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PREFACE TO THE SERIES.

THE first edition of the Botanical Text-Book was pub-
lished in the vear 1842, the fifth in 1857. Each edition
has been in good part rewritten, —the present one entirely
o0, — and the compass of the work is now extended. More
elementary works than this, such as the writer’s Lessons
in Botany (which contains all that is necessary to the prac-
tical study of systematic Phenogamous Botany by means
of Manuals and local Floras), are best adapted to the
needs of the young beginner, and of those who do not
intend to study Botany comprehensively and thoroughly.
The present treatise is intended to serve as a text-book
for the higher and completer instruction. To secure the
requisite fulness of treatment of the whole range of sub-
jects, it has been decided to divide the work into distinct
volumes, each a treatise by itself, which may be indepen-
dently used, while the whole will compose a comprehen-
sive botanical course. The volume on the Structural and
Morphological Botany of Phaznogamous Plants properly
comes first. It should thoroughly equip a botanist for the
scientific prosecution of Systematic Botany, and furnish
needful preparation to those who proceed to the study of
Vegetable Physiology and Anatomy, and to the wide and
varied department of Cryptogamic Botany.
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The volume upon Physiological Botany (Vegetable His-
tology and Physiology) has been prepared by the writer's
colleague, Professor GOODALE.

The Introduction to Cryptogamous Botany, both struc-
tural and systematic, is assigned to the writer’s colleague,
Professor FARLOW.

A fourth volume, a sketch of the Natural Orders of
Ph@nogamous Plants, and of their special Morphology,
Classification, Distribution, Products, ete., will be needed
to complete the series: this the writer may rather hope
than expect himself to draw up.

ASA GRAY

HEeRBARIUM OF HARVARD UNIVEERSITY,
CAMBRIDGE.



PREFACE TO VOLUME 1L

THE present volume is devoted to a consideration of
the microscopic structure, the development, and the func-
tions of flowering plants; that is, to their Vegetable His-
tology, Organogeny, and Physiology. In the first volume
of the Botanical Text-Book these topics were treated only
incidentally, or in an elementary manner, as an introduc-
tion to Morphology.

Cryptogams, or flowerless plants, are treated in this
volume only so far as their study may throw light on
certain features of the anatomy and physiology of Phzno-
gams. The simple structure of many of the flowerless
plants, especially of those of the lower grades, makes them
suitable objects in which to investigate numerous phe-
nomena of vegetable nutrition, growth, and reproduction,
and they have been extensively employed as convenient
material for this purpose. Reference must therefore be
made in the present treatise to some of the more important
results.

Vegetable Histology treats of the minute anatomy of
plants. A knowledge of its leading facts is indispensable
to a clear understanding of Vegetable Physiology, and
their presentation must needs precede any satisfactory
examination of the latter. The technique of Vegetable
Histology requires special treatment, and therefore con-
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siderable space has been devoted to its appliances and
methods. This special treatment has been supplemented
by a series of practical exercises which the student is
urged to perform in the order designated. It will be
seen that in some cases several examples are suggested :
the beginner is advised to examine thoroughly at least
one of the examples under each head.

Organogeny, the study of nascent organs, occupies much
of the middle ground between Histology, Morphology, and
Physiology. The means by which it is investigated are
those of Histology, but its answers are given to Mor-
phology. For convenience, the study of the development
of each organ of the plant is made to precede the examina-
tion of its mature state.

Vegetable Physiology concerns itself with the life of
plants. The appliauces of which it makes use are taken
chiefly from Physics and Chemistry, and facility in their
employment demands some practical acquaintance with
those departments. To one who has worked systemati-
cally in a physical and chemical laboratory, experimental
vegetable physiology presents little difficulty. To aid the
work of students whose opportunities for experimenting
in Physics and Chemistry have heen slight, a series of
practical exercises in Experimental Physiology has been
added. The appliances selected for these examples are
not complicated or expensive, and it is hoped that teachers
and students alike may find their employment practica-
ble. The Praxis embodies in compendious and conven-
ient form the directions which have been employed by
the author in his classes.

The illustrations of tissues and of apparatus have been
taken from many sources. They have been selected with
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reference to the special needs of those students to whom
the larger works and the current journals are not easily
accessible. The same rule has been largely followed in
the treatment of citations from authorities. Where it has
been possible to do so without too great sacrifice of
space, the phraseology of the original reference has been
given. '

In the preparation of this volume the author has had at
many steps the wise counsel of his teacher and associate,
Professor AsaA GRay, to whom he wishes to make his
grateful acknowledgments.

In the proof-reading, verification of references, and In-
dex, Mr. W. W. NoOLEN, Assistant in Biology, has rendered
aid of great value. His painstaking and good judgment
have lightened in every way a formidable and burdensome
task.

GEORGE LINCOLN GOODALE.

Boraxic GARDEN oF Harvarp UNIVERSITY,
CaMBRIDGE, Mass., August, 1886.
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PHYSIOLOGICAL BOTANY.

INTRODUCTION.

HISTOLOGICAL APPLIANCES.

THe instruments and other appliances used in the exami-
nation of minute vegetable structure are, with the exception of
a few special ones to be considered later, the following : —

1. Simple microscope. For the preliminary preparation ot
many objects, a simple stage-microscope is indispensable. It
should be furnished with only the best lenses, preferably doub-
lets or triplets, magnifying from ten to at least twenty diameters.
T'he glass portion of the stage should be not less than an inch
and a half in diameter ; supports at the sides of the stage, on
which the wrists may rest during dissections. are of considerable
use. If the compound microscope described below is provided
also with an inverting eye-piece and with an objective of long
focus, it can be made to serve for most dissections ; otherwise a
simple microscope should always be at hand.

2. Compound microscope. When reduced to its simplest terms,
this consists of a stage, or flat support for the object to be ex-
aunined, an adjustable tube carrying two combinations of lenses.
the objective and the eye-piece, and finally some means of illu-
minating the object. The desiderata to be borne in mind in the
selection of a compound microscope for use in Vegetable His-
tology. are: excellence in the optical parts, case and steadiness
in their adjustment, and simplicity of construction. Other things
being equal, & microscope with a short tube and with a low
stand will be most convenient. on account of the large number
of cases in which reagents must be employed, their application
requiring a horizontal stage.
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3. Three objectives and two eye-pieces, from combinations of
which magnifying powers of forty to eight hundred diameters
can be obtained, will suflice for nearly all the histological work
described in this volume. Two objectives and a single eye-
"piece furnishing powers of sixty to five hundred diameters are
enough for all ordinary investigations of minute structure. Ade-
quate and convenient illumination is secured by a plane and a
concave mirror under the stage. If this is supplemented by an
achromatic condenser, so much the better. The stage, prefer-
ably thin, should be provided with a perforated revolving dise,
or other suitable system of diaphragms, by which its central
aperture can be made larger or smaller.

4. The student ought, at the outset of his work, to make
himselt familiar with the principal effects which are produced
in the appearance of the object in the ficld of the microscope,
by changes in the amount and direction of the light thrown by
the mirror. Details can sometimes be brought out clearly by
oblique illumination, which are only faintly, if at all, seen in
direct light.

5. In general, low magnifying powers are to be preferred to
higher ones ; and combinations of high objectives with low eye-
pieces, sccuring a given magnifying power, are always better
than those in which low objectives and high eye-pieces are used
to obtain the same enlargement.

6. The slips of glass, or ‘slides,” upon which microscopic
objects are commonly prepared and preserved, are three inches
(76 mm.) long by one inch (25 mm.) wide. This is for most
cases a more convenient size than that frequently employed in
Germany ; namely, 48 X 28 millimeters. The glass should be
free from color and from imperfections. The preparation to be
examined under the microscope should be covered with a disc
of thin glass before it is brought under the objective. Perfect
cleanliness of slide and cover-glass is absolutely necessary in all
examinations, and must be secured by the exercise of scrupulous
care.!

~

7. Dissecting Instruments. Sharp delicate needles, by which

»

! For cleaning glass perfectly, the following preparation may be used : —

A strong solution of potassic bichromate to which about half as much con-
centrated sulphurie acid is cautiously added. To this mixture add an equal
volume of water. The glass slips, or covers, are to be kept in this solution for
a short time, and then thoroughly rinsed in pure water, after which they may
be dried with cloth or wash-leather. For ordinary use alcohol of usual strength
answers the purpose very well.
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the parts can be separated by teasing, are often b}&érjthan ‘
any cutting instruments. They are indispensable in the ex-
amination of very young flower-buds, and of great use it
isolation of tissues under the dissccting microscope.

8. Sufficiently thin sections of sott parts may be made by
keen-edged knife. A razor of good quality is geuerally to be
preferred to the ordinary dissecting scalpel, since its wide and
stiff blade can be held with greater steadiness, and its steel
admnits of as sharp an edge. As a rule, the razor should be
dipped in water before using, as this permits the steel to pass
more casily through tissues.? If the parts from which sections
are to he made are too small to be held in the fingers, they can
be firmly seized between slices of pith. It is often convenient
to imbed the object in paraffin or in an alcoholic solution of
soap.? These melt below the temperature of boiling water, but
are solid at ordinary temperatures, and the latter, if properly
made, is transparent. A little of the melted imbedding sub-
stance is poured into & small cone of glazed paper, and when it
begins to cool. the object is placed in the middle of the mass.
Upon complete cooling it is firmly held therein.

Before putting the object into paraflin it should first be satu-
rated with alcohol, and this replaced by benzol or oil of cloves,
in order to enable the paraffin to hold the specimen firmly. The
paraffin may be dissolved away from the sections by application
of benzol, oil of cloves, or turpentine (see also 110).

9. Thin sections are best removed from the knife by a
camel's-hair pencil, and are to be placed at once in water or
some other liquid. Except in certain cases, water may be used
as a medium for the preliminary examination of sections.

10. Microtome. Any of the simpler microtomes, or section-
cutters, will be convenient in much histological work, and of
great use in the preparation of a series of sections from any
very minute object, since this permits them all to be of cxactly
the same thickness.

11. Measurements. Microscopic objects arc measured hy
micrometers. The eye-picce micrometer can be more rapidly
used than one on the stage of the instrument; and if its value

1 Advantage is frequently gained by moistening the cdge of the knife with
dilute potassic hydrate before dipping it in water, thus removing traces of
oil which may have adhered to it during sharpening. Bnt potassic hydrate
should not be used in this way if reagents are to he subsequently employed.

2 Made by dissolving enough of any good transparent soap in hot alcohol,
to form, upon cooling, a firm, clear mass.
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for the different objectives and for the length of tube has been
determined accurately, it is usually preferable.

The values of the spaces in the cye-piece micrometer are
ascertained by comparison with known values of the spaces on
a standard stage iicrometer; for example, if one space in the
eye-piece micrometer corresponds to five spaces of the stage
micrometer, and the latter has a value of one thousandth of a
mfllimeter, each space of the former equals five thousandths of a
millimeter.

The unit of microscopic measurement is the ‘¢ micro-miili-
meter,”! one thousandth of a millimeter. It is expressed by
the Greek p.

12, Drawing. An image of the object under the microscope
may be cast by reflection upon paper at the side of the micro-
scope, by means of a Camera lucida. Several forms of the
Camera lucida are adapted to use with the tube of the micro-
scope in a vertical position, and arec more convenient for the
majority of cases coming within the scope of the present work.
Oberhiuser’s, Milne Edwards’s, and Abbe’s are of this kind.

13. Polarizing apparatus. Tlis is of great use in the examni-
nation of certain contents of cells. It consists of two Nicol
prisms, one below the stage of the microscope and receiving
the light which is reflected from the mirror, the other in the
eye-piece. Upon turning one of the prisms, distinctive op-
tical characters, not otherwise seen, are presented by grains of
starch, etc.

14, Media and reagents, The fluid in which a microscopic
specimen is submitted to examination is technically known as its
medium. Chemical agents subsequently added for the purpose
of producing changes by which the chemical character of the
objects may be recognized, are termed reagents. Some of the
media, however, in common use produce characteristic changes
in certain cases, and might be as truly referred to the latter
class as several of the reagents themselves. The substances in

1 For convenicnce of reference, the following table of comparative measure-
ments is given : —

m IxcHES. " Tncues. IncHES. e
1, .000039 6 ... 000236 — 25399
2 .. 000079 7 ... .000276 1oboe

8 ... 000118 8 v .000315 ooy = 25.3997
4 ... .000157 9 .. .000354

5 .000197 10 ......... .000394 I‘b‘b‘ = 253.9972

One meter == 39.370432 inches.
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which microscopic specimens are preserved are termed mounting-
media.

15. Mepra. In all ordinary cases pure water is the best
medium in which to place the ohject for examination. If dis-
tilled water cannot be procured, filtered rain-water or melted ice
will answer perfectly. In some instances water produces an
immediate change either in the cell-wall or in the contents of
the cells. For instance, the superfiaial cells of the coats of
many seeds swell up at once when they are placed in water, and
lose their former shape; on the other hand, important contents
in the seeds of many plants are dissolved immediately when the
sections are moistened. Hence, other media must be sometimes
substituted for water. Absolute alcohol (see 40) is the most
useful for meeting the cases above referred to. Thus, if a sec-
tion of a seed-coat be first examined in absolute alcohol, and the
alcohol be gradually replaced by water as directed in 17, the
changes due to water will take place slowly, and can be watched
throughout. For the cases in which the cell contents are sus-
pected of undergoing change from water, castor-oil is a useful
medium. If thought best, this can be removed subsequently
from the spccimen by alcohol or ether, and the latter in turn
may be made to give place to water, and the changes can be
followed with certainty.

16. Glycerin (see 60), either concentrated or somewhat
diluted with water, is a highly useful medium, imparting a good
degree of transparency to most specimens. 1t withdraws a part
of the water of the cell-sap, and in the case of thin-walled cells
this is followed by some change of form. The remarkable effects
produced upon some of the contents of cells by the action of
glycerin and similar agents will be referred to under Protoplasm.

17. One medium may be replaced by another by the careful
use of bibulous paper. Good filtering paper is the bLest for this
purpose. If a little of the liquid which it is desired to place
under the cover-glass be put at the edge of the cover, and the
opposite edge be then touched lightly with the paper, the liquid
will be at once drawn through. By successive applications of
the same liquid, the specimen can be thoroughly washed without
removal of the cover-glass.

18. REeaceENTs. Four reagents arc in very common use in
nearly all histological examinations; namely, caustic potash, a
solution of iodine, an acid, and a staining agent. Even in ordi-
nary cases, however, it is desirable to have a somewhat wider
choice than this, and therefore the following brief hints are
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given as to the preparation and employment of some of the
most useful reagents. More detailed directions must be sought
in special treatises upon micro-chemistry.? The list and the
general rules here given will serve for most investigations.

19. It is best to try first a very small amount of the reagent,
and carefully note its effect before adding more.  If it is neces-
sary to increase the amount, draw a little through by means of
bibulous paper, as previously directed. Many reagents are slow
in producing their effects. Ience some time must be allowed to
elapse before one reagent is replaced Ly another, and it is well
in some cases to apply slight heat to accelerate or increase the
action ; but this must be very cautiously done.

20. If one reageunt is to be followed by another, attention
must be given to the effects which the reagents have upon each
otlier, or upon the medinm, as well as upon the specimen. For
instance, small dark crystals of iodine separate from an aleoholie
solution when this is brought into contact with water. Removal
of the cover-glass is advised in all cases where onc reagent is to
be washed out before the application of a second, or where one
is to be immediately followed by another, provided the specimen
is not so delicate as to be disturbed by it. Some parts of the
specimen are apt to escape action, if the washing or the intro-
duction of several reagents in these operations is conducted
without lifting the cover; but by the cxercise of great care
both these operations may be carried on successfully by the use
of bibulous paper without removing the cover-glass.

21. Owing to their importance, potash and iodine are de-
scribed first. The other reagents are given in alphabetical
order, for convenience of refcrence.

22. Potash, Potassic hydrate, Caustic potassa, are names
interchangeably given to white solid potassa and to its solutions.
This substance absorbs carbonic acid so éagerly from the air,
that it must be kept in glass-stoppered bottles. To prevent the
stoppers from becoming fastened by the action of the alkali on
the glass, it is well to smear them with vaseline or paraffin.

23. Solutions of two strengths are used. 1. Concentrated.
Solid potassa is dissolved in the smallest amount of water (not
far from half its own weight) by which it will become liquid.
This dense syrupy liquid is too strong for ordinary use. 1I. A
cominon solution made with one part of solid potassa in three,

1 Consult the following : Botanical Micro-Chemistry, by Poulsen, translated
by Trelease (Cassino, Boston), 1884. Hilfsbuch by Behrens (Schwetschke,
Braunschweig), 1884. - ' o



INTRODUCTION, 7

five, or ten parts of water, depending upon the particular case
in which it is to be used.

- 24. For use as a macerating agent in separating cells, a strong
solution is preferable, and is more eflicient when it is slightly
warmed. For dissolving or rendering transparent most of the
contents of cells, more dilute solutions are better. Owing to the
prompt effect produced on the cell-wall, and upon the contents
of cells, especially of young ones, a moderately strong solution
of potassa is the most useful clearing agent that we have. After
a mass of tissue, for instance an embryo, has been acted on by
a solution of potassa until it has become translucent, it is to be
cautiously subjected to the action of an acid, preferably acetic
or hydrochloric, and then washed. A second treatment, or even
a third, may be necessary to make the object sufficiently clear.
Sometimes, however, the potassa renders the tissues too nearly
transparent, in which case they may be slightly clouded by a
little alum-water. This process of clearing tissues was first
used by Hanstein in the examination of the tissucs at points of
growth, and it is of very wide applicability.

25. Some structures ave darkened at first by the use of
potassa, but cautious treatmment afterwards with a dilute acid
and a second application of potassa will generally produce a
good degree of transparency.

26. Potassa is a solvent for many of the substances which
incrust the cell-wall, but in most cases the solutions must be
used warm; in a few instances heated even to boiling. The
cell-wall, washed after such treatment, will give the cellulose
reactions (see 145). Suberin can thus be removed from the
cell-walls of cork, forming with the potassa vellowish drops.

27. As the aqueous solution of potassa causes considerable
swelling of the cell-wall, it is desirable to have also at hand
an alcoliolic solution. This is best made by mixing 95 per
cent alcohol with a strong aqueous solution of potassa until a
cloudiness appears. The mixture is then to be shaken fre-
quently, and, after a day or so, the clear liquid above is to be
carefully poured off. This solution may be diluted with alcohol
if necessary.!

28. Solutions of caustic soda can replace potassa in most
of the foregoing reactions. The special cases in which these
alkalies are employed for the identification of certain contents
2% cells will be described later. '

' Russow’s Potash-alcohol.
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29. Jodine. ‘I'his clement is only very slightly soluble in
pure water. Upon exposure to strong light, however, a some-
what larger amount of iodine passes into solution after a while,
owing probably to formation of hydriodic acid. If it is neces-
sary to examine the effect of iodinc alone, as in certain parts of
Lichens, a fresh solution should be used. In fact, it is recom-
mended that in such cases a minute fragment of solid iodine be
placed in pure water under the cover-glass at the moment of
examination.

30. But for all ordinary examinations, a solution of iodine in
water which contains jodide of potassium is used. The propor-
tions employed vary widely. A convenient strength is obtained
by dissolving one gram of iodine and five grams of potassic
iodide in enough water to make one hundred cubic centimeters.
Even this solution is too strong for some purposes. In a few
cases a ditferent solution is adviscd, made by dissolving five
centigrams of jodine and twenty centigrams of potassic iodide in
fifteen grams of water.! But, in general, dilute solutions are
preferable. .

31. A solution of iodine and iodide of potassium in glyce-
rin is employed by some. An alcoholic solution is sometimes
uscful,

32. Iodine is a characteristic test for starch, to which it
imparts a blue color, depending for its depth chiefly upon the
strength of the solution. lodine in absolute alcohol gives with
dry starch a brownish color; if the alcohol is not absolute, that
is, anhydrous, a blue color is given as with ordinary aqueous
solutions.

33. In most cases cellulose is colored pale ycllow to deep
brown by iodine. If the specimen is acted on by concentrated
sulphuric acid, either just beforc or just after the application
of the iodine, a blue color appears. This reaction for cellulose
is disguised by various incrusting matters, which can be removed
by strong acids or alkalies; after their removal the washed -
specimen will give the characteristic cellulose reaction (see also
143).

34. Todine and a metallic iodide in a strong solution of chlo-
ride of zine form a very useful reagent for cellulose, to which a
blue color is given. The reagent is casily made by dissolving
pure zinc in concentrated hydrochloric acid until there is no
further action of the acid. The solution, with a little metallic

1 Poulsen.
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zinc still undissolved, is to be evaporated to a syrupy consist-
ence, saturated with potassic iodide, and lastly enough pure
iodine added to render the whole a deep red or brown. Cell-
walls that have incrusting atters, for instance, cork-cells and
most wood-cells, arc turned yellow by this reagent. It is known
as Schulze’s reagent. Behrens advises the preparation of modi-
fications of this important reagent, all depending on the relative
amount of iodine and the degree of dilution. A little practice
in their use will suggest the cases to which each is specially
applicable.  Solutions of iodine color protoplasm, and other
albuminoid bodies, yellow to deep brown.

35. Owing to the tendency of iodine solutions to form hydri-
odic acid, it is recommended by many authors that they he kept
out of the light ; but this precaution is not necessary unless the
investigation calls for pure iodine alone; in such a case it is
better to use only freshly prepared solutions.

The following reagents are arranged in alphabetical order.

86. Acetic acid. Glacial acetic acid diluted by two or four
parts of water, or the ordinary concentrated acid of the shops, is
used (1) to neutralize the alkali in Hanstein’s method (see 24);
(2) to discriminate between oxalates and carbonates, the latter
dissolving with effervescence in it, the former remaining un-
changed in it, but dissolving quietly in hydrochloric acid; (3) in
the study of the nucleus.

87. Alcohol. Common strong alcohol, or the so-called ¢¢ 95
per cent,” is widely employed for the preservation of micro-
scopic material. In it soft tissues become hardened. This is a
great advantage in the case of specimens which are too yielding
to be cleanly cut when fresh. If it is desirable to again soften
tissues which have been hardened by the action of alcohol, it is
merely necessary to soak them for a short time in water, when
they will assume nearly the consistence they had when fresh.
This reagent produces certain marked changes in the contents of
vegetable cells: the protoplasmic matters become more or less
shrunken, many oils and fats are dissolved, and certain sub-
stances in solution in the cell-sap are separated out (see 183).

38. The air which occurs in intercellular spaces and in all
dry specimens is generally removed with ease by the action of
alcohol, especially if a little heat is applied.

39. Alcohol is of use also in the preparation of some of the
staining agents.

40. Absolute alcohol contains only the merest trace of water.
Hence it must be used instead of ordinary alcohol whenever tho
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specimen is affected by water, as is the case with mucilagi-
nous tissues, crystalloids, ete. As a reagent for use under the
cover-glass it is more satisfactory than common alcohol, but
in keeping it the greatest care must be exercised to exclude
moisture.

41. Ahen. Either potash- or ammonia-alum may be used to
diminish the transparency of cells which have been acted on by
potassa (see 24).  Alum is a mordant in some of the processes
for staining (sce 98).

42. Ammonia. Aqueous ammonia may replace the fixed
alkalies, potassa and soda, but possesses no advantage over
them except in its somewhat slower and less violent action.
For its use in the examination of albuminoids, seec 125. Its
principal use in microscopy is in the preparation of certain
staining agents (see 77) and cuprammonia.

43. Anilin chloride. Dissolved in alcohol, this reagent im-
parts a pale yellow color to lignified cell-walls.  Upon addition
of hydrochloric acid, the color is much deepened. This is Hohnel’s
test for lignin.

44. Anilin sulphate. This substance in aqueous or alcoholic
solution gives to lignified cell-walls a pale yellow color, which is
much deeper when the reagent is followed by sulphuric acid, —
Wiesner’s test for lignin.

45. Argentic nitrate, or nitrate of silver, in extremely dilute
alkaline solution freshly made, has Leen recommended for dis-
criminating between living and dead protoplasm, the former
turning dark, the latter remaining unchanged (see details in
Part I1.).

46. Asparagin. A concentrated solution of asparagin is
suggested by Borodin for the recognition of asparagin itself
when its crystals have been formed in tissues blanched by dark
ness.

47. Auric chloride, long used for staining preparations in
animal histology, has been somewhat employed for coloring the
cells of certain lower plants, and in the same manner as argentic
nitrate, for detecting the condition of protoplasm.

48. DBenzol is a powerful solvent for various vegetable fats
and resins. It is also used for the preparation of henzol-balsam
(sce 112), and in dissolving paraflin (sec 8).

49. Culcic chloride. ‘Treub employs this for clearing tis-
sues. The fresh section, after having been moistened by a
little water, is covered with dry powdered chloride, warmed
until it is about dry, and afterwards placed in a little water.
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From this it is to be transferred to glycerin, where it soon
wecomes clear.!

50. Culcic hypochlorite in aqueous solution bleaches many
tissues without the use of an acid, but, in general, specimens
which have been subjected to its action are more thoroughly de-
colorized if they are subsequently placed in dilute hydrochlorie
acid, washed in pure water, and finally transferred to glycerin.
Preparations which have been bleached by this method are easily
colored by some of the staining agents described on page 15.
Sodic hypochlorite may replace it in all cases.

51. Carbon disulphide is used as a solvent for fats.

52. Carbolic acid, or phenol, dissolved in the least quantity
of concentrated hydrochloric acid which will take it up, gives
a green color with lignified cells. It is better to add to a few
drops of the strongest hydrochloric acid a small quantity of
crystallized phenol, warm the mixture slightly, and upon its
cooling add enough acid to remove any cloudiness.

83. Chloral hydrate in aqueous solution is recommended by
Arthur Meyer? as a clearing agent. I'wo parts of water are
added to five parts of chloral, and used somewhat above the
temperature of 15° C.

54. Chromic acid. The pure acid, in strong solution, acts
promptly on cell-walls, dissolving all except those which are
silicified and those which are cutinized. Even the latter yield
to prolonged action. If the solution is more dilute, the action
goes on only so far as to cause swelling of the cell-wall, Lring-
ing out, in special cases, a very distinct stratification. Solutions
which are so dilute as to be merely pale yellow cause hardening
of soft tissues, and this acid therefore forms an excellent adju-
vant to alcohol for this purpose (see Part 11.).

55. Cuprammonia. To a solution of cupric sulphate add
enough soda (or potassa) to produce a precipitate. After
removal of the excess of liquid by filtration, place the precipitate
in a flask, wash once with water which has been reed from air by
boiling, and then dissolve the mass in the least quantity of con-
centrated ammonia which will take it up. The freshly prepared
solution should act promptly on delicate fibres of cellulose,
cotton for example, causing them to swell and apparently pass
into solution. Lignified and cutinized cell-walls are not acted

1 Flahault: Accroissement terminal de la racine. Ann. des Sc. nat., 1873,
vi. p. 24.
2 Das Chlorophyllkorn, Leipzig, 1883.
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upen until the foreign matter has been removed by the agents
previously spoken of (see 26).

This reagent, known as Schweizer’s,! possesses its chief in-
terest from the fact that it is the only liquid known in which
cellulose appears to dissolve without essential change of compo-
sition. It has a limited application in the discrimination of
fibres used in the arts.

66. Cupric acetate in aqueous solution is used as a preparatory
liquid for the examination of resins. The part to be examined
is kept in a concentrated solution for some days, and sections
are then made from it. If certain resins are present, they will
appear of a green color. The above is Franchimont’s test based
on a reaction discovered by Unverdorben.?

57. Cupric sulphate in saturated aqucous solution is used
for the detection of certain carbohydrates (see 184) and albumi-
noidal matters (see 124). Commercial blue vitriol, recrystallized
two or three times, will answer for all ordinary cases.

58. Ether is used as a solvent for fats, etc.

59. Ferric chlorid: in aqueous solution was formerly recom-
mended 9s a test for the tanuins;® the tannin of oak-bark De-
coming bluish-black ; that in the leaves of the sumach, greenish-
black. But the distinctions are not constant. Ferric acetate
and sulphate are now more generally used than the chloride as
a test, and are better.

60. Glycerin. Only the purest glyeerin should ever be em-
ployed in microscopic examinations. The following are among
the most important of its many applications: 1. In clearing
specimens. It is used not only as an adjuvant in the Hanstein
and other methods of clearing, but, in many cases, it serves well
without any other reagent. 2. To cause withdrawal of water
from fresh cells, the degree of effect depending on the strength
of the glycerin. 3. In the examination of protein granules
(see 175). 4. As a test for inulin; this substance separates
sooner or later in the form of sphwerocrystals. 5. As a solvent
for iodine (sec 31).

61. Zlydrochloric acid. Pure concentrated acid is one of the
moat satisfactory agents for the maceration of woody tissues.
When dilute, it serves for the discrimination between carbonates
and oxalates, the former dissolving with effervescence, the latter

 Schweizer: Vierteljahrsschrift natur. Ges., Zurich, 1857.
3 Behrens: Hilfsbuch, p. 377.
3 Watts's edition of Fownes's Chem., p. 672.
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without. It must be remembered that acetic acid dissolves
carbonates, but not oxalates (see 36).

This acid has been used by Pringsheim! in the study of
chlorophyll grains; fresh sections of tissues containing chloro-
phyll being exposed to the action of the acid for some hours.
From the grains, minute spheres of a brownish color become
nearly detached, and thesc afterwards appear as clusters of
acicular crystals (sce Part II.). IHydrochloric acid is also of
use in the examination of some protein inatters (see 124).

62. Indol (Niggl’s test? for lignin) is used in an aqueous so-
lution. The specimen, subjected to the action of the solution for
a few minutes, is transferred to sulphuric acid of specific gravity
1.2 (made by adding one part of concentrated acid to four parts
of water). Lignified structures become red.

63. Mercuric chloride, or corrosive sublimate, dissolved in
fifty parts of absolute alcohol renders protein grains insoluble
in water. Pfeffer® recommends that the specimen should remain
in this reagent at least twelve hours. Dippel* uses a dilute
aqueous solution (1 in 500) to render visible the currents in the
most delicate threads of protoplasm (and for the demonstration
of the nucleus without affecting the other contents of the cell).

64. Millon’s reagent, commonly called acid nitrate of mercury,
is best prepared, according to its discoverer, by pouring upon
pure mercury its own weigl.t of concentrated nitric acid. For
a short time the action is violent; when it subsides a little,
gently warm the liquid until the metal is completely dissolved.
The solution is immediately diluted by twice its volume of pure
water. After a few hours the liquid is to be decanted from the
crystalline mass which has formed, and it is then ready for use.?

This reagent is more efficient when freshly made.

Albuminoid substances are colored red by this reagent even
in the cold, but much more readily upon the application of heat.
According to Millon, the reaction is duc to the presence in the
liquid of both mercuric nitrate and nitrite.

This reagent has been employed for the demonstration of the
stratification and spiral striation of certain cell-walls.

65. Nitric acid gives to protein matters a yellow color,
which is intensified upon the subsequent use of ammonia. The

1 Pringsheim’s Jahrbiicher, Bd. xii. p. 294, ef seg.
2 Flora, 1881, p. 545, et seq.

3 Pringsheim’s Jahrbiicher, viii. p. 441.

# Dippel: Das Mikroskop, i. p. 281.

8 Quoted from Behrens: Hilfsh. p. 247.
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same treatment, especially if the slide is slightly warmed, colors
the so-called intercellular substance ycllow. The acid is also
used as a test for suberin (sce 158).

66. Osmic acid (perosmic acid) is very volatile, and there-
fore is best preserved in sealed glass tubes until wanted for use,
when the tube can be broken under water. Even from the aque-
ous solution the irritating acid escapes in small amount, render-
ing it a disagreecable reagent to work with. The solutions are
usually of one per cent strength.

Oils are colored brown by the reduction of the acid to me-
tallic osmium on the surface of the drops. Living protoplasm
is killed at ouce by even dilute solutions of this acid, and there
is usually more or less discoloration of the different parts.
Hence it is a useful agent for arresting the processes of cell-
division and growth at any desired stage. Advantage is some-
times gained, according to Poulsen,! by the combination with it
of chromic acid.

67. Phenol (see carbolic acid, 52).

68. Phloroglucin, used by Wiesner as a test for lignin.?
The specimen is first acted on by hydrochlorie acid, and then
moistened by a solution of phloroglucin in water or alcohol.  If
the cell-walls are lignified, they will at once assume a red color.
Hihnel® suggests the employment of a strong decoction of cherry
wood instead of the phloroglucin.  Used in the same way, it im-
parts a violet color to lignified cells. This test is hardly so
satisfactory as the other.

69. DPotassic bichromate in aqueous solution is used to harden
tissues, and is about as good as chromic acid. It has been also
employed by Sanio* for the detection of taunin.

70. Potassic chlorate, used with nitric acid, is the most con-
venient macerating agent.  If a few small crystals of this salt
are added to a little coneentrated nitrie acid in a test-tube con-
taining a fragment of wood, and the liguid is carefully warmed,
violent action begins somewhat below the point of boiling, and
the wood is speedily disintegrated. By sclecting acid of the
right strength, and by careful regulation of the heat applied, the
action of the liquid can be kept well under control, so that
almost any degree of action can be obtained. It is not safe to
use this reagent in the room where delicate apparatus is kept,

1 Mikrochemie, p. 19.

2 Sitzungsber. Akad. Wien, 1878, p. 60.
8 Ih, 1877, p. 685.

4 Bot. Zeitung, 1863, p. 17.
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since the gases evolved act upon metals. This is Schulze’s
macerating process. '

71. Potassic nitrate,' used in the examination of proto-
plasm (see Part II.).

72. Rosolic acid, or corallin, dissolved in water containing a
trace of sodic carbonate, forms a purple fluid which colors vege-
table mucus red. It is nsed also to demonstrate the structure of
cribrose-tissue.?

73. Schuweizer's reagent (sec cuprammonia).

74. Sodic chloride (common salt), nused in aqucous solution
in the examination of protoplasm (see 120).

75. Sugar. Cane sugar dissolved in water to form a thick
syrup is allowed to act for some time on tissucs containing pro-
toplasm : a drop of concentrated sulphuric acid is then placed
on the object, when the protoplasm will take on a faint rose-red
color. The reaction is uncertain.

76. Sulphuric acid. Pure concentrated acid is used as an
adjuvant in many tests, e. g., with iodine solutions in the identi-
fication of cellulose, but it is also of great use by itself in hreak-
ing down cellulose. By it, a cellulose wall can be destroyed
without destruction of the protoplasm within (see 141).

77. Staining agents. A few of the chemicals in the foregoing
list impart to certain tissues, and certain contents of cells, colors
which bave a good degree of permanence when the specimens
are preserved in a suitable medium. DBut the colors produced
by most reagents are fugitive, and serve only a temporary pur-
pose. When, therefore, it is desirable to stain or tinge a given
part of a specimen permanently, recourse must be had to dyes
which do not readily fade.

78. Some of these have been long in use in Vegetable His-
tology for the purpose of preparing attractive specimens for the
demonstration of tissues, but it is only within a recent period that
they have been successfully employed in the stady of cell-divi-
sion. In the examination of the changes which take place in
the interior of cells during division, they are indispensable : in
the examination of the tissues themselves, their use is far from
satisfactory. As will be specially shown later, the chemical
differences between the cell-walls of certain tissnes which it is
desirable to distinguish from each other under the microscope
are mot very great, and they often behave alike as respects

1 Treub: Naturk. Verh. d. koningl. Akad. vol. xix., 1878, . 9.
2 Behrens: Hilfsbuch, p. 313.
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staining agents. Hence it is impossible to lay down rules
which will apply to all cases in which tissucs are to be stained :
the staining of the nucleus, however, can be readily secured by
following the explicit directions given in the chapter on ¢ Cell-
growth.” .

79. Of the whole class of staining agents, it may be said that
exposure to strong light diminishes the brilliancy of the coloring
they produce in the specimen, and in many cases completely
destroys it. In general, the staining obtained by allowing the
specimen to remain for a long time in a dilute solution of a
dye is more satisfactory than when a stronger dye is used with
haste.

80. CakMIN. Two grades are readily procurable in this coun-
try ; namely, (1) ‘¢ No. 40,” (2) ** Orient.” The former is the
cheaper, and will answer for all cases described in this treatise;
but attention must be called to the fact that it is sometimes
adulterated, and hence it may be found necessary to change the
proportions given in the following formulas. A good carmin,
even of the grade first mentioned, should leave only little residue
when placed in strong ammonia. If more than a trace of resi-
due is found, the amount of carmin in the formula must be
proportionately increased.

81. Ammonia-curmin. Pure powdered carmin is rubbed
up with a little water to form a thin paste, enough strong am-
monia to dissolve it is cautiously added, and the whole is then
filtered. The filtrate is to be evaporated slowly over a water-
bath. The dried mass dissolves readily in water, forming a
clear liquid which keeps well; but it is better to preserve the
mass in a tightly-stoppered bottle, dissolving it only as required
(Hartig’s carmin).!

82. A modification of this carmin is made as follows: .2 to
.4 gram of carmin is shaken up with 30 c.c. of water, and a
few drops of ammonia added. A part of the carmin dissolves,
and is to be filtered. If the filtrate smells strongly of ammo-
nia, it is allowed to stand for half a day under a bell-jar. A
drop of ammonia will re-dissolve any slight trace of carmin
which may separate. This fluid is to be added to water, drop
by drop, until the right color is obtained (Gerlach’s ammonia-
carmin).?

83. If, to the filtrate last mentioned, 30 grams of glycerin

1 Dippel : Das Mikroskop, i. p. 284.
2 Behrens: Hilfsbuch, p. 257.
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and 10 grams of strong alcohol are added, a liquid is obtained
which is known as Frey’s glycerin-carmin.

84. Beale's carmin is nearly the same. Ten grains of carmin
are placed in a test-tube, and half a drachm of strong ammonia
added ; the mixture is shaken, and gently heated over a spirit-
lamp. The solution is to be bhoiled for a few seconds and then
allowed to cool. In an hour two ounces of glycerin and two
ounces of water are to be added, together with half an ounce of
aleohol ; the liquid is then filtered.!

85. Thiersch’s boraz-carmin.? 2 grams of borax are dis-
solved in 28 c.c. of distilled water, and .5 gram of carmin
added. The solution is next mixed with 60 c.c. of absolute
alcohol, and filtered.

86. Thierscl’s oxalic-acid carmin.® 1 gram of carmin is
dissolved in 1 c.c. of ammonia and 3 c.c. of water. Another
solution is prepared by dissolving 8 grams of crystallized oxalic
acid in 175 c.c. of water. The two solutions are then mixed,
16 c.c. of absolute alcohol added. and the whole filtered. This
liquid is violet when ammonia is in e¢xcess ; orange, it' too much
oxalic acid is present.

87. Grenachers alum-carmin.* Carmin is dissolved in a
solution of potash-alum or ammonia-alum until the required
color is obtained. This has been modified by Tangl as follows :
To a saturated solution of alum, enough carmin is added to give
a deep color (1 grm. in 100 c.c. of solution), the whole boiled
for ten minntes, and filtered upon cooling.

88. Woodward’s carnin. ‘¢ Pulverized carmin 7} grains,
water of ammonia 20 drops, absolute alcohol half an ounce,
glycerin 1 ounce, distilled water 1 ounce. Put the pulverized
carmin in a test-tube and add the ammonia. Boil slowly for a
few seconds, and set aside uncorked for a day, to get rid of the
excess of ammonia. Add the mixed water and glycerin, and
next the alcohol, and filter.” o

89. Curmin with picric acid. This agent, known as Ran-
vier's picrocarmin, is made by cautiously adding to a concentrated
solution of picric acid enough ammonia-carmin solution (81)
to saturate it, and then evaporating to one-fifth the volume.

1 Beale: How to Work with tlie Microscope, p. 125.
2 Behrens: Hilfsbuch, p. 258.
3 Behrens: Hilfsbuch, p. 257. In Dippel (Das Mikroskop), p. 285, the pro-
portions are somewhat different.
¢ Archiv. fiir Mikrosk. Anat., 1879, p. 465. Tangl, in Pringsh. Jahrb.,
Bd. xii., 1880, p. 170.
2
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Upon cooling, a slight sediment is deposited. After filtration
from this scdiment the liquid is evaporated to dryness, and
afterwards dissolved in water in the proportion of 1:100.

Another formula is: 1 gram of carmin and 4 ¢.c. of concen-
trated ammonia are mixed with 200 ¢.¢. of water, and 5 grams
of picric acid then added. After nearly complete solution the
clear liquid is poured off, and exposed to the air for some weeks.
The red powder left after this slow evaporation is to be dis-
solved when required in water in the proportion of 2:100, and
the solution filtered through two thicknesses of filter-paper.

Cochineal, the substance from which carmin is prepared, may
be used in aqueous extract, or with alum. The formula for the
preparation with alum is given as follows : Rub to a fine powder
one gram of cochineal with one gram of burnt alum: mix with
100 c. c. of water, and boil down to G0 c.¢.  When cold, filter the
solution several times, and add a few drops of carbolic acid.

90. Hwematoxylin (a dye obtained from logwood) is used dis-
solved in alcohol, or alum-water, according to circumstances.

Frey gives the formula: 1 gram of hwematoxylin is dissolved
in absolute alcohol. This solution is added, drop by drop, to a
three per cent aqueous solution of alum, until it becomes deep
violet in color. After exposure to the air for a few days, it is
to be filtered, and is then ready for use; but a fresh filtration
will be found necessary after a time. Poulsen advises that a
few drops of a ten per cent solution of alum be added to an
aqueous solution of hiematoxylin (.35 gram in 10 c.c. water).

Aqueous extracts of several other dye-woods can replace
hematoxylin in some cases, but they have no advantage over it.

91. Picric acid (trinitrophenic acid) in aqueous solution is
valuable for staining and hardening protoplasm. It may be
used alone, combined with carmin (see 89), or with nigrosin.

92. Alkanet-root (alkanna) in alcoholic solution tinges resin-
ous globules and scrves to prepare for cutting specimens which
contain them. 'The method of use is described under ¢ Resins.”

93. The coul-tar colors. Under this name are comprised the
anilin derivatives and a few others of a slightly different origin.
The following table will indicate to some extent the changes of
color which may be expected when these dyes are used with
tissues which have a marked acid or alkaline reaction. But it
should be observed that the names of scveral of the dyes are
loosely applied, and that the dyes wade by different manufac-
turers are not always of the same character or strength.  All of
the dyes mentioned below are soluble in water and aleohol.
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Name. Effect of dilute H Cl.
lted dycs.
'+ Magenta, Color fades to brown or light
l' purple,
,  Safranin. Color changes to purple, and
a brown precipitate occurs.
! Re 1 anilin. Deep orange-hrown color
| Acid azo-rubia. Slight change of tint.
| Eosin Orange precipitate.
Poucean. No change of color

Solid vellow,
Orange **R."
Gold orauge.

Meth) I-green.

Brilliant green.
Emerald green.

Cotton-blue ‘“B
Mecthyl-violet -* BBBBBB.”
Nigrosin.

|
l

Yellow and Orange dyes.

Purple precipitate.
Unchanged.
Little change.

Green dyes.
The bluish tint becomes deep

green.
Fades somewhat.
Fades out.

Blue and Violet dyes.

Unchang d.
Greenish precipitate.
Little change.

| Effect of dilute Ammonta.

‘ Fades completely,

Little change.

Little change.
No marked change.
No changr.

‘ Reddish precipitate.

Unchanged.

Little change.
l Color deepens to red.

Whitizh precipitate.
Whitish precipitate.

’ Fades out.

Purple precipitate.
Little change.

l Fades somewhat.

94. A solution of any of the above dyes counsisting of one

gram with enough water to make one hundred cubic centimeters,
although too strong for most cases, is very convenient, since it
can easily be diluted at will.  From even very dilute solutions
parts of a specimen, for instance, a cross-section of a stem, will
take up some of the color with more or less change. If the
staining is too deep, a part of the color can be removed by
careful washing in alcobol, or in a very dilute acid or alkali
(sce above table for cach case).

95. Double-stuining. It is sometimes possible to color dif-
ferent parts of a specimen with more than one dyve; for instance,
staining the (ibres of the bark green, and the wood of the same
specimen red. The best results are obtained by the use of an
alcoholic solution of one of the dyes and an aqueous solution of
the other. The following method proposed by Rothrock! gives
excellent results. The dyves are Woodward’s carmin (sce 88)
and anilin green (or ¢ iodine green”). The specimen (whether
bleached by sodic hypochlorite or left uubleached) is first
thoroughly saturated by alcohol, which hardens it, and causes
contraction of the contents; it is then kept for a day in a dilute

! Botanical Gazette, September, 1879.
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alcoholic solution of anilin green. In a row of watch-crystals
the following liquids are placed: (1) water, (2) Woodward’s
carmin, (3, 4, 5) alcohol, (G) absolute alcohol, (7) oil of cloves.
The specimen, taken from the green, is dipped for a moment in
water, then for about a minute in the carmin, then successively
through the alcohols, in each of which it remains ten to twenty
minutes, except in the first, where it remains only long enough
to have the unfixed carmin washed away. From the last alcohol
it goes into oil of cloves (or benzol), where it should remain
long enough to become perfectly transparent. It is then to he
mounted in balsam.

96. Double-staining can also be cffected by the successive use
of hematoxylin and an anilin color. By the use of two or more
anilin dyes different parts of a specimen may be colored differ-
ently ; but as a rule all these effects are uncertain, and cannot be
relied upon for the positive identification of tissues. In general,
however, long bast fibres take characteristic colors.

97. The following combhinations for double-staining are rec-
ommended by Dr. Stirling,! and though originally designed only
for animal tissues, serve well with sections of plauts:—

1. Osmic acid and picrocarmin. 2. Picric acid and picro-
carmin, 8. Picrocarmin and logwood (hamatoxylin). 4. Pi-
crocarmin and an anilin dye. 5. Logwood and iodine green.
6. Eosin and iodine green. 7. Eosin and logwood. 8. Gold
chloride and an anilin dye.

98. In the cases which require special treatment, for instance,
the staining of the nucleus, the precautions laid down must
be attended to in order to insure success. But in the ordinary
instances where it is desirable to stain a specimen merely to
bring sowmne part into prominence for purposes of demonstration,
the widest choice in dyes and their use is advised. A few mor-
dants have been tried in order to fix the colors, but with little
success. The best are tannin in solution, and aqueous solutions
of any of the alums. A little practice will show which mordant
is best for each case.

99. Specimens stained by nearly all of the above dyes can
be mounted securely in balsam, as directed in section 110; but
glycerin and glycerin-jelly mounts are apt to become faded or
discolored after a time.

100. Mounting-media. Pollen and other dry specimens are
preserved in shallow cclls formed by a thin ring of asphalt-

1 Journ. Anat. and Phys., 1881, p. 349.
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cement, varnish, or white lead, allowed to dry nearly to hardness,
upon which a cover-glass fits firmly, and is retained by a second
ring of the same cement. If the precaution is taken to have the
cover-glass fit evenly to the first layer of cement, there is little
danger that the subsequent layer, which is to hold the cover in
place, will creep under it and into the cell.

101. Glycerin, pure water, calcic chloride solution, potassic
acetate, and like liquids may be used as mounting-media in cells
prepared in the manner just mentioned, but made of greater
thickness. Care must be observed to avoid touching the upper
edge of the cement ring with the liquid: and yet the cell must
be completely filled, in order to exclude air.

102. If a specimen has been prepared in glycerin, and it is
not cousidered well to disturb the cover-glass, a cement ring or
square can be built up around the cover at a little distance from
it, provided the glass slide is thoroughly cleaned at the place
where the cement is to be put. After the requisite number of
Iayers have hardened sufliciently, a ring of the same or, better,
of a more quickly drying cement may be placed across from the
edge of the cell to the cover-glass, to hold it in place. As this,
in drying, will contract somewhat, it is & good plan to place two
or three fragments of thin gltss under the cover, that these
may receive the pressure and prevent crushing the specimen.

103. Of the mounting-media, one of the best is glycerin and
acetic acid in equal parts, boiled and filtered. It serves well for
thin-walled specimens (especially in the lower plants).

104. Specimens of fresh cells or of juicy tissues which are to
be mounted in glycerin are best treated in the manner recom-
mended by Beale.! *¢The specimen is first immersed in weak
glycerin, and the deusity of the fluid is gradually increased,
either by adding from time to timc a few drops of strong gly-
cerin, until it bears the strongest, or by allowing the original
weak solution to become gradually concentrated by slow evapo-
ration. In this way, in the course of two or three days the
softest and most delicate tissues may be made to swell out
almost to their original volume in the densest glyvcerin or syrup.
They become more transparent, but no chemical alteration is
produced, and the addition of water will at any time cause the
specimen to assume its ordinary characters.”

105. It is plain that mounts in any ligquid must be liable to
injury from displacement of the cover-glass; but this can be

1 How to Work with the Microscope, p. 360.
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partially guarded against by fastening to the upper surface of
the slide, near its two ends, square pieces of pasteboard a little
thicker than the cell itself.

106. Glycerin-jelly, a mixture of glycerin with pure gelatin, is
liquid at the temperature of boiling water, and solidifies again
on cooling. Any specimen which is not injured by being slightly
heated can be mounted satisfactorily in the jelly, provided it
is first thoroughly saturated with glycerin.  But this precaution
is by no means necessary in all cases.

107. A drop of the melted jelly, free from air-bubbles, is
placed on the slide (a fragment of the solid jelly can be melted
on the slide if preferred), the specimen placed therein, and the
cover-glass, previously moistened slightly on the under side with
glycerin, is carefully laid on, and the preparation now allowed
to cool.  When the jelly is again hard, a varnish or cement ring
may be placed around the edge of the cover to hold it in place.
Asphalt-cement is apt to impart to the jelly a dark tinge, which
may sooner or later spoil the mount, and hence the colorless
varnishes are better.

108. The edge of the jelly may be lightly touched with a
strong solution of a chromate, for instance, bichromate of potas-
sium, and exposed for a while to light. This renders the jelly
insoluble, and firmly sets it.

109. The following are among the best formulas for making
this useful mounting-medium : —

One part of pure gelatin, three parts of water, and four of
glveerin (Schacht, quoted by Dippel). Nordstedt uses the same
proportions, and advises the addition of a small piece of cam-
phor or a drop of carbolic acid, to prevent moulding.

One part of gelatin is souked in six parts of water for two
hours, seven parts of glycerin are added, and one per cent of
carbolic acid is added to the whole. The mass is hLeated for
fifteen minutes, with constant stirring, and then filtered through
glass-wool.  All the ingredients must be absolutely pure (Kaiser,
Bot. Centrbl., 1880, p. 25).

The proportions employed in the second formula, but without
the addition of the carbolic acid, give a cleaver jelly; and it has
not been apt to mould, especially it the cork of the bottle con-
taining it be wrapped in a thin picce of linen, which has been
dipped in dilute carbolic acid.

110. Cunada bulsam. This is used cither (1) alone, or (2) in
solution. In either case the specimen must be free from water,
and permeated by some liquid-easily miscible with the balsam.
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This is easily effected by first saturating the object with alcohol
(beginning preferably with dilute, and then using stronger), in
order to expel all water; next placing the alcoholic specimen
in oil of cloves, turpentine, or benzol, until the alcohol is in
turn expelled. The specimen thus permeated is transferred to
balsam which has been previously placed on the slide. Care
must always be taken to have the balsam perfectly free from
air-bubbles.

111. When used alone, the balsam on the slide may be
heated, to drive off a part of its more volatile constituents, and
the specimen can then be placed in the warm liquid. But this
method is not applicable when the specimen is affected by slight
heating ; it is best adapted to hard tissues, like woods and fibres.
Balsam which has thus been heated hardens on cooling to a good
degree of firmness. This firmness is secured with balsam used
without heat only after a longer lapse of time, during which the
more volatile matters have escaped.

112. If pure balsam is cautiously heated in a capsule until it

no longer gives off vapors, the melted mass will cool into a pale
amber-colored solid. This solid dissolved in a small quantity of
benzol forms a liquid of the consistence of syrup, which is useful
for all mounting where heat is injurious. The specimens must
be treated successively with alcohol and benzol, and they are
then ready to be hmmersed in the benzol-balsam on the slide.
An equally serviceable solution is wmade by dissolving the mass
in chloroform. Chloroform-balsam requires the specimen to be
saturated with chloroform before immersion.
- 113. Inall the above cases two precautions will save disap-
pointment: 1st, the slides and cover-glasses should be heated
slightly, to drive off’ any moisture on the surfaces which are to
come in contact with the mounting-medium; 2d. the covers
should be held in place by means of a slight weight, or by the
pressure of a spring clip, until the balsam or its solution has
become tolerably firm. A little experience will show that speci-
mens mounted in balsam may require a somewhat different
management of the mirror under the stage from those which are
mounted in a medium with a different refractive power. Damar
may replace balsam when the latter, which is the better, is not
to be had. '

114. Hoyer's mounting-media are highly recommended by
Strasburger.! The one which is preferred for anilin preparations

! Das botan. Practicum, 1884, p. 40.
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is made by adding colorless pieces of gum-arabic to a solution
of potassic acetate or ammonic acetate, until the liquid becomes
of the density of thick syrup, while in that intended for carmin
preparations the gum is dissolved in a five to ten per cent
aqueous solution of chloral hydrate, and about ten per cent of
glycerin added. KEither of these media, or a plain solution of
pure gum-arabic, will be found to answer admirably for all prepa-
rations of woods which are to be photograpled.

115. The edges of the cover-glass are usually painted with
some varnish of good quality. Those in best repute are : —

1. Asphalt-varnish, to be thinned with turpentine when too
thick.

2. Maskenlack, a German preparation, thinned with alcohol.

3. Mikroskopirlack, also thinned with absolute alcohol.

4. Shell-lac in alcoliol, tinged with some anilin color. If a
few drops of castor-oil are added to the solution, it dries into
a less brittle finish.

5. Gold-size.

6. White lead (with oil).

It is a good plan to revarnish slides whenever the varnish
first shows any indication of breaking away.

A few works in regard to microscopic manipulation and
micro-chemistry which may be advantageously consulted by the
student are the following : —

BeaLe. How to Work with the Microscope (London). This is a large
octavo volume, with very minute descriptions of microscopical appliances and
manipulation. Several editions have been printed.

CarPENTER. The Microscope (London). A small octavo of about 900 pp.
This work deals at some length with the structure of animals and plants.

Beurexs.  Hilfsbuch zur Ausfiihrung Mikroskopischer Untersuchungen
im Botanischen Laboratorium (Braunschweig, 1883). This is specially de-
voted to microscopic manipulation and micro-chemistry. An English trans-
lation has appeared.

PouLseN.  Botanical Micro-Chemistry. Trauslated and enlarged by Pro-
fessor Wm. Trelease (Boston, 1884). An excellent account of the chermicals
used in the examination of vegetable structures, together with some directions
for their employment.

STRASBURGER. Das botunische Practicum. See arn account of this work
on page 165.

BowkRr AND VINEs. A Course of Practical Instruction in Botany (London,
1885). A most useful and convenient guide to the study of the histology of
flowering plants, ferns, and their allies.
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A

CHAPTER L

THE VEGETABLE CELL IN GENERAL: ITS STUCTURE, COM-
POSITION, AND PRINCIPAL CONTENTS.

