodine (moss starch). In Lichens with
a crustaceous thallus, the Lichen tissue is more or less frequently
wanting, being replaced by more gelatinous cells, but slightly
elongated, and mostly placed vertically upon the base. In the
Pyrenomycetes we find thin-walled, closely compressed, polygonal
cells, as in the Spheria fragiformis; in the Helvellacew a loose,
soft, interwoven tissue. Finally, the gelatinous Lichens consist of
convoluted filaments, composed of spherical cells containing chloro-
phyll, and imbedded in a softish gelatinous intercellular substance,
o that it is not possible to distinguish them anatomically from the
species of Undina.

Lichens offer little worthy of notice. No trace has as yet been dis-
covered of a spiral deposit layer. The thickened walls of the spores
of the Lecidea sanguinea give, however, indications of this arrange-
ment. Knotty deposits, projecting irregularly into the ecavity, are
exhibited by the long cells of the Peltidea canina. We have a special
treatise by Kiorber* on the green, round, cells; and our only regret is,
that the author should have adopted, and even enlarged upon, the ter-
minological waste of words introduced by Wallroth. Speecial stress is
laid upon the conditions under which these cells increase, become some-
what altered, break through the cortical layer, and then appear as
masses of dust (soredia Auct.) upon the surface, whence the individual
eells are distributed and grow into nmew plants. This is no peculiar
property of Lichens, and not a process to be compared with the forma-
tion of buds in the higher plants, but simply an evidence that, under
favourable circumstances, every vital vegetating cell of a plant may grow
into a plant ; and of this we shall have oceasion, as we proceed, to ob-
serve many cases in point. There, as here, a striet individualisation of
each cell is at variance with the regular formation of organie fructifiea-
tion, since, in the latter, the individuality of the separate cells appears
most eircumseribed and checked.

* De Gonidiis Lichenum. Berlin, 1839,

M
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APPENDIX.
CHAR/E (CHARACER).

§ 90. The small group of the Characee, consisting of the two
species Chara and Nitella, which are separated merely on anato-
mical grounds, have hitherto presented great difficulties in the way
of its classification. It is not improbable that subsequent inves-
tigations or discoveries may throw some light upon its proper
affinity with other classes. According to our present knowledge,
we must, at all events, place it as far from the sexual Elants as
from the Algye, while we are as yet unable to decide whether it
belongs to the Gymnospore or the Angiospore.

Here, again, we suffer from the absence of the necessary investigations,
especially with regard to the structural formation of the spores. The
inexplicable organs, termed anthers, which it presents, afford an ana-
logy, although but a faint one, with structures called antheridiz in the
Mosses and Liverworts, The differences are, however, numerous and
important, and we are, as yet, unacquainted with anything analogous to
the structure of the sporocarp.

§ 91. The spore-cell, which is enclosed by other cells, expands
at a certain definite point, issues from its case, and developes in
two directions, terminating downward in one or more thread-like
adhering fibres, by which it attaches itself, and upward in an
utricle of variable length; from the extremity of this new cells are
developed, and there arrange themselves to form the plant.* In
Nitella the plant consists of separate cylindrical filamentous cells,
arranged end to end; at the points of union a whorl of similarly
united cells is produced, forming lateral branches, which, on the
side turned towards the axil, bears small cells, frequently occur-
ring in pairs, which are likewise inserted at the junction of two
cells of the branch. The same arrangement occurs in the case of
Chara, excepting that here a simple layer of elongated cells is
spirally wound round the cells of the axis and the lateral branches,
forming a kind of cortical layer. In the ecells of Nitella and the
cortical cells of Chara, the chlorophyll granules are ranged in rows,
running spirally round the axis of the cells.

The structure of the Characee is, as has been deseribed, extremel
gimple. Much, however, is still wanting in regard to our knowledge of
individual points. Meyen’s account of the development of the cell of
the Clharaceet scarcely furnishes us with the most superficial informa-
tion on the subject; and, for an investigation of the kind, it would have
been far better had he made choice of a germinating Nitella, instead of

* See the admirable treatise of Kaulfuss upon the germination of the Characea.
Leipzig, 1725. [See also a paper on the structure of the Chare, by Mr. Varley.
Mie. Trans,—Traxs.]

t+ Meyen's Physiologie, vol, iii. p. 339, &e.
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the more complicated Chara, as the object of his examination, the
former affording an example of one of the simplest cases of this kind of
germination. In some species we find, instead of branches inserted in
a circle, short thick cells, which, however, are also placed in a whorl,
and filled with large Stuﬂh-gmnulw, and from these new plants are
developed under favourable circumstances. We certainly cannot call
these buds (§ 93.). As the plants grow entirely in water, every cell
having an independent vitality, as it were, the plant inereases up-
wards as it is constantly decaying below, and hence there can be no
trace of any root-like development. In the axils of the branches, where
also a few spherical cells exist, repetitions of the whole plant (buds) are
formed from newly generated cells, and, on the plant dying off to one of
these spots, each new plant g generated from one of the buds is indepen-
dently developed. As, in the stage of which we speak, there is, of course,
no difference to be perceived between stem and frond, the word “ bud ”
can only have a general signification, and not the more definite meaning
which it acquires in the Gymanospore. Of the motion of sap in the cells
of the Chara we have already spoken (§ 40.).

A treatise on “the development of the Chara, by Karl Miiller,” (Bo-
tanical Journal of von Mohl and Schlechtendal, 1845. p. 393.,) which
appears to be a most carefully written work, unfortunately did not come
into my hands soon enough for me to do more here than eall attention
to it.

§ 92. On the lateral branches, generally in the axil of the above-
mentmned pair of cells, five cells may be seen spirally wound round
a thick mass, and having their [}ﬂmllel extremities surrounded by a
kind of pentnfn:m.ll crown. Irom this thick granular mass, a Llrwe
cell (spore) is formed, filled with large gmnules of starch, mucus
and oil globules, and with a substance that closely invests the
spore-cells, and, from being at first transparent, subsequently be-
comes green or red, and finally black. The five investing cells
then either become cartilaginous, and remain until the Wlmle
decays after germination; or they are converted into a gela-
tinous state, and then speedily dissolved after the sporocarp has
fallen. Close below this sporocarp there may generally be seen,
at the same time, seated upon a short cylindrical cell, another
cell, which is at first simple and spherical, but from which eight
qy- always eight?) cells are gradually developed, which become

attened, and encluse a cavity that appears from its origin to be
filled with a dense grumous mass. The eight cells exp:md mto
closely compressed m.dn, arranged side hy side, 1nereasing the
circumference and depth of the whole body, whilst red rrl"mules
are gradually deposited upon their inner wall. The dark contents
are meanwhile developed into other cells, so that in the perfect organ
a conical cell projects, from the cell forming the pedicle, into ‘the
- eavity, and a cylindrieal cell is formed from tlm middle of each of the
. eight cells of the wall. These new cells, which likewise contain
| pale-red granules, bear on their free extremity several spherical or
¢ truncated cyhmlrlcal cells, from which project many long filaments
¢ ecomposed of minute cells. The spherical cells and the filaments
M 2
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form a dense coil in the centre of the cavity. In each separate
cell of the filament we at first see a grumous mass, which, how-
ever, subsequently disappears, giving place to a spiral fibre coiled
up in two or three turns, and which manifests a peculiar motion on
escaping from its cell.  These mysterious organs have, as yet,
without any reason, been termed anthers,

By way of illustration, I take the reproductive organs of Chara vulgaris
(fiz. 128.). We are still, unfortunately, deficient in the perfect investiga-
tions necessary to elucidate the development of these spores ; consequently,

explanations are out of the question in the present case. We possess,
however, the valuable results obtained by Fritsche* from his admirable
researches into the nature of the so-called anthers (antheridia); although
there remains much to be done here in tracing the mode in which the
ceilsi originate. Thuret t has written a treatise upon the spontaneously
moving spiral fibres (which there is a disposition amongst botanists,
although without the slightest foundation, to call spermatozoa), he dis-
covered two delicate moveable cilia attached to these formations, which
have also been since observed by Amici.}

SECTION II.

THE GYMNOSPORE.

§ 93. The plants are developed from a cell generally invested
by a special membrane, except a few of the Liverworts, in such

* Fritsche on the Pollen, Si. Petersburgh, 1837, p. 9.
+ TIu!rFt. :»'t_nn, des Sciene. Nat,, vol. xiv. August, 1840; Botanique, p. 65.
{ Amici, Flora, Aug. 14. 1844, No. 30. p. 516.

"8 Ais a branch of Chara vulgaris, with sporocarps and anthers (antheridia) : two
of the small lateral branches have been eut off from the upper pair. #, Early structure
of the sporocarp, composed of five parallel cells. (. Itipe sporocarp, cut longitudi-
nally ; the inner cell (spore) is filled with starch. I is a part of the contents of the
antheridia. K, Cellular filaments, with the moving spiral fibres.
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a way that the cell, expanding into a longer or shorter tube,
protrudes one extremity at a definite place from the spore-mem-
brane ; from this extremity the new plant is gradually developed
by the formation of new cells, whilst the other end decays and
dies with the membrane of the spore.

On examining the conditions, unbiassed by any previously conceived
opinions, we shall perceive that there can be no more striking analogy
than the one presented between the germination of the spores of the
Cryptogamic stem-plants, and the behaviour of the pollen-granules of the
Phanerogamia upon the stigma, even as the history of the development of
the spores and the pollen-granules, no less than their strueture, are almost
wholly identical. It seems to me, that nothing but a mere cleaving to
acquired prejudices, and not a simple observation of nature, could lead to
the discovery of an analogy between the sporocarp and the phanerogamie
fruit, or between spores and seeds. I can readily believe that it may be
difficult to people grown old in such opinions to renounce them, and
arrange all their preconceived knowledge in accordance with these newer
views, especially where they are not themselves the founders of the new
truth ; and I have not, therefore, flattered myselt with the hope of meet-
ing with a speedy recognition of the truth of my theory of the propa-
cation of the Phanerogamia. These prejudices will, however, in part
vanish when the matter is exhibited in its entire connection ; for even if
my views were not based upon direct observation, but were a mere
hypothesis, it must be admitted that it was well devised, since it removes
the enigmatical separation between Cryptogamia and Phanerogamia,
and at a point where a higher unity is first to be expected, and ex-
plains the most widely differing facts from one natural law instead of
from two. This simplification of the grounds of explanaticn is, however,
one of the most important methodic claims of a sound natural philoso-
phy. It will be sufficient here cursorily to point out the general re-
sults; their special development must be deferred till we treat of the
individual groups.

§ 94. The main morphological distinction of the Gymnospore
and the dngiospore is found in the formation of an axis (stem,
caulis Auct.), and leaves ( folia), of which the latter, for the most
part, dying off and formed anew, contain the actual vital paren-
chyma, the former only an essential elongated cellular mass, con-
necting the leaves and eontributing to their nutrition ; while (with
the exception of the still imperfectly investigated Mosses and
Liverworts) the leaves are exclusively the agents of the formation
of the propagating cells, the spores and the pollen-granules,

Although an examination of the difference between leaf and stem in
this group of plants will justify us in considering it as very marked when
compared with aceidentally similar forms in the preceding orders, for
instance in Sargasswm, it is still extremely difficult, it not impossible,
to base the distinction upon morphological grounds; we must, therefore,
do the best we can, and not even disregard physiological indications,
such as will be adverted to in the course of the paragraphs. The cause
of this is evidently owing to our not possessing any morphological
history of development of the Agame, and, consequently, no sound basis,

M 3



166 MORPHOLOGY.

as we have obtained in the case of the Phanerogamia* We cannot, there-
fore, as yet express a common law for the peculiar relation existing between
leaves and propagating cells, owing to the difficulties which have hitherto
presented themselves in Mosses and Liverworts. For the rest, it appears
tolerably easy to bring this law into harmony with the nature of the stem
and leaf. The latter alone contains, especially, the perfect living cells, in
them alone the nutriment that has been taken up is specially concentrated ;
consequently it is peculiarly here that a sufficient quantity of assimilated
matter can be formed to bring about an organic erystallization, cellular
formation ; and it is only in these cells that, under the circumstances of
the quantitatively limited growth of the leaf, such an amount of assimi-
lated matter can be accumulated as to bring them into a position to begin
an independent process of vegetation.

Here, for the first time, we meet with a special formation of organs,
gince a morphological distinction is produced in the process of develop-
ment, and we find, on the one side, a quantitatively unlimited stem or
axial part, and, on the other, a limited lateral part; that is to say, in the
former the axis or stem, in the latter the leaf. To this we may add
in the higher groups, another separation of the stem into sfem in a more
limited sense of the word, and into roof, depending upon the distinction
between the opposite directions of the unlimited and continuous de-
velopment of the stem part, or axis.

§ 95. The Gymnospore are essentially distinguished, in an
anatomical point of view, by the formation of wvascular bundles
in the stem or in the leaves. The individual development of the
separate cells belongs also to a very far higher stage, since, with
the exception of the Mosses, we everywhere clearly distinguish
spiral thickening layers. Finally, there is no group in whic%uwc
do not meet, in the separate species or parts of the plants, with a
perfectly developed epidermis with stomates.

I have already remarked above (§ 26.), that I see no reason why
we should not apply the term ““wvascular bundle ” to the ecircle of elon-
gated cells in the stem of the Mosses and Liverworts, since it has a
similar position and exercises similar functions, if we compare it with
the vaseular bundles of the Phanerogamia without the so-called spiral
vessels, as, for instance, in the Ceratophyllum, which has likewise a simi-
lar anatomical structure. The bundles of elongated cells establish a
striking anatomical distinetion between Gymnospore and Angiospore,
nothing bearing any resemblance to them appearing in the latter. The
congiderable development of the spiral thickening layers forms a no less
special difference between these two groups, and it is remarkable that
there is not a trace of this formation to be met with in Mosses.

A. AsexvaLn Praxts (PL agame).

§ 96. The Agame present three stages of development: —
1. The Liverworts form the transition from the Angiospore to the

* What requires to be essentially specified concerning stem and leaf must be deferred
till we treat of the Phanerogamia, and then our remarks on the subject will be perfectly
applicable to the Agama, except in the cases where previous notices of the latter make
limitations necessary,
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Gymnospore. The propagating cell is usually either wholly de-
veloped to a new plant, or it remains partially in the external mem-
brane and dies off. 2. In the remainder, the propagating cell is
developed into tubular utricle, one of whose extremities remains in
the outer membrane of the spore, and decays afterwards, whilst at
the other end cells are formed, which range themselves into a pecu-
liar formation (the germ, proembryo). At one part of the latter, a
stem-likes tructure is developed from a denser group of cellular
tissue; and from this a bud, if we may use the word, arises, from
whence the new plant is unfolded. Here, however, this essential
difference presents itself, either («) that this axial structure is only
capable of development in an upward dirvection, as in the rootless
Agame (the Mosses and Liverworts), or (4) that it is developed both
upwards and downwards (Agame with roots,— the remainder, Lin-
neus’s Filices, with the exception of the Rhizocarpee). All agamic
plants present the remarkable peculiarity of having the gporangium
absorbed soon after the development of the spores, which always
oceur in a quaternary combination *, so that the ripe spores remain
free in the sporocarps. They differ essentially from the Angiospore,
their distinction from which is further grounded on the equally im-
portant resemblance presented between the sporocarps and the
anthers of the Phanerogamia.  On this account the sporangia are
generally termed parent cells.

The Conferva-like proembryo in the rootless Agame, and the Ulva-like
proembryo of the others, afford a eharacteristic by which the groups are
most intimately connected ; whilst the Liverworts approximate on the one
gide to the Angiospore by their germination, and on the other to the
Gymnospore by the formation of their propagating cells. The sporocarps
of the Ricciew and Blasie might perhaps present some analogies with the
sporocarps of the nucleolar Lichens. At the same time, however, the
proembryo, by its different modes of development into a plant, furnishes
us with a ground of separation into two distinet groups. In the
schematic ambiguity of the word “root,” which we find in the place of a
clear idea among most botanists, it has escaped them that Mosses and
Liverworts have no analogue of a reef, and that the bud rising from the
Conferva-like tissue of the proembryo, only morphologically limited
in an upwarcl direction, developes itself’ into definite forms, stems and
leaves (fronds), while below it is lost in the Conferva-like threads
of the proembryo, and is thence incapable of all further development
in this direction in a morphologically distinct manner. We might say,
with C. F. Wolff, that there is only one punctum wvegetationis present
Lere, whilst in the remainder two, an upper and a lower punctum vegeta-
tionis, manifest themselves, being divided by the intervening primary cells,
which cause the course of development into two opposite directions,
upward to the stem and downward to the root.  On this account almost
all perennial rootless Agame decay away below in proportion as
they develope upwards, whilst the other kinds are developed in both
directions and are thus able to increase in mass. A physiological dif-
ference corresponds remarkably with the morphological one mentioned.

