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PREFACE BY THE AUTHOR.

Tr18 book is intended chiefly for those who, without desiring
to become botanists by profession, wish neverthelsss to be-
come acquainted with the elements of scientific structural
botany. It will likewise introduce the beginner to the various
methods of microscopical manipulation.

The study of vegetable structure is especially favourable as
an initiation into the use of the microscope; and any one
whose future career will require command over this instru-
ment should commence with the study under the microsc¢ope
of vegetable anatomy.

The manual is divided into thirty-two chapters, each of
which is intended to provide materials for several hours’ prac-
tical work in the laboratory. The earlier chapters are easy,
and the difficulties to be encountered increase almost con-
tinnously up to the last chapter. The first chapter assumes
on the part of the worker entire ignorance as to the use of
his instruments, but nevertheless assumes the possession of
some general botanical knowledge. With this elementary pre-
paration the beginner ought to be able, by the diligent use
of this book alone, to acquire a tolerably broad knowledge
both of vegetable structure and of the methods of micro-
scopical work.

The objects for study have been so selected that most can
be obtained with comparative ease. In many places I have
recommended the use of plants preserved in alcohol, as the
worker is thus rendered independent of the time of year. As,

however, the objects may need to be collected even months
it



iv PREFACE BY THE AUTHOR.

before being used, the student ought carefully to consult a
special list of plants or portions of plants needed for his work,
and which ought to be collected at some given time or con-
dition. Not infrequently the objects need to undergo, in
order to make them fit for use, some preliminary preparation,
which may take several hours, or even & day. The student
ought therefore to take cognisance of a lesson a sufficiently
long time before commencing work.

The list; of necessary reagents will be found at the end of
the book. These reagents should be ready before beginning
work. The method of preparation of special reagents for
histological work is also given in this list. Many of these
it is preferable to obtain ready-made from the firm mentioned
at the head of the list. :

The explanations and illustrations of the use of ‘the
instruments and reagents are scattered in the text; but the
general index is made so far complete as to enable the student
easily to refer to any explanations which may be necessary.

I have given especial care to the methods of study of the
Bacteria; with the preparation which this book gives, the
student will be capable of following out any deeper researches
into this subject, as well as of realizing their practical appli-
cation.

All the figures in this work have been drawn by myself
from nature. Almost all of the facts given in the text, even
those which were well known, have been submitted to careful
control.

At the close of each chapter are given some bibliographical
notes, which show the student the fountain-head whence
fuller information can be obtained.

'Ep. StraspurcER.



PREFACE TO THE ENGLISH EDITION.

AvrHOUGH the last two or three years have produced at least
as many works on Practical Botany for Laboratory purposes,
no apology is needed for reproducing from the German one
which has no counterpart in the English language, and which
has the advantage of being written by one of the greatest
living masters of microscopical observation.

Although Professor Strasburger has revolutionized the
science of Botany in more than one direction, no work of his
has as yet come before an English public in its own tongue;
but it is perhaps not unfitting that the Author’s first introduc-
tion to the English-reading student should be in the réle of
teacher of those arts of manipulation and observation by the
exercise of which his own fame has been gained.

This edition has the advantage of revision and of numerous
additional notes by the Author ; some portions have been well-
nigh rewritten. ~ To these I have ventured to add notes of my
own, intended to either simplify or amplify the description,
or to enable the material selected by the Author to be re-
placed by some other, probably more readily obtainable.
These additions have been either inserted as footnotes, or,
where intercalated in the text, are usually inserted between
square brackets [ ]. The Introduction I have, with the con-
sent of the Author, nearly rewritten, in order to make it more
suited to the English student; similarly with -a few other
isolated paragraphs. A few additional illustrations I have
been enabled to add, through the courtesy of the Publishers;
descriptions of, and references to, these are likewise enclosed

in brackets. To make the book more convenient in use, I
\4
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have given at the head of each chapter (task, or lesson, in
the original) a list of the objects required for study in
that chapter. I regret that I did not add to these lists any
special reagents which might be required for use; posmbly a
future edition may give opportunity for this.

I have considerably enlarged the scope of Appendices II.
and III., and have added two new Appendices, I. and IV.,
which I hope may be useful to the student. Throughout the
work I have likewise added the common English names (if
any) of the plants referred to.

The student will probably not be able to carry out all the
investigations constituting a chapter at the same time. A
careful note should be made of any which are thus postponed,
so that they may be taken up in due season. It is not un-
likely that some may not come at all within the range of the
student’s observation ; for these examples the book must be
looked upon in the light of a text-book.

The student is earnestly urged to study from the beginning
the Author’s methods of work. These are especially note-
worthy when he comes, perhaps incidentally, to correlate
structure with function. The interdependence of these two
factors in the plant’s life history is the great underlying
principle of modern botanical teaching, and the student
cannot too soon begin to exercise his thoughts in this direc-
tion, resting assured that his methods are right even though
his results may for the time being prove to be erroneous.

As to translation, no one can feel so fully as myself its
many and serious defects. I can only plead that the work
was executed at a time of serious pressure, and, although cir-
cumstances have delayed the issue of the book, the manuscript
was out of my hands, and therefore only subject to such
limited correction as proof-sheets would allow.

W. H.

BirmiNgmanm, Sepiember, 1886.



PREFACE

TO THE

SECOND ENGLISH EDITION.

ALTHOUGH anything like a complete revision of the text has been
impracticable, I have been enabled, through the liberality of the
Publishers, to make several considerable and important additions
both to the text and figures (mainly derived from the Secound
Edition of the Botanisches Practicum), and the chapters upon
“ Vascular Bundles” and “Bacteria” have been to some extent
re-written. A list of the most important of these changes will be
found on page xii., at the end of the Contents. I hope that these
additions will still further enhance the utility of the work to
those for whom it is intended. I have likewise made a few verbal
and other corrections, and, after much hesitation, have eliminated
the square brackets wherever this has been feasible.

I have most heartily to thank many correspondents here, in
America, and elsewheré, for numerous notes, memoranda, and
criticisms. Although I may not at present have been able to
make use of them, these suggestions will not be lost sight of;
and even should they never be used, I am none the less grateful
for the kindly spirit which has prompted their transmission.

W. H.
August 1, 1889,
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INTRODUCTION.

Stupexts at Universities, or properly equipped Colleges, or Schools
of Science, will usually find in the Botanical Laboratory the instru-
ments which are needed for their work. For those, however, who
are not connected with such an institution, but may use this book
independently as an introduction to the practical study of the
minute structure of plants, as well as those who, under any
circumstances, wish to become possessed of suitable instruments
for microscopical work, the following lists, selected from the most
recent catalogues of opticians, may be of service. The first list
here following includes microscopes, with a price (affixed) ranging
up to about £8.

I.—English and American Makers. Some of these, such as the
well-known firms of Ross & Co., Powell & Lealand, R. & J. Beck,
and Zentmayer, are notably dearer than many other English and -
American, and than most foreign makers, and therefore probably
for student purposes are less available. The microscopes built on
the so-called * English model”” are more massive and complicated
in their construction than is really necessary for student purposes,
and the object on the stage is usually moved about by means of a
mechanical arrangement of screws, where, for ordinary purposes,
the fingers had far better be used. Further, though the diameter
of the body of the English microscope may be an advantage, its
length is doubtfully so, and renders the erect position of the
instrument in working, which is for most purposes far the best
(though a joint permitting inclination is highly desirable), almost
impossible. The distance of the stage from the eye renders
delicate working with the fingers a matter of some difficulty; for
it is notorious that the nearer the fingers are to the eyes, within
certain limits, the more delicately their movements can be con-
trolled. These makers have, howevér, recognised the need of

instruments of more compact form, simpler construction, and
xiid



xiv INTRODUCTION.

lower price, and, like the cheaper English makers hereafter noted,
have brought out instruments sumited for general use under the
name either of * Student’s,” ‘ Educational,” or '*“ Economic ”
microscopes. Of such kind we will specially indicate a few.®
These will be exclusively monocular; binocular micrescopes are
in no way needed.

Ross & Co. (112, New Bond Street, London) produce an
instrument of high quality and comparatively low price, called
the “ Stadent’s Microscope,” with rotating glass stage, coarse and
fine adjustment by screws, and a ¢ swinging tail-piece for oblique
illamination,” originally devised by Zentmayer, of Philadelphia,
into which may be fixed various substage appliances, such as
condenser, etc. Price, with one eye-piece (A), and .in mahogany
case, £10 10s. Another cheaper stand is the “ Student’s Mono-
cular Stand, No. 1,” with coarse adjustment by sliding the tube,
and fine adjustment by a screw, circular rotating glass stage, and
draw-tube into which the continental eye-pieces will fit. (This is
the case also with the above higher-priced instrument.) With one
eye-piece the price of this stand is £4 10s.; a diaphragm to the stage
costs 8s., and a case for the microscope 1ls. extra. Ross's best
objectives are too expensive for ordinary student use; he offers
some for the above microscope—e.g. 1 inch of 15° angular aperture
at £1 5s., and § of 75° for £2 2s.; or, together with the stand, as
above, £8 16s., to which ought to be added a second eye-piece,
which costs £1. For 15s. extra this microscope can be obtained
with screw coarse adjustment. Instead of these objectives, the
stand as above can be fitted with objectives by other makers.t

R. & J. Beck (68, Cornhill, London, E.C.) offer a useful in-
strument under the name of the “Monocular Economic Micro-
scope” (No. 24, Catalogue 1885), having coarse adjustment by
sliding tube, fine do. by screw, drawtube, 1 eyepiece, diaphragm,

* For further information and particulars the reader is referred to any of
the current works on the microscope, such as those of Dr. Lionel Beale, Dr.
Jabez Hogg, and, especially, that of the late Dr. Carpenter.

t It is here perhaps desirable to note that all English objectives are made
with the same size screw, the ‘ Microscopical Society’s Screw,” known abroad
as the “ English Screw,” and therefore will fit any English instrument. Foreign
objectives, if instructions are given to that effect, are likewise made with this
screw, usually with an extra charge of but a shilling or two, sometimes none.
Foreign microscopes can be made with the same gauge, or provided with
adaptors. It is not improbable, and greatly desirable, that the English, or
some other standard, screw may become universal, as the confusion amongst
foreign makers is extreme. At the same time all of, at least, the smaller
English microscopes would be better made for eye-pieces of ¢ontinental size.
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1 inch and } inch object glasses, in mahogany case, for £5 5s.
Without objectives, but with 2 eye-pieces, £3 10s. To this can
be fitted an achromatic condenser for £1 2s., and other pieces of
apparatus. Beck’s best objectives are expensive; but he con-
structs good student glasses at a lower rate.

Amongst the cheaper optical firms, we may mention the
following :—

C. Baker (244 & 245, High Holborn, London, W.C.) publishes
a ‘“ Medical Microscope ” on the old continental model (of Nachet
& Hartnack), with draw-tube, coarse adjustment by sliding
tube, fine by screw, and 2 eye-pieces, in mahogany case, for £3 3s.
With 1 inch and 4 inch object-glasses and condenser for opaque
objects, £6 7s. .

Cuas. CoLuins (157, Gt. Portland Street, Oxford Street, Lon-
don, W.) offers a “ Histological Microscope,” with coarse adjustment
by rackwork or by sliding tube, fine screw adjustment, one eye-
piece, 1 inch and } or } objectives, in mahogany case, for £5 10s.;
or with extra eye-piece, polariscope and stage condenser, for
£7 10s. Also a ‘““Student’s Microscope” of rather larger size,
with similar fittings, at an extra cost of £1 10s.

H. Croucr (66, Barbican, London, E.C.) publishes *“The
Histologist’s Microscope,” coarse adjustment by sliding in cloth-
lined tube, fine by screw, glass stage with diaphragm, 1 inch and
1 or } inch objectives and 2 eye-pieces, in mahogany case, for
£5 5. A Stand Condenser can be added for 8s. 6d., and an
Achromatic Condenser for £1 ls.

T. Dartox & Co. (45, St. John's Street, West Smithfield,
London, E.C.) have an “Improved Histological Microscope,” on
much the same model as that of Cronch, with draw-tube, screw
fine adjustment, 2 eye-pieces, § inch and 3 inch objectives, glass
stage. in mahogany cabinet, for £5 5s. Other apparatus can be
fitted.

Parkes & Son (St. Mary’s Row, Birmingham) offer a * Portable
Educational Microscope,” a reliable and very steady instrument,
with coarse adjustment by body sliding in cloth-lined tube, fine by
screw, draw-tube, 2 eye-pieces, 1 inch objective, separating to 2
inches, } inch ditto, with magnifying power ranging, with use of
draw-tube, from 140 to 470 diameters; also with spot leus, con-
denser on jointed arm attached to the stand, diaphragm, with disc
for ¢ white-cloud illumination,” and glass stage, in mahogany
case with leather bandle, £6 10s. If with 2 inch objective instead
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of }, increasing magnifying power to 560 diameters, 5s. extra ; or,
instead, with } inch, magnifying up to 700 diameters, £7. The
object-glasses are provided with a *patent sliding adapter,”
obriating the necessity for screwing in exchanging one glass fou
another while at work. A screw nozzle can also be had to adapt
it for all other objectives with the English screw. An achromatic
condenser can be supplied adapted for it.

Piruiscaer (New Bond Street, London), under the name of
“ International Microscope,” offers a stand on the old continental
model, but with rackwork coarse adjustment, 2 eye-pieces, ¢ and
4 inch objectives, giving, with draw-tube, a range of from 50 to
420 diameters, in case, for £7 10s.

Swirr & Sox (81, Tottenham Court Road), under the name of
the “ College Microscope, No. 1,” offer an instrument with coarse
adjustment by sliding in cloth-lined tube, fine by screw, draw-tube
(too large for continental eye-pieces), diaphragm, 1 eye-piece,
1 inch and } inch objectives, in case, for £5 5s. The same with
screw coarse adjustment, glass stage, and jointed mirror, £1 10s.
extra. Achromatic condenser, 125 to £1 5s.

Other instruments of equal excellence with the above are
doubtless manufactured ; there is no pretence that this list is
complete, nor is any comparison intended to be instituted.

German Makers. Of these, the following two makers may be
considered typical :—

CarL Zerss (Jena). Stand VIIa, with 3 eye-pieces, Nos. 2, 4,
and 5, and objectives B and D, price £7 13s. This stand has an
unjointed back, sliding tube for coarse and screw for fine adjust-
ment, and swinging mirror. The instrument gives a magnification
from 95 to 580 diameters. The glasses of Zeiss are unsurpassed.

E. Leitz (Wetzlar). A stand of similar model to that of Zeiss,
with eye-pieces I, and 11, and objectives 3 and 7 (No. 17 in
catalogue of 1882), and magnifying from 80 to 500 diameters,
price £5 10s. The objectives of Leitz are low in price, but remark-
ably good.

Other makers are SEIBERT (Wetzlar), BéxicaE (Berlin), HarT-
N¥ack (Potsdam), WiNkEL (Gottingen), PrList & Co. (Vienna),
ReicrERT (Vienna) ; all good.

French Makers. The two following are probably the best :—

Bezu, Havsser & Co. (Paris, Rue Bonaparte, 1, successors to the
old house of Prazmowski, formerly Hartnack & Prazmowski),
Stand VIIL, eye-pieces 2 and 4, objectives 4 and 8, magnifying



INIBODUCTION, xvii

50 to 600 diameters, price about £8. Stand VIIIa, the same as
above, but with jointed back, 12s. extra.

C. VErick® (Paris, Rue de la Parcheminerie, 2). Stand VI.,with
jointed back, with diaphragm disk and draw-tube, 2 eye-pieces,
1 and 3, 2 objectives, 2 and 6, magnifying 60 to 500 diameters,
price 165 francs (about £6 12s.); or Stand IV., with which
achromatic condenser and polariscope can be used, about £2 more.
These two instruments are now very widely used in France.

Most, or all, of the above makers, English and foreign, manufac-
ture microscope stands of cheaper quality than the above; it must,
however, be borne in mind that accurate observation needs an
instrument which is capable of it, and while there is, and ought
to be, every desire to keep the cost within a reasonably small sum,
true economy does not consist in purchasing an instrument which
may be a constant source of dissatisfaction, and may have to be
discarded when the student emerges from his swaddling clothes.
The stand which is purchased ought to be adapted to the receipt
of optical apparatus other than the simple eye-piece and objective.
It should have a jointed back, and be thoroughly steady in any
position ; the adjustment should be easy and true, and if the body
is twisted, any object observed should not be thrown out of centre;
the mirror should be plane and concave, and should have a long
jointed arm; and the stage should be constructed for the reception
of a condenser. Still more essential is it that the special optical
parts, the eye-pieces and objectives, should be good. They shounld
let through the largest possible amount of light (the diaphragm
will easily control its quantity if needed), and there should be a
complete absence of colour, both round the exterior of the field
of view, and round any object, or particles of dust, in focus. The
field should be flat, so that a small object moved from one part
to another alters neither in distinctness, form, nor size. Lastly,
the objective should have a fair working distance from the object,
or the thickness of the cover-glass, to be hercafter noted, may
become a matter of great importance.