116. The unit in Vegetable Anatomy, the fundamental compo-
nent of which the fabric of plants is constructed, and from which
all the diverse histological elements are derived, is the cell.
Even the elcments which are the least cellular in appearance,
and which have names of their own (as fibres, ducts, etc.), are
only transformed cells, or simple combinations of them; so that
the cell is the type as well as the unit of vegetable structure,
as indeed it is of animal structure also. The name cell is one
which would not be given to it if the nomenclature were to be
founded upon our present knowledge. Cells were originally
taken to be only closed cavities in a vegetable mass.! We now

1 The earliest recognition of cellular structure in plants appears in Robert
Hooke’s Micrographis (1665), p. 113. ¢ Our microscope informs us that
the substance of cork is altogether fill'd with air, and that that air is perfectly
enclosed in little boxes or cells distinct from one another.”

Nehemiah Grew, of London (The Anatomy of Plants, book i. p. 4), under
date of 1671, says of the mass through which the framework of a young
plant is distributed, ‘It is a Body very curiously organiz'd, consisting of an
infinite number of extreme small bladders,” ete.

Malpighi, of Bologna, in a work presented to the Royal Society in the same
year, uses nearly the rame language: ‘‘ Exterior etenim cuticula utriculis, seu
sacculis horizontali ordine locatis, ita ut annulus efformetur, componitur, etc.”
(Anatomes Plantarum Ides, p. 2).

As a preliminary study, a beginner sbould prepare and examine a few sec-
tions like the following : —

(1) From the tip of the rvot of a bean ( whlch has germmated on wet sponge
or paper) cut a thin section lengthwise, and carefully examine it under a
power of 200-400 diameters. If the section is thin enough, the contents of the
cells can be made out, and will be seen to consist of a colorless lining (proto-
plasm), in which one part (the nucleus) appears denser than the rest. Next,
treat the section with a solution of iodine, and notice what parts are colored, —
the protoplasm and nucleus are yellow and brown, but the cells on the looser
part of the tip contain bluish granules (starck). This starch can best be shown
by first dissolving out the protoplasm with dilute potash.
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know them to be organs and even organisms. Histology there-
fore begins with the cell in its independent condition.

117. A complete nm}' living vegetable cell consists of a cell-
wall enclosing certain essential contents.

118. In their carliest stute some of the lower plants exist as
a mass of motile living matter, not bounded by any envelope.
But in all plants of the-higher grades the living matter of the
cell is from the very first protected by a cell-wall.

119. That which is essential to the vital activity of a cell is an
apparently half-solid substance, — protoplasm.  With the prop-
erties of protoplasm as a living thing, Physiology and not His-
tology is immediately concerned. But it is necessary throughout
the study of Ilistology to make a distinction between the cells
which are vitally active and those which scrve chiefly or wholly
some mechanical end; and hence attention must be called at the
outset to the means by which the living matter of the cell can be
identified. .

120. Protoplasm exists in all young cells — for instance, in
the soft cone of tissue in buds, in root-tips, and other points of
growth — as a nearly transparent or fincly granular substance.!
It completely fills the interior of very young cells, but with
increase of the cells in size there arise cavities (vacuoles) con-
taining sap, and these by their enlargement and confluence may
appear to occupy the entire space within the cell.  If, however,
such a cell be acted upon by anything which causes contraction

(2) Make a thin section through the petiole of a begonia or some common
house-plant, and observe the granules imbedded in the protoplasm (ch/orophyli-
granules); notice also erystals, cither in masses or single.

(3) Examine a-thin section through dry pine wood, test with iodine, and
observe the absence of protoplasmic matters.  Examine in the same way any
hard wood.

(4) Make a section through any starchy seed, for instance a common bean,
and treat it with a solution of indine ; uotice the distribution of protoplasmic
matters in the form of thin irregular films throughout the cells. Examine a
similar section in oil, and see what differences, if any, can be detected. Prob-
ably the presence of protein granules will be made out.

From these preliminary examinations a beginner will have demonstrated
the protoplasmic matter in its active, resting, and reserve states ; he will have
seen chilorophyll, the nuclens, and starch, the chiel form in which food is
stored in plants.  He will also have scen a few of the more common erystals.

After such a study the studeut is urged to examine practically the charac-
teristics of the cell-wall and the cell-contents as they are presented in this
chapter.

1 By the use of staining agents, especially hematoxylin, protoplasm can in
many cases be shown to possess a complicated mesh of very delicate fibres,



PROTOPLASM. 27

of the protoplasm,! as, for instance, a solution of common salt,

the protoplasm separates from the cell-wall, and by its con-
traction shows clearly that it is a
closed sac. At a later stage
in some cells even this thin
protoplasmic sac wholly dis-
appears.

121. Protoplasm itself must
be regarded as essentially
transparent and colorless, but
it is seldom found without
some admixture of other mat-
ters, which give it a granular,
appcarance. The granules
are generally very small, and
as a rule are not found at the
periphery of the inass. The

1 limiting surface of the proto-

plasmic mass is further dis-

tinguished by being somewhat denser and firmer than the sub-
stance it encloses; and although it cannot be separated from
the latter by mechanical means, it is often spoken of as a film ;3

which take up the coloring matter readily, leaving the remainder of the mass
unstained. It is believed by Schmitz that the unstained mass is a homoge-
neous liquid filling the meshes (Sitzungsber. der niederrhein. Gesellschaft in
Bonn, 1880).

1 Such substances are termed plasmolytic agents.

3 Of the appearance of protoplasm, the following remarks by Mohl, who first
gave it the name in 1846, are of interest. “‘If a tissue composed of young cells
be left some time in alcohol, or treated with nitric or muriatic acid, a very
thin, finely granular membrane becomes detached from the inside of the wall
of the cell in the form of a closed vesicle, which becomes more or less con-
tracted, and conscquently removes all the contents of the cell, which are
enclosed in this vesicle, from the wall of the cell. Reasons hereafter to be
discussed have led me to call this inner cell the primordial utricle. . . . In
the centre of the young cell, with rare exceptions, lies the so-called nucleus
cellule of Robert Brown. . . . The remainder of the cell is more or less
densely filled with an opaque, viscid fluid of a white colour, having granules
intermingled in it, which fluid I call protoplasm ” (Mohl: The Vegetable Cell,
Henfrey's Translation, 1852, pp. 36, 37).

Fia. 1. From developing anther of Orchis maculata, showing young cells com-
pletely filled with protoplasm. Oblserve also the 1 with its leolus, in each
cell. (Guignard.)

F1a. 2. A halr from the stamen of Tradescantia pilosa, showing the protoplasm in
the form of granular threads running from side to side of the cell-cavity. The white

spaces between these threads are vacuoles. The nucleus can also be seen in each of the
four cells. (Jacobs.)
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and where there is any break in the continuity of the mass, for
instance in the case of sap-cavities, a similar limiting film may
be supposed to exist.

122. The consistence of protoplasm depends on the amount
of water which it contains. Thus in dry seeds it is nearly as
tough as horn, while in the same seeds during germination it
becomes like softened gelatin. It absorbs water readily and be-
comes permeated by it, thereby increasing its apparent fluidity,
but it never becomes a true fluid. Moreover, there is a limit
to the amount of water which it takes up.

123. Chemically considered, protoplasm is a very complex
substance. It belongs to a group of bodies of which the albumin
of egg may be conveniently taken as the type. They undergo
many slight but sometimes remarkable changes, and have been
collectively termed proteids. The terms albuminoids and pro-
teids may be used interchangeably (see 837).

124. The albuminoids, or proteids, which form with water the
bulk of protoplasm proper, are of course associated with the
matters which this living substance makes, uses, and discards.
But these matters exist in the protoplasm in very different pro-
portions at different times, though never in such amount as to
obscure the peculiar reactions of the albuminoids. These are
the following: 1. The yellow or brownish color imparted by
solutions of iodine. 2. The purple color produced when the
specimen first saturated with a solution of cupric sulphate is
acted on by potassic hydrate. 3. The rose color, often faint,
which follows the successive action of a solution of sugar
and strong sulphuric acid. 4. The red color given by Millon’s
rcagent. This test generally requires the cautious application of
heat. 5. The yellow or orange color following the application,
in succession, of strong nitric acid and ammonic hydrate.

125. Dilute solutions of the caustic alkalies dissolve proto-
plasm ; concentrated solutions do not. If a young cell is acted
on by concentrated potash, its protoplasm is not essentially
affected ; but if water is now added, the protoplasm dissolves
at once.

126. The spherical or ellipsoidal mass found in the protoplasm
of active cells, and differing from the rest of the protoplasm in
its greater density, is the nucleus. The sharply defined point
often seen in the nucleus is the nucleolus.

127. The nucleus undergoes remarkable changes during the
carliest stages of the cell, which will be described in the chapter
on ** Growth.” The relations which exist between the proto-
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plasm in one cell with that in contiguous cells will be considered
in Chapter V1.

128. The cell-wall. The cell-wall is produced from materials
contained in protoplasm,! and is laid down in intimate contact
with it, as an even homogeneous film which exhibits at first no
obvious structure, but with increase in size generally becomes
modified in appearance, consistence, and composition.

129. Its evenness of surface is in most cases early lost by
addition of new matter, giving rise to protuberances or markings
of different sorts. Though at first possessing no evident struc-
ture, it may become clearly differentiated into layers, and thus
become stratified, or striations may appear. Its consistence, at
the outset that of the most delicate bleached linen fibre, may
soon become changed, on the one band to that of soft gelatin,
or on the other to that of the densest wood. Moreover, although
devoid of color when first produced, it may acquire distinct color-
ation ; and, lastly, its chemical character may undergo such im-
portant changes that its normal reactions are no longer given.

130. The markings of the cell-wall. Uniform thickening of
the whole cell-wall is extremely rare; even in the examples
which are commonly given to illustrate it, pores or channels,
more or less distinctly visible, interrupt
its continuity. . r “

131. The thickenings may possess 11
great irregularity, or they may be so
strictly localized and regular as to form
characteristic features of the widest use
in diagnosis. They may project out-
wardly, forming ridges, spines, and
other sculpturings ; or, as is most com-
monly the case, inwardly, giving rise
to rings, spirals, etec.

132. If the wall is thickened through-
out, except at well-defined points, de-
pressions or pits are produced, varying
considerably in outline, but occurring
generally as simple dots or lines. In
some cases it is not difficult to see that these dots or lines are
true pores or fissures running from one cell to the next.

1 According to Schmitz, the cell-wall is produced by the conversion of the
limiting film of protoplasm into cellulose. That the cell-wall is formed at the
limiting film admits of no question.

F1a.3. Pitted duct; from stem of Cichorium Intybus. (Jacobs.)
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133. Bordered pits are a very common modification of the
last. A comparatively large spot rcmains unthickened, but
becomes covered by a low dome which has at its top a small
aperture ; at a corresponding point of the wall of the neighbhor-
ing cell another thickening produces a similar dome, so that the
two domes constitute a double convex body which appears as
a disc with a central perforation. These bodies are known as
discoid markings.

134. Sometimes the spot covered by the arched projection or
dome is elliptical instead of round. When this kind of marking
becomes linear, or nearly so, it is termed scalariform.

135. When annular and spiral thickenings occur the cell-wall
lying between them remains so thin that a slight strain suf-
fices to break it, releasing the rings
! and coils. The number, the direc-
’ . tion, and the stecpness of the spi-
r-’ rals furnish in some cases diagnostic
] features.

136. Besides spirals and rings,
there are intermediate forms, which
pass easily over into netted or reticu-
lated thickenings. It happens some-
|4 times that the reticulated markings
are so regular that their interspaces
appear as rcgular polygons.

137. The external sculpturing of
_J the cell-wall can be seen in many
pollen-grains, and in the hairs of
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=] many plants, though in the latter
— =3 l case the projections may be partly
s due to irregularities in the form of

the cell.

138. Stratification and striation. The cell-wall, even at an
early stage, frequently exhibits a distinctly stratified structure.
In some cases, at least, removal of all the water which forms a
constituent of the wall obliterates every trace of stratification,
and this fact supports the hypothesis that the appearance of
lamination is caused by ditferences in the amount of water con-
tained in alternating layers of the wall. The less strongly
refractive layers are supposed to contain more water than those
which are highly refractive. But there are cases of stratification

F1G. 4. Annular and spiral markings; vertical scction through stem of Tradescantia
pllosa. (Jacobs.) ’
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which cannot be satisfactorily explained by this hypothesis.
There are, besides, numerous instances in which the stratified
appearance is not clearly shown until the cell has been acted
on by an acid or an alkali; a good example of this is afforded
by the firm cells of the albumen of the vegetable ivory (Phy-
telephas).!

139. An appearance of spiral striation,? ascribed also to the
unequal distribution of water, is often seen, especially in the
cells of the liber of Apocynacee and allied orders, and in many
wood-cells. The striations are not constant as regards the
steepness of the spiral ; in fact, in a few instances rings instead
of spirals are present. A striated appearance is sometimes pre-
sented in walls which have been deprived of all their water.

140. Chemically considered, the young cell-wall consists essen-
tially of cellulose, a substance which has the same percentage
composition as starch, namely, C;H,,O,. Even in its purest
state it is associated with a trace of mineral matters which
remain behind as ash when it is burned, and in the living cell it
is always permeated by water.

141. Cellalose is not soluble in any of the following liquids
commonly used in microscopic manipulations, — water, alcohol,
glycerin, dilute alkalies, and dilute acids. It is, however, more
or less strongly acted on by hot concentrated alkalies, without
passing into true solution, and it is apparently dissolved by
strong sulphuric acid. Whether cellulose becomes truly dis-
solved by coucentrated sulphuric acid, or merely forms some
other carbohydrate under its action, is of little consequence, so
far as the destruction of cell-walls is concerned. In nearly all
cases its action is so energetic that the wall of a cell can be

¥ As shown by Mohl, the action of a mineral acid of proper degree of con-
centration causes the wall to swell up, and the lamellar structure becomes
very distinct.  ‘‘ By this means the lamellar structure may be demonstrated
even in those cases in which the umaltered membrane appeared completely
homogeneous” (Mohl: Vegetable Cell, p. 10).

2 +¢The stratification is visible on the transverse and longitudinal sections
of the cell-wall, the striation on the surface as well ; it is usually most evident
there, but is in general less casily seen than the stratification ; it depends on
the presence of alternately more or less dense layers in the cell-wall, meeting
its surface at an angle. Generally two such systems of layers may be recog-
nized mutually intersecting one another. There are thus all together three
systems of layers present in cell-wall : one concentric with the surface, and two
vertical or oblique to it mutually intersecting, like the cleavage planes of a
crystal splitting in three directions (Ndgeli) ; and just as this cleavage is some-
times more evident in one direction, sometimmes in another, so it is also with
the stratification and striation ™ (Sachs: Text-book, 2d Eng. ed., p. 20).
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wholly removed by this acid, even without destroying the proto-
plasmic contents; and this fact has been extensively employed
in the examination of the continuity of the protoplasm in con-
tiguous cells.!

142, The only known solvent from which cellulose can be re-
covered without change of composition is Schweizer’s reagent,
ammoniacal solution of cupric oxide. In this liquid, cellu-
lose swells considerably, and slowly disappears. It is thought
by some chemists that it does not truly dissolve. From its
apparent solution, it can be precipitated in the form of a floccu-
lent mass by acids, salts of many kinds, and even by the addi-
tion of a large amount of water (sce 53).

143. Freshly prepared aqueous and alcoholic solutions of
iodine do not color pure cellulose beyond giving a faint yellow-
ish tint; but if the reagents have been kept for some time, par-
ticularly in the light, they may impart a blue color.? The latter

1 Unsized, well-bleached linen paper is nearly pure cellulose. 1If it is dipped
in a cold mixture of one volume of water and two volumes of strong sulphuric
acid, withdrawn after ten to twenty seconds, and washed thoroughly in water,
and finally in dilute aminoniacal water, it becomes much like parchment. This
““vegetable parchment” is a suitable membrane for certain experiments- in
absorption. The acid in this experimeunt is supposed to convert at least a
portion of the cellulose into a substance which closely resembles starch in its
chemical reactions, termed amyloid. Parchmnent paper can be made also by
concentrated zine chloride, and by a few other agents.

2 Mohl (The Vegetable Cell, p. 24, Eng. Trans.) says: ¢ When imbued
with iodine, it becomes indigo-blue if wetted with water.” In a note on
pages 28 and 29, he further says: * My researches shewed me that the in-
fluence of sulphuric acid was by no means necessary for the production of the
blue colour in membranes which are not strongly incrusted, as in the paren-
chymatous cells of succulent organs, but that jodine and water alone are suffi-
cient; while in full-grown and hardened cells sometimes the primary membrane
alone, sometimes even a greater or smaller portion of the secondary layers had
through the deposition of foreign substances, altogether lost the property of
becoming blue on the application of sulphuric acid and iodine, although they
were still composed of cellulose, and iodine alone would very readily produce
a blue colour in all their membranes after the intiltrated matters had been
removed. The means I employed to remove the infiltrated substances were
caustic potash and nitric acid. . . . After this treatment, the whole of the
layers of all clementary organs are coloured a beautiful blue by iodine even
when they offer so great a resistance to the action of sulphuric acid before the
treatment with nitric, as is the case in the outer membrane of wood-cells and
of vessels, and in the brown cells at the circumference of the vascular bundles
in Ferns.”

It is plain that, in the latter cases, the cell-wall had been very powerfully
acted on before the application of the iodine, and to this severe preliminary
treatment may be ascribed the efficiency of the latter in producing the blue
color. )
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color, however, is given even by fresh solutions of iodine to
cellulose which has been previously treated with certain chemi-
cal agents, for instauce, strong sulphuric acid. A convenient
method of employing this reaction as a test for cellulose is to
thoroughly moisten the object with a dilute solution of iodine,
and then to apply strong sulpharic acid, upon which the cellulose
immediately turns bright blue. It is sometimes advantageous
to dilute the sulphuric acid employed, either with water or with
glycerin ; but for most cases the concentrated acid is the best.

Schulze’s solution of iodine, better known as chloroiodide of
zinc, used alone, gives with pure cellulose a blue color inclining
to purple. This reaction, though not always so prompt as the
other, is generally more manageable, and, on the whole, more
satisfactory.

In a few instances the cell-membrane becomes yellowish-
brown throughout, upon the application of an iodine solution,
a reaction which might be easily wistaken for that which albu-
minoids give; that the color, however, is not here due to their
presence, appears on subjecting the tissue to the action of
Millon’s reagent. Vertical sections of the stem of Begonia, as
noticed by Niigeli, afford an instructive example of this.*

! That the yellow color imparted by iodine has been otherwise interprezec,
will appear from the following : —

Harting (Ann. des Sc. nat., sér. 3, tome v. p. 323) states, that ““all lignifcd
cells have Protein matters in their walls.”

Mohl (The Vegetable Cell, p. 25) says: ¢ Nitrogenous compounds do ncé
occur in the membranes of cells which are just at the commencement of their
development, for these are not coloured yellow by tincture of iodine, yet hardly
a full-grown cell is met with in which this is not the case.”

It is held by Nigeli that vegetable cell-membranes cousist, in some in-
stances, of two isomeric substances, unequally soluble, which are intimately
commingled. One of these is soluble in cold water, more easily in hot water,
and sometimes needs for its complete extraction a dilute acid. From the solu-
tion iodine throws down a blue or bluish-green precipitate.

A synoptical table, based on differences in solubility of cellulose and its
modifications, and in their behavior towards iodine, has been constructed by

Nigeli. The part of the table which is given below affords excellent practice
for the beginner.

1. DIFFERENCES IN SOLUBILITY.

(1) In cold water, becoming swollen ; in hot water, disappearing, vegetable
mucilage ; e¢. g., in the ouler layer of the cells forming the testa of quince sceds
and those of flax.

(2) Soluble in concentrated sulphuric acid, and in cuprammonia; e. g., cotton~
Rairs, bast-fibres, etc.

3
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144. The principal modifications of the cell-wall are the fol-
lowing : —

(1) Partial or complete conversion into mucilage (Gelatina-
tion) ; (2) Lignification; (3) Cutinization (or Suberification) ;
(4) Mineralization.

145. All of these, except the first, change the chemical char-
acter of the cell-wall only by what may be regarded as infiltra-
tion ; upon removal of the infiltrated matter by means of proper
agents, the cellulose basis of the wall is left behind with very
little if any change.

146. It sometimes happens that one part of the membrane of
a cell, or even one of its layers, may be modified in one way, and
another in another; it is also possible for the same membrane to
undergo two of the changes above mentioned ; namely, Lignifi-
cation and Mineralization.

147. The mucilaginous modification. Commonly the cell-wall is
not much changed by immersion in water. It may become more
nearly transparent, but its size and density are not essentially

(3) Soluble in sulphuric acid, insoluble in cuprammonia (unless previously
acted on by acids or alkalies) ; e. g., the pith, and medullary rays of woods.

(4) Soluble in concentrated sulphuric acid ; insoluble in cuprammonia, but
becoming soluble in this upon previous treatment with Schulze’s macerating
liquid ; e. g., wood-cells of pine, oak, yew, etc.

(5) 'nsoluble in concentrated sulphuric acid and cuprammonia, but soluble
in boiling concentrated potassic hydrate; e. g., cuticle, and the outer layer of
the membrane of older ducts.

1I. IopINE RrAcTIONS.

(1) With iodine and water, a blue color : lichen-filaments, etc.

(2) With iodine and water, no color ; but giving a blue tint with iodine and
a metallic iodide ; or when iodine is followed by sulphuric acid : —

A. Thin-walled Parenchyma (which will often turn blue when a pure iodine
solution acts with repeated drying), o/dcr Parenchyma, the inner part of thick-
ened 1cood-cells of Pinus and Abies, and the bast-fibres of hemp.

B. Only when the reagents have been preceded by the application of nitric
acid: all membranes in the interior of the plant, e. g., the outer part of wood-
cells and ducts, the brown cells which surround the vascular bundles in
ferns, ete.

C. Only when the reagents have been preceded by the use of boiling potassic
hydrate : cork, etec.

According to Frémy and Urbain, the substances which form the skeleton of
plants are principally pectose and derivatives from it, cellulose and its isomers,
vesculose, and cutose. These four groups are thus distinguished from one
another.

Pectose acted on by alkaline carlionates is changed into pectic acid, and
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affected. It sometimes happens, however, that the cell-wall
acquires wholly new relations to water, and becomes capable of
absorbing a large amount of it with great increase of volume and
translucency. A cell-wall which has undergone this mucilagi-
nous modification takes on, when placed in water, the consist-
ence of soft gelatin, and if the mass is then warmed it appears
to dissolve, forming a thick mucilage. Upon drying, the muci-
lage hardens into a translucent gum, in which the cellulose char-
acter is nearly or wholly lost.

148. Generally the changes produced in such a wall by water
are so rapid that it is desirable to place the specimen at first in
alcobol, and then to replace this medium cautiously by water or
by dilute glycerin, when the variations in shape, size, and con-
sistence can be easily followed. The addition of alcohol will of
course arrest the changes at any stage desired.

149. These changes can be easily traced in the outer cells of
the integument of a flax-seed. The mucilage appears as an
obscurely stratified nass nearly filling the cells, except at their
centre, where there is a low-arched cavity. On the cautious

pectates are formed. These are readily decompoged by hydrochloric acid, and
insoluble gelatinous pectic acid is thrown down.

Cellulose and its isomers agree in being soluble in concentrated sulphuric
acid, but they differ in the following poiuts: Cellulose dissolves at once in
cupramnonia ; paracellulose, only after the action of acids ; metacellulose, not
even then.

Vasculose is not easily soluble in concentrated sulphuric acid, but after the
action of oxidizing agents gives rise to resinous acids, which are separable by
alkalies from associated cellulose.

Cutose, the transparent film covering the aerial organs of plants, is dissolved
neither by concentrated sulphuric acid nor by cuprammonia, but dissolves
without change in alkaline liquids. The following results of analyses by Frémy
and Urbain (Ann. Sc. nat. bot., 1882) show approximately the amount of
these substances in different parts of certain plants.

Root of Paulownia. — (1) Substances soluble in water and in dilute alkalies :
cork 45, soft bast 56, body of root 47. (2) Vasculose : cork 44, soft bast 34,
body of root 17. (3) Paracellulose : cork 4, soft bust 4, body of root 30.

Stems. — Vasculose increases in amount with the density of the wood. The
pith contains : of cellulose 37, paracellulose 38, vasculose 25 per cent. Cork
contains : matters soluble in acids and alkalies 5, cutose 43, vasculose 29,
cellulose and paracellulose 12 per cent (cutose and vasculose forming together
the subérine of Chevreul).

Leaves of Ivy. — Water and substances soluble in neutral solvents 707.7,
parenchyma (formed of cellulose and pectose) 240, fibres and vessels (of vascu-
lose and paracellulose) 17.3, epidermis (cutose and paracellulose) 35 parts.

Petals of Dahlia. — Water and soluble matters 961.30, parenchyma (of cel-
lulose und pectose) 31.63, vasculose 1.20, paracellulose 2.27, cutose 3.60 parts.
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addition of water, this cavity becomes more clearly defined, the

whole mass of the cell swells, and the mucilage can then be

made out as a distinctly

stratified structure belong-

ing apparently as much to

the outer as to the inner

face of the cell-wall. But

if the action of water is

prolonged, the stratified ap-

pearance vanishes, and the

wall becomes optically ho-

mogeneous, with the excep-

tion of its middle portion,

the so-called primary mem-

brane, which remains un-

5 changed. On the addition

of ijodine and sulphuric

acid, the primary membrane, but not the mucilage, becomes blue.

Furthermore, the lateral walls of the cells are not converted
into mucilage.

150. The mucilaginons modification can be examined to ad-
vantage in the seeds of some Polemoniaces (especially Collomia)
and a few Acanthaces, e. g.. Ruellia. These seed-coats are
covered with hairs which break open when wet, and allow not
only the mucilage but also slender coiled threads to escape.
The achenes of some Composite of the Senecio group and the
nutlets of a few Labiatee (the Salvia tribe) exhibit nearly the
same phenomenon.

151, Lignification. Induration of the ccll-wall is caused
most commonly by the presence of an incrusting substance
known as lignin. Owing to the difficulty of separating it from
the cellulose, with which it is associated, its chemical composi-
tion must be regarded as uncertain. Although generally spoken
of as a single substance, it is probable that the lignin, or in-
crusting matter, is made up of several different substances,’

I Payen (Mém. des savants étrangers, ix., 1846, pp. 68, 5) distinguished
four such incrusting matters, diftering in their composition and in their be-
havior to solvents. Lignosc: insoluble in water, alcohol, ether, and ammo-
nin; soluble in solutions of potassa and soda. Lignone: insoluble in water,
alcobol, and ether; soluble in ammonia, potassa, and soda. Lignin: in-
soluble in water and ether ; soluble in alcohol, ammonia, potassa, and soda.

FiG. 5. Section of the albumen of Ceratonia siliqua, showing mucilaginous modifica-
tion. (Sacls.)
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which occur in different proportions in different plants and in
different parts of the same plant.

152. Lignin dissolves readily in Schulze’s macerating liquid
and in potassic hydrate, but not in cuprammonia, the well-
known solvent for cellulose.

153. By the use of Schulze’s macerating liquid a lignified cell-
wall can be wholly freed from its incrusting substance, and pure
cellulose will be left behind. For control, it is well to employ
the tests for lignin given below, both with ordinary wood and with
similar specimens which have been treated with this solvent.

154. Tests for lignin. 1. Salts of anilin. If a lignified
cell-wall is subjected to the action of a strong solution of anilin
sulphate acidulated with sulphuric acid, or to that of a solution
of anilin chloride acidulated with hydrochloric acid, it will at
once turn yellow. The depth of the color depends somewhat
upon the strength of the solution. The color is destroyed by
alkalies, but is restored by acids. Wiesner, who first applied the
foregoing reagents to the detection of lignin, has suggested an-
other which is for many cases even more satisfactory ; namely,
2. Phloroglucin. In an alcoholic or aqueous solution of this
substance (.01 per cent) a lignified cell-wall does not change
color ; but if the specimen is slightly acidulated with hydrochloric
acid, it becomes violet or. purple. 3. Carbolic acid (phenol)
and hydrochloric acid. The solution described on page 11 im-
parts to lignified cell-walls, when exposed to a strong light, a
green color which is very fugitive. Specimens under examination
should therefore be watched from the moment that the reagent
reaches them. 4. Indol. An aqueous solution is to be replaced
under the cover-glass, after it has moistened the specimen thor-
oughly, by a little dilute sulphuric acid; lignified cells will be-
come red or reddish-giolet. This reagent does not appear to have

Ligniréose : soluble in all the solvents mentioned above, but only to a slight
extent in water.
CHEMICAL COMPOSITION.

Carbon. | Hydrogen.| Oxygen.
Lignose . . . o ¢ o « o o o o o o o 4610 6.09 47.81
Jignone . . . . . . .. 0. .. 50.10 b K2 44 08
Lignin . . . . . .. 6 v e s e e e 6225 593 31.82
Ligniréose . . . . . . . . . . .« .. 67.91 6.89 25.20
Cellulese (of cotton) . . . . . . . . . us 614 | 405t

According to Franz Schulze, the probable composition of lignin is : Carbon,
§5.55; Hydrogen, 5.83; Oxygen, 88.62.
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any marked advantage over that which gives nearly the sawse
color, namely, phloroglucin.

155. By the employment of these reagents :nany cell-walls
have been shown to be distinctly lignifiecd when the older re-
agent — iodine in solution — failed to dctect the change.

156. Cutinization. Ordinary and lignified cell-walls, and those
which have undergone the mucilaginous modification, absorb
water freely. On the other hand, the walls of certain cells found
chiefly on the exterior of organs arc repellent. The substance
which imparts the repellent character to the cell-wall is known
as cutin; when restricted to cork it is called suberin.

157. Cutin and suberin have been described as different sub-
stances ; but although the former is more generally associated with
waxy matters, its reactions are essentially the same as those of
suberin. The water-proofing of the cell-wall may be superficial,
as in most young epidermal cells, or it may affect the whole
structure of the wall, as in the case of cork. If a distinction is
made between the two states, the first may be termed cutiniza-
tion, the second, suberification.

158. Cutin can be removed from the walls with which it is
associated, by the use of Schulze’s macerating liquid, subsequent
treatment with potassa, and careful washing. It is sometimes
nccessary to heat the section in potassa before the cellulose can
be completely freed from the other matters.

159. Hohnel! has shown that the wall of a cork-cell, with
the exception of the young cork-cells in Coniferz, is composed of
five plates: (1) a middle plate, common to the two contignous
cells; (2) two plates, one on each side of the latter, consisting
of cellulose which is both cutinized and lignified ; (3) two plates
of cellulose forming the inner lining of the respective cells. The
latter plates may be more or less lignified Differences in the
relative proportions of these constituent plates give rise to dif-
ferences in the character of different kinds of cork.

160. As in the case of lignin, the difficulty of extracting cutin
renders its chemical composition doubtful. It is usually given
as follows : —

Carbon e « « « & « « . 73-74 percent
Hydrogen . . . . . . . . 10 o
Oxygen . . . . . . . . . 17-16 *

But there is also a trace of nitrogenous matter demonstrable;
this probably belongs to residual protein matters which are in

1 Sitzungsber. d. k. Akad. Wien, Bd. lxxvi. 1 Abth.
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the cell-cavity, and not in the cell-wall. Sulphuric acid and
chromic acid, even when concentrated, produce little effect on
cutinized membranes, beyond removing traces of cellulose pres-
ent in the cell-wall. The latter acid, however, increases the
transparency of cutinized membranes, especially after prolonged
action.

161. Potassic hydrate softens such membranes and colors
them yellow ; when heated it breaks them into a granular mass
which may be removed by careful washing. Cautiously heated
with Schulze’s macerating liquid, they disintegrate into granules
of ceric acid, — a substance which dissolves in alcohol, ether, and
benzol. Several of the coal-tar colors stain the cutinized por-
tions of cell-walls very deeply ; if the specimen thus colored is
placed in absolute alcohol, the cutinized parts alone remain
colored.! Two points relative to the cutinization of epidermal
cells may be noted: (1) the cutin may take on the form of lay-
ers, often numerous and conspicuous; (2) there may be a con-
siderable irregularity in the outline of the deposits, sometimnes
as folds, hooks, and the like, which do not strictly conform to
the cellulose wall on which they arise.

162. Mineralization of the cell-wall. Although all cell-walls,
even the most delicate, can be shown to contain traces of inor-
ganic matter, it is only in a few special cases that such substances
appear in a form to be noticed under the microscope. Minerali-
zation of the wall may be general or local, may depend upon
the presence of erystals or of amorphous deposits, and these may
consist of silicic acid or of calcium salts.

163. General mineralization of the wall depends most fre-
quently on silicic acid, and may be best demonstrated by first
boiling the specimen in nitric acid, drying. heating to redness on
platinum-foil, and, lastly, treating again with nitric acid. The
silicic acid remains behind as a delicate skeleton which copies in
all particulars the coutour of the wall of which it formed a part.
Fine examples are afforded by the harder grasses.?

Calcium salts may exist in crystalline or amorphous form, and
may be distinguished by the tests to be given for them under
the section on ‘* Crystals.” That in some cases they constitute
an integrant part of the wall itself admits of no question.

164. In the cells of many plants, especially Urticaces, pedi-
cellated concretions occur, which, on superficial examination,

1 QOlivier: Bull. Soc. bot. de Fr., 1880, p. 234.
2 Tabasheer consists of the siliceous substances which occur in the joints
of bamboo in large quantities.
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appear to be much like the sphere-crystals described in 186. But
if they are carefully treated with dilute hydrochloric acid, the
chief part of the concretion disappears, leaving behind a delicate
trace of cellulose which was intermingled
with it. That this cellulose was an in-
trusive growth into the cell from the
wall, is shown by a study of its develop-
ment. In most cases such concretions
(Cystoliths) are plainly stalked, but in
some instances they are only obscurely
stalked, and are with difficulty distin-
guished from the ordinary cell concre-
tions. In the leaf of Ficus elastica (sce
Fig. 6) they are more completely devel-
oped than in any other common plant.

165. Other changes, chicfly those of
degradation, may take place in the cell-
wall, giving rise to products variously
known as gums, resins, &c.; but in all these cases there is such
a commingling of the cellulose derivatives with those formed
from the contents of the cell, that they cannot be readily dis-
tinguished.

166. Protoplasm, as was shown in the previous sections, gives
rise npon its exterior to the cell-wall. Inside the cell, likewise,
it produces, either directly or indirectly, various substances. In
the present chapter these substances are to be considered only so
far as relates to their detection and identification. Most of them
are to be examined later, with reference to their office in the life
of plants.

167. Plastids. In the protoplasm of active cells certain gran-
ules having substantially the same chemical and, with the excep-
tion of their color, the same physical properties as protoplasm,
are clearly differentinted. They are imbedded in the general
protoplasmic mass, and are not separable from it by mechanical
means.

168. Such granules may be conveniently referred to three
types,! depending upon the color: (1) those which are green, —

1 Recent investigations render it probable that these three kinds of granules
are derived from a commou source, and although hardly distinguishable from

F16. 6. Cystolith from the upper part of a leaf of Ficus elastica. e, epidermis;
h, hypoderma; cc, cystolith; ch, ch, cells containing chlorophyll. It will be observed
that the pedicel of the cystolith appears to be attached to the lower wall of the upper
epidermal cells. -



CHLOROPHYLL GRANULES. 41

Chloroplastids, or chlorophyll granules, also called chloroleu-
cites; (2) those which have some color other than green, —
Chromoplastids, or chromoleucites ; (8) those which are devoid
of color, — Leucoplastids, or leucites.

169. Chlorophyll Granules,
or Chloroplastids, are met with 4
in the green parts of all plants;
in fact, to them the green color
is due. But they are some-
times masked by the presence
of color in the cell-sap. Their
shape is spherical or spheroidal,
and somewhat flattened. They
have an average diameter of 2 to
5 u, but many granules are con-
siderably larger than this. It
frequently happens that they be-
come of great size, owing to the
presence of solid contents, — for
instance, starch, — which may
accumulate in large amount.

170. If the granules are sub-
jected to the action of aleohol,
their coloring matter is wholly
removed ; but they retain their
former volume and shape, ap-
pearing faintly outlined in the
protoplasmic mass in which
they are imbedded. Hence it
is proper to distinguish be-
tween the chlorophyll body of
the chloroplastid and the chloro-
phyll pigment which imparts to 7
it its characteristic color.

The chlorophyll body may be shown, by the process described
in 61, to be somewhat spongy in structure, and to have on its

each other at the outset, become chloroplastids, chromoplastids, or leucoplas-
tids, according to the part which each is to play. Moreover, one kind of
granule can, under certain conditions, perform work which properly belongs to
another, and hence it is not always easy to identify the different kinds. Io
most cases, however, their discrimination is very simple.

They are also called, collectively, Chromatophores.

F1G.7. Chlorophyll granules in the leaf of Vallisneria spiralis. 4§°. (Welss.)
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éxterior a delicate film. Meyer believes that the coloring matter
takes the form of grains of extreme minuteness which are inter-
spersed through the whole substance, while Tschirch holds that
the pigment, dissolved in a liquid similar to the ethereal oils, is
diffused through the mass.

171. If starch is present in large amount in chloroplastids,
iodine causes at once a deep bluish-brown color ; but if the starch
is not very abundant, the characteristic blue reaction is concealed
by the yellow produced by the protein reaction of the protoplasm.
Hence it is well, after having removed the chlorophyll pigment
by alcohol and subscquent washing with water, to treat the speci-
men with moderately strong potassic hydrate in order to dissolve
the protein matters. If this has been well done, and the speci-
men carefully freed from the potash, the protoplasmic mass and
its imbedded granules will scem to have completely disappeared ;
but the skilful use of oblique illumination will show that an un-
dissolved trace of something having the former contours remains
behind. Application of iodine brings out minute blue points
where the granules were.

Chloral hydrate of the strength recommended in 53 may
replace potassic hydrate in this examination.

172. The starch in chlorophyll granules is sometimes wholly

within the granule; but it is occa-
@ @ sionally — especially in the case of
@ Y flattened granules — found on their
9 extcrior, forming a noticeable pro-
ﬁ Dé a tuberance.
173. When a plant containing
8 chlorophyll granules is kept for a
time in darkness, the production of
starch is arrested ; and if other forms of activity continue, even
that starch which has already accumulated in the granules soon
disappears. Furthermore, the
color of the granules is changed
from green to ycllow ; and if the
change is not arrested at this
point by bringing the plant
again into the light, all the
granules will break up and be-
come apparently merged in the %9a

Fia. 8. Chlorophyll granules wih protruding starch-grains. From the cortex of

Philodendron grandifolium. #1°. (Schimper.)
Fi16. 9a. From the epidermis of Philadendron grandifolium. Young cell with amylo-

genic bodies newly formed. #§2. (Schimper.)
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general protoplasmic mass of the cells, being no longer recog-
nizable. Those, however, which have been changed no further

than by loss of color, closely resemble another kind of granule ;
namely, leucoplastids. (For exceptions see Chapter X).

174. Leucoplastids. These are found in parts which are
normally devoid of chlorophyll, such as tubers, rhizomes, etc.

10

They may be wholly colorless, or faintly tinged with yellow, and
hence are apt to escape detection. They may be considered as
the points around which starch accumulates when stored for the
future needs of the plant. Schimper,! who first accurately de-
scribed them in all their relations, terms them ¢ starch genera-
tors;” they are also known as amylogenic bodies, which of
course means the same thing. They are seen to the best advan-

1 Schimper: Bot. Zeit., 1880, 1681, 1883,

F1a 95. Same, more advanced: a, the amylogenic bodics are covered with starch-
grains; b, two nuclei on a cell-wall, each surrounded by amylogenic bodies covered by
starch. *3°. (Schimper.)

F10.10. a. Young amylogenic bodies rurrounding the nucleus of a cell in the root of

Phajus grandifoliug; b, same, with starch-grains developing; ¢, same, more advanced.
*t°. (Schimper.)
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tage in thin sections of many starchy tissues, by the use of dilute
tincture of iodine, which colors them more or less deeply yellow.
Millon’s reagent colors them red.

Owing to the minuteness of the leucoplastids, the following
explicit directions by Strasburger will aid in their detection:
Make thin longitudinal sections through the upper part of a
young pseudobulb of Phajus grandifolius, taking care that the
cut extends to its green surface. Immediately place the sections
in an alcoholic solution of iodine diluted with one half its volume
of water. (Picric acid may be advantageously used instead of
the iodine solution.) In good preparations the leucoplastids will
be seen in the inner part of the section as small staff-shaped
bodies which, at the first glance, appear to be homogeneous, but
are afterwards recognized as somewhat granular in structure.
The section is next to be examined nearer its outer part, and it
will then be seen that the bodies there possess a green color,
are larger, and lenticular in form. They are also plainly porous,
their increase in size being apparently associated with a spongi-
ness of their substance. Their size diminishes towards the outer
cellular layers, they become somewhat rounded, and finally take
the familiar form of chlorophyll granules. Prismatic colorless
protein crystals are frequently associated with these bodies.
In sections which are placed in water, the leucoplastids disap-
pear almost instantaneously, and even the chlorophyll granules
soon begin to disorganize, while the swollen protein crystals then
appear as colorless parts of the latter.

In the rhizome of Iris Germanica the sections for examination
must be taken parallel to the surface. In uninjured cells the
leucoplastids appear as collections of protoplasm at the end of
each starch-granule. If the section is in water, the leucoplastids
become granular and finally break up into minute granules which
show the Brownian or molecular movement.!

Chromoplastids, or the color-granules which occur abundantly
in flowers and fruits, will be specially treated later.

175. Protein granules, The protein matters in plants have
been divided into two classes: (1) the active, such as active
protoplasm, the nucleus, ete. ; (2) the reserve, which can change
their dormant condition and become active when occasion de-
mands. Inactive, amorphous protoplasm, as it sometimes exists
in certain cells, where it is simply a tough shapeless mass, does
not need further consideration at present; the reserve matters

! Strasburger: Das botan. Practicuin, 1834, pp. 67, 68.
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now to be examined being those which take the form of more or
less regular grains. These which are known as

176. Protein granules may be either independent, or asso-
ciated with other substances. In
nearly all cases they are more or
less soluble in water, and hence
require special treatment for their
satisfactory examination.  Cells
supposed to contain them may be
placed for examination in any fixed
oil, and the granules will remain
unchanged. A more practicable
method of treatment is suggested
by Pfeffer; namely, to subject the
granules to the action of an alco- 1
holic solution of mercuric chloride,
by which they are rendered insoluble (see 63). The solution
is made by dissolving one part of mercuric chloride (corrosive
sublimate) in fifty parts of absolute alcohol; in this solution
the thin sections of seeds, etc., suspected of containing pro-
tein granules, must be kept for at least twelve hours. Upon
removal to water, after this period, they remain substantially
unchanged. The precaution must be taken not to touch with
any metal the sections after they have been placed in the
mercuric chloride solution.
They must be removed by a
camel’s-hair brush.

177. The protein matter
of which protein granules
consist may be wholly with-
out definite shape, or a por-
tion may assume somewhat
the form of crystals. The
latter have been called pro-
tein crystals or crystalloids, and they are generally associated,
in the granules of which they form a part, with inorganic matters
either amorphous or crystalline. Hence in some protein gran-
ules we have to distinguish between the inorganic contents, the

F16. 11. Cells from cotyledons of Vicia sativa, showing protein matters in a finely
divided state, intermingled with starch-granules. (Schmidt.)

F1a. 12. Protein granules from the endosperm of Ricinus communis. The specimen
fsinofl. 29°. (Pfetfer.)

F10. 13. Protein gr les from the endosperm of Ricinus communia. Thespecimen,
first treated with mercuric chloride in absolute alcohiol, is now in water. ¢§°. (Pfefter.)
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protein crystal-like bodies, and the protein basis or stroma in
which all of these are held.

The protein basis sometimes, if not always, appears to consist

of two substances, differing in their solubility in water, and com-

mingled as granulose and

cellulose are in starch-

granules. 'While the pro-

e s tein basis is generally very
;) soluble in water (not per
e 3 8¢, but owing to the pres-

ence of potassic phos-
phate), the protein crystals are insoluble, or only slightly affected
by it, usually becoming more or less swollen. After solution of
the protein basis has taken place, a delicate membrane is left
behind, and through this transparent filn the protein crystals
are clearly scen. The relative amounts of protein basis and
protein crystals vary widely ; in some cases the former appears
to be wanting, the latter wholly filling the interior of the mem-
brane. Such crystals appear in potato-tubers in the form of

13 16 ”

small cubes. Protein crystals of great beauty are easily dem-
onstrated in the endosperm of the common Brazil-nut (Ber-
tholletia).  Very instructive phenomena are presented when
different sections of the seed are subjected to the following
reagents; (1) osmic acid (one per cent solution) ; (2) hematoxylin

F16. 14. Single protein grannles treated as in Fig. 12. 872, (Pfeffer.)

Fia. 15. Protein granules from Silybum marianum. 1In the cell on the left they have
crystalline contents; in that on the right, globoida This section was taken from the
cotyledons of a dormant seed, and after treatment with mercuric chloride in alcohol was
placed in water. 872, (Pfeffer.)

F16. 16. The mesh of the ground mass of the cell has heen cleared by dilute potassic
hydrate and hydrochloric acid. n = nuclena, 290 (Pfeffer.)

F16 17. Cells from the cotyledons of a germinating seed which has just ruptured the
seed-coat. The protein granules have disappeared, but their contents are recognizable.
8g0, (Pfeffer.)

F1a. 18. Silybum marianum. Cell from the cotyledon of a nearly ripe seed in which
the formation of protein granules has just begun. 29°. (Pfeffer)
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in concentrated glycerin; (3) concentrated potassic hydrate,
water being added afterwards. Permanent preparations of pro-
tein crystals can be made by first acting on the section with
mercuric chloride for a day or more, washing in water, staining
with eosin, and finally mounting in potassic acetate (101).

The inorganic matters associated with the protein crystals
in protein granules are either
(1) amorphous or globular con- ﬂ ® &
cretions of a double phosphate of 20
calcium and magnesium, known

as globoids, or (2) crystalline - -
clusters of calcic oxalate. @ @

The protein granules, espe- 21
cially those which are most com-
plex in their composition, are also known as Aleurone grains.
The protein crystals are generally termed crystalloids.! For an
analytical classification of protein granules in seeds, see pages
182 and 183.

178. Starch, the principal form in which the elaborated food
of plants is *held in reserve, occurs as minute spheroidal or
polyhedral granules. Under a suf-
ficiently high power, and with
proper management of the mirror
of the microscope, the single gran-
ules exhibit an appearance of
stratification which is sometimes
very distinct, but more commonly
obscure ; in the latter case dilute
chromic acid can be used to ren-
der the stratification plainer. The
layers of stratification are ar-
ranged around a point, — often very eccentrically, as in potato

19

‘22

1 The fact that protein crystals have, as a rule, less constancy in their angles
than inorganic crystals, taken together with the fact of their swelling when
immersed in water, has led authors to speak of them as erystallolds rather than
as crystals.  But Famintzin has recently shown that certain crystalline forms
artificially produced abscure these distinctions, since they agree more closely in
some of their physical characters with organic structures than with ordinary
inorganic crystals (Ber. der deutsch. bot. Gesellsch., 1884, p. 32).

F16.19. A cell from nutmeg lving in ofl. In the ground mass are very numerous

crystals of fut. Some of the granules are compound starch-granules. but others are

protein granules with crystalloids. The rhombic granule has hardly any envelope.
230, (Pfeffer.)

F1G. 20. Globoids of Vitis vinifera. 579, (Pfeffer.)
F1a. 21. Large protein granules from Vitis vinifera. 820, (Pfeffer.)
F10. 22 Wheat-grain, showing cells containing starch-granules. (Schmidt.)
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starch, or with great regular-
ity, asin wheat. This point is
known as the nucleus, or hilum.
If two or more nuclei are dis-
cernible, the granule is said to
be compound.
= Occasionally many small sin-
gle granules cohere slightly to
form an aggregate which can be easily broken. According to
Wiesner, there may be as many
as 30,000 granules in a single
aggregate of this kind.

Both simple and compound
granules may occur in the same
cell, but some plants have only
simple, and others only com-
pound granules. Canna and
Curcuma may be cited as exam-
ples of the former; Jatropha, of
the latter.

Since starch occurs in every
plant in all stages of development, the size of the granules must

be extremely variable. Nevertheless, a
statement of the more common limits may

@ @ aid in their identification.
Wiesner gives the following limits of size

& for some of the more commmon sorts of starch,
8 E first grouping them into small, medium, and
25

24

large granules.
Small granules (from 0.002 t0 0.015 mm.) :

as the simple granules of rice, oats, buck-

wheat ; also the smaller granules of wheat, rye, barley, etec.

Medium granules (from 0.02 to 0.05 10m.) : as the compound
granules of rice and oats, the larger ones of wheat, rye, and
barley, the simple granules of Indian corn, and of the common
leguminous plants.

Large granules (distinguishable as granules to the naked eye) :
as the simple granules of Curcuma leucorrhiza, Canna edulis,
potato, etc.

F1a. 23. Starch-granules from the bulb of Phajus grandifolins, showing the nu-
cleus at the upper part and the starch generator or amylogenic body below. #§s.
(Sehimper.)

Fi1a. 24. Cells from potato-tuber, showing starch-granules (Schmidt )

F10. 25. Starch-granules from sarsaparilla. (Berg and Schmidt.)
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Starch is insoluble in cold water, but forms with boiling
water a paste in which all traces of structure are lost. If a

0 o
@

specimen of starch be gently heated with water upon a glass
slide, the granules will be seen to swell at a temperature of

O.CD ‘,
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40°-50° C., and the appearance of stratification will often be-
come plainer. The alkalies and mineral acids generally hasten the

Fia. 26. Starch-granules of wheat. F16. 29. Starch-granules of nats.
F1a. 27. Starch-granules of Indian corn. F1a. 30. Starch-granules of rice.
F16 28. Starch-granules of barley. Fi16. 31. Starch-granules of potato.

F16. 32 Starch-granules of Maranta (arrow-root)
F1a. 33. Starchgranules of Bomaria (Chili arrow-root).
F1a. 31  Starch-granules of Vicia sativa, var. leucosperma. All the figures of
starch are frum Berg and Schmidt.
4
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formation of starch-paste, and bring about some other changes,
such as its conversion into soluble matters.

179. Starch is usually said to have the following composition,
C,H,,0,, and these proportions are doubtless correctly stated ;
but it is probable that the molecular constlitution is more com-
plex than this forinula would indicate.!

180. When starch is acted on by saliva or pepsin, it is slowly
separated into two substances, one of which passes into solution,
while the other remains as a skeleton, and with little change of
form. This delicate framework, which remains after the soluble
matter is removed, is closely related to cellulose, as shown by
its behavior with reagents. and has rcceived the name of starch
cellulose. ‘The substance which is removed by the action of saliva -
is termed granulose.

181. When starch is not associated with too large a propor-
tion of protein matters, it can always be detected by the blue
color which it takes with iodine in solution ; but if protcin sub-
stances are present in considerable amount, they may ohscure
the reaction by the yellowish or brown color which iodine im-
parts to them. JIodine does not, however, always produce a blue
color with starch; the shade may vary towards red, forming a
purple which may be almost black. Furthermore, as the tran-
sient color given by this reagent fades, it may pass through
various tints of orange and yellow.

Protein matters which mask the starch reaction may be re-
moved by careful treatment of the specimen with potassic hy-
drate (not too concentrated), and subsequent washing with pure
water. After such treatment it sometimes happens that the
starch appears as a diffused mass instead of in minute dots.

182. When starch-granules are secn in polarized light they
generally exhibit two crossed lines which appear to turn as the
Nicol prism is revolved. Many kinds of starch give under the
polarizer characteristic figures, many of them of great beauty.

183. Inulin, although occurring in solution in cells, is never-
theless thrown down in characteristic forms by means of the
preservative media alcohol and glycerin, and can be examined as
a solid. If the root of Dallia, Helianthus, or any of the com-
mon Composite which store up their food in fleshy underground
parts, be subjected to the action of alcohol for a few days, thin
sections will exhibit in the cells peculiar masses of a spheroidal

1 W. Nigeli, however, gives the formula for starch as follows : CggHggOg.
Beitr. z. niheren Kenntniss der Stiarkegruppe, 1874.
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form which are distinctly radiating in structure. Occasionally
these masses have large rifts which run across the surface of the
sphere.
In composition, inulin closely resembles starch, but does not
give any color with iodine. To de-
tect it when in solution, a thin sec-
tion of the plant containing it is
moistened on the glass slide with
absolute alcohol, when a cloudy pre-
cipitate will at once appear; in a
short time (the supply of alcohol
having been replenished as it evap-
orates) the specimen grows clearer,
and small spheerocrystals of inulin
are seen. If now the specimen is
carefully washed with water, the
smaller granules disappear and the
well-defined remain. ’
184. The carbobydrates dissolved
in the cell-sap may be grouped in two
classes: (1) those which are isomers
of cellulose (3. e.. have the same per-
centage composition, C;1,,0,), and (2) the sugars.
1. 'The isomers of cellulose are mucilage, gnms, and dextrin,
all of which are probably derivatives of starch. Various sub-
stances intermediate between them have been described, but the
above are all that need now be taken into account. (u) Mucilage,
when not plainly resulting from the breaking up of the cell-
wall, is colored red by rosolic acid, and the color is not readily
removed by alcohol. (8) The gums, of which cherry gum
may be taken as an example, are not tinged by rosolic acid.
(¢) Dextrin can be detected by Trommer’s test, which Sachs ap-
- plies as follows : a section which is at least a few cclls in thick-
ness is placed in a porcelain capsule with a strong solution of
cupric sulphate, and the liquid is heated to boiling ; the specimen
is then washed in water, and dipped at once in hot potassa.
If the cells contain either dextrin or grape-sugar, there will
immediately appear a reddish precipitate. To discriminate be-
tween dextrin and grape-sugar, it is merely necessary to keep
portions of the plant to be examined in 90 or 95 per cent alcohol;
which will dissolve out the sugar and leave the dextrin, if any

35

F1G. 85. Spharocrystals of inulin from root of Cicliory treated with alcohol. go.
(Jacobe. )
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is present. Usually all the grape-sugar is extracted in a day
or two.

2. The sugars. Grape-sugar has been just referred to as
giving the same reaction as dextrin with Trommer’s test. Its
formula is C;H,,0,. Cane-sugar, which has the formula CH,,0,,,
gives no red precipitate with the same test, but the liquid in the
cells becomes bright blue, and quickly diffuses into the potassa.l

185. Crystals arc of such gencral occurrence in widely differ-
ent orders of the higher plants, that there are perhaps none
in which they may not be detected. They have been found in
nearly all parts of the vegetable structure, more commonly in
the interior of parenchyma cells, sometimes in specialized crys-
tal-receptacles, occasionally in the very substance of the cell-
wall. They occur cither singly or in groups; either separatc or
barely coherent, or in various degrees of combination.

