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PREFACE 

THU book may be described as an elementary practical 
handbook of Vegetable Histology and Physiology, contain
ing in addition a short course of practical work on selected 
types of Cryptogams and Gymnosperms. It is divisible 
into three sections, namely, (1) Histology and Bio
chemistry-Chapters I. to III., (2) Physiology-Chapters 
IV. to VII., and (3) Life Histories-Chapters VIII. to XII. 

In the first section (Histology), I have exercised special 
ea.re in giving clear and practical directions for microscopic 
work. Chapter L is devoted to thia purpose and to 
genera.I instructions regarding the fixation and preservation 
of material, the cutting of sections, the application of re
agents, a.nd other practical matters. 

In Chapter II. I have worked out a plan which 
has proved thoroughly satisfactory in practice. In my 
opm1on no candidate should be allowed to pass in 
Botany at any recognised standard examination unless 
able to produce satisfactory proof of having worked 
through a practical course in Organic Chemistry. Until 
examining bodies insist upon this, the teacher of 
Botany must include in his course a. few lessons on 
the Biochemistry of plants. The student ought to know 
something more about proteins, for instance, than that 
they contain nitrogen and are coloured brown by iodine 
solution! 

The best makeshift plan I ha.ve been able to devise is 
that of working through a. series of tat-tube reactions for 
each of the important classes of vegetable orga.nie bodies, 
in each caae proceeding to apply the knowledge thus gained 
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to the identification of the substance in the tissues of the 
plant itself. It has been difficult to decide just how much 
to give and how much to withhold in this pa.rt of the 
course, but I regard the contents of Chapter II. as repre
senting the minimum a.mount of work of this kind which 
should be done by the student. 

In the second section (Physiology) I have outlined a. 
thoroughly practical, but on the whole easy and elemen
tary, course of Plant Physiology. In this course there a.re 
very few experiments that cannot be performed without the 
use of expensive pieces of a.ppa.ra.tus. Before beginning 
this pa.rt of the work, the student should refer to §§ 20 to 
25 in Chapter I., noting carefully the general instructions 
there given regarding apparatus and methods. 

I have begun Chapter IV. with the study of seeds and 
seedlings, because (1) the structure of seeds follows most 
naturally upon the floral histology and embryology given 
at the end of Chapter ill., (2) I cannot suggest any better 
method of starting systematic work in Physiology than 
that of studying the germination of seeds, and (3) the 
growing of seedlings provides at once a. stock of material 
especially well suited for many experiments. 

While much good work may be done with makeshift 
apparatus, teachers and students should realise that in 
many cases it is simply waste of time to fit up the make
shift apparatus. In the teaching of Plant Physiology a 
certain a.mount of special ready-made apparatus is just as 
essential as in the teaching of Physics. The botanical 
teacher should at any rate have at his disposal the chief 
pieces in Ganong's set of Normal Apparatus for Plant 
Physiology made by the Bausch and Lomb Optical Com
pany. 

In Section ill. on Life Histories, I have not used pre-
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viously published descriptions, but have repeatedly and 
thoroughly examined the various types for myself-as 
indeed I have done for the whole of this book. As a. 
matter of fa.et, some of these type plants have hitherto 
been very inadequately and inaccurately described-this is 
especially the case with Pellia and Funaria. In order to 
help the teacher and the student a.like, I have in this 
section given full directions for the collection and culture 
of the typical plants dealt with. 

Apart from figures representing various pi'eces of 
a.ppamtus I have mainly given drawings to serve a.a 
models of the sort of sketches to be made-on a. much 
larger sea.le, of course-in the student's note-book, which 
should be of good size and consist of drawing-paper with 
or without interleaved writing-paper. For the photo
graphic illustrations, I am indebted to Messrs. Jl'latters 
and Garnett; and for various blocks illustrating apparatus, 
to Messrs. Flatters and Garnett, to the Cambridge Instru
ment Co., to Messrs . Leitz, to Messrs. Baird and Tatlock, 
and to the Bausch and Lomb Optical Company. Lecturers 
and students should write to these firms for catalogues of 
apparatus and materials. 

NOTE TO THE FOURTH EDITION 
In the Third Edition an Appendix on microtechnical 

method was included. For the present (Fourth) Edition 
certain alterations have been made in various parts of the 
Text, and a number of new diagrams have been incor
porated. These additions and alterations have been 
carried 01!-t by Mr. L. C. Fox, M.A. 
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CHAPTER I. 

APPARATUS AND METHODS. 

1. Simple Lenses.-Much useful work can be done 
with simple lenses, and it is often advisable to examine 
specimens with a. lens before proceeding t.o use the com
pound microscope. 

(a) The best kind of simple lens is the aplanatio or 
"platyscopic," which gives a. fiat field of view, without 
distortion of the margins, but a.n ordinary double or triple 
folding or pocket lens will suffice. 

(b) For various pur
poses it is useful to have 
a watchmaker's lens, with 
a. piece of string or elas
tic t.o fa.sten it round the 
back of one's head, a.nd 
thua leave both hands 
free in exa.mining the 
specimen. 

2. Lem Stand.-It 
is ea.sy to ma.ke a. simple 
stand to ca.rry the lens 
a.nd a.llow of both hands Fig. 1.-A Len.o Holder, with monble arm1 
being used in dissection. and rack-and-pinion tocwiai~ adjuat.men$. 

The lens can, for in-
stance, be fixed t.o a. cork which slides up a.nd down a 
vertical rod inserted into a firm and fairly heavy base; 

P.B. 1 
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a knitting-needle may be used as a rod, and it ma.y be 
either fixed into a piece of wood or passed through the 
cork of a short wide bottle filled with shot. Two simple 
forms of lens holder a.re shown in Figs. h 2. 

f'ii. 2.-A Lena Holdor1 on beuy 1-, with llow-focua!na 
ad,joatment &114 two b&IJ-a.nd-eocket joint.. 

3. Black and White Plate for DiSBectioJ19, etc. 
(Fig. 3).-Get a. piece of thick glass, and paste or glue on 
one side of it a piece of white paper or card, half of which 

Fig. S.-Blaclt-and-wbito Tile, for cllooectlon.o, 
te&aing-out., etc. The tile may aloo be 
obt.alned mounted in a frame, wllJ> oork 
on one aide, and wilJ> ooDOelltrio circl• 
for arranging part. of llowen ID the form 
of a llont.l diagram. 

is painted black. Keep 
the papered side down, 
place on the upper side 
the objects to be exam
ined with the lens, and 
move them a.long so as 
to see their appearance 
a.ga.inst the opaque white 
and black surfaces . 
Specially prepared glazed 
bla.ck-a.nd-white tiles can 
be pu.roha.sed 

A glass plate prepared 
in this way, but with the middle third left transparent, 
can be mounted on a wooden frame made by removing two 
aides of a box ; in the bottom of the frame plaoe a piece 
of mirror, slanted so that the transparent middle portion 
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of the plate receives the light. An excellent "photo:phore" 
or simple dissecting microscope can be made in this way, 
the rod carrying the lens being fued to one side of the 
frame. · 

4. Dissecting Micro
scope. -This extremely 
useful instrument (Fig. 
4) consists of a. stand 
mounted on a heavy metal 
base a.nd carrying (1) a 
glass plate or stage for 
the obJect to be examined, 
(2) a. lens carrier in which 
the lens can be raised or 
lowered by a. rack-and
pinion adjustment, ( 3) 
an illuminator below the 
stage with a. mirror on 
one side and a. white Fig. 4.-Dlloectlng Mlcroecope. 

plate on the other, (4) 
arm-pieces which can be attached on ea.eh side of the stage 
to serve a.s rests for the hands when tea.sing out tissues or 
otherwise manipulating the specimen examined. The form 
shown in Fig. 5 is much cheaper. 

E'jg. 6.-Cheap form of DiBSeeting Microooope. 

&. Compound Microscope.-The simple microscope 
ca.n be used for all purposes where a. magnification of not 
tnore than 20 diameters is required, a.nd is a.n extremely 
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convenient instrument for this low-power work. When 
higher ma.gnifica.tion is desired we must use the compound 

Pig. 4.-Compound .l£1croocope ..-Ith olidioc 
eo&rMadjualment.. 

A., ey•piece ; B, draw-tube_; 0, boc!J'-tube ; 
D, adjuatment ; B, objectiTII ; P, ~ 

microscope, in which the 
image of the object is 
obtained by one lens (or 
a. set of lenses) ca.lled 
the objective, a.nd this 
ima.ge is magnified by a 
second lens, the eye
piece. The objective is 
screwed into the lower 
end of the brass bocly
tube, which is blackened 
inside (why?) ; the ob
jective consists wrua.lly 
of several lenses screwed 
together. The eye
piece, which magnifies 
the inverted image of 
the object produced by 
the objective, consists of 
two lenses, the one next 
the observer's eye being 
ca.lled the eye-glaaa and 
the lower one the fi.eld
glaas. 

In the cheaper form 
(Fig. 6) the tube which 
ca.rriea the lenses is 
moved up a.nd down, to 
bring the objective near 
theobjecta.nd thus bring 
the latter clearly into 
focus, inside another 
tube fixed to the sta.nd ; 
this is ca.lled the " slid
ing coarse adjustment." 

In the more expensive microscoJ>Ell (Fig. 7) there is a rack
a.nd-pinion movement for raismg or lowering the body
tube. The coarse adjustment brings the outlines of the 



l"!g. 7.-Compound lillcroooope w!l.h rack-and-pinion adJU8tment, double noee
plece, and two object.lvee. 

A, •7•·piece; B, draw-tube; O, ooane adjuatmen'; D, fine adJuatment; K, bod7 
'ube; I!', n.-.piece; G, objectlH ; H, otec•; K, mirror. 

6 
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object dimly into focus, but to get more accurate focussing 
(especia.lly when using a. high-power objective) we use the 
fine adjustment, by turning a. screw at the top of the 
stand, behind the body-tube. 

The object to be examined is placed on the stage, which 
has two clips for firing a slide m a definite position, but 
these need not be used except for high powers, or while 
sketching. There is usually a black plate (diaphragm), 
with holes of different sizes, under the stage; this can be 
rotated so as to bring the desired size of hole under the 
central opening of the stage. More expensive microscopes 

Fig. 8.-Double Noee·pieoe. 

have s.n iria diaphragm. A small hole is used with high 
power and a large one with low power. 

For ordinary work two objectives are required, one for 
low power (magnifying 60 to 80 diameters), and the other 
for high power (300 to 400 diameters). The most useful 
are 1 inch or finch low-power objective and i or l inch 
high-power obJective. Two eye-pieces should also be used; 
the one with shorter body and narrower eye-glass is the 
more powerful. 

In most modem instruments the magnifying power can 
be increased by having the body-tube constructed like s. 
telescope; the upper part {draw-tube), carrying the eye
piece, can be drawn out. To avoid the inconvenience of 
having to screw and unscrew s. lens every time a. change of 
magnifying power is required, it is worth while to get a. 
Jlose-piece (Fig. 8), which is screwed to the lower end of 
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the body-tube; the nose-piece carries the two objectives, 
and by rota.ting it we can quickly change from low to high 
power and '1ice versa. 

6. JITotes on Use of Compound Jll[icroscope.-If the 
stand is without rack and pinion, see that the tube moves 
easily, but not too easily, up and down; if stiff, take out 
the tube, rub it with a. little olive oil or va.seline. 

See that the lenses are clean; dust the mirror, adjust it 
- so as to send light through the body-tube, and insert first 

one eye-piece and then the other. Rota.ta ea.eh eye-piece; 
if any specks are seen to rota.ta with it, they must be on the 
eye-piece lenses, a.nd should be removed with a. chamois 
leather or soft cloth. If the specks a.re dim, the dirt must 
be on the objective; wipe the la.tter very carefully, and if 
necessary wash its front lens with a. jet of water from a 
wash-bottle and wipe it dry. Do not rub lenses much, or 
unnecessa.rily; do not unscrew the separate lenses of a. high 
objective unless it becomes absolutely necessary, and then 
do it with great ea.re; in cleaning the lenses do not remove 
the bla.ck coating on the inside of the tube. 

Alwa. ys use the low-power objective first, and never use the 
high power unless the object is covered with a. cover-glass. 

With the low power use the flat mirror and a. la.rge hole 
of the diaphragm below the stage; with the high power use 
the concave mirror and a. small diaphragm, otherwise 
(though the field may look brighter) the outlines of the 
cells, etc., will not be so sharply defined. 

Never use the fine adjustment until the focus has been 
obtained with the coarse adjustment, whether by sliding or 
by rack and pinion. With the low-power objective (the 
one with the larger front lens), slide or rack down the tube 
to a.bout l inch from the object; then, looking through the 
eye-piece, slide or rack the tube upwards till the object 
comes into view, and focus clearly by turning the milled 
hea.d of the fine adjustment screw to right or left. With 
the high power lower the tube to a.bout i inch from the 
object, then very carefully slide or rack the tube down 
while looking through the eye-piece, till the object just 
becomes visible, and focus with the fine adjustment. 
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Great care is necessary in using the high power, since the 
objective when in focus is so close to the object. Do not 
let the high objective touch the slide, and above all do not 
go on ramming or racking the tube down after passing the 
position of focus, or you may ruin the objective, besides 
breaking cover-glass and slide and damaging the specimen. 
Always use a cover-glass with the high objective; if you 
cannot see anything clearly, stop at once, move the tube 
upwards, wipe the objective, remount the specimen (if 
examined in a drop of wa.ter, which is liable to flow over 
the cover-glass and wet the objective), clean the cover-glass, 
and start again. If glycerine or other mounting fluid or 
reagent gets on the objective, wipe the latter with a cloth 
wetted with water, then dry it thoroughly. 

Keep both eyes open when using the microscope ; this 
lessens the fatigue of microscope work, and is not at all 
difficult if you practise for a few minutes each time you 
start work. Accustom yourself to using either eye indif
ferently. 

7 • .6.ccem•ories for Micro•cope Work.-Thefollowingarticlee 
are necessary for work with the microsoope :

(1) A few dozen glass slips, 3 in. x l in. 
(2) An ounce of l in. square oover·glasses, No. 2 thicknees. 
(3) A pair of fine-pointed forceps. 
(4) A pair of fine scissors with sharp points.. 
(5) A few oamel-hair brushes. 
(6) A few mounted needles; these can be made by fixing a 

needle, by means of pinoers, into one end of a pen-holder, or 
a handle adjustable for any needle oan be bought for about 9d. 

(7) A few flat-bottomed watch-glasses. 
(8) A few ointment pot.a with lids. 
(9) A small spirit-lamp, about 4 ounce size. 
(10) A coarse duster, a finer cloth (e.g. an old but clean 

handkerchief), and a small chamois leather-the last to be 
kept for cleaning up the microscope only. 

(11) Small reagent bottles with dropping-rods, one for 
each of the reagents moet commonly used, e.g. (a) glycerine 
diluted with equal volume of water, (b) a 5 per oent. solution 
of oaustic potash in water, (c) iodin" 10lution, (d) aniline 
sulphate solution, (e) a 5 per cent. solution of common salt, 
Vl chlor-zinc-iodine. 



APPARATUS AND METHODS. 9 

(12) Two wash-bottles, one for 50 per cent. alcohol (methy
lated spirit diluted with equal volume of water), the other 
for water. 

(13) A bundle of dried Elder-pith for section-cutting. 
(14) Razors, including at lea.et one thoroughly good hollow· 

ground razor-see § 10. 
Various other articles and reagents are required for special pur· 

poses; these are referred to in the text.-see also Appendix and 
Index. 

8. J'ization and Preservation of Material.-In a.11 
ca.ses fresh material should be used, both for the mounting 
of entire specimens and for section-cutting-at least a.s a. 
preliminary to the examination of material preserved in 
alcohol or treated with various reagents or stained with 
dyes. Such specimens a.s starch-grains, filamentous Algae 
(e.g. Spirogyra), leaves of Mosses, etc., which do not require 
to be sectioned, are simply mounted in water for examina
tion. 

Where thin sections must be taken, a.s in the investiga
tion of solid organs (stems, roots, etc.), it is often an advan
tage to use material preserved in alcohol, since this reagent 
drives out air-bubbles besides rendering the tissue more 
readily cut; but it must not be forgotten that alcohol 
dissolves out such cell-contents as chlorophyll, oil, resin, 
etc., a.nd it is therefore necessary to examine fresh material 
first whenever possible. 

If plant tissues are placed in ordinary (methylated) 
alcohol, this reagent may cause plasmolysis of the cells. 
For rough purposes this is no great disadvantage, but 
even for the simple freehand sectioning, with which a.lone 
we are concerned here, it is much better to be able to see 
more in a section than a network of cell-walls and here and 
there the shrunken and disorganised cell-contents. If we 
wish to see the cells in something like their living condi
tion, we must use reagents which will kill the protoplasm 
rapidly and fix it and the other contents of living cells in 
as nearly as possible the natural condition-apart from 
their having been killed. 

Various killing and fixing reagents a.re used for fine work, 
or for precise staining and double staining, but for genera.I 
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purposes it is sufficient to use either strong alcohol or 
formalin, or (better) one of the acid fluids. (1) Put the 
material into 4 per cent. formalin; i.e. 9 vols. of distilled. 
water to 1 vol. of 40 lr cent. formalin, as sold; or, better, 
into forma.lin-alcoho , which is 100 c.c. of 70 per cent. 
alcohol, to which 6 c.c. of 40 per cent. formalin have been 
added. Material '!ill keep in this indefinitely, but should 
be washed in water or alcohol before use. (2) Put 
the material for 24 hours in 300 c.c. of water containing 
2 grams chromic acid a.nd 3 c.c. gla.cia.l acetic acid ; wash 
in running water, or in a vessel of water changed fre
quently, for a.bout two hours; then place for a da.y in suc
cession in 30 per cent., 50 per cent., a.nd 70 per cent. 
alcohol; and fina.lly preserve in strong methylated spirit 
(=a.bout 95 per cent. alcohol) . 

Objects like filamentous Algae, Mosses, Liverworts, 
Fem protha.lli, root-tips, etc., ma.y be placed entire in the 
fixing a.nd preserving fluids, but larger specimens should 
be cut into pieces a.bout 1 cubic centimetre in size. 

8. Section Cutting.-In examining the structure of a 
solid mass-JS.g. a. stem, root, or lea.f-we ca.n lea.ma good 
deal by crushing, tea.sing, or macerating the tissues, but 
these simple methods should be supplemented by the 
preparation of thin sections cut in different directions. 
Instructions a.s to the direction in which sections should be 
cut a.re given in connection with the various types. It is 
only necessary to remember that for the complete study of 
a solid cell-ma.as, it is necessary to cut sections in three 
planes a.t right angles to each other. 

For instance, three sets of sections a.re required in the 
case of a cylindrical stem: (1) tra.D.sverse, exactly a.t 
right angles to the long axis; (2) radial longitudinal, 
including the long axis; (3) tangential longitucliD.al, 
pa.ra.llel to a ra.dia.l pla.ne but not including the axis. 
Obviously, in a cylindrical orga.n it will be only the 
central pa.rt of the ta.ngentia.l section tha.t will give the 
desired pla.ne-a.t ea.eh side of the section the radii will be 
cut obliquely a.nd not a.t right angles. 

In most ea.sea it is necessary to keep both the razor a.nd 
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the ma.teria.l thoroughly wetted in order to prevent the 
inclusion of troublesome air-bubbles and the sticking of 
the section to the razor. In cutting fresh material, or 
material preserved in formalin. moisten the razor with} 
dilute (50 per cent.) alcohol-since water is apt to collect 
in drops instead of spreading over the blade. In cutting 
alcohol material, wet the razor with alcohol of the same 
strength as that in which the material has been preserved. 
Have a saucer of alcohol at hand to dip both razor and 
material into while cutting the sections. 

"is- 9.-11'.e&hod ol. bolding Razor and Speclmm ha .,,.Wnc 8ectio11&. 

In cutting sections (Fig. 9), open the razor so that the 
blade ia in line with the handle. Hold the specimen 
between thumb and forefinger of left hand, and grasp the 
razor tightly with the right hand ao that the blade is 
horizontal with its edge directed towards you ; place the 
tips of the four right fingers on the back of the razor, and 
the thumb in front; place the left wrist and forearm 
firmly on the table; rest the blade of the razor on the 
bent forefinger of the left hand, with the edge against the 
specimen and the left thumb well down and out of the 
vray in cue the razor should alip. Then draw the razor 
through the specimen with a sliding movement, making a 
long oblique stroke and cutting a.s thin sections aa poa
aible; dip the razor into the dilute alcohol for each stroke. 

Before cutting sections, trim off the specimen with a 
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sharp knife or rough-work razor, also prepare the surface 
-whether transverse, radial, or tangential-of the stem 
or other solid specimen by cutting off a slice and thus 
exposing the right surface from which sections are to be 
cut with your good razor. 

At first you will find that the sections are rather thick 
and often obliquely cut. Thick sections are sometimes 
useful for the general arrangement of the tissues, but 
oblique ones a.re genera.Uy quite useless. With practice 
a.nd ea.re, extremely thin sections ca.n be cut, a.long exactly 
the desired plane. 

After the sections have been cut, they must not be 
allowed to become dry. If you do not at once mount 
them on a elide, transfer them from the razor-by means 
of a wet camel-hair brush, or a jet from a wash-bottle-to 
a watch-glass of weak alcohol. For Mounting see § 14.. 

10. B.asors.-In section-cutting, success depends so largely on 
having·good razors that it is important to select these judiciously, 
use them carefully, and keep them clean and in good cutting 
condition. It is advisable to have several different rators for 
different purposes ; in each case, it is false economy to select 
inferior razors on account of initial cheapness. 

(1) For rough work, such aa cutting off pieces of stem, trimming 
off the surfaces from which thin sectiona are to be cut, etc., have 
one or two strong razors ground flat on one side or on both sides. 
These rough-work razors should be kept sharp and free from 
notches ; rub them on a hone moistened with water, aloohol, or 
olive oil 

(2) For cutting sectiona of somewhat hard tissues, such as those 
of a woody stem. and also for cutting somewhat thick and large 
sectiona ao as to see the general arrangement of the tissues in a 
fairly stout herbaceous stem, etc., use a finer razor, preferably with 
both aides only slightly hollow-ground. 

(3) For very thin sections of soft tiBBues, use a thoroughly good 
quality hollow-ground shaving rawr, taking care not to cut a section 
of large area. Only small sectiona must be attempted with this 
rawr, otherwise the sectiona will be curved, and there will be serious 
risk of ruining the rawr by having bite broken out of its edge. 

Keep the three kinda of rawr separate-&bove all, never use the 
hollow-ground razors for rough work. 

The hollow-ground razors must be kept as sharp as possible. 
Tbe razor should be able to clip acroee a hair at a single touch ; 
if it will not do this, it requires either stropping on leather or 
honing on a stone and then stropping. Moisten the ball of the left 
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thumb and, holding the rawr in the right h&nd, draw the moistened 
thumb lightly over the edge of the rawr from the heel {end neareat 
h&ndle) to the point. If the edge givea the sensation of taking hold 
of the akin along its whole length, only stropping ii required; if 
not, the rawr mwst be honed. 

In hollinir, place the rawr as shown in Fig. 10, with the baok 
as well aa the edge of the blade against the atone ; push the blade 
along, edge foremost, and at 
the aame time slide it from 
point to heel in the direction 
of the arrow. Then turn the 
other side of the blade to the 
atone, and repeat the stroke 
from point to heel towards 
the other end of the atone, 
and 80 on for several times 
in each direction. Keep the 
atone well oovered with oil, or 
with soap and water. When 
the edge is ground enough, 80 
that it paseea the thumb teat, 
1trop the rawr. 

In: atroppiDir, draw the 
razor blade over the 1trop 
back foremost from heel to 
point, as lhown in Fig. 10; 
reverae the face for the baok· 
ward stroke, and repeat seve
ral timee, until the rawr 

' ............... 

Fig. 10.-Honiq (abo•o) and Swpping 
(bolo,.). The arro,. In each cue oho ... 
$ha direction In which the Razor ohould 
be puoed our Hone and Strop. 

will readily clip a hair across when tested. 
Never leave a rawr open on the table when not in use. Always 

clean and dry the blade after cutting sections; rinse it in water or 
dilute alcohol to remove acid plant juice, eto. It is a good plan to 
oil the rawr before putting it away; before using it again, wash oft 
the oil with alcohol 

11. Embedding in mder Pith.-A fairly large a.nd 
firm specimen, e.g. a piece of Marrow stem for transverse 
sections, can easily be held in the hand and cut without 
further preparation. If the a~imen is too small or too 
delicate or flexible to be held m the hand in this way, it 
becomes neceasa.ry to embed it a.nd thus have something 
firm enough to handle. 

Get dried Elder pith--1111pplied ready prepared by 
dealers. Cut the pith into lengths of I· 5 or 2 cm., and 
split each piece longitudinally; to do this without ea.using 
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the pith to crack, lay the pith on the table, hold it be
tween thumb and fingers, and cut it in halves with a. sharp 
knife--do not use your section-cutting razors for any 
rough work like this. With the knife, cut a groove in the 
pith so that the stem or root, etc., may be placed securely 
m position and held firmly, yet not so tightly as to com
press the tissues much. In the case of a. leaf, simply hold 
a. strip of the leaf between the two halves of pith. 

Having placed the specimen in position between the two . 
pieces of pith, treat the whole as if it were a. piece of solid 
tissue like a. stem. Trim off the end and cut thin sections 
from it, judging the thickness of each section of the 
specimen by the opacity- or transparency of the pith 
sections cut a.long with it. Cut a. good number of sections, 
transfer them to weak alcohol in a. watch-glass or saucer, 
and pick out the sections of the specimen for further . 
treatment. 

With the exercise of patience and ingenuity in the 
making of suitable grooves and other excavations for the 
reception of the specimens to be cut in pith, extremely 
good results may be obtained. 

12. Kounting.-In the following directions the term 
"specimen" applies to all objects examined, whether entire 
or in thin sections. 

First, see that the slide and cover-glass are dry and 
clean. Take a. slide by its edges with thumb and fore
finger of left hand, dip one half of it in water, withdraw 
it, and with a. clean cloth (an old handkerchief is better 
than a. duster, being freer from fluff) rub both wetted 
surface" at once until they are quite clean and dry ; then 
lay the slide on a. clean suitable backgrouud, as white or 
black paper. . 

Cover-glasses, as bought from dealers, often have a 
cloudy film on them ; to get rid of this, put the cover-glass 
in 50 per cent. sulphuric acid for a minute, then rinse 
it in water ; take it between two folds of the cloth held 
between thumb and forefinger of right hand, and carefully 
rub both surfaces at once until clean and dry; do not lay 
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the clean cover flat, but prop it against some clean and 
dry object until it is required for mounting. Always clean 
and dry the slides and covers when done with ; do not put 
them away wet or dirty. . 

In mounting, place on the centre of the slide a drop of 
the mounting fluid. Place the specimen in this, and care
fully lower the cover-glass, in such a way that no air 
bubbles shall be included in the preparation. To do this, 
hold the clean dry cover at one si~e of the drop of fluid, 
in a tilted position, then place a mounted needle under the 
cover at the other side and gently lower the cover by 
withdrawing the needle. If this is done carefully, very 
little fluid will flow from below the edges of the cover, 
and no air bubbles should be included. 

If water flows over the upper side of the cover, or if 
air bubbles get in, remove and dry the cover and try 
again. With a little practice one can accurately judge 
the size of the . drop of fluid according to the size of 
the · cover-glass and the thickness ~f the specimen . 
.AJJ.y slight excess of fluid on the slide around the edges 
of the cover can be soaked up with torn bits of blotting-
paper. . 

It is of the utmost importance that no water or other 
mounting fluid should reach the upper side of the cover or 
the surface of the objective ; if either of these get wetted, 
or if liquid gets on the lower side of the slide or on the 
stage, draw up the tube of the microscope, and thoroughly 
clean and dry the objective, the slide, and the stage, also 
removing the cover-glass and making a. new preparation. 
Absolute cleanliness and care in the use of mounting 
fluids and reagents must be observed, otherwise much 
time may be wasted. A cover-glass mUBt invariably be used 
with the high-power objective. 

Some other points worth noting are the following. 
Never use more than one cover on a slide, and place this 
as nearly as possible at the middle of the slide. Never 
press upon the cover, unless there is some definite object 
in doing so ; if a section is too thick, pressure will only 
make it worse, and if the section is tbin it will simply be 
ruined by pressure. A section must not be allowed to get 
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dry in the interval between cutting and mounting it; 
transfer it from the razor to a watch-glass of dilute 
alcohol, and have the drop of water or other mounting 
fluid ready on the elide before transferring the section to 

1
it. Always examine t he specimen in water first, before 
applying special reagents. If air bubbles a.re entangled 
in the tissues in a section, moisten the section with weak 
alcohol, or leave it for some time in a watch-glass of 
weak alcohol-this will at any rate remove some of the 
air. 

13. Application of Beagents.-It is always advisable 
to have several specimens, whether whole objects or sec
tions; in the case of sections this is especially necessary, 
so that the thinnest may be used for examination with the 
high power. The various reagents-iodine, aniline sul
phate, chlor-zinc-iodine, etc.-may be placed directly on 
a slide, the specimen being then placed in the drop of re
agent, and a cover lowered on the preparation, in exactly 
the same manner as in mounting the specimen in water or 
dilute glycerine. 

If the specimen has been mounted in water and ex
amined and sketched, any one of the special reagents may 
be applied by simply raising the cover-glass with a need.le, 
placing on the specimen a. drop of the reagent, and lower
ing the cover a.gain, after washing a.way the superfluous 
fluid by means of water and wiping the slide dry a little 
outside of the specimen all round. It is often desirable, 
however, to watch the action of the reagent without re
moving the cover-glass from the specimen, and this can be 
done by irrigation. 

14. Irrigation.-To irrigate a specimen with any re
agent, place a drop, or several successive drops, of the 
reagent on the slide close to one edge of the cover-taking 
ea.re that it does not get on to the upper side of the cover 
-and place a small torn bit of blotting-pa.per at the oppo
site edge of the cover so as to draw the reagent through, 
watching meanwhile for any effect produced by the reagent 
on the specimen. Since in irrigation the reagent may fail 
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to penetrate the specimen or reach only its edges, before 
concluding that the result of irrigation is negative it ia 
advisable to raise the cover-glass a.nd apply a drop of the 
reagent to the specimen directly. 

15. Clearing B.eagents for Temporary Mounts.
Sometimes it is difficult to see the cell-walls in a section 
on account of the dense cell-contents; or it may be desired 
to make a.n entire leaf transparent. For a.ny such pur
pose various clearing reagents are used ; the mode of action 
of such reagents differ.a in different cases, but the result is 
to make the specimen more transparent. 

(1) Gl;ycerine ia frequently used instead of water for the mount
ing of specimens, partly because it doea not evaporate and partly 
because it makes sections more transparent, hence it is a clearing 
reagent as well as a mounting medium. 

(2) Ca.uatio Potash causes swelling and partial disorganisation 
- of the cell-contents, and is especially useful with such preparations 

as sections of growing-points, embr,YOB in aiU1 in ovule or archego
nium, etc. A 5 per cent. solution m water answen for most pur
poses, but for denser ti88ues a concentrated solution in alcohol ma.y 
be used. If the solution doea not quickly make the ti88ues trans
parent warm the slide. If the specimen becomes too much swollen, 
so that even the oell-wa.lla are not seen clearly, cheok the action of 
the potash by treating the specimen with 10 per cent. acetic acid. 
In any case, it is as well to rinse the specimen in water after treat
ment with potash. 

(3) Ea.u de Ja.velle (see Appendix) is often preferable to caustic 
potash. Either mount the specimen in this reagent a.nd put it a.side 
for a. few minutes, or warm the slide to hasten the action, then 
wash with water, followed by a.oetio a.oid, a.nd mount in glycerine. 
Eau de Javelle has much the sa.me action a.a potash, but it doea not 
cause so muoh swelling, and the cell-walls are left more distinotly 
visible. 

(4) Chlora.l H;ydra.te (see Appendix) is a useful oles.ring re
agent for pollen-grains, embryos, fairly thin entire leaves, etc. 
The specimen ma.y be either left in the solution overnight, in a. 
covered vessel, or ma.y be heated in the solution to hasten the action. 
See also Chloral Hydrate Iodine in Appendix. 

(5) Ca.rbolio Acid (Phenol) is sometimes uaed for oles.ring. 
It ma.y be uaed instead of obloral hydrate for such specimens a.a 
entire leaves whioh have been deoolorised in alcohol; the leaves 
ar~ transferred from the alcohol to either pure carbolic acid or a 
mixture of three parts turpentine a.nd one pa.rt oarbolio acid. 
Pollen-grains, etc., may be cleared in this way. 

P . B . 2 
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18. Permanent Gqcerille JloUDta.-Preparationa mounted 
in water or in iodine or aniline llUlpbate eolution are purely tem
porary, since theee liquids quickly evapo.rate. Mounts made in 
glycerine or chlor-zino-iodine do not evaporate. A glycerine mount 
may be made permanent by (1) sealing, or (2) transference to 
glycerine jelly. 

To aeal a glycerine mount, either unstained or after ataining 
<-117), place the apeoimen in 10 per cent. glyoerine in l!_watch
glaaa or on a slide (without oover-glaaa), and put the preparation 
1n a oovered diah, to let the water evaporate from the glycerine 
gradually in a place 811 free 811 poasible from duat. When the 
glyoerine haa beoome about 811 thick 811 pure glyoerine, oover the 
preparation, taking care to have jnat enough glycerine to oome to 
the edge of the oover·gl8118-if any oomes.beyond the edge carefully 
wipe it away. Then aeal the mount, and with a brush paint around 
the edge of the cover-gliia a ring of Canada balsam, gala size, or other 
"'cement. Gold air.e anawera well ; apply i' with a camel-hair or aable 
brush; a turn-table may be ua.ed with advantage; on three or four 
euooeMive days, or at shorter intervals, apply the size again 811 the 
previona porti.on aeta, so 811 to have a fairly thick ring-not thick 
enough to be in the way in uaing the high power objective; if the 
llize geta too thick, thin it with turpentin&-if it ia too thin, leave 
the oork out of the bottle till it thickens. 

An excellent method, devised by Prof. IAgerheim :-Take eqnal 
parts of hard paraffin wax (melting-point M" to 60° C.) and m811tio; 
powder the m811tio and heat it in a porcelain dish (on a tripod over 
a Bunsen or spirit-lamp) until melted; then add the paraffin in small 
pieoM, stir the mixture till free from l~Jlll and quite homogeneona; 
then pour it into a flat dish which can be oovered (a Petri dish 
an8wen well), and let it oool; to_ apply the wax, fix into a wooden 
handle the long arm of a L-ahaped pieoe of thick oopper wire, the 
short arm of which ia jut unOer 1 inch long (i.e.. a little longer 
than the length of the aquare oover·glua uaed; heat in a spirit or 
Bunsen flame, dip into the wax, and apply the wax-oovered wire 
along each edge of the oover-glaaa in turn-the melted wax eolidifie11 
at onoe on contact with the glaae, forming a strong join ; then paint 
a thin ooe.ting of gold size over the wax. 

H oarefully aealed a glyoerine mount ia fairly permanent, but it 
ia a ueefnl plan to transfer the specimen from glyoerine to glycerine 
jelly, especially if the object ia of such thiokn- that the glycerine 
oozes out beyond the oover and thna makes it diffionlt to aea1 the 
preparation. Place the specimen in 10 per oent. glyoerine, let this 
enporate and become thick, then put the glyoerine-jelly bottle into 
hot water until the jelly melta, put a drop of melted jelly on a 
warmed slide (using a glaaa rod, which may be p888ed through a 
hole in the cork of the jelly bottle), and transfer to it the specimen; 
oover, and set 811ide to oool It ia u well to aeal jelly mounts, in 
the aame way as glyoerine mounts. A simpler method ia to put a 
it of the oold jelly on a 1lide, heat the slide till the jelty melts, 
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place in it the specimen, and cover-but t.hia may damage the llJ*ll· 
men, and it is better to apply as little heat u p<JMible. 

17. Staining with J>7u -a Mounting ill Baln.m.-In 
addition to the various "mioroohemical" reagents which give 
characteristic reaotiona with oertain oell-contents and oell-walla
e.g. iodine, chlor-zino-iodine, aniline sulphate, Millon'• reagent, 
alkannin-it is often useful to stain specimens with dyes in order 
to see clearly oertain structure. whi.ch are otherwise not readily 
distinguished on aooount of transp&renoy or lack of colour, or to 
bring out differenoea between bodies of nearly the 11&111e general 
appearance. 

It is not proposed to give here a full aooount of the vario1111 stains 
uaed, the majority of which are aniline dyes, the ohief non-aniline 
stains bemg the haematoxylim and carmines. Delafield'a haema
toxylin is perhaps the beat general dye to use when single ataining 
ia required ; other useful atains for this purpoee are aafranin, eoein, 
and aniline blue, all of which may be used for specimens which are 
to be mounted in glyoerine u temporary preparations, or made per
manent by -ling or by transference to glycerine jelly. 

For various purpoaea speoimem may be stained with two or even 
mon dye. in •uooe.ion. A simple form of double staining is that 
whioh hu for its objeot the production of one colour in oellul~ 
walls and a ~nd colour in lignified walla. Beginning with seotiona 
of Marrow atem, for instance, we may either (1) transfer the seo
tiona from one liquid to the next in a series of watoh-gla.saes or 
pots, or (2) perform all the prooeaaes on the elide, applying dropa of 
the various liquids in tum by meana of the gla.sa rod belonging to 
each bottle. 

First, treat the seotion with strong alcohol for a minut.e or two; 
then drain t.hia off and add eome aafranin ; after ten or fift.een 
minute. treat with 50 per cent. alcohol, and examine the specimen 
until you find that the red colour has nearly disappeared from the 
oelluloee walls, though still present in the lignitied walls. Treat 
the 11t10tion for two or three minutes with Delafield haematoxylin
t.hia will •tain the celluloee walls, but should not displace the 
aafranin from the lignified walls. Treat with water; if the purple 
colour is very deep, add a traoe of hydrochloric acid (a drop to 
50 o.o. of water), and as BOOn u the sections begin to tum reddish 
rinse them in plain water. Treat with ordinary alcohol for two or 
three minutes, then with abeolute alcohol for five or ten minute. 
-to dehydrate the seotion, which is very important; then drain off 
the alcohol, and cover with a drop of clove oil, to clear the eeotion ; 
then drain off the oil, put on a drop of balsam, and cover. In t.hia 
way we get a permanent double-stained balsam preparation; the 
lignified and suberised walls are stained red, the oelluloee walls 
violet. ' 

V arioua other combinations of stains are used for double staining, 
Oii the aame general prinoiplea, seotiona with lignified and oelluloee 
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walla. In each cue apply first the dye which ia to remain. in the 
lignified walla. In the following liat the dye named fint in each 
pair ia that which atainll the lignified walls, while the aeoond ataina 
the oellul~ walls: aafranin and aniline blue; aa{ranin and acid 
green ; iodine green and acid lnchain ; iodine green and carmalum ; 
cyanin and Congo red. 

Various dyes are referred to in the Appendix and in other parta 
of this book.~it ahould be remembered that very good..general 

tl'lc· 11.-llo11nting Cabinn (ll'lati.en .t Garnett), fttted with ,,_ri• 
for ruicroocope work, a1&iu, reac•nt.o, etc. 

work may be done without having resort to more than a very few 
of these stains, in addition to the reagenta used in making tem
porary preparationa. All the stains can be purchased in solution, 
ready for use. 

Fig. 11 shows a moat oonvenient and well-fitted mounting oabinet, 
supplied by Messrs. Flatters & Garnett. It oontaina a large selection 
of rea~enta and stains, in addition to a complete outfit of accessories 
for m1oroaoope work. Full particulars may be obtained from the 
makers {see Preface). 

18. Koist Chamber Slides.-For the germination of 
spores and the growth of pollen-tubes, kept under obser
vation in a hanging drop of culture eolution, there a.re 
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various methods of fixing up a moist chamber slide. A 
simple plan is to cement a glass or rubber ring to a slide 
-slides with such rings can be bought ready prepared 

11'11. U .-A Molat Chamber Slide ; on the right, a gl- rlns which C&D be cemented 
to an ordin&ry allde, to form a moiot chamber. 

(Fig. 12) ; then ,Place in a 81D8.ll drop of liquid the object 
to be examined, mvert the cover so that the liquid does 
not get on the upper side of the cover, and lay the in
verted cover on the other ground edge oi. the ring-which 
should be smeared with vaseline 
to make the chamber air-tight. r ~;;;;;;;;;;;;:;:;;;;;~ 

Another plan, even better for ~ 
many purposes, is to cut a square Fig. is.-A Ward'• Tube (Kolat 
or round hole 5/8ths of an inch ~~~~which can be cemented 

in diameter in a piece of card-
board l/8th inch thick, 1 inch wide, and li inches long; boil 
the card to sterilise it-the boiling also makes it fit more 
closely to the slide; while still wet press the card to the 
slide, and invert the cover-glass, with its hanging drop, 
over the hole. 

19. Ward'• Tube (Gu Chamber) Slide.-This ap
paratus, which is especially suitable for experiments on 

ll'lg. 14.-Gu Chamber Slide ; the aide t ubeo are ahown titled with robber tublns. 

protoplasmic streaming (see §§ 33-35) and also for cul
tures of pollen-grains, spores, et.e., can be bonght ready 
fitted up (Fig. 14) ; or the tube itself (Fig. 13) can be 
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obtained. consisting of a. ring of glass with two glass tubea 
annealed to it on opposite sides, and fitted up-cim.~11 
cement one of the ground edges of the ring to a gla.s slide 
with balaa.m. Lay the cover with the hanging drop on 
the upper edge of the ring, smeared with va.seline to make 
the chamber air-tight ; gases can be led through the cham
ber, a.nd therefore made to penetrate the specimen. 

20. Apparatu for Pl&Dt Phpiolon.-Ape.rtfrom 
expensive " precision apparatus," made for research pur
poses, apparatus for Plant Physiology may be either 
(1) Normal or Standard Apparatus, made apeciaJly for 
its particular purpose, giving quantitative results of a.p
pro:rima.te a.ccuracy, and obt&ina.ble ready made from 
supply firms who specialise in this kind of apparatus; 
or (2) Adapted Apparatus, made up carefully from T&rious 
a.ppli&nooa and articles sold for work in Chemistry and 
Physics, these being altered to suit the special purpose, 
giving qualitatively correct results and therefore aerring 
for elementary work and also in many ca.aes for advanced 
work in Plant Physiology ; or (3) Makeshift Apparatus, 
put together from common appliances for tempora.ry pur
~· giving only crudely qualitative :result.a. and onl1 
1uatifi..&ble in most caaea in a Nature Study Courae. We 
need onl1 consider here the Normal and the Adapted 
Apparatus. 

21. Jl'ormal Apparatu.-The best set of apparatus of 
this kind ia th&t au pplied by the Ba.u.sch and Lomb Optie&l 
Company, from the designs of Professor Ganong. Various 
pieces of the Ganong Apparatus are mentioned and illus
trated in this book-for full descriptions reference may 
be made to the Company's catalogues and to- Professor 
Ganong'a Plant Phyliology. 

S2. Adapted Apparatu.-Much useful informa.tion 
on the fitting up of apparatus in general ia given in worb 
on Pra.ctica.l Chemistry ( aee Preface). The Chemical 
Catalogue issued by Messrs. Baird and Tatlock should 
be consulted for pe.rt.icula.ra of the various articles and 
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appliances mentioned in the following lists. Other articles 
a.re mentioned in various parts of this book in connection 
with special 'ilxperiments. 

23. General Appliance• -d Artlclu B.equired.-The fol
lowing lists include various articles which should be available, ainoe 
they will all be required, especially in the putting together of 
adapted arparatua. 

A set o carpenter'• tools ; a eoldering outfit; round and trian
gular files (three Bizes of each) and a large flat file ; plien, including 
wire cutter. A set of oork boren ; a cork presser. An air-pump, 
or an exhausting and oondenaing 1yringe. A pair of 1trong scales. 
A good (not neoessaril;r expensive) balanoe, to carry 100 grams and 
sensitive to 6 milligrams ; a set of gnm weights. A drying (hot air 
or water) oven; a sand bath. A meat-juioe press. A spectroscope. 
Retort 1tande; filter 1tand ; clamp•; test-tube atanda; test-tube 
brushes; Bunsen burnen or spirit lamps; tripod etande; mortar 
and pestle. 

Aspirator ; beakers of various 1izes ; bell jan (for many purposes 
the cheap "cloches" u.-1 by gardenen will answer) ; bottles of 
various fol'Dll and Bizes ; burett.ee ; deeiooator ; dialyaer ring ; 
Erlenmeyer (conical) flaake ; fat extraction apparatus (Soxhlet'e) ; 
filtering flalb ; funnels ; glau roda ; glaae sheet.II ; glaae tubing of 
various diameten, including eome barometer tubing and some 
capillary tubing ; l[?'&duated vessels ; separating funnels ; Petri 
dishes ; pipettes, pfain and graduated; Soyka f!Aska; test-tubes ; 
thermometen ; thistle funnel• ; U-tubee ; vacuum flaska and 
bulbs; wash-bottles; watoh-glasaee; white aaucers. . 

Corks of varioua sizes ; rubber atoppera, to fit large flaaks, eto. ; 
rubber tubing, including eome at.out tubing ; tinfoil ; -1ing
wax; plasticine; vaseline; beeswax; filter-papen; litmua pe.pen, 
red and blue ; gummed labels; parchment membrane; diffwrion 
shells, of test-tube form; black paper; pina ; thread; oopper wire . 
and iron wire ; hard paraffin. ·wood blocks and wedges for 
supportin![ apparatus. Porous flower-pots and saucen of differ
ent sizes. 

Various chemioala are also required, e.g. alcohol (methylated 
spirit); ammonia; ammonium molybdate eolution ; baryta water; 
oaustio potash; 0000-butter for making joints air-tight, etc. ; 
oopper sulphate ; oorroeive sublimate (mercuric chloride), as an 
antiseptic; distilled water; eucalyptus oil, as an anti.septic; hydro
chloric acid, ltrong and 10 per cent. ; iodine solution; lead acetate; 
limo-water; magnesium sulphate; nitric acid, strong and in 10 per 
cent. solution; potassium dichromate solution; potassium nitrate; 
sods lime; eodium chloride; eulphuric acid, strong and in 10 per 
cent. solution ; thymol, as an antiseptic ; wax mixture. The use 
of eiLOh ia mentioned in oonneotioo with various experiments; see 
also Appendix. 
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26.. Binta on Fitting up ApparatlUl.-To be auocessful in 
e~riments with adapted apparatus, careful attention should be 
paid to such details as the borin~ of corks, the bending of glass 
tubing, the accurate fitting of tubmg into corks, etc. Only a few 
general hints can be given here. Sinoe it ia frequently neoessary 
to fit flasks, etc., with corks and to bend gl&BB tubing to various 
angles, we shall take as an example the making of a wash-bottle. 

(e1) J'it a l'lask of J.ll[edium Siae with a Cork.-Select a cork 
a little too large ; wrap it in a piece of paper, and using gentle 
pressure with your foot, roll it to and fro upon the ground-<>r a 
cork pl"81188r may be used. This softens the cork, and the risk of 
breaking the neck of the flask is lessened. If still too large, file 
down the cork equally all round. 

(b) Bore a Cork Lengthwiae and l'it a Glaaa Tube tightly 
into the Hole mad.e.-Select a cork-borer (Fig. 15) slightly 18811 in 
diameter than that of the tube to be fitted into the cork. The oork
borer is a hr&BB tube about lS in. long sharpened at one end. At 

Fig. 15, Fig. 15. 

the other are two small holes opposite each other; through these 
the accompanying iron rod may be thrust to serve as a handle. 
The borers are generall,r put up in sets of three or more. Dip the 
sharp end of the borer mto the water. Place the cork against the 
edge of your bench, as shown in Fig. 16. Press the borer gently 
into the narrower end of the cork and twist the borer round (always 
in the same direction) until it emerges at the other end of the cork. 

Now take the cork prepared in (a) and bore two parallel holes in 
it similar in position to those in the wash-bottle (Fig. 19). 

Well sharpened borers can also be used for rubber stoppers. In 
this C&Be they are moistened with either alcohol or glycerine, and 
pressed through more slowly. 

Gl&BB tubes should always be dipped in water before being pushed 
through the hole in the cork or stopper. 

(c) Cut 1ome GlaBI Tubing about 1 in. in Diameter into 
Lengths t. to 6 inches.-Lay the tube flat on the bench and with 
a sharp triangular file make a ecratch across it where required, the 
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pressure used being regulat.ed by the thickness of the tube. Now 
hold the tube in both hands, with the acratch away from the body 
&nd the tips or the thumbs touching each other just opposite the 
11Cratch. .Break the tube by bending it, giving a pull at the same 
time. Round off the sharp ends by fusing them in the Bunsen 
flame-hold the tube vertically until the flame is ooloured strongly 
yellow by the sodium of the glass. 

Fie. 11. Fie. 1s. 

(d) Bencl 110m• pieces of Gla.u Tubing to form Right 
A.nglea.-Uae an ordinary spreading gas flame lowered until it is 
about 2 in. across. Place the tube over the flame for a few seconds, 
and gradually bring it down into tihe hottest part, as shown in 
Fig. 17. Turn the tube round and round till it softens, then allow 
one end to fall until it makes the required &ngle. 
The bend should be round and smooth ; the 
Bunsen flame is apt to give buckled bends (Fig. 
18). Do not remove the soot uutil the tube is 
cool 

(e) Bencl aome Tubing twice &t Right 
Anglea ao a.a to form Three Sidea of & 

Bectangle.-When laid down all three sides 
moat touch the bench. 

Vl Kake two lioulea.-Hold a piece of 
tubing by both ends in a flame ; soften the 
middle, and pull the ends slightly apart. Cut 
the tube through and round off the ends. 

(g) Complete the W&sh-bottle.-Bend suit· 
able pieces of tubing to form angles equal to 
those seen in the wash-bottle in Fig. 19. Push Fig. 19. 
them through the cork prepared in (b), and at-
tach a nozzle by means of an inch or so of rubber tube. 

25. Experiments.-In making experiments, sketch 
the apparatus used. Make notes of the materials experi
mented with (name of plant or part of plant, number, 
condition, stage of growth, etc.); the duration of the 
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experiment, date, time of day; the extmna.l oonditiona 
(temperature. light-intensity, barometer-reading, et.c.); the 
precautions which seem necessary, and the sources of error 
which may spoil the results. 

Always make "control " or "check " experiments, using 
the same form of appa.ra.tus, set up at the sa.me time, but 
with one or other of the conditions difierent, e.g. in dark
ness instead of light; with the plants omitted; with killed 
instead of living plants ; with plants in difierent sta.ges of 
growth. Also make " repeat" experiments, using different 
pl&nts under similar conditions or the a&me plants &t dif. 
ferent times of year or da.y, etc. 

If your experiments do not succeed, try again ; if they 
give discordant results, try to &ecount for these and to 
think out a method for & repeat experiment under different 
conditions, with specia.l precautions, or for making & new 
experiment altogether. In drawing conclusions, try to 
distinguish between probability and a.ctua.l proof. 



CHAPTER II. 

CELL-CONTENTS AND CELL-WALLS. 

I. THB CBLL; NucLEAR AND CELL Drv1s10N. 

26. 'l'he Vegetable Cell.-The body of the higher 
plants consists of various forms and modifications of 
cells. A normal uninucleate cell consists of two series 
of parts :-(1) the protopla.st, (2) ergastic or secondary 
structures. 

tl) 'l'he protoplast or protoplasm body is again di
visible into (a) protoplasma.tic organs and (b) allo
plastic organs. The former are distinguished by the 
fact that they do not a.rise de novo, but a.re multiplied 
by division. (a) To the protopla.smatic bodies belong 
(i) the cytoplasm, or general ~rotopla.sm ; (ii) the 
nucleus, with the chromosomes; (iri) the trophoplasts, 
which a.re either a.utoplasts (usually chloroplasts) 
capable of photosynthesis, or leucoplasts, or chromo
plasts. (b) The a.llopla.stic organs, which arise by slight 
alteration of the ordinary protoplasm, include (i) the 
nrfa.ce layer of the cytoplasm, lying immediately within 
the cell-wall; (ii) the tonoplast, or layer lining vacuoles; 
(iii) the cilia. of motile cells (zoospores, etc. ). 

(2) The erga.stic structures a.re formed by the pro
toplasm, cannot multiply by division, and arise de novo as 
either (a) inclusions of the protopla.st-e.g. cell-sap, oil 
drops, calcium ozalate crystals, starch grains, pro
tein crystals, or as ( b) excretions of the protopla.st
e.g. the cell-wall. 

27. Protoplasm, l!l"ucleus, Mitosis, Cell-Division.
In order to make out the minute details of protoplasmic 
and especially of nuclear structure, the materials must be 

'J:1 
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carefully selected, fixed, and stained. However, there are 
a. few cases in which it is possible to trace some of the 
stages of nuclear division (mitosis, or ka.ryokinesis) and 
cell-division without the use of fixative or stains 

(a) The processes of division can be, in part at any rate, observed 
in living cells. Carefully open a flower.bud of Tradescantia which 
is almost ready to open (choose a warm day or use a plant that has 
been kept for some time in a warm place, so that growth has been 
vigorous), remove the stamens, mount them in 2 per cent. sugar 
solution, cut off the anthers, cover the filaments, and examine the 
hairs on the latter with high power. Each hair consists of a row 
of cells, having relatively large nuclei. In most of the cella the 
nucleus will appear rounded and definite in form (resting nucleus), 
but in the longer oella at or near the end of the hair the nucleus 
has an elongated form and ill-defined appearance (dividing nucleus). 

In a resting nucleus note (1) the fine chromatin threads 
forming a network and giving the nucleus a granular appearance, 
(2) the highly refractive nucleoli-usually one or two in number, 
aometimes more. 

In the dividing nuclei the following stages can be made out:
(1) the nucleus grows larger; (2) the threads become thicker; (3) the 
network breaks up into a number of rod-like chromosomes, at first 
curved; (4) the dividing nucleus becomes spindle-shaped, with the 
chromosomes straightened and arranged in two groups, one group 
on either aide of the ~uator of the spindle (each original chromo
some has split longitudinally into two, one half passing to one side 
of the equator and the other half to the other side, but this is not 
easily observed), the cell meanwhile having grown in length ; (5) the 
chromosomes of each group become curved again, and join up to 
form the chromatin network of the new nucleus; (6) the cell-plate 
is formed at the equator of the spindle, by the fusion of granules 
which have appeared here; (7) the spindle widens out, so that the 
cell-plate reaches the outer wall of the cell, which is thus divided 
into two cells by the new cell-wall 

(b) Some hairs of Tradescantia should be stained, in order to 
bring out the detaila clearly. For this purpose we may either use 
a single stain, or two stains of which one will show up the chro
matin and the other the fine spindle-threads. Of single stains, 
methyl green or haematoxylin should be used. For double staining 
use firs t safranin and then gentian violet ; the former stains the 
chromosomes and nucleoli, the latter the threads of the spindle 
connecting the two new nuclei. In the case of living cells it is 
better to use a single stain, and methyl groen answers well with 
the hairs of Tradescantia. 

(c) In order to study both nuclear division and the changes 
undergone by young cells, root-tips afford good material. The 
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roots of Hyacinth or of Onion, obtained by growing the hulbe in 
hyacinth-gla.sses containing culture solution, may be used. The 
tip (about an inch) of a growing root is cut off, and the tips are at 
once transferred either to absolute alcohol (or strong methylated 
apirit), or (if the mitotic figures are to be obtained with certainty) 
to a fixing solution containing 10 parts by volume of 2 per cent. 
osmio acid, 4 parts of 10 rr oent. chromic acid, 3 parts of gll\Cial 
acetic acid, and 20 parts o water. If the latter fixing solution is 
used, the tips must be left in it for about 12 hours, then transferred 
to water and thoroughly washed for several hours, then hardened 
by being placed in increasing strengths of alcohol-70, 80, 90 per 
oent., and finally absolute alcohol, for a few hours in eaoh case. 
After this, they are transferred to methylated spirit, and sections 
cut in split pith. After staining, the sections should be treated 
with absolute alcohol, cleared with olove oil, and mounted in 
balsam. 

Preparations of root-tips, out with the microtome and doubly 
stained, may be purchased. The details of mitosis are given in 
text-books, and most of the stages may be traced in successful 
preparations made from root-tips . 

(d) Direct division (fragmentation) of the nucleus may be 
observed in the large internodal cells of Nitella, or in longitudinal 
aeotions of the stem of 1'rodescantia and various other plants. It 
takes place chiefly in old cells, which have ceased to undergo cell
division. The nucleus becomes elongated and dumbbell-shaped, and 
finally constricted into two, in much the same way as a dividing 
chloropla.st. 

II. STB.BAMING MOVEMENTS OF PROTOPLASM. 

28. Streaming Movements of living protoplasm, 
rapid enough to be watched under the microscope, are 
well shown in the long cells of the Stoneworts Nitella and 
Chara, and in the leaf of Elodea. This streaming, or 
cyclosis, may also be studied in the plasmodium of 
Myxomycetes; in the Desmid genus Closterium; in the 
mycelium of Mucor ; in the epidermis torn from the 
inner scales of an Onion bulb ; and in hairs found on 
the roots, stems, leaves, and flowers of various plants. 
It will usually be found that the movements can be 
started or, if already in evidence, hastened by warming 
the preparations or by using warm water to mount the 
objects in. 
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~9. Cyclosis in Elodea.-Mount in water a. few leaves 
of Elodea, which grows abundantly in many rivers and 
canals, having long submerged stems and leaves arranged 
in whorls of three. Look for the streaming of the proto
plasm in the leaf-cells. The long narrow cells of the 
midrib show a. continual rotation, which by careful fo
cussing is seen to be confined to the inner portion of the 
" primordial utricle "-this portion of the protoplasm 
flows round the lateral and end walls of the cell, carrying 
with it the chloroplasts. The outer portion, in immediate 
contact with the cell-wall, is at rest, a.s is also the whole 
protoplasm layer lying a.long a. line ("indifferent" or 
"neutral" line) in the middle of the upper and lower 
walls-these points a.re more easily seen in Nitella. or 
Chara.. 

In the shorter and broader cells on each side of the 
midrib there a.re strands of protoplasm running a.cross 
the vacuole, some being attached to the central nucleus ; 
in these cells the strands, as well as the vnmordial utricle, 
show streaming movements in all directions-these move
ments of circulation may also be seen in the stamina! 
hairs of Tradescantia. (§ 31). 

30. Cyclosis in the Stoneworts.-E:mmine specimens 
of Chara. and Nitella., which grow in stagnant or sluggish 
water, rooting in the mud and sending up shoots often a. 
foot long which bear whorls of appendages ("leaves"). 
Ea.eh "intemode" contains a. single very long cell, but in 
Chara. this is covered by a. layer of cortex filaments (ex
cept in the terminal cells of the "leaves ")-the rotation 
can be observed in these naked "leaf" cells of Chara. or 
(better) in the long naked intemoda.l cells of Nitella., 
which ha.s no cortex. 

Note that here the chloroplasts, which lie in the outer 
layer of protoplasm just within the cell-wall, remain 
stationary; the movement, which is confined to the 
colourless inner layer, is shown by the sweeping a.long of 
the granules embedded in this inner portion of the pro
toplasm. Note the very conspicuous " indifferent line " 
which runs spirally a.long the cell and is sharply defined 
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by the absence of chloropla.sts. Carefully watch the 
rotation movement; on the two sides of the colourless 
" indifferent line " the protoplasm moves in opposite 
directions. 

31. Cyclosis in Stamina! Hairs of '!l'radescantia.
Ta.ke a newly opened flower, preferably on a warm day; 
cut off the stamens, mount in water, and examine the 
hairs on the fila.ments~ach hair consisting of a. row of 
cells with violet sap. Note that the protopla.sm in these 
cells is in active movement in various directions; that in 
the thickest of the strands extending a.cross the vacuole 
two currents ma.y be seen flowing simultaneously in oppo
site directions ; and that in any pa.rt of the protopla.sm 
the movements ma.y stop for a time and then start a.ga.in
sometimes in the reverse direction. 

32. Infiuence of 'l'empera.ture on Protoplasmic 
Streaming.-While watching movement in Elodea. or 
Nitella., place a piece of ice at the edge of the cover-gla.ss, 
a.nd a strip of filter-pa.per a.t the opposite edge, so as to 
draw cold water through ; the movement slows down and 
stops, but starts a.gain as the water gets warmed. Heat 
the slide over a flame; with gentle warming the rate of 
streaming is hastened, but if the slide is heated further 
movement stops, and the protopla.sm is of course killed if 
the water is heated still further. 

A better method is to use a Ward's tube (§ 19) and 
draw through (a) a.ir heated in a. U -tube held over 
a. flame, (b) a.ir chilled in a U-tube pla.ced in chopped 
ice. 

33, Hect of Chloroform.-To observe the effect of 
anaesthetics, etc., use a Ward's tube cemented to a slide, 
placing the specimen in a drop of water on a cover-gla.ss, 
inverting the cover, and sealing it air-tight over the 
chamber. For experiments in which it is not desired to 
lead gases through the apparatus, use either the Ward's 
tube with the ends open or a.n ordinary moist-chamber 
slide (§ 18). 
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Ha.lf fill a. wa.sh-bottle with water, a.dd a. few drops of 
chloroform-a.bout 1 per cent.-cork tightly, and shake 
the bottle. Fix a. rubber tube to the short tube of the 
bottle a.nd to one end of the gas-chamber; join the other 
end of the chamber by rubber tubing to an aspirator, and 
let the air charged with the chloroform pa.as through the 
chamber, on which is inverted a cover-glass with a drop 
of water containing an Elodea. lea.£ or other object showing 
active protoplasmic streaming. The chloroform vapour 
ea.uses the movement to slow down and fin.a.Uy stop. Dis
connect the wa.eh-bottle, so a.a to let fresh air pass through; 
the movement will be resumed-if the chloroform vapour 
has not been allowed to kill the protoplasm. 

34. E1fect of Carbon Dioxide.-Lead carbon dioxide 
through the ga.s-chamber--e.g. by placing plain water in 
the wash-bottle and joining its long tube to a bottle in 
which carbon dioxide is generated by pouring dilute 
hydrochloric acid on ma.rble chips or chalk. The move
ment is quickly arrested. but is renewed on disconnecting 
the apparatus to let fresh air pa.as through. 

35. E1fect of Ezclusion of O:zygen.-Repea.t the pre
ceding experiment, using hydrogen generated by pouring 
hydrochloric acid on zinc filings. Or o:xygen may be ex
cluded by simply placing with a. pipette some freshly ma.de 
potassium pyrogallate in the gas-chamber, after sea.ling 
the tubes up, and quickly laying the inverted cover-glass 
preparation on the upper edge of the chamber. In absence 
of o:xygen the movement continues longer than in the 
preceding experiments and is only gradually slowed down; 
if hydrogen is used. it acts by simply excluding oxygen 
from the protoplasm, not a.a a poison or narcotic. 

m. EPl'l!:CTS 01' Hl:AT, CoLD, BTO., ON P.&OTOPLAllK. 

38. E1fects of Heat, Cold, Poisons, etc., on Proto
plasm.-W e have already noted the effect of these 
agencies on protoplasmic strea.ming. That protoplasm 
alters when killed can be shown in various ways. 
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(a) The leaves of most plants change but little in colour 
when plunged into water at 60° C. or over, but they be
come limp, owing to the cells losing their turgidity on 
being killed, and cannot be restored to the normal condi
tion of turgescence. However, some leaves, e.g. Oxa.lis, 
Vine, Begonia. (especially B. ma.nicata.), quickly become 
discoloured by hot water, owing to the chlorophyll being 
decomposed by the acid sap which, on the death of the 
protoplasm, is a.llowed to come into direct contact with the 
chloroplasts. 

(b) Tie a.n Oxa.lis leaf to the bulb of a. thermometer and 
hold it in water in a. beaker above a. Bunsen, or in a. large 
test-tube, and gradually heat the water. Try several 
times, and carefully note the average temperature at which 
the colour change occurs-usually a.bout 50° C. or a. little 
over. 

(c) Pla.ce Oi:alia lea.ves, some entire and others cut into 
pieces, in a. bottle of 1 per cent. chloroform water ; note 
the time ta.ken for the colour change in ea.eh case. Try 
other poisons instead of chloroform in the water, e.g. car
bolic acid, formalin. 

(d) Cut out two pieces of living Begonia. lea.f-ata.lk, 
rinse them in water, then pla.ce one in a. beaker of cold 
water (either distilled water, or water that ha.a been boiled 
and allowed to cool) la.belled .A. Kill the second piece 
(B) by immersion in very hot water; when it is dis
coloured, put it in a. second beaker of water. After half 
a.n hour remove the two pieces, and pour into the water 
in ea.eh beaker an equal quantity of strong calcium chloride 
solution. In .A the water remains clear; that in B be
comes turbid, owing to the formation of calcium oi:a.late 
produced by the oi:a.lic acid which ha.a escaped from the 
killed cells. 

( tJ) The effect of mechanical injury on the protoplasm 
can readily be shown by firmly squeezing between the 
fingers or a. pair of forceps a Begonia. leaf , the crushed 
pa.rte at once become brownish. Cut and mount in water 
a t&ngentia.l section of the injured part, and note that 
the chloroplasts have lost their green colour and become 

P.B. 8 
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brown. The pressure has destroyed the protoplasm a.nd 
made it permeable to the acid sap, which then decomposes 
the chlorophyll. 

(/) Another indication of the death temperature of 
protoplasm is afforded by cells with coloured sap, e.g. 
those of Beetroot. We have already noted that when 
Beetroot sections are heated the red sap escapes from the 
cells. Cut a thin slice (3 or 4 mm.), rinse it in cold water 
(to remove any sap on cut surfaces), and suspend it, with 
a thermometer, in a beaker of cold water; then gradually 
heat the water. The red sap does not, a.a a rule, escape 
until the temperature exceeds 55° C. 

(g) Here is another proof of the difference between living 
and dead protoplasm as regards permeability. Cut two 
fairly thick slices of Beetroot and rinse them thoroughly 
in water. Place one slice in some cold water in a beaker 
(A). Plunge the other slice in boiling water to kill it , 
and then place it in water in a second beaker (B). After 
an hour ta.ke some water from each beaker ; add in ea.eh 
case a few drops of sulphuric acid and boil, then pour in 
some Fehling's solution and boil a.gain. Sugar is present 
in the water in B, but not in .A. 

(h) Cut out two pieces of fresh Turnip, rinse them in 
water; kill one piece by immersion in very hot water. 
Mince a piece of Beetroot, boil with water, and P<:>ur the 
red juice into a shallow dish, and lay in the juice the two 
pieces of turnip. Note that, after a day's immersion, the 
killed piece of turnip is stained right through, while the 
living piece is unstained or only alightly ata.ined on the 
surface. · 

(i) Cut a fairly thick (about 1 cm.) slice of Beetroot, 
rinse it in water, wipe it dry, and place it in a glass jar 
with a cork, through which passes a thermometer. Put 
the jar in a larger vessel containing a freezing mixture of 
anow (or broken ice) and salt, giving a temperature of 
- 6° C. or lower. After a time quickly remove and 
examine the frozen slice ; its surface is covered with a 
layer of ice, consisting of parallel rods, most.abundant on 
the lower side where the slice was in contact with the 
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gla.ss of the jar. Note that the ice is colourless, showing 
that only water, not the coloured sap, ha.a been frozen out 
of the cells. 

(j ) Freeze another Beetroot slice, and suspend it in a. 
beaker of water at the ordinary temperature; arrange a. 
slice of unfrozen root ~ a. similar beaker for comparison; 
the frozen slice yields its coloured sap to the water, the 
other does not. 

(k) Mount filaments of Spirogyra in water on a. slide, 
place the preparation in the freezing apparatus, and note 
that the cells a.re strongly pla.smolysed and shrunken, but 
on thawing the cell-wall is seen to be intact. Freezing 
does not ea.use rupture of the cell-wall. 

(Z) To illustrate the fact that freezing ea.uses a. mole
cular change in the protopla.sm-a. rearrangement of the 
molecules-make some starch pa.ate in a. beaker or test. 
tube. Freeze the pa.ate; when it thaws it is no longer a 
homogeneous liquid, but has become spongy, the "pores" 
being filled with fluid. 

( m) Our experiments with frozen Beetroot slices and 
Spirogyra threads suggest that on freezing the formation 
of ice takes place not inside the cells themselves, but on 
the outside-in the intercellular spaces in the case of a 
mass of tissue. To demonstrate that this is usually the 
-case (though under some conditions ice is formed within 
the cell), cut off the upper part of a. Beetroot, scoop out 
a. cavity in the lower pa.rt, and fix the upper part on a.gain, 
like a. lid, with thread. Freeze to a.bout - 8° C., and on 
removing the lid-like upper part note that ice has a.eeumu
la.ted in the cavity. 