_ In all these points, except perhaps accurate centering, the stands
of English makers either equal or excel, price for price, the foreign
stands; while, on the contrary, price for price, the eye-pieces and
objectives of continental makers usually are far superior to those
made by the English opticians, 8 superiority probably due solely
to the more trained skill and more patient accuracy of the work-

men.
— * Now Stiasnie.
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All of the work in this book, perhaps, with the exception of
Chapter XXI., can be performed with the aid of objectives up to
%; but the student who has gained some experience will probably
wish to add to his microscope one or more stronger objectives, in
order to increase the range of his work. Increased magnification
can be obtained by increased power either of eye-piece or of
object-glass. All the objectives we have heretofore noted are what
are called * dry ” systems, since they are used for work in a dry
state, and a layer of air separates the objective from the object.
“Dry " objectives of high power are subject to great disadvantage
from the serious loss of light their use involves. The light, in
passing from the mirror to the objective, passes in the first place
through air; then the object-slide, next the object and the medium
in which the object is mounted, which may be glycerine, water,
alcohol, ctc., or even air; then through the cover-glass, and finally
through air again. In every one of theso changes light is lost.
Owing to this loss of light, as well as for other reasons, it is not
wise to use high power eye-pieces with dry objectives, added to
which, as the eye-piece does not magnify the object, but only the
image of it as given by the objective, any errors of this latter are
likewise magnified by the eye-piece.

To obviate in part this loss of light, what are called * immersion”
objectives have been for the last few years much in use. In these
objectives the cover-glass and the front lens of the object-glass are
connected by a drop of liquid. Such objectives are of two kinds:
“ water,” in which that is the liquid used ; and *“ homogeneous,” in
which the liquid is in general oil, or a mixture of oils, but some-
times is glycerine, etc. The homogeneous immersion objectives
are dearer, less readily cleaned after use, and require a supply of
the special fluid for which they are manufactured; but on the
other hand they transmit more light, bear a higher eye-piece, and
are independent in their working of the thickness of the cover-
glass. Dry objectives, and water-immersions, of high power are
naturally dependent on the thickness of the cover-glass which
the light-rays pass through after leaving the object. To provide
for this, they are usually manufactured also with *correcting
screw,” for use according to the thickness of the cover-glass, and
at a somewhat increased price. The correcting screw accommodates
the objective to the thickness of the cover-glass which happens to
be in use, but a right use of it requires considerable experience,
nor is it usually needed with any of the weaker immersion systems.
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An immersion objective, without correcting screw, is made to suit
a certain medium thickness of cover-glass, which is usually stated
by the optician, and it is therefore preferable for the beginner, if
ke wants such an objective, to use with it cover-glasses of this
definite thickness.* On the correcting screw, where the system
has it, are usually divisions and figures, which allow the focussing
for any given thickness of cover-glass, where this is known.t
But whoever does not fear the expense would do well to provide
himself at once with a system for ‘ homogeneous immersion.”
They are all constructed without correcting screw, since, as already
indicated, the thickness of the cover-glass, of course within the
permissible limits, is of no importance. By selecting a single such
objective, say 1y, and purchasing a series of eye-pieces, one can
obtain a range of possible magnification such as could only be given
by several water-immersions, or dry objectives. A system for
homogeneous immersion, provided it is perfectly constructed, can
therefore replace several systems of another kind.}

Even in the smallest stands mentioned above, objectives for
homogeneous immersion can be used with great advantage without
any special apparatus for increasing the illumination; but the
highest capabilities of the homogeneous system are only brought
out by the use of a sub-stage achromatic condenser. Several of
the stands referred to above have sub-stage condensers constructed
specially for them, and at a cost which, for these small micro-
scopes, would rarely exceed £1 10s.

Owing to the prevalent use of the standard screw of the Royal
Microscopical Society of London, objectives of one maker can be
attached to the instrument of another. Where this screw is not
in use by the maker, the objective can have an adaptor attached.
A point of some importance to English purchasers of continental
objectives is this:—the customary length of the tube of the micro-
scope on the Continent is 150 to 170 millimetres (6 to 7 inches),
and the objectives are constructed to suit this length. If the tube
exceeds this length, it should be stated in ordering the objectives,
that they may be modified to suit. This is especially needed in
ordering objectives for homogeneous immersion. All the micro-
scope stands mentioned above have tubes of continental length, and
most of continental size.

* On this subject see a note on page xxii.

+ Further information on this point in Chap. XXIL., p. 224.
¢ Leitz, of Wetzlar, produces a ;5 of remarkable excellence, for £6 10s.
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' To give a theory of the formation of the microscopic image does
not come within the range of our purpose, and for this we wounld.
refer to text-books on Physics and to special works on the micro-
scope. Our task, on the other hand, will consist in making the
beginner acquainted with the most important facts of microscopical
botany, with the use of the microscope, and with microscopical
manipulation. This instruction will be given by studies upon the
objects themselves.

Besides the compound microscope to which we have hitherto
exclusively referred, a simple, or so-called dissecting, microscope
is also more or less necessary. For all the purposes of this book,
and, indeed, for most botanical purposes, whether in anatomy or
morphology, a dissecting microscope of very simple construction
is all that is needed. Most such instruments are unnecessarily
complex and expensive. Some, for instance, are constructed to
magnify up to 60, 80, or even 100 diameters; if such magnifying
power is needed, the low power of the compound microscope will
do equally well, dissecting being done upon the stage, but the
arms being carefully supported. The following are a few typical
simple microscopes, any one of which would suffice :—

Ross & Co.’s “ Magnifier Stand,” with two lenses of -inch and
1-inch focus, magnifying 20 and 40 linear, in flat morocco case,
£2 24.%

C. Collins, “Dissecting Microscope,” with two lenses, to be used
together or separately, 15s. (No arm-rests.)

Parkes & Son, “ Simple Microscope” (No. 5030), on jointed
arm, with universal movement, 15s.*

Swift & Son, “Simple Dissecting Microscope,” with three lenses,
18s.*

Zeiss, “ Small Dissecting Microscope” (No. 117, Catalogue 1885),
18s., to which double lenses, magnifying 10, 15, or 30 diameters, at
6s. each (Arm-rests).

The student can entirely dispense with a dissecting microscope,
and dissect upon the stage of his larger instrument; but as the
image of the object is inverted, and any movements he may make
are likewise reversed, he would probably be at first somewhat
perplexed. Practice will overcome this difficulty; or it can be
cleared away at once by purchasing an “ erector ”” for insertion in

. In_ these instruments the object is dissected on the table, or in any other
convenient place. Those not marked have a special stage, with or withovt arm-
rests, as indicated. See also p. 21 et seq.
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the draw-tube, costing usually 10s. or 10s. 6d. It is desirable
likewise to have a low power objective, e.g., 2-inch or 1j-inch,
though dissection with the 1-inch is perfectly simple. The lowest
power eye-piece should be used. Dissection under the compound
microscope has, with very small objects, this further advantage,
that there is no chance of losing them in removing from one in-
strument to the other. To this may be added perhaps another
advantage, in that the working-table is not cumbered with an
extra instrument. For dissecting with the microscope the wrists
must be supported on a level with the object, or slightly below it.
Some dissecting microscopes have arm-rests for this purpose;
blocks of wood of proper height, or even stacks of books will
answer admirably. .

A very necessary adjunct for -microscopical work is a good
magnifying lens, as it is often desirable first of all to study an
object with it, afterwards using the microscope. The lenses
of the dissecting microscope can be used as hand magnifiers, and
low power objectives likewise make good hand lenses. It is
worth while,however, to get a lens magnifying about six diameters;
very convenient are the triplets, three lenses in a tortoise-shell
case, usable separately or together, and sold at a price of about
3s. 6d. Remarkably beautiful are the Platyscopic Lenses of
Browning (63, Strand, London, W.C.), magnifying 15, 20, or 30
diameters, price 18s. 6d. each, and the Aplanatic Lenses of Zeiss,
magnifying 6, 10, or 20 diameters, price 12s. or 15s. each.

As it is desirable that the student should from the first begin to
draw the objects he examines (practical instruction in which wil]
" be found on p. 30 et seq.), it is desirable that he should have some
form of drawing instrument to facilitate his work. Drawing can,
it is true, be done without any such aid, but is more difficult. An
apparatus for drawing (camera lucida) is constructed either for
use with the body of the microscope placed horizontally, or placed
vertically. Practically the latter is much preferable. Every
microscope maker has appliances of his cwn make, but they vary
very much in real utility. Probably the best in existence are two
made by Zeiss, the new camera lucida of Abbe, price 30s., or the
camera lucida with two prisms, price 21s. The former is specially
constructed for the eye-piece No. 2 of Zeiss, and is mounted upon
it; it permits drawing upon a horizontal surface; during observa-
tion it is removed. The second is slipped by means of a ring upon
the tube or the eye-piece (any eye-piece of continental size); it
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requires an inclined surface for drawing, but has, however, the
advantage that it is always kept upon the microscope, and during
the observation is only pushed on one side. Both apparatus re-
quire drawing desks, Abbe’s camera a horizontal one, the drawing
prism one inclined about 25°. The height of the desk should in
general correspond with the height of the stage of the microscope.
In specially long or shortsighted observers, it should be arranged
according to the distance of distinct vision.

Most English opticians supply drawing prisms of one kind or
another, capable of satisfactory work. None, however, in my
experience, equal those of Zeiss.

A stago micrometer is likewise necessary. This can be obtained
from most opticians at a cost of from 5s. to 10s., and ruled up to
+oos of an inch., Zeiss has one at 10s. ruled to 435 of & milli-
metre, i.e., about 3455 of an inch.

Any steady table can be used by the microscopist for working,
but it should be looked to that it is not too small, and not polished
or varnished on its surface. This surface is best painted a dull,
dark colour. The table is so placed that the microscope is about,
or somewhat less than, two yards from the window.® Any position
of the window is good which allows a free outlook. From direct
sunlight we protect ourselves by a white roller blind, which is best
made of tracing-linen. The dazzling white light which we obtain
when the direct sunlight plays upon the blind gives the most
favourable conditions for observation with high powers.

The necessary object slides and cover-glasses can be obtained of
most opticians. The former are procurable with either ground or
unground edges at a cost of about 4s. 6d. or 3s. 6d. per gross, re-
spectively. They are three inches long by one broad. The cover-
glasses for ordinary observation should be about }-inch square;
but the observer should also have larger ones for specially large
objects, and also others somewhat smaller (§-inch square) which
will usually suffice for permanent preparations. If we use power-
ful objectives, it will be best to obtain these cover-glasses of
definite thickness. For the beginner, this is not of special import-

.ance; but the more advanced student will find it advisable to
procure both object-slides and cover-glasses of a definite thick-
ness,*

* The latter, curiously enough, are difficult to obtain in England, where, never-

theless, they are mostly made, and I get them from P. Stender, in Leipzig,
"Konigstrasse 11. They are 18 mm. square, lettered ** C,"” at o price of 2s. 6d.

* @ See pote on page xxiv,
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Further necessary are .some plane- and some hollow-ground
razors; a fine and a coarse pair of steel forceps; a finely pointed
Pair of dissecting scissors, for which fine embruidery scissors will
serve; & pair of needle-holders, somewhat after the fashion of
crochet ncedle-holders, but so arranged that they will hold the finest
needles firmly ; English needles from No. 8 upwards, for these
holders ; some scalpels, some fine painting brushes, a small vice,
‘such as used by watchmakers; some pipettes, glass tubes, and
glass rods; watch glasses of various sizes, and glass disks of suit-
able sizes for covering them; low glass bell-jars (receivers), in
order to be able to fit up moist chambers; zinc frames, somewhas
as represented in half-size in Fig. 1, on which to place the object-

Fro. L

slides under the bell-jars;* two bell-jars of suitable height, under
which to be able to place respectively the compound and the
simple microscope ; and lastly, elder-pith. For working, a tumbler
of clean spring water is needed ; a saucer is useful for dirty slides.

The list of the necessary reagents is to be found at tbe end
of this book. Where the word “alcohol,” or *“spirit” and not
““absolute alcohol,” is used, strong methylated spirits can always
be understood and is far cheaper.

For the preservation of permanent preparations, many kinds of
cabinets and cases are advertised. It is very important to re-

per 100. . They are in square boxes, are very light, and come readily by post.
Smaller sizes can be obtained, e.g. 15 mm. square, lettered * C,” at 2s. per 100.
These are all 0'10 mm. thick. At 0'15 mm. (B) thick these sizes are 2s. 3d. and
1s. 9d. respectively.

* Slides can be also left upon these frames to dry, after permanent mount-
ing. If the frames cannot be kept perfectly steady, the slides may wriggle off
in time; to prevent this, sheets of paper % inch wider than the frame can be
bent over them on each stage, and the slides laid across these. By using
blotting paper for these sheets, keeping wet, the bell-jar can be converted into
& eonvenient moist chamber for a number of slide cultures at room temperature.

¢ See note on page xxiv,
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member that the objects should be kept in a horizontal position,
and should be capable of ready supervision.

NOTES TO THE INTRODUCTION.

V From the special point of view of botanists : Naegeli und Schwendener,
*Das Mikroskop,” 2 Edit., 1877, Dippel, *‘ Das Mikroskop,” 2 Edit., 1882; and
¢ Grundziige der allgemeinen Mikroskopie,” 1885; Behrens, * Hilsbuch im
Botanischen Laboratorium,” 1883,

[Carpenter, ** The Microscope,” 6 Edit., 1881.)

In changing the objective in use from high to low power, or
vice versd, much time and inconvenience is spared by the use of a
“ Nose-piece.” This is'screwed into the end of the microscope-
tube, where the objective is usually placed, and is provided with
apertures into which two or more objectives can be screwed ; and,
by rotating these on a centre, any one can be brought into a line
with the tube of the microscope. The best and cheapest are those
of Zeiss, for 2 objectives, 20s.; for 3 objectives, 27s. Both of
these are constrancted with the * English screw.”

[Note to page xxii.)

@ In using the microscope with light taken from a window, light coming
from any other direction should be avoided. If a white roller blind is used to
pass direct sunlight through, the eyes should be protected in some way from
the direct action of the light.

[Note to page xxiii.]

@ For transferring sections from fluid to a slide the camel-hair brushes can
be used as described on page 17 ; or a simple * section lifter '’ can be made from
a straight piece of stout copper wire 4 or 5 inches long, by beating out thin
about half an inch or so of one end, cutting the edge smooth with scissors,
and then bending the wire at about } inch above the broadened part to an angle
of about 135°.






THE COMPOUND MICROSCOPE. 1

L
USE OF THE MICROSCOPE. STRUCTURE OF STARCH.

MATERIAL WANTED,

Potato, fresh.

Potato starch, air-dry.

Bean meal, air-dry.

East Indian Arrowroot (Curcuma leucorrhiza).

‘West Indian Arrowroot (Maranta).

Grains of Wheat.

Grains of Oat.

Stem of the Sun Spurge (Euphorbia helioscopia) and of E. splendens,
fresh. (Other species can replace these if necessary.)

Wk will first obtain information about the separate parts of the
compound microscope (Fig. 2, p. 2), and for this purpose we select
Stand No. VII. A of the manufacture of Zeiss of Jena.* Upon
this stand we distinguish the horse-shoe foot (fs), the supporting
pillar (sl), the stage (ot), the body or guiding sheath (fh), the
tube (¢), the mirror (s), and the micrometer screw (m).

The mirror-frame (s) combines two mirrors, that on the one side
plane, on the other side concave. The former we use with weak
the latter with strong enlargement, or magnification. The mirror-
arm is usually hinged, and sometimes jointed, so that it can be
placed obliquely below the stage for oblique illumination. The
beginner should always see that the mirror is directly below the
aperture in the stage. The stage is pierced in its centre by a
circular aperture, which is intended to give passage to the light
reflected from the mirror. Under this opening are found the
cylinder diaphragms. They are fixed in a carrier, which can

* I retain this, with modifications, as it matters little on what instrument
(provided it is of simple construction) the mode of use is described. As this
particular instrament is not, and is not likely to be, largely used in England, I
have added some supplementary paragraphs on the students’ microscopes more
commonly in use here. [Ep.]
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be withdrawn laterally from the stage, and in which can be set dia-
phragms of various widths, provided with the instrument. With
the help of these diaphragms we regulate the illumination accord.
ing to necessity, a diaphragm with a small aperture allowing little

Fi0. 2.—8tand No. VII. A of Zeiss, with prism for drawing, cl, one-third actual size; fs,
foot ; sl’, lower, si”, upper part of the pillar; ot, stage; cb, cylinder-diaphragms; fd, clips;
s, mirror; m, micrometer acrew for fine adjustment ; fh, guiding sheath for t, tube; obd,
objective; oc, eye-piece.
light to pass throagh, and so on in proportion to the size of the
opening. Some of the stands of the same maker have, in place of

the cylinder-diaphragms, an arched excentrically fixed diaphragm
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disk, which is rotated in order to bring different sized apertures
into the optical axis of the microscope.  This is the kind of
diaphragm-wheel which is provided with most of the students’
microscopes of English makers. Though not perhaps quite so
good, it is more convenient in use. Best of all is what is called
an “Iris diaphragm,” with which, by simply moving a lever, the
size of the aperture can be regulated at pleasure, and with the
utmost nicety. Upon the stage are clips (fd), which serve to
keep the object in position during examination, and are parti-
cularly necessary where the instrument is used in the sloping
position.  If it is possible to do so, we will first remove these.
The tube (¢) is movable in its guiding-sheath (fA) which is often
lined with cloth to make the movement easier. In larger stands
the sheath is wanting, and the tube is raised and lowered by rack
and pinion movement. Most of the better makes of English
student microscopes have this rack and pinion coarse adjustment,
and, for a small sum, most of those which are without it can be
provided with it. It is, however, a doubtful advantage for the
learner. The chances of accident with its use are perhaps numeri-
cally fewer, but when they do occur they are more serious. We
withdraw the tube from the sheath and screw into its lower end
the weak objective, about B of Zciss, 3 of Leitz, or half-inch of
English make. This will vary with the microscope. As seen in
the Introduction, the English microscopes are usually supplied
with 1 inch and } inch objectives. A much preferable com-
bination would be a £ and } inch. In purchasing it would be
easy to arrange this. In microscopes provided with rack and
pinion movement, the tube is not withdrawn, but raised suffi-
ciently above the stage to allow the objective to be screwed in.
The relative power of the objectives can always be told by the
comparative sizes of the front lenses; the weakest power has the
largest lens. We now replace the tube in the sheath, and ap-
proach the objective so near the stage that it is only removed
from it by somewhere over a quarter of an inch. In the upper end
of the tube we place the eye-piece, No. 2, or whatever our lowest
power eye-piece may be. This likewise may be judged by the size
of the glass. English eye-pieces are usually lettered. It is on the
whole desirable to use for general purposes the lower (weaker) eye-
piece of the instrument of any maker. The drawing prism found
over the eye-piece in the figure we pass over for the present. We
place our instrument opposite to a window, and at a distance of
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about, or somewhat under, a couple of yards from it. While we
now look down through the eye-piece, we change with the fingers
the inclination of the mirror until the field of view of the micro-
scope appears to us bright and equally illuminated. In this we
have to take care that the mirror is not (as, for example, it looks in
the figure) pushed forwards or laterally out of the axis of the
instrument, as we propose to observe by direct (not oblique) illu-
mination. On the other hand, in this stand and in most English
stands, we can, according as required by the strength of the light,
slide the mirror on its bearer upwards or downwards in the-
optical axis of the instrument, thereby approaching it more nearly
to the stage, or removing it therefrom. The majority of English
microscopes, instead of being supported on a single pillar (sl') as.
in Fig. 2, have the body swung between two uprights, between
which it is binged, much as in Fig. 81, in Chap. XXI. hereafter.
This gives greater possibilities from the point of view of illumina-
tion, has other advantages, and in the large * English stands,”
properly so called, is a necessity for observation. The learner is,
however, strongly urged to learn to work with the instrument.
erect. The clips, then, are unnecessary for ordinary work. With
a sloping stage, some appliance for keeping the object-slide in
position is a necessity.