When solitary and simple they are usually octahedra or
prisms, and their aggregations are combinations of these. Good
octahedral crystals are afforded by the petioles of Begonia;
examples of the prismatic form are found in the outer scales of
onions, in orange leaves, in the inner bark of maples and apple-
trees, and in most of the tissues of Iris and its allies.

When the prisms are very long and slender their angles and
faces are seldom well defined.? Indeed, the most attenuated
forms are usually terete, or slightly flattened, and taper gradually
to a point at both ends. To these De Candolle long ago gave
the name Raphides, — that is, ncedles.®* These are generally
massed in a compact bundle, like a wheat-sheaf, occupying a
large part of the interior of the containing cell.

Raphides are by no means of such gencral occurrence as
are ordinary crystals, but (as Gulliver has pointed out) are
seemingly restricted to certain orders.* They are universal in
Aracee and Onagracce. In the common Arums and Callas,
raphides-bearing cells may readily be found in the parenchyma

! Pringsheim’s Jahrb., iii. p. 187. In the Sitzungsber. d. k. Akad. Wien,
for 1859, Sachs has given colored figures illustrative of these reactions.

2 When the longer prisms are clearly defined, they are referable to the mono-
clinic system. Measurements of angles are given by Holzner, in Flora, 1864,
P- 292. A paper by Bailey (Am. Journ. of Sc. and Arts, vol. xlviii., 1845,
P- 17) also contains determinations.

8 Organographie, 1827, p. 125.

4 Gulliver has examined representative plants of all the more importani
orders of the British Flora, with respect to the occurrence of diagnostic crys-
tals (Anunals and Magazine of Natural History, 1863 to 1867).
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of the leaves, and detached entire; on becoming turgid when
wetted, they will usunally discharge their raphides oue by one
from one or both ends of the cell until the bundle is almost
exhausted.!

186. When the ordinary octahedral or prismatic crystals
are aggregated or
combined, they
generally compose
a spherical mass.
Such aggrega-
tions are of two
principal types :°
(1) those made
up of many small
crystals irregular-
ly grouped, and
usually presenting
sharp points over
the surface, as
in Fig. 36a; (2)
those with a distinctly radiated structure (Fig. 367). Good
examples of the former are abundant in the foliage of Chenopo-
diacese and the stems of Cactaceze. Clusters belonging to the
latter, or stellate, type are not uncommon in Malvacese. Both
forms have been termed Spheraphides? and Sphere-crystals.
The term cystolith, sometimes improperly applied to them,
ghould be wholly restricted to the peculiar bodies described on
page 40.

187. Owing to the mechanical difficulty of isolating plant-

1 Turpin (Annales des Sc. nat., sér. 2, tome v., 1836) described the raphides-
bearing cells of Caladium, in which this discharge takes place, under the name
of biforines.

2 ““They are most irregularly scattered through the tissues of the plant.
.+ . I have never failed to find them in a single species of the order Caryo-
phyllace, Geraniacee, Lythracee, Saxifragaces, and Urticacee, and believe
that few if any orders could be named in which spheraphides do not exist as
part and parcel of the healthy and growing structure of the plant” (Gulliver,
in Annals and Magazine of Natural History, vol. xii., 1863, p. 227).

F10. 38. The more important forms of crystals of calcic oxalate: a, three cells from
the petiole of Begonia manicata; b, from the leaf of Tradescantia dircolor; ¢ and
d, from the leaf of Allium Cepa; e, from the inner bark of /Exculus Hippocastanum;
J. from the leaf of Cycas revoluta; g, a cell containing raphides, from the frond ot
Lemna trisulea; A. a single crystal from the same, more highly magnified; i, sphero-
crystal from Phallus caninus. (Kny.)
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crystals for examination, their chemical composition has not yet
been determined with certainty in all cases. That a protoplas-
mic film usually envelops both solitary and aggregated crystals,
can be shown by the method pointed out by Payen;} namely,
by dissolving the crystal slowly in very dilute nitric acid, and
testing with iodine, when the film will become yellowish-brown.
It has also been made out beyond question that some crystals
have a considerable admixture of cellulosic atter, and that a
few others are covered by a membrane of cellulose.? But these
two substances do not obscure the chemical reactions in ordinary
cases, by which it has been shown that the larger number of crys-
tals consist of calcic oxalate, after which, in frequency of occur-
rence, comes the carbonate of the same metal. These two salts
can be easily distinguished from each other by the following
simple tests: —

Reagent. Calcic Oxalate. Calcic Carbonate.
Acetic acid No effect. Dissolves with effer-
: ’ vescence.
L. Dissolves without ef- Dissolves with effer-
Hydrochloric acid. f i
ervescence, vescence.

Since these two salts may occur in the same specimen, it is best
to use acetic acid first; by this agent all traces of the carbonate
are removed, and hydrochloric acid can then be applied in order
to detect the presence of oxalates. Sanio? and Holzner have
shown conclusively that many crystals which have been supposed
to be calcic carbonate consist merely of the oxalate.

Crystals of calcic sulphate have beeu reported as occurring
in certain Musacea,* in the bark of the willow, in the roots of
aconite, bryony, and rhubarb; and also in the root of a young
bean.® Calcic phosphate is said to have been detected in the

1 Payen : Mém. des savants étrangers, ix., 1846, p. 91.

2 Rosanoff (Bot. Zeit., 1863, 1867), Crystals in pith of Ricinus and Kerria.
Pfitzer (Flora, 1872), crystals in the leaves of orange und the bark of many
trees.

Hilgers has investigated the occurrence of crystals at differént periods of
growth of different organs. From his results it appears, (1) that in the very
youngest parts no crystals are to be found ; (2) they appear, however, very
early in most parts, and (3) speedily attain their maximum size, after which
they undergo no change (Pringsheim’s Jahrb., vi., 1867, p. 285).

8 Sanio : Monatsber. Berliner Akad., 1857.

¢ Van Tieghem : Traité de Botanique, p. 526.

5 Sitzungsberichte der Wiener Akad., xxxvii., 1859, p. 106.
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wood of Tectona grandis (Indian Teak).! Holzner?! uses the
following reaction to detect calcic sulphate: a solution of haric
chloride (not too concentrated) is brought into contact with
the crystal under examination; calcic sulphate soon becomes
covered with a whitish. deposit of baric sulphate. This test
failed to show the presence of calcic sulphate in the plant-
crystals hitherto referred to this salt; they all gave, however,
the reaction for the oxalate.

188. Crystals closely resembling in most respects those which
are found in cells can be produced by Vesque’s method.® Three
test-tubes are placed side by side: in the first is a inoderately
strong solution of calcic chloride ; in the middle one, a five per
cent solution of sugar; and in the third, a solution of potassic
oxalate. From the lignid in the first to that in the second a
short strip of filtering-paper runs, and a similar strip passcs
from the second to the third test-tube; and thus the liquids in
the three tubes are brought into indirect contact. Crystals will
be formed in the middle tube, their character depending upon
the nature of the liquid there. In a solution of sugar, raphides
are produced; in pure water, prisms of small size, but with
sharply defined faces and angles.

189. According to Souchay and Lenssen,* monoclinic (“ Clino-
rhombic ™) crystals of calcic oxalate containing two equivalents
of water are produced upon quick precipitation, while by very
slow action right octahedra with six equivalents of water are
formed.

A few works of reference are the following : —

MonL Principles of the Anatomy and Physiology of the Vegetable Cell.
Translated by Henfrey (London, 1852). An octavo of 158 pages. This is an
excellent translation of a classical work.

HorMEISTER.  Die Lehre vou der Pflanzenzelle (Leipzig, 1867). An octavo
of 397 pages. The volumne treats very fully of the physical properties of pro-
toplasm.

EBErRMAYER. Physiologische Chemie der Pflanzen (Berlin, 1882). This is
the first volume of an expeusive work which deals with the relations of plants
to soil and climate.

HusemanyN und HiLger. Die Pflanzenstoffe (Berlin, 1882). Two large
volumes. It has very extensive references to the literature of the subject, and
most of its abstracts are excellent.

1 Ples: Naturkundig Tijdschrift voor Nedrlandsch-Indié, 1838, p. 845.
Quoted from Holzner.

% Flora, 1864, p. 283. This communication contains a good abstract of the
literatute of plant-crystals up to 1562.

3 Ann. des Se. nat., sér. 5, tome xix., 1874, p. 300.

* Annalen der Chenie und Pharmacie, c., 1856, p. 311.



CHAPTER II

CELLS IN THEIR MODIFICATIONS AND KINDS, AND THE
TISSUES THEY COMPOSE.

190. WmILE cryptogamous plants of the lower grade may
consist of single cells, or of a series or stratum of simple and
undifferentiated cells, phsenogamous plants, although equally
simple and homogeneous at the initiation of each individual,
develop into a more complex organization, at an carly period
differentiate some of their cells into peculiar kinds, multiply the
kinds into tissues or fabric, and of these build up the organs
and parts which are familiar in ordinary vegetation.

191. The microscropical study of the parts even of a single
herb or tree, and much more that of a variety of plants, reveals
numerous forms or kinds of cells, and also (as might be expected
from their common origin) brings to view series of gradations
between the kinds, sometimes even between those which are,
upon the whole, widely differentiated from each other. While,
therefore, a general classification of the cells of any ordinary
plant into kinds is easy, any classification which shall satis-
factorily exhibit our present knowledge of the histological ele-
ments, and discriminate their varieties, is very difficult, if not
at this tiine practically impossible. At least, it must be said that
the most recent classifications are based upon considerations
of a character too recondite and special to be mastered at the
beginning by an ordinary student.

192. The most general and obvious division of the histological
components of a stem, root, or leaf would be into, (1) funda-
mental or typical cells, and (2) transformed cells. The first are
those in which the normal cellular character persists without pro-
found, if any, alteration or disguise ; as in the pulp of leaves, the
pith of stems, and in a portion of the bark. The second are those
which assume or atfect lengthened or fibrous forms and a longi-
tudinal development (at least in all axes, and commonly in leaves
and other expanded organs), and, combined into threads, fasci-
cles, bundles, or more massive structures, constitute the frame-
work, which imparts solidity and strength throughout. Some
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of these cells arc so long in proportion to their breadth, and of
such diminished calibre, that they have naturally been called
fibres, although all gradations between them and typical cells
may be demonstrated. All thesec cells are interchangeably
called woody fibres or wood-cells, and one kind of them takes
the name of bast-cells.

193. Others are of larger calibre, are peculiarly marked by
thickenings on certain lines or in certain patterns, incline to be
developed end to end in a chain or row, and to become confluent
at the junctions, so as to form conduits of considerable length;
these are called vessels, or ducts. Vessels and fibres are
associated in the plant; almost every separate thread of frame-
work consists of both, and so is called a fibro-vascular bundle or
fascicle. Moreover, the known gradations between the two are
such as to render a complete distinction between them nearly im-
practicable; so that they form the fibro-vascular, or, when a
single word is used, the vascular system. To this system, also,
pertain specially differentiated cells, such as cribrose-cells, in the
bark, etc.

194. All these are developed in or among the fundamental
or untransformed cells, and originate from the differentiation of
some of them.

195. The fundamental or typical cells may thercfore be said
to constitute the fundamental system; which may also be con-
veniently called the cellular system, in contradistinction to the
vascular.

196. In an ordinary leaf it forms all but the framework of
ribs and veins ; in the stem of a dicotyledon, the outer bark, the
pith, and the rays which traverse the wood ; in that of a mono-
cotyledon, which generally has a looser texture than the last, it
is the common 1nass through which the definite bundles of the
vascular system are distributed. Of the fundamental system.
the most typical or unmodifted cells are such as the chlorophyll-
bearing cells of leaves and of the green bark of stems, as well as
those with uncolored contents forming the pith, etc. Borrowing
a word from the old anatomists, the carly investigators of vege-
table structure called tissues composed of such cells Parenchy-
ma, perhaps taking the idea of the name from leaves in which
the veins are distributed through the softer parts as blood-vessels
through the parenchyma of the glands.

197. Parenchyma, therefore, is the name of cellular tissue
in contradistinction to fibro-vascular tissue. In its primary
sense, only comparatively soft and thin-walled cellular tissue
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took this name, and this is indeed typical parenchyma; but the
name rightly includes, ns species or varieties, thicker-walled and
even solidified tissues composed of cells similar in other respects
to the type, as those in the hard endosperm of seeds.

198. A counterpart name, Prosenchyma, was employed to
designate tissues formed of elongated cells, such especially as
wood-cells and bast-cells. These being usually thick-walled,
and those of typical parenchyma thin-walled, this character was
brought into the definition ; that is, cells of prosenchyma were
said to be thick-walled as well as long and narrow, those of
parenchyma thin-walled as well as isodiametric. DBut this dis-
tinction does not hold out well. All fibro-vascular tissues are
thin-walled at first, and some remain so; while portions of pure
parenchyma may become thick-walled, firm and hard, or take on
every intermediate condition. So that prosenchyma wmay be best
held to denote tissue of the fibro-vascular system, and typically
that formed of wood-cells.!

199. An explanation of the mode of production, multiplica-
tion, and transformation of cells is deferred to a later stage.
Suffice it here to advert to the fact that every ph@nogamous
plant, originating in the seed, begins as an isolated cell, which
develops into a globular cluster of parenchyma cells, and grows
into the embryo or rudimentary plantlet, taking on the shape and
degree of development characteristic of its kind. In embryos
which are considerably developed in the seed, the axis and be-
ginnings of the leaves are already outlined or rudimemarﬂ)
indicated there; in others the indication takes place in the early
stages of germination.

200. From this if not from an earlier perlod development
is no longer homogeneous. A superficial layer of the common
parenchyma becomes distingunishable as the epidermis ; while in
an inner zone, or at special points, certain cells develop into ducts
and wood-cells (prosenchyma), and thus are initially delincated
the outlines of the systems or regions which are to characterize
the whole growth; namely, — taking a dicotyledonous embryo
for the type,—an epidermal layer, a cortical layer, a fibro-vascu-
lar zone, and a medullary portion. As stem and root develop,
these primordial tissues complete themselves and have only to
go on growing, each after its kind ; but at the developing points
(apex of the stem and of the root), as also in special portions or

1 ¢ Zu dem Prosenchym im weitern Sinne kinnen wir auch die Gefdsse
zihlen ” (Nageli : Beitriige, i. p. 2).
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zones, initial differentiation continues. Here the nascent tissue,
consisting off parenchyma cells, multiplying Ly successive divi-
sions, and also the nascent prosenchyma as it forms and while
still capable of further division, has been named Meristem.

201. Meristem, therefore, is not a kind of tissue, but the
nascent state or early condition of any tissue. It is developing
parenchyma, either- multiplying as such, or ditferentiating into
clongated forms, as for instance, in cambium.

Leaving the processes of cell-development to be considered
under the head of “Growth,” and the disposition of cells and
tissues in the fabric to Le described under the several organs
(root, stem, leaf, etc.) which they compose, the kinds of cells
are here to be indicated, without particular reference to their
arrangement in the plant. In all classifications of objects which
are understood to have been developed from one type, interme-
diate forms of almost every gradation are to be expected. It is
specially so with plant-cells; and of them it should be said, once
for all, that the kinds which have reccived distinct names, with
or without sufficient reason, are only types, or leading modifica-
tions, —some of a very marked, some of a quitec subordinate
character.!

202. Plant-cells are to be descubed in this chapter under the
following classification : —

I. Cells of the fundamental system, or parenchyma cells, —
permanent typieal cells.

1. Parenchyma cells, strictly so called, including as modi-
fications collenchyma cells and sclerotic parenchyma
cells, or grit-cells, such as the lignified cells of' seed-
coats and drupes, etc.

2. Epidermal cells, and their modifications; e. g., Tri-
chomes.

8. Cork-cells, forming subcrous parenchyma, or cork.

IL. Cells and modified cclls of the fibro-vascular system, — pros-
enchyma in the widest sensc.

1. Cells of prosenchyma proper.

a. Typical wood-cells and woody fibres, including libri-
form cells (Sanio), and the secondary wood-cells
(De Bary).

d. Vasiform wood-cells, or Tracheids.

1 Sometimes a single cell in a uniform tissue may develop unlike its neigh-
bors as regards one or more of the following characters : form, size, nature of
cell-wall or cell-contents. Such cells ave termed by Sachs, idioblasts.
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2. Vessels, or ducts.
a. Dotted. s
b. Spirally marked.
¢. Annular.
d. Reticulated.
e. Trabecuiar.
3. Bast-cells, Bast-fibres, or Liber-fibres.
III. Sieve-cells, or Cribrose-cells.
1V. Latex-cells.

Intercellular spaces and canals are neither cells nor tissues,
but they require consideration in connection with them.

L Cells of the Fundamental S8ystem,— Parenchyma in the widest
sense, including Modifications for Protective Surfaces.

PARENCHYMA.

203. This term is applied at present to all typical cellular
tissue except that which belongs to the cpidermal system. It
therefore constitutes
the mass which sur-
rounds fibro-vascu-
lar bundles, forming
pith, medullary rays,
the pulp of leaves
and fruits, ete. It
occurs in nearly all
parts of all plauts.
The elements of
parenchyma are sim-
ple cells more or less
separable from each
other, in some cases
Ly slight pressure,
and in others by the
P cautious use of a
macerating solution.
The cells vary greatly in form, but usually are polyhedral or
spheroidal.  Extended classifications of the cells themselves,
based upon form, have been made, but they are of no utility
and of small historical interest. Yect three principal shapes may
well be distinguished ; namely, short or isodiametric, clongated,
and flattened.

F10. 37. Parenchyma (rom stew of Marrubium. 1§°. (Jacols.)
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204. In the youngest state of organs short parenchyma cells
form the whole mass; here they are relatively small, filled with
protoplasm, and have
no intercellular spaces.
Later they are changed
in shape and size, may
have conspicuous in-
tercellular spaces, and
the protoplasm may be
replaced, at least in
part, by other matters.

205. If the cells are
looscly aggregated and
have conspicuous in-
tercellular spaces, the
tissue is called spongy
parenchyma. The cells
in such cases are apt
to be more or less
branched, and in some plants assume regular stellate forms.

206. Elongated parenchyma cells are generally more com-
pactly combined than the short ones. They are well seen in the
upper part of most leaves, where
they have received the significant
name palisade-cells.

207. Flattened parenchyma
cells are the common form in the
vertical plates (medullary rays)
which radiate from the pith to
the bark in woody plants.

208. The walls of typical pa-
renchyma cells are thin, and may
be variously marked with pits,
especially at the points of con-
tact with other cells. Thicken-
ing threads forming reticulations
and spirals are not uncommon :
the latter occur in the aerial
roots of Orchidaceze. A crum-
pling or folding-in of the wall is seen in some of the cells of pine
leaves.

F1G. 38. Forms of parenchyma in leafl of Pyrus communis. (Jacobs.)
F1G. 3. From pith of Sambucus nigra, showing pitted walls. (Gris.)
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209. Thin-walled parenchyma cells play an important part in
assimilating and storing, aud special names are given to cells
which have these oflices, such as chlorophyll parenchyma, starch
parenchyma, ete. In the tissues of most succulents, and in the
leaves of a few plants, some of the parenchyma cells are filled
with clear sap and more or less mucilaginous matter, and con-
stitute the so-called water tissue.

210. The walls of typical parenchyma cells consist of ordinary

40

cellulose ; but even slight deviations from the type furnish good
illustrations of lignified and of cutinized membranes.

211. Lignification may increase the thickness of the cell-wall,
greatly reducing the cell-cavity, or it may merely harden the
membrane without much thickening.  The parenchyma cells
found associated with other elements in woody tissues have
walls of the latter character; the grit-cells in pears and many
other fruits show good examples of the former. Such hardened
cells are called sclerotic parenchyma cells.

F10. 40. Sclerotic parenchyma cells from fruit of the pear. (Weirs.\
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In many cases it can be shown that canals run through these

thickened walls, as shown in
Fig. 41.1

212. Certain modified pa-
renchyma cellsarcoften united
to form sheaths around fibro-
vascular bundles. These cells
are prismatic, and in close
apposition. Their walls are
thin, except at their faces of
mutual contact, where they are
conspicuously thickened, and
often plicate, and nearly all
parts of the membranec are
more or less cutinized.

41

213. These cells con-
stitute the endodermis.
They generally contain a
large amount of starch.

214. Parenchymacells
may undergo the mu-
cilaginous modification
(s¢e 147), as in the con-
ductive tissue of the
style of many flowers
and the albumen of many
seeds. This change is
common also in the lower
plants.

215. An appearance
closely resembling in
some points that pro-
duced by the mucilagi-
nous modification is pre-
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sented by the parenchyma cells just under the epidermis, or
outer layers of cells, in many plants. The cell-wall is thickened

a b

43

very considerably at the angles, and upon the application of
dilute acids swells greatly, but without becoming clearly muci-
laginous. When moist,
such cells have a bluish-
white color and a marked
lustre. They are known
as
216. Collenchyma cells.
They are generally some-
what elongated, and so
united as to form threads
which possess great
strength, and are believed
to serve an important me-
chanical office in the plant.
Good cexamples of these
are afforded by the stems
“ of many Umbelliferze.

EPIDERMIS.

217. This is the outermost layer of cells covering the sur-
face of the plant. In some of the higher plants it persists with
little change throughout the life of the organism ; in others it is

F1a. 43. Parenchyma with wulls which have undergone the gelatinous modification :
a, from the centre of the style of Salvin scabfosfolia; b, from the stigma of Gesneria
elongata. (Capus.)

Fi1a. 44, Transverse section of root-stock of Smilacina bifolia, showing collenchyma
cellx Just under the epidermis, ep. Note also the ordinary parenchyma at pc, and the
endodermis at ap. (Van Tieghem.)
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sooner or later thrown off, and replaced by a subjacent protective
tissue, — curk.

218. Except at peculiar openings (stomata, ete.), the epider-
mal cells are in close apposition. Upon their exposed surface
they are cutinized, and thus a continuous hyaline film is formed,
kuown as the Cuticle.!

219. Sometimes the epidermis may be torn off without much
disturbing the underlying tissues.

220. Besides the cells which compose the proper tissue of the
epidermis, there are certain ap-
pendages or accessory structures,
mainly hairs or analogous pro-
ductions (together called tri-
chomes), and peculiar cells which
constitute the stomata.

221. Epideral cells proper are
in uninterrupted contact. They
are usually of a tabular or pris-
matic form. The lines which
mark their outlines as viewed
from above are sometimes
straight, but oftener sinuous, at least on the longer sides of the
cell, which here as elsewhere correspond with the direction of
growth. Near stomata and trichomes the cells frequently assume
very irregular forms.

222. Their upper or free surface is generally slightly convex,
and often has minute outgrowths, for instance, in velvety petals
when these are larger and longer, they constitute the simplest
form of plant hairs.

223. Delicate epidermis possesses thin walls; but in a large
number of fleshy and tough plants the walls have cousiderable
thickening, yet not always on the same part. Thus in the leaves
of Cycads the upper wall is the thicker; in many Bromeliacez,
the lower and side walls. In a few cases the cell-cavity is nearly
filled by the thickening material. Stratification, striation, and
pitting of the cell-wall may also occur, great diversity existing
in all these respects.

224. When the epidermis is very delicate, the demonstration
of the thin film of cuticle requires great care in the employment

45

1 By De Candolle the term cuticle was applied to the layers of epidermal
cells, and not restricted to the cutinized film (Physiologie, 1832, p. 109).

¥F1G6.45. Stoma of Sambucus nigra surrounded by epidermis.
5
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of the reagents. According to de Bary,! the cuticle merely
covers the pure soft cellulose membrane of the epidermal cells
when these are thin-walled; but when the walls are thicker,
especially in epidermis which is long-lived, that part of the cell-
wall which borders on the cuticle becomes infiltrated with cutin,
and thus there arise one or more layers ot modified cellulose,
each of which exhibits the reac-
tions of cutin. When such cells are
treated with warm potassic hydrate
(a ten per cent solution is, on the
whole, strong enough), the cutin is
slowly removed, and the cellulose
wall remains, although with con-
siderable loss of substance. Walls
which are thus impregnated with
cutin in strata form cuticularized
layers? The management of a
warm solution of potassic hydrate,
in order to obtain satisfactory re-
sults in the demonstration of the
fine stratification, demands much
care. It is advisable to apply very
gradual increments of heat to the
glass slide in the case of the more
delicate specimens.

225. Waxy and resinous matters
are frequently associated with the
cuticle. In some cases the amount
of such substances is large, and assumes commercial importance.
The young leaves of the wax palm (Ceroxylon andicola) are said

1 Vergleichende Anatomie, p. 80. .
2 This division into apparent lamelle can be eagjly demonstrated in some
raasa hv the annlication af chlamiadide of zine. which imnarts a vellawish
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to yield twenty-five pounds of wax to each tree. Bayberry wax
is & more familiar example.

226. To such waxy coatings is due the glaucous appearance
of the leaves and fiuits of many plants. The coatings are chiefly
of the following kinds (de Bary'): —

1. Coherent layers or incrustations upon the epidermis. 2.
Crowded vertical rods of considerable length, as, for instance,
those on the internodes of Saccharum oflicinarum, from ten to
fifteen bundvedths of a millimeter in height. 3. Very short
rods or rounded grains. These, on the leaves of Tropsolum,
are not very near together, but on those of the cabbage, tulip,
etc., arc more crowded. 4. When the grains are more minute,
and have the shape of needles irregularly massed together, they
constitute the peculiar bloom of the leaves of Eucalyptus,
Ricinus, etc.

227. Between the above kinds there are many intermediate
ones, Agave Americana, for instance, furnishing forms between
the two last named.

228. Epidermal cells proper have a delicate lining of proto-
plasm and a distinet nucleus. The cell-sap is generally colorless
and transparent, allowing light to pass with very little obstruc-
tion to the layers beneath the cpidermis; but in some cases
it is so colored as to impart a conspicuous hue to the plant.
In many water-plants there is no well-marked distinction be-
tween epidermis and the subjacent tissue, even the cells of
the upper layer containing chlorophy!l, but epidermal cells are
mostly free from either chlorophyll or starch. Brongniart has
shown that some amphibious plants have chlorophyll in the
epidermal cells of the aquatic but not of the terrestrial form.
That the rule is not universal is shown by Callitriche, which,
according to Hegelmaier, has epidermis without chlorophyll in
both forms.

229. Epidermis usually consists of only one stratum of cells,
but it may be made up of two, three, or even more layers.
Division of the original epidermal cells by one or more partitions
paraliel to the surface of the leaf gives risc to superposed cells ;
and thus multiple epidermis vesults, as in the upper surface of

cuticle, which is soluble in caustic potash, and in most cases forms but a very

thin coating over the epidermal cells” (Veg. Cell, Henfrey's trans., p. 85).

Good examples for study of the different kinds of cuticular infiltrations are

afforded by the following, — leaves of Dianthus caryophyllus, Galanthus nivalis,

Ilex, Pinus, Hoya, Sassafras, and Taxus, and twigs of Viscum and of Oleander.
1 Botanische Zeitung, 1871.
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the leaves of many specics of Peperomia, Ficus, and Begonia.
Multiple epidermis is not always of even thickness throughout;
sometimes a portion may be only one or two cells thick, while
adjacent portions are composed of many layers. Such differ.
ences are generally associated with the occurrence of stomata,
bairs, etc. The subjacent cells in some forms of multiple epi-
dermis are smaller than those above them, and in these cases
the arrangement of the cells in the successive layers presents
striking inequalities.
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230. Trichomes. Under
this term arc included the
multifarious forms of hairs,
scales, bristles, and prickles.

Hairs are somctimes of
diverse forms on the same
plant, and even on the same
part, but cometimes so pecu-
liar and uniform throughout
large gcenera, or even orders,
that they aid in their iden-
tification ; as, for instance,
in Malpighiacem, Loasacez,
and Eleagnaceze.

231. Simple hairs, whether
branched or unbranched, are
formed by the prolongation
of a single epidermal cell,
either slight, forming a
mere papilla, or to a great
length, as in the so-called
fibres of cotton.  Simple
hairs are abundant upon the
rootlets of most plants at a
little distance behind the ad-

vancing tip, where they play an important part.
232. Camnannd hairs arc of all degrees of com-
r start from a single cell, or from
1d may have the derivative cells
ways. The cells at or near the

mir of Martynia proboscidea. '§°. (Martinet.)
er portion of the same. 22, (Martinet )
tfitudinal section through a young angular

0
2‘ .

(Strasburger.)
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foot of the hair may differ somewhat in shape, size, and arrange-
ment from the other epidermal cells. They may form an emi-
nence upon which the foot rests, or they may be somewhat
sunken so that the body of the hair

hardly reaches the general surface of

the epidermis; but usually the hair

projects for a considerable distance

above the border of the depression.

Both simple and compound hairs
may be variously curved and
branched, giving rise to stellate and
many other forms.

233. Scales are trichomes which
are mostly compound, and consist
of discs borne by their edges or cen-
tres, cither with or without a short
foot or stalk. If the disc is com-
posed of radiating cells, the scale
becomes stellate, a form which re-
sembles or passes into the stellate
and tufted hairs common in Mal-
vacex, ctc. Well-marked stellate
scales are met with in Oleacea: and 49
Elxeagnacee.

234. Dristles, prickles and epidermal spines are firmer or
stouter outgrowths. When such outgrowths are truly epidermal,
they come off with the epidermis.

Hairs, scales, and prickles differ very greatly as to their per-
sistence, some being exceedingly short-lived, as, for instance,
the hairs which occur on roots; while others, for instance the
prickles on the rose, last for long periods.

235. In certain outgrowths from the edges of leaves or clse-
where the structure is complicated by the presence of a portion
of the underlying framework. This is notably the case in the
fringe upon the leaves of Droseracez. There are all degrees of
variation between such trichomatous outgrowths and spinulose
teeth, or lobes.

236. The consistence of the cell-wall in trichomes varies
widely, from extreme tenuity to the density of a silicified wall.,
The more delicate hairs are transparent, so that the contents

F16.49. Branching unicellular bairs: a, from Humulus (the hop); 8, stellate hair
of Deatzia. (Van Tiegliem.)
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can be plainly seen, thus affording opportunity for examining
the movements of protoplasm, and for the study of the cffects
of reagents upon the content: of cells.

Young hairs contain much protoplasmic matter; at a later
stage they have a large proportion of cell-sap; still later many
are filled only with air.

237. At first the epidermis is always completely continu-
ous, the cells being in close contact with each other; but
soon there appear, especially in leaves, guarded openings
through which the interior of the plant is brought into com-
munication with the surrounding atmosphere. These apertures
are of two principal kinds, the most important and widely dis-
tributed being

238. Stomata. These are combinations of epidermal cells of
a peculiar character, between
which a narrow slit extends
directly through the epidermis
to an intercellular space be-
low. The cells bordering the
slit are well termed guardian
cells, on account of their
opening and closing under |
certain circumstances. The
neighboring epidermal cells
are frequently arranged in a
definite order; and the po- g
sition of the stoma has in
many cases a plain relation to the underlying framework.,

Stomata belong especially to green organs exposed to the air ,
but they have been detected on all superficial parts of the plant,
with the exception of roots.?

239. Viewed from above, stomata appear generally as elliptical
bodies through which runs a narrow slit in the direction of the
longer diameter. Each guardian cell is therefore half the ellipse.
The cleft varies in width according to certain external condi-

50

1 The following cases are cited by de Bary (Vergl. Anat., p. 49) : On rhizo-
mata and tubers (young potatoes), on the perianth, the anther (in Lilium
bulbiferum), on the pistil, on the sced-coat (Canna). Plants destitute of chloro-
phyll may also be destitute of stomata, as in Monotropa Hypopitys; or have
them only on the pistil, as in Lathrea.

F16. 30. Adult stoma of Hyacinthus orientalis, seen from above. (Strasburger.)
F1G. 51. The same, seen from below.
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tions hereafter to be described, the stoma being in fact a deli-
cately balanced valve. A vertical section shows that the outer
part of the opening is wider than the narrow passage farther
down, and that the space below this widens somewhat towards
the intercellular cavity.!

1 The following table, compiled from figures given by Weiss, gives the num-
ber of stomata on the upper and under sides of the leaves of various plants
for the most part readily procurable by students. To show the wide differences
in size, the longer and shorter diameters have been added, aud, finally, the frac-
tion of a square millimeter covered by a single stoma.

Nurmber e epacein s
8q. um. é 2 [ by astoma.
Name of plant. - = .§ ‘g - -
ed CE - ) 28
=3 T3 /a &3 =3
5% | 59 P b
Ables balsamea . , . o+ o . 0 228 0.047 | 0.031 0 0.21360
Abies nigra “ e o 3t &2 0.142 0.027 0.0276 | 0.0781
Acer Pneudophmnus. B PR 0o 400 0.02¢4 | 0017 0 0.1280
Amarantus caudatus, L. . . m 183 | 3‘% ,‘:3}? ' 00195 | 0.0672
Anemone nemorosa, L. . . . 0 67 (I 0 o 0.047
Ascleplas incarnata, L. . , . 67 191 0.0‘:’6 0018 | 00247 | 007
Avemasativa, L. . . . . . | 48 | 2r [[{05) {19958 | 50706 | 0.0564
Berberls valgaris, L. . . . . o | 20 | 003 | om2 | o | 01308
Betula alba, DR S 0 237 0.029 0.018 0 0.0972
Brassfca oleracea, L. . ., . . 219 301 , 0.1137
Buxus sempervirens . . , . 0 208 0032 | 0031 | 0 0.0912
},rum‘:.x ;{:I\luzms. L . I.. .o e T) 2‘4\'9! 0042 0.03+ 0 0.0482
uphorbia Cyparissias, . . 5t 0.027 0.018 0 0.0989
Ficuselastica . . . . . . . 0 145 0.023 0019 0 0.1187
Galanthas nivaliz, L « .. 30 55 0.034 0.022 0.0176 | 0.0323
Geranlum Roberdannm. .. — | 207 00i5 | 0.032 0.3156
Helfanthus annuus, L., . 178 325 0.034 | 0023 | 0.107¢ | 0.1995
Hydrangua quercifolia, Bertr. 0 0.020 | 0.019 0 0.1015
llex Cassine . . . . . o 0 212 0.029 | 0.025 0 0.1206
Ju?hns nigra, L . ., . . 0 461 0.024 0018 0 0.1563
Lilium bulbiferum, L. . . . 0 62 0.071 0050 [| 0 0.1751
Maclura aurantiaca, Nutt. . . 0 251 0.022 | 0.018 i 0 0.0695
Mimosa pudica, L. . . . . | 138 | soz | o000 {000 | o.0164 | 0.002
0.018 0.008 1=
Morasalba, L. . . . , . [] 480 {0.029 {0_‘,‘“ [} 0.0347
Nymph®a alba, L.. . . , . 460 0 | 0.026 | 0.022 | 02070
PinusStrobus, L. . . . . . | 142 o | 005t | 002 01945
Pinus sylveutris « o o » 50 71 I 0.034 | 0.023 | 0.0307 | 0.0436
Pisurm satlvum, L . . .. 101 2186 |, 0.024 | 0.017 | 0.0323 | 0 061
Pittosporum Tobira, Alt) P 0 382 0031 0.027 0 0.2494
Populus dilatata, Ait. . . . | 6 | 20 | {008 lg;gg} 0.0363 | 0.1471
Ribes auream, Pursh . . . . 0 148 0.036 | 0025 | 0 0.1025
Secale cercale, L. . - 25 || 0.051 | 0029 [\ 0 | 0029
Sequola gigantea \yonng plunta) 0 &2 |1 0.053 | 0.033 0 0.1434
Silene fnflata, Sm. . . . ke 166 || 0.033 [ 0.021 | 0.0386 | 0 0905
Solanum Dulcamara . . . . | 60 | 263 || 002 | 0014 | 00130 | 0.0607
Stellaria medis, Sm. . . , . 128 — 0.020 | 0026 | 0.0758
%;rlnga vulguris, L. _. .. 0 330 J 002 | 0018 1’ 0 0.1162
inca minor, L . 0 477 o 0.029 0.018 0 0.1961
Vinca minor, var. varlegnls . 0 408 || 0.024 [ 0.016 l 0 0.1223
Zea Mals, L. . . . . 94 188 | 0037 | 002 ‘ 0.0792 | 0.1332
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52

240. Asappears from
the following figures, the
first stage in the devel-
6pment of an ordinary
stoma is the separation
of a part of an epider-
mal cell by means of a
vertical partition, thus
forming the mother-cell
of the stoma. This
next divides by a verti-
cal plane which soon
exhibits a narrow chink.

The cells thus slightly separated at their common wall may

by subsequent growth
bring about changes
in the relations of the
neighboring cells.

In Sedum, as shown
by Strasburger, there
are preparatory divi-
sions in different di-
rections, while in
some monocotyledons
there are simultaneous
divisions in contigu-
ous epidermal cells.

241. Stomata are
not present, at least

in a perfect form, in any submerged plant. In aquatics with

F16. 52. Vertical section of stoma of Hyacinthus orfentalis. (Strasburger.)
- "¥6.53a, b, c. Three stages in the development of the stomata of Sedum spurlum.

$1g. 53¢ shows the narrow slit made by the neighboring epidermal cells. (Strasburger.)
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floating leaves they are confined to the upper surhce of the
Jeaf. T he leaves of certain plants, as those of monocoty ledons %
and those which take a vertical po- N «,
sition, have them in nearly cqual >
numbers on the two sides; but in
most cases the number on the under
exceeds that on the upper surface,
as will be seen from the table on
page 71.  As regards the approxi-
wate number on leaves of average
size in some of our common plants,
the following figures may be of
interest : —

Nymphea . . . . . « « . . . 7,650,000

Brassicaolerncea . . . . . . . 11,540,000
Helianthus anpuus . . . . . . . 13,000,000

242. Water-pores. Directly over the extremities of the fibres
of the framework of many green leaves are found apertures in

the epidermis which have no true guardian cells,! but which
closely resemble ordinary stomata in most other respects. Owing

1 That is, the bordering cells do not close under external influences.

F16. 54. Vertical section of stoina of Sedam spurium. (Strasburger.)

F1G. 55. Water-pores in leaf of Rochea coccinea. The left-hand tigure shows both
an ordinary stoma (Lhic lower one) anid a water-pore (the upper), as seen on upper surfaco
of leaf. The right-band figure shiows the structure displayed by a vertical section. (Van
Tieghom.)
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to the fact that their cavity answering to the intercellular space
of a stoma is often filled with water instead of air, these have
been called water-pores. At certain times liquid water passes
through these pores, collecting at the opening and sometimes
leaving there, upon evaporation, slight incrustations of calcie
carbonate. Water-pores assume different forms and vary much
in size. Good examples are afforded by many Aroidea, by the
teeth of the leaves in some species of Fuchsia, the leaf-margins
in Tropaolum, etc.!

Small rifts of nearly the same shape can be found in certain
grasses ; but in these the aperture comes from a mechanical rup-
ture,” and the underlying structure is very simple.?

CORK.

243. This protective tissue is formed beneath and replaces
epidermis in the older superficial parts of plants; it also con-
stitutes the films by which wounds are healed. Only the inner
layers of cork-tissue possess cellular activity, those which lie
outside of themn having perished : the former contain protoplasm
and arc capable of cell-division; the latter contain air, and
occasionally small clusters of crystals. The inner, active, and
growing layers are known as cork meristem, cork cambium, or
Phellogen ; the outer, produced from this and no longer living,
make up the bulk of the outer bark, and are ordinarily called
cork. Although the older cork-tissues must be further described
in Chapter II1., under ¢ Bark,” their clements may be conven-
iently treated of now in connection with the cells which produce
them.

244. Origin. Cork may avise from several different sources,
the principal of which are the following: (1) from division of
cells in the epidermis (¢. g., specics of Pyrus, Salix, Viburnum,
etc.) ; (2) more commonly from underlying parenchyma, in a few
cases even from that which occurs in the inner bark (the bast
parenchyma), as in Vitis and Spirzea; (3) from parenchyma at
injured surfaces, as in the healing of wounds.

245. It is normally produced upon the stems and roots of
flowering plants, especially dicotyledons. Its cells are generally

1 For a full account of water-pores, se¢ de Bary's Anatomie, p. 54, and
Jahrb. konigl. botan. Garten, Berlin, 1883,

2 De Bary : Anatomie, p. 57.

8 Gardiner : Proceedings Camb. Phil. Soc., 1883.
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formed by the division of the mother-cell into two tabular cells, by
a partitiou parallel to the surface of the organ. In most cases
the outer cell becomes

cork, while the inner re-

tains its power of division

and in turn produces new

cells. But with the first

appearance of the cork-

layer a change takes place

in all layers lying to the

outside of it: they are cut

off from nutritive supplies

and soon die. The con-

tinuous layers of cork are

called, collectively, Peri-

derm, a name restricted

by Mohl to tough cork in

distinction from soft cork,

but now employed with a

wider signification.

246. Cork meristem
gives rise to successive
layers of cork-cells: if the
new layers differ much 6
from the preceding in the
shape and size of their cells, an appearance of stratification
naturally results. Cork meristem may, in exceptional instances,
produce on its inner side permanent parenchyma, the cells of
which contain chlorophyll; these green layers are called Phel-
loderm, and arc observed well in the beech, willow, etc. (see
Chapter I1L.).

247. Cork-cells are tabular, or sometimes cubical, and with
few exceptions have no intercellular spaces. In the case of very
flat cells which cohere more firmly laterally than in the line of
the radius, the cork-tissue may be readily separated in films or
sheets.

248. The walls of older cork-cells are cutinized or suberized
throughout. The demonstration of cellulose in cork-cells is not
possible unless the cells have been first acted on by solvents,

F1G. 56. Formation of cork in a branch of Ribes nigrum, one year old; part of trans-
verse section: R, hailr; e, epllermis; pr, cortical parenchyma, somewhat distorted;
K, the total prodact of the phellogen c; k, cork-cells; pd, phelloderm; b, bust-cells.
(8acha.)
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such as caustic potash, and the like. But sometimes the cell-
wall seems to be completely changed into cork-substance,

249. Cork-substance behaves towards reagents in nearly all
respects as cutin does (see 157).
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250. Cells which have been completely suberized can be sepa-
rated from each other Ly the gradual action of Schulze’s macer-
ating solution.}

251. The color of cork-cells is not dependent upon the amount
of the change of the wall into cork-substance. The walls of the
cells in some species of willow are colorless, while those in other
species are distinctly yellow ; and yet the former have been as
thoroughly changed into cork-substance as the latter.

II. Cells of the Fibro-vascular System,— Prosenchyma in the
widest sense.

252. The cells and modified cells of this system constitute
the framework of a plant. In a few of the higher and in many
of the lower plants it is barely if at all developed, the entire
structure consisting, in such cases, of a mass of parenchyma
covered by epidermis. DBut in most plants it exists as a skeleton

1 This fact has led to the belief that there exists in such cases an interme-
diate plate which differs in its character from the rest of the cell-wall ; but
prolonged action of the same reagent, especially with warming, causes the cells
to Lreak down and ultimately form a disorganized mass.

Fi16. 57. Formation of cork and secondary cortex in Betulaverrucnsa. 4, B, C, D,
succensive stages; 1, first layer of secondary cortex; 2, layer which divides in B, to give
outslile the first layer of curk (shown in C), and a layer, 3, within, which again divides
in D, (Sanio.)
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bringing all parts into closer relations, and strengthening the
whole.

253. The cells are normally of considerable length in pro-
portion to the transverse diameter, and are generally more or
less sharply pointed (prosenchyma proper). The most impor-
tant of the modified cells belonging to this system unite to form
long rows in which the terminal partitions are necarly or quite
obliterated, throwing the cavities into one, and thus forming a
cylinder, termed a duct. Between proper prosenchyma cells
and ducts there are numerous connecting forms which render
impossible any attempt at classifying them exactly.!

Associated with these cells, but differing in some important
particulars, are cribrose and latex cclls, which for convenience
are here to receive separate treatment.

254. Before developing the provisional classification given
on page 59, attention must first be directed to the peculiar
transitional forms constantly et with, which belong as much
to parenchyma as to prosenchyma, but are more conveniently
examined in connection with the associated wood-elements.

Chief among these intermediate forms must be mentioned
those of which Fig. 58, No. 9, may be taken as a represen-
tative. Here the whole structural element is isolated as an
elongated combination of three cells, one of which has flattened
ends, while the other two, attached to thesc ends, have their
free extremities pointed. In spite of their form, such cells are
usually described as wood-parenchyma cells. When their walls
are thicker, they are not easily distinguishable from septate
libriform cells (see 263).

255. The forms shown in Fig. 59, No. 19, are common in
the wood of many plants, notably the oaks. They are vela-
tively small, have rather blunt extremities and thin walls, They
occur with these characters especially in the autumnal wood of
the oaks (see 395), while in the spring wood they are apt to

! For the satisfactory study of the relations of the elements of prosenchyma,
very thin sections are necessary; but for the examination of the clements them-
.selves, recourse to some process of maceration, by which they can be isolated,
is always desirable. In general, there is nothing preferable to Schulze's solu-
tion in any strength adapted to the special case; it must be remembered that
the' slow action of-a dilute solution gives better results than the more rapid
action of a concentrated one. If the section to be examined is first subjected to
the action of the macerating solution of proper strength and then thoroughly
washed, it can be dissected at pleasure under a high power of a simple lens.
This method is always to be preferred to the ordinary one of disintegrating the
whole specimen and obtaining a confused mass of separated cells.
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pass over into the variety shown in Fig. 59, No. 18. The latter
are known as ** conjugate cells.”

PROSENCHYMA PROPER.

256. Typlcal wood-ceils. These are best illustrated by elon-
gated, often pointed cells, of which good examples are found in
the cambium layer (that is, the layer of merismatic or formative

\vicennia sp. 1. Wood-parenchyma
2, 3, 4. Conjugate wood-parenchyma
8 of spirally striated libriform fibres
a duct. 8-12. Tectonn grandis; the
wool-parenchyma cells. 9. Ordinary
1. Simple libriform fibre. 12. Sep-
conjugate substitute fibres seen in
order not to confuse the diagram.
1A Manihot. 38. Tangentisl section
medullary ray of the same plant.
-section through a part of a young
1, 42 Cross-sections through young
)
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tissue just under the bark of dicotyledonous plants). Their
walls are thin, and at first nearly or quite free from pits or
other markings.

They grade into three constantly recurring forms; namely,
(1) parenchyma (see 254) ; (2) attenuated forms, often so slen-

SNy
S ot

N

\\
N\

N

AR

AN
-\\\‘N“.\E\\\E\\\'

der as to deserve the name of fibres; (3) forms with peculiar
markings at most points of contact, and thus much resembling
ducts or vessels.

F1G. 69. Drawings of wood-elements. 13. Tracheld from Tectona grandis. 14-'8.
Porlieria hygrometrica. 14. Conjugate sabstitute fibres seen in transverse section.
16. Ordinary substitute fibre afler maceration. 17, 18. Conjugate sulsatitute fibres
after maceration. 19-22. Cytisus Laburnum; the elements separated by maceration.
19. Wood-parenchyma fibre. 20. Substitute fibre. 21. Simple libriform fibre. 22. Tra-
cheld. 23. Cross-section through the cambium and youngest wood of Cytisus Labur-
num. 24-23. Ducts from Mahonia Aquifolium. 24. After maceration. 25. Longitudinal
section. 26-31. Ducts from Hieracinm, separated by maceration; showing the ex-
tremity only. 32-34. Ducts from Onorpordon acanthium, separa‘ed by maceration,
35. Spirally marked duct from Vitis vinifera, after macerstion. 36. Libriform fibre
from Jatropha Manihot. (Sanio.)
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257. The drawings of wood-elements represented in Figs. 58
and 59 arc from Sanio’s work, and are given with his nomen-
clature. The cells figured in Nos. 10 and 16, termed by Sanio
substitute fibres (German, Ersatzfasern), answer well to the type
of prosenchyma. When these cells are much reduced in calibre,
they are known as libriform fibres.

258. Ordinary prosenchyma cells usually have simple pits, but
no true spirals. The pits may be round, and of the same size as
those on the ducts with which they may be in contact, but some-
times they are elongated slits, and run obliquely, as shown in
Fig. 59. If two of thesc cells are in contact, processes may
extend from one cell to corresponding protrusions in the other,
and thus one cell is united with the next. By careful macera-
dion such cells can he separated, and then each appears to have
one or more rows of square teeth or short tubes. It sometimes
happens that the wall at the end of these intrusive tubes is
broken down, thus allowing free communication between the
cells.

Good examples of substitution cells are to be found in the
wood of Magnolia, Liriodendron, many Leguminoss, etc. They
are not so common, however, as conjugate parenchyma cells (see
Fig. 58).

259. Woody fibres are of two chief classes: (1) those in
which the narrowed cavity is continuous throughout the whole
length, and (2) those which have partitions dividing it (sep-
tate fibres).

The first class has been again divided into two groups depend-
ing upon the presence of starch, but the division is not wholly
satisfactory. The first group comprises all those fibres which
have a trace of protoplasm, while those of the second have also
more or less starch, and generally some tannin.

All of these woody fibres resemble the bast-fibres of the inner
bark ot dicotyledons so closely that they have been well called
libriform. They are described by Sanio, from whose paper on
the subject most of these names are taken, as being always
spindle or fibre-form, relatively strongly thickened, and occa-
sionally furnished with bordered pits which somewhat resemble
those of vasiform clements (264), but are smaller and less
clearly defined. They never have true spiral markings, and
very seldom any spiral striation. They contain during the
periods of rest of vegetation in winter more or less starch,
and perhaps some chlorophyll and tannin, but at other times
-only air. '
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260. The unseptate fibres, the true libriform cells, are only
sparingly pitted, except in a few species like Oleander, where
they are pitted on both the radial and tangential walls. The
pits are generally clongated and oblique, and according to Sanio
always running from left to right.

261. The cell-wall of these fibres is always lignified, and pre-
sents three layers; and in some instaunces there is also a layer
which is plainly gelatinous, e. g., in Betula and Alnus. These
gelatinized fibres are not found in all of the annual rings, nor
in all parts of even one ring.

262. Libriform cells are variable in length in different plants;
some of the shortest occurring in Daphne Mezercum, .14 mm.,
and the longer in Avicennia, 2 mm. In all cases they arc the
longest elements in the mass of wood. They are generally sim-
ple, but occasionally branched cells are met with, as in Tilia and
Cladrastis. They are somectimes irregularly grouped together,
sometimes radially arranged. Species of Magnolia exhibit the
latter, Ulmus the former, mode of arrangement.

263. Septate libriform cells have sometimes been confounded
with wood-parenchyma; but Sanio points out the following
distinctive characters: (1) they are always thicker walled;
(2) they have oblique slits, while wood-parenchyma has only
roundish pits; (3) they become septate only after the thicken-
ing has progressed to some extent, while in wood-parenchyma
the divisions begin before the cambium cells! from which it is
derived have begun to thicken.

Septate libriform cells are less common than any other woody
element; examples, however, are not rare in Vitis, Hedera,
and Rubus.

264. Vasiform clements. Neither of the two forms already
considered — namely, typical wood-cells and woody fibres — has
distinctive spiral markings or true bordered pits (that is, dis-
coid markings) ; but another important class of wood-clements,
of which mention must next be made, is characterized by such
thickenings.

265. To this class of clements it is difficult to give any
satisfactory name. They have been collectively termed vascu-
lar, but a large part of them are comparatively short and closed,
and cannot be properly known as ducts or vessels; the name
Tracheal (or Tracheary), more widcly employed, is open to

- 1 The immediate derivatives from the cambium, which are partly fomned
woody fibres, have been termed cambium fibres (Sanio : Bot. Zeit., 1863).
6
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the objection that while it is a significant term when applied to
trachea-like bodies (ducts) it is a misnomer when applied to an
elongated cell wholly free from annular or spiral markings.

266. 'Tracheal cells are of two chief kinds: (1) those which
are closed throughout, — at least until a very late stage of devel-
opment; (2) those formed by rows of cells wbich lose their
intervening partitions, and hence are thrown into a long canal,
or vessel. The former are known as 7racheids,’ the latter as
Trachee ; for which terms may be substituted the following,
applicable in nearly all cases, — Wood-cell and Duct.

The distinctive markings of tracheids and trachese arc hordered
pits, or discoid markings, and various thickenings of which the
spiral may be taken as an example.

Tracheids and trachez further agree in the following point:
when complete, the protopiasmic mass disappears, leaving gen-
erally no trace. The cavity is filled in a few cases with watery
fluid, in some with water and air, but in most with air alone.
Occasionally other matters may be found in the traches, for in-
stance, latex ; but these are so exceptional as to need no further
mention at this point.

267. Vasiform wood-cells, or tracheids, are clongated and taper-
ing cells, more or less lignified, and having peculiar markings,
the principal kinds of which, although previously referred to in
133, require a more extended treatment here.

268. Bordered pits, called also areolated dots and discoid mark-
ings, are very common, especially in wood of gymnosperms,
where they form a characteristic feature both in fossil and

1 But the term fracheid, as usnally understood, is applied to wood-cells with
peculiar markings, next to be described.

The following measurements by Sanio show the difference between the length
of some tracheids and the libriform celis in the same plant : —

Tracheids. Libriform cells.
Rhamnus catharticus . . . . . . . .28mm. .52 mm.
Asculus Hippocastanum. . . . . . .26 * 43
Daphne Mezereum . . . . . . . .13 ¢ 21 ¢
Ribes rubrum . . . . . . . . . .49 ¢ 47 ¢

Where, however, the tracheids alone are present, they are sometimmes much
longer ; for instance, in Staphylea pinnata, 1 mm., and in Philadelphus coro-
narius, .85 mm.

According to Sanin, the bordered pits of ducts are the same as those of the
tracheids, as regards size, form, and usually as regards frequency.

Qccasionally tracheids are found which are plainly septate. It thus appears
that éhe tracheids form a gradation between true ducts and libriform cells with
bordered pits. .
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recent plants. When the wood in a pine stem is cut radially,
the flattened sides of the wood-cells exhibit the dotted appear-
ance seen in Fig. 60. The number and mode of distribution of
the markings in the wood-
cells or tracheids of Co- a
niferee are so nearly con-
stant, that they may be
used with considerable
certainty in the discrimi-
nation of a few genera.
269. In a transverse
section of the mature tra-
cheids the discoid mark-
ings are plainly seen to
be pits having an arched
border or incomplete

dome, and it is also c

seen that the thin spot

or pit is common to L%W
two contiguous cells.

Hence the two domes, ®

being on opposite sides of a partition-wall, have a lens shape,
and the central perforations are nearly or exactly opposite each
other (Fig. 62). Even in the same speci-
men the bordered pits vary within com-
paratively narrow limits both as regards
the size of the disc and that of the central
aperture.

The two domes making up a single dis-
coid marking are at first separated by a
delicate plate of unequal thickness; but
later this middle lamella may be broken
down, and then a free passage extends
from one cell to the other.

The character of the domes and the mid-
dle plate can be understood from the ac-
companying figures of sections of the stem of Pinus sylvestris
(Figs. 62 and 63). According to Sanio, the sections should be
boiled in acetic acid, in order to remove all cell-contents.

62

F16. 60. Areolated or disciform markings of the woml-cells (tracheids) of Pinus
Laricio: a, aspect of radial walls; b, a transverse section; c, development of the
markings in Pinus sylvestris. (Sanio.)