(n) That ice usually forms, at any rate at first, in the 
intercellular spaces may be directly observed. Freeze a 
Potato or a. Carrot, a.nd with a. very cold razor (chilled by 
being put in the freezing apparatus or in ice-water) cut 
sections and mount them on a. chilled slide. Observe 
quickly, and note that the ice crystals have been formed 
between the cells. As thawing proceeds (cheek its rate by 
placing a bit of ice at the side of the cover-gla.ss), note 
that the intercellular spaces have expanded 8.s the ice 
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accmnula.ted, so tha.t the cells ha.ve been disturbed and 
thrust asunder. As the tissue freezes wa.ter is drawn from 
the cells, and this on freezing collects as fi.lma on the wa.11.s 
a.butting on the intercellula.r spaces. As the water ia 
withdrawn from the cell-sap these fi.lma accumulate and 
cause disruption of the tissue. the cells at the same time 
shrinking. 

(o) From experiments like the preceding, it ha.a been 
suggested that death from freezing is really due to the 
resulting withdrawal of water from the protoplasm, and 
that unless and until ice-formation occun the cold is not 
fa.ta.I-that for sudden death on cooling ice-formation is 
essential, whether it act.a on the protopla.sm directly or 
indirectly. The revene, however, is not true, for many 
plants readily recover after being frozen solid. It ha.a 
also been suggested that it is only on the thawing of the 
cell that the fatal disorganisation occun, and that if thaw
ing proceeds slowly recovery may take place even in caaes 
where quick thawing would lead to death. But this view 
bas been disproved by experiments, of which the two 
following should be made. 

(1) The oeU. of the red --weed Nit.oph1llum, on being frozen 
t.o - 5"C., abow orange-red flu~oe; m the living oella the 
pigment aboww no fluoreeoenoe, and ita appea.ranoe ill a aign of death. 
(2) Treat in the eame way the leavea of the oommonly cultivated 
Ageratum mex:icanum; on freezing the charaot.eristio smell of 
coumarin ill peroeived. Thill aromatic 1111betance, which OOCIU'll in 
Sweet Woodruff and eome other plant., ill not present in liTing 
Ageratum leaves, hut is produced on the death of the oell&. 

IV. P&OTllillB ilm TRBB DIGESTION. 

37. Vegetable Proteins.-Various proteins occur in 
plants. The proteins cont.a.in Carbon (50 to 55 per cent.), 
Hydrogen (about 7 per cent.), Nitrogen (15 to 20 per cent.), 
Oxygen (about 20 per cent.), and Sulphur (O·l to 2 per 
cent.). The nucleoproteins and pbospboproteins cont.a.in 
Phosphorus in addition to these five elements. The pro
teins ahow various reactions in common. All, except the 
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prolamins, a.re insoluble in alcohol; some are soluble in 
water, others insoluble; others, again, a.re soluble in saline 
solutions. All are soluble in strong acids and alkalies, but 
undergo decomposition in the process. 

The constitution of the proteins is very complex. When 
decomposed in various ways, e.g. by acids, alkalis, or pro
teolytic enzymes, they yield a great variety of substances. 
When acted upon by Bacteria they undergo putrefaction, 
offensive gases (ammonia, sulphuretted hydrogen, phos
phoretted hydrogen, etc.) being given off. 

Proteins are composed largely of amino acids (§ 60), which form 
the chief unite of the protein molecule. These include leucin, 
tyrosin, aspartic acid, glutamic acid, arginin, tryptophane, etc. 
By synthesis compounds have been prepared which contain from 
two to about twenty amino acid unite. 'l'he most complex of these 
compounds, or polypeptides, would be regarded aa true proteins if 
they were found in nature. Proofs of the polypeptide constitution 
of the proteins are (1) the isolation of polypeptides from the natural ~ 
proteins ; (2) the hydrolyais of polypeptides by trypsin into their 
constituent unite or amino acids, in the same way aa the natural 
proteins are hydrolysed. The various amino acids can be combined 
together in many different ways, hence an enormous number of 
isomers is possible among the polypeptides, while the proteins found 
in nature show still greater variety. 

The known proteins are claaeified mainly according to their 
origin, solubility in different reagents, ooagulability on heatin$, 
and other physical characters, without strict reference to thell' 
chemical composition, though the classification is borne out by 
their actual composition so fa.r aa this is known. For onr purposes 
we ma;r divide the vegetable proteins into (1) primary proteins, 
(2) conJugated proteins, (3) derived proteins. 

38. Primary proteins.-These, including the chief pro
teins found in seeds, are divided into albumins (soluble 
in water and coagulated on boiling), globulins (insoluble 
in water, but soluble in saline solutions), prolamins (in
soluble in water or saline solutions, but soluble in alcohol), 
and glutelins (insoluble in water or saline solutions or 
alcohol, but soluble in alkalis). 

Of these the globulins include the majority of seed 
proteins, e.g. the legumin of Broad Bean and Pea, the 
phaselin of Phaseolus, the conglutin of Lupin, and the 
C1'7stalline globulins found in many oily seeds. 
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Of album.ins, leucosin occurs in Wheat, etc., legu
melin in Broad Bean and Pea, ricin in Castor Oil. 

The chief glutelin known is the glutenin of Wheat. 
The chief prolamins a.re glia.din in Wheat, hordein 

in Barley, zein in Maize. 

39. Conjugated Proteins.-The nucleo-proteins, belonging 
t.o this class, are important constituents of the cells of both animals 
and plants, occurring especially in the nucleus. They contain phos
phorus, and consist of protein combined with nucleic acid. They 
probably do not oo0ur e.s reserve proteins in seeds ; in the Wheat 
grain, for instance, they are found in the embryo but not in the 
endosperm. 

40. Derivatives of Proteina.-Proteins when acted upon by 
acids and alkalis, and by enzymes, are converted int.o (1) the meta.
proteins-acid albumin and a.lka.li-a.lbumin 1 (2) proteoaes, 
formed from proteins by further action of acids e.nd alkalis, and by 
enzymes ; (3) peptonea, formed from proteins by prolon~ed action 
of acids, alkalis, and enzymes; (4) amino acids, the ultimate pro. 
ducts in tryptic digestion of proteins. Severe.I polypeptides (most 
of which are, e.s already stated, B,Yllthetic substances) have been 
obtained from proteins by hydrolysis. 

The metaproteins, proteoees, and pept.ones still show the properties 
of proteins, but the amino acids do not. See §§ 43, 66, 60. 

41. Experiments with Egg Album.in.-For a. study 
of the genera.I reactions of proteins use white of egg, which 
contains about 10 per cent. of protein, the greater pa.rt 
being soluble albumin. 

Break three or four fresh eggs into a. basin, keeping back 
the yolks ; then beat up the white with an egg-beater, or 
snip it in all directions with scissors so as to cut the mem
branes in it and make it more readily soluble. Add about 
100 c.c. of water for each egg used, transfer to a flask, and 
shake vigorously; the solution formed is somewhat opal
escent, but becomes clear on addition of some common ea.It. 
Test a portion of the solution with red litmus paper: the 
reaction is faintly alkaline. Divide the solution into the 
required number of portions, in test-tubes, for the follow
ing colour and precipitate reactions (a to r), most of which 
apply to proteins in genera.I. For • and t have ready a. 
hard-boiled egg. 



Dried powdered albumin may be bought ready for solu
tion in wat.er from chemical supply firms. 

(11) Biuret Bea.ction of Protei.lul.-Add excess of 
caustic soda (or potash), then drop by drop some 1 per cent. 
solution of copper sulphate-a violet colour, which deepens 
on heating. Compare with the rose pink colour given with 
this test in the case of peptones (§ 43). In making the 
Biuret test, take ea.re to UBe very little of the copper solu
tion, adding it drop by drop, otherwise its blue colour 
masks the reaction. 

(b) Iodine Beaction of Proteins.-Add a little iodine 
solution (see Appendix), and note the yellowish brown 
colour given. Pour an equal volume of the iodine solution 
into an eq u&l volume of water in another tube, as a control, 
a.nd compare the colour with that given in the case of the 
albumin. 

(c) Xanthoproteic Beaction.-Add some strong nitric 
acid-a white/recipitate which on boiling turns yellow. 
Cool. and ad strong ammonia.-the yellow precipitate 
becomes orange. Instead of a coloured precipitate there 
may be merely a yellow colour, but in any case this is a 
good test for proteins. . 

(d) lllfillon'• Beaction.-Add some Millon'a reagent 
(aeeAppendix)-awhite precipitate, which on lK>iling turns 
red. If very little protein is present in a tested liquid, no 
precipitate but only a red colour may be given. Millon's 
reaction is due to the presence of tyrosin in the protein 
molecule. 

(e) Sulphur (Cy.tin) :&eaction.-Add a drop of lead acetate 
eolution, then caustic aoda or rt.ash sufficient to redissolve the pre· 
cipitate first formed, and boi A brown or black colour appears, 
due to the aeparation of sulphuretted hydrogen from the amino acid 
cystin in the protein molecule (unlike most amino acids, cystin 
oontaina sulphur), this giving lead sulphide with the lead acetate. 

(f) Tryptophane (Aclamlrlewics) :&eaction.-Add excess of 
glacial acetic acid to the eolution, then (using a thistle tube) run in 
strong aulpburic acid to the bottom of the teat;.tube. Gently shake 
the tube, or simply let it atand for several minute&; at the junction 
of the liquids there appears a 't'iolet oolour, which gradually spread& 
through the eolution. This reaction ia due to the amino acid tryp
tophane preaent in the protein molecule. 
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Several other reactions are due to the presence of tryptophane, 
t .g. (1) p.roteinB give a reddish violet oolour, afterwards turning 
brown, when heated with strong hydroohlorio acid; (2) proteins give 
a blue oolour when precipitated by aloohol, then washed with ether, 
and treated with strong hydroohlorio acid ; (3) proteins give a green 
or blue oolour when heated with benzaldehyde, a drop of ferrio 
ohloride, and strong hydroohlorio acid. 

(g) KoU.ch B.eaction.-Add a few drops of a.-naphthol solution 
to the albumin solution, shake up, then run some strong eulphurio 
acid to the bottom of the tube. A violet ring is formed at the juno
t ion of the two liquids. This reaction ie of special interest, 1inoe 
it depends upon the oarbohydrate radiole present in protein (see 
§ 63, g). In the reaction, furfural is formed from the oarbohydrate 
radio le. 

In addition to the preceding colour reaction.a of proteins (a tog), 
1<>me of the ohief precipitation reaction.a may now be studied 
(Ator). 

(Ill Coagulation b;y Heat.-Heat some albumin solution. Since 
itl reaction ie alkaline, no olot ie formed, but only an opal8808nce or 
perhaps a alight preoipitate on the inside of the tube. (i) Now 
slightly acidify another portion of the albumin eolution by adding a 
few drops of dilute acetio acid, and heat. The solution turns oloudy, 
and then a preoipitate of coa~ulated albumin is formed ; note that 
this preoipitate is not soluble m oold acids and alkalis, but gradually 
diBBOlves on heating with oaustio soda. (.j) Make ·some of the 
solution faintly acid; immerse the test-tube in a beaker of water, 
with a thermometer, and heat gradually-the tube may be fixed in 
the clamp of a retort stand, so that it dips into a beaker of oold 
water plaoed on a eand-oovered plate over a Bunsen or spirit lamp. 
Note the temperature at which a cloudin888 appears in the eolution, 
and when (ueually about 7fl' C.) ooagulation beoomes oomplete. 

Note that a precipitate of ooagulated albumin is given on adding 
each of the following reagent.a to portion• of the 1<>lution :-(k) 
aloohol ; (l) nitric or hydrochloric acid ; (m) mercuric chloride 
solution; (•) lead aoetate solution; (o) tannic acid, or strong tea 
that haa been 1tewed for about half an hour. 

(p) A white precipitate ii formed-not given with pepton81-0D 
adding a little glacial acetic acid, then potaaaium ferrooyanide 
solution drop by drop. 

(q) Add ex0888 of acetic acid, then an equal v.:ilume of saturated 
sodium sulphate eolution, and heat ; the preoipib.te formed removes 
all proteins (except peptones) from a eolution. 

(r) Saturate the solution with ammonium eulphate, by adding 
oryetale or the powdered aalt until no more will diBBOlve on shaking 
- white precipitate, not given with peptonee. This throws down 
all proteine (except peptonee) from eolution; filter, and note that 
the filtrate now oontainB no proteinl 
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(•) Dry the clotted albumin of a hard-boiled egg, mix it with 
about twice a.a much powdered soda-lime, and add a little water to 
form a paste of the mixture. Roll this pa.ate between the rlngera 
into small pellets, and place these in a dry warmed tube of hard 
!!lass. Heat over a Bunsen, and into the mouth of the tube place 
first (A) a moist red litmus paper, then (B) a lead acetate paper. 
The escaping vapours tum A blue and B black ; the former change 
is due to ammonia (which can also be smelt), the latter to the for
mation of lead sulphide-proving the presence of nitrogen and of 
sulphur in the albumin. 

(t) Put a bit of bard-boiled egg on a needle, and hold in a Bunsen 
flame ; it becomes charred, showing that carbon ia present.. 

42. Proteoses and Peptones.-These derivatives of 
proteins (§ 40) a.re formed in nature by the action of pro
teolytic enzymes (pepsin, trypsin) on the primary proteins. 
It is doubtful whether they occur a.a reserve food in resting 
seeds, but they appear when germination begins. 

The proteoses (soluble in water, not coa.gula.ted on boil
ing, but precipitated by acids) are intermediate digestion 
products between primary proteins and the puptones 
(soluble in water and neither coagulated by boiling nor 
precipitated by acids). The peptones are readily soluble 
in water, and a.re not precipitated by acids, a.lka.lis, neutral 
salts, and many of the other reagents that precipitate the 
primary proteins. The proteoses a.re less diffusible than 
the peptones; some proteoses are not readily soluble in 
water, and they are distinguished from peptones by being 
precipitated when their solutions are saturated with ammo
nium sulphate. Proteoses yield precipitates with many of 
the reagents that precipitate other proteins; the precipitates 
they give with nitric acid, and with potassium ferrooya.nide 
in presence of acetic acid, disappear on warming and 
reappear on cooling. 

4.3. :Experiment& with Commercial Peptone.-Get some 
Witte Peptone, which in reality contains more protease than true 
peptone. Dissolve in warm water, and make the following tests for 
proteoae and for peptone, after dividing the solution into portions 
in test-tubes. 

(l) Heat the solution and acidify it with dilute aoetio acid-no 
coagulation. (2) Saturate with ammonium sulphate-a white pre
cipitate, which partly disappears on heating and reappeara on 
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cooling. (3) Add nitric aoid-a white preoipit.a.te, which diB10lvea 
on heat~, the liquid turning yellow, a.nd rea.ppea.ra on cooling. 
(4) The B1uret test-a rose pink colour. (5) Add acetic aoid a.nd 
pota.aaium ferrooya.nide, (6) ea.tura.te with common salt-in each 
oaae a preoipit.a.te, which dieappea.ra on heating a.nd rea.ppeara on 
cooling. 

Now add ammonium sulphate to aa.tura.tion to the remainder_ of 
the aolution, filter, and to the filtrate (which contains peptone but 
not proteoee) apply the genera.I protein testa-xa.nthoproteic, 
Millon'a, biuret (rose pink colour given) ; note alao that the filtrate 
givm no J?reoipit.a.te with a.oida, or with acetic aoid a.nd pot.a.aaium 
ferrooya.nide. 

44. Dialysis Ezperiments with Albumin and Pep
tone.-Fit up two dialysers (Fig. 20), each floating in a. 

dish of distilled water. 
Into A place some of 
the albumin solution, 
into B some peptone 
solution; to each add 
a little thymol or other 
antiseptic. Let the two 
dialysers stand for 
three days ; ·then test 

""' the ·water in each for . Fig. 20.-A Dial7Mr, made b7 bindlng parch-
ment paper onr a hoop of Tulcanit.e. proteins, using (with 

different samples) the 
xanthoproteic, Millon's, biuret, and other tests. 

Note that albumin is indiffusible, while peptone is diffu
sible, though somewhat slowly, through a. membrane. 

65. Proteina in Pea J'lour.-Pea. flour oonta.ina at.arch, 
dextrin, a.nd several proteins. The chief protein ia a globulin 
(legumin), but there ia also another globulin (vicilin) and a.n albu
min (legumelin). 

(~) Place 10 gra.ma of Pea. flour with 50 c.c. of water in a 11.a.ak, 
shake vigorously, let it ata.nd for aevera.l hours, a.nd filter. Test 
the residue for ate.rob with iodine. Divide the clear filtrate, con· 
t.a.ining the albumin, into severe.I pa.rtB a.nd apply to these the chief 
protein teate: (l) Xanthoproteio test; (2) Millon'a test; (3) Biuret 
teat; (4) acetic aoid a.nd pota.aaium ferrooyanide; (5) heat a.nd note 
the coagulation of the albumin, especially if a few drops of aoetic 
aoid be added. 
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(b) Treat some Pea. flour with 10 per cent. sa.lt eolution for several 
hours, and filter ; test the residue for starch. To portiona of the 
clear filtrate apply the chief protein tests ; then drop eome of it 
into a beaker of water-note the precipitate of globulins. 

46. Proteins in Potato Tuber.-Scmpe the surface of a potato 
into a beaker ; to the scrapings add some salt eolution, stir well, 
and strain through calico into another beaker. On standing, a 
deposit of starch is formed ; examine this with the miorosoope, and 
test a portion of it with iodine. Pour off the liquid, and apply to 
it the chief protein tests. 

47. Proteins in Wheat l'lour.-Make extracts of ordinary 
wheaten flour with (l) water, (2) sa.lt eolution, (3) alcohol In ea.eh 
case filter, and test the filtrate for proteins. 

Separate the gluten (a mixture of proteins) from the starch, as 
follows. Enclose a tablespoonful of flour in a piece of fine muslin, 
and knead it in a basin of water. Note the deposit of starch 
grains; examine these with the microscope and compare with those 
of Potato and Pea. Remove the starch entirely by kneading under 
a running tap until the water-at first whitened by the starch
passes off clear ; open the muslin and note the yellowish sticky 
mass of gluten left behind. 

Extract the gliadin from the gluten by boiling with alcohol, 
filter, evaporate the alcohol from the filtrate, and apply the protein 
tests to the residue (~liadin). The insoluble remainder left on the 
filter oontaina glutelin; note that this is insoluble in water and in 
salt eolutions, soluble in dilute acetic acid and ~ dilute caustic 
soda. 

Prove the presence of carbon, nitrogen, and sulphur in (l) Pea 
flour, (2) the "gluten" just isolated from Wheaten flour-in the 
sa.me way as with egg-albamin (§ 41, •, t). 

48. Proteins in Brasil liut.-Remove the shells from eome 
seeds, grind up the seeds, and extract with ether t.o remove the oil; 
this may be done best with a Soxhlet fat extraction apparatus 
(§ 97). Allow the ether to evaporate, and note the residue of oil 

Extract about 10 grams of the oil-free nut meal with 50 c.o. of 
10 per cent. sa.lt solution. Pour eome of the extract into about 20 
times its volume of water in a beaker; a cloudiness is produoed 
which on standing separates into flakes and falls to the bottom. 
Then pour off the greater part of the water, and filter the remain
der ; to the precipitate apply the chief protein tests. 

The crystalline globulin (exoelsin) of Brazil nut can be obtained 
in fine hexagonal plates by dialysing the sa.line extract ; by this 
method the globulin separates out more alowly than by simply 
pouring the extra.et into water. 
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49. lll[icrochemical Tests for Proteins.-All the 
tests that give a. colour reaction may be readily used a.a 
microchemical methods of detecting proteins in plant 
tissues. 

(a) Cut thin sections from a. Pea, Bean, or Lupin, 
cotyledon. (1) Treat a. section with iodine; the sta.rch
gra.ins turn blue, the small protein grains turn brown or 
yellow. (2) Lay a. section in strong copper sulphate 
solution for a. minute, rinse in water, and transfer to a. 
little potash in a test-tube, heat to boiling; mount, cover, 
and note the violet colour of the protein cell-contents. 
(3) Apply the xanthoproteic test, by placing a section 
first in strong nitric acid in a watch-glass, then in strong 
ammonia ; note the intense yellow colour of the protein 
contents. ( 4) Place a section in a little Millon's reagent; 
if the protein contents do not turn red quickly, warm the 
slide. See a.lso § 74. 

(b) Cut transverse and longitudinal sections of the grain 
( " seed " ) of Wheat and of Maize and apply the above 
tests. Note that the greater portion of the endosi)erm 
consists of cells pa.eked with starch-grains, but the outer
most layer (" a.leurone" layer) consists of cubical cells 
containing protein grains. See a.lso § 75. 

50. Protein Grains (" Aleurone" Grains) a.re found 
in various parts where food is stored, but a.re especially 
abundant and large in seeds. In some cases the grains 
a.re small and of simple structure (§ 51). In other cases, 
especially in oily seeds, they a.re large (§ 52) and contain 
one or more angular " crystalloids " (protein crystals) and 
a.lso rounded "globoids" consisting of mineral substance 
(double phosphate of calcium and magnesium). Protein 
crystals may also occur in cells quite apart from definite 
protein grains. 

51. Simple Protein Grains.-Get dry seeds of Al
mond, Apple, Bean, Pea, Lupin, Sunflower. Moisten the 
razor with glycerine, cut sections of the cotyledons, and 
mount in glycerine. 
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Note the numerous small refractive protein grains, 
which at first sight ma.y resemble starch grains, but are 
not stratified a.nd tum brown, not blue, with iodine. Of 
these simple grains, some a.re soluble in water (Almond. 
Apple) ; others, insoluble in water, are soluble in saturated 
sa.lt solution either at once (Beans, Peas, Lupin), or after 
treatment with alcohol (Sunflower). 

In ea.eh case treat different sections with (1) water
even when this does not dissolve the grains, it usually 
makes them swell and lose their bright appearance; 
(2) potash-this makes the grains swell and dissolve; 
(3) iodine-this turns the grains brown; ( 4) Biuret test; 
( 5) Xa.nthoproteic test; (6) Millon' s reagent. 

52. Protein Grains with Crysta.lloids and Globoids. 
-Brazil nut and Castor Oil seeds form good ma.teria.l 
for the study of the larger and more complex protein 
or "a.leurone " grains, which are embedded in the oil
conta.ining protoplasmic matrix of the cells. These grains 
are not soluble in water, but are dissolved by strong salt 
solution, either at once (Brazil nut) or after treatment 
with alcohol (Castor Oil, Walnut). In ea.eh case remove 
the shell, and make the following preparations. In ea.eh 
case cut the sections with the razor dry, except where 
otherwise directed. 

(a) Mount dry sections in thick glycerine-the oily 
matrix of the cells will be seen, with the oil drops ; note 
the protein grains, in which the crystalloids and globoids 
may be seen. 

(b) Mount sections in olive oil (which may in this case 
be used for wetting the razor). Note that the oil makes the 
oily matrix of the cells transparent and almost invisible. 

(c) Wet the razor with alcohol, cut sections, soak them 
in alcohol to dissolve out the oil (ether will do this more 
quickly-wash out the ether with alcohol), and mount in 
thick glycerine. 

(d) Cut dry sections, and mount them in water-this 
makes the grains swell. but the crystalloids should become 
more conspicuous. Irrigate sections, mounted in water, 
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with (1) iodine solution-the grains turn yellow; (2) dilute 
potash-the crystalloids swell and dissolve, leaving the 
globoids behind; (3) dilute sulphuric acid (note that this 
destroys the grains), then iodine solution (this stains the 
matrix left behind in the cells) ; ( 4) a drop or two of 
1 per cent. osmic acid-the crystalloids slowly swell, while 
the rest of the cell-contents, especially the oily matrix, 
rapidly becomes blackened. 

(e) Cut dry sections, and transfer them to a. watch-glass 
containing two parts of alcohol and one pa.rt of castor oil, 
with enough eosin to make the mixture light red. After 
a few hours, mount in castor oil and alcohol (without the 
eosin). This treatment brings the grains out clearly; they 
a.re seen embedded in vacuoles in the cytoplasm of the cells. 

(f) Place some dry sections in alkannin (§ 86) for 
several hours, and mount in dilute glycerine ; the oil is 
stained red. 

(g) The structure of the grains is well brought out by 
fixation in alcoholic picric acid, and staining with eosin. 
Place the sections in concentrated alcoholic solution of 
picric acid in a watch-glass for several hours; then wash 
them in alcohol, and stain for a. few minutes in eosin 
dissolved in alcohol. It is best to wash the sections next 
in absolute alcohol, transfer them to oil of cloves, and 
mount in Canada balsam. The matrix of the grains is . 
stained dark red, the crystalloid yellow, and the globoid 
remains colourless. 

(h) Note that the globoids are (1) insoluble m alcohol 
and in dilute potash, but (2) soluble in dilute mineral 
acids (hydrochloric, nitric, or sulphuric) and in acetic 
acid; (3) in an a.mmoniacal solution of ammonium phos
phate the globoids are replaced by crystals of ammonium 
magnesium phosphate; (4) on being treated with am
monium oxalate, they are replaced by crystals of calcium 
oxalate ; (5) after extracting the oil from sections by treat
ment with alcohol, or alcohol and ether, the globoids can 
be made to stand out clearly on adding some dilute (1 per 
cent.) potash solution which will dissolve the ground sub
stance of the protein grains. 
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(i) Pla.ce some sections in a watch-glass containing 
either pepsin or trypsin, ~.g. liquor pepticus (§ 54) or 
liquor pancre&ticus (§ 57) ; for companson, place others 
in a watch-glass of water. Set both in a warm place, and 
not.e that the ground substance of the prot.ein grains is 
first dissolved, then the crystalloid more slowly, while the 
limiting membrane of the vacuole occupied by the grain 
persists. 

53. Digestion of Proteins.-In mammals the pri
mary proteins are acted upon by the gastric juice of the 
stomach and by the pancreatic juice and the int.estina.1 
juice (succus entericus) of the small intestine. The hy
drolysis of the proteins is effected by the three enzpi;i.es, 
pepsin, trypsin, and erepsin, present in these three Juices 
respectively. Pepsin hydrolyses the primary proteins into 
f.6ptones ; trypsin also acts upo"n the primary prot.eine, but 
1t carries the hydrolysing process further and changes the 
peptones into amino-acids; erepsin is peculiar in that it 
does not attack the primary proteins, but is only capable 
of acting upon proteoses and peptones, changing them into 
amino-acids. 

For our purposes we ma.y regard the proteolytic enzymes 
of plants as corresponding to trypsin in their mode of 
action. The vegetable trypsin ca.UOO. pa.pain is obtainable 
commercially, being used in medicine, but for the follow
ing experiments we may use either pepsin prepared from 
gastric juice, or preparations of pancreas containing the 
enzymes diastase and lipase in addition to trypsin. 

K. Preparation of Pep•in.-{a) Pepsin may be purchased in 
the form of Benger'a "liquor peptioua," or the dried pepsin (Bur
roughs and Wellcome). (b) Artificial gaatrio juioe may be prepared 
as follows-Get a fresh pig's stomach from the butcher, out it open, 
rinse with water, out out the cardiac (broader) end, spread it out, 
scrape the mucous (inner) surface, rub up the sorapinga in a mortar 
with sand, add water, rub up again, and filter; the filtrate is to be 
used. Another method is to sorar the mucous membrane off, dry 
the scrapings between folds o blotting-paper, put them in a 
bottle, and cover with glycerine which will dissolve out the pepein; 
after a day, filter, and use the filtrate (glycerine extract). 
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6 5. Bxperimenta with P epU.-Boil an egg hard. and chop 
the clotted white int.o small pieoes. Label six test-tubes A, B, O, 
D, JJ, F. Half fill each tube with water, and drop in some of the 
chopped albumin. To A add some pepsin extract or some ~psin 
powder, with a pinch of bicarbonate of soda to make the liqmd dis
tinctly alkaline ; t.o B and C add some pepsin and a few drops of 
dilute hydrochloric acid ; t.o D add a few drope of acid, but no 
pepsin; to JJ, aome acid together with pepsin extract (or dissolved 
pepsin powder) which has been boiled ; and leave F with nothing 
added to th.e albumin. 

Set all the tubes, except C, in a beaker of warm water, and keep 
at 40" C. on a bath for an hour. Put C in a freezing mixture, or ioe 
and water, for the same period. Note that in A, C, E, and F the 
albumin is unchanged; in B it has disappeared, having beoome 
swollen up and clear. 

Now apply to a few drops of liquid from ea.eh tube the xantho
proteic and the biuret tests. Peptone is present in B, but not in 
any of the others. In K the pepsin has been destroyed by the boil
ing. In A the aotion of the pepsin has been prevented by the 
alkaline medium ; on adding acid to the liquid and keeping the 
tube at 4(1' 0. again digestion takes place. In a the action has been 
prevented by the cold ; on transferring the tube t.o the bath at 
W'C. digestion takes place. In D, the weak acid used, without 
pepsin, has only changed the albumin into acid-albumin, but not 
int.o peptone. 

66. P roducts of P eptic Digeation.-Repeat the preceding 
experiment on a larger scale, so as to get more material to test for 
the products of pepsin action. This time place in a flask some 
pieces of album.in, dilute hydrochloric acid (add 4. c.c. of strong 
acid to 300 o.o. of water), and some pepsin extract or powder. Keep 
at W' C. for an hour ; if the liquid is cloudy, filter it. 

(A) To the liquid, or filtrate, add dilute caustio soda solution 
until it beoomes.neutral-a -precipitate is given, oonsisting of acid
albumin; filter off this precipitate, dissolve it in dilute acid, and 
note that the aoid solution gives protein reactions and does not 
coagulate on boiling. 

tnl Test part of the filtrate from A for protease. It gives the 
protein reactions. On adding nitric aoid and common salt, a pre
cipitate ia formed, which ia re-di860lved on heating but reappears 
on ooolin~. It is precipitated by (a) acetic acid and potassium 
ferrocyarude, and by (b) acetic acid and saturated sodium sulphate 
aolution, neither of which precipitates peptones. It gives the same 
biuret reaction {'!'OBY pink) as pept.ones and, like them, is soluble in 
water. 

(0) Saturate another portion of the filtrate from B with ammonium 
sulphate crystals, or the powdered salt ; this precipitates the pro
t.ec:.ea, while the peptones remain in solution-test with biuret, 
using a large amount of soda. 
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67. PreparatioJl of Trnllhl.-There are varioua oommeroirJ 
preparationa which oont&in trypain, e.g. Benger'a "liquor pancrea
ticua" (which often oont&ina a sediment of tyrosin), the" HoJMin" 
of Fairchild Broe. (a very active preparation containing also lipase 
and diaatase). The vegetable trypsin, papain, can also be obtained; 
it contains only trypsin. 

To make a glycerine ext ract of pancreas, which will serve also 
for experiments on the hydrolysis of starch (§ 74) and that of oils 
(§ 86), mince up a fresh ox or pig :pancreas ("sweetbread") in the 
same way as directed for the gaatnc extract (§ 64). 

68. J:xperimeD.t• with Trnmhl.-Repeat the experiments 
directed for pepsin(§ 55), but inatead of acid use 1 per cent. aodium 
bicarbonate solution. To prevent putrefaction, add some anti· 
septic such as thymol, or toluene, or chloroform water (5 c.c. of 
chloroform she.ken with a litre of water). 

Label three teat-tubea A, B, O. Hall fill eaoh with 1 per cent. 
aodium carbonate solution, and add some hard-boiled egg white, 
with a few drops of the antiseptic. Boil B ; make 0 acid with 
dilute hydrochloric acid. Plug the three tubea with cotton-wool, 
and place them in a bath at 40" for an hour. In A the liquid 
becomes more or leas clear, the albumin being digested; in B and 
0 there is no change. 

Filter the liquid in ..4., neutralise the filtrate with dilute acid; 
alkali albumin ia precipitated-filter thia precipitate o1f and test 
the filtrate for peptones. 

Filter B and 0, and neutralise B with acid and 0 with aodium 
carbonate; no precipitate ia formed. Teat for pepton-none are 
present. In B the trypsin baa been destroyed by the boiling, in 
0 its action ia prevented by the presence of the acid. 

69. Product. of Trntic Dige.tioD..-Make a tryptic digea
tion on a larger 1e&le, so as to study the producta more folly. Two
thirda fill a large flask (1 or 2 litres capacity) with 1 per oent. 
aodium carbonate solution; add the chopped white of a hard-boiled 
egg; then some trypsin solution or pancreas extract; and finally 
some antiseptio-thla ia essential since tryptic digestion is otherwise 
accompe.nied by active putrefaction or bacterial decomposition, by 
which evil-smelling products (indol, akatol, sulphuretted hydrogen, 
etc.) are formed. After two or three days, filter the liquid. 

(a) The sediment or precipitate in the liquid oontaina tyrosin. 
After filtering, diBSolve a portion of the precipitate in dilute hydro
chloric acid, and teat with Millon'a reagent-the solution becomes 
red. 

(b) Acidify about 5 c.c. of the filtrate with acetic acid, then add 
bromine water drop by drop-a reddiah oolour appears, which 
itradually deepens, then diaappeara as more bromine water ia added. 
When the colour ia no longer deepened on adding bromine water 

P . B. ' 
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a.dd a few o.o. of amyl alcohol, and shake, then allow to stand
the amyl alcohol separates, coloured red or violet. This reaction is 
due to the presence of the amino acid tryptophane. 

(c) Concentrate some of the liquid to small bulk by heating on a 
water bath; after a day, examine the residue with the microscope 
for crystals of leucin and tyroain. The leuoin is chiefiy in 
brownish spheres showing ra.di&te and concentric markings, the 
tyrosin in bundles or rosettes of long white needles. 

(a) The leuoin is also obtained as a sticky residue if the filtered 
liquid is treated with alcohol until nomoreprecipitate comes down ; 
filter and concentrate the filtrate on a bath. 

(e) Treat a portion of t he filtered liquid with Millon'• reagent, 
which precipitates any proteins present; filter, and boil the fil t rate 
-a red oolour indioates tyroain. 

60. Amino Acids and their Derivatives.-The 
amino compounds (amines, amino acids, amides), con
taining carbon, hydrogen, oxygen, nitrogen, and in some 
cases (cystin) also sulphur, may be formed either in con
structive or in destructive metabolism. That is, they are 
intermediate bodies formed either on the up-grade towards 

· protein, or on the down-grade from protein to simpler 
bodies. In either case they are important for tra.nsloca
tion, being soluble and diffusible. Many of these sub
stances a.re present in plants-e.g. a.sparagin, which is 
abundant in seeds of Leguminosa.e. Asparagin (and other 
amino compounds) combines with non-nitrogenous sub
stances to form proteins ; it often accumulates in those 
parts of plants where there is not sufficient non-nitrogenous 
material at hand for the formation of proteins. Asparagin 
may accumulate in plants which a.re grown in darkness, so 
that photosynthesis cannot take place. Lupin seedlings 
germinated in darkness contain a large amount of aspara
gin, which disappears when the seedlings are placed in .the 
light. If, however, the seedlings are exposed to light in 
an atmosphere deprived of carbon dioride, the a.spare.gin 
persists in the seedlings. Both a.spare.gin and tyrosin 
occur in Dahlia tubers. Leucin is associated with aspara
gin in seedlings of Lupin and other Leguminosae. In 
Cruciferae, Cucurbitaceae, etc., a.spare.gin is repla.ced by an 
allied substance, glutamin. 
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(ea) Make a strong aqueous eolution of commercial &ap&r&gin, and 
divide it into three portion& (l) Dissolve eome copper 1ulphate in 
water, and add dilute potash; collect the precipitate on a filter, 
and waah it with water. Add t.hia precipitated col1per hydro:ride to 
the uparagin aolution-aspara~ (and other aOlldes) gives a deep 
blue colour ; evaporate the liqmd down~tala of a copper com
pound of the amide are formed. (2) Boil with dilute sulphuric aoid 
-&mmonia ia formed; add exoeea of magnesia and heat.-fumes of am· 
monia are given off. (3) Add alcohol-the &ep&ragin ia precipitated. 

(b) With a dry razor cut rather thick sections of Dahlia tuber, 
mount in alcohol, and cover. On the evaporation of the alcohol, 
rhombio plate-like crystals of upa.ragin are deposited on the 
oover·glaae and slide. Raiae the cover, place on the section a 
completely aaturated aolution of asparagin, and plaoe the cover· 
~= on again ; if the crystals are re&lly asparagin, instead of being 

lved they will increase in aiz&-.-eubstanoes other than asparagin 
would dissolve in the aaturated uparagin aolution just aa they 
would in water. In thia way we can distinguish the up&r&gin 
crystals from the deposits of inulin (§ 77), which also oooura in the 
Dahlia and is precipitated by alcohol 

(c) The t)rroain in Dahlia tubers may be thus demonstrated :
(1) :Keep sections mounted in glycerine for several days ; needle
like crystals of tyrosin are deposited in radiating groups. (2) Place 
a fairly thick slice of tuber in & dish of about the same size aa it.sell, 
and nearly cover it with alcohol ; the tyroein crystals will appear 
on the out aurfaoe of the tuber. (3) Note thai the tyroein crystals 
are coloured deep red by Millon'• reagent. (4) Tyroain gives a 
yellow colour when warmed with nitric aoid, becoming orange on 
addition of ammonia. (5) Plaoe eome of the crystals in a dry teat
tube, add a few drops of strong sulphuric acid, and plaoe on a bath 
at 100" for half an hour ; then add about 5 o.c. of water, neutralise 
with barium carbonate, filter, and t.o the filtrate add two or three 
drops of ferric chlorid&--& blue or 'riolet colour is given. 

(d) Cut section.a of (1) dry -1a, (2) eeedlings, of Lupin; mount 
in water, and test eome for upa.ragin, others for proteins. If lhe 
aeedlings a.re pnll!UVed in alcohol for aome weeks, sectiona mounted 
in glycerine will often ahow large asparagin crystals ; on irrigation 
with water the crystals are disaolved. -

Note that the dry eeed cont.aina no uparagin, but abundant 
protein& When the radicle is 1 to 3 cm. long, and the hypoootyl 
2 to 5 mm. long, these organs contain eome aaparagin, but none ia 
present in the cotyledona. When the radicle ia 5 or 6 om. long, but 
the cotyledons not yet expanded, the radiole and hypoootyl contain 
larger qUA11tities nf aaparagin, which ia still absent from the coty
ledons. In older seedlings, with expanded cotrledons, the l&tt.er, 
aa well aa the other organs, still contain uparagm. As germination 
advances and the plumule elongates, thia organ ia found to contain 
aaparagin, which gradually diaappeara from the other partA. 
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Cut 11ections of the various parts of the seedling, at different 
stages, and note that the protein diminishes in amount during 
germination as the formation of asparagin increases. Eventually, 
asparagin practically disappears from all the organs. 

(e) Germinate some Lupin seeds in darkness, and compare them 
with those grown in light as regards their asparagin and protein 
contents. Note that after a few weeks the seedlings grown in 
darkness contain asparagin, while those grown in the light contain 
little or none. 

(/) Get two similar Lupin seedlings, germinated in darkness in 
a water culture jar, with a well developed root-system. Place one 
(A) on s wooden board or glass plate, along with a bottle containing 
baryta-wa.ter, or a dish of soda-lime; cover with a tubulsted bell
ja.r, sealing the edges of the jar to the plate with wax mixture, 
putty, or plasticine. Fit the mouth of the jar with a cork, bored with 
three holes. Through one hole pass a tube through which water 
can be poured to replenish that lost by the culture solution owing 
to evaporation ; for this purpose join the upper end of the tube by 
rubber tubing to a funnel, placing a clip on the rubber tubing. 
Through the other two holes pass pieces of glass tubing, one joined 
up to a bottle containing baryta-water, the other to an aspirator. 
The general arrangement of the apparatus is somewhat similar to 
that shown in Fig. 44. The object is to grow the seedling in air 
deprived of caroon dioxide, but to give it daily aeration by drawing 
through the bell-jar a current of fresh air (deprived of carbon 
dioxide by passing through the vessel of baryta-water). For com
parison, place the second seedling (B) on a similar plate and cover 
with a bell-jar, but leave the neck of the jar open, so that the seed
ling is supplied with the ordinary air. After a few weeks, note 
that A still contains large a.mounts of a.spare.gin, though this will 
have practically disappeared from B. 

v. STARCH, SUGA.RB, DEXTRIN, lNULIN. 

61. Carbohydrates contain Carbon, Hydrogen, and 
Oxygen, with the hydrogen and oxygen in the same pro
portion as in water (two atoms of hydrogen to each atom 
of oxygen). Formaldehyde (CH20) has the empirical 
formula of a carbohydrate, and is in fact the first member 
of the series, which includes members with 2, 3, 4, 5, 6, etc., 
carbon atoms. Th~ chief carbohydrates-those of physio
logical importance-are the members with six carbon 
atoms, or some multiple of six. The simple six-carbon
atom compounds, or hexoses, e.g. glucose, belong to the 
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monosaccharides. The hexoses are combined together as 
units in the disaccharides, trisaccharides, and polysac
charides, named according as they contain two, three, or 
more of the monosaccharide units Cane sugar (sucrose) 
and malt sugar (maltose) are disaccharides; starch, 
dextrin, inulin, and cellulose are polysaccharides. These 
complex compounds are converted into the simple mono
saccharides by hydrolysis with acids, or by the action' of 
enzymes (e.g. diastase, invertase, inulase, cytase). 

Of the following general characters and reactions of the 
carbohydrates, one or other may fail or only be shown 
after the substance has been treated in some wa.y, e.g. 
by hydrolysing agents or by enzymes. (1) They reduce 
alkaline solutions of copper; (2) they are coloured yellow 
by alkalis; (3) they rotate the plane of polarised light 
either to right or left; (4) in contact with Yeast they are 
split into alcohol and carbon dioxide; (5) when strongly 
heated the1 are decomposed, charred, and yield various 
products; (6) on being heated with mineral acids they are 
decomposed, with formation of formic acid and other 
substances ; (7) the,r give a deposit of needle-like crystals 
with phenyl-hydrazme; (8) some are insoluble in water, 
while others are readily soluble, and those which are in
soluble can be converted into soluble carbohydrates by 
hydrol1sis ; (9) in absolute alcohol most of them a.re 
either msoluble or only slightly soluble. 

62. Glucose, Maltose, and Sucrose. - Examine 
specimens of these three sugars. 

(1) Glucose (grape sugar) occurs in commerce in warty 
uncrystallised yellowish masses, but is readily crystallised 
-e.g. on dissolving it in hot alcohol and coolmg the solu
tion; on being treated with caustic soda it turns yellow ; 
it reduces various metallic oxides in alkaline solutions ; it 
forms a characteristic osazone with phenylhydrazine. 

(2) Maltose (malt sugar) occurs as a white warty mass 
of needle-like crystals ; it is the chief sugar formed by the 
action of diastase upon starch ( § 7 4, i) ; it reduces metallic 
oxides in alkaline solutions, but it does not give Barfoed's 
test and is therefore easily distinguished from glucose. 
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(3) Sucrose (cane sugar) occurs in crystals; it is only 
slightly soluble in alcohol; on being heated with caustic 
soda. it does not become yellow, though it slowly darkens; 
it does not reduce alkaline solutions of metallic oxides ; it 
gives no osa.zone. After hydrolysis by acids or by the 
enzyme invertase, sucrose is converted into "invert sugar" 
which gives the same reactions a.s glucose with caustic soda., 
alkaline metallic solutions, a.nd phenylhydra.zine. 

63. Beactions of Glucose.-Dissolve some glucose in 
water, a.nd to portions of the solution in test-tubes apply 
the following tests. 

(a) Add caustic potash or caustic sods., a.nd boil. The 
solution turns yellow, then dark brown, a.nd smells of 
ce.re.mel ; the smell becomes more distinct on acidifying 
with dilute sulphuric acid. 

(b) ~om.mer's Test.-Add some caustic potash or 
sods.; then add copper sulphate solution, drop by drop, 
she.king after each addition until the solution becomes 
deep blue. (Excess of copper sulphate causes the precipi
tation of copper hydrate, i.e. it is no longer dissolved by 
the sugar solution ; a. few drops of Rochelle salt cause this 
to redissolve-see Fehling's test) . Heat nearly to boiling 
-a. yellowish red precipitate of cuprous oxide is formed. 

(c) l'ehling's Test.-Add equal quantities of Fehling 
A a.nd Fehling B (see Appendix). No precipitate is 
formed with the excess of copper sulphate present (compare 
Trommer's test) . Heat to boiling-cuprous oxide is pre
cipitated. 

(cl) Barfoed's Test.-Add Ba.rfoed's solution (see 
Appendix), and boil Red cuprous oxide is precipitated. 
This test is not given with maltose or sucrose. 

(e) Reduction of Silver.-Prepare some ammoniao&l silver 
nitrate in a test-tube, by adding dilute ammonia t.o silver nitrate 
until the precipitate first formed is just redissolved. Add some of 
this solution to the sugar solution, and warm in the water bath- A 
mirror of metallic silver is formed on the inside of the tube. 

(/) Phen7lh7dra•ine Test.-To some sugar solution add 
equal quantities of phenylhydra?.ine and glacial acetio acid (about 
10 dropa of ea.eh). Place in a water bath at 100" for hall an hour, 
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when a yellow crystalline mass of phenyl gluooaawne should be 
deposited.. Cool; filter off the crystala, and examine them with 
the microaoope. They are needle-like, and arnmged in feather-like 
tuf ta or in rosettes.. 

(g) Koliach Test.-To aome sugar aolution add a drop or two 
of a.-naphthol aolution, then run into the bottom of the tube a little 
(about 2 o.o.) strong sulphuric acid. A violet ring appean at the 
junction of the two liquids, either at once or in a abort time. Thi.I 
reaction ia ohiefty of importance in proving the presence of a carbo
hydrate radiole in the moleoule of proteim (§ 41, g). 

64. Beactions of Sucron.-Diaaolve pure e&ne ruga.r 
in water, and note that (1) it does not give a. brown colour 
with potash ; (2) it does not reduce a.lkaJ.ine solutions of 
metallic orides, hence no precipita.te is given with the 
Fehling, Barfoed, a.nd Trommer tests, nor is silver thrown 
down; (3) it gives no osa.zone with phenylhydrazine a.nd 
acetic acid. 

If, however, cane suga.r is boiled for a long time in 
water, or for a shorter time in dilute mineral (e.g. sul
phuric) acid, it is converted into a. mixture of the mono
sa.cc.ha.rides glucose a.nd fructose, a.nd the solution on 
being neutralised. gives reduction of copper oride from 
Fehling, etc. 

65. :Beactions of Kaltoae.-Note that ma.lt.ose agrees 
with glucose in (1) being coloured brown when hea.ted. 
with soda or potash; (2) reducing metallic orides in alb.
line solution; (3) forming a.n osazone with phenylhydrazine. 
It does not, however, reduce Ba.rfoed's solution. With the 
phenylhydrazine test, maltose.zone is not deposited while 
the solution is hot, but only when a.ft.er being heated for 
half a.n hour the solution is a.llowed to cool ; the crystals 
a.re shorter a.nd thicker tha.n those of glucose.zone. 

66. Jl!licrochemical '.rests for Sugar. - Fehling's 
test is readily applied to tissues in which the presence of 
suga.r is to be det.ected. Rather thick sections should be 
cut, so that a good many of the cells will remain inta.ct. 
Soak the sections in Fehling in a. watch-glass for a few 
minutes, rinse them quickly in water, a.nd heat the slide 
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so that the water boils gently for about a minute, then 
cover (adding a drop of water i:f necessary) and examine; 
i:f gra.pe sugar is present, the granular red precipitate of 
cuprous oxide will be seen in the cells. To test sections 
for cane sugar, boil them in 10 per cent. sulphuric acid in 
a test-tube, then test as before with Fehling; or place the 
Fehling at once on the sections, add a few drops of the 
acid, and boil gently on the slide. 

(a) Squeeze the juice of some grapes into a test-tube, 
add Fehling, boil, and note the precipitate formed. 

(b ) Cut sections of a ripe Grape; mount in water, cover, 
and note the transparent colourless thin-walled cells with 
large vacuole and scanty protoplasm. (1) Place some 
sections in strong alcohol in a. watch-glass for a. few 
minutes ; mount in alcohol, cover, and note the numerous 
sugar crystals in the cells. Irrigate with water; the 
crystals are dissolved. (2) Test sections for gra.pe sugar 
with Fehling's solution. 

Make similar experiments with pear., apple, and other 
fruits. 

( c) Mince up some Beet-root, boil in water, pour ihe red 
juice into two test-tubes. To one add Fehling and boil
no precipitate; to the other add acid, boil, add Fehling, 
boil a.gain-precipitate formed. 

(d) Cut sections of Beet-root; the cells a.re transparent, 
with scanty protoplasm, the sugar-containing ea.p is col
oured. (1) Place some of the sections in alcohol for a. 
few minutes, mount in alcohol, and note the sugar crystals 
-smaller than those seen in the cells of the Grape. 
(2) Test other sections for gra.pe-sugar with Fehling (no 
result), and for can:e sugar by boiling with acid and then 
&dding Fehling (precipitate formed). 

87. :Ezperiments with Solid Starch.-For experiment.II 
with starch use ordinary laundry starch or (better) the starch 
powder sold by chemist.a. 

Heat some dry starch in & t.eat-tube. Note the condensation of 
water in the upper part of the tube. This proves the presence of 
h1Jdrogen and oxygen in starch (since water is composed of theae 
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elements). Note also that the staroh soon begins to lilacUn, prov
ing that it contains carbon, and at the same time dirty white fumes 
are evolved, having a pungent odour somewhat resembling that of 
burnt 1ugar. 

Apply a light to the mouth of the test-tube-the fumes are 
inflammable. Introduce a piece of moist blue litmua ~per into it
the litmus becomes red, showing that the fumes are acid. Introduce 
a glasa rod, on the end of which is a drop of lime-water, into the 
test-tube. The lime-water becomes milky, showing that carbon 
dioxi<U ia one of the product. of decomposition of ataroh. This 
confirm1 the presence of carbon in staroh (since carbon dioxide ia a 
compound of carbon and oxygen). 

When all the volatile matter has been driven off, a blaok reeidue 
of charcoal remains. 

68. Experiments with Starch Solution.-Shake up 
some powdered starch with cold water; it is not dissolved. 
Filter, test the filtrate with iodine-no blue colour is 
given. Stir up some dry starch with a little cold water, 
then add boiling water, and boil until an imperfect 
opalescent "solution" is obtained ; this, on cooling, will, 
if ·strong enough, " set " or gelatinise to form a paste or 
mucilage. 

(a) Add iodine solution to the starch solution; the blue 
colour ,produced will disappear on heating (the "iodide of 
starch' is destroyed by heat) and reappears on cooling 
(run a tap of cold water over the test-tube to cool it). 

(b) To another tube of starch solution add Fehling's 
solution, and heat. There is no reduction. 

(c) Hydrolyse a portion of the starch solution by boil
ing with a little dilute sulphuric acid for a few minutes ; 
neutralise with soda or potash, and test with Fehling's 
solution. Reduction occurs, owing to the convenion of 
starch into glucose. 

(d) Note that starch is precipitated from solution by 
alcohol, also by basic lead acetate solution. 

69. Starch Grains in Potato Tuber (Fig. 21).-Cut 
across a Potato tuber, apply some dilute iodine solution to 
the surface, and note the deep blue or almost black colour 
due to the abundant starch. In testing for starch, it is 
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better to use a. weaker iodine solution than tha.t used in 
testing for proteins. 

(a) Put a. drop of water on a. elide, dip into it a cut 
piece of tuber, and note the small white sta.rch-gra.ins that 
escape from the opened cells. With the microscope, note 
tha.t the grains show delicate lines, corresponding to the 

Fig. tl.-Part of a Section of Potl\to Tuber, with Starch Gralna. X 200. 

thin layers built up a.round the first-formed portion of the 
grain, which appears a.e a. clear spot (hilum) pla.ced ex
centrically. 

(b) Cut thin sections from the tuber, and note that the 
cells of the pa.renchyma have thin wa.lls and a.re almost 
filled up by the numerous grains, there being very little 
protoplasm. Add iodine, and examine again ; to see the 
stratification more clearly, use very weak iodine solution. 

(c) Mount some grains in water, a.nd treat with chlor
zinc-iodine; the grains turn blue, as with iodine, but also 
swell and become lees bright and refractive. 
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( d) Treat another preparation with potash; the grains 
swell and become dull, losing their highly refractive pro
perties owing to the additional wat.er which the potash 
causes them to absorb. Irrigat.e with wa.t.er, and treat 
with iodine ; the swollen grains turn blue, though not so 
int.ensely coloured as usual. 

(") Hea.t another preparation, holding the slide over a 
flame till boiling occurs ; the grains swell and become dull 
in appearance. Add iodine ; the grains turn blue, as in 
the preceding case. 

(!) To bring out more clearly the striations in the 
grains, scrape some of the cont.ants of a. Potato tuber into 
a. watch-glass containing some 5 per cent. silver nitra.t.e 
solution. Let them remain in this solution for a.bout 
15 minut.es, then transfer them to a. watch-glass contain
ing some 1 per cent. solution of common salt, and expose 
to direct sunlight, in order to ·reduce the chloride of silver 
which has been formed within the grains. The lees dense 
layers of the starch will take a. grey colour, due to the 
reducaj silver. 

70. Half-compound and compound grahul are sometimes 
found in Potato tuber, in addition to the simple grains with a single 
hilum. A hall-grain oompound grain oonsists of two or more small 
grains fixed together (usually by their broader ends) and covered 
by a oommon outer layered envelope of staroh. A oompound grain 
oonsista of an aggregate of several grains without any oommon 
envelope ; in the endosperm of Oats and Rice all the grains are 
oompound, with as many as 100 to 300 small grain& 

The starch-grains of other plants should be examined. Those of 
Bean and Pea cotyledons are rounded or ovoid but oent rio. Those 
of Wheat endosperm are rounded diaoa, and those of Maize poly
gonal and densely packed in the endosperm eel.la. 

71. Leucoplasta are oolourless plastids. They oocur in various 
tissues in which staroh is being stored. In the "pseudo-bulb " of 
Phajus, of which prepared sections oan be bought, the leuooplasts 
are long diso-like bodies. They oan be found, however, in the 
rhizome of Canna or Iris, or in Potato tubers. 

Get some young Potato tubers. To harden the tissues thoroughly 
out the tubers in pieoe11, not larger than a Pea, and place these in 
strong picrio acid. A rapid method is to out sections from the sur
faoe of the young tuber (the leuooplasta are most abundant in the 
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oella juat within the cork-layer) and mount them in a drop nf the 
acid ; but it ia perhaps better to soak the pieces of tuber in the &eid 
for an hour, then wa.ah them with we&k &lcohol, and keep them in 
etrong &lcohol for a few daye. Then out &eetione ne&r the eurf&oe, 
tre&t with iodine, and mount in glycerine. Note the em&ll rounded 
at&rch-gnU.ne (blue), e&ch with a am&ll leucopla.at (yellow) att&ohed; 
the leucopla.ate &re usually found ne&r the nuoleua of the cell, and 
in the outer cells of the tuber there m&y be seen leuoopla.ats \rhioh 
have not yet formed a ataroh-gr&in. 

7~. Dextrin.-This name is given to a series of soluble 
ca.rbohydra.tes, formed in the processes by which starch is 
conTerted into reducing rnga.r, and therefore found in 
plant tissues where starch haa been stored. In the hydro
lysis of starch the intermediate products formed differ 
considerably, some giving various colours with iodine, 
while others are not coloured by iodine. 

(a) Examine some oommeroi&l dextrin. It ia a yellow-brown 
powder, soluble in either oold or hot water; the solution ia clear. 
Pour into one teat-tube some of the dextrin solution, and into 
another tube an equal volume of water, then add to e&ch an equal 
volume of iodine solution. The water ia coloured yellow only, 
but the dextrin solution beoomea reddish-brown-the colour dia
appean on heating and re6ppean on cooling. 

(b) To some dextrin aolution in a teat-tube add &loohol; the dex· 
trio ia precipitated. 

(c:) To aome dextrin 110lution add baeio lead acetate 110lution; 
dextrin ia not precipitated (oi at&rch). 

(d) Dextrin can be obtained, aa a sticky maas, by moistening a 
litt.le ataroh with hydrochloric aoid and heating gently in a dish.. 

(a) Make 10 grams of et.arch into paste with 20 o.o. of water, add 
30 o.o. of 20 per oent. aulphurio acid, and boil for aever&l minutes. 
Cool, add &loohol, oolleot the white precipitate of dextrin, waah it 
wit.h &loohol, dry it in a watoh-glaaa, and teat with iodine. 

(/) Boil aome at.arch in water (about I gram starch to 100 o.o. 
water) ; oool, add a few dropa of 20 per oent. sulphuric acid, and 
again heat.-the fl.uid beoomea clear, and on adding iodine to a 
cooled &ample of it the blue colour ia still given. continue to boil 
the aolution, and remove from it every five minutes a email sample 
to which when cool iodine ia added. The first samples, oontaimng 
dextrin, turn violet with the iodine, the later onea reddiah-brown, 
then yellowish, u the oonvenion of the succeaaive dextrina into 
aup.r prooeeda. 
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(g) Make a watery extra.et of Pea flour, or of pulverised Peas, let 
the turbid liquid stand for an hour, and filter it. Pour aome of the 
filtrate into a watoh-glasa and place in it a crysta.1 of iodine; the 
liquid gradually turna brown. For oompariaon pour into two other 
watch-glasses, eaoh oont.&ining an iodine crysta.1, (l) a little water
the iodine only turna the water yellow ; (2) aome of the dextrin you 
have prepared from starch-note the brown oolour produced in the 
dextrin.. A. few drops of iodine aolution may be used in each case 
instead of iodine crystals. 

(h) Pour aome of the filtered Pea extra.et into a test-tube, add 
aome Fehling'• solution, and boil; no reduction oocura, since no 
reduoing sugar ia present in dry Peas. 

(i) To another portion of the Pea extract in a test-tube add a 
little sulphuric acid and boil for a few minutes, then add some 
Fehling and boil age.in; the red copper precipitate appears, be
cause the dextrin ha.s been converted by the aot1on of the acid into 
a reducing sugar. 

73. Digestion of Sta.rch.-Starch is convert.ed into 
sugar by hydrolysis, which ma.y be brought a.bout either 
by (a) simply boiling starch in water or in mineral acids, 
or (b) by the action of diastase enzymes. Of the latter 
several varieties occur in both plants a.nd animals ; in 
mamma.la, for instance, the digestion of sugar is effected 
by the ptyalin of saliva a.nd the amylopsin of pancreatic 
juice. 

(a) Heat some starch in water, and put a. little of the 
cooled paste on the tongue. After a. time the sweet ta.ate 
shows that part of the starch has been converted ·into 
sugar by the diastase (ptyalin) of the saliva.. 

(b) For experiments on the digestion of starch use 
either saliva, or (better) malt extra.et or commercial 
din.sta.se. To obtain saliva. for the experiments induce 
secretion by rinsing the mouth with water and then chew
ing a. bit of rubber. Collect the saliva. in a. teat-tube, a.nd 
dilute with a.bout five times its volume of water; if it is 
very turbid or frothy filter it. Make starch paste by 
rubbing up 10 grams of starch with 30 c.c. of cold water, 
adding 200 c.c. of boiling water, a.nd cooling the thin 
mucilage formed in this wa.y. 
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(c) Make experiments with a. dialyser (§ 44) to ascer
tain whether or not (a) starch mucilage and (b) sugar 
solution can pass through a. membrane. From time to 
time take out some of the water and test it with iodine 
in the case of the starch; with Fehling's solution in the 
case of sugar. 

(a) Repeat the dialysis experiment with starch solution 
to which some saliva or diastase has been added ; after an 
hour test the water with Fehling (sugar present). As a 
control, set up a. second dialyser containing saliva. which 
has been boiled before being added to the starch. 

(e) Label three test-tubes .A, B, 0. In A put some 
starch solution; in B saliva. only; in 0 one part of saliva 
and three parts of starch solution. Place the three tubes 
in a beaker of water at 40° C. for about ten minutes; to 
maintain the temperature, set the beaker on a. sa.nd-bath 
with a. thermometer suspended in the water. Then test 
portions of the three liquids for reducing sugar with 
Fehling's solution; 0 reduces Fehling, A and B do not. 
Also test a. portion of each with a. few drops. of iodine ; 
only .A gives a. blue colour; the starch in 0 has been 
changed into -maltose. 

(/) Label two test-tubes A and B, and place in ea.eh 
some thick opalescent starch paste ; to B add some saliva, 
and keep both A and B at 40° C. A remains unchanged, 
but in a. minute or so B begins to become liquid and clear 
-a process preparatory to the conversion of the starch 
into sugar. 

(g) Label three test-tubes .A, B, 0. Into .A put som& 
saliva. and boil it , then add thin starch paste; into B put 
starch paste, saliva, and a little hydrochloric acid; into 0 
starch paste, saliva., a.nd a. little potash. Keep all three 
a.t 40° C., a.nd after ten minutes test each with Fehling; 
no sugar is present in either-diastase is destroyed by 
boiling, and its action is arrested by acids and alkalis. If 
B and 0 are very carefully neutralised (B with potash, 
0 with acid.), the diastase ma.y be enabled to act as usual. 

(h) Into a. test-tube place some thick starch paste, add 
saliva., and place the tube in a. freezing mixture. After 
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a.n hour test some of the liquid with Fehling; no sugar is 
present, the a.ction of the dia.sta.se ha.ving been arrested by 
the low temperature. Now keep the tube a.t 40° C. for 
ten minutes; the pa.ste becomes clear a.nd will soon reduce 
Fehling, showing tha.t the enzyme ha.s not been destroyed 
by the cold to which it ha.s been exposed. 

(1) That maltoae is the form of reducring sugar produoed by the 
action of saliva or of malt extract can be proved. To starch solution 
add some saliva or malt, keep at 40°C., and at intervals of two 
minutes take out a drop or two of the liquid with & glass rod, place 
it in a white saucer, add iodine, and note the colours given- indi
cating the stages between starch and maltose. At first, blue (soluble 
starch) ; then violet (a mixture of red due to dextrin and blue to 
starch); then reddish-brown (d_extrin alone); then yellowish brown, 
and finally no reaction at all (dextrin mixed with maltose). Now 
test & portion with Fehlin~ (this might be done with the suooeaeive 
stages if the experiment is made in a large tube with plenty of 
material), which will prove the presence of a reducing sugar. After 
the liquid has ceased to give any iodine reaction, add to it alcohol, 
which precipitates the dextrin ; filter, and test the filtrate for 
maltose (§ 66), which is not precipitated by the alcohol. 

74. Transloca.tion of Starch in Peas and Beans.- · 
(a) Cut transverse sections of a. cotyledon of Bean or Pea. ; 
treat some with iodine. Note tha.t the cotyledon is ma.de 
up of (1) a. layer of sma.11-celled epidermis; (2) the 
general pa.renchyma., consisting of larger cells sepa.ra.ted 
by intercellula.r a.ir-spa.ces; (3) the veins, a.ppearing a.s 
pa.tches a.nd strea.ks of sma.11-celled tissue. The cells of 
the pa.renchyma. conta.in large sta.rch grains a.nd much 
sma.ller protein grains, but these a.re a.bsent from the 
epidermis a.nd veins. Test sections for suga.r with Feh
ling's solution. 

(b) Cut sections of the ra.dicle a.ndflumule, a.nd of the 
young foliage-leaves (data.eh some o these a.nd mount 
them entire), a.nd note tha.t the cells contain little or no 
starch in the resting seed. Test sections with Fehling; 
no sugar (or only a trace) is present. 

( c) Now examine seedlings, treating sections with iodine, 
a.nd note tha.t when the root is a.bout 5 cm. long numerous 
sta.rch gra.ins a.ppear in the cortex and pith of the root a.nd 
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bypocotyl. Test sections of these with Fehling: sugar is 
now present. As germination proceeds, starch disappears 
(being replaced by sugar) from the older and fully elon
gated tissues-remaining, however, in the starch.sheath 
around the ring of vascular bundles-and appears in the 
younger tissues. When the two primary foliage-leaves of 
Phaseolus emerge they contain starch, but as they develop 
it disappears from them, and by this time the amount of 
starch in the cotyledons bas become greatly reduced-as 
can be seen by testing sections (note that the starch grains 
show extensive corrosion, with cracks and cavities). 

(d) Remove the coats from seedlings of Peas or Beans 
in which the radicle has grown about 5 cm., grind or pound 
up the seedlings with water, and filter. Put starch paste 
into three saucers; into A pour some of the filtered extract 
from the seedlings, into B some extract that has been 
boiled, and leave 0 as a control. After the three have 
been in a fairly warm place for an hour or two, note that 
a sample of the liquid from A gives only a reddish colour 
with iodine, and ultimately remains uncoloured; . while B 
and 0 become blue on adding iodine-the diastase in B has 
been destroyed by boiling. Transfer some of A to a test
tube, and apply Fehling's test; note the abundant sugar. 

75. Translocation of Starch in Wheat.-(a) Cut 
and examine transverse and longitudinal sections of 
a Wheat grain softened in water for an hour. Note 
(1) the coat, consisting of a distinct epidermis, about two 
layers of thick-walled cells, a layer of large flattened. cells, 
and then several layers of cells with more or less com
pletely obliterated cavities-these tissues, starting from 
the outside, are derived from the ovary-wall (pericarp) , 
the integuments (testa), and the nucellus (perisperm) of 
the ovule; (2) the aleurone layer, or outermost layer 
of the ·endosperm, consisting of cubical cells containing 
abundant protein grains but no starch ; (3) the starchy 
endosperm. tissue, consisting of polygonal cells with 
crowded starch grains ; ( 4) the embryo. To see the 
successive layers of the grain coat more distinctly, mount 
sections in potash. 



(b) In the embryo (compare tra.nsversea.nd longitudinal 
16Ctions of the grain) note (1) the ae11tellum. abutting on 
the endosperm and consisting chiefly of small cells but 
showing on the surface a very diatinct epithelium layer 
of narrow vertica.lly elongated cella; (2) at the upper end 
of the embryo, the growing point of the shoot, covered by 
the young foliage-leaves and enveloped by the plum.i. 
sheath ; ( 3) the radicle, showing very regula.r longitudinal 
rows of cells, with the distinct root-cap covering the grow
ing-point, a.nd the radicle-aheath surrounding the whole 
root; ( 4) the vascular bUDdlea seen at the junction of 
acutellum. plumule, and radicle, with veins diverging into 
th6116 three organs; (5) a ama.11 appenda.ge-epiblut
opposite the scutellum. at the junction of the plumule a.nd 
radicle sheaths; ( 6) the spiral and annular vessel.a of the 
bundle which enters the base of the grain-look for these 
in both longitudinal and transverse sections; (7) the fine 
tapering hairs at the apex of the grain. · 

(c) Teat sections for starch, sugar, and proteids; there 
is no sugar in the dry resting Wheat grain; the embryo 
couta.ina proteins, but no starch; the endosperm contains 
both ata.rch and proteins. 

(d) Examine Wheat aeec11inp from time to time, and 
teat aectiona for ata.rch, sugar, and protein.. At an early 
at.age sugar appears in the endosperm ; soon afterwards 
transitory ata.rch grains apJ>e&!" in the scutellum (except 
the epithelium), and ata.rch 1B also detected in the cells of 
the elongating plumule-aheath a.nd of the young growing 
leaTM within it. 

( e) Squeem out the milky contents of germinating 
Wheat grains on a slide, a.nd note the corroded starch 
graina. Also squeeze aome germinating grains into a 
teat-tube, aha.ke with water, and filter; test the filtrate for 
sugar with Fehling'a aolution. 

78. lDulin.-This carbohydrate is found a.a a reserve 
substance in many plants. It is soluble, but not readily, 
in cold water, though it occurs in the cell-sap in aolut.ion, 

P . B. 5 
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and it ia precipitated. often in spherical cryata.Iline maaaea, 
on extraction of the water by alcohol or glyoorine. 

(1:1) Examine oommeroi&l inulin. P1aoe eome of it in• teat-tube, 
add oold water, shake up, filter, and •pply to the filtrate the teat. 
given below-it ia only Blightly eoluble. On being tre.ted with hot 
water, however, it diaaolvee reM!ily. 

(b) To the oold-water eolotion add Fehling, and boil: no redoo
tion oooura. To the eolution made with boiling water add hot 
Fehling, and boil for a few minotea: •little cuprous oxide ia thrown 
down, becaU!le the hot water oonverte 80llle of the inulin into 
gluoaeo. To another portion of the hot-w.ter mlution add• little 
sulphurio acid, boil, and teat with Fehling: a oopi0118 precipitate> 
ia given. 