An object-slide is now wiped clean, and upon it, by means of a
glass rod, a drop of spring water is placed.

We will now commence with the investigation of a potato
tuber. We cut this through with a pocket knife, and transfer a
little of the sap which exudes from the cut surface into the drop
of water by means of the same knife. We then cover the drop
with a cover-glass. This must also bave been previously cleaned
with special care. It is done best flat between the fingers with
pieces of old linen.* The cover-glass must be laid on as care-
fully as possible, so as to exclude air from underneath it. For
laying on, it can be held between the index-finger above, and a

* This operation is not so simple as it seems. If the cover-glasses are thin
they are very readily broken. The method I have found least destructive for
learners is to hold the cover-glass by its edges between thumb and index-finger
of one hand. Having slightly damped the same fingers of the other hand
wake a fold in a piece of silk, with the damp fingers flat above and below it,
slip the glass horizontally between, and gently rub the silk.covered fingers to
and fro over its two surfaces. The silk will cling to the slightly damp fingers,
and the process becomes easy. Some use little pads between which the cover-
glass is placed, and the pads then movad sbout over its surfaces. [Ebp.]
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needle underneath it. By gradually withdrawing the latter when
the cover touches the drop of water, it is lowered into its place.
If the drop is of proper size, no water will flow out from the side
of the cover-glass.  The size of the drop has usually to be calcu-
lated from the point of view of (1) the size of the cover-glass, and
(2) the thickness of the preparation to be covered. Here the
latter does not come into the calculation. If water does flow out
it can be removed with blotting-paper, or it is better to make a
second preparation, as in this case most of the grains which we
wish to observe will be sucked out by the blotting-paper.

We now place our preparation on the stage of the microscope,
8o that the object lies over the centre of the stage-aperture. In
order to focus correctly, we first slide the tube, carefully con-
trolling its motion, so far downwards that it almost touches the
object. Then, while at the same time looking through the eye-
piece, we move the tube as slowly as possible upwards. This
movement is best combined with a twisting of the tube inside
the body-sheath. Soon the moment arrives when the previously
invisible object begins to show itself in the form of small grains.
If, on the other hand, we find we have removed the objective
(object-glass) more than about 2-inch from the object-slide, with-
out having canght sight of the grains, these either do not lie in
the field of view of the microscope, or we have raised the tube
too quickly, and so overlooked the rapidly appearing and equally
rapidly disappearing object. We must not then attempt by
sliding the tube downwards to find the object, as thereby we
should run into the danger of breaking the cover-glass, injuring
the object, and destroying the objective (object-glass) ; instead,
we a second time slide the carefully controlled tube so far down-
wards that it almost touches the object-slide, and begin anew to
raise the tube, more slowly than before, and at the same time
looking through the eye-piece. If this also should not realize
our parpose, it is to be assamed that the object does not lie in
the field of view, and must be looked for again after altering the
position of the object-slide. After a short time it will happen .
in all cases that the grains appear in the field of view, and we
then discontinue sliding the tube, i.e., what we call the coarse
adjustment, and attain the fine adjustment which now is wanted
by the aid of the micrometer-screw (m, Fig. 2). This we turn in
one direction, or, in case the object thereby is made more indis-
tinct, in the opposite direction. The adjustment (focussing) is
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perfect when the figure appears as sharp as possible. In our
example of a microscope stand (Fig. 2), the micrometer-screw is
at the upper end of the pillar (sI'') ; but it can be variously placed
according to the make of the instrument. In instruments of
larger size, a8 in many English students’ instruments, the coarse
adjustment is not effected by hand and sliding tube, but by
rackwork and pinion.

After we have determined by slight magnification the existence
of small grains in the field of view of the microscope, and have
noted, for subsequent use, the distance of this weak objective
from the object, 4.e., its focal or working distance, we leave the
object-slide unmoved uwpon the stage, but withdraw the tube from
its guiding sheath, unscrew the weak objective and screw in a
stronger one, in no case as yet however an immersion objective,
but rather about D of Zeiss, No. 7 of Leitz, ora } or } inch of
the English makers. We then replace the tube in its sheath,
and push it down so far that once more the objective almost
touches the cover glass. We again endeavour to catch sight of
the object by raising the tube in its sheath. With a stronger
magnification it must however be withdrawn far more slowly
than with the weaker. As the preparation has lain nnmoved
upon the stage we know it to be certain that the object will be
found in the field of view of the microscope. When the grains
have become visible with the coarse adjustment, we complete the
fne focussing (adjustment) with the micrometer screw. We
shall find that the working or focal distance of the stronger objec-
tive is considerably less than that of the weaker one, and always
less in proportion as the objective is stronger.

We now begin the actual observation. The learner should
accustom himself, so far as his two eyes are equally good, to
observe with his left eye. The right eye is thus kept free and
can be used in drawing while he continues to olserve with the
left eye. Many of the drawing prisms and appliances for the
microscope are moreover constructed for the left eye (as shown
in Fig. 2); and those who work with the right eye should inti-
mate it on ordering such drawing prisms. The learner should
also keep open the eye which is not in use. At first the surround-
ing objects which are figured on the retina of the eye will disturb
him ; but he will soon overcome the difficulty of concentrating all
his attention on the eye in observation, and entirely suspending
the activity of the other.
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We readily recognise that the colourless bodies which occupy
the field of view of the microscope are solid and show lamination.
They are starch grains. We slowly move the object-slide here
and there, in order to find a place where the grains do not lie
too closely, because it is easier here to fix attention on & single
grain. We select for persevering observation a grain which
shows the lamination with special clearness. As the movement of
the object-slide under the microscope appears to be reversed, we
shall at first find some difficulty when we wish to place a selected
grain in the centre of the field of view; and we shall have as
quickly as possible to accustom ourselves to sufficiently control
the slight movements upon which it depends. If we have found a
single specially favourable grain, we magnify it still more by now
removing the weak eye-piece and replacing it by a stronger. Hold
the tube of the microscope firmly while you do this, or the focussing
may be altered, and the objective perhaps run down on the cover-
glass. With perfect objectives the figure always remains good,
though in all cases the light diminishes. We endeavour by im-
proving the position of the mirror as far as possible to obviate
this inconvenience.

Now and then, after focussing the preparation, or after moving
it, it will happen that the figure has lost in clearness. In all
probability this is because fluid from the preparation has got
upon the under lens of the objective. This will happen especially
easily when too large a quantity of fluid has been used, and has
run out from under the edge of the cover-glass. We must then
withdraw the tube from its sheath, and after having proved the
supposition, wipe the front lens of the objective with a clean and
often-washed piece of linen rag, or, still better, rub it with s
freshly broken surface of a piece of elder pith.

The starch grains of the potato tuber attain a comparatively
considerable size. They are excentrically constructed, as their
organic middle point (¢, in 4, Fig. 3) is not the geometrical
- centre, but lies considerably nearer to one end. The layers
appear variously sharp (4) ; between those more strongly marked
can be seen others more weakly marked. Towards the surface
of the grain the layering becomes indistinct. For optical reasons,
and on account of its smaller density, the organic centre, or
nucleus, appears rosy coloured. It shows up most clearly when
it is hollowed. It then shows as & rosy point, as a line, cross,
or star with dark outlines. The layers immediately surround-
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ing the nucleus are developed concentrically, soon however the
excentricity has influence, in that the layers diminish in thick-
ness towards one end of the grain, so as partly in this direction
to run out into a wedge. At this more weakly developed end
of the grain, which we can distinguish as the anterior end,
the layering, on account of the small distance from the surface,
is indistinct. The individual grains vary cousiderably in size,
and moreover they deviate from one another in outer form to a
not unimportant extent, and show the layering with various
sharpness. Between the starch grains in most preparations will
be found rounded bodies, which with median focussing show a
small, round, bright centre and a broad, dark margin; this last
8 black at its inner edge,
dark grey outwardly, and
interrupted by a clear
ring. These structures
are air-bubbles enclosed
in the fluid under observa.-
tion. Their appearance
under the microscope is so
characteristic that, once
known, they can scarcely
ever be confused with
other appearances. The
rays of light which pass
out of the denser medium
into the air-bubble are,
with the exception of the

Al:;o. ls.—szmlt; hgut’nl from a potato tuber, central omnes, so strongly

mple grain, alf-compound grain, Cand D

entirely compound grains, Eo t.:e nucleus (x ::o). refr?’Cted’ that they cannot
get into the objective, and

hence the broad dark edge and the comparatively small clear
middle. If, by turning the micrometer screw, the tube is lowered,
8o that the under part of the air-bubble comes into view, the sharp-
ness and brightness of the middle disk increases; it diminishes at
the same time in size, while the breadth of the surrounding dark
ring increases. If the screw is moved in the opposite direction, in
order to focus upon the upper part of the air-bubble, the middle
disk enlarges, but losing somewhat in brightness ; a grey ring of
differing brightness arises around it; the surrounding edge be
comes simaltaneously narrower.
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If the observer has selected a beautifully laminated starch
grain, it should now be drawn. The greatest possible stress is
decidedly laid npon drawing in microscopical observation. With
the help of it we in general first learn to see quickly. Then the
peculiarities of the figure first become present to the mind of the
observer, when he concentrates his attention upon it for the pur-
pose of reproduction. Drawing therefore protects from transient
superficial observation, enforces & penetrating, thorough study of
the figure, and sharpens more than any other means our power
of observation. The learner should first endeavour to represent
the object by free-hand drawing. So much drawing ability as
is necessary for this he may perhaps possess, but can however
readily obtain by practice the necessary facility. The object
should not be drawn too small, even if the observer believes he
sees it very small. A correct opinion on the size of the object
in the field of view of the microscope is only obtained after long
practice, and it is better at first that the learner should draw the
object too large, in order conveniently to include in his figure all
the details of the object. No less important is it to provide the
individual parts of the figure with suitable distinguishing names
(“terms '), and to note the name of the plant, the object, and the
most important results of the observation.

The starch-grains of the potato are somewhat flattened, as can
be easily demonstrated if, during the observation, you push care-
fully with a needle against the edge of the cover-glass, and so
set the grains rolling. Upon the smallest grains the layering is
usually but little recognisable.

Besides the simple grains (as in 4, Fig. 3) will be found also.
after some search, semi-compound grains (as in B). These grains
enclose two, rarely more, organic nuclei (or centres). Each
nucleus is surrounded by a number of its own layers, both to-
gether by a smaller or larger number of common layers. Not
infrequently the two inner complexes of layers are separated by
a cleft, extending to the common layers (B). The number of
layers peculiar to the individual grains, as well as of those
common, varies according to circumstances.

The completely compound grain, which is found far more
commonly than those half-compound, conmsists of two (C), less
frequently of three (D), rarely of more than three component
grains. As a distinction from the semi-compound grains, the
common layers are wanting in those quite compound. In the
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line connecting the nuclei of the component grains the layers are
most strongly developed. The component grains therefore turn
their posterior énds towards one another, their anterior ends
away from one another. The line of separation between two
component grains often broadens internally into & cleft.

For comparison we now put up a preparation of potato starch
which has been preserved in an air.dry state. We proceed in
this quite similarly to the preparation of the first object, and
transfer a trace of the meal into a drop of water. As the object-
slides may differ in thickness, it is advisable to raise the tube of
the microscope prior to placing under it the new preparation.
This i8 not of course necessary in using the low powers.

The first preparation, as it will be again required later, we
place in a large moist chamber. This moist chamber consists of
a deep plate and a glass bell-shade with knob. On the plate
stands the zinc frame, which we discussed and figured in the
Introduction (Fig. 1); so much water is also poured into the
plate till the bell-shade has its lower edge quite immersed in it.
The preparation is laid upon the frame. But first we assure our-
selves that the drop of water under the cover-glass of the prepara-
tion is not already partially dry. 1f this should have happened,
we place at the edge of the cover-glass, so that it shall be sucked
in, a new drop of water. We also mark the object-slide, and best
with a coloured crayon which writes directly on the glass.

Upon examination of the new preparation we shall find that
the lamination of the air-dry starch is at least as sharp as that
of the fresh. This preparation also we place in the moist chamber.

We further make a preparation of air-dry bean flour (Phaseolus
rulgaris). The grains (Fig. 4), examined in water, appear

circular or oval ; they are a little
flattened ; a certain medium size
predominates. The lamination
is very clear and very uniform;
the lamellse show almost equal
thickness. The structure is con-

Fie. 4 —Btarch-grains from the cotyle-  centric. The nucleus of grains
dons of Phascolus vulgaris (x 540). . R .

examined in water is hollowed,

more isodiametric in the rounded, elongated in the oval forms.

From the nuclear hollow extend radial clefts, which cut through

- the layers at right angles, and, thinning off, reach almost to the
periphery of the grain.
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We lay a trace of this bean-meal, in similar manner, in a drop
of glycerine instead of in water. In this fluid the starch-grains
seem on the average smaller; of lamination not a trace can be
recognised ; the inner hollow and the clefts are wanting. These
are formed under the influence of water, in which the bean-starch
swells somewhat.

The starch of the East Indian
arrowroot (Curcuma leucorrhiza) is
otherwise constructed. We put up a
preparation of the commercial starch,
which is usually not difficult to ob-
tain. Genuine East-Indian arrowroot
shows in its grains a very excentric
structure (Fig. 54), at the anterior
end strongly tapering, beautifully
and regularly layered, and very flat.
Often a considerable number of grains ot":"efc';f:n’::‘_}i;?: Jrom the
cling together by their flat sides, and, (from the rhizome of Curcuma
viewed from the edge, appear like m;?zve‘:;f::i:ﬂfi::;?;
rolls of coins (B). The size and form one ancther, seen from the edges
of the grains varies not inconsiderably.  * **

The West-Indian arrowroot, also called in short Arrowroot,
from the rhizome of Maranta, especially of Maranta arundinacea,
is easy to obtain in shops, but gives however, from the point of
view of its structure, much less interest than the East-Indian
arrowroot. Observed in water, the grains show great similarity
to the starch-grains of the potato; only they are usually less
clearly, and, in exchange, more uniformly layered ; somewhat more
rounded; on the whole smaller ; also more uniform in their size.
At the position of the nucleus is usually found a cleft in the form
of a wide open V.

Wheat meal shows the layering very
badly ; as relatively the most favour-
able, we choose the starch-grains of
Triticum durum for observation. We
halve the grain of wheat with the
pocket-knife, and scrape off a little F16. 6.—Wheat-meal from Tri-
substance from the cut surface, and m:“"‘"‘- 4, 8 large, B, small
put it in the drop on the object-slide.

The large starch-grains are circular, discoidly flattened, and re-
gularly laminated (Fig. 6 4), but the layers are usually hard to
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see. In many grains they will, nevertheless, be recognised, as well
as the central nucleus. ®*  As a characteristic appearance will be
found in the preparation, besides the large starch-grains, and almost
without transition sizes, small grains, with clear rosy nucleus, but
without recognisable lamination. A number of such grains are
represented at B In many preparations compound grains are not

altogether rare ; in most they are sought
©Q  forin vain, as they have fallen into their

¥) component grains.