Fi0s. 61 and 62. Pinus sylvestris, Trausversc sections of nearly perfect and perfect
discold narkings. (Strasburger.)
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- The cambium-cells and the youngest tracheids have uniform
and smooth walls, but in those next older there appear thin
spots, which are well defined above
and below, but not on the sides, for
here they grade off into the thicker
part of the wall. 1In the cells which
are still older the thin places take the
shape of discoid mnarkings, and are
clearly seen in any radial view. Com-
parison of radial with transverse sec-
tions shows that at the margins of the
thin places a portion of the wall ex-
tcnds as a slight projection upwards,
and partly over the spot. In the more
mature form the thin place is still re-
tained as a delicate plate separating
the two cells, but casily broken down
perbaps in further growth.

270. Scalariform markings (see
134) are especially abundant in ferns.
The bordered pits are much elongated,
and appear as clefts with only narrow
portions of the wall between them
(Fig. 64 7). They often follow each
other with as much regularity as the
‘“rounds” of a ladder, whence the name (from scalaria, —a
flight of steps). They are more commonly found in

DUCTS.

271. Ducts, or Traches, are variously marked by pits, and
by the thickenings described in Chapter I. Some of the more
common forms of dots are shown in Fig. 64.

Spiral, annular, and reticulated markings are all formed by
the thickening of parts of the wall by which narrow lines or
bands are produced on the inner surface. In these cases the
portions of the wall which are not thickened are often of extreme
tenuity, and break upon slight pressure or strain, permitting the
spiral to uncoil or the rings to separate (Fig. 64, s 8').

272, Spiral markings. The number of threads or narrow
bands varies from one to fifteen or even twenty, the latter in the
petioles of Musa.! They wind, as a rule, from right to left;

1 De Bary: Vergleichende Anatomie, 1877, p. 163.

Fi1G. G3. Pinus rylvestris. Cross-scction through the cambium and young wood-cells.
(Strasburger.)
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but, according to Moll, from left to right in a few plants. Thus
in the wood of Vitis vinifera, Berberis vulgaris, and some others,
they run from left to right in the ducts first formed, but in the
reverse direction in those which are produced later. And by
interruption of the spiral it may have two directions in the
same duct, as in those of Cucurbita.! The steepness of the

” ’ 1

64

spiral depends in part on the age of the cell, or vessel, — at least
in some cases. According to Mohl, ¢t if the vessel is developed
in an organ which has already completed its longitudinal growth,
the turns of the-spiral lie close together; but if the organ under-
goes elongation after the completion of the development of the
vessel, the turns of the fibre are drawn far apart by the stretch-
ing which the vessel suffers: consequently very loosely wound
spiral vessels arc usually found in the posterior first-formed por-
tion of the vascular bundle nearest to the pith, while those lying
nearest the bark have close convolutions.”?

273. Annalar and reticulated markings have been regarded as
mechanical modifications of spirals, and it is true that inter-
mediate forms exist between these types. For instance, tightly
wound spirals are nearly annular, and in some cases there are
threads which run either vertically or obliquely from one part of
a spiral to the contiguous thread. But even in the youngest
states of some ducts the markings appear as rings or as a net-

1 Mohl: Vermischte Schriften, 1845, pp. 287, 321, Ueber den Bau der
Ringgzefdsse. -

2 Mohl: Vegetable Cell, Eng. Trans., 1852, p. 19.

F1a. 64. Vertical radial section of hypocotyl of Ricinus communis, illustrating differ-

ent markings of ducts; ¢’ ¢, pitted; [, scalariform; s’ s, spiral, the spirals beginning to
uncofl. (Sachs.)



86 MORPHOLOGY OF THE CELL.

work. While, therefore, they may and probably do have a
common origin with spirals, it is not necessary to assume, nor is
it probable, that they have resulted from mechanical displace-
ments of them. The relative positions of the separate rings
may be explained in the same way as the steepness of the
spirals.?

274. Cases are met with, in which projections from the wall
may extend nearly or quite across the cell-cavity, somewhat after
the manner of beams. Such cross-beam cells or ducts are called
trabecular. A good example can be found in some of the tracheids
of the leaf of Juniperus communis.?

1 «The notion was extensively held that the spiral fibre could not follow
the expansion which the vessel underwent during its growth, and tore up into
fragments which were again united into rings, and thus brought about the
formation of annular vessels. Completely as this idea, which was a contradic-
tion to all observation, had been refuted by Moldenhawer, it remained a stand-
ing article in all phytotomical writings up to Meyen's Physiologie” (Mohl :
Vegetable Cell, p. 21).

2 De Bary : Vergleichende Anatomie, p. 171.

The following measurements of wood-cells and ducts are given by Wies-
ner (Die Rohstoffe des Pflanzenreiches, 1873, p. 525) : —

Average dlameter of wood-cells.
RhusCotinus . . . . . . . « . . « « « . Tom
Lonicera Xylosteon . . . . . . . . . . . . 98¢

SalixCapreea . . . . . . . . . . . . . . 10«
Viburnum Lantana . . . . . . . . . . . . 220
Alnus glutinosa . . . . . . . . . . . . . 250
Fraxinus excelsior . . . . . . . . . . . . 28.0°¢
Average (diameter of ducts.
Hematoxylon Campechianum . . . . . . . . . 112a;
Ceesalpinia Sappan . . . . . . . . . . . . 120
Ochroms Lagopus. . . . . « « « « + « . . 140¢
Fraxinus excelsior. . . . . « . .« . . . . . 140
Ulmus campestris « « « . « « .« « « « . . . 158
Tectona grandis . . « « + .« o & o . . . . 160
Juglansregia . . . . o« .« o« . oo . . 0. . . 220

Caryaalba...............2{8“
Quercussp.. . . . « « + + « . - . . 200to300

The ducts in the foregoing examples are so large that in cross-section
they can easily be seen by the naked eye. The following are considerably
smaller: —

Tilia sp. . . e e e e s e e e s 6B0p
Acer sp. . . e P S
Alnus sp. . . . . [ (
Rhus Cotinus . N . 80 «

Betulasp. . . . . . ... . . . . . . . . 8
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275. Tyloses. If a cell still growing is in contact with a duct
at one or more of its perforations, the cell may intrude into the
cavity of the duct, and to a considerable extent. Such intrusive
growths are known as Tyloses (German, Thyllen).

If the intrusive portion of the tylosis further multiplies, pro-
ducing new cells, the cavity of the duct may contain a confused
mass of irregular cells of various shapes and sizes. Such masses
are often found in the ducts of Quercus alba, Q. castanea, Q. ma-
crocarpa, Q. tinctoria, Q. virens, Castanea vesca, Carva alba,
C. oliveeformis, C. amara, Juglans nigra, Sassafras officinalis,
Morus rubra, Maclura aurantiaca, and Robinia Pseudacacia. In
the latter they are especially striking.!

BAST-FIBRES (LIBER-FIBRES).

(Sclerenchyma of many recent German authors.)

276. The name bast was originally given to the inner bark of
the linden (bass-wood), and hence originated its use as a prefix
in *¢ bast-matting,” etc.; the name liber was applied in a more
general way, namely, to any smooth inner bark (upon which one
could write). That which imparts strength to inner bark, mak-
ing it of use in the arts, consists of long and tough cells with
very much reduced calibre; but these arc not confined by any
means to inner bark. Owing to this fact, some have thought best
to abandon the terms bast and liber for such cells, and adopt,
on account of their firmness, a term formerly given to grit-cells,
namely, sclerenchyma; the older terms, however, are not likely
to lead to confusion, whereas the other might. It is in the bark
of dicotyledons that liber-cells or liber-fibres occur most abun-
dantly.

Their prevailing shape is that of a slender spindle, which may
taper simply, or may be somewhat forked at the extremity.

The following can be seen only under a lens : —

Euonymus Europreus. . . . . . . . . . . . 205
Fagussp. . . . . . . . . . . . ., .. . 928«
Crategussp. . . . . . . . . . .. . .. 3¢«
Ligustrumsp. . . . . . . . . . . . . . . 8¢

Pyrus communis . . 40

1 Mr. P. H. Dudley, who communicates some of the names in this list, adds
in his note : *‘So far I have never found any tyloses in ducts with scalariform
markings.”
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Ocecasionally fibres which are very much branched are met 1th,
notably in the leaves of Camellia, for instance common tea ; see
Fig. 68. Generally the walls are thickened unevenly, even form-
ing conspicuous projections into the cavity of the cell; while
some fibres have regular and characteristic markings, a few

S

. Ga
5%

of which are shown in Fig. 65. Septate forms are occasionally
found. The change in the character of the cell-wall which ac-
companies the thickening is essentially lignitication, like that
observed in wood-cclls and ducts. It is generally said that the
walls of liber-cells are less brittle than those of the elements
of wood, and this is commonly so; but therc are some flexible
wood-elements, and there are, on the other hand, some very
brittle fibres of sclerenchyma. The thickening of the wall in
liber-cells takes place not only in different degrees, but with va-
riations in the amount of infiltration of foreign matters, which
give rise to differences in the behavior of the fibres with reagents.
In a few cases the inuer part of the wall is somewhat gelatinous

d
65

F1G6. 65. Fragments of some of the more common bast-fibres used in the arts. 392,

a, Flax. Linum nsitatissimum. (Wiesner )
b, Hemp. Cannabis sativa. (Schacht))

¢, Jute, Corchorus capsularia. (Wiesner.)
d, China-grass, Behmeria nivea. .
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and possesses the power of swelling in water and in dilute acids
(compare Collenchyma) ; in some others the outer part of the wall
is gelatinous, while the inner is hard. Morus alba, Gleditschia
triacanthos, and Robinia Pseudacacia are examples of the first,
Astragalus falcatus of the second, condition (Sanio).

277. One of the most striking characters of the bast-fibres of
many plants is the abundance of crystals found therein. Ex-
cellent examples are afforded by the inner bark of some of our
ligneous plants (294).

— ]

{

68 67 68

278. The firm attachment of fibres to those above and those
below them has given rise to erroncous idcas relative to the
length of single fibres, as the table on the following page shows.!

By careful management it is possible to isolate a connected
thread of fibres of great length ; the value of fibres for textile
purposes depends largely upon this fact.

1 The table on page 90 has been compiled from data given by Wiesner and
also by Vetillart, which are here rearranged for greater convenience of refer-
ence.

F1a. 66. Fibre of Agave Americana: a and b, 42 ; ¢, 2}°. Only the upper part of
each fibre is shown in the left-haud tigures. The right-hand figure shows a cross section
of a group of cells.

Fia6. 67. Fibro of Coir (Cocos nucifera): a and ¢, %°; b, 21°. a shows three separate
‘nl(llj. complete fibres, b, the upper part of a single one, c, a cross-section of a group of
cel

Fia. 68. Transverse section through leaf of Camecllia (Thea) virldis, showing:
a, epidermis, b, branched liber-cell; d, ofl-drop; e, crystals. (Mirbel.)
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III Cribrose-cells, Bieve-cells, or Sieve-tubes.

279. In the inner bark of stems of dicotyledons with normal
structure certain long cells of peculiar character are found as-

sociated with bast-fibres. They
are of tubular or prismatic form,
and are characterized by the pres-
ence of circumscribed panels in
the walls, in which are numerous
fine perforations permitting com-
munication between contiguous
cells. The panels are known as
sieve-plates ; the perforations, as
sieve-pores. Thesc cells consti-
tute an essential, though by no

70

means always a conspicuous, element of fibro-vascular bundles.
.

Taken collectively,
they may be known
as cribriform tissue.
By their union end to
end they appear like
long tubes with the
continuity interrupted
here and there by cross
partitions. These par-
titions which separate
the individual cells
are sometimes nearly
horizontal, but more
generally oblique, as
shown in the annexed
figures where they
mostly cut the lateral
wall of the cell at a
sharp angle.

280. The walls of
cribrose-cells are
never lignified ; on
the contrary, they are

F1G. 69. Pinus sylvestris. Face view of radial wall containing two cribrose-plates

wiolly deprived of callus. s, (Janczewski )

F10.70. Pinussylvestris. Radial wall of a young tube, face view. The future cri-
brose-plates are composed of callus-cylinders, filling the meshes of o cellulose network.

188 (Jancsewski.)

FiG. 7). Cribrosocells in Vitis vinifera: A, transverse anastomosis of two cribrose-
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very soft and colorless. Owing to their yielding character, it is
not easy to make satisfactory sections for their demonstration,
from fresh material ; it is better
to keep the material in alcohol
for a while, or to dry it care-
fully, as Russow advises. All
sections, to show the sieve-cells,

2 73

must be very thin. The following measurements of single large
cells given by de Bary serve to indicate their wide range in size :

Length, mm, Transverse diameter, mm.
Cucurbita Pepo . . . . .370-450 . . . .045
Calamus Rotang . . . . 2.000 . . . .030-.050
Potamogeton natans . . .275 ... .025
Vitis vinifera. . . . . .6 .o

281. The sieve-plates occur at the points of contact of sieve-
cells. They are always found at the ends of the cells, and may

iter state. B, Lranching of
icross a medultary ray, show-
at the septa is in its winter

angential section (beginning
e-cells, the oblique as well as
face of one septum, however,
/8. (De Bary.)

ng termainal sleve-plates at
Sachs.)



SIEVE-PLATES. 93

likewise appear upon the lateral walls. When the terminal par-
titions are horizontal, or nearly so, they are cross-plates, the
whole partition forming one plate ; but on very oblique ends the
plates may be separated and lie in one or more rows. The plates on
the walls are smaller and irregularly distributed. On parts of the
wall contiguous to cells of any other kind there
may be dots; there is yet some doubt as to
whether they are perforations.
The diameter of the sieve-pores is given by

Mol as not far from 2 p; but although some
are even 5 p in diameter, the forwmer figure is
too high for the average.

282. That which
is characteristic
of sieve-plates, in
distinction from
groups of perfo-
rations elsewhere
found, is a thick-
ening mass, of
bluish lustre and
apparently homo-
geneous struc-
ture, known tech-
nically as the
callus. It is best
shown at the ter-
minal plates, es-
pecially after the
application of a
solution of iodine
which turns it
yellow, and makes u L
it more sharply defined. In concentrated sulphuric acid and in
the strong alkalies this mass swells up so as to be several times
its original size; and in the former it soon dissolves, leaving
only slender threads in its place. The character of the callus

Fi10. 74. Pinus sylvestris. Transverse section acrosa four entirely passive tubes,
which are somewhat compressed laterally, 35, (Janczewski.)

F16. 75. Pinus sylvestris. Terminal partition. A tube inserted upon the radial
wall. The pores of the terminal partition are filled with warty callus, In the midst of
which the cellulose network may alwaye be scen; in the pore of the radial wall the
callus is completely smooth and round. Tangential section. 1’a%, (Janczewski.)
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varies with the age of the cell and with the time of year, as
shown in the figures.

283. Anilin blue is the best pigment for bringing out the
form of the callus clearly. If, as Russow! recommends, its use
be supplemented by that of Schulze’s iodide, the callus may be
seen to be made up of at least two portions, distinguished Ly
the depth of color. In young and active cribrose-cells the callus
usually appears to be a gelatinous layer on each side of the sieve-
plate ; in most old cells it is no longer seen.

284. Contents of the cells. In the younger and active state
just referred to, the cells contain a watery liquid which holds
more or less granular matter, and the walls are lined by a delicate
film of protoplasmic substance. That the callus is also of a pro-
toplasmic nature is not clear, although some of its reactions
suggest this. It frequently contains minute granules of starch,
which sometimes give a bluish-brown color with iodine, like
starch which has been acted on by diastase. Russow thinks that
a ferment is present in the cells in their active state. When
old, most cells lose not only the callus but also the greater part
of their other contents. In active cells there are frequently
found very small but brilliant globules which are albuminoidal.
All the contents above mentioned vary within certain limits at
different periods of the year.

285. The sieve-cells of thé higher cryptogams have been
shown hy Janczewski? to be nearly if not quite imperforate at
all seasons. In gymnosperms, they pass through two periods:
the first, or the evolutive, in which the plates produce the callus,
the cells themselves containing parietal protoplasm ; the second,
or passive, stage, in which the protoplasm disappears entirely,
and comnunication between the contiguous cells occurs. In
monocotyledons and dicotyledons the cells have four periods;
namely, the evolutive, the active, the transitory, and the passive.

IV. Latex-cells, Latex-tubes.

286. Certain plants when wounded exude a milky juice known
as latex. They belong to widely separated orders; for instance,
to Papaveracere, Campanulacese, Asclepiadacese, Urticaces, etc.

The cells in which latex occurs are characterized by a soft-
ness of cell-wall which renders them easily compressible ; hence,

1 Annales des Sc. nat. bot., sér. 6, tome xiv., p. 167.
2 Annales des Sc. nat. bot., sér. 6, tome xiv., p. 50.



bounded by turgescent
tissues, their contents
readily escape through

any incision.
Latex-cclls are not
restricted to any one
organ of the plant, but
may, and generally do,
occur in all parts, and
may be associated with
more than one tissue-
system. They are, how-
ever, usually found in
parenchyma, and run in
the same general direc-
tion as the tibro-vascular
bundles near which they
lie.
a

ki

LATEX-CELLS.

b

Fia.
tubes.

Fio.
Chelidonium majus.

(Weiss.)

(De Bary))

77. Latex-tubes composed of confluent cells: a,

96

76

For convenience, they may be divided into the simple and

the complex.

287. The simple
forms are  single
cells, which may be
much and variously
branched. Subse-
quent to the devel-
opment of one of
these cells in a plant,
and when it has ex-
tended its ramifica-
tions throughout the
different organs, a
new cell may inde-
pendently give risc to
new branchings, and
to a new system, some
of the Dbranches of
the two cells perhaps
becoming  confluent.
Good examples of the
simple forms are af-

76. Longitudinal section through a sepal of Chelidonjum majus, showing latex-

in the root; b, in the stem of
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forded by the following orders, — Asclepiadaces, Apocynaces,
and Euphorbiaceze.

The complex forms consist of rows of cells which coalesce to
form a latex-system. The individual cells may have their parti-
tion-walls broken down very early, a mere vestige of them remain-
ing; or the partitions may be simply perforated, so as to allow a
free communication between contiguous cells. Moreover, the
confluent cells may be conjoined laterally, thus constituting a
complicated network which runs through the plant.

288. Occasionally roundish groups of perforations resembling
in a few particulars those of sieve-plates are found in the latex-
cells of Papaver and some Cichoracew ; but they are coarser and
more irregular, and are devoid of the peculiar sieve-plate struc-
ture. Morcover, no true intermediate forms have been proved
to exist between the two kinds.!

289. The wall of a latex-cell is often very thin, and free from
any markings; but with even slight increase of thickness, stria-
tions and stratification make their appearance, projections may
extend into the cavity of the cell, or even spirals may be present.
In character, the cell-wall possesses many of the peculiarities of
collenchyma, especially iu its behavior with jodine.

290. That the cells contain a protoplasmic lining is highly
probable, but this has not yet been satisfactorily demonstrated.
The liquid in the cells consists of granular matters suspended in
a watery fluid, and imparting to it a milky appearance. Often
the color of the liquid is yellow, as in Argemone, or orange, as in
Chelidonium. The watery fluid contains in solution sugar, guns,
resins, traces of albuminoid matters, and various principles, for
instance, alkaloids (like morphia), and organic acids.

The suspended matters are of minute size, with the excep-
tion of peculiar forms of starch-granules. When perforation
is made in the latex-system of a turgescent stem, these granules
can be seen to move towards the point of injury. The same
movement can be observed when the pressure on one part of
the stem is materially increased ; and hence arose the erroncous
belief that there is a circulation of latex.?

291. Upon exposure to the air latex coagulates, and forms
upon drying a sticky, elastic mass, which in some plants is suffi-
ciently abundant to furnish the india-rubber of commerce.

1D. H. Seott: On the development of articulated laticiferous vessels.
Journ. Mic. Science, 1882, p. 144. An interesting account is also given by
de Bary, from notes by Schmalhausen, Vergleichende Anatomie, p. 205.

2 Schultz : Die Cyklose des Lebenssaftes in den PHanzen, 1841, p. 282.
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RECEPTACLES FOR SECRETIONS.

292. Individual cells (idioblasts) may differ greatly from their
neighbors as respects their contents. Such cells may be well
named after their characteristic contents ; as crystal-cells, resin-
cells, mucilage-cells, tannin-cells, ete.

293. They vary much in shape and size. Frequently they are
not readily distinguishable from their immediate neighbors by
anything except their contents. In other cases, however, they
may assume forms widely different from those of the cells around
them, and may also Le distinguished by their size. They are
often 8o associated together as to form ** glands.”

294. Crystal-cells. These sometimes, as de Bary points out,
curiously resemble the shape of the crystal or groups of crystals

b

ke

which they contain. Thus globular clusters are generally con-
tained in spherical cells, elongated prisms in clongated cells
(as in Quillaja). *“In many trees each cambium-cell (as it
develops into a bast-fibre) may be divided by diagonal partitions
into numerous (20 to 30) chambers, the height of which is about
the same as the width, and each is filled Ly a crystal or a small
cluster. In this case the general outline of the original cambium-
cell remains unaltered, and the whole row of compartments may
be isolated as a chambered fibre.”! The bast-cells containing
crystals have been already noticed.

295. Resin-cells. In a large number of plants soft viscid
substances are present, which exude when the tissues are
wounded. They may be roughly classed into (1) Balsams, in
which resinous matter is mixed with a considerable proportion of

1 De Bary : Vergleichende Anatomie, p. 145.

F10. 78. Crystal-cells: a, froin the petiole of Begonia manicata; b, a cell with raph-
ides, from Lemna trisulca; c, from Phallus caninus, (Kny.)

7
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one or more essential oils, forming a thickish liquid ; (2) Resins,
which have comparatively little esseutial oil commingled, and are
of various grades of hardness; (3) Gum-resins, or resins hav-
ing more or less mucilaginous or gummy matters. To the latter
class are sometimes referred
the products left by the drying

al

of many milky juices (latex); of such, caoutchouc is an ex-
ample. All the foregoing substances may be found in single
cells, which are of very diverse forins.

296. Roundish cells of this character are found in the Mag-
noliacese and some Composite, etc. Long cells are to be de-
t~otoq in some Liliace®, ete., and they are connected by many

nediate forms with resin-ducts arising from the confluence
veral cells. On the other hand, they pass by various gra-
ns into structures which are generally referred to the latex-

79. Transverse rection through the leaf of Psoralea hirta; the epidermis con-
of one layer with some of the tissue shown on both sides of the gland: A4, very
stute in which the secretion is not yet present; B, somewhat older, secretion
ncing; € mature state. (De Bary.)

80. A “ gland” in Dictamnus Fraxinella : A, B, early stages; C, mature state;
mother-cells of the gland-tissue; d, the covering layer forming a continuation of
dermis; o, a large drop of oil. (Rauter.)
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INTERCELLULAR SPACLS. ; ‘Q’é@ 9 7.
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system. [o this system should perhaps be referred also numer- e

ous cases of pigment-cells, like those in the roots of inadder and -
rhubarb ; also the peculiar bodies seen in the periphery of the "<~
pith of Sambucus, and the milk-sacs of some species of Acer. \o
297. Muciluge-cells are larger than the surrounding cells, and N o
sometinies closely resemble intercellular spaces filled with muci- h
laginous matter. In some instances the mucilage is distinctly
referable to changes in the contents of the cell, in others to &
disorganization of a portion of the wall, while in still others
both scarces may be recognized.!
298. Cells containing tannin in very large amount arc fre-
quently met with, but theyv do not call for special remnark.
299. Resins and the like are found not only in single cells
but als) in spaces formed by the Lreaking down of the interven-
ing walls of cell-clusters of various shapes; hence various forms
of recnotacles for thesc substances may be looked for.

INTERCELLULAR SPACES.

300. The walls of cells still capable of division are generally in
unbroken contact ; but as differentiation goes on they may be-
come separated more or
less by unequal growth
or by a breaking down
of intermediate cells.?
The intercellular spaces
thus formed may be mere
chinks, or they may be-
come chambers of large
size. They may con-
tain merely air, or air
and watery sap, or most
of the matters described
in the previous sections.

Air-spaces in the
looser tissues of plants
are geuerally so con-

! The details of this subject can be found in Priugs. Jahrb., v. 161 (Frank),
and Annales des Sc. nat., sér. 6, tome i. p. 176 (Prillicux).

2 The first mode of development of intercellular spaces has been termed
schizogenic, the latter lysigenic ; moreover, a distinction may Le made between
those intercellular spaces which are formed when the tissues begin to differen-
tiate, — protogenic, — and those formed in older tissues, — hysterogenic.

F10. 8L Transverse rection througl the stem of Elatinc Alsinastrum, showing large
iatercellular spaces, &, containing air. (Reinke.)
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nected throughout the plant, and communicate so directly with
the stomata, that they constitute an apparatus for bringing the
interior of the structure into close relations with the outer air.
Sometimes the aggregate volume of the air-spaces is very large
in proportion to the volume occupied by the cells themselves.?

In composition, the air within the plant usually differs from
that of the atmosphere in containing a larger proportion of
nitrogen. If the air-spaces are much smaller than the cells
which surround them, they are termed interstices; if about as
large as the cells, lacune ; if conspicuously larger, air-passages
or air-chambers. Two chiel forms of lacuns are distinguished
by de Bary; namely, cavities surrounded by cells which are
more or less branched, and those surrounded by plates of cells.
Good examples of the former are afforded by many water-plants,
rushes and the like; of the latter, by the stems of many Aracez,
for instance, Acorus Calamus.

801. The continuity of the larger air-passages may be inter-
rupted by plates crossing at an angle (generally slightly obligue).
Such dividing plates, termed diaphragms, are frequently com-
plicated in their structure.

302. Hairs, sometimes much branched, are found in the larger
air-passages of many plants. These form the stellate structures
in the Nympheeacese, and the ¢ II-like” cells in some Aracese.

303. Intercellular spaces, usually those of small size, may
contain water together with air. This is the case in the cavities
under the water-pores of Fuchsia, etc.

804. When intercellular spaces contain resins, oils, and the
like, they constitute, together with the simple cells deseribed in
293, the structures looscly called internal glands. Often these
are merely irregular spaces left by the breaking down of one or

1 The following measurements are taken from Unger (Sitzungsb. d. Wiener
Akad., xii. 873).

WY
Y volume ol r
Name of plant. Parts examined. in 1000 parts
of the plant.
Paspalum setaceum. Four leaves with their sheatls. 68
Muxa sapientum. Piece of the leat-stalk, 480
Nicotiana Tabacum, Leaf with leaf-stalk, 256
Brassica Rapa. Leaf with leat-stalk. 175
Bogonia manicata, One leaf with its stalk. 66
Camellia Japonica Two leaves with thelr stalks. 224
Prunus Laurocerasus. One leaf with its stalk. 219
Aucuba Japonica. One leaf with its stalk. 273
Ardisia crenulata, Four leaves with short stalks. 220
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more cells, but they sometimes have a remarkable regularity of
form and clearness of outline.

It has been observed that these spaces filled with resinous and
other matters are not, as a rule, met with in the plants which are
provided with the simpler receptacles, consisting of single cells
or small groups. De Bary classifies these resin-passages and

spaces as follows: (1) those passages which contain mucilage
and gums, as those in the Cycads, species of Canna, Opuntia,
and some Araliace®; (2) resin-canals and cavities containing
resins, ethereal oils, emulsions of resinous gums, etc., variable in
quality in different cases; a, passages or canals, as those in
Coniferee, Alismaces, Aroidese, the tubuli-lowered Composite,
Umbelliferse, Araliace®, Anacardiacese ; b, short cavities, as in
species of Hypericum and the true Rutacese, many species of
Oxalis and Myrtacez, and some species of Lysimachia. The
cells which surround the more complete cavities are so different
from the neighboring parenchyma that they have been termed,
collectively, the epithelium of the spaces.

It is not fully known in what way the various resinous and
mucilaginous matters are produced in the cavities. In sowme
instances, at least, the matters appear at a very early stage of
the development of the cells which are afterwards broken down
to form the cavity. The special cases, like those of the Myrta-
cew®, in which the cavitics contain oil, are best for purposes of
study, because they are so frequently to be found in the thinnest
leaves, and at an carly stage of development.

F16. 82. Transverse soction of part of leaf of Pinus Laricio, showing a resin-passage,
HC. (Kny.)



CHAPTER III

MINUTE STRUCTURE AND DEVELOPMENT OF THE ROOT,
STEM, AND LEAF OF PHZENOGAMOUS PLANTS.

GENERAL CONSIDERATIONS.

805. THE tissue elements, described in the preceding chapter,
are arranged in various ways to form and conunect the organs of
the plant. If elements of the saine kind are united, they consti-
tute a tissue, to which is given the name of those elements ; thus
parenchyma cells form parenchyma tissue or simnply parenchyma ;
cork-cells form cork, etc. A tissue can therefore be defined as
a fabric of united cells which have had a common origin and
have obeyed a common law of growth.

Tissues are united to form syst-ms; systems, to form organs.

306. In nearly all plants with which the present treatise deals
there is somne kind of framework consisting mainly of the more
elongated cells and ducts. This framework runs throughout
the cntire organism. It is surrounded by parenchyma, in which
other tissue elements may also occur; the epidermis in some of
its modifications covers the whole.

307. The three chief systems found in plants are, therefore,
the fascicular, the cellular, and the epidermal; and these corre-
spond in a general way to three classes of functions. In the
cellular system arc found the active cells by which assimilation,
the proper work of the plant, is effected ; the fascicular system is
largely conductive, and serves also important mechanical ends ;
the epidermal system brings the assimilative apparatus of the
plant into safe relations with the surroundings.

No discussion of the cellular and epidermal systems, iutro-
ductory to a special consideration of them as they occur in the
different organs, is needed ; but some general statements relative
to the fascicular system will obviate repetitions later.

308. The fascicular system, in its most complete development,
comprises the following tissue elements, which occur in very
different proportions in different cases, — prosenchyma in the
widest sense, including wood-cells of all kinds, ducts, fibres, and
cribrose-cells ; together with some commingled parenchyma. With
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the exception of the parenchyma, all thesc elements are clongated
and are arranged in various sorts of fascicles or bundles, whence
the name, the fascicular system. Since fibres and vessels play
such an important part in the composition of this system, it has
been also called the fibro-vascular system, and the bundles, fibro-
vascular bundles.

309. When reduced to its lowest terms, a fibro-vascular bun-
dle consists of two tissuc elements, namely, cribrose-cells and
tracheal cells, the latter being sometines replaced either wholly
or in part by ducts.

310. The two elements are usually associated with some
parenchyma and with a considerable proportion of long bast-

83

fibres ; but, while preserving a general uniformity of structure
throughout, a bundle may become considerably changed in com-
position during its course. This is well shown by comparing
scctions taken at some distance from each other; for instance,

F1G. 83 Longitudinal radial section of a collateral fibrowascular bundle, from the
stem of a dicotyledon : b—i, woord ; i—n, liber; the wood comprises, b, & narrow annular
duct. ¢, wider spiral duct, d, a duct with reptum, e, woody parenchvma, /, woodly fibre,
g, wide duct with areolated pits, A, septate woody fibres; the liber compriscs, n, liber-
fibres, m, short parenchyma, {, cribrose-cells, i, cambium, &, long purenchyma or cam-
biform. (Kny.)
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one made in the middle of the course of a bundle with one near
its extremity.

311. The cribrose part of the bundle may also be termed its
liber-portion or bast-portion ; the tracheal, its woody portion.
These terms are not liable to be confounded with any others,
since it is with the cribrose portion that the well-known bast-
fibres or liber-fibres are associated, while it is in the tracheal
portion that all the constituents of wood are found.

312. For the first term (bast-portion), Nigeli has introduced
the word Phloém ; for the sccond (wood-portion), Xylem. In
this treatise these terms will be used interchangeably with the
others. But the woody portion of a bundle is sometimes very
far from being conspicuously lignified, and the bast-portion may
be much reduced.

313. The three principal ways in which the elements of bun-
dles are arranged are: 1. A single strand of liber has one side
in contact with a single strand of wood, the two running side by
side, — the collateral bundle. This mode of arrangement is com-
mon in the stems of phenogams. A variety of the collateral
bundle has a strand of liber on each side of the wood, or, con-
versely, a strand of wood on each side of the liber, — the bicollat-
eral bundle. 2. The strands of liber and wood are in different
radii, — the radial bundie. This is the most common mode of
arrangement in roots. 3. A strand of onc element is wholly en-
veloped by the other element, —the concentric bundle. These
modes of arrangement will be further discussed under ‘¢ Roots ”
and ** Stems.”

314. The bundles are surrounded by parenchyma ; but this is
very frequently limited at the periphery of the bundle by a cylin-
der formed of closely united parvenchyma cells, which contain
cousiderable starch. The endodermis is a special case of this
structure, in which the cells are more or less distinctly cutinized.
When this enveloping cylinder is well defined, it is known as the
bundle-sheath.!

315. At first, each bundle consists of similar cells (procam-
bium), some of which differentiate into fibres, vessels, etc.
Bundles in which all the procambium cells become permanent
cells are closed ; those which retain an inner portion (cambium)
capable of further differentiation are open.

nstances it is convenient to refer to the same strue-
t-cells which are found at one side of the bundle;
mined from the point of view of development, espe-
yptogams are taken into account, presents so many
iere left without further treatment.
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816. As regards the course of the bundles through the plant,
it is sufficient to note here that they are variously combined in the
different organs, sometimes forming compact masses of tissues,
and at others running as slender and delicate isolated threads.

317. It has been seen in 201 that meristem is the nascent
state of any tissue, and that it may multiply as such, or frst
become differentiated
into elongated forms
(cambium). For con-
venience of reference,
the meristem at the
growing-points of the
axis of the plant is
given special names :

Dermatogen,  the

layer of nascent epi-

dermnis ; Periblem, &

the layer of nascent cortex just beneath the epidermis ; Plerom,
the cylinder or shaft of nascent fascicles. The cells from which
these primordial layers or masses of nascent tissues arise are
known as initial cells.!

The initial cells produce primordial layers or masses of tissues ;
by their further development the primordial layers or masses
give rise to the early distinctive tissues of an organ. The tis-
sues thus early formed constitute the primary structure of the
plant.

318. In the further growth of an organ, especially in plants
which are to live mnore than a single year, or which have a well-
defined period of rest, remarkable changes may take place in its
structure, especially by the introduction of new elements. Such
changes are known as secondary, and give rise to the secondary
structure of the organ. From the nature of the case, it is imn-
possible to draw a sharp line between the primary and secondary
structure ; but the division is nevertheless useful in the exami-
nation of the minute anatomy of the plant.

1 Haustein: Die Scheitelzellgruppe im Vegetationspunkt der Phanerogamen,
1868 ; also in Botanische Abhandlungen, 1871, p. 3.

The distinction between meristem proper and cambium is insisted on by
Nigeli in his Beitriige (1858).

Fic. 84 Longitudinal section through the middle of the root-tip of the embryo of
Pontederia cordata. The lower initial cells produce the cap. ¢; the middle. the nascent
cortex, ec; the upper, the nascent central cylinder, ce. The nascent epldermis, ep, of
the stem is continuexl down to the cap; s, the point to which the susg was attached
In other terms, cc is the plerom, ec, periblem, ep, dermatogen. (Flahault.)
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MINUTE STRUCTURE OF THE ROOT.

THE ROOT.

PriMARY STRUCTURE.

319. It was stated in Vol.
1., p. 27, that the root, or
descending axis, ¢ normally
begins in germination at the
root-cnd of the caulicle, or
so-called radicle; but that
roots soon proceed, or may
proceed, from other parts of
the stem, when this is favor-
ably situated for their pro-
duction.”

320. A longitudinal sec-
tion through the tip of a
germinating radicle exhibits

only parenchyma cells. Slight

[P R .
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Thus in most cases the group composing the point of growth
consists of three kinds of superposed cells, so arranged in layers
that cach gives risc to a determinate portion of the forming
root: (1) the outer or lower layer, to the root-cap and the rest of
the epidermis; (2) the middle, to the cells which are immediately
under the epidermis, — the cortex ; (3) the inuner or upper layer,
to the central cylinder. But in some plants? there are more
than three layers of initial cells (e. g., Sparganium, Raphanus,
etc.), while in others there are less than three (e. g., only one in
Cucurbitacese, two in Triticum).

322. The Root-cap. The growing-points of nascent roots origi-
nate just below the surface of the organ whence they proceed ;
hence roots are said to be formed endogenously. In emerging,
they rupture the layer of tissue hy which they had been covered,
but are from the first protected at the end by a thicker or thinner
mass of parenchyma, — the root-cap.?

323. It does not always have the same origin, as will be scen
by the notes,® nor has it the same shape and size in all plants.

1 Janczewski (Ann. des Sc. nat., sér. 5, tome xx., 1874) describes six types
of development of the tissues of the root : —

1. Four distinct layers of meristem ; namely, Plerom, Periblem, Dermato-
gen, and Calyptrogen ; e. g., /{ydrocharis.

2. A distinet Plerom and Calyptrogen, but the Periblem and Dermatogen
have initial cells in common ; e. g., Graminea.

3. A distinct Plerom; the Periblem, Dermatogen, and Calyptrogen have
common initial cells ; e. g., Iridacce.

4. A distinct Plerom and Periblem ; the Dermatogen and Calyptrogen have
commnion initial cells ; e. g., Helianthus annwus.

5. All four layers have common initial cells ; ¢. g., Phascolus and Pisum.

6. Only a distiuct Plerom and Periblem ; therefore there is neither true
epidermis nor root-cap, since these are formed simply by outer layers of the
Periblem ; e. g., Gymnospermee.

Treub (1876) and Eriksson (1878) distinguish seven types.

2 According to Olivier, a part of the tissue thus broken through by the
advancing radicle of grasses remains at its base, as the coleorhiza, while the
rest becomes the root-cap (Ann. des Sc. nat., sér 6, tome xi., 1881, p. 19).

3 According to Flahault (Recherches sur I'accroissement terminal de la racine
chez les Phanérogames, Ann. des Sc. nat., sér. 6, tome vi., 1878), who bases his
opinion on an examination of three hundred and fifty species of Phanogams,
the terminal growth of the root may be referred to two structural types which
are characteristic of monocotyledons and dicotyledons.

In monocotyledons the epidermis is generally formed by the initial cells of
the cortex. The epidermis never gives rise to a root-cap ; the root-cap once
formed is continually renewed by the activity of its internal layers. In dicoty-
ledons, on the other hand, the epidermis is almost always independent of the
cortex ; the root-cap is continually renewed by the activity of the cortex and
epidermis.
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Roots which grow in the earth seldom have it much developed ;
but in many aquatics it becomes of large size, though it is always
thin. In some species of Pontederia the cap envelops the root
for the length of half a centimeter; but it is free
at its upper part, and is in contact with the root
only at its very tip. The roots of Typhaces
and Lemnacea exhibit nearly the same struc-
ture. The cap consists in these cases of only
one or two layers of thin-walled cells.

The aerial roots of some plants have large
root-caps composed of firm-walled cells. This
is well shown in Pandanus, where the cap con-
sists of many layers of cutinized cells. The
cap in all cases exfoliates on its exterior, and
is as constantly renewed by the cells within.
Nearly all of its cells contain starch-granules
in abundance.

824, The peripheral tissue in the rootlet does
not always have the same origin ; it may in some
cases be regarded as true epidermis, in others as
the outermost portion of the cortical parenchyma. In the vast
majority of cases this young superficial tissue is furnished with
root-hairs ; it is therefore designated the piliferous layer.?

325. The piliferous layer has no intercellular spaces (a few
cases of aerial roots of Orchids excepted). The hairs are con-
fined to a narrow zone a short distance behind the tip, although
in Triglochin they have been found on the edges of the cap,
and in Philodendron very near its edge. When first formed
they have delicate transparent walls, and are filled with pro-
toplasm. By the advance of the growing-point and with the
formation of new hairs, the older become less active, their walls
thicken and turn brown, their contents disappear, and they fall
off, generally leaving a nearly glabrous surface.

326. The hairs are generally simple, but in the adventitious
roots of some Bromeliaces ? compound hairs are also found.

Branched hairs arc seen on the roots of Saxifraga sarmentosa,
Brassica Napus, cte.

87

1 Olivier (Ann. des Sc. nat., sér. 6, tome xi., 1881, p. 19), according to whom
it is never homologous with the epidermis of the stem (p. 28).

2 Jorgensen, Botanisk Tidsskrift, 1878, p. 144.

Fia. 87. Scedling of Sinapis alba, showing root-hairs.

Fia. 88. Secedling of same, showing the mauner in which fine particles of earth cling
to the root-liairs. (Sachs.)
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827. Root-hairs are best obtained for study by cultivating
seedlings on moist glass, or with the rootlets in water. It is well
to compare the forms thus obtained with those found on roots of
the same plant grown in loam, sand, fine clay, etc. Masters has
shown that the develop-
ment of the hairs is fa-
vored by many conditions,
such as porosity of the
soil, moisture, etc.; and
this fact should be borne
in mind in the examina-
tion of the root-hairs of
any plant.

328. The walls of root-
hairs are only slightly cu-
tinized, but there is a great
difference in this respect
in different plants.

329. The cells of the
superficial layver of the
rootlet, other than those
with hairs, are more or
less cutinized, the degree
of infiltration depending
upon their age. In some
cases (e. g., Asphodelus) the thickening is very considerable.

330. On a few plants! no root-hairs have been detected, as
Crocus sativus, Cicuta virosa, Abies pectinata and many other
gymnosperins.

331. Roots of orchids. The newer parts of the aerial roots
of Orchids have an epidermis consisting of nearly spherical
tracheids, which, except sometimes in the outermost layers, co-
here without intercellular spaces. The walls of these cells are
colorless, though in mass they may have a silvery lustre, and
when immersed in water they soon Lecome sufficiently trans-
parent to permit the subjacent green tissue to be seen.?

1 Duchartre (Kléments de Botanique, 1867, p. 214) cites other plants.

See also a valuable paper by Schwarz in Untersuchungen aus dem bot.
Inst., Tiibingen, 1882.

2 According to Leitgeb, the old roots of Vanda furva are green because their
tracheids contain minute Alge (De Bary, Vergl. Anat., p. 238).

F16. 89. Root-hairs distorted by contact with the soil. Four in the right-hand upper
enrner, Selaginella; three in lower corner, Trifollum ; the others, Avena. The dark
points Indicate the attached particle of soll. a, a, @, minute prolongations of the cell-
wall. (Sachs.)
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332. Sometimes there are papillar outgrowths from these tra-
cheids, which are to be regarded as root-hairs. They occur
chiefly on younger parts of the roots which are in contact with
3 moist support, or which are kept wet. They cling tenaciously
to moist surfaces, and may become much widened and flattened.?

333. The cortex of different plants varies greatly in thickness
and compactness, and in the thickness of the cell-walls. In

a few cases remarkable lacune are to be seen (e. g., Meny-
anthes).

334. The cells bounding the inner layer of the cortex have the
general characters described under ¢¢ Endodermis ;” their radial
walls are generally morc or less plicate, and there are no inter-
cellular spaces.

335. In the primary cortex of roots all the various kinds
of secreting cells and receptacles for exudations described on
p- 97 may be looked for; but as a rule they are less developed
than in the stem. Collenchyma occurs sometimes in roots;
e. g., Raphidophora.

336. The central cylinder has, at first, a peripheral layer of

1 Leitgeb : Die Luftwurzeln der Orchideen, Wien Akad. Denkschr., xxiv.,
1865, p. 179.

FiG. 90. Transverse section of the central cylinder of a root of a vascular cryptogam
(Marattia levis): e, Internal layer of the proper cortex; p, endodermis; m, peripheral
Jayer of the cylinder; /, liber fascicles; . woody fascicles; ¢, conjunctive parenchyma
(ith and medullary rays). (Van Tieghem.)
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thin-walled cells
in close union
with the endoder-
mis; at certain
points on this lay-
er the woody and
the liber fasci-
cles appear, the
latter alternating
with the former
throughout  the
circle, and the
spaces between
them being filled
with parenchyma.

837. The num-
ber of fibro-vas-
cular bundles in
the central cylin-

der varies accord-
ing to the class of
plants, and in the
same plant accord-
ing to the age and
size of the root.
There arc generally
two in Crucilere,
often three in Er-
vum Lens, four in
Ricinus, five in Vicia
Faba, six in Alnus,
and eight in Fagus;
but these numbers
arc by no means
constant.

338. The woody
part of the bundle
may become re-

F16.91. Transverse section of the central cylinder of a root of a monocotyledon (Colo-
casia antiqnorum) : e, internal layer of the proper cortex; p, endodermis; m. peripheral
layer of the cylinder; /, liber fascicles; v, woody fascicles; ¢, conjunctive parenchyma
(pith and medullary rays). (Van Tieghem.)

F1G.92. Transverse section of the central cylinder of a root of a dicotyledon (Artanthe
elongata) : e, internal layer of the proper cortex; p, endodermis; m, peripheral layer
of the cylinder; /, liber fascicles; », woody fascicle; c, conjunctive parenchyma (pith
and medullary rays). (Van Tieghem.)
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duced to a single duct, as in some Carices, or there may be a
large duct surrounded by smaller ones with or without inter-
vening cells, or many large and small ducts variously conjoined.
Moreover, there are all degrees of compactness in the union of
the different bundles of woody tissue with each other.

339. The cribrose part of the bundle may be reduced to a
single cribrose tube (e. ¢., Anacharis), or two or three (e. g., Pon-
tederia) ; but usually there are many, which may be variously
disposed.

340. Bast-fibres may be associated with the cribrose-cells in
the primary structure of the root, and they may be scattered (and
occasionally with some sclerotic parenchyma) in the cortex. In
Philodendron these scattered groups of bast-fibres frequently
contain oleo-resin canals.

SECONDARY STRUCTURE.

341. The older parts of roots, even the recently forraed por-
tions lying just back of the root-hairs, may undergo changes
either by the alteration
of their existing tissue
elements or by the in-
troduction of new ele-
ments. Soine roots,
however, do not suffer
much change from first
to last. Their cells nay
become more strongly
cutinized or lignified
as the case may be,
but no new elements
are brought in. This
is truc of the roots of
many monocotyledons,
but in dicotyledons the
secondary changes are
generally very marked.
The changes may af-
fect either the cortex or
the central cylinder; in some cases the former more than the
latter.

93

F1G. 93. Section through the centrdl cylinder of a binary root of a vascular cryptogam
(Cyathen medullarin): e, internal layer of the proper cortex;: p, endodermis; m, pe-
ripheral layer of the cylinder; J, liber fascicles; r, woody fascicle; ¢, conjunctive paren-
chyma (pith and meduilary rays). (Van Tieghem.)
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342. In the ecortex, according to Olivier, the secondary tissues
are either parenchymatous or suberous (corky). The secondary
parenchyma of the integument proceeds from the peripheral
layer of the central cylinder. The suberous tissue in gym-
nosperms and in dicotyledons with caducous primary cortex is
derived fromn the pericambial layer; it is composed of tabular
cells with very short radial walls, and begins to form outside
of the primary liber. In the case of woody dicotyledons with
late-formed secondary vessels, and in monocotyledons, it is pro-
duced in the external zone of the cortical parenchyma, and is
composed of cubical cells.

343. In a given species the level of the root where cork ap-
pears depends on the transverse diameter of the root, and also
on the surroundings; in roots of the same size the cork gen-
erally appears earlier, and is more abundant in aerial than in
earth roots.

The cortical parenchyma is renewed by layers of cells just out-
side of the sheath of the central cylinder, and its development is
wholly centrifugal.

344. The central cylinder undergoes its 1nost remarkable
changes as the root grows older, in the group of dicotyledons.
There is very little change, if any, in monocotyledons, but in a
few of the latter some of the secondary changes now to be de-
scribed can be observed (e. g., Dracena).

345. In dicotyledons, including gymnosperms, the thin-walled
cells of the central cylinder are in contact with the inner face of
the endodermis, and are known collectively as the pericambium.
Touching this pericambium like the two ends of a bow, there
runs a mass of delicate cells behind each liber bundle. At the
point where these bows touch the inner face of the liber bundle
a group of cells divides tangentially, forming a cambium layer,
which soon gives rise within to new woody elements (often
coalescent with those of the primary woody bundles), and on the
outside to new liber elements. 'These new productions are
called secondury wood and liber.

346. In some cases — for instance Pinus— the cells of the
pericambium outsicde of the primary woody bundles produce new
wood and new liber. The wood is in contact with the primary
wood, while the liber may serve to connect the bundles of
primary liber, thus bringing about a union more or less com-
plete between similar elements. From these secondary pro-

1 Annales des Sc. nat., sér 6, tome xi., 1881, p. 129.
8
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ductions come, of course, the apparently unbroken rings of liber

and the solid masses of wood in old roots.

If this development
of new wood and
liber in a perennial
dicotyledonous
plant proceeds
uninterruptedly,
there will exist at
the end of the first
year secondary ele-
ments in  large
amount. After a
period of rest, a
perennial root re-
sumes growth at
the points where it
was suspended, and
the formation of
new cork, cortex,

liber, and wood goes on as before, until it receives further
checks. Owing to conditions to be explained later, the charac-

ter of the woody clements is
not the same at the begin-
ning and end of an active
period ; hence there is gen-
erally a clearly defined out-
line bounding the product of
growth of successive years.
347. More or less of the
parenchyma of the original
cylinder may remain in the
form of radial lines or of
bands (medullary rays),
some of the same sort of
tissue may be subsequently
produced from new points of

95
activity, and hence long and short radii will be met with.

F1a. 94. Section through the central cylinder of a binary root of a dicotyledon (Beta
vulgaris): e, internal layer of the proper cortex; p, endodermis; m, peripheral layer of
the cylinder; I, liber fascicles; #, wondy fascicle; ¢, conjunctive parenchyma (pith and

medullary rays.) (Van Tieghem.)

F1G. 95. Section through the central cylinder of a binary root of a monocotyledon
(Allium Cepa): e, internal layer of the proper cortex; p,endadermis; m, peripheral layer
of the cylinder: /, liber fascicles; v, woody fascicle; c, conjunctive purenchyma (pith

and medullary rays). (Van Tieghem.)
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848. The distinction of texture marking the periods of rest
is not clear in the liber, though even here it inay sometimes be
detected. The cork of the root frequently exhibits such dis-
tinction, but never so clearly as does the cork of stems.

349. Itis a familiar fact, that the fleshy roots of many plants —
beets, and the like —cxhibit in the first year from seed concentric
rings, which resemble those found in perennials. This appear-
ance is due, according to de Bary,! to the fact that at an carly
stage of development (when the root is only about half a milli-
meter thick) a new cambium zone is formed in the parenchyma
on the outer part of the central cylinder, and this divides tan-
gentially, extending therefore in a radial direction, producing
woody and liber elements, and at the same time divides laterally,
8o that the whole constitutes a zone hardly broken by the rays.
Soon a second zone is produced in like manner, and afterwards
others. In all these cases the clements are usually not much
lignified, but the whole mass remains succulent.

It happens sometimes that tertiary formations are produced in
the root, bearing somewhat the same relation to the secondary
as these do to the primary. Even formations of higher order
are sometimes met with. But the elements of all of these are
casily identified, and their mutual relations can generally be so
clearly understood that they do not neced special description.
The following enumeration embraces the most important of these
formations : tertiary cork and cortex; fibro-vascular bundles in
secondary cortex; tertiary liber and wood in secondary wood.
Such anomalies are more frequent in the stem.

350. Roots branch by the development of certain cells at the
peripheral layer of the central cylinder, and just in front of the
woody fascicles.?

The root branches only laterally in flowering plants; in the
Lycopodiacea there appears to be terminal bifurcation, and here
each branch shares with its fellow the tissue elements of the root
from which they both come.

1 Vergleichende Anatomie, p. 616.

2 Three types of branching are described by Janczewski: 1. The mother-
cells of this layer (the so-called Rhizogenic cells) most frequently give rise
to all the tissues of the rootlet. 2. They produce only the central cylinder
and cortex, but not the root-cap and piliferous layer, these being furnished by
the endodermis of the root. 3. They produce ounly the central cylinder, the
other tissues coming from the endodermis or from the layers immediately out-
side of it. The subsequent growth of the rootlet both in length and thickness
is like that of the root.
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351. Parasitic roots,’ or thosec which fasten themselves for
nourishment on other plants, are so much modified by the pecul-
iar conditions under which they live, that they require special
mention. Their structure can be best understood by a section
through the root of Cuscuta.

Here there is no central cyvlinder, properly so called, nor is
there anything answering to the root-cap. The cortex is regarded
as reduced
to a pilifer-
ous layer,
since some
of its cells
are pro-
longed to
form a fasci-
cle of long
hairs in inti-
mate contact
with the tis-
sues of the
host  upon
which it has
fastened. In
the centre of
this fascicle of hairs some of the elements are tracheid-like
cells, which are in contact with ducts.

852. The roots of many plants have distinctive colors : in
some the color belongs to the wood (see 402); in others it is
due to the cell-sap: in others, for instance, the common carrot,
to orange-colored crystalline bodies. The crystalline forms
found in the parenchyma of the roots of the carrot are wminute
rhombs, or sometimes rectangular plates to which starch-gran-
ules are attached. They are associated with small quantities
of protoplasmic matter. (See Chapter IV., for an account of
somewhat similar bodies occurring in flowers and fruits.)

353. The roots of the higher Cryptogams (such as Ferns and

1 An exhaustive paper on this subject will be found in Pringsheim’s Jahrb.,
1867 : Ueber den Ban und die Entwicklung der Erniahrungsorgane parasitischer
Phanerogamen, von Hermann Grafen zu Solms-Laubach. Koch's paper is in
Hanstein's botan. Abhandlungen, vol. ii., 1875.

w

F16.96. Vertical soction of an hanatorinm of Cuscuta perforating the host-plant.
7, 9. absorbing hairs : the central cells are thickened at the base, where they are in contact
with the ducts. (Koch)
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their allies) do not differ essentially from those of Phsenogams ;
in most cases, however, the terminal growth, except in the order
Lycopodiaces, is from a single apical cell instead of a group of
cells. The apical cell produces not only the tissue of the body
of the root as it extends in length, but gives rise also to the
superficial cells at the extremity which constitute the root-cap.
Lateral roots start from the interior layer of the cortical paren-
chyma, and not from the pericambium (see 345).

354. The fibro-vascular bundles are concentric (see 313), as
indeed they are in the
stems of most of these
plants; that is, the bast
part surrounds the wood
part, as if with a sheath,
even where the latter part
is rudimentary. There is
a tendency in the root, less
marked than in the stem,
to the production of scle-
rotic cells of a dark color.

The roots of the higher
cryptogams do not materi-
ally increase in thickness
after they are first formed.

355. Proper roots are
not found in Muscinea (the
mosses and hepatics) ; the
absorbing organs here are
more strictly root-hairs.
These arise as papille from
the outer cells, and speedily
develop into tubular and
frequently complex bodies.
They often become
branched in a remarkable
manner, twisting and coil-
ing around one another like the fibres in a thread. They, as
well as the somewhat simpler organs of the same nature, found

in the Thallophytes (such as Algwe, and the like), are termed
Rhizoids.

o7

F1aG. 97. Seedling of Cucurbita Pepo, showing the main root, side roots, and root-
bairs. (Sachs.)
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Neither in Muscinee nor Thallophytes are fibro-vascular bun-
dles found, although in the former the arrangement of elongated
cells sometimes resembles that of the constituents of a simple
fascicle. The root-like bodies by which large sea-weeds cling
to their supports are hold-fasts, rather than true roots; the
whole surface of the plant being bathed in water, all parts can
probably absorb equally well.