(c) Allow eome of the hot-water mlotion to 0001, and Mt the teat
tohe aaide : the inulin ia precipitated, bot very alowly. To a little 
of the oooled eolution add ox~ of aloohol : the inulin iii quickly 
thrown down. 

77. Tosta for Inulin.-(1:1) Teet the inulin mlution with 
iodine: ouly a faint brownish colour ia given- (b) Add a.uat.io 
soda or potash to dry inulin in a teat-tube : it dissolves without 
being ooloured. (c) Warm eome inulin aolution, then add a few 
drops of alooholio solution of oroin : an orange·red oolour ia given. 
(cl) To eome inulin solution add a few drops of strong hydrooblorio 
u.oid, and ooil ; cool, and add a few drops of alcoholio aolution of 
pblorogluoin: a yellow-brown oolour ia given- lnulin iii readily 
distinguished from sugars by reaotiona (b), (e), and (d). 

(e) Cut aectiona from the pith of • fresh Dahlia tuber, and 
examine in aloohol; note the soanty oell-oontent.a, with tranaparent 
1&p. :L.y the aectiona in atrong aloohol for about an hour, and 
mount in glyoerine ; note that the inulin hu 11ep&r&ted out in the 
form of apherioal crystal-like m-. 

(/) Cut a Dahlia tuber into pieoes, and ~ them in aloohol for 
at lout a week.. (l) On examining 100tiom m glyoerine, note the 
1'.rge sphere-erywtala -ted on the oell-wall and often extending 
from oell to oell ; the longer the material hu hem in aloohol the 
larger will th-~ be. (2) To eectiona showing the9e inulin. 
- add iodine: the inulin iii ..roely ooloured. (3) Tre.t 
other eeotiona with w.ter : the inulin ia lllow!J diaaolved.. On 
heating, the prooesa of aolution ia hutened; an during 1<>lution 
the ~ abow a radiating structure. (•) Treat other prepen
tlom with pot&ab : the7 ~ di.aolved more quickly than with 
wat.er. (5) Treat• IOOtion with 20 per oent. a-naphthol 1<>lution, 
then add two or three drope of it.rang IUlphurio acnd : the orysta1.I 
di.aolve with a violet oolour. 
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(g) In addition to, or instead of, Dahlia tubers, the following 
may be used for the demonatration of inulin: tuber of Jerusalem 
Artichoke, root of Dandelion. Cut ll60tion• of freah ml\terial, 
examine in water, then add alcohol, and note the granular pre· 
aipitate formed in the cella ; on irrigating with water the precipi· 
tate will be again disaolved. Pieoea of the tiBSue ahould also be 
placed in alcohol for a week or more, aa directed for Dahlia, in 
order to obtain the sphere-aryetala. 

VI. CELL-WALLS; MuoILAGBS 

78. Testa for Celluloae.-Soa.k some cotton-wool in 
alcohol, to. remove air-bubbles, a.nd then in water. 

(a) Mount some of the soaked cotton in water, a.nd 
with high power note that the long hairs a.re unicellular, 
with thick colourless walls a.nd scanty rema.ins of the 
protoplasm. 

(b) Pla.ce some in strong iodine solution in a. watch
gla.sa for a. few minutes, mount in iodine, a.nd note that 
the walls a.re stained faint yellow. 

(c) Transfer a. little of the iodine-treated material to a. 
drop of 50 per cent. sulphuric acid, a.nd note that the 
walls swell up a.nd turn blue. 

(d) Treat some of the material with chlor-zinc-iodine 
(see Appendix) : the walls become blue or violet. 

(e) Mount some in aniline sulphate solution: the walls 
a.re "°' stained-this solution is used a.a a. teat for lignin 
(§ 79). 

(/) Pla.ce some dry cotton-wool in a.mmonio-cupric 
hydrate (" cupra.mmonia.," see Appendix), a.nd note that 
the hairs fuse into a. gum-like maBB and eventually dis
solve. 

(g) Mount some of the cotton in " cupra.mmonia. " on a. 
slide, a.nd note the swelling of the walls that precedes their 
solution. 

The blue colour given with iodine a.nd sulphuric acid, or 
with chlor-zinc-iodine, is the best positive microchemica.1 
teat for oellulo110, a.nd both of these reagent. 1hould 
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always be tried; the negative reactions with iodine and 
with aniline sulphate should also be noted when exa.mining 
tissues. 

N.B.-In some ea.sea no blue colour is produced either 
with chlor-zinc-iodine or with iodine and sulphuric acid; 
hence the failure of these two reactions must not always 
be ta.ken a.e a proof that cellulose is absent, though they 
are positive proofs of its presence when they are obtained. 
Sometimes these reactions are not given until the tissues 
have been treated for some time with potash. Occasion
ally walls turn blue with iodine alone. 

79. Lignllled Walls show certain well-de.fined colour 
reactions. The chief reagents used a.re the following:-

(a) Aniline Sulphate (or Chloride) Solution.
Dissolve aniline sulphate, or chloride, in water, and add a 
little acid-sulphuric or hydrochloric. Dip a wooden 
match into the solution-the wood turns bright yellow, 
more rapidly on warming it; if the reaction is not given 
readily, add more acid. 

(b) Phloroglucin Solution.-Dissolve phloroglucin· 
powder in alcohol, making a 5 or 10 per cent. solution. 
Add strong hydrochloric acid until a precipitate just 
begins to appear; the solution is then ready for use. The 
solution may be made up without acid, a.nd the acid 
applied to the tissue simultaneously with the alcoholic (or 
aqueous) phloroglucin solution. Dip a wooden match 
into the solution-it turns bright red ; if the colour is not 
given at once, add acid or apply heat. 

(c) Carbolic-Kydrochlorio Acid M:ixture.-Disaolve 
some carbolic acid in warm hydrochloric acid; if a pre
cipitate is formed, add enough hydrochloric acid to re
dissolve it, and the mixture is ready for use. Into some 
of this mixture in a watch-glass la.y broken pieces of a 
wooden match; on exposure to the light for a short time 
the wood becomes bright green. 

(d) In addition to these three very characteristic re
actions (which a.re very readily applied to 110Ctions 8-6 
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microchemica.1 tests) try the following tests : Dip separate 
wooden matches into (1) iodine-it turns yellow only; 
(2) chlor-zinc-iodine-it turns yellow ; (3) first iodine a.nd 
then sulphuric acid-it turns brownish. 

( e) Cut transverse sections from a. wooden match, soak 
them in alcohol to remove air-bubbles. (1) Mount a. 
section in water, and note the network of wa.lls, which a.re 
practica.lly colourless or sometimes very faintly yellow ; 
(2) add iodine-the walls turn yellow; (3) next add 
sulphuric acid-the walls swell up and turn brownish; 
(4) mount another section in chlor-zinc-iodine-the wa.lls 
turn yellow; (5) mount another in aniline sulphat:.e-the 
walls turn bright yellow; (6) mount another in phloro
glucin-the wa.lls turn bright red; (7) mount another in 
carbolic-hydrochloric acid, and expose to the light-the 
walls turn green; (8) treat another section with potassium 
permanganate solution, followed by ammonia-the walla 
turn red. 

(/) Note also that lignified membranes a.re insoluble in 
cuprammonia., but are swollen and fina.lly dissolved by 
strong sulphuric acid. After treatment with Schultze 
maceration fluid ( § 80 b ), they react like cellulose. 

80. Corky Walls do not give well-defined reactions, 
except for the relatively great resistance which they offer 
to the action of strong acids. 

(a) Cut thin sections of an ordinary bottle cork, and 
soak them in alcohol to remove air-bubbles. (1) Mount a. 
section in water, and note the cork cells, regularly ar
ranged in rows, with thin yellowish walls; (2) treat with 
iodine-the walls turn more distinctly yellow; (3) next 
add sulphuric acid-the walla turn deep brown, but they 
retain their sharp outlines and do not swell; (4) treat a. 
section with chlor-zinc-iodine-the walla either remain 
unchanged or turn deeper yellow; (5) treat a section with 
potash for a. few minutes, then add chlor-zinc-iodine-the 
walls turn violet. 

(b) Dissolve crystals of pot.a.ssium nitrate in strong 
nitric acid in a. test-tube-this gives Schultze maceration 
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Jluicl. Put into the solution some rather thick sections of 
cork, and boil for a. short time-the sections loae shape 
and fuse into a. m&111 ; on cooling, pour off the solution 
and replace it by alcohol-the mass is diaaolved. 

( e) Make this experiment with thin sections, ta.king 
great care not to let the acid fumes injure the microacope. 
Warm the sections gently with a. little maceration fluid on 
a slide, and note that the corky wa.Ila turn bright yellow; 
then boil the liquid on the slide, allow to cool, and note 
that the wa.Ila have fu.aed into drops (coruristing of eerie 
acid). 

(a) Corky walls a.lao turn red with a.lka.nnin, but not so 
deeply as in the case of oils-for which a.lkannin i1 a.lao 
used as a. test. 

81. Cutinised Wall• resemble corky walls in their 
general reactions. If sections of stems, etc., are placed 
for a.n hour or so in strong freshly-made chlorophyll 
solution, the cutinised and the suberised walls are stained 
deeply green, while lignified and cellulose walls remain 
unstained. Cutin is typically developed in the outer walls 
of epidermal cells, which often show a. stratified clea.r or 
yellowish cuticle. 

82. Duma &JlCl •uc:Uatr- may be treat.eel here, liilce they are 
orten, though not always, deriTed from oell-w&lla. They are gJ"e&t.ll 
atrollen by potaah, d.i.Aoln in wat.er, and are inaoluble iu alooho 
Veaet;ahle gums mayor may not gjve the same reactiooa u ordinary 
oelfulme; tbey are stained deeply blue with methylene blue and 
iu .ome ~ Hoffmau'1 blue, pmk with corallin-llOda. Moat of 
theee bodies are allied to carbohydrat.ea; they are 0011verted into 
dextrin by tze&tment with aulphurio acid; on tnr&tment with nitrio 
acid they yield ox.r.Iio and muoio acida ; and tbey are quite amor
pboua, not being crywt&lliable like the mgara. 

(~) Examine oommercial gum-arabio (obtained from an Acacia). 
(I) Trost with warm water- it d.i.Aolves; (2) add &lcohol to the 
.olution- it ia precipit&ted; (3) tre&t with iodine-brown colour; 
(f) treat with aulphurio &0id and then with iodine-brown colour. 

(b) Soak aeeda of Linseed in water for &n hour or eo, and note 
th&t the aurf&oe of tbe aeed ia covered by & tbiok transparent gum. 
(1 ) Cut tr&DBVel'lltl sect ions of a dry seed (wet the razor with &loobol 
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or gl1cerine), mount in atrong glycerine, and note that t.he epi
demm of the -1-coat oomiata of oelll which have thick waU. and 
are oovered externally by a diatinot cuticle. (2) Irrigate with watec 
(or lift off the oonr-glaa and plaoe a water drop on the eotioo), 
and note that the wan. of th- oella become swollen. the atratified 
atruoture of the out.er wan. becoming more marked; the outiole ia 
ruptured aa the swollen mus bulges out; the middle lamella of the 
walls between adjacent oeU. dOM not awell up, but remaioa W.. 
tinct. The swelling of the wan. may be hastened by warming the 
slide. (3) Treat the eection. which baa been aoaked in water, with 
iodine eolution-the gummy wan. are not stained or only elightly. 
(4) Treat a eection with iodine and sulphuric aoid- bluish 
ooloaration ia produoed. (6) Treat a eection with Hoflinan'a blue
the gummy walla are not at.ained, or Tery slightly. (6) Treat a 
section with oorallin-eoda-the ~my walla turn pink. (7) Treat 
a section with ~tash-the awelling of the walls oocun muoh more 
rapidly tha.n Wlth water. 

(c) Examine oommeroial ealep, or make it by drying and cruahing 
the tubers of Orohia maeoula (or O. maoulat.&, or 0. latifolia); treat 
the aalep, or the pounded tubers, with cold water, and filter. 
(1) To the clear filtrate add alcohol-the white floooulent pre· 
oipitate conaiata of Orchid mucilage, insoluble in alcohol. (2) 
Evaporate the liquid, and treat the residue with iodine a.nd eul· 
phuric acid-the blue or violet oolour produoed ia diatinotive of the 
eo-oalled " true vegetable mucilages." 

(d) Cut transverse aeotione of the tuber of an Orohia. (1) Mount 
in aloohol, and note that the ground tissue (parenchyma), in which 
the TUOUlar bundles are embedded, oonema of email atarch-oon
taining oeU., together with larger oeill each of which oontaine a 
bundle of needl&-like oryatale (raphidee) of calcium oxalate em
bedded in mucilage. (2) Treat a section with oorallin-eoda, mount 
in glycerine, and note that the large oeU. have their mnoilaginoua 
oontenta stained pink. (3) Treat a eection with iodine and m}. 
phnrio aoid. and (4) another with Hoffman'• blue, and note t.he 
remit&. 

VII. GLvcosmma .lli'D T.unulfs. 

83. Glucosid• are oombi.na.tiona of glucose, or more 
rarely of other rugars, with various classes of organic 
compound&, especially those of the aroma.tic series. In 
genera.I chemie&l properties they resemble ca.ne sugar and 
the polysaccha.rides, and various glucosides have been J;>re
pa.red synthetie&lly from glucose. The glucosidea yield 
glucose on being hydrolysed by means of acids or of special 
enzymes (glucosida.ses or glucoside-splitting enzymea). 
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For instance, the glucoside &mygclalinoccurs in Almonds, 
ll.lld is obtained by extraction with alcohol and precipi~ 
tion with ether. The enzyme emulsin (found m gernu
n&ting Bitter Almond aeeds, also in the leaves of Cherry 
Laurel, Bird Cherry, etc.) decomposea amygdalin into 
prussic acid, benzaldehyde, and glucose. Salicin, fmu~d 
in the twigs of Willows and Poplars, and obtainable m 
the same way, is converted by emulsin into glucose and 
saligenol (sa.licylic alcohol). 

(a) Examine oommeroial ulicin; note ite bitter taste. Dimolve 
eome uJioin in warm water, and note that (l) it; does not reduce 
Fehling'a aolution; (2) it givea a red oolour on addition of 1trong 
BUl.J;>hurio acid-if water be then added, a red precipitate ia given; 
(3) it gives no oolour on addition of dilute ferric chloride aolution. 

(b) Using a Soxhlet fat.extraction aP.paratua (§ 97), extract uJi. 
oin from aome chopped.up twiga of Willow or Poplar with water. 
Test the watery extract aa in the preceding experiment. 

(c) Add dilute BUl.phurio acid to eome u lioin eolution, and boil 
Neutraliae with caustic aoda, and apply Fehling'• teat-. reducing 
sugar ia now present. 

(d) Grind up some Bitter Almonds in a mortar with und and 
water. Filter the liquid. which will contain emulain. To aalicin 
aolution in teat-tubes add (A) aome of the emulain aolution ; (B) 
aome emulain aolution that baa been boiled ; (c) some diaataae 
eolution; leave (n) with nothin~ added to the uJicin solution. 
Place the tubes on a bath at .W C. for half an hour or an hour. 
Teat with Fehling'a aolution: gluoose ia present in A, though abaeut 
in the other 0&888. Note that in A the addition of some dilute 
ferric chloride gives a deep purple colour (destroyed by acids or by 
alkalis); thi1 ii due to the presence of ll&ligenol 

(e) Grind up in the aame way some Sweet Almond seed.a, and 
note that the watery extract in this case contains emulain, but 
there ii no amygdalin. To some of the extract of Bi tter Almond 
eeeda, which haa been boiled ao aa to destroy the emulsin present in 
it, add eome of the Sweet Almond extract, and note that hydroly· 
aia oocura-glu~ pruaaio acid, and benzaldehyde (oil of Bitter 
Almond) being formed. 

(/) In tranaverae aeotiona of the leaf of Cherry Laurel note that 
there ia a layer of cella surrounding the vascular bundles, marked 
by the finely granular character of their protoplasm and their f,_. 
dom from chloroplaatl and starch. (1) Apply the teatl for tannin 
(I M) to 1<>me 1eOtione- theae oella contain tannin. (2) Treat 
1eOt.iona with Millon'• reagont--<>n warming the elide, note that 
U.- oella tum deep orange red, while the ordinary parenohyma 
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oella are faint pink. (3) Treat other llflOtions with copper sulphate 
and caustic potash-these cells become violet. The oontenlAI of 
these cells therefore give aomewhat similar reactions to thOBe of 
proteins ; whereas cells containing only tannin do not react to 
Millon'• and the biuret test more than do ordinary parenchyma 
cells with their protoplasm lining, which stains a pale pink. 

(g) For compariaon with Cherry Laurel, make similar sectiona of 
the leaf of Portugal Laurel Note that in this species there is a 
corresponding layer of cells around the bundles, and prove by tests 
that in this oaae the leaf contains tannin but no emulsin. 

(h) Grind up leaves of Cherry Laurel and of Portugal Laurel 
and make a watery extract, which will contain emulsin only in the 
former ca.se. Prove this by adding each extract to some salicin or 
to some amygdalin containing extract of Bitter Almonds. 

(i) The gluCOBide phlorogluoin (which is used with acid a.a a test 
for lignin, see § 79) is obtained from the wood of various plants. 
Make a phloro(!lucin solution, and note that it gives (1) a violet 
colour with fernc chloride, (2) a violet colour to a freshly-cut pieoe 
of Pine wood dipped into the solution after adding hydrochloric 
acid. 

(J) Pound up eome Hone Chestnut bark with glacial aoetio acid 
to extract the $lucoaide aesculin, and note that a fine blue ftuoree
oent oolour is given on making the aolution alkaline with pota.ah. 

84. Ta.nnins.-Under this name are included various 
substances found chiefly in bark and in pathologica.1 gall 
formations. The best known is ta.nnic acid, which occurs 
along with the allied gallic acid in" gall nuts" (oak galls ). 
The tannins a.re probably related to the glucosides, and in 
some cases a.re of similar importance in metabolism, yield
ing glucose on being hydrolysed. Like most glucosides, 
they have a.n a.stringent t.a.ste, and their most characteristic 
reaction is the dark blue or green colour which they give 
with salts of iron. 

(a) For the ~eneral reactions of tannin use commercial tannin 
(tannic acid) dissolved in water. (1) Add a few drops of ferric 
chloride--& deep blue or blue-black colour. (2) Add a few drops 
of potassium ferricyanide and some ammonia-a red or brown 
colour. (3) Add potassium dichromate-a reddish-brown oolour. 
(4) Add aome ammonium ohloride solution, followed by some am
monium molybdate aolntion-a yellow precipitate. 

(b) The tanni.na are widely distributed in plants, and their 
preeence is easily recognised on testing out surfaces with ferric 
chloride, ferrous aulphate, or potassium dichromate. A1 materi&l 
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nae young oak galls ; acorns (cut &Cl'06a the cotyledon.a, which &lao 
oont.ain abundant at.arch}; twigs of Haul, cut in winter; young 
:&oee atell15. ROlse leaves contain abundant tannin; fold up eenral 
leav811 and crush with the fingers be ween folded white paper to 
preaa out the ap, then touch the moi tened portiom of the paper 
with ferric chloride aolution, and note the dark blue colour. 

(c) Cut thin aectiom of any of the above. (1) Irrigate with 
ferric chloride, or with ferrous suJphat&-note that at first a deep 
blue precipitate ia formed, which aoon dissolves and imparts its 
colour to the surrounding liquid. (2) Ple.ce sections in 10 per 08Jlt. 
potassium dichromate solution-a reddish brown .Preoi,Pitate is 
formed in the tannin-containing cells. (3) Place sections m strong 
solution of ammonium molybdate in strong ammonium chlorido-a 
brown or yellow precipitate. (4) Plaoe eeotiona in lead e.cetate 
solution-a white precipitate. (5) Ple.ce eeotiona in strong oopper 
acetate solution for a week ; then ple.ce them on a slide in a drop of 
l per cent. aolution of ferrous sulphate; after a few minutes, wuh 
with water, transfer to a wa.tch-gla.sa of aloohol (to remove air-buhble11 
and to extract chlorophyll if present), and mount in glfoerine. An 
insoluble brown precipitate ia found in the cells oontaming tannin. 
If the ~ona are taken from the alcohol and placed in iron aoet.&te 
llOlution. a blue or green colour ia produced, aooording to the kind 
of tannin preeent. 

(d) I t can be shown that in varioua plan ta tanniDll are produoed in 
green leaves erpoaed to light and supplied with carbon dioxide, but 
not in darkn- or in absence of carbon dioxide. They are prob&bly 
formed aa bye-products in the procesa of proteid-formation. rather 
than ae primary products of photoaynthe11.ia. They prob&bly mi· 
grate from the leaf during the night and are ultimately deposited 
in the stem tissues, but it is doubtful whether the primary tan
nins thus formed enter largely again into metabolism. So-called 
"secondary" tannins a.re, however, formed in many plants when 
kept in darkness. Seeds of Broad Bean and Scarlet Runner con
tain no tannin ; but seedlings grown in darkness a.re rich in tannin. 
Apply the tannin tests to sections of (1) dry seeds, (2) the 1tema of 
darkened seedlings of these plants, and note the result.a. 

VIII. Orr.s, RESIN, LATEX. 

85. Oils.-Under this name are included two series of 
substances, which give certain reactions in common but 
Jiffer considerably in chemical properties, and in their 
functions. 

The fatty oils, or fats, occur in ma.ny seeds, and less 
frequently in other parts of plants (e.g. stems of Lime, 
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Birch, and some other trees in winter) as a store of re
serve food. Chemically, the fats are-compounds-esters
of higher fatty acids ( oleic, stearic, etc.) with glycerine 
(glycerol). They are quite insoluble in water, cold or 
hot; hardly soluble (except castor oil) in alcohol; readily 
soluble in ether, benzine, chloroform, etc. They can be 
extracted from seeds by simple pressure, or by distillation 
with their solvents, but not by distillation with water 
(cf. ethereal oils). 

The ethereal oils differ from the fatty oils in that they 
may be distilled (from the leaves, etc., in which they 
occur) along with water vapour; also in being soluble in 
glacial acetic acid and in chloral hydrate. .At 130° C. all 
ethereal oils are driven from sections, while the fatty oils 
remain behind. Ethereal oils are only slightly soluble in 
water, but they impart their smell strongly to it. They 
are easily soluble in ether, chloroform, etc. ; the spot pro
duced on paper by ethereal oils soon disappears, these oils 
being volatile; they agree with fatty oils in being browned 
or blackened by osmic acid, and in being stained red ·by 
alkannin and blue by cyanin. 

(a) .Allow drops of (1) turpentine, (2) olive oil or 
castor oil, to fall on different parts of a sheet of white 
paper. The turpentine (a volatile or ethereal oil) soon 
disappears; the olive or castor oil remains. Other ethereal 
oils are oil of eucalyptus, clove oil, lavender oil. 

(b) Test the solubilities of (1) fatty oils, (2) ethereal 
oils, by placing a drop of oil on a slide in each case and 
adding the following solvents. Olive oil, and most other 
fatty oils, are only slightly soluble in ordinary alcohol; 
but are soluble in methyl alcohol as well as ether, chloro
form, and carbon bisulphide. Castor oil, however, is 
readily soluble in ordinary alcohol. Ethereal oils are 
soluble in both ordinary alcohol and in ether. In each 
case pour a few drops of the solution on filter paper, and 
note the grease stain left. 

( c) Place a drop of fatty oil on a slide, add a mixture 
of ether and absolute alcohol (equal parts), which dis
solves the oil. When the ether and alcohol evaporate, 
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drops of oil are left on the slide. Examine with the 
microscope; on focussing down, note that the dark
looking ring around each drop becomes bright-compare 
with air bubbles, the dark ring around which simply 
becomes broader on focussing down. 

(d) Pound up dry oily seeds (e.g. Sunflower, Linseed, 
Castor Oil, Brazil Nut-remove the coats from the larger 
seeds) between folds of blotting-paper, and note the greasy 
stain produced; this dissolves in ether. Castor Oil and 
Brazil Nut seeds are so rich in oil that the oil drops are 
readily seen on cutting across the seed with a heated knife. 

( e) Place drops of various oils on a series of slides. In 
each case add a drop of 1 per cent. osmic acid ; the oil is 
coloured brown or black. 

(/) Examine commercial ground Almonds, a rather 
greasy powder, and apply to it the tests for oils and for 
protems. 

(g) Cut sections of oily seeds, e.g. Castor Oil, Almond, 
Brazil Nut, Sunflower, Walnut. (1) Mount in water, and 
note the bright-looking oil drops, both in the cells and in 
the water. (2) Mount dry-cut sections in a mixture of 
equal parts ether and absolute alcohol ; the oil drops are 
dissolved, but separate out again on letting the solution 
evaporate. (3) Treat a section with 1 per cent. osmic 
acid; the oil drops become blackened. (4) Treat a 
section with alkannin solution (see Appendix); this stains 
the oil drops red, but an hour or more may be required. 
It is often better to cut a section of dry a.lkanna root and 
lay it on the section. In the case of Castor Oil, since the 
oil is soluble in alcohol, it is advisable (unless the dry 
alkanna root is used) to mix the alka.nna tincture with an 
equal volume of glycerine, and to exa.mine the section in 
glycerine. 

(h} Ethereal oils may be examined in sections out with a dry 
razor from freah material, auch as Orange rind, fruit.a of Um
bellifera, etc. Note that theee oila are stained by oamic acid &nd 
b1 alkannin, are aoluble in ordinary aloohol, and being volatile 
diaappear on being warmed: 
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(f) The vapour of hydrochlorio aofd may be used t.o distinguiah 
between ethereal and fatty oils. Cement t.o a slide a large glau 
ring, auoh as mre used for hanging-drop cultures (§ 18), and a 
small glaaa ring shallower than the large one. Place hydrochlorio 
acid in the apace between the two ooncentrio rings ; place the 
sections to be tested on a oover-glaaa in a drop of glycerine OOD· 
t.aining strong sugar solution, then invert the oover and place it on 
the larger r ing. Note that in a short time any ethereal oil in the 
sections takes the form of bright yellow drops which finally dis
appear. Fatty oils do not form yellow drops on treatment in thia 
way with hydrochloric acid vapour. 

(J1 Compare the reactions of oils and thoee of resins (§ 88). 
The alkannin teat for oil ia not decisive, since resins take the 
ll&Dle red oolour; suberieed and cutiniaed walle aleo give a red 
oolour with al.kannin. 

88. Digestion of Patty Oils.-The fats a.re hydro
lysed into their constituent fa.tty acids and glyoorine by 
boiling with water or treatment with steam, and by boiling 
with acids and alkalis. The a.Ike.Ii method of decomposing 
fats is a. special kind of hydrolysis, called sa.ponifica.tion, 
since it was first used in the making of soa.p. 

The fatty oils undergo hydrolysis during digestion. 
They a.re decomposed by the enz;rme lipase, present in the 
pa.ncrea.tio juice (§ 57) a.nd a.lso m germinating oil;r seeds, 
a.nd hydrolysed into their constituents (fatty acids and 
glycerine). 

(a) Boil a small qiiantity of lard with about 20 c.o. of alooholio 
eoda solution (l gram sodium solution in 50 o.c. alcohol). or with 
caustic soda solution, for about five minutes. The fat is converted 
into aoap (sodium stearate, etc.). Then pour the solution into an 
evaporating basin t.o evaporate the alcohol, if alcoholio soda is 
uaed. Add some water ; if oil drops are seen, aaponification (hydro
ly11i1 by alkali) is incomplete and should be oompleted by boiling 
with more soda. Acidify with dilute sulphuric acid. A precipi· 
tate of fatty acid is formed from the 806p. Filter this precipitate 
off through a wet filter paper, and W&8h it with water till free 
from acid. Keep the filtrate to teat for glycerine (see c and d below). 

(b) Prove that the precipitate from the preceding experiment 
ooruriat.a of fatty acid, as follows. (l) Dissolve some of it in ether, 
and add some alcohol oontaining a drop of dilute eoda and a drop 
of phenolphthalein ; th11 red oolour of the indicator diEappeara. 
(2) Dissolve some precipitate in oauatio eoda and divide the aoh1-
tion into thne part. :-(i) shake up with warm water -a 806p 
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lather is produced ; (ii) add some sodium chloride~the soap is 
separated and rises to the surface as a curd ; (iii) add calcium 
chloride- precipitate of calcium soap (calcium stearate, etc.) is 
produced. 

(c) Neutralise filtrate from a with dilute soda; evaporate it to a 
syrup on a water bath. Add alcohol, which precipitates the sodium 
sulphate, and pour off the liquid (alcoholic solution of glycerine). 
Evaporate this, and test for glycerine as below. 

(ll) Tests for Glycerine.-(!) Heat a little glyoerine with 
powdered potassium hydrogen sulphate, and note the pungent smell 
of acrolein-this indicates the presence of glycerine. (2) Add a 
few drops of copper sulphate solution, then some potash- deep 
blue colour is produced but no precipitate, since glycerine prevents 
the precipitation of cupric oxide by alkalis. (3) Add drop by drop 
a 20 per cent. aqueous solution of glycerine to a 5 per cent. solu
tion of borax, to which enough phenolphthalein has been added to 
produce a distinct red colour ; the red colour disappears, but on 
boiling it returns if excess of glycerine has not been used. This 
reaction is also given by other polyhydric alcohols. 

(e) Grind up a few Castor Oil seeds with about 30 o.o. of water 
to which a drop of chloroform has been added. Divide the " liquid 
into two exactly equal portions, place them in two test-tubes, and 
at once boil one to destroy the enzyme (lipase). Then add to each 
1 o.o. of dilute acetic acid, and place both tubes in a bath at 40° C. 
for half an hour or an hour. Then add to each tube a few drops of 
phenolphthalein and titrate with decinorma.l caustic soda solution. 
Note that the number of o.o. of soda solution required to neutralise 
the tube with unboiled enzyme will be greater than in the tube with 
boiled enzyme. 

(/) In the hydrolysis of oils in the intestine, emulsification 
owurs. (1) To some Linseed, Olive, or Castor oil in a test-tube, 
add a little water ; close the tube with the thumb or a cork, and 
shake vigorously. On letting the tube stand the milky appearance 
is lost, the oil and water separating a.gain into two layers-this is 
only temporary emulsification. (2) Repeat the experiment, but 
this time add a little carbonate of soda to the water before shaking 
up-the emulsion produced this time is of a more permanent 
cha.raoter. 

(g) The emulsification produced by alkalis is due to the presence 
of free fatty acids in most oils. If a perfectly neutral oil is shaken 
up with alkali, no emulsion is formed. 

To detect free fatty acid in a fatty oil, add a drop of phenol
phthalein to a little alcohol in a test-tube, then a drop or two of very 
dilute soda-just enough t.Q produce a red colour. Then ad.d a 
little olive oil dissolved in ether, or castor oil dissolved in alcohol. 
The presence of fatty acid is shown by the disappearance of the 
red colour. 
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To prepare nentral olive oil, diBBOlve the oil in ether, ahake it up 
with dilute eodium carbonate, wash free from alkali, and evaporate 
off the ether. In each of five teat-tube& plaoe 10 o.o. of water, then 
add (1) 2 o.o. neutral olive oil; (2) 2 o.o. neutral oil and l drop 
10 per cent. oauatio soda; (3) 2 o.o. neutral oil and 2 dropa oleio 
acid; (4) 2 o.o. neutral oil, 2 dropa oleio a.oid, 1 drop 8 per cent. 
soda.; (5) 2 o.c. ordinary olive oil and 1drop8 percent. soda.. Shake 
the tubes, place them in a. eta.nd, and note that only in (4) and (5) 
is a permanent emulsion formed ; in the others, separation ooours 
after a short time. 

87. Digeation &nd Tr&nalocation of Oils in Germination. 
-Teet both the ootyledona and the endosperm of dry Castor Oil 
eeeda with iodine: starch ia absent. When the root and hypoootyl 
have grown oonaiderably, but the latter ia still ourved and the 
ootyledons are embedded in the endosperm, remove the ootyledons 
from the endosperm. 

Teet for oil (osmio aoid or alka.n:na), for 1ta.rch (iodine), and for 
sugar (Fehling), and note that the endosperm still oontains only oil 
and proteida ; abundant ata.rch and sugar &re preaent in the oortex 
and pith of the upper portion of the hypoootyl, bat the amount 
diminishes further down and is there oonfined to the starch-sheath 
(endodermia) around the bundle-ring ; in the root there ia no starch, 
bat sugar i3 preeent, eapeoially in the aeconda.ry roots ; in the 
ootyledons (whiob before germination oontain no 1t&roh), sta.rch ia 
now preeent in the parenohyma cells around the veins, bat oil also 
oooura in the rest of the parenohyma tissue. 

As germination advances, the amount of sta.roh inoreases in the 
upper portion of the hypoootyl and in the cotyledons, and diminiahee 
a.a the hypocotyl elongates, until the development of these organs 
i1 oompleted; then both starch and sugar disappear from their 
oells, having been used up in the process of respiration as well as 
the formation of new oell-oontenta and cell-walls. 

88. Besins.-Ma.ny ethereal or volatile oils consist of 
solid oxygenated compounds dissolved in liquid hydro
carbons called terpenes. Turpentine oil or spirit (ordinary 
"turps "), which consists chiefly of a terpene (pinene), is 
obtained from the volatile oil of various Conifers by dis
tillation with steam, common resin ("rosin") being left 
behind. Oil of camphor consists of solid camphor dis
solved in a te~e. Most of the volatile oils are converted 
by oxidation mto more or less solid compounds called 
resins or (if they atill contain unaltered ethereal oils) 
ba.l1&1Ds (e.g. Canada. ba.ll&ID). 
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(11) Examine oommon resin, and note that it ia a yellow tram
luoent amorphous substance, insoluble in water, aoluble in turpen· 
tine, benzine, alcohol, and ether. It ia coloured red by alkaruun. 

(b) Cut transverse sections (wetting the razor with water) from 
a young Ivy stem or Pine stem. (1) Mount in water, and note the 
highly refractive resin drops, found chiefty in and around t he resin 
ducts. (2) Irrigl\te with alcohol; the drops are d issolved. (3) '.!.'est 
a section with alkannin, using either the alcoholic solution or 
(better) laying a section of dry alkanna root on the stem eection ; 
cover and leave for about an hour-the resin drops are stained red. 

_(4) Test other sections with osmic acid. Compare with the re
actions of oils. 

(e) Place a piece of Ivy or Pine stem in strong copper acetate 
aolution for about a week ; then wash the pieces in water or dilute 
alcohol, out aeotions, and note that the resin is stained green. 

89. Late:ic.-This is a. liquid found in many plant& Oooasion
ally it is watery and colourless (Banana., eto. ), but it is generally a 
milky emulsion owing to the presence of suspen!led particles, and 
sometimes it is coloured (Chelidonium). In t he ftuid of latex there 
ooour dissolved aa.lta, sugars, eto. ; the suspended particles consist 
ohiefty of rubber or oaoutohouc, but sometimes there are etaroh 
~ (Spurges) ; various nitrogenous organic subetances a.1so ooour 
m late:x, e.g. proteins, enzymes, and alkaloids (opium, eto. ). 

Cut across the stem of a. Spurge freshly pulled up : the latex 
escapes a.a a. white juice, which wa.a evidently under pressure 
(exerted by the turgid pa.renchyma. a.round the latex tubes), since it 
escapes in considerable quantity. (1) Quickly cover and examine 
fresh latex on a. slide : a.t first it ia like milk, containing numerous 
nspended particles, but after a. time a. clot is formed and the 
materials originally distributed uniformly in the liquid collect into 
masses. (2) To another fresh portion of latex add alcohol ; clot
ting oooura much more rapidly and completely. Hence it is neces
aa.ry, in the study of laticiferous tissue, to place an entire plant, or 
pieces out from it, a.t onoe in alcohol, in order to coagulate the con
tents and prevent their escape. (3) '.l.'o another portion add iodine ; 
the granular masses stain brown (proteins), while here and there 
a.re rod-like or dumbbell-like starch grains. (4) Treat another por
tion with alka.nna : the rubber particles are stained red. 

J.l'or the stzucture of latioiferoua tiaaue see § 139. 

IX. NoN-NITROGENous ORGANIC Acxns; MINERAL 

DEPOSITS. 

90. Bon-nitrogenous Organic Acids are frequently 
formed from carbohydrates, usually by processes of orida
tion, and are present in the cell-sap, either in the free 
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state or, more commonly, combined with ha.sea to form 
acid or neutral salts. 

The chief non-nitrogenous organic acids in plants are 
oml.ic, malic, citric, and tartaric. Soluble potassium oxa.
late occurs in Rumex (Docks, .Sorrel Docks) and Omlia 
(Wood Sorrel) ; sodium oxa.l.a.te in Salsola and Salicornia.; 
while crystals of insoluble calcium oxalate are the most 
frequent mineral deposits found in plant tissues. Ma.lie 
acid and malates occur in the juice of many fruits (e.g. 
Apple, Gooseberry, Rowan, where they are a.bunda.nt), in 
the tissues of various succulent plants (especially in Cra.a
sula.cea.e), in Fern prothalli, etc.; citric acid occurs in the 
juice of Lemons, Oranges, etc., and in Lycopodium pro
tha.lli; tartaric acid (generally as acid potassium tartrate) 
in Grapes, Pine-apples, etc. 

91. O:italic Acid.-Any soluble calcium salt, added to a BOlu
tion of oxalic acid or a BOluble oxalate, gives a white precipitate of 
calcium oxalate, soluble in hydrochloric or nitric acid, but almost 
insoluble in potash or ammonia. This is a delicate test, and is 
hastened by warming, if the oxalic solution is very dilute. 

Repeat this test with oxalic acid or potassium oxalate,~ 
calcium chloride for the reagent. Apply this te.t to juioe pn 
from leaves and petioles of Rumex, Oxal.ia, Salioornia, Salaola. 

ea. Ta.rta.ric Acid..-Potassium chloride produoee in a aolution 
of free tartaric acid a white precipitate of hydrogen potassium 
t&rt&rate, readily eoluble in mineral acids and alkalis ; calcium 
chloride, added to tartaric acid or an all<aline tartarate, gives a 
white precipitate of calcium tartarate, distinguished from calcium 
oxalate by being soluble in potash; silver nitrate gives a white 
precipitate of silver tartarate-filter, disaolve the precipitate off 
the filter with a little dilute ammonia, heat the solution in a te.t
tube for a few minutes, when the glass beoomea coated with a silver 
mirror (characteristic reaction for tartaric acid). 

Apply these tests (especially that with silver nitrate) to a solu
tion of tartaric acid or a tartarate. Repeat the tests with some 
Grape juice pressed into a test-tube, after addition of a little 
caustic potash to the juice. 

93. Citric Acid ia readily distinguished from tartaric, aince 
no precipitates are given with potassium salt.a, nor with oold 
lime-water (on heating with lime-water, white calcium citrate iii 
thrown down) ; the silver citrate precipitate (given on adding 
ailver nitrate solution) doee not form a mirror when di880lved 

P. B. 6 
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with ammonia and heated, but gives a. bla.ok deposit after boiling 
for some time. 

Try these tests with citric acid or a soluble citrate. Repeat the 
tests with juice of Orange or Lemon. 

94r. llllalic Acid, usually combined with lime, is abundant in 
various Crassula.oeae, etc. The ca.lcium ma.la.te, which ma.y form 
nearly half the dry weight of the sa.p in Sempervivum, Eoheveria., 
and other plants of this family, ca.n be extracted by bruising or 
pounding up some fresh leaves, filtering the pulp, and adding to 
the filtered sa.:p four or five times its volume of strong alcohol-the 
ma.la.te is precipitated as a. white powder. 

See Text-books on Organic Chemistry for detailed rea.otions of 
these a.oids, methods of detecting each in mixtures, etc. 

95. lllliDeral Deposit. may occur either in the cell-contents 
or in the cell-walls. The commonest of these deposits consist of 
ca.lcium oxalate, ca.loium ca.rbona.te, a.nd silica., which a.re easily dis
tinguished from each other. 

(a) Calcium oJtalate is chiefly found in the cell-sa.p as crystals 
of various forms, of which the chief a.re (1) single prisms.tic, fia.t, 
or dia.mond-sha.ped crystals ; (2) more or less sphenca.l aggregates 
(spha.ero-ra.phirles) with numerous small pyramidal crystals on the 
free aurfa.oe; (3) needle-like crystals (ra.phides) arranged in. bundles 
a.nd genera.Uy embedded in mucila.ge. Calcium carbonate often 
ooours on cell-walls as a.n incrustation, the most striking of which 
a.re those called cystoliths. Silica occurs chiefly as incrustations on 
the cell-wall 

(b) Calcium carbon.ate is soluble in acetic acid, a.nd in weak 
nitric a.oid, with evolution of gas-bubbles (carbon dioxide). Cal
cium oxa.la.te is insoluble in acetic a.oid ; soluble in dilute nitric 
a.oid, but without evolution of bubbles; soluble in sulphuric a.oid, 
with fonna.tion of a. crystalline precipitate of calcium sulphate. 
Silica is insoluble in acetic or nitric a.oid, a.nd remains a.s a. flinty 
residue after strongly igniting the tissue on a. cover-glass or on 
pla.tinum-foil a.nd treating the ash with nitric a.oid. 

(c) Cut transverse sections of the leaf of India-rubber Plant 
(Ficus elastica). mount in water, a.nd note the la.rge pear-shaped 
cystoliths, each occupying one of the la.rge cells below the upper 
epidermis. Add a drop of a.oetio a.oid : the cystoliths become 
transparent a.nd dissolve, bubbles of gas being given off. When 
the ca.rbona.te is dissolved, a. mass of cellulose (on which the car
bonate is deposited) is left, showing concentric stratifica.tion a.nd 
ra.dia.l striation. 

(d) Since calcium oxa.la.te crystals a.re so abundant in pla.nts, they 
will be frequently found in sections of stems, leaves, etc., often 
oooupying special cells. On testing the aeotions, note that the 
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sections a.re not stained by iodine, chlor-zinc-iodine, etc. ; not dis
solved by potash or by acetic acid ; dissolved by nitric acid without 
evolution of bubbles; dieeolved by sulphuric acid, and then replaced 
in the cell by small crystals of oa.lcium sulphate. On adding 
barium chloride, crystals of oa.lcium sulphate become covered by a 
granular layer of barium sulphate, while crystals of oa.lcium oxala.te 
are not affected by barium chloride. 

(e) Cut tangential sections of the stem of Horsetail, so as to 
remove the epidermis, mount in water ; note the numerous small 
projections covering the epidermal cells, and the radiating bands 
covering the cells a.round the stoma.ta. Soak a section in nitric 
a.oid in a wa.tch-gl&BB for an hour, then ignite it over a flame on 
p!&tinum-foil or on a oover-gla.es ; treat the residue with a little 
acetic a.oid, mount in water, and note that a siliceous skeleton 
remains, showing the markings on the epidermis. 

X. METHODS FOB EXTRACTION OF 0:&GANIO 

SUBSTANCES. 

98. Eztraction of Bon-nitrogenous Organic Sub
sta.nces.-The chief non-nitrogenous plastic substances 
can be extracted from plant tissues by the following 
methods. 

(A) Dry the fresh tissue-after cutting stems, roots, 
etc., into short lengths-at a high temperature (100° C. if 
possible) in an oven until it ceases to lose weight. Reduce 
the dried material as nearly as possible to powder, using 
if necessary a hand-mill or domestic chopping-ma.chine, 
and grinding and pounding the material in a mortar. 
Then place it in a Soxhlet fat-extracting apparatus (§ 97), 
using ether as the extracting solvent, and boil for some 
time. Filter, and place the filtrate (ether extract) in a 
corked bottle labelled A. 

(B) Dry the residue, and place it again in the extrac
tion apparatus, this time using 60 per cent. alcohol, and 
boil for some time. Filter, and place the filtrate (alcoholic 
extra.et) in a bottle labelled B. 

(C) Dry the residue, place it in a bottle, add water, 
cork, and shake vigorously and repeatedly for some time, 
and allow to stand for several hours or until next day. 
Then filter, and place the filtrate (watery extra.et) into a 
third bottle labelled C. 
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(D) Boil the residue with dilute (1 per cent.) sulphuric 
acid for a few minutes. Filter the acid extract into a 
fourth bottle labelled D. 

Extract A contains the oils and resins, in addition to 
chlorophyll and other pigments. Extract B contains 
glucosides, tannins, and some sugar. Extract C contains 
dextrins and other soluble carbohydrates not dissolved by 
the alcohol. Extract D contains reducing sugars formed 
by action of acid on starch. 

Ea.eh extra.et should now be tested, using the tests for 
the substances mentioned above. 

(A) Distil off most of the ether, then evaporate the 
rest down on a bath. Warm the residue with strong 
potash for an hour, add water, and filter if there is a. 
residue (of resins, etc.). Then add hydrochloric acid 
until the solution gives 8.n acid reaction with litmus, and 
cool. The fatty acids become solid in most cases ; filter, 
and examine the filtrate for glycerine, a.ft.er evaporating it 
down to small bulk. 

(B) Evaporate off the alcohol; treat the residue with 
water, filter. If the solution is acid, neutralise with dilute 
soda., and test p<>rtions of it for tannins and glucosides. 
(1) If woody tissue has been extracted, phloroglucin will 
probably be present; remove it by shaking up the solution 
a.ft.er adding ether (in which tannins and ordinary gluco
sides a.re insoluble); pour off the ether layer, evaporate 
down the ether, dissolve the residue in water, and test the 
watery solution thus obtained for phloroglucin. (2) There 
a.re no reliable general tests for glucosides ; special tests 
must be used for the glucoside likely to be present. For 
instance, extract of Willow or Poplar stem will contain 
saJicin, extra.et of Horse Chestnut bark will contain a.escu
lin; the tests for these have been given. (S) Test parts 
of the watery solution for tannins, with ferric chloride, 
etc. 

(C) (1) Concentrate the watery extra.et to small bulk by 
heating on a. bath, add strong alcohol until no more pre
cipitate is formed, and filter. Examine the precipitate for 
derlrin and inulin, a.ft.er dissolving it in water. (2) Eva
porate the filtrate from (1) to remove the alcohol, dissolve 
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the residue in water, and test for (a) reducing sugar, (b) 
cane sugar. 

(D) Examine for reducing sugar, with Fehling's solu
tion. Smee some of the sugar may be 
present in the alcoholic extract, test for 
sugars some dried material which has 
been extracted directly with water. 

97. Sozhlet .6.ppara.tus.-This apparatus 
(Fig. 22) consists of a dry fiask, which should 
be weighed accurately, a special extracting 
tube in which is placed a paper thimble con
taining the tissue to be extracted, and a. short 
condenser. The extracting tube consists of a 
wide upper piece of glass tubing shaped like 
a test.tube and fused at its closed end to a 
narrower tube which is out off at an angle at 
its lower end. Below the join of these two 
pieces of tubing, a side tube is fused into the 
lower piece ; the other end of this side tube is 
fused into the wider piece. At the base of the 
wide tube is fused one end of a narrow siphon 
tube (on the right in Fig. 22), the other end of 
which is fused to (and passes through) the 
narrow tube. 

Place the material in the paper thimble ; 
place this a.t the bottom of the wide upper 
part of the extracting tube, as in Fig. 22 ; fix 
the narrow lower end of the extracting tube 
through a cork into the fiask ; attach the con
denser, connecting its two tubes to tap and 
sink. Place ether in the fiask, which is to be 
gently heated over a Bunsen. The volatilised 
ether passes through the side tube and reaches 
the condenser ; the condensed ether falls in 
drops on the thimble ; when this is covered, 
the ether passes back into the fiask through 
the siphon tube, and the process is repeated. 
The apparatus can he left for two or three 
hours if necessary, without constant attention. 

98. Extraction of Proteins and Fig. 22.-Soxhlet Fat 
Extraction Apparatua. 

Enzymes.-These substances should be 
extracted from material dried at a low temperature. 
Enzymes are destroyed by drying at 100° C. 

(A) Pulverise the material, and dry it in an oven at a 
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temperature not above 30° C., or simply let it dry in the 
air without applying heat. Extract the dried material 
with cold water, and after repeated shaking filter the extra.et 
into a bottle labelled A. 

(B) To the residue from A add some 2 per cent. 
caustic soda solution; shake repeatedly, and filter into a 
bottle labelled B. 

Extract A contains soluble proteins, proteoses, peptones, 
amido compounds. Apply the tests for these. 

Extract B contains proteins insoluble in water but 
soluble in dilute alkali. Apply the tests for proteins. 

To test for the presence of enzymes in the watery extract 
(A) add portions of the extract to (1) starch solution
test for diastase; (2) albumin solution-test for pepsins 
and trypsins ; (3) peptone solution-test for erepsin ; 
(4) neutral olive oil-test for lipase; (5) salicin solution 
-test for emulsin. In ea.eh case set up a control, adding 
extract which has been boiled to destroy any enzyme pre
sent; place the test-tubes in a bath, or in a beaker of 
water kept at 40° C., for an hour, and test (1) for reducing 
sugar, (2) for peptone, (3) for tyrosin, (4) for free fatty 
acid and glycerine, (5) for glucose and saligenol. 



CHAPTER III. 

HISTOLOGY OF ANGIOSPERM STEM, ROOT, 
LEAF, AND FLOWER. 

99. Vegetable Jll[arrow Stem (General Anatomy).
Material for study may be obtained by raising Marrow 
(or Cucumber) plants from seed in large pots or boxes of 
soil; when the plant is six to eight weeks old, turn it out 
of the pot and place it entire in a large pan of boiling 
water for three or four minutes. Then cut the stem
especially the lower part, starting from about 18 inches 
below the apex-into short lengths and place these in 
alcohol. 

(a) Note that the stem is hollow, with (usually) five 
ridges and furrows; the bundles (usually ·ten) are in two 
rings-a smaller outer bundle to each ridge and a larger 
inner bundle to each furrow. (Fig. 23.) 

(b) Scrape the outer surface of the stem, so as to 
remove part of the epidermis with its hairs ; note the soft 
tissue which lies between the bundles-the cells of this 
ground tissue parenchyma can be seen with a lens. 

(c) After removing the epidermis, scrape away the soft 
tissue below it, and note the shiny hard tissue (scleren
chyma) which forms a wavy tube around the stem outside 
of the bundles. 

(d) Slit a piece of stem by a longitudinal cut, and ' 
isolate a. strip of the sclerenchyma; note that the strip is 
very flexible, is easily split longitudinally, but is difficult 
to break by pulling at the ends. 

87 
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(11) Examine with a. lens the bundles; the hard middle 
portion (wood) of ea.eh bundle shows the large open 
vessels. 

(/) Place a living piece of Marrow shoot with its cut 
end in red ink and when the red colour has appeared in 
the leaves cut the stem and note that the ink has passed 
through and stained these wood vessels. 

(g) Cut across a piece of fresh living stem with a dry 
knife or razor, and note the juice which oozes out of the 

Fig. 23. - Tran•verae Section of Stem of Vegetable Marrow. 

soft outer and inner portions (phloem) of ea.eh bundle; 
collect some of this juice on a slide and test it for 
(i) sugar-with Fehling's solution; (ii) starch-with 
iodine; (iii) proteins-with Millon's reagent, etc. 

100. 'l'. S. Jll[a.rrow Stem (Figs. 23, 24, 25).-Cut 
transverse sections of the stem ; mount some a.t once in 
glycerine, others after treatment with one of the follow
ing reagent.a: iodine, chlor-zinc-iodine, aniline sulphate, 
Millon's reagent. Also test a. fairly thick section with 
Fehling's solution--0r boil in Fehling a short piece of 



A 
B 

c 
D 

E 

Fig. 24.-P&rt o! & Tran.-.en;e Section o! llurow St.em, inclndlng ono o! the Vaocmlar 
Bundi,., A, epiderma ; B, collenchyma (at aideo) and pareoch;rma (in middle) 
o! tbe cortex ; C, endodermi1 ; D oclerench:rma; B, parench;rm& (int......tel&r); 
F, outer phloem; 0, cambium; H., xylem; J, lnner phloem (note theomnbham 
between thi1 and the protoxrlom). 

89 
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stem and then cut sections from it-and note which 
tissues, if any, contain sugar. 

(a) With the low power, starting from the outside of 
the stem, note (1) the epidermis, consisting of one layer 
of cells and here and there passing out into (2) large 
hairs, with thickened bases, the tissue of which is con
tinuous with the epidermis and the underlying stem-tissue 
while the upper part of the hair is a row of cells-besides 
these there are thinner hairs with smaller bases; (3) 
below the epidermis a zone of collenchyma-thick-walled 
but not lignified tissue; ( 4) a narrow zone of thin-walled 
parenchyma, abutting internally on ( 5) a zone of scler
enchyma with thick lignified walls-the tissues lying 
between this zone and the epidermis form collectively the 
cortez; (6) the internal parenchyma in which are em
bedded (7) the vascular bundles ; (8) the central pith 
cavity. (See § 102.) 

(b) Examine one of the larger bundles in detail, and note:-
(1) The very conspicuous wide THHla of the xylem

stained ;Yellow with aniline sulphate-embedded ~ thin
walled t1BBue (lCJ'lem parench7Jll&); the outer v68Bela are 
very wide, while the inner ones are narrower and are in 
fairly regular radial rows. 

(2) On the outer aide of the wood, the cambium, consist
ing of thin-walled cells elongated tangentially and narrow 
radially, showing very regular arrangement in radial rows; 
t he tangential walls are especially thin, thus indicating recent 
and repeated divisions in this direction. 

(3) The outer phloem, into which the cambium merges 
on its outer side, with very conspicuous eieve-tubH em
bedded in small-celled tissue. 

(4) The inner phloem, resembling the outer in struoture 
and forming in cross section a creaoent-shaped patch on the 
inner aide of the xylem-the Marrow is rather exceptional 
in having bicollateral bundles, with inner fhloem aa well aa 
the normal outer phloem found in collatera bundles. 

( c) Examine the various tissues with the high power. 
Note that in the collenchyma, below the epidermis, the 
walls of the cells are strongly thickened at the angles 
between adjacent cells, though thin at the middle, so that 
the cell-cavity appears rounded or oval in section ; at 
places the collenchyma is interrupted by the underlying 
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thin-wa.lled pa.renchyma, and a.t these places stomata 
occur in the epidermis ; chloroplasts occur in the cortica.1 
pa.renchyma, leSB a.bunda.ntly in the collenchyma; air
spaces occur between the parenchyma cells, but not in the 
collenchyma; the innermost layer (endodermis) of the 
cortex-lying immediately outside the sclerenchyma zone 
-eonsists of cells with the radial walls wavy, and the 
cells contain starch grams. 

In the phloem note the protein contents of the sieve
tu bes in sections treated with iodine or with Millon'a 
reagent, and look for places where "the section has passed 
just a.hove or just below a. transverse wall (sieve-plate) 
in a. sieve-tube; the plate has a. dotted appearance, the 
dots being pores in the plate-these a.re often seen better 
on treating a. section with eau de Javelle, which removes 
the contents of the sieve-tube. Note also that each sieve
tube is associated with a. narrow cell (companion-cell) 
wbich has been cut off from the sieve-tube by a. longitu
dinal wall, a.nd that the remaining tissue of the phloem 
consists of parenchyma cells differing from the sieve-tubes 
in their smaller size a.nd the absence of sieve-plates. Also 
note ca.refully the appearance of the cells in the cambium. 

101. L. S. of ll[a.rrow Stem (Fig. 26).-Cut radi::i.l 
longitudinal sections of the stem, passing through one of 
the larger bundles; mount some sections unstained in 
glycerine, and treat others with iodine, chlor-zinc-iodine, 
aniline sulphate, a.nd Millon's reagent respectively
lea.ving the rest in alcohol for further treatment. 

(a) Starting from the outside, note the various tissues 
(compare ca.refully with what has been seen in the trans
verse sections) :-epidermis; collenchyma a.nd parenchyma. 
of cortex ; endodermis ; sclerenchyma of very loug fibres 
with thick lignified walls a.nd tapering pointed ends ; the 
inner ground tissue parenchyma within the sclerenchyma; 
the bundles. 

(b) In a single vascul&r bundle, with high power, note:-
(1) The outer phloem, in which the aieve-tubes are 

easily reoognised by their oonspicuous transverse walls 
(aien-pl&te.). 
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LARGE 
PITTED 
VESSEL 

PHLOEM 
PARENCHVMA 

SIEVE PLATE 

COMPANION 
CELL. 

Fig. 25.-Tran.ne""' Section of Marrow Stem, ohowlng Pan of a Vaacnlar Bundle 
highly magnified. In the Phloem oe•eral 8ien-plateo are abown ln aurfaco 
Yiew ; ln aome Bien-tu bee the contenta are abown contracted by tbe roagonta 
u-1 for ftxatlon and preserYation, ln otbera thq are omitted. In the Cam
biwn only the nuolol of tbe colla are abown. 
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(2) The cambium, of long narrow cells arranged in regular 
rows and having abundant contents and very thin walls. 

(3) The XJ'lem VHHh, embedded in panmchyma. The 
large outer pitted ve•Hh appear to consist of a row of 
empty oblong oells bearing on their walls & network of 
thickening with thin meshes (pita) ; but closer examination 
and focussing shows that the al>parent cross-walls are merely 
ring-like projections representing the remains of the origin
ally complete transverse walls that have been almost entirely 
abBorbed in the formation of the vessel from a row of cells 
end to end; of the inner (proto:icylem) vessels some have 
spiral and others annular thiokenings on the inner surface of 
the walls. 

(4) The inner phloem, like the outer in structure. 

(e) Now ex.a.mine the sieve-tubes (as seen in longitu
dinal section of stem) in greater deta.il. In the older tubes, 
especially in ma.teria.1 cut in late summer or autumn, each 
sieve-plate is covered with a mass of callus, which stains 
yellow-brown with iodine but is readily distinguished from 
the protein contents of the tube. Irrigate with potash ; 
the callus swells and becomes tra.nspa.rent, so that the 
cellulose portion of the plate becomes conspicuous and 
shows the pores, the plate appearing in optical section (on 
focussing into it) like a string of beads-the constrictions 
corresponding to the pores. Other sections showing callus 
on the sieve-plates should be treated with callus reagent 
(see Appendix) which stains it brown, and with cora.llin 
(see Appendix) which stains it pink. 

(d) That the protein contents (which often collect in a 
clump in contact with the plate, especially on the upper 
aide) a.re continuous from segment to segment of the tube 
through the pores may be shown by either of the following 
methods-both should be tried. (1) Treat a section with 
iodine, wipe it with blotting-pa.per, mount it in a small 
drop of strong sulphuric acid, and very carefully cover and 
examine it. The acid causes the cellulose a.nd the callus to 
swell up and the protoplasm to contract, so that the proteid 
contents appear as strands with here a.nd there a thicken
ing corresponding to the position of a sieve-tube-each 
such thickening will show the fine protein strings which 
pass through the pores of the plate. (2) Add some dry 



CORtlCAL 
PARENCHYMA ENDO DERMIS' 

PERICYCLIC PARENCHYMA 

XYLEM SPIRAL 
PARE~YMA VES~ELS 

INNE'.R 
CAMBIUM 

CAMBIUM 

I NNER PHLOEM 

~· 211. - LongltndlDAI Sectton of Ham>w Stem. The npper drawing extooda f rom Epidermia to Cambium, tb.e lower 
from Cambium to Pith. In two of the iutra-ctolar (perioycllo) p&reochyma cells are ahown the oompouod at&rch· 
gral.na which moot of th- oella oonteiu. 
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Hoffman's blue to a. few drops of strong sulphuric acid in 
a. watch-glass, stir with a glass rod ; place sections in the 
liquid for a. few minutes, rinse them in water, and mount 
in glycerine; the continuity of the sieve-tube contents is 
made clear by this treatment. · 

(e) The companion-cells are made conspicuous by the 
deep staining of their contents by aniline blue. This also 
gives a good double stain in conjunction with safranin; 
place sections in safranin for 15 or 20 minutes, rinse in 
alcohol and transfer to aniline blue for about a minute, 
rinse again, dehydrate with absolute alcohol, clear with 
clove oil, mount in balsam. The lignified tissues (xylem 
and sclerenchyma) are stained red, the remaining tissues 
(with cellulose walls) blue. 

102. Development of Vessels, eto.-In transverse and longi
tudinal sections through the youngest parts of the Marrow stem, 
notice that the ground tissue is complete right across the stem; the 
cavity found in the older parts is formed by the central region of 
ground tissue (pith) becoming tom as the stem grows thicker. Also 
notice that the wood contains only the narrow spiral and ringed 
vessels, and that the collenchyma and sclerenchyma are not yet dis· 
tinguished sharply from the ordinary ground tissue. 

103. Macerated Tissues (Fig. 28).-Cut out a.bout 
1 cm. of Marrow stem, chop it by radial cuts into pieces 
including each a. bundle, and heat the pieces for a. few 
minutes in Schultze macerating fluid (§ 121). Wash in 
water, mount in glycerine, tease with needles, or press on 
the cover-glass, and note the isolated tissue constituents
c~lls, fibres, vessels of various kinds. Compare carefully 
with the appearance of the tissues as seen in transverse 
and longitudinal sections of the stem. 

In herbaceous structures like Marrow stem, the tissue 
co~stituents can be isolated by using (instead of Schultze 
fhud) a. mixture of one part hydrochloric acid and three 
~arts .alcohol; place sections in this mixture for a. day, 
rmse m water, treat with potash, when the cells, etc., a.re 
readily dissociated by pressure under the cover-glass. 

Herbaceous stems a.re readily macerated by chromic acid. 



Fig. !T.-Part. of a Trannene Section of Stem of Snnflow-er, 1bo"'1ng one of the 
Vuoular Bundle&. A, hair; B, epidenuia; O, collenchyma of cortex; D, 
rmin duct in oortex ; E, parenchyma of oortex ; F 1 endodennia ; G 1 .cleren· 
ohyma ; H, phloem ; J • cambium ; K, xylem ; L, i_ntra~stelar parencliyma (note 
tho reoin-ductl). 

96 
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lot.. Sun1lower Stem (Fig. 27).-Cut tra.nsvene &nd 
radial longitudinal sections of & well-grown 11tem (a.bout 

A 

Fir. 28.-T!Mu• Oomtltuenlll t.olat.ecl by Jlaeeratlo1t. A, Fibre from Perl.,,.,U. 
Sclerenchyma of »arrow Stem ; B, Pan of a Spiral V-1, from Marrow Stem ; 
C, Pan of a v-i lbowhlg tranaitlon from annnlar to opiral thickeniq, from 
Marrow Skin; D, Fibre from Phloem of Lime St.em (a relatlnl7 abon llbre 
draW1l in order to II~ oiJe of ~ : me»~ of the fibreo are mnch longer In pro
portion to their thickn-) ; B!..a "!w of :X:7lem Parenchyma Cella from Lime 
Stem; F, Sriral and Pi~ Tncneld from Lime Bteru ; O, p.n of a larp 
Pi~ v- from Lime Stem; B, Pan of a Pi"-1. Tracheid from Oak Stem ; 
I, Pan of a large Pit&ed v-1 from Oelt Stem: J, Pan of a llednlla1'7 Ba7 
from Oelt Stem. 

1 cm. diameter). Note that (1) the central ground tissue 
(pith) does not become tom to form a. cavity, but remains 
solid; (2) the vascula.r bundles are arranged in & single 
uniform ring ; (8) below the epidermis there is a zone of 

P.B. 7 
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collenchyma, then thin-walled cortex parenchyma. in 
which there are resin-ducts, each surrounded by a small
celled epithelium. (resin-secreting) layer; ( 4) the scleren
chyma forms separate strands, one immediately outside 
the :phloem of the larger primary vascular bundles ; 
(5) Just outside the sclerenchyma, and traceable aa a 
wavy ba.nd round the whole stem, is the endodermis, 
a. layer of cells with wavy cutinised walls and containing 
starch grains; (6) chloropla.sts occur in the cortical cells 
a.nd also in the epidermis; (7) each bundle consists of 
phloem. externally, ltJ'lem internally, and cambium in the 
middle--there is no inner phloem. 

105. Interfa.scicular Cambium in Sunfiower.-Cut, 
examine, and compare transverse sections taken through 
different parts of the stem of a Sunflower plant, or from 
plants of different ages. Note that in all except quite 
young stems, or the youngest parts of a fully-grown stem, 
the individual bundles are more or less joined up by ~ter
fa.scicular cambium, which has been formed by the growth 
and division of the parenchyma between the primary 
bundles-i.e. the parenchyma. of the primary medullary 
rays-and is continuous with the primary or fascicular 
cambium lying between the xylem and phloem of the 
bundles themselves. In older stems, therefore, there is a 
continuous cylinder of cambium round the stem, and this 
gives rise to secondary xylem internally and secondary 
phloem externally. 

106. Study of Stem of A.ristolochia.-One of the 
very best Dicotyledonous stems for detailed 11tudy is that 
of Aristolochia (Dutchman's Pipe). A well-grown plant 
should be obtained from a nursery and cultivated either in 
a. greenhouse or in a. sunny position in the garden, pro
vided with trellis or other supports ; or material may be 
obtained from dealers in botanical-supplies. 

The following preparations should be made :-(1) A 
series of transverse sections to illustrate the progressive 
development of the tissues from the primordial meristem 
at the apex downwards. Near the apex cut the sections 
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at short intervals in order to trace the appearance of the 
first xylem a.nd phloem elements to be difierentia.ted from 
the tissue of the proca.mbia.l strands. Farther back take 
sections from successive internodes. (2) A series of longi
tudinal sections through the same regions. 

Treat the sections with aniline sulphate, etc. Note 
where the first elements of the vascular bundle appear in 
the proca.mbium ; how the earliest vessels become stretched 
longitudinally; ho'! far back from the apex the original 
cellulose walls become lignified in the xylem and the 
sclerenchyma.; how the cambium becomes a. continuous 
zone by the development of interfascicula.r cambium ; how 
the interfascicula.r cambium produces secondary medulla.ry 
rays, which do not extend inwards to the pith ; how the 
pith becomes crushed as secondary growth proceeds ; how 
the originally continuous sclerenchyma. ba.nd becomes 
broken up into strips; how the cork cambium · a.rises in 
the cortex and produces cork ; and so on. 

107. '.r. S. Stem of Maize (Figs. 29, 30).-Cut thin 
transverse sections of one of the lower internodes. Note 
that the bundles, though "scattered," a.re most crowded 
towards the periphery, and that in ea.eh bundle the phloem 
is external (nearest the periphery of the stem) and the 
xylem internal. Note (1) the epidermis of sma.11 thick
wa.lled cells ; (2) the narrow zone of sclerenchyma below 
the epidermis; (3) the ground tissue parenchyma of 
thin-walled cells, with sma.11 intercellula.r spaces at the 
corners ; ( 4) the bundles, ea.eh with a. more or less com
plete sheath of sclerenchyma.. In a single bundle note 
the (usually four) conspicuous xylem vessels arranged 
like a. Y, thus: . 

080 

with narrower vessels lying between ; the patch of thin
walled phloem lying partly between the two larger xylem 
vessels. 

With high power note that the epidermis is covered by 
a distinct cuticle ; the hypodermal sclerenchyma is inter-



Fig. 29.-P&rt ot & Transverae Bectlon ot Sr.em 
of M&lze. 

Fig. SO.-P&rt of Traruinrae Section of Mnize Stem, showing & 
Vaocalar Bundle and part. ot the llln'Ounding Ground TiMue. 
The Sclerenchym& and Xylem are indicated by the tbickn
of the ..-..U.. The oell-contentl are sho..-o in the caae of the 
Companfon-cells in the Phloem and of the Xylem Parenchyma 
lining the Ly1igenoua Cavity (Pt'otoxylem). 