* Compare H. Mohl, in the Flora of 1833, p. 53.
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The rootless Agame agree so far with the Gymnospore, that they show
no trace of a distribution of the fluid from a definite point through the
plant, or even appear to admit of the possibility of such a thing. Indeed
they do not need liquid water for the nutrition of all their separate parts,
yet they require an atmosphere saturated with vapour. A plant _-::nf
Polytrichium, for instance, with its lower extremity in water, and its
surface protected from evaporation by oil, or expns:r:d to a dry atmosphere
in a state of agitation, will fade as far down as it is out of the water, and
deeay, but will vegetate vigorously again as soon as 1t 18 surrounded, by
means of a glass bell, with an atmosphere saturated with aqueous vapour.

a. Rootless Agame.
IV. LIVERWORTS (Musci HEPATICI).

§ 97. The developed plant, like the Mosses, has no proper root.
The stem manifests two main forms: first, the ordinary one, ﬂ't'll'l.ltll-
cous to the stem of the Mosses; and secondly, another in wln.ch it
15 expanded into flat and more riband-like form, instead of in a linear
direction. The former has always fronds (leaves), the latter, only the
rudiments of such, or none at all. The former is seldom upright,
but recumbent; the latter (caulis frondosus) is either partially
developed in a filamentous form, and only flattened at the extre-
mity, or wholly and entirely flat; in both cases it is differently
formed, but most frequently forked or digitate, and very rarely
pinnate.  In a small number, for instance, Riccia fluitans, Antho-
ceros lavis, &ec., the whole plant consists only of tolerably uniform
flattened cells, ranged side by side, which can neither be considered
as stem or frond.  Iere the bifurcated division predominates very
considerably, and the manner in which the plants grow in all
directions from one point gives the Ricciee in part a great resem-
blance to Lichens. Fronds (leaves) ocenr in all Liverworts, at
least as parts of the fructification, although in the case of the last-
mentioned this is somewhat doubtful. The forms of the leaves are
very various, With but few exceptions, the leaves are so directed
that they lie in one plane on either side of the stem ; on a flat stem
they are very stunted, and occur upon the lower surface only. The
leaves are occasionally cut into filiform segments, more rarely simple,
frequently multifariously lobed at the margin, either bifid or multi-
fi. In the bifid we often find a large and a smaller lobe (awricula),
and the leaf folded together in the line of division between them.
The stem has frequently two kinds of leaves; larger ones above,
which appear to be in two lines on a depressed surface, and smaller
ones varying in form, and which occur only upon the lower side of
the stem (amphigastria, stipule). In the axils of the leaves, buds are
developed, and from these ramifications which give not unfrequently
a pinnate appearance to the stem, owing to the leaves expanding
in one plane surface.  Tven in Liverworts, particular eells ocea-
sionally emaneipate themselves from the general combination of
individuality, and become developed into new plants; whilst in
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connection with the plant they are converted into small cellular
corpuscles, often surrounded by a peculiar crescentic eup-shaped or
flask-like elevation of the upper cellular layer (conceptaculum), as,
for instance, in the Marchantia.

Until a very recent period, Liverworts (with the exception of a few
individual and unimportant researches) were merely objects of petty
species-making. It is only in our own day that two men, Lindenberg *
and Gottsche §, have zealously directed their minds to the subject ; to the
latter we are especially indebted for the interesting facts he has con-
tributed concerning these beautiful plants. I eannot myself venture to
say much on the subject, as I have not as yet had any opportunity of in-
stituting very extended investigations into the nature of these plants.

More comprehensive investigations into the history of their develop-
ment were first afforded us by Gottsche (loe. eit.), relative to Junger-
mannia bicrenata, Preissia commutata, Blasia pusilla, Pellia epiphylia,
to which we may alzo add the observations of Mirbel on the Marchantic
polymorpha.  These acceptable contributions, however, still leave much
to be desired, par ticularly in reference to the origin of the cells and the
development of the leaves. From what has been published, we learn that
the development of the spores exhibits no such sharply defined type asin
the succeeding groups of the dgame, at least not such as in the Mosses
and Ferns,

The forms unfolding themselves manifest as yet a very vague character.
In the lower, leaves are wholly wanting; and here, consequently, the pre-
dominance of faney over observation, which we so frequently meet with,
has eansed much to be said of the notion of the fusion of the leaves in the
stem. As no leaves are present in the Jungermannia multifida, none are
to be found, but in this case they are just as little fused into the stem
as in Melocactus and Euphorbia meloformis. It does not at all follow
that a plant must have leaves and a stem, but it is certainly purely
in accordance with our experience to assume that some plants exhibit
two essentially different processes of development, and that from these,
two essentially different forms, as leaf and stem, may appear: where
nature abides by only one of these processes of development, a stem
without leaves will alone oceur ; and where the process is again different
from this, neither stem nor leaf will be found. If we do not seek for
definite conceptions of the history of the development of a plant by an
inductive course, we may give {ree scope to our fancy, but we shall never
learn to understand nature,

In the Angiospore we could not distinguish individual growth and
individual repetition by gemmation, on account of the morphologically
undefined character. Similar examples oceur in the Liverworts in the
ramification of the flat stem without any preceding formation of buds,
In the Mosses no case of the kind oceurs, as {far as 1 Lnﬂw. In the Ferns
and the Rhizocarpee a few instances present themselves; but not after-
wards, unless we except the case of the Podosteme, with which we are
still very imperfectly acquainted.

The forms of leaves appear only gradually in this group. In the

* Lindenberg, Ueber die Riccieen, Nov, Aet. L. C. xviii.

+ Gottsche, Anatomisch- Physiologische Untersuehungen tiber Haplomitrivm Hooker,
Act. A. C, L. C. N. C,, vol. xx. pt.1 p. 207, At the present moment, unfortunately,
another excellent set of observations by the same author are not yet in the hands of the
publie.
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lowest they are entirely wanting ; in the Marchantiacee they appear as
small membranous narrow strips upon the lower side of the flat stem. In
the Jungermannie the most frequent form is the bifid, folded together,
and often associated with stunted leaves at the lower side of the recum-
bent stem. We still require more comprehensive observations of the
history of the development of leaves than Gottsche ({oe. cit.) has been as
yet able to afford us. In the bifid leaves we must mention the peculiarity
that in the smaller lobes, which are at first always flat, the cells some-
times increase only on the surface, and not at the margin, expanding in
such a manner that the surface is inflated like a bladder, until finally the
lobe of the leaf becomes hood-shaped.

I must refer to what is stated under the head of the Lichens and
Mosses for the import of the particular cells of the parenchyma of the
leat’ and stem, which, regarded as peculiar organs (the so-called gemme,
brutknospen), develope into independent plants, According to Bischotf
(Bot. Termin.), both the cells of the stem (Jungermannia bidentata) and
those of the leaves (J. exsecta) separate themselves as propagative cells
(Brutzellen) from the plant, and isolated cells shoot out and develope
while still connected with the parent plant into small cellular bodies (/.
violacea ), which separate from the plant, and grow into new plants, as in
Mnium androgynum among the Mosses. The development of these
structures had been thoroughly worked out by Mirbel in the case of
Marchantia polymorpha.

§ 98. The organs of reproduction in Liverworts do not differ
essentially from those of the Mosses; but the envelopes appear
more clearly as special organs, or as more decidedly distinet from
the other foliar organs.

A. A definite number of leaves, differing more and more in form
from the others, as we examine them from without inward (or upon
the stem from below upwards), partly unconnected and partly
growing together at their lower part, surround the organs serving for
the formation of the spores, and thus compose a blossom ( flos). Here
we may frequently distinguish an inner circle of essentially dif-
ferent leaves generally grown together into a cup-like form, as
constituting the perianth (perianthium). Between these and the
origin of the fruit a peculiar cup-like organ (calyr, Gottsche) is
often found, which is sometimes developed downwards in a re-
markably une?ual manner on the opposite sides, so that the pe-
duncle of the fruit arises from the base of a hanging sac. In most
Liverworts these blossoms are single; in many they are, however,
grouped together in a definite manner upon a flat stem, and thus
form an inflorescence (inflorescentia). In this we may distinguish
the blossoms from the stalk supporting them, the peduncle (rhachis),
on which the blossom always forms a small head. The end of the
peduncle is sometimes simple, as in Lunularia ; sometimes expanded
in a knob-like form, Grimaldia ; and sometimes either shield- or dise-
shaped, when it is generally lobed, as in Marchantia.

We cannot speak specially of the formation of the blossom in the
Liverworts, and of the calyx in its two forms (if indeed the two structures
really have the same signification), until we have obtained those fuller
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reports now in preparation by Gottsche on the history of their develop-
ment. Bischoft * has furnished us with beautiful analyses, enriched by
his admirable powers of delineation, but unaccompanied by any history
of development, and constantly interspersed with inapplicable compari-
E0NE.

B. The blossoms enclose the first germs of the fruit (germina),
intermixed with the so-called sap-filaments (Saftfiiden, the para-
physes). They consist of an envelope (ecalyptra), and a nuecleus;
the upper end of the former is of variable length, directed upwards,
and often terminates in a funnel-like expansion.

By way of illustration I subjoin a diagram of the germs of the fruit of
Marchantia polymorpha (fig. 129.). Gottsche has made a step in ad-

vance of other observers in his investigations into the origin of the
structure : according to him it seems certain that the nucleus becomes
subsequently developed inte the investment or case, but the “how?” is
by no means perfectly clear in this process. At first it appears to be a
simple cell, which afterwards passes over into a small ovate body of cel-
lular tissue.

C. On its further development, the envelope is gradually torn
open, and the sporocarp, now becoming fully formed, emerges from
it.  In Anthoceros alone it appears raised like a little eap, from
separating below the point. In the Ricciee it remains closed, as
the nucleus does not become at all elongated in its formation. In
the nucleus itself we can only distinguish two portions of cellular

* Bischoff, Berinerkungen uber die Lebermoose, &e., in N. A. L. C. vol. xvii. pt. ii.
p. 909. (1835).

Y8 Murchantia polymorpha. A, A part of the plant. a, Flat procumbent stem.
b, Thinner erect part of the same. ¢, Lobed expansion of the stem, which bears upon
its lower surface the sporocarps (d), surrounded by foliaceous organs. 8, The lobed
expansion of the stem bearing the sporocarps, seen from above : the slit in the two
upper lobes corresponds to the attachment of the stem (b) of the former figure. € is
the germen, fully developed. At a we see the nucleus already appears as one single
]arge eell in the interior; at e is the so-called st_flu; at b the so-called stigma, I oa,the
so-ealled elar, from the ripe sporocarp ; &, the spores,
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tissue; a lower one, which, excepting in Ricciew, is elongated into a
pedicle (seta); and an upper one, which becomes a spherical sporo-
carp (sporocarpium) in Jungermannia pusilla, and a filiform one in
Anthoceros. The cellular tissue of this upper part is, again, very
variously formed. The most external layers of cells become thick-
ened, and form the wall of the sporocarp, which is afterwards torn
up from above downward in various ways. In rare cases a portion
of the central tissue remains under the form of a central columella,
long in Anthoceros, or short as in Pellia epiphylla. (venerally speak-
ing, it is wholly converted into two different forms of cells: parent
cells (in each of which four spores are formed and become clothed
by a special membrane), which subsequently become absorbed, and
elongated fusiform cells, containing from one to three spiral fibres,
and which sometimes appear loose amongst the spores (Fegatella
conica ), sometimes adhering to the columella ( Pellia epiphylla), some-
times on the margin (Jungermannia bicuspidata), or on the point (J.
pinguis), or on the inner surface (J. trichophylla) of the valves; or
in rare cases, as in the Ricciee, they are entirely absent. They are
termed elaters (elateres).

The development of the originally homogeneous cellular tissue into
such different kinds, that the homogeneous is torn away from the hetero-
geneous in consequence of their hygroscopic and elastic properties, occurs
here as in the Moss capsule ; and at any rate, during the present imperfect
state of our knowledge, we have as little to do in the one case as the
other with a separation into original separate parts merely grown together.
The manner in which the separation of the parts is effected is very various ;
sometimes there only appears a cleft ( Monoclea ), or the wall is split more
or less deeply into valves (walvule) varying in number from two to eight
(Pellia epiphylla, J. platyphylla, complanata), or into many teeth
(dlentes ), more rarely into irregular shreds ( Grimaldia hemispherica).
In more rare cases a separation takes place around the firuit, so that the
upper portion falls off as a cover, as in Fimbriaria; in the Ricciee it
remains closed until destroyed by external agencies; in Riccia itself it
is absorbed, so that the spores lie free in the cavity of the calyptra.
More exact observations probably yet remain to be made L‘:ﬂlmurning the
development of the spores. I noticed that there were in the earliest
stages always four spores free in the parent cell. I have not hitherto
discovered any trace of a division of parent cell by the growing in of a
partition wall, as Meyen describes®; but my observations are as yet
very incomplete.  'We have some excellent remarks by Hugo Mohlt on
the formation of the spores in Anthoceros leevis, which appears to cor-
respond closely with the formation of the pollen.

D. The antheridia, whose forms and development entirely cor-
respond with those of Mosses, consist of a pedicle, which varies in
length, or is entirely wanting; and of the upper part, which is
always spherieal or ovate. The leaves rarely form special enve-
lopes for these structures, although several leaves are frequently
crowded more closely together at the end of the stem, concealing

* Meyen, Pllanzenphysiologie, iii. p. 391.
t Mohl, Linnea, vol. xiii. p. 273.
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antheridia in their axils, and are then combined together as a catkin
amentum). In flat-stemmed Liverworts, the antheridia are always
imbedded in a cavity in the substance of the stem, opening out-
ward. In many we find them very much scattered upon the
surface (Pellia epiphylla); in others a definite part of the stem,
rising in a dise-like form, bears the antheridia ( Fegatella conica); in
others, again, this dise rises shield-like upon a pedicle, and is then
frequently notched, lobed, &c., at the margin, as, for instance, in
Marchantia polymorpha.

As I purpose saying what is necessary of the signification of these
antheridia under the head of Mosses, I will here

130 pass the subject by, merely giving Fegatella co-

nica as an illustration (fig. 130.). 1 must, how-
ever, be permitted to remark that here, also, hasty
observations have led to remarkable misconceptions.
Almost all manuals speak of flask-shaped anthe-
ridia extending upwards into a long neck: none
such, however, are to be met with. In Marchantia
polymorpha and others, the cavity has a flask-like
form, enclosing the antheridia below, but open as
a narrow canal at the top, which sometimes rises
cup-shaped above the surface of the stem, as in
Anthoceros, as a papilla, in Pellia epiphylla, or as
a pedicle, in Kiccia. Within, this cavity is in-
vested with a dense epidermis. On a superfieial
examination the flask-like outline of this epider-
mis has been mistaken for the antheridium, which
18 entirely separated from that membrane, lies
under the canal, and is always rounded off at
the end in an upward direction. In like manner
the so-called cuspides in Rliceia do not belong to
the antheridia, but to the elevation of the paren-
chyma at the margin of the cavity enclosing these

antheridia.

§ 99. The roundish stem of the Liverworts has a wholly si-
milar composition to that of Mosses. The leaves, on the other hand,
consist, without exception probably, of merely one simple cellular
layer. The flat stem presents many varieties, consisting frequently
ﬁfy one simple layer of thin-walled cells, or it exhibits in its axis the
elements of the ordinary stem. The parenchyma around this is
formed of one or many ecell-layers, often covered on the surface
with a perfect epidermis, containing stomata of a peculiar kind,
namely, wart-like, elevated cellular masses, perforated at the point
by an intercellular passage, which leads into a cavity invested with
lax and often flask-shaped cells. In Fegatella and Marchantia the
cells of the central mass of the stem have beautifully porous or

' Fegatella conica. A, A portion of the little plant, with two disc-like clevations
of the stem (a, a), in which the antheridia are imbedded. B, A part of a section of
one of these elevations. The hollowing in is of a flask-like form, furnished with a
tongh epidermis. The antheridium consists internally of a cellular sae, filled by
one large ecll.
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reticulated thickening layers. The pedicle of the sporocarp con-
sists always, up to the period of maturity, of a delicate cellular
tissue, which expands with wonderful rapidity, but at the same
time also decays very quickly. The wall of the capsule consists,
with few exceptions, of an epidermal layer (of flat and mostly
brown-coloured cells), and of an inner layer of spiral-fibrous cells.