THE STEM.

356. That part of the axis of the embryo which is below
the cotyledons is known as the radicle. It is more properly
termed caulicle (that is, stemlet), for its mode of growth is
not like that of the root, but like that of the stem above the
cotyledons. The name radicle should be restricted to that
which is the beginuning of the root, namely, the free end of the
caulicle. The caulicle is termed also the hypocotyledonary stem,
or hypocotyl ; while for the axis which is developed above the
cotyledons, that is, from the plumule, the name epicotyledonary
stem may be used. A large hypocotyl, which has begun to
germinate, displays the structure of the stemn to good advantage ;
but the initial cells and the nascent tissues of the stem must be
sought at an earlicr stage, for instance, in the plumule of a well-
formed embryo, as that of Phascolus or Faba. A vertical section
through the plumule, made transparent by a clearing agent (see
24), shows that the cells have much the same arrangement as in
the root-tip, except that no protective cap is present.

357. The outer layer has divisions only at right angles to the
surface ; it is continuous with the epidermis further back, and
is easily recognizable as nascent epidermis (Dermatogen). En-
closed by this are layers which form an arch, the nascent cortex
(Periblem). This encloses a mass of tissue from which the fas-
cicular system is derived (Plerom). These tissues are essen-
tially the same in character and development as the corresponding
nascent tissues of the root.

358. As the tissue clements develop from these nascent tis-
sues, the stem is produced ; its structure is, however, generally
complicated by the early formation of lateral appendages, — leaves
in some of their modifications. Morcover, the tissues of the
stem are continuous with the tissues of the leaves, and it is there-
fore necessary to take into account the mutual relations of these
two organs. The problem becomes still further complicated, in
a large number of cases, by the production of branches of some
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kind, the tissues of which are of course intimately united with
those of the main axis from which they are given off.!

PriMARY STRUCTURE.

359. In the stem, or ascending axis, the distribution of tissue
elements is similar to that in the descending axis, — the root.
There is a more or less transient epidermis, a cortical substra-
tum, and a central cylinder of some kind.

360. The epidermis of stems presents few peculiarities of
structure beyond those already described in Chapter II. In
most herbaceous plants it persists with little clange, except in
the matter of trichomes, throughout the life of the plant; but
in most ligneous plants it is replaced, often early, by other pro-
tective tissues. Persistent epidermis is found in many woody
and half-woody plants; for instance, Russelia juncea, Leyces-
teria formosa, and Ptelea trifoliata.

In Palms? ¢ the epidermis cxists in old age only in the cane-
like and calamoid stems; in the rest it is more or less destroyed
by the action of the weather. InCalamus it consists of a simple
layer of minute cells elongated in the direction from without
inward, and forms a stony, brittle, shining layer.”

361. The primary cortex® counsists essentially of pareachyma
in which isolated cells of a peculiar character may often be found,
such, for instance, as crystal cells, laticiferous cells, tannin cells,
and the like (see 292); and its intercellular spaces sometimes
serve as receptacles for the various exudations. The paren-
chyma cells generally contain more or less chlorophyll, and some
starch.

362. Immediately beneath the epidermis, and not easily dis-
tingunished from multiple cpidermis, is a portion of the cortex
known as Hypoderma.* It is rarely sclerotic parenchyma, more

! Tn the plumule and other Luds all these parts exist potentially ; and the
sequence of their development can be successfully followed out by the employ-
ment of seeds in different stages of germination, or buds collected on succes-
sive days in spring and preserved at once in alcohol. In all cases care must
be taken to have the date of collection of each specimen recorded in such a
manuer that no confusion can afterwards arise.

2 Mohl: Ray Socicty, Reports and Papers in Botany. The Palm-stem,
Henfrey’s Translation, 1849, p. 14.

3 Vesque (in Ann. des Sc. nat., sér. 6, tome ii., 1875, p. 82) givesa very full
treatment of the subject.

4 The word Hypoderma was introduced by Krauns (Pringsheim’s Jahrb.,
186566, p. 321), to designate the layer of colorless cells under the epidernis
of leaves, ‘‘das Analogon des Rindencollenchyms.” It has since Leen ex-
tended to apply to the external cortex just under the epidermis of stems.
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frequently it is collenchyma. Excellent illustrations of the
latter kind of hypoderma are furnished by most Malvacese and
Labiat:e.

363. Schleiden ! distinguished four types of external cortical
layers in dicotyledonous stems: 1. That existing as a perfectly
closed layer (penetrated in some cases only by small canals
opening into stomata) ; as in most of the Cactacse, Rosa, Begonia,
etc. 2. That divided into many bundles, so that the green cor-
tical parenchyma reaches the epidermis ; e. g., in Malvacea, Sola-
nacea, cetc. 3. That which may be quite distinctly recognized
as a special layer, but still grading into parenchyma at the
borders; e. g., in Pyrus Malus, Hedera, Ficus, etc. 4. That
more completely merging into cortical parenchyma, and therefore
less distinct ; e. g., in Populus, Salix, Sambucus, etc. There are
some plants in which it is not distinguishable ; e. g., in Cheiran-
thus, Mesembryanthemum, ete.

In Papaver and species of Thalictrum the cells of the cortex
next to the epidermis have thin walls, while the zone next to the
central cylinder may be sclerotic.

The inner boundary of the cortex of the stem is, as in the
root, the endodermis. The thin-walled cells just within it form
the peripheral layer of the central cylinder, or shaft.

364. Variations in the cortex consist chiefly in one of the
following modifications: 1. Increase of its layers, sometimes
to an extraordinary extent, and often accompanied, especially
in water-plants, by the formation of large air-bearing intercellular
spaces. The student should examine the peculiar structure of
the cortex at the nodes, in these cases of spongy cortex. 2. It
has Leen previously shown (215) that collenchyma is a common
modification of cortical parenchyma. A variation in structure
reaching the same cnd as collenchyma, namely, strengthening
the stem, is found in a great number of plants: the cortical
parenchyma, especially at the outer part, becoming conspicuously
sclerotic, and the tissue very compact. 3. Fibres may occur in
the cortex, cither isolated or in small fascicles.

365. The primary fibro-vascular bundles of the stem are de-
veloped at definite points in the peripheral layer of the central
cylinder.  Their structural elements, wood and liber, vary as
regards their relative amount, even in the same plant. A given
bundle may and generally does change much during its course,
interlacing here and there with other bundles, and giving off
branches at different points.

1 Principles of Scientific Botany, p. 240.
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When corresponding bundles of plants of different groups are
compared together, some diversities as regards the arrangement
of the wood and liber elements are exhibited ; but most of the
cases can be referred withont difficulty to the class of

366. Collateral bundles (see 313) of the ordinary type ;
namely, those having liber on the external aspect and wood on'
the internal aspect. In some cascs, however, this order may be
exactly reversed ; e.g., in the cortical fascicles of Calycanthacez.
The wood-clements in collateral bundles are gencrally arranged
in radial series; the inner ducts or their equivalents (tracheids)
being more slender and having more closely coiled spiral mark-
ings than those nearer the periphery of the bundle. The radial
series may be in close contact, separated by very thin plates
of parenchyma, or
may have a large
amount of this tis-
sue between them.

In dicotyledons, as

a rule, the ducts

at any given dis-

tance from the cen-

tre of the stem have

a noticecable uni-

formity, so that a

cross-section of

the primary tissue

shows a number of

concentric circles of

ducts of the same

-size.  Sometimes,

however, the ducts

in a radial series

may be reduced to 98

one. In stemns of monocotyledons there is less regularity in the
arrangement of the wood-elements, but there is a substantial
likeness in their structure in any group. They are generally in
the form of a blunt wedge, the apex towards the centre of the
stem, the space between the inclined sides of the wedge being
mostly occupied by small ducts, wood-cells, and fibres.

F10. 98. Transverse section of a collateral fibro-vascular bund'e of the stem of Indian
corn: p, p. conjunctive purenchyma; a, outer face; i, inner fuce of the closed fibro-vis-
calar bundle, which consists of u xylem portion (g, g, two large pitted ducts; s, spirally
thickened dunct; r, isolated ring of an anunlar duct; I, aeriferous lacuna, cansed hy
rplitting resulting from growth) and a pllém portion, r, ». The whole bundle is sur-
rounded by a bundle-sheath of tlick-walled cells. (Sacls.)
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867. The cribrose portion of a collateral bundle often has, in
addition to true cribrose-cells, prismatic, thin-walled cells, known
as cambiform cells.!

368. According to Vichting 2 the cambiform and cribrose cells
appear in some cases to have a common mother-cell, which di-
vides obliquely in the direction of its length. The cambiform
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cells may divide by transverse partitions, and if the cclls are
moderately large the last divisions may be parenchymatous. In
most monocotyledons and dicotyledons the cribrose-cells are much
larger than the cambiform ones, and their cross-sections are distin-
guished by being less sharply quadrangular. In many succulents
there are also very small cells resembling undeveloped cribrose-
cells.

369. The cribrose and woody parts of a collateral bundle are
generally distinguishable from each other by the lignified char-

1 De Bary reserves for these cells the term Camdbiform, which was used by
Nigeli in a wider sense.

3 Beitriige zur Morphologie und Anatomie der Rhipsalideen, Pringsheim's
Jahrb., 1874, p. 327.

F1a. 99. Transverse rection of a part of the central cylinder of the mature hypocoty-
ledonary portion of the stem of Ricinus communis: r, parenchyma of the primary
cortex; m. of the pith; between rand & 18 the ximple endodermis containing starch-
graing; the fibro-vaxcular bundle is made up of the phloém b, y. the xylem g, ¢, and the
cambium ¢, ¢ : cb, interfascicular cambium. In the phio€m are the bast-fibres b, b, the
soft bast y, y (partly parenchyma nud partly cribrozo-tubes); in the xylem, small pitted
ducts ¢, 7, wider pitted ducts g, g, and between themn wood-tibres.  (Sachs.)
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acter of the latter and the softer texture of the former. As has
been before noticed (sec 343), in dicotyledons and gymnosperms
in which there is annual increase in diameter there is a layer
of peculiar merismatic tissue (cambium) between the two parts.
It is generally easy to identify the cells of this cambium layer, on
account of their elongated form and intimate contact with each
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other. Their development gives rise (1) to new cells like them-
selves, (2) to cribrose and (3) to woody elements ; all of which
are to be examined later, under ‘¢ Secondary Structure.”

370. The sheaths of collateral bundles may have the character
of typical endodermis and envelop the single bundles. or may
consist of strands of long fibres (hard bast), which arc on one
side of the cribrose portion, and accompany the hundle through
its whole course in the stem. The strands of fibres frequently
encroach upon the cribrose part of the bundle so much as to be
more or less commingled with it (sec 311).

371. The stem may somectimes have dicollateral bundles cither
(1) with the woody part on the interior as well as on the exterior
aspect (e. g.. Cucurbitace®), or (2) with an envelope of wood
surrounding the liber ; this envelope is seen at the extremities of
the bundle, while the rest of it has the ordinary character (Iris).

372. The bundles of the stem may be concentric (see 313): a

F16. 100. Longitudinal section of a fibro-vascular bundle of Ricinus (the cross section
being shown in Fig. 99): r, cortical parenchyma: ¢s, bundle-sheath; b, bast-fibres;
p. phloém-parenchyma; ¢, cambium (the row of cellz between ¢ and p develops after.
wards into a cribrose-tube); in the xylem portion of the bundle the elements are devel-
oped successively from s to ¢’; s, the first slender and long spiral duct; #’, wide spiral
duct, the spiral band uncoiling; I, duct. thickened partly in a scalariform, partly in
a reticulate manner; A, &', A", R"’, wodcells; . pitted duect; g. absorbed septum;
', pitted duct, still young; in /, ¢, And ¢’ the boundary lines of the adjoining cells which
have been removed are shown in the wall of the ducts; m, parenchyma of the pith.
(8achs.)
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ring of liber may surround the whole of the woody portion, or
the wood may surround the liber. The former of these arrange-
ments is common in the vascular cryptogams (see 354).

373. The pith of the stem consists of parenchyma frequently
intermingled with other structural elements in small amount,?
especially long fibres, woody prosenchyma, and latex-cells.

The parenchyma cells of pith have been classified in the
following manner: (1) active cells, having the office of storing
starch and other assimilated
products for a time; (2) crys-
tal-cells, in which crystals are
formed ; (3) inactive cells,
which, having lost the power
of recciving starch or other
products, remain empty.

These apparently unimpor-
tant distinctions have bheen
shown by Gris 2 to be valuable
in the identification of consid-
erable groups of plants. Pith
composed of active or inactive
cells alone is termed by him
homogencous ; that which con-
tains more or less of both kinds of cells, heterogencous. The
arrangement of the clements in heterogeneous pith is so nearly
constant as to have much interest for the systematist.

374. The medullary rays comprise the conjunctive parenchy-
ma, which lics between the bundles in the stems of normal
dicotyledons. The cells are for the most part much flattened
radially, always so in thosc cases where the bundles are closcly
approximated (sce also 207).

375. The stem develops from the bud by extension of its
internodes. When these have attained a certain length, different
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1 The peenliar structures found occasionally in the periphery of the pith of
Sambucus, and sometimes in the bark, have heen mistaken for fungi, but have
been shown hy Oudemans and by Dippel to be receptacles for a very heteroge-
neous mixture of tannin and other matters (Verh. d. Nat. Vereins d. Preussens,
Rheinlande und Westphalens, 1866, p. 1).

2 A detailed account of the orders of plants examined by Gris will be found
in Nouvelles archives du Muséum, t. vi. fase. 3, 4, p. 201 (9 plates). An extract
from the same is given in Ann. des Se. nat., sér 5, tome xiv., 1872, p. 34.

F1G. 101. Clethra alnifolia. Longitudinal section through the reticulated pith of a

young branch; each active cell contains a nucleus and chlorophyll grains, December.
(Gris.)
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for different stems, and depending often on some external con-
ditions, they do not further elongate; but those tissues of the
internodes by which growth in length has taken place become
gradually firmer, and constitute permanent tissue. It sometimes
happens that the nodes and internodes of the stem are not plainly
distinguishable from each other. This is the case in most palms,
where the growth takes place from the terminal bud alone.

376. Even a cursory examination of the structure of a stem
which has thus unfolded from a bud shows that the number and
the distribution of the bundles have much to do with the number
and the arrangement of the leaves. Comparative investigations’
of large orders of vascular plants have shown that the number
of the bundles of the stem always bears some relation to that of
the leaves at a given portion of the axis, and to the arrange-
ment of the leaves. ¢ The more bundles in a given leaf, and
the greater the number of leaves in a cycle or whorl, the more
numerous will be the bundles in the stem at that level. In
monocotyledons with a large crown of leaves these two condi-
tions are met with, and in these stems arc found the greatest
number of bundles.” 2

377. Course and distribution of the bundles in the stem. In
the internodes, the bundles mostly run parallel to the axis, or in
curves of very long radius; at the nodes, they may interlace
transversely. If a bundle is followed through its course from
below upwards, it will be found to branch at some of the nodes ;
the branch of the bundle going directly into the leaf at that
point, or else passing upwards through other nodes until it
reaches a leaf, the number of nodes traversed varying according
to the kind of plant and the region of the stem.® More than
one branch of the bundle may, however, go to a single leaf.

378. If, now, the course of the bundle be examined from
above downwards, it can be seen that cach leaf contributes its
simple or compound fascicle to the larger bundle with which that
from the leaf sooner or later becomes confluent. The fascicle
from the leaf can frequently be followed down for several inter-
nodes as a separate thread, the so-called foliar trace. 1If such
foliar traces are ncarly isolated in their course, a cross-section
of the stem will give a ground-plan of the leaf-arrangement.
Usually, however, there is much complexity in the distribution

1 Nigeli : Beitrdge zur wissensch. Botanik, 1858, and Hanstein: Prings-
heim’s Jahrb., 1858.

2 Van Tieghem: Traité de Botanique, 1884, p. 746.

8 Van Tieghem : Traité de Botanique, 1884, p. 733.
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of the fascicles, and they
curve considerably mn their
course, so that it is often dif-
ficult to follow the foliar trace
for more than a short dis-
tance. If the stem has alter-
nate leaves, the direction of
the foliar traces will of course
be different from that in a
stem with opposite or verti-
cillate arrangement of the
leaves. The following figures
exhibit the course and dis-
tribution in a few cases: —

In the leafy shoot of Clem-
atis, Fig. 102, the leaves are
opposite and decussate. From
each leaf there descend three
fibro-vascular bundles ; for
instance, at the lower node
there are a, b, ¢,and e, f, d.
The leaves at the node next
above decussate with those
below ; cach of them bas
three fibro-vascular bundles,
respectively, ¢, g, I,
and %, A, m, which
become  somewhat
smaller as they de-
scend to the next
node, where they be-
come blended with
the bundles there.
An examination of
the third node shows
that the two leaves
there contribute bun-
dles to the axial cyl-
inder; there is again
a blending of the bundles at the node below.

ago read

F16. 102. Diagrammatic view of a leafy stem of Clematis, showing the arrangement of
the fibro-vascular bundlexs: a, b, ¢, — ../, d, the fascicles from the lower palr of leaves;
4, g, {,—k, h, m, the fascicles from the second pair of leaves; g, r, s, —p, 8, o0, the
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Both lateral strands of a leaf in such a case as this run down
through one internode, bend outwards at the node below, and
attach themselves to the lateral strands belonging there.

Suppose, now, that a cross-section of the stem of Clematis is
made at the lowest node represented in Fig. 102; all the fibro-
vascular bundles at that point will be seen in their relative posi-
tions, some of them cut squarely off,
others obliquely, according to curves
which they make. A cross-section in
the internode above would show slen-
derer bundles, but all arranged in much
the same manner as in the thicker inter-
node below ; that is, in a circle.!

The circle is made up of fibro-vas-
cular bundles which have an inner por-
tion of wood ; within the circle is paren-
chyma (the pith), and outside of it more
parenchyma (the cortex), which can be
stripped off with the bast-portion of the
central cylinder as bark.

Compare Fig. 102 with Fig. 103. In
the latter, the stem does not exhibit in
cross-section the fibro-vascular bundles
arranged in a circle: they are more or
less scattered ; there is no clearly de-
fined central portion nor well-marked
outer portion free from them. Hence it
cannot be said that such a stem has any
distinction of pith, wood, and bark.

A further distinction may be here
noted ; namely, that the bundles in Fig.
102 have the power of increasing in
thickness, adding new wood and new bast to the primary struc-

(A

103

1 Another feature must be attentively studied ; namely, the relation of the
forming bundles to the young leaves at the upper part of the stem. One may
say the bundles descend from the leaf to the stem, or ascend from the stem to
the leaf. But since the development of the leaf part and the stem part of a
bundle goes on together, these terms, ascend and descend, should be under-
stood to refer to our method of tracing the bundles out, and not to the method
of their development.
fasciclea from the third pair of leaves; z, 7, fascicles of the fourth pair of leaves; g,a, —
v. 8, pairs of undeveloped leaves not as yet having fascicles. The diagram illustrates
both Clematis Viticella and C. Vitalba. (Nigeli.)

F1a. 103. Longitudinal section through the stem of Agpidistra elatior, showing the
curved course of the fibro-vascular bundles in the simplest palin-type. (Falkenberg.)
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ture (sec 390) ; but in Fig. 103 the bundles are closed (see 815),
and incapable of
further increase in

, thickness. Hence

any furthergrowth

in thickness of the
stem shown in

Fig. 103 must be

by the intercala-

tton of new bun-
dles.

379. It was held
by Desfontaines !
that the new vas-
cular bundles in
Palms originate in

1 Quoted by Mohl,
in The Structure of
the Palm-Stem (The
Ray Socicty, Reports
and Papers on Bot-
any; London, 1849).

.4 [ 3

Another illustration
of the arrangement of
fibro-vascular bundles
is here given : —

\ / The stem of the Vi-

a tis vinifera is usually

1 b/ regarded as sympo-

f dial; that is, it is com-
‘1 posed of internodes
belonging to different
axes (sec vol. i. pp. 54
and 154). In this
species of grapevine
two leaves in succes-
sion have a tendril on
the opposite side, then
follows a leaf” without
any tendril, next the
104 sequence of two with

Fia. 104, Diagrammatic projection, showing the digposition of the filiro-vascular bun-
dlox in a leafy shoot of Vitis vinifera,  Each leaf hax five fascicles, which are unsymme
trically arranged: a, b, e, dyec iy ik limy o pogury 8;w eow, oy a, By 8,5 m, 6
8, ¢, x, Euch tendril has three tibro-vascular bundles passing in from the stem, g, ¢, =
the axillary buds have also three, fand n.  (Nigeli.)
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the centre of the stem, and that the hard and thick vascular
bundles, situated at the periphery of the stem, are older than
the softer ones occupying the centre. For stems like those of
Palms he used the term endogenous, giving the name exogenous
to the other class, in which new layers are added to the outside
of the wood. The terms endogenous and exogenous were
adopted by De Candolle, and have played an important part
in Systematic Botany. Comparative researches have shown that
the term endogenous as applied to the growth of stems like
those of Palms is not appropriate, and hence the correlative
words have been generally
abandoned as names of the
two great groups of plants.
They are now generally re-
placed by the words monocoty- 7
ledonous and dicotyledonous
(see Vol. 1. p. 69).

Moreover, it is now gener- v -] o
ally admitted that, although
the distinctions pointed out in
366 — namely, those relating
to the arrangement and course A o]
of the bundles — are valid for
most plants of the two great
groups, monocotyledons and
dicotyledons, they do not hold
for all.

380. Instead of describing )
the numerous exceptions to
both of these groups as ex- e
ceptions, many authors have
cndeavored to construct some
new classification which shall 105
embrace most of the anoma-
lies in one or more co-ordinate divisions. Of these attempted

..

tendrils is resumed.  Every leaf has five fibro-vascular bundles, which are
arranged unsymmetrically, as shown in the figure. The long distance through
which some bundles can run before uniting with any others, and the differences
in structure at the successive nodes, are clearly exhibited in the diagram.

‘Fia. 105. Diagrammatic projection of the dlsposition of the fibro-vascular bundles in
Phaseolus vulgaris. This (liagram, like Fig. 104, superposes two longitudinal sections,
both seen from the axis: @, b, e, d: f, g, hyi: l,m,n,0; q, 7,8 t; w, v,w,.r; the succes-
slve leaf-traces, each with four fascicles. Of the upper leaf-trace, the first two fascicles,
Y, 2, are visible. e, k, k, p, fascicles for the three leaves below. (Nagell.)

v
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classifications only one will be given here, and that only in part
and somewhat rearranged ; namely, de Bary’s: —

I. The palm-type. A cross-sec-
tion of most monocotyledons shows
that the bundles are not arranged
in a simple ring, but that they are
irregularly scattered or more or
less crowded to form a shaft, which

108 107

may be hollow as in most grasses, or filled in the centre with
parenchyma through which scattered bundles run. The periphery
of this cylinder or shaft is not a true bark, nor is the middle a
true pith. In the simple palm-type, all the bundles are leaf-
strands.

II. The dicotyledonous type, in which all the primary bundles
are leaf-trace threads. The bundles are arranged in a simple
circle within which is pith, outside of which is cortex ; medullary

F16. 106. Transverse section through the outer part of the stem of Kunthia mon-
tans, o Palm. (Mohl)

FI1G. 107. Transverso section through the middle part of the stem of Corypha
oerifera, a Palm. (Mohl.)
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rays run between the parenchyma of the pith and that of the
cortex. To this type belong most dicotyledons, Conifers, and
Gnetace (with the exception of Welwitschia!).

III. Anomalous dicotyledons, differing from the last in not
having all their primary buudles arranged in a simple circle.
The extra bundles may either be in the cortex, as in some Mela-
stomacez and Rhipsalideze, or they may lie in the pith either
scattered or arranged in rings, as in Cucurbitaces, the herba-
ceous Berberidacem, species of Papaver, Thalictrum, Amaran-
tus, and Phytolacca, many Nymphaeacese, some Begoniaces, and
a few species of Aralia.

De Bary’s other classes comprise anomalous monocotyledons
and certain higher cryptogams.

381. To make clearer the somewhat complicated structure of
palm-stems which have unfortunately been selected in many text-
books to illustrate the histology of monocotyledons, a few general
statements are now given as introductory to the special treatment
in the note.? That portion of a palm-stem which lies above the
lowest active leaves (better called fronds) is of a conical shape,
is often much elongated, and carries all the new and forming

1 For a description of this interesting plant, and an account of its peculiari-
ties of structure, consult J. D. Hooker on Welwitschia.

2 The exposition by de Bary of the structure of the simpler forms of Palms is
given nearly in full in the translation which follows ;: —

¢ Since the appearance of Mohl's Palmenanatomie, the following main char-
acters have been recognized as belonging to the simple palm-type.

¢¢ All the bundles in the cylinder (with some doubtful and certainly extremely
insignificant exceptions which will be mentioned later) arc leaf-traces. The
base of the leaf includes the whole circumference of the stem, or at any rate
the greater part of it. The leaf-trace is always several threaded : generally it
consists of many threads, in stout stems even of a couple of hundred; its width
is nearly the whole of the circumference of the stalk. From the base of the leaf
the threads curve down into the cylinder, within which they descend, some in
its outer surface and nearly radial and perpendicular, others radial and oblique,
tirst pressing inward toward the long axis of the cylinder in a curve which is
convex towards the upper and inner side of the stem, then curving outward,
and gradually passing towards the outer surface of the cylinder, and in propor-
tion as they approach this, approximating towards a perpendicular position.
All threads descend through many internodes, and unite at last in the outer
portions of the cylinder with others which enter it further down, attaching
themselves to these in a direction which is sometimes tangential, sometimes
radial, and sometimes oblique. Until this attachment of their lower ends, the
bundles run independently. The union of the lower ends of bundles with
others that enter the cylinder lower down generally takes place in such a way
that the whole number of the bundles in successive internodes of equal cir-
cumference remains about the same. As the successive internodes and leaves
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leaves. It is known as the Phyllophore. The newest leaves are
formed nearest the apex of this cone ; and here, as before shown,
all the fibro-vascular bundles common to the leaves and stem origi-
nate. In most cases there is absolutely no increase in thickness
of the stem below the base of this cone; but as the apex of the
cone is devcloped and extends further upwards, thus elongating
the stem, there is also a growth in thickness of the part of the
cone just above its base. Thus a uniform size of the cylindrical
stem is kept. But such increase in thickness cannot continue
below the point at which therc are active leaves.

increase in size, the number of bundles grows larger, and conversely. The
number of internodes through which a bundle passes cannot be fixed with
exactness.,
““Those bundles in a leaf-trace which curve like a bow towards the middle of
a cylinder do not penetrate to equal depths ; as a general thing, the median
bundle of a series lies deepest, and the others lie less deep in proportion to their
distance from this ; the marginal ones descend nearly perpendicularly in the
outer surface of the cylinder. Where there are several series of bundles, those
in the inuer series generally penetrate more deeply than those in the outer
ones which lie at an equal distance from the median thread.
¢“ The necessary consequences of the course described are : first, that in the
cross-section of an internode the bundles stand closer together in proportion as
they are nearer to the outer
\ surface of the cylinder, —
a phenomenon which is
especially noticeable when
the bundles are distributed
\ over the whole surface of

the cross-scction of the
cylinder ; second, the suc-
cessive traces dwindle, and
their curving threads cross
each other. Mohl's cele-
™\ brated plan, which is here
reproduced in Fig. 108, ex-
hibits this latter relation
in a radial longitudinal
section, being based on
~ the untenable assumption
that all the threads of a
trace are nearly equally
curved, and are placed in
a tangentially perpendicu-
lar direction, so that they
form in the outer surface
an open eurving cone. If it

108 1009

Fi1a. 108. Mohl's diagram of the course of the fibro-vascular bundles,
F1G. 109. Diagram of the course of tibro-vascular bundles in a palm-stem with dis-
tichous leaves. (De Bary.)
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382. Branner® has shown that the bundles in Palms do not
end blindly at their lower extremitics upon the surface of the
stem, but that they are conuected in sections or divisions from
base to summit one with another, and one on top of another.
He has further shown that each bundle lies in a spiral curve
within which it grows; and whether it returns to the surface
upon the side in which it originated or upon the opposite side, it
is always in this curve.

383. The structure and development of monocotyledons have
received much attention during the last few years, and the
results obtained have caused some modification of previously
existing classifications. Two of the proposed methods of re-
arrangement are herewith given: —

384. Falkenberg recognizes the three following types of stems
of monocotyledons.

1. The tissue of the central cylinder is not plainly separable
even in its mature state into conjunctive parenchyma and fibro-
vascular bundles. (To this type belong the water-plants,
Zostera, Potamogeton, and probably all submerged monocoty-
ledons.)

II. The bundles and the fundamental tissue are plainly differ-
entiated ; the former extending almost horizontally from the
leaves to the middle of the cylinder, then curving downwards,
running outwards, and finally terminating in the superficial

is assuwed that the leaves alternate with precisely one half divergence, and in-
clude the stem, and that the threads stand tangentially perpendicular, then the
actual course in the stem will be shown in the plan of a radial section through
the median thread of a leaf given in Fig. 109. But the assumption of a radi-
ally perpendicular course is valid only for those bundles which are also tangen-
tially perpendicular. As was first observed by Meneghini, admitted afterwards
by Mohl (Verm. Schriften; p. 160), and more minutely shown by Nigeli, cach
radially curving thread runs also in a tangentially oblique direction, and
in spiral curves which are proportionate to the radial curving. Nigeli found
the median thread of a leaf of Chamsdorea elatior, Mart., for example, making
13 revolutions in six internodes ; in the sixth, it had not, in its outward course,
quite reached the middle point between the centre of the stem and the inner
surface of the bark. In stems with very short internodes and closely crowded
bundles the spiral curves are at once perceptible in the cross-scction, being
plainest in the bundles of the stem of Xanthorrhoea, which press almost hori-
zoutally towards the centre of the stem, this peculiarity giving to its cross-
section the strange appearance which has been frequently mentioned.

‘“ Finally, many variations from that course of a thread which has here been
described as typical may occur: there may be curvings alternately toward
the outside and the inside, etc., which are not constant.”

1 Proceedings of American Philosophical Society, 1884, p. 459.
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layers of the central cylinder. (The Mohl-Mirbel Palm-Type,

illustrated by Asparagus, Iris, Canna, Aspidistra (see Fig. 103),
Acorus, Scirpus, Zea, etc., the
underground parts of Lilium,
Tulipa, ete.).

III. The bundles and the
fundamental tissue are plainly
differentiated ; the bundles run-
ning downwards, and gradually
converging at a point in the
middle of the central cylinder,
here blending with the leaf-
traces of older leaves, without
again curving outwards. (Ex-
amples are afforded by Trades-
cantia, the parts above ground
of Lilium, Tulipa, etc.).

385. Guillard? describes six
types of structure in the stems of

110 monocotyledons which depend
chiefly upon the relations of a central zone (called *‘interme-
diate ) to the fibro-vascular bundles in the remaining portions of
the stem. The classification has no substantial advantage over
that of Falkenberg.

1 These types will be better understood after sone peculiarities in the ter-
minology are explained. By * pith,” in monocotyledons, Guillard means the
central region of parenchyma ; by ‘intermediate zone,” the active zone imme-
diately surrounding the central region ; by ‘‘ cortical zone,” the zone outside
the external circle of bundles and the products of the intermediate zone. The
six types are the following : —

1st Type. No intermediate zone between the pith and cortical zone ;

¢. g., Polygonatum vulgare.

2d Type. An intermediate zone represented by different tissues : —

1. Consisting of cauline bundles ; ¢. g., Iris florentina.

2. Consisting of meristemiform tissue (that is, tissue which produced
from secondary meristem retains the shape but not the activity of
meristem) ; e. g., Chamadorea elatior.

3. Consisting of a fascicular sheath : e. g., Epipactis palustris.

4. Consisting of the three foregoing ; e. g., Acorus Calamus.

8d Type. A single external zone of bundles, with a potential intermediate

zone ; ¢. g., Luzula campestris.

4th Type. Common bundles in two groups : one at the centre of the stem,

the other forming the ordinary circle, separated from the first by a poten-

tial intermediate zone ; e. g., Tradescantia Virginica.

F1G. 110. Distribution of the fibro-vascular bundles in the leaf-shaped branch of
Ruscus hypoglossum. (Ettingshausen.)
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SECONDARY STRUCTURE.

386. It has been noticed that the fibro-vascular bundles of
monocotyledons differ from those of dicotyledons chiefly in the
possession by the latter of a layer of merismatic tissue (cambium)
between the cribrose and woody portions. The stems of peren-
nial dicotyledons increase in thickness from ycar to year chiefly
by the annual production of a new mass of wood upon the in-
side of this layer, and of liber
upon the outside ; but the stems
of most monocotyledons have no
provision for annual increase in
diameter. Hence it is convenient,
in spite of numerous anomalies,
to consider the secondary struc-
ture of the stem under these two
heads.

387. Secondary structure of
monocotyledonous stems. As has
been already observed, the pri-
mary bundles in palms run from
the leaves in curves of long ra-
dius until they again approach
the surface of the stem, and their
fullest development is found in
the middle part of their course.

While & cross-section exhibits

these bundles as scattered without

much order in a mass of paren-

chyma, a vertical section shows

that they have entered the stem 1

at different heights (since the

leaves with which they were developed were at different points
oun the stem). A vertical scction can display only parts of most
of these curved bundles. At the stem of a palm just below the
crown of leaves there are as many bundles seen in a cross-sec-

6th Type. A central mass of secondary tissue, formed from central meris-
tem. Intermediate zone well developed ; ¢. g., Triglochin maritimum.

6th Type. Bundles having several distinct liber elements; e. g., Tamus
communis. (Anatomie de la tige des Monocotylédones, Ann. des Se,
nat., sér. 6, tome v., 1878, p. 1.)

Fig. 111. A diamond-shaped mesh of primary fascicles intermingled with secondary
fascicles in the stem of an Opuntia. (Reinke.)
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tion as have been derived from the leaves at that point; and
since these bundles do not possess a cambium layer, they have
no power of increasing in size. The only changes therefore to
be looked for in the stem of a palm from year to year are those
in the ragged exterior from which the leaves fall, and the pos-
sible increase in firmness of the individual elements of the older
bundles. The stems of most palms are as thick when they hegin
to ascend from the ground as they will afterwards be, their bun-
dles early becoming permanent tissue throughout.

388. The presence of obscure nodes in the stem may com-
plicate its structure somewhat by the introduction of horizontal
interlacing bundles ; but there is in these cases, as in the former,
no provision for increase in thickness.

38Y. In some monocotyledonous stems new bundles can arise
in a merismatic layer just within the cortex, and therefore cause
an increase in the diameter of the stem.

A sunilar mode of increase in thickness is met with in the
stems of many dicotyledons; as those of Nyctaginacer, many
Chenopodiacese and Amarantace, etc. Seccondary bundles are
formed in a merismatic layer outside the primary bundles, and
in contact with their liber.

390. The secondary structure of mormal dicotyledonous stems
(see 369) is easily understood when it is remembered that the
cambium of their primary bundles possesses the power of form-
ing the following kinds of tissue: a, new wood on the outside
of that which was last produced ; b, a layer of new liber; ¢, fresh
cambium for subsequent activity ; and d, continuations of the
medullary rays.

The cambium layer in the stems of most dicotyledons is com-
posed of extremely delicate, thin-walled cells, which are filled
with protoplasm and building materials. In the spring, when
the bark is readily stripped from the wood, this layer appears as
a thin film of mucilaginous matter, showing, to the naked eye, no
cellular structure. In the case of such plants as the maple,
birch, and pine, this juicy mass possesses a very sweet taste,
owing to the large amount of organizable nutrient matter which
it contains.

391. The cambium layer exposed by removal of the bark soon
dies, and of course all further increase in diameter is impossible
unless the wound is lhiealed in some way (sce 421).

392, The growth in size of the stems of normal dicotyledons
depends therefore upon the existence and activity of cambium
cells between the wood and bark. The juxtaposition of the

~
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primary bundles brings the cambium into the form of a circle,
sometimes broken, but frequently uninterrupted. If the cam-
bium circle is substantially unbroken, a new compact ring of wood
is laid upon the wood
of the primary bun-
dle, and a new ring
of liber forms within
the older liber. This
action may be indefi-
nitely repeated; and
in & climate where
there are notable dif-
ferences either in tem-
perature or moisture
between the seasons,
the concentric circles
are records of the
years.

If the primary bun-
dles are not in con-
tact, the new wood
added year by ycar
simply increases the
size of the wedges at
their outer part.

393. New bundles
may be intercalated
directly between those
already present, and
grow in much the
same manner as the 12
primary ones ; or they
may arise at new points of activity and produce great changes
of form. In the same way tertiary changes and those of a
higher order may follow the secondary ones, giving rise to stems
which have a very complicated structure. The most puzzling

FiG. 112. Diagrams showing the secondary increase in thickness of a normal dicoty-
ledonous stem: /2, cortex; p, phloim with three fascicles of hard-bast fibres; v, xyle;
M, pith. A shows only primary structure; 7 exhibits formation of the ring of cam-
bium; fe, fascicular cambium; ie. inter-fascienlar cambinm; b b b, fascicles of hard
bast; (".at the end of the year, after the formation of the secondary fibro-vasenlar ring;
p, liber; 1k, gecondary woml of the bundie: irp, inter-fascienbve libers irh, inter-fas-
cicular secondary wood; the entire ring is suldivided by medullary rays of ditterent
lengths. (Sachs.)
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cases can generally be referred to eccentric growth of some one
or more parts, as in flattened stems, or explained by the intro-
duction and more vigorous growth of supernumerary bundles.

394. Extraordinary anomalies are afforded by the lianes of
tropical countries, woody climbers with distorted stems. They
belong chiefly to a few orders; namely, Bignoniaces, Mal-
pighiaces, Menispermacea, and Aristolochiacee. A few inter-
esting cases are shown in the accompanying figures, and are
sutliciently explained in the descriptive letter-press.

113 114

115 116

395. Spring wood and autumn wood. The secondary wood an-
nually produced in a temperate climate like ours exhibits certain
differences between the inner and the outer portion of the year’s

F1G 113. Transverse section of the stem of a liane belonging to the order Malpighi-
acem: m, pith; b, the central portion of the wood, arranged in concentric layers around
the pith. (Duchartre.:

Fig. 114. Transverse section of the stem of a liane belonging to the order Malpighi-
ace®: m, the pith. The bark follows all the irregularities of the wood. (Duchartre.)

F1G. 115. Transverse section of a llane belonging to the order Sapindace:e: b, pri-
mary woody bady having its own pith m.and bark «’c; 0, ', b, three secondary woody
bodies without pith, but having as thick a bark as the primary body. (Duchartre.)

F1G. 116. Transaverse section of the stem of aliane belonging to the order Sapindacese :
b, the primary or central woody body having its.own pith m; »', ', b', V', a circle of un-
equal secondary woody bodies; b’/ tertinry woody bodies. (Duchartre.)
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ring. That which is produced earliest (spring wood) has some-
what larger ducts and wood-cells than that which is formed later
(autumn wood). The difference is not very striking when the
wood of a single year is examined, for the diminution in size
is gradual from within outwards; but if' the autumn wood of one
year is compared with the spring wood in the next ring, the dif-
ference is very marked. The cause of the difference in character
between the early and later wood formed during a single season
is supposed to be the greater pressure exerted by the tense bark
in autumn. The experimental evidence in favor of this view
will be presented in the chapter on ‘¢ Growth.”

396. In climates where there is no marked arrest of vegetative
activity during the whole year, for instance, in that of the equa-
torial zone, the secondary wood seldom presents any clearly
defined annual rings. In the wood of warm, temperate zones,
however, well-marked annual rings are not uncommon.

397. 1t has long been known that in temperate climates a tree
may exceptionally form a double ring in a single year. The
cause of this in cases which have been carefully examined ap-
pears to be: (1) a partial cessation of activity owing to injury,
followed by (2) a renewal of activity in the same season. Thus
an elm may be stripped of its leaves in early summer and suffer
a temporary check; but the buds already formed for another
year develop into full leaf in a short time, the assimilative activ-
ity is resumed, and two rings are formed as a result of this ces-
sation and renewal. Kny! has found this to be the case with
several trees which had been deprived of their foliage at the end
of June. Wilhelm has found by experiment that a tolerably
well-defined ‘double ring was formed in Quercus sessiliflora, from
which he removed all the leaves on the 7th of June; while in a
second case, where the foliage was removed later (July 10th),
the duplication of the ring was not apparent.

398. From this statement it would appear that even in tem-
perate climates, where there is a prolonged period of complete
inactivily due to the cold, the number of rings shown in the
cross-section of a stem may not exactly coincide with the num-
ber of years through which the tree has lived. But, as matter
of fact, the lines of limitation in the intercalated rings are so
much less distinct than those on cither side, that the two lesser
rings would be counted as one, and therefore be credited to the
growth of one year instead of two.

1 Verhandl. d. botan. Vercins der Prov., Brandenburg, 1830.
2 Child : Popular Science Monthly, December, 1883,



140 MINUTE STRUCTURE OF THE STEM.

"The largest number of rings yet reported in any case appears
to be that given for the great trees of California ; namely,
2,100, with a probability that others considerably exceed this.” !
Other higher numbers of rings or estimates of age are, however,
given in some works.?

399. That it is unsafe to base any calculation of the age of a
tree upon its diameter follows from the fact that its growth dur-
ing one ycar differs from that during another (see 400). Even the
use of De Candolle’s modification of Otto’s rule,® which is per-
haps the best yet given, leads to erroneous results. The method
assumes that the number of rings averages nearly the same to
any given unit of thickness in the outer as in the inner part of
the stem. Having determined the number of rings in an inch
just under the bark, this number is multiplied by the radius in
order to obtain the whole. For example: Extract from opposite
sides of a tree two pieces having a depth of two inches each.
Suppose the number of rings in the two-inch picce on one side
to be 20, while in the other there are 32, the average per inch
will be 13. Deduct twice the thickness of the bark from the
whole diameter of the tree, to obtain the diameter of the wood
in inches, and multiply one half of the diameter by 13.

400. The woody rings annually formed in a stem differ con-
siderably in size; a narrow ring being the growth of a cold

U 8. Watson, in Addendum to Botany of California.

2 The following estimates cited by De Candolle (Physiologie Végétale,
p- 1007) are belicved to range altogether too high: —

The Linden of Neustadt, in Wiirtemberg, 1147 years.

The Oak of Bordza (on the Baltic), 710 distinet rings counted and 300 in-
distinet rings estimated = 1010 years. (By Otto’s rule this would be 1080
years.)

The Yew of Crow-Hurst (Surrey), measured by Evelyn in 1660, 1458 years.

The Yew of Braburn (Kent), measured by Evelyn in 1660, and said by him
to be superannuated, 2880 years.

The estimate given by D¢ Candolle, of the age of trees of Adansonia (Bao
bab); namely, 6,000 years, has been shown by Dr. Gray (North American
Review, 1844) to be wholly erroncous.

3 Otto’s rule is thus given by De Candolle : Ascertain the diameter at the
height of about five feet, and make a notch at the same point on the circular
surfuce, to count a certain number of annual layers which we measare.  We
then tind the annual growth of those trees which have left off growing in height

by the formula id (f I_)z'l) v, and of those which continue to grow in height by
the formula ”—-(’1’13—2(’&—, 3 D being the diameter of tree ; F, volume of same ;

d, thickness of annual layers which have been counted ; 2, the number of these
layers (Physiologic Vigcétale, p. 981 .
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scason, & broad ring of a warmer one. Their width varies also
in the same species in different localities : thus, in Pinus sylves-
tris, grown between 50% and 60° north latitude, in Europe (the
space occupied by the British Isles), the annual layers are very
seldom less than 4 of a millimeter in thickness; while in the
same tree, grown far north, the thickness is not ;% of a milli-
meter.! The width varies also in different parts of the same
ring. For instance, in the case of Pinus sylvestris, Bravais and
Martins found the two opposite radii in a stem to have the ratio
of 9 to 19, the side having the greatest thickness being that
which had its foliage best exposed to air and light. The eccen-
tric growth of the wood of branches has been often noted ; the
longer radii are those on the lower side.

401. Sap-wood (Alburnum). The new and soft wood con-
tains a larger proportion of soluble organic matters, of nitro-
genous substances, and, when fresh, of water, than the older,
harder wood lying just within. The ¢ sap ” of the trec is found
in largest amount in the newer wood. The name alburnum was
given to the sap-wood by the early histologists on account of its
white or pale color. Contrasted with it, but not always very
sharply, is the harder substance, Heart-wood, or Duramen.? The
latter was given its nane because of its greater hardness, or
durability. Generally there is some distinction in color between
the sap-wood and heart-wood, owing to the presence of peculiar
coloring-matters lodged in the texture of the latter.?

402. Color of wood. The deep colors which characterize many
kinds of wood are contained chiefly in the walls of the cells and
ducts. In Hematoxylon Campechianum the coloring-matter
sometimes ocecurs also in crystals inside the cells themselves or
in clefts of the wood. The wood of Pterocarpus santalinus (Red
Sanders-wood) consists of libriform cells intermingled with small
groups of very large ducts, both of which contain the ruby color-
ing-matters in large amount. Many Berberidacewx, Cladrastis
tinctoria, Cercis, ete., have yellow coloring-matters in the wood ;
in Guaiacum the color is greenish; in black walnut, brown; in
ebony, nearly black.

1 Bravais and Marting: Ann. des Se. nat., sér, 2 tome xix., 1843, p. 129,

2 The word Duramen is used by some writers to denote merely that heart-
wood which has become very dense by peculiar infiltrations (Saunersdorfer, in
Sitzungsber. d. k. Akad. Wien., 1882).

3 The following figures, giving the proportion of sap-wood to the entire vol-
ume of the trunk, are from Tredgold (Principles of Carpentry, Section X., cited
by Rankine) : Chestnut, 0.1; Ouk, 0.294; Scotch Fir, 0.418.
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403. It may be here mentioned that many woods have charac-
teristic odors ; for instance, sandal-wood, violet-wood, and many
of the coniferous woods.

404. The presence of resinous matters in wood, particularly
when these are evenly although sparingly distributed through the
mass, exerts a marked effect in retarding decay. The durability
of the wood of Southern Cypress, even when exposed to the joint
action of the warmth and moisture of a greenhouse, is usually
attributed to their presence. But there are some cases of great
resistance to the influences producing decay, which cannot be
referred to the same mode of protection; for instance, those of
Robinia Pseudacacia (or common ‘¢ Locust ”) and Catalpa.

405. Various processes have been tried for destroying the
putrescible matters in cells, or so modifying the character of
the cell-wall that the wood can be protected against decay.

406. The oldest known method of preserving wood is car-
bonizing, or charring, by which those constituents of the wood
specially liable to decay are so changed as to be no longer liable
to putrefaction. The wood-preserving processes known as Bur-
nettizing and Kyanizing have for their object the coagulation of
protein matters in wood-cells, thus retarding if not preventing
putrefaction.

407. In Kyanizing, a solution of mercuric chloride is forced
into the texture of the wood; but the cost of this substance
is so great, that it has led to a general abandonment of the
process.

408. In Burnettizing, the wood is impregnated with a solution
of zinc chloride containing about fifty-five per cent of the dry
chloride. This is forced into the wood under pressure.

409. Another process — creosoting — depends upon the intro-
duction into the wood of a solution of impure creosote, a pressure
of about one hundred and fifty pounds to the square inch being
maintained until the wood has absorbed a sufficient amount of
the antiseptic liqnid. Some of the antiseptic matters obtained
by a rough distillation of coal-tar are also used for preserving
wood.

It is an interesting fact that even wood which in the air
is specially liable to decay can be preserved for a long time if
deeply submerged in water.

410. There is an appreciable difference, especially in length,
between the wood-cells of the earlier annual rings and those
which succeed them ; and Sanio has shown that an increase of
length of the cells occurs up to a certain period of growth, when
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an average appears to be established. This fact is illustrated
by the following table, based on measurements of tracheids of
Pinus sylvestris.!

Number of the annual Medium length of the Medium width of the
ring. tracheids. tracheids,
1 . . . .« « « .95mm .017 mm.

17 . . 0. .. 2740
9 .. . . . . 313 ¢
31 . . .. . . 369 ¢
8 . . . . . . 387 ¢«
38 . . . . . . 391 “

39 . . . . . . 400
40 . . . . . . 404 “
43 . . . . . . 409
45 . . . . . . 421 “
46 . . . . . . 421
72 . . . . . . 421 ¢ .032 mm.

From this table it is seen that the increase can be traced up to
the forty-fifth year, but that from that time on, the tracheids in
one ring have the same length as those in the next. Those in
the forty-fifth annual ring have an average length of about five
times that of those in the first. In the wood of oak, the libri-
form cells exhibited the greatest difference in length. Thus
Sanio found that in a stem of Quercus pedunculata, with 130
rings, the medium length of these elements in the ring of the
first year was .42 mm., and in the three outer rings 1.22 mm.
Tracheids in the same rings measured, however, only .39 mm.
and .72 mm. respectively. With this increment in the length of
wood elements in successive rings, Ilaberlandt associates a fact
noticed by Alexander Braun ;? namely, that the wood clements
in some stems and branches stand not parallel with the axis, but

1 Ueber die Grosse der Holzzellen bei der gemeinen Kiefer, Prings. Jahrb.,
viii. 409.

2 Ueber den schiefen Verlauf der Holzfiser, und die dadurch hedingte
Drehung der Biume, Berlin, 1854.

It is proper to refer at this point to an instructive paper by Abromeit
upon the histology of the oaks, in which thie most marked characters of the
North American species are fully treated (Pringsheim’s Jahrb., 1884, p. 209).
According to Abromeit, the oaks can be plainly classified as follows : —

I. With wide well-marked medullary rays.

A. The annual rings distinctly defined by the concentric ecircles of the
larger ducts of the spring wood, and seen by the naked eye. The
smaller ducts are arranged in radial rows in the autumn wood.

a. With thin-walled ducts.
a. The radial rows of small ducts touch each other tangentially :
Quercus lyrata, alba, Durandii, stellata, macrocarpa, Wislizeni
Prinus, Garryana, bicolor (var. Michauxii).
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scmewhat oblique thereto. ‘The degree of obliquity is generally
from 4° to 5°, but it is sometimes much higher than this: for
instance, 10° to 20° in horse-chestnut, 30° in Syringa vulgaris
(Lilac), 40° in Sorbus aucuparia, and 45° in Punica Granatum.

411. Density of wood. Owing to its greater firmness and
smaller amount of putrescible substances, heart-wood is cconomi-
cally of far greater value than sap-wood ; and hence nearly all
determinations of density, strength, ctc., are made upon it,

B. The radial rows of the smaller ducts are relatively narrow and
for the most part isolated tangentially : Quercus bicolor, ses-
siliflora, lberica, grosseserrata, castanecifolia, pedunculata,
Thomasii, undulata (var. grisca), Mongolica, macranthera,
heterophylla.

v. The radial rows of the smaller ducts are very narrow, and the
ducts differ somewhat in width. The large ducts are in groups
in the concentric circles : Quercus lobata.

b. With thick-walled duets.

a. The large ducts in the concentrie circles are indistinetly grouped,
while the small ducts are crowded in narrow radial rows:
Quercus rubra and the var. ? Texana. Quercus tinctoria.

B. Large ducts, as in the previous group. The radial lines of the
smaller ducts wide, and the ducts themselves visible to the
naked eye : Quercus imbricaria, hypoleuca, laurifolia, Kelloggii,
palustris, falcata, Catesbai, aquatica, nigra.

9. With distinct radial grouping in the circles of the larger ducts of
the spring wood. The radial rows of smaller ducts narrow and
straight.  The small ducts visible to the naked eye: Quercus
Cerris, serrata, Phellos, coceinea.

B. Having thick-walled ducts of one kind, and these arranged in radial
rows or groups. The annual rings are not distinet to the naked cye,
and are defined chiefly by the thick-walled wood-cells of the outer
layers of the antumn wood. They are easily made out under the
microscope. :

a. The radial rows of ducts are for the most part wide: Quercus
virens, oblongifolia, chrysolepis, rugosa, llex, coccifera, Calli-
prinos, lanuginosa, paucilammellosa, glabra, Burgeri, gilva,
thalassica.

B. Radial rows of ducts mostly narrow: Quercus Suber, agrifolia,
glauca.

1. The wide medullary rays appear under the microscope to be somewhat
interrupted by wood-cells, so as to appear like groups of narrower
rays : Quercus dilatata,

The principal kinds of wood-cells in oaks, according to the nomenclature of
Abromeit, are: first, the ““ pointed,” of which there are two varieties, the septate
and the unseptate ; and, second, the “* blunt,” which are of comparatively wide
caliber, and have thin walls. The length of the pointed cells in an average of
171 measurements was found to be 1.224 mm. ; that of the blunt cells only
.1 mm. Besides these two chief kinds, there are transitional forms of every
sort.
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rather than upon the latter.  The lightest wood is probably the
so-called ‘¢ cork-wood” of the West Lndies (Ochroma Lagopus),
with a specific gravity of .25; the heaviest is Condalia ferrea,
specific gravity 1.302." The specific gravity of pure cellulose is
given by authors variously as 1.25 to 1.52:? hence the figures
noted above for the extremes of wood-density show indirectly the
degree of buoyancy imparted by the air entangled in the tissues.?

412. Wood-fibre used for paper-pulp. The longer wood-cells
of many common ligneous plants can be profitably separated

1 Tenth Census of the United States, vol. ix., p. 272.

2 Ebermayer : Chemie der Pflanzen, 1882, p. 164. Husemann and Hilger:
Dic Pflanzenstoffe, 1882, p. 108.

8 The following determinations were made under the direction of Professor
C. 8. Sargent, for the Tenth United States Census.