..... 
0 
0 
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rupted here and there by the underlying thin-walled 
parenchyma, the epider-
mis showing at some of "Cl "' 
these places a stoma. ; C!l ~ 1 
the outermost portion · .§' ; 
of the phloem (proto- { i ~ 
phloem) is frequently u. ~""'"''611\7""""....,"""~"""'e....~ :a 
crushed and disorgan- g-g 
ised ; the sieve - tubes ~ ~ 
and companion-cells are : -~ 
arranged with great ~ ~ 
regularity ; the inner- § ii 
most portion of the ui ~ .!l 

]~ xylem (protozylem) is .... 
usually represented by ~: 
a. water-containing ca.v- 6 ~ 

_ ity (formed by expan- -~ i 
sion and tearing apart ~-; 
of the protoxylem dur- .:i 

ing growth of the stem), ~~ 
to the inside of which 
isolated ring-fibres may ~ ~ 
be seen adhering. ====:?::[~====~ ~ :a 

- "'"" 0 -.,o 
108. L. S. lll[a.ize :::I====~;:========= ~ ;; 

Stem (Figs. 31, 32).- ~ ~ 
In longitudinal sections -=====;======- ;; -5 

note the (1) epidermis t:=:s==~===== ~ ; (oblong cells) , with :Q,'i 
cuticle; (2) scleren- ...... _~....,....,...., ..... ...Tu....., ..... ~~ 
chyma. (long tapering co ;; ~ 
lignified fibres) ; ( 3) ~~ 
pa.renchyma. (poly-
gonal thin-walled cells); ~j 
and (4) the vascular ~-g 
bundles, ea.eh sur- < 1 l 
rounded by its fibrous ., " 
sheath. Examine seve- ~fj 
ral bundles, if necessary, 
to make out (5) the large pitted vessels, (6) the small 
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spiral and &D.Dul&r vessei., (7) the small pitted 
tracheida (differing from vessels in not having their 
end-walls absorbed), and (8) the zylem parench:yma in 

Fig. 82.-Pan ol a Tangential Lonjpmdlnal Sec:tlon of Stem ol 1lal2e, ahowlns 
one of the Bundleo.. A and B, partmch1DJ& (lround liiooue); B and D, 
ocletench.1lD"; C, :r;ylem-nota the larp pi tted T-1 on ei1her aide, and the 
m>all plttad T-18 In the middle. 

the xylem; (9) the narrow sieve-tubes a.nd (10) nar
rower companion-cells in the phloem. 

109. Further Work on Berba.ceous SteDU1.-ln examining 
sections of various other herbaceous stems, or the youngest parts of 
woody stems, note any special points of atruoture presented. 

In some herbaceous Dicotyledons, there is little or no inter
faacioular cambium; in Buttercup, etc., each bundle is eurrounded 
by a more or le111 complete aheath of eolerenchyma, and even the 
faaoioular cambium is 1e&nty and soon oeaaea to be active. 

The clistributiou of the atereome (strengthening or supp<>rting 
tiasue) of herbaceoua atems ia of great interest. This term 18 often 
reetricted to the aclerenchpn.a, oonsisting of fibroua cella wbiob 
have thick lignified walla and have loat their living content.a, IO 
that they aerve a purely meobanioal function. Colleuchpn.a, 
however, ia an important form of aopporting tissue, found below 
the epidermia in herbaceoua atems, young woody stems, petioles, 
and flower-atalka; ite cella are living, D8U&lly with chloroplast. u 
well u protoplaam, and the walla are thickened but not lignified, 
hence thia tissue can alao perform vital funotioos, and it hu the 
power of growing, eapecially when eubjeoted to tension. Note that 
oollenchyma ia often developed chie8.y in the projectiOllll of angular, 
ribbed, or winged atema. 

The hJpoclermal •clerench7ma D8U&ll1 f~ a number al 
isolated atra~g. varioos Umbellifen, LeguminOll&e, Sedges, 
Ruah-. l'eriqclio ao1-reuch7ma may either form (1) a OOO· 
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tinuous zone separated from the vascular bundles by several layers 
of parenchyma-e.g. various Cucurbitace&e, Caryophyllaceae, Aris
toloohia, Honeysuckle, and many Grasses, Sedges, and Rushes ; 
or (2) a. continuous zone in direct contact with the vascular bundles 
-e.g. Plantain, many Liliaoea.e and lrida.ceae, Orchids, etc. ; or 
(3) separate strands, one opposite and in contact with the phloem 
of each vascular bundle-e.g. various Compoeita.e, La.biata.e, Legu
minosae, Ranunculacea.e, etc. ; or (4) strands aca.ttered without any 
obvious relation to the bundles--e.g. various Solanaceae, Privet, 
Mallow, etc. Sclerenchyma. strands may also be developed in the 
cortex, between the hypodermis and the pericycle; or the inter
fasoioular ground tissue may become sclerenchyma.tous where it 
abuts on the bundles (e.g. Maize and various other Monocotyledons), 
and these strands may either remain isolated or, more often, a.re 
joined up to the pericyclio aclerenchyma.. The stereome of the 
stem may be built up of sclerenchyma. bands and strands in any or 
all of these four positions-hYJ><Xl.erma.l, cortioa.l, pericyclic, inter
fasoicular-a.nd these may be jmned up in various ways. 

110. Structure of Aquatic Stema.-In sootiona of the stems 
of aqua.tic plants, note especially the scanty development of xylem 
and solerenchyma., the tendency of the vascular tissue to be massed 
at the centre of the stem, and the large development of air-chambers. 
Compare the structure of the submerged stem with that of the 
aerial flowering stem in plants which send UJ.> their flowers above 
wa.ter-e.g. Water Crowfoot. Typical aqua.tic stem structure is 
also seen in Dicotyledons like Marestail (Hippuris), Water Milfoil, 
Water Violet (Hottonia.), etc. ; and in Monocotyledons like the 
Pond-weed.a (various species of Pota.mogeton), Elodea, etc. 

The petiole of Water Lily (Nymphaea or Nupha.r) may be used 
for the study of aq us.tic stem structure as regards the characteristic 
development of large air-spaces. Note the feeble development of 
the xylem of the bundles, which is practically represented only by 
a oavity in each bundle; also the curious branched internal hairs, 
oovered with small crystals of oa.loium oxalate.. 

111. Apical Keristem of Stem.-At the growing 
apex of the stem there is a single tissue, since the cells 
are essentially all alike. This apical or primordial 
tissue ca.n be seen in any vegetative bud. On comparing 
transverse and longitudinal sections taken at successively 
lower planes, beginning just below the apex, we find that 
the primordial meristem soon becomes d.ilferenti&ted into 
three parts, the primary meristems, known as derma
togen, procambial strands, and ground meristem. 

These three tissues undergo further d.ilferentiation. The 
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dermatogen gives rise to the epidermis. The procambial 
strands give rise to the vascular bundles, the inner 
tissue in each strand being the zylem, the outer tissue 
the phloem, while (in Dicotyledons) there remains be
tween xylem and phloem a layer of merietem-the fasci
cular cambium, The ground meristem in Dicotyledons 
becomes differentiated into primary cortex, pericycle, 
primary medulla.ry rays and pith. The inner limit of 
the cortex is the endodermis, or starch-sheath layer; the 
pericycle extends from this to the outer border of the 
vascular bundles; the primary rays lie between the bundles; 
the pith is the tissue surrounded by the ring of bundles. 
The whole of the tissue within the endodermis is called 
the atele. 

112. Apical Merilltem of Stem in :Elodea, Hippuria, 
eto.-The growing point of various e.que.tio plants is especially 
easy to study. If possible examine Elodea, Myriophyllum, and 
Hippuria. 

(ci) Pick off the terminal leaves, then out off the stem tip, place 
it in water, and carefully dissect away the small inner leaves, which 
oe.n be readily seen and handled. With the low power note · the 
rather long apical oone, the tip of which is quite smooth, while 
lower down the ;roung leaves are seen as outgrowths on the sides of 
the stem, beoommg successively larger as we pass farther backwards 
from the apex. Treat the preparation with eau de Javelle to make 
it more transparent. 

(b) Cut median longitudinal sections of the apical bud of Hippuria. 
Treat some with potash or eau de Javelle, and mount in glycerine; 
stain others with haematoxylin, and mount in balsam. The pro· 
cambial tissue is unusually distinct in Hippuria. Farther down, 
note the development in the cortex of air-passages, interrupted by 
solid partitions at the nodes and the origin of the young leaves. 
The older leaves have buds (some may be flower-buds) m their axils; 
the leaves bear pelte.te he.ire. 

(c) In sections stained with haematoxylin, or with iodine, note 
that the meristematio tissue at the apex consists of small cells with 
thin walls and dense protoplasm-these cells have obviously been 
underir>ing rapid growth and division. Farther be.ck, as the cells 
grow m length, the growth in volume of the protoplasm fe.ila to 
keep pa.oe with the extension of the cell-wall, and thus the proto
plasm becomes vacuolated, the cell-sap oolleotinf in drops (vacuoles) 
which later run together to form a large centre. vacuole, while the 
protoplasm beoomea restricted to a peripheral layer ("primordial 
utriole ") immediately within the oell-walL 



HISTOLOGY OF ANGIOSPERM STEM, ROOT, ETC. 105 

113. Apical Meristem of Bud of Lila.o.-Remove the · 
outer scales and leaves from a resting (winter) bud, then out longi
tudinal sections, cutting in a plane joining two opposite rows of 
leaves. Clear the sections with potash or eau de Javelle. 

Note the broad rounded apex, with the young leaves in various 
stages of development, the dermatogen, the prooambial strands, 
and the ground meristem. In some of the sections may be seen the 
first spiral vessels of a vascular bundle. 

Cut a series of transverse sections and compare them with the 
longitudinal sections. 

114. General Structure of Woody Stem.-From 
twigs of Sycamore, Horse Chestnut, Elder, Lime, Willow, 
Apple, and other woody plants, peel off (1) the cork, and 
note (2) the green corte:ic, (3) the phloem, a. zone of 
colourless tissue separated by (4) the thin sticky cambium 
layer from (5) the hard wood, (6) the central pith. Note 
that the surface-markings of the twig include (1) lea.f
sca.rs, where the leaves of former seasons fell off; 
(2) girdle-scars-zones of closely-set scars, where the 
scales fell from the opening buds of previous years ; 
(3) lenticels-usually raised patches differing from the 
rest of the cork in colour and texture. 

Note that the lenticels are not merely surface markings 
or projections, but that each lenticel goes right through 
the cork-this is easily seen on stripping off, layer after 
layer, the white papery bark of a. Birch, in which the 
dark transversely-elongated lenticels are very conspicuous. 
A lenticel is a. local modification of the cork-a. place 
where, instead of compact impervious cork, there has been 
produced loose powdery tissue through which gases can 
pass into and out of the living tissues within the cork 
(§§ 115, 123). 

115. E:icperiments with Lenticels.-(1) Dip a twig 
of Elder, or other plant with conspicuous lenticels, into 
boiling water; air-bubbles escape from the lenticels. 
(2) Fix one end of a. cut twig (a.bout 10 cm. long) of 
Elder, etc., on to the nozzle of a. bicycle pump by means 
of stout rubber tubing; seal the free end of the twig by 
tying on a. piece of rubber tubing, folding it, and again tying 
it to the twig. Put the whole into a. jar of cold water, so 
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that the twig is below the surface, and force air through 
with the pump; air-bubbles escape from the lenticels. 

116. Structure of Lime Stem.-The Lime-tree (Tilia) 
is taken here as a type in which the minute structure of 
the woody stem may be studied, chiefly because its wood 
is easily cut and its phloem is arranged in conspicuous 
wedge-like strands; other types-e.g. Oak, Elm-may 
with advantage be used, however. The winter-bud of 
Lime has few scales, but the girdle-scars can be found 
on careful inspection of the twig. Starting from the 
tip of a twig, cut out parts of each year's growth, and 
make thin transverse sections of each. It is enough 
to go back as far as the four-year-old portion in this 
way; then cut out about 1 cm. from a still older region, 
slice from this a wedge-shaped piece including about one
eighth of the circumference and extending right into the 
pith, and cut sections from this wedge. 

117. 'l'. S. Young Lime Stem.-In the young cur
rent-year twig, cut in early summer shortly after open
ing of the bud, note (1) the epidermis, with cuticle; 
(2) cortex collenchyma ; (3) cortex pa.renchyma; 
(4) an interrupted zone of sclerenchyma; (5) phloem, 
more or less broken up into masses by the expanded outer 
ends of (6) the medulla.ry rays, which extend through 

· (7) the cambium and (8) the xylem into (9) the pith. 
In the cortex and pith note the conspicuous large mucilage
containing cells and the small crystal-containing cells. 

In older portions of current-year twig, cutin late 
summer or autumn, note that (1) the xylem and phloem 
zones have increased in width, especially the xylem; 
(2) in passing outwards, the xylem elements after a 
time diminish in width so that the part just inside the 
cambium is compact and close in texture; (3) bands of 
sclerenchyma have been developed in the secondary 
phloem, alternating with bands of soft tissue-the sieve
tubes and parenchyma; ( 4) the phloem is more distinctly 
broken up iii.to roughly triangular masses with the apex 
outwards, alternating with the fan-like outer portions of 



PITH 

l"ig. IS.-Part of a Tranau .. Section of n,,_,_r-old Lime Stem. A, Eplder· 
mla; B, Peridenn; O, CollenchJlll&; D, PanmchJ1ll& (0 and D together wake 
ap the Cortex); B, B::r:p.nded po~on ol a Kedull&J:7 Ra;r : oe•oral Bara are 
oho'"' V.•enillg the X;rlem and Phloem; F, 0, Alternating Band. of Scleren· 
chJlll& (F) and "Soft Ban• (Sien·liU'bM, Oompanion..,.lla, ParoncbJlll&), 
topt.heT maldng 11p the Phloem; B, Cambium; l, Sammer Wood ; J, .latamo 
Wood. 

107 



108 HISTOLOGY 01' ANGIOSPERM STEM, ROOT, ETC. 

the primary medullary rays; (5) the hypoderma.1 cortex. 
layer has produced a. zone of periderm, lying within the 
epidermis a.nd consisting of fla.ttened cells arranged in 
regular radial rows. 

Some of these points ma.y be seen better in aections from 
the older regions, to which we shall now pass. 

118. '.l'. S. Three or Pour Year Old Lime stem.
Note (1) the disorganised a.nd torn epidermia; (2) the 
periderm ; (3) the cortez ; ( 4i) the tria.ngular phloem 
masses, consisting of the alternating ta.ngentia.l bands of 
thick-walled (fibrous) a.nd thin-walled tiSBue; (5) the 
cambium, a narrow zone of fla.t thin-walled cells-in 
radial rows as usual; (6) the ~ment of the zylem 
in three or four layers (annual rings) which ma.y vary 
a. good deal in thickness ; (7) the pith, a.nd (8) the 
medulla.ry rays. (Figs. 83, 84, 35.) 

Starting from the centre, note the following dete.ila :-The :eith 
shows la.rge empty (air-containing) cells tending to be arranged in 
rosettes around small cells, which may contain tannin or crystals; 
in the outer part there are large mucilage 8&Cll ; and the outermost 
pith t issue, into which project the,rimary m&SSell of wood containing 
the protoxylem vessels, consist.a o small cells with tannin or starch. 

lo each annual wood-ring large veuels are produoed at first, but 
later in the year the e&mbium produces only narrow xylem elements 
-the abn1pt change fro.m the close-textured autumn wood to the 
orn spring wood of next year produces the ringed appearance 
o the secondary wood. The wider xylem elements are pitted 
veHeh 1 the narrower ones are either tracheids (resembling 
vessels in having, where in contact with other tracheids or vessels, 
bordered pita on their walls) or Abrea (with a few fine pita), or 
parenchJ'Dl& cella with protoplasm and sometimea starch. 

The primary medulla17 rays are two or more cells broad 
tangentially, and in their widened fan-like outer portions (between 
the phloem wedges) there &re obvious signs of tangential elonsation 
and radial division of the oells, to keep pace with the exparunon of 
the atem &a BecOndary thickening proceed.a. The aeconda.r7 r&J'• 
are 118U&lly onl,Y one oell wide; eome of them run through from 
pith to cortex (mterropting the sclerenchyma bands in the phloem), 
while othera can only he traoed from the cambium through part of 
the xylem and part of the phloem-all the llllOOnd&ry rays of course 
pase throug~ the cambium in both directions, aince they &re formed 
by the cambium. 

During the first year several alternating bends of hard and soft 
tissue may be formed in the phloem, but later on the cambium 
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nsually produces each year two bands of phloem. S.bre•, ao thnt 
the number of fibrous bands in the phloem is roughly double that 
of the annual rings .in the wood. In each band of soft phloem the 
wide due-tubes occupy the middle of the bands, while abutting 
on the fibre-bands are t,he narrower p&renchyma-ceU., eome of 
which oontain starch and otheni crystals. 

119. L. S. Old Lime Stem (Fig. 36).-In a radial 
longitudinal section of four-year-old (or older) et.em, note 
the various tissues already aeen in the transverse section .. 

In the X7lem.. note (l) the narrow proto:icylem. Teuela, neareat 
the pith, with spiral thickenings; (2) the wide pitted TeaHh, with 
small bordered pits and a1ao spiral or reticulate thickening ; (3) the 
tracheida, differing from the ..-easels only in being narrower and in 
having tapering intact (not abaorbed) end-walls; (4) the !.bre•, 
resembling tracheids in shape, but having only small pits se&ttered 
spanely on their walls-these fibres are the most abundant of the 
seoondary xylem oonstituents in the Lime; (5) the :1C7lem paren
Ch7Jll& oells, arranged in vertical rows and usually oontainiog 
starch ; (6) the rap, seen 88 bands running BCl'OllS (in reality 
betwttn) the xylem elements and oonsisting of cells with pitted 
walls and protein or starchy contents-the ray cells in oontact with 
vessels have most pits and scantiest oontents. 

The cambium., pith, cortex, and periderm. have much the 
same appearance 88 in transverse section. 

In the phloem, note the very long narrow thick-walled lignified 
S.brH; the sieve-tubes, the oblique end-walls (compound •ieTe
platH) of which mostly face the radial plane and are therefore 
seen in surface view here, ea.oh plate showing three or more •ieTe
areu-this "compound" type of aieve-plate is common in the 
aeoondary phloem of woody plants. 

120. In a 'l'&ngential Longitudinal Section of the 
wood of the Lime, note especia.lly the medullary rays, easily 
distinguished by their spindle-like form and their narrow 
and f.airly thick-wa.lled cells; some of the rays a.re but one 
cell wide throughout, others two or even more cells wide 
at the middle, while their height varies greatly (Fig. 36) . 

121. Kacera.tion of Woody Stems {Schultze 
Kethod) (Fig. 2 ).-Pla.ce some longitudinal sections 
of stem in a test-tube, add a few crystals of pot.as ium 
chlorate, and then enough nitric acid to cover them. Heat 
gently, at a distance from the microscope, so that the fumes 
may not injure it. After the fumes ha.ve ceased add water 



Fig. 84.-Part of the Secondary Phloem of Limo Stem shown In detail . The 
Cambium (at foot of drawfog) and Phloem are traver-1 by two Modullary 
Raya (two cell• broad on left, one cell broad on right). Many of the Phloem 
Parenchyma cell• imme<Uately bordering on the Rayo are filled with a large 
Calcium Oxalate CryataL In the Bolereochyma there are Indicated the 
"middle Ja ·nella" of the Fibres, the -very thick cell-walli mner-1 by P it.I, 
and the red .. cod cavity of the Fibres. The content.I of the Sien-tubeo abuttln& 
on the radially-facing Sieve-platee are ahown bl&ok.. 
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Fie. &5.- l'an of the Seoond..,.y Xylem of T.lme Stem abown In det.all (thla 
drawing fito on I.he foot of Fig. S4). The Xylem ia largely made up of Ffbreo 
(moo of the narro,..er element.); tl10 olomonto with content. 1bowo are X7lem 
1>arench71D& Cella. 
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l'ig. S6.-A Seri .. of Drawinp lllu.amting the Structare at the Lime tem u -n in Longitudin&l Section&. A, Tan· 
gent.lal Sect.Jon through the Phloem : only the &nMt.omooing Sclerenchyrua bAn<U &re lhown ; B. Tangonual Section 
through the Xylem: only the Phloem Sclerenchym& and the Medullary Raye &re shown; 0, Radial Sectlon through 
Phloem (only the Sclenmchym& 1bown) and Xylem (only the Raye shown). A, B &nd C a~ only aligbtly magniJied ; 
in oech cue the Periderm (Per.) ia shown d illgl"&IDJD&tically • • t.he edge of the dn.,ring. D, Part of the Phloem in 
R&dial Section: in thi• aection the iev&-plat.. &re oeen in 11Jrt&e0 view; E, Part of the Phloem in Tangential Seo
tio.n: hero the Sieve-p.lat.. are - n edgewuo (cut thrcugb) ; F, P&rt of the Xylem in Tangential Section ; G, P&rt of 
the Xylem in Radial Socuon. 
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and pour the cont.ants of the tube on a filwr, then wash 
(with the wash-bottle of wawr) the macerawd tissue on 
the filwr paper ; or pour the cont.ants of the tube into a 
large dish of wawr. (See § 103.) 

Transfer the macerat,ed tissue to a drop of glycerine on 
a slide, and tease it out and cover the isolawd tissue con
stituents. In the xylem the most abundant elements are 
the fibres in the case of Lime-tree; now also the vessels, 
tracheids, and parenchyma-cells (oft.en still in vertical 
rows). The most conspicuous phloem elements are the 
fibres-much longer than those of the xylem and with 
thicker walls. 

Other woody swms (e .g. Oak, Elm) should be studied 
by the maceration method, together with thin transverse 
and longitudinal (radial and tangential) sections. 

122. The Development of Phellogen (Cork-cam
bium) is easily followed in the Elder (Figs. 37, 38). Cut 

l"la. 17.-Trannene Section of Stem of .ll:lder, 1bowing three Lentloela. 

transverse sections of a.n Elder twig where the surface ia 
beginning to change from green to grey or brown, and 
now that tangential divisions have appeared in the out.er-

~ a 8 
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most la.yer of the cortex. just below the epidermis. Each 
of these bypoderma.l collenchyma-cells first elongates in 
the radia.l direction, a.nd divides by a tangential wall into 
a.n outer and an inner cell ; the latter divides again in the 
same way, then successive tangential divisions, accompanied 
by radial growth, occur in the middle (phellogen) cell, 
giving rise externally to a row of cork-cells. Thus we 
get a. radial row of cells-the outermost represents the 
outer half a.nd the innermost the inner half of the original 
collenchyma.-"cell, the lowest cell but one being the phello
gen-cell. At a later stage the phellogen cuts off cells on 
its inner side-these retain their protoplasm, contain chloro
pla.ets, and add to the cortex, forming the " secondary 
cortex " or phelloderm. 

Ul3. The Development of Lenticels (Fig. 38) can 
also be studied in Elder. On the young stem the lenticels· 

EPIDERMIS LOOSE CELLS 

' PHELLOGEN CORTEX 

Fig. S8.-8ection through & Lentioel. Pbellogon - Cork·camblum. 

appear as projections, each forming a groove with raised 
lips, and on examining the younger parts of the twig the 
incipient lenticels appear as light-brown spots on the 
otherwise green surface. Transverse sections taken a.t 
these spots may show that just below a stoma divisions 
occur in the hypodermis, giving rise to a meniscus-like 
layer of phellogen, which produces on its inner side a 
little phelloderm and on its outer side rows of loose brown 
"packing tissue." Then the epidermis becomes tom to 
form the fissure-like lenticel. The development of the 
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ordinary peridenn, a.ll over the lit.em. begirui after that 
of the lentioela. Comparison of aectiona ta.ken a.t different 
times of the year shows that in moat trees the lenticel-tiasue 
produced in autumn is relatively compact, 80 that the 
lenticel is practically closed up in winter. 

12<&. Further Work on Cork-formation.-Examine var:ioua 
other trees and shrubs, &nd note that the phellogen &rieM in the 
hypodermis in the majority of cases, but aometimee in the epidermis 
itaelf (Willow, Apple, Pear, Jasmine, Aucul>G, Euonpua, Solanum); 
or in about the third layer of cortex, reokoninl{ inwards from the 
epidermis (Laburnum, Robinia); or in the penoyole (Ribu, Yitu, 
R<HKt., Ericaceae, eto. ). As a rule, the more deep·-ted the phello
gen the greater the amount of /'helloderm produced, henoe phello
derm is well seen in BOOtions o twigs of Ribu (Gooseberry, Blaok 
or Red Currant). 

125. Examination of Entire Boots.-A good dea.1 
of the structure of the root can be ma.de out without cut
ting sections. Good material is afforded by the slender 
roots of such seedlings as Cress, Mustard, Ra.dish. Wheat, 
Oats, etc. Some of these should be grown in moist air-
801' the seeds in moist porous seed-pans, or in loose sphag
num in a flower-pot or lamp chimney in the case of Beans 
and Peas ; others on muslin tied over tumblers of water or 
culture solution ; others in garden soil. For Germination 
Boxes and Jars see §§ 169, 170. 

126. General Structure of Boot.-Mount in water 
the entire roots of Cress or Mustard seedlings that have 
grown through muslin into water. 

Note (1) the tip of the root, covered by the conical and 
usually distinctly stratified root-cap, the superficial cells 
of which may be seen lying loose, isolated or joined in rows, 
and evidently in the act of becoming shed or peeled off 
the cap; (2) the root-ha.in, beginning at some distance 
behind the root-tip as unseptate and unbra.nched out
growths of the epidermis cells, becoming longer on being 
traced backwards from the tip, and disappearing still 
farther back; (3) the dense inner tissue of the va.scu1ar 
c7linder, running through the root; (4) the more tmna
parent outer tissue or cortex; ( 5) the rootlets, clearly 
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arising a.s outgrowths of the central cylinder and passing 
through the cortex to the surface, from which they pro
trude-examine several roots, to see various stages in the 
development of the rootlets. 

127. Boot-hairs.-These should be examined in roots 
of seedlings grown in damp air, in water, and in soil. In 
Bean and Pea the hairs are readily seen in seedlings grown 
in loose moist sphagnum (see§ 170) instead of soil. 

(a) Mount in water the slender roots of such seedlings 
as Cress, Mustard, or Wheat, grown through muslin into 
water, and examine the root-hairs with the high power. 
Run in salt solution and note the plasmolysis of the cell
contents. Treat with iodine solution, which will stain the 
protoplasmic lining of the hair. 

(b) Germinate Wheat grains in two pots of fine garden 
soil, 4 or 5 grains to each pot. When each seedling has 
produced 4 or 5 roots, turn out the soil of one pot and care
fully remove the plants, noting the mass of soil adhering to 
the roots; shake the plant and note that most of this soil 
falls away, but some of it remains clinging closely to the 
roots, though the root-tip is free from soil. Rinse the roots 
in water, examine with the microscope, and note that the 
tip of each root is free from root-hairs, which are abun
dantly present over the rest of the root, and that the finer 
soil-particles cling so closely to the hairs as not to be 
removed by the rinsing in water. Let the other plants 
grow for 5 or 6 weeks; then remove a plant and note that 
no soil-particles cling to the older parts of the roots, from 
which the root-hairs have now disappeared. 

(c) Soak seeds of differentplants-e.g. Mustard, Wheat, 
Pea-in water until the radicle is 1 cm. long. In each 
case get three tumblers or jars with muslin tied over the 
mouth; fill .A with distilled water, B with culture solution, 
and into a pour a little water to keep the air moist. 
Transfer a seedling of each kind to each tumbler, and also 
sow some (D) in a pot of good soil. Cover the tumblers 
with a bell-jar, add water daily to make up for that lost 
by evaporation and transpiration. After a week or two 
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examine the roots, and note the presence, absence, and rela
tive abundance of root-hairs in the four cases. In the roots 
grown in soil, note that the root-hairs are irregular in form 
and are often branched at the tips, to which soil-particles 
may cling even a.fter the roots have been well rinsed in 
water. 

128. :Xylem Vessels in the B.oot.-Cut the slender 
root of a seedling-e.g. Mustard or Cress-into pieces about 
1 cm. long. Mount in water all the pieces, or at a.ily rate 
some taken from different regions starting at the youngest 
(that nearest the root-cap), and crush them under the cover
glass, and examine. Treat with aniline sulphate and note 
especially the xylem vessels: some are narrow spiral (pro
toxylem) vessels, others wider and pitted. 

Prove, by crushing the root in this way, or by clearing it 
with potash, that only the spiral vessels are present in the 
younger parts of the root, also that these first-formed spiral 
vessels lie near the outside of the vascular cylinder, while 
the later-formed pitted vessels are developed- internally to 
them-towards the centre of the cylinder. 

129, General Anatomy of Bean B.oot.-Examine well
grown roots (about 15 cm. long) of seedling Beans; or dig 
up Broad or Runner Bean plants growing in garden soil, 
and rinse the roots in water. 

(a) Note that each rootlet emerges from a slit in the 
surface of the main root. Cut across the main root so as 
to cut one or more of the rootlets longitudinally, clear with 
potash if necessary, and note that each rootlet &rises from 
the central cylinder. 

(b) Scrape the soft outer tissue (cortex) from an old part 
of the root, and note the hardness of the cylinder; mount 
a piece of the latter in aniline sulphate, tease it out or crush 
it on the slide, and look for the spiral and pitted vessels. 
By scraping the cortex from the place where a rootlet is 
given off, and treating with aniline sulphate, prove that 
there is continuity between the vascular cylinder of the 
rootlet and that of the main root. 
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(c) Cut a HriH of transverse sections from various points on 
the main root, at intervals of about 1 cm. starting from the tip ; 
arrange the sections in order on the slide, and trea.t them with ani
line sulphate. Note the different appea.rancea presented by the 
v&BCul&r oylinder in the different regions. 

From this aeries of seotions you will lea.m 

(1) That for some distance behind the tip the oentral oylin· 
der shows as many xylem strands as there are longitudinal 
rows of rootlets (usually four in Phaaeolm, five or six in Broad 
Bean). 

(2) That in passing backwards from the apex these strands 
of primary xylem increa.se in size by the formation of addi
tional vessels on the inner side of those first formed, the l&ter
formed (inner) vessels of ea.eh strand being wider than the 
first-formed vessels. 

(3) That the young rootlet begins as a projeoting maas of 
ti88ue immediately outside one of these primary xylems. 

(4) That the young rootlet pushes its way through the oortex 
as it grows, eventually bursting through the surface. 

(5) That the xylem of the rootlet is joined on to that of the 
xylem strand opposite which it arose. 

(6) That in the older part of the root additional · xylem 
\•easels appea.r in tangential bands alternating with the 
primary xylem strands, and that the cells on the outer aide 
of each of the bands of secondary xylem show the appearance 
of a oambium (cells arranged in radial rows, with olosely.aet 
tangential walls). 

(7) That, still farther from the root-tip, the secondary 
v&BCular tissue increases in amount, though the primary 
xylem strands can still be seen towards the oentre of the 
root. 

130. 'l'. S. of Young Bean Boot (Fig. 39).-Cut thin 
transverse sections of a. seedling Broad Bean root, at 
a.bout 5 or 6 cm. from the tip; treat different sections with 
iodine, chlor-zinc-iodine, and aniline sulphate. Note 

(1) The epidermis, or piliferous layer, some cells of 
which give out a. root hair. 

(2) The pa.renchyma.tous cortex, of thin-walled and 
rounded cells, which may contain starch grains, and which 
are separated at the corners by intereellular spaces. 

(8) The endodermis, a. single layer of cells showing the 
chara.cteriatic radial walls. 
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B 

XYLEM 

ROOT-HAIRS 

I 
EPIDERMIS 

CPILIFEROUS 
LAVER) 

Fig. ~~.-Yonng Root of Broad Bean. A, Ttarur•eroe Section, ehowing the geneni.I 
arrangemout of the Ti•uee: the portion indicated by the dotted line ia shown 
on a larger -1e In D; B, Part of the Epidermia (Piliferoua Layer • with 
Root-haira; 0, Enda of two Rootrhaira, obowing adherina Boil-partlot .. ; D, 
Pan of Traoonrae Section, more highl7 magnified, 1bowina one Pr!ma17 
X7lem Bundle and two Primaty Phloem Buodlee. 
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Fig. 40.-0lder Root of Broad Bean (compare with Fig 39). A, Transnne 
Section lhowing a 7oung Rootlet growing outwarda through the Cortex; B, 
TranaTerw Section of an older Root than that lhown In A, with a Rootlet 
which bu emerged from the anrfaoe; 0, Part of B more highly magnified, 
abowlng the C&mbinm and SecondarJ Xylem and Phloem : the C&mbiuru ring ia 
becoming completed b7 the Peric7cle cellii out.aide the Primary Xylem becoming 
meriatematlo, 
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(4) The pericycle, a layer of cells some of which (espe
cia.lly those outside the xylem strands) show division by a 
tangential wa.11 (so that there is a double layer at these 
points). 

(5) The radiating primary zylem b1llldl811, usually 
five (sometimes 4 or 6) in number, each roughly tria.ngula.r 
with the narrowest (protozylem) vessels at the apex of the 
triangle, which points outwards and lies immediately within 
the pericycle-the development of the wood is centripetal, 
and new vessels may be seen in course of formation on the 
inner side of the bundle. 

(6) The primary phloem b1lllclles, alternating with the 
primary xylems-the outer part of ea.eh phloem bundle 
consists of thick-walled tissue, while the inner thin-walled 
portion is not readily distinguished from 

(7) The parenchymaof theconj1lllctive tisaue or ground 
tissue of the vascular cylinder. 

131. Structure of old Bean Boot (Fig. 40).-Cut a 
series of sections a.cross the older parts of the root-a.void 
the oldest part near the seed itself, where the hypocotyl tran
sition region between root and stem begins. Note that the 
ground tissue lying within the phloem bundles shows 
repeated division by tangential walls and is therefore 
arranged in ra.dia.l rows, forming cambium bands which 
produce secondary xylem interna.lly and seconcla.r.Y phloem 
externa.lly. Then the portions of pericycle lying outside 
the primary xylem bundles also become meristematic, so 
that the cambium now forms a continuous zone. The 
piliferous layer dies off and the hypoderma.l cortex layer 
becomes cutinised, forming the exodermis. 

Cut transverse sections from the oldest ~art of the root 
of s. large seedling or an adult plant, in which considerable 
secondary thickening has taken place. Note (1) the 
primary xylem bundles, still in their original position at 
the outside-of the central ground tissue ; (2) the broad rays 
of parenchyma., on the same radii a.s the primary xylems ; 
(3) the secondary xylem, in masses alternating with the 
rays; ( 4) the cambium, forming a continuous zone; (5) the 
secondary phloem. lying outside the cambium; (6) the dis-
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organised primary phloem, seen as patches of thick-walled 
or crushed cells on radii alternating with the rays and 
primary xylems; (7) the cork-cambium, which has a.risen 
from the pericycle and produced a cork layer-the endo
dermis, cortex, and piliferous layer have, of course, been 
cast off. 

132. In Wood7 Dicot7ledons secondary thickening in the root 
begins a.a in herbaceous forms, but after the first year annual rings 
are formed in the secondary xylem ; the primary xylem can, how
ever, be recognised at the centre of the root owing to it.a radiate or 
star-like appearance. The root of Hol'll8 Chestnut shows the tiesues 
clearly, but others should be tried. 

133, Boots of lllonocot;yledons.-Suitable material is afforded 
by the roots of Wheat, Maize, Oat.a, and other aeedlings, some of 
which should be grown in water or culture solution, others in so_il ; 
the roots may be mounted entire and examined as directed for Crees, 
Mustard, etc. For sootions, use the root.a of Onion or Hyacinth 
grown in water and also in soil ; Iris and other root.a should also be 
tried. 

The roots of Monocotyledons resemble those of Dicotyledons in 
primary 1tructure, but there is no aeoondary thickening. · In Dico
tyledons the number of xylem bundles varies from two to six, rarely 
more; in Monocotyledons a limited number-five to eight-is some
times found (e.g. Onion, Hyacinth), but there are typically more than 
often a very large number. The endodermis and pericycle are 
usually very sharply defined, each consisting of a single layer. The 
endodermi,s is often strongly thickened, especially on the lateral and 
inner walls, hut here and there we find a thin-walled "passage
oell" in the endodermie, opposite a xylem-bundle-this is usually 
well shown in Iris. The exodermis, or hypodermal layer, the oelle 
of which become outinised and persist after the piliferous layer has 
disappeared, is usually well marked in Monoootyledons. 

134. Apical Meristem of Boot.-For the structure 
of the growing point of the root cut median longitudina.l 
sections of the ra.dicle of the embryo in the seed of (1) 
Broad Bean, (2) Sunflower, (3) Maize. 

In each case treat the sections with potash or ea.u de 
Javelle, rinse in water, mount in glycerine, and note 
(a) the root-cap, (b) the "piliferous layer," (c) the "peri
blem," (d) the" plerome." 

In Broad Bean all these tissues appear to a.rise from a. 
genera.I mass of merietem, a and b being formed by cells 
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cut off on the outer side of the meristem, c and d by cells 
cut from the inner side. 

In Sunflower, which is typical of Dicotyledons in gene
ral, c and d are distinct, the " periblem " being traceable 
to a single layer of cells covering the apex of the "plerome" 
and being itself covered by a. layer which gives nee to the 
root-cap and the piliferoue layer. 

In Maize, however, the piliferous layer when traced 
towards the apex is seen to be continuous with the "peri
blem," so that the root-cap tissue a.lone ie developed 
towards the outer side of the a.pica.I merietem, the layer 
from which it a.rises being termed the" calyptrogen." 

135. Aerial Root of Tropical Bpiph7tfo Orchid.-ln tnma
verae sections of the aerial root of a tropical epiphytic Orchid (e.g. 
Onoidium, Vanda., Dendrobium), note (a) the vaaoular cylinder 
with its alternating xylem and phloem bnndles, pericycle, endo
dermia-atrongly thickened but with pa.aaa.ge-oells opposite the 
xylems; (b) the cortex, oonaisting of ronnded cells oonta.ining 
chloroplaria; (c) the exodermia, a layer of cells mostly with 
thickened walls, but some thin-walled and forming pa.a.sa.ge-oells; 
(cl) the velamen, consisting of several layers of transparent empty 
cells which serve to absorb and store water. 

If fresh material is available, note that the aerial root appears 
white when dry (the velamen then oontaining only air) and green 
when moist (the velamen being then tra.napa.rent and making the 
green colour of the cortex visible). 

In tangential sections, note the fibrous thiokenings oli the walls 
of the velamen-cells. 

138. Jlauatorium. of Dodder.-Get material of plants (Gorse, 
Heather, etc.) infested with Dodder, and with sciSBOrs out it into 
pieces which can be held in pith ao that sections may be out p&BBing 
through both plants at the plaoea where the Dodder stem is a~tached 
to its host; arrange that some sections shall out the Dodder stem 
transversely, others longitudinally. 

Note that the Dodder stem is fixed to the host stem by a disk, 
the superficial cells of which are often greatly enlarged, and that 
from this disk a haustorium has grown into the tissue of the host 
atem. Some of the haustoria will be seen applied to the va.soular 
bnndlea of the host. Note that each haustorium has a central 
iylem strand with spiral ve886ls, continuous with the bnndlea of 
the Dodder stem. In favourable sections thia strand may be traced 
right into the xylem of the host plant, while the haustorium has 
also elements which join on to the phloem of the host. 

Similar, but 1ma.ller, attachment orga.na and haustoria can be 
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seen on digging up a. large clump of soil from which is growing a. 
patch of Yellow Rattle, Eyebright, or Cow-wheat; set the mass in 
a. large basin of water, wash it gently, and clip out the roots of the 
parasite and the host-plant (a. Grass) at points where they a.re in 
contact. Sections will show that the parasitic root forms e. swollen 
mass of tissue, from which there proceeds e. he.ustorium containing 
a. strand of xylem vessels, much as in the Dodder. 

137. Endotrophic lll[ycorhisa. of Bird's-Best Orchid.-Dig 
up a. plant of Neottia., or at any re.te remove portions of the thick 
fleshy roots. In transverse sections of a. root, note (a) the central 
cylinder with its alternating xylem and phloem strands; (b) the 
thick cortez; with the fungus-zone near the periphery, within 
(c) the epidermis. 

Exe.mine the fungus-wne more closely, and note that it is usually 
in three layers of cells. In the outer layer (that immediately within 
the epidermis) and in the inner layer of the fungus wne, the fungus 
hyphae a.re slender and usually clustered round a. central me.ss of 
proteid in the cell ; while in the middle layer the fungus hyphae 
a.re stouter and practically fill up the entire cell cavity. As a. rule 
the fungus, after infecting the three outermost layers of the cortex, 
thrives only in the middle one of the three layers, while in the outer 
e.nd inner layers its growth is checked by the living protoplasm of 
the cortex-cells, which absorb the food-materials provided by the 
fungus. 

138. Ezotrophic lll[ycorhiza. of Beech, eto.-Dig up a. Beech 
seedling, rinse in water, and note that the rootlets bear (a) fine 
white fungus-threads-clearly not root-hairs, since they branch 
freely and a.rise from (b) a. fungus mantle of interwoven threads 
(hypha.e) covering the surface of the root; (c) masses of humus 
attached to the fungus threads. Cut and examine transverse and 
(more instructive) longitudinal sections of the root. A similar 
fungus mantle may be found on various other humus-loving plants, 
e.g. Heather. 

139. La.tioiferoua Tissue.-The latex (§ 89) found in the 
various plants is contained in special tissues, of which the chief 
forms a.re (1) la.tez vessels or syncytes, produced by the fusion 
of original separate cells; (2) la.tez cells or coenocytes, which 
branch but do not fuse or a.na.stomose. Latex vessels occur in Dan
delion and some other Composites, Ca.mpa.nula., Chelidonium, Poppy, 
etc. ; latex cells in various Euphorbia.cea.e, Apooyna.oea.e, Asole
piada.oea.e, etc. 

(1) La.tez VeBBelB.-Cut (a) t ransverse sections of the root of 
Dandelion, (b) tangential longitudinal sections passing through the 
phloem ; treat some with potash, others with 'a.lkanna, others with 
potassium diohroma.te, and mount in glycerine. In (t;&) note the 

.. 
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latez TeaHla, circular in OI'OSB-section, arranged in rings outside 
of the cambium and distinguished by their dense contents. In (b) 
the latex vessels appea.r as a network, the main parallel longitudinal 
tubes being connected by horizontal branches. 'l'he origin of the 
vessels can be traced in sections t raversing the cambium ; the latex
containing cells are at first separate, but their cavities become 
continuous owing to fusion of the terminal and lateral walls. 

(2) Latex Cella (Coenocytea).-Cut (a) transverse sections of 
the stem of a Spurge (Euphorbia) and (b) tangential longitudinal 
sections pa88ing through the corteL In (a) note the thick-walled 
latex tubes, lying in the cortex outside the ring of vascular 
bundles. In (b) note the long tubes running chiefly in the longi
tudinal direction through the cortex, here and there branching but 
never showing fusion. These coenocytic tubes are formed by the 
continued growth and branching of single cells which are present in 
the embryo itself. Note the dumbbell-shaped starch grains em
bedded in the granular contents of the tubes. Carefully out away 
the entire cortex from a piece of Spurge stem, boil in a test-tube in 
potash for a few minutes, and tease out with needles the latex 
tubes, noting their branching. Cut longitudinal sections of the 
apex of a Spurge stem, and look for the tips of the tubes, which 
are rarely seen in the older parts of the stem ; stain with safranin 
or haematoxylin, and look for the numerous small nuclei at these 
growing tips. 

140. The Bifacial Leaf.-The detailed structure of a 
bifacial foliage-leaf can be made out by (1) the maceration 
of entire leaves-small entire leaves are most suitable for 
this purpose; (2) the removal of the upper and lower 
epidermis by tearing-off; (3) examination of tangential 
sections, cut parallel to the upper and lower surfaces of 
the leaf; (4) examination of vertical transverse sections, 
cut at right angles to the surface of the leaf. 

141. :maceration of Leaf.-Boil some Box or Privet 
leaves for about five minutes in 10 per cent. potash. Hold 
a leaf under water in a saucer or dissecting-dish, and with 
scissors cut off a strip of tissue round the margin-where 
the upper and lower epidermis layers are joined. If the 
leaf has been boiled sufficiently, it will separate readily intc 
three parts:-(1) upper epidermis, (2) mesophyll with 
the veins, (3) lower epidermis. Mount these in water 
-the upper side of the leaf is usually convex and the 
lower concave, hence the two sides can be distinguished. 
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The epidermis of both sides is thin and transparent and 
consists of a single layer of cells. In the upper epidermu 
note the closely fitting polygonal cells ; in the lower 
epiderm.i.9 the numerous stoma.ta scattered a.bout, ea.eh 
stoma with two curved guard-cells. 

Tease out the middle portion, or crush it under the 
cover.glass, to separate the tissues. Note the two forms 
of mesophy ll-cells-some cylindrica.l {palisade meso
phyll), others branched in a sta.r-like manner (spona 
mesophyll); some of the cylindrica.l cells may be found 
attached to the inside of the upper epidermis, and some of 
the branched cells to that of the lower epidermis. Note 
a.1ao the veins, which run out on either side from the 
median vein in the midrib, and the fine branching veins 
forming a network; in each vein note the sheath of 
narrow cells, and the vessels of the xylem (spiral, annular, 
pitted). 

142. Isolated Epidermi9.-Remove some lea.flets from 
a Broad Bean seedling. Hold a leaflet, with the lighter 
green lower side towards you, between forefinger and 
thumb of ea.eh hand and, starting from a point of the 
edge, tear the leaflet across obliquely. The thin colourless 
lower epidermis can be torn off in this way, exposing the 
green inner tissue or mesophyll; mount the piece of 
epidermis in water on a slide. Now turn the leaflet over 
and try to tear off in a similar way a piece of the upper 
epidermis-it does not come off so readily, and more of 
the green mesophyll is torn off with it, since the mesophyll 
is relatively compact above and loose below. In this ca.se 
the epidermis bears stoma.ta on both upper and lower sides 
of the leaf. 

The epidermis can readily be torn from various other 
leaves, e.g. Lily, Tulip, NarcisBUB, Hyacinth, Tropaeolum, 
I vy-lea.ved Toa.dfla.x. 

143. Intercellula.r Air-spaces in the Kesophyll.
Dip the leaves of various plants into very hot water; the 
water should be boiled and immediately poured into warmed 
tumblers. Note whether the air-bubbles, driven out of the 
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mesophyll air-spaces by the heat, escape from both sides 
or only from the lower side. Cut or tear across a. leaf before 
dipping it into the hot water; note the streams of bubbles 
issuing from the cut edge. This simple experiment shows 
that the leaf contains air, and that the air-spaces in the 
mesophyll communicate with the atmosphere by means 
of the stomata.. 

144. llllicroscopic Ezamination of Air-spaces in 
Leaf.-Fold a large leaf (e.g. Laurel or Rhododendron) 
several times, or cut it into strips, and cut transverse 
sections, keeping the razor dry. Mount in water, and 
with the microscope note the numerous irregular air
bubbles between the cells of the spongy mesophyll; then 
run in some alcohol, and note the expulsion of the air in 
the form of spherical bubbles. 

145. Tangential (:Horizontal) Sections ofI.e&f(Fig 
41).-Fold a leaf (e.g. Beech, Privet, Laurel, Rhododen. 
dron, Ivy) over one finger and, wetting the razor with dilute 
alcohol, cut thin sections parallel with the upper surface 
of the leaf ; then turn the leaf over and cut sections 
parallel with the lower surface. 

In each case mount some of the sections with the epi
dermis side upwards, and others with the mesophyll side 
upwards, so a.s to have preparations (each mounted in 
water or dilute glycerine on a. separate slide) of (1) upper 
epidermis, surface view; (2 ) upper or palisade mesophyll, 
cells cut transversely and therefore appearing circular with 
narrow air-spaces at the corners between adjacent cells ; 
(3) lower or spongy mesophyll, the cells of which appear 
like starfish, being joined up by their diverging arms so 
as to form a. network, the meshes of which a.re occupied by 
air; (4) the lower epidermis in surface view. Note that 
the mesophyll-cells cont.a.in chloroplasts, and that the 
vertica.l wa.lls of the epidermis are usually wavy. 

146. Structure of Petiole.-Cut transverse sections of the 
petiole of various stalked leaves. A stout petiole, if examined by 
iteelf, might sometimes be mistaken for a stem, espeoially when 
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. the bundles are arranged in a ring (e.g. Ivy, Horse Chestnut), but 
as a rule the petiole is more or less ftattened, or grooved, on it.a 
upper surface, and if several bundles are present they are usually 
arranged in a curved band, the xylems being on the concave side. 
which faces upwards. Collenchyma ia generally present below 
the epidermis, and in Dicotyledonous petioles there is a rudi
mentary or for some time functional cambium between the xylem 
and phloem of the bundles. 

147. Vertical Transverse Section of Le&f Blade.
Remove a. strip of Laurel or of Ivy leaf by mal..-ing a. cut 
down each side of the midrib, including a. portion of the 
thin wing. Hold the strip in pith, and cut thin sections 
at right angles to the midrib. The midrib projects on the 
lower side of the leaf, hence it is easy to distinguish the 
upper and lower sides of the section when mounted. In 
the midrib note the large bundle, or curved band of 
bundles, with the xylem facing upwards; in Laurel there 
a.re numerous brown cells around the bundles ; within 
the epidermis on both sides there is a. zone of collen
chyma.. (Fig. 42.) 

In the thin lateral parts, on each side of the midrib, 
note--

(1) the upper epidermis, the upper and lower cell
wa.lls usually convex, and the upper wall covered with 
cuticle; 

(2) the palisade mesophyll, consisting of cells elon
gated vertically and containing abundant chloroplasts
on being traced downwards the cells of the palisade layers 
(often two or three in number) become shorter and less 
closely pa.eked and pass into 

(3) the spongy mesophyll, in which the cells a.re of 
irregular shape, contain chloroplasts, and a.re loosely 
arranged, large intercellular air-spaces being present; 

(4) the small bundles or veins, lying between the pali
sade and spongy zones of the mesophyll; 

(5) small cells here and there in the mesophyll, con
taining either single crystals or spherical crystal clusters 
consisting of calcium oxalate; 

(6) the lower epidermis, showing at places the two 
small guard-cells of a. stoma. 
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Fig. 41.-TiBSnea of Dox Leal a.a eeen In Horizontal SectlonL A, Upper Epidennl1 
(in many Dicotyledonoua leavea the nrtical wall1 of the Epidermia Celli are 
wa..,., not 1tralght aa in Box); B, Paliaade Meaophyll Cella, out tranavenely to 
their long &Xia ; C, Pan of the anaatomoeing Vaacular S11tem, 1howing Veaaela 
and Bundle Sheath : the Meaophyll Cella between the Bundloa are omitted ; 
D, Spongy Heoophyll Celli : the oircl .. ahown in aome of the cell• are anlll of 
the lltar·•baped ceU. out aG20m; II:, Lower ll:pidennl1 with Stomata. 
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148. Structure of Stomata and Guard-cel.ls.-Since 
the stomata. of various Monocotyledons are very large, 
transverse sections and strips of epidermis should be 
ta.ken from the leaves of Lily, Tulip, Narcissus, or 
Hyacinth. 

(1) In surface view, note that each stoma in these 
plants has a. definite position, being intercalated between 
the ends of two of the elongated ordinary epidermis cells . 

. Focus down on a. stoma with high power, a.nd note that 
the opening, which is flush with the surface of the leaf, 
narrows downwards like a. funnel and then opens out 
again' below. · 

(2) In section, note that the wall of each guard-cell is 
thin where it adjoins the other epidermal cells, while on 
the side adjoining the pore it is thickened (except at the 
middle where the pore is narrowed) and is produced into a 
ridge above and below-these ridges, with the projection 
that narrows the pore at the Iniddle, divide the pore into 
an outer and an inner chamber. 

169, The development of stomata is readily followed in the 
young leaves of Hyacinth or NarciBBus. Dissect a resting-bulb or 
one just beipnning to sprout, and from the young leaves tear off 
strips of epidermis, or out tangential sections, at different points 
of the leaf. Starting from the base and working up to the apex 
of the young leaf, note that the cells a.re in longitudinal rows 
and differ in size, some being elongated and others short and square; 
further up, each short cell divides by a longitudinal wall into 
two cells (guard-cells) ; this median wall then becomes thickened 
and finally splits to form the pore, while the guard-cells curve out
wards on either side. 

150. l'all of the Leaf.-The formation of the absciss
layer, by which the fall of the leaf is effected in autumn, 
and the cork which closes over the stem and forms the 
leaf-scar, ma.y be studied in various deciduous trees, e.g. 
Horse Chestnut or Sycamore. In autumn cut across the 
base of the petiole of a. leaf which has changed colour; 
after cutting across the stem above and below, split the 
whole in halves by a. longitudinal cut passing through 
petiole base and stem, and prepare longitudinal sections 
as shown in Fig. 43. 
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Note that the cork of the stem does not run on to the 
petiole (which has collenchyma. below its epidermis), and 
that where it stops short & cork-layer runs across the base 
of the petiole. On the outer side of this cork-layer is the 
&bsciss-layer, a. zone of loose rounded yellowish cells. The 
cork-layer is a.t first interrupted by the bundles tha.t pass 
into the petiole, but on the disorga.nis&tion of the a.bsciss-

Fig. {!,-Longitudinal Section of Node of 87camore St.em, lhowing &he Abocla 
La7er acrooa the 'hue of t.he I-' on each aide. Abo.-e each le&f·bue an 
arill&17 bud la -... 

la.yer (which is continued through the parenchyma of the 
bundle) the cork-layer is completed by the formation of 
cork over the projecting stumps of the bundles, and then 
the leaf is separated, the vessels of the exposed bundles 
being compressed and closed while the cork-layer is left 
covering the leaf-scar. The cells in the petiole conta.in, as 
a. rule, abundant calcium oxalate crysta.ls, while those in 
the stem cortex usually conta.in starch. 

151. Isobilateral LeaTea, Ph71lode•, Centric Le&Tff.
In some leaves which grow nearly erect, e.g. Hyacinth, the tissues 
have much the same arrangement on the two sides, but the bundles 
have the 11tylem facing the upper surface; in Hyacinth itself, for 
instance, both aides have atomat&, and there is no distinct palisade 
tiaauo. In other oa.ses, however, bobilateral structure is shown, 
e.g. in Iri1, where palisade tissue ocoura within the etoma·bearing 
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epidermis of both sides and merges into spongy tissue in which are 
embedded vascular bundles arranged somewhat irregularly bu$ 
having the phloem turned towre.ds the leaf surface to which the 
bundle is nee.rest. This structure is also shown by phyllodea 
(laterally flattened petioles) in various species of Acaoie., etc., 
sections of which should be examined. For the more or less 
markedly centric type of leaf, which is cylindrical or prismatic 
and shows little or no distinction of upper and lower surfaces, 
examine sections of the leaves of Onion, some species of ,Junous, 
Stonecrop, See. Blite (Sue.ede.), Prickly Se.ltwort (Se.Isola), etc. 

152. Wa.ter-atomata..-Mount in water pieces out from the 
margin of e. Trop&e<>lum leaf, and on the upper side e.t the margin 
note the numerous water-pores in groups e.t the ends of the chief 
veins. The guard-cells of these pores having usually lost their 
living contents e.t e.n early sta ge m the development of the leaf, 
the we.ter-stome. remains wide open-it has lost the power of move
ment. These pores oe.n be seen more clearly in tangential sections 
out from the margin of the leaf. 

153. Water-Glands (Hyde.thodes).-For the structure of the 
water-glands which are often associated with water-pores examine 
e. Fuchsia leaf, in which these glands appear as swellings on the 
edge, ea.eh gland being on a tooth e.t the termination of a vein. 
Cut off, mount, and examine the tip of a tooth, to see the large 
we.ter-stom&. 

Cut vertical sections, so e.s to traverse tooth, vein, and ~land 
longitudinally, and note (l) the epidermis on either side, mter
rupted e.t the tip of the tooth by (2) the water-stoma.; (3) the 
widening out of the bundle and its termination in the glandular 
(epithem) tiHu&-a mass of colourless pe.renohyme.; (4) the wa.ter
cavity e.t the end of the gland, below the stoma. 

154. Cha.lk-gla.nds.-These are modified water-glands, found 
in various Saxifrages, eto. Note the white masses on the leaf
me.rgin in one of these plants; treated with a.cetio acid, the me.sses 
dissolve with effervescence, since they consist of calcium carbonate 
deposited on the evaporation of the water excreted by the gland. 
The structure is much the same e.s in Fuchsia ; note the short hairs 
on which the lime is deposited. 

155. Structure of Grass Leaf.-Cut transverse sec
tions of the plumule of a. Wheat seedling, a.nd note (1) the 
tubular sheath, consisting of colourless parenchyma. a.nd 
containing two opposite vascular bundles ; (2) the young 
folia.ge-lea.ves enclosed in the sheath. 
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In a foliage-lea.£ note the ridges on the inner (upper) 
side of the lea.f ; each ridge contains a bundle, and the 
green parenchyma.. with stomata, occupies the lower part 
of each ridge, lining the furrows. A similar structure 
may be seen in the leaves of various other Gramineae. 

The leaves of Ma.rra.m Grass (Psamma.) and of some 
moorland Grasses (Festuca., Aira, Nardus, etc.) are of 
special interest from being rolled up; in Psamma. the leaf 
can become pa.rtia.lly unrolled in moist &ir, becoming cloaely 
rolled up a.gain in dry &ir. 

156. Xerophil01U Leaf Structures.-In various xero
philous plants the leaves show characteristic structural 
adaptations for the reduction of transpiration or the 
storage of water. 
. Among adaptations for checking transpiration note the 
following :-thick cuticle, often stratified ; sunken stomata, 
lying below the general level of the leaf and often over
arched by the surrounding epidermal cells ; development 
of colourless " aqueoua tissue " for water-storage, and of 
hypodermis, above or below the mesophyll or in both 
positions; dense hairy covering; wa.xy coating on the 
cuticle; rolling-up of the leaf with the stoma-bearing 
l1lJ'fa.ce (upper surface in Grasses, lower surface in most 
other plants) placed internally. In many cases, of course, 
a xerophilous leaf shows tetHWal of these features. 

For (1) ~ la;yer•, in the form of grains or rods on the Bur· 
face, examine the leaves of Iris, Echeveria, Eucalyptus, eto. ; for 
(2) thick cuticle, Holly, Agave, Aloe, India-rubber Plant; for 
(3) 9lll1lcen .tom.a.ta, India-rubber Plant, Oleander (1tomata 11UJ1k 
in groups in chamber-like infoldinga of the lower 1nrface) ; for 
(4) aqueous tiaue, India-rubber Plant, Begoni&, Peperomia; for 
(5) hair;y COTering-, Woolly Mullein, Hippoplu\6; for (6) rollecl
up leaves, Erica, Callnna, Empetrum, Nardus, Psamma, eto. 

157. Aquatic Lea.f-structures.-Examine and com
pare the structure of (1) floating leaves, like those of 
Pondweed (Potamogeton na.tans); (2) finely-divided sub
merged leaves, like those of Water Crowfoot (often also 
with floating leaves), Water Milfoil, etc. 
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No~ that floating leaves have the stomata on the upper 
side, and very large air-spaces in both the palisade and 
spongy mesophyll--0ften forming wide air-chambers below 
the stomata; while submerged leaves have chloropla.sts in 
the ordinary epidermal cells, no stomata, feebly developed 
vascular bundles, and small air-spaces. 

158. Hairs, Glands, etc.-The leaves (and also the 
stems) of various plants should be examine« for different 
ty~s of hairs and glands. In each case strip off the 
epidermis (or make tangential sections) and also cut 
transverse sections of the leaf or stem; 

The following show interesting hairs :-Wallflower (hairs com
pass-shaped); Shepherd's Purse (hairs star-shaped); Stinging Nettle 
(large unicellular stinging hairs, sunk in a multicellular base and 
provided at tip with a detachable swelling) ; Goosefoot or Orache 
(large spherical or ovoid shortly stalked hairs, giving the leaves a 
mealy appearance); Hop (compaBB-like hairs with stalk sunk in a 
raised multicellular basal outgrowth-these hairs help the plant in 
climbing); Goosegrass (curved and pointed hairs, which help the 
plant to climb); Mouse-ear Hawkweed (shaggy hairs, consisting of 
several longitudinal rows of cells cohering laterally). 

Various forms of glandula.r hairs should also be examined, e.g. 
those on petiole of Chinese Primrose, leaves of various La.biates, 
etc., which have a multicellular stalk and a rounded glandular 
terminal cell ; the short thick rounded multicellular glands on the 
bud-scales of Horse Chestnut. In these and various other cases, 
the oopious secretion of the gland may be seen in sections mounted 
in water. This secretion may be resinous or oily. Of special 
interest are the gland hairs found on the leaves of Sundew and 
Butterwort, which produce enzymes for the digestion of insects 
caught by the sticky secretion. 

159. Structure of Perianth-leaves of l"lower.
Examine the perianth-leaves of various Monocotyledons, 
and the sepals and petals of various Dicotyledons. In 
some cases these leaves are so transparent that they may 
be mounted entire, or made transparent by treatment with 
chloral hydrate, potash, etc. In other cases, make tangen
tial and transverse sections as in the case of foliage-leaves. 

Note that the perianth-leaves of Tulip, etc., have stomata 
in the epidermis ; this is often the case also with the 
sepals and even the petals of various Dicotyledons, but the 
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internal structure of floral leaves is, on the whole, simpler 
than that of foliage-leaves. 

Note that the epidermis-cells often have the outer wall 
dome-like or conical, and marked by striations; in some 
cases (e.g. Pansy) the epidermis-cells of the petals are 
produced into long finger-like processes, given the velvety 
or satin-like appearance of the petal surface. The lateral 
walls of the epidermis-cells are often very wavy, or have 
ingrowths resembling those seen in the mesophyll-cells of 
a Pine leaf. 

160. Chromatophores imd Coloured Sap.-Strip the 
epidermis from the peria.nth-leaves and peta.le of various 
flowers. Note that in green floral leaves the colour is 
uue to chloroplasts; in white leaves the cells contain 
colourless pla.stide (leucopla.ets) a.nd colourless cell-sap. 
In most yellow flowers the colour is due to yellow 
chromoplast•~ chiefly in the epidermis, but sometimes 
(e .g. Na.reissue perianth-lobee) in the meeophyll-celle. In 
a few cases, however, the yellow pigment is dissolved in 
t he cell-sap, e.g. Mullein. Blue, violet, and some red 
colours are due to coloured sap, but some reds are due to 
chromopla.sts. 

Examine the flowers of Narcissus, Pansy, Tropa.eolum, 
Buttercup, red Rose, Poppy, Wa.llflower, Myosotis, Crocus, 
etc. Investigate ea.see of mixed colouring, e.g. red and 
yellow Tulips a.nd Zinnias (some epidermie·cells with red 
sap, others with yellow chromoplasts). In ea.eh case 
mount in water or glycerine stripe of tissue torn or shaved 
from the flora.I leaves. 

161. Structure of Kature Anther (Fig. 44).-The 
flower of a Lily or a Narcissus may be used with advan
tage for the structure of the anther and the ovule, but 
various other flowers that a.re available should be tried. 

For transverse sections of the mature but intact 
anther it is necessary to use young flower-buds. In the 
case of Na.reissue cut a.cross (a) flower-buds still enclosed 
in the resting bulb, (b) young flowers that have been 
carried up in spring but have not yet opened. Note the 
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F11. 44.-Struotnre of Anther of Lily (Tran.onne Sectlona). A, Young Anther; B, detail• of Mme, ahowlng the Srorogeno111 
Tloaue of two of the Pollen-eaoo; 0, Older Anther; F, deta.11• of Mme, ahowing Epldennia, Fibro111 Layer (at t.bi11tage 
filled with 1taroh·gr&ln1), and Tapeturu-layor (large oell1) llnln1 the Pollen·aao which oont&lna dl•idlng Poll•n-mother• 
oell1; D, 1tlll older (Mature) Anther, Ju•t before Dehiaoenoe : note t.he large 1lze of the Epiderml.o Oel11 forming the 
"StoU>lum" at the junction of the two Pollen.....,.; 0 d • tail1 of eame: t.he oell1 of the Flbrou.a Layer ha•e loot much of 
their oontente and now ahow the thlckentns 8b...., and the Tapetum le dleorgaolaed, while the Pollen-grain• are 
mature and lie freely in the oa.lty of the l&O; E, .Mature Anther after Dehieoence, 1howing the dhel'ltlng •al•ea of the 
Pollen-eao. In all the llgurea only one half of the Anther 11 drawn. In .A, 0, D and E the dotted Unea lndlcate the 
rortloua 1hown more WcJtly magnliled In B, F, G and H reepectlnly. 
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general outline of the section and compare with an entire 
anther; there are three longitudinal grooves-one along 
the middle of the inner face and one along either flank, 
while along the middle of the outer face there is a whitish 
band, the connective. 

With high power, note (1) the tissue of the connective, 
with a vascular bundle in a nearly central position; 
(2) the four pollen-sac&, two on either side, containing 
the pollen-grains ; (3) the epidermis covering the entire 
anther and consisting of small cells-along the outer side 
of the connective stomata may be seen cut through, and 
at the points where the two pollen-sacs on either side of 
the anther meet there is a band of large epidermal cells ; 
(4) the fibrous tissue, consisting of cells with the walls 
thickened by spiral or annular bands arranged transversely 
to the long axis of the anther. Below the epidermis of 
the pollen-sacs this tissue consists of a well-defined layer 
of large cells ; along the inner side of the anther there al."6 
several layers of smaller cells; while at the point where 
the partition between the two pollen-sacs meets the anther
wall the fibrous tissue is absent (dehiscence line). 

Also examine longitudinal aectioJ19 of an a.nther, cut parallel 
to the pla.neof flattening. Starting with a. surfa.ce section of the con
nective, note the numerous atom.a.ta in the efidermis. A section a. 
little deeper will show the va.scula.r bundle o the connective, with 
its xylem vessels, a.lso the thickening ba.nds in the cells of the 
fibrous tissue. 

162. Structure of Pollen-gra.ins.-Note the oval or 
bean-shaped form of the ripe Narcissus pollen-grain; 
the outer surface shows granular thickenings. With 
iodine, or (better) with acetic methyl green, note the two 
nuclei-one spindle-shaped and the other spherical. Pol
len-grains may be rapidly cleared and made transparent 
by treatment with either chloral hydrate or carbolic acid. 

For oompa.rison with Narcissus, exa.mine the pollen-gra.ins of 
various other pla.nts, a.nd note the grea.t differences in size, form, 
aurfa.ce aoulpturing a.nd outgrowths, etc. A good selection would 
be the following :-Ma.llow or Hollyhock, Marrow or Cucumber, 
Broa.d Bean, CrOous, Chicory. Wlillflower, Rhododendron, a.Isa the 
pollinia of Orchis. 
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163. Growth of the Pollen Tube.-To follow the 
germination of pollen-grains, sow the grains in a drop of 
5 per cent. sugar solution on a cover-glass and invert over a 
moist-chamber(§ 18), or place the grains in sugar solution 
in a watch-glass and examine from time to time. It is 
often. necessary to use a 10, 15, or even 20 per cent. sugar 
solution; try some pollen in ea.eh strength of solution. 

The tubes appear within a few hours, especially if the · 
culture is kept in a warm place in darkness. Note that 
the protoplasm in the tube may show marked streaming 
movements. In Narcissus, after two days, the tube is seen 
(on being stained with iodine or acetic methyl green) to 
contain three nuclei; of these, the one nearest the tip of 
the tube is the rounded vegetative nucleus, while the two 
others (which stain more deeply) have arisen by division 
of the spindle-shaped generative nucleus of the pollen
grain. As the tube grows in length, the protoplasm passes 
into the apical region, and sometimes walls appear in the 
tube shutting off the hinder protoplasm-free portion. 

164. Structure of Style and Stigma..-In a Nar
cissus flower, remove the small three-lobed stigma by 
cutting a.cross the style just below it ; note the short 
finger-like outgrowths (stigmatic papillae) of the epi
·dermal cells of the three lobes, and the central opening. 
In transverse sections of the style at different points note 
the three angles answering to the three stigma-Jobes, and 
the central canal ; this canal, opening at the apex, may 
be seen in longitudinal sections through the upper portion 
of the style and the stigma.. 

Also examine, by mounting entire ·or by means of sections, the 
styles and stigmas of various other flowers. The style is not always 
hollow, as in Narcissus, but the central tissue is often sharply 
distinguished from the outer or cortical tissue-this central con
ducting tissue, transparent and often mucilaginous, is traversed 
by the pollen.tubes on their way from stigma to ovary. 

165. Structure of Ovary and Ovule (Fig. 45).
Cut numerous transverse sections of the ovary of Nar
cissus. In this plant the contents of the embryo-sac a.re 
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usually seen quite readily in unstained sections from fresh 
material ; but it is perhaps better to cut across the ovaries 
of a number of flowers and place them in alcohol or an 
acid fixative before cutting sections, and to stain sections 
with acetic methyl green, or iodine, or other stains. 

In T. S. of ovary note (1) the division of the ovary into 
three chambers; (2) the presence of va.scula.r bundles 
in the outer wall of the ovary and also in the partitions
note the six larger bundles in the outer wall, three corre
sponding to the midribs of the carpels and three to the 
outer ends of the partitions ; (3) in each chamber, where 
the partitions meet, two a.natropous ovules. 

In a single ovule note (1 ) the short stalk or funicle, 
traversed by a. slender bundle which comes from one of 
the bundles in the " a.xile placenta " and ends in the base 
or cha.laze. of the inverted ovule; (2) the two integu
ments, which start from the chalaza and end at the apex 
of the ovule in the fine canal or micropyle ; (3) along 
one side the outer integument is united to the stalk of the 
ovule, this portion of the stalk being termed the ra.phe ; 
( 4) the nucellus, an ovoid mass of tissue lying within the 
integuments and bounded above by the micropyle and 
below by the chalaza; (5) the embryo-sac, appearing as 
a large cavity in the micropylar half of the nucellus. 