) The starch-grains of the oat (Avena
sativa) we take as the best, inasmuch as
B we halve an oat-grain and take a little for

F16. 7.—Starch from dvena  observation under water. The compound

sativa. 4,a compound grain ; . . .o .
B, its component grains (x  Zrains here are met with in great beauty,
640). such as is represented in the adjoining
figure. The size of these compound grains varies, and proportion-
ally also the number of the component grains entering into its
structure. The Fig. 7 A represents such a compound grain of
medium size. The individual component grains appear polygonal,
separated from one another by clearer looking boundary lines.
Between the great grains are seen small ones, down to such as
consist of but two component grains; lastly also quite simple ones;
besides also numerous angular grains (B) which arise from the
large compound grains broken down in making the preparation.
A medium size, somewhere about our Fig. A, is met with by far
most commonly amongst the compound grains. The lamination
in this object is not visible, the nucleus is only exceptionally
indicated.

Of quite peculiar appearance are the
starch-grains in the latex (milk) of the
Euphorbiacese. A piece of the stem of a
spurge is cut off, and the cut surface is
plunged in the drop of water which is ready
upon the object-slide. The latex which
flows out from the cut surface mingles
with the drop. We can select for example

Fie. 8.— Buarchgrains  the universally distributed Euphorbia helio-
:':{::‘;:‘:;‘:ff&f“’"“’“‘ scopia [sun-spurge] for our investigation.

In the latex, which appears distributed in
small drops, like an emulsion, in water, we shall see isolated,
small, rod-like bodies (Fig. 8). These are the starch-grainsin

“ 8ee note on page 15.
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question. They appear pretty strongly refractive; a lamination
ig visible only in the most favourable cases; sometimes a longi-
tudinal cleft is recognisable in the interior of the grain. The
size of the rods is somewhat variable, many of them are a little
swollen in the middle. Much more beautifully formed grains of
this kind are possessed by the tropical Euphorbiaces. We clioose
for this examination Fuphorbia splendens, so commonly grown in
plant houses, and make the preparation in the same way as stated
above. The starch grains which now put in an appearance (Fig.
9) have the form of bones. In the same latex will be found
others shaped like rods, and still others with greatly enlarged
ends, like dumb-bells; they appear more or less swollen at
both ends, are somewhat longer than those of our native forms,
and in the swollen parts permit something of the lamination to
be recognised. Very commonly we see a

colourless vesicle adhering to the sides of the
grain (4), the walls of which, however, are
referable, not to the substance of the starch-
grain, but the plasma mass adhering to it.
4 B

It must strike the observer that the small

latex globules distributed in the water are

in tremulous motion. This is the so-called o . reh-grains
Brown’s molecular movement [the “ Brownian from the latex of Eu-
movement ], which we can therefore take th‘:;:'“gn'fi:::f:'. One
this opportunity of learning to know, and cle astached laterally
which, not a phenomenon of life, is referable (% B40).

perhaps to fine streams in the fluid carrying with them the minute
bodies.

After getting this information on the form and structure of
the starch.grains, we will produce some reactions upon them, and
study directly, under the microscope, the result of the action.
We take first a preparation of potato-starch again out of the
moist chamber. After focussing we place a drop of a solution
of iodine (iodine-water, alcohol-iodine, or tincture of iodine, or
potassium-iodide iodine) at the edge of the cover-glass. In
using the reagent we must take special care that the drop does
not run upon the cover-glass and thence upon the objective. If
a drop comes upon the cover-glass, let it be immediately sucked
off with blotting paper. If the reagent reaches the objective,
plunge the lower lens of this latter in pure water, and clean it
afterwards with the pieces of linen rag already recommended.
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Tn ordor to see the action of the iodine solution directly, await
its ponetration to a spot previously selected, this spot, however,
being chosen not too far from that part of the edge of the cover-
glawn at which the reagent is placed, and follow by movement of
the object-slide the progress of the action. We see, immediately
the influence of the iodine solution begins to make itself felt, the
sturch-grains stain bright blue, and rapidly ever darker till they
nre black-blue. At the first moment of the action the lamination
shows up clearly, only immediately to disappear in the grain when
it becomes opaque. With potassium-iodide iodine solution, in
cage this is added in considerable quantity, the action produces
quickly a dark-brown coloration of the grain. Similarly dry
starch-grains, which are exposed to the action of iodine vapour,
become deep dark-brown. If we add water to such a preparation
the brown passes rapidly into blue. If the action of the reagent
should not proceed rapidly enongh under the cover-glass, it can be
readily accelerated by fragments of blotting paper placed at the
opposite end of the cover-glass. ®

We should stain with iodine solution the rod, ete., sfm.ped
grains of the Euphorbia also, in order to demonstrate that, in spite
of their variable form and of their scarcely noticeable lamination,
these bodies are true starch-grains.

Let us further study the phenomena of the swelling of starch-
grains under the influence of potash (potassium hydrate). First
we again take potato-starch, and await the entrance of the re-
agent, placed at the edge of the cover-glass. The action of this
must take place quite gradnally, if it is to be instructive. We
then notice, at the first moment of the action, that the lamination
stands out more clearly, quickly, however, to disappear, while the
grain increases in size. During this enlargement, which proceeds
with more or less regularity, the nucleus of the starch-grain
hollows considerably, upon which the wall of the weaker side,
therefore towards the anterior end of the grain, sinks into the
hollow. Later on the regularity of the phenomena disappears
altogether, and the grain enlarges to a mass as clear as glass, of
considerable volume, the limits of which are scarcely distinguish-
able.

Finally, we can endeavour by warming the preparation to cause
the starch to swell, a treatment such as indeed is in use in the
preparation of paste. The preparation is warmed over a spirit or
gas flame, without allowing it to boil, and taking care to replace

b See note on page 15.
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the evaporated water by fresh. If in warming a temperature of
about 70° C [approx. 160 F] is reached, the grains will be found to
be swollen just as in treatment with potash. [If it is wished to
determine accurately the temperature at which swelling ensues,
the warming of the preparation must be effected upon a special
table which can be heated, and its temperature registered. Such
a table by Ranvier,® can be specially recommended.]

With this we close our first Lesson.* Before we put the micro-
scope on one side we carefully clean, in the manner before de-
scribed, the objectives and eye-glasses, together with any other
pieces of apparatus that we have used. We withdraw the
microscope tube from its sheath in order to rub it, and also the
interior of the sheath, with a rough towel. Instead of again
replacing the microscope in its cabinet, we prefer to place it under
a glass bell-jar, which latter, in order to protect the instrument
as much as possible from dust, can have its lower edge covered
with felt.

NOTES TO CHAPTER I.

! Compare herewith Negeli, Die Stirkekirner, in Pflanzenphys. Untersuchun-
gen, Heft 2 ; E. Strasburger, Bau und Wachsthum der Zellhiute, p. 107, where
the further literature will be found.

3 Ranvier, Traité d'Histologie, p. 41. 1875,

[Note to page 12.]

@ A frequent appearance upon these grains, and capable of recognition with
but Jow magnification, is the presence of a beautifully regular network, usually
upon only a small portion of the surface of the grain, The network is formed
by ridges arranged into a net, and similarly the meshes are occasioned by shallow
depressions of the surface of the grain.

[Note to page 14.]

& The most beautiful violet-blue coloration of the starch-grains is obtained,
however, when a scale of iodine is laid amongst the starch-grains in the drop of
fluid under observation. The coloration commences immediately in the vicinity
of the scale.

* The chapters in the original are called * tasks,” or *‘lessons,”



16 HOW TO CUT SECTIONS,

IL

ALEURONE.GRAINS, PROTEIN CRYSTALS, FAT OIL, MOUNTING OF
PERMANENT PREPARATIONS, USE OF THE SIMPLE MICROSCOPE.

»

MATERIAL WANTED,
Dried Peas.
Grains of Wheat.
Seeds of Lupine (Lupinus).
Seeds of Castor-oil (Ricinus communis),
Brazil Nuts (Bertiolletia excelsa).

WE examine, first of all, the Pea (Pisum sativum). A ripe seed
is halved by a sharp pocket-knife, and in such a manner that
the two cotyledons (seed-leaves) are cut across. Take then from
the cut surface a thin cross section with a sharp, hollow-ground
razor. On the subject of section-cutting with the razor the fol-
lowing points can be noted :—1. The cut surface is to be moistened
before cutting the section, most commonly with water, though in
this case with glycerine, since the preparation suffers from water,
and we shall observe it in glycerine. 2. The first section is not
to be used, as here the tissue would be too much injured by the
pocket-knife. 3. In such resistant tissnes as that of the pea only
very small and exceedingly thin sections ought to be taken, as
the edge of the razor would be very easily potched. If the razor
has gone too deeply into the tissue, and it is seen that the resist-
ance to its progress increases, it is better to withdraw the razor, in-
stead of forcing it to the end of its cut. 4. Unless the investigation
requires it, it is advisable not to commence the section with the
outer sarface of the object, but rather to lay the razor on the cut
surface, as thus a far firmer support is obtained in order to get a
thin section. 5. In order to get a really good section, that is one in
which the individual elements of the tissue are not torn, the razor
must not merely be pressed with its edge against the object, but
at the same time drawn across it. It is well, therefore, in order
to cut as freely as possible, to accustom yourself not to rest the
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thamb of the cutting hand upon the other hand. Instead of this,
both hands can with advantage be rested against the breast, be-
cause thereby lateral movement of the cutting hand is not hin-
dered. The back of the razor should be supported on the index
finger of the hand supporting the object. 6. Asitis difficult to hold
so small an object as a half pea, especially when it is also so hard,
sufficiently firmly between the fingers, it is recommended to use
for the purpose the small hand-vice described in the Introduction.
The half pea is therefore fixed sufficiently deeply in this. 7. It
is not advisable to be satisfied with a single section, but to take a
considerable number, in order to make choice of the best.

The section selected should be observed in glycerine, either
concentrated or diluted with one-third distilled water. Pure
watcr is not available for this, because it quickly sets up appear-
ances of disorganization in the ground substance of the cells. The
transfer of the section from the razor to the glass slide is best
made with a fine camel-hair brush. The section is removed by
pressing the brush upon it and sliding it off from the blade. If it
adheres to a sufficiently broad surface of the brush, rolling up
(*“curling ) of the section will be prevented ; curling occurs very
easily, on the other hand, if the section is taken directly by its
edge with the tweezers and so transferred. The section adhering
to the brush is immersed flat in the drop on the glass slide, and
the brush withdrawn laterally with a simultaneous twisting move-
ment. If it is desired to turn a section over when on the object-
slide, the brush can be pressed down on the object-slide so that
it is in contact with the edge of the section, and then begin to
turn it over away from the section. In this way the section will
be very easily drawn npon the upper surface of the brush, and
can then be turned over with it. Other similar tricks will soon
be acquired in practice. After every time of use the brush must
be most carefully washed in water.

Examine the section of pea with a strong magnifying power.
It proves to be a tissue composed of rounded cells. At the places
where three such cells adjoin one another a triangular intercellular
'space (1) filled with air, is present. The air appcars black, like
the edge of the air bubbles previously described ; here it naturally
must show the form of the space, since it fills it. The wall of the
cells (m) is pretty thick. In the adjoining figure the three middle
cells are completely, the surrounding ones only partially, repre-
sented. In each cell can be seen the large starch-grains (am), and

C
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with some care also the small grains (al) which lie between them.
These grains are, for their part, imbedded in a very finely granular
ground-substance (p). From thin parts of the section many a
starch grain will have fullen out; a hollow of similar form and
size in the granular mass will indicate these places. The small
grains are Aleurone or Protein-grains!; they lie in the ground
substance of the cell. If we run iodine solution into the prepara-
tion, the coloration which ensues gives us immediate information
as to the individual constituents of the cells. The drop of iodine
solution is placed at the edge of the cover-glass; as, however, the
iodine solution diffuses very slowly in the glycerine, and it is not
our present purpose to study the progress of the reaction, we
accelerate it a little by

slightly raising the edge

of the cover-glass with a

needle, and so permit the

mixture of the iodine with

the glycerine. A second

ncedle placed at the same

time against the opposite

edge of the cover-glass pre-

vents it from slipping. The

starch-grains colour blue to

violet ; the aleurone-grains

and the ground-substance

yellow. By the use of potas-

F1a. 10.—From the cotyledons of the Pea. m, sinm-iodide iodine the color-
coll vl & el space, i, sl o of th aleurone-grains
and ground-substance be-

comes very intense ; but the starch-grains are at the same time
over-coloured, and appear then black-brown. If sections of pea
arc laid in a drop of alcoholic borax-carmine solution, in a very
short time the ground-substance, and also almost simultaneously
the aleurone grains, colours dark-red; the starch-grains remain
colourless. The reaction becomes especially striking if, after the
section is thoroughly soaked in the carmine solution, this is re-
placed by dilute glycerine or by water. This is done by sucking
out the carmine solution by a piece of blotting-paper placed at the
edge of the cover-glass, while at the same time the water or dilute
glycerine is run in under the opposite edge. If a section is placed
in Millon’s reagent, the starch-grains swell very strongly, and
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become unrecognisable; aleurone and ground-substance are im-
mediately disorganized; the disorganized mass however, after
some time, takes on a characteristic brick-red colour. If still
another section is laid in aceticized methyl-green, after a short
time there appears in each cell, between the other constituents,
a greenish-blue spot of rather indefinite outline. This spot is the
Nucleus (n). The other constituents of the cell have not stained;
the starch-grains are just a little swollen (they show radial clefts,
which are wanting in glycerine), and the aleurone-grains also have
increased in size, and appear as if porous or even hollow. We
recognise therefore in aceticized methyl-green a reagent which in
the present case recommends itself as a special staining material
for the nucleus. Simultaneously, it is true, the cell-walls also
stain, but this does not injure the value of aceticized methyl-green
as a reagent for nucleus staining. The cell-walls appear of a
beautiful bright blue colour, and, as the result of this, are traced
out in the glycerine preparations much more readily than before.
The intercellular spaces also stand out more sharply.

In the yellow-brown iodine reaction, the accumulation of colour
materials, and the brick-red from Millon’s reagent, we have
learned to know the most important means whereby to recognise
under the microscope
albuminous bodies, for
to these belong aleu-
rone-grains as well as
protoplasm and nucleus.

Protoplasm, as will be
seen again later, shows
these reactions first
when it is dead ; in this
case death results from
the action of the re-
agents. The substance
of the nucleus shows a
specially strong affinity
for the colour materials.
. F1a. 11.—Cross section throngh a yrain of wheat

A grain of wheat (prijum vulyare). p, pericarp of fruit ; t, testa of seed.
(Tm’{icum vulgare) can In the endosperm cells sucreeding to thesc: al, aleu-

rone-grains; am, starch-grains; n, nucleus (x 240).
be recommended as a
second object of investigation. The grain is first halved (across)

with & pocket knife, then one half fized in a small vice in order to
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have sections taken from it. This time it is desirable so to take
the sections that a piece of the skin also is represented on them.
In cutting, moisten the cutting surface with glycerine, and ob-
serve the object in the same fluid (Fig. 11). Under the skin,
formed of cells pressed closely together and dead (p), which
represents the combined skin of the fruit (pericarp) and of the
seed (testa), lies a layer of rectangular cells, which are thickly
filled with small aleurone-grains (al). The aleurone-grains are
embedded in a finely granular ground.sanbstance. Then follow
elongated, less regular cells, which contain large and small starch-
grains. This is not difficult to determine with suitable reactions.

We will now “ mount " a successful section of the wheat-grain,
and by this means learn how to put up a permanent preparation
or, to use the common phrase, how to permanently “mount” a
preparation. We will employ first the simplest method of pre-
paration, which is here so much the more desirable, as it gives
a very favourable result: we enclose the section in glycerine-jelly.
Place upon the glass slide so much of this jelly-like substance as
we believe will suffice to form a drop. Then warm the glass slide
slowly over the flame of a spirit-lamp, till the jelly has become
fluid. The section is then laid in the drop, and a cover-glass
placed over it. It is advisable first to warm the cover-glass a
little, as otherwise air-bubbles will easily remain in the prepara-
tion, and for similar recasons it is desirable not to place the cover-
glass on quite horizontally, but with a slight lateral movement.
If, in spite of this, air-bubbles are enclosed, the glass slide can be
warmed a little, and by careful raising of the cover-glass endea-
vour to bring the air-bubbles to one side. If the air-bubbles are
not troublesome, the task of removing them can be given up. If
several sections are placed in the same drop they should be uni-
formly dispersed in it. Truly it often happens that, in laying the
cover-glass upon them, the sections come into contact with one
unother, and even lie upon one another. If the cover-glass is
raised on one side to secure order, the contrary to this is often
produced. Another comparatively simple method is therefore em-
ployed. By warming the glass slide, make the drop as fluid as
possible, and then, without lifting the cover-glass, pass in a hair
from one side. With this hair seek out the object to be rectified,
an operation which usually tends to succeed. Before covering
with the cover-glass it is, above all, necessary to make sure that
no particles whatever of dust have found access to the drop of
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glycerine-jelly ; any such should be removed with the needle. As
these manipulations can only be carried on with a suitable
mugnification, this is at the same time the moment to learn the
use of the simple microscope in connection with the methods of
preparation under the compound microscope.