Liverworts deserve, in an anatomical point of view, much more
thorough and comprehensive investigations than they have as yet met with.
We most certainly possess the complete monography of Marchantia poly-
morpha furnished us by Mirbel, who has also given us plates which do
more to dazzle by the brilliancy of their colouring than to satisfy, on all
points, with respect to their fidelity to nature: but Mirbel leaves many ques-
tions unanswered, and his statements have already met with many correc-
tions. Here, as everywhere else, we look in vain for an exaet and complete
history of the course of development. The formation of the spiral fila-
ments in the elaters and the walls of the fruit have been observed by
Meyen. According to his views, they arise from the perceptible con-
fluence of the globules of chlorophyll into a spiral band. Gottsche posi-
tively denies this to be the case, and, as far as I have been able to con-
vinece myself in Pellia epiphylla, 1 think be is in the right. They differ
in their fully developed condition from all other spiral filaments by their
deep brownish yellow colour, which reminds us of the cells of the sheaths
of the vascular bundles in the Ferns. A few special peculiarities present
themselves in Liverworts; thus in the Marchantice we find air-cavities,
in FPellia epiphylla a singular system of intercellular passages, which
convey, not air, but a yellowish and, in the case of Var. @ruginosa, a
reddish juice.* Still more remarkable is the system of tubes discovered
by Gottsche in Preissia commutata, running through the cells, and
apparently perforating their walls: the only analogy with this case pre-
sents itself in the tubular convolutions of the root-cells of Neottidium
nidus avis (vol. 1. §. 39).

V. MOSSES (Musct FRONDOSI).

§ 100. The spore-cell expands, emerges from its torn outer coat,
and, new cells being developed at the free end, forms for itself
a filamentous tissue, composed of linear cylindrical cells ranced
end to end (the proembryo). At one point, the filaments of this
tissue become contracted into a node composed of closely com-
pressed roundish cells; this node, elongating itself upwards, becomes
the stem, on which leaves are simultaneously formed. More rarely
the plant remains simple (as in the annual Phascum, and in the
perennial Polytrichum), but there generally appear at the axils of
the leaves small buds, by which means the stem ramifies. The
form of the uniformly simple flattened leaves (which are never
lobed) varies between almost eircular, linear-lanceolate, and linear;
they sometimes exhibit two streaks of denser, more compressed,

* Compare Wiegmann's Archiv, Jahrg. v. vol. i. p. 280. (1839).
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and elongated cells (nerves) proceeding from the base, which some-
times stop at the middle of the leaf, and sometimes run along its
whole length; in gome, as in Mnium punctatum, we also find two
marginal nerves,  The leaves are simple, dentated or ciliated,
generally scattered (spirally ?) round the stem, sometimes apparently
two-ranked, the stem with the leaves looking as it pressed flat (as
in Neckera crispa, Hypnum undulatum, &ec.). In some few Mosses
the leaves actually do oceur in two lines, and then differ very much
from each other in their structure, as in Fissidens. Here the face
of the leaf is folded together, and embraces the stem with the next
leaf; above, however, it is continued in a simple, laterally flattened,
umf'-:lrm lamella (similar to the leaves of the Iris). In many
Mosses the curved leaves are all bent at the point towards one side
( folia secunda), as, for instance, in Hypnum cupressinum, lycopo-
dioides, scorpioides, &e. Un the first appearance of the stem, it
exhibits, especially near the leaves, more or less numerous, longer
or shorter filaments of cylindrical cells (adhering fibres, rhizine),
which have been termed roots or root-fibres when they appear
below, and sap-filaments ( parapliyses) when they occur above, espe-
cially between the organs of propagation,

Our knowledge of the course of the development of Mosses, and of the
morphological laws by which it is regulated, are still very defective ; for
instance, we are wholly unacquainted with the history of the develop-
ment of the leaf, and consequently of the importance of its relation to the
stem. We have as yet nothing more exact regarding the germination
than what the observations ot }[Ld“'lg* have given us, althongh there has
been no lack of fantastic specious theories. When I find a description
of moss germination beginning thus—* Soon after the escape of the seed
there unfold themselves, as it appears from the solution of several decaying
germ-granules,” &c. — I lose all further desire to continue the perusal.
Here we may see at once that the author cared less to give a certain and
clear exposition of a strictly scientific observation, than to expatiate in
an assumed ingenious manner upon incomplete and superficial views. A
fundamental repetition of these investigations is earnestly to be desired ;
and until this has been made, that is, until the morphological relation
existing between leaf and stem has been clearly ascertained from the
history of development, nothing definite ean be said concerning the mor-
phology of Mosses. A short notice of the mere facts is given in the
paragraph. The proembryo has been already deseribed as Conferva
castanea Dillw, and as Catoptridium smaragdinum, in Schistostega
osmundacea.  According to more recent views, the Moss has been
regarded as formed of (’ﬂﬂf’ermz grown together, under the impression
that such a confusion of ideas would make the matter more compre-
hensible.

Thus much is at any rate apparent from the history of germina-
tion, that we cannot speak here of a root as morphologically opposed

* Hedwig, Fundamenta Hist. Nat. Muse. Frond, Leipzig, 1782. ; Theoria Genera-
tionis et Fructificationis Plant. Crypt., Leipzig, 1798. 1 have unfortunately not
become acquainted with the very recent work of Bruch and Schimper, and consequently
I do not know whether it contains anything more.
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to the stem. On isolating a
young plant of Funaria hygrome-
trica (fig. 131.}, it will appear
to be merged below into the Con-
ferva-like cells of the proem-
bryo (&, b), or rather grown into
it, and only separated with mor-
phological distinetness in an up-
ward direetion (a). This justi-
fies the definition of {frondose
Mosses as rootless Agame. My
investigations into the develop-
ment of the leaf, which are un-
fortunately still very imperfect,
show with certainty, at least in
Sphagnum, that the leaf as in the
Phanerogamia is protruded from
the axis, and that, consequently,
the idea of a leaf and stem, as I
define them, may be fully applied
to Mosses. The stalks often
range themselves irvegularly, especially in the upright stem (here they
are sometimes pyramidal), but likewise in the recumbent and floating
stem ; they are more rarely (apparently) pinnate (as, for instance, even in
Hypnum mollusewm and Crista castrensis &e.) in most stems pressed to
the ground. The condition of the highly hygroscopie leaves, when per-
feetly dry, is also peculiar and important with respeet to the determina-
tion of species, as they curl up in a very definite and diversified manner (as,
for instance, in Orthotrichuwm erispum). In Mosses growing in the water,
the eentral nerve remains frequently upon the stem, as a little point
(eaulis spinulosus, in 182 =
Fontinalis) after the i E
destruction of the sub- “
stance of the lamina. In

some Mosses small la- 5
melle are found, placed
lengthwise, either upon
the central nerves ( Ca-
tharinea) (fig. 132.),
( Sehistidium), or upon
the whole surface of
the leaf ( Polytrichum).
We but rarely find
different leaves upon the same Moss, as in Sphagnum. Here the lateral
stalks are collected in little bundles, two generally hanging down, while the
others stand straight out: these latter have always differently formed, nar-
rower leaves than the former, and both generally deviate regularly in their
form from the stem leaves. Occasionally the leaves first originating in ger-
mination differ from those subsequently formed upon the full-grown plant

8 Funaria hygromefriea.  The little plant (a) has arisen in such a manner from the
filaments of the proembryo (b b), that no distinetly marked radical extremity is to be
defined below, the plant passing gradually into the filiform cells of the proembryo.

% Section through middle of leaf of Catharinea wundulate. Upon the eentral nerves
(¢) are lamellm, placed lengthwise (a); at b, leaficells. The central nerve consists
of much thickened, liber-like cells, and other larger thinner-walled cells enclosed by it.
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(into which their forms, however, gradually merge) (fig. 131.). The adher-

ing fibres are also at times developed from the leaf-cells, as, for instance,

in Caly ymperes, Syrrhopodon, &c., and are regarded here as lmrmsltmul
Conferve ; a view that is evidently devoid of reason, since the immediate
development of individual leaf-cells into filiform cells is generally the
first beginning of their formation.

There are many examples in this group of separate cells of the stem
(Mnivm androgynum), as well as of the leaves ( Syrrhopodon prolifer),
severing themselves from the connection of individuality of the whole
plant, and introducing an independent process of cell-formation, from
which a little eellular body proceeds, emancipates itself from the plant
and develops into a new cell.  These have been named proliferous buds
(gemme proliferee, bulbelli). They are neither buds nor bulbs, if we
connect definite conceptions with these words, and not something defined
in opposition to all laws of the formation of 1deas, as *“ A bud is that body
from which a new plant may proceed, and which is neither a spore nor
seed.,” Investigations on the development of these cells are, however,
still incomplete ; we are indebted to Meyen® ( Mrivm androgynum) for the
best we possess, and from his statements it appears certain that a single
cell of the extremity of the stem becomes the base of the new
individuoal.

§ 102, A. Sometimes terminal, sometimes lateral, closed buds,
composed of many, most frequently narrower and differently
formed leaves, and many somewhat irregular adhering fibres (sap-
filaments, paraphyses) which often occur in the interior of the bud,
may, as the special coverings of certain organs, destined to develop
themselves into the sporocarp, be comprised under the term of
blossoms ( flores).

It appears to me, in a twofold point of view, to be purely sporting with
the subject to regard the blossoms of Mosses as essentially monosexual, and
naturally collected into an inflorescence, merely for the sake of dividing,
without any reason whatever (but purely in aceord-
ance with wholly arbitrary and inapplicable analo-
gies with the higher plants), that which nature
exhibits to us as a wholly independent structure, in
order ingeniously to put it together again, In our
present knowledge of the blossoms of the Mosses,
there is at any rate no indication that any definite
parts within it are more closely combined by nature,
and, consequently, nothing that can give probability
to the view of the composition of the whole blossom
from separate florets, Here, as everywhere else, I
strictly abide by that which nature actually yields.
Secondly, the opinion that all the blossoms of
Mosses are essentially of one sex is untenable, be-
cause, at the present time at least, there can be
nothing said of sex with reference to Mosses; not-
WlthSt'Lllﬂll‘lfr that the pistillidia and the :111therldm
may be situated upon different plants, as, for in-
stance, in Funaria hygrometrica (lig. 133. a), it

* Meyen, Wiegmann's Archiv, Jahrg. iii. vol. i. p. 424. 1837.

'3 Funaria hygrometrica ; two young plants. a, With the sporocarp (still enclosed

by the calyptra (c), and very young) in the act of development, and b bearing anthers,

N
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being in the present day mere fiction to aseribe any sexual signifi-
cation to the latter. Besides this, the floral leaves are by no means
distinetly different from the true leaves, into which they generally pass
by imperceptible gradations, and there is no appearance of the formation
of a calyx, which would, indeed, constitute the most essential mom]mlq-
gical distinetion between the Mosses and Liverworts, Even for this
reason, it is impracticable to distinguish the separate blossoms and the
inflorescence in the Mosses.

B. The primary form of the sporocarp, the archegonium (germen),
is that of a shorter or longer ellipsoidal, attenuated corpuscle, stalked
at the base. It consists merely of a simple layer of cells, the envelope
(calyptra), which extends upwards into a longer or shorter filament,
expanded somewhat funnel-like at the extremity, and enclosing a
nucleus free at all parts except the base. This conceals, under a
simple epithelium, a delicate walled, uniform, cellular tissue, ca-
pable of development.

The archegonium of Mosses is so strikingly similar to that of the Liver-
worts, that whatever may be said of the one, applies also to the other.
We stand, unfortunately, in the midst of such uncertainty here, that all
our attempts at a morphological explanation of what follows, even where
they may not be purely visionary, are still wholly unstable ; so it is cer-
tainly not worth while to attempt going beyond the point to which the bare
fact may lead us. How has the archegonium originated ? Is the separa-
tion into nuecleus and ealyptra original, or been produced subsequently
from continuous cellular tissue 7 Has the nucleus or calyptra been first
formed ? In what relation do both parts stand to leaf and stem, &e.?
These are questions which must be answered, by means of a previously
and carefully pursued history of development, before we can entertain a
remote hope of arriving at a scientific comprehension of the capsule of
Mosses. It will, of course, appear most evident, that designations such
as style and stigma for the filiform extremity of the ealyptra must be alike
unmeaning and false, since they designate organs of the Phanerogamia
defined according to morphological and physiological characteristics.
The inner cellular tissue of the nwelews consists in the earliest condi-
tions that have, as yet, been observed, of but a few cells (often of no
‘more than some twenty in the eross-seetion). From this tissue are de-
veloped the operculum, the peristoma, the wall of the capsule, the eolu-
mella and the speedily disappearing sporangia, and, finally, the spores;
from which we may satisfactorily see the falseness of the expression
metssa sporigena, as applied to this cell-tissue.* Concerning the filiform
end of the ealyptra, the inappropriately termed stylus, there is still
much doubt, whether it is a canal, or a solid mass; and, if the former,
whether it is hollow from the beginning, or only developed by subsequent
expansion into a canal. All this can only be decided with certainty
by the history of development. It is certainly in favour of the opi-
nion of the original difference of the eapsule and the nucleus, that a de-
cided integument is subsequently developed upon the sporocarp formed
from the nuecleus, sinee, as yet, at any rate, we are unacquainted with
any instance ol a cellular layer, originally conneeted with other cells,

* We might just as well term the yolk of the egg massa plerygogena, because birds,
amongst other things, have also feathers.
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being converted into an epidermal layer. When Bischofl * maintained
that the term epidermis, used by Mohl, is inapplicable here, owing to its
being at variance with the morphological signification, I know not what
he can mean, since, as we have just shown, we know nothing about the
morphological signification of a sporocarp. On the other hand, the sim-
ple cellular structure of the nucleus renders it in the highest degree pro-
bable that it is only a simple organ, and that all the various regions
that appear in the sporocarp originate by internal separation (which is
partially of a purely mechanical nature), and are all parts produced from
one and the same mass of tissue, and from one and the same organ ; at all
events the idea of the capsule being formed from the growing together
of as many leaves as the peristoma shows dentations, as maintained by
many (Bischoff 1 among others), is a most perverted one. For, as has
already been remarked, the whole section of the nucleus (which, besides
the dentations, must also form the columella and the spores) has in its
early condition fewer cells than there are subsequently teeth ; and, how-
ever moderate we may be in our elaims, we must demand at least one
cell for each leaf in its first deposition, setting aside that, as far as the
structure of' the inner peristoma is concerned, the whole thing is devoid
of sense, and that the assertion must fall to the ground, being a mere
fiction. §

C. In the development of the archegonium, the calyptra is torn
oft' at the base, and remains, for a longer or shorter period, thus
hanging to the sporocarp, by the expansion of which it is some-
times also laterally split. A small piece of the calyptra always
remains at the base, and this, in connection with the somewhat de-
veloped point of the stem, forms a small sheath (vaginula) around
the base of the sporocarp. In the nucleus we may distinguish, (a)
an upper, (&) a middlle, and (¢) a lower mass of cellular tissue,
which are variously developed at a to the sefa, at & to the theca,
and at ¢ to the opereulum and peristoma.