In the embryo-sac (examine a number of ovules in 
order to see all these points) note (1) the vacuolated 
protoplasm of the sac; (2) the large central nucleus, 
connected by protoplasmic threads with the peripheral 
layer of protoplasm of the sac; (3) at the micropyle end 
of the sac, three cells forming the" egg a._pparatus "-the 
egg (oosphere) and the two synergicls; (4) a.t the oppo
site end of the sac, the three antipodal cells. 

Good preparations showing the structure of the embryo
sac may also be made from Marsh Marigold, White Lily, 
etc. 

166. Pollination and l'ertilisa.tion.-It is fairly easy 
to trace the passage of the pollen-tube from stigma to 
micropyle. Various plants should be tried, observations 
being made just after the flower has faded. In each case 
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Pig. 4~.-Longltndlnal l!eotlon of nearl7 Mature Ovule (from Trannene Section of 
0Y&T1) of Lil7. The Embf10-oao i11hown In detail, the other part.I in outline 
onl7. It will be noted that hero (&1 in nrlouo other anatropouo ovule1) the 
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the Stalk (Funiole). ln the Ewbf1o-aoc the following featuroa 1hould be noted 
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larger central Ooophero (Rgg-oell). The Ooo)'hero la connected with the Polar 
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off b7 oell-wrJI&. The Protoplaom of the Ewbryo-oao oontaina numerono 
\'acnoleo. 
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moisten the prepa.ra.tion with alcohol, to remove air, and 
mount in glycerine; to make the tissues more transparent, 
heat the sections in the glycerine, since clearing reagents 
like potash obscure the dense granular contents by which 
the pollen-tubes are recognisable. 

Pick the pistil from a. faded Chickweed flower, mount, a.nd note 
(1) the ovary wall with three va.scula.r bundles; (2) the three ourved 
styles, with stigma.tic hairs on their oonvex aides; (3) the yellow 
pollen-grains held between the stigma.tic hairs ; (4) the pollen-tubes 
pa.saing from the grains into the tissue of the style. Examine faded 
flowers of different a.gee, a.nd look for ovules with a. pollen-tube 

applied oo the micropyle. 

B. D. 

£MBRY 

Similar observations ma.y be 
ma.de on many other pl11.11te. 

Em. For the pa.asa.ge of the pollen
tu~ down the central c&n&l 
or the oentra.l conducting 
tissue of the style, examine 
longitudinal eeotiona of stig
ma. a.nd style of Foxglove, 
Rhododendron, etc. 

Cot. 
F. 

Fig. 46.-Denlopment of EmbQo in 
Shepherd"• Pune. 

A, young Mod (t.-ted wlt.h aa.uatlo pot.uh) 
oh owing embryo at mioropy le end of 
curved embryo-uc ; m., micropyle; 
B·F, otag .. in growth of embryo; G.P., 
growln&·point of item; Buap., 1ua
penaor; b.o., baaa.l coll; Cot., ootyle· 
don; Em., embryo. 

The entrance of the pollen
tube into the micropyle of the 
ovule is ea.aily seen in faded 
flowers of Speedwell, Chick-
weed, Shepherd's Purse, etc. 
Treat the teased-out ovules 
with chloral hydrate or car-
bolic a.oid oo make ihem tra.na
pa.rent. 

167. Development of 
Embryo (Fig. 46).-This 
is very easily studied in 
the Shepherd's Purse. 
Remove the fertilised 
ovules from fresh ovaries 
3 to 6 mm. long, and study 
(a) the embryo in Bitu, 
(b) isolated embryos, in 
ovaries of different ages. 

In ovules mounted entire in potash note the stalk, in~ 
teguments, micropyle (a pollen-tube may be seen entering 
this), and curved embryo-sac of the campy lotropous ovule; 
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in the embryo-sac note the embryo, which is attached to 
the end of the sac nearest the micropyle. 

Mount a number of ovules in potash, then press on the 
cover-glass with a needle so as to burst the ovules without 
damaging the embryos which are thus isolated. If the 
embryos are too transparent run in some acetic acid. 

With patience one can get a. series showing various 
stages in the embryogeny of this typical Dicotyledon, e.g. 
(I) a short row of cells, at one end the elongated basal 
cell of the suspensor, at the other the rounded embryo 
cell; (2) the embryo cell divided into octants, the sus
pensor elongated a.nd with greatly enlarged basal cell ; 
(3) the octants divided by tangential walls cutting off 
the dermatogen, the hypophysis cell of the suspensor 
pushing in between ·the lower octants of the embryo, the 
base.I cell still further enlarged ; ( 4) the inner tissue of 
embryonic mass differentiated into periblem and plerome; 
(5) the formation of periblem and dermatogen of root at 
expense of the hypophysis cell; (6) formation of the two 
cotyledons by outgrowth from the upper octants, and of 
hypocotyl from the lower ones; (7) formation of stem 
apex or plumule between the cotyledons. 



CHAPTER IV. 

GERMINATION, GROWTH, TISSUE TENSION. 

I. TYPICAL SEEDS AND SEEDLINGS. 

188. Types of Seeds &nd Seecllings.-The chief 
types selected for study may be classified as follows :-

Dicotyledons. 
Non-endospermic. Hypogea.1:-Broad Bean(§§ 171 . 

. 173). 
Epigeal:-Sunflower (§ 175). 

Endospermic:-Castor Oil(§ 177). 
Monocotyledons. 

Endospermic. HYJ_>Ogea.1:-Maize (§§ 178-180). 
Ep1geal :-Onion (§ 182). 

Other seeds and seedlings should also be studied for 
comparison with these and for special points in the struc
ture and biology of seeds and seedlings. Soak the various 
seeds in water, and make successive sowings both indoors 
and in a. garden border so as to have plenty of material 
for observation and experiment. 

189. Germination. J'a.rs.-(a) Take a large wide
mouthed glass jar wiped dry inside, and a piece of thick 
blotting-paper cut rectangular with one side equal in length 
to the height of the jar and the other a few inches longer 
than the circumference of the jar. Roll the paper and 
insert it in the jar, then fill up the jar with sawdust, 
keeping the paper pressed against the inner side of the 
glass. Place seeds in difierent positions between paper 

·1u 
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and glass, and pour in enough water to wet thoroughly the 
sawdust and the pa.per. 

(b) Sphagnum moss is better than sawdust; lamp
glasses, sufported in the vertica.l position by being stuck 
in a pot o soil or sand, are better than 
glass jars or tumblers. Root-hairs are 
well seen in seedlings germinated in 
moist air; a simple method is to soak a 
flower-pot, throw on to its inner surface 
some seeds whose coats become sticky 
when wet (Cress, Mustard), then invert 
the pot (with the seeds sticking to it) in 
a dish of water. 

Into a wide-mouthed glass jar pour 
enough water to form a layer about 3 cm. 
deep. Stick a long pin through a soaked 
Bean or Pea, and fix it into a cork (or a 

... 
IL ..... 

-
~ ~ 

~ 

~ 

fiece of wood to cover the mouth of the Fig. 47. 
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Jar), inverting the cork so as to suspend. 
the seed in the moist air of the jar, in which it will ger
minate; the inside of the jar should be kept moist-e.g. 
with strips of wet blotting-paper. Keep this simple piece 
of appara.tus (Fig. 47) for later experiments. 

170. Glass-sided Boz.-Besides flower-pots and boxes 
of the ordinary kind, get a few boxes of different sizes
one a.t lea.at a foot deep for the long roots of Bean seed
lings-and make them into glass-sided germination boxes 
as follows : Remove one of the longer sides and · replace 
it by a sheet of glass sloping downwards and backwards, 
so that the roots in growing vertically downwards will 
press against the glass and thus be more readily observed. 
The glass side may be simply held in position by a series 
of tacks or nails at either side; it will be quite easy in 
this way to make the glass side movable so that it may 
be inserted vertica.Ily or at different angles. 

Fill the boxes with moist sawdust, good garden soil, or 
sphagnum, and plant the seeds close to the glass. The 
sawdust or soil should be renewed now and then, since 
they are apt to become foul; the sphagnum should at 

P.B. 10 
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intervals be taken out, sterilised by being boiled in water, 
then rinsed in water and replaced in the box. These 
germination boxes will also be useful for various other 
purposes--e.g. experiments on geotropism. 

171. Broad Bean Seedling.-Examine an entire well
grown seedling, at least a. foot in total length. Note the 
root which has grown downwards from the seed, and the 
shoot which has grown upwards from the seed. 

(a) In the root note (1) the main root am, ~radually tapering 
to the free end or root tip ; (2) the rootlets, arismg from the main 
root in regular longitudinal row-usua.lly five in Broad Bea.n-and 
differing from it only in their smaller diameter a.nd different direc
tion of growth ; (3) root-hairll-well seen in seedlings grown in 
moist a.ir in germination ja.re or lamp-gl&BBes; (4) root-tubercles, 
often seen in seedlings grown in soil. · · 

(b) In the •hoot note (1) the axis or atem, four-sided a.nd 
hollow; (2) the leavea, in two rows corresponding to two opposite. 
ridges of the stem ; (3) the buct., which in a. well-grown plant may 
have grown out a.a lateral branchea, each bud or branch a.rising in 
the axil of a. leaf. 

(c) In a. leaf from the upper pa.rt of the shoot note {l) the 
petiole or lea.f-sta.lk, grooved above ; (2) the atipules, a. pair of 
ontgrowtha at the base of the petiole, each like half of a spear-head 
in form and having near the centre a dark spot-this consists of 
minute gland-ha.ire in a. patch on underside of atipnle; (3) the 
leaflets, thin flat ov&l appendages with a pointed tip; (4) the 
prolongation of the petiole above the leaflets-this outgrowth, 
sometimes developed a.a a sm&ll terminal lea.ftet, is evidently a 
rucliment&r7tendril, a.a may be inferred by comparison with the 
tendril-bearing Vetches a.nd Pea.a related to Broad Bean. 

(d) Trace the root upwards and the shoot downwards 
to their junction with the two large cotyledons or " seed.
leaves," which lie within the ruptured seed-coat. The 
lower foliage-leaves are simpler in form than the upper 
ones; the two lowest (first formed) leaves above the 
cotyledons a.re rudimentary and consist of three lobes 
joined at the base. 

Also examine younger seedlings, working back to the 
earliest stages in germination. Note that in the uil of 
ea.eh cotyledon there is a. bud; hence the cotyledons a.re 
morphologica.lly leafJu, tho~h in this plant differing 
markedly from ordinary (foliage) leaves. 
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172. Broad Bean Seed.-Examine (1) dry seeds; 
(2) seeds that have been soaked in water for two days; 
(3) pods of different ages, containing fresh seeds in different 
stages of development. 

(a) Note the shape of the ripe seed. At the thicker end 
there is a black or brown mark (hilum}-obviously the 
scar formed when the seed became detached from the stalk 
which fixed it to the inside of the pod. 

(b) Examine from time to time dry seeds that have been 
placed in water. At first the surface is thrown into folds 
-evidently the coat at first absorbs water and swells more 
rapidly than the seed-contents, hence it becomes loo!l8lled 
and is easier to remove in a well soaked seed. The wrink
ling of the coat is very marked in Pha.seolus (Scarlet 
Runner and French or Ha.ricot Bean) . 

(c) Drop some dry seeds into very hot water, or fix 
some seeds into a spirally coiled piece of copper wire and 
put this in a. beaker of water boiling over a. Bunsen, and 
note the air-bubbles that escape from near the hilum. 
Wipe dry the hilum end of a. soaked seed, and squeeze the 
seed-water oozes out of a small slit-like pore (micron le) 
at one end of the scar. The micro~yle is very conspicuous 
in Pha.seolus, having a. raised margm. 

( d) Remove the coat from a. soaked seed, starting at the 
end opposite the scar. Note the two la.rge whitish cotJ'
ledons, whose slightly concave inner sides a.re pressed 
age.inst ea.eh other. After stripping off the upper ha.If of 
the coat, pull off the rest of it (the part covering the scar 
end) entire like a. cup. Note the smooth tapering radicle, 
projecting from between the cotyledons and pointing 
towards the micropyle end of the hilum; also note the 
little pocket on the iimer side of the seed-coat, into which 
the radicle fits. 

(e) Pull a.part the cotyledons, a.nd remove one by break
ing a.cross the short stalk by which it is joined to the 
thickest pa.rt of the radicle. Note the curved plumule, 

_ lying between the cotyledons, fitting into a. groove on the 
iimer surface of ea.eh cotyledon, and forming a. continuous 
curved line with the radicle. Examine the plumule ea.re-
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fully with a lens, and with a pin turn back the minute 
foliage-leaves which it bears. 

U) Make sketches, at least twice the natural size, of 
(1) the entire soaked Broad Bean seed, from the scar end; 
(2) same from the front-i.e. thicker edge-showing the 
micropyle and the bulge caused by the radicle; (3) same 
in side view; ( 4) side, and ( 5) front views of embryo after 
removing seed-coat; (6) scar end portion of empty seed
coa.t, showing the pocket into which the radicfe fits; 
(7) side, and (8) front views of embryo with one cotyledon 
broken off ; (9) section of whole seed, cut between the 
cotyledons, to show pocket with radicle fitting into it. 

173. Stages in Germina.tion.-Study and sketch 
various stages in the germination of Broad Bean. Note 
(1) that the radicle emerges from the seed in advance of 
the plumule; (2) that there is a V-shaped split in the coat 
along the edge of the radicle-pocket-this is caused by the 
root swelling and raising the outer wall of the pocket as a. 
triangular flap, the apex of the triangle not reaching the 
micropyle; (3) that in whatever position the seed has been· 
planted, the radicle grows downwards and the shoot up
wards-curving, if necessary, in order to take the vertical 
direction. 

Notea.lso (4) tha.tthe stalk of eiwh cotyledon lengthens, 
pushing the cotyledons apart and helping the plumule to 
emerge from between them; (5) that the plumule remains 
for a. time strongly hooked at the top, but gradually 
straightens out as it grows upwards ; (6) that the coty
ledons remain in their original position, covered by the torn 
seed-coat, and gradually shrivel a.s germination proceeds; 
(7) that the bud in the a.ril of eiwh cotyledon may grow 
out to form a. leafy branch, especially if the plumule itself 
has been injured; (8) that roots may grow out from the 
base of the plumule, especially if the radicle has been 
injured. 

U'ft. Beech and Seedlings of Phaseolua and Pisum.
Examine eeeds and seedlings of Prench Bean (Pha.seolus vulge.ris) • 
and Scarlet Bunner (Phe.seolus multifl.orus). In both ·note the 
position of the hilum, the oonspiouous mioropyle, the wrinkling of 
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the seed-coat during soaking, &nd the two large primary foliage
leavee e&rried on the fint internode (epiootyl) of the plumale. Ui 
Ranner the oot~ are h7P0Ceal, remain.ins below groand; 
while in French they are •Neal. being earned aboTII ground 
by the eloogation of the hypoootyl-the region of the yoang pla.nt'a 
axia which liee between the root proper and the imertioo of the 
ootyl.edoDL 

.Moat seedlings are epigeal, and it is eaBY to prov~g. by making 
Indian ink mark.a on the aria of the very young aeedling and noting 
the position of these marks at a later stag&-that the hypoootyl 
grows rapidly in length, carrying up the ootyledona and the plumale. 
Epigeal ootyledona sooner or later turn green on reaching the light ; 
they are larger, thinner, and more like foliage-leavee than in the 
caae of hypogeal ootyledons, whioh do not tum ~n (unlees they 
hap~n to be exposed to light) and which soon ahnvel up inatead of 
persisting and growing. Note that in P haseolna the fint two 
foliage-leav are simple and heart-shaped and atand opposite eaoh 
other; while the later folia leaves are compound with three 
lealleta, and ame aingly from the tem. 

In the GariDL Pea (Piaum ativum) the traruparencyof the-t. 
enables one t.o - clearly in the ..keel seed e hilum, micropyle, 
and radiole, all lying in the e line, with the tip of the radiole 
pointing to the micropyle; the cotyledons are hypogeal. and the 
earlier foliage-leaves resemble thoae in Broad Bean seedling, but. 
the uppermoet leaflet.a of the later leavea are developed as 
tendrils. 

17 5. Sunfiower Seed IUld Seeclling.-Get "seeds" of 
this plant, aJso flower-head.a of different ages, and note that 
the " seeds " are in reality one-seeded fruita, or aelunu, 
each being formed from the ovary of one of the flowers in 
the flower-head. The h&rd shell is not seed-coat. but peri
carp or fruit-wall The upper parta of the flower fall off 
after fertilisation has occurred, 1ee.TI.ng a ring-like sear at 
the broad upper end of the achen&-the hole often aeen at 
the narrow end ia (obviously) not the micropyle. but ia 
simply due to the brea.ldng of the achene from the diac of 
the flower-head. 

Soak some achenes in water for a few days, and open one 
or two to e:xamine the seed that lies inside; the shell (peri
ca.rp) is readily split open along the edge. Note that the 
seed is attached by a fine short ataJk to the inside of the 
shell at the pointed end. Remove the thin seed-coat, and 
note the ra.dicle, the flat oval cotyledon.a, and the am&ll 
plwnule. 
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In germination the radicle grows out, splitting the peri
carp, and the hypocotyl grows vigorously, carrying up the 
cotyledons-often with the split pericarp over their edges 
like a. clip. The hypocotyl is at first bent downward, or 
coiled in a loop, at the top. This appearance is seen in 
many seedlings, whether the cotyledons are hypogeal or 
epigeal-in the former case the epicotyl (plumule-axis) is 
hooked, in the latter case the hypocotyl The cotyledons 
turn green, diverge (throwing off the empty pericarp if it 
has not fallen already), and spread out to the light, also 
growing larger. At first the plumule grows very slowly, 
as is usual in seedlings with epigeal cotyledons which 
function as foliage-leaves; note the hairiness of the epicotyl 
as compared with the smooth hypocotyl. 

178. Other 1'on-endoaperm.io Seeds.-Examine seeds and 
seedlings of Linseed, Radish, Cress, Mustard, Turnip, "Nastur
tium" (Tropa.eolum), Lupin, Marrow or Cucumber, Horse Chestnut; 
also the achenes and seedlings of Oak and Sycamore, and the seed
lings of Beech and Gorse. Test cut surfaces of the seeds for starcp, 
proteids, oil; examine thin sections with the microscope; dissect 
the seeds ; sketch stages in germination. 

Sow the seeds in moist sawdust or soil; note the temperature 
required (or most favourable) for germination in each case; examine 
and sketch the seedlings from time to time. In moistened seeds of 
Linseed, Cress, Mustard, and Turnip, notice the jelly formed by the 
swelling of the gummy seed-coat when it absorbs water. 

Small seeds-e.g. Cress, Mustard, Wheat-should be grown on 
muslin stretched across a tumbler filled with water-examine the 
roots for rootlets and root-hairs. 

In nearly all cases the cotyledons are carried up into the air by 
the lengthening of the hypocotyl. In Horse Chestnut the large· 
cotyledons are partly fused together; on germination the young 
stem and root are pushed out of the seed by the lengthening of the 
cotyledon stalks. In Vegetable Marrow and Cuoum ber note that an 
outgrowth {"peg" or "heel") is formed to hold down the lower half 
of the seed-coat against the soil, while the growing hypocotyl raises 
the upper half of the seed-coat and thus gets free. 

In Mustard the cotyledons are two-lobed, in Crass they are three
lobed. In the" Nasturtium" (Tropaeolum majus) the later leaves 
have a nearly circular blade with even margin, and the stalk is 
inserted at the centre of the lower side of the blade, but in the ear
liest leaves of the seedlin~ the leaf-blade is lobed and the stalk in
serted at the lower margm, as in the adult leaves of the closely
allied leaves of the Canary Creeper (T. canarieme). In Gorse the 
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youngest foliage-leaves are trifoliate or three-lobed; those formed 
later are simple, narrow, and spine-tipped. 

In Brazil ''nut" (really a seed) the hard shell is the seed-ooat; 
the minute cotyledons occupy one end of the embryo; the root being 
at the other end. The greater part of the embryo consists of the 
swollen axis (hypocotyl). The two cotyledons and the plumule can 
be seen in a section examined with the microscope-if the section 
has been cut in exactly the right place. 

1'17. Castor Oil Seed a.nd Seedling.-In the seed 
note the hard and . usually mottled black or brown seed
coat, bearing at one end an appendage ( aril) which absorbs 
water readily and becomes soft when the seed is soaked. 
Place a seed in hot water, and note that air-bubbles arise 
from beside the aril, which lies just outside of the micro
pyle. Remove the coat, dissect the seed contents, and make 
transverse and longitudinal sections; note the embryo 
which lies in a cavity in the middle of the white oily 
endosperm and consists of two very thin fiat cotyle
dons (pressed against the endosperm but easily separated 
from it by means of a knife point), the small plumule 
between the bases of the cotyledons, and the ra.clicle 
below the cotyledons and reaching the surface of the 
seed at the micropyle-and-aril end; with care the em
bryo can be dissected from the endosperm; the cotyle
dons show a distinct midrib with veins arising from it 
on either side. 

On germination the hard seed-coat splits into three 
valves, the hypocotyl emerges at the other end of the seed 
and, after the radicle has grown into the soil, elongates and 
pulls up the seed into the air; the elongating hypocotyl is 
hooked at the top ; rootlets grow out-usually in four 
regular longitudinal rows-from the top of the radicle ; the 
endosperm becomes swollen and gradually thins out to 
a papery film covering the outer (lower) surfaces of the 
two cotyledons, which meanwhile grow larger; then the 
shrivelled film of endosperm is ruptured by the cotyledons, 
which spread out in the air (the hypocotyl becoming 
straightened) as heart-shaped leaves with short sts.lk and 
prominent veins-between the cotyledons the plumule is 
plainly seen. 
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178. K&iu Grai.n.-Get some Maize " seeds," also a 
"cob " (female inflorescence); the seeds of the White 
Horsetooth variety a.re much better (being larger and 
more regular in shape) than the ordinary Indian Corn. 

(a) In a young cob note that the thicker end of the 
young grain (ovary) bears a long feathery stigm&; the 
ripe grain is a. one-seeded fruit, differing from an ordinary 
achene in having perica.rp a.nd seed-coat fused together to 
form the "husk." 

(b) In a. soaked grain note the ova.I patch on one side, 
indicating the position of the embryo; with knife or 
forceps catch at the pointed end of the grain and tear off 
the thin tough skin (husk) and note the two appendages 
fixed to the middle of the ova.I patch-the free tip of the 
plumule is towards the broad end and that of the radicle 
towards the narrow end of the grain. 

(c) La.y the grain on the table with the embryo upper
most, and make a. clean slice down the middle of the 
plumule and radicle ; note that these organs a.re attached 
to a. shield-shaped structure-the acutellum.-which pro
jects into the grain and runs obliquely a.crou its interior. 
Make sure of the genera.I structure and relationships of 
these three parts of the embryo; dissect the plumule and 
radicle with needle or knife, noting that the former con
tains rolled-up young leaves within a sheath. while the 
latter is a. solid body also within a. ahea.th. 

(d) To see the form of the acutellum better, (1) cut 
transverse sections of the grain a.t different levels ; (2) re
move the whole embryo from a. well-soaked grain; (3) cut 
a grain longitudinally and smear the cut surface with 
iodine, this brings out in sharp contrast the brown-stained 
embryo (radicle, plumule, scutellum) and the blue or 
almost black-stained starch-bearing region (endosperm). 
Also treat with iodine the series of transverse sections of 
the grain. 

179. Wheat Grain.-The genera.I structure is the ea.me 
a.s in Maize. In a. soaked grain note the deep furrow 
down one side, the ama.11 embryo a.t one end of the op-
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posite side, and the patch of hairs at the other end ; 
remove the embryo from the endosperm, to see the small 
rounded convex scutellum; cut transverse and longitudinal 
sections, and treat with iodine. 

180. lllla.ize and Wheat Seedlings.-Wheat germin
ates more readily than Maize, but seedlings of both should 
be e:x:ammed. 

(a) Note that the husk breaks open at the embryo end 
of the grain, the radicle growing out first but not giving 
rise to the whole root-system of the plant (as normally 
occurs in the Bean, for instance), and later roots arising 
from the hypocotyl region of the embryo, i.e. from the base 
of the plumule. 

(b) Note that all the primary roots agree with the 
radicle itself in bursting from a sheath which remains as a 
collar at the base of the root; this is especially well seen 
in Wheat, where a first and a second pair of roots, right 
and left, succeed the radicle, then a fifth root-these five 
roots can all be recognised in the resting grain (examine 
series of transverse as well as longitudinal sections of grain). 

(c) Note the tubular sheath through the burst apex of 
which the first foliage-leaf makes its appearance. Com
pare this with earlier stages of germination, noting that 
the sheath is at first closed at the top but is burst by the 
rapidly elongating foliage-leaf after the tip of the cone is 
carried well up into the air. 

(d) Make a longitudinal section of the grain and of the 
young shoot, and note that the endosperm, especially near 
the young plant itself, is reduced to a pulp; the cotyledon 
remains in its original position and acts as a digesting 
and absorbing organ. In Wheat the grain soon becomes 
shrunken and the endosperm reduced to a mill.-y fluid ; in 
both seedlings examine some of the endosperm and note 
that the starch grains a.re being corroded and broken up 
under the action of diastase. Remove the pulpy endo
sperm from a seedling, and note the shape of the convex 
shield-like cotyledon-oval in outline in Maize, circular in 
Wheat . 
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181. Date.-Examine a Date seed (i.e. the" atone"). Notice 
the deep groove along one aide. Scrape the surface on the other 
side, to see the small embryo embedded in the stone (endosperm). 
Cut the atone across at this point; then dip the stone in dilute 
aulphuric acid and apply iodine (test for cellulose). Plapt some 
Date stones in damp sawdust or soil, set in a warm place (a heated_ 
greenhouse, if possible), and sketch stages in their germination. 
Open the atone in some of the seedlings, and then notice the 
softening of the stone and the extent to which the ootyledon has 
grown inside it. Notice in sections of the atone that the cell-walls 
beoome thinner, and that starch appears in the yoling root and 
shoot, in darkness as well as in light. The digestion (conversion 
into anga.r) of the reserve food (cellulose) ia due to the secretion of a 
ferment (cytaee) by the ootyledon. 

182. Onion.-Exa.mine a seedling of Onion before the 
embryo has finally withdrawn its cotyledon from the seed. 

Observe (a) the long slender f"oot, (b) the slight swelling 
a.t the base of the root marking the position of the 
relatively short stem from which a.rises (c) the long, hollow 
cotyledon whose tip is still within the seed-coat. 

Remove the testa and observe the colourless end of 
cotyledon coiled like a. watch-spring as it lies within the 
seed. During germination the cotyledon absorbed the 
food from the endosperm and passed it on to the growing 
parts. 

In older specimens observe how the air-exposed tip of 
the cotyledon withers; also note the formation of secon
dary roots from the base of the short stem. Slit open the 
hollow leaf-sheath at its base and discover the delicate 
pa.le-green plumule within. In still older specimens the 
plumule itself has split the sheath as a. result of its growth 
and development. 

II. SOME EXPERIMENTS ON GERMINATION. 

183. Water present in "air-dry" Seeds.-( a) Are 
the " dry " seeds sold by the seedsman quite dry, or do they 
contain any water at a.11 P Into a dry test-tube (warm 
the tube a.11 over to make sure it is quite dry) put a few 
" dry " Peas or Beans and heat over a Bunsen or spirit 
lamp, applying the flame to the bottom of the test-tube. 
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Notice the drops of water which condense in the colder 
upper part of the tube. 

(b) Weigh about 30 Peas or Beans, and then dry them 
thoroughly without scorching or charring them at all. 
This is best done by placing the seeds for a. few hours in an 
oven, or by means of a sand-bath or a water-bath. Then 
compare the weight of the thoroughly dried seeds, and 
the percentage weight of water which the " dry" seeds 
originally contained (usually about 10 per cent.). This 
amount of water, though not sufficient to allow of germina
tion taking place, is evidently necessary for the seed to 
remain alive and capable of germinating. . 

A simple water-bath consists of two tin cups and an 
iron tripod to rest them on; half fill one cup with water, 
and into it put the other cup containing the seeds to be 
dried. A simple sand-bath consists of a shallow tin or 
pan filled ~ith sand, supported on a tripod and heated 
below a.s usual, the seeds being placed in a smaller tin or a 
saucer resting on the sand. 

184. Absorption of Water by Seeds.-(a) Keep some "dry" 
seeds in a. drying-oven or drying-bath until they show no fnrther 
loss in weight, and then find out whether they swell up in water 
and whether they germinate. The results will show that killed 
seeds still have the property of absorbing water. 

(b) When a. dry seed is placed in water, how much does it absorb, 
and what proportion do the volume and weight of the absorbed 
water bear to the volume of the dry seed? Weigh twenty dry 
Beans; pourwa.ter into a. graduated vessel until it reaches the 150c.c. 
mark, then drop in the beans, and shake the vessel to get rid of any 
air present; the rise in level gives the volume of the Beans. Take 
them out and place them in moist sa.wdust for two days, then wipe 
them dry, weigh them, and find their volume as before. If you 
have no graduated vessels, use a. glass jar with a strip of pa.per, 
marked into inches or centimetres, gummed on the outside of the jar. 
Beans absorb a.bout 130 per cent. of their own weight of water. 

(c) The swelling of seeds by imbibition of water can be easily 
demonstrated to a class. Put a.bout 30 grams of dry Peas and 
an equal a.mount of water into a. narrow cylindrical glass jar. 
Cover the Peas with a cork; smear the edges of the cork so that it 
can slide inside the jar, and pass a. thermometer through a. hole 
bored in its cent re, Weigh the cork down with lumps of lead or a 
number of weights and mark its position by gumming a. etrip of 
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paper on the outside of the jar. Fit up a " control" experiment in 
which a cork with a thermometer hangs into a jar containing some 
water but no seeds. Note t he rise of the cork as the Peas swell 
and push it up, and compare the tempe.ratures, at the beginning 
and end of the experiment, in the jar containing the Peas and that 
containing water (or that of the surrounding air). 

(d) Does imbibition cause rise of temperature in dead substances 
as well as in seeds! Put some powdered starch into a tumbler, to 
form a layer about an inch deep, put an equal amount of water into 
another tumbler, and set a thermometer into each. When the two 
temperatures are equal, pour the water over the starch, atir with 
the thermometer, and note the rise in temperature (how many 
degrees!). 

(e) If a small wooden box (e.g. a cigar-box with the lid fastened 
down by tacks) is filled with dried Peas and then immel'Bed in 
water, it will burst as the Peas absorb water and swell Try this 
experiment. A large mass of swelling Peas may lift a weight of 
more than 100 lb. 

(/) The force exerted by swelling seeds can also be shown by 
filling an ordinary narrow-necked bottle with Peas, and placing it 
under water in a basin ; the bottle should be left uncorked, and 
some rubber bands should be put round it to prevent the shattered 
glass from being thrown out. Another method ia to fill with dry · 
Peas an empty rabbit-skull and let it lie in water ; the bones will be 
torn apart along the seams (sutures) where they join each other. 

(g) How is the absorption of water by seeds affected by tempera· 
ture? Weigh about 30 ~ms of dry Beans or Peas, place them 
in a beaker of water at 35 C., set the beaker on a e&nd-bath with a 
thermometer in the water, and keep the temperature steady at 
35°C. for two hours. At the &&me time place an equal weight of 
seeds in cool water, with a thermometer; first let the water stand 
for a time till it acquires the temperature of the room . At the end 
of two hours, wipe dry both lots of seeds and compare the increase 
in weight in each case. The seeds that have been kept in water at 
35° C. will have absorbed from two to three times as much as those 
kept in the oool water. 

(h) Weigh about 30 grams of dry Peas and place them in a 
10 per cent. solution of e&lt in a beaker or tumbler. At the &&me 
time put a similar weight of Peas in distilled water (or tap water). 
Compare the weights of the two lots of seeds after two hours, 
wiping them dry before weighing. Which lot has increased most in 
weight? 

185. Effects of Heat on Seed•.-When a seed is exposed to a 
fairly high temperature for a few hours all the water it contains 
is driven off, and the young plant is killed,-we can only tell whether 
a seed is alive or not by ascertaining whether it will germinate when 
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exposed to suitable conditions, placing a.long with it other seeds of 
the sa.me species for comparison. • 

Place some dry Beans or Peas in a dry, large test-tube, and an 
equal number of soaked seeds in a test-tube ha.If filled with water. 
Cork both tubes and immerse them in a beaker of water kept at 
60°C. for two hours on a bath-other temperatures and periods of 
exposure should be tried. Then soa.k the dry seeds in water, and 
sow both lots, la.belled, in yonr germination jars a.nd boxes, and 
expose the two batches to the same conditions. Find out in this 
way how dry and soaked seeds differ in their ability to withstand 
the effects of high temperatures. 

186. :Etfects of Cold on Seeds.-We find that dry seeds can 
withstand high temperatures which a.re fatal to soaked seeds. On 
placing seeds among ice or a freezing mixture, we find that dry seeds 
can also resist low temperatures tha.t kill soaked seeds. Dry seeds 
can germinate after being exposed for a long time to the most in
tense cold that can be obtained, while soaked seeds a.re often killed 
by exposure to the freezing temperature of water or a few degrees 
below this. Repeat § 185, but immerse the two tubes in a. freezing 
mixture, or place the two lots of seeds on ice instead of using hot 
water. 

187. Is Air necessary for Germination ?-This is easily 
tested either by depriving the seeds of air, or by confining them in 
a. series of closed vessels containing different volumes of air and 
comparing the results. 

(a) Drop some seeds into a. glass jar or wide-necked bottle, fill up 
with water and cork tightly. As a control, put some soaked seeds 
into a similar jar, leaving it open a.nd adding a. little water each 
day to prevent the seeds from becoming dry, but not enough to 
cover them. Ordinary tap-water contains dissolved air, but a.s a 
rule seeds immersed in it, m a corked bottle, do not germinate ; to 
make quite sure that no a.ir reaches the seeds, the water should be 
previously boiled to expel the dissolved a.ir, and the cork sea.led air
tight with va.seline or plasticine. To hold the seeds down, fix them 
into a spire.I coil of wire, easily ma.de by winding iron or brass wire 
round a tube or a. stick. 

(b) Take fonr glass ja.rs, all of the ea.me size, and provided with 
well-fitting corks. Fill these jars to different heights with moist 
sa.nd, marking ea.eh ja.r into five equal parts, and putting into the 
first jar enough sa.nd to reach the lowest ma.rk ; into the second, 
sa.nd up to the next ma.rk; and so on . The fourth jar will thus 
contain fonr times as mtich sa.nd, and therefore only a quarter a.s 
much a.ir, as the first. Into each ja.r now place a dozen soaked seeds 
(e .g. Cress, Wheat), cork tightly, and sea.I with plasticine and va.se
line. In which jar do the seeds germinate best! Do the results 
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euggest that germinating eeeda cause some change in the air, that 
they use the au up! 

After three or four days carefully remove the cork from one of 
the jars and lower a lighted ta.per or match into it : note what 
happens. Open another of the Jars, and dip into it a glass rod 
which has been dipptod into clear lime-water (or baryta.-water); note 
the white precipitate indicating the presence of carbon dioxide. 

These experunents show that germinating seeds reapire-they 
absorb oxygen and release carbon dioxide, thua changing the com
position of t he air around them in the same way that animals do by 
their breathing or respiration. 

188. Growth of Seedlings in Light a.nd in Darlc
ness.-Experiments on the respiration of germinating 
seeds show that the seedling loses carbon, which is re
leased in the form of carbon dioxide. To estimate this 
loss we must dry the seeds and the seedlings before weigh
ing them, since the water present must not be taken into 
account. Does this lose in dry weight occur both in light 
and in darkness ? 

(a) Take a.bout forty Beane a.e nearly a.like in size and 
weight a.e possible; select four of them a.e samples, and 
find their weight after thoroughly drying them on a. water 
or sand bath or in a slow oven. Take the dry weight of a 
seed, found in this way, a.e the average. Sow half of the 
seeds in sifted garden soil in a. box which is kept in dark
ness, the other half in a box kept in full light; water both 
lots about equally. 

At the end of ea.eh week measure and record the average 
height of the shoot in each lot of seedlings; remove three 
seedlings from each box, wash the roots in running water 
(do not leave any in the soil or lose them in any way), and 
dry them thoroughly without charring any part. When 
quite dry and brittle, weigh ea.eh lot and obtain the a.ven!-ge 
weight of the solid matter in each plant. Get a piece of 
squared paper, as in Fig. 48 (spaces repTesenting inches 
need not, of course, be inches) . As the weekly observations 
proceed, trace two lines a.cross the sheet, one (a continuous 
line) to show the weight, the other (a dotted line) the 
height of the seedlings grown in light; draw two other 
lines in red ink to show the dry weight, and the height, of 
the seedlings grown in dark;ness. 
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(b) Another method is to use Wheat grains, and grow 
them with the roots in water. From some Wheat count 
out thirty-six good sound grains, and divide them into 
batches of a dozen each; see that the weight of each batch 
is as nearly as possible the 
same Dry one batch (A) •r 
and record the dry weight. 
Tie a piece of muslin over 
a tumbler or bowl filled ci 

with water, and put a batch 1 
(B) of seeda on the surfaoo 
of the muslin, which should 1 

be kept wet. Another plan 7 
is to use a piece of fla.nnel, 
stab twelve holes in it, and : 6 

in ea.eh hole place a seed. JS 
Keep the tumbler in a 
warm, dark place, and re- • 
new the water every second 
or third day. Plant the 
third batch (C) as in (B) ' 
and keep both at about 
the same temperature. but 
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have grown aevera.l inches, 
cs.refully remove the seedlings from (B) and (0), noting 
the difference in colour between the two aetll. Dry them 
thoroughly, without charring even the finest rootlet, and 
then weigh each lot and compare the weights of (.A), (B), 
and (0). 

189. Growth in Distilled Water.-We shall see later 
that green plants get their food from the air and the soil 
The young plant in a seed. has a store of food for its early 
growth, a store which _ is sometimes very scanty and some
times (as in Pea and Bean) very abundant or even extrava.
ga.nt. Tap-water and rain-water are not pure, but contain 
diBBOlved substances, while aoil-water and riTer-water are 
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much richer in dissolved salts. In order to find out how 
long the stored food lasts, we should therefore use dis
tilled water, so that we know exactlv what the roots are 
supplied with. • 

Grow various soods in jars containing distilled water, 
fixing them either intu holes in muslin or flannel, or into 
split or bored corks; fill up the water as required, but 
always use diBtilled water. Keep some of them in dark
neB8, expose others to the light, and compare their growth 
and their increase or decrease in dry weight. Another 
method is to let the roots grow into sand that has been 
washed thoroughly with tap-water and then with distilled 
water, using the latter for watering afterwards. 

Seedlings grown with their roots in pure water do not 
live very long as a rule, especialll if they are kept in dark
ness, when their dry weight diminishes, and they die after 
using up the stored food. In the light, however, the seed
lings live longer, and for a time increase in dry weight. 
Bean and Pea seedlings exposed to light, with their roots 
in distilled water, grow for several months and may even 
produce flowers, though they are small and weakly as com
pared with seedlings grown in soil. Small seedlings, with 
sca.nt.y food-stores-e.g. Mustard-may live only a few 
week~ when exposed to light, with the roots in distilled 
watei-, and die still earlier if kept in darkness. 

190. :E11er1r7 llzpendecl in Growth of Boot and Shoot.
We know that the radicle and plumule of & Bean seedling, for in
atanoe, must exert considerable force in growing through the soil
the root protected by its cap, the shoot by its recurved tip (or by 
its pointed form in seedlings like Maize and Wheat). We can 
roughly measure the force exerted, and by calculation we can 
roughl1 determine the amount of energy that is set freG by the 
oxidation of the carbon contained in the seed's store of reserve 
food. 

The combustion or oxidation of l gram of carbon-the Broad 
Bean seed oont&ina roughly l gram of carbon-ta free enough 
energy to rajse 8 kilograms of water from if to 1°0. , and about 
2 litres of carbon dioxide are given off; if all this energy were 
used in mechanical work, it would suffice to raise 3,400 kilograms 
through 1 metre, but the energy is used up by the plant in the 
form of heat and of chemical work, in addition to mechanical 
work. 
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(a) PlaDt some Beam about 3 in. deep in moiat aoil or aawduat 
in a 6.ower-pot, and pack •tiff clayey aoil (or plaatioine) firmly abon 
them. W atoh them to see whether they emerge at t-he aides or 
whether they puah the whole lll&8ll of olay upward.a. 

(b) Invert a abort test-tube over a Bean aeedling with a plumule 
about 3 in. long, then place over thia a vertical glaaa tube open ai 
both encla, inside which the test-tube can alide freely, and clamp 
this tube to a 11Upport. Into the upper end of the open tube place 
a eeoond t.eat-tube oontaining mercury or ahot.. Mark with a paper 
atrip the level of the top of the ahoot, and - what wei~ht of 
mercury or ahot ia required to prevent the moot Crom oootmuing 
to grow upwa.rd.a. Another method ia to UN a apring inside a 
o}08e(l tube in place of the mercury or ahot; measure how much 
the force of the moot, pushing up ita tube, oomp~ the apring, 
then find what weight is needed to oompress it to the aame extent.. 

(e) You have probably used mercury in various experiment.a, and 
lr:now that it ia a very heavy liquid (131 times heavier than water). 
Fix a ~g (Bean, Pe&. eto., ahoula be tried) to the aide of a 
small diah containing mercury with a layer of water above it, and 
see whether the root will grow down into the mercury. The seeds 
may be pinned to a oork whioh ia aeourely fixed to the rim of the 
diah (e.g. a aauoer) by making a slit in it and jammins it tightly on 
the rim ; each eeed mould of course be fixed by ttDO plllL 

(d) Fix a 1oung Bean seedling ao that ita root grows in a email 
tube filled with moiat soil or aawduat, and place thia tube within 
a larger one containing a spring. The root growa downwards with 
a foroe equal to over 300 grams (about 11 oz.); measure the 
diameter of the root and calculate the force it exerts per square 
oentimetre or square inoh. 

191. Effect of BemovaJ. of Cotyledon•.- Deprive 
Beans, Peas, a.nd other germinating seeds of both of their 
cotyledons-in some cases just after the seed has been 
soaked, in others after the radicle has grown 5 cm. long, 
in others after the plumule has grown 5 cm. long. In 
each case place some of these seeds, along with untouched 
seeds for comparison, in the light; a.nd place others, also 
with untouched control seeds, in darknesa. 

192. Hect of Bemoval of l'oliage-leavH.- Remove 
the foliage-leaves from (.A) a young Bean plant which has 
not yet used up the food in its cotyledons, (B ) a.n older 
seedling whose cotyledons have fallen off (if they haYe 

P.B. 11 
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shrunk considerably, pull them off). Does the removal of 
the foliage-leaves check the growth of the plant, as com
pared with that of similar plants left untouched P In 
which case (A or B) is the effect greater P 

III. SoxB ExPERilllBNTs ON G:aowTB. 

193. Jll[easurement of :a.ate of Growth.-Seedlings 
of Broad Bean, Pea, a.nd Phaseolus (French Bean or 
Scarlet Runner) afford excellent material for experiments 
of the rate of growth of roots and stems. The Broad Bean 
a.nd Pea seeds should in most ea.sea be placed with the 
hilum downwards; the Pha.seolus seeds should be laid 
horizontally so that the root will grow out at right angles 
to the long axis of the seed. To avoid heliotropic curva
ture, grow the seeds in darkness ; the temperature should 
be kept as uniform as possible, at about 20° C. 

194. Daily Growth of B.oot.-Pla.oe six soaked Peas 
in a shallow dish of wet sphagnum, or simply with water 
half covering them; label each seed with a number or 
letter on a small piece of paper fixed by a pin through the 
cotyledons. Keep in darkness, and at the same hour each 
day measure off and record the length of each root. Note 
that (1) there are individual di:fferenoos between the seed
lings in the daily increments in length; (2) in each case 
the daily growth of the root is a.t first slight, then gradua.lly 
increases until it reaches a maximum (usua.lly by a.bout 
the eighth day in Peas a.t 20°0.), and then gradually falls 
off a.gain. Plot the measurements on squared pa.per and 
construct the curve showing the rise and fall in the rate of 
growth in length. 

19&. Grand Period of Growth.-A aimilar result ia obtained 
with all growing organs. The rate of growth of a growing or-?n 
(root, stem, leaf, etc. ) is not uniform, and the same applies to each 
of its oonstituent cells . A growing 1tructnre, even nnder oonatant 
external oonditions, does not undergo eqnal amount. of growth in 
equal auooeasin time intervals. When growth begins, its rate ia at 
firat alow ; then it gradually becomes accelerated until a maximum 
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rapidity is reached, after which it gradually diminishes until growth 
ceases altogether. This rise and fall in the growth rate, extending 
over the whole of a growth period, is called the "grand period of 
growth." 

196. Grand Period in Boots.-Some additional simple 
experiments on the grand period of growth should be made. 
Place a germinating Bean or Pea in the bulb of a long 
thistle-tube, so that the root can grow down the tube. 
Set the tube in a bottle containing water; put wet sphagnum 
or cotton-wool in the bulb with the seed. Read off the 
length of the root daily with a scale; or gum a strip of 
paper along the tube, each day at the same hour mark the 
position reached by the root-tip and measure the intervals 
(the daily amounts of growth). 

197. Grand Period in Shoots.-Grow Phaseolus 
seedlings in pots of soil, and make daily measurements 
of the epicotyl (the stem region between the cotyledons 
and the paired primary foliage-leaves); as long as the 
tip of the epicotyl remains curved, measure with a strip 
of paper. 

Also measure separately the daily growth in length of 
the successive internodes of a Bean or Pea seedling, and 
note that ( 1) each internode shows a grand period; (2 ) 
when the internodes have fully elongated the oldest are 
usually .relatively short, then come longer ones (the fifth, 
counting upwards, is generally the longest in the Pea), 
while the youngest internodes are again shorter-this is 
another example of the grand period. 

Since these results are obtained with plants kept in 
darkness and at constant temperature, we may infer that 
the growth energy of the different internodes varies owing 
to internal causes. 

198. Distribution of Growth in Growing Orga.ns.-The 
preceding experiment suggests a simple method for finding out 
whether or not any portion of a growing organ elongates uniformly, 
i.e. for investigating the distribution of rate of growth in 
length of roots, stems, etc. All we have to do is to mark the 
organ with parallel transverse lines at re'1;ular short intervals, 
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or in the oaae of a leaf with a regular network of lines oroeaing 
at right angles. Waterproof Indian ink should be uaed, and the 

marking may be done with a pen or fine 
brush, or with special "space markers" 
-appliances for marking rapidly, con· 
vewently, and without injury to the plant 
any young parts into equal lengths or 
areaa-whioh e&n be obtained from the 
Bausch and Lomb Optical Company (Fig. 
49). 

1 ··-· .. ··= I 115 

Fig. 49.-8pace markera, for 
malting a row of lineo (up
per liptt) or a not work of 
lineo (lower figure) wit.Ii 
ink OD growing O'J&D" 
{BaUICh and Lomb Optl· 
c&l Compan7). 

199. Distribution of Growth 
in B.oot.-When the root of a. Bean 
or Pea. seedling.Jia.s grown a.bout 5 
cm. long dry its surface if necessary 
by stroking it with torn bits of blot
ting or filter paper, and mark it with 
transverse lines 2mm. (or, better, 1 
mm.) apart, starting from the tip of 
the root. 

Pin the seedling to the underside 
of the cork of a wide-mouthed jar 
with a little water at the bottom, or 
to a piece of wood placed over the 
mouth of the jar, so tha.t the seed
ling may grow in moist a.ir; or place 
it in the bulb of a long thistle-tube, 
the seedling being pa.eked in with 

wet moss or cotton while the root grows down the tube
set the latter in a jar containing water, slanting the tube 
with the marks on the root facing upwards so that they 
may not be rubbed off a.s the root grows down the tube. 

Examine daily, and note that the marks just behind the 
tip of the root becOme widely separated, while those farther 
back change little or not at all. 

200. Distribution of Growth in Stem.-Mark the 
epicotyl of a. Pha.seolus seedling in the same way, starting 
at the point where the two primary foliage-leaves a.re borne 
and working down towards the cotyledons. The marking 
may be done when the epicotyl is 5 cm. or even more in 
length, beca.uae in stems the zone to which growth is 
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limited is much longer (3 or 4 cm. in Phaseolus epicotyl) 
than in roots (4 to 8 mm. as a. rule). Hence in dealing 
with stems and flower-stalks it is sufficient to make the 
marks 5 mm. a.part. 

201. Grand Periods of the Growing Zones.-The two 
preceding experiments show that in both root a.nd stem the 
youngest pa.rt grows very little, then comes a. region of 
vigorous growth, a.nd farther ha.ck there is a.gain little 
growth. On continuing the observations, we note that 
growth soon ceases in the older zones, while the maximum 
is shifted forward to the younger zones, a.nd still later the 
rate of growth in these zones in turn diminishes. 

That ea.eh individual zone passes through a grand period 
in this wa.y-the zones nearest the apex being a.t the be
ginning of their grand period a.nd those farthest a.way 
from it a.t the end of theirs-is strikingly shown a.s follows. 
Mark a. single transverse line on a. Bean root a.t a. point 
between 2 and 8 mm. from the tip, then carefully mark a 
second line 1 mm. behind the 
first, so a.s to have a zone 
1 mm. long in the most 
rapidly elongating region. 
At the same hour ea.eh day 
measure this zone a.nd record 
its daily increase in length. 
At first the rate of growth 
is slow, but soon it becomes 
rapid, reaches a maximum 
about the third or fourth 
day a.nd maintains this for 
a.bout three days, then falls 
o:ff a.nd by a.bout the tenth 
day ceases altogether. 

202. Growth Jll[easurement 
Inatrumenta.-Various special Fig. 50.-Ganong'o Auxograph (Self. 
instruments have been devised i:ecording AUL'lnoweter). 
by means of which the growth of 
organs may be magnified and simply demonstrated (auxoacopea), 
or measured aoourately with or without magnification (auzaDO· 
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meter•, or measured and recorded automatically at hourly or other 
short interv.a.ls (a.uxogra.ph•, or sell-recording auxanometera). 

In most of thes e-instruments (Fig. 50) there ie a wheel or pulley 
over which passes a cord attached by one end to the stem or flower
stalk (special devices are necessary in the case of roots and leaves), 
the other end carrying a small weight to keep the cord taut. The 
wheel is fixed above the plant, and the growth in length is observed 
in various ways : (1) The descent of the weight-equalling the elon
gation of the plant-is read off daily on a graduated soale fixed 
vertically alongside it ; (2) a simple apparatus for magnifying the 
movement is afforded by attaching to the wheel a light pointer which 
moves over a graduated a.re or a disc of cardboard. 

Either of these simple a.uxa.nometers can easily be ma.de, the a.ro
pointer form being useful for demonstration during a lesson : rapidly 
g rowing stems should be used, e.g. the young flowering stem of a 
sprouting Narcissus bulb. See Appendix III., Fig. 115. 

203. Influence of E::icternaJ Factors on Growth.
Observations on growth--e.g. auxograph records-show 
that there are great variations in the rate of growth. These 
a.re largely due to changes in the varying external condi
tions, of which the most important are (1) temperature, 
(2) light; others are (3) humidity of the air, (4)' water 
content of the soil. 

The influence of food supply on growth is readily seen on 
comparing the growth of Bean seedlings from (a) seeds 
with both cotyledons removed, (b) seeds with one cotyledon 
removed, (c) intact seeds (see§§ 191, 192); or of Wheat 
seedlings from (a) grains with endosperm removed, (b) in
tact grains. This leads to the consideration of energy 
supply, a.nd this again is connected with respiration. To 
study the dependence of growth upon respiration, we ma.y 
simply compare the growth of similar organs (a) when sup
plied with oxygen, (b) when deprived of oxygen(§ 205). 

The consideration of the pressure exerted by growing 
parts (§ 190) as the result of turgescence set up by osmosis 
leads naturally to an important aspect of the relation of 
osmotic pressure to growth-na.mely, the relative tension1 
of the tissues in growing ste1IlB a.nd roots(§§ 207-210). 

204. Influence of Tempera.ture on Growth.-For exact 
work it is neces'i&ry to use instruments by which a constant tempe· 
ra.ture may be maintained. This is done by means of thermostats 
-oonstant-tempera.ture chambers or ovens. (l) W e may expose a 
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1ingle plant to various degrees of temperature for equal periods of 
time, keeping all other conditions constant ; this is done either by 
using a single thermostat and altering the temperature at; intervals, 
or by transferring the plant from one thermostat to another at a 
different temperature. (2) We may expose a series of similar plants 
to different degrees of temperature ; this is done by using a diffe
rential thermostat, oonsisting of a series of chambe.rs cooled (by ice 
or by circulating water) at one end and heated at the other, one 
plant being placed in each chamber and the temperatures of the 
chambers ranging from, say, 5° to 60" C. 

As a rough experiment, sow a number of seeds of the same kind 
in a series of three or four pots, giving equal light, air, and water to 
each. Place the pots in different positions known to vary in tempe
rature, in one of the following ways :-

(a) Place some soaked seeds in a glass jar and cover them with 
moist sawdust; plunge the jar into a box containing pieces of ice, 
which must be renewed as they melt. The ice will last longer if the 
box containing it is set into a larger box, and the space between the 
two boxes is packed with dry sawdust (why?). 

(b) Another method is to use two boxes as in the preceding, but to 
place in the smaller box a single bit of ice, with dry sawdust below 
and around it ; place the seeds directly on the ice and oover them 
with dry sawdust, which will be kept moist by the melting ice. 

(c) In winter and spring the minimum temperature for germina
tion should be determined for as many seeds as possible. Into a 
large flower-pot or seed·pan put some bits of broken earthenware at 
bottom, and fill np the rest of the pot with sifted soil. Plant in the 
pot a few seeds of different kinds, and bury the bulb of a thermo
meter at the depth of the seeds, tying the thermometer stem to a 
stick t.hrust into the soil. Sink the pot up to its rim in the soil of a 
garden bed and reoord the temperature each day, looking for any 
signs of germination. After two or three weeks bring the plants 
indoors ; keep the soil moist ; make notes of your observations. 
Other pots should be kept in different parts of the house or school, 
in addition to those kept outside. Such experiments will show that 
warmth hastens germination, while oold retards it. 

205. Growth dependent on 0.zygen.-(1) Soak six 
Peas in water, and let them germinate until the root is 
about 1 cm. long. Measure the length of the root of each 
seedling from an ink mark on one cotyledon, then pass 
three of the Peas (.A) up into an inverted test-tube of 
mercury, as in the experiment on intra-molecular respira
tion. Place the other three Peas (B) in wet sawdust or 
sphagnum. After a day or two, measure the roots a.gain 
and note that in .A very little growth has occurred. 
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(2) Take six germinating Beans with roots from 2 to 
3 cm. long; mark each root with a transverse ink line 
at I cm. from the tip. Fix the seeds by long pins to the 
corks of two tall wide-mouthed jars, placing three seeds in 
each jar. Fill A with water, so that the seeds are sub
merged; in B place only a little water, so that the seed
lings will be growing in damp air. Measure the roots 
again after a day or two. Then fill up B with water, and 
note that the rate of growth of the roots is diminished 
during the succeeding days. 

IV. TURGOR, TISSUJ: TENSIONS. 

208. Wilting due to Pla.smolysis.-(a) Pull up 
whole seedlings or cut off their shoots, and let them lie on 
the table; they become limp (wilted, flaccid), and it is easy 
to prove (e.g. by weighing before and after) that they have 
lost water in wilting. Put the limp shoot into water; it 
becomes firm again. · 

(b) Cut off the shoot of a seedling and put it into 5 per 
cent. salt solution. When the shoot has become limp, wash 
it under a tap, set it in water, a.nd note that it turns firm 
(turgescent) a.gain. 

(c) The shoots used in these two experiments are not 
necessa.rily killed unless they have been allowed to become 
dry, or unless the salt solution is too strong or they ha.ve 
been kept in it too long. Prove this by pulling up whole 
seedlings, making them flaccid by means of ea.It solution, 
and re-planting them in wet sawdust or soil. 

207. Longitudinal Tissue 'l'ension.-In addition to 
the three supporting or" skeletal" tissues-wood-vessels, 
sclerenchyma., collenchyma-the ordinary thin-walled tissue 
(pa.renchyma) plays an important part in maintaining the 
rigidity of herbaceous stems, as well as of petioles, leaf
blades, and Hower-stalks, by the turgidity of its cells. In 
a. herbaceous stem the pith has a. strong tendency to elon
gate, but this is hindered by the outer tissue, and the state 
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of strain thus set up tends to keep the stem rigid a.nderect. 
The outer tissue is on the stretch, tending to shorten, while 
the inner tissue is under compression. 

(a) Cut short longitudinal elite in the cut end of a seedling stem, 
or the flower-stalk of Dandelion, Tulip, et.c., and set it in water. 
The slit parts curl outwards, evidently because the inner oellaabeorb 
water more rapidly than the outer ones. 

(b) Cu~ off about 60 cm. from the youngest part of a vigorously 
growing Elder shoot. Slice off the ti88ue from two oppoeite sides, 
so aa to obtain a fiat strip the whole length of the original piece of 
stem. Bisect this strip, and note that each half bends outwards. 

(c) Cut off about 6 cm. of internode from a stout youn~ Elder 
stem, and measure it accurately. Isolate the pith, by slittmg the 
outer ti88ue and then removing the hard woody cylinder ; measure 
the pith, and note that it has beoome longer on being isolated. 
Now place the pith in water, and after a few minutes measure it 
again : it has increased further in length. Ne:xt, place the pith in 
10 per cent. salt solution for some time; measure and note the 
decrease in length. Then rinse the pith in water and place it in a 
large vessel of water for some time: it beoomes longer again. 

(d) Cut from vigorously growing shoots (e.g. Elder, Tobacoo
plant, Sunflower) some straight young internodes 4 or 5 cm. long. 
Draw four straight parallel lines on a card, Jay an internode on 
each line in turn, and mark off on the line its two ends. Then 
remove from the whole length of the internode (1) the epidermis, 
(2) the cortex, (3) the wood, (4) the pith. Mark off the lenl(th of 
each of the four strips of tissue on one of the four lines, and note 
that the lengths of the ilolated strips of tissue increase from with· 
out inwards; as compared with the intact internode, the pith ia 
longer, the epidermia shorter, and the intermediate tiasuee are of 
about the same length. 

Hence the pith is in a state of compression, and the epidermia in 
one of tension. It i1 sufficient in experiments of this kind to corn· 
pare the lengths of the intact stem, the isolated epidermia, and 
the isolated pith. The amount of the tension in the intact inter. 
node may be expressed aa a percentage ; if the length of the intact 
internode ia 60 mm., that of the ieolated epidermia 49 mm., and 
that of the ieolated pith M mm., the tension peroentage ia 10. 

(e) In the same way determine the lengths of (1) the intact 
internode, (2) the isolated epidermia. (3) the ieolated pith, in 
several internodes of a growing shoot, and calculate the percentage 
tension in each internode. Note that the tension in the youngest 
internodes is small, rises in those rather older, and again falla off 
in the still older internodes. This shows that the longitudinal 
tension is due chiefly to the turgescence of the pith cells, which 
abeorb much wat.er, so that the pith tends to elongate and therefore 
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to stretch the extensible outer tissues, but the latter are elastic 
and therefore tend to oompreee the pith. As the stem grows older, 
the :pith loses its water and stops growing. Hence the longitudinal 
tension disappears, but in its place there appears transverse tension 
(§208). 

(/) By finding what strength of salt or sugar solution is needed 
to bring about plaemolysis, we ~et a rough idea of the osmotic force 
of the oell-sap. Saltpetre solutions are generally used; a I per cent. 
solution of this salt (nitrate of potash, KN03) exerts a pressure of 
3! atmospheres. 

(g) Split a Dandelion stalk longitudinally into four strips and 
notioe that each strip at once becomes curved, with the epidermis 
on the oonoave aide: why t Plaoe some strips in water, others in 
strong (about 10 per cent.) salt solution, and observe the difference• 
in the curvature caused by the changes in the turgidity of the inner 
tissue-i.e. that nearest the centre of the stalk. 

(h) Cut a long narrow strip of Dandelion stalk and fasten the 
ends eeourely, by threads or pins, close together to a piece of wood. 
Dip the strip into water and carefully watch how it ooila ; part of 
it twists in one direction, part in the o:i;>posite direction, and be· 
tween these there is a part where the spiral reverses. This gives 
an excellent illustration of the coiling of a tendril, which shows a 
similar reversed spiral when the free end has become tiled to a 
support. 

(i) Split a Dandelion stalk and cut the curled-up strips into 
rings. If the ring is placed in water it will become more tightly 
coiled ; if in a very strong solution of salt or sugar, it will open 
out. In this way we can find out what strength of solution pro· 
ducee neither increase nor decrease of curvature and therefore 
equals the osmotic force of the soft tissue, i.e. the osmotic strength 
of the cell-sap. 

(j) Prepare a 5 % solution of common salt, by stirring 25 grams 
of salt into 500 o.o. of water. Get ten saucers ready, and into one 
pour 100 c.o. of the solution. Then, using a graduated beaker, 
dilute the 5 % solution with water, so as to make 4 %, 3 % , 1 %, 0·5 %, 
0·4 %, 0·3 %, 0 ·2 %, and O· l % solutions, pouring 100 o.o. of each into 
one of the saucers. In each saucer place two or three rings, and 
find out in which saucer the rings become neitht'lr more nor leu 
curved. For comparison place some rings into a saucer containing 
plain water. 

(1:) Measure an "internode" of young Sunflower stem, then 
extract the pith by using a cork-borer, and measure (1) the isolated 
pith, (2) the outer tissue : the former has elongated, the latter 
oontr&oted. 

(l) Another and simpler method is to use the long leaf-stalk1 of 
Rhubarb or of "Arum Lily." Lay the stalk . down, out the end& 
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squarely, e.nd measure the length oa.refully. Then remove a strip 
of the outer ti88ue and measure: it will be shorter than the whole 
stalk. Next strip off the whole of the outer tiSBue e.nd measure the 
pith, which will be longer than the whole stalk. 

208. Transverse Tension in Stems.-Cut transverse 
slices from a. fairly old portion of a. woody twig, e.g. 
Willow, a.nd measure its circumference with a. strip of 
pa.per. Make a. vertical slit in the stem a.nd carefully 
remove the outer tissue. Now try to replace the ring of 
cortex on the wood ; the ends of the ring will not meet 
now, showing that the cortex was in a. state of tension in 
the intact stem. 

Measure the distance between the two ends of the split 
cortex ring after replacing it, and from this calculate (1) 
the length of the isolated ring; .(2) the tension to which 
the cortex was subject, a.a a. percentage of the circumfer
ence of the intact stem. For instance, from a. Willow 
twig, a. slice was cut with circumference 200 mm. ; the 
distance between the cut ends of the isolated cortex ring 
was 9 mm. ; therefore the percentage tension of the cortex 
was 4·5. 

209. Distribution of Transverse Tensions iu Stem. 
-It is interesting to determine simultaneously the trans
verse tension in different portions of the same stem. Cut 
out slices from the top, middle, a.nd base of a. Sunflower 
s.tem, for instance; in ea.eh case measure the circumfer
ence, then remove a.nd measure the isolated cortex ring. 
Note that the tension in the youngest parts is small, and 
that it increases progressively in the older parts. 

210. Tension dependent on Water in Tissues.
That the tension of the outer tissues in a. woody stem 
depends upon the a.mount of water present is easily shown. 
Cut six slices from a. Willow branch, and determine the 
tension of the cortex in three of them a.t once ; determine 
it in the other three slices after leaving them in water for 
a. day. Note that the tension increases considerably, owing 
to the absorption of water. 
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211. Extensibility and Elasticity of Tissues.-Cut 
fresh pieces of stem of Elder, Honeysuckle, Vine, or 
Aristolochia.. Make a transverse mark with Indian ink at 
the upper and the lower ends of (A) a young internode 
near the apex of the shoot, (B) an older internode. Now 
lay the stem against a scale, and stretch it as much as 
possible without breaking it. Note that the younger inter. 
nodes are much more extensible than the older ; that the 
stem shortens again when left to itself after having been 
stretched-hence the tissues are more or less elastic ; and 
that they do not regain their original length, but remain 
permanently longer-hence the tissues are incompletely 
elastic. 

212. Fle:idbility of ~aues.-That growing tissues 
are flexible, but incompletely elastic, is easily shown. 
From one of the plants just named choose a. straight 
flexible internode. Mark a card with concentric circles, 
and bend the stem over the card until its axis coincides 
with one of the circles : note the radius of curvature. 
Leave the stem to itself for some time ; it d6es not become 
straight, but remains permanently bent-determine its 
radius of curvature. 

213. B.ela.tion between 'l'urgidity, Growth, and 
Extenaibility.-Determine the distribution of growth in 
the shoot and root of a seedling(§§ 199, 200). Then lay 
the seedling in a 10 per cent. solution of salt; after an 
hour or two the tissues will be completely plasmolysed. 
Measure the zones again, and note that they have become 
shorter through loss of turgescence, and that the plas
molysis is greatest in the zones which have been growing 
most rapidly. 

The preceding experiment suggest.a that the rate of growth of the 
oelle depends on the amount of their turgor tension. This tension 
is determined by (1) the amount of the osmotio pressure and (2) the 
amount of the resistance offered by the stretched oell-walle owing to 
their extensibility. 

Take a Phaeeolua seedling with epiootyl about • cm. long; mark 
it into zones 5 mm. long ; after two days, measure the zones again, 
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and record the lengths. Then out off the epiootyl, and plasmolyse 
it with 10 per cent. salt solution. On a piece of cork or soft wood 
make two marks corresponding to the length of the marked portion 
of the epiootyl. Le.y the pla.smolysed epicotyl on the cork, so that 
the highest ink mark on it corresponds with one of the marks on 
the cork. Hold this end of the epiootyl down, and pull at the 
other end so as to bring the lowest ink-mark on the epic6tyl to the 
other mark on the cork. Pin the stretched epiootyl to the cork, 
lay alongside it a scale, and measure off the lengths of the zones. 
Note that the tissue is more extensible in the younger than in the 
older zones. 

The result of this experiment shows that there is a direct relation 
between the rate of growth, the amount of turgor tension, and the 
extensibility of the tissue in the different zones. 



CHAPTER V. 

WATER CULTURE, PHOTOSYNTHESIS, RE
SPIRATION. 

I. Asn ANALYSIS AND WATER CULTURE. 

214. Proportion of Water in Fresh Tissues.-In 
order to analyse a plant, it is necessary to determine the 
percentage weights of (1) the water it contains in the fresh 
state, (2) the carbon present in the dried material, (3) the 
incombustible ash left after strongly heating the dried 
material. In order to determine the proportion of water, 
and at the same time the " dry weight" of the plant, it is 
only necessary to dry the fresh plant thoroughly without 
charring it. If the plant is now burnt, the carbon, hydro
gen, and nitrogen which it contains are given off in the 
form of gases (carbon dioxide, water, oxides of nitrogen); 
hence these three elements may not be present in the ash 
that remains after complete combustion. 

215. Carbon a.nd Ash.-Dry and weigh a., porcelain 
crucible or evaporating dish, place in it half of the oven
dried leaves, and weigh the crucible again, to obtain the 
weight of the dried leaves placed in it. Heat the crucible 
strongly : the dry material chars, and in ten minutes or so 
it is reduced to fine ash, which should not be allowed to 
glow. Find the weight of the ash, weighing the crucible 
and its contents twice or thrice until no further loss occurs 
on heating it. To &.li.OOrtain roughly the a.mount of carbon, 

174 
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weigh the rest of the dried leaves, pla.ce them in a. weighed 
crucible, cover them with a. weighed quantity of dried 
sa.nd, and after about ten minutes' heating turn out the 
contents a.nd find the weight of the cha.rcoa.l (carbon 
+ash). 

218. Ash Ana.lysis.-The chief elements to be tested 
for in analysing the ash of plants are Calcium, Potassium, 
Magnesium, Phosphorus, Sulphur (the two latter being 
present as acids) . The ash should not be heated so strongly 
as to make it burst into flame. 

(a) Is the a.eh soluble in (1) water, (2) dilute hydroohlorio acid, 
(3) strong hydroohlorio acid? Find out in each case by boiling 
some of the a.eh in a test-tube with water or acid, allowing the un
dissolved part to subside and evaporating some of the liquid, or 
heating it to dryness, on a watch-glass or evaporating-dish. The 
insoluble residue, after treatment with strong acid, contains chiefly 
silica and carbon. 