I assume in the first place that the observer has at his disposal
a small dissecting microscope (compare Introduction, p.viii.), either
as Fig. 12, or some other of like construction. Over the stage (of)

F16. 12,—Small dissecting microscope of Zeiss, on foot, two-thirds naturalsize. Ot, stage
d, lens, sheathing toothed support for lens-arm; sr, screw for fine adjustment ; 8, mirror;
P, wooden supports for hauds in dissecting, cto.

of this small dissecting microscope (Fig. 12) is placed a lens (d),
borne on a horizontal arm. The horizontal arm is fixed to a steel
upright (st), which can be moved up and down inside a tube. By
this movement is brought about the coarse adjustment. The fine
adjustment is effected on the other hand by turning the screw
(sr). The instrument is screwed into a dissecting foot, the high
ends of which (p) serve as resting-places for the hands in the
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processes of preparation or dissection. The instrument is pro-
vided with two, or with three lenses, magnifying 15, 30, and 60
diameters, and it is an advantage also to have lenses magnifying
five and ten fold. '

The larger dissecting microscope of Zeiss (comp. Introduction),

F10. 13.—Large dissecting microscope (Zeiss), half natural size. ot, stage; p, wings as
ar rests ; sr, scroew head for adjustment; 1, system of lenses, of which ob is the objective,
oo the eye-piece. Upon the stage is an object-slide fixed with the clips.

or other of similar construction, has also a system of lenses (I, Fig.
13), consisting of three achromatic lenses, which can be combined
into an objective (ob), a tube, and an achromatic eye-piece. - In
order to work with slighter magnification, the objective can be
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used alone as a lens, the eye-piece, together with the tube, being
unscrewed. The three lenses of the objective can also be un-
screwed from one another, and the upper lens alone can be used,
the two upper, or the three simultaneously. Magnification of 15,
20, and 30 diameters can be thus obtained. The adjustment is
completed by turning the screw-head (sr). On both sides of the
stage (ot) “wings” (p) are fixed, to serve as hand supports in
dissection.*

In order to prepare or to dissect with the compound microscope,
what is called an * erecting eye-piece " can be used in the place of
the ordinary eye-piece of the microscope. This *erecting” eye-
piece reverses the image of the object; and as,in a compound
microscope, the image is normally upside down, it is thus rectified.
It is, however, quite possible, though to a beginner very difficult, to
dissect, etc., with the ordinary compound microscope. With prac-
tice one comes to realize that every movement is reversed, and to
govern the movements accordingly. The low powers can then be
freely used for dissection and preparation. In dissection, etc.,
with the compound microscope it is of advantage to have two
blocks of wood of suitable size, which can be placed on either
side of the stage, and will serve to support the hands.+

Whichever of these instruments is used for preparation, we first
lay the preparation on its stage, that we may free it from any
foreign bodies which may happen to be present. For this purpose
the lowest magnification that is at our disposal is used. This, in
the larger microscope for preparation, of Zeiss (Fig. 13), is fifteen
diameters. The distance of the object from the lens would then
be about 1} inch. With this instrument, even with the strongest
magnification, viz., 100 diam., this distance is more than ! inch
After proper adjustment of the mirror (s) and of the image, take
in each hand a needle fixed in a holder (see Introduction), steady
the hands on the rests, bring the points of the needles into the
axis of the instrument, and endeavour to see both simultaneously
in the field of view of the microscope. This will soon be success-

* I have retained the sbove descriptions intact, as they illustrate pretty fully
the structure of dissecting microscopes in general. For an account of other
mstruments by English makers, see the Introduction. In choosing an instru-
ment I would specially urge the importance of stable arm-rests, as in the above
Fig. 12. An instrument satisfying all the requirements of even more than the
beginner ought not to cost more than about 30s. [Eb.]

+ This remark equally applies to those forms of simple (or dissecting) micro-
scopes which are unprovided with rests. [Ebp.]
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fully accomplished, and then by means of a few experimental
attempts learn how to make the necessary slight movements with
the needles. This easy problem of removing the foreign bodies
out of the preparation with the points of needles will soon be com-
pleted to our satisfactinn, whercupon we proceed to lay the cover-
glass upon the drop of fluid. If this in the meantime shall have
become too viscid, it can be again warmed before being covered.

" The glycerine-jelly preparations need no further enclosing, are
therefore prepared in the simplest possible way ; and as most vege-
table objects, even stained ones, preserve very well in glycerine-
jelly, we can recommend this method in preference to others.

The preparation must then be labelled, preferably at both ends
of the glass slide, with gummed circles or squares of paper, upon
which must be written at least the name of the plant, the nature
of the object, the direction of the section, if it be one, the medium
in which it is preserved, any staining material used, and the date.
If it is desired to keep the preparation slides stacked on the top of
one another, then they must be protected from contact by card-
board labels in the place of those of paper. The cardboard labels
should be cut the breadth of the glass slide, by about 2-inch in
the other direction. On these the information, as above, can be
written. The card-labels are best fixed on with * Crystal Palace
Cement,” or other similar medium, or they can be fastened with
Canada balsam dissolved in turpentine. ® If it is necessary to
fasten them with gum, it is best to cover each end of the slide
first with a strip of gummed paper, the ends of which shall fold
over and overlap under the slide, and fasten the card label on
these ; otherwise the label would easily spring away from the slide.

Take now the seed of the white Lupine (Lupinus albus), or other
allied species. Once more halve the seed across, and take sections
. from the moistened cut surface. Sections observed in water show
in the cells rounded aleurone-grains with vacuoles. In order to see
the grains in their natural form they must be observed in gly-
cerine. The grains then appear at first refractive, angular,
gradually forming in their interior a fine network, granular.
Lying closely together they fill up the cell; a small quantity of
ground-substance lies between them, more ground substance can
be observed against the walls of the cells. The walls of the cells
are very strongly thickened and -pitted, a structure which we
shall, however, study later on a more favourable object. In
iodine-glycerine the grains take a beautiful golden-yellow colour.

o See note on page 27.
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In the next place remove the shell-like testa from the seed of
the castor oil plant (Ricinus communis), cut it through across, and
make preparations just as above from it. The tissue of the endo-
sperm is capital material to cut; it contains very much fat oil, and
need not be moistened. The sections ecan be observed in water, the
disturbing effects of which, by removal of oil, come but gradually
into operation. The aleurone-grains, imbedded in a ground-sub-
stance very rich in fat (Fig. 14, A), enclose in their interior usnally
one, but sometimes two or more, Protein-crystals [or so-called
crystalloids], and usually a single rounded body, the Globoid,
which is of inorganic composition, the combination of double
phosphoric acid with lime and magnesia. With longer action of
water the ground-substance in_which the aleurone-grains lie is
disorganized ; great masses of oil collect around and on the
object. These cling partly
to the object and the glass,
and have an irregular
form, partly lie free, and
then are globular. They
are mostly clouded with
numerous vacuoles. If
the microscope is adjusted
s0 as to show an optical
section of such an oil Fuf. 14 —From the en(‘lo»pcrm o.f If:’cinul com-
dl'Op, it appears bright :‘i:::;i Il‘:, ?viilt:ro;r ";‘}? single‘ t;lllzl::(:g;-‘;:ains u:;;
grey, and is surrounded in olive oil; g, tle globoid; k, the protein-crystal
by a narrow black limiting (%840).
zone. If the tube of the microscope is lowered, the dark ring
disappears; the disk appears somewhat more brightly surrounded.
If the tube is raised, the dark zone, which in the mid-position of
the tube is narrow, becomes broader. Oil-drops show, therefore,
reverse appearances to those which have been previously observed
in air-bubbles. Air refracts light less, oil more strongly, than
water; hence their opposite relations. These relations should be
noted for future observation. Bodies which are less refractive
than the medium in which they are observed, have an inner
brighter part which, with deeper focussing, is so much the smaller,
an outer darker part which is so much the broader; with more
strongly refractive bodies these relations are exactly reversed.

If we run absolute alcohol under the cover-glass of the prepar-
ation of Ricinus, which is at present in water, the preparation will
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“clear” somewhat; and simultaneously the protein-crystals in the
aleurone-grains come out very sharply. They are now so clearly
defined that this method of manipulation is recommended in
order to study their form,—hemihedral tetrahedra of the regular
system. 2  After longer action of the alcohol, the oil-drops dis-
appear more and more, as castor oil, in contradistinction to
other fat oils, is miscible with absolute alcohol. Now make
another preparation of Ricinus seed, lay it on the glass-slide in a
drop of glacial acetic acid, and cover it with a cover-glass. The
protein-crystals swell and disappear in the aleurone-grains. These
latter increase considerably in volume, the globoids also enlarge,
and show up very clearly in each aleurone-grain. Drops of fat
are, however, not visible, because castor oil, again acting as an
exception, mixes with glacial acetic acid. Otherwise absolute
alcohol and glacial acetic acid, because normally they either not
at all or but slightly dissolve fat oils, while on the other hand
they are solvents of ethereal oils, are the best reagents for the
purpose of distinguishing between these two classes of oil under
the microscope. Of ethereal oils, the terpene dissolve somewhat
less easily than the others in both the above reagents. Chloroform
and ether dissolve fat and ethereal oils equally.

To a preparation mounted in water run in alcanna (alkanet)
tincture diluted with water. -The fat masses soon accumulate colour
and stain reddish brown, a reaction which ethereal oils and also
resin alike show.

Logwood (Hsematoxylin) added in small quantity to a prepara-
tion in glycerine, stains the protein-crystals a beautiful violet.
In olive oil the protein-crystals are not visible; the whole grain
on the other hand appears a strongly refractive, rounded body, at
one of the ends of which the globoid simulates the appearance of a
vacuole (Fig. 14, B). The protein-crystals come out very beauti-
fully if the section is laid in a drop of 17, osmic acid ; they gradu-
ally take on a brownish tint. By the same reagent the oil is
slowly blackened, a peculiarity which fat oils have in common
with ethereal oils; this reaction is, however, not characteristic, as
many other organic substances become black in osmic acid.

Protein-crystals of extraordinary beauty, which show readily
all the characteristic protein reactions, are to be found in the
endosperm of the seeds of Bertholletia excelsa, the well-known
“Brazil nut.” In this also the sections are exceedingly easy to
obtain. If to a preparation laid in water is added absolute alcohol,



PROTEIN-CRYSTALS OF BRAZIL-NUT. 27

the protein-crystals come out very sharply. The fat oil is not
touched to any extent by the alcohol. It remains unchanged also
in glacial acetic acid, while the protein-crystals are immediately
dissolved. In 17, osmic acid the crystals become very distinct.
These crystals are so large, that their form can be made out even
by comparatively smaller magnification. Near the crystal lies a
globoid, this latter being here always in the form of an irregular
aggregation of rounded bodies. The ground-substance is very rich
in fat, and with 19 osmic acid becomes everywhere quite black.
The granular contents of the aleurone-grain also take on quickly
a dark coloration, while the crystals themselves colour slowly yel-
low. The crystals are optically uniaxial, and belong to the hexa-
gonal system.

NOTES TO CHAPTER II.

! Compare Pleffer, Jahrdb. fiir wiss. Botanik, viii. p. 429, where the other
literature will be found.

2 Schimper, Unters. ii. d. Proteinkrystalle d. Pflanzen. Inaugural Dissertation,
Strassburg, 1878.

[Note to page 24.]

¢ Card-labels for object slides. Any one of the numerous forms of glass-
cement, such as coaguline, mend-all, etc., will answer this purpose. A quan-
tity of slides can be prepared at one time. The card-labels are cemented on
both ends of the slide, and these are tied into bundles to dry under pressure.
The cards recommended at p. 84, for drawing, cut into admirable labels.
This method .is very economical for keeping preparations, as all those of a
similar kind can be tied into a bundle, with a plain slide over the uppermost,
through which its label will be visible. Preparations preserved in glycerine do
not then necessarily need to be closed with Canada Balsam, provided the pre-
paration is thin, so that little glycerine is used. [Eb.]



A LOVEMENTS OF PROTOPLASM.

CHAPTER III.

MOVEMENTS OF PROTOPLASM; NUCLEUS. DRAWING WITH THE
CAMERA, ETC.; CALCULATION OF MAGNIFICATION.

MATERIAL WANTED.

Ilowers of Tradescantia (best T. virginict). Fresh. Or, very young
shoot of a Cucurbita (gourd, pumpkin, cucumber, vegetable
marrow, etc.).

Young roots cf the Frog-bit (Hydrocharis morsus-rana:) or of Trianca
bogotensis. Quite fresh.

Strong, oldish, leaves of Vallisneria spiralis. Fresh.

Young parts of Nitella. Fresh.

We will first study now the phenomena of the movement of living
protoplasm, and select as one of the most favourable objects for
this purpose the hairs on the staminal filaments of Tradescantia
(the Spider-wort). Tradescantia virginica, and other closely-
allied species, are cultivated in every botanical garden, and
flower from May or June till late into antumn. The long violet
hairs in every flower will at once strike the eye. For observation,
select hairs out of a flower which is either just opening or has
just opened. The preparation is made by seizing a tuft of hairs
at the base with the forceps; remove them and lay them in water.
Or the whole filament can be placed under a cover glass if the
anther is previously removed. In this last case the masses of
air clinging amongst the hairs will give trouble, and it takes some
pains to remove them. This is best effected by means of a fine
camel-hair brush, with which the hairs are brushed over from
below upwards, the tuft being at the same time held firmly at
the base. After this the cover glass is laid on. Most of the
hairs will not have suffered, provided the air has been removed
with sufficient carefulness.

The hairs in question are formed of numerous cells, swollen into
a barrel form, and arranged into an unbranched row. At the
points of constriction lie the partition walls which separate the
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individual cells from one another. Each cell (Fig. 15) shows a
thin- continuous lining layer [“ peripheral layer '] of protoplasm,
and is traversed in the interior by numerous thinner and thicker
protoplasmic atrands. Suspended within these strands is to be
found the nucleus, surrounded by an enveloping layer of proto-
plasm. (Shown somewhat below the middle in the figure.) The
cell cavity in which the nuclens is suspended, and which is
traversed by the protoplasmic strands, is filled by a violet-coloured
cell sap. It is the vacuole. = The protoplasm consists in a
colourless, viscous, semi-fluid substance, which is
distinguished by the name of Hyaloplasm [t.e.,
clear plasma], and which contains numerous minute
granules, called by the name of Microsomata, or
Microsomes. Besides these there can also be seen
in the protoplasm, in greater or less number,
somewhat larger, highly refractive bodies, which
appear somewhat bluish in colour, and which will
be designated by the terms Starch-formers, Starch-
builders, or Leucoplasts. 1f we focus the object-
glass from the peripheral protoplasm inwards, it
will be seen that this is not in movement as a
whole, but that rather the fine, net-like, anasto-
mosing, protoplasmic strands flow into and away
from it. In the protop’asmic threads which sur-
round the nucleus the movement is especially
strong. These streams are of various thickness, '
they anastomose lalerally with one another more g 15.—a cen
or less frequently, and the nucleus manifestly from the hair on
. T . - the filament of
furnishes a central point for them. Most of the r.egcecantia  vir.
threads end in the plasma layer surrounding the sinica (x 240).
nucleus. The current in a single strand moves often only in one
direction; often, however, it can be seen that even in very thin
strands or threads there are two currents in opposite directions.
The movement is recognisable by the microsomes and leucoplasts
borne in the clear besal hyaloplasm. With continued observa-
tion it will be seen that the strands slowly change their thickness,
arrangement, and other conformation. New branches of the
system can be seen to arise, others can become constantly thinner
in the middle, finally break through and withdraw into other
strands. Thus by degrees the figure changes. The nucleus is
almost globuldr, in many cases oval or somewhat flattened. With
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the strongest magnification which is at our command it appears
finely punctate,and in it can be readily distinguished some larger
granules (Nucleoli). Often two nuclei lie close together in such
a cell, because the original nucleus has divided. The nucleus is
towed about hither and thither by the plasma strands, and thus
slowly changes its position in the cell. In order to prove this,
take rapidly a sketch of the cell, and compare this with the
arrangement of the nucleus and the currents after the lapse of
some time. Such a sketch can only be accurately taken by means
of a drawing prism, and it alone has definite value for later com-
parison. We will, therefore, endeavour here to become acquainted
with the use of the drawing prism.

The camera lucida of Abbe recommended first of all in the
Introduction, which is represented in ideal longitudinal section

8

F16. 16.—~Camera lucida of Abbe, nat. size. Ideal longitudinal section. The course of
the rays of light indicated by the dotted lines ; o, the position of the eye; s, the direction of
the surface for drawing upon; sr, clamping screw.

in Fig. 16, is, a8 shown in the figure, placed upon the eye-piecc
and fastened with the clamping screw shown at its side (sr).
It is best to remove the eye-piece before screwing on the camera,
as in the performance of this manipulation upon the microscope
there is the danger that the tube may be pressed down, and the
preparation crushed. When the eye-piece with the camera is
placed in the tube, then, in case we use the microscope with the left
eye, the mirror of the camera should be placed in front ; but in case
of use of the right eye, to the right hand, and inclined about 45°,
in the manner shown in the figure. If now we look through the
camera in the direction of the eye-piece, we see once more the
figure of the object in the field of view of the microscope. Now
place in front of, or to the right side of, the microscope a
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horizontal drawing desk, this being thereabouts the height of the
stage of the microscope. Lay a sheet of drawing-paper upon this
desk, and rest the point of a lead pencil against it. If the point
of the pencil is found under the mirror in the direction of s, this
must now be visible in the field of view of the microscope at the
same time with the figure of the object. The point of the pencil
is, however, made visible by double reflection, the first time in the
large mirror, the second time in the silvered surface of a small
prism in the point of sight of the eye-piece (compare the figure)
while the microscopic figure comes directly to the eye through a
small opening in the silvering of this prism. If the surface of
the drawing desk does not lie in the distinct visual distance of
the observer, the point of the pencil will be seen indistinctly, and
the drawing desk must be raised, or, though seldom, be made
lower. We test the necessary height by means of books laid one
upon the other. The microscopic figure is only well visible on
the drawing surface when a definite relation of brightness exixts
between the two. Dimming of the drawing surface can be pro-
duced by the aid of smoked glasses, which are made to turn on
the camera. If the arrangement is perfect you can draw with the
lead pencil the outline of the object as if drawing it in the field
of view of the microscope.