* Bischoff, Handbuch der Terminologie, p. 6587, Bemerk. 33,

1 Bischoff, Handbuch der Botanik, vol. i. p. 430.

} That even such sensible men and exeellent observers as Bisclioff should give them-
selves up to this childish sporting with comparisons, must be wholly inconceivable to
those who have not studied the history of modern philosophy since Kant, and become
acquainted with the injurious influence exercised upon the development of our scientifie
progress by the apparently intellectual sense, but actually mere shallow twaddle, which
Schelling gave forth as natural philosophy. (See the work of Fries, entitled
Reinhold, Fichte, and Schelling, Leipzig, 1803.) A few hollow set phrases, endowed
with such an unineaning power of generalisation that they were alike applicable to all
subjects, and garnished with the trivial comparisons of superficial wit, which is far more
common than scientific acuteness, sufficed to lull the great mass of those who would
willingly Anow, without having the trouble of learning, into the pleasant delusion that
they had actually seized science by the forelock. Ewven in seience, unfortunately, num-
bers give strength ; and he who understands how to throw dust in people’s eyes, will, at
least for a time, be regarded with consideration ; and he who may be hindered, by devo-
tion to one special branch of science, from working out the philosophical groundwork
for himself, will find it difficult, if not impossible, to remove himself from the general
intoxication of a philosophical mania of the day. Thus, uncommon minds have been
estranged from an earnest and strictly scientific research of nature, and, suffering l’tlll.-lr
activity to be fettered by prevalent prejudices, have been lost to what is purely philo-
sophical and scientific, and wasted their best cnergies in the visionary dreams of an
unbridled faney.

w2
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a. The lower cellular tissue is very much elongated, and thus
forms a filiform support for the rest; sometimes it becomes
blended with the middle one by a gradual swelling, forming the neck
or collum, or it forms a more sharply defined thickening of a differ-
ent form, the apophysis, especially marked in Splachnum.

b. The middle portion forms an urn-shaped, almost cylindrical,
seldom obtusely angular, or plano-convex organ, and becomes de-
veloped into different layers: (1.) to a central, either cylindrical or
more spherical, cellular mass, the columella ; (2.) to the coating of the
theea ; and (3.) to a delicate cellular tissue lying between the other
two, the cells of which, developing as sperangia into four (7) spores,
become dissolved and absorbed, so that the spores are left free. Fach
spore-cell secretes within the sporangium a peculiar membrane,
which is either smooth, or covered with larger or smaller warts and
areole. The wall of the theca itself consists, externally, of an inte-
gument in which several layers of a thin-walled, close cellular
tissue are formed — the outer membrane (membrana externa), inter-
nally of several layers of close cellular tissue — the inner membrane
(membrana interna), surrounding the spores. Detween these two
lies a layer of extremely porous, often almost filumentous, loose
cellular tissue, which is sometimes absorbed by the time the sporo-
carp is ripe.

e, The upper portion of the cellular tissue of the nueleus is de-
veloped into such heterogeneous cellular structures, that it sepa-
rates, in drying, into many parts, by the unequal contraction, and
the rending of homogeneous from heterogeneous rows of cells, partly
from within outward, and partly in a lateral direction. A layer
of more solid cellular tissue, in the form of a cover (operculum),
cither flattish, convex, pointed or peaked, separates on the exte-
rior from the upper portion of the nucleus, and, at the same time,
from the theca. In most Mosses an annular layer of three or four
rows of cells (annulus) oceurs, obliquely interposed from below
and from without, upwards and inwards, between the theca and
the operculum. In the interior, the columella is naturally conti-
nued from the theca into the point of the operculum. Its ex-
tremity appears sometimes on the falling off of the operculum, as a
disc or membrane, closing the whole aperture of the theca (stoma).
The remaining cellular tissue, between the end of the columella and
the opereulum, is developed into a highly hygroscopic tissue, which
separates in various ways, either only laterally, into from four to
sixty-four acutely pointed lobes, teeth (dentes); or, at the same
time, from within outward, so that two rows of such lobules ap-
pear, the innermost of which, where broader and alternating with the
teeth, are called processes, and the narrower ones oceurring be-
tween these processes, the eilia. The inner layeroceasionally appears
to cohere, entirely or partially, into a membrane; but the external
one more rarely. The cells of the external lobules, almost all
manifest the peculiarity that their lower and upper walls become so
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disproportionally thickened, that the horizontal partitions formed,
by the drying of the cells, project laterally, as well as towards the
interior and exterior, and are then designated trabecule. The inner
lobules, when they are connected together as a membrane, are
always merely the remains of torn cells,

I have here given the history of the development of the archegonium
from confessedly proportionably circumseribed and ineomplete observa-
tions of my own. DBy way of illustrating the terms applied to the indi-
vidual parts of the ripe capsule, I here give the analysis of the sporocarp
of Hypnum abietinum (fig. 134.) My investigations, combined with what

has here and there been contributed by others *, may perhaps suffice to
confirm the representation given. It is very evident that there are still
great deficiences to be lamented, and that innumerable questions present
themselves, especially as to the manner in which separate cells and
masses of tissues have originated. What appears from the facts with
which we are already acquainted is, that so far as the history of the
formation is known to us, a rending of a continuous mass of cellular
tissue, but nowhere a blending together of divided parts, is apparent, and
consequently that it is as yet, scientifically speaking, incorrect to regard
the Moss capsule as grown together from different pieces. The very
simple structure of the archegonium makes it certainly in the highest de-
gree improbable that it will ever be found to be grown together out of
different parts. The zecond point to be observed here isthat the arche-
gonium consists of continuous cellular tissue from within outward, and
consequently that the development into layers of different cells need not

* Especially H. Mohl, on the Spores of the Cryptogamia, Flora, 1838, vol. i. p. 33.;
History of Development of the Capsule and Spore of (Edipodium Griffithianum, &c.,
by W. Valentine, Ann. of Nat. Hist., Aug. 1839, p. 456, &e.

M Hypnum abietinum. A, The upper part of the seta (a), with the theea (), the peri-
stoma (¢), and the operculum (d). B is a part of the inner peristoma, with pro-
cesses (a), and cilia (F),
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necessarily extend throughout the whole
length. It is mere prejudice to regard
the external peristoma as appertaiming to
the external, and the inner peristoma as
appertaining to the inner, membrane.
The anatomy of most Moss capsules near
a state of maturity* shows evidently that
the peristoma and walls of the theca do
not stand in any nearer relation to each
other than as cells to the parts of a plant
generally, This may be plainly seen, for
instance, in the section, cut lengthwise,
of an unripe capsule of Grimmia apo-
earpa (fig. 135.). Starting from a one-
sided and false view of the ripe fruit,
botanists have accustomed themselves to
regard all these anatomical individualities
as especial organs, and then to seek for
methodical arrangement for them ; whilst
the true mode of observation shows us that
we have to do here with merely tolerably
regular remnants of a torn organ. If, in-
stead of inventing supposititious theories,
pains had been taken to carry out inves-
tigations with somewhat more exactitude, it would soon have been dis-
covered, at least in the inner peristoma, that there was no room here for
many of the very ludierous hypotheses broached regarding the subject. In
the peristoma we must distinguish whether the third upper portion of the
archegonium oceupies a considerable part of the whole length, so that the
peristoma may be developed into vertical rows of cells, as in most cases, or
whether, as in the Polytrichoidee, &c., it is merely the flat upper portion
of the theea, and is therefore rather a development in horizontal layers.
Here, then, the inner peristoma or the membranous expansion of the
columella are the same thing, and formed from one layer of cellular
tissue. In others, on the contrary, a simple (?) layer is developed into the
imner peristoma, direeted inward from the wall of the operculum ; on
this first layer another follows, directed inward, the cells of which on a
section all, or the alternate ones, resemble acute equilateral triangles, the
bases of which. are directed alternately outward or inward. In these
cells the horizontal and the lateral vertical partitions become especially
thickened, while the external and internal walls, on the contrary, become
blended with the superjacent cells, and then separate subsequently from
the other walls: thus the plaited membrane in Buabawmia, Diphysciwm,
&c. is formed with some degree of regularity. If, on the other hand,
cells that on a section appear uniform alternate with others ( Hyprum
abietinum, figs. 134. 136,), the persistent lateral partitions of the former
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* Compare the remarkably beautiful delineations of . Mohl, lee, cit,

"™ Grimmia apocarpa.  Seetion, lengthwise, through an unripe sporocarp. The cells
are only marked upon the right side. a, The opereulum ; &, the teeth of the simple
peristoma ; e, the epidermis; o, the external, e the middle layer of the wall of the
theea, the former consisting of elongated, and the latter of very loose, eells; f; the
innermost layer of the wall of the theea, bounding the space (g) in which lie the
spores; A, external layer of the columella, likewise bounding the spore eavity ; 4, the
cellular tissue of the columella, tolerably loose,
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constitute the processes, and those of the latter the cilia, as, for instance,
in Hypanwen, and Bryum. A perfect, closed cell never, however, concurs in
forming the folded membrane, nor the processes and eilia (so far as they
are free from the intevior outward). A wider field for more compre-
hensive and exact observations is opened here than I have hitherto been
enabled to pursue.

I must not omit to mention a view which was first proposed by the
acute Robert Brown®, namely, that in most peristommes* the regular
number of the teeth was 32, and that when fewer were present it must
be considered owing to a growing together of several into one. At first
sight this view presents much in its favour. But the circumstance that
this law is not applicable to Mosses, the peristomium of which exhibits
a greater number of teeth, is at once suspicious; besides, the history of
development of the capsule of the Moss shows, as far as our knowledge
of the subject extends, that we ecannot speak of growing together in
this case, but merely of more or less regular splitting down. Finally,
regularity of number in teeth is by no means so firmly established as
many might assume, for we not unfrequently find peristomae in which
there is one tooth too little, especially in the Mosses where the number
of the dentations exceeds 32. The almost regular divisibility of the
number of teeth by four must, however, always strike us as remarkable.
The reason of this appears to be based upon the nature of the vegetable
cell, and is thus determined with reference to teeth from their first forma-
tion. A comparison of the multiplication of cells in some of the Alge,
as, for instance, in Meyen's Tetraspora, with the almost constant forma-
tion of four spores and pollen-granules in one parent cell, together with

* Robert Brown's Miscellaneous Writings, (Germ. Trans. I 734.)

1% Hypnum abietinum. Cross-section of the still green sporocarp, in the region where
the cilia and processes are connected at the base. a, A deposit of thickened cells form-
ing the eperculum ; b, separate cells, forming the dentation of the exterior peristomia;
¢, thickened walls, formed by a row of cells constituting the cilia and processes ; the
latter consist of parts which project externally, in the form of a Gothic arch.

N 4
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a few other facts, appears to offer an indication of a parent cell always
giving origin to two or four new cells, and that consequently in a limited
but uninterrupted formation, the cells formed and the equally definite
groups of cells must be almost regularly divisible by two or four. There
is certainly nothing beyond an indication to be looked for here, and it
would be mere empty play to attempt erecting an influential law upon
so frail a foundation. There are, besides, many deviations to be met
with in the development of the sporocarp. In the Sphagnum t!'ma pro-
truding archegonium breaks through the calyptra in an upward direction
instead of tearing it away from the base, but it does not form any long
seta. In the so-called Astomi the upper and middle part of the archego-
nium becomes developed into a simple, entirely closed capsule, only subse-
quently irregularly torn open, as, for instance, in Phaseuwm. The amount
of cellular tissue that remains as a columella is also very variable, so that
sometimes there is scarcely a trace of it to be found in the ripe sporocarp.
In Andreea a simple capsule is formed, which is rent lengthwise into
four lobes, which remain united at the apex and base. Finally, in a great
number of the Mosses the upper third portion of the archegonium forms
merely the operculum, without being further heterogeneously developed
inward : all these, consequently, are devoid of a peristoma. Meyen pre-
tends to have seen spores formed in Sphagnum at the end of a cellular
filament by the spontaneous separation of a parent spore, as in Liver-
worts. I have never been able to find these filaments, but I have easily
succeeded in pressing out four perfectly free spores in a young condition
from the parent cell (sporangium) in which they were enclosed. Finally,
we meet with a deviation in some Polytrichoidew, where four plates of
dense cellular tissue remain between the inner membrane of the theca
and the columella, dividing, until the sporocarp is nearly mature, the
space destined for the spores into four parts. Many other interesting
particulars may be found on this subject in Robert Brown’s works * ;
we have also recently obtained very excellent contributions on the de-
velopment of the spores by Lantzius-Beninga.t The most important re-
sult of the latter work is the fact that the layer of the archegonium, from
which the spores are subsequently developed, consists originally only of
a single layer of cells, which are parent cells. Meyen says (in his
Physiologie, vol. iii. p. 387.), * Robert Brown appears to have been of
the opinion that the spores of Mosses are formed in the cells of the eolu-
mella.”  Palisot de Beauvois had asserted that the true spores were
tormed in the columella, and that the loose granules deposited around it
were the pollen.  Robert Brown’s assertions are directed against this false
view, which he fully sets aside in his usual sure and profound manner.

J'i"J. Little buds similar to those mentioned at A, or dise-ghaped
as in Polytrichum, Splacknum, contain another peculiar organ (an-
theridium), which, as in the above mentioned, also occurs with
archegonia even in the same blossom. The earliest condition in
which it has as yet been observed exhibits a small ellipsoidal,
]U”H(:F or shorter pedicled, eellular corpusele, having a dark opaque
spot in the interior. Somewhat later, we may definitely distinguish
a simple layer of cells, enclosing a large central cell, filled with
turbid formative matter. Iere we subsequently find eytoblasts,

* See R. Brown's Miscellancous Works (loc. cit. 11, 682—744. ) ¥
t De Evolutione Sporidiorum in Capsulis Muscorum, Gt tingen, 1844.
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and the whole central cell is finally filled with a close and ver
thin-walled cellular tissue. In each cell a spiral fibre of two or
three coils is then developed.  On their complete development the
spiral fibres lie free in their cell, and manifest under water a rapid
motion round their axes, which the free spiral fibres retain for a
time after the destruetion of the cell, and thus move onward in the
water. In plants of the prevmus year we still find this organ, dried
and shrivelled together and, as it appears, deprived of its contents
by an orifice in its upper part.

By way of illustration I give here the antheridia of Funaria hygro-
metrica (fig. 137 b, and 138.). With the exception of a few unim-

portant particulars, what is now given is all that we know of this organ,
trom which has originated so much confusion of ideas in science, Thus
much appears fully certain, that neither in the history of their develop-
ment, nor in their strocture, nor in their physiological relation, do they
show the most remote analogy with the anthers* of the Phanerogamia,
and, consequently,” that the application of this designation, together with
all the visionary matter (the pretended theories) based upon it, are al-
together devoid of all foundation, and therefore do not belong to science,
So far as I know, no observer has as yet spoken of the central cell, which

* Although it is in the highest degree erroneous to name these and similar structures
in the Liverworts anthers, yet, as they merit some peculiar designation, I retain this
c.tprewmn, however inappropriate it may be, which has already been so generally used,
in order not to add to the confused nonsense that already characterises our terminology.
1 would expressly remark here, as I have done elsewhere, that the etvmology has no
influence whatever upon the determination of an idea, this l'.'l;.':ng El.'lll.'l} Efﬁl::ll.‘li, in
regard to a technical expression, by a scientific definition. A technical term is merely
a sign easily conveyed by speech and in writing, which would have no sense were it not
interpreted according to the definition applied to it in this one particular science. The
best terms are always those whose ct}'nlulugic'ﬂ signification stands in no relation to the

13 Funaria .f.ty-r;rumeh wa : two young I'I!E.I!II"E i, With the SPOTOEAr) ll-]lfﬂ.lll[iil'lg
(still enclosed by the calyptra (¢), and very young (b) ), bearing antheridia.

1% A long section through a so-called male plant of Funaria hygrometrica (b of the
fig. 137.). A, On the apex of the stem are the antheridia ( ), surrounded by para-
physes (1),
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is s0 essential to the signification of the whole, and is so easily recognised,
as in the case of Sphagnum, where it may with the greatest ease be
isolated long before the origin of the cellular tissue. In like manner,
the delicate cellular tissue which necessarily precedes the formation of
the spiral fibres, and, according to my views, is far more essential than
the latter, has been treated as a secondary matter by most observers,
owing to the prejudice they had once adopted of considering the whole
organ as a pollen-vesicle, and the contents as the matter of fructification
( fovilla) ; entangling themselves in confugion in spite of their own senses.
The spiral fibres have elicited the most observation, owing to the mo-
tion they manifest; and they have thus been elevated to the rank of
spermatic animaleulz. In the course of my own careful examinations of
Polytrichum, 1 have never been able to discover this motion when no
water was applied upon the object-stage. When water was present, the
fibres exhibited a rapid motion about the axis of the spiral, on which
the fibre freed from the cell naturally assumed a progressive motion, in
aceordance with the law of the archimedean serew ; I have never, like
other observers, succeeded in detecting another motion, as, for instance, a
change of the convelutions. As far as the form is concerned, I found
fibres which had a spherical head at one extremity, or an elongated swell-
ing gradually merging in the fibre, or a spherical protruberance below
the other extremity of the fibre, or finally a spherical head with, some
distance from it, an elongated swelling and, further below again, another
spherical swelling. I hold all these forms, of which the last-named were of
the least frequent occurrence, as mere unimportant irregularities oceasioned
by the adhesion of mucus, and not to be the heads of supposed spermatic
animaleula. I have also observed, where a simple head was present, that
there was as often a progressive motion with the pointed end forward
as the reverse. (See Plate IL. figs. 9. and 10., with the explanation).
The circumstantial description of the views of those who suppose that
they have here found spermatic animaleulz may be met with in Meyen ¥,
where the discrepancies occurring in the observations of others are re-
marked upon.

I will venture upon a supposition regarding the morphological signifi-
cation of these parts when I speak of the ovule of Phanerogamia ; of
their physiological importance we know as yet nothing.

§ 103. The structure of Mosses also is still very simple. The
stem exhibits in most cases a closed cirele of elongated cells, some
narrower and very thick-walled, others wider and thin-walled
(cirele of vascular bundles), separating the enclosed parenchyma-
tous mass (medulla) from the outer portion (cortez). The leaves
mng;ﬂy consist of a simple layer of tabular parenchymatous cells,
which have the lateral walls frequently porous, as Dicranum. The
upper and lower walls not unfrequently exhibit a papillose pro-
jecting thickening, as in Orthotrichum crispum. The nerve con-
sists either only of a few layers of somewhat more clongated cells,
or of two bundles of elongated thick-walled ecells, which arrange

subject, and which in the present advaneing state of science, may thus place us beyond
the reach of all the philological dilettante, with their ostensibly scientific remodelling
of technical terms, and necessarily resulting inereased uncertainty and diffuseness of
terminology.