(b) Place about 10 grams of ash in a 500 o.c. flask, moisten it 
with a small quantity of strong nitrio acid, then add about 20 c.o. 
strong hydrochloric acid and heat on a tripod (or "digest" it for 
hall an hour on a water or sand bath at bciiling-point). Rinse the 
contents of the fla.sk into an evaporating ha.sin and heat to dryness. 
Moisten the residue with strong hydrochloric acid, add about 
200 c.c. of water, and filter. Make the filtrate up to 600 c.o. with 
water and divide it into four parts :-

(i) To one part add, in a large test-tube, some barium chloride 
solution. The finely divided white precipitate (barium sulphate) 
indicatee the presence of •ulphur (a.a sulphuric acid). Verify this 
by mixing some dry a.ah with carbonate of soda, heat on charcoal 
with the reducing blowpipe-flame, and (1) put a few drops of dilute 
hydrochloric acid on the fused ma.as (the sulphuretted hydrogen 
given off is easily recognised by its odour), (2) put a little of the 
ma.as on a silver ooin and add a drop of dilute acid (a black stain of 
silver sulphide is formed). These "dry" tests may fail, however, 
if but little sulphuric acid is present. 

(ii) To some a.eh solution m a test-tube add an equal bulk of 
strong nitric acid, then three or four times its bulk of ammonium 
molybdate. A yellow precipitate indicates presence of phosphorus 
(a.a phosphoric acid). 

(iii) To test for iron, add potassium ferrooyanide : a dark blue 
precipitate (Prussian blue) is produced. 

(iv) It is neoessary to remove the phosphates from the ash solu
tion, a.a followa. Neutralise with ammonia, then add acetic acid 
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till the aolution ia distinctly acid again, and then ammonium acetate 
in exceaa. Now add ferric chloride till no further buff-coloured 
precipitate (ferric phosphate) is produced and the aolution becomes 
red (owing to ferrio acetate). Boil the aolution till it is colourleBB, 
filter, and reject the precipitate. 

To the aolution thus obtained add ammonium chloride, ammo· 
nia, and ammonium carbonate ; a white precipitate indicates the 
presence of lime. Filter, and to the filtrate add aodium phOB· 
phate : a white precipitate (often formed only after shaking the 
liquid and letting it stand for some minutes) shows that ma.gneaia. 
is present. 

Filter, evaporate the filtrate to dryness, and test the residue for 
aoda and potash. Add a few drops of platinic chloride to the 
residue, evaporate again, then add aome alcohol : a yellow crystal· 
line precipitate shows that potash is present. Or dip a clean 
platinum wire into hydrochloric acid and hold it in a Bunsen or 
spirit-lamp !lame until it no longer colours the !lame yellow (owing to 
presence of aoda). Then dip the wire, moistened with hydrochloric 
acid (strong), into the residue and put it in the tlam!l. Potash 
turns the !lame violet, but if the 11ellovl (soda) colour is too strong 
look at the flame through a thidpiece of blueglaBS: theaodacolour 
is out off and the reddish-violet potash flame ia seen. 

H 7. Water Culture.-Analysis shows that in all 
pla.nts a.t least IS elements are present-Potassium (K), 
Sodium (Na.), Calcium (Ca.), Magnesium (Mg), Iron (Fe), 
Carbon (C), Hydrogen (H), Oxygen (0), Nitrogen (N), 
Sulphur (S), Phosphorus (P), Silicon (Si), a.nd Chlorine 
(Cl). 

Since various other elements occur in different plants, 
analysis alone leaves it doubtful whether all these elements 
are essential for life and healthy growth-although this 
is obviously the case with the elements C, H, and 0 which 
a.re present in all the organic compounds found in plants, 
with N a.nd S·which are present (along with C, H, and 0) 
in proteins, and also with P which is an essential element 
(along with C, H, 0, N, and S) in nucleo-proteins. 

However, in order to ascerta.in ·definitely which elements 
a.re indispensa.ble for the nutrition of a. green pla.nt, we 
must offer its roots a solution of salts containing (1) all 
the essential elements, (2) solutions in which one or other 
of these elements is omitted. This method of research is 
called "water culture," and the solutions used are called 
"culture solutioDJ1." 
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218. Water Culture .Ja.rs.-Get a.bout 20 large glass 
ja.rs of equal size-if possible to hold 4 or 5 litres, cer
tainly not less than 2 litres. Fit ea.eh jar with a wooden 
cover or a. cork, having in the centre a. hole for the plant, 
a. slit running from this hole to the edge of the cover (so 
that the plant can be inserted or removed easily when 
necessary), and a. second and smaller hole for a. stick to 
which the plant can be lashed for support. Take care 
to keep the cover, as well as the part of the plant in 
contact with it, quite dry-failure in water cultures is 
often due to damping.off ea.used by Fungi. If a. stick 
is used to support the plant, it is hardly necessary to put 
in any pa.eking material round the base of the shoot-if 
any packing is used, soft asbestos is much better than wet 

- cotton-wool. 
It is also advisable to cleanse the jars thoroughly before 

starting the cultures-wash with water, rinse with strong 
nitric acid, wash a.gain with water, rinse a.gain with water, 
then with strong solution of mercuric chloride, and lastly 
with boiled water. 

219. Water Culture Solution.-Various recipes have 
been given for the making up of culture solutions for green 
plants. The following (lCnop's Solution) has the advan
tage that it provides just the essential elements, neither 
more nor less. Weigh out-

(a) Potassium nitrate, KN03 ............ l gram. 
(b) Potassium phosphate, ~PO, . . . . . . 1 gram. 
(c) Magnesium sulphate, MgSO, .... ..... 1 gram. 
(cl) Calcium nitrate, Ca.(N03) 1 . ....... .... 3 grams. 

Dissolve a, b, and c in 1 litre of water, then add the 
calcium nitrate-a. precipitate of calcium phosphate is 
formed, but this is gra.dua.lly dissolved and utilised by 
the roots. This is a. solution of 0·6 per cent. strength, 
and may be diluted to the extent required; when a. dilute 
solution is made from this stock solution, shake the bottle 
well so a.s to include a. right proportion of the precipitate 
in the dilute solution. 

P.D. 12 
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To make a O· l per cent. solution, which is quite strong 
enough for water culture experiments, a.dd 5 litres of 
water to 1 litre of the stock solution; then a.dd a few 
drops of 5 per cent. solution of a.n iron salt, e.g. chloride, 
so that the complete solution contains a trace of iron. 

220. _Water Culture Ezperim.ents.-ln order to get 
good average results, we require to set up nine sets of 
cultures with two or three simila.r plants in ea.eh set-in 
case of anything going wrong a.s well a.s to eliminate 
individual difierences. The nine sets a.re wanted for 
growth in (1) full culture solution; (2) solution minus 
Iron; (3) solution minus Calcium; ( 4) solution minus 
Magnesium; (5) solution minus Potassium; (6) solution 
minus Nitrogen ; (7) solution minus Sulphur; (8) solution 
minus Phosphorus; (9) distilled water. 

One kind of plant must, of course, be used throughout the ex
periments. Good results may be obtained with seedlings of Bean, 
Pea, Wallflower, Maize, Oats; or cuttings of Willow, Fuchsia, 
Horse Chestnut, Tradescantia, eto. Try different plants each time 
you start a series of cultures. If seedlings are to be used, select 
seeds as nearly alike in weight as possible, weigh a batch of seeds, 
determine the average dry weight·; then soak the seeds and sow 
them in a germination jar or in moist sphagnum or sawdust. When 
the roots are several centimetres long, select seedlings as nearly alike 
in development as pOBBible ; fill the jars with distilled water to 
within about 5 cm. of the to~ that the cover and the seed itself 
shall not be wetted-and fit a seedling into each jar so that its root 
dips into the water. 

For four or five days allow the plants to grow in water. Then 
take the jars in pairs and treat each pair as follows :-

(1) J'u1l solution-replace the water with the complete culture 
solution. 

(2) l'ull solution m.inUll Iron--<>mit the iron compound. 
(3) J'ull solution minus Calcium-substitute (in equal amount) 

potassium nitrate for the calcium nitrate. 
(4) J'u1l solution minus Kagnesium-substitute potassium 

sulphate for the magnesium sulphate. 
(5) Pull solution minus Potaasium--<>mit potassium nitrate 

and substitute calcium phosphate for the potassium phosphate. 
(6) J'u1l solution minUll Jlitrogen--<>mit potassium nitrate 

and substitute calcium phosphate for the calcium nitrate. 
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(7) l"ull solution minus Sulphur-substitute magnesium 
nitrate for the magnesium sulphate. 

(8) l"ull solution minus l"hosphorUB-substitute potassium 
sulphate for the potassium phosphate. 

(9) As & oontrol to all the other oulturea, leave one pair with 
distilled water only. 

221. ProgreBB of the Cultures.-Varioussteps must be taken 
in order to ensure success with water cultures. Tie & roll of bla.ok 
paper or oloth round eaoh jar, to darken the roots. Each day add 
distilled water, to repla.oe that lost by evaporation and absorption 
-take care not to let the oork get wet-&nd stir up the liquid with 
& rod; also force air into it with & bioyole pump-otherwise the roots 
may suffer from lack of oxygen. 

The solution must not be allowed to become alkaline in reaotion ; 
if it turns blue with litmus paper, add & little 5per oent. phosphorio 
acid until it is sli~htly acid in reaction. Onoe & month pour off the 
solution in each Jar, rinse out the jar with distilled water, fill up 
the jar with distilled water and let the plants grow in this for & few 
days before filling the jar again with fresh culture solution. 

Label each jar-" Full Solution," "Minus Iron," "Minus Nitro
gen," and so on. Keep & reoord of the progress of the plants, 
noting in eaoh oase their general characters-height, number of 
leaves, size of leaves, etc. 

In the oa.se of. seedlings with large food-containing cotyledons, e.g. 
Broad Bean, the plant will often show healthy though somewhat 
meagre growth, and eventually produce flowers and fruits when the 
roots &re supplied only with distilled water. In this plant the 
cotyledons contain quite sufficient of some at least of the neoesaary 
elements, without depending upon external sources. The ooty
ledons should therefore be removed from all the plants, when Beans 
or Peas &re used, and this should be done simultaneously when the 
seedlings are placed in the jars. 

In the absenoe of iron, the plant produces normal leaves at first, 
but after & time the new leaves formed &re white-this oondition of 
chlorosiB is readily remedied by either adding &n iron salt to the 
culture fluid or by applying it in very weak solution to the chlorotic 
leaves, which then turn· green owing to the formation of chloro
phyll Chlorotic culture plants &re easily obtained in the Maize or 
Sunflower ; in the oase of Beans, the cotyledons oontain enough iron 
for the whole plant. 

Besides noting that In the absenoe of the essential elements the 
plant grows badly, & rough oomparison of the amount of increase in 
eaoh oase should be made by drying the seed-raised plants in the 
incomplete solutions, as soon as they show obvious signs of arrested 
growth and approaching death, and noting their dry weight as com
pared with that of the seeds from which the plrmts started. 
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II. PHOTOSYNTHESIS. 

222. Iodine Test for Photosynthetic Starch in 
l"oliage-leaves, etc.-Pick leaves from various plants 
which have been exposed to light in the usual way. To 
test the leaves for starch, which is in most green plants 
the first visible product of photosynthesis, the chlorophyll 
should be removed by means of alcohol, and the blanched 
leaves pla.ced in dilute iodine solution. The extraction of 
t.he chlorophyll is hastened by boiling the leaves in water 
for & few minutes before steeping them in the alcohol, also 
by using warm alcohol or placing the alcohol, containing 
the leaves, in a large test-tube set in a beaker of water and 
warming over a sand-bath (to prevent the ignition of the 
inflammable alcohol or its vapour). It will be found that 
the leaves of Tropaeolum, Primrose, and Fuchsia are readily 
decolorised and otherwise well suited for photosynthesis 
experiments, but other plants should be tried. 

l:)ince the alcohol makes the decolorised leaves brittle, 
soften them by steeping in hot water for a minute or two ; 
place them in iodine (dissolved in potassium iodide) for a 
few minutes; rinse them in water, then place them in clean 
cold water in a saucer. A yellow or brownish colour indi
cates absence of starch; if the leaves contain starch they 
will turn blue or almost black. The colour obtained depends 
upon the amount of starch present in the tissue and the 
strength of iodine solution used. The leaves may be pre
served in alcohol, which destroys the blue colour, and may 
afterwards be again treated with iodine after being rinsed 
in hot water-but it is always better in class work to start 
each experiment from the beginning. 

Since the colour given with the iodine test is often by no 
means blue but a purplish brown, it is a good plan to place 
the leaf for a. few minutes.in benzole after treating it with 
iodine. The benzole removes the iodine from the proto
plasm and the cell-walls, but does not affect the blue 
"starch iodide," hence this method causes the blue colour 
to show up clearly, being no longer masked by the 
brownish colour of the iodine-stained protoplasm and 
cellulose. 
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223. Microscopica.l Detection of Photosynthetio 
Sta.rch.-To detect the presence of the sma.11 at.arch grains 
formed by photosynthesis in the chloroplasts of assimi
lating cells-e.g. the mesophyll-cells and the guard-cells of 
leaves-cut vertical or tangential sections of the leaves if 
thick, or mount entire thin leaves, and treat by one of the 
following methods. 

(1) If the tissue is very transparent, simply treat with 
iodine solution, and note that the starch grains are asso
ciated with the chloroplasts. 

(2) Pla.ce the leaf in hot alcohol, until decolorised; then 
pla.ce it in potash solution; rinse in water, treat with dilute 
acetic acid to neutralise the potash ; rinse again in water ; 
'then treat with iodine and mount in water. 

(3) Another method is to make up Schimper's chloral
hydrate-iodine, by dissolving chloral hydrate crystals in 
as much water as will cover them, and then adding to the 
solution a little iodine tincture; on placing this solution 
on a thin leaf, the chlorophyll is dissolved, the tissue be
comes transparent, and the starch grains swell up and are 
stained blue. 

224. The Quantity of the Photosyntha.te, or carbo
hydrate product of photosynthesis, may be roughly deter
mined as follows. Choose a pot plant with a la.rge number 
of leaves or leaflets of about equal size, e.g. Fuchsia, Broad 
Bean, or Clover; or use a Tropaeolum plant, in which the 
area of the roughly circular leaf can be estimated by mea
suring the radius. Pla.ce the plant in darkness till the 
leaves are starch-free. 

Remove a number of the leaves, before exposing the 
plant to light; kill them (to prevent loss of photosynthate by 
respiration) by holding them, impaled on a mounted needle, 
in the steam issuing from a kettle or in the upper part of 
a test-tube containing water boiled over a Bunsen flame; 
dry them in an oven until on weighing them no further loss 
in weight occurs, and determine their dry weight. Expose 
the plant to light for a few hours; then remove an equal 
number of leaves, treat them in the same way, and find 
their dry weight. The difference will give a rough idea of 
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the increase in weight due to the a.ooumula.ted products of 
photosynthesis formed during exposure to light. 

A better method is to compare pieces of the same leaves, 
using plants with large leaves, e.g. Sunflower, Toba.ooo 
Plant. Select a number of symmetrical leaves-the halves 
on either side of the midrib appro:rima.tely equal-and divide 
ea.eh in two longitudinally by cutting with scissors close to 
the midrib. Find the area of the removed half-leaves by 
cutting out a paper model of ea.eh half-lea.f and weighing 
these paper models against measured rectangular pieces of 
similar paper, until by balancing you get the total area. of 
the half-leaves. Kill the leaves by steam, dry them, and 
record their dry weight. Expose the plant to light for a. 
few hours; then remove the remaining halves of the same 
leaves (cutting along by the midrib) and kill, dry, and weigh 
them. Reduce the resulting weight-increase to gra.ma per 
square metre per hour. 

225. Ganong'• "Leaf-area Cutter."-Fig. 51 shows an ex
tremely useful instrument invented by Prof. Ganong and supplied 
by the Bausch and Lomb Optioa.l Company, for rapid and a.oourate 
cutting-out of discs l sq. cm. in area. from leaves. An iron frame, 

which e&n be held in one hand, 

Fig. 51.-Ganong r-t Area Cutter. 
(Bausch and Lomb Optical Com· 
p&117.) 

carries steel dies operated by 
pressure of the thumb, the dies 
cutting discs from a leaf held 
between them and the discs 
then falling into the perforated 
aluminium cup attached below 
the lower die. 

The arms of the frame are 
slipped above and below the 
leaf, which ia guided by the 
other hand ; any desired num
ber of disoa may be out from 
the leaf, care being taken to 
avoid the larger veins and the 
disoa being out alternately from 
the two aides of the midrib ; 
the cup oontaining the disoa ia 

then unso.rewed and covered by its own cap, so that the cup will 
hang into a teat-tube which ia partly filled with water and heated 
over a flame ; the steam enters the perforations of the cup and kills 
the leaf disca ; the cup with it. oontenta ia then placed in the 
drying-oven. 



A aecond cup ia proTided. eo t.ha after an int.ernl of exposure of 
the plant. t.o light, or t.o darkness, aooonling t.o the object of the 
experiment, an equal number of W.. ia cut from the ame leaves ; 
th- discs are tnated like the first aet, and the eeoond cup placed 
with the first in the ~g-oven. 

When thoroughly dried. both cupi are weighed; then the weight.a 
of the cupe (at.amped on them, with the letten M and N t.o diatin
gui.ah morning and night, or light and darkn-, experiment.a) are 
aubtraoted, giving the dry weight.a of the two eet.e of leavee, which 
are of equal known t.otal area. 

226. 'l'he '.l"ime required for the Appe&ra11ce of 
Starch may be determined by bringing into bright light 
r. plant with 1ta.rch-freed leaTee, a.nd then t.aking di.eca 
from the lee.Tes e.t intenala of. a.y, ten minute.; ma.rkeach 
disc, test with iodine, a.nd not.e the increase in &mount of 
starch. Alao ~ent with ~~irogyra. kept 
in darknea until starch-free, then e to light in 
water in • W&t.ch-g ; mount pieces m chor&l-hydn.te
iodine &t int.en&b, &nd not.e the.t &bou: be minute.' ex
posure to bright ligh IDAY be sufficient for the •ppm.ranee 
of 1c>me starch, while in r.bout half Ml hour r.bunda.nt 
atarch will UIU&lly be found. 

227. Th.&t onq a portion of the photo97Dthate 
accumulate• in the leaf. when in light, is readily 
proved. Determine, u directed &hove, tlie dry weight 
of a certain area, say 200 sq. cm.. of (1) lea.vea freed from 
starch by keeping the plant in darlmea1; (2) an equa.l 
area of leaTea after exposure of the pl&nt to bright light 
for four houn, say from 10 a..m. to 2 p.m.; (3) a.n equa.l 
area of let.ves from a.me plant after tn.naferring it to 
da.rkneaa from 2 p.m. to 6 p.m. 

On adding the increue in rur w; • ht du.ring the four 
houra of light and the decrease m dry w;eight during the 
four houra of da.rlmeu. we get & rough eatimr.t.e of the 
total product of photoeynthesis. A large proportion of 
pbotosyn te migrates from the leaf d is used up in 
reapiration, e~ in leavea which accumulr.te a relatiTI!ly 
la.rge r.mount of starch. .Even in decidedly starchy leaTea, 
like thoee of Sunflower, not more than o~sirlh of the 
photoaynth&te oomiata of at&rch. 
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228. Disappearance of Photosynthetic starch in 
Darlmess.-On a bright day expose to light a healthy pot
pla.nt, e.g. Tropaeolum or Fuchsia., or a young Sunflower 
or Pha.seolus raised in a pot, and in the afternoon remove 
from two or three of the leaves a piece a.bout 1 cm. square; 
if the plant ha.a plenty of leaves, remove larger pieces or 
even ha.If of the leaf. Place these pieces in boiling water 
for a. minute or two, then into a. tube of alcohol la.belled .A. 
Now set the plant in darkness, after wa.tering it. Next 
day remove similar pieces from the leaves, and place them 
in a second tube of alcohol labelled B. Repeat this on 
the third day (0). Then test with iodine the pieces in 
.A, B, and a, placing ea.eh lot separately in a saucer. Note 
tha.t as the result of keeping the pla.nt in darkness the 
starch present in the leaves diminishes until in two or three 
days it ha.a disappeared altogether. 

Now expose the pla.nt to the light a.gain, and after a few 
hours remove pieces of lea.f; note tha.t they contain starch. 

This experiment is ma.de more striking if ea.eh time we 
cut out differently shaped pieces from ea.eh lea.f, and then 
place the different pieces together in the saucer of iodine. 
Note tha.t the leaves do not change in colour, or suffer any 
other change (excepting the disappearance of the starch) 
when kept in darkness for two or three days. 

In investigating the conditions required for photosyn. 
thesis, we must begin with 1tarchjree leaves, and in order 
to do this all we simply set in darkness for a few days a 
pla.nt whose leaves ha.ve been found to contain starch under 
normal conditions. 

229. Iaolated Le&T• (Appearance -a Diaappearance of 
IHarch).-Repeat the preceding experiment with iBolated leaves 
instead of the entire plant: Tropaeolum is especially auitable.. Cut 
off the long-stalked leaves and set them with the stalk dipping into 
a bottle of water. For oompariBon, set a pot-plant along with the 
1SOlated leaves. The result.a will show that (1) the starch which 
appears in the leaves of plants exposed to light is actually made in 
the leaves, and is not derived from sugar or other substances carried 
to the leaves from other parts of the plant ; (2) starch disappears 
more slowly from isolated leaves than from those remaining on the 
plant; (3) evidently starch accumulates in the leavea because it ia 
formed more rapidly than it can be removed by translooation. 
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230. Translocation of Photosynthetic Starch by 
Diastase.-Is the disappearance of st.a.rch from a. foliage
leaf due to its conversion into sugar by means of the 
ferment diastase-as in the tra.nsloca.tion of st.a.rch from 
the cotyledons of a. Bean seedling or from the endosperm 
of a. Wheat seedling ? 

In the evening of a bright day remove a number of leaves 
from a. Tropaeolum plant that has been exposed to good 
diffused light; dry them in an oven, and rub them up 
with some water in a morta.r--or cut the fresh leaves up, 
add some water, and squeeze out the leaf-juice with a 
meat-juice press. Filter the extract thus obtained, treat 
it with absolute alcohol to remove the sugar present in it 
and divide it into two portions ; boil one portion in a 
test-tube. Make some thin starch-paste, place it in three 
saucers marked .A, B, a. To A add some unboiled ex
tract; to B, some boiled extract; leave 0 a.s a control. 
After a. time test portions of all three with iodine: in A 
the starch is converted into sugar by the diastase in the 
extract; in B the diastase has been destroyed by boiling. 

231. The Giving-o:ff of Oxygen during Photosyn
thesis may be demonstrated in various ways, but is, 
perhaps, most readily observed in submerged water-pla.nts 
(e.g. Elodea., Ma.rest.ail, Water Milfoil). Collect some of 
these pla.nts, place them in a large vessel-if necessary 
tie them to a. stone to keep them sunk at the bottom
a.nd set the vessel in good but not too strong light. Note 
the bubbles of gas which a.re given off, especially if the 
stems are cut across and the shoots inverted when sunk 
in the watm-. S"ee Appendix III., Fig. 116. 

Graduate a large test-tube roughly by gumming along 
one side of it a strip of paper marked into inches or 
oentimetres. · Invert the tube so that it dips below the 
surfa.ce of the water in a jar, a.nd fix it in this position by 
means of a retort stand. 

Loosely tie a number of Elodea. shoots, with thread, to 
form a bundle, and place this in the jar, with the cut ends 
of the shoots projecting into the test-tube. When a. good 
deal of gas has collected, slip your hand or a. glass plate 
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under the mouth of the test-tube and transfer the latter, 
still inverted, to a vessel containing potassium pyrogallate, 
freshly made (§ 233). Note what proportion of the col
lected gas is absorbed by the pyrogallate, and therefore 
consists of oxygen ; the gas not absorbed is nitrogen, but 
that the collected gas is richer in oxygen than ordinary air 
is shown by the fact that more than one-fifth of it is ab
sorbed by the pyrogallate. 

232. That Atmospheric Carbon Diozide is essential 
for Photosynthesis is readily proved. The most satis
factory method is to analyse the air in which plants have 
been confined under conditions favourable for photosyn
thesis. This direct analysis method is difficult because of 
the small a.mount of carbon dioxide concerned, but con
vincing results are given by the indirect method of placing 
similar green leaves in light under conditions exactly alike 
except that atmospheric carbon dioxide is allowed access 
in one case and is excluded in the other, and noting whether 
starch is produced. 

Another method is to deprive water-plants of carbon 
dioxide by boiling the water (and thus driving off all 
dissolved gases) before placing the plants in it and ex
posing them to the light, and noting whether oxygen is 
given off. 

(a) A rough method of excluding air, and therefore 
atmospheric carbon dioxide, from the leaf is to treat 
starch-free leaves of Fuchsia, Tropaeolum, or other hypo
stomatal (with stomata confined to lower surface) leaves 
as follows. Smear different leaves with vaseline (a) on 
the lower side only ; (b) on the upper side only; ( c) on 
both sides ; ( d) on a band-like area of both sides. These 
experiments are not, however, conclusive, since the smear
ing necessarily interferes with respiration and transpira
tion. 

(b) Tie the stalks of starch-free Tropa.eolum leaves to a 
stone, and sink them under water in a large jar ; expose 
to light for several hours, then test with iodine. A little 
starch may be formed, since the leaves of land-plants are 
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covered by a film of air, but the experiment shows that a. 
la.nd-plant cannot make much starch when deprived of 
free air by being submerged in water. For comparison, 
set a. few of the starch-free leaves with only their stalks 
dipping into water in a bottle; expose to light alongside 
the ja.r containing the submerged leaves for the ea.me 
length of time ; then test with iodine. 

(c) Teet with iodine the leaves of a submerged Elodea. 
plant that has been exposed to light: starch is present. 
Place the vessel in darkness until the leaves are starch
free, then place one shoot (.A) in a jar of water that has 
been boiled in order to expel the dissolved gases, a.nd a 
second shoot (B) in a. jar of ordinary water. Expose the 
two to bright light, a.nd after aome hours test sample 
leaves of .A a.nd B for starch. 

(d) Tie together two large flat medicine-bottles of 
exactly the same size. Into one (.A) pour some water, 
into the other (B) place some . carbon dioxide absorbent-
either caustic potash, or freshly-made soda-lime, or ba.ryta.
wa.ter. On the nm of the neck of ea.eh bottle place some 
plasticine a.nd va.eeline, then press down on the two necks 
the two halves of a. large leaf of Tropaeolum or Tobacco 
Plant (previously kept in darkness so a.s to be starch
free), a.nd put over each a glass slip with a weight to keep 
the leaf down. If Tropaeolum is used, let the stalk of 
the leaf dip into a. bottle of water. The circula.r portion 
of leaf over bottle .A receives carbon dioxide from the air 
in the bottle ; the portion over bottle B receives air de
prived of carbon dioxide. Expose to light for several 
hours, then test the leaf with iodine : on one side of the 
leaf there will be a circular patch (.A) containing starch, 
on the other side (B) a. patch without starch. 

(e) Put a. Tropaeolum leaf in a sma.11 bottle of water, so 
that its stalk dips into the water while the blade rests on 
the neck of the bottle. Pour some caustic potash into a. 
large ja.r, place the bottle in the ja.r, cork the ja.r tightly 
a.nd make it air-tight with plasticine or va.seline a.nd will. 
The leaf is now exposed to air whose carbon dioxide has 
been absorbed by the potash. Set up a. control experi-
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ment in which the arrangements are the same, but leave 
the jar open to admit air, a.nd omit the potash. 

(/) Fit a. wide-mouthed glass jar with a cork cut in two 
across the middle. Smear with vaseline a.nd wa.x the 
edges of the two half-corks ; pour some caustic potash or 
clear ba.ryta.-wa.ter into the bottle. La.y the bottle on its 
side and place between the ha.Ives of the cork a. starch
free Primrose leaf, so that part of the leaf is inside the 
bottle a.nd the rest outside (Fig. 52). Cover the ap
paratus with a. large bell-glass, and set it in a. good light . 

ll'ig. 62.-Moll'• Experiment. 

.After some hours 
remove the leaf, de
colorise it a.nd test 
with iodine. If ea.re 
has been taken in 
fitting up the ap
paratus, the part of 
the leaf that was 
inside the bottl~ (in 
air free from carbon 
dioxide, which the 
baryta - water ab
sorbs readily) con

tains no starch, while the part outside does. This is often 
termed " Moll's experiment." 

Instead of the jar and split cork, we may use two similar 
glass dishes with ground edges, placing some ba.ryta.-water 
or potash in the lower dish, smearing the edges of both 
dishes with va.seline or wa.x, and inverting the empty dish 
over the other one, so that the leaf is held between the 
edges of the two dishes. 

233. Gas A.nalysis.-ln experiments on photosyn
thesis carbon dioxide ma.y be tested for, or absorbed 
from the air or the gases to be analysed, by means of 
(1) caustic potash, (2) soda.-lime, (3) baryta-wa.ter, ( 4) 
lime-water. Ozygen is readily absorbed by (1) pyro
gallate of po"tash; a.nd its presence ma.y be tested for 
by (2) its power of ea.using a glowing splinter to burst 
into Ha.me, (8) its ea.using de-oxygenated a.nd therefore 
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decolorised methylene blue to resume its blue colour, 
(4) the production of white fumes of phosphorus oride 
from phosphorus. 

For volumetric experiments, carbon cliozide is best 
absorbed by caustic potash, and ozygen by pyrogalla.te 
of potash. A 1 in 3 solution of caustic potash (1 gram 
KHO to every 3 c.c. water) will absorb at least thirty 
times its volume of carbon dioxide in a few minutes if 
well shaken up with the gaseous mixture to be analysed; 
the solid sticks weigh roughly 1 gram to the centimetre, 
so it is only necessary to measure off the length of stick 
required in ma.king up the 1 in 3 solution. For absorp
tion of oxygen, dissolve 1 gram of pyroga.llic acid and 
5 grams potash in every 30 c.c. of water ; the solution 
should be made up just before use, by mixing equal 
volumes of (a) 1 in 15 solution of 
pyrogallic acid in water and (b) 5 
in 15 solution of caustic potash in 
water ; the pyrogallate of potash 
solution thus ma.de will absorb a.bout 
ten times its own volume of oxygen. 

234. Ganong'• Photoa;vnthometer. 
-For the quantitative study of the two 
gases concerned in photosynthesis it is 
necessary to keep a leafy shoot, or single 
leaves, or an entire plant, in a closed 
chamber, expose the apparatus to light, 
and analyse the enclosed gases to deter
mine the increase of the oxygen (20 per 
oent.) and the diminution of the carbon di
oxide (0-004 per oent.) that were present in 
the air at the beginning of the experiment. 

Since the percentage of carbon dioxide 
in the atmosphere is BO small, and plants 
will thrive for a time in air containing a 
muoh larger percentage, up to 10 per cent. 
or even more, we oan add a selected per
oentage of this gas to the air in the vessel Fig. 55.-Ganong'a Photo. 
by means of a generator (or a Sparklet aynthometer. 
siphon charged without addition of water). 

Prof. Ganong's Photosynthometer, large enough for a shoot of a 
small·leaved plant, is shown in Fig. 53. It is supplied by the 
Bausch and Lomb Optical Company, with full instructions for use. 
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aas. lllleth7lene Blue m:ethocl (Prof. Farmer's).-Dissolve a 
little methylene-blue in wa.ter, BO tha.t the solution is well ooloured 
yet quite tra.napa.rent when pla.ced in three la.rge teat-tubes. Keep 
one tube (.A.) a.a a control and standard of oolour. Into B put some 
out branches of Elodea (Prof. Fa.rmer recommends Cha.re. as giving 
a. quicker result). Into C put some aoa.ked Pe&B; out a. slice from 
ea.oh, BO tha.t the solution ma.y ha.ve a.ooeB8 to the cotyledon tiB8ue. 
Pla.oe the three tubes in darkn8B8 for two de.ye. A rema.ina un
oha.nged ; in B a.nd C the solution is decolorised, owing to the dye 
ha.ving been deprived of oxygen. Transfer (with a. pipette or gla.ss 
tube) some of the deoolorised solution from B a.nd C into two teat
tubea and sha.ke ea.oh tube up ; the blue colour rea.ppea.rs owing to 
the &00888 of a.tmospherio oxygen. Now pla.oe the tubes in the 
light; in B the blue colour is restored, owing to the giving-off of 
oxygen by the lea.ves in the pr00088 of photosynthesis, while A and 
C rema.in oolourlesa. Turn out the Pea.a from C into a. aa.ucer, 
rinse them with wa.ter, and slice some of them with a. knife or 
razor ; the cut surfa.oes turn blue a.a the oxygen of the air enters the 
tiB8UeB. 

236. Tha.t Light is e88ential for Photosynthesis is 
strikingly demonstrated by the effects of excluding light 
from portions of leaves otherwise exposed in the ordinary 
way ; this may be done by a variety of methods. For 
instance, set a. Tropa.eolum or Primrose plant in darkness 
for two days, and on the morning of the third day pick off 
a. leaf (.A) and place it in a. tube of alcohol, then treat 
different leaves· on the plant a.a follows :-fix a. strip of 
tinfoil across a. lea.£ (B); cut out in tinfoil or a card some 
pattern or letters (e.g. the word LUX) and fix this stencil 
over a leaf ( 0) ; expose the plant to light for several 
hours. Take off the leaves B and 0, also a leaf (D) that 
has been left untouched ; decolorise with alcohol, and test 
the four leaves, .A, B, 0, D, with iodine. 

237. Light Screens.-The preceding experiment is 
open to the objection that while light is excluded, the 
other conditions are not kept a.a nearly as possible the 
same-as should be the case in all physiological experi
ments in which the influence of a single factor on a.ny 
process is being studied. By covering a leaf with a. band 
or stencil of tinfoil, we not only darken the lea.£ but also 
eJ<clude air from it, besides ea.using changes in temperature. 
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Since in most land-plants the leaves are chiefly or wholly 
on the lower surface, it is sufficient for rough purposes to 
use a screen that shall allow free access and exit of gases 
on the lower side, and 
the " Normal Light 
Screens " devised by 
Prof. Ganong, and sup
plied by the Bausch 
a.nd Lomb Optical 
Company, are con
structed on this prin
ciple. 

The larger screen 
(Fig. 54.) is especially 
useful ; in the figure 
it is shown fi tted with Fig. 64.-Ganong'• Light Screen (large form). 
five tubes of coloured 
liquid (see§ 245). The screen consists of a box adjustable 
for height and angle, black inside, adapted to take a fairly 
large leaf. It is separated lengthwise into two compart
ments, with a middle space for petiole and midrib. The 
bottoms of the compartments are largely open but pro
vided with diaphragms so that air can enter freely but 
direct light cannot. Movable gratings of threads hold the 

Fig. M.-Ganoog'1 Ligh~ Screen 
(small form). 

leaf against the glass cover, 
which may carry tinfoil cut 
with any desired pattern aBd 
gummed to its lower side, or 
which may be replaced by a 
5 x 4 photographic negative 
(see§ 239). 

The smaller screen (Fig. 
55) consists of a spring clip 
holding a glass disk against 
the upper side of the leaf, 
which is supported below by 

a. grating of threads stretched a.cross the top of a venti
lated dark-box, the glass being removable from the clip so 
that a tinfoil sheet cut into any pattern may be gummed 
to its lower aurf&ce. 
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238. Warmth required for Photosynthesis.-It is easy to 
study the influence of temperature upon photosynthesis by 
noting the results of warming or cooling the a.ir in contact with the 
leaves of la.nd-pla.nts, or the water in which aquatic plants a.re 
pla.oed, setting up in each ca.se a control experiment in which the 
plants a.re subjected to the ordinary temperature. 

(1) Place a. starch-free lea.f (or a. whole plant with starch-free 
leaves) of Tropaeoluin, Fuchsia., or Primrose, in a jar kept cold by 
ice, expose to light, a.nd after an hour or two test with iodine. Set 
up a. control experiment along with this, with everything the· same 
except tha.t no ice is used. 

(2) Time the ra.te of bubbling of oxygen from a. shoot of Elodea. 
or other ~ubmerged aquatic. Drop pieces of ice into the water, 
rea.d the temperature, a.nd note that the bubbling becomes slower. 

239. The Iniluence of Light Intensity on Photo
synthesis ma.y be demonstrated, roughly at any rate, by 
such experiments as the following:-

(1) Cover half of a starch-freed leaf with a piece of 
fairly thin white paper, or a piece of ground glass, and 
expose to light ; after a few hours, remove the paper or 
glass and decolorise and test the leaf with iodine. . 

(2) Instead of using a tinfoil stencil, cover the upper 
side of a starch-freed leaf with a photographic negati-.;:e ; 
or fit a 5 x 4 negative into the light-screen shown in 
Fig. 54. After exposure to light, test with iodine; a 
"starch print" is obtained, in which the lightest parts of 
the negative show up darkest in the "starch print," · and 
vice versa. 

(3) Place some healthy cut branches of Elodea or other 
water-plant under water, and select one which gives a good 
stream of oxygen-bubbles (fairly rapid and constant) from 
its cut end. Count the time required for, say, ten bubbles 
to be given off, and repeat the counting several times till 
you get a fairly constant result. Then remove the jar into 
the shade, or cover it with a sheet of thin white paper to 
weaken the light, and take times as before, noting the 
change in the rate of bubbling. 

(4) Set the jar containing the water-plant under a box 
open at one side, and throw light on the plant from thie 
side by placing a lamp at different distances from it, noting 
the distances and the rates of bubbling. Bring the lamp 
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into such a position that bubbles begin to come off, and 
count the rate; when it becomes fairly constant, bring the 
lamp to half this distance from the plant and count again. 
Part of the effect, however, is due to the heat given out by 
the lamp; a flat-sided bottle vessel of water (kept cold by 
constant renewal) should be used as a screen to absorb the 
heat. 

240. Bon-starchy Leaves.-lf a. variety of plants be 
tested for starch-formation by photosynthe!!is, it is found 
that in many cases the amount of starch present, even 
under the most favourable conditions, is small, while others 
produce no starch at all. Most non-starchy leaves produce 
relatively large quantities of sugar, and there is in general 
an inverse ratio between the amounts of sugar and of starch 
produced by the leaves of different plants. 

On the afternoon of a warm bright day collect leaves of 
Onion and of Sunflower (or other starch-leaved plant). 
(1) Test an Onion leaf with iodine; no starch is formed by 
this plant. Cut a second Onion leaf into pieces and boil 
with Fehling's solution; abundant sugar is present, as 
shown by the copper oxide precipitated. (2) With a meat
juice press crush separately the chopped-up leaves of the 
two plants ; in each case measure the volume of juice 
obtained, boil it, let it cool, replace the water lost in boil
ing, and filter. Now determine the volumes of juice 
required for the reduction of 20 c.c. of Fehling's solution; 
a very small amount of Onion juice is sufficient, but a much 
larger amount of Sunflower juice is required. 

Keep an Onion plant in darkness for two days; cut off 
portions of several leaves, noting either their fresh weight 
or their total length; press out the juice, and determine 
the volume of juice required to reduce 20 c.c. of Fehling. 
Now expose the plant to light for several hours ; cut off an 
equal fresh weight, or total length, of leaves, press out the 
juice, and determine its reducing power with Fehling as 
before. The result will show that the Onion leaf pro
duces sugar by photosynthesis. Now place the plant in 
darkness again, and after a day test the reducing power 
of the juice; th~ su~a.r couteut of the le11-f is diminished, 

r.u. 13 
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part of the sugar has migrated and been used up in 
respiration. 

Keep an Onion plant in darkness for two days; then cut 
out parts of the leaves, measure the a.rea. of the pieces, kill 
with steam and dry them, and record their dry weight. 
Expose the plant to light, and after several hours take an 
equal area of leaf, and in the same way find its dry-weight. 
Note that increase in weight occurs in starchless as well as 
in starch-forming leaves a.s the result of photosynthesis. 

241. Starchy a.nd Bon-starchy Leaves.-Ex:peri
ments have shown that on the whole the variations in the 
capacity for producing starch as a photosynthesis product 
are characteristic of certain families. Very large quan
tities of starch occur in the leaves of Solanaceae and 
Papilionacea.e ; large quantities in Papaveraceae, Crassu
lacea.e, Geraniacea.e, Labiatae, etc.; moderate amounts in 
Caryophyllacea.e, Ranunculaceae, etc.; very little in many 
Gentia.naceae and Iridaceae; and none at all in Allium, 
Scilla, and various other Liliaceae, also in many Amarylli
daceae and Orchidaceae. 

Even in the plants that are richest in starch, it can be 
proved that starch is not the first product of photosyn
thesis; when water-plants are exposed to light, the giving
off of oxygen (which accompanies the assimilation of carbon 
dioxide) begins almost instantly, though starch only 
appears after an interval of several minutes. If a. sta.rch
leaved plant (e.g. Sunflower or Bean) is kept in darkness 
until sugar, as well as starch, has disappeared from the 
leaves, and the plant is placed in the light, it is found that 
the appearance of starch is preceded by that of sugar. 

The difference between starchless leaves (e.g. Onion) and 
starchy leaves simply arises from the fact that in the 
former the sugar produced is stored as such, while in the 
latter the sugar produced is partly converted into starch. 
It is easy to prove that even in normally starchless leaves 
starch may be produced if sugar is present in sufficient con
centration, which can be attained by (1) separating the 
leaves from the stem, and thus preventing the transloca.tion 
of the sugar ; (2) increasing the amount of carbon dioxide 
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supply, and thus ea.using an increase in assimilative acti
vity; or (3) supplying sugar from outside. Both in starchy 
and starchless leaves, the formation of starch from sugar 
ca.n be effected in darkness ; and that this process is not 
dependent upon chlorophyll, but can be carried on by leuco
plasts, is shown by the fact thn.t colourless parts can make 
starch from sugar. 

242. l'orma.tion of Starch from Suga.r by normally 
Sta.rchless Lea.ves.-Cut leaves of Iris germanica into 

·pieces, say 10 cm. long. Test one or two pieces with 
iodine; this plant does not form starch in its leaves. Float 
some pieces in a dish containing 20 per cent, cane sugar 
solution, others in a dish of water. Set both dishes in 
darkness, covered with a sheet of glass raised slightly so 
as to allow access of air. From day to da.y cut off 
pieces and test them with iodine ; after a.bout a week 
the leaves supplied with sugar will be found to contain 
starch, while those supplied only with water will remain 
starch less. 

243. l'orma.tion of Sta.rch from Suga.r by normally 
Sta.rchy Lea.ves.-Keep a plant of Tropaeolum or Tobacco 
in darkness for two days, so that a piece cut from a leaf 
shows no starch. Cut the rest of this leaf into two; place 
one half in sugar solution and the othet in water, as in 
the preceding experiment, and keep both in darkness. 
After several days starch appears in the sugar-supplied 
piece of leaf, but not in the other. 

Another method is to place water-plants (e.g. Elodea, 
Callitriche, or Duckweed) in two jars of water, adding cane 
sugar (about 5 per cent.) to one ja r. Set the two jars in 
darkness, a.nd after about a week note that the starch
supplied plants contain starch, while those in water are 
starchless and unhealthy in appearance if not dead. 

Glycerine (5 per cent. solution) may be used instead of 
sugar in these experiments, but it is more difficult to keep 
the glycerine culture free from moulds. In any case, it is 
advisable to add to the culture a few drops of carbolic acid. 
or thymol, or eucalyptus oil, as an antiseptic. · 
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244. J"ormation of Starch from Sugar b7 Colour
les• Leavea.-That chlorophyll is not necessary for this 
"chemosynthetic" form of starch-production is readily 
shown by using, instead of green leaves, the white flowers 
of various plants-those of Phlox answer well, but others 
should be tried. Test the leaves first with iodine, to ensure 
that no starch is a.lrea.dy present; it is of course unneces
sary to treat the petals with alcohol, but they should be 
boiled in water before applying the iodine test. Float some 
of the flowers in water, others in 5 per cent. sugar solution; 
keep some in darkness, expose others to light. In both 
cases note that in a few days the sugar-supplied flowers 
contain abundant starch, while those in water are still 
starchless. · 

245. Which Light Bays are concerned in Photo
ayntheais ?- We may investigate this by comparing the 
effects of exposing plants to light of different colours-i.e. 
allowing only certa.m rays to fall upon the leaves. It is 
usually found that the rays at the red end of the spectrum 
are more active than any of the rest in promoting photo
synthesis, and that for most plants the curve obtained when 
the re ults of experiments are plotted on squared pa.per 
shows two "hump " or maxima, a. higher one in the orange 
a.nd a. lower in the blue, with the lowest intermediate part 
(minimum) in the green. 

It must be noted, however, that the experiments usually 
ma.de on this topic a.re open to various objections ; some of 
these objections a.re mentioned in connection with the 
following experiments, but the greatest a.re (1) the extreme 
difficulty in obtaining spectroscopically pure colour screens; 
(2) the different heating effect of the different colours as 
transmitted through screens. 

(ci) A rough oomparisoo ma.y be made by setting a starch-free 
plant, or a leaf with ita stalk dipping int.o a bottle of water, in a 
box, one of whose airlea ia replaced by a sh~t of red g!M , another 
in a box with a aide of yellow glass, another with grung1888, another 
with blm glasa. Afler several hours' exposure t.o light, test each 
for starch with 1odme solution. However, coloured glass is pro
bably never pure, in the sense of allowing only rays of one colour to 
J>ll8B t.hrough it. Thie can easily be seen by t.esting ooloured glaat 
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with a spectroscope (an excellent direct.vision spectroscope can be 
had for25s.), or with a lantern and prism. 

(b) A better method is to use coloured solutions (which should be 
examined with the spectroscope to see which rays they absorb and 
transmit) in flat bottles, instead of using coloured glass, in the pre
ceding experiment. '' Aniline scarlet" dye may be used for the red ; 
a solution of potassium dichromate for orange-yellow ; a mixture of 
ammoniacal copper sulphate and potassium dichromate for green; 
and ammoniaoal copper sulphate solution for blue. • 

(c) In Fig. 54 the light-screen is shown fitted with a series of five 
corked glass vials, four of them containing the red, orange, green, 
and blue solutions just mentioned, and the fifth filled with water as 
a control. Between the vials tinfoil is placed, so that on five strips 
of the starch-freed leaf there fall rays of red, orange-yellow, green, 
blue, and white light respectively. 

(d) Another method is to use a pair of double-walled bell-jars. 
One is filled with watery solution of potassium dichromate, which 
allows the red, orange, and yellow ray• to pass but absorbs the rest. 
The other is filled with watery solution of copper sulphate to which 
ammonia has been added ; this solution transmits blue and violet 
but absorbs the rays of the red end of the spectrum. In this way 
we can at any rate divide the spectrum into a red-end half and a 
blue-end half. A starch-freed leaf or leafy shoot in a bottle of 
water, or a pot plant, is set below each bell-jar, the edges of which 
should rest on a damp cloth or on sawdust, so as to exclude white 
light. Set both jars in diffuse light, and after several hours test 
each leaf for starch. Put a thermometer under each jar, and note 
the temperature registered in each case. 

(e) A makeshift double-walled jar can be fitted up as follows. Get 
two large wide-mouthed jars, and two narrower jars each of which 
can be placed inside one of the large jars. Partly fill one large jar 
with potassium dichromate solution, the other with ammoniaoal 
copper sulphate solution; into each lower the smaller jar, placing 
in the latter some shot or stones to sink it in the solution. Then 
place in each of the small jars a starch-freed Tropaeolum leaf in a 
test-tube of water, and securely seal the necks of the jars. Home
made double-walled jars of this kind answer almost as well as those 
sold by dealers in' glass apparatus. · 

246. Chlorophyll essential for Photosynthesis.
Some of our experiments have suggested that only green 
(chlorophyll-containing \ tissues, organs, or plants are able 
to use the carbon dioxide of the air and to manufacture 
carbohydrates. 

(a) Keep m darkness, until the leaves are starch-free, 
some plant, or a cut shoot, which has variegated leaves 
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(i.e. in which some portions of the leaf are devoid of 
chlorophyll); the Japanese Maple, or variegated kinds of 
Ivy, Coleus, Abutilon, or Geranium, answer well. Sketch 
each leaf before it is decolorised and tested, and observe 
that only the green parts produce starch. 

(b) Get five wide-mouthed bottles, with tightly fitting corks. 
Wash ea.eh bottle out with water, to keep the air inside it moist, 
and label them A, B, C, D, E. Leave A empty, to serve as a.check 
or "control." Into Band C put some living green leaves; into D, 
some green leaves which have been killed hy boiling ; into E, some 
pieces of living wood cut from a branch, or some roots, or mush
rooms, or any other living but not green tissue. Charge the bottles 
with carbon dioxide by breathing into ea.eh several times. Another 
plan is to pour into ea.eh ja.rsome " plain soda-water" from a. syphon 
(a convenient method is to use a. Sparklet syphon, charging it with
out adding soda.); the "soda-water" is of course simply water 
charged with carbon dioxide. Cork ea.oh bottl" tightly, smearing 
the edges of the corks with va.seline. Place bottle B in the dark, 
the others in the light, for a whole day. Then test ea.oh bottle for 
carbon dioxide by pouring in a. little lime-water and seeing whether 
it turns milky. 

Try the experiments several times, and record your results, with 
the inferences to be drawn from them. If carefully carried out, 
these experiments will show ·(l) that living green leaves absorb 
carbon dioxide from the air in sunlight; (2) that they do not absorb 
it in darkness; (3) that dead leaves do not absorb carbon dioxide; 
(4) that living but not green parts of plants do not absorb it. 

(c) Repeat the observations on the giving-off of oxygen by water. 
plants, but pot into the water, a.long with the water-plant, pieces of 
living roots and of mushrooms. Do these living but not green 
tissues give off oxygen ? If any gas-bubbles escape from them, do 
they come off in l ight only, or in darkness as well! 

247. The General Properties of Chlorophyll should 
be studied, with special reference to its absorption spec
trum. The best materials for this purpose a.re thin, fairly 
young, clear-green leaves; a. good typical spectrum is given 
by alcoholic extract of leaves of Grasses, Primrose, Tro
pa.eolum, etc. Fine fluorescence is shown by extract of 
leaves of Ivy and Cineraria.. 

(a) Almost any leaves may be used, and it would be 
interesting to compare, with the Bpectroscope, chlQrophyll 
from the leaves of various plants, including tho11e with 
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yellowish-green leaves. Leathery leaves and those of 
Grasses should be chopped up, being boiled in water and 
steeped in a.lcohol The extraction is best carried on in 
darkness; the leaves may be left in a covered dish of 
alcohol overnight; filter, and place the filtered extract in 
corked bottles. A wedge-shaped bottle ("indigo prism ") 
should be used ; by its means one can examine different 
thicknesses of the solution. 

(b) Note the colour of the solution on holding the 
bottle up to the light, and on holding it against a bla.ck 
surface: it is green by transinitted light, red by reflected 
light. If a spectroscope is not available, obtain a con
tinuous spectrum on a screen by fastening on the lens of 
an optical lantern a ca.rd with a vertical slit, and holding 
a prism in the path of the light. Hold a test-tube of 
alcoholic chlorophyll-solution against the slit, and notice 
that the colours in several parts of the spectrum a.re re
placed by dark bands. The most prominent dark band 
appears in the red pa.rt, but if the solution is strong bands 
will also be seen in other regions of the spectrum. Hence 
chlorophyll absorbs certain light-rays, allowing the rest to 
pass through it, and we may conclude that these absorbed 
rays in some way supply the energy which is needed in 
carrying on the work of photosynthesis. 

Our experiments in § 245 show, roughly, the relation 
between the dark bands of the chlorophyll spectrum a.nd 
the light energy used in photosynthesis. 

(c) Place some leaf-extra.et in a test-tube, dilute with a 
few drops of water, then add benzol, shake, and allow to 
settle. The benzol, which floats above the a.lcohol, dis
solves out a bluish-green colouring-matter, leaving a yellow 
substance dissolved in the alcohol. These two pigments 
present in the extra.et can also be separated by using ether 
or olive oil instead of benzol. Find out, by using the 
spectroscope, or lantern and prism, which light-rays each 
of these substances absorbs. 

(d) Fill three test-tubes with leaf-extra.et, cork them, 
and place A in sunlight, B in diffused light, 0 in darkness. 
Carefully boil some extra.et in a fourth test-tube (D), cork 
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the tube, and place it with A in sunlight. Notice, after a 
day's exposure, that A becomes brown, 0 is unchanged, 

. while B and D are only slightly changed; the absence of 
oxygen in D hinders the destructive effect of light. 

(e) Add some 10 per cent. solution of copper sulphate 
to some leaf-extract in two test-tubes; a copper compound 
is produced which is not red by reflected light, and which 
is not destroyed by light. Verify the latter point by 
placing one tube in sunlight, the other in darkness, in 
each case with a tube of ordinary leaf-extract for com
parison. 

248. Conditions essential for Formation of Chloro
phyll.-We have seen that seedlings grown in darkness 
have no chlorophyll; their leaves are yellow, owing to the 
presence of etiolin in the plastids. That iron is essential 
is shown by means of water cultures (§ 221). 

(a) Grow seedlings, e.g. Cress or Mustard, in darkness, 
then place some of them in a good light, close to a window, 
and note the time required for the production of a dis
tinct green colour. Place the others in a dark part of the 
room, and when they have become green test the leaves 
for starch. These observations will show that (a) a green 
tinge, due to formation of chlorophyll, may be developed 
in an hour, or less, in good light ; (b) light too weak for 
photosynthesis is strong enough for the production of 
chlorophyll. 

(b) Sow in the same pot or box some seeds of Pine and 
of Bean or Pea, keeping them in darkness, and compare 
the colour of the Pine-seedlings with that of the others. 

(c) Place some etiolated seedlings (Cress, Mustard, 
Bean, etc. ) in a bottle or small glass jar, cover with a glass 
plate, and set it in a larger jar half filled with water. 
Keep the water at 30° C. In a similar apparatus keep 
some of the seedlings in cool water, or water kept at 10° C., 
by adding bits of ice from time to time. Compare the 
depth of the green colour developed in the two sets of 
seedlings after an hour or two of exposure to light. 
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( d) To show that oxygen is necessary for the formation 
of chlorophyll, fill a test-tube with mercury, or with boiled 
and cooled water, invert it in water, and pass under its rim 
some etiolated Mustard seedlings. Though exposed to 
light, the seedlings do not become green, owing to lack of 
oxygen. Another method is to place heavier seedlings
e.g. Bean, P~in a glass ja.r and cover it with water. In 
each case similar etiolated seedlings should be pla.ced. on 
wet blotting-paper at the bottom of a ja.r, whose mouth 
must of course be left open. 

ill. RESPilU.TION. 

249. ::&espiration.-The organic products of photo
synthesis, and of the further metabolic processes starting 
from the photosynthate, in autotrophic plants sooner or 
later disappear owing to (1) absorption by animals or 
parasitic plants, or (2) processes of decay, or (3) respira
tion. We have studied the loss in dry weight undergone 
by seedlings grown in darkness, and it could easily be 
proved by experiments that a similar loss occurs in all 
living plants, whether they a.re actually growing or merely 
maintaining life. Since the disappearing m.aterial cannot 
be destroyed, it must escape from the plant in the form of 
gas. Our experiments on seedlings showed t hat the loss 
is ma.inly a loss of carbon, escaping in the form of carbon 
dioxide, and this giving-off of carbon dioxide is accom
panied by absorption of oxygen. 

250. B.espiroscopes and ::&espirometera.-For the 
simple demonstration of respiration, it is only necessary 
to test the gas iu a vessel in which active tissues have been 
enclosed for some time and compare its composition with 
that of the atmospheric air originally present. A respiro
scope consists of any gas-tight chamber connected with a 
tube in which the identity of the gas may be ascertained 
by a visible test with a gas-absorbing reagent. A respiro
meter is simply a similar apparatus adapted by graduation 
for the quant itative analysis of the g-as m the chamber. 
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251. Respiroscope Experiments.- Various forms of 
respiroscope may be put together easily from ordinary 
laboratory apparatus. 

(a) To show that considerable volumes of carbon dioxide 
are rapidly produced in the germination of seeds, half fill 
a large glass jar with soaked Peas and fit the cork with a 
twice ·bent tube leading into a narrow-necked bottle or 
large test-tube containing lime- or baryta-water. Set in 
a fairly warm place and note the copious white precipitate 
(calcium or barium carbonate) produced by the escaping 
carbon dioxide. As a control, place an equal volume of 
the reagent in a second bottle or tube of the same size. 
As a second control, set up a similar apparatus containing 
soaked Peas which -have been boiled; to prevent the growth 
of Bacteria, c?ver the killed Peas with 10 per cent. formalin. 

(b) Repeat the preceding experiment, but this time 
lower into the jar a smaller jar or tube containing baryta
water or caustic potash, and let the bent tube dip into 
water coloured with red ink. As the reagent absorbs the 
carbon dioxide produced, the coloured water rises in the 
outside tube. 

(c) Fit a wide jar with a cork bored by two holes. 
Cork the wide mouth of a thistle-tube, and push the tube 
through one of the holes until it nearly reaches the bottom 
of the jar . Through the other hole pass a short glass 
tube connected by rubber tubing, carrying a clip, with a 
J-shaped tube the short arm of which is drawn out in a 
flame to a fine capillary point. On the bottom of the jar 
place wet blotting-paper and some Peas or Wheat grains 
that have been allowed to germinate until the roots are 
about 1 cm. long. . 

Then dip the J-tube to the bottom of a tall narrow jar 
or large test-tube filled with lime- or baryta-water, and 
clip the rubber tubing. After two or three days, loosen 
the clip, uncork the thistle-tube and pour water into it so 
as to drive the gas out of the jar through the J-tube, from 
the fine opening of which it escapes into the reagent, 
causing a precipitate. Set up a similar apparatus, but 
without the seeds, as a control. 
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(d) .A.bout one-fourth fill a cylindrical jar with lime- or 
baryta-water, then push into the jar, well above the liquid, 
a piece of gauze to support some germinating seeds and 
blotting-paper, and cork tightly. During several days 
note the gradual whitening of the reagent, which should 
be gently shaken from time to time. Set up a similar ap
paratus without the seeds, as a control. 

(e) .A. striking and roughly quantitative experiment may 
be arranged as follows, taking the composition of air as 
20 per cent. oxygen and 80 per cent. nitrogen. Get three 
similar J-tubes; to graduate one tube-and from it the 
others-into fifths, cork the short arm, fill the tube 
with water, pour the water into a measuring glass, and as 
each fifth part of the water is poured back into the tube 
mark the level by a file scratch. Into the short arm of 
each tube place six soaked Wheat seeds, with a wad of 
wet cotton to keep them moist, and cork tightly. Take 
three narrow jars or large test-tubes, a little wider than 
the J-tubes, and place in them (.A) caustic potash, (B) 
pyrogallate of potash, (0) water; into each dip the long 
arm of one of the inverted J-tubes. If test-tubes are used 
for the reagents, support them in a stand. 

In B the reagent (pyrogallate) quickly rises in the tube 
to about the first fifths-mark, and the seeds germinate very 
little; in .A the reagent (potash) rises gradually and to 
the same extent, while the seeds germinate quite well ; in 
0 the water hardly rises at all, though germination occurs 
as in .A. What has happened in each case, and what in
ferences may be drawn from the observed facts? 

(/) Suspend three healthy laurel leaves by threads from the well
fitting cork of a large bottle containing lime.water, and expose 
them to bright light. After several hours the lime-water is still 
comparatively clear. Cover t he bottle with black cloth, and in a 
few hours the lime-water will become quite milky, owing to the 
respiration being .no longer masked by the re-assimilation of the 
carbon dioxide it produces. 

(g) Place some green leaves in a glass jar (Fig. 56), through whioh 
a slow current of air is passed. This air is deprived of its carbon 
dioxide by the potash contained in the U-tube, so that the lime
water or baryta-water in both bottles remains olear so long as the 
leaves are exposed to sunlight or very bright daylight, whereas if the 
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bell-jar is covered with a. hl&ek olotb, the liquid in (a ) soon becomee 
turbid a.ud milky. 

Fig. 66.-The Am>W11 1how the dir~ctfon, of the Current of Air, which I.a drawn 
through by att.aching an "Alp1rator' at the left of tile Apparatua. Th• two 
piecea of gl.,.. tubing fitt.ed with atop-cock1 may be dispensed with IUld clipo 
uaed on the rnbber tubing (ahown black). 

In Fig. 56 the plant used is covered with 
a. bell-jar standing on a. glass plate, its rim 
being smeared with plasticine and va.seline 
to make the junction air-tight. 

252. B.eapiromater.-Almost any ot 
the respiroscopes described may be used as 
respirometers, for qua.lit&tfre analysis of 
the gases exchanged in respiration. The 
tube lea.ding from the chamber should dip 
into mercury (for rough purposes water 
may be used, though it will of course ab
sorb the ga.ses-pecia.lly carbon dioxide
to some extent) : allowance must be ma.de 
for the volume occupied by the seeds ; the 
volumes of gas absorbed by the reagents 
(potash solution and pyroga.lla.te solution) 
must be measured with corrections for tem
perature, etc. 

In usingGa.nong's Respirometer (Fig. 57), 
supplied by the Bausch and Lomb Optical 
Company, ten Oats or Barley grains a.re 
germinated till the roots a.re visible (2 to 

Fig. 67.-Ganong'a Reopiro- 4 m~. Io.ng), theii: volume is found by im-
meter. mere1on m water m a. small glass measure, 

and they are put in the ova.I chamber which 
ha.a a. water-bulb for a. measured email volume of water to keep the 
aeedlingw moist. The Beede and water pla.ced in the chamber 
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occupy 2 o.o., the volume allowed for them in the ~aduation of the 
tube connected with the chamber; this tube is Joined by rubber 
tubing to the reservoir tube, which baa index marks 29 o.o. apart. 
Pour mercury into the reservoir-tube until it stands level at the 
100 c.c. mark in the graduated tube and at tbe lowest index mark 
of the reservoir itself; the stopper is inserted with it.a air-opening 
matching that of the neck, and then twisted, so that the chamber 
is sealed without compression of the air. 

After ·three or four days of growth in a shaded place, t he reservoir 
tube is slipped off under water, allowing the mercury to run out; 
then the rubber tube is clipped and the graduated tube slipped first 
under potash and then under pyrogallate solut ion, to measure 
the volume of carbon dioxide produced and that of any oxygen 
left over in the apparatus, which originally contained 100 c.c. 
of air. 

253. The B.espiratory Equation.-Weigh two sets, 
ea.eh of ten seeds, of Oats or Barley. Soak one set (A) 
for twelve hours and place it in the chamber of a respiro
meter, with potash in the measuring-tube; when the 
potash stops rising, measure the volume of the carbon 
dioxide. Dry the two sets of seeds, using the percentage 
of moisture in B to determine the original dry weight of 
A, from which calculate the loss of dry substance by 
respiration in A. From the molecular weights in the 
equation 

C,H100, + 60, = 6CO, + 5H,O 

calculate the relation between the starch used up (loss of 
dry weight) a.nd the carbon dioxide formed, a.nd see 
whether they a.gree with or approximate to the formula. 

Since starch is converted into sugar in germination, 
and sugar is usually the first complex product of photo
synthesis, we may regard the respiratory equation as the 
reverse of the photosynthetic equation and express the 
two by the reversible equation 

CaH,,O. + 60, T 6CO, + 6H,O. 
But it must be remembered that (1) this equation is 
la.rgely conventional; (2) it expresses only the end result 
and not the complex intermediate stages ; (3 ) the volumes 
of gas absorbed and evolved in respiration a.re by no 
me&ollS a.lwa.ya equa.l, as the equation would imply. 
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:154. :Bespiratory Ratio in Peas and Beana.-With & 

suitable respirometer ascertain the respiratory ratio (relation 
between carbon dioxide released and oxygen absorbed) in the case 
of Pea.a or Beans. In these and various other seeds the respiratory 
ratio is considerably more than unity-that is, much more carbon 
dioxide is released than oxygen is absorbed, and such seeds can even 
release carbon dioxtde in the absence of an oxygen supply. . 

:155. Respiratory Ratio in Oily Seeds.-Set up two similar 
respirometers. Weigh out equal quantities of (A) starchy seeds 
like Wheat or Oats, (B) oily seeds---<!.g. Linseed or Hemp ; after 
soaking the seeds place them in the two vessels, set side by side for 
comparison. When oily seeds are ripening (after fertilisation) the 
supplies of sugar they receive are changed to oil, and in this 
process more carbon dioxide is given off than oxygen is absorbed
about five times as much, for instance, in Castor Oil. 

When the seed germinates the oils are changed back into st1gar, 
and for some time the amount of carbon dioxide given out is 
considerably less than that of the oxygen absorbed. In an experi-

ment with Linseed, the ratio ~2 for the first six days was found 

to be 0 ·3, 0 ·35, 0·4, 0·5, 0·6, 0·7. As the conversion of oils into 
sugar continues, the ratio gradually approaches l. Also, during 
the first few days of germination, oily seeds show an increase in 
dry weight-explained by the fact that carbohydrates contain 
more oxygen than oils do. · 

:156. Bespiration of Succulents.-Set uf two respirometer 
experiments ; in A use as material leaves o Sedum, Crassula, 
Rochea, or fleshy shoots of Cacti, cut from the plant at the end of 
a warm day-the material may be chopped into pieces ; in B place 
leaves of some non-fleshy plant, e.g. Sunflower. Keep the 

1 apparatus in darknees overnight ; in the morning note tha t the 
Hesby plants have absorbed oxygen without giving out as much 
carbon dioxide, so that the air in the chamber diminishes in 
volume. 

In fleshy plants organic acids are produced by respiration in 
such quantities that the formation of carbon dioxide may be 
stopped altogether for a time. The amount of acid in the leaves 
increases at night; the accumu a ion of these would injure the 
plant if continued, but after a time the plant begins normal 
respiration, giving off carbon dioxide, which in sunlight is at once 
assimilated, oxygen being set free . Hence in the morning, when 
assimilation begins, fleshy/lants give out more oxygen than they 
absorb carbon dioxide, an they will continue to give out oxygen 
in air freed from carbon dioxide. 

Succulent plants reduce their rate of transpiration, on account 
of their xerophytic habitat, by having few stomata and small air-
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spaces, and this means a reduction in the rate of gaseous exchange 
and therefore in that _of photosynthesis. Hence they avoid, by 
lle1r peculiar mode of respiration, the 1088 of oe.rbon that takes 
ple.oe rn ordinary ple.nts by the setting free of oe.rbon dioxide into 
the air. 

The e.oidity of equal-sized leaves, or pieces of leaf, chopped up 
and extracted with water, should be tested and compared by titra
tion (l) in the evening, (2) on the following morning. 

257. The intensit7 of respiration varies greatly in different / 
speoies, in different plants of the same species, in different organs 
of the same plant, and in the same plant or organ at different 
times. A rough comparison may be made with some form of 
respirometer, taking the volume or weight of the plant material 
used as a basis. Note that flowers and opening buds, like germi
nating seeds, respire much more e.otively than fully-grown roots, 
leaves, etc. 

258. Heat Beleaaed in B.espira.tion.-Just as the 
dissociation of carbon dioxide in photosynthesis converts 
kinetic energy, or energy of motion, into potential energy, 
or energy of position, so in respiration there is a release of 
energy-that is, a conversion of potential energy into 
kinetic energy. Some of this released energy appears in 
the form of heat, and this may be demonstrated by 
thermometric observations of respiring tissues, in com
parison with similar but non-respiring tissues. 

(1) For experiments on the production of heat in 
respiration we require a more or less perfect non
conducting chamber, in which we place, along with the 
seeds or other materials used, a dish or bottle containing 
potash to absorb the carbon dioxide and thus promote 
respiration and growth, and a thermometer a.s accurate 
and sensitive a.s possible. In each case, also, we require 
a control experiment similar in every way, except that the 
plant material placed in it is killed with boiling water 
and then placed in water containing 5 per cent. formalin, 
or 10 per cent. corrosive sublimate, to prevent decay or 
fermentation by micro-organisms-processes in which heat 
is released. 