The second camera mentioned in the Introduction is seen in
Fig. 2, set upon the microscope in the position for drawing. This
camera has the advantage that it can always be kept on the
instrument, and with some practice will perform yeoman’s service.
It consists of two prisms, inclined to one another,in a common
setting. The rays coming from the pencil take, after double
reflection inside the prisms, a course parallel to the axis of the
microscope, and thus coincide with the rays coming direct from
the object. The camera is placed in the inclination represented
in the figure, and so placed that its anterior edge, visible through
the opening in the setting, approximately bisects the * pupil " of
the emerging rays of the microscope, i.e., the bright circular disk
which we notice when we look perpendicularly into the eye-piece
from a short distance, such as 1} inch, above it. If, then, on
moving the head to one side we do not see the “pupil” notably
displaced towards the edge of the prism, this latter stands also
at the right height. 'We draw upon a sloping drawing desk,
which is placed in front of the microscope. If, after some
attempts, we have found the point of the lead pencil upon the
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drawing paper, we can now follow with it the outlines of the
object. If the ubject is not to be distorted in drawing, the draw-
ing desk must have the correct inclination. In order to determine
this, we use a method of procedure which quickly leads us to our
end. We draw the circular outline of the field of view upon the
paper with the aid of our camera, and obtain thus, if the inclina-
tion of the drawing desk is correct, likewise a circle s.e., the cross
measurements of the figure from side to side and from top to
bottom of the sloped surface will be like; if, on the other hand,
we have an ellipse, the slope of the drawing desk is not correct,
and must be varied until a circle is produced. Or, we set in
position, and always with strong magnification, the stage micro-
meter recommended in the Introduction, 4.e., a millimeter divided
into 100 parts, engraved upon an object slide. We now turn the
stage micrometer around through 90° so that the engraved lines
shall run from side to side, and succeed one another fore and aft.
In case the too small size of the stage does mot permit such a
position of the stage micrometer, we must change the position of
the microscope 90°. The turning of the microscope naturally
renders necessary a change of the direction of the mirror. If our
instrument is provided with a *concentric rotating stage,” or
similar appliance, then it is only necessary to tuyrn this; such a
stage is very useful for drawing, as it enables us to place the
object in the desired position. If we have given the micrometer its
proper position, we draw, with the help of the camera, its lines
upon the paper on the drawing desk. The lines follow one
another up the slope of the desk. We shall succeed, without
much practice, in reproducing it exactly; but, as the lines have a
definite thickness, it is necessary that we should represent always
a definite edge of the line. The inclination of the drawing desk
is correct when the distance apart of the lines remains the same
at all heights. If this distance increases upwards on the desk,
the desk must be made steeper ; if it sinks, it must be placed in a
less-inclined position.  As, for the rest, small mistakes are not
excluded from our measuring scale, it is necessary to represent
several parts of it in the same way. In this way we shall find
that our desk should have a slope of about 25°. Having once
found the correct slope, it is well to have a desk made with its
two supporting sides of the correct heights.

This figure, when we have obtained the correct inclination of
the drawing desk, can be, at the same time, used in order to
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ealculate the magnification of the drawing t.., the magnifying
power of the system, or combination of objective and eye-piece, in
mse. We know already that the lines which we have drawn
are 0-01 millimeter (i.e., approximately 555 inch) removed from
one another. If we find that now they lie 2'4 mm. (z.e., nearly
inch), we know that the drawing is enlarged 240 times. This
method is also the simplest and best for measuring the size of the
microscopical object. If we have, that is, attained the necessary
accuracy in drawing, in order to reproduce even slight variations
in size with fidelity, and if we know the definite enlargement of
the object which we have drawn at exactly the same distance,
it needs only to divide the size of the drawing by the known
enlargement to get the actual size of the object. If, e.g., one
cell of the hair of Tradescantia appears, with 240 times enlarge-
ment of its figure, to be 9 mm. broad, this indicates an actual
breadth of 5%; mm., d.e, of 00375 mm. This method gives in
the simplest way such a close result, that in our investigations
we can limit ourselves to it.

Various other contrivances have been introduced for the purpose
of aids to drawing. Some of these, like the Wollaston Camera
Lucida, require the body of the instrument to be placed horizon-
tally, and the instrument as a whole to be raised on a pedestal.
This can of course only be used with instruments which admit
of this position ; and for working purposes it is, besides, objection-

- able in several ways. A very cheap form for use thus is Dr.
Beale'’s neutral-tint reflector, which fixes on the eyepiece, making
with its glass an angle of 45°. The student, when he chooses
a camera or drawing-prism, should always select one for use with
the instrument in the vertical position; and, as he may not im-
probably obtain one from a maker who is not the maker of his
instrument, he should always send the eyepiece of the latter, so
that the fittings of the camera may be adjusted to the size of this.
Zeiss's camera is adjusted for eyepieces of the continental size,
a size much used by English makers for their smaller instruments.
Of whatever camera is chosen the method of adjustment upon the
eyepiece must be learned from the maker (though usually very
easy to find out for one’s self) ; the rules laid down above for learn-
ing how to draw are equally applicable to all of them. Lastly,
the quality of the drawing depends on two factors: lst, the ac-
curacy of the observer, and 2nd, the skill of the draughtsman.

Now turn once more to the cell of the Tradescantia hair, and
D
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endeavour with one or another drawing apparatus to make a figure
of it. Asgin all drawing apparatus which are not strictly cameras,
some manipulation for the regulation of the light is needed, so we
maost éndeavour, either by shading the drawing surface, or by
changing the position of the mirror, to obtain thereabouts similar
brightness for the surface of the drawing and the field of the
microscope. For drawing, it is best to use stiff, smooth drawing-
cards * and black-lead pencils. In order that they shall not be
effaced, finished drawings can be washed over with very dilute
gum-water.

Take in this way a sketch of the entire outline of the cell, of the
protoplasmic streams and the nucleus, and compare it after some
hours, to see whether the form and circamstances now correspond.
As already indicated, we shall most probably find that the dis-
tribution of the streams has altered, and that the nucleus has
changed its position in the cell.

In order to determine that in their streaming the cells are
independent of one another, and that the cell-wall does not in-
fluence the movement, allow a neutral but water-withdrawing fluid
to act upon the cell. Under the cover-glass add to the drop of
water a little concentrated sugar solution, or, better still, glycerine.
Before long the reagent begins to withdraw the water of the cell-
sap, and there results a decided contraction of the protoplasmic
sac [t.e., the lining layer] into the cell. This withdraws from
particular places of the cell-wall. This contraction of the proto-
plasmic body of the cell under the influence of dehydrating (i.e.,
water-extracting) media is distinguished by the name Plasmolysis.
It can be then observed, that so long as the contraction does not
become too strong, the streaming of the protoplasm still goes on,
even in those parts where it has withdrawn from the cell-wall.
Soon, indeed, all movement in the cell is arrested. Yet in most
cases to set it going again it suffices to wash out the water-
extracting reagent by means of water. To this end water should
be run under one edge of the cover-glass, while the fluid under the
cover-glass is sucked out from the other edge by blotting-paper.
The protoplasmic sac then again tends to expand and reach the
cell-wall. It not infrequently happens that during the contraction
single pieces of the protoplasm separate themselves from the
cell-body, and remain lying against the cell-wall as rounded

* Such, of excellent quality and surface, are Goodall's thin Bristol Boards.
Ebp.]
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balls. These balls can also be retaken into the expanding proto-
plasmic sac.

It is easy to determine that during the contraction of the
contents, observed as above, the colour-material does not diffuse
through the living protoplasmic sac, and that the coloration of
the cell-sap becomes proportionally more intense.* The appear-
ances in dead cells are quite otherwise. For example, allow
absolute alcohol to act upon the hairs. The protoplasm is imme-
diately killed, and now the peculiar property of coagulated proto-
plasmic masses, to accumulate colour materials, is set in action.
The protoplasm withdraws from the cell-sap the violet colour,
and this soon appears quite limpid, while the cell-plasm and the
nucleus stain deep violet. The violet colour can now pass through
the protoplasmic sac, and diffuse in the surrounding flaid. ®

If Tradescantia should not be at the disposal of the observer, other
hairs can be substituted for it. A very favourable object is pro-
vided by the hairs which grow upon the youngest shoots of the
genus Cucurbita {gourd, pumpkin, vegetable marrow, cucumber,
etc.]. The preparation is made by removing these hairs at their
base by a razor, and bringing them into a drop of water on a slide.
The stronger hairs are multicellular at the base, and pass into
a tapering ‘cell-row ; others bear multicellular heads. The proto-
plasmic network in the cells is finely developed ; it contains micro-
somes, and, though but sparely, large, green-coloured Chlorophyll-
grains. The nucleus is large, suspended by the threads; it has a
brightly shining nucleolus, and is carried about hither and thither
in the cell.

A very peculiar object is provided by the root-hairs of Hydro-
charis morsus-ranee [the Frogbit]. For the investigation are
selected fresh young roots with stiff hairs. The hairs are visible
to the naked eye. Cut off an entire root-point, and quickly place
it on the slide in a sufficient quantity of water. The cover-glass
is laid on in the usual way, and the largest cover.glass at our
disposal should always be chosen. In this way the preparation
is made, although it is true that, owing to the not inconsiderable
thickness of the object, all parts will not be accessible with
stronger magnification, because the object-glass will come into
contact beforehand with the cover-glass. These hair-cells are
very long and tubular, and, like all root-hairs, unicellular. The

- protoplasm, which it richly contains, is in active movement, but
there are here, not numerously divided thin strcams, formed into
¢ ¢ See notes on page 87a.
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a. network, but a single strong stream, moving round in the
protoplasm lining the wall. This kind of movement is called
Rotation, to distingunish it from the other kind, or Circulation.
This stream, thus returning to the same place, presents the
appearance of a broad, slightly spirally turned band, which, if
projected upon a plane would form a very elongated figure 8.
The movement must not, however, be represented as if the band,
as a connected whole, were turned around imside the cell, for,
in fact, the neighbouring parts during the movement are con-
tinually changing their reciprocal position. The two streams
going in opposite directions are, however, not in immediate juxta-
position, but are seperated by a narrow band of protoplasm which
is at rest. This “neutral band ” is reduced to a very thin layer
of protoplasm. ¢

The leaves of Vallisneria spiralis furnish very instructive pre-
parations for illustrating rotation of protoplasm. This plant is
cultivated in all botanical gardens, and very commonly also in
aquaria in rooms in houses. For investigation a strong leaf is
selected, and a section taken from the lower part of it. For this
purpose it answers best to lay the long, narrow leaf across the
index finger, and to hold it down on both sides with the thumb
and middle finger. The surface section is taken by moving the
razor parallel to the long axis of the leaf. The aim should be to
obtain a plate or “ lamella ” of tissue about half the thickness of
the leaf [but if the section should at first sight appear too thick,
parts of it which are sufficiently thin for the purpose will probably
be found]. This lamella is laid on a slide, epidermis downwards,
in a drop of water. Air clinging to it may make some parts of
the section useless, but others will always be found which admit
of undisturbed observation. The streaming always goes on for
some time before it is discontinued ; it can be best followed in the
wide elongated cells which form the interior of the leaf. At low
room temperatures the movement is sluggish, but it can be
hastened by slight warming of the microscope slide. The stream
circles around the entire cell, without, in most cases, to any extent
deviating from its direction parallel to the long axis. The
“neutral band” is pretty broad. The stream carries with it
green-coloured chlorophyll grains and the nucleus.: The latter is
flattened into the form of a disk. From time to time it comes into
sight, but as a rule it is concealed by chlorophyll-grains. Not .
iufrequently it sticks at a turning point, then the accompanying

¢ See note on page 37a.
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chlorophyll-grains also halt with it, till, an instant later, all again
are drawn into the stream. The direction of the streaming
changes from cell to cell without any regularity. If glycerine or
sugar solution is permitted to act upon the section, the proto-
plasmic sac can be seen to withdraw from the cell-wall, and the
continnance of the streaming at the first moment of contraction
can be readily made out.

The strongest protoplasmic currents known in vegetable cells
are met with in the Characee (Stoneworts). We must, how-
ever, take the genus Nitella, for the genus Chara has completely
invested, and therefore opaque, internodes, while the internodes are
specially suited for the investigation. For observation we select the
younger members of the plant, and can state immediately that
the rotating layer of protoplasm possesses a very distinct thickness.
The outer layer of protoplasm immediately lining the cell-wall,
in which the chlorophyll-grains lie, is motionless. The motion-
less layer is here, therefore, comparatively thick, while it is in
general so thin as to escape observation. For in all earlier investi-
gated objects also an outermost denser layer of protoplasm, the
so-called primordial utricle (or Ectoplasm) takes no part in the
movement. An obliquely mounting stripe or band on the wall of
Nitella is free from chlorophyll grains; it attracts the eye by its
lighter coloration. This band, wanting in chlorophyll, marks the
neutral band in the protoplasmic stream. It repeats here the
like appearance with the root hairs of Hydrocharis, where we found
the meutral band of the protoplasmic layer likewise extremely
reduced. The internodal cells of Characee are multinuclear, the
protoplasmic current carries with it numerous elongated nuclei,
which it is true show up as brighter spots only in the most favour-
able cases. If the piece ofthe plant is laid for 12 to 24 hours in
1% solution of chromic acid, they can often be very readily seen, and
their peculiar rod-like, curved, and horse-shoe forms made out.
Not to be confused with these nuclei are the rounded balls which
are seen carried around in the stream in larger or smaller number.
These appear either smooth or with a spinous surface ; as to their
significance there is uncertainty. Simultaneously with their for-
ward movement, these balls are turned upon their axis, which
shows that the rapidity of the stream is greatest by the station-
ary chlorophyll-containing outer layer of plasma, and gradually
diminishes towards the cell-cavity.
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NOTES TO CHAPTER IIL

Tradescantia virginica is & quite hardy perennial, and can be grown in any
garden. 1t dies down in winter. Flowering period, June to August.— [Ed.)

[Notes to page 85.]

e It is & universal rule that, so long as the cell lives, the colouring matters
dissolved in the cell-sap cannot diffuse through the denser layer by which the
protoplasm is limited externally.

8 The phenomena which are produced when the hairs of Tradescantia are
laid in a drop of 10 per cent. solution of nitrate of potash, and then taken under
observation, are specially interesting. Most of the cells, it is true, show ordinary
plasmolysis ; but cells will also often be found in which a barely perceptible
contraction of the plasmic body has ensued, whereas the cell-cavity, filled with
its violet cell-sap, has collected together as an independent structure. In such
cases the cell-plasma is quickly killed, with the exception of the layer which
surrounds the cell-cavity. This layer is tkerefore distinguished by its compara-
tive independence and greater resisting power. At length the cell-cavity forms
one or several vacuoles, filled with dark, violet-coloured cell-sap, lying in the
disorganised cell-plasma. That the plasmic layer surrounding the cell-sap
remains living is proved by its opposing the passage of the colouring matter.
If a little watery eorin has been added to the solution of nitrate of potash, the
dying plasma, together with the nucleus, is immediately stained red. (Com-
pare H. de Vries, ** Plasmolytische Studien ii. d. Wand der Vacuolen,” in Jalrb.
J. Wiss. Bot., Bd. xvi., p. 465.)

[Nate to page 36.]

¢ In winter, or in other times in the year, when Hydrocharis eannot be
obtained, it can be replaced by Trianea bogotensis, a South American Hydro-
charidean, cultivated in most botanieal gardens. The form of the root-hairs
agrees entirely with that in Hydrocharis, as also does the rotation in the fully-
developed root-hairs. The young root-hairs, on the other hand, show active
circulation, with abundantly branched, frequently changing, currents. In
general, the streams in the lining-layer of protoplasm move towards the tip of
the hair, and make their way from thence as threads, which traverse the cell-
cavity. Between this circulation, and the definitely restricted rotation, all
stages of transition can be observed. The cell-plasma contains microsomes,
besides pretty numerous, strongly refractive, globular bodies, partly, perhaps,
leucoplasts, and vacuoles of different sizes. In the cell-sap are to be seen more
or less small stellate agglomerations, probably of ealcium oxalate, which are
driven about hither and thither by the action of the plasmioc streams.
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CHAPTER IV.
CHROMATOPHORES. COLOURED CELL-SAP.

MATERIAL WANTED.

Funaria hygrometrica, or Prothallia of & Fern. The former (moss)
very commonly grows on ground which has been charred, or
limestone walls, etc. ; the latter, on pots and walls of fern-houses.

Flowers of the garden “ Nasturtium ” (Tropeolum majus).

Flowers of the Snapdragon (dntirrhinum majus).

Flowers of the Periwinkle (Vinca major or minor), or other blue
flower.

Flowers of the Larkspur (Delphinium consolida).

Flowers of Adonis flammeus.

Root of Carrot (Daucus Carota).

Autumnal leaves of Virginian creeper (dmpelopsis hederacea).

Autumnal leaves of Ginkgo biloba (Salisburia adiantifolia); or Maple.

Flowers of the Mullein (Verbascum nigrum).