* Meyen, Physiologie, vol. iii. p. 20s.
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themselves above and below on the leaf-cells ; or, finally, it is com-
posed of an actual vascular bundle, that is, a large bundle of the
above-described (liber ?) cells, enelosing elongated wide thin-walled
cells (vessels), which are either interposed between the two halves
of the leaf, consisting of a single layer, as in Catharinea, or received
between the two layers forming the leaf as in Polytrichum. The
sefa consists of similar elements to the stem, only that here the
cells are generally thinner and longer. The cortical cells of the
seta, the epidermal cells of the theca and of the operculum, the
cells of the peristoma, as well as frequently the cells of the ad-
hering fibres, have the cell-walls varying in colour from a light to
a dark brownish yellow. The cells of the peristoma generally ex-
hibit irregular wart-like thickenings upon their walls, which often
appear so prominent, that in the case of Bryum cespititium, for
instance, the points of the dentations seem to be narrowly and
deeply notched at the sides.

It 1s further remarkable, that the epidermis appears most per-
fectly developed on the collum and the apophysis, exhibiting
stomates here. There is generally also a small quantity of loose
spongy cellular tissue beneath it.

Simple as the structure of Mosses is, we are very deficient in exact
observations regarding many particulars.® Thus the little stem of Bua-
bawmia aphylla exhibits much that is interesting, as, for instance, the in-
dication of a reticular thickening of the cell-wall in the medulla. The
leaves of Mosses and their nerves, also merit more thorough investigation
than they have hitherto received. In Catharinea wndulata (fig. 139.)
the leaf, as in most other Mosses, with the exception of the species of
Lolytrichum, consists only of one layer of cells (6). The central nerve
(c), however, which supports the affixed lamelle (a), consists of an upper
and lower epidermis, between which a true vascular bundle is interposed.
This (see fiz. 140.) consists of liber-cells (b d), enclosing between them
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* Structure of the Seta in Funaria hygrometrica, by E, Lankester, in Ann. of Nat.
Hist., by Jardine, Hooker, and Taylor, Feb, 15840, p 361.

B Section through the central part of a leaf of Catharinea wndwlata. a, On the mid-
nerve (¢) are erect longitudinal lamelle ; b, leaf-cells.  The mid-nerve consists of very
mich thickened liber-like eells, and thin-walled wider ones enclosed by it

"9 Catharinea undulata.  Scction, lengthwise, through the mid-nerve of the leaf,
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long, very much expanded, eylindrical cells (f:'}_ {vessd's i:l the s_:mplest
form). Robert Brown made the correct observation that in (,a.f.-@armm the
lamell® are only inserted upen the mid-nerve, while in Polytrichum they
are found upon the whole surface of the leaf. (See his Miscellaneous
Writings.) It does not seem to me that Treviranus (in Linnea, vol. xv.
p- 3. plate 3. fiz. 6.) refutes this view, or cgtuhhshes his own that the
whole is to be regarded as a nerve in Polytrichum. The lamelle placed
upon the surface of the leaf in Polytrichum exhibit the peculiarity that
the lower cells are always thin-walled, while the upper and lateral es-
pecially are very much thickened. In P yuceafolium these upper walls
are bent in, so that each lamella shows a furrow upon its free edge.
Many have contested the view of
there being marginal nerves in the
leaves of Mosses, but without having
examined the subject. In Mnium
punctatum, for instance, they are
strikingly evident, and formed from
thickened cells ranged in layers
(fiz. 141. 4 b). The cells of the la-
mina of the leaf (@) in this plant like-
wise exhibit interesting peculiarities
from the manner in which they are
ranged together, as may be seen from
fig. 141. B, C). In a group* of
Mosses consisting of Sphagnum, Oc-
toblepharum, Leucobryum, Dicranum
glawcum, and Weissia verticillata ?
the leaf is essentially composed of
two different kinds of cells ; namely,
some that are closed, narrow, containing chlorophyll, and others broader.
These latter distinetly exhibit thickening layers, either merely as large
pores, which subsequently become actual apertures, or, as in Sphagnum,
also spiral fibres ; they lie either in the same plane with the green cells
(Sphagnum), or they cover the reticular layer of green cells on both
surfaces, in layers varying from one to five. Much contention has been
kept up, by Meyen especially, concerning the structure of the Sphagnum
leaf; but this must be considered to be wholly set at rest by Mohl.t

The stomata on the ecapsule of Mosses, however simple the subject
may be (there being really not the slightest difference between these and
the openings found in the Phanerogamia), have likewise given rise to
1*-_*(:-11(1{111'1:1 diseussions ; and botanical mystifiers, instead of treating nature
simply, as sound sense dietates, have been pleased to express themselves
as follows : — ¢« The pores, as peripheric members allied to the spiral ves-
sels, although in their strueture they cannot be compared in any respect
to the true pores of the epidermis (the reason wherefore neither is nor

* Lewcophanew, according to Hampe.
t Anatom. Untersuchungen iiber die porisen Zellen von Sphagnum. Tiibingen, 1837,

"‘"Epide"“i“ of the lower surface; b and d, liber-like cells; ¢, vaseulose expanded
Cells,

" Muiwm punctatum. A4, A section through the margin of the leaf: a, leaf-cells;

b, marginal nerve. B, Partition between the leaf-cells in their upper part, very much
enlarged. €, A few leaf-cells seen from the surface; the fine lines separating the
cavity of one cell from the other can easily be explained by a comparison with B.
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can be explained), yet manifest @ tendency towards this form.” Sad in-
deed, that men of intelleet should seek science amid such a confusion of
words! DBy others, Robert Brown among the rest, stomates have been
considered as channels for the evacuation of the spores ; this, however,
they cannot be, sinee they never open a communication between the
spore-cavity itself and the exterior. The spongy cellular tissue below
them always passes gradually into a close cellular tissue, the internal
membrane, as it approaches towards the spore-ecavity. They do not deviate
in the most trifling degree in Polytrichum alpinum from the ordinary
stracture of the stomata, although such would appear to be the case from
the incorrect delineation of Treviranus (see as above, fig. 18.). I have
myself been unable to examine the pores of the capsule of Lyellia ; but
if the delineation of Treviranus (figz. 17.) be correct, they have nothing
to do with the stomata, and are organs of an entirely special kind, I
would remark, that, although I am not confident of the fact, I believe I
have seen spiral fibres in the cells of the peristome; for instance, in
Hypnum triquetrum.

b. Agamic Plants having Roots.

VI. CLUB-MOSSES (Lycorobpiacex).

§ 104. A perfect history of the development of the Lycopodiacea
remains still a desideratum. Only so much is certain, that in the
germination of the larger spores, which will be mentioned, a true
root appears. In the perfect plant, the stem, which is almost always
recumbent, develops roots on the lower side, along its whole length,
and dies off from below upward. The leaves always follow one
another closely around the stem, and are sometimes twisted in such
a manner as to appear as if they were ranged in one plane on op-
posite sides of the stem. The branches which are developed from
the axillary buds often stand similarly, in such a manner that the
ramification is pinnatifid, or the bifurcating branches are erect and
arranged in pyramidal forms; in rare cases the stem 1is flat, and the
leaves far asunder, as in Bernhardia complanata. The leaves are
almost always narrow, lanceolate, similar to the leaves of Mosses,
but bearing more resemblance on the recumbent stems (where they
evidently stand in two rows) to the leaves of the Liverworts, and
are likewise smaller and of different form on the under side of the
stem. All are provided with a simple mid-nerve. The greatest
deviation is in the stem of the fsoetes, which is shortened into a
thick dise, and has long, narrow, grass-like leaves, that enclose
one another below in a sheath-like manner. In a few of the Ly-
copodia, the axillary buds are developed into a somewhat more
fleshy condition inall their parts, and spontaneously (7) separate from
the stem to constitute bulbels (bulbilli).
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It appears to me, that the Lycopodia are most nearly allied to Mosses
and Liverworts, from the little we as yet actnally know of the history of
their entire morphological development.* Isoetes may constitute a sepa-
rate family allied to these, or, still better perhaps, be reckoned as
belonging to them ; at any rate, a moderately exact comparison will
suffice to show that this plant does not belong to the Rhizocarpee, and
that it cannot either constitute a transition stage from any immediately
approximate family to the Rhizocarpee. The only resemblance that
has led to their being placed together was the circumstance that, in
both, the reproductive organs were situated below. (With equal justice
Raja Pastinaca and the Scorpion might be brought into the same family,
since both have a sting in the tail.) DBut, as the statement was once
printed, it availed little that more exact observations showed fsoetes to
be devoid of any analogous characteristies, or even the most remote re-
semblance to the Rhizocarpee; DeCandolle alone appears to have had
more correct views on the subject. Link f, a few years ago, again coupled
the two together, invita naturd.

§ 105. A. At the base of the leaves (which are sometimes com-
pressed into a kind of club at the extremity of an extended leafy
stem, and assume gomewhat different forms), or more rarely in an
indentation of the leaves (for instance, T'mesipteris), there arises a
cellular knob, whose external layers of cells become the wall of the
sporocarp, and whose inner cells, as parent cells (sporangia),
generate four spores each, invested with a peculiar membrane,
which seldom exhibits warts or points, after which the sporangia
become absorbed. In the Bernhardie the sporocarps are placed
upon the points of the shoots, two or three grown together. The
ripe sporocarp is round, kidney or erescent shaped, and tears with
a vertical cleft (as in Lyeopodium annotinum), or a horizontal one
(L. inundatum), the margins of which are often lobed, (as in L. cana-
liculatum).  In Isoetes the sporocarps are somewhat immersed in
the base of the leaf, and covered by a heart-shaped scale. They
contain, among obliquely directed cellular filaments, small cellular
sacs, with many small spores exhibiting the ordinary formation,
and other sacs which enclose four larger spores, consisting of cells
provided with the ordinary integument, and having a thick crust
of carbonate of lime (?).

Mohlt has proved, as incontrovertibly as it was possible without

* The interesting experiments on the germination of the larger spores were
pur_ﬂuml by Bischoff, and first made known by him ; uutwilhs-.tamliug which, he says
{ Die _kr}'pt:}gﬂmiwlwn Gewiichse, p. 97.), ©“ We find no distinetly separated main
roots in the Lycapodia,” because he had only the old developed plant in view, This is
certainly a remarkable illustration of the extent to which this routine-like methiod in
science may blind the eyes of people even against their own discoveries.

See Filicum Speecies in Horto Regio Botanico Berol., Berlin, 1841 ; a work which
is twenty years behind the discoveries made in all things relating to general science,

1 Mohl, Usber die morphologische Bedeutung der Sporangien der mit Gefiissen
versehenen Kryptogamen, Tibingen, 1837, p. 28.
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knowing the history of their development,
that the sporocarps are definite modifications
of the parenchyma of the leaf. An acquaint-
ance with the mode of their development
leads, however, to the same results. In Jso-
etes we are still deficient in more exact inves-
tigations. It seems to me, however, that, con-
sidering the exactly similar structure of the
large and small spores, the difference of size,
and the investment of (probably) earbonate
of lime, together with the somewhat greater
complexity of the fruit owing to the persist-
ence of the cellular tissue, are matters of
very subordinate importance. Here, too, we
must seek for elueidation solely from the his-
tory of development.

B. In some of the Lycopodia we meet with another form of the
fruit, which is rounded, tetraedric, opens by a longitudinal cleft
into two trilobed valves, and encloses four large spores, which
consist of one spore-cell and a very tough investment covered with
warts or reticulate striw. The contents, according to DBischoft #,
are a delicate cellular tissue.

The large spores are certainly identical with the large spores in
Tsoetes; and if even their contents be cellular, this must be merely owing
to a further stage of development. ¥

§ 106. The stem of the Lycopodiacee consists of a mass of rather
loose parenchyma, intersected by a central simultaneous (§ 26.)
vascular bundle. This vascular bundle generally has the vessels
seattered through it in irregular lines and bands, and mostly sur-
rounded by a deposit of brownish thick-walled parenchyma. The
vascular bundles, passing into the leaves and lateral stalks, often
run in an oblique direction through the parenchyma, separating
from the principal bundle a long way below where they pass off
into the leaf. The leaves consist of several layers of roundish
parenchyma, intersected by a vascular bundle, and invested by an
epidermis exhibiting stomata on both surfaces. The wall of the
gporocarp has mostly two layers, the external one displaying flat
cells with tough curving lateral walls, and the inner thin-walled

* Discholl, Die kr}'plngﬂmiﬁdwn Gewichse, p. 110.

t The Lycopodiaces were the only eryptogamic plants against which the anther-mania
had not been directed ; when (Jan, 18, 1842) Link, not content with his discovery of
antheridia in Lichens, likewise provided the Lyeopodiacee with antheridia, which he
maintained were the larger spores. ( Froriep’s Notices, vol. xvi. p. 74.) Men are
always nearest to a new stage of advancement when they have carried out a definite
ﬁ'.'l"‘_l.' in all its s:-,-sl'.em:uti:.- completeness,  Now, therefore, when there remain no further
antheridia to be discovered, it is to be hoped that this worn-out plaything will be cast
aside.

W Lycopodium annotinwm. A, The spore-leaf, with the capsule; B, the same in a
longitudinal seetion ; €, spores (semen Lycopodii).
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cells. Tn Lycopodium inundatum the inner cells exhibit thick annular
fibres, similar to what we find in the fruit of the Liverworts.

The epidermis of the upper and lower surface of the leaves in L.
stoloniferum differs very much. The eells of the upper one are thicker
walled, and have lying upon them, here and there, long cells, which are
beset on the outer side with from two to three rows of warts. The cells
of the under surface are thinner walled, and contain chlorophyll ; while
between the two a somewhat spongy cellular tissue is interposed. The
stomata are only found upon, and close to, the leaf-rib of the Lycopodia.
The annular fibres in the capsule-wall of L. inundatum were first
observed by Bischoff *, who, however, gives an incorrect and very far-
fetched explanation of them, that might be at once refuted by a consider-
ation of their early condition.

VIL. FERNS (Firices).

§ 107. In the germination of the Ierns the spore-cell breaks
through the external membrane and expands, in some even at an
absolutely definite, previously indicated point, into a longer or
ghorter tube, whose extremity forms new cells, which gradually
arrange themselves into a flat, generally bilobed, proembryo : a few
of these cells expand downward into adhering fibres. At a definite
part of this proembryo there is formed a group composed of thicker
cellular tissue, and, by degrees, a small ovate corpuscle, one ex-
tremity of which is prolonged into a root, and the other into a bud,
forming the stem and leaf.

The stem then assumes two essentially different modifications, in
one of which it does not expand, and in the other of which it does
s0 to a great length between every two succeeding leaves (which are
always closer together at their first origin than they appear subse-
quently). In the first case the stem mostly creeps subterraneously,
so that the leaves alone appear above the ground, as in Preris
aguilina, or it creeps upon the ground or up trees and rocks (as in
Lomaria scandens) ; in the second modification it again exhibits two
further differences, according as the root, and subsequently the
gtem, constantly does or does not die off from below. In the former
case it rises but inconsiderably above the earth, occasionally lying
obliquely in it (as in Aspidium Filizr mas); in the latter case it grows
(but only under the tropics) into a considerable sized trunk, some
twenty or thirty feet in height (tree-fern, as, for instance, Cyathea,
Dicksonia, Alsophila, &e.).  Almost all stems exhibit adventitious
roots (radiz adventitia), arising in a peculiar manner from the stem,
and occasionally investing the trunk with a thick network (as
Cyathea Schansin).

The leaves of Ferns are mostly stalked, seldom sessile, generally
divided into lobes at the margin (occasionally in the most various

* Die kryptogamischen Gewiiclise, p. 100,

I Y
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and beautiful manner), seldom simply undivided, always flat, and
having vascular bundles (nerves, nervi), the ramifications of which
are varied and elegant. The leaf 1s generally connected by a con-
tinuous cellular tissue with the stem, on which aceount the older
leaves only wither, to the lower hard part of the leaf-stalk, without
falling off. Occasionally, but rarely, a layer of early-withering
cellular tissue forms a true articulation (articulatio), so that the
leaves become detached from a defined surface (as in Cyathea
arborea). Such an articulation (7) never occurs in the continuity of
the same leaf, and on this account there are no true folia composita
in Ferns.

Buds are, on the whole, but seldom found in the leaf-axils; yet
they do occur, as, for instance, in the case of Aspidium Filix mas. On
this account the stem of Ferns is mostly simple, and always so in
the tree kinds. Here, too, a furcate division of the stem at it apex
appears to take place without any axillary buds, as in Polypodium
ramosum. In the axillary buds, as well as in the terminal bud of
the stem, the leaves are rolled together in a spiral manner (circinate
mstivation, @stivatio circinata).

In a few tropical Ferns small hollows occur in the axils of the
leaves, at first covered by the epidermis, and filled with a peculiar
spongy cellular tissue. Hairs and glands are more rarely met with
in Ferns, while, on the contrary, all are more or less covered with
small, quickly-withering scales (palee).

The other extremity of the young plant developes itself down-
wards into the earth as a multifariously ramified root, which, as
already remarked, soon dies off’ again in many of the Ferns.

It frequently happens that individual cells, or groups of cells of
a leaf, separate from the individuality of the whole plant, form
tubers, and subsequently grow independently into a new plant.
These young plants are formed from the leaf-surface, and especially
in the angles of the division of the leaf.