The best form of non-conducting chamber is a Dewar 
bulb consisting of two concentric bulbs with a vacuum 
between ; or two " Thermos " or vacuum flasks answer 



208 WATEH. CULTURE, PHOTOSYNTRl!:SJ8, RESPIRATION. 

well for experiments with small seeds. Along with the 
seeds insert in each case a small bottle containing a piece 
of potash stick, covering the mouth of this bottle with 
wire netting ; insert the thermometer and pack the space 
between it and the neck of the vessel with cotton-wool 

(2) In the absence of a better form of non-conductlng 
chamber, we may either (a) line a funnel with filter-paper, 
fill it with the seeds, and support it with the tube dipping 
in a bottle of potash, insert a thermometer, and cover the 
whole with a bell-jar; or (b) place in a tumbler a flat dish 
of potash, cover this with wire gauze, and insert the seeds 
and a thermometer; or (c) place the seeds in a small 
flower-pot, set this in a larger pot with wool or other 
packing between the two pots, cover the mouths of the pots 
with wire gauze, invert the apparatus over a saucer with 
potash stick, and insert a thermometer through the holes 
in the two pots; or (d) put potash stick in a beaker, then 
wire gauze, then seeds, then a cork bored for the ther
mometer, and place the beaker inside a larger beaker lined 
with wool. · 

In each case it is advisable to set two controls-in one 
place seeds boiled and treated with antiseptic (formalin or 
corrosive sublimate), in the other wet sawdust instead of 
the seeds. Opening buds, flowers, and flower-heads should 
also be used; a remarkably large rise in temperature is 
observed in the case of the opening inflorescence of Arum . 
and other Aroids. 

259. "Intramolecular" B.espiration.-In some of the pre
ceding experiments it wa.s noticed that the a.mount of carbon 
dioxide set free is much greater than that of the oxygen a.bsorbed
e.g. in germinating Peas. This suggests that in such cases there 
might be a. relea.se of carbon dioxide even in the absence of a. supply 
of free oxygen, and it is easy to test this by placing such seeds in 
"an anaerobic culture vessel "-i.e. a. vessel from which oxygen is 
excluded, though other conditions are favours.hie for respiration. 
Such a. vessel may be either (1) a short tube filled with mercury and 
inverted over mercury, the seeds being passed up to the closed end 
of the tube ; (2) a similar tube over 76 cm. long and therefore with 
a. Torricellian vacuum, in which the seeds are placed ; (3) a seed
oontaining chamber filled with pur\l )lydrogen, which i~ itf~rwitf41 
analysed for C4fOOP dioxid~ · 
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(ea) Soak aome Peaa in water (previously boiled) until the seed · 
coat can be removed without damaging the embryo-the ooata are 
removed to avOJd i.ntroducmg air with the aeeda. Fill a test-tube 
with mercury and invert it. in a dish of mercury, clamping it in a 
at&nd ; th.en pass three or four peeled Peas into the tube ; plunge 
them with forceps under the mercury, shake them free of air, and 
releaae them under the tube, when they will rise to the top. With 
a bent tube introduoe a few cubic centlmetrel of previously boiled 
water into the tube to keep the Peas moist. In about three days, 
when the gas produced baa ceased to push down the mercury 
oolumn, introduce a little more water if necessary, then with 
forceps slip a piece of eolid pot&sh into it ; the potash solution thus 
formed abeorbe the gas (carbon dioxide) and the mercury rises to 
the top of the tube again. To get a more aoourate quantitative 
result, use a graduated tube, and before introducing the seeds tie 
to each a fine wire (or sew a thread through the seed and tie it in 
a loop) longer thau the tube, ao that the seeds can be withdrawn 
before introducing_ the potash at the end of the experiment. Set 
up a control with Peaa killed by boiling and -ked in antisepLic. 
See Appendix Ill. , Fig. 117. 

(b) Pass a few peeled Peaa or Beans into the Torrioellian vacuum 
at the top of a tube 100 cm. long and l ·5 cm. diameter, filled with 
mercury and inverted in mercury ; the" vacuum "contains mercury 
npour but no air. To prevent the adhesion of air·bubbles to the 
tube while filling it, pour the mercury, by a funnel with it.a end 
finely drawn out in a flame, through a narrower tube extending to 
the bott.om of t.he tube to be filled. When the tube is inverted 
and the seeds introduced, note (1) the temperature, (2) the baro
meter reading, and (3) the length of the mercury oolumn in the 
tube-if the tube is not graduated, gum paper strips to the tuLe 
at the upper level of the mercury and at the plaoe where the tube 
touches the mercury in the dish. At the end of, say, 24 hours, gum 
a strip at the upper level of the mercury, and measure the volume 
of carbon dioxide that has been produced-in an ungraduated tube, 
this is easily done by running mercury from a burette up to the top 
mark on the tube. From the data given in Physics· text·books, 
oorreot this volume for temperature, pressure, eto. 

1180. Comparhon of Bormal and " Intramolecular " 
(h aerobi o) B.eapiration.-ln general, the amount of carbon 
dioxide produced in "intramoleoular" respiration is much less than 
that formed in normal respiration, though in eome cases-e.g. 
germinating Brood Beans-the two are about equal. Alongside the 
barometer tube used in§ 259 b set up a similar tube oonta10ing the 
same number of aoaked seeds, pushing the seeds up to the closed 
end of tbe tube and holding them in position by pushing in either 
a pi- of ooiled wire or a bored cork (in either case with an 
attached wire long enough to withdraw the obatacle at the end of 
the experiment). 

P . B. 14 
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If we now remove 20 o.o. of the air in the tube, the meroury will 
rise in it to that extent. To do this, fit & flask with & rubber 
stopper carrying & bent tube with a piece of rubber tubing on its 
free end ; warm the fla.ak, olose the tubing with a clip, introduoe it 
into the end of the barometer tube, release the olip-a.a the air 
ooola in the fla.ak the latter sucks air from the tube and the mer
cury riaes. Compare the volumes of carbon dioxide produced in 
the two experiments-by intra.molecular and by normal respiration 
respectively. 

If experiments on intramolecular respiration are allowed to oon 
tinue for several days, the rate at which carbon dioxide is pro
duced falls off, wherea.a normal respiration becomes increa.aed as 
germination a.dvanoea. Plants undergoing intra.molecular respira
tion grow ba.dly, and soon pa.ea into a pathological or unhealthy 
condition. Moreover, this form of respiration is acoompa.nied by 
the production of various substances in addition to carbon dioxide, 
and among these is alcohol, as may be proved by the following 
experiment. 

261. Production of Alcohol b;r "Intra.molecular " B.e-
11piration.-In order to show that aloohol is produced in the 
higher plants by intra.molecular respiration, just a.a is the case with . 
Yea.at(§ 411) growing in a sugar solution, and thus to demonstrate 
the relation between intramolecular respiration and alcoholic fer
mentation, we proceed as follows :-Lay a quantity of Pea.a for a 
minute in O·l per cent. solution of oorrosive sublimate to kill any 
Yea.at-oella that may be clinging to them, rinse them with distilled 
water that has been boiled for several minutes, and pl&oe them in 
some of this sterilised water to soak for two days, to start germina
tion. Nearly fill a large flask with the Pea.a, and fit it with & 
rubber stopper through which passes a twice-bent tube with its 
longer arm dipping into mercury. 

After the free oxygen present is used up, intramolooular respira
tion begins, but if the apparatus is left for three or four weeks the 
evolution of gas will have ce&Bed, the seed.a being now dead. On 
turning them out of the flask, the Pea.a in contact with the air will 
undergo decomposition, and if & few &re sown they will fail to grow. 
Since Pea. seedlings under these oonditions may produce in the 
three or four weeks no leas than 5 per cent. of their dry weight of 
alcohol, the latter may be detected by smell, especially if the Peas 
are rubbed up with water in a mortar. The presence of alcohol 
may be demonstrated by adding some water to the grown-up Pea.a 
and distilling off the alcohol . 



CHAPTER VI. 

TRANSPIRATION. 

262. Transpira.tion.-Various simple observations 
show that water-vapour is given off by leaves and other 
green organs, and that a cwTent of water (transpiration 
current) pa.sees from the roots to the transpiring organs. 
The root absorbs a very dilute solution of salts, in order 
to obtain the essential elements for growth, and the excess 
of water is got rid of by evaporation from the leaves; but 
transpiration is a process of evaporation controlled by the 
living protoplasm of the plant. 

(a) Pull up a Broad Bean seedling and place it on a 
dry piece of glass; cover it with a tumbler, and note that 
(a) the leaves and stem of the seedling become limp or 
"wilted," (b) drops of water collect on the inside of the 
tumbler owing to condensation of the vapour given off by 
the leaves. 

(b) ~t three similar narrow-necked bottles filled with 
water, and two cut leafy shoots of a.bout the same size. 
Put a leafy shoot into one bott le ; into the second a shoot 
deprived of its leaves; and leave the third as a. control. 
After some hours' exposure to light, compare the amounts 
of water left in each bottle: which bottle loses most water, 
and which least? Repeat the experiment, but put the 
bottles in darkness, and note how the amount of loss of 
water is _affected. 

(c) Fix a long-stalked leaf, or a cut leafy shoot., in a 
card, passing the leaf-stalk (or the stem) through a hole 
in the middle of the card and sealing it up with putty or 
plasticine. Place several cards, each with a leaf or shoot 
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fixed into it, over tumblers ha.lf filled with water, a.nd over 
ea.eh of these tumblers invert a dry empty tumbler, resting 
on the card. Notice the drops of water formed on the 
inside of each empty tumbler, by condensation of the 
water-vapour given off by the leaves. 

(d) To demonstrate transpiration from the leaves of a. 
rooted plant, push a. leaf of a pot plant into a. test-tube, 
rolling the leaf up if necessary; plug the mouth of the 
tube with cotton-wool, and note the moisture that con
denses on the inside of the tube. ~nother plan is to clip 
or cement a small watch-glass on a large leaf, so as to 
form a chamber in which moisture may condense. 

263. The Water Channels in Boot, Stem, and 
Leaf.-By various simple methods we can demonstrate 
that the transpiration current passes along the xylem of 
the vascular bundles. 

(a) Get leaves with broad thin blades and long stalks, 
e.g. Lesser Celandine, Tropaeolum, Violet-in winter the 
radical leaves of Garlic Mustard a.re useful for transpira
tion experiments, or seedlings can be used. Place them in 
narrow-necked bottles containing red ink, a.nd note tha.t in 
a. short time the ink runs up in the stalk and colours the 
veins in the leaf-blade. Good results a.re obtained by 
using a shoot with white flowers, the veins in the petals 
being coloured by the ink; or by using transparent stems, 
e.g. Balsam, and noting how the vascular bundles of the 
stem are stained by the ink. 

(b) To demonstrate the path of the water in a. woody 
stem, cut two similar leafy twigs, and from a place to
wards the base of each cut a. ring of tissue, in one case (.A ) 
including only the soft outer tissue as far in as the sticky 
cambium, but in the other case (B) including also the 
outer portion of the wood. In ea.eh case cover the injured 
pa.rt with vaseline, and set the two twigs in water; note 
that in .A the leaves remain fresh, while in B they soon 
become wilted. Two other· twigs similarly treated should 
be set in red ink ; after some time see whether the ink has 
J'e<l.Ched the leaves. 
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(c) Set a Broad Bean seedling in a bottle, with its root 
dipping into some red ink. After a time the veins of the 
leaflets becoml) coloured ; now cut across (1) the portion 
of the root which was above the ink, (2) the stem, (3) a 
petiole, and note the red-stained vascular strands. 

(d) To show that the water travels in the xylem vessels, 
it is necessary to use pigments which will stain the 
lignified walls, and to examine microscopically thin sections 
of the stem after it has absorbed the coloured water. The 
transparent stems of Balsam are perhaps best, but shoots 
of Sunflower, Broad Bean, etc., will answer. Place the 
cut shoot in a bottle of water coloured with safranin or 
eosin, and after an hour (or as soon as the colour has 
appeared in the transparent stem of Balsam, or in the 
leaves of other plants) cut thin transverse sections, and 
note that the xylem of the vascular bundles is stained. 

(e) Set a cut leafy shoot of Lime or other woody plant 
in water for some time, then transfer it to water coloured 
with safranin or eosin. After a few hours cut thin 
sections, and note that only the vessels and tracheids are 
stained. 

(f) Repeat the preceding experiment with fairly thick 
branches of various trees and shrubs, and note that in 
some cases only the outer part of the wood is stained, the 
inner portion no longer conducting water. 

N.B.-In all experiments with coloured water, in order 
to ascertain the exact paths of water-conduction, the ex
periment must not be continued too long, otherwise the 
stain will diffuse into other tissues than those actually 
concerned in conduction. 

264. The Use of Coloured Solutions, to measure the rate of 
the transpiration current, is open to objections. It is easy to 
prove that the pigment is arrested by the walls, while the water. 
passes onwards. Pour some weak watery solution of eosin into a 
tall jar, and fasten a strip of filter· or blotting-paper to the cork or 
to a rod placed over the mouth, so that the lower end of the paper 
just dips into the solution. After a short time note that the paper 
is wetted above the point reached by the pigment itself. 
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265. The lJ'ae of Solutions of Sa.lts of meta.ls that give a 
characteristic colour, or bright line spectrum, when placed in a 
spirit or Bunsen flame and examined with a spectroscope, is a much 
betfjer method. Make up a litre of 2 per cent. solution of lithium 
nitrate, and use some of this instead of the coloured water in the 
preceding experiment ; cut off the uppermost portion of the paper 
that becomes wetted, hold it in a Bame. and with the spectroscope 
note the characteristic red lithium line. This solution may be 
used for measuring the rate of the transpiration current. If pot 
plants a.re used, set the plant in good light and for two days do not 
water the soil; then saturate the soil with the solution, set the 
plant in light, and at intervals of about fifteen minutes pick off a. 
leaf, or out off a. small piece of leaf {rinsing the scissors in clean 
water or under a tap and drying them ea.eh time they a.re used), 
hold it in the flame, and note the red lithium line with the spectro
scope. Maize plants raised in culture solution answer well ; trans
fer them to the lithium' nitrate solution at the beginning of the 
experiment. By this method it ha.a been found that the height 
reached by the solution in an hour may be a.a much &a 40 cm. in 
Maize, 60 cm. in -Sunflower, 80 cm. in rooted Willow cuttings, 
120 cm. in Tobacco. 

266. Does Wa.ter a.scend in the Walls or in the 
Cavities of the Xylem Vessels ?-To a.nswer this 
question, we may either (1) block the vessels of a stem 
with wax or gelatine, or (2) strongly compress the stem in 
a vice so as to narrow considerably the lumina of the 
vessels. 

Uproot two well-grown Bean seedlings, or other pla.nts, 
a.nd let them get somewhat wilted. Have ready three 
dishes containing (a) a mixture of lampblack and warmed 
wax or cocoa-butter melting at 33° to 35° C.-a temper
ature which will not injure the plant; (b) water warmed 
to the same temperature; (c) cold water. Place one 
seedling (A) in the warm water, the other (B) in the 
melted wax ; in each case cut a.cross the stem under the 
liquid, a.nd note that in B the blackened wax enters the 
vessels owing to negative pressure (see § 269), then tra.ns
fer both plants to the cold water. This will harden the 
wax in B; with a. razor pa.re a. thin layer from the cut end 
of the stem, to get rid of the surplus wax and ensure that 
the walls a.s well as the blocked lumina a.re exposed to the 
water. Mter some time note that B becomes more wilted 
tha.n before, while A recovers from its wilted condition. 
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Repeat the experiment, colouring the cold water with 
eosin, and note that in A the veins after a time become 
tinged, while this does not happen in B. If the blocking 
of the vessels in B cannot be seen clearly, use an ad
ditional plant, and cut across the stem to see that the wax 
has actually entered. 

Another plan is to use 20 per cent.- gelatine which melts 
in water at a.bout 33° and stiifens in cold water at about 
20° C. ; blacken the gelatine, by mixing it with Indian ink, 
or colour it with eosin. 

267. Mobility of Wa.ter in Wood.-It is interesting 
to compare the ease with which water moves through the 
wood of Coniferous and Dicotyledonous trees in diiferent 
directions. In experiments with longitudinal cylinders of 
Coniferous wood, it is as well to close up the protoxylem 
vessels by turning a knife-point in the pith so as to 
form a small cavity at each end of the piece, and filling 
up this cavity by applying a. little melted shellac or other 
cement. 

(a) From a Pine twig (Fir or Yew may be used) cut 
pieces a.bout 20 cm. long and 1 or 2 cm. diameter ; remove 
the outer tissue from the wood, and smooth the cut ends· 
with a. sharp knife. Place the pieces in water for an hour 
to soak the wood, then remove one piece and wipe the 
ends dry ; no water escapes, because that would require 
the entrance of a.ir, which does not readily pass through 
wet membranes. Hold the piece vertically, and with a 
brush place some water on the upper end ; the drop 
disappears, while a. corresponding drop appears on the 
lower end. Invert the piece, wipe dry, and repeat the 
experiment. 

(b) That small pressure is sufficient to set in motion 
the threads of water in the wood is also shown as follows. 
Join a. longitudinal Pine-wood cylinder by rubber tubing 
to the shorter arm of a. J-tube, and pour water in at the 
other end; water escapes from the upper cut surface until 
the pressure is equalised. Another plan is to slip a long 
piece of rubber tubing over one end of the woot.l, fill the 
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tubing with water, and (holding the wood vertical) raise 
the tubing and note the appearance of water on the upper 
surface as soon as the water-level in the tube equals that 
of the upper end of the wood. 

(c) The pressure required to force water through the 
wood in different directions may be applied by means of 
a column of water in a long straight tube, or by mercury 
in a J-tube. Get three cylinders of Pine wood of the same 
dimensions-say, 5 cm. long and 2 cm. in diameter-but 
cut in different planes, so that one is longitudinal, the 
second radial, the third tangential ; a turner will prepare 
cylinders like this very cheaply, and they must then be 
soaked well in water. Experiment with each cylinder in 
turn as follows. 

Join the cylinder by rubber tubing to a vertical glass 
tube about 1 metre long (or use several shorter pieces 
joined up by rubber tubing, if a long enough tube is not 
available), join a funnel to the upper end of the tube, and 
support the funnel in a retort-stand on a shelf. Place a 
clip on the rubber tubing just above the wood cylinder, 
and set below the latter a graduated vessel to catch the 
water that passes through the wood. Pour clean water 

· into the funnel until the whole apparatus is filled, then 
release the clip and note how long it takes for, say, 100 c.c. 
to pass through. 

( d ) If in an experiment like the preceding we use an 
emulsion-i.e. water containing fine insoluble particles in 
suspension-we shall be able to determine that the pits in 
the tracheids of Coniferous wood are closed, hence the 
water of the transpiration current must filter through 
them; and that vessels are, on the other hand, continuous 
tubes, though of limited length. 

Prepare longitudinal cylinders of Pine wood (A) and of 
the wood of a Dicotyledonous tree (B); in each case com
pare cylinders of different lengths-e.g. 2 cm., 10 cm., 
20 cm. Soak the cylinders in wa.ter. Stir some vermilion or 
cinnabar into distilled water, and filter it through blotting
paper; examine a drop of the filtrate with the microscope, 

. and note the numerous suspended particles in it. Force 
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the emulsion through the cylinders, using it instead of the 
water in the preceding experiment. 

In the ca.se of Pine or other Coniferous wood, colourless 
wa.ter passes from the lower end of the wooJ.. In the case 
of Dicotyledonous wood, containing vessels, the particles 
pass through-unless the cylinder is longer tha.n the 
longest vessels in it. In ea.eh ca.se exa.mine the wood to 
see irhether it is coloured throughout or whether the colour 
is confined to the young outer wood ; a.lso cut longitudina.l 
sections a.nd note with the microscope the distribution of 
the particles. 

(e) Another method, which gives interesting da.ta. a.s 
to the length of the vessels in Dicotyledonous wood, is 
to suck through a. cut stem first a. mixture of I pa.rt 
" dialysed iron " ( oxychloride of iron, which is a. colloid 
a.nd inca.pa.ble of di11using through membranes) a.nd 
3 pa.rta water, and then e. solution of ammonia.-which 
produces with the iron salt e. red-brown precipitate. 

Cut a. piece a.bout 10 cm. long from the middle of a 
twig of A.lder or Lime about eight years old (other trees 
ma.y be tried), holding the stem under water. Join the 
upper end of the twig by strong rubber tubing to a 
piece of gla.ss tube, and join this in turn to a. gently
a.cting aspirator. Let the lower end of the stem dip into 
diluted iron, and note that the ~uid that passes through 
the stem is colourless inst.ea.cl of brown if none of the 
iron has traversed the stem. A.fter a.n hour, transfer the 
lower end of the stem to a solution of ammonia., and 
apply suction a.gain until the wa.ter that passes through 
smells strongly of ammonia.. Exa.mine sections with the 
microscope and note the distribution of the precipitate 
formed. 

288. Sucking Poree of Transpiring Leaves.-Con
nect a. leafy shoot-e.g. a. Willow twig-by rubber tubing 
to a. straight glass tube a.bout 20 cm. long. Fill the tube 
with water and dip it into mercury in a. dish. A.s the wa.ter 
is used up by the le.aves, mercury enters the tube and may 
rise several centimetres in a. few hours. 
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269. Negative PreSBure in the Water Cha.nnet..
In the stem of an actively transpiring plant there is often 
a partial vacuum in the water-conducting channels of the 
xylem. Starting with a. plant in which these channels 
(vessels or traeheids or both) are filled with water, if the 
plant does not receive a. good supply the water gradually 
disappears from the cavities of these xylem elements, so 
that they will contain moist rarefied air, thus leading to 
"negative pressure." If the stem is cut across under 
liquid this at once rushes into the vessels until the normal 
(atmospheric) pressure is equalised; if the stem is cut in 
air, the air of course enters the opened vessels, to equalise 
the atmospheric pressure. 

In connection with negative pressure, it is to be noted 
that the presence of air in the vessels retards the trans
piration current, when the air is under ordinary pressure ; 
a.1so that, although the membranes of the vessels (and 
tra.cheids) are very permeable to water, they a.re much less 
permeable to air when moist, but when dry they allow air 
to pass readily through them. Negative pressure is also of 
practical importance-in experiments on transpiration the · 
stem or petiole should be cut under water, not in the air. 

It is easy to demonstrate the existence of negative pres
sure in any shoot in which the leaves a.re transpiring and 
the root is not absorbing enough water to replac.e that lost 
by transpiration. 

(a) Pull up two Bean seedlings, and let them lie on the 
table until somewhat wilted; then place each seedling 
with the lower pa.rt of the shoot in red ink, and cut a.cross 
the stem under the ink. That the ink a.t once rushes up 
in the xylem of the bundles is seen by immediately slitting 
the stem of one seedling longitudinally, and cutting trans
verse sections at different heights in the other seedling. 
For comparison, pull up a. third seedling which has been 
well watered and is not at all wilted, treat it in the same 
way, and note that in this case the ink travels slowly up 
the stem. 

(b) Of two similar herbaceous plant!! in pots, keep one 
unwatered and in a dry place, the other being kept moist 
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by ample watering under a bell-jar. Cut a shoot of each 
under (1) eosin solution or red ink, (2) mercury, (3) 
melted cocoa-butter coloured with lampblack. If a plant 
with a. very transparent stem (e.g. Balsam) is used, note 
the height to which the liquid rune by simply holding the 
shoot up to the light; if the stem is not transparent 
enough for this, at once slit it longitudinally, or cut trans
verse sections at different levels, and examine with the 
microscope, to see how far the coloured liquid has reached 
in the vessels. 

(c) Let a number of difierent plants become partially 
dry and wilted, and cut from each plant two shoots, one 
under water and the other in air. Place both with their 
cut ends in water, and note which one remains wilted and 
which one becomes fresh a.nd flaccid. 

270. In1luence of External Conditions on Tra.na
piration (Weighing Ezperiments).-Va.rious forms of 
apparatus ma.y be used for this inquiry-experiments 
with Potometers are given later. As might be expected, 
transpiration is influenced largely by the same factors 
as those controlling ordinary evaporation-temperature, 
humidity of the a.ir, movement of the air. 

In weighing experiments the simplest plan is to eet 
a cut shoot in a. bottle of water, then pour in olive oil to 
form a layer on the water and prevent direct evaporation, 
and weigh the whole apparatus. Or pot plants may be 
enclosed with rubber sheeting, to prevent evaporation from 
pot and soil, leaving only the shoot uncovered. Another 
plan is to cover the soil with a divided disc of cork pre
viously soaked in and smeared with wax, and to wrap 
rubber sheeting over the pot ; to water the plant during 
the experiment, fit a corked tube or thistle-tube into a hole 
in the cork disc. 

A still better method is to use the " alUminium shells " 
supplied by the Bausch and Lomb Optical Company 
(Fig. 58) ; the rubber roof (made by cutting a hole with 
a cork-borer in the middle of a piece of rubber sheet, cut
ting a slit from the hole to the margin of the piece, placing 
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the sheet round the stem a.nd sealing the stretched and 
overlapped cut edges with rubber cement) is held by an 
aluminium band in a groove below the edge of the shell. 
Use a. plant with large leaf-surface but grown in a small 

pot so a.s not to be too 
heavy for the balance. 

(a) To test the influ
ence of light, determine 
and compare the loss of 
weight, by transpiration, 
in successive equal 
periods in (1 ) direct sun
light, (2) in diffuse light, 
(3) in darkness. 

(b) To test the influ
ence of atmospheric 
humidity, set the ap
paratus for equal periods 

P'ig. 58.-A Pot Plant, encl<>Md In an .AJumJ. (1) in moist air-place 
nium Shell, for Tni.napiration experiment.a. it below a bell-jar on a 

wet cloth, a.long with a. 
dish of water, (2) in dry air-replace the wet cloth by a. 
dry cloth, and the dish of water by a. dry dish containing 
dry calcium chloride. 

(c) Determine the influence of temperature by setting 
the apparatus in a. warm place, a. cool place, a.nd a. cold 
place. Warmth may be supplied by placing under the 
bell-jar a. dish of dry sand, and after noting the loss in 
weight during an hour, taking out the dish of sand, heat
ing the sand, and placing it a.gain under the bell-jar. To 
cool the air, set the apparatus in a large flower-pot, fill 
this with sawdust up to the edge of the pot containing the 
the plant, a.nd above this place chopped ice, a.nd cover with 
a. bell-jar. 

271. XnJluance of Water-Supply Conditions on 
Transpiration.-In the weighing experiments just 
described, we have studied only the conditioru that 
surround the transpiring leaves, but transpu·ation lii of 
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COUl'8e affected by factors which bear upon the absorbing 
roots. The chief of these are (1) the quantity of water 
available; (2) the temperature of the soil ; (3) the 
soluble substances present in the soil. In each of the 
following experiments use the weighing method, with pot 
plants in which pot and soil are covered-e.g. with an 
aluminium shell. 

(a) Determine the loss of weight by transpiration of 
two similar plants, one of which (.A} is supplied ea.eh day 
with as much water as has been lost during the preceding 
twenty-four hours, while the other (B) is left entirely 
unwatered. 

(b) Put a thermometer in the soil with a pot plant. 
For a day determine its transpiration loss under normal 
conditions. Then immerse the pot in a vessel of chopped 
ice, with a felt pad or other pa.eking of non-conducting 
material to prevent the ice from cooling the leaves. 
Determine the loss of weight in three hours, a.ft.er 
removing the pot from the ice and wiping it dry. Leave 
the plant for an hour to recover, then place it in a vessel 
of water heated by a spirit-lamp or Bunsen until the soil 
is at 35° C. ; keep it at this temperature for three hours, 
and find the transpiration loss for that time. 

(c) Determine the daily loss of a pot plant for two 
days, and then water the soil on three successive days with 
1·5 per cent., 1 per cent., and 0·5 per cent. of potassium 
nitrate, and observe the effect on the amount transpired 
each day. 

272. Transpiration checked by Bloom, Cuticle, 
and Cork.-By simple weighing experiments we can 
demonstrate the importance of these coverings in reducing 
transpiration from leaves, etc. 

(a) Select three apples of about eq.ual size, well covered 
with waxy bloom. Rub one (A) with a cloth dipped in 
warm water, so a.s to remove the bloom (water at 35° C. 
will not injure the cells); peel the second (B); and leave 
the third ( 0) untouched. Weigh the three apples, place 
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them together in a dry place, weigh them at intervals daily 
for several days, and note the loss in weight in each case, 
due to loss of water by transpiration; B loses most water, 
but A loses much more than 0 (which loses very little). 
Cut and examine with microscope a vertical section of the 
peel from B, and note especially the cutinised epidermis. 

(b) That the waxy bloom on many leaves limits the 
rate of transpiration is easily shown. Take two leaves 
of Ficus (India Rubber), and to the petiole of each fasten 
a piece of wire with a. loop; from one leaf (A) wipe off 
the bloom, using a. cloth and warm water, and leave B 
untouched. Weigh the two leaves, hang them up, weigh 
them two or three times daily, and note that A loses more 
than B. 

(c) Take two potatoes of equal size. Peel one (A) so 
as to remove the corky layer; weigh the two, place them 
together in a dry place, weigh daily, and note that A loses 
much more water than B. Examine thin vertical sections 
of the peel, and note the cork layer at the surface. 

( d) The slight loss of water from unpeeled Potatoes is 
chiefly accounted for by the presence of lenticels. Cut 
two similar short pieces from a twig of Horse Chestnut or 
other tree showing conspicuous and not too crowded 
lenticels. With wax seal up in A the lenticels, and in 
B patches of cork corresponding in size to the lenticels 
sealed in A. Weigh both pieces, put them in a. dry place, 
a.nd after twenty-four hours note that A has lost less 
water than B . 

273. Cuticular a.nd Stoma.ta.l 'l'ra.nspira.tion.
Though various simple experiments show that very little 
of the water lost by a leaf passes through the cutinised 
epidermis, especially when the cuticle is impregnated with 
or covered by waxy substances, it is equally easy to prove 
that the cuticle is not absolutely impermeable to water. 

(a) Cut off a Begonia. or Ficus leaf (or other leaf with 
a thick cuticle a.nd no stomata. on the upper surface), a.nd 
lay it in a dish together with a glass slide or a. watch-glass. 
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Slightly moisten a handful of salt by adding a drop or two 
of water, sprinkle some of the salt over the upper surface 
of the leaf and also over the glass side, cover the dish, 
and note that the salt on the leaf soon becomes deliques
cent, attracting water out of the leaf tissue through the 
cuticle, while the salt. on the slide remains comparatively 
dry-in both cases, of course, the salt absorbs some water 
also from the air. Instead of salt we may use dry calcium 
chloride, which readily deliquesces; or dry cobalt nitrate, 
which on being dried (e .g. by heating) is blue, but turns 
red when moist; or copper sulphate, which is white when 
dried but blue when moist. 

(b) Take four similar Begonia or Ficus leaves. Make 
an easily melted mixture of wax and olive oil, and with 
this cover the upper side of .A, the lower side of B, both 
sides of 0, leaving D untouched. In each case fasten 
a wire or thread, 10 cm. long, into the stalk of the leaf, 
forming a. loop ; smear the cut end of the stalk. When 
the wax has cooled and set, weigh the four leaves, hang 
them up, and after some hours of exposure to light weigh 
them again, and compare the loss in each case. 

(c) Cobalt Paper Method.-Soak pieces of filter
paper, or thin white blotting-paper, in 5 per cent. solution 
of cobalt nitrate (or chloride), and dry them, when the 
papers tum blue, Ta.ke two of the dry cobalt papers, two 
dry sheets of glass, and a. leaf (wiped dry with a. soft 
cloth, if necessary), and arrange them thus :-Glass, 
paper, leaf, paper, glass. Sheets of mica are perhaps 
better than glass. Fasten the whole together with clips, 
and note which surface of the leaf causes the paper to 
redden or even turn white (owing to transpiration) the 
more rapidly. Various leaves should be tried, especially 
those in which the stomata are a.ll or mostly on the lower 
surface---41.g. Ivy, Willow, Pha.seolus, Lilac. Test the 
sensitiveness of the papers to moisture by breathing on a. 
dry paper, and seeing whether it changes from blue to 
red or faint pink, or nearly white. 

Prepare a number of cobalt papers for further experi
ments; if put a.side, they will µrobably lose their blue 
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colour, but this can be restored by drying them again 
over a. flame. 

:174. Tranapiration iduenoed by Opening and 
Closing of Stoma.ta.-As may be proved by simple 
experiments, light accelerates transpiration. No doubt 
this is chiefly due to the heating effect of the light rays 
entering the leaf, but in many ca.ees a.t any rate the 
acceleration is increased by the widening of the stomata 
under the influence of light. The stoma.ta. of different 
plants do not, however, always react in the same way to 
light ; in Lime and various other plants they open widely 
only in direct sunlight, while they close in dllfuse light ; 
on the other hand, in Willow they remain open in 
diffuse light. Another important factor in the move
ments of stomata is the vapour tension of the air
abundance of wa.ter vapour in the air retards tran
spiration, for purely physical rea.aons, but a.t the same 
time it uaua.lly causes the stomata. to open widely; 
on the other hand, in dry air evaporation is in
creased, but in many plants tran I>iration is reduced 
because the stoma.ta. close when wilting begins. Here 
a.gain there are exceptions-in many plants ( eepecia.lly 
those growing in marshes and shady places) the wilting 
leaf has its stomata wide open and therefore continues to 
give off water and soon becomes shrivelled, when the air 
is dry a.nd the water-supply is curt.ailed or stopped. 

(11) Cut leafy twigs of Lime and of Willow, and set each in a 
bottle of water, oovering the water with a layer of olive oil ; weigh 
the whole •PJ.>&!'&tlll in each C&lle, expoee to bright light for two 
houra, and weigh again. From a le&f of each plant tear or abave 
off a pi- of the lower epidermis, mount in water, and note th& 
the stomata are widely open : &bio teat a leaf of each pl&nt with 
oob&lt paper. Now set both plant.a in not too bright diffuse light, 
and after two hours weigh again ; note that the Lime has lost very 
little water, while the Willow h&a t:ranspired Yigorou.sly ; examine 
a pi- of epidermis in each C&lle, aod note that in Lime the stomata 
are closed while in Willow they &re till wide open-also apply 
the oob&lt paper test, oomparing the rate of change of oolour in the 
two CMM. In winter, use theoommoo indoor plants Cyperus alt.er
nifoliu.s (which behaves like Willow), and Aapidiatr& or Ficus (which 
behan like Lime) for these experiment& 
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(b) Set two cut twigs of Lime in water; expose one (Al to direct 
sunlight, the other (BJ to weak diffuse light. After an hour, 
apply the cobalt test to a few leaves of each, and note the marked. 
ditference in the rate of reddening of the paper in contact with the 
lower surface in the two cases. 

(c) Weigh cut twigs of Willow and of Lime, as nearly as possible 
similar in weight, also in size and number of leaves. Lay the two 
twi~s together on a dry table or shelf. Weigh them at mtervals 
durmg two days ; note that the Willow transpires much more 
actively than the Lime, and that its leaves become quite withered 
and dry .at a time when the Lime leaves are still fairly fresh. 
Test a wilting leaf of each plant with cobalt papers-the stomata 
are closed in Lime, but open even in the withering leaf of Willow. 

(d) Take a pot plant of Aspidistra or Ficus, cover the pot and 
soil with sheet rubber, and put the plant in bright light for half au 
hour; weigh it, then set it back in direct light for two hours, and 
weigh again-note the loss by transpiration. Now set the plant in 
weak diffuse light for half an hour, weigh it, put it hack in the 
diffuse light for two hours, and weigh again-note the greatly 
reduced loss by transpiration in weak as compa red with strong 
light. Repeat the experiment in the reverse way-putting the 
plant first in weak and then in strong light. 

(~) Set a Tropa.eolum plant or a Bean seedling in a da rk place, or 
under a cover, overnight ; in the morning pick off a leaf and test 
with cobalt paper, noting the time required for reddening, then set 
the plant in the light, and in half an hour test another leaf in the 
same way-or pick off a leaf at intervals of five minutes and test 
them with the cobalt paper, to ascertain whether the stomata are 
open. Remove the plant to darkness again, and at intervals test 
the leaves with cobalt paper, to ascertain whether the stomata 
have closed. 

(fJ Cut off a Tropaeolum or other thin leaf and let it lie on the 
table until somewhat withered ; then cut off a fresh leaf from the 
plant, and test the two leaves together with a cobalt paper. The 
stomata in this plant close on wilting. Let the two leaves be ex
posed to bright light; the wilted leaf does not wither any further 
even after some hours, while the fresh leaf dries up rapidly because 
it does notcli>se its stomata. 

(g) Get fresh shoots of Alism11. or Menyanthes, and let a cut leaf 
of one of th- plants remain on the table, along with a cut leaf of 
Tropa.eolum, until the leaves are withered and half-dried. Then 
apply the cobalt paper test, and note that there is still vigorous 
transpiration from the wilted leaf of the marsh plant, in which 
the stomata remain open, while in Tropaeolum this is not the C&Be 
owing to the rapid closure of the stomata on wilting. 

(h) That salt-solution causes the stomata to close may be shown, 
without using the mior0900pe, by means of cobalt paper. Water 

P.B. 15 
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& Be&n or other seedling in & pot with 0·5 per cent. solution of 
common salt for a few days. Test with cobalt paper leaves from 
thi~ seedling (A) and leaves from a seedling (B) watered in the 
ordinary way. The leaves of A red~en the.paper much more slowly 
than those of B. A weak salt,.eolut10n actually keeps out or dug-up 
plant.a fresh ; pl&nt.a sent by post will wilt much leas if sprinkled 
with a weak solution of salt. 

275. Belation between Transpiration and Absorp
tion.-This ma.y be determined roughly by means of 

Fig.50.-Apparatua tor 
estimal.ing the Aboorp
t.ion of Water by the 
Roota, and the Lam 
byTtanopiratJon from 
the Leana. 

apparatus like tha.t of Fig. 59. s the 
plant in the ja.r absorbs water, the water 
column in the narrow graduated tube 
(covered with a. layer of oil to prevent 
evaporation) sinks, measuring the vol. 
ume absorbed ; .the a.m.ount_ oL wate ' 
j;ra.nspired is simply.-measured by weigh
ing the whole...a.ppara.tus It is best tol 
'use a. rooted plant (e.g. Bean or Maize 
seedling grown in culture solution), 
though a. cut shoot (e.g. a. Willow twig) 
will serve to show that the amounts 
absorbed and transpired a.re roughly 
equal. By increasing the temperature 
of the air, transpiration ma.y be in
creased until the plant loses more water 
than it absorbs ; if tra.nspira.tion is then 
diminished by covering the apparatus 
with a. bell-jar, more water will be ab
sorbed than is transpired. 

An apparatus of this kind merges 
into the forms called Potometers. 

276. Potometers.-By making the 
graduated tube in Fig. 59 very narrow, 
and sealing into the larger vessel a large 
and actively transpiring plant, we could 

measure with greater accuracy and convenience the passage 
of the water through the plant. This is the principle of the 
potometer, of which almost endless forms have been 
devised. 
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(a) A fairly good simple potometer may be made &S follows. Fit 
a wide-mouthed bottle with a rubber stopper having two holes; 
through one hole fit tightly the stem of a cut shoot or the stalk of 
a large leaf, and through the other hole one end of a twice bent 
narrow glass tube-the straight horizontal part of which should be 
at le&St 20 cm. long. The other end of this tube dips into a dish 
of water supported on two or more blocks of wood or other objects 
that can be slipped from under it when desired. Fill the bottle to 
the brim with boiled water, so that when the stopper (carrying the 
plant and t he glass tube) is forced into the neck enough water will 
pass into the narrow tube to fill it-ii not, fill the tube with water 
before forcing in the stopper, keeping the water from running out 
by placing a finger on 
the end. When about to 
take a reading, remoye 
the dish of water, let a 
shCJrtair-bubble entertbe 
open end of the tube, ancl 
time tho passage of the 
bubl..le a. long the tube. 

The obvious di sad van
tage of this makeshift 
potometer is the neces· 
~ity for taking out the 
plant-carrying stopper 
at the beginning of each 
experiment, in order to 
pour more water into 
the jar. See Appendix 
UL, Fig. ll8. 

(b) One of the best 
forms of potometer is 
that shown in Fig. 60. Fig. 80. - Ganong'• Potometer. 
In this instrument, be-
longing to Prof. Ganong's "Norma.I" set, e.nd supplied by the 
Bausch and Lomb Optice.l Company, the shoot chamber is me.de 
small, so the.t the water may quickly take the temperature of its 
surroundings e.nd not vitiate the readings by volume changes ; the 
record tube is horizontal, so e.s to prevent buoyant rise of the air
bubble used as the index of movement of the water. The record 
tube is calibrated e.s well as gre.dua.ted in c.c., so that transpira
tion may be determined absolutely as well e.s relatively ; and it has 
e. small lateral air-opening, readily closed by a sliding piece of 
rubber tubing. The reservoir of water, which can be used either 
to supply a reserve to the plant or to drive the air-bubble back to 
the starting-point, is connected with the rest of the apparatus by 
a stop-cook, and is me.de removable to permit the uso of the poto
meter with a supported bell-jar as shown in Fig. 61. 

To start Rn experiment, close the air-opening on the record tube, 
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fill the reservoir and the shoot-chamber with boiled-out water, out 
the shoot under water and fix it into the rubber stopper, -ling 
with soft wax; then pu.~h the stopper, with the lower end of the 
ahoot projecting, into the ohamber neok ; open the air-hole to let 
the reoord tube fill, close the atop-cook, and the apparatus is ready. 
Transpiration at once drawa upon the water, 80 that air enters the 
air-hole ; the bent end of the tube is then placed in a vial of boiled 
water, after an air-bubble baa been admitited to act as an indeL 
When the index bubble reachee the other end of the reoord tube, 
open the atop-oook 80 aa to drive the bubble back again. When no 
observation 1a being made, oloee the 1.ir-bole and open the stop-cock, 
when the plant will be supplied from the 1eservoir tube. 

277. :Potometer Experimenta.-The pot.ometer affords 
an extremely neat and effective method for demonstrating 
and m uring the rate of the transpiration current in the 

same pla.nt under different external 
conditions. In making compara
tive readings we may either ob
serve the di ta.nee travelled by the 
index bubble in a given time, or 
the time required for the bubble 
to travel a given distance. 

(a) The influence of varying 
external conditions m&y be deter
mined by simply carrying the 
potometer into different positions 
and taking readings, for instance, 
(1) in a warm position and in a. 
cool position; (2 ) in bright light, 
in diffuse light, in shade, and in 
darkness; (3) under a. bell-jar or 
glass-sided box with air dried by 
calcium chloride, or kept moist by 

Fig. e1.-0an.ong'1 Potometer, means of a. dish of water; (4) in 
f;::-1 In"' • auppon.ed Bell· still air a.nd in a draught. In each 

case allow a few minutes under 
the new conditions for adjustment to temperature, etc. 

(b) For more exact e.rperimenta the shoot should be pa.ased 
through a plate into a supported tubulated bell-jar, the glasa 
stopper of which is replaced by a rubber one carrying inlet and 
outle tubee {Fig. 61); a thermometer should be plaoed in the jar. 
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Jn this apparatus the external conditions may be varied one at 
a. time-(1) light, by shading in various ways; (2) humidity, by 
drawing air, by means of an aspirator, through calcium chloride 
U-tubes, or through wet sponge, into the chamber; (3) temperature, 
by drawing the air through a glass tube heated by a spirit or Bunsen 
fla.me, or cooled by ice or cold water. 

(c) Many of the transpiration experiments already given 
should be repeated with the potometer, and various others 
may be made. For instance, leaves of a shoot fitted into · 
a potometer should be smeared with wax and vaseline on 
their upper or lower surfaces or both, the effect of this 
treatment on the rate of the current being noted. To 
imitate the effect of a hairy covering, tie cotton-wool over 
the leaves with thread-vary the experiment by covering 
the upper surface, lower surface, or both surfaces-and 
note the slowing down of the current. The diminution of 
transpiration by the rolling-up of leaves-either temporary 
as in Psamma, or permanent as in Erica or Empetrum
may be demonstrated by rolling up each of the flat thin 
leaves of a shoot fixed in the potometer, to form a tube 
with the lower epidermis on the inside, and tying it 
with thread ; note the reduced rate of the transpiration 
current. 

278. "Boot Pressure."-Evaporation from the leaves 
will tend to suck up fresh supplies of water to replace that 
removed by the air in the form of vapour-this upward 
suction is easily proved. Is water also forced upwards by 
the root? It is not easy to test the individual absorbing 
root-hairs and rootlets, but we can ascertain the collective 
action of these organs as shown by the forcing of water 
upwards from root to stem. 

(a) The exudation of sap forced up by the root may be 
demonstrated as follows. Cut across the stem of a vigorous 
pot plant, at about 5 cm. above the soil. Over the stump 
slip a tight piece of strong rubber tubing, with about 2 cm. 
projecting, and into this insert a. tight cork with a. slender 
bent glass tube leading into a. graduated vessel containing 
some oil to prevent evaporation. Keep the soil watered, 
and measure the a.mount of water exuded. Suitable 
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plants for root-pressure experiments are Fuchsia, Begonia, 
Marguerite, Phaseolus. 

(b) A simple method of demonstrating exudation is the 
following. Cut across the stem of a. Phaseolus seedling, 
or a small pot plant, tie a bit of rubber tubing about 10 cm. 
long over the stump, and fill this with water coloured with 
red ink. Then insert in the rubber tube a capillary giass 
tube, and support · this horizontally-e.g. by means of 

a cleft stick placed in the soil. Pinch 
the rubber tubing so as to force some 
water out of the open end of the fine 
glass tube, and absorb it with blotting
paper; then release the rubber tube 
so that air is drawn into the glass 
tube. Watch the advance of the 
coloured water a.long the glass tube, 
from the open end of which it falls 
in drops. 

(c) That the sap exudes under 
pressure may be simply demonstrated 
by joining to the cut stump, by means 
of rubber tubing, a long straight glass 
tube of the same diameter as the 
stem, keeping this tube vertical by 
lashing it to a. stick placed in the soil 
or fixing it to a. retort-stand. Fill 
up the tube with water to a. point 
about 5 cm. above the rubber tubing, 

l'lg. d:!;;.!:~i::i:;"i~ marking the place with a file-scratch 
p,_ure. or a strip of gummed paper, and 

pour iu a little olive oil to prevent 
evaporation of the water. 

(d) In order to measure, roughly at any rate, the pressure ee~ 
up during exudation-that is, root-pressure-it i ~ necessary to use 
a manometer or pressure-gauge instead of an ordinary gla.ss tube. 
An excellent fo rm of manometer, supplied by the Bausch and Lomb 
Optical Company, is ~hown in Fig. 62. 

Clean and dry the gange with alcohol ; hold it vertically with the 
shorter limb in boiled (air-Cree) water ; through a piece of thick 
rubber tubing •lipped over the end of the long limb pour mercury 
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until it fill!! the gauge from end to end ; air is then admitted above 
and the mercury allowed to find its natural level ; then put the 
rubber tubing on a.gain, with a. clip at its free end, and J>inoh it 
below the clip, at once releasing it so that the air column 111 forced 
down round the bend to the bulb and allowed to spring ba.ok, when 
a. pa.rt of the mercury will be forced out and repla.o8d by water, 
which should fill rather less than half of the bulb; then remove the 
clipped tubing, seal the end of the gla.ss tube with a. drop of hot 
shellac applied with a. knife, and stand the gauge in the water for 
two hours to let the plug of sbella.c harden. 

Join the short limb to the out stem stump by me&DB of thick 
rubber tubing and wire or string, and note the exact height of the 
mercury column at the beginnin§ of the experiment. The presaure 
developed is ca.loul&ted by Boyle 1 Law. 

279. :Escape of Liquicl Watu from Leana.-Thia prooeaa 
of "guttation " is shown commonly by plants on a cool evening 
following a. hot day. When the atoms.ta close at night, water is 
still absorbed by the roots-in this way 
a. plant that had become somewhat -
wilted on a. hot day recovers its tur· 
gidity at night, and drops of water may 
be forced out of the leaves, usually 
through . specie.I non-motile stoma.ta. 
(water-pores) on the edges of the leaves. 
In Grasses the water escapes between 
the ridges on the upper side of the leaf, 
and in seedlings at any rate from the 
tip of the_lea.f. 

(l) Cover various growing plants with 
a. bell-jar overnight, and look for water- GLANos- • 
drops excreted by the water-stoma.tea. 
The plants should be growing in pots, 
and the following will usually give good WATER -- He 
results :-Fuchsia., Tropa.eolum, London 
Pride (a Saxifrage, with chalk-glands). 
In a. cut twig of Cherry, set in water 
and kept under a bell-jar, drops of water 
are seen oozing from the glands on the Fig. 63.-Mode ot demonstratr 
leaf -stalk. ing the Excretion of Flnld 

(2) Cover seedlings of Wheat or Maize Water from 1-•ea. 
with a bell-jar, and note the excretion 
of water from the tips of the young leaves. 

(3) Fix a. cut piece of a Fuchsia. into the short limb of a. J-tube, aa 
shown in Fig. 63. Pour some water into the tube and then pour 
in mercury. Drops ol water a.re ea.used to eaca.pe from the " wa.ter
gla.nds" on the teeth of the leaf-margin. A water-gland is a 111&811 

of tissue on the end of a vein, communicating with the water
atomatee on the le&f-teeth. 
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280. Boot Absorption: Corrosive Action of Boots. 
-It is readily shown that roots are able to bring into solu
tion substances which are insoluble in pure water, that 
roots have an acid reaction, and that they at any rate give 
out carbon dioride which dissolves in water to form 
carbonic acid. 

(1) Half fill a small flower-pot with wet sand or fine 
soil, insert a flat slab of marble with the upper surface 
polished ; fill up the pot with sand, and plant a. soaked 
Bean or other seed so that when the roots reach the 
marble they will grow over it horizontally. After a.bout 
ten days, remove the marble, rinse it with water, a.nd note 
the lines of corrosion where the root and its branches have 
removed the polish from the surface. 

(2) Grow seedlings with their roots resting on blue lit
mus paper wetted with distilled water, and note the change 
in colour where the roots touch the pa.per. Another plan 
is to use gelatine solution (1 part sheet gelatine to 5 pa.rte 
water) coloured with litmus solution ma.de blue with lime
wa.ter. Place some of this gelatine in a. saucer, set in it 
some germinated Peas or Beans with ra.dicle 3 to 6 cm. 
long, a.nd note the change in colour (blue to red) of the 
gelatine a.round the roots. Or place the gelatine in the 
tube of a. funnel stoppered with a. small cork, support 
the funnel, insert a Pea seedling with its roots in the gela
tine, a.dd cotton soaked in distilled water to keep the seed 
moist and cover the funnel with a gla.es sheet. 

(3) To show that roots give out carbon dioride, which 
on being dissolved in water yields acid, grow seedlings for 
a short time with their roots dipping into lime.-water; set 
up a control experiment with a. J&.r containing lime-water 
but no plant. 

281. Boot Absorption: de SauHure's Law.-The roote of a 
plant plaoed in solutions of aalte do not neceBS&rily abeorb the water 
and the salt in the same proportion. This is called de Sau88ure's 
Law, though he only observed the special C&Be in which the root was 
placed in a relatively strong solution and absorbed leas than the due 
proportion of the aalt and more than that of the water. 

(1) Plaoe any root.ed plan~. g. a M&ir.e seedling r&iaed in oulture 
eolution - for a day in diatilled water, &nd then tranafer it to a jar 
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containing O·l per cent. solution of potassium chloride in distilled 
water. After several days (about 6) meaeure the volume of solution 
left in the jar, then evaporate it to drynesa and wei!!h the residue 
of salt; or analyse it volumetrically by titration with decinormal 
silver nitrate, using potassium chromate as indicator. Calculate 
the proportion of salt left in the solution, and note that it is about 
twice as great ae in the original solution. 

(2) Pull up and rinse in water three similar Bean seedlings germi· 
nated in moist eawdust. Get ready three small jars, each holding 
about 120 o.o. ; into each pour 60 o.o. of water, gum a strip of paper 
at the water level, throw the water out, then fit each jar with a bored 
cork, and into the hole pass a seedling. Into A pour 100 o.o. of 
0-25 per cent. solution of potassium nitrate in distilled water; into 
B, 100 o.o. of 0 ·05 per cent. solution; into 0, 100 o.o. of 0-<>'25 per 
cent. solution. Place the three jars in the light, and in each case when 
the level of the solution falls to the 50 o.o. mark, take out the 
plant, rinse it.a root in a little distilled water, and add this wster 
to the solution ; then pour the solution into a weighed evaporating 
dish or a flask, boil to dryness, and weigh again. From the data 
thus gained, we find that the p!&nt absorbs from the 0-25 per cent. 
solution re!&tively much water and little salt, the solution left 
being more concentrated than that originally offered to the root. On 
the other hand, with weaker solutions the plant absorbs relatively 
more salt than water, so that the remaining portion of the solution 
is more dilute than that originally present. 



CHAPTER VII. 

MOVEMENT IN PLANTS. 

I. PBOTOTROPISM (HELIOTROPISM). 

282. Positive Phototropism.-A familiar example of 
tropistic movement is the turning of shoots towards the 
light, as shown by plants growing near a window. Ordi
nary erect ( orthotropic) shoots grow towards the source 
of unilateral illumination, the stem tending to place its 
axis parallel with the direction of the light (positive photo
tropism), while the leaves place their surfaces at right angles 
to it (diaphototropism). 

(a) Grow seedlings of Bean, Wheat, Sunflower, etc., in 
darkness : the shoots are erect. Now place them in front 
of a window, or in some other position where the light 
falls on them mainly from one side, and note the changed 
direction of growth of the shoots. When marked curva
ture has taken place, turn the seedlings round again, 
through 180°, and note the result. 

(b) Place in each compartment of a. phototropic or dark 
chamber a pot plant, or some seedlings, or a cut shoot in 
a bottle of water. Make one compartment light-tight, 
but allow light to enter the other through a slit in the side. 
Try various plants. A very rapid reaction is given by 
seedlings of Tare (Vetch) and of various Grasses (especi
ally Millet, Italian Millet, and Canary Grass) that have 
been germinated in darkness ; Phaseolus shoots are less 
sensitive, while cut young shoots of Elder, etc., react rather 
1lowly. 

234 



MOVEMENT IN PLANTS. 235 

283. Dark Chamber for Phototropism Ezperi
ments.-Make a" phototropic chamber," large enough to 
contain pot plants. 

(a) Get a box of wood or stout cardboard, with one 
side open ; the size should be about 40 X 40 x 20 cm. 
Insert a vertical partition to divide the box into two equal 
compartments (each 20 cm. square and 40 cm. high); 
paint the whole of the inside black. The amount and 
direction of the light falling on the plants can be further 
regulated by placing over the open side a sheet of white 
paper (for .diffuse light), or a sheet of black paper or 
cloth or card with a vertical slit cut out of it. 

(b) For various experiments, all that is required is a 
cardboard box painted black inside and with a vertical slit 
cut in one side (the side which is to face the light). Set 
the pot of seedlings on a plate or shallow box of wet sand, 
and let the rim of the dark-box rest on the sand so as to 
exclude light from below. 

284. Region of Phototropic Curvature.-Grow Bean 
seedlings in darkness: when the epicotyl is 4 or 5 cm. long 
mark it with ink lines at intervals of 5 mm., starting from 
the apex. Expose to one-sided light, and note that the cur
vature takes place in the actively growing upper region. 

285. Curvature a.nd Turgidity.-Cut off the plumules 
of (.A ) a few Bean seedlings that have been exposed to 
one-sided light only until the plumule has bent slightly, 
(B) similar seedlings exposed for 24 hours. Put the two 
lots in strong (15 or 20 per cent.} salt solution, in two 
saucers. In .A the curvature is diminished by plasmoly
sis, because the difference in osmotic pressure between the 
convex and concave sides has not yet been completely fixed 
by growth ; in B the curvature is not affected by plasmo
lysis, since it has now become fixed by growth. 

286. Transmission of Stimulus.-Germinate seeds 
of Wheat or Oats in darkness, in pots filled to the rim 
with soil. When the shoots are about 2 cm. long expose 
them to one-sided light. Examine them at frequent 
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intervals, and not.e that the curvature begins at the tip a.nd 
proceeds downwards; the upper region, as it continues to 
lean forwards, becomes straightened; eventually (usually 
after about six hours) the curvature is found at the base, 
with which the upper part of the shoot forms an angle 
of 60 to 90°. 

28'7. Perception of Stimulus.-Take a number of Oat 
seedlings, germinated in darkness until the shoot is 2 to 
3 cm. long. Model on the tapering point of a lead-pencil 
a µumber of small conical caps of tinfoil, about 5 mm. long 
and just large enough to fit closely over the tip of the 
young shoot. Note that the curvature begins at the top 
of the Ull11haded part, proceeding downwards more slowly 
than when the whole seedling is illuminated, and remains 
comparatively fiat (10° to 40°). This experiment should 
be made simultaneously with the preceding one; in both 
cases fill the pot with soil right to the rim. to prevent any 
shading of the shoot when placed in the chamber with light 
entering by the lateral slit. 

Seedlings of Millet (Sorghum) and Italian Millet (Set.aria 
italica) ai-e more sensitive than Oat seedlings, and should 
be used for various experiments on phototropism. 

288. Perception and Transm.ission.-Grow Oat or 
Wheat seedlings in darkness, in pots not quite filled with 
soil (to within, say, 2 cm. from the rim). When the shoot 
is about l ·5 cm. long, cover the seedling with sand or fine 
soil so that it is almost buried, with only 2 or 3 mm. of 
the tip projecting. Expose to one-sided illumination, and 
note the result. No light can enter the soil (beyond a. 
depth of perhaps 2 or 3 mm.), yet the basal part of the 
shoot curves ; evidently the heliotropic stimulus has been 
transmitted to this part from the exposed tip. 

289. ll'egative Phototropism may be demonstrated 
in the roots of some plants. Sow a few Mustard seeds on 
muslin tied over three tumblers of water. Set the tumblers 
in da.rl."lless : the shoots grow straight upwards, the roots 
straight downwards. When the seedlings a.re well grown, 
keep one set (.A) in darkness; put B in a position where 
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it will get the light evenly all round; put 0 in a chamber 
so that it ~ts light only from one side, through a vertical 
slit. After a few days note the directions of growth of 
roots and shoots in the three cases. 

290. In11.uence of Light Intensity on Nature of 
B.esponse.-That the same organ may differ in its helio
tropic response according to the intensity of the light may 
be shown as follows. Get ready three pots of darkness
grown Mustard seedlings, each covered by a cardboard 
chamber with a vertical slit in one side. Place A at a dis
tance of several yards from a window ; place B close to a 
window but in diffuse light ; expose 0 to direct sunlight, 
turning the cover from time to time so that direet sunlight 
shall enter the slit. After several days compare the three 
sets of seedlings. Both A and B curve towards the light, 
while 0 (exposed to strong sunlight) shows little or no 
curvature. If very strong light from a lantern is focussed 
(passing through a layer of alum solution to minimise the 
bee.ting effect) on a seedling, the shoot will show negative 
beliotropic curvature. If Cress or Mustard seedlings a.re 
planted in a row in a pot or box, which is placed at an 
angle of 45° to the beam from the lantern, so that one 
seedling stands nearest the focus of the lens and the rest 
are more and more remote from it, the seedling nearest the 
focus undergoes negative curvature, the next ones remain 
straight, and the farthest ones show positive curvature. 

291. Diaheliotropism is readily demonstrated. Dig 
up a White Dead Nettle plant, set it erect in a pot, and 
tie the stem firmly to a vertical stick so that it cannot 
curve. Set the plant nea.r a window, plaeed so that one 
row of leaves faces the window, i .e. if the window faces 
north, the four rows of leaves will face N., S., E., W. 
After a day or two note the positions assumed by the 
leaves in the four rows. In the N. and S. rows the petiole 
simply curves--downwards in the former case, upwards in 
the latter. In the E. and W. rows, however, the petiole 
undergoes twisting, in order to bring the leaf blade into 
the right position. 
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II. GEOt'BOPl . 

292. Geotropism of Boot and Shoot.-Grow .Bean 
seedlings in a gla.ss-sided box ( § 170). When the root 
ha.s produced a number of side roots, mn.rk on the glas 
the positions of a few of th se, a.l o of the main root. 
Then tilt th box up a.t a.n angle of 45° and fix it in tbi 
position, setting it in darkn s. From da.y to da.y note 
the chan~ in the direction of growth of (1) the main root, 
(2) the de roo (3) the shoo . 

293. " Koist Chambers" for Geotropism Experi-
menta.-Varioua other simple me hoda may be u to 
demonstrate the funda.ment.a.l f&cts of geotropism, usin 
seedlings. For appa.ra.tus all tha.t i need i a receptacle 
in which the seedlings are given a supply oi water, 

tura.t.ed air, and aeration daily ; th apparatus hould 
be eet in the dark:, to eliminate th inftu ce of light on 
the direction of growth. 

(11) For sm.all seeds. e.g. ea pl&oe between o 
heats of sheet of we bl ttin -paper; pllt the 

seeds between paper and glass, in different positions; put 
addition.al bits of paper a.t the comers to prevent too great 
pressure on the seed , and clamp the gla and papers 
together with clips. When the seedlings ha.ve grown. tilt 
the appa.ra.tus up at different anglea, and note the direc
tions of growth of the roots. 

(b) Pin Bean seedlings, with root horizontal, to the 
underside of the cork of a. glass j r containing some water ; 
or pin them to the upper side of cork, t in a sa.ucer f 
water, co ering all with a. bell-gl 

(c) I.n.sread of a glass-sided box, g 
filled with mois wdust or sph um 
a bottle or jar, being p ted to he 
in the funnel ; or a germination J r ( 1 9) ma.y be 

294. Begion of Geotropic Curvature in Boot.
Take some Bean seedlings with root.a bout 5 cm. l ng, 

nd mark tb root of each ith tran v Indian-ink 
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lines 2 mm. apart, starting from the tip. Place the 
seedlings horizontally in a moist chamber or glass-sided 
box, and after a day or two measure the distances between 
the marks, the root having curved downwards. The 
region of greatest curvature corresponds to that of greatest 
growth in length; the curvature first becomes evident in 
the second zone from the tip, appearing later in the zones 
farther back, and the most active curvature is usually in 
the third zone. 

295. Oxygen necessary for Geotropic Curvature.
( a) Take several Bean seedlings with roots 3 or 4 cm. 
long, and pin them, with the radicles vertical, to the lower 
sides of the corks of two jars (.A, B), using long pins. 
Fill .A. with water, and push the cork in tightly; put a 
little water in B, to keep the air moist, and cork loosely 
or leave open ; then place each jar on its side, so that the 
roots lie horizontally, and prop them in this position. 
The roots in A make no curvature, or very little, owing to 
lack of oxygen ; those in B make the usual downward 
curvature. 

(b) Pin in a number of seedlings horizontally to a strip 
of wood, set the strip vertical in a bottle half filled with 
water that has been boiled and cooled, so that half of the 
seedlings are in the water and the rest above it, and put 
wet cotton-wool above the mouth of the jar on either side 
of the strip of wood. In the lower (submerged) seedlings, 
the roots continue to grow horizontally, but in those a!J?ve 
the water and therefore in damp air the roots soon curve 
downwards. 

296. Eff'ect of Removal of Root-tip.-(a) Take twelve Bean 
seedlings with roots 2 to 3 cm. long, and mark each root with a 
transverse Indian-ink line at l ·5 cm. from the tip. Amputate the 
tips of the roots in all except three of the seedlings by making a 
transverse cut with a razor ; from three of the roots remove 1 mm. , 
from other three roots remove 2 mm., and from the remaining three 
roots remove 3 mm. Lay the twelve seedlings in moist sawdust 
or sphagnum, with the roots horizontal. Note that the three intact 
roots grow more actively than the nine amputated roots, and make 
the normal downward curvature. If the decapitated roots make 
curvatures, these will be in various directions-sideways or even 
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upwards more often than downwards. Hence the removal of the 
root-tip at any rate interferes with the normal downward geotropic 
curvature. 

(b) The preceding experiment is not conclusive, but it suggests 
further simple experiments. Take twelve Bean seedlings with roots 
about 2 cm. long, and lay them horizontally in moist sawdust or 
sphagnum. After an hour, leave two of the seedlings undisturbed 
(A); tum two of them round so that the root points vertically 
downwards (B); remove the others (CJ and out off their root-tips 
(at 2 mm. from apex), then place them vertically. In A the root 
curves downwards ; in both B and 0 the root curves sideways 
(towards the side that was downwards while the root was laid 
horizontally). These results show that ( l) the root on being shifted 
from the horizontal to the vertical position proceeds at first to carry 
out the curvature induced in it while it was horizontal ; (2) re
moval of the root-tip makes no difference to the carrying-out of this 
induced curvature. 

297. A.pogeotropism.-The apogeotropic (negatively 
geotropic) curvature of the shoot will have been noticed 
in the preceding experiments, as contrasted with the 
positively geotropic curvature of the radicle of seedlings . . 
It may be demonstrated in various ways. (1) Lay a pot 
of seedlings, or a potted plant, on its side; or invert the 
pot, after securing the soil from falling out. (2) Fix a 
cut shoot in the split or bored cork of a bottle or test-tube 
filled with water and laid horizontally. (3) Fix a shoot 
into a sloping bank of wet sand in a box ; one end of the 
box may be replaced by a glass sheet, so that the changes 
in position of the shoot may be readily traced on the glass. 

298. B.egion of Geotropic Curvature in Stem.
Mark the epicotyl of a Bean seedling, or the hypocotyl of 
a Sunflower or Castor Oil seedling, at intervals of 10 mm., 
starting from the tip. After twelve hours of horizontality, 
note the form of the curved stem, and measure the 
distances between the marks. The strongest curvature 
takes place in the region of greatest growth. Later, 
however, when the stem has become erect, the greatest 
curvature is at the base of the growing region, and it 
continues until the upper part of the stem is carried 
beyond the vertical, to whicli it returns at a st_ill later 
stage. 
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299. Apogeotropism in Grass "ll'odes."-In the 
stems of most plants the power of apogeotropic curvature 
is confined to the uppermost internodes, but in Grasses 
the tissue in the swollen "nodes" (really the swollen 
bases of the leaf-sheaths) remains capable of growth
curvature for a long time, after the internodes have 
become mature and rigid. Cut from the flowering stem 
of Rye, Barley, or other Cereal or Grass, a number of 
pieces about 10 cm. long, each with a "node" at the 
middle, and set them in order side by side, horizontally, 
in the sand box. After a. day note that the pieces have 
curved upwards, the younger pieces curving more 
vigorously than the older ones. The free internode a.hove 
the node remains straight; curvature is confined to the 
node itself. 

300. Measurement of Curvature (Grass "Nodes"). 
-Cut a piece of Grass stem with a. node, a.nd mark the 
latter on two opposite sides with a.n ink line or dot at 
each end of the node, measuring the distance between 
the twQ marks (sa.y 2 to 3 mm.) . Stick the piece hori
zontally, so that one of the marked sides is above and the 
other below. After a day, when the node has bent, 
measure again, and note that the lower side of the node 
has grown greatly in length, while the upper side has 
shortened. 

301. "After-eft'ect."-(1) Fit a Bean-shoot into a 
bottle or tube of water, using a. bored or split cork and 
sealing with plasticine, and let the shoot project hori
zontally. Stick a. pin or needle into the free end of the 
shoot and set up beside it a foot-rule ; note the position 
of the index-pin on the scale. After half an hour (the 
shoot will have made little or no upward movement in that 
time) turn the bottle round through 180°, ta.king care to 
keep the free end at the same point on the scale. The 
shoot soon begins to curve downwards, then it comes to 
rest, and finally it curves upwards-showing that there is 
an interval between (1) the perception of the stimulus and 
(2) the visible response made by the shoot. 

p B. 16 
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(2) What happens if a shoot, laid horizontally, is fixed 
so that it cannot curve upwards? Lay a. few Bean seed
lings on moist sawdust and keep the shoots down with a 
piece of thick glass, or fix them to a sheet of cork by 
means of crossed pins, and set them in moist air for about 
six hours. Then remove the glass or the pins : the shoot 
will quickly bend upwards. How can you explain this 
result? 

302. Diageotropism and Exotropism of Bootlets.
As seen in § 292, lateral roots of the first order take up 
a. definite angle-a. few degrees below the horizontal 
position-to which they return when the plant is tilted. 
The rootlets of the second and higher orders grow in 
various directions ; instead of being geotropic they are 
exotropic, tending to grow a.way from their parent 
root. 

(a) Instead of tilting up the glass-sided box through 
45°, turn it upside down, after tying cloth or wire-gauze 
over the soil (or in any other way preventing it from 
falling out) ; note that the secondary roots grow downwards 
until they have reached their original angle below the 
horizon. After two or three days, turn the box round into 
its original position, and note the further curvature made_ 
by these roots in order to resume their original direction 
of growth, thus becoming $-shaped. 

(b) Grow a Bean seedling in the glass-sided box until 
it has a well-developed root system with diageotropic 
secondary roots and exotropic tertia.ry roots. Then cut 
o:II the terminal portion of the primary root, at from 
2 to 4 cm. behind the tip. Note that (a) one of the 
young seconda.ry roots curves downwards a.nd behaves 
like the prima.ry root-forming a new "tap-root" or 
" leader " ; (b) the branches borne by this " promoted " 
root a.re dia.geot ropic instead of exotropic, and these in 
turn bear exotropic rootlets. 