Rhizome of Iis germanica.

[All required fresh.]

WE have already had an opportunity in several objects of obtain-
ing an insight into the structure and enclosures of the chlorophyll-
grains or bodies; nevertheless, we will give our attention some-
what specially to these structures. We select for this purpose a
very widely distribated moss, which is distinguished by very fine,
large, lenticular Chlorophyll-bodies, and of which the leaves,
unilamellar with the exception of the midrib, permit observation
without further preparation. This moss is Funaria hygrometrica.
Numerous chlorophyll-bodies of considerable size are to be seen in
every cell; in plants which are exposed to diffused daylight they
are contiguous only to the free cell-walls; that is, to those which
form the upper and under surface of the leaf.®* From this they
present their broad side to the observer. That they are narrower
in profile we see in the separate grains which underlie the side
walls. All stages of division of the chlorophyll-bodies are easy to
find, and often associated in the same cell (Fig. 17). The resting
grains appear quite circular; they then become elliptic, afterwards
constricted in the middle so as to be shaped like a figure of eight,

* [This is commonly known as the position of Epistrophe.]
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and finally completely divided across. The two young grains
remain for some time still in contact. The starch-enclosures of
the chlorophyll-bodies are, according to their

varying sizes, in many leaves easy, in others dif- ee
ficult to see. They are, however, always clearly '~
distinguishable when the chlorophyll-bodies get : ‘

out of an opened cell into the surrounding water, '
and are there disorgamzed. To this end we cut - 'o
a leaf with a sharp pair of scissors into several —Chioro.
pieces. The starch-grains, liberated from the phy'l?.},oai;. from
disorganized chlorophyll-bodies, augment in size, zm:t;fc Funaria
and are identified as such with iodine. On the ing and in division.
other hand an eutire uninjured chlorophyll-body
is coloured brown with jodine, always as a result of the combined
blue coloration of the starch-enclosures, the yellowish brown
coloration of the protoplasmic ground-substance, and the green of
the chloruphyll. In order to obtain favourable iodine coloration
of the uninjured chlorophyll-bodies, we take for investigation leaves
which have lain some time in alcohol, and are thereby decolorized.
The chlorophyll-bodies now appear colourless; their starch-en-
closures take on the coloration by gradual entrance of the iodine
solution, earlier than the protoplasmic body. The iodine reaction
is still more noticeable if tho preparation is previously treated
with potash, which causes the starch-grains to swell.! This
last method also permits the smallest quantity of starch in the
chlorophyll-bodies to be recognised. This succeeds so much the
more surely with fresh grains if they are treated with a solution
of five parts of chloral hydrate in two parts of water? to which
a little iodine solution has been added on the object-slide. The
chlorophyll is dissolved, so that in a few minutes the leaf appears
colourless; simultaneously the chlorophyll-body swells, and also
the starch-grains which it contains, and these last come out clearly
with their blue colonr. Leaves decolorized with alcohol show also
very beautifully, with the same treatment, the blue-stained starch-
grains in the chlorophyll-bodies, while these last are not coloured.
After the chlorophyll-bodies have been decolorized by alcohol they
can be stained also very well with very dilute watery solution of
Methyl violet or of Gentiana violet. The cell membranes also are
always coloured hereby, but the chlorophyll-bodies are darker, and
therefore stand out more sharply.

With stronger magnification the living chlorophyll-bodies of the
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leaf of Fumaria appear to be finely punctate, and thus betray 4
network structure. :

The same results as with the leaves of Funaria are obtained with
Fern prothallia, so that the two objects can mutually replace one
another. Prothallia are always readily to be found in plant houses
in which ferns are cultivated ; any species equally available for
this investigation.

In order to become acquainted with colour-bodies (Chromato-
phores) of other coloration, let us tmrn next to Tropmolum majus
(the so-called “ Nasturtium ” of gardens]. We choose for investi-
gation flowers only just opened, because the colour-bodies begin to
be disorganized in older flowers. Let us first take surface sections
from the upper side of the sepals. The preparation can also be
taken with a fine pair of forceps, if these are stnck pretty deeply
into the tissue, and a strip torn therefrom. The preparation is laid
in a drop of water, with the epidermis turned upwards. Proceed at
once to the investigation, because the injurious action of water on
the colour-body makes itself felt immediately. The margin of the
section will have suffered from the beginning; therefore, cells that
are still unchanged should be selected for more searching ex-
amination. The colour-bodies are yellow
with a shade of orange. They appear
spindle-like, three or four angled (Fig. 18),
in forms which border on the crystalline.
The unchanged bodies are homogeneous.
Under the influence of water they swell,
become rounded off, and vacuolate ; that is,
hollows filled with water appear in their
interior. The bodies overlie in especial
number the inner wall of the epidermal
cells of the upper side of the calyx. The
brown streaks on the upper side of the
sepals proceed, as suitable sections show,

Fie. 16.—From the upper from epidermal lines, the cells of which are
side of the calyxot Tropmo. filled with carmine-red cell-sap. These
z:“m”:';&e;“:l‘:‘.fﬁ' Tl cells contain also yellow grains, which,
the colour-bodies (chromato. however, the coloured cell-sap renders
Bapr) tdiocest to &t (< quite invisible. In the red cells the nu-

cleus shows mostly as a clear spot. The
petals show analogous relations; here the edges of the limb, as
well as the cilia at the base of it, can be used for observation
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in their entire thickness. The air adhering to the limb hinders
observation, but spots free from air will always be found, or can
be made free by light pressure on the limb. The sepals, however
always remain preferable for the observation of colour-bodies,
since the papillee interrupt observation of the petals. It is
evident that, with the exception of the brown stripes on the
two lower petals, every epidermal cell of the upper and under side
of it is prolonged in its centre into a blunt cone, the papille
already allnded to. These papille are more strongly developed
on the upper than on the under side. They give to the petals a
velvety appearance. The air is entangled very strongly between
the papille. The fiery-red spots at the base of the petals arise
from rosy cell-sap and yellow granules. During the investigation
it will have been noticed that the surface of the epidermal cells
of the upper side is longitudinally striate. The striations do not
turn at the boundaries of the individual cells, and are folds of
the cuticle which covers the epidermis. With watery solution of
iodine the colour-bodies can be fixed pretty well, and take on at
the same time a green coloration; they are very sharply defined.
The nucleus is at the same time coloured yellowish-brown, its
nucleolus becoming very visible. With Methyl violet or with
Gentiana violet the colour-bodies are coloured violet.

The yellow colouring matter is almost always combined with a
protoplasmic basis; but isolated cases are present where it is met
with dissolved in the cell-sap. Let us fix our attention more
closely on such & case in Verbascum nigrum. We can examine the
petals in water without further preparation; but here also we
must remove the adhering air, even if only partially, either by
pressure or under the air pump. The epidermal cells of both
upper and under side have undulating (sinuous) outlines; the
yellow colour of their cell-sap is at once noticeable. The brown
spots at the base of the petals arise from a cell-sap coloured from
purplish to brown. In the epidermis of the staminal filaments,
from which lamell® can be easily cut with the razor, we see
also a yellow sap; but besides this there is in each cell also a
cinnabar-red irregular lump of colour-material, and a number of
colourless lencoplasts filled with starch-grains.

Similarly it can be at once determined that the yellow-coloured
parts of the lower lips of the corolla of Antirrhinum majus (the
Snapdragon) contain a sulphur-yellow sap in their cells; the
parts coloured red have a rosy cell-sap and here and there one,
seldom more, carmine-red balls of colour-material.
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In the epidermis of the corolla of Vinca major or V. minor (the
Periwinkle) we find a blue cell-sap. The epidermal cells, especi-
ally of the upper side, are swollen out into papille. The epidermis
of either side can be readily torn off with the forceps. The side
walls of the epidermal cells show ridges projecting into the cell
cavity (Fig. 19), often swollen at their edges, so that they can
even spread out into a T-form, and, on
account of the stronger refraction of their
outer surface and the weaker refraction
in the interior, quite give the impression
of folds.

We see a red cell-sap in the petal of a
rose. Here also the epidermis can be
readily removed from either side. The
upper side has pretty strongly developed

Fia. 19.—An epidermnl cell  papillse, and therefore appears so beauti-
from the under side of the .
petal of Finca minor (x5w).  1ully velvety. The cuticle shows strongly

: marked striation.

In the blue sepals of Delphinium consolida (the Larkspur) we
find the epidermis of both upper and under sides composed of cells
with sinuous outlines. The epidermal cells of the upper side are
elevated in their central part each to a papilla. The cuticular
striations mount on all sides of this papilla, so that by focussing
the microscope at the mid-height of the papille, sun-like figures
arise. The cells contain a blue cell-sap, somewhat shading into
violet, besides also, in many cells, blue stars, which consist of
short needles of crystallized colour-substance. The epidermis can
be removed in small pieces; moreover, the sepal is sufficiently
transparent, after removal of the air, to permit examination at the
edges through its entire thickness.

Examples of blue and red cell-sap can be easily multiplied.
Such are almost always met with in blue and red flowers; so
much the more remarkable, therefore, is the contents of the bright
red flowers of Adonis flammeus. In Adonis also the preparation
can be removed with the forceps. In the epidermis we see beau-
tiful red, from nearly round to elliptic, grains; these are com-
paratively large, and attain the size of chlorophyll-bodies. They
appear finely granular, and in water separate quickly into very
small granules, which show molecular movements [* Brownian
movement’’]. The epidermal cells are elongated; their cuticle
longitudinally striate; the striee are clearly continued over the
limits of the cells.
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The root of Daucus carota (the Carrot) furnishes a very inter-
esting object. The orange-red colour of this root arises from
carmine and orange-red colour-bodies, which possess throughout a
crystalline form. The most common shapes are found collected
in Fig. 20. They are small rectangula.r*plates or rhombs, the
rhombs often acicularly elongated, and
prisms of different lengths, often broadened
out at one end to the shape of a fan. Such
crystalline formations have often small uni-
laterally projecting starch-grains attached
to them ; therefore, these crystalline struc-
tures must be placed in the same category
with chlorophyll and other colour-bodies.

The colour-material which crystallizes L

out is here, however, what decides the :

shape. Only a small quantity of - proto-

plasm adheres to the crystal, and from

this, therefore, the starch-grains also )

. F1a. 20. — Colour-bodies
anse. . from the root of the Carrot.

If we examine also one of the variegated Partly with starch.grains
forms of our shrubs or trees, or else an (x840).
herbaceous plant with leaves coloured reddish-brown, we see that
the cells of the epidermis contain & rosy cell-sap, and that there-
fore the joint action of the red of the surface and the green of the
interior gives the reddish-brown compound colour.

As to the antumnal coloration of the Virginian creeper, Ampe-
lopsis hederacea, we can decide that the rose-coloured cell-sap
arises in the cells of the internal tissue,and not of the epidermis.
The distinctive yellow auntumn coloration of leaves depends on
the yellow coloration of the disorganized chlorophyll-bodies, as is
shown in the most beautiful way in the leaves of Ginkgo biloba
[Salisburia adiantifolia], or, failing this, those of the various
species of Maple. The antamnal brown coloration of leaves arises
from & corresponding coloration of the cell-walls, chiefly, however,
of the cell-contents, as is easy to determine in the case of the
Oak.

The starch-grains are found in specially individualized proto-
plasmic structures. We have already learned to know the chloro-
phyll-bodies as such, also the colour-bodies in which starch-grains

are often present; and lastly, we have already made reference to
the colourless starch-builders. Upon these last devolves the
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formation of starch in the deeper layers of the body of the plant.
We can comprise all three structures under the name of Chroma-
tophores, and, further, distinguish the chlorophyll-bodies, colour-
bodies, and colourless starch-builders as Chloroplasts, Chromo-
plasts, and Loucoplasts respectively. These structures are nearly
related, and can pass over into one another. They all belong to
the protoplasm of the cell, and lie embedded therein. On the
other hand the blue stars, which we found in the cell-sap of
Delphinium consolida, do not belong to this; they only represent
colour-material crystallized out from the cell-sap, and are, like
the lumps of colour-material which we found in the red cell-sap
of Verbascum nigrum, not to be reckoned amongst the chromato-
phores.

The largest and most beautiful -starch-grains are produced by
leucoplasts ; but such leucoplasts are not exactly easy to see. A
comparatively favourable object, and one not difficult to obtain,
is furnished in the rhizome of Iris germanica. Surface sections of
thls are made parallel with the surface of the rhizome. The outer-
most layer of tissue is removed, and to this
succeed the starch layers. The observation
is best made in water. In uninjured cells
the leucoplasts appear as collections of pro-
toplasm at the hinder end of the starch-
grain (Fig. 21). These latter increase only
at this end, and have a proportionally ec-
centric structure. The leucoplasts appear

Fie. 21.—Starch-build-
ers with starch grains

from the rhizome of Iris granular to the eye of the observer, and

germanica (x 540).

separate at length into smaller grains, which
show molecular movement [Brownian movement]. Two starch-
grains on one leucoplast is a not infrequent appearance. After
further development such grains presently come into mutual con-
tact, and receive thenceforth layers which are common to the two.
These and similar phenomena lead, here and in other cases, to the
formation of compound starch-grains.

NOTES TO CHAPTER IV.

1. Boehm's method. Sitzungsber. d. K. A. d. W. in Wien, Bd. XXII. p. 479.

2. According to A. Meyer, Das Chlorophylikorn, p. 28.

8. A.F. W. Schimper. Bot. Zeitung, 1880, col. 881; 1831, col. 185; 1883 col.
105, and 809. A. Meyer, Das Chlorophyllkorn, Bot. Zeitung, 1883,
col. 489.
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CHAPTER V.

TISSUES ; THICKENING OF THE WALLS; REACTION FOR 8UGAR;
INULINE, NITRATES, TANNIN, LIGNIN,

MaTeRIAL WANTED.

‘White Beetroot (Beta vulgaris). Fresh,

"A ripening Pear. Fresh.

Tuber of Dahlia (D. variabilis). Fresh.

Tuber of Dahlia placed in meth. spirit, in or about October.

Oak-apples or Oak-galls. Fresh and dried.

Twig of Willow (e.g., Saliz caprea). Fresh.

Stems of Periwinkle (Vinca major). Fresh, cut off close above the
ground.

Seeds of Ornithogalum sp. such as O. umbellatum, the Star of Beth-
lehem.

Seeds (stones) of Date (Pheniz dactylifera).

Old Pine wood of any kind, preferably the Scotch Fir (Pinus sylves-
tris). Dry, or, better, in alcohol.

WEe commence with the white Beetroot (Beta vulgaris). A small
piece of tissue is taken from the fleshy root, and from this is
made a microscopical preparation. We choose as best for ex-
amination a radial longitudinal section, t.e., therefore, a section
which is taken parallel to the long axis, in the direction of the
radius. This section cuts at right angles the concentric rings of
the root, visible to the naked eye. Examined in water, this
scction shows us more or less rectangular cells, filled with a
watery, colourless fluid. On the walls of these cells we notice
also, here and there, larger and smaller, brighter, round or oval
spots, which indicate shallow pits <., local thin places, or
hollows, in the wall. In individual cells the nucleus is visible.
The intercellular spaces are usually filled with air, appearing
black. In isolated parts of the preparation, the parenchymatous
cclls are narrower, elongated parallel to the long axis of the
root; between them are visible long tubes usually filled with air,



46 STRUCTURE OF THE BEETROOT.

which are distingmished by a characteristic thickening of their
walls. These tubes are vessels. The thickening of their walls
is & network of pits [reticulated]; that is, the wall shows thicken-
ing bands combined into the form of a mnet, between which lie
unthickened places. These unthickened places or pits are
elongated across the longitudinal direction of the vessels. Where
the section has opened a vessel, there can be seen in it, from
time to time, annular (ring-like) thickenings, which project into
the interior of the cells. These are the diaphragm-like remains
of originally complete partition walls, and from these remains it
will be seen that the vessel has proceeded from a row of cells.
The air present in the vessels often disturbs the examination ; it
can be got out with the air-pump. When an air-pump is not
at our disposal, we can endeavour to remove the air by laying
the preparation in freshly boiled water. It is more quickly
attained by a short immersion of the preparation in alcohol. It
is true that by this the contents of the cells are killed; for the
foregoing observation, however, this is not of consequence.

Here and there also in the preparation we come across particu-
lar cells, which are closely filled with small clinorhombic crystals,
and appear almost black. These crystals consist of oxalate of
lime. In order to prove this, we allow acetic acid to act upon
them, and determine that they are insoluble in it. Into another
preparation we run sulphuric acid, and the crystals are quickly
dissolved. The quantity of sulphate of lime formed is so small
that it remains dissolved in the surrounding fluid.