-
s | 32
Botanical name. Common name. Region. = :;
) ,sm
Sequoia gigantea. Big Tree. California. 0.2882 | 18.20
Pinus Strobus. Wihite Pine. North Atlantic. 0.3:54 | 24.02
‘Tsuga Canadensis. Hemlock. North Atlantic. 0.4239 | 26 42
Liriodendron Tulipi- | Whitewood. Atlantic. 0.4230 | 26.36
fera.
Taxodium distichum. C?'prem. South Atlantic. 0.4543 | 27 65
Castanea vulgaris, var | Chestnut, ! Atlantic. 0.4504 | 2% 07
Americana. |
Abies nigra. Black Spruce. | North Atlantic. 0.4584 | 28 57
Populus grandidentata| Poplar. ! North Atlantic. 0.4652 | 28.87
Pinus resinosa. Norway Pine. North Atlantic. 04554 | 30.20
Pinus rigida. Pitch Pine. Atlantic Coast. 0.5151 | 32.10
Acer dasycarpum. Silver Maple. Atlantic.
Pyrus Americana Mountain-Ash. Atlantic.
Betula nigra. Red Birch. ! Atlantic.
Platanus occidentalis. | Sycamore, Buttonwood' Atlantic.
Juglans nigra. Black Walnut. Atlantic
Larix Amecricana. Larch. North Atlantic.
Ulmus Americana. White Elm. Atlantic.
Fraxinus Americana | White Ash, Atlantic. 0.6543 | 40 77
Quercus rubra. Red Oak. Atlantic. 0.6540 | 40 75
Acer saecharinum. Sugar Maple. Atlantic. 0.6912 { 43.08
Fagus ferruginea. Beech. Atlantic. 0.68+3 | 42 K9
Quercus alba, Wihite Oak. Atlantic. 0.7470 | 46 35
Betula lenta. Cherry-Birch. Atlantic. 0.7617 | 4747
uercus virens. Live Oak. Sonth Atlantie. 0.9501 | 59.21
uajacum sanctum. Lignum Vit®. Semi-tropical Florida. | 1.1432 | 71.24

The specimens used in the ahove detevininations by Mr. S, P. Sharples were
dried at a temperature of 100° C. until they ceased to lose weight, when the
specific gravities were obtained by measurement with micrometer calipers and
calculation from the weights of the specimens.

For the purpose of utilizing histological features in the identification of
woods, classificatory tables have been prepared by many authors.  One of the
most useful of these is given in Schacht’'s work, Die Pllanzenzelle, in which
the different wood-cells of Conifere are deseribed, in order to aid in the recog-
vition of the genera. Another is de Bary’s (Vergleichende Anatomie. p. 509,

10
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from each other by mechanical or chemical means for use in the
manufacture of paper-pulp. The woods which appear to have

translated in Sachs’s Text-book, 2d Eng. ed., p. 651), in which the structural
characters of many kinds of wood arc given. The table will be found con-
venient for reference.
1. Wood consisting only of tracheids with bordered pits : —

Wintereie (Drimys Winteri, Tasmannia aromatica ; also Trochodendron

aralioides) : (Conifers).
2. Wood consisting of vessels, trucheids, parenchyma, and intermediate cells ;
that is, substitute or replacing cells or fibres (ersatzfasern): —

a. With no intermediate cells ; Ilex aquifolium, Staphylea pinnata, Rosa
canina, Crategus monogyna, Pyrus communis, Spirea opulifolia,
Camellia, ete.

b. With no parenchyma ; Porlieria.

¢. With both parenchyma and intermediate cells; Jasminum revolutum,
Kerria, Potentilla fruticosa, Casuarina equisetifolia and torulosa,
Aristolochia Sipho, ete.

3. Wood consisting of vessels, tracheids, fibres, parenchyma, and intermediate
cells: —

a. With no intermediate cells ; fibres unseptate ; e. g., Sambucus nigra
and racemosa, Acer platanoides, Pseudoplatanus, and campestris.

b. With both parenchyma and intermediate cells ; fibres unseptate ; Ber-
beris vulgaris, Mahonia ; (Ephedra).

¢. With no intermediate cells; fibres septate and unseptate; Punica,
Euonymus latifolius and Europeeus, Celastrus scandens, Vitis vini-
fera, Fuchsia globosa, Centradenia grandifolia, Hedera Helix, etc.

d. With all four kinds of cells ; Miihlenbeckia complexa, Ficus.

4. Wood consisting of vessels, tracheids, fibres, parenchyma, and intermediate
cells. This is the most common, and may be taken as the typical structure:

a. With no intermediate cells ; Sparmannia Africana, Calycanthus, Rham-
nus catharticus, Ribes rubrum, Quercus, Castanea, Carpinus sp.,
Amygdaleze, Melaleuca, Callistemon sp., ete.

b. With no parenchyma ; Caragana arborescens.

c. With both kinds of cells; most foliage-trees and shrubs; e. g., Salix,
Populus sp., Liriodendron, Magnolia acuminata, Alnus glutinosa,
Betula alba, Juglans regia, Nerium, Tilia, Hakea suaveolens, Ailan-
thus, Robinia, Gleditschia sp., Ulex Europsus, ete.

5. Wood consisting of vessels, fibres, parenchyma, and intermediate cells: —

a. With no parenchyma ; Viscum album.

b. With no intermediate cells ; Avicennia.

¢. With both kinds of cells; Fraxinus excelsior, Ornus, Citrus medica,
Platanus, cte.

6. Wood consisting of vessels, fibres, and parenchyma : —
Cheiranthus Cheiri, Begonia.  Also many Crasculacese and Caryophyl-
lace:e.
7. Wood consisting of vessels, fibres, parenchyma, and true woody-fibres : —
Colens Macraei, Eugenia australis, Hydrangea hortensis.
8. Wood consisting of vessels, tracheids, woody fibres, septate fibres, paren-
chyma, and intermediate cells : —
Ceratonia siliqua, Bignonia capreolata ; it is, however, still doubtful if
true woody-fibres are present.
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been most extensively employed up to the present time are some
of the species of Abies, Betula, Populus, Tilia, and Liriodendron
Tulipifera (in the United States sometimes called ** Poplar”).
The chemical processes depend (1) upon the solvent power of
caustic soda under pressure, and with heat, upon the so-cailed
intercellular substance which unites the cells, or (2) upon the
similar power of a sulphite, preferably magnesic, also under
pressure and with heat.

413. Bark. A, Secondary liber. Each yearly addition to the
inner surface of the bark is seldom plainly distinguishable from
those which have preceded it, and hence we cannot determine
positively the age of an old tree by the layers of its inner bark.
The bast-fibres of a single year often cling together in a strik-
ing manner, forming bands or strips of considerable strength,
and in a few cases, notably that of Daphne Lagetta, there are
fine meshes between the fibres, so that the inner bark seems to
be composed of layers of delicate lace.

A picce of thick bark of linden macerated for a while in water
becomes so softened that the younger portion of the inner bark
can he easily separated into the annual layers. Strips of the
coherent fibres form the Russia matting ot commerce. The
strips often measure 2 -3 meters in length, 2-5 cm. in width,
and .04 - .08 mm. in thickness. Scattered among the individual
hard-bast fibres there are many parenchyma cells, some of which
plainly belong to the medullary rays, and others to the fibro-
vascular bundles.

414. The bast-fibres, in a few instances, instead of being re-
tained upon the stem for an indefinite period, are separated early,
leaving the newer bast exposed. This is the case with some of
our species of Vitis, in which the bast becomes detached in the
form of long, loosc shreds after the first year.

415. The crystals found in bast are very abundant. They
are chiefly monoclinic, and occur both singly — arranged in
rows — and in clusters.!

416. The appearance and distribution of the fibres of bast

1 De Bary gives the following list, taken chiefly from Sanio : —

Clusters of crystals in bast of Juglans regia, Rhus typhina, Viburnum Oxy-
coccus, V. Lantana, Prunus Padus, Punica Granatum, Ptelea trifoliata, Ribes
nigrum, Lonicera Tatarica.

Single monoclinic crystals in bast of species of Acer, and the Pornacere,
Robinia, Cladrastis, Ulmus campestris, Berberis, ete.

Single monoclinic crystals and clusters in bast of Quercus, Celtis, Esculus
Hippocastanum, Hamamelis Virginica, Morus, Salix, Fagus, Populus, Car-
pinllﬂ, Betula, Tilia, ctc.
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are so characteristic in certain kinds of bark that they may be
used for identification. An example is given below.!

417. B, Cork, which has already been described in part in
Chapter 11 , plays a very important part in the structure of older
bark. Its relations to the cells which produce it, and to the
cpidermis which it displaces at an early period of its growth, will
be plain from an examination of Fig. 117. In its production
there are periodic arrests of activity just as in the case of wood,
and hence in cork-tissue of firm texture it is possible to detect
the lines of annual demarcation. When the cork of the cork-
oak has reached a merchantable thickness (usually in ten to fifteen
years), it is removed down to the phellogen, or cork cambium,
and from this tissue new growths begin.?

1 ¢¢The liber is traversed by medullary rays, which in cinchona are mostly
very obvious, and project more or less distinctly into the middle cortical tissue.
The liber is separated by the medullary rays into wedges, which are constituted
of a parenchymatous part, and of yellow or orange fibres. The number, color,
shape, and size, but chiefly the arrangement of these fibres, confer a certain
character common to all the barks of the group under consideration.

‘“ The liber-fibres are elongated and bluntly pointed at their ends, but never
branched, mostly spindle-shaped, straight, or slightly curved, and not exceed-
ing in length 3 mm. They are consequently of a simpler structure than the
analogous cells of most other officinal barks. They are about } to § mm.
thick, their transverse section exhibiting a quadrangular rather than a circu-
lar outline. Their walls are strongly thickened by numerous secondary depos-
its, the cavity bLeing reduced to a narrow cleft, a structure which explains
the brittleness of the fibres. The liber-fibres are either irregularly scattered
in the liber-rays, or they form radial lines transversely intersected by narrow
strips of parenchyma, or they are densely packed in short bundles. It is a
peculiarity of cinchona barks that these bundles consist always of a few fibres
(three to five or seven), whereas in many other barks (as cinnamon) analogous
bundles are made up of a large number of fibres. Barks provided with long
bundles of the latter kind acquire therefrom a very fibrous fracture, whilst
cinchona barks, from their short and simple fibres, exhibit a short fracture.
It is rather granular in Calisaya bark, in which the fibres are almost isolated
by parenchymatous tissue. In the bark of C. scrobiculata a somewhat short
fibrous fracture is due to the arrangement of the fibres in radial rows. In
C. pubescens the fibres are in short bundles, and produce a rather woody frac-
ture” (Fliickiger and Hanbury, Pharmacographia, p. 317).

2 Asnoticed in 246, the inner layer of cork-meristem may give rise to paren-
chyma cells containing chlorophyll. Of these cells Sunio says: * They never
become cork-cells, but are truly parenchymatous ; they are filled with chloro-
phyll, starch, and sometimes with crystals. They never become lignified, but
the wall remains as unchanged cellulose, and, in short, they are true cortical
cells, Since, then, they owe their origin to the activity of the cork-meristem,
but behave throughout their whole subsequent development precisely like the
cells of the cortex, they may be called cork-cortex cells. When they form a
distinctly defined layer, the term Phelloderm is appropriate” (Pringsheim's
Jahrb., 1860, p. 47).
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418. In some plants, notably the birch, papery layers exfo-
liate from time to time, while in some other plants, e. g., the
shag-bark hickory, large strips of irregular form and thickness
are detached. Owing to the mode of their formation, such sepa-
rated pieces may contain very heterogeneous elements. Of them
Sachs says:! ** Not un-
frequently the formation
of cork penetrates much
deeper [than the peri-
derm] : lamellee of cork
arise deep within the stem
as it increases in thick-
ness ; parts of the funda-
mental tissue and of the
fibro-vascular bundles, or
of the tissue which after-
wards proceeds from them,
become, as it were, cut
out by lamell® of cork.
Since everything which
lies outside such a struc-
ture dies and dries up, a
peripheral layer of dried
tissue collects, which is
very various in its form
and origin. This struc-
ture, abundant in Conif-
eree and in many dicoty-
ledonous trees, is the dark, the most complicated epidermal
structure in the vegetable kingdom.”

419. Injuries of the stem. The stem, especially in the case
of plants living many years, is particularly liable to injuries, the
most frequent of which are of course the wounds left by the fall-
ing of the lower limbs. It is proper to treat here of the natural
repair of such injuries.

420. When any part of a plant suffers serious mechanical
injury by which the deeper tissues are exposed, the surface of

117

1 Text-book, 2d Eng. ed., 1882, p. 95.

F16. 117. Formation of cork in a branch of Ribes nigrum, one year old; part of a
transverse section; e, epidermis; A, hair; b, bast-cells; pr, cortical parenchyma dis-
torted by the increase in the thickness of the branch; K, total product of the phellogen ¢ ;
k, the cork-cells radially in rows, formed from c in centrifugal order; pd, phelloderm
(parenchyma containing chlorophyll formed centripetally from c). (Sachs.)
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the wound exhales moisture very rapidly, and under ordinary
circumstances, except in spring, soon becomes dry. As Ilartig?
has shown, the drying of the exposed tissues is fatal to their
component cells, and the organic contents speedily undergo
chemical decomposition. The products of this decomposition
bave been further shown by him to be fatal to neighboring cells,
and under certain conditions the mischief may progress to an
irreparable extent. But usually there is an arrest of the de-
structive action either from lack of the free oxygen necessary for
the putrefactive process, or by the protection afforded by tissues
for repair. Wounds in resinous trees are measurably hindered
from effecting much damage, owing to the exudation of liquid
resins which exclude air.

421. The smaller wounds of a plant are generally healed by
cork or by callus. 1. By cork. The superficial layer of cells at
the surface of the wound is destroyed by the injury, and dries
at once. In soft tissues the layer just below this immediately
becomes merismatic, and behaves precisely like normal cork-
meristem, covering the entire wound with a grayish or brownish
film, which is in unbroken connection with the edges of the
wound. Extreme dryness of the air, or, on the other hand, ex-
treme humidity, hinders repair by cork. 2. By callus. This is
best studied in leaves and in ** cuttings.” When a young, juicy
leaf is wounded by an incision, some of the cells at the exposed
surface may give rise to elongated sac-like bodies, which fill up
the greater part of the injured cavity, and, according to Frank,?
serve as a new epidermis. Or small cells in close apposition
may be at once formed, and completely protect the tissue below.
In *¢ cuttings”’ the callus immediately forms a swelling near the
wound. A portion of the callus may by continued cell-division
extend over the cut end, everywhere bounded on its exposed
surface by a cork layer. Activity of the cells in the callus and
around the fibro-vascular bundles soon gives rise to new parts,
for instance, roots.

422. It often happens under favorable conditions that a large
mass?® of tissue is gradually formed around, and finally over, a
large injured surface.

1 Zersetzungserscheinungen des Holzes, Berlin, 1878.  (Quoted by Frank.)

2 Die Pflanzenkrankheiten, 1879.

3 Usually when a branch dies it remains attached for a while to the stem;
and no wound is in fact caused until the slow desiccation of the deeper tissues
has gone on to a considerable extent, and without exposure to atmospheric
air or outside moisture. When the branch at last falls off, the tissues around
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423. Lenticels are peculiar breaks in the continuity of the
periderm of dicotyledons. In some cases they can be detected
under minute elevations of the epidermis of the first year, which
split open either at the end of that season or during the next,
forming a rift running lengthwise of the stem. Through this cleft

FNTS

underlying tissues appear, protruding in an irregular manner,
the whole structure constituting a lenticel. According to Stahl,!
there are two types of lenticels: 1. Those with loose cells in the
rift. alternating with denser lines of cells. This is the most
common type, good examples being afforded by Alnus, Prunus,
ZAsculus, ete. 2. Those with closely united cells and with no
alternating denscr lines. lllustrations can be found in Sam-
bucus (see Fig. 118), Salix, Cornus, etc. The same authority
states that in winter both of these kinds form an impervious
periderm-like layer. It appears from Stahl’s examination that
in their complete and open state they aid in the exchange of
gases between the interior and exterior of the stem. Klebahn?

its base are in a healthy condition, while the internal shaft of wood is dry, and
not liable to undergo rapid decay. The formation of a separative mass over
the wood can therefore go on to completion.

1 Bot. Zeit., 1873. Compare Haberlandt: Sitz. d. k. Akad. Wien, Band
Ixxii. Abth. i., 1875.

2 Berichte der deutschen botanischen Gesellschaft, 1883, p. 119.

F1G. 118. Section through a lenticel in the periderm of Sambucus nigra: &, peri-

derm; r, primary cortex; r, meristem, above which are the cells therefrom produced;
b, liber. (Stall.)




152 MINUTE STRUCTURE OF THE STEM.

has lately shown that even in stems with the periderm free from
lenticels, provision for exchange of gases is secured by certain
intercellular spaces at or near the points where the medullary
rays come to the periphery of the stem.

424. Grafting. If the cambium tissue of a young shoot is
retained for a time in close apposition with that of a nearly
related plant, union of the two parts may take place, and the
wound may heal by the natural process before described. Suc-
cess in this operation depends upon selection of suitable stock
and scion, choice of the proper season, freshness of the cut sur-
faces, and, generally, exclusion of air from the wound. The
methods of bringing the surfaces of the stock and scion together
in this operation of grafting are innumerable, but for the pres-
ent purpose may be referred to two principal types: (1) that in
which the scion, wholly separated from the plant on which it
grew as a branch, is placed in some sort of a cleft of the plant
which is thenceforth to furnish it with nourishment; (2) that in
which the scion is still retained in its connection with the parent
plant, but is bent over and a freshly cut surface kept in contact
with a cut surface of another plant, until the scion has fairly
become attached by organic union. When this is accomplished,
it is cut off from the parent plant. This type of grafting, in its
many varieties, is known as ‘‘ approach grafting.” It takes place
in nature, as shown in the following paragraph.

425. Two branches of one plant may become united when,
after removal of a section of bark from each, the two denuded
surfaces are kept in apposition for a time. Such unions of axial
organs are not rare. Occasionally they may take place between
two shoots at & point near the root, so that the trunk will ulti-
mately consist of a single deeply grooved stem. The union may
be between two plants of the same species, or even between
plants of different species. The attrition of two branches which
have grown against one another may suffice to wear off the bark
on both down to the cambium, and then, if their exposed surfaces
are held together for a while, union will follow. Such natural
grafts are met with frequently at the borders of forests.

426. In the kindred operation of budding, a bud with a little
of the tissue behind it is placed in a cleft in the bark of the
stock, so that the cambium layer of the two may come into close
contact.

427. The stem may be invaded by parasitic roots at any part,
and its subsequent development seriously affected thereby. Such
invasions often give rise to swellings, distortions, etc., by which
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the structure of the stem becomes much disguised. In the case
of parasites like Phoradendron, which live for several yvears, a
vertical section through the stem of the host-plant shows how
complete the union is between the host and parasite. The junc-
tion has been well compared to that which takes place between
a scion and its stock, since the newer-formed tissues of both
plants become perfectly united, and their subsequent growth
goes on together.

428. The relations of the root to the stem are not complicated,
except as regards the bundles at the ‘‘ crown” of the root, or the
point where it meets the stem. When the primary structure of
dicotyledons in which the liber of the root is arranged in one
way and that of the stem in another, as shown in Figs. 92 and
112, pages 111 and 137, is followed by the formation of a true
cambium ring, the subsequent growth of root and stem is alike.
Yearly additions are made in the root in the same way as in the
stem; but owing to the unequal resistance exerted by the soil,
such increments are often very irregular.

Roots may be produced at any part of a stem where adequate
moisture and warmth are furnished; but they strike off chiefly
at nodes, and, in the case of cuttings, also at the seat of injury
where the callus is formed. Such secondary roots form on stems
in much the same manner as root-branches do upon roots.

429. Rudimentary and transformed branches present few ana-
tomical difficulties. In the structure of a branch tendril, or
runner, it is generally easy to recognize the degree of reduction
which the normal fibro-vascular system has undergone. In the
case of underground stems and branches there are often puzzling
anomalies, but they can mostly be explained by the following
facts brought out by Costantin,! who has made a special study
of a large number of rhizomes: 1. The epidermis, if present,
is modifled by becoming cutinized first on its outer walls, where
it may acquire considerable thickness, and later on its lateral and
internal walls. 2. The cortex increases either by enlargement
of its cells or by their multiplication, the collenchyma diminish-
ing or completely disappearing. 3. A cork-layer is sometimes
produced at an early period, from different points in the epi-
dermis, in the cortical parenchyma, in the endodermis, in the
peripheral layer of the bundles, or, lastly, in the liber. This
replaces to a great extent the fibrous layer which is so com-
mon in aerial, but never much developed in underground stems.

! Ann. des Sc. nat., sér 6, tome xvi., 1883, p- 164.

| S
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4. The cortex is developed largely at the expense of the pith.
5. There is only slight lignification of the elements. 6. There is
a great accumulation of reserve materials.

430. The relations of a branch to the main axis of the stem
seldom present any histological difficulties, the tissues of the
former being continuous with those of the latter. When a
branch breaks off close to the stem, and the portion remaining
becomes buried by stem-tissues which are subsequently produced,
a knot is formed.

431. Stems of vascular cryptogams.! The following outline
indicates the principal points of difference between the stems of
Phsenogams and those of Ferns, Equisetaces, and their allies.

I. In vascular cryptogams the fibro-vascular bundles are
closed and as a rule are concentric. 1. In Equisetum they are
slender and are arranged in a circle. From the median line of
each tooth of the ¢ sheath” (see Gray’s Manual) a fascicle de-
scends perpendicularly through one internode and divides at the
one below into two branches, which unite with the lateral ones
next to them. 2. In Osmundacez the arrangement of the con-
stituent parts of the central cylinder is not unlike that in certain
Conifere. 3. Lycopodiacese have the bundles largely dependent
upon the arrangement of the leaves, but the axial cylinder is
essentially cauline. 4. Ferns proper may have (@) an axial c¢ylin-
der, or (b) several concentrically curved bundles. In cither case
there may also be isolated and rather slender bundles. In both
cases above mentioned the bundles coalesce to form a very com-
plicated network, which apparently is not dependent for its char-
acter upon the distribution of the leaves upon the stem.

II. In vascular cryptogams the parenchyma in certain places
may become largely sclerotic, forming dense and often brown
masses, the constituent cells of which are sometimes considerably
elongated.

III. The epidermis in Equisetaces is strongly silicified. The
stomata in these plants are in the grooves; their development is
peculiar in that from one epidermal cell four gunardian cells are
formed in one plane; but soon the two outer cells grow more
rapidly and crowd down the two inner ones, so that the latter
afterwards become distinctly below them. The epidermal cells
of Ferns frequently contain chlorophyll granules.

432. Stems of mosses. Ilere no true fibro-vascular bundles
are met with, but elongated cells fill their place, forming what

1 De Bary : Vergleichende Anatomie, P- 289 et seq.
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has been termed a fascicle. Comparison of these threads — if
such they can indeed be called — with the rudimentary fibro-
vascular bundles of some water-plants suggests that the former
are bundles of the simplest possible kind.

The parenchyma cells are bounded in true mosses by smaller,
‘hicker-walled cells, which do not contain chlorophyll.

THE LEAF.

433. It was shown in 322 that roots are formed under the
superficial tissues of the stem, and have these outer layers, or
derivatives from them, as coverings during at least a portion
of their growth. But leaves are never thus covered by layers of
stem-tissue ; hence they are termed exogenous productions,
while the term endogenous is applied to the manner in which
roots are formed.

434. Development. In the earliest stage of its development
the leaf is a mere papilla consisting of nascent cortex (periblem)
and nascent epidermis (dermatogen). As soon as the papilla
elongates, or becomes flattened, some of its interior cells, making
up procambium tissue (see 315), differentiate into fibro-vascular
bundles. But the procambium of the nascent leaf and that of
the cone of soft tissue constituting the growing-point of the
stem are in unbroken connection with each other; in like man-
ner the bundles which are derived therefrom are continuous, and
it is not possible to detect any line of demarcation between them,
In fact, the newly formed bundles in a young leaf appear as if
they are merely the slender prolongations and terminations of
those in the young stem.!

435. With the transverse and longitudinal enlargement of the
nascent leaf there is generally more or less curvature, so that
the outer, lower, and earlier leaves infold the upper leaves and
the growing-point of the cone. In most cases, some of the
lower leaves which thus envelop the growing-point become modi-
fied to form protecting scales ; such is the ordinary structure of
buds (see ‘¢ Structural Botany,” page 42, fig. 83).

1 It should be remembered, however, that some of the bundles in the stem
(see 365) may be derived from procambimmn peculiar to the stem, and which
does not extend into the leaf. Hence it is necessary to distinguish between
stem-bundles, common bundles, and leaf-traces. The former belong to the
stem alone; the common bundles are common to stem and leaf ; the leaf-traces
are leaf-bundles which are in the stem and which at some point unite with
other bundles of the same kind to form common bundles.
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436. The growth of the young leaf is plainly terminal at first,
— that is, new cells are added just in front of the older ones; bat
it soon becomes intercalary as well, new cells being introduced
between those previously existing. According to the seat of
activity, this growth may be basipetal (the zoue of growth being
near the base of the leaf-blade) or basifugal (the zone nearer
the apex of the leaf). In most cases the base of the leaf-blade
and the stipules early attain a good degree of development, after
which the petiole appears.

For the purpose of noting the peculiar mode in which the leaf-
blade expands, the simple device suggested by Hales® is perhaps
as good as any. Through a piece of stiff pasteboard sharp pins
are thrust, and fastened at equal distances from each other; for
instance, so as to form little squares of } inch side. By this sim-
ple instrument a young leaf is pierced through with holes at equal

distances; then if the leaf elon-
gates more than it widens in the
space thus covered, the holes will
separate in the direction of the
length of the leaf more thaun in that
of its width. The injury done to
the leaf by these small perforations
does not appear to check or other-
wise much modify its growth.

437. Fibro-vascular bundles.
The distribution of fibro-vascular
bundles in leaves has been con-
sidered in Vol. I., under ‘¢ Vena-
tion.” The two principal types of
distribution of the bundles, there
spoken of as ** veins ” or ‘‘ nerves,”
were shown to be (1) parallel,
(2) reticulated. Parallel venation
(see Fig. 119) is characterized by
having large ‘¢ veins ” or ¢“ nerves”
running free through the leaf (that
is, not connecting with each other),
or without any obvious anastomo-
sis; while in reticulated venation
the veins form a more or less com-

e plicated network.

1 Statical Essays, vol. i;, 1731, p. 344.
F1G. 119. Venation of the leaf of Convallaria Iatifolia. (Ettingshausen.)
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438. Parallel venation is of two
principal kinds : (1) that in which
large nerves run in long curves
from the base to the apex of the
leaf; (2) that in which smaller
nerves run generally at right an-
gles from a main nerve (or midrid)
to the edges of the leaf. In both
these kinds of parallel venation
the veins are more or less con-
nected by means of inconspicuous
cross-veinlets and by the anasto-
mosing extremities, but some of
the veins may be free.

439. Reticulated venation is
likewise of two principal kinds:
(1) palmate (Fig. 120), in which
relatively large veins diverge from
each other at the base of the leaf;
(2) pinnate (Fig. 121), in which

121
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F16. 120. Venation of the leaf of Asarum Europ 1
FI1G. 121. Venation of the leaf of Salix grandifolia. (Ettinphausen )

(Ettl
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side veins strike off through the whole length of a strong midrib.
In both these cases the veins divide and subdivide and have
numerous cross-connections both large and small, until the ulti-
mate ramifications are in great part free.

440. Thus it appears that in both types there is abundant
communication between the veins of leaves; but in some cases,
especially in rudimentary and submerged leaves, in the leaves of
Conifere, etc., the veins are very generally free, and few i any
cross-veinlets are met with. ]

441. The fibro-vascular bundles of lcaves are essentially like
those of stems (see 365), and need no special description here.
Their extremities are for the most part tracheids, often arranged
in double rows, but their diversities of structure and arrange-
ment are innumerable. One of the more striking special cases of
these has been already shown in the illustration of a water-pore
(v, Fig. 55) ; others will be considered later (see ‘¢ Insectivorous
Plants’). The tracheids which terminate the final ramifications
of the veins in leaves are in close contact with parenchyma cells.

442. According to Casimir De Candolle, the leaf may be re-
garded histologically as a branch with its upper, that is its
posterior, side atrophied.!

443. The stipules have the samne arrangement of clements in
their fibro-vascular bundles as the blade, — that is, liber below
(outside), wood above (inside). But in ligules (organs which are
formed by radial deduplication) the arrangement is just the
reverse of this, —the liber is above, the wood below.

444. Parenchyma. The forms of the parenchyma cells which
constitute the pulp of leaves are: (1) spherical or nearly so;
(2) ellipsoidal, sometimes much clongated; (3) branched, some-
times stellate. Examples of these three are often met with in
the structure of a single leaf: the upper layers generally being
composed of ellipsoidal cells, the lower layers of more nearly
spherical oues, intermingled with some which are branched.

445. The arrangement of the parenchyma of the leaf-blade
is referred by de Bary? to two chief types: (1) the centric, in
which the chlorophyll parenchyma is uniformly disposed through-
out the whole organ; (2) the bifacial, in which there is a de-
cided difference hetween the compact tissue of the upper and the
spongy tissue of the lower side of the leaf.

' Archives des sciences de la Bibliothéque universclle, 1868, tome xxxii.
p- 32, “‘un ramean & face posterieure atropliiée.”
2 Vergleichende Anatomie, p. 423.
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446. The centric arrangement has two modifications: (1) that
in which the whole pulp is composed of chlorophyll parenchyma,
but towards its mid-
dle plane has larger
cells with less chlo-
rophyll, and some-
times has conspicu-
ous lacunw (many
grasses, Yucca fila-
mentosa, Crassula,
ete.): (2) that in
which it is composed
of layers which are
uniformly  distrib-
uted above and be-
low a middle layer 122
of colorless cells free
from chlorophyll, but, in succulents, very rich in sap (Aloe,
Mesembryanthemum,
cte.). In both the
foregoing  modifica-
tions the upper layer
of the parenchyma
may be composed of
somewhat longer cells
than those below, and
to them can be applied
the terin more gener-
ally given to those in
the nexttype, namely,
palisade-cells,

447. The bifacial
arrangement has the
denser tissue in that
part of the leat which
is exposed to the
light. This usually consists of several layvers of palisade paren-

123

Fi1G. 122. Leaf of Pimus Laricio. Cross-gection of a part of the leaf, showing the
stomata, hypoderma, and parenchyma. The folded walls of the parenchyma-cells (see
208) are plainly shown in the cells below the resin-passage (£/¢7), where they have been
emptied of their contents. (Kny.)

F1G. 123. Transverse section of a leaf of llex Aquifolium. showing arrangement of
the parenchyma: pp. palisale parenchyma; pe, spongy parenchyma: 2, hypoderma;
la, fibro-vascular bundle. Stomata are found only upon the lower surface of the leaf.
(Areschoug.)
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chyma; but the aggregate thickness of these may not be so
great as that of the spongy parenchyma on the other side of
the leaf (see 205).

448. In some plants the palisade parenchyma is found almost
as abundantly in the under as in the upper portions of the
leaves. Bessey! has shown that this is the case in the leaf of the
Compass plant (Silphium laciniatum) : ¢ Its chlorophyll-bearing
parenchyma is almost entirely arranged as palisade tissue, so
that the upper and lower portions are almost exactly identical
in structure.” Another plant possessing substantially the same
leaf-structure is Lactuca Scariola. When its leaves are grown in
the light, they take a vertical position (and generally stand north
and south); but if grown in the shade, they are horizontal.
The leaves which are developed in the light have palisade paren-
chyma on both the upper and under portions ;2 but those which
are developed in the shade have ordinary parenchyma above
and more or less stellate parenchyma below.

449. According to Stahl,® exposure of a leaf to light or shade
during development has very much to do—in the plants thus
far examined — with the form and arrangement of its paren-
chyma. The leaves of the common beech afford good material
for the study of the subject. In some cases, at least, those
which are grown in the deep shade of a grove are different in
texture from those which are formed in bright sunlight.

450. The parenchyma of the petiole is generally much like
that of the stem to which it is attached ; layers or lines of thin-
walled collenchyma sometimes extending without interruption
from the stem into the petiole. In the petioles of Cycads scle-
rotic elements like thosc of the stem are often abundant, and are
continuous with them.*

451. In some leaves which have the power of movement the
petiole is much enlarged at its base, forming what is known as
the pulvinus. The parenchyma of this structure is sometimes
peculiar in being thick-walled on the upper side of the petiole
and thin-walled on the under. Other peculiarities will be de-
scribed under ‘¢ Movements.”

1 See also American Naturalist, 1877,

2 Pick : Botanisches Centralblatt, 1882, vol. xi. p. 441.

8 Stahil : Ucber den Einfluss des sonnigen oder schattigen Standortes auf
die Aushildung der Laubblitter, Jena, 1883,

Haberlandt, on the other hand, does not think the effect of light in con-
trolling the character of leaf-structure is well marked.

¢ Kraus: Pringsheim’s Jahrb., 1865, vol. iv. p. 305.
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452. The epldermis of the leaf is continuous with that of the

stem. Its principal features have been described in Chapter II.,
and only the following need now be recalled. 1. It may be
simple, that is, composed of one layer of cells; or multiple, —
of more than one. 2. Immediately below it may be found in
some cases one or more layers of
cells known as the hypoderma.
3. The epidermal cells are in un-
broken contact with each other
except at (1) rifts, (2) water-pores,
(3) stomata. 4. Their surfaces
may exhibit nearly every form of
trichome.

453. Glands secreting nectar
are found on different portions of
the leaves of various plants; for
example, at the junction of the
petiole with the blade (Poplar),
at the base of the petiole (Cassia
occidentalis), on the lower side of
the midrib of the leaf (cotton-
plant), or scattered over the lamina
(turban squash). Such glands arc
particularly noticeable in insec- 124
tivorous plants, as Sarracenia and
Nepenthes (see Part II.). On making a section of one of the
nectar-glands found on a young poplar leaf, the epidermis will
be seen to be transformed into a double layer of thin-walled,
elongated cells forming the secreting surface, which is charged,
together with the parenchyma lying below it, with a syrup de-
rived from the transformation of starch. At times the seeretion
from a gland is so abundant that drops of considerable size
collect upon the surface of the leaf, and if rapid evaporation
takes place, crystals of sugar are deposited at the gland.!

454. The leaves of submerged phenogams. for example those
of Potamogeton and Myriophyllum, possess no true epidermis ;
the parenchyma is therefore in direct contact with the surround-

1 Trelease : Nectar and its Uses, in Report on Cotton Insects (United States
Department of Agrienlture, 1879), and Neetar-Glands of Populus, Botanical
Gazette, vol. vi. p. 284.

F1a. 124. Transverse section through leaf of Camellia (Thea) viridis, showing: a
epidermis; b, branched liber-cell ; d, ofl-drop; e, crystals. (Mirbel.)
11
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ing water. On the external surface its thin-walled cells are in
close contact (there being nothing answering to stowata); but
in the interior of the leaf there are often lacune filled with air.
These were thought by Brongniart to be essentiaily the same as
those cavities found in the parenchyma of many marsh plants.

The veins of submerged leaves have no true ducts; the elon-
gated fascicles generally consisting merely of rows of clongated
cells.?

455. Roots may be produced from leaves in much the same
way as they are from stems; that is, some of the cells at the
liber may divide in such a manner as to form a protuberance
which pushes before it a part of the endodermis. As the root
thus formed emerges, the tissues are speedily produced, the wood
being continuous with the wood of the leaf, the liber with its
liber. Roots may arise naturally in some leaves by simply plac-
ing them in contact with moist earth, or they may be produced
artificially by mutilation of the petiole or lamina. Bryophyllum
calycinum affords a good example of the former; Begonia,
Peperomia, etc., of the latter mode of origin.

456. Buds may form spontaneously on the margin of leaves,
especially those in contact with a moist surface, or they may
grow from the cells under the scar where a mutilated leaf has
healed.

457. In some of these cases only the epidermal cells take
part in producing the meristem from which the bud is developed :
in others the parenchyma just below the epidermis also divides.
or the cells under the scar may produce all the axial tissue ele-
ments. Begonia is an example of the first method of production.
Brvophyllum of the second, Peperomia of the third.

It is interesting to observe that in all these cases the bud forms
without the intervention of the fibro-vascular bundles of the leaf.
The newly formed axis has fibro-vascular buudles, which may
anastomose with those pre-existent in the leaf, but usually they
are entirely distinet. The axis is, however, provided with its
own root-system. and after a time it becomes severed by a plane
of cork from the leaf which produced it.

458. Fall of the leaf. In deciduous plants the leaf separates
from the stem or twig by the formation of a plane of cells?
cutting sharply through the petiole at or very near its base.
The dividing plane may he partially formed early in the growing

! Brougniart : Ann. des Sc. nat., tome xxi., 1830, p. 442.
2 (‘alled by Mohl the separative layer (Botanische Zeitung, 1860, p. 1).
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season, but generally it is not far advanced in development until
near the end of summer. The leaflets of the larger compound
leaves — for instance, those of Ailanthus, Gymnocladus, Ju-
glans, etc. — atford excellent material for examining the process
of defoliation. Strong leaves of any of the plants mentioned
are to be kept between damp (not wet) paper in a warm place
for a number of hours, when the formation of the dividing plane
can be observed. The plane is so far completed by the end of
the second or third day that the leaflets fall with the slightest
touch.

459. The strong leaves of horse-chestnut are employed by
Strasburger as material for demonstrating the process of defolia-
tion. He sayvs that alcoholic material answers very well for the
purpose, but that it happens occasionally that the distinctive
brown color of the cells adjoining the cutting plane is nearly or
quite lost. The petiole is to be cut through in its median line,
and then several very thin longitudinal sections parallel to this
are to be carefully made and placed at once in water. In a good
preparation the cells making up the cutting plane should be
clearly seen extending from the epidermis of' the petiole to the
fibro-vascular bundles. If the leaf was taken at just the right
time, the preparation should show also that the cutting plane
has invaded even the tissue of the fibro-vascular bundles. The
plane cousists of one to several layers of cells, some of which
are plainly cutinized ; thus, as a rule, the place of separation is a
scar healed before the leaf falls.

It happens frequently that changes take place at the middle
portion of the cutting plane, by which its layers near the leaf
are forcibly separated from those nearer the stem; in such cases
the leaf falls because it is forced off.!

460. The excision of the leaf usually takes place at the base
of the petiole, so that the surface of the scar is even with the

1 +“The provision for the scparation being once complete, it requires little
to effect it ; a desiccation of one side of the leaf-stalk, by causing an effort of
torsion, will readily break through the small remains of the fibro-vascular bun-
dles ; or the increased size of the coming leaf-bud will snap them ; or, if these
causes are not in operation, a gust of wind, a heavy shower, or cven the
siinple weight of the lamina, will be enongh to disrupt the small connections
and send the suicidal member to its grave.  Such is the history of the fall of
the leaf. We have found that it is not an accidental occurrence, arising simply
from the vicissitudes of temperature and the like, but a regular and vital pro-
cess, which commences with the first formation of the organ, and is completed
only when that is no longer useful” (Dr. Inman, in Henfrey's Botanical
(razette, vol. 1. p. 61).
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surface of the stem; but it may occur a little higher up, so that
some of the petiole remains attached to the stem!® (Rubus,
Oxalis, etc.).

461. Evergreen leaves are those which remain upon the stem
without much apparent change during at least one period of
suspension of' vegetation. The leaves of some evergreens per-
sist through only one ycar, falling off as soon as those of the
succeeding year have fully expanded. It is not unusual in warm
temperate climates to have trces and shrubs which are normally
deciduous in colder regions retain their leaves until new ones
are produced.

Pines and spruces lose some of their oldest leaves every year,
but new ones are as regularly formed. Their branches are never
completely defoliated, but may bear at one time the leaves which
have been formed during several years.

462. The colors assumed by leaves before they fall can be
better examined after the subject of the pigment of chlorophyll-
granules has been treated in Part IT.

463. The fronds of ferns and the leaves of their allies present
few peculiarities, and do not need to be here examined. The
formation in ferns of the sori, or spore-dots, the sporangia, or
spore-cases, and the spores themselves falls properly within the
province of Volume III.

464. The leaves of mosses are characterized by great sim-
plicity of structure. For their study any of the species of Poly-
trichum, or Hair-cap Moss, will answer. In these there is no
true fibro-vascular bundle ; a series of somewhat elongated and
rather firm cells, known as the conducting thread, takes its place.
Upon this conducting thread the parenchyma cells are distributed
more or less regularly, on one side forming slender elevations
four or five cells in height. The cells contain chlorophyll, and
generally much starch.?

465. In the thallophytes there is no clear distinction of leaf
and axis ; the tissue consists throughout of parenchyma more or
less modified. In some algee there is often a lateral parting of
the frond into segments resembling leaves; but as they are not
leaves morphologically, they need no further consideration here.

1 For full and interesting accounts of the changes which cause the fall ot
the leaf, see Mohl’s paper in Botan, Zeitung, 1860, p. 1, and also Van Tieghem
and Guignard in Bull. Soe. bot. de France, 1882,

2 In Strasburger’s Botanische Practicum, p. 304, the student will find a
full and interesting account of the structure of the leaves of Polytrichum and
Mnium.



WORKS OF REFERENCE. 165

In the examination of the tissues of the organs of vegetation
the student is referred to the following works : —

DEe Bary. Vergleichende Anatomie (Leipzig, 1877). An octave volume
of about 660 pages, of which an excellent English translation is newly pub-
lished under the title, ‘“Comparative Anatomy of the Vegetative Organs of
Phanerogams and Ferns,” by A. De Bary. Translated by F. O. Bower and
D. H. Scott, 1884. This exhaustive treatise gives all needful references to
the literature of the subject up to 1876.

MonL. Vermischte Schriften. This is a collection of Hugo von Mohl's
most important works, which have appeared from time to time in various
journals.

STRASBURGER. Das botanische Practicum (Jena, 1884). This work, of
which an English translation is promised, is of very great use both to beginners
and advanced students of Histology. The directions for procuring, preserving,
and using material are explicit, and for the most part are convenicntly ar-
runged. The volume, of more than 600 pages, is divided into separate studies,
such as the structure of the bast and wood of the pine, the anatomy of a few
common leaves, etc.

OuIvER. Bibliography of the Stems of Dicotyledons (Natural History Re-
view, 1862 and 1863). A citation of the more important works on the stems
of different dicotyledons, arranged according to the natural families.

For a treatment of the anatomy of the organs of aquatics and parasites, the
fully illustrated work of Chatin may be consulted.

Those curious to examine the diverse and now mostly abandoned views
regarding the growth and structure of the stem, will find much of interest in
the works of Du Petit Thouars and of Gaudichaud. An account of these and
other views will be found in Schleiden’s ‘‘ Principles of Botany " (1849).

-



CHAPTER IV.

MINUTE STRUCTURE AND DEVELOPMENT OF THE
FLOWER, FRUIT, AND SEED.

THE FLOWER.

466. IN Volume I. Chapter V1., it has been shown that a
flower is to be regarded as a modified branch with very short
internodes and with the foliar expansions assuming forms unlike
those of ordinary leaves. In the outer circle — the calyx — the
parts have frequently the texture and color of foliage ; but in all
the other circles of the flower they are notably metamorphosed.
Notwithstanding their disguises, the parts of the flower arc iden-
tifiable as leafy structures arranged upon an axis. On the care-
ful examination of flower-buds the homology between all their
parts and those of a leaf-bud becomes evident. In fact, in their
earliest state it is impossible to discriminate between these two
kinds of buds. FEach has a rounded or cone-like extremity,
upon which are disposed at definite points the papillee which are
to develop into foliar organs. In one, these papille become
green leaves; in the other, the parts of a flower.

467. Two features in the development of flowers require
special attention : namely, the sequence in which the organs are
produced, and the order in which the histological elements make
their appearance.  But it is not well in any given case to under-
take the examination of the development either of the organs or
of the tissues which compose them, until the student has made
himself familiar with the characters of the full-grown flower.

468. Undeveloped racemes afford the best material for the
study of the developing organs of the flower. and it is generally
possible to find in a single young cluster flowers in all the carlier
stages of development. There are two good methods of pre-
paring the material for the compound microscope: (1) the whole
raceme, first decolorized by absolute aleohol and then softened
by glycerin, is to be dissected under a simple lens, and the sepa-
rate flowers are to be bleached with sodic hypochlorite; or (2) the
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very tip of the raceme is to be cut squarely across and placed
with a drop of water under a cover glass, when some of the young-
est flowers can be seen either standing vertically or slightly in-
clined. Theaircanbedrawn
out from the specimen by
placing the slide for a min-
ute under the air-pump ; the
outlines of the floral organs
will then be distinct.
469. A still better method
is to make tolerably thick
vertical sections of separate
flowers, one of which in
each flower must be through
the median line; and then, 125
arranging the sections! in
their proper sequence, clear them for examination either by the
use of potassic hydrate (as directed in 24), or by the following
method, recommended by Stras-
z atm burger as applicable to many cases
L di .' of thick masses of soft tissues:
glll ' Treat the part first with absolute
alcohol for a day or two, and then
. « Dlace it in concentrated carbolic
acid, after which it becomes clear.
For the carbolic acid either of the
126 following may be substituted, —
(1) threc parts of oil of turpen-
tine and one part of creosote, or (2) equal parts of alcohol and
creosote.
By any one of these methods it is generally possible to obtain
preparations of sufficicnt clearness to exhibit in optical section
all the internal tissues.

1 Pfeffer advises that the young flowers should first be tinged with aniliu
blue, and then imbedded in: a strong solution of gum-arabic (to which a little
glycerin has been added to prevent brittleness of the mass on drying). Then,
when the gum is dry, sections can be easily cut in any direction.

F1G. 125. Lysimachia quadrifolia. Flower scen from the side, and somewhat ob-
liquely, the calyx being removed. At thiz period the parts of the corolla have not
coalesced : 8p, place where the exclsed sepals were; p, petal; st, stamen. (Pfefter.)

F1a. 126. Lysimachia quadrifolla. Thin longitudinal section through the median
line of a flower, in which the orgaus are beginning to form. Before the sinuses of the
calyx, as well as before its lobes, cell-division has taken place on all sides; for instance,
at 8¢, n, and x. (Pfeffer.)
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470. The fully grown flower of Lysimachia quadrifolia is thus
characterized : Calyx hypogynous, deeply 5-parted, the lobes
valvate or very slightly imbricated in the bud: corolla hypogy-
nous. wheel-shaped, and decply 5-parted with hardly any tube,
its lobes convolute in the bud ; no teeth between the lobes of the
corolla; lobes of the corolla longer than the narrow lanceolate
lobes of the calyx; stamens of unequal length, plainly united at
the base, inserted opposite the lobes of the corolla, glandular;
anthers barely oblong; ovary one-celled, surmounted by an un-
divided style and stigma, and containing 10-15 ovules on a
central placenta.

Fig. 126 shows the appearance of a very young tlower of this
species ; on the rounded
or somewhat flattened
apex of the axis minute
elevations are seen, the
outer being the nascent
sepals. Fig. 127 shows
the flower in & more ad-
vanced stage. Fig. 128
represents aportion only,
the right, in a still more
advanced condition.
Fig. 129 exhibits all the
organs of the flower, so
far as they can be shown

Fi16. 127. Lysimachia quadrifolia. A longitudinal section through a flower some-
what more advanced than in Fig. 126; the letters are the same as in Fig. 128. (Pfeffer.)

F1a. 128. Lysimachia quadrifolia. Longitudinal section through an elevation which
is considerably advanced before the appearance of the petals: st, stamen; n, cells
where the petals will appear, (Pfeffer.)

FiG. 129. Lysimachia quadrifolia. A longitudinal section through a flower in which
all the organs are wcll developed, and even the parts of the ring by which the corolla-
1obes are to conlesce have begun to grow: sn, sepal; p, petal, or corolla-lobe ; s¢, stamen;
g,ovary: c, placenta; sp. u,and p. u, the tissue uniting the parts of the calyx and corolla
respectively. (Pfeffer.)
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in a single longitudinal section. Comparison of these figures
gives a clear idea of the sequence in which the organs make
their appearance; namely, in acropetal succession, — that is,
the younger or newer are always nearest the extremity.

471. According to Payer, the sepals always precede the petals,
the petals the stamens, and the stamens the pistils, in time of
appearance. But in a few cases, of which Lysimachia is one,
it may happen that a given circle of organs is somewhat de-
layed in forming; for instance, in the figures the stamens are
seen as considerable protuberances before the petals are clearly
outlined. This fact has been considered by some to indicate
that the corolla in such cases consists of an intercalated whorl
between two other whorls already somewhat developed. But a
carcful examination of Lysimachia and most other cases shows

130

rather that the petals or the corolla-lobes are laid down in their
proper sequence, but that they are temporarily outstripped by
the sepals and the stamens.

The appearance of the forming flower when seen in vertical
section is shown in Fig. 130, and a perspective view is given
in Fig. 125, exhibiting the late-appearing petals and the much
larger stamens.

472. Since the several organs of the flower are modified
leaves symmetrically arranged on an axis, the histological con-
stituents of a leafy branch will be found in the flower, albeit
much modified in some of their characters. These constituents
are, (1) a framework of fibro-vascular tissue, upon which is
extended (2) parenchyma, covered by (3) epidermis.

F16. 130. Lysimachia quadrifolia. Longitudinal section through a flower in which
the corolla is just appearing. The elevation on the right has been cut through exactly
In the median line. while that on the left has been cut on its edge. Letters the samoe as
in Fig. 129. (Pfeffer.)
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473, The fibro-vascular bundles of the flower are essentially
the same as the collateral  hunjes found in ordinary green
leaves, except that their clements are usually more delicate in
texture, and in the inper whorls of organs very much reduced.

474, The parenchyma calls for No special remark bevond ally-
sion to the fact that some one of the different kiuds of internal
glands is fi ‘quently associated witl it.

475. The epidermis has stomata, — which are generally rudi-
mentary, —and most of tle forms of trichomes, One of the most
interesting peculiaritics of structure presented by the parts of
the flower is found in the papillar outgrowths alluded to in 222,
These are of course minute ang short hairs, which, owing to
their abundance, impart a velvety appearance to the part on
which they oceur., This appearance is well shown by the petals
of a very large number of the Howers most common in cultiva-
tion.

476, The cuticle of the epidermal colls of the more delicate
petals is sometimos very distinetly striateq in an irregular man-
her. The walls of the cells generally have a sinuous outline.

77, The colors of petals and other colored parts of the
flower are dependent cighep on the presence of corpuscles
(the colored plastids) or of matters dissolved in the cell-sap.
The following iceount of the coloring-matters iy, the very com-
mon Viola tricolor js condensed from Strasburger.

A vertical section through a petal exhibits the epidermis of the
upper side as consisting of clongated papille, while that of tle
lower side has only slightly rounded ones, Just below the epi-
dermis of the upper side there js g layer of compact cells, under
which are several rows of smaller cells witl, conspicuous inter-
cellular spaces.  The cells of the epidermis of both sides contain
violet sap and yellow granules ; the layer of compact cells under
the epidermis of the upper side coutains only yellow granules.
The striking diversities in color presented by ditferent parts of a
given petal depend wholly upon combinations of {hese two ele-
ments of color ; namely, violet sap and yellow granules. In
some places which are devoid of either of these clements there
are white spots; at these places the light is refracted and re-
flected Dy the intercellular spaces which contain air. If the air
is removed by pressure, the spots will become transparent,.

478. The cell-sap in the parts of the flower may have almost
any color, especially shades of rod and blue; from this sap the
coloring-matter sometimes erystallizes in the form of short and
slender needles ; for instance, in Delphinium Consolida,
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479. Development of the stamens. The following outline may
serve as an iutroduction to the study of
the development of the stamens. At
first, the stamen exists as a mass of
homogeneous parenchyma ; later, a del-
icate fascicle, continuous with one in the
filament, becomes ditferentiated in one
part of the stamen, the connective. Four
longitudinal ridges appear on the an-
ther, which coincide with four lines of
large cells within. These cells give rise
o the mother-cells of the pollen and to
the very delicate pollen-sac.!

480. The mother-cells of the pollen
have at first thin walls, but later these
become  irregularly  thickened.  In a
large number of cases — many mono- 181
cotyledons, and most if not all dicoty-
ledons — the nucleus of a mother-cell divides into two nuclei,

which themselves divide

D at right angles to the
plane of the first division,
thus producing four nuclei
forming a tetrahedron.
Cell-walls are next formed,
and four cells are pro-
duced, which are ecalled
the tetrad. After the
mother-cells of the pollen
have been changed into
tetrads, the mass of pro-
toplasm in each of the
cells of a tetrad becomes
covered, as Strasburger
has shown, with a new

"1 The cells which muke up the layer forming the pollen-sac are ‘kvno—\\:n—,
collectively, as the Archesporium. The epithelium which lines the pollen-sac
has been termed the Tapetuan.

F1a. 131. Orchis macnlata. A pollen-mass in process of enlargement, with the anther-
wall on the outside: ep, epidermis; 1, layer of cells under the epi’ermis remaining un-
divided ; 2’ and 3’, layers arising from division; 8, the endothecium. The little mass
cm. formed by the mother—cells, ix surrounded by a thickened wall. 332, (Guignard)

F1G. 132. A, transverse section of a young anther of Mentha aquatica ; B, a fourth
of this magnified; (', section throngh a young anther of Symphytum orientale: /), a
fourth of this magnified. The dotted lines in A and " show the part taken for exami-
nation. E, section of a young anther of I.eucanthemum vulgare (Warming.)
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cell-wall, the proper cell-wall of the pollen-grains. This wall
may be variously marked, scalptured, and cuticulavized, giving
rise to the characteristic forms and features of the grains as
they are met with in the mature flower. In gymnosperms, the
development of pollen-grains differs from that described in some
particulars which are interesting chiefly from their resemblance
to what occurs in the higher cryptogams.

481. The stigma is a surface formed of peculiar cells which
secrete a viscid, saccharine matter, slightly acid in reaction. In
some cases the walls of the stigmatic cells undergo the mucilagi-
nous modification (Solanum, ete.). The wide differences which
exist in the character of the cells of the stigma are illustrated by
the following examples: (1) cells with no marked papillee, as in
Umbelliferee ; (2) papillose, as in Salvia, Convolvulus, Spirea;
(3) hairy, as in Hypericum, Geranium ; (4) with compound hairs,
as in Reseda. In some of the above the cells are rather loosely
aggregated. while in others they are much more compactly com-
bined. DBelow the stigma the style often has collecting hairs, as
in Compositee, Campanulaces, etc. (sece Volume I. page 222).

482. The style is a prolongation of the ovary, and shares with
it its fascicular system. In the interior there is a slender thread
of loose tissue made up of thin-walled cells containing consider-
able food-material, starch or oil, etc. The cell-walls often pass
into the mucilaginous condition. The style is sometimes tubular,
and lined with the tissue just described.

483. The simple ovary is a modified leaf-blade provided with
epidermis, parenchyma, and a fascicular system. The epidermis
of the outside of the ovary, and that which lines its cavity, may
have all the characters of ordinary epidermis ; stomata and hairs
may be present, the latter often being mere papillee, which upon
the ripening of the ovary into the fruit become long hairs.

484. TIn the interior of the ovary there is frequently a pecul-
iar modification, either of the epidermis itself or of the sub-
jacent parenchyma as well. In such cases very loose tissue,
sometimes appearing as if composed of felted hairs. lines the
cavity of the ovary (or is found at some onc portion of it). The
walls of this tissue may undergo the mucilaginous modification
cither in whole or in part. Its cells contain a considerable
amount of food-materials (oil and starch). This loose tissue,
together with that of the same character found in the style, is
known as conductive tissue. and serves as a path of least resist-
ance for the penctrating pollen-tube (see Part I1.).

485. The distribution of the fibro-vascular bundles in ovaries
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1s of much interest, and can best be examined under the two
heads of ** Simple Pistils”” and ** Compound Pistils.”

486. Simple Pistils. The fibro-vascular bundle consists of
wood and liber running through the median line of the carpellary
leaf, — that is, through the dorsal suture. Two branches are
given off by this bundle not far from the base of the leaf, near
its two united margins, — that is, at the ventral suture.