303. Diageotropism in Stem Branches.-Ta.ke four 
potted plants of any kind, which have several lateral 
branches. In each case note the positions of the branches 
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with reference to the st;em, and tie the s!;em to a vertical 
stick. Place the plants in darkness, A laid horizontally, 
B a.t an angle of 4.5° a.hove the horizon, 0 a.t 45° below 
the horizon, and IJ upside down. After several days note 
any changes in the direction of growth of the branches. 

304. Diageotropism in Leaves.-Tie the stem of a. 
potted plant to a. vertical stick, secure the soil against 
falling out, invert the pot, and keep the plant in darkness 
for several days". Note how the leaves move into the 
normal position; the petiole or base of the leaf-blade 
usually curves so as to turn the tip of the blade towards 
the stem, but this inward curvature is followed by a. twist
ing movement-if the petiole is very s.hort or absent, only 
the twisting movement (geo-torsion) occurs. 

305. Diageotropism and other Orientation Move
ments in Flowers.-(a) Take four specimens of a single
flowered Narcissus in which the perianth tube is horizontal 
and at right angles to the flowering stem. Cut off ea.eh 
flowering st;em a. few inches below the flower, and stick it 
through the bored cork of a. test-tube filled with water. 
Fix the four tubes so tha.t the perianth-tube of A faces 
vertically downwards; that of B a.t 45° above the horizon; 
that of 0 45° below the horizon ; that of D vertically 
upwards. In which of the four does the flower-stalk 
curve so as to bring the peria.uth-tube into the horizontal 
position? 

(b) Bend down the inflorescence of Monkshood (the 
plant should be dug up and placed in a. flower-pot, set in 
darkness during the experiment) so that the terminal 
portion with its flower-buds points vertically downwards, 
and secure it in this position. Note that the stalk of each 
flower curves upwards so as to bring the hood-sepal once 
more uppermost. But this bending movement ea.uses the 
flower to face the axis of the inflorescence, and the flower
sta.lk now undergoes torsion so that the flower comes to 
face outwards. The first movement (bendingj is geotropic, 
but the second (twisting) is evidently autonomous. 
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( c) The labellum of Orchis is posterior, but by torsion 
of the ovary during the unfolding of the bud it is brought 
to the anterior position. That this torsion is induced by 
gravitation is shown by the fact that if the plant is rotated 
on a clinostat (§ 306) the flower opens in the " inverted" 
position. The torsion ca.n also be prevented by the follo wing 
method. Cut off the flowering stem of Orchis, and bend 
down the inflorescence so that it points vertically down
wa.rds : the young flowers do not undergo torsion. 

III. CLINOBTAT EXPE RIMENTS. 

306. The Clinostat (or Xlinosta.t), a. most important 
instrument in the study of geotropism and phototropism, 
consists essentially of a driving mechanism which ea.uses 

Fis- M.-Clinoat&t, in 
Tertical pogitioo aa 
Ud9d for experiment.a 
on Pholotropiam. 

the rotation of a rod (a.ris, or spindle) 
carrying a plant-holder. In the simpler 
forms the driving mechanism consists 
of a. clock, and the plant-holder is a 
disk to which may be attached a small 
pot or a wire cage, or some other ar
rangement in which the plant is con
tained or to which it can be fixed. The 
rotating rod may be either placed hori
zontally (plane of rotation vertical) or 
vertically (plane of rotation horizontal), 
or in an inclined position. The ordi
nary form of clinosta.t gives contmuous 
rotation, but for some purposes an 
intermittent clinosta.t is used. 

By means of the clinostat we ca.n 
eliminate the influence of either gravi
tation or lateral illumination, or both, 
thus preventing geotropic or heliotro
pic curvatures. If the axis is vertical 
(Fig. 64), the effect is to remove the 

directive influence of light; if it is horizontal (Fig. 65), 
the directive action of gravity is eliminated. In the 
horizontal position. the clinosta.t may be used for both 
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purposes simultaneously ; if the a.xis is parallel ~th . the 
light rays, the plant (also horizontal) is subject to light 

Fig. M.-Clinoetai, supported in horizontal poaition. 

stimulation but not to gravity stimulation; if the axis is 
at right angles to the light rays, the plant will show 
neither geotropic nor heliotropic curvature. See also 
Appendix III., Fig. 119. 

30'7. Elimination of Phototropism.-Germina.te seeds 
(e.g . Cress, Mustard, Sunflower) in two small pots (A, B) 
in darkness. When the erect shoots a.re 2 or 3 cm. long, 
wind up the clinostat a.nd place it, with the a.xis vertical, 
in a. dark box (heliotropic chamber) with the opep.ing 
facing the window. Fix A to the plant-holder, so tha.t the 
seedlings will be carried round in a horizontal plane ; 
place B in the box beside the clinostat. In a. few hours 
the seedlings in B will show a. marked curvature towards 
the light, while those in A will be growing quite erect 
and continue to grow erect so long a.a th~y a.re rotated. 

308. Elimination of Geotropism in Shoots.-Place 
the clinostat horizontal, and fix the plant-pot horizontally 
so that the seedlings will be rotated in a vertical plane. 
To prevent heliotropic curvature, cover the whole with a. 
box, or put it in a. da.rk room. As long a.s the clinosta.t is 
going, the shoots will grow straight forwards horizontally, 
but if the clock is allowed to stop the shoots will soon 
curve upwards. 



MOVEMENT IN PLANTS. 

309. Elimination of Geotropism in B.oots.- 'l'o one 
side of a. flat circular cork (A) fix several Bean or Pea. 
seedlings in different positions, with two pins through 
each seed to keep it in place ; between the seeds pin to the 
cork pieces of wet cotton-wool, some of which project 
beyond the margin of the cork. Prepare a. second cork 
(13) in the same way, "'.ith the same number of seedlings 
fixed in as nearly as possible the same positions. With 
the clinosta.t axis horizontal, fasten A to the holder so that 
it is vertical; set a dish of water below, so that the pro
jecting bits of cotton-wool will dip into the water a.s the 
cork revolves. Set the cork B vertical so that it also dips 
into water; some a.t least of the radicles should lie 
horizontally. 

After a day or two, note that the radicles of the seed
lings on the fixed cork a.re growing downwards, curving 
where necessary to do this ; but the radicles of the seed
lings on the clinostat simply grow straight on and under
go no· curvature, so that they still point in different 
directions. 

310. Elimination of Geotropism and Phototro
pism.-Place the clinostat so that the axis is parallel to the 
plane of the window, and fix a pot of seedlings horizontally 
to the holder. After a. day or two not.a that the shoots do 
not curve, but grow quite straight--:in this position the 
effects of both gravitation and light on the ·shoots are 
eliminated. 

311. "B.ectipetality."-Fix a pot of darkness·grown seedlings 
to the clinostat, pl&ced horizontally and set in a dark chamber. 
Do not start the clock until the seedlings ha.ve remained horizontal 
long enough to show a distinct apogeotropio curvature ; then start 
it, and after a day or so note that the curvature ha.a disappeared 
owing to autotropisni (reotipetality). 

3UI. Reaction Time and Presentation Time.-The time 
during which a root or shoot must be kept horizontal until bending 
begins is called the (geotropic) reaction time; determine this for 
the radicles and shoots of several seedlings-in the Bean radicle it 
io about 80 minutes. 
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If a plant is laid horizontally for a time, and then removed from 
the l(OOtropio stimulus by being rotated on a olinostat, whether or 
not 1t will make an "after-effect" curvature depends upon the 
period during which it was horizontal; determine for various seed
lings thia preaentation time, or minimum period of horizontality 
sufficient to produce a reaction-in the Bean radiole it is about 
20 minutes, in the Bean plumule about 7 minutes. But this l;loea 
not mean that the root or shoot requires eo Jong a period to perulve 
the stimulus; experiment.a with the intermittent clinostat show that 
perception time is ao abort as to be practically instantaneous. It 
would obviously be disadvantageous if the plant were to respond to 
every momentary stimulus it might receive in nature_ 

IV. HYDROTROPISM. 

313. Hydrotropism.-The following experiments de
monstrate the positively hydrotropic curvature of roots 
towards the moister part of the soil, showing tha.t if the 
moisture of the soil is not evenly distributed the root will 
turn a.side from its normal downward vertical course. 

(a) Grow seeds of Pea., Sunflower, etc., in wet sawdust 
in a sieve, or in a box with the bottom replaced by wire 
gauze, and hang the sieve or box in an oblique position or 
tilt it by putting a support under one end. The roots 
grow down through the gauze into the air, but they soon 
curve and grow upwards again into the wet sawdust-this 
may be repeated several times, so that the roots become 
threaded through the meshes. 

(b) Take two glass jars or tumblers or beakers. Place 
some water in A (about a quarter full); keep B dry, and 
in it place some calcium chloride (to keep the air dry). 
Tie over each ~ piece of coarse muslin, on the muslin place 
wet sawdust or sphagnum, with some seeds (Sunflower, 
Mustard, etc.), and cover all with a large jar or bell-glass. 
In .A the roots on emerging from the muslin do not grow 
back into the wet sawdust (as they do in B), but grow 
down into the moist air. 

(c) Fill with water a porous pot, of the kind used in 
electric batteries, a.nd securely cork it. Soak a strip of 
flannel in water, a.nd tie it lengthwise over the pot, putting 
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a number of soaked seeds (e.g . Sunflower) between the 
cloth and the surface of the pot. Hang the pot up 
horizontally by means of two loops of string, in such a 
way that the zone of seeds is horizontal. After a few 
days note that the roots grow down and follow the curved 
surface of the pot, instead of leaving it in order to grow 
vertically downwards. If the porous pot is suspended in a 
vessel containing some water, however, the roots grow 
vertically downwards, instead of following the curved 
surface of the pot. 

( d) In the middle of a box of not too wet soil place a. 
flower-pot, first plugging the hole in the bottom by a cork. 
Put some soaked seeds in the soil around the pot, but do 
not water the soil; pour water into the pot, however, and 
fill it up daily as the water evaporates. After a few days 
remove a seedling carefully, and note that its root has 
curved towards the pot of water. 

V. EXPERIMENTS WITH TWINING STEMS. 

314. Material for Study.-Many experiments on 
twining can be made with the Scarlet Runner, but other 
twiners should also be used, e.g. Hop, Convolvulus; potted 
plants are required for most of the experiments. 

Sow Runner seeds in pots of garden soil; as the seed
lings grow up, leave only the strongest one in each pot. 
Note that the first few internodes of the stem grow erect 
and firm, but the later ones begin to bend so that the tip 
of the shoot nods to one side and becomes horizontal or 
even directed a little downwards. Get rea.dy several vigor
ously growing plants. 

315. Revolving Movement of Stem Tip.-Take a 
plant in which the upper part of the shoot bangs over for 
a few inches. Tie the lower part of the stem to a stick 
placed in the soil, set the pot on a sheet of paper and 
record the position of the tip of the shoot. 

This may be done in several ways :-{ 1) by drawing lines 
on the paper radiating from the centre of the pot, so as~ 
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show the direction in which the stem-tip points; (2) by using 
a. plamb-line (a string with a. weight tied at one end) and 
marking the spot on the paper below the stem-tip; (3) by 
fixing a sheet of glass above the plant and marking on it 
the position of the stem-tip. Whichever plan is used, 

" JI 
Fig. 911.- Twining Plan ta: I. , Oon>'olTUlua; U. , Hop. 

record the time when each observation is made, and find 
out how long it takes for the stem-tip to swing round 
through a. complete circle. In which direction does the 
shoot revolve-with the hands of a cluck 1 or in the 
opposite direction ? 

318. Influence of Temperature on B.a.te of B.evolu
tion.-Compare the times taken by the same plant to 
make a complete revolution when kept first in a warm 

1 The terms "with the sun " and "against the sun " are some
times used instead of "clockwise" and "anti·olookwise." The 
plant (placed bttween sun and observer) points eucceasively to 
Ea.at, South, and West in revolving "with the sun"; this OCCllI'll in 
the Hop (Fig. 66, n . ) and Honeysuckle. The plant points succes
sively to West, South, and East in going "against the sun," i.e. 
in the anti-clockwise direction ; this OCCllI'll in moet olimLera, e.g. 
Scarlet Runner, Convolvulua. 
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pla.ce and then in a. cold place, or mce versa. At 83° C. a 
Runner plant revolved in 2 hours 20 minutes, while a.t 
24° C. the pla.nt took 3 hours 25 minutes to revolve. 

317. In1luence of Light Direction on Bate of KoTement.
Place the plant near a window, so that the plane of curvature of the 
upper part is at right angles to that of the window, and the shoot 
tip faces you. Note that the movement towards the light (the 
first half of the revolution) is more rapid than that away from the 
light {the seoond half of the revolution). 

318. :&evolution causes Twisting of Stem.-Ma.rk 
an ink line along the convex side of the stem, and watch 
wha.t happens durjng a revolution; place the plant as in 
the preceding experiment. If the shoot tip faces north to 
begin with, at qua.rter revolution it will face west and the 
ink line will be on the left side of the stem ; therefore the 
zone of most active growth (indicated by the convex side) 
has shifted 90° to the right, while the stem tip has 
described a horizontal a.re of 90° to the left. At half 
revolution, the line will be on the concave side of the stem, 
and so on until, when the revolution is complete, it regains 
its original position, and has then described a. spiral. 

319. Tightening of Coils around Support.-Pla.ce a 
vertical stick nea.r the plant in one of the pots. Note that 
the revolving stem on touching the stick begins to revolve 
in a narrower circle, twining round the stick. La.ter, the 
coils become more closely a.pplied to the stick, also 
becoming steeper. The twining stem continues to grow 
for some time a.fter coiling ; it cannot stra.ighten itself 
completely, beca.use of the support which stands in the 
way, but this growth tightens the clasp of the stem on the 
support. 

320. Pree Coiling of Stem-tip.-Examine a vigorous 
Runner plant growing in the open, and note that the shoot 
tips which happen to project beyond the support do not 
show distinct spiral coils. Cut off several of these free 
tips, about 5 cm. long, as nearly straight a.s possible, and 
set each in a. test-tube of water, placing the tubes in a 
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moist chamber of some kind so that the air about the cut 
shoots is kept saturated. Keep some of the cut shoots in 
darkness, others in the light. After two or three days, 
note that in both cases the shoot has made several free 
spirals, the lower (older) being stee~r than the upper 
(younger). In vigorously growing mtact plants these 
coils would have become more or less completely smoothed 
out owing to growth after coiling, but in cut shoots the 
coils persist because the vigour of the plant is greatly 
reduced. 

321. Influence of '.rhickneBB of Support.-Place 
supports of different thicknesses beside different Runner 
plants in separate pots. All except the thinnest supports 
can be made by rolling paper or cardboard into tubes and 
tying them at intervals with string ; for thinner supports, 
use wooden sticks ; for the thinnest, stretched strings, tied 
to the base of the stem below and to some convenient 
support above, e.g. a shelf, or a 1-shape made of two 
pieces of wood (the long upright piece lashed to the pot). 

·Note that the Runner will not twine round a support 
more than about 10 cm. in diameter (probably because the 
support is not curved enough to enable the stem to hold 
on while the growing free end swings round the support), 
but it twines readily round a very thin support. It ha.s 
already been noted that the upper coils made round a 
support are relatively flat, while the lower ones are steeper 
owing to the fact that growth occurs after coiling. Note 
that the thinner the support the steeper are the coils, i.e. 
the greater is the erecting of the stem ; with thick 
supports, the application of the older coils to the support 
takes place early, the erecting of the internodes soon stops, 
and the permanent coils are therefore less steep. 

322. Change from thick to thin Support.-Tie a 
Runner to the support 3 cm. in diameter, and when the 
stem ha.s made a few coils round it replace the support by 
a much thinner one, say 5 mm. in diameter. Note care
fully the appearance of the coils, making a sketch. In a 
few days at lea.et the younger of the coils formed round 
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the thicker support become steeper, and thus become 
~losely applied to the thin support ; the younger internodes 
have continued their growth and have therefore become 
raised. The older coils do not show this change, because 
the growth of the older internodes has ended. 

323. Eft'ect of Inversion of Pla.nt on already 
formed Coils.-Take a plant which has made a few coils 
round a support, turn the pot upside down and support it 
in this position, and place it in darkness. The younger 
parts of the stem soon begin to unwind from the support, 
and the end of the stem directs itself upwards. Clearly 
this is because each growing zone of the stem has a 
tendency to grow in a left-handed ascending spiral, so that 
when the plant is inverted the concave side of the stem 
(turned towards the support) soon becomes convex, and 
thus the growing parts become unwound. 

324. Inclined a.nd Horizontal Supports.-Try the 
effect of setting the stick in an inclined position, in one 
pot at 30° from the vertical, in another at 45°, in another 
at 30° above the horizontal, and lay a fourth pot plant 
horizontally. Note that the Runner, like most other 
twiners, cannot climb up a stick set at more than 45° from 
the vertical. 

325. Persistence of Torsion after Disappears.nee 
of Coils.-Take a pot plant which has made several coils 
round a stick, and fasten just below its tip a thread which 
runs over a pulley and carries a small weight, enough to 
keep the stem from bending over-1 gram will generally 
do. Make fine ink dots along the stem at short distances 
from each other Watch the plant during three or four 
days, and note that (1) free coils are formed by the upper 
part of the stem, but these later disappear owing to the 
straightening of the internodes; (2) the ink marks a.re no 
longer in a. straight line, but on a. spiral ascending from 
left to right. The experiment shows (1) that twining is 
not due to contact, (2) that even when the free coils of the 
stem disappear with growth the stem still shows torsion. 
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326. Smooth and Bough Supports.- Will the Runner 
climb up a. very smooth support? Use a. piece of glass 
tubing a.s a support; the stem will twine round the glass, 
but the coils formed a.re not so steep a.s when a. rough 
support is used. For comparison, set up a. pla.nt with a. 
stick of the same diameter a.s the glass tube. 

327. Behaviour of Twinera on the Clino.ta.t.-{I ) Tie the 
lower ~rt of a Runner seedling, which ia about to begin twining, 
to a stick eo that only the apical part (a few cm.) is free. Rotate 
horizontally : revolution does not occur. (2) Rotate horizontally on 
the clinoetat a Runner which has already made several coils, and 
note that the youngest parts of the stem become loosened from the 
support; the youngest tuma unwind, and the shoot straightens out. 
A twining plant when rotated on the clinoetat behaves in the same 
way as an ordinary shoot, hence the power of twining is dependent 
upon geotropism. The straightening out of the coils already made 
is evidently due to internal causes, and forms an example of 
antotropism (rectipetality). 

VI. EXPERIMENTS WITH TENDRILS. 

328. Thigmotropism is a general term applied to 
response to contact and to mechanical shocks of various 
kinds. The responses made by tendrils and such organs 
as Sundew tentacles to contact stimuli are usually 
distinguished as a. special case under the term hapto
tropism. Other thigmotropic responses are shown by the 
leaves of Mimosa. a.nd other "sensitive" plants; the 
stamens of Barberry, Centaurea., etc. ; the stigmas of 
Mimulus, etc. 

329. Katerial for E%periments with Tendrils.
Some simple general experiments ma.y be ma.de with the 
tendrils of Garden or Sweet Pea. plants raised in pots or 
boxes. Note that (I) the young t.endrils are slightly 
hooked a.t the tip; (2) coiling results on stroking with 
a pencil or stick the more sensitive a.pica.I region of the 
tendril; (3) coiling is ea.used by a small loop of thread 
attached to the tendril tip; (4) the tendrils will coil 
around supports placed at any angle what.ever; (5) the 
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sticks or other supports used must not be very thick, since 
the tendrils cannot coil around a thick support. 

But since Pea tendrils make somewhat slow responses 
to stimuli, obtain if possible plants of Sicyos angulatus, 
Cyclanthera explodens, or Echinocystis lobata-all belong
ing to the Cucurbitaceae and easily raised from seed ; other 
members of the same family a.re White Bryony-which 
answers fairly well-and (with much less sensitive tendrils) 
Cucumber and Marrow. In some species of Passion-flower 
the tendrils are sensitive enough for most experiments; 
those of Vine are much less so. 

330. Growth of Tendril before Contact.-In Sicyos, 
for instance, note that the tendrils as they develop from 
the bud are rolled up spirally, the convex side being the 
morphologically lower side; in a few days the tendril 
straightens out, performing meanwhile revolving move
ments ; when these movements cease, the tendril elongates 
rapidly, growth being greatest in the lower half of the 
tendril and amounting to about 50 per cent. or even more 
per day for three to five days; then for a few days the 
tendril grows slowly; then one-sideJ growth begins, the 
upper side growing more rapidly than the lower and thus 
causing the formation of a spiral-the concave side being 
now the morphologically lower side of the tendril. Care
fully observe all these points ; mark the tendrils with ink 
lines into zones and note the rate of growth daily. 

331. Localisation of B.esponsiveness.-Rub a tendril 
gently at different points with a thin stick, and note that 
it is most irritable near the free end and on the lower side 
(which is slightly concave in the young tendril ready to 
attach itself) ; if the upper side is rubbed, even in this 
terminal region, no curvature ta.kes place. 

332. The Response to Stimulation.-Rub the inside 
of the terminal slightly hooked portion of a young tendril 
with a pencil or stick ; the tendril soon. shows a. distinct 
curve, and forms a complete ring in a time varying accord
ing to the species and the external conditions__:_about six 
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seconds in Cyclanthera, thirty seconds in Sicyos, one tc 
two minutes in Bryonia.. Stimulate the tendril more 
strongly-e.g. by drawing it between the fingers : it be
comes rolled up more completely. After slight stimulation 
-just sufficient for the formation of a. complete ring-the 
tendril soon begins to straighten again, though the undoing 
of the curvature takes considerably longer than its formation, 
e.g. about 25 to 30 minutes in Cyclanthera. 

333. Distinction between Sensitiveness a.nd Be
sponsiveness.-Show by experiments that (1) if the 
reacting side of a. tendril is touched with a. stick at two 
places, say 1 to 2 cm. a.part, two curvatures result, the 
region between remaining straight; (2) if the tendril 
is stimulated first on the upper side and then on the lower 
side, no curvature takes place provided the two stimuli be 
equal ; (3) if a. part of the upper side and at the same time 
the whole of the lower side be stimulated, curvature occurs 
only at the place on the lower side which lies opposite the un
stimulated regions of the upper side. From these results 
it follows that the apparently insensitive upper side is 
really as sensitive as the lower, but that stimulation of the 
upper side either produces no visible result, or else simply 
inhibits curvature on the lower side. 

334. Tendrils respond only to Stimulation by 
Solids.-Prove by experiments that (1) extremely small 
and light objects. like very small pieces of thread, cause 
curvature when placed on the tif, of a. tendril ; (2) a. shoot 
of Sicyos, etc., may be violent y shaken, yet only slight 
responses are made so long as the tendrils are not allowed 
to come into contact with any obstacle; (3) a jet of water 
may be directed against the reacting region by means of 
a syringe or wash-bottle or by holding the tendril under 
a. running tap, without causing curvature; ( 4) water into 
which a little chalk has been stirred causes stimulation at 
once. Hence neither friction with the air nor the falling 
of rain will act as stimuli, and a. tendril can apparently dis
tinguish between liquids and solids, even when the latter 
are present as small suspended particles iu water. 
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335. Tendril.e irrespon•ive to Stimula.tion with Gela.tine. 
-Make a 15 per cent. solution of gelatine in hot water in a test
tube, and dip into it two glaBB rods, or rieces of glass tubing, SO &8 

to coat thickly a length of about 5 cm. o each. When the gelatine 
sets, touch the convex side of a tendril with one rod so as to bold 
the tendril (the gelatine being slightly sticky), and with the other 
rod rub the lower side in the reacting region. No curvature takes 
place-evidently the tendril cannot distinguish gelatine from a 
liquid. Now rub with the uncoated part of the rod; curvature 
takes place. 

336. Growth in l1pper and Lower Sides of Tendril.
Carefully mark, in each case with two ink dots or transverse lines, 
a wne on (1) the convex, (2) the concave side of a slightly hooked 
young tendril, and measure the distance between the marks in each 
case, after allowing the tendril to straighten should the act of 
marking cause curvature. Stimulate the tendril strongly, and note 
that the curvature is due to the great growth in length of the upper 
side; the marks on the lower side come a little closer together. 
The neutral line lies below the middle (axial) line of the tendril, 
and is close to the concave side. The whole movement following 
stimulation is complex, since the curvature is not effected by simple 
contraction of the stimulated side, but by acceleration Of growth, 
which is greatest at the spot on the convex side directly opposite 
that on the concave side where the stimulus has been applied. 
Perception, transmission, and reaction follow each other much more 
rapidly than in any of the tropistic movements studied so far. 

Soon after the completion of the curvature, growth ceases, and 
then the tendril begins to straighten ; the convex side. remains 
unaltered, while growth occurs on the concave side-less vigorously 
than that which took place on the convex side during curv1tture, but 
still showing a marked acceleration of growth as compared with 
that of an unstimulated tendril. This straightening is evidently 
a case of autotropism. 

337. How the Tendril clasps its Support.-So far 
we have been studying the effects of a temporary contact 
stimulus. When the tendril rubs against a fixed support 
it curves, and thus new parts come into contact with 
the support. 

(a) If the support is of the right thickness, t.ension 
arises which exerts pressure on the support-to observe 
this, use a roll of paper as a support. This pressure does 
not act as a stimulus, but the reverse . curvature which 
appears causes the loosening of the coil, and there is set up 



llOVEM ENT IN PLANTS. 257 

a. fresh stimulus which a.gain induces incurving a.nd brings 
a.bout a permanent spiral coiling round the support. 

( b) When the spiral on the support becomes slack, cur
vature takes place in the part of the tendril just below the 
support, so that this part comes into contact with and 
surrounds the support, pushing in front of it the previously
formed but now loose coils. To demonstrate this, when a 
tendril has made a single coil round the support, make ink
marks on (1) the tip of the tendril, (2) the part of the 
tendril vertically below this, (3) the support at the point 
corresponding to (2), and (4) a point on the tendril at a. 
distance of 1 or 2 cm. from the support. After a few hours 
the point marked at (4) will be found to be in contact 
with the support. 

338. Changes iD Tendril after Attaohment.-After 
the completion of the permanent coiling, growth in length 
stops, and there appears not only in the coils but also 
in the rest of the tendril a number of changes. 

(a) A spiral twisting occurs in the basal region, whereby 
the stem is drawn closer to the support. This spiral 
changes its direction at least once, a.nd that this reversal is 
due to purely mechanical causes may be demonstrated by 
firing a. strip of Dandelion stalk at both ends a.nd it1:;ing 
it in water, or by trying to produce a spiral co" · in 
a. piece of rubber tubing fixed a.t both ends. 

(b) As a rule, marked secondary thickening, accompanied 
by the development of sclerenchyma, appears not only 
in the pa.rt claspmg the support, but also in the basal 
portion of the tendril. Compare transverse sections of 
( 1) a tendril which has not yet clasped a. support, (2) a 
tendril of the same plant after having made several coils 
round a. support. 

339. Tendril.JI with •tick7 Pach.-Observationa ahould be 
made on the Self-•linging Virginian Creeper, which differa 
from most species of Ampelopaia{usually merged in Vitt., to which 
the Vine belongs) in that ita branched tendrila become attached by 
meana of sticky pada at the tips of the branchee. 

P.B. 17 
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(a) Place a pot plant in a box with the open side facing the light ; 
the leaves turn towards the light, while the tendrils turn away 
from the light towards the back of the boL 

(b) Tum the plant round through 180"; the leaves and tendrils 
a.gain curve as before-the tendrils show marked negative helio· 
tropism. 

(c) Set in the pot a flat strip of wood, close to the plant, and note 
that the tendrils spread out on coming in contact with the wood, 
the tips awelling to form sticky discs which adhere to the wood. 
For the first day or two the tendrila remain thin and weak, but 
later they become thicker and stronger, and some foroe is needed to 
tear them from the support. Moreover, they contract spirally after 
becoming attached, though before contact they do not revolve in 
the manner typical of tendrils. 

8~. Tendrils with Koob.-Get pot plants of Cobaea scan
dens, or grow plants from seed. The tendrils replace . the upper 
leaflets of the compound leaf, each tendril being branched and 
representing not only the midrib but also the veins of a leaflet. A$ 
the tips there are hooks, which enable the tendril to catch on to 
supports. 

Note that the tendrils show revolving movements before beooming 
attached ; they are very sensitive to friction, bending over toward8 
the rubbed side, and straightening themselves again in about half 
an hour; a tendril will coil around a thin support in about ten 
minutes, though unable to coil round a thick support. 

VII. EXPERIMBNTS WITH MIMOSA. 

341. Specimens of the Seil8itive Plant (Mimosa pu
dica) ma.y be raised from seed, even with a cool greenhouse. 
Note the alternately arranged compound (bipinnate) leaves, 
each leaf consisting of a. main stalk, from the top of which 
diverge four secondary stalks, ea.eh bearing numerous leaf
lets in pairs. The pulvini a.re at the base of (1) the ma.in 
or primary stalk, (2) each of the secondary stalks, (3) ea.eh 
of the leaflets. 

At the large basal primary pulvinus the movements a.re 
in a. vertical plane, raising or lowering the whole leaf; the 
movements of the four secondary pulvini cause the approxi
mation or separation of the four secondary stalks; while 
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the movements of the pulvini at the bases of the lea.fteta 
ea.use the latter to move upwards (so as to b.ring their 
npper eurfaces in contact) or to spread out horizontally. 
The leaves of Mimosa. perform movements as the result of 
(1) shock or contact, (2) changes of temperature and 
illuminat ion. 

342, Da.y a.nd llfight Positions (Fig. 67).-Note 
that during the day the ma.in eta.lk is directed upwards, 
ma.king with the stem an angle of a.bout 600; the second
ary stalks diverge, the two lower standing at right angles 
to the main sta.lk, the two 
upper forming an angle of 
about 60° with each other; 
and the leaflets spread out 
horizontally, forming 
angles of about 90° with 
the secondary stalks in the 
same plane. At night the 
primary stalk bends down
wards through a.bout 90° ; 
the four secondary sta.lks 
bend forwards, so as to 
place themselves almost 
pa.ra.llel with the axis of 
the ma.in stalk; the leaf
lets bend upwards, coming 
together in pairs with their 

a 
. b' 

ll'!c. 87.-Leano of Mim- Pudlca (tl1e 
Semlliin Plani). 

a, Kxpanded d-r polliliion ; b, Droop!Dc 
folded nlghi polliliion. 

upper faces and also twisting slightly so as to form a.n 
a.cute angle forwards with the secondary stalk, the ha.ea.I 
lea.Bets overlapping the a.pica.I ones like tiles on a roof. 

343. Effects of General Kechanical Stimulation.
Shake a. Mimosa. plant : the leaves rapidly assume the 
"night" position. After a short time they regain the 
normal "day" position; in fa.et, as soon as the ma.in stalk 
reaches the position of maximum depression, it begins to 
rise again, and in 10 to 15 minutes the original position 
is regained. Shake the plant continuously for several 
minutes: the leaves become insensible to shock, and resume 
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their normal position while .the aha.king ia continued, but 
in 5 to 15 minutes after the shaking has stopped the leaves 
become BeilBitive a.gain. 

344. Sensitiveness of Lower Side of Pul:rinus.
With a. pencil or thin stick tap or rub the upper surface 
of the large pulvinus at the base of the petiole: at first 
there is no response, even to vigorous stimulation, but if 
it is continued a. response is eventually obtained. Now 
gently tap or rub the lower side of the pulvinus: an im
mediate response is ma.de to even a. slight stimulus. 

345. Ejfect of B.epeated Stimuli.-With a light piece 
of wood strike the lower side of the ma.in pulvinus re
peatedly, a.t intervals of half a. minute for a.bout 5 minutes. 
On leaving the plant to itself the leaf rises, but a.t first it 
does not respond to a. stimulus, though it soon regains its 
irritability. If the blows a.re applied more frequently
a.bout ten per minute-the stalk fa.lls a.t first but after
wards rises (in spite of the continued blows) and is then 
inBeilBible even to stronger stimuli for some time. 

346. Heat as a Stimulus.- Hold a. lighted match 
below the tip of one of the four secondary stalks, and note 
the successive closing of the leaflets of this stalk ; then the 
stimulus travels in the opp<>site direction from the bases 
of the other three secondary stalks towards their tips; 
finally the ma.in stalk sinks, and if the stimulus is con
tinued the neighbouring leaves a.re also affected. 

347. Xrritant vapours, like ammonia., a.et as a. stimulus 
on Mimosa. leaves. Set a. plant under a. bell-glass, a.long 
with a. watch-glass containing a. little ammonia.. Note 
the movements of the leaves, and after a few minutes 
remove the bell-glass and the ammonia., to prevent the 
latter from injuring the plant. 

348, Ejfects of A.naesthetics.-The leaves of Mimosa. 
a.re rendered insensible by chloroform and other a.na.esthe
tica. Stimulate a. leaf IO that the leaflets close up, then 
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cut off the leaf a.nd set it in a. bottle of water. Place thia 
in a. dish containing a little chloroform, or ether ; cover the 
whole with a bell-glass and set it in strong light. In a. 
few minutes the leaflets expand, but they will not now 
res~nd to stimuli-try the effect of a. lighted match. 
striking the leaflets, etc. Remove the chloroform. a.nd 
note that the anaesthesia. soon passes off, the leaf recover
ing its 1_>0wer of reacting to stimuli. 

349. Eifect of continued Da.rlmeaa.-We have seen 
that continued stimulation causes loss of power to react 
to stimuli. Take two pot plants of which .A is to be kept 
under normal conditions of illumination, being set in a. 
good light during the daytime. Set B on a plate of wet 
sand or sawdust, cover it with a box to exclude light, a.nd 
keep it at a. temperature of a.bout 20° C. For a. few days 
the leaves perform periodic movements, expanding during 
the day a.nd closing a.t night, though in constant darkness, 
but in a.bout five days these movements stop. 

Now expose the plant to light for a. few minutes, then 
replace it in darkness: no movements occur-the plant 
ha.a passed into a. state of darkness-rigor, and in thia 
state it is no longer sensitive even to mecha.nica.1 stimuli. 
Now set both plants in front of a. window for a. few hours, 
then place them both in darkness : the leaves of .A close 
up, those of B remain expanded. After a.bout half a.n 
hour, set both plants in the light a.gain for the rest of the 
day: B gradually recovers its phototonus, or power to 
react to changes in illumination, but its sensitiveness to 
mechanical stimulation does not return until later. 

350. Jlllechaniam of llllovement in Jlllimoaa.-Careful obeer· 
vation has shown that the upper half of the pulvinue ehowe a slight 
increase in volume during the downward movement of the petiole, 
while the lower half shows a marked decrease in volume. Aa the 
movement is made just &B well when the epidermie ie removed, and 
the p688ive veins need not be OODBidered. this reduction in volume 
must be due to oontraction of the parenchyma on the lower side of 
the pulvinua. 

Cut across the petiole a little above the pulvinm, and 11et the 
plant in saturated air under a bell.glaaa to recover; after mmula
tioo, liquid 18 seen to ooze from the cut llllrlaoe, ha'ring been 
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aeoreted by the parenchyma of the lower half of the pulvinus. 
Moreover, at the moment of stimulation this part becomes dark 
coloured. in the same we.y e.s a leaf that he.a been injected with 
water under the reoeiver of e.n air-pump ; water ha.s entered the 
intercellul.e.r air-spaces. 

This excretion of water from the pulvinus cells might be due to 
either (I) incree.se in the elasticity of the cell-walla, (2) decrease in 
the osmotic pressure of the cells. At any rate, in the movement 
there is a decree.se in expansive power on the lower side of the 

'pulvinus ; expansion on the upper side is due simply to the removal 
of the opposmg pressure below, and the weight of the leaf helps 
to compress the lower side. But that the weight of the leaf is not 
necessary for the carrying out of the movement is readily seen; 
place a ple.nt horizontally or vertically, and note that in both caaea 
the sensitive aide of the pulvinus contracts in response to stimu· 
lation. 

VIII. ExPBRIMENTS WITH SmrnBw. 

351. Jl[aterial for Study.-Dig up a. number of Sun
dew plants, with the peat a.bout their roots, a.nd grow them 
in pots of wet sphagnum. Note the arrangement of the 
leaves in a. rosette, the rounded or oblong form of the 
blade, the tentacles borne on the slightly concave upper 
surface of the blade-the central tentacles erect and short
stalked, those at the margin long-stalked and bent out
wards. Examine a tentacle with the microscope, and note 
that a vein runs up the centre of the stalk, ending in a 
ma.ss of spirally thickened cells in the centre of the glan
dular head, the outer (epidermal) cells of which are 
columnar in form. 

35:11. Besponses to various Stimuli.-The tentacles 
react both to mechanical (contact) and chemical stimuli. 
In their responses to mechanical stimuli the tentacles 
agree closely with tendrils. 

(a) Strike a. gland with a pencil: a single ta.p produces 
no movement. Watch the tentacle for about a. minute, 
then tap it a.gain several times, and note that movement 
results. 
. (b) Place on a. gland a. small particle of sand or gravel : 
movement occurs. · · 
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(c) Fill a pipette or syringe with clear water, and let 
drops fall on a leaf for a.bout a minute: no movements 
occur. 

(d) Fill lilie tube with water ma.de milky with powdered 
chalk, instead of clean tap-water: movement occurs this 
time. Another method is to cut off a few leaves and place 
some in clear water, others in chalk-containing water, in 
watch-glasses ; after a few minutes the leaves in the 
chalky water show bending of the tentacles, those in the 
pure water do not. 

(e) Strike or rub the gland of a tentacle with a gelatine
coated rod : no movement occurs. 

353. Mode of Curvature of the Tenta.cles.-Stimu
la.te a tentacle with a piece of meat, or in some other way, 
and carefully watch (using a lens) the process of curvature. 
Bending may begin after 10 to 15 seconds, and a distinct 
curvature, visible to the naked eye, may be seen in less than 
a mmute. The marginal tentacles will sometimes curve 
through 270° in an hour. Note that the curvature is con
fined to the base of the stalk, which bends sharply, while the 
upper part remains straight and is carried over passively. 

354. Chemical stimuli generally act more vigorously than 
mechanical stimuli, as shown by the greater rapidity of the move
ment and the longer duration of the curvature. Many substances 
(some useful, some injurious, some indifferent) in solution act as 
stimuli. The tentacles will respond to a very dilute (01>'l per oent.) 
solution of ammonium phosphate. In experiments on chemical 
stimulation, a simple plan is to place a out Sundew-leaf in a watch
glass containing the dissolved substance. 

355. Transmission of Stimulus.-(a) Put a very 
small fragment of raw meat on the centre of a leaf; in about 
24 hours nearly all the tentacles will have bent inwards. 
Note that the short central ones, on which the meat was 
placed, remain erect, but the .stimulus is transmitted from 
them outwards, eo as to induce inward curvature of the 
outer tentacles. 

(b) Place a fragment of meat on one of the long outer 
tentacles. The latter bends inwards so as to CArry the 
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meat to the middle of the leaf; then a. stimulus is appa
rently sent to the other peripheral tentacles, which begin 
to curve inwards. Hence we ca.n here distinguish between 
movement ea.used by a. direct stimulus and movement re
sulting from a transmitted stimulus ; and transmission ca.n 
only be effected by means of the central tentacles. 

(c) Place two fragments of mea.t half-way between the 
centre and the margin, at two opposite points: half of the 
tentacles bend towards one centre of stimulation, and half 
towards the other. 

356. Direct a.nd Indirect Stimula.tion.-Cut off the 
glands of some of the marginal tentacles of a leaf, then 
place a. piece of meat on one of the remaining marginal 
tentacles; the results show that stimuli a.re transmit ted 
from the tentacles in the centre to those on the outside, 
and tha.t the stimulus acts on the motile portion of the 
tentacle from below (a decapitated tentacle, though not 
directly sensitive, reacts to a transmitted stimulus). 

When a. tentacle is indirectly stimulated, the stimulus is 
transmitted from above downwards to the motile region; 
in indirect stimulation, the transmission is from below up
wards. In the former case it is always the outer side of 
the tentacle which becomes convex (nastic curvature) ; in 
the latter ca.se the curvature is tropistic, being determined 
by the direction from which the stimulus comes. 

IX. lliPToTROPISK (CoNTA.CT !RRITA.BILITY) OI' STA.

Jn:Ns A.ND STIGJU..B. 

357. Stamens of Berberis.-Examine flowers of Bar
berry, and note that there a.re several series of perianth 
leaves, arranged in whorls of three. The inner six petals 
have a. nectary at their base ; each of the six stamens is 
slightly attached at the base to one of these six petals. 
The anthers open by two lateral valves near the top of the 
anther. 

In the open flower, the stamens a.nd petals a.re spread 
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out, the anther of each stamen lying within the concave 
upper portion of one of the petals. If the filament is 
irritated it moves inwards, bringing the anther close to the 
stigma.. When a bee pokes its proboscis into the flower, 
to reach the nectary at the base of each petal, the stamen 
moves inwards, dusting the bee's head with the pollen. 

(a) Touch or stroke, with a mounted needle, different parts of the 
stamen, and note that the anther is not sensitive. Localise the 
sensitive region, by touching or stroking different part!! of the outer 
and the inner surfaces of the filament in different stamens. Note 
that after the stamen has moved inwards it at once moves outwards 
again, and in a few minutes bas regained its original position. 

(b) Pull off some of the petals; some of the stamens will come 
away with a petal. Place each specimen (petal and stamen) on wet 
blotting-paper under a watch-glass for about ten minutes, to recover 
irritabilit7. Then touch different parts of the stamen, using a lens 
ordiseectmg stand, in order to looate the exact region of irritability. 

(c) Carefully detach a few open flowers, holding by a forceps just 
below the flower and cutting with scissors just below the _forceps. 
Test the irritability of each flower by touching one of the stamens. 
Then place the flowers floating in a watch-glass of water. Put the 
watch·glass under a bell.jar or large inverted beaker, along with 
another watch-glass containing a few drops of chloroform. 

Note that the flowers may be left for about ten minutes in this 
atmosphere without injury. On removing the bell-glass and the 
chloroform, note that the stamens are now quite insensible to 
touches. 

Now leave the flowers exposed to fresh air, and test from time to 
time. In from fifteen to thirty minutes the stamens will have 
recovered their irritability. 

(d) Repeat the preceding experiment, but this time touch each 
stamen immediately before placing the flower under the bell-jar. 
Note that the stamens are able to recover their normal position in 
spite of the chloroform. 

358. Stamens of Centaurea..-Of special interest are 
the movements of the stamens in Centaurea, e.g. the Corn
flower. Examine the flower-head and note in the central 
flowers the five anthers joinea to form a tube, through 
which the style grows after the flower opens. 

(a) Choose a flower which has just opened and in which some 
pollen is exposed on the top of the anther-tube, though the style ha.s 
not yet protruded. With a camel-hair brush rapidly wipe off the 
pollen, and note the extrusion of a worm-like mass of pollen from 
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the tube; this is due to the contraction of the filaments pulling 
down the anther tube. 

(b) Poke a mounted needle into the corolla-tube of a similar 
flower, and note that the anther-tube is not merely pulled down, but 
turns towards the side on which the stimulus has been applied to 
the filaments. 

(c) Dissect out a number of similar flowers, and put them on 
pieces of wet blotting-paper; carefully slit down the corolla-tube in 
each case and open it out 80 that the filaments may be seen. Invert 
a tumbler over the flowers, and leave them for ten or fifteen minutes 
to recover. In the rest position each filament is curved with the 
convex side outwards. Touch a filament with the needle, and note 
that it contracts and becomes straightened. As in Barberry, there 
is no transmission of the stimulus from one filament to the next. 

359 . . Stigma. of lllim.ulus.-Examine the flower of 
Mimulus, and note that the stigma. consists of two diverg
ing flat lobes, which on being irritated on the inner surface 
close up. 

(a) Use the commonly cultivated Mimulus cardinalis for experi
ments. Note that (1) in the unopened flower bud the stigma lobes 
a.re .Pressed together; that (2) the anthers of the two longer stamens 
deh1Sce first, before the flower opens ; that (3) when the corolla. 
expands the two shorter stamens open; that (4) then the stigma. 
lobes begin to diverge, a.nd in three or four hours show a. divergence 
of a.bout 90"; that (5) after five to six days, durin~ which the 
irritability of the stigmas diminishes, they beoome spirally rolled 
up (the inner surface remaining convex), a.nd then wither; a.nd that 
(6) although the lobes a.re irritable a.a soon a.a the flower opens, the 
stigma lobes do not close completely on bein~ stimulated, only 
reaching their oomplete irritability after about BlX hours i a.nd that 
(7) the lobes have completely lost their irritability after a.bout six 
days. 

(b) Touch the inner surface of one of the lobes with a. pencil or 
needle, and note that the closing occurs at once ; after five to eight 
minutes they begin to diverge, and in ten to fifteen minutes have 
reached their original position. Note that the outer surface ot the 
lobes is quite insensitive ; a.t any rate, no closure t akes place when 
they a.re stimulated. 

(c) Ascertain whether or not the stimulus is transmitted from one 
fobe to the other; if 80, we should expect that if one lobe is pre
vented from moving, a. stimulus applied to it would ea.use movement 
of the other lobe. Cement, in one flower, the upper lobe, and in 
another flower the lower lobe, to the corolla., by means of seocotine 
(or of mastic diSBOlved in ether), and note that the stimulus is 
transmitted from the fixed lobe to the free lobe in both cases. 
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(a) Note carefully that (1) if the stimulus baa been due to touch 
with a pencil or needle, or the placing on the stigma of pollen from 
a quite different plant (e.g. Foxglove, Snapdragon, Plantain, or any 
other plant from which pollen can be obtained and scraped on to 
the Mimulu111tigma), the lobes open and do not cloee again; and 
that (2) if pollen of Mimulus itself is placed on the stigma, though 
the lobes open again as usual, after from two to three hours a 
aeoond closing occurs, and this lasts for about twenty minutes if a 
small amount of pollen has been used-if muoh pollen is applied, 80 
as to cover the inner faces of the lobes, the second closing is per
manent. 

(e) Make experiments to show that (1) the question whether the 
lobes shall remain closed or will reopen depends on the quantity of 
pollen applied (whether of the same or of an alien species) to the 
stigma ; (2) dry powdered starch or dry aaod will oauile prolon~ 
closure ; (3) withdrawal of water from the stigma tiaaue, by plaomg 
the stigma in salt 80lution, O&U881 prolonged closing. The results 
will show that, while the ioataotaoeou 1Int closing movement is 
due to contact irritability, the permanent closure results from the 
prevention of the automatic reopening movement, and is evidently 
due to (at leaat in part) absorption of water from the stigma tiBBue 
by the pollen-grains and their tubes. 

The 80le advanta~ of these remarkable movements of the stigma 
lobes (which oocur m species of Martynia and Torenia aa well as in 
Mimulus) appears to be that the germination of the pollen is 
favoured by the formation of a "moist chamber" in which the 
pollen can germinate more rapidly; when pollen is placed carefully 
on the stigma, shook being avoided 80 that no movement results and 
the lobes remain open, the pollen grains germinate much more 
1lowl,r. The lobes remain closed only if the pollen grains and the 
germ10&ting pollen-tubes can by abstraction of water prevent the 
return of the original osmotic pressure in the stigma tiBBue and the 
consequent reversal of the primary closing movement, until a 
mfficient number of pollen-tubes haTe penetrated the conducting 
tillue and 80 disor~oiaed it (by 80me chemical prooeaa) that reopen
ing is made imp08llble. 

X. "NYCTITROPIO" MOVEMENTS. 

360. In many plants the foliage and floral leaves assume 
in the evening positions other than those they occupy by 
day. The movements concerned have been called nycti
tropic, though as a. rule they a.re not tropistic movements 
but na.11tic movements, and the stimulus is the alternation 
of light and darkness. Similar movements may also be 
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caused by changes in temperature-in nature, of oouree, 
increased light is usually accompanied by rise of tempera
ture and diminished light by fall of temperature. 

Some flowers respond especially to changes in tem
perature (e.g. Tulip and Crocus); others only, or especially, 
to changes in light; others a.gain only when light and 
temperature a.re altered at the same time. 

361. Temperature Eifects in Tulip a.nd Crocus 
l'lowers.-Use pot plants, or cut flowers set in bottles of 
water. In the morning bring a. closed flower from outside, 
or from a. cold place indoors at a.~ut 10° or 12° C., into a. 
warm room at a.bout 20° C., and note that the flower soon 
begins to open. Some Tulip plants were kept at 12° C. 
from 5 p.m. until a.bout noon next day, and then transferred 
to 18° C. ; during the first hour the flowers opened, but 
during the second they closed a.gain (owing to a.utotropism ). 

362. After-eifects of Temperature Changes.-Ta.ke 
a. closed Tulip or Crocus flower in the morning and with 
seccotine or shellac fix a. thin piece- of wood to the middle 
of the outer side of (a) one of the outer perianth segments, 
(b) the opposite inner segment, so that 2 or 3 cm. of the 
stick projects above the flower. Fix a sea.le horizontally in 
such a way that the distance between the tips of the two 
pointers can be read on the scale. 

On bringing the plant into a warmer place (say from 
12° to 20°C.), in about five minutes the movements of the 
pointers against the scale show the beginning of the open
ing movement. Replace the flower in a temperature of 
about 12°; it continues for a time to open, and then begins 
to close. Before closing is complete, bring the flower once 
more into the higher temperature, and note that it continues 
for a time to close, and then begins to open. 

363. Opening a.nd Closing of Composite l'lower
heads.-Various Composite.a may be used for experiments 
on the opening and closing movements of floral leaves. Cut 
off a. Daisy with the flower-head open, fix it in a bottle of 
water, and place it in darkness. Note the time required 
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for a distinct closing movement ; this ma.y be done by 
DlAl"lring two oppo ite ray.flowers with a spot of ink and 
measuring the horizontal distance between the tips of these 
flowers before and after placing the pla.nt in darkness. 

364. Effect of continued Da.rkneas.-Keep some 
Daisies in darkness for several days, using either dug-up 
plants in pots, or cut flower-heads ; the darkening may be 
effected by covering some Daisies with an inverted flower
pot with the hole plugged. After two days, the heads open 
again, though not fully, and then remain in this condition, 
showing that the alternation of light and darkness is neces
sary for the continua.nee of sleep movement. In the case 
of Goa.tsbea.rd, the inflorescence opens a.gain after being 
kept a.bout nine hours in darkness. 

365. E1fect8 of Temperature and Light Changes.
The flower-heads of Daisy a.re sensitive to temperature as 
well as to light. but their responses to temperature are 
feeble as compared with those ma.de by Tulip and Crocus 
flowers. If closed Daisy heads a.re brought indoors a.t 
night, they do not open, though the rise in tempera.tu.re 
may be as much as 15° C. ; nor does a corresponding fall 
in tempera.tu.re make the open head close dunng the day. 
But if in the morning the closed heads a.re warmed through 
15° they will open, a.nd if a.t evening the open heads are 
cooled through 15° they will close. 

366. Sleep •ovementa of l!fon-pulvinate Leaves.
In many pla.nts the young growing leaves perform sleep 
movements, but these become less a.nd less marked 8.ll the 
leaf grows older. In other ea.see the fully grown leaves 
retain the power of performing sleep movements, and these 
leaves a.re distinguished by having a pulvinua or motile 
organ. 

In the movement.a of non-pulvinate leaves, the day poaition ia 
more or leu horizontal, and the night poeition vertical, the move
ment.a being due to curvature of either the petiole or the base of the 
blade. The leaves may sink at night, ~g. Balsam, Hop, Polygon um 
oonvolvulua ; or they may riee and at.and erect, e.g. Chenopodium, 
Polygonum aviculare, Stellari&, Linum, Mi.n.bilia. In both oaaea 
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the leaves p&1111 in the evening from a horizontal to.a vertical poai· 
tion. The cotyledon& of some aeedlinga, e.g. Radish, spread out 
during the day and close up at night. Ot-rvatiooa Bhould be made 
on all these plants. 

387. The Movements of Pulvi.nate Leaves are of 
greater interest. In the leaves of various plants (especially 
Leguminosa.e and Oxalidaceae), movements occur which 
depend not upon growth but simply on unequal osmotic 
pressure on the opposite sides of the swollen leaf-base 
(pulvinus) . We have seen that tropistic curvature is 
frequently due in the first instance to increased turgescence 
of the convex side of the curving organ, this being followed 
by growth in length of that side. In the movements of 
pulvini there is no permanent elongation of the convex 
side, i.e. no growth occurs. 

The movements of the pulvina.te leaves of Mimosa have 
already been studied in detail 

Examine the leaves of Wood Sorrel, Clover, Phaseolus 
(French Bean, Scarlet Runner). Note that in Phaseolus a. 
pulvinus is present not only at the base of the petiole, but 
a.lso at the base of ea.eh leaflet. Study the day a.nd night 
positions of the leaves of these plants, as well as of others 
showing sleep movements, e.g. False Acacia (Robinia). 

388. Ezperiments with Clover.-Note that by da.y 
the three leaflets are spread out horizonta.lly from the top 
of the stalk; a.t night the two basal leaflets rotate until 
they stand in the vertical plane, then they swing round 
till their upper surfaces come together, and finally the end 
leaflet rota.tea upwards through 180° and comes down like 
a. roof over the edges of the other two leaflets. 

(a) On a bright day, cover with a. flower-pot or dark-box 
a Clover plant growing in the open, or one dug up and set 
in moist soil in a saucer ; note that in a.bout half an hour 
the leaves ha.ve assumed a. night position. 

(b) Keep a Clover pla.nt in darkness for a week, and 
note that the leaves ultima.tely assume a position re
sembling the day position, except that the leaflets a.re more 
drooping. 
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369. Ezperiments with Wood Sorrel.-Not.e that by 
day the three leaflets spread out horizontally, as in Clover; 
at night they droop so that their midribs touch the leaf
stalk, while each leaflet becomes folded along the middle. 

(a) Repeat the experiments given for Clover. 
(b) The leaves of Wood Sorrel respond to mechanical 

stimulation, though not nearly so sensitive as Mimosa; 
shake a plant with its leaves in day position, and note that 
the leaflets droop, though repeated or prolonged shaking 
may be required. 

(c) Rub the lower surface of a pulvinus; as compared 
with Mimosa, the Oxalis leaflets take a long time (often 
about an hour) to recover, and the stimulus is apparently 
not transmitted from one leaflet to another. · 

( d) Try the effect of striking a leaflet ; repeated blows 
·are usually required to cause drooping. 

370. General Ezperiments with Phaseolus.-Not.e 
that in Phaeeolus, in the evening the petiole rises, while the 
leaflets move downwards ; in the morning the petiole sinks, 
and the leaflets rise and become nearly horizontal, though 
in direct sunlight they usua.lly droop to some extent. 

(a) Place a plant in darkness, and note that periodic 
" after-effect" movements occur for several days ; then 
the leaves become "darkness-rigid" and are expanded 
horizon~y. On being again exposed to normal illumina
tion, phototonus is regained rapidly by the younger leaves, 
more slowly and less completely by the older ones. 

(b) Place in darkness three pot plants of Phaeeolus; set 
A in the normal erect position, B horizontally, 0 inverted. 
Not.e especially that in B and 0 curvature and torsion 
occur, which eventually bring the leaves into their normal 
position. 

371. In1luence of GraTitation.-On the morning of a summer 
day, take two pot plants of Phaseolua, and note the angles made 
(1) between the stalk of each of the two primary leaves and the stem, 
(2) between the blade of each primary leaf and its stalk, (3) between 
the stalks of two or three of the trifoliate leaves and the ateiu, 
(4) between the leaflets and the petiole of these trifoliate leaves. 
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Invert one ple.nt, e.nd examine it from time to time. Note the.t 
the ble.des of the leaves rise considerably in six to eight hours, while 
the petioles e.lso rise but more slowly. Instead of measuring the 
angles, it will suffice to invert the erect control ple.nt (A) from time 
to time e.nd hold it alongside the ple.nt (B) that is being kept in
verted, comparing the positions of the leaves e.nd leaflets in the two 
plants. 

Next morning, bring B be.ck into the upright position, and note 
the.t the leaves resume their normal positions in the course of the 
de.y. 

372. Influence of Gra.vita.tion a.nd of Da.rkness.-Now 
invert the ple.nt B of the preceding experiment, e.nd keep it inverted 
for four or fiv~ de.ye. The leaves show periodic sleep movements, 
but the de.y e.nd night positions a.re now in the reverse direction 
with reference to the stem-that is, the movements retain their 
relation to the direction of gre.vite.tion. Now turn the ple.nt into 
the upright position, e.nd note the.t the leaves either regain their 
norme.l position very slowly or not e.t e.11-geotropio ourve.ture of 
the pulvini has been fixed by growth. 

373. A.utonyctitropio a.nd Geonyctitropio Movements.
From the preceding experiment, e.nd from the fa.et the.t the "sleev." 
movements of Phe.seolus cease when the plant is rotated (with its 
stem horizontal) on the clinostat, it is clear the.t we he.ve here not 
e. "nyctitropic " but e. geotropic movement-the plant shows 
different geotropic ree.ctions e.ccording to whether it is exposed to 
light or to darkness. Simile.r che.nges in the geotropio reaction e.re 
seen when rhizomes e.nd roots e.re exposed to light. In Mimose. . 
and moat other plants showing sleep movements, these movements 
retain their origine.l direction e.fter continue.I rotation on the 
clinoste.t for me.ny de.ya. Hence we ce.n distinguish between 
11utanyctitropic e.nd geonyctitropic "sleep" movements. 

374. Structure of Pulvinus of Pha.seolus.-In e. transverse 
section from the middle of the petiole of Phaseolus, note the ring of 
vascular bundles, enclosing the central pith e.nd surrounded by 
e. µe.rrow zone of cortex which is largely collenchyme.. In trans
verse seotions of e. pulvinus, note the.t the bundles e.re collected 
towards the centre, whife there is e. broe.d zone of thin-walled 
cortex parenchyme.. The movements of the yetiole (e.nd of ea.eh 
leaflet) a.re due to changes in the turgescence o the parenchyme. on 
the upper and lowei: sides of the pulvinua. An increase in turges
oence on one side, or a decrease on the other side, or both these 
changes occurring together, will result in elongation of one side and 
oontre.ction of the other, the ve.scule.r tissue bending passively e.nd 
undergoin~ no che.nge in l"ngth. 



CHAPTER VIII. 

ALGAE. 

CHLA.MYDOMONA.8. 

375. The greenish, or sometimes reddish, colour of 
standing rain-water (in tubs, gutters, ponds, puddles, and 
ditches) is due to various minute organisms, among which 
a.re species of Chla.mydomonas and Ha.ema.tococcus (Spha.e
rella. ). These two genera a.re readily distinguished, though 
closely allied. 

(a) Mount a drop of water containing actively motile 
Chla.mydomona.s. All that can be seen with the low power 
is a. number of minute green specks swimming rapidly 
through the water in all directions. If possible, find one 
which is stationary, and with the high power note that the 
plant is unicellular, consisting of a pear-shaped cell, in 
which may be distinguished (1) a thin but distinct cell
wa.11; (2) two fine threads (cilia) at the pointed end
these may be still seen waving from side to side; (3) a bell
sha.ped chloroplast, open towards the anterior pointed end 
of the cell ; ( 4 J a small bright speck, the pyrenoid, lying 
in the chloroplast at the broad end of the cell; (5) the 
nucleus, lying in the protoplasm within the chloroplast, at 
the centre of the rell; (6) two minute clear vesicles (con
tractile va.cuoles) at the pointed end of the cell ; (7) a 
red dot of pigment (" eye-spot ") lying at one side just 
behind the vacuoles. 

(b) Place a drop of chlor-zinc-iodine on a slide, add a 
drop of water containing Chla.mydomona.s, cover, and with 
the high power note (1) that the reagent has killed and 
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stained the protoplasm, (2) the nucleus, (3) the starch 
collected a.t the pyrenoid., ( 4~ the cilia., (5) the cell-wa.ll. 

( c) To some fresh Chlamydomo?UU a.dd a. drop of alco
hol; this kills the cell and extracts the chlorophyll 

( d) In the scum-like deposit sometimes found in wa.ter 
containing Chlamydomcmaa, the plant ma.y be seen in wha.t 
ha.a been ca.lled its " pa.lmelloid " condition ; ma.ny other 
simple A.lga.e, however, pa.as a.t times into this condition. 
The plant comes to rest, a.nd loses its cilia., eye-spot, a.nd 
contractile va.cuoles; the cell-wa.ll becomes swollen a.nd 
mucilaginous, a.nd in the mucilage thus formed the cells 
undergo a.ctive division, and thus multiply rapidly. Then, 
with the return of favourable conditions for a.ctive motile 
life, the cells esca.pe, a.nd the pla.nt becomes motile a.gain. 

(e) Some of the Chlamydomonas cells ma.y a.lso be seen 
to ha.ve come to rest, withdrawn their cilia., a.nd divided 
into four daughter-cells, or soogoniclia, which la.ter a.re set 
free, each a.cquiring a. pa.ir of cilia., a.nd form indepen4ent 
plants like the parent. This is a. simple ei:a.mple of a.sexual 
reproduction. 

if) The different apeoiea of Chlam71domono.a dilferoonsiderably in 
at.ructure and in their modea of aexual reproduction. The chloro
plast, instead of being simply bell-shaped, may be out up into lobes; 
there may be four instead of two cilia. The greatest ditferenoea, 
however, are aeen in the aexual reproduction, which may be effected 
by (1) the conjugation in pain of equal-sized biciliate llOOp.metes, 
wall-leaa (in rare oasee walled) cells produced by repeated division 
(to the number of as many as 32) of an ordinary oell and aet free into 
the water, the SJl'Ote formed by fusion often aoquiring a thick coat 
and resting before peaaing into the motile state &gain; (2) the con
jugation of emaller biciliate gametee (mic:rogametea) with larger 
ones (mep.p.metes): or (3) the fertilisation of a large walled oell 
by a emaller one. That ia to say, we find in thia gen08 a gradual 
transition from i~my to heterogamy, the gametee being in the 
former - similar maize and in the second case diMimilar. 

(SI) It has been ehown that the plant only reproduoea asexually 
when cultivated in Knop'• solution, but when tranaferred from 
thia to distilled wat.er it soon produoee wogametee, which fuse in 
peirs to form zygotee. If a single r.oo~mete is isola.ted in some dis
tilled water it perishes ; but if it be isola.ted in culture solution it 
will give rise to a new individual-i.t. it will behave in the same 
way as a zoogonidium. Such experiments, which are more readily 
performed with larger Algae, and alao with Fungi, ehow that the 
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Fig. 61a.-Chlamydomonru. A, Swimming cell; B, Resting cell, showil1g 
division into two; C, Formation ot four zoos pores; D, Palmella stage ; 
E, Formation of sixty.four gametes; F and G, 'fwo stages in isoga.my ; 
H, Heterogamy In a. monadina, showing a small (male) and a large 
(female) gamete. 
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Fig. 67b.- Chlam11domona• . A motile cell. 
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C~LOROPlAST 
Fig. 67c. - Plturococcus. 

Fig. 67d..- Spha.rdla. A, Motile cell; B, Restina cell; 0 , Gamete. 
n, nucleus; p , pyrenoid ; c. v. , contractile vacuoles; e. eye-spat; 
m, mucilaginous layer. Cytoplasm dotted in A.. chloroplast line-shaded. 
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life-histo17. of various Algae and Fungi may he controlled and modi
fied at will by changing the conditions under which they grow, 
especially as regards nutrition_ They show also, in many cases at 
any rate, that ataniation may in itself induce sexual reproduction. 

lIAEMATOCOCCUS ( = SPHAERELLA). 

376. Spha.erella. (Haema.tococcus) also occurs in ra.in
wa.ter in gutters or puddles, in ditches, bog-pools, etc., often 
giving the wa.ter a. green or red colour from its a.bunda.nce. 
Like Chla.mydomonas, it is unicellula.r, with a.n ovoid 
body, a. bell-sha.ped chloroplast, a.nd two cilia.. The chloro
plast, however, is often flecked with red pigment, a.nd the 
cell has a. curious a.nd characteristic appearance owing to 
the position of the cell-wall. The wall stands out from the 
rest of the cell-the protoplast.-so that a. space is left 
between the wall and the rest of the cell. This space is 
traversed by fine protoplasmic threads, a.nd through it 
pass the two cilia. on their way out through the wall at the 
anterior end of the cell. 

(a) Mount in chlor-zinc-iodine, which will stain the 
cell-wall, the starch, the general protoplasm, the cilia, 
the protoplasmic threads crossing the space, and the 
nucleus. 

{b) Some Sphaerella cells may he found which have passed into a 
resting condition, and have become rounded, oovered by a thickened 
cell-wall, and had the chlorophyll largely replaced by red pigment. 
The general liie-history is much the same as in Chlamydomonas. In 
the resting condition, the cell may divide into two, four, or eight 
daughter-cells {soogonidia) which acquire cilia, escape from the 
mother-cell, and become new plants. In seiual reproduction, the 
cell divides into a larger number of soogametea (32 to 64), naked 
biciliate oells like the zoogonidia, but oonjugating in pairs to form 
a sygote which acquires a thick wall and passes for a time into a 
resting-stage. 

PLEUROCOCCUS. 

377. Pleurococcm vulgaris is far commoner than either 
of the two preceding plants, and is, in fact, one of the com
monest forms of plant known. It gives rise to the green 
powdery deposit on wooden fences, walls, and tree trunks. 
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Scrape a. little of the green powder from a piece of tree 
bark on to a. slide, mount in water, a.nd note the cells, which 
a.re either isolated or, more often, a.ssocia.ted in groups or 
packets. Unless the material has been soaked in water 
beforehand, it will probably be difficult to see clearly on 
account of air-bubbles; to remove these, add a. little alcohol. 
From the appearance of the cell-walls it is easy to see that 
the packets a.re temporary aggregates or colonies of cells 
which do not immediately separate after division a.nd the 
formation of walls, but which gradually split a.part as 
division continues. In a single cell note (1) the well
marked cell-wall; (2) the chloroplast, which is lobed 
a.nd perforated so as to present the deceptive appearance 
of a. number of separate chloroplasts ; (3) the colourless 
vacuolated protoplasm, nucleus ; and ( 4) a pyrenoid 
(not always present). 

In order to see the parts of the cell more clearly, mount 
some material in iodine, and some in chlor-zinc-iodine; 
also steep some material in alcohol, to remove the chloro
phyll, and then treat it with these reagents. Starch grains 
will _probably be seen in the chloroplast. · 

In addition to the simple vegetative multiplication due to the dia
BOOiation of the loosely connected colonies of cells, rerroduction in 
PleurococCU8 is brought about by (1) the formation o resting cells 
(gODiclia) either directly or after a few divisions of the cell, (2) the 
formation of biciliate zoogonidia, (3) the conjugation of isoga.mous 
biciliate zoogametea. 

8PIROGYRA. 

378. Occurrence.-One or other of the various species 
of Spirogyra ma.y be found at almost any time of year, 
but as a rule they are (at least in the south of England) 
most abundant in spring and early summer ; plants 
may be found in the vegetative condition throughout the 
winter, while conjugation occurs chiefly from April to 
June. 

Spirogyra grows commonly in low-lying quiet waters, as 
large flocculent green mats covering the surface in ponds 
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and ditches and consisting of unbranched filaments which 
are slippery to the touch and are often frothy owing to 
entangled gas-bubbles. The filaments vary greatly in thick
ness (from about O·Ol mm. to 0·15 mm. in the British 
species), but in the larger species it is easy to see with a. 
pocket lens the characteristic spiral chromatophores in the 
cylindrical cells of the filament. 

379. Culture Kethods.-Some trouble is necessary 
in order to keep Spirogyra. in hea.lthy growth indoors
the smaller kinds keep better than the larger ones, as 
a rule. Meta.ls are very injurious to Spirogyra., and it 
is better to use rain-water instead of either tap-water or 
distilled water in ma.king up the culture solution. Knop 
solution (§ 184) of O·l or 0·2 strength may be used, 
but the following formula gives better results with Spiro
gyra. :-ammonium nitrate, 0·5 gr. ; potassium dihydrogen 
phosphate, 0·2 gr.; magnesium sulphate, 0·2 gr. ; calcium 
chloride, O·l gr.; ferric chloride, a trace; water, 1 litre. 
If it is necessary to use tap-water, let the tap run for 
several minutes before ta.king what is required for the 
culture. · 

Use a. small quantity of material-a. mass of Spirogyra. 
the size of one's finger is enough to place in 5 litres (a.bout 
a. ga.llon) of the culture solution. Either keep the culture 
in a. large glass jar or aquarium, or place the material in a. 
number of large bea.kers--Bet each beaker in a. flower-pot 
containing moist sand, so that the sand reaches nearly to