The structural relations of the cells in the Beetroot show up
still more beautifully and distinctly if the section is treated
with a watery solution of aniline green or of acetic aniline
green. In both cases the cell-walls are beautifully stained green;
in the latter case the nucleus also is * fixed ” and quickly stained.
The walls of the parenchymatous cells, and of the vessels, are
alike stained bluish-green. The surface of the pits in the walls
of the parenchymatous cells, on the other hand, is not stained,
and these therefore now show up more clearly; they are places, in
the otherwise not greatly thickened cell-walls, which have remained
thin. Each parenchyma-cell contains nucleus, provided with a
distinct nucleolus, and surrounded by minute leucoplasts, and a
thin lining [“peripheral”] layer of protoplasm. The vessels con-
tain neither nuclei nor plasmic contents. If chlorzinc- iodine is
added to a section lying in water, a characteristic violet cellulose-
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reaction is soon set up. The coloration begins at the edges of
the section, but is often not complete for hours. The walls of
the vessels do not stain violet, but brownish-yellow ; they behave.
like lignified membranes. On the walls of the cells, the surfaces:
of the pits once more remain unstained, and stand out specially
distinctly. These pit-surfaces are always rounded, of variable
size, and irregularly distributed, singly or in groups. Large pit-
surfaces are traversed by violet striee of various breadth ; they are
formed into compartments by them, and give the impression of an
irregular lattice.  Bright granules, coloured yellow-brown by the
chlorzinc iodine, adhere in larger or smaller quantity to the pit-
surfaces. For the purpose of comparison we proceed now to the
cellulose reaction with iodine and sulphuric acid. The section
is first impregnated with iodine solution, best with potassium-
iodide iodine solution, and afterwards transferred to diluted
sulphuric acid (English), in the proportions of 2 volumes acid
to 1 volume water. It commences at once, from the edges
onwards, to indicate the action; the section assumes a beautifal
blue colour. The
lesser pits here
also remain un-
coloured; the
larger omes ap-
pear latticed with
blue.

We further
prepare a section
from a ripening
Pear. Constitut-
ing the pulpy
flesh of the fruit
appears here also
a regular thin-
walled parenchy-

ma of lal‘ge cells, F16. 23.—From the flesh of the fruil of the Pear. Strongly-

more or less thiockened cells with branched pore-canals, surrounded by thin-
walled parenchyma (x 240).

rounded at the

angles. These colls contain colourless cell-sap, a very reduced
plasma-sac, and a nucleus. Scattered in the tissue are found nests
of strongly-thickened cells (Fig. 22). The number of the stone cells
80 united is varied from part {o part, and according to the kind of
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pear. They form the so-called “grit” of the pear. The cells are
distingnished by the considerable thickness of their walls, and by
the numerous, fine, branched pore-canals [canaliculi]. The branch-
ing arises from the diminution of the number of the pore-canals
proportionally as the cavity of the cell becomes smaller by the
great increase in thickness of the walls, so that they open into
the cell-cavity as common canals. Where two thickened cells are
in contact, it can be determined that the pore-canals correspond
in position with one another. In their perfected condition, in
which they here appear to us, these cells no longer contain living
cell-contents, but only a watery flnid. They represent, therefore,
only dead cell-cases. After treatment with chlorzinc iodine, the
thin parenchyma-cells take on gradually a violet coloration, the
strongly thickened cells become yellow-brown. These latter are
therefore lignified and belong, on account of their strong thicken-
ing and lignification, to the sclerenchyma or mechanical tissue.
The structural relations of the thickened cells become especially
clear under treatment with chlorzinc iodine.

We will use the flesh of the pear in order to learn to know the
micro-chemical reactions for sugar.! That most commonly used is
with Fehling’s solution. This is prepared with sulphate of copper
and potassio-sodic tartrate in water. The proportions are 3464
gram. pure sulphate of copper with 200 gram. potassio-sodic
tartrate dissolved in water. This solution can be preserved. In
order to use it we add 600 ccm. soda ley of specific gravity 1:12,
and dilate it to 1,000 ccm. This solution is heated to boiling.
The section in which the reaction is to be produced should not
be too thin, should contain at least two layers of uninjured cells,
and naturally should not have previously been laid in water.
Imierse the section, holding it with the forceps, in the boiling
solution, and the section is coloured a beautiful vermilion-red.
The reaction comes out in full beauty after two seconds. Under
the microscope we can see in the cells the vermilion-red precipi-
tate of reduced protoxide of copper. There is therefore present
in the cells of the pear a substance which reduces the alkaline
copper-oxide solution, a body from the grape-sugar group (Glucose),
in this special case grape-sugar. ,

For comparison we repeat the experiment with a section of
Beetroot. This contains, as is known, a body from the cane-sugar
group, viz., cane-sugar. Immersed for two seconds in the boiling

fluid, it shows no precipitate in the cells; the -section, examined
E
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microscopically, has a blue coloration. If the section is kept for
a longer time in the Fehling’s solution, it begins to colour ver-
milion-red on the surfaces also. The cane-sugar is inverted, and
now gives the protoxide precipitate. Under the microscope the
outer layers of cells show now vermilion-red grains, while, in
case the action has not been too long continued, the inner .cells
still contain a blue fluid. :

Very much recommended also for microscopical purposes is
Barfoed’s sugar reaction ? with acidulated acetate of copper. This
solution is prepared by dissolving 1 part of neutral crystallized ace-
tate of copper in 15 parts of water. To 200 ccm. of this solution
is added 5 ccm. of an acetic acid which contains 38 per cent. of
glacial acetic acid. In a test-tube which holds from 5 to 8 ccm.
of this solution we allow a section, not too thin, of the Pear, and
in another similar test-tube a section of the Beetroot, to boil for a
short time. The fluid in question, together with its section, is then
poured out into a small evaporating dish, and allowed to stand.
After some hours we find the section of the Pear covered with a
fine precipitate of protoxide of copper, and likewise a little of the
same precipitate in the evaporating dish, while the section of the
Beetroot, as can readily be seen under the microscope, is free from
the adhering precipitate, and this is wanting also in the evapo-
rating dish. The result of the reaction should be observed after
some hours, as after a longer time a very small precipitate
re-oxidizes in the air, and ean then dissolve.

We will lastly again use the Beetroot, in order to learn to know
the micro-chemical reactions for nitrates and nitrites by means
of diphenylamine This reagent, used by the chemist for the
detection of very small quantities of nitrates and nitrites, performs,
moreover, first-rate service for histological purposes. We prepare
cross or longitudinal sections through the Bectroot, taking care,
however, that the sections extend to the surface. These sections
we allow with advantage to previously become somewhat dry on
the object-slide, and then first add the reagent. We use 005
gram diphenylamine in 10 ccm. pure sulphuric acid. Immediately
after the addition of this a deep blue coloration, formation of ani-
line-blue, shows in the outermost zone of the section. This zone
contains the youngest tissue of the root, still in course of develop-
ment ; it is this, therefore, which contains the nitrate. From the
parts colonred blue the colour quickly flows over the rest of the
preparation, but in the first moment of the reaction the coloured
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zone is quite sharply delimited. As, however, in plants, as analyses
of sap show, the question is commonly of a nitrate, seldom of a
nitrite, we can, therefore, from the resulting reaction, conclude
with greater probability that it is a nitrate. If, instead of the
somewhat dried section, a fresh one is used for the reaction, the
colour-body which is formed is diffused far more rapidly in the
surrounding tissue, and the coloured zone is less sharply delimited.
As the next object of investigation we choose the tubers of the
Dahlia (D. variabilis). The tuber, halved longitudinally, allows
one readily to recognise the central pith. A longitudinal section
prepared from this shows under the microscope more or less rec-
tangular cells, arranged in longitudinal rows (Fig. 23), with very .
reduced protoplasmic sac,
with nucleus, and colour-
less cell-sap. The inter-
cellular spaces are filled
with air; the cell-walls
finely striate. The strie
are oblique, to the extent
of from 35° to 40°. We be-
lieve that we can see two
diagonally opposed systems
of striee in the same plane;
this is explained by the
comparatively small thick-
ness of the walls. In fact,
: the two opposing systems
Fia. 23.—From “:1";‘:5)"’ Daklia variabilia of striee belong to the walls
) of two contiguous cells re-
spectively, as can be determined especially at the free edges of
the section. With chlorzinc iodine the cell walls soon colour
violet ; where, however, two stri®m come less closely together, a
colourless line can be seen between them. The parts of the wall
which remain unthickened are, just like pit-surfaces, not coloured
by the chlorzinc iodine solution. Especially clearly show up in-
dividual comparatively larger rhombic places as pits. Such pits
lie always at the crossing places of two broader lines of separation.
A cross-section of the same tissue shows also on the end walls of
the cells, which we then see in surface view, no appearance of
striation. It shows only here and there larger rounded pits. ¢
If the section is laid in absolute alcohol there arises in the cell-
sap a fine precipitate of Inuline. Replace the alcohol by water,
« See note on page 60.
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and warm the object-slide over a spirit flame, and the precipitate
is again dissolved. In order to study the inuline in the shape of
spharo-crystals, which it forms,* we examine best pieces of tubers
which have been placed in spirit at least eight days before. We
examine the section best in water, and during the examination
allow nitric acid very slowly to enter. The sphero-crystals (Fig.
24) are found always on the cell-walls. They form more or less
perfect balls. The ball can be traversed by one or by several
cell-walls. Usnally several variously sized balls form together a
larger group. The balls allow more or less clearly a radial
structure to be recognised ; this
structurecomesout more sharply
when the nitric acid begins to
work ; it arises from radially ar-
ranged needle-shaped (acicular)
crystals, which compose the
ball. Besides the radial, a con-
centric stratification is also
usually visible, which is to be
conceived as the expression of
variations in the conditions of
crystallization. Iodine solution
produces no coloration. If the
sphero-crystals are warmed in
a drop of water on the object-
slide they quickly vanish.?

In order to demonstrate the
tannin-reaction upon a typical
object, we turn to the gall-apple
or oak-gall, as it is to be found F1a. 24.—From the tuber of Dallia taria-
upon the leaves of our oaks. bilis,ufter lying in spirits for ma:ymonthu.
These gall-apples are due to the Bpharo-crystals on tho wallf (x 240
puncture of the oak-gall insect [ Cynips querci), which lays an egg
in the punctured tissue. We halve such a gall-apple while still
young, and find on delicate radial sections taken from this that
the interior hollow, occupied by the larva of the cynips, is sur-
rounded by a shell, which consists of iso-diametric, rounded cells.
These contain usually abundant starch-grains, becoming blue with
jodine. The tissue following on to this inner portion is formed of
radially elongated, polygonal cells, which diminish in length at
the periphery of the gall-apple, and finally end under the small-

¥ See note on page 60,
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celled outermost layer, the epidermis, the cells of which are
strongly thickened outwardly. This entire tissue, surrounding
the inner shell, shows no enclosures of definite form. If, however,
we lay a freshly-prepared section in a drop of watery chloride or
sulphate of iron solution, we see that it colours throughout its
entire mass of a dark-blue colour. This coloration is, moreover,
communicated to the sarrounding fluid, and produces for us, there-
fore, the iron reaction for tannin, in its iron-blue form, while there
is also an iron-green form. If the action is observed under the
microscope, by allowing iron-solution to run into a dry section
laid under a cover-glass, we see that first a fine dark-blue precipi-
tate is formed, which, however, is soon again dissolved in the
reagent, so that now a blue fluid fills the cells. The weakest
tannin reaction is given by the starch-containing cells of the inner
shell. For comparison, let us now lay a second section in a
watery solution, about 10%, of bichromate of potash, and we see a
dense flocculent, red-brown precipitate, which also persists, formed
in the tannin-containing cells. Lastly, let us place a section in a
concentrated solution of molybdate of ammonia, in concentrated
ammonium chloride, and an abundant reddish-brown precipitate
appears in the cells. This reaction will decide in doubtful cases,
because those preceding can also proceed from other reducing
bodies. The fibro-vasal bundles which traverse the oak-apple we
will leave unnoticed, and also pass over other structural relations,
because we have only taken this object in order to see a typical
tannin reaction. Sections of dried gall-apples also give the above
reactions, though less beautifully. °

In order to get the iron-green tannin reaction, we take a willow
twig, say from Saliz caprea, remove with the razor the outer green
layer of bark, and then take a delicate tangential section from the
green tissue of the cortex ; lay it in a drop of chloride of iron solu.
tion. The section shows us mostly rectangular cells, somewhat elon-
gated in cross direction, with walls pretty strongly thickened, and
with simple pits. These cells contain chlorophyll-grains, and most
of them, especially in winter, have each a white strongly refrac-
tive rounded mass of cell contents, sharply defined, and filling the
entire cell cavity. Other isolated cells contain a dark-looking
stellate crystal of calcium oxalate, of which we shall, however, have
an opportunity later of making a closer examination. The strongly
refractive masses of cell-contents contain tannin. As soon as

the action of the iron chloride on the strongly refractive masses of
< See note on page 60a.



SECONDARY THICKENING OF CELL-WALLS. 53

ccll-contents has commenced, these become grumous, and take on
an olive-green to brown-green colour. In iron sulphate these
masses become still browner; in potassinm bichromate they give
a reddish-brown precipitate; in ammoninm molybdate dissolved
in strong ammon. chloride, a yellow-brown gramous precipitate.
With twigs of the alder (4lnus) the same results are produced.

If a strong stem of Finca major [the Periwinkle], cut off close
above the ground, is broken, we see from the edge of the broken
surface numerous small fibres project. We seize a number of such
fibres with the forceps, draw them out, and place them in a drop
of water on an object-slide. Under the microscope they appear
to us as long, strongly-thickened sclerenchyma-fibres, tapering at
both ends. The cavity is reduced to a narrow canal, which is en-
tirely obliterated at both ends of the fibre. In slightly-thickened
fibres the wall appears striate in one direction only. In more
strongly-thickened fibres there are two oppositely oblique systems
of strie, of which one belongs to the outer, the other to the inner
system of wall-layers [complex of lamellee]. Lastly, in still older
sclerenchyma-fibres is often found still a third internal system of
strie, directed almost perpendicularly to the long axis. This last
arises from reticulated thickening bands, which leave between
them elongated pits. This innermest system of thickening is
usually sharply limited towards the exterior omes. With chlor-
zinc iodine solution the fibres take on immediately a violet colora-
tion, passing into brown. Specially instructive, however, is the
relation with cuproxide ammonia, which reagent has the power of
dissolving pure cellulose. The action must be observed directly.
On the addition of the cuproxide ammonia solution the walls of
the fibres swell strongly. At the first moment of the action the
striation becomes more distinct, but quickly disappears. The
outer complexes of layers are soon completely dissolved, while the
inner reticulated one resists longer, and therefore the observer
sees it completely isolated. At the beginning of the swelling a
still finer stratification appears in the stratification which was
previously visible. Each layer is therefore composed of numerons
exceedingly thin lamell®. Such a fine stratification is stamped
especially distinctly upon the inner more resistent layer.

We now divide in halves, with the pocket-knife, the seed of
Ornithogalum, say O. umbellatum [the Star of Bethlchem], clamp
the half in the hand-vice, damp the cut surface with water, and
make with the razor the thinnest possible preparation. This



54 PITS.

preparation (Fig. 25) presents us cells with approximately rectan-
gular contour. The walls of these cells are strongly thickened,
the thickening layer being, however, pierced by numerous simple
pits. If the section has so grazed a
cell-wall that it presents a surface
view, the pits appear as round pores
(m), as can be seen in the upper cell
of the adjoining figure. From the
side the pits appear as canals, which
pass out of the cell-cavity up to the
primary cell-wall. The pits of ad-
joining cells are directed towards one
another; they are separated by the
primary wall (p), which we shall here
designate the closing membrane. The
inner surface of the thickening layer
is distinguished by stronger refrac-
. tiveness; it forms the limiting mem-
Fio. 25.—From the endospermot  brane. If sulphuric acid is allowed
m“m‘;’;o:':bﬁ“m:;ngm;ﬂfx to act slowly on the preparation,
brane in pits seen in profile ; », from the edge of the cover-glass, the
nacleus (x 240). thickening layers of the cells are dis-
solved, while a network of very delicate walls is at first left behind.
The walls are the so-called middle lamell®, which indicate the
walls of the cells which were present before the thickening began,
and which also traverse the closing membrane of the pits. By
continuous action of the sulphuric acid, these middle lamell® also
soon disappear. Chlorzinc iodine causes the thickening layers to
swell and the middle lamellee become likewise visible. In con-
sequence of the swelling, the coloration of the preparation is
incomplete. ’

The cells are closely filled with protoplasm and granular
materials. These entire contents take on with iodine a greenish-
brown coloration. In each cell the nucleus is readily distinguish-
able with acetic aniline green; this is, in general, wanting in no

cell, living or capable of life.

The thickening layers of the cells in the endosperm of the Date
(Pheeniz dactylifera) have a very similar appearance. The cells,
however, are more elongated, their cavity narrower, the walls
somewhat thicker. In the seed [*stone”] of the Date these cells
are radially arranged. Cross and longitudinal sections of it,
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therefore, provided they correspond with the radii, show the cells
in longitudinal view, while tangential sectious, which cut the
radii at right angles, show cross-sections of the cells. Chlorzinc
iodine solution colours the thickening layers very beautifully
violet. By slower swelling usually numerous lamells are brought
into sight.

We turn now to the pine wood [Pinus, etc., any species, prefer-
ably P. sylvestris, the Scotch fir], in order to learn to know bordered
pits. For this purpose we take a piece of wood, either dry, or,
better still, preserved in alcohol, from a stem as old as possible.
First we prepare with a sharp pocket-knife the suitable surfaces
for cutting—one radial, parallel to the long axis of the stem,
one tangential to the same, and one directed perpendicularly to
this axis. The concentric yearly rings which are visible with
the naked eye upon every piece of pine wood will provide us with
the necessary bases from which to get information as to the direc-
tions in question. The radial longitudinal section cuts the yearly
rings perpendicularly. The tangential longitudinal section is so
much the more perfect, the more parallel it runs to the yearly
rings. The cross-section is directed perpendicularly to both longi-
tudinal sections. In the following preparation of microscopical
sections, in order that the sections shall be good, and not to damage
the razor, quite special pr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>