We have some beautiful investigations, as, for instance, those by
Kaulfuss*, on the first development of the plant from the spore (fig. 143.);

* Das Wesen der Farnkrauter, &c., Leipzig, 1827.

43 Pteris speciosa. a, Germinating spore; b, early condition of the proembryo;
¢, antheridia.
L8
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but even these are very far from being complete : there is no reference
whatever made here to the first origin of the new cells. There is, how-
ever, some importance to be attached to the observation, that thf:re
appears in the proembryo an ovate corpuscle free at both ends, which
Iui.i:I]:|‘|'|'||._].r‘,I therefore, remain :.‘::I.P[l.l}lﬂ of l}l‘ﬂl}flgﬂ.ﬁml in opposite directions,
by which the morphological distine-
144 tion of stem and root (fig. 144.) first
appears in the series of vegetable
forms. Our knowledge regarding
the extensive history of develop-
ment is, however, very deficient,
and we need far more exact and
fundamental investigations on the
relation of stem and leaf, as well as
on the formation of the furcated
divisions of the stem and the germi-
mation, since without such observa-
tions little that is of importance can
be said upon the subject.

The morphology of leaf and stem,
as far as it is applicable to Ferns,
must be derived from the Phanero-
gamia ; the term frond (frondes), as
applied to the leaves, is here quite
superfluous.

We know, as yet, nothing of the signification of the aceumulation of
pulverulent cells * in the axilla of tropical Ferns, which Von Martius once
asserted, without any reason, to be antheridia; they may perhaps be
wholly analogous to the lenticels of Phanerogamia (see below).

§ 108, 4. In all cases spores are formed in the tissue of a true
leaf, which either appears wholly unchanged or is attenuated by the
non-development of all or of the most superfluous part of the
parenchyma around the principal nerves: I eall it the spore-leaf
(sporophullum).  Where it differs but little, or not at all, from the
ordinary leaves, it shows upon the back, or on the margin, differently
formed, scattered accumulations (sori) of sporocarps, which are
generally entirely or partially covered by a definitely formed fold of
the epidermis (the indusium). The several sporocarps are commonly
fastened to a somewhat elevated mass of cellular tissue, which
appears as a short pedicle or as a seam, more seldom as an elongated
pedicle (as, for instance, in Hymenophyllum), and they are formed
in the following manner: — From the parenchyma of the leaf (that
18, from those pedicles) there rises a cell, which soon separates into
two, one cylindrical and one spherical. In both, new cells are
formed ; in one they form the pedicle of the sporocarps, the others
fill the spherical terminal cell (capsula); the most external consti-

* Compare H. Mohl, De Structura Filicum Arborearum, Monach. 1833, p.-7. §12.

"W Pteris spec. B, Germinating plant: a a, the two lobes of the proembryo; b, the
firs'r.l leaf of the young plant; ¢, the root. 4, A longitudinal section of a somewhat
earlier germinating plant: a, lobes of the embryo: b, first leaf of the plant ; e, root;
d, terminal bud.
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tute a cellular wall, and the internal ones parent cells (sporangia) for
the spores, being absorbed soon after the latter are perfectly de-
veloped and have been invested with a special membrane covered
with warts or folds. From the parietal cells a series of cells is
formed, running either vertically or obliquely from the pedicle
almost entirely round the capsule, or forming a horizontal zone at a
greater or lesser distance from the top of the capsule, and in such a
manner that its inner, and upper and lower contiguous walls become
very much thickened, while the other walls remain thin. These
cells constitute what is termed the ring (annulus); by its unequal
contraction in drying, the capsule is opened for the escape of the
spores. In other Ferns the small quantity of parenchyma developed
around the nerves forms in its interior groups of parent cells and
spores, so that the lobules of the leaf swell spherically into capsules,
and, occasionally bursting open by means of an imperfectly com-
pleted ring, shake out the spores (as, for instance, in Oplioglossee,
Osmundacee ). :

B. It is only in the proembryo of Ferns that we find organs simi-
lar to the antheridia of Mosses and Liverworts; here they oceur
either upon the margin or upon its upper surface, and are most
spherical and unpedicled.

By way of illustration of the above, I will give circumstantially the
delineation of a part of the spore-leaf of Pteris chinensis (fig. 145. A, B),

and of Adiantum pubescens (fig. 145. C'), as well as an analysis of the cap-
sule of Scolopendrium officinarum (fig. 146.).

s Pieris chinensis. A, Part of the spore-leaf: a, b designates the direction of the
section. B : a, b is the leaf; cc its thickened margins; d d, folds of the marging {in-
dusia); ee, capsules. C, Part of the spore-leaf of Adiantum pubescens, with some
sori, or heaps of sporocarps, covered with reniform indusia.

o2
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The easily-traced history of de-
velopment of the capsule (as I have
given it according to my observations
on Blechnum gracile) relieves me
from the necessity of wasting one word
in refuting the imaginary origin of
the capsule from a leaf rolled inward,
and which, of course, has been duly
derived from a fantastic imagination.

Mohl* hasrefuted this and the other
view, that the sporophyll is formed
by the blending of a leaf and a twig ;
entering into the subject with more
profoundness of argument than such
unsecientifie sports of faney, in my opi-
nion, merit, and, with his ever-manifest
acuteness of comprehension, has ap-
plied the results of his own excellent
investizations to develop the simplest
and most natural, and consequently
alzo the only true, view of Fern fruits. The formal mania for discovering
antheridia in the Cryptogamia for a long time failed to find support in the
class of the Ferns ; for stomates and the groups of spiral cells in which the
spiral vessels of the leaf-nerves terminate, the indusium, and other parts,
although termed anthers, could not for any length of time be main-
tained to be such., Fortunately for those who delight in sporting with
worids without aflixing any definite ideas to them, a few glandular hairs
(eells, of which the last, which was spherieal or ovate, contained some
gum and muens) were found near the capsules in some specimens of
Ferns; they were pronounced to be anthers, and the discoverers rejoiced in
the self-satisfaction of having followed the course of science. Habeant
sibi ! I can corroborate the fact of there being glandular hairs in many
Ferns, and, indeed, on the very pedunecle of the sporocarps, but they are
decidedly wanting in the case of a great many others. For my part, I am
surprised that no one has as yet insisted upon the presence of the organs
of sense, as eyes and ears, in plants, gince they are possessed by animals ;
such an assumption would not be a bit more absurd than the mania of
insisting upon having anthers in the Cryptogamia, simply because they
are found in the Phanerogamia.

We are indebted to Nigelit for the discovery of the antheridia. It
is very easy to confirm his assertion by direct observation (fig. 143.).
They do not differ essentially from those of Mosses and Liverworts.

§ 109, Tll_e stem of Ferns consists of a mass of parenchyma, tra-
versed by simultancous vascular bundles (§ 26.), and may, when

* Mohl, Morphologische Betrachtungen iiber das Sporangium der mit Gefiissen
versehenen Kryptogamen, Tibingen, 1837, p. 11.
( t See Zeitschrift fur wiss. Bot. von Schleiden und Niigeli, vol. i. parti. p. 168.
1844),

e Seolopendrivm officinarum, A, The ripe eapsule : a, the pedicle ; b, d, ¢, the ring ;
e, the place where the capsule is torn open. B, Part of the ring of a capsule that is
burst open : a, the side turned from the capsule. ': a, the spore; b, the same (after
the removal of the external membrane) with a eytoblast.



SPECIAL MORPHOLOGY : FERNS. 197

the latter are in a more or less closed ecirele, be distinguished into
medulla in the interior and cortex in the exterior. The vascular
bundles lie in their vertical course alternately side by side, so as
to form a net, the meshes of which furnish, at their upper part,
branches of the bundles to the leaves and branches, where the latter
are present; we find a few isolated vascular bundles in the medulla
of the arborescent Ferns, which pass out through those meshes
into the leaves. The vascular bundles have often a band-like, or
channel-shaped form, compressed from within outwards; and are
generally surrounded by a sheath of thick-walled elongated cells
coloured brown (by tannin and humic acid ?); and bundles of such
cells alone also traverse the stem. The parenchymatous cellular
walls, on dying, speedily acquire a more or less dark brown colour.
It is well known that many Ferns contain a large quantity of tannin.
The parenchyma, especially the base of the leaf-stalk, often con-
tains much starch (as, for instance, in the Marattia cicutafolia),
which serves in some of the South Sea Islands as an article of
food. The vascular bundles are composed of porous vessels, having
the pores small, or most frequently with slits; sometimes, however,
as in the leaf-stalks, we find spiral vessels which admit of being
unrolled. The leaves but rarely consist of one single cellular
layer (such being only the case in the Hymenophyllee), but generally
of several, forming two laminz: an upper one, composed of short
eylindrical cells, vertical to the surface of the leaf, and an under
one, formed of loose spherical, or sponge-like, parenchyma. More-
over, the two sides are invested with a true epidermis, which always
exhibits perfect stomata on its lower surface. The upper epider-
mis not unfrequently consists of several layers of cells. Isolated
bundles of liber cells are often met with above and below the
vascular bundles of the leaves. The leaves contain a large quantity
of potash salts.

The attempt to represent the stem of the Fern as merely compozed of
leaf-stalks grown together is so entirely at variance with the law
of its development, and, consequently, so totally devoid of foundation, that
we do not deem it worth while to contest the point. Germination shows
that there is a rudiment of the stem prior to the formation of the leaves
and leaf-stalks, We may refer for the anatomy of the stem to Mohl's
work, which we have already mentioned, and which certainly still leaves
much to be done, although he can scarcely be blamed for the deficiency.
We now feel the want of the history of the living development, and a
much greater service wounld be rendered to science if one of the many
travellers in Brazil would furnish us with the result of an accurate inves-
tiration of this development in the stem of an arborescent Fern, instead of
adding a couple of thousand dried new species to the 80,000 which we
already possess, and which are scarcely worthy of notice while we continue,
as at present, hardly to have a certain knowledge of any one single speci-
men. The annulus of the sporocarp exhibits a structure similar to the
teeth of the fruit of the Mosses. I think I have detected very delicate
spiral fibres in the cells of the walls of the fruit in Ophioglossum
and Osmunda.

o5
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VIII. THE HORSETAILS (EQUISETACER).

§ 110. The spore-cell of the Equisetacee expands into an utricle, at
one extremity of which new cells are formed, that gradually acquire
the form of a many-lobed flat expansion, a simple cellular layer,
several cells of which become elongated into filiform adhering fibres
(the proembryo). At one point of this proembryo there appears
a cellular node, which develops itself upwards into the bud, stem,
and leaf, and downward to a root. The main stem appears, how-
ever, to die off very speedily in the case of most, while in its place
are developed from the axillary buds of the first leaves lateral
branches, which run horizontally below the surface, never assume
a green colour, and whose lateral branches partly rise in a vertical
direction, and appear above the ground. All the stems of the
Equisetacee are round, mostly furrowed and regularly elongated
between the successively ranged leaves (infernodium, internode).
At the roots of the leaves the stems are somewhat contracted, and
easily break off (nedi, nodes). The leaves are small, scaly, ranged
in a whorl, and grown together by the lower part of their margin
into a sheath closely surrounding the stem. The axillary buds of
the stem above ground burst in a remarkable manner through the
base of the leaves, and form whorls ; these have also, less frequently,
lateral branches, The individual lateral branches are not invariably
elongated, but enlarge spherically between every two circles of
leaves, become fleshy, and then readily separate from the stem into
their individual joints.

I have not myself enjoyed any opportunity of observing the germina-
tion of the Eguisetacee; and the description given is taken from
Vaucher*® and Bischoff.} Dut both leave very much to be desired. Tt
18 inconceivable to me how any one can say “mnew cells appear, new
cells seem to oceur between,” without even touching upon the obvious
inquiry “whence come these cells?” It is an evidence of the difficulty
that there is in giving a correet account of what we have observed ; and
assertions of this nature are all but untrue, since it merely amounts to
this, that in one case he saw a few, and in others many cells, the position
and interposition of the cells originating in fancy and not from observa-
tion. We must remark, that in the primary stem the first leaf-circles
are scarcely removed from each other, and that the expansion of the
internodes of the stem begins higher up.

§ 111. At the points of the stems above ground, or of their
branches (often in peculiar branchless stems), several closely con-
tiguous leaf-whorls become developed into an ovate fruetification.
The individual leaves (sporophylla) change in a peculiar manner,
assuming the form of a hexagonal disc, attached by a pedicle at its

* Mém. de Mus. d'Hist. Nat. vol. x. p. 420.
T Die kryptogamischen Gewichse, p. 40, et seq.
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centre. From five to seven hemispherical sporocarps are dﬂvulolmed
from and upon the lower and inner surface of the dise. Two
layers of the cellular tissue of these forn#®the wall of the fruit.
The inner cells become parent cells (sporangia), and from each of
these one spore is produced from a distinet cytoblast. Two spiral
fibres are simultaneously formed in the pavent cell, which at first
completely cover the inner wall, are rounded off' at both extremities,
and somewhat flattened out, and are firmly closed together. The
spiral coils are subsequently somewhat separated by the expansion
of the parent cell. When the spores are quite mature, the hygro-
scopical spiral bands tear the delicate wall of the parent cell, and
wholly separate from each other, although they remain adhering by
the centre to the spore. The sporocarps then split longitudinally,
and emit the spores,

The whole fructification of the Equiselacee (fiz. 147. A, B) is not to
be distinguished — setting aside the actual development of the parent
cells of spores (fig. 148, A—0) from the antheriferous inflorescence of

Teaxus* — by any morphological or anatomical characteristic, on which
even a merely specific distinetion can be established. This peculiarity
was, however, for a long time put under contribution by the faney of
botanists, and, as may naturally be supposed, the antheridia mania did
not suffer the Equisetacee to escape. As nothing else appeared, the
unfortunate spiral fibres were chosen, as occasionally a few mucus
granules might be seen adhering to them. Asearly as 18331 Mohl gave
a correct explanation of these, and I myself had often followed the history
of their development, which it is extremely easy to do, always arriving

* Compare also Mohl's Sporang der Kryptog. p. 7.
+ Mohl, Flora of 1853, on the Spores of Cryptogamie Plants, p. 15.; and the work
before quoted.

W Eowisetum limosum. A, Fruit-bearing extremity of the stem. B, Separate spore-
leaf, seen from the side ; magnified strongly. ) L

" Equisctum arvense. A, Young mother-cell, with a spiral layer of thickening : the
dotted lines show the spore shining through, with its large cytoblast. B, The same
mother-cell, seen from above. €, The spore from it. ), Completely developed
mother-cell, with the spore in it ; a, interval between the turns of the spiral fibres,
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at the same results, although at the time I was unacquainted with Mohl's
observations. That Link®, in the year 1841, should speak of antheridia
in a work where one might expect to find not only a complete use made
of the materials at the author’s command, but likewise a thorough inves-
tigation of the subject treated of, makes one almost envy the man who
knows how to make work a matter of so little moment. Meyen says
nothing of this subject, the Lycopodiacee and Eguisetacee not being
treated of in his system of Physiology.