487. The folded carpellary leaf has incurved margins; so that
whatever the arrangement of the wood and liber may be in the
median line of the leaf, the reverse will be found at the margins.
Thus in each of the three carpels shown in Fig. 133 @, the fibro-

vascular bundle running through the dorsal suture has liber on its
outside (the unshaded portion) and wood on its inside (the dark
portion). But in each of its branches at or near the ventral
suture liber occurs on the inside (that is, nearest the centre of
the flower) and wood on the outside.

488. Compound Pistils. If several carpels unite to form a
compound ovary, the same inversion of the order of the parts of
the bundles (as shown in Fig. 133 a) will be seen when the
bundles at the centre of such an ovary are compared with those
at its periphery (see diagrams b to f, Fig. 133).

F1G. 133. Transverse section of superior ovaries, showing the arrangement of the
fibro-vascular bundles of carpels: a, Eranthis hycmalis: b, Hyacinthus orientalis;
¢, Tulipa Gesneriana ; d, Impaticns tricornis; e, Anagallis arvensis; /, Lychnis dioica.
(Van Tieghem.)
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489. But if the ovaries, instead of being superior, as those in
Fig. 133, are inferior, as those in Fig. 134, further complications
are caused. The fibro-vascular bundles of the several floral
whorls united with the pistil are distributed in circles in the
parenchyma tissue of the ovary. Thus in Fig. 134 a, we find
five such circles, corresponding to the calyx, corolla, stamens,
and dorsal and ventral sutures of the carpel. The bundles in
Fig. 134 a are arranged in radial lines from the centre outwards;
the six bundles nearest the centre of the ovary are those of the
ventral sutures, and have wood outside and liber inside ; in the
next circle the three with reverse arrangement of elements are
those of the dorsal sutures from which the bundles just spoken
of branched. In Fig. 134 b, all the fibro-vascular bundles save
those of the carpels
are united to form a
single circle, thus giv-
ing rise to the three
circles of bundles
seen in the cross-
section, and at the
base of the ovary
even these did not
exist separate. In
Fig. 134 ¢, the bun-
dles of all the floral
whorls are blended
for a considerable
height in the ovary ;
finally, the bundles
of the ventral sutures
become  separated
from the rest, which
continue united
throughout, forming
the large bundles seen on the periphery of the ovary in Fig.
134 ¢. The arrangement of the bundles in this figure should be
compared with that in Fig. 133.

490. The structure of the peduncle and the pedicels is sub-
stantially the same as that of the stem, and the structure of

Fi6. 134 Transverse section of the inferfor ovary, showing the arrangement of fibro-
vascular bundles both In the carpels and the external parts of the flower: a. Alstrae-
meria versicolor, the fascicles of the whorls independent; b, Galanthus nivalis, the
fascicles no longer so distinctly radial; ¢, Campanula Medium, the fascicles of the
whorls blended. (Van Tieghem.)
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the bracts is much like that of the leaf; therefore these need not
be specially considered here.

491. Ovules are normally formed at definite points or lines
upon the ovarian wall, which answer to the edges of the carpel-
lary leaves. The funiculus arises as a slight elevation produced
by the multiplication of a cell or a group of cells under the
epidermis ; in the centre of this elevation, and also under the
epidermis, further development produces a spheroidal or cone-
like mass, — the nucleus. Then, a little later, cells at the base
of the nucleus begin to produce a cylinder (the inner integu-
ment), and shortly after, a second one is forined below and
outside this (the outer integument). Subsequent development
carries the outer integument quite up and around the inner one,
and the nucleus; leaving a small opening (the foramen). For
peculiarities in the morphology of the ovule, and for cases in
which one or both integuments may be wanting, see Volume I.
page 278.

492. The funiculus has a collateral fibro-vascular bundle,
having its median plane coincident with that of the ovule. The

W, { 1]
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bundle is surrounded by parvenchyma and cpidermis. Tt is fre-

quently prolonged into the integuments, being there more or less
branched.

F1a. 135. Development of the ovule of Aristolochia Clematitis. A, young ovule in
vertical section; B, aame, more advanced; ti, internal integument forming; () a later
stage of same; ¢i, internal integument; fe, external integument forming; D and £,
later stages of nucleus, to be described in Part I1. (Warming.)
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THE FRUIT.

493. The fruit is the ripened pistil. But, as shown in Vol-
ume 1., “it is a loose and multifarious term, applicable alike to
a matured ovary, to a cluster of such ovaries, at least when
somewhat coherent, to a ripened ovary with calyx and other
floral parts adnate to it, and even to a ripened inflorescence when
the parts are consolidated or compacted.”

494. Histologically considered, fruits present few difficulties,
although the changes in form which a pistil undergoes as it ripens
are not greater than the changes which it may suffer in minute

“structure. These histological changes are referable to a few
simple kinds : (1) a great development of sclerotic elements, seen
in the harder dry-fruits and in the putamen of all stone-fruits;
(2) a large increase in the amount of soft-walled parenchyma,
containing sap, as in the pulp of all fleshy fruits; (3) a consid-
erable development of color, especially in the superficial parts.

495. Sections to exhibit the structure of the very hard parts
of fruits are made most easily by carefully grinding the parts
on a fine oil-stone.  First, a fragment of the hard shell of a nut
or of the putamen of a drupe is obtained by means of any strong
cutting instrument, and a flat surface parallel to the plane of
the section desired made by a clean file. On a glass slide a
drop of Canada balsam is placed, and heated until the more
volatile portion is expelled (see 111). Then the flat side of the
object just prepared is held upon this balsam until the latter
becomes cool and hard; and when thus securely fastened, the
specimen is rubbed down on an oil-stone to any required de-

- gree of thinness. It is removable from the slide by oil of

turpentine, and can afterwards be mounted in a fresh portion of

balsam or of benzol-balsam (sce 112).

496. The contents of the parenchyma cells of fruits depend
very largely on the degree of maturity of the fruit. Changes in
the contents go on from the formation of the fruit until it is fully
ripe. In some of the more common casecs these consist largely
in the production of varions sugars, especially that which is
known as fruit-sugar; and organic acids, for instance, citric,
tartaric, and malic acids. A consideration of these changes
belongs to Part I1.

497. The coloring-matters in fruits, like those in flowers, are
either color-corpuscles (chromoplastids), or substances dissolved
in the cell-sap. In a few cases the walls of the cells them-
selves have more or less color.
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498. The berries of a common house-plant, Solanum Pseudo-
capsicum, furnish excellent material for the examination of the
coloring-matters of fruits. The following account, condensed
from Kraus,! will show the essential characters of the color-
granules in this case, and it should be compared with what has
been already said about the structure of chlorophyll granules
and leucoplastids (168 et seq.), as well as with the account of
the chromoplastids in the parts of flowers (477).

A section through the ripe pericarp shows that it consists of
twenty to thirty or more layers of cells, in most of which color-
granules occur. In the outermost cells the granules closely
resemble both in form and structure ordinary granules of chloro-
phyll.  In some of the granules the coloring-matter is evenly
diffused through the whole mass, while in others it is confined
to some one part, the rest of the granule remaining without color
of any kind. In these cases the colored and the uncolored parts
are not very sharply divided from each other.

499. Other granules less like chlorophyll-granules occur, in
which there is a sharp demarcation between the colored and
uncolored parts; such have been shown to he vacuolar, the
vacuoles assuming widely different shapes. These are abundant
in the cells which lie five to eight layers, or rather more, from
the outside.

In some of these the colored portion appears spindle-form or
sickle-form, in others curved twice, like the letter S. It fre-
quently happens that several of these long granules are placed
end to end, forming an irregular chain.

500. In the part of the berry which envelops the seeds the
color-granules are extremecly slender, and needle-shaped.? All
of the granules liec in the protoplasm; usually in greatest
number in that lining the walls, and immediately around the
nucleus.

501. Occasionally in the larger pericarp-cells roundish col-
ored objects are mct with, which close examination shows are
nothing but vacuoles in the protoplasm of the cell filled with
colored sap; sometimes these have been mistaken for the
granules themselves, but they can usually be distinguished from
them without difficulty, on account of the distortion which they
undergo upon slight pressure.

! Kraus: Pringsheim’s Jahrb., 1872, p. 131.
2 Tréeul : Ann. des Se. nat., sér. 4, tome x, 1858, p. 154, Weiss: Sitz. d. k
Akad. Wien, 1864 (Band 1.), and 1866 (Band liv.).
12
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THE SEED.

502. The ripened ovule is the seed. In ripening, the ovule
undergoes changes in the structure both of the integuments and
the nucleus. The integuinents of the seed answer morphologi-
cally to the primine and secundine of the ovule; the outer being
the testa, or seed-shell, —also called spermoderm or episperm,
— the inner the tegmen, or endopleura. The nucleus of the
seed also answers to the nucleus of the ovule. The morpho-
logical relations of the different parts of the seed have been
sufficiently treated in the first volume, ‘¢ Structural Botany,” and
therefore only the histological features will now be presented.

503. Considered as a whole, the testa varies greatly in con-
sistence ; it is in some cases as dense as any sclerotic tissue,
while in others it is pulpy, and in others still, membranaceous.
But it is usually divisible under the microscope into two or more
layers, which are not constant in their characters.

504. The ordinary layers met with in the seeds of most
agricultural plants have been described by Nobbe ! in the follow-
ing terms: 1. The hard layer, composed generally of palisade
or stafl-like cells of considerable firmness. In Leguminose it
is the external layer, and its exposed surface is cuticularized.
In flax and species of Brassica, it is the second, in cabbage
and mustard, the third layer. In a few cases the cells of this
layer are tabular instead of staff-shaped. 2. The mucilaginous
layer, not present in all the common agricultural sceds, is com-
posed of cells whose walls have the power of swelling greatly
when they are placed in water. This layer is sometimes found
in the outer part of the testa, somectimes in the inner. 3. The
pigment layer, which imparts characteristic colors to the coats of
the seeds of many plants, is not constant in the form of the cells.
The color may reside in the cell-wall, or in the dried contents of
the cell. Sowmctimes a few pigment-cells are scattered among
others of a neutral tint, and even among those which cannot be
said to have any proper color at all. In some cases one of the
other layers may contain more or less color. In a few other
instances the color is not dependent on a pigment layer; for, as
Frank * has shown, in the steel-blue seeds of species of Preonia
the color is purely a result of reflected light, and is in no wise
due to the presence of any true coloring-matter. The dried
seeds are dark red or dark brown ; but when thoroughly moist-

1 Handbuch der Samenkunde, p. 73. 2 Botanische Zeitung, 1867.
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ened with water (or better still in a fresh state), they are dis-

tinctly blue. 4. The protein layer, the cells of which contain

granular albuminoid matters.

The layers just described are different in different seeds, and

sometimes different in

different parts of the

same seed-coat, so that

the division has really

little utility.

505. The external in-

tegument or testa may

have well-developed hairs,

as has been shown in Vol-

ume I. p. 306. Only one

of these cases of hairs

can be here described;

namely, those which form

the felted covering of cot-

ton-seeds, and which are

the ¢¢ cotton ” of commerce. These are slender cells with col-
lapsed walls. As they ap-
proach maturity, the cells
become nore or less twisted ;
the resulting spiral is that
which imparts to cotton its
value as a material for spin-
ning. Some other seeds,
notably those of species of
Asclepias, have long and
strong hairs, but none of
these have any spiral twist
which fits them for textile
purposes.

Regarding the size of cot-
ton ¢ fibres” (hairs of the
seed), the following meas-

urements by Ordway are of interest: Maximum length in the
‘‘ sea-island 7 variety, about two inches (five centimeters); in

P16. 136 Cross-sections of cotton-filbres. 4 4, unmature fibres; B B, half-mature
fibres; C C, fully mature fibres; 0, section of fibre, showing laminated cell-walls,
(Bowman.)

F1a. 137. A, Glassy, structureless fibre; B, thin, pellucid, immature fibre; C, half
mature fibre, with thin cell-wall; D and E, fully mature fibre, with full twist and well-
Gefined cell-wall. (Bowman.)
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. upland or ¢ short-staple” cotton, a little over one inch and a
half (three and three-fourths centimeters). The greatest width
of fibre was found to be .0013 inch. A single fibre sustained
without breaking a weight of 150 grains.!

506. It has been shown in Volume I. that the seed-coats of
many Polemoniacez, etc., are furnished with microscopic hairs,
¢* which come usefully into play in arresting farther dispersion at
a propitious time or place. . . . The testa is coated with short
hairs, which when wetted burst, or otherwise open and discharge
along with mucilage one or more very attenunated long threads
(spiricles) which were coiled within. These protruding in all
directions, and in immense numbers, form a limbus of considera-
ble size around the seed, and evidently must serve a useful end
in fixing these swmall and light seeds to the soil in time of rain,
or to moist ground, favorable to germination, to which they may
be carried by the wind.” The best example of this structure is
afforded by the genus Collomia ; in this the spiricles are long
and very numerous.

507. The nervation of the seed-coats furnishes in many
cases excellent diagnostic characters, but they need no special
remark histologically. The forms of branching of the fibro-
vascular bundle of the funiculus indicate that the ovule and
seed are of the nature of leaflets on the margin of the carpellary
leaf.?

1 The above measurements are approximate; those which follow are the
exact determinations as they are given by Professor Ordway in the Tenth
Census of the United States.

Length of fibre. Maximum length found in the *‘sea-island " variety of
South Carolina, where it was 1.996 inches. The maximum length of the
upland or “‘short-staple” cotton was 1.669 inches. The minimum of length
(0.695 inch) was found in North Carolina cotton, grown on a light, sandy
loam soil.

Width of fibre. The widest (x5 inch wide) was quite short (0.945 inch).
By far the largest number of wide fibres come from uplands. The ‘* sea-island
variety had a width of y5848s5 inch.

Strength of fibre. The strongest specimen examined had a breaking weight
of 149.4 grains. Professor Ordway mentions some instances which lead him to
think that the strength of the fibre may hold some relation to the amount of
phosphoric acid in the soil where it is grown.

Weight of seeds and lint.  (Maximnm weight for five seeds with lint at-
tached, 22.14 grains.) Light-weight secds appear to come from sandy soils,
heavy-weight seeds from heavy and productive soils.

2 The reader is referred to a memoir by Le Monnier, in Ann. des Se.
nat., sér. 5, tome xvi., 1872, p. 233, and one by Van Tieghem in same Jonrnal,
1872. '
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508. The so-called *‘grains” of the cereals are fruits instead of
seeds ; the accompanying figures exhibit, therefore, not only the "

139

structure of the integuments of the seeds, but also of the ripened

ovarian wall.
509. As shown in the ¢t Structural Botany,” page 809, the
nucleus of the seed consists of the embryo and its supply of
' food. If the store of food is wholly
within the tissues of the embryo, the

140 141

seed is said to be exalbuminous ; if partly outside of the embryo,
as, for instance, in the cereals here figured, it is said to be
albuminous. The albumen is the supply of food in the nucleus
of the seed which is not stored in the embryo itself.

F16. 138. Cross-section from the periphery of the fruit of Zea Mals, highly magni-
fied: a, frult-capsule; b, seed-coat; ¢, adherent cellular layer; d, starch containing
albumen of seed. (Berg and Schmidt.)

F16. 139. A cross-section from the periphery of the fruit of Avena sativa, highly
magnified : a, chaft; b, fruit-capsule with the read-coat: e, adherent cellular layer;
d, starch containing albuminoid parenchyma. (Berg and Schmidt.)

F1G. 140. Cross-section from the periphery of the fruit of Oryza sativa, highly mag-
nifled: a, chaff; 4, fruit-capsule with seed-coat ; ¢, adherent cellular layer; d, starch
containing albuminoid parenchyma. (Berg and Schmidt.)

Fia. 141. Cross-section from the periphery of the fruit of Hordeum vulgure, highly
magnitied: a, chaft; b, fruit-capsule with the seed-coat; c, adherent cellular layer;
d, starch containing albuminoid parenchyma (Berg and Schmidt.)
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510. The embryo may exist as a cluster of parenchyma cells
without any clear distinction of parts, or it may possess a defi-
nitely formed axis and leaves (see “ Structural Botany,” p. 311).

The microscopic structure of the nucleus has been illustrated
in part by the figures of the grains of cereals (see also Fig. 22,
on page 47), and it has been considered also to some exteut in
the descriptions of the nascent root and the nascent stem in the
cmbryo. The study of the development of the embryo within
the seed belongs to a special subject, which will be treated in
Part 11. under ** Reproduction.” It therefore will suflice here to
state that the parenchyma cells of which the nucleus is composed
contain food materials and protein matters in large amount.

511. The proper food materials in seeds are chiefly oils and
starches. The secds of a large number of plants have been ex-
amined by Niigeli! with reference to the occurrence of starch, and
the following facts are taken from his extensive treatise : —

512. The protein granules in seeds are classified by Vines? as
follows : —

I Die Stiirkekorner, 1838, p. 387.

2 Procecidings of the Royal Socicty, vols. xxviii.,, xxx., and xxxi. On
page 62 of the volume last mentioned the following talle of seeds and their
aleurone grains is given : —

1. Soluble in water : Piwonia officinalis (tvpe), Ranunculus acris, Aconitum
Napellus, Nigella damaseena, Helleborus feetidus, Amygdalus com-
munis, Prunus cerasus, Pyrus malus, Leontodon Taraxacum, Dipsa-
cus Fullonum, Ipomeea purpurea, Phlox Drummondi, Vitis vinifera.

II. Completely, and more or less readily, soluble in ten per cent NaCl
solution.
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I. Soluble in water; e. g., Peonia officinalis.
II. Completely, and more or less readily, soluble in ten per
cent NaCl (sodic chloride) solution.
a. Grains without crystalloids.

(a.) Soluble in saturated NaCl solution after treatment
with alcohol or ether; e. g., Pisuin sativam.

(B.) Soluble in saturated NaCl solution after treatment
with alcohol, but not after ether; e. g., Helianthus
annuus.

b. Grains with crystalloids.

(a.) Crystalloids soluble in saturated NaCl solution after
treatment with alcohol or ether; e. g., Bertholletia
excelsa.

(B.) Crystalloids soluble in saturated NaCl solution after
alcohol but not after ether ; e. g., Ricinus communis.

a. Grains without crystalloids. .

(a.) Soluble in saturated NaCl solution after treatment with alcohol or
ether : Lupinus hirsutus (type), Vicia Faba, Pisum sativum, Phase-
olus multiflorus, Allium Cepa, Iris pumila (var. atroccerulea), Colchi-
cum autumnale, Berberis vulgaris, Althea rosea, Tropeolumm majus,
Mercurialis annua, Empetrum nigrum, Primula officinalis.

(B.) Soluble in saturated NaCl solution after alcohol, but not after
ether : Helianthus annuus (type), Platycodon (Wahlenbergia) grandi-
flora, Sabal Adansoni, Delphinium cardiopetalum, Trollius Europeus,
Actea spicata, Caltha palustris, Aquilegia vulgaris, Dianthus Caryo-
phyllus, Brassica rapa, Lepidium sativum, Medicago sativa, Larix
europeea, Cynoglossum officinale, Spinacia oleracea.

5. Grains with crystalloids.

(a.) Crystalloids soluble in saturated NaCl solution after treatment
with alcohol or ether : Bertholletia excelsa (type), Adonis autumna-
lis, Athusa Cynapium, Digitalis purpurea, Cucurbita Pepo.

(B.) Crystalloids soluble in saturated NaCl solution after alcohol, but
not after ether: Ricinus communis (type), Datura Stramonium,
Atropa Belladonna, Elais Guineensis, Salvia officinulis, Taxus bac-
cata, Pinus Pinea, Cannabis sativa, Linumn usitatissimum, Viola
elatior, Ruta graveolens, Juglans regia.

III. Partially soluble in ten per cent NaCl solution.

a. Entirely soluble in one per cent sodic carbonate solution : Pulmonaria
mollis, Omphalodes longitlora, Borago caucasica, Myosotis palustris,
Clarkia pulchella.

b. Entirely soluble in dilute potassic hydrate.

(a.) Grains without crystalloids : Anchusa officinalis, Lithospermum
officinale, Echiam vulgare, Heliotropium Peruvianum, Lythrum
Salicaria.

(B.) Grains without crystalloids : Cupressus Lawsoniana, Juniperus
communis, Euphorbia Lathyris.
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III. Partially soluble in ten per cent sodic chloride solution.
a. Entirely soluble in one per cent sodic carbonate solu-
tion; e. g., Clarkia pulchella.
b. Entirely soluble in dilute potassic hydrate.
(a.) Grains without crystalloids; e. g., Lythrum Salicaria.
(B.) Grains with crystalloids ; e. g., Juniperus communis.

513. The appendages of the seed known as the strophiole (at
the base of the seed), the caruncle (at the micropyle or orifice),
and the membranaceous and pulpy forms of arillus (see Vol-
ume I. pages 308, 309) do not call for further remark.

The separation of the fruit at maturity, and the separation of
the ripened seed as well, are due to changes analogous to those
described in 458, under the ¢ Fall of the Leaf.” Some of the
special forms of mechanisms by which the detachment occurs
may be examined in Part II., under ¢* Dissemination.”



CHAPTER V.

PHYSIOLOGICAL CLASSIFICATION OF TISSUES.

DIVISION OF LABOR IN THE PLANT.

514. THE simplest plant, a green cell living in water, pos-
sesses all the appliances needful for the work of vegetation ;
namely, a protoplasmic body containing chlorophyll, and a cell-
wall protecting it. It finds in the water in which it floats, and in
the sunlight to which it is exposed, everything requisite for its
full activity.

515. Its work is twofold: First, that which it does not share
with the animal, and which may therefore be called the proper
office of the plant, — the production of organic matter out of
inorganic materials, under the agency of light. This work is
dependent upon the presence of chlorophyll in the cell, and is
known as Assimilation. Second, that which the animal like-
wise can perform, — the conversion into various forms of ac-
tivity of the energy stored up in food. This takes place in the
protoplasm, whether chlorophyll be present or absent.

516. In a spherical cell isolated from others and leading an
independent existence, floating free in the water, and therefore
presenting no one part exclusively to the light, there is very
slight if indeed any division of labor. One part of its cellulose,
protoplasm, or chlorophyll has the same work to perform and is
substantially under the same conditions as any other part. But
if the cell becomes one of many aggregated to form a mass of
tissue, its relations to its surroundings are not the same as be-
fore, for its exterior is no longer equally exposed either to water
or to light. The cells in the interior of such a mass must derive
their supply of material from without through the agency of the
neighboring cells ; hence division of labor begins. Inspection
of the mass shows that some of its cells have the office of ab-
sorption, others that of assimilation, others that of treasuring
up the products of manufacture, etc. With this incipient divi-
sion of labor there are also notable changes in the form of cells,
by which a more complete adaptation to a particular kind of
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work is secured. These adaptations are as marked in the inter-
nal anatomy as in the external configuration.

517. The parts of a living being which have definite kinds of
work to do are known as organs® (cf. éyov, work). Since they

1 The organs of the higher plants are reducible to three members ; that is,
three types of structure, which bear to each other definite relations of position
and sequence of appearance.  These members are the root, stem, and leaf, — to
which some add also the plant-hair. In Sachs’s Vorlesungen, the number of
members is given as two ; nawely, root and shoot.

In their very youngest state all the modified leaves upon a given plant are
indistinguishable from each other; the leaves which are to become petals,
stamens, leaf-traps, or tendriis, are like those which are to be ordinary folinge.
The same is true of modified stems and moditied roots ; however diverse in
shape and function the modified stems or branches of a plant may finally be,
they are at their very beginning precisely alike.

In the determination of the rank of an organ, that is, its reference to one of
the three plant-members already enumerated, the following criteria are em-
ployed : (1) its position with respect to other parts; (2) its nascent condi-
tion ; (3) its presence or absence in organisms obviously allied to the one in
which it occurs, its rank in these not being obscure.

So far as the organs seen by the naked eye are concerned, it is seldom that
any serious difficulty exists in the application of at least one of these criteria
to the determination of their rank, and it is generally possible to use more
than one. But it is different in the case of the histological organs, for (1) the
position can be made out only in sections of the given part; (2) their early
nascent condition is the simple cell, common to all tissues: (8) it is not easy
to determine whether an organ exists in a rudimentary form in allied organisms
or is wholly absent from them.

It is so difficult to apply these criteria to the study of tissues, and the
results obtained are so contradictory, that there is mo complete ngreement
among botanists as to what constitutes a histological member except the sim-
ple cell itself. In fact, as stated in 191, it is doubtful whether with the
material now at hand it would be possible to construct a satisfactory system
of tissue elements or histological organs upon a purely morphological basis.
Even in the systems which most nearly approach this there are some physio-
logical notions which have affected a few of the minor divisions.

A classification of tissues upon the basis of physiology alone is open to
serious objections ; one kind of work in the plant can be performed by diverse
tissues, and on the other hand one kind of tissue can perform more than one
kind of work. This is illustrated by the structural elements through which
mechanieal ends are reached ; the long bast-fibres, woody fibres, collenchyma,
and short sclerotic parenchyma, — very diverse elements, but accomplishing the
same result. Yet one of these, namely, the woody fibres, is among the most
important of the elements by which crude liquids are carried through the

lant.
b Moreover, in the examination of the minute structure of a part it is not
easy to discriminate hetween the different offices which one of its given ele-
ments may fill, because the element is associated with so many others in the
formation of a complex organ.
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are parts of a whole, — the organism, — they must have definite
relations to cach other as regards position and office.

518. The relations of origin and position, so far as the organs
of the plant are concerned, are discussed in the first volume ;
the relations of origin and position of the component parts of
their structure have occupied the earlier portion of the present
volume. From a review of the facts there presented, it appears
that any given part may subserve different ends ; for instance, a
leaf may carry on its proper work, namely, that of assimilation,
and at the same time may aid as a tendril, and, in the case of
Nepenthes, as a stomach for digestion. On the other hand, it
is equally clear that the same kind of work may frequently be
performed by different parts. For instance, the proper work of
the leaf can be carried on by any green tissue; not merely in
proper leaves, but in the cortex of young stems, and even in the
outer tissues of young roots of certain aerial plants. It is there-
fore sometimes advantageous in Vegetable Physiology to distin-
guish between systems of tissues having different offices, rather
than between organs which are often masses of heterogeneous
tissues.

519. Among the systems of classifications of tissues chiefly
upon a physiological basis is that of llaberlandt, which is as
follows : —

A. The Protective System.
1. Of the surface (Epidermis, cork, and bark).
2. Of the skeleton (Bast-fibres, libriform cells, collenchyma.
and sclerotic parenchyma).
B. The Nutritive System.
1. Absorbing system (Epithelium of roots and the root-
hairs ; absorbing tissue of haustoria, etc.).
2. Assimilating system (Chlorophyll parenchyma, hoth pali-
sade and spongy).
3. Conducting system (Conducting parenchywma, vascular
bundles, latex cells and tubes).
4. Storing system (Reserve-tissues of sceds, bulbs, and
tubers ; water-tissue, etc.).
. Aerating system (Aeriferous intercellular spaces, together
with their external openings, stomata and lenticels).
6. Receptacles for secretions and excretions (Glands, oil.
resin, and mucus canals, crystal-sacs, etc.).

o

"To these might be added the groups of tissues concerned in
reproduction.
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MECHANICS OF TISSUES.

520. In IHaberlandt’s classification ! the tissues having a me-
chanical office to fill are brought into one group, which is then
subdivided into (1) those tissues which protect the softer tissues
of the interior from the harm which would result from exposure,
and (2) those which hold the soft tissues in place. An exami-
nation of the work performed by tissues may accompany an in-
vestigation of the work by organs themselves; in the examina-
tion of the work of organs in Part Il. the necessary facts relative
to their structure will be presented.

521. Those tissues which serve simply to impart strength to
the plant belong almost as much to lifeless as to living parts, and
can best be examined before the subjects of physiology are taken
up. The present division has for its object the consideration of
that which in Haberlandt’s classification is called the skeleton,
and which is known to serve chiefly mechanical ends.

522. In the case of a water-plant, for instance an alga, which
has about the same specific gravity as the water in which it is
borne, no special mechanical support is demanded. Its own
buoyancy suffices to keep the structure as a whole in place;
while the different parts of the simple organism have a degree of
stability which enables them to resist the action of the waves.
As might be expected, such an organism can attain a very great
size ; for instance, Macrocystis pyrifera of the Southern Pacific
Ocean has been known to measure nearly one thousand feet, and
less trustworthy measurements have been recorded which far
exceed this. In this and other water-plants the medium which
buoys the plant up takes the place practically of any internal
framework.

523. A land-plant, existing in a far lighter medium than the
water-plant, must have a definite mechanical support. Those
species of Calamus which furnish the ¢t rattan” of commerce pos-
sess a terminal shoot from which are unfolded in rapid succession
strong leaves armed with recurved hooks. Having reached the
thickly clustering tops of a tropical forest, the terminal bud de-
velops its leaves, and these cling with tenacity to the branches
upon which they rest, so that the mechanical support is atforded
in this case by the vegetation beneath.  Thus supported, the ex-
tension of the shoot is indefinite, so that examples of Calamus

1 Physiologische Pflanzenanatomie (Leipzig, 1684).
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with a length of 300 feet are not uncommoun, and some figures
much higher than this are noted.

524. In both the above cases the extraordinary size has been
attained with very little expenditure of material for mere me-
chanical support. The same is true, although in a less striking
because a more familiar manner, in our ordinary twining and
climbing plants; other plants or outside supports of some kind
being necessary to bring their stems and leaves into the best
relations to their surroundings. But what tissues serve to keep
erect or in position the larger plants which are not water-plants
or climbers? What tissues serve mainly mechanical ends?

525. The subject was extensively investigated, so far as
monocotyledonous plants are concerned, by Schwendener,! in
1874, since which time some important additions have been
made. According to Schwendener, the mechanical clements
in the plant are (1) bast-fibres, (2) libriform cells and fibres,
(3) collenchyma cells. That these are the chief elements of
strength, especially in monocotyledonous plants, appears from
his instructive experiments, which have been repeated by others.
Strips, 150 to 400 mm. in length and about 2 to 5 mm. wide, were
carefully taken from stems or leaves and immediately fastened
in a vise at one end, the other end being firmly grasped by strong
pincers to which weights could be attached at will. Behind a
strip, vertically suspended from the vise, a measuring-bar was
placed, so that any elongation of the strip under tension could he
accurately measured. After the apparatus was properly adjusted,
a small weight was attached to the pincers, the elongation of
the strip observed, and the weight then removed in order to sce
whether the strip recovered its original length. Up to a certain
point the recovery was found to be complete ; beyond this point
the elasticity was lost, and not again regained.

526. Strips from the middle part of the leaf of Phormium
tenax, 390 mm. long and 1.5 to 2 mm. wide, were placed in the
apparatus and subjected to the action of a weight of 10 kilograms.
They became 5 mm. longer, but on removal of the weight were
found to recover their original length; in other words. they re-
mained perfectly elastic under this weight. A weight of 15
kilograms broke the strips into two parts. These strips con-
tained only five fibro-vascular bundles, with an amount of bast
which was believed to be about half a square millimeter in cross-

1 Das mechanische Princip im anatomischen Bau der Monocotylen (Leipzig,

1874).
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section. From this experiment Schwendener places the strength
of the bast of Phormium tenax at 20 kilograms per square milli-
meter.!

527. The tables in the notes show that good bast equals good
iron in its tensile strength within the limits of elasticity, while in
its breaking-weight it is greatly exceeded by the latter. Schwen-
dener well remarks that Nature has given her whole care to pro-
viding that these mechanical elements should be strong within
the limits of elasticity, and with good reason ; for beyond those
limits the plant gains nothing by greater strength. Attention is
called also to the great ditference between bast and the metals
with regard to their elongation under weight.

! The results of experiments made with the bast of various plants in the
manner described are given below. Most of the cases cited are from Schwen-
dener ; others are from Haberlandt (Physiologische Pflanzenanatomie, p. 105).
The determinations for metals are from Weisbach.

. T;fg']“'le strength in 3;?;1‘::"113‘
ongzation ograms per £q.
Name. in 1000 parts. mm. (withh?ﬂmltu k“"g_’“‘“‘
of elasticity). Loy
1
Pllormlum wna.x Gy e e :2 ?g 25.
Fritllla.ria. Imperialls e e e e 12 ..
Lilium auratum e e e 7.6 19,
Jubza spectabi - P 12.6 20.
Do fonfotiam | | . . . | 133 178 26 |
Dracana indivisa . e e .o 17. 17. 21.8
Hyacinthus orfentalis A 12.3 16.3 |
Allium Porrum . . Ce e 147 17.6
Pol; trichum jnniperlnum (stem) . e e e 75
(ret s) .. o PN 18
rus antiquorum . . . PN 15.2 20.
¢ Molinia cerulea . . . . . . . . 11 22,
{ Plnoenecf.la recurvata . . . . 145 25.
Dianthus capitatus 75 143
Secale cereale 44 15 to 20 i
I

These should be compared with the results of determinations made with
other materials : —

Elongation in.Tensile strength Breaking-weight

]
I
| Name. 1000 parts. I per vq. mm. | In kilograms |
. | |
‘ .67 L1313 { 40.9
in wire . 100 21.9
- “ in plate .80 14.6
‘ Hammered (-elm'm steel 1.20 24.6
Brass . . . . . . . . . . | .5 4.85
Brass wire . 135 13.3 I
| Castzine . . . . 24 2.3
Copper wire . . . 100 12.1
Silver. . . . . P 11. 29 !
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528. The strength of other tissues besides bast has been meas-
ured ; thus Ambronn assigns to collenchyma a breaking-weight of
12 kilograms per square millimaceter, and these cells become per-
manently elongated under a weight of from 1.5 to 2 kilograms.

Haberlandt found that the breaking-weight of the internal
+¢ thread ” of the common graybeard lichen, Usnea barbata, is
1.7 kilograms per square millimeter, but that this thread could be
stretched to double its length before breaking. The breaking-
weight of cotton fibre is calculated to be between 18 and 20
kilograms per square millimeter, and that of the seed-hair of
Asclepias Syriaca not far from 40 kilograms.

529. Examination of any of the figures of fibro-vascular
bundles given in Part I. shows how well their clements are dis-
tributed in order to secure the greatest strength with economy of
material. To the elements which impart strength to a bundle
Schwendener has given the name stereom ; to the other parts of
the bundle, meston: ; thus the fibres are stereom elements, the
ducts are mestom elements.

530. The striking adaptations! of the fibro-vascular bundles
to serve as light and very strong building materials in the plant

1 The following table from Schwendener, with a few illustrative examples,
is given to serve as a guide to the student in tracing out a few of these adapta-
tions : —

DiISTRIBUTION OF MECHANICAL ELEMENTS IN MONOCOTYLEDONS.

1. In cylindrical organs.

1. System of subcpidermal nerves of bast. Simple fascicles of bast lie

under the epidermis.
First type. Arum, Arisema.
Second type. Petioles of Colocasia and Alocasia.

2. System of compound peripheral girders. Subepidermal fascicles of bast
unite with those which lie more deeply to form girders in which
the *“web" or binding-tissue is partly mestom, partly parenchyma.

Third type. Stems of Scirpus crespitosus and Eriophorum alpinum.
Fourth type. Stems (above ground) of Cyperus alternifolius.

Fifth type. Stems of Schcenus nigricans.

Sixth type. Stems of Juncus effusus.

Seventh type. Carex lupulina.

Eighth type. Scirpus lacustris.

Ninth type. Isolepis paucifiora.

Tenth type. Cladium Mariscus.

3. System characterized by a nerved hollow eylinder, the nerves of
which are united with those at the epidermis.

Eleventh type. Many grasses; e, ¢., Alopecurus pratensis.
Twelfth type. Panicum Crus-galli.

4. System of peripheral bast-fascicles strengthened by mestom.
Thirteenth type. Zea Mais.
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are seen plainly when the distribution of the bundles in the stems
of monocotyledons is examined in cross-scction.  In many cases
the shape of the section of the bundle is nearly that of the
well-known ** 1" or ** II” beam or girder. In the most clearly
marked instances the stercom portion is well developed on
hoth sides of the mestom, and thus forms the * flanges” or
¢ plates,” while the mestom is the ** web;” the stereom has
therefore to bear either compression or tension. according to
the bending of the part. It will further be observed that in all
cases the beam is placed with respect to the rest of the stem, so
as to insure the greatest efficiency of the stereom portion.

But it is only upon a careful examination of the many methods
of arrangement of the stercom and mestom in the bundles
of diverse forms of dicotyledonous stems, together with an ex-
amination of the arrangement of the bundles themselves with
respect to the surrounding tissues, that the adaptations of the
various clements to strength can be fully appreciated.

The modes of distribution of the stereom and mestom et
with in monocotyledons are so numerous that they cannot be
reduced to a few types; their diversity is so great that they can
only with difficulty be brought into sny system of classification.

5. System of subcortical fibro-vascular bundles with strongly marked
bast developmeut.
Fourteenth type. Bambusa species.
Fifteenth type. Palms.
Sixteenth type.  Yucca.
Seventeenth type.  Musa.
Eighteenth type.  Maranta.
6. System of subcortical fibro-vascular bundles united tangentially.
Nincteenth type. Juncus Gerardi.
7. System characterized by a simple hollow cylinder with imbedded or
attached fascicles of Mestom.
Twenticth type. Commelynaces.
1. In bilateral organs,
1. System of subepidermal girders.
First type. Leaves of Cyperus,
Second type.  Middle part of leaves of Zea.
Third type. Leaves of Musa.
Fourth type. Leaves of Tradescantia.
Fifth type. Leaves of Pardanthus.
2. System of internal girders.
Sixth type. Leaves of Cypripedium.
Seventh type. Petiole of Aspidistra.
3. System of complex girders: subepidermal nerves of bast combined
with interior girders,
Eighth type. Petiovles of many palns.
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531. The distribution of material in the skeleton of a ligneous
dicotyledonous plant is somewhat ditferent from that in a mono-
cotyledon.? More of the mechanical work falls on the proper
wood, but even here in some cases the bast serves an important
purpose.

532. The data for calculating the strength of the woody stem
and branches of a dicotyledonous plant are to be found in vari-
ous works on mechanical engineering ; but it is to be borne in
mind that the figures given for timber are usually based on ex-
periments with dry heart-wood.

533. The trunk is to be regarded as a column bearing the
weight of the whole crown of branches, each of these being a
tapering heam supported at one extremity. The crushing-weight
the crown exerts upon this column is far within the limits of
safety, even when the liability of the trunk to be much bent and
twisted by high winds is taken into account. The branches at
their point of union with the trunk form different angles in
different plants,? and this angle must be taken into consideration

I DistrisurioN oF MECHANICAL ELEMENTS IN DICUTYLEDONS.

1. With bast in the bark.

First group.  Axial organs when young have an unbroken ring of bast ;
in much older stems this is interrupted or cast off.  Aristolochia.

Second group. Axial organs with a layer of bast-bundles which is
thrown off later. The bast-bundles form the first mechanical system,
which is soon replaced by the ring of wood. Nerium Oleander.

Third group.  With simple ring of bast-bundles in first year, later with
isolated bast-fibres. Asculus Hippocastanum.

Fourth group. With strong bast, even when far advanced. Tilia.

Fifth group. With subepidermal bast-nerves. Russelia.

2. With transition to an intra-cambium ring of libriformn cells.

Sixth group. The cambium of the bundles lies partly outside, partly
inside the mechanical ring, or is imbedded thevein.  Guillardia.
Seventh group. Isolated vascular bundles.  Silphium perfoliatum.

3. Intra-cambinm libriform ring without medullary rays.

Eighth group. Without bast on the outer side of the cambium or cam-
biform layer. Impatiens Nolitangere.

Ninth group. With larger or smaller amounts of bast on the outer side
of the cambriform. Urtica dioica.

Tenth group. 1In the libriform elements all shades of transitions to
ducts.  Mirabilis Jalapa.

4. -Intra-cambium libriform ring with parenchyma rays.

Eleventh group.  Rays formed of clongated cells.  Vinea major.
Twelfth group. Typical dicotyledons with medullary rays.

# McCosh has given the angles in a large number of plants, a few of which
are here cited : Ash, 60°; horse-chestnut, 50°=55°: alder, 50°; elm, 50°; oak,
large branches, 50° small branches, 65°=70° ; beech, 45°; linden, 40°. He calls
attention to the fact that in these and many other cases the angle at which the

13
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in determining the actual force exerted upon the fibres at the
base of the branch.!

534. The part which sclerotic parenchyma and thickened
epidermal and hypodermal cells play in affording strength to
plants need only be alluded to (see 211). In a few cases.
especially in some succulents, a considerable share of the me-
chanical support of the plant is afforded by the more superficial
parts.?

535. The veining of leaves and the structure of leaf-margins
present some interesting problems. Comparative investigations®
have shown that strength at the cdge of the leaf is obtained in
very different ways, even in closely allied plants. The resist-
ance to tearing which is exhibited by some of the larger leaves
of dicotyledons is remarkable.

The distribution of the strong ribs in the leaves of the greater
water lilies (for instance, Victoria regia), and to a less striking
extent that in the smaller water lilies of cold climates, secures
great strength with the utmost economy of material.

The trunks of many tropical trees are provided with lateral pro-
jections (buttresses) which strengthen the stem very materially.*

veinlets come off from the midrib is the same as that formed by the brauch and
the trunk. The angles in the above cases are those formed above the points
where the branches arise (British Assoc. Report, 1852, part ii. p. 68).

1 Very instructive illustrations of the different capacity of different trees to
resist the action of high winds are given in the Reports of the Signal Service.

2 Full and interesting accounts of the adaptations of the framework to the
external conditions of plauts are to be found in the works of Schwendener and
Haberlandt.

8 Westermaier : Monatsber. der k. Akad. d. Wissenschaften Berlin, 1881.

4 ¢ All are tall and upright columms, but they differ from each other more
than do the columus of Gothic, Greek, and Egyptian temples. Some are
almost cylindrical, rising up out of the ground as if their bases were concealed
by accumulations of the soil ; others get much thicker near the ground like
our spreading oaks ; others again, and these are very charucteristic, send out
towards the base flat and wing-like projections. These projections are thin
slabs radiating from the main trunk, from which they stand out like the but-
tresses of a Gothic cathedral. They rise to various heights on the tree, from
five or six to twenty or thirty feet ; they often divide as they approach the
ground, and sometimes twist and eurve along the swrface for a considerable
distance, forming elevated and greatly compressed roots. These buttresses are
sometimes so large that the spaces between them if roofed over would form
huts capable of containing several persons. Their use is evidently to give the
tree an extended base, and so assist the subterraneau roots in maintaining in
an erect position so lofty a column, crowned by a broad aund massive head of
branches and foliage ” (Wallace : Tropical Nature, 1878, p. 30).



PART 1L

CHAPTER VI
PROTOPLASM AND ITS RELATIONS TO ITS SURROUNDINGS.

536. Urpon the framework which imparts strength to the
plant the active, living cells are distributed. In old ligneous
dicotyledonous plants the living parts are relatively so super-
ficial that they have been said to form a mere film of living .
tissue held in place by a dead skeleton.!

537. The living cells are those which contain protoplasm.
Each of these cells has definite velations to the neighboring cells,
most of which relations have becn presented in Part I But each
of these cells has also definite relations to the external world,
which it is the province of Physiology to investigate. Such an
investigation naturally begins with a consideration of the char-
acter of protoplasm.

1 ¢¢The living parts of a tree or shrub, of the exogenous kind, are obviously
only these: 1st, The summit of the stem and branches, with the buds which
continue them upwards, and annually develop the foliage.  2d, The fresh
roots and rootlets annually developed at the opposite extremity. 3d, The
newest strata of wood and bark, and especially the interposed cambium-layer,
which, annually renewed, maiutain a living communication between the root-
lets on the one hand and the buds and foliage on the other, however distant
they at length may be. These are all that are coucerned in the life and growth
of the tree ; and these are annually renewed. . . . The plant is a composite
being, or community, lasting, in the case of a tree, through an indefinite and
often immense number of generations. These are successively produced, en-
joy a term of existence, and perish in their turn. Life passes onward con-
tinually from the older to the newer parts, and death follows, with equal step,
at & narrow interval. No portion of the tree is now living that was alive a
few years ago ; the leaves die annually and are cast off, while the internodes or
joints of the stem that bore them, as to their wood at least, buried deep in the
trunk under the wood of succeeding generations, are converted into lifeless
heart-wood, or perchance decayed, and the bark that belonged to them is
thrown off from the surface. It is the aggregate, the blended mass alone, that
long survives " (Gray's Structurul Botany, pp. 83, 84.)
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538. Protoplasm, the living matter of the plant, can be ex-
amined to advantage, either as it exists without a cell-wall in
some of the lower organisms (Myxomycetes), or confined within
a transparent cell-wall, as in young plant-hairs.

539. The Myxomycetes live in the interstices of moist porous
substances ; for instance, decaying leaves and stems, spent tan,
etc. Passing over all details regarding their fructification, —a
subject to be looked for in the volume on ¢ Cryptogamic Botany,”
— their present examination can begin with the period when the
germinating spores of these plants rupture their walls, and
become confluent as masses of naked protoplasm known as
plasmodia.

540. The plasmodium of ZEthalium septicum is not difiicult
to procure, as it occurs in summer upon heaps of moist tan in
the open air, and even during the winter in moist places in
greenhouses where tan is used as a stratun for flower-pots. It
is a soft, gelatinous mass of yellowish color, sometimes measur-
ing several inches in diameter. Removal of any portion of this
mass to a glass slide is apt to break up the plasmodium so much
as to render it useless for observation; therefore the following
explicit directions given by Strasburger for obtaining small por-
tions to examine will be found useful. A tumnbler is to be filled
with water up to the brim, and from the brim a strip of moist
filtering-paper, somewhat less than an inch in width and one or
two inches in length, is to be stretched to the top of a glass slide
placed in a vertical position (or, better, leaning a little out-
wards) ; the lower end of the slide being placed in sand to catch
the water which will soon begin to flow slowly over its surface.
Next, a piece of bark with the plasmodium upon it is to be
placed at the foot of the slide, the whole covered with a bell-jar
and a dark cover of pasteboard, and from time to time the
water in the tumbler replenished. In the course of ten or twelve
hours some of the protoplasmic mass will ¢limb up the slide in
the form of delicate threads, which branch more or less and con-
stitute a sort of network. The slide is then transferred to the
stage of the microscope, care being taken (1) to use only a
little light, and (2) to avoid any pressure by the cover-glass.
The latter may be prevented by fragments of glass placed under
the corners of the cover-glass; or, better still, the cover-glass
may be fastened on the slide by means of four minute drops
of cement, leaving its side exposed, and then the slide, thus
furnished with a cover, placed in the nearly vertical position al-
ready advised, when the plasmodium will creep under the cover,
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and be all ready for examination, with no disturbance whatever.
If the plasmodium is allowed to creep over the face of a slide
placed horizontally, it is apt to be too thick for a demonstration
of some of the points which are now to be referred to.

541. Chemical and physical properties of protoplasm. When
the plasmodia of Athalium septicumn collect in large masses on
the surface of spent tan, they afford good material for the exam-
ination of some of the chemical and physical characters of pro-
toplasm ; but there is, of course, the serious objection that it
is impossible to obtain the protoplasm in a state of absolute
purity. Upon such material, however, Reinke and Rodewald?
have conducted some instructive experiments, the principal re-
sults of which are detailed in the following paragraphs.

542. The organic substance of the protoplasm of Athalium
proved to have the following elementary composition :? —

Per cent, air-dried Per cent, dry
substance. substance.

. C. 38.56 40.52
st {H. 5.82 6.10
Y8is. A ., 5.63 5.91
Second ?{ sg.gl 4g' ;g

analysis. | " 9 :
N. 5.39 5.65

In both analyses oxygen is a fourth constituent.

1 Studien iiber dus Protoplasma, Berlin, 1881.
3 The composition of the air-dried substance is approximately as follows : —

Water . . P %11}
Pepsin and Myosm o e e v e e 1.00
Vitellin . . . e e 4 e« « « . + b.OO
Plastin . . . . . . . . . . . . . . 2740
Guanin
Xanthing . . . . . .01
Sarkin
Ammonic carbonate . . . . . . . . . . .10
Asparagin and otheramides . . . . . . . 100
Pepton and Peptonmd O X 1]
Lecithin . . e e . . .20
Glycogen . 4.73
Athalium sugar . . 3.00
Calcic compounds of hwher fﬂtty ac1ds 5.33
Calcic formate % 42
Calcic acetate et v
Calcic carbonate . . . . . . . . . . 27.70
Sodic chloride . . . . .10
Hydropotassic phOsphate ( PO,Kgﬂ) 1.21
. Iron phosphate (POFe?) . . . . . . . . . .07
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543. One hundred and seventy-nine grams of fresh proto-
plasm of a soft consistence were placed in closely woven linen
cloth and subjected to pressure by the hand; 58 grams of a
turbid fluid were expressed; the mass was then placed under
a pressure of 4,000 kilograms, by which 62 grams more were
forced out, leaving a dry cake behind. Thus 66.7 per cent
of the mass was pressed out. The fluid thus expressed has a
specific gravity of 1.209. That this fluid is intimately incorpo-
rated with the more solid portion of the protoplasm, appears from
the fact that it cannot be forced from the protoplasm by cen-
trifugal force alone. To it the name enchylema has been given ;
to the solid matter, the name stroma is applicable. The amount
of water contained in fresh protoplasm of AEthalium septicum
is approximately 71.6 per cent.

The reaction of protoplasm is alkaline.

544. In young cells the protoplasm exhibits essentially the
same characteristics as those presented by the naked protoplasm
of the Myxomycetes already alluded to. The phenomena in cells
can be most satisfactorily seen in thin-walled plant-hairs. These
should be transferred to a glass slide with as little injury as pos-
sible, covered immediately with pure water, and examined under
a cover-glass which is prevented by bits of wax or thin glass
from pressing on the delicate object. The stamen-hairs of Trad-
escantia Virginica, pilosa, or zebrina are the best, for in these
the cells are sufficiently large to be managed without difficulty,
and the walls are perfectly transparent. The cells in the thin
leaves of many water-plants answer very well, but they generally
contain so much chlorophyll that the protoplasm is obscured.
The hairs of the flowers and of the young leaves of plants of
the Gourd family and those of the nettle! are also excellent
objects for the study of protoplasm; and in general it may be
said that almost any plant-hair, if it is young enough and has a
thin wall, will serve very well (see Fig. 175).

545. Protoplasm in cells exists as a nearly colorless mass

Ammonio-magnesic phosphate . . . . . . 144

Tricalcic phosphate . . . . . . . . . . . .91
Calcicoxalate . . . . . . . . . . . . . .10
Chlolesterin . . . . . . . . . . . . 140
Fatty acids extracted by ether . . . . . . 4.00
Resinousmatter . . . . . . . « . . . 100
Glycerin, coloring-matter, ete. . . . . . . . .18

Uundetermined matters « . . + « « « « « 5.00

1 Huxley : Protoplasin (Half Hours with Modern Scientists, 1871).
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lining the walls and extending irregularly from side to side in
slender threads. At some one part the mass appears a little
denser than at others, and if the outline of this firmer mass is
at all well defined it is easily recognized as the nucleus (see
Fig. 2).

546. Circulation of protoplasm in cells. Under a power of
800 diameters the delicate threads of protoplasm can be clearly
seen to have imbedded in them minute granules which are slowly
moving. It happens sometimes that a slight warming is re-
quired before any motion is apparent. When the current is fully
established, its different changes can be watched for a long time
without other disturbance of the specimen than that resulting
from the addition of water to replace that lost by evaporation.

Two features of the motion require special notice: (1) the
granules do not pass from one cell to the contiguous one, but
remain confined in one; (2) the threads in which the granules
move gradually change their shape and direction, growing wider
in one place and becoming narrower in another, while at the
points of contact with the lining of the wall the threads seem to
slip or glide very slowly, and accumulations of the protoplasm
here and there take place. The movement of the granules from
place to place in a steady current is called the circulation of
protoplasm ; the sluggish changes of the threads as they alter-
nately increase and diminish in size resemble the amaboid
movements (see 555 and Fig. 175).

547. In some examinations it is instructive to add a very
little glycerin or sugar to the water on the slide, in order to
cause a slight contraction of the protoplasm; its whole mass
then appears as a shrunken sac, in the interior of which the
circulation can be detected.

548. In a good specimen of the stamen-hair of Tradescantia
the protoplasmic currents are seen to course in slender threads
with a considerable degree of regularity. In some of the
threads or bands the currents go in one direction, in others in
another; and it occasionally happens, as Hofmeister has pointed
out, that two opposite currents may pass in a single narrow
channel.

549. There is more or less accumulation of protoplasmic
matter in the immediate vicinity of the nucleus, and there are
generally some slight projections into the interior of the cell.
The rate of circulation appears to be greater at the middle of
the threads than at the sides or ends of the cell.

550. If these movements in a cell are compared with the
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movements exhibited by naked protoplasm, no substantial dif-
ference can be seen beyond that which depends upon the con-
finement of the mass in one case within practically rigid walls.
The naked protoplasm moves slowly from place to place, by
thrusting out an irregular projection which soon enlarges, and
in its turn gives out new projections, while the mass behind is
slowly moving up. This movement is identical with that observed
in the amaba. In the substance of a mass of naked proto-
plasm granules can be seen to move in varying channels; and
this corresponds strictly to the movement known as the circu-
lation. Moreover, in the naked protoplasm larger or smaller
vacuoles (see 120) are observed to increase and diminish in size,
their limiting walls answering essentially to the threads before
described. .

551. Rotation of protoplasm in cells. The film of protoplasm
in contact with the cell-wall does not generally share in the
movement of the softer part which it encloses, but usually re-
mains entirely stationary, or else very slowly shifts its posi-
tion on the wall. In some cases, however, the whole mass
of protoplasm slowly revolves on its own axis, carrying with
it all imbedded matters. This movement should be called
rotation ; but the term is often employed interchangeably with
circulation.

552. Rate of protoplasmic movements. In the cells of the
shaft of any Chara which has transparent walls — for instance,
Nitella— the rapid movement can be very clearly scen to be
confined to the interior of the protoplasm, the outer part in which
chlorophyll-granules are imbedded not moving to any great ex-
tent, if indeed at all. At its interior the protoplasm moves with
what seems under the microscope to be a very rapid rate; it is,
however, absolutely very slow ; being only about one and a half
millimeters per minute, at a temperature of 15° C.

553. 'The rate differs considerably in different plants; for
instance, according to several observers, the distance traversed
in one minute at a temperature of 15° C. is as follows: —

Name of plant. mm. Obeerver.
Potamogeton crispus, leaf-cell . . . .009 . . . Hofmeister.
Ceratophyllum demersum, leaf-cell . .094 . . . Mohl
Tradescantia Virginica, stamen-hair . .137

Sagittaria sagitteefolia . . . . . .174 Mohl.
Vallisneria splrahs .o . .225—1 086 . Mohl.
Hydrocharis Morsus-rane, noot-haxr . .543

Nitella flexilis, cells of the shaft . . 1.500~1.600 . Niigeli.
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In the naked protoplasm of Myxomycetes the rates of move-
ment of the currents are much greater, as Hofmeister shows by

the following examples: —
mm. per minute.
Didymium Serpula . . . . . . . . . .10
Physarum species . . . . . . . . . . . 5.4

554. The above rates are not constant even in the same speci-
men; after having been uniform for a few minutes, the rate
may slowly diminish for a time, the temperature and other con-
ditions remaining apparently unchanged, and then as slowly
increase until the maximum is again reached. Again, the rate
is subject to sudden changes. In general, however, it is nearly
the same for the same part of a given plant.