§ 112, The stem of the Fquiseta consists of a somewhat lax par-
enchyma, separated by a circle of from six to ten successive closed (?)
vascular bundles (§ 26.) into medulla and cortex. In the under-
ground stem the external cortical cells become by degrees more
tough in the walls, and porous. Air-cavities oceur alternately with
every two vascular bundles, formed in the cortex by the laceration
and resorption of the cellular tissue. A similar opening occurs in
the axis of the medulla. The vascular bundles are developed from
within outward, contain, most internally annular vessels, then spiral
vessels, and finally porous vessels. The first portion formed soon
dies off, the cells tear, and thus an air-hole is formed in the vascular
bundle itself; and we often find the annular or spiral vessels pro-
jecting into this aperture, or their remains fallen into it. In the
furrowed stems there lie upon the projecting ridges bundles of thick-
walled, elongated (liber) cells; such a layer often appearing under the
whole epidermis of the stem, as, for instance, in Equisetum fluviatile.
The wvascular bundles at the nodes range themselves closely into
a circle, and give off’ from here twigs, which pass into the leaves
and lateral branches. The parenchyma at the nodes has also
smaller and closer cells. The leaves have one vascular bundle,
and on their outer surface one bundle of liber; and between the
two we find an air-passage. Their free unjoined extremities
are mostly, with the exception of the middle part, composed
of two thin cellular layers, dry and membranous. They are
furnished in the middle, like the stem itself, with an exceedingly
firm epidermis, which distinctly exhibits stomata, arranged mostly
in rows, and whose cells are for the most part thickened towards
the exterior in a wart-like manner. In the cellular walls, especially
in these wart-like projections, we find deposited a large quantity
of siliea, in the form of small lamelle, which may be isolated by
means of concentrated sulphuric acid, which only destroys the vege-
table substance ; they unite, however, on being heated from the
action of the potash salts present, and then retain in the ashes the
perfect forms of the living plants.t The inner layer of the wall
of the sporocarp is formed of the most beautiful spiral fibrous cells,
The spherically enlarged stems below the surface contain, in a close
cellular tissue, starch (7) and oil, and have only very small, imper-
feetly developed vascular bundles,

* Link, Filicum Specics, &e., p. 9.
1 Struve, D¢ Silicia in Plantis nonnulla. Berlin, 1835,
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One peculiarity I often met with in the subterrancous stems. The
somewhat elongated cells which bound the air-passages, at a late stage
begin to develop cells in their interior. These penetrate particular
places in the wall of the mother cell, and project as utricles into the air-
cavities, then expand into a perfectly globular form, become cut off b
constriction, and thus fill the air-space up a second time with lax globular
cellular tissue. I cannot yet decide whether this is a diseased or a
regular structure,

B. Sexvar Prants (Pl gamica).

§ 113. The sexual plants are at once characterised, as a large
and connected division of the vegetable kingdom, by the peculiar
manner in which a new individual is formed, and by the double
and essentially distinct organs which are required for this purpose.
Firstly, they develope four cells, clothed by a peculiar membrane,
within a mother-cell (sporangium of the Agame), which becomes
absorbed subsequently, so that the former, when perfectly mature,
lic free in a little sac composed of cells (sporocarp of the dgamea).
This sac is called the anther (anthera), the sporesare ealled pollen
or pollen-granules (granula pollinis), and the special membrane by
which they are clothed is the external pollen-membrane. Secondly,
they produce a cellular body free in any case at the apex, of oval
or elongated form, in which one cell becomes so much enlarged
that it causes the absorption of a part of the surrounding sub-
stance, and thus a considerable cavity is produced in the body.
This body is called the seed-bud (or ovule) (gemmula); the great
cell is the embryo-sac (sacculus embryoniferus). The sac contains
eytoblastema, from which (excepting in the Rhizocarpee) new cells
are formed, gradually filling the embryo-sac, until, as sometimes
happens, the growing embryo again displaces them. The develop-
ment of the new plant proceeds by the expansion of the cells of
the pollen-granules into a tube, which under favourable circum-
stances penetrates to the embryo-sac. The other end of the pollen-
tube dies away while the extremity in the sac developes new cells,
which become arranged into the form of the rudimentary plant,
the embryo.

I have here only drawn attention to those points admitted with re-
spect to the Phanerogamie plants by all the best observers of recent
times. (With regard to the Rhizocarpee, see the special explanations.)
I have here displu}rcd the essential facts, |1umel}', the analogy of the
course of formation and the nature of the pollen with those of the
spores of the Agame, and the wholly similar conversion of the pollen
into a tube, of which one end (though it must be freely admitted that
we do not know precisely how) forms new eells, which gradually arrange
themselves and form the new plant, while the other end dies away ; com-
paring this with the germination of Mosses, Ferns, &c.: and, while I
have distinetly marked this comparison, it will at once have become evi-
dent what new phenomenon is met with in the sexual plants, namely,
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the appearance of the seed-bud (ovule), within which alone the deve-
lopment of the appointed end of the pollen-tube into a new plant can
take place. Directing our attention to the universally occurring, and
consequently essential, characteristics presented by the seed-bud, namely,
the disproportionately great developement of one single cell (the em-
bryo-sac) within a cellular body free at one end and containing cyto-
blastema, out of which, at least in all the Phanerogamia, cellular tissue
is formed, there is clearly displayed an analogy, which can secarcely be
mistaken, with the antheridia of the Mosses and Liverworts; and we
have in this structure an interesting example in the vegetable world, of
a fact often presenting itself in the animal kingdom, namely, a deter-
minate product of the formative force (a morphological organ) present
in one group, without possessing the same physiological importance which
it has in another group, and without the morphological organ becoming
a physiological organ. On the other hand, when we have conceived the
comparison in these two large groups, we may make the reasoning, evi-
dently deducible from the resemblance, of service as a safe point of de-
parture from which to arrive at further analogical conclusions. If we
have identified the pollen-grain and the spore, and if we have found
their development into new plants to be similar in the main points, we
may venture to expect similarity in the less important particulars. Itis
now certain that in the Adgame one end of the tube of the spore (as in
the Ferns and Eguisetacee) can, without the aid of any other organ,
develope new cells as the foundation of a new plant. Hence, I seek in
the Phanerogamia also the essential cause of the formation of new eells,
and eonsequently of an embryo, in the power of development of one end
of the pollen-tube, which is perhaps called forth and modified by the
action of the embryo-sac, but which appertains simply and exclusively
neither to this nor its contents. We do not by this means acquire
any results as to the nature of the sexual plants, yet we do gain a valu-
able leading principle to guide us in further researches, and in the
critical examination of the results obtained. Thus, the opinion which
I delivered on the formation of the embryo of the Phanerogamia
would have been justified, even if decided observation did not support
me, and if Meyen * had been right in asserting that the new cells
are formed externally on the apex of the pollen-tube (and not in the
inside of it, as I have seer). This mode of formation might occur in the
Agame, as, for instance, Mirbel actually asserted in his work, already
referred to, on Marchantia, which researches 1 indeed must congider
very imperfect.  On the other hand, the opinion that the first cells of the
embryo are not formed inside the embryo-sae, while the pollen-tube re-
mains outside it, is supported by the analogies to be drawn from the inves-
tigation of the Khizocarpee, where the embryo is undoubtedly formed by
the end of the pollen-tube, outside and secarcely in immediate contact
with the embryo-sac; leaving out of consideration the improbabilit
that, in this process, three forms so essentially different should be exhi-
bited, without even being respectively confined to definite groups, as
Meyen T must allow from his own researches.

§ 114. All sexual plants possess stem and leaves, the latter at

" ['h:;-_-..iu1ngi|_-, vol. iii. p. 307, et S
t Physiologie, vol. iii. p. 307, 308., compared with 310, $11., and, still more de-
r'u{-u_:d.l"r.r 813,
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all events, in the parts of the flower. In the Phanerogamia the
anther is unquestionably only a modified leaf, the seed-bud (ovule)
probably only the modified extremity of a stem; in the Rhizo-
carpee no explanation of the kind can be given, from the imperfect
knowledge of the course of development.

a. Plante athalamice.

§ 115. The character of this group, and the distinetion from
the Phanerogamia, is the fact that the seed-bud (ovule) and pollen
separate as independent bodies from the plant, and the tubular ex-
pansion of the pollen-cell penetrates the seed-bud subsequently,
and then becomes developed into a perfeet plant in one act of
vegetation.

IX. RHIZOCARPE.A.

§ 116. In the Rhizocarpee two very distinct parts become
detached from the old, in order to the production of a new
individual, namely, pollen-grains and seed-buds (ovules). The
former have the usual structure, consisting of a single cell (pollen-
cell), with an external pollen-membrane. The others present the
following strueture : —a very large eell, with firm walls, containing
large grains of starch, mucilage, and oil (the embryo-sac), is sur-
rounded by a white, coriaceous membrane, which is formed of very
minute, scarcely distinguishable cells ; this membrane forms, at one
extremity, a papilla (rm.: leus), which is covered sometimes by three
lobes of the same membrane (in Salvinia), or by these three united
into an envelope open at the point (in Uarsifﬂ.-:j, which is called
the simple coat of the bud (infegumentum simplex). The whole is
enclosed in a cellular sac, the sac of the seed (sacculus) (as in
Salvinia), or in a layer of cells so gelatinous as to be almost con-
fluent (as in Pilularia and Marsilea). The cell of the pollen-
ogranule extends itself into a tube of variable length (long in
Salvinia, shorter in Pilularia). During the same time the cells of
the nucleus are developed mear the apex of the embryo-sac,
become clearly distinguishable and laxer, filled with chlorophyli,
and at length break through the nucleus, so that they project free,
forming the nuclear papllla (mammilla nuelei). 1f a pollen-tube
now comes in contact with these cells, it penetrates deeply
between them until it reaches a layer of small green cells which
covers the embryo sac (Pilularia and Salvinia), and then it ex-
pands in a vesicular form, dluph(‘mﬂr the surrounding cellular
tissue, which, however, continues to be d{,m]ﬂpu], .md pm_]ccts
from the seed-bud as a green body of variable size. In Salvinia it
forms two depending lateral processes, while in Pifularia a portion
of the superficial cells become elongated into capillary filaments.
In the vesicular extremity of the lmllul-tu}u cellular tissue is
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developed, which, taking the form of the embryo, one end finally
breaks through nuclear papilla of the seed-bud, which up to
that time appeared as a thin-walled sac, and now assumes the form
of a round sheath ( Pilularia), or a flattened, bilabiate body ( Sal-
vinia). In Salvinia the embryo, when it emerges, produces a
pedicle which expands above into a flat discoid body, swimming on
the water (first leaf, cotyledon), from the point of attachment of
which, below a vertical slit in the same, a bud previously existing
in a rudimentary condition develops into a little stem clothed with
leaves on both sides, and sending out adventitious roots below.
In Pilularie the projecting end of the embryo develops into an
upright filument of a green colour (first leaf, cotyledon), at the base
of which a pre-existing bud develops into a stem with long fila-
mentous leaves. The part of the embryo opposite to the protrud-
ing end becomes the root, and breaks through, at a later period,
the green papilla of the seed-bud, which also then appears like
a sheath, Full-grown plants of Pilularia and Marsilea grow
in bogey ground. Their slender stem runs horizontally forward
with elongated internodes, producing at the side, and always some-
what to the under side of the clavate expanded apex, leaves which
in Pilularia are filiform, in Marsilea consist of a long stalk (petiolus)
and a four-lobed blade (lamina); on the under side the stem con-
stantly shoots forth adventitious roots, branches by the develop-
ment of axillary buds, and apparently also by a bifureating division
of the apex of the stem. Salvinia, on the other hand, floats freely
on the surface of the water; its equally slender stem, with short
internodes, bears on both sides shortly-stalked, flat, ovate leaves,
sends down adventitious roots in the water from the fruit-stalks,
and ramifies little by development of axillary buds. Azolla, a
tropical genus, resembles a delicate floating Liverwort. TIts course
of development is as yet wholly unknown.

When in the year 1837 #, in my survey of the history of development,
I observed that I believed that, with respect to the Rhizoearpee in par-
ticular, much yet remained to be investigated, I had three points in view ;
first, the peculiar formation of the reproductive organs, deseribed indeed
by many, but by no one properly understood ; secondly, the inconceivable
imperfection of all preceding accounts of germination ; and, thirdly, an
isolated observation on Salvinia. In reference to the first point, the
essential resemblance of the so-called large spore to the seed-bud, and of
the smaller to the pollen-grain of the Phanerogamia, appeared especially
remarkable. Touching the second point, it struck me that the germi-
nation indicated either the simple development of a plant already per-
fectly organised in a rudimentary condition (in the Phanerogamia), or
the development of a single cell into a new plant (in the Cryptogamia) ;
but that in the treatises upon the germination of the Rhizocarpew there
had been no idea either of demonstrating the existence of an embryo
capable of development, or of tracing a single spore-like cell in its

* Wiegmann's Archiv, Jahrg. 1837, vol. . p. 316. Sehleiden’s Botanischen Beitriig.
'|'{||:, i.
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gradual evolution into a plant. Finally, in the third place, I had seen,
in a transverse section of’ a seed-bud of Salvinia, which had lain some
time to germinate in water, a filiform cell which ran obliquely through
the green cellular tissue from a somewhat lateral point of the embryo-sae,
and hung out considerably beyond the seed-bud, but appeared to be torn
away here. As soon as I had an opportunity, I made a minute investi-
gation, and soon had the satisfaction of discovering the whole process of
germination, such as I have deseribed it in the paragraph, first in Sal-
wenia, and afterwards, with less trouble, of confirming it, in Pilularia.
In Salvinia, with the exertion of all my patience, I have only succeeded
three times in making the section so fortunately as to lay open the entire
course of the pollen-tube. Sinee it runs obliquely, and the minute seed-
buds present externally no points by which they can be held, the section
becomes naturally a matter of chance. In the somewhat later stage of
development of the seed-bud the form of the nuclear papilla becomes a
sufficient guide for an accurate section. In Pilularia (fig. 149.), on the
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eontrary, I have often succeeded in extracting, in a free condition, the
pollen-grains (fig. 149. B) with the vesicular expanded extremity of their
tube (£) in the seed-bud ( C') perfeet and uninjured. Here it is not
very difficult to trace the whole course of development. Three or four
pollen-tubes usually penetrate into one seed-bud here, but only one
passes deeply down and becomes the embryo (fig. 149. B, b, C, d, E):

' pPilydaria globulifera. A, Transverse section through a seed-bud at the commence-
ment of development: «, gelatinous coat; b, coriaceous coat; ¢ embryo-sac, filled
with starch and oil-globules ; d, nuclear papilla. B, Pollen grains: a, fresh from the
pollen-sac ; b, swollen in water, and beginning to produce tubes. C, Upper part of the
seed-bud, after the penetration of the pollen-tube (d): a, coriaceous coat; b, embryo-
sae ; ¢, nucleus and nuclear papilla ; % layer of cells which separates the pollen-tube
from the émbryo-sac. FE, Pollen-tube prepared free, from C: at the upper part it
exhibits the now uncovered portion which was enclosed in the outer pollen-membrane ;
in the middle, the slender, proper tube ; and below, the broadly expanded portion, now
filled with cellular tissue, which developes into the embryo. D, Upper end of the
seed-bud, in a still more advanced eondition : a, eoriaceous coat ; b, embryo-sac ; ¢, nu-
eleus and nuclear papilla expanded into a sae, through the development of the embryo
d, stem-end of the embryo (e); g, first leaf (cotyledon); A, pollen-tube; f, first axil-
lary bud; filiform elongated external cell of the nucleus; & layer of cells, which
separates the embryo from the embryo-sac.
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from the shortness of the pollen-tube the granules themselves are situ-
ated quite near, upon the seed-bud ; by degrees they lose their external
membrane, and then appear, like three or four pyriform utricles, issuing
from the seed-bud (fig. 149. D, &), which Miiller* actually imagined
them to be. The course of development of Marsilea I have not yet had
the opportunity of making out; what Esprit Fabret has published on
the subject I unfortunately only know from Meyen's Year Reporti,
where the account, whether from the fault of the author or the reporter
I know not, is very superficial and imperfect. The great agreement of
the structure with Pilularia leads to the expectation that no essential
deviation will be found to exist. There are two more points conneeted
with the course of development to which I must call attention. The
pollen-tube, as has been stated, does not come
into immediate contact with the embryo-sae, since
the apex of the latter is closely invested by a
simple layer of green cells (fig. 149, C, &k, D, k).
Before the nuclear papilla 1s fully formed, the
membrane of the embryo-sac is very tough,
and almost coriaceous; subsequently it expands,
so far as it is covered by that cellular layer
of the nuclear papilla, hemispherically (in Sal-
vinia), or even into a long eylinder rounded off
above (in Pilularia), and thus exhibits at this
region an extremely delicate membrane, which is
continuous below with the umaltered tough one
(fig. 149. D, b). The pollen-tube, which pene-
trated and has become vesicularly expanded,
forms a very delicate investment over the deve-
loping embryo for a long time after (fiz. 149. e),
which even remains attached up to a very late
period on the point where the pollen-tube entered,
which can always be recognised by the three to
five contiguous cells appearing brownish as if
dead. Two extremities may be distinguished in
the part of the pollen-tube which has entered : the
upper closed end, which went first in the act of pe-
netration (fig. 150. #); and the other, which loses
itself externally in the pollen-granule (fig. 150, x).
The former is firmly applied upon the layer of
cells investing the embryo-sac; it may be called
the stem end, and the other the root end. In the rest of its periphery
the pollen-tube, and therefore the embryo, remains quite free. Close
beside the stem end, immediately at the point where its connection with
the cellular layer of the nuclear papilla ceases, is now developed the bud
(figs. 149. D, f, 150. ), which may here be regarded as a first lateral
bud, an axillary bud of the first leaf (figs. 149. D, g, 150. d), or coty-
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* On the Germination of Pilularia globulifera, in the Flora, 1840, No. xxxv, p- 545.
( Otherwise an excellent treatise, with many very accurate observations, )

1+ Ann. des Se. Nat. 1837, April, p. 221.

{ Wiegmann’s Archiv, 1838, vol. ii. p. 82.

" Pilularia globulifera. A considerably advanced stage of development. a, Sced-
bud ; b, axillary bud of the embryo; e, the nueleus, expanded into a sheath for the
embryo; d, first leafl; e first root; z, pollen-tube; y, collar-like thickening of the
coriacecus coat,
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ledon, since the proper terminal bud does not become developed on
aceount of its intimate connection with that cellular layer investing the
embryo-sac, already alluded to. The difficulty of drawing this parallel
in the discoid cotyledon of Salvinia iz only apparent, if we take the
cotyledon of Lemna, for instance, as the basis of the comparison. The
first lateral bud growing forth then forms a horizontally advancing stem,
a rhizome (rhizoma), wholly agreeing with so many Phanerogamin, us,
for example, Asparagus. In Salvinia no further development of the
radical extremity occurs, but in Pilularia a root (fig. 150. €), which is
to be regarded as an adventitious root, is always produced on-the side of

the stem, exactly opposite the bud, imnaediately beside the firmly at-
tached radical point.

§ 117. On the full-grown plant are formed, from the lower part
of the leaf-stalk (in Marsilea quadrifolia), or at its base (Marsilea
pubescens, Pilularia), little nodules, which subsequently grow out
into a fruit, borne upon a stalk, which 1s sometimes long, some-
times short, or (as in Salvinia) a little branch springs from the
base of the leaf-stalk, hangs down in the water, and produces a
number of little fruits arranged upon it in the form of a spike.

The fruit of Marsilea is nearly ovate, compressed on two sides.
A tough, coriaceous coat, subsequently opening in two valves,
surrounds a cavity which is divided into two chambers by a lon-
gitudinal septum, imperfect at the upper part, and each of these
compartments is again divided by transverse septa into from five
to twelve chambers. IFrom the region of the point of attachment
of the fruit, on the upper side, where the longitudinal septum is
wanting, runs a cord of gelatinous cellular tissue, wholly free
except at that point of attachment, which bears on each side from
five to twelve little sacs, also composed of gelatinous cellular
tissue, and hanging down in these lateral chambers. Through
these sacs, almost entirely on the outer side, runs a cord of dense,
but also gelatinous, cellular tissue; and the two kinds of repro-
ductive organs are attached to this in such a manner that the seed-
saes, fewer in number, only occupy the more central portion, that
next the longitudinal septum. The stalked seed-sacs so enclose
the already described seed-buds that the nueleus is turned toward
the stalk ; they subsequently dehisce. The anthers are irregular,
pyriform sacs, containing a great number of pollen-granules, which
are composed of a pollen-cell, external pollen-membrane, and in
addition to these a speeial gelatinous coat.

The fruit of Pilularia is globular. The equally tough, coria-
ceous coat, subsequently dehiscing in four valves, surrounds a
cavity which is divided into four chambers by vertical septa. In
the middle of the outer wall of each chamber runs a cord of gela-
tinous cellular tissue, which bears the anthers and seed-sacs on its
inner side. The latter are distinguished from those of Marsilea by
the nucleus lying on the side opposite to the stalk. IHere, also, the
seed sac dehisces, and allows the seed-bud to escape. The anthers
are like those of Marsilea, but the pollen-grains want the gela-
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tinous envelope, while their external pollen-membrane is tough
and studded with papille.

In Salvinia the seed-buds and anthers are in distinet fruits. On
each spike is to be found an upper fruit, somewhat removed from
the rest which are erowded together, and this alone contains seed-
buds. The fruits are vertically furrowed, like a melon, and in
each projecting ridge runs an air-passage, again divided by a hori-
zontal septum ; otherwise, the cellular tissue surrounding the cavity
has delicate walls, and becomes gradually dissolved without any
regular dehiscence of the fmit. Into the cavity of the fruit pro-
jects, from the base to about half-way up, a central columella,
spherically expanded above, which bears upon its globular end in
one kind of fruit the seed-sacs, in the other the anthers. The
peduncle of the ovate seed-sacs is composed of several collateral
rows of cells. The sac (a single layer of cells) encloses the seed-
bud (the nuecleus of which lies as in Pilularia), and separates with
the seed-bud from the peduncle. The peduncle of the globular
anthers consists of a single row of cells, The external pollen-
membrane is very thin and smooth.

Azolla 1s not, I believe, nearly sufficiently investigated ; what
has hitherto been found allows of no reference to the analogous
organs in the Rhizocarpe@ above mentioned. I myself have not
been able to examine any yet, and I refer to Robert Brown* and
Meyent for more special details.

For the illustration I give the analysis of the reproductive organs of
Salvinia natans (figs. 151, 152.). The course of development of the

152

* Verm. Schrift. vol. iii. p. 22., and vol. i. p. 162.; and the Atlas of Flinders’s Voy-
age, which contain Ferd. Bauer’s beautiful illustrations.
+ Aecta Ac. C. L. N. C, vol. xviii. parti. p. 508.

81 Salvinia natans.  Portion of a flowering plant, with two leaves, a branch dipping
down in the water, from which a tuft of rootlets springs, and which bears at the lower
part capsules with pollen-sacs (anthers), and above, somewhat removed from the rest, a
solitary capsule (@), which bears seed-sacs.

1 Sulvinta notans. A, Pollen-sac. B, Pollen-granules ; two compressed, with their
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fruit, which promises results in the highest degree interesting, is up to
this time a piwm desiderium. The Khizocarpew have found no place
in Meyen’s System (!). From what is known, and what I have myself
seen, this much follows, that there is no room at present for fictions of
blending together of organs and the like. On the other hand, from the
situation of most of these fruits (comparing them with the Lycopodiacee),
it is exceedingly probable that we have to do merely with a small
portion of a leaf, developed in such varied ways in its interior. But
this does not at all give a different import to the anthers and seed-buds
from that universally admitted for sexual plants; and the fact that in the
Phanerogamia the anther only is formed from a leaf, the seed-bud pro-
bably only from a stem, is thus peculiar to this group, but by no means
an essential part of the conception of anther and seed-bud. To attach
in this way to every word an absolute definition, and not to use it to
express misty schemata of the imagination, is the only way to bring
security and progress into science, and to free it from the nauseouns and
not merely fruitless, but terribly destructive, indiseriminate use of words
by which no two persons understand the same thing. The process of
development appears to be especially peculiar in the seed-buds of Pilu-
laria. In some earlier conditions of these I found the seed-saes filled
partly with delicate transparent globular cells, and partly with groups of
four tetraedrally-united cells; one of the latter gradually underwent
considerable expansion, but especially in one group which oceupied
exactly the centre of the seed-sac, so that this soon filled the greater part
of the space, and could no longer be mistaken for anything else than the
future embryo-sae. All the rest of the cellular tissue appeared to be
subsequently converted into the coriaceous coat of the embryo-sae, and
the gelatinous one of the seed-bud ; but my observations on this point
are imperfect.

I have thus largely treated of the Rhizocarpew, only because in no
previous publications have the so desirable completeness and aceuracy
been attained, and in the belief that I was able to furnish seme not un-
important contributions ; besides, also, that their position, as a decided
intermediate link between the Pharerogamia and Cryptogamia, makes
an accurate knowledge of them in the highest degree important and
fruitful.

§ 118. The structure of the Rhizoearpece is, on the whole, very
gimple. The stem consists of a central vascular bundle, with some
spiral vessels, and a bark in which run a ecirele of large air-canals,
covered on the outer side by a simple layer of cells (in Salvinia),
or by several layers (in Pilularia and Marsilea). The septa of the
air-passages of the last consist of elegant stellate cells; in both
Pilularia and Marsilea the vascular bundle is enclosed by a simple
layer of elongated parenchymatous cells with brownish walls. The
leaf of Pilularia, and the petiole of Marsilea, ave formed exactly in
the same way as the stem of Salvinia, only they are, in addition,
covered by an epidermis with stomates. The blade of the leaf of

contents. (7, Seed-sac. 1), The same in longitudinal section: a, seed-sac; b, cori-
accous coat of the sced-bud; e three-lobed coat of the seed-bud surrounding the
nucleus ; o, embryo-sac ; ¢, the place where the pedicle of the seed-sac was attached,
E, Apex of the sged-bud, seen from above.

i
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Salvinia consists of an upper, under, and central layer of cells,
which are somewhat removed from each other, the space between
them being divided into large air-cavities by vertical septa, the cells
of which exhibit undulating walls. The upper layer consists of
polygonal cells, which have intercellular passages (stomates) between
them, opening into the air-cavities beneath. The upper surface is
also studded with tufts of hairs, composed of cells in a moniliform
arvangement 3 the lower surface of the leaves, the stem and the
radical fibres, are covered with hairs of a somewhat different kind,
composed of eylindrical cells arranged into filaments, the last cell
of which is apiculate, and contains some dark-coloured substance.
The blade of the leaf of Marsilea consists (according to Bischoff) of
parenchyma, traversed by forked, branching vascular bundles, and
covered by an epidermis furnished with stomates on both (?) sur-
faces, and having the lateral walls of its cells serpentine. The
coriaceous coat of the fruit in Marsilea and Pilularia is composed
of from three to five layers of cells, elongated vertically to the sur-
face, of various colours, unequal in width, but all with thick walls ;
in Pilularia this is immediately invested on the inner side by
a brownish parenchyma, composed of small cells, and forming air-
cavities in the places between the fruit and the septum; next to
this (and exelusively in Marsilea) by a layer of gelatinous cells,
which in Marsilea exclusively form the transverse septa, while in
Pilularia a double layer of thick, brown, minute-celled parenchyma
also traverses these. The longitudinal septum, also, i Marsilca
consists of gelatinous parenchyma. At its upper free border, from
the base of the fruit outward, runs a vascular bundle, which sends
off as many main branches as there are transverse septa, and these
main branches, divided by bifurcation about the middle and then at
the very bottom, form a complicated anastomosis. Of the outermost
of the very minute cells of the coriaceous coat of the seed-bud in
Pilularia, those situated in the half lying next the nucleus are
somewhat more elongated, so that they form a collar round the
seed-bud. In Marsilea, the exterior cells are elongated perpendi-
cularly to the surface, yellow, and pass immediately into the cellular
mtegument.

The history of development of the various masses of gelatinons eellular
tissue, which appear so peculiar in many respects, still remains an espe-
cial desideratum. The cellular cord, bearing little saes, which in Mar-
silea lies in the fruit, not more than two or three lines long, expands after
the dehiscence of the fruit, through absorption of moisture, to the enor-
mous size of a round filament from one to two lines thick, and four to five
inches long, the volume exceeding twenty or thirty times that of the
whole fruit.  The layer of gelatinons cells, which enclose the seed-buds
in Muarsilea and Pilularia, is also peculiar, and undergoes continual
change during the development, from the action of the water absorbed.
Many other specialities are to be found in Bischoff. *

* Kryptogamische Gewiichse, p. 72, et seq.
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b. Plante thalamice.

§ 119. Three especial 1](}5111:3 separate the Pftmierﬁyumfa from the
Rhizocarpee, which approximate so closely to them in the most essen-
tial conditions. First, the course of development of the young plant;
since the seed-bud (ovule) is penetrated by the pollen-tube while
still organically connected with the parent plant, and this end of the
pollen-tube, endowed with a capability of development, takes the
form of a rudimentary plant ; the embryo, which, suddenly arrested
in its growth, separates with the seed-bud (now called the seed)
from the parent, and then, after some time, throws off'its envelopes
and unfolds itself (germinates) into a perfect plant.  Secondly, the
fact that the physiologieal difference of the two organs, seed-bud
and anther, is here also connected with the morphological opposition
of stem and leaf.  Thirdly, the organs of reproduction are here
again enclosed (as in the Mosses and Liverworts, only under more
definite conditions) by a number of peculiarly modified leaves
forming the flower ( flos).

Reviewing, under the guidance of what has been stated in the fore-
going pages, the whole series of stages by which Nature works her way
up to the Phanerogamia, it we banish all baseless dreams and flights of
fancy, as unscientifie, and hold simply to the product of unprejudiced ob-
servation, the following conclusions become evident : —

1. The cell is the simple element ; it is the whole plant, without organs,
and uniting in itself all physiological forces. «. Gradually, in portions
of it, or in the next stage where several cells are combined, though as
yet in exceedingly indeterminate forms, in entire individual eells, we note
the appearance of organs (sperangia) which are especially devoted to the
formation of reproductive cells, the spores, £&. The form of the cells
combining to constitute a plant remains still undefined, but several of
these sporangia combine in a definite form as a sporocarp ; and, lastly,
e, in the Lichens the spore becomes perfected as an independant organ, by
the addition of a speeial coat. (The Chare remain still inexplicable ).

2. Nature advances, causing the cells to combine into determinate,
fixed, elementary forms, in fact, into stem and leaf, at the same time re-
taining the sporocarp, which developes in its highest complexity, and
essaying the formation of a new organ essentially consisting of a large cell
enclosed in an ovate, cellular body, to which at this stage no definite
function is delegated. Neither this nor the sporocarp stands in definite
relation to stem and leaf (but there are still important deficiencies in our
observations). Lastly, the sporocarp and that other organ become sur-
rounded by leaves, which are modified in definite gradations, forming a
flower ( Mosses and Liverworts).

3. Through the Lycopediacee, Ferns, and Equisefacec, the sporocarp
becomes continually more definitely connected with the leaf, and the de-
velopment of the sporophyll (spore-leaf) into a peculiar modification (the
anther of the Phanerogamia) progressively more clearly marked. In its
higliest condition in the Eguisetacee, the physiological ovvosition of leat

F 2
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and stem, which had been completely unfolded in the Lycopodiacee and
Ferns, appears to retreat again. In FEgquisetacew and Lycopodiacea,
nature apparently drops for a time that second organ mentioned in the
Mosses ; here, however, there is again great want of observed facts.

4, This is again taken up in the Rhizocarpee, and a definite physio-
logical function attached to it ; it becomes the seed-bud (ovule), and the
gporocarp the anther ; leaf and stem remain as morphologically and phy-
siologically distinet organs, without, however, the reproductive organs
being determinately divided between them (but here, again, there is great
want of investigation).

5. Lastly, in the Phanerogamia nature again takes up all the separate,
suceessively evolved and gradually completed elements, and combines
them into a perfect plant. Leal and stem, morphologieally and, in gene-
ral, physiologically separated, form the entire plant. The stem is de-
veloped at certain points into perfect seed-buds with definite funetion
the leaf, in like manner, into perfeet anthers; and both become enclosed
in definitely modified leaves, and constitute perfect flowers. Now, how-
ever, but with a constant retention of the essential, a wide field is opened
for the development of the separate parts into varied forms, under which
circumstances even particular earlier stages of individual organs reappear;
for instance, the leafless stem, flat in Lemna, solid in Meloeactus ; the
sporophyll of the Ferns in the Cyeadaces, perhaps even the develop-
ment of the anther out of a stem-organ (7) in Caulinia fragilis, the stem
of an Eguisetum with the function of a leaf in Casuarina, Ephedra,
Cacte, &e. *

I have here only insisted on the main points, in order that the survey
might be more easy, but there are many others which might be traced out
in the same manner. In the Mosses, for example, the stem originates as
an organ morphologically bounded at one extremity ; in the Ferns, &ec,,
morphologically limited in two directions, as stem (sensu stricto) and root ;
but in neither exists any relation with the two ends of the spore-tube.
This relation first appears in the Rhizocarpee, and in the Phanerogamia
it becomes so perfected that the stem, without exeeption, eriginates from
the penetrating, closed end of the pollen-tube, and the root from the op-
posite extremity.

For the rest, I leave the special establishment of what has been stated
in the paragraphs to the succeeding pages, only remarking, once more,
that all that is said about stem and leaf, so far as it agrees with what
has been previously mentioned, holds good also of the rest of the
Glymnospore.

* I here expressly beg that no one will impute to me the folly of imagining that, in
what I have just said, I have cast a peculiarly profound glance into the mysterious
workshop of Nature, that I might, as indeed often happens in our days, by such an
assumption of wisdom establish a vain system which investigation would, perhaps,
to-morrow cast aside as rubbish. 1 have only adopted the means which, with our
human finite minds, we so often have recourse to in endeavouring to facilitate the
survey of the whole series of forms by a figurative representation. 1 am defended
against the danger of regarding it as anything more, by the healthy plainness which I
owe to my teacher Fries, from whose logic I have learned as much Botany as from all
botanical treatises put together,
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X. XI. MONOCOTYLEDONS AND DICOTYLEDONS.

§ 120. In the development of the pollen-tube into the embryo,
an essential distinction arises, according as there is formed one first
leaf’ (cotyledon) growing up from the whole circumference of the
rudimentary stem, or twe or more first leaves, which collectivel
embrace the stem, all on the same level.  On this depends the dis-
tinction of Monocotyledons and Di- or Polycotyledons, with which
is connected many other essential peculiarities ; for instance, that of
the closed vascular bundles which are peculiar to the former, and
the unlimited bundles of the latter. Since, however, the dis-
tinetion of the two groups can only be established in so few parts at
this stage of our inquiries, it is better, to avoid repetition, to treat
both together as Phanerogamia, in the order of their individual
organs,

With all its correctness, I hold the division of the Phanerogamia into
Monoecotyledons and Dicotyledons to be but provisional. A perfect
morphological system will certainly first necessitate the distinetion of
Gymnosperms and Angiosperms. The former without germens (and
mostly with-