555. The amwmhoid movement in naked protoplasm is rather
more sluggish than the circulation, as the following figures from

Hofmeister show : —
mm. per minate,

Didymium Serpula . . . . . . . . . . 0.4
Physarumsp. . . . . . . . . . . . . 029
Stemonitisfusca . . . . . . . . . . . 015

The far more rapid movement of ciliated protoplasmic bodies
will be described under ‘¢ Movements.”

536. The effects upon protoplasm of various agents — for in-
stance, heat, light, electricity, etc. —can be studied in the same
cells in which the movements are observed ; in fact, their effects
upon the movements themselves are among the most striking
phenomena noticed. It must be remembered, however, that in
experimenting upon the protoplasm in cells which are furnished
with a cell-wall and provided with cell-sap, other factors are
present than those which must be taken into account in deal-
ing with the naked protoplasm of plasmodia. Aud hence it is
proper in most cases, in interpreting the results obtained in
experiments upon the protoplasm of cells, to speak of the effects
of the agents upon the cells themselves.

557. Relations of protoplasm to heat. In experimenting upon
the effect of heat on protoplasm, the apparatus generally em-
ployed is the so-called warm chamber. In its simplest form this
consists of & hollow-walled box, having a slit in which a slide
can be placed, and at the centre of the upper and lower walls
holes of the same size as the largest diaphragm of the micro-
scope, 80 as to allow light to pass from the mirvor directly
through the slide and thence to the objective. Connected with
the box are two tubes to which pieces of rubber tubing may
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be attached ; these pieces run to a small reservoir of water which
can be heated at pleasure by means of a spirit-lamp, as shown
in the ligure. Suppose a slide to have upon it a good specimen
of a stamen-hair of T'radescantia, furnished with suflicient water
and properly covered. It is placed in the aperture f of the
hollow box, and the rest of the apparatus

i’ then arranood age chases S ehoa o« ran

M2

through the box the rate of the protoplasmic circulation is in-
creased. The amount of heat applied can be easily regulated
by the height of the reservoir. If it is desirable to observe the
effects of cold, the reservoir ean be placed in a vessel of ice and
raised above the stage of the microscope, so that a current of
cold water can flow down through the box.

558. Experiments upon the effect of heat can also be con-
veniently conducted by means of a less expensive apparatus
which consists of a double-walled box of zine placed on firm
supports at the height of a few inches above the table, and large
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enough to receive the body of the microscope. Through a hole
in the top of the box the tube of the microscope projects for a
short distance, and the front of the box is furnished with a glass
window, which affords enough light for the mirror. The space
between the walls of the box having been filled with water, and
the object placed on the stage of the microscope, a lamp under
the box is lighted, and the effects of the increase of temperature
noted. It is best in this case to have the thermometer in the
closest proximity to the slide. It is essential in the use of both
these instruments to note the temperature at short intervals,
and it is only by the greatest care in the use of the thermometer
that any trustworthy results can be obtained (see Fig. 170).

559. As might be expected from the nature of heat as a mode
of molecular motion, the rate of protoplasmic movement is
accelerated by increase of temperature up to a given point (the
optimum) ; with increase beyond this point the movement may
continue, but with diminished rapidity, until an upper limit of
temperature (the maximum) is reached, above which no move-
ment is observable. At or very near this limit structural changes
take place, and death of the protoplasm speedily ensues.

560. The optimum temperature for protoplasmic movement
is different for different plants, but is not far from 37°.5 C.

Name of plant. Optimum temperature. Observer.
Nitella syncarpa . . . . . 37° . . . . . . Nigelil
Chara feetida . . . . . . . 881 . . . . . . Velten?
Vallisneria spiralis . . . . . 3875. . . . . . “ 2

s “ . . . . . 40° ., . . . . . Sachs?
Anacharis Canadensis . . . . 86%25. . . . . . Velten?

561. The maximum temperature beyond which no movement
is seen, is also different for different plants, but may be given as
not higher than 50° C.

Name of plant. Maximuam. Observer.
Chara feetida . . . . . . ., 42281 . . . . . . Velten?
Vallisneria spiralis . . . . . 4° . . . . . . “ 3

¢ o 50° . . . . . . Sachs?

Sachs * states that when the hairs of Cucurbita Pepo are im-
mersed in water of 46° or 47° C. the protoplasmic movements
are arrested within two minutes; but that the hairs can bear

1 Beitriige z. wiss. Botanik, 1860, ii. p. 77.
2 Flora, 1876, p. 177 et scq.

3 Flora, 1864, p. 5 ¢t seq.

¢ Lehrbuch der Botanik, 1874, p. 700.
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exposure for ten minutes to a temperature of 49°-50° in the air
before arrest of movement takes place. In Tradescantia hairs
the current stops within three minutes upon exposure in air of
a temperature of 49°, beginning again when the temperature
falls.

562. The lower limit (minimum) of temperature at which
motion takes place may be stated at 0° C., although —2° has
been observed ! in a single plant, — Nitella syncarpa.

Until a temperature of at least 15° C. is attained, the move-
ment is sluggish.

. 563. Sudden changes of temperature have been said by some

writers to cause a temporary arrest of the protoplasmic move-
ment. Thus de Vries? obscrved that in the root-hairs of Hydro-
charis Morsus-rang the protoplasmic current at 21°.7 C. was so
rapid that it passed through one millimeter in 205 seconds; but
upon sudden eclevation of temperature to 33° C., 240 seconds
were required for it to traverse the same distance. And Hof-
meister ® found that the rapid movement in Nitella flexilis was
arrcsted in two minutes when the specimen was taken from a
room at 18°.5 to one at 5°. But, on the other hand, Velten*
failed to detect such an effect.

564. Ator near the maximum temperature remarkable changes
take place in the form of the protoplasmic threads and films.
They become more or less rounded, although very irregularly,
and may be completely disintegrated. Such changes have been
noted by Max Schultze® at a temperature of about 40° C. in
the hairs of Urtica, the stamen-hairs of Tradescantia, and the
leaf-cells of Vallisneria. According to Kiihne,® such changes
take place within two minutes in the plasmodium of Athalium
septicum (see 540) at a temperature of 39° C.; the plasmodium
of Didymium serpula was affected in the same way at a con-
siderably lower point, namely, 30° C.

565. When subjected to a temperature lower than the mini-
mum for movement, the protoplasmic mass may become disin-
tegrated. the solid part separating from a watery portion, which
latter may freeze.” If, now, very gradual increments of heat

1 Botan. Zeitung, 1871, p. 723 (Cohn).

2 Archiv. Néerlandaises, v., 1870, p. 385.

8 Die Lehre von der Pflanzenzelle, 1867, p. 53.

¢ Flora, 1876, p. 213.

& Das Protoplasma d. Rhizopoden und Pflanzenzellen, 1863, p. 48.
8 Untersnchungen iiber das Protoplasma, 1864, p. 87.

7 Untersuchungen iiber das Protoplasma, 1864, p. 101.
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are applied, the disorganized parts may become reunited, and
after a while the movement may begin again. No such recovery,
however, is possible when the protoplasmic mass has become
disintegrated by a high temperature ; the change thus produced
is practically coagulation.?

566. The temperature of certain hot springs in which living
algee have been found shows that protoplasm can bear without
injury a greater degree of heat than is indicated by the figures
in 561. Thus alge have been seen in the following thermal
waters : —

Temperature. Observer.
Calsbad . . . . . 537C. . . . . Cohn?
LipIslands . . . . 53°% . « . . Hoppe-Seyler?
Dax . . . . . . b57° « « . . BSerres.t
California Geysers. . 93° . . . . Brewert

Hoppe-Seyler found alge growing on the edge of a fumarole
where they were subjected to a temperature (from the escaping
vapor) of 60°.°

567. That the protoplasm of many kinds of seeds and spores
can prescrve its vitality during exposure to dry air at a tem-
perature above that of boiling water has been shown by many
experimenters ;7 but unless the precaution is taken to remove
all water from the seeds by very careful and slow drying, any
temperature above 100° C. is injurious. Seeds thus cautiously
freed from moisture have been heated to 110°, and even for a
short time to 120°, without losing their power of germination
(see also “ Germination”). Nor does there seem to be any es-
sential difference between the seeds which contain oils and those
which contain starch in their capacity to endure high tempera-
tures. Hoffinann® and Pasteur® have shown that the vitality of
perfectly dry seeds and spores may in some cases be retained
until a temperature of 130° C. is reached.

1 Pfeffer : Pflanzenphysiologie, 1881, ii. p. 386. 2 Flora, 1862, p. 538.

3 Plliiger's Archiv., 1873, p. 118. 4 Botan. Centralblatt, 1880. p. 257.

5 Am. Journ. Sc. and Arts, 2d series, xli. 391.

6 Pfliiger’s Archiv., 1875, p. 118.

A much higher temperature is noted by Humboldt ; namely, 85° C. for the
hot spring of Trinchera, Caraccas, in which he found the roots of certain plants

wing.

7 Milne Edwards and Colin : Ann. desSc. nat., sér. 2, tome i., 1834, p. 264;
Sachs’s Handbuch der Experimental-Physiologie, 1865, p. 65 et seg. ; Just, in
Colin's Beitrige zur Biologie der Pflanzen, 1877, p. 311.

8 Pringsheim’s Jahrb., 1860, p. 824.

9 Ann. d. Chimie et de Physique, 1862, p. 90.
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568. On the other hand, the protoplasm of dry seeds can be
subjected to extremely low temperatures without suffering any
injury (see ¢* Germination”’).

569. The relations of protoplasm to light are best examined in
the plasmodia of the myxomycetes and the hairs of Tradescantia,
for bere they are not complicated by the presence of chlorophyll
(which, as will Le seen later, exerts a marked influence). Ac-
cording to Hofmeister, plasmodia thrust forth longer and more
numerous processes in darkness than inlight. In Athalium sep-
ticum the processes developed in light are short and compressed,
while those grown in darkness are long, slender, and thin.!
This is especially noticcable when the light falls only on one
side of the mass. In some of Baranetzky’s experiments,? in
which the incident rays of light were parallel to the substratum
(wet filtering-paper) on which the plasmodium was placed, the
change of form resulting from diminished extension on the
lighted side and increased extension on the other was very
marked after fifteen minutes’ exposure to bright sunlight, while
in diffused light half an hour was required for a similar change.
These results should be compared with those obtained by
Schleicher,® who observed that young plasmodia move towards
light of low intensity, and that older plasmodia may move even
towards strong light. The movement into bright light appears
to just precede the formation of the spores.

570. The more refrangible rays of light — that is, the violet
and indigo — appear to be more efficient in influencing move-
ment than are the less refrangible, — the red and yellow.

571. The ¢ circulation” of protoplasm in plant-hairs goes on
not only in darkness, but even when the hairs are developed on
plants blanched by absence of light.t No marked effect upon
the rate of such movement appears to be caused by presence or
absence of light, except so far as the concomitant action of heat
comes into play. Hofmeister states that he saw the protoplasmic

1 Die Lehre von der Pflanzenzelle, 1867, p. 21.

2 Mémoires de la soc. des sciences nat. de Cherbourg, 1875, p. 340. It is,
however, well known that plasmodia often emerge slowly from their sub-
stratum ; for instance, tan, if the surface is only very faintly lighted.

3 Jenaische Zeitschrift, 1878, p. 620.

4 Sachs : Botan. Zeit., 1863, Supplement. Reinke: ibid., 1871, p. 797.
Kraus : ibid., 1876, p. 504. Few observations have been recorded upon the
effect upon protoplasmic movements of sudden changes of illumination. In
the case of an amecba (Pelomyxa palustris) Engelmann found that light,
and not its sudden withdrawal, appeared to exert a stimulant effect (Pfeffer :
Pflanzenphysiologie, ii. p. 387).
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movement as distinctly in hairs which had been developed in
darkness, and had remained without light for thirty hours, as in
any which bad grown in the open daylight. According to Du-
trochet, it requires a withdrawal of the light for about twenty
days to cause an entire cessation of the movement in Chara.

The effect of very intense light, and the influence exerted by
it upon protoplasm containing chlorophyll, will be examined
under ‘¢ Assimilation.”

572. Relations of protoplasm to electricity. Chemical changes
within the plant result in the production of electrical currents in
protoplasm ; at this point it is proper to examine briefly the
effect produced upon protoplasm by continued and induced
currents.

When the plasmodium of a myxomycete is placed between
platinum electrodes on a glass slide under the microscope, and
a current sent through the mass from one small Grove element,
very little i any effect is observable; but if the current from a
few clements is cmployed, there is at once more or less rounding
of the branched mass, and there may also be a reversal of the
course of the circulation. When more elements are used, the
protoplasm may be killed. If the protoplasm in cells be experi-
mented upon, nearly similar phenomena are noticed. Protoplasm
is not a good conductor of electricity. Jiirgensen made some
experiments on the action of a current from small Grove cle-
ments upon the leaf-cells of Vallisneria spiralis. A continued
current from one element did not cause any appreciable change
in the protoplasmic movement; but when two, three, or four
were employed, the current retarded the movement, and after
& while completely arrested it. In those cases where the move-
ment had been simply checked, it was re-established in full in-
tensity shortly after cutting off' the current of electricity ; but in
those where it had been entirely stopped, it did not begin again.

573. The effect of an interrupted current of electricity is
essentially the same as that produced by mechanical shock.
The protoplasm generally contracts at certain points forming
small roundish masses in the lines of the slender threads, and
the movements are arrested.

574. Hofmeister states that a constant current is practically
without any influence upon the circulatory movement in the cells
of Chara, but that the interruption of the current produces
nearly the same effect as a sudden mechanical shock or a sharp
change of temperature. He observed essentially the same phe-
nomena in the hairs of the nettle, although in these there was
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also more or less of the aggregation into rounded masses alluded
to in 564.

575. The effect of mechanical irritation upon protoplasm in
plants can be easily examined in cells or in plasmodia. When
a cell of Niteila which exhibits rapid circulation of protoplasm
is held somewhat firmly by pressure on the cover-glass, the
movement is arrested instantly, but after a short time it is
resumed. Even in those cases where the pressure has been
sufficient to disturb the arrangement of the chlorophyll granules,
the arrested motions are soon to he seen again. For experi-
ments upon the effect of pressure and shock, the stamen-hairs of
Tradescantia are cven better than cells of Nitella or Chara,
for pressure brings about an apparent disintegration of the
threads, and all motion is suspended for several minutes; but if
the injury has not been too severe, it soon begins again. How
far such injuries can be carried without affecting the vitality of
the protoplasm, may be seen from the following observations.

According to Gozzi,! if a cell of Chara is ligated firmly, the
circulation is checked for a short time, and then begins in each
half of the cell. It is stated by Hofieister that when a root-
hair of Hydrocharis Morsus-rana is severed, the protoplasm in
the cell remains motionless for a short time, during which the
cut surface of the cell is being closed by a portion of the proto-
plasmic mass. When the surface is completely closed, the cir-
culation begins again within the healed cell.

576. Rosanofl’s observation,? which has been repeated many
times, is of much interest in connection with this subject.
When a cell from the endosperm of Ceratophyllum demersum,
having rapid civculation of protoplasin, is placed under the mi-
croscope, and a slight pressure is exerted on the cover-glass
for a moment, the circulation stops at once, the thick axile
threads of protoplasm begin to round at one or more places, and
from the aggregations slight processes, somewhat like tenta-
cles, appear. After a while these are retracted, and the normal
circulation is resumed. But sometimes it happens that these
tentacles become separated from the threads to which they be-
long, for a time lic without movement near them, and then
become again confluent with them.

Mechanical shock ? causes the active plasmodia of the myxo-

1 Quoted by Hofmeister in Die Lehre von der Pflanzenzelle, 1867, p. 50.
2 Die Lehre von der Pflanzenzelle, p. 51.
8 Hofmeister : Pflanzenzelle, p. 26.
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mycetes to become rounded into the form of somewhat flattened
drops, from which slender branches protrude after a short time.
If pressure is now made upon those portions of the branched
plasmodium in which circulation is to be seen, the movement
stops at once, and is not resumed for two or three minutes;
but after that period of rest it goes on as before. When a
plasmodium is cat in halves, the circulation is to be seen after
a while in the separated portions.!

577. Relations of protoplasm to gravitation. Concerning the
influence of gravitation on the form assumed by protoplasm, it
need only be said here that the less dense plasmodia appear some-
times to yield to this force. But Pfeffer 2 found that in a saturated
atmosphere the plasmodium of' Zthalium moved in the dark with
equal freedom whether the moist bibulous paper on which it rested
was held horizontally or vertically ; Strasburger?® also has noted
the same fact. 1f one part of the paper is more moist than an-
other, it is to the very wet spot that the plasmodium wanders.

578. Relations of protoplasm to moistare. The relations of
water to the activity of protoplasm are not yet thoroughly under-
stood. It has been seen (577) that there is a tendency of plas-
modia to move to the points where there is the most moisture ;
and in general it may be said that a large ainount of water is
favorable to all protoplasmic movements. 'Thus Delinecke *
found that the protoplasm in the cells of the collenchyma of
Balsamina exhibited no circulation until the section had been
placed in water; and the same phenomena can be shown in
sections of many active plants.

On the other hand, Velten has shown that in some cases the
protoplasmic movement stops when a plant-hair is placed or kept
for a time in water, but is resumed if it is transferred to a dilute
solution of gum-arabie, although the protoplasmn was furnished
with a greater supply of water in the former than in the latter
case.

579. Some harmless plasmolytic agents (see p. 27), for in-
stance a dilute solution of sugar, added to the water in which the

1 Pfeffer : Pflanzenphysiologie, ii. 390.

2 Pfeffer : Pflanzenphysiologie, ii. 388.

8 Wirkung des Lichtes auf Schwirmsporen, 1878, p. 71. Dehnecke (Ueber
nicht assimilirende Chlorophyllkérper, 1880) has shown that the various
bodies which occur in protoplasm of cells — for instance, chlorophyll granules,
starch-grains, and the like — have a marked tendeney to sink to that part of
the cellulose wall which is lowest. The change of position takes place some-
times in a few minutes, sometimes only after several Lours.

4 Flora, 1881, p. 8.

14
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protoplasm of the cells of Tradescantia stamen-hairs is exhibit-
ing rapid circulation, cause an increase in the rate of movement.
This fact has been considered to show, in connection with the
cases mentioned, that for the most rapid circulation of proto-
plasm there must be a definite amount of water, —the optimum.

580. When any of these plasmolytic agents are used in too
concentrated a solution they may exert a much more marked
effect upon the protoplasmic contents of a cell; not only does
all movement cease, but the mass shrinks into small bulk, and
does not afterwards recover its former shape and size. Asa
result of their action, two other phenomena are presented : (1) the
protoplasm of one cell can be seen in some cases to be connected
through the cell-wall with the protoplasm in the adjoining cell;
(2) a change takes place in the firmness or turgor of the cell-
wall. Both of these phenomena must receive attention at a later
stage. When a cell containing living protoplasm is placed in a
harmless and dilute solution of any coloring-matter, for instance
logwood, its wall becomes more or less tinged by the dye, but
the protoplasm retains for a while at least its power of move-
ment, and does not take up any of the dye. If, however, the
protoplasmic mass is injured or dead, it absorbs the coloring-
matter with great avidity. i

581. Relations of protoplasm to various gases. Experiments
upou the effects of gases on the behavior of protoplasm can
be best conducted by means of the simple gas-chamber shown
in Fig. 195. A current of the gas employed is drawn through
the tube @ by means of any simple aspirator; and in a few
sceconds the specimen previously placed upon the glass at 3,
and protected by a cover-glass, is thoroughly surrounded by
it. By the use of this apparatus it has been found that the
presence of free oxygen is essential to protoplasmic movements.
Hofmeister and Kiline have shown that when this gas is no
longer supplied to the protoplasmic mass or to the cells in
which the protoplasm is contained, all movements cease. Thus
Hofmeister! found that the circulation of Nitella was completely
arrested in thirtcen minutes after the air was wholly removed.
Kiihme? replaced by hydrogen the air in which the hairs of
Tradescantia had shown rapid movement, and after several
hours all motion was arrested.

582. Corti,? the discoverer of the circulation in Nitella, placed

1 Die Lehre von der Pflanzenzelle, p. 49.
2 Untersuchungen iiber das Protoplasma, 1864, p. 107,
3 Meyen : Pflanzenphysiologie, ii. 224.
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cells in which the movements were plainly seen, in olive-oil, in
order to exclude the air. A short time after this was done the
movement stopped. In Hofmeister's? repetition of Corti’s ex-
periment the arrest of the protoplasmic movement occurred in
five minutes in olive-oil ; after the oil had been carefully poured
off, the movements recommenced in thirty minutes.

583. Kiihne experimented also upon the replacement of the
oxygen ncedful for protoplasmic movements by carbonic acid,
and found this gas much better than oil for excluding air.
Upon removal of the plant-hairs from oil, it is difficult to take
away the last trace of adherent oil.

584. The ordinary anesthetics, chloroform and ether, arrest
the movements of protoplasm.?

585. The structure of protoplasm. Having thus briefly ex-
amined some of the more striking phenomena of protoplasmic
movement, the question must now be asked, What is the struc-
ture of a substance which exhibits these phenomena?

By the highest power of the microscope it appears as a homo-
gencous hyaline mass holding in its substance, but apparently
as foreign bodies, very minute granules. But when the proto-
plasmic matter is stained by the skilful use of pigments, its
homogeneous character disappears.

586. Schmitz has confirmed and extended the observations
of Frommann, which show that in some cases at least the pro-
toplasmic body is a reticulated framework of extremely delicate
fibrils, between the meshes of which is a homogeneous liquid.
There is unobstructed communication between the different
meshes, so that the whole of the liquid may be regarded as
practically one mass. The network of fibrils does not possess
any rigidity, but is constantly mobile under favorable condi-
tions, and undergoes manifold changes of form. The reticulated
structure is most clearly seen in the parietal protoplasm, and the
larger bands of cells which contain relatively considerable sap.

When, after hardening, protoplasm is carefully stained with
h@matoxylin, the whole mass appears to be equally and evenly
colored ; but it is in reality only the network which takes up the
color, the liquid in the meshes remaining uncolored.

Imbedded in the protoplasm, especially in the inner portions,
there are generally minute granules which have a high degree
of refringency, and which stain very deeply with the dye; these
are the microsomata of Hanstein.

1 Die Lehre von der Pflanzenzelle, p. 49.
2 Clande Bernard : Legous sur les Phénomenes de la Vie, 1879,
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587. Up to the present time the microscope has not revealed
more than these facts respecting the intimate structure of proto-
plasm, and from these alone no clear conception can be formed
of the mechanics! of protoplasmic movements.

588. It is just at this stage of the inquiry respecting the
structure of protoplasm that many have sought to apply an
hypothesis known as Niigeli’d; namely, that all organized
bodies consist of structural particles (termed micelle), cach of
which is individually enveloped by a film of water holding vari-
ous substances in solution. According to Niigeli’s view, as origi-
nally given, the micell® are never spherical, but possess a true
crystalline character, as shown by the relations of organized
bodies to polarized light.? These micellee are believed to obey

1 Hofmeister regarded protoplasmic movements as directly dependent upon
changes in the capacity of living protoplasin for absorbing water, shown by
pulsating vacuoles (see 120). In the mass of a plasmodium, or in the free
spores of some algw, there are generally to be detected easily under the micro-
scope minute spherical cavities filled with watery sap which are constantly
changing in size. Their rhythm of change, or pulsation, as it is called, is differ-
ent for different plants, varying from a few seconds to as many hours. Their
increase in size is usually gradual until the maximum is reached, when sud-
denly the cavity or vacuole contracts even to the point of vanishing, and
then it slowly begins to form again at the same place in the mass. The
rhythm of the pulsations can be made to vary with changes in the surround-
ings ; for instance, with changes of temperature, or by the application of dilute
solutions, or by any agent which modifies the ahsorptive power of proto-
plasm for water. But these agents are also efficient in controlling the rate
of protoplasmic movement. The spontaneously pulsating vacuoles appear to
indicate that the absorptive power of protoplasm changes spontaneously, and
is different successively in different parts of the mass, thus disturbing the
equilibrium of the soft mass sufficiently to force some portions from place
to place. But Hofmeister gave no explanation of the cause of variations in
the imbibition power of protoplasm.

2 In his earliest work on the subject (Die Stidrkekorner, 1858) Nigeli applied
the word molecule (which had not then obtained such general acceptance in
chemistry and physics, with a different signification) to what he now calls the
micella. His hypothesis has undergone sundry changes from time to time,
one of his last important publications (Theoric der Girung, 1879) containing
some modificatious.

The terminology now proposed by Nigeli applies the word pleon to those
aggregates of molecules which cannot be increased or diminished without
changing their chemical nature ; for instance, crystals which contain water of
crystallization would be called pleons, for the molecule H,0 has a definite
numerical relation to the molecules of the salts, and examples of similar pleons
are afforded by such compound salts as the alums.

Compare with this the following statement : —

“¢1t has also been a question among chemists whether molecular combination
was possible ; in other words, whether it is possible for molecules of different



NAEGELI'S HYPOTHESIS. 213

the following attractions: (1) that of cohesion, by which each
individual micella is an aggregate of molecules; (2) that which
tends to bring adjacent micelle together; (3) that of adhe-
sion, by which the surfaces of the micellee retain their films of
water.

kinds to combine chemically, each preserving its integrity in the compound. . ..
Any antecedent improbability on theoretical grounds is far more than out-
weighed by the evidence of a large number of compounds whose constitution
is most simply explained on the hypothesis of molecular combination. For
example, in the crystalline salts it is impossible to doubt that the water
exists as such, not as a part of the salt molecule, but combined with it as a
whole. S0 also there are a number of double salts whose constitution is mest
simply explained on & similar hypothesis” (Cooke's Chemical Philosophy,
1882, p. 137).

The word micella is applied by Nigeli to those aggregates of molecules
which (like crystals) can increase or diminish in size without changing their
chemical nature. The micella is assumed to be much larger than the pleon.
““The internal structure of the micella is crystalline, while the exterior may
assume any shape.” The micelle unite to form micellar aggregates ; of such
the crystalline protein granules afford a good example. Thus, according to
Niigeli, five terms must be recognized, — the atom, the molecule, the pleon, the
micella, and the micellar aggregate. Pfeffer applies a general term, Tagma, to
all aggregates of molecules, thus bringing under one head the pleon, micella,
and micellar aggregate ; and he applies the name Syntagma to all bodies made
up of tagmata. The subject will be again referred to under ‘“Osmosis.”

To make clearer the conception of a micella, it may be well to examine
briefly two terms in common use ; namely, atom and molecule.

When a solid body, for instance a crystal of sodic chloride (common salt),
is mechanically separated into the smallest possible fraginents, each particle
still possesses all the properties of salt. Beyond this mechanieal limit of sepa-
ration the process of subdivision may be carried still further by solution:
the minutest fragments of the salt can be broken up and diffused through the
solvent, and yet not lose their essential character as salt ; in fact, they can be
again recovered without change from the solution. But it is impossible to go
beyond this latter limit of separation without altering the essential properties
of the substance. In other words, by this subdivision the physical limit has
been reached ; namely, the molecule,

A molecule is understood to be the smallest amonnt of any substance
which can exist as such in the free state. Hence the molecule is the physical
unit.

If, however, the salt is subdivided by chemical means, — for instance, by the
action of strong sulphuric acid, — its ilentity is destroyed, and its comnponent
parts enter into new relations, and cannot be restored to their original relations
except by an exceedingly complicated process. In other words, the physical
limit has been overpassed and the chemical limit reached ; namely, the atom.

Atoin is generally defineld as ¢“the smallest amount of a given substance
which can exist in combination,” or “the smallest mass of an element that
exists in any molecule.” The atom is the chemical unit.

Atoms are variously combined to form molecules : molecules are variously
aggregated to form masses.
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. Contiguous micellse in any organized substance, for instance
cell-wall or starch, frequently possess different chemical charac-
ters, as is shown by the fact that from such a substance one por-
tion can be taken without materially disturbing the external form.

589. By means of the changes which go on in the formation
of new micelle, and in their reconstruction, it is sought to account
for the nutrition, growth, and movements of organized substances.
This is ecssentially the basis on which Engelmann! founds his
explanation of the movements of protoplasm.?

590. Continuity of protoplasm. It was supposed until recently
that the protoplasm in one young cell is completely shut off from
that in contiguous cells by an imperforate cell-wall, and that even
in the cases where the wall is perforate there is no communi-
cation of protoplasm through the pores. There is abundant
evidence to show the incorrectness of this view. In some cases
the protoplasm in one cell is practically continuous with that in

1 Hermann's Handbuch der Physiologie, i. 1879, p. 374.

2 The application of this hypothesis by Sachs is given somewhat fully in
the following extract (Text-book of Botany, 2d Eng. ed., 1832, p. 666):
¢Chemical compounds of the most various kinds meet between the wicelle
of an organized Lody, so that they act upon and decompose one another. 1t
is certain that all growth continues only so long as the growing parts of the
cell are exposced to atmospheric air ; the oxygen of the air has an oxidizing
effect on the chemical compounds contained in the organized structure; with
every act of growth carbon dioxide is produced and evolved. The equilibrinm
of the chemical forces is also continually disturbed by the necessary production
of heat ; and this may also be accompanied by electrical action. The move-
ments of the atoms and molecules within a growing organized body represent
a definite amount of work, and the equivalent forces are set free by chemical
changes. The essence of organization and life lies in this : — that organized
structures are capable of a constant internal change ; and that, as long as they
are in contact with water and with oxygenated air, only a portion of their forces
remains in equilibrium even in their interior, and determines the form or frame-
work of the whole ; while new forces are constantly being set free by chemical
changes between and in the molecules, which forces in their turn occasion
further changes. This depends essentially on the peculiarity of micellar struc-
ture, which permits dissolved and gascous (absorbed) substances to penetrate
from without into every point of the interior, and to be again conveyed out-
wards. Neither the chemical nor the molecular forces are ever in equilibrium
in the protoplasin ; the most various elementary substances are present in it in
the most various combinations ; fresh impulses to the disturbance of the internal
equilibrinm are constantly being given by the chemical action of the oxygen
of the air ; and energy is continually being set free at the expense of the proto-
plasm itself, which must lead to the most complex actions in a substance of so
complicated a structure. Every impulse from without, even when impercep-
tible, must call forth a complicated play of internal movements, of which we
are able to perceive only the ultimate effect in an external change of form.”
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the next, by means of delicate threads which pass through
pores in the intervening cell-wall. Doubtful instances afforded
by the cribrose-cells have been already alluded to (see 279).
The endosperm cells of seeds of Strychnos Nux-vomica afford
a well-inarked example of the cases of communication between
cells of seeds. Tangl! advises that very thin sections parallel
to the flat surface of the seed be shaken with dilute tincture
of iodine or with a solution of iodine in iodide of potassium for
about five minutes, and then thoroughly washed with pure water.
The protoplasmic and other contents of the uninjured cells will
then appear as a contracted ball having somewhat the shape of
the cell. From the mass in one cell minute threads run through
pores or canals in the wall to the masses in the adjoining cells,
and there is no break in their continuity. In the endosperm of
the allied species, Strychnos potatorum, Tangl did not detect
canals of the character found in S. Nux-vomica.

Gardiner? has demonstrated the existence of communication
between the protoplasmic masses in contiguous cells of the pul-
vini of the leaves of some plants having the power of motion.
When sections of these leaves are placed in a solution of a salt
which causes contraction of the protoplasm, the shrunken mass
is seen to be connected with the cell-wall by extremely delicate
threads of protoplasm. The threads can be traced to pits in the
wall, and there it can be secn that they are exactly opposite the
threads on the other side of the wall. If the solution of the salt
used is too strong, some of the threads may be ruptured, and
then one free end of each thread will retract to the main mass
while its other part goes to the cell-wall. If fresh sections are
treated with strong picric acid, and then, after washing in alco-
hol, are stained with anilin blue, the continuity of the proto-
plasm in uninjured cells becomes apparvent. Mimosa affords
excellent material for this purpose.

Hillhouse?® reports similar continuity of protoplasm in the cortex
of the stem of Laburnum, and in the petiole of several leaves.
The fresh material is to be placed for a few days in absolute
alcohol, and the thin sections made from it are to Le treated
with dilute alcohol. The sections are then to be placed in
concentrated sulphuric acid, and after the acid has removed the
cell-wall, its excess is to be withdrawn by means of a pipette,

1 Pringsheim’s Jahrbiicher, 1880, p. 170.
2 Philosophical Transactions Royal Society, 1883, clxxiv. 817,
8 Botanisches Centralblatt, 1883, xiv. 89, 121.
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and the preparation very carefully washed. The application of
strong glycerin completes the treatment. The specimen must
not be removed from the slide during the whole series of opera-
tions. If the manipulation has been careful throughout, the
minuate threads can be seen passing from one mass of protoplasm
to the next.

591. The directions given by Strasburger for demonstrating
the continuity of protoplasm are as follows: Frow the stem of a
dicotyledonous shrub or tree (the diameter of which should be
at least a centimeter) the periderm is removed by a knife, and
very thin tangential longitudinal sections are then made through
the soft green bark. The parenchyma cells which are inter-
mingled with the liber contain more or less chlorophyll, and may
have pits, the very smallest ot which are not bordered (see 268).
If the first sections have shown in any case that these cells are
furnished with pits, others are then prepared and placed at once
in a drop of a solution of iodine (that of iodine in an aqueous
solution of potassic iodide is best). The excess of the solution
is at once removed and the preparation covered with a glass
cover. At the edge of the cover-glass there is placed a drop
of concentrated sulphuric acid, and by the side of this a couple
of drops of dilute sulphuric acid; when these are mingled the
mixture is allowed to flow under the cover-glass, while a bit of
filtering-paper on the other edge of the glass draws it through.
The specimen becomes dark blue. If the color is deep, the cover-
glass is cautiously lifted and the preparation is then thoroughly
but carefully washed in water. After this washing, a drop of
a solution of anilin blue is added, whereby the object becomes
stained ; then, after washing again, a little glycerin?® is added,
and the cover-glass is fastened down with some cement. For
the examination of the specimen the strongest objectives — pref-
erably the so-called ** homogeneous immersion,” employed with
cedar-oil — are indispensable.

Under a sufficiently high power the middle lamella of the wall
is seen to be somewhat swollen, while the contents of the cells
are contracted and colored. The periphery of the individual
protoplasmic masses in the cells of the cortical parenchyma is
smooth on that face which was in contact with the cell-wall hav-
ing very small pits; but it has minute protrusions on that face
which was next the bordered pits. Morcover, the protrusions
in contiguous cclls are exactly opposite each other. Between

1 Strasburger advises the addition of a little anilin blue to the glycerin.
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the protrusions at the bordered pits there extend extremely deli-
cate threads of protoplasm which have a granular character.
The threads are somewhat curved (especially the outer ones),
and are slightly swollen in the middle. In peculiarly good
preparations it has been shown that there is an apparent inter-
ruption at the middle of their course, but that at this break
there are still minute filaments which serve to connect them.
From these and kindred observations Strasburger and some
others have adopted the view that there is such a degree of
continuity between the protoplasmic masses in the cells that
they form throughout the plant an unbroken whole.!

592. That protoplasin may perhaps occurin intercellular spaces
appears from the observations of Russow 2 and of Berthold.® To
demonstrate this, onc-ycar-old twigs of Ligustrum vulgare are
hardened for a few days in absolute alcohol, longitudinal sections
of the primary cortex placed in dilute iodine solution (sce 30),
the excess of iodine removed, and dilute sulphuric acid added.
The contents of the cells and of the intercellular spaces will then
appear as yellowish-brown masses.

593. That protoplasm can in some cases pass through an im-
perforate cell-wall appears from the observation of Cornu,* that
in the formation of the macroconidia of a certain Nectria all the
protoplasm of the five or six cells of the spore emerges to form
the macroconidium, which ariscs as an outgrowth of one of the
cells of the spore. The four or five partition-walls through which
the protoplasm ust pass are, however, neither dissolved nor
perforated.

It is probable that a striking phenomenon of fertilization in
phenogams, namely, the complete emptying of the pollen-tube
of its protoplasm (see ** Fertilization ™) without apparent break
in the continuity of the wall, must be referred to the same pene-
trative power of protoplasin.

The withdrawal of the principal part of the protoplasmic
matters from deciduous leaves before the fall of the leaf may be
perhaps explained in the same way.

Strasburger cites as an illustration of this penctrative power
the well-known case of the removal of protoplasmic matters

1 Das botanische Practicum, 1884, p. 617. Strasburger : Bau und Wachs-
thum der Zellhaiite, 1882, p. 246. Frommann : Beobachtungen iber Structur
des Protoplasma der Pflanzenzellen, 1880,

2 Sitz. der Dorpater Naturforscher-Gesellschaft, 1882, p. 19,

8 Berichte der deutschen botanischen Gesellschaft, ii. 20.

4 Comptes Rendus, 1877, tome lxxxiv. p. 133.
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from the cells around the buds which form on the incised leaves
of Begonia.!

594. The relations of the cell-wall to protoplasm are not yet
fully understood; and in regard to some of them there exists
among botanists considerable diversity of opinion. The two
principal views are the following: 1. The cell-wall is formed
by the solidification upon the exterior of a protoplasmic mass,
of matters previously dissolved in it. The pellicle thus pro-
duced is regarded as a sort of excretion (since in most cases it
is not again to be dissolved and employed by the organism) or
as a secretion (because in a few instances it can be dissolved
and utilized a second time by the plant). The substance capa-
ble of thus solidifying upon the surface of protoplasm consists of
cellulose combined with water and a small amount of incombus-
tible matters, but it is not positively known in what condition
these were previously combined in the protoplasm. 2. The
cell-wall may be regarded as directly produced by a conversion
of the outer film of protoplasm into cellulose with which some
other matters are intermingled.?

595. The young cell-wall 3 is practically a homogeneous filn of
cellulose, which speedily undergoes changes both in its chemical
and physical character. In many of the lower plants the wall
differs in some particulars fromn that found in the higher plants
(see p. 29), but the differences need not enter into the present
description.

596. Two views arc held respecting the mode of growth of
the cell-wall. The first may be regarded as based upon the
hypothesis of Niigeli spoken of in 588. From some of the mate-
rials held dissolved in the adherent film of water around each
micella new micellee of cellulose are supposed to be produced,

1 ¢« That protoplasm can pass through closed cell-walls is beyond doubt”
(Vines, note to second edition of Sachs's Text-book, p. 946).

2 The view that cellulose is a kind of secretion is stated at great length in
Hofmeister's Panzenzelle, and in several communications by Sachs in Bota-
nische Zeitung., The second view is given by Schmitz, Sitz. der niederrhei-
nischen Gesellschaft fiir Natur- und Heilkunde, Bonn, 1880. He bases his
opinion largely upon the fact that in some cases the cells gradually become
emptied of protoplasm as the amount of cell-wall increases, and upon the phe-
nomena which attend the increase of the cell-wall in thickness.

8 It was believed by some of the earlier phytotomists that the cell-wall was
a close, firm network of extremely fine fibres, while others held it to be com-
posed of minute granules. In these explanations of structure it was confessed
that the ultimate fibres, or ultimate granules, lie qmtc beyond the reach of the
highest powers of the microscope.
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which are interpolated Letween the old. This is the intussus-
ception theory. It has gradually displaced an older theory,
namely, that of growth by apposition. As the older theory was
usually held, it presented two modifications,! — one that the
growth of a cell-wall in thickness takes place on the exterior of
the wall, so that in a stratitied wall all the outermost portions
are the newer; the other, that all the new matter is laid down
upon the interior of the old.

The apposition theory has recently attracted much attention
from the studies of Schmitz, and from its adoption and advocacy
by Strasburger.? As now held by these authors, the view is this:
stratified and other cell-walls grow in thickness by the deposi-
tion of new particles upon the inner face of the cell, much as a
crystal adds new particles to itself ; growth in surface is the result
of a simple stretching of the wull by the pressure of the con-
tents upon it.

Any solution which causes a shrinking of the contents of the
cell, and thus diminishes the pressure on the wall, may cause
a diminution of the size of the cell itself. The bearing of this
upon the turgescence of the cell will be again adverted to under
¢ Properties of New Cells and Tissues.”

To the physical characters of cellulose already mentioned
(see 129), may now be added that property which is possessed
also by many other organized substances : namely, that of swell-
ing greatly when placed in water. 'The wall of a living and active
cell is of course moist, and its increase in size on the addition of
more water is seldom marked ; but under certain circumstances
the amount of water in the cell-wall even of an active cell may
fall below its usual amount, and then the application of water
will cause an appreciable change of bulk. Such change in the
amount of water may take place with great rapidity upon
slight external disturbances, such as shock : in these cases, the
amount of water in the protoplasm in contact is correspondingly
modifed.

597. Historlcal note regarding protoplasm. The word proto-
plasm appears first in a memoir by Mohl, in 1846, ** On the
Movement of Sap in the Interior of Cells,” which deals, however,

! For an account of the two modifications of the apposition theory, the
student is referred to Harting's paper, translated in Liunsea, 1846, and Mohl’s,
in Botanische Zeitung, 1846. A fair statement of the first modification is
presented in Mulder's Physiological Chemistry.

2 Strasburger : Bau und Wachsthum der Zellhaiite, 1882.
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not so much with the movement of what would to-day be called
.cell-sap, as with the general behavior of all the motile contents
of active vegetable cells. After showing that his predecessors
had not clearly understood the important part played in the life
of the cell by the viscous matter known vaguely up to that time
as schleim, or mucus, Mohl points out the essential identity of
the nucleus, primordial utricle, and the basic substance filling all
but the sap-cavities of the cell. For the substance which is
essential to the formation of every new cell and to the develop-
ment ¢f newly formed cells he proposed, upon physiological
grounds, the significant name protoplasma.

For convenience of reference, the paragraph in which the word
.is first employed is here given: —

¢ Da wie schon bemerkt diese zihe Fliissigkeit iiberall, wo Zellen
-entstehen sollen, den ersten, die kiinftigen Zellen andeutenden festen
Bildungen vorausgeht, da wir ferner annehmen miissen, dass dieselbe
.das Material fiir die Bildung des Nucleus und des Primordialschlauches
liefert, indem diese nicht nur in der niichsten riumlichen Verbindung
-mit derselben stehen, sondern auch auf Jod auf analoge Weise reagiren,
dass also ilire Organisation der Process ist, welcher die Euntstehung der
neuen Zelle einleitet, so mag es wolil gerechtfertigt sein, wenun ich zur
Bezeichnung dieser Substanz eine auf diese physiologische Function
‘'sich beziehende Benenuung in dem Worte Protoplasma vorschlage.”’ 1

In 1835 Dujardin described a contractile substance capable of
spontancous movement in certain of the lower animals, to which
he gave the name Surcode. The identity of sarcode with that
substance which forms the essential body of animal cells and
‘with the protoplasm of vegetable cells was suggested by several
investigators and finally demonstrated by Max Schultze in 1861.2

Scliwann, even as early as 1839, pointed out various analogies
and homologies between animal and vegetable cells, and enun-
ciated the following proposition: animal cells are completely
analogous to vegetable cells, and are quite as independent in
their mode of growth. The bearing of Schultze’s demonstra-
tion upon the foregoing proposition is obvious. Schwann
instituted also certain comparisons between the mode of forma-
tion of cells and that of crystals (** Microscopical Researches
into the Accordance in the Structure and Growth of Animals
and Plants.” translated by Henry Smith for the Sydenham
Society, 1847).

1 Botanische Zeitung, 1848, p. 75.
2 Archiv fiir Anatomie, Physiologie, und wiss. Medicin, 1861, pp. 1-27, and
Das Protoplasma der Rhizopoden und der Pflanzenzellen, Leipzig, -1868.-



CHAPTER VIIL

DIFFUSION, OSMOSIS, AND ABSORPTION OF LIQUIDS.

DIFFUSION AND OSMOSIS.

598. WHEN two liquids which are not miscible — for instance,
‘oil and water — are shaken together, and then left at rest, they
will separate sooner or later, according to their specific gravity.
But if two miscible liquids are shaken together, they remain as a
homogeneous mixture no matter what their specific gravity may
be. Also when two miscible liquids are left in contact, without
any agitation they become thoroughly commingled, and constitute
a uniform mixture; this uniform commingling of two or more
‘miscible fluids is termed diffusion.!

599. Furthermore, if two miscible liquids are separated by
& membrane which can be moistened by them, they will diffuse
through it and make a uniform mixture. This latter kind of
diffusion, in which the contact between the two liquids is not
direct, but takes place through a septum of some substance, is
known as osmosis. In the plant and in its surroundings the
two kinds of diffusion play such an important part that they
must receive special attention.

600. Diffasion of liquids. The rate of diffusion varies with
the nature of the liquids and the temperature. The statements in
the following paragraphs are substantially as given by Graham.?

1 Pfaundler applies this term to the cofimingling whether it is or is not
brought about by agitation (Miiller's Lehrbuch, 1877, i. 162).

2 They are based upon two series of experiments conducted with very sim-
ple apparatus. In the first series a small, wide-mouthed vial containing one
liquid was placed in a jar holding the other liguid, allowed to stand a few
days, withdrawn, and the amount of diffusion noted. In the second series
Graham pursued the plan of placing in a cylindrical glass jar, 152 mm. high
‘and 87 mm. wide, seven tenths of a liter of pure water, and then carefully car-
rying to the bottom of the jar, by meaus of a fine pipette, one tenth of a liter
of the liquid to be diffused. The jar was then left at rest in an apartment
where the temperature was nearly constant, and after a certain time its contents
‘were drawn off carefully in portions of fifty cubic centimeters, each portion
evaporated separately, and the residue remaining after evaporation weighed.
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601. Different salts in solutions of equal strength diffuse in
unequal times. Thus potassic hydrate diffuses with double the
rate of potassic sulphate, and the latter with double the rate
of crystallized sugar. But these substances have a compara-
tively high rate of diffusion. A solution of caramel (sugar
heated till it becomes brown) diffuses very slowly ; the sugar in
this case has been so changed in its character that its rate of
diffusion has been reduced from a high to a very low one. Gela-
tin may be taken as the representative of the almost ¢¢ fixed ” or
slowly diffusible class of substances ; most crystallinc substances,
as representatives of the highly diffusible class. The former are
collectively known as colloids (x6AAa, glue), the latter as crystal-
loids. It must be noted that Graham’s use of this word ** crys-
talloid” is different from that in which it has been employed in
speaking of the protein bodies (177).

602. With each salt the rate of diffusion increases at a
slightly higher rate than the temperature of the solution.

603. The members of certain chemical groups are equally dif-
fusible. Thus hydrochloric, hydrobromic, and hydriodic acids;
the chlorides, bromides, and iodides of the alkaline metals, etc.,
have equal rates of diffusion into pure water.

604. The diffusion of a solution of a salt into the dilute solution
of another salt takes place nearly as rapidly as into pure water ;

The difference in the rates of diffusion of ten per cent solutions of different
substances experimented upon in the manner described on the preceding page
is clearly shown by the annexed table.

T
Nuwmber 05 :\tvv'::v“m from above c l.?lz‘:ilﬁe. Sugar. Gum. Tannin,

104 .006 003 .003
2 ... e e e e e 129 .008 003 .003
. 2 162 .012 003 .004
4 ... .. [T 198 .018 004 003
- J .267 .030 003 005
6 . . . . e e 340 059 004 .007
T o v v v v o v o o 429 102 .008 017
B . v i e e e e e 535 .180 .031 .031
T .654 .305 097 .069
10 . ¢ . 00 e o e . 766 495 215 145
5 .881 140 407 .288
12 . . . 0 0 e 0 e e 991 1.078 734 556
13 . . . v 0 e . 1.090 1.435 1.157 1.050
4 . . .00 0 0. 1.187 1.758 1.731 1.719
15,16. . . . . . .« . 2.266 3.783 5.601 6.097
9.999 10.003 9.999 9.997

The first series of experiments are described in Philosophical Transactions,
1850 ; the second, in 1861.
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but if the second solution contains some of the salt, like that in
the first solution, the rate of diffusion is retarded.

605. The rate with which a salt passes from a stronger into
a more dilute solution is nearly proportional to the degree of
concentration. The approximate times required for the diffu-
sion of equal weights of various substances into water are given
in the following table : —

Hydrochloricacid . . . . . . . . . . . L
Sodic chloride. . . . . . . . . . . . . 233
Magnesic sulphate . . . . . . . . . . . T
Cane-sugar. . . . « « « o« o « « « o o 1.
Albumin . . . . . . . 0 0L .. o . 49
Caramel . . . . e e e . . . 98

606. Of the colloids, Graham says:! ¢ Low diffusibility is
not the only property which the bodies last enumerated possess
in common. . . . Although often largely soluble in water, they

1 Philosophical Transactions, 1861.

Graham says further : ‘* Although chemically inert in the ordinary sense,
colloids possess a compensating activity of their own arising out of their
physical properties. While the rigidity of the crystalline structure shuts out
external impressions, the softness of the gelatinous colloid partakes of fluidity,
and enables the colloid to become a medium for liquid diffusion, like water
itself. The same penetrability appears to take the form of cementation in such
colloids as can exist at a high temperature. Hence a wide sensibility on the
part of colloids to external agents. Another and eminently characteristic qual-
ity of colloids is their mutability. Their existence is a continued metastasis,
A colloid may be compared in this respect to water while existing liquid at a
temperature under its usual freezing point, or to a supersaturated saline solu-
tion. Fluid colloids appear to have always a pectous modification (wyarés,
curdled), as fibrin, cascin, albumin. But certain liquid colloid substances are
capable of forming a jelly, and yet still remain liquefiable by heat and soluble
in water. Such is gelatin itself, which is not pectous in the condition of ani-
mal jelly, but may be so as it exists in the gelatiferous tissues. Colloids
often pass under the slightest influences from the first into the szcond condi-
tion. The solution of hydrated silicic acid, for instance, is easily obtained in
a state of purity, but it cannot be preserved. It may remain fluid for days or
weeks in a sealed tube, but is sure to gelatinize and become insoluble at last.
Nor does the change of this colloid appear to stop at that point. For the
mineral forms of silicic acid, deposited from water, such as flint, are often
found to have passed during the geological ages of their existence, from the
vitreous or colloidal into the crystalline condition (H. Rose). The colloidal
is, in fact, a dynamical state of matter; the crystalloidal being the statical
condition. The colloid possesses energia. It may be looked upon as the
probable primary source of the force appearing in the phenomena of vitality.
To the gradual manner in which collodal changes take place (for they always
demand time as an element), may the characteristic protraction of chemico-
crganic changes also be referred.”
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are held in solution by a most feeble force. They appear singu«
larly inert in the capacity of acids and bases, and in all the ordi-
nary chemical relations. But, on the other hand, their peculiar
physical aggregation with the chemical indifference referred to,
appears to be required in substances that can intervene in the
organic processes of life. The plastic elements of the amimal
body are found in this class.”

607. Osmose, or Osmosis. Diffusion of liquids through mem-
branes. The interposition of a permeable septum between mis-
cible liquids does not prevent diffusion. Thus if a solution of
sodic chloride is separated from pure water by an intervening
membrane, as one of bladder or of vegetable parchment (see
page 32), diffusion takes place in about the same time as if no
membrane were present.

608. For most expeviments in osmosis the simple apparatus
known as an osmometer answers very well. It consists of a
small reservoir furnished with a membrane bottom, and a gradu-
ated tube at its upper part. A very good osmometer can be
prepared from a short-necked bottle from which the bottom has
been carefully removed. After the edges at the bottom have
been made smooth, a piece of wet parchment paper is tightly
fastened on by waxed thread. Great care must be taken to
select parchment or parchment paper which is free from perfora-
tions,! and the tube at the neck must be well fitted to a velvet
cork, so that no escape of liquid can take place in any way. A
film of ordinary unsized paper evenly covered with a solution of
warm gelatin, which cools to form a firin mass upon its surface,
makes a good substitute for parchment in this apparatus. A
thin film of white of egg coagulated by heat will also serve well
for a covering. '
" 609. The osmometer, filled to a certain point on the tube with
the liquid to be experimented upon, is suspended in pure water so
that the liquid in the apparatus is on exactly the same level as
the water. It will be seen by the experiment that not only does
diffusion take place, but that there is a change in the level of
the liquid in the tube.

610. When any of the more diffusible substances are placed
in a state of solution in the reservoir, a small amount of the
crystalloid passes outwards, while a much larger amount of

a The existence of actual perforations in good parchment can be demon-
strated by subjecting the apparatus to pressure, or even by repeatedly wiping
the exposed surface of the parchment with filtering-paper.
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water passes inwards. The change of level caused is of course
accompanied by an immediate change in the hydrostatic pres-
sure, and hence water should be added to or removed from the
outer vessel, to balance incqualities of height as fast as they
occur.

611. The proportional amounts of the substances inter-
changed have been determined by various observers. Jolly,!
by an ingenious modification of the osmometer, obtained the
following results; the figures representing the weight of water
which replaced in osmosis one part by weight of the substance :

Sodicchloride . . . . . . . . . . . . . 43
Sugar. . . . . .. . 00 0.0 e .11
Sodicsulphate . . . . . . . . . . . . . 116
Maguesic sulphate. . « e e e e« . o« 1.6
Potassicsulphate . . . . . . . . . . . . 12

Potassic hydrate . . . . . . . . . . . .2157

612. These figures are known as the osmotic equivalents of

the respective substances, but they are by no means constant;
since, as Ludwig? has shown, they depend partly on the de-
gree of concentration of the solution used, the duration of the
experiment, and the character of the membrdne.
" 613. If, however, a colloidal body is placed in the reservoir,
very little comparatively passes outwards, and in the case of
some colloids nothing. ¢¢ Indeed, an insoluble colloid, such as
gum-tragacanth, placed in powder within the osmometer, was
found to indicate the rapid entrance of water, to convert the
gum into a bulky gelatinous hydrate. Here, no outward or
double movement is possible.”® This very important fact must
be borne in mind in the application of the. phenomena of os-
mose to those of absorption of liquids by the colloids in active
vegetable cells.

614. Precipitation-membranes. Traunbe! (in 1867) discovered
that when a drop of a solution of copper-sulphate is placed in
a solution of potassic ferrocyanide, there is produced over its
whole surface a coherent membrane (of precipitated cupric ferro-’
cyanide), known as a ¢ precipitation-membrane.” This at once
begins to increase in size, but somewhat irregularly, as if breaks
occurred at the upper part through which a portion of the liquid

1 Zeitschrift fiir rationelle Medicin, 1849, vii. p. 83.
2 Poggendorff : Annalen der Physik und Chemie, lxxviii. p. 807.
. 3 Graham : Journ. Chem. Soc., 1862, p. 269.
4 Archiv fiir Anat. u. Physiol. du Bois-Reymnond u. Reichert, 1867, p. 87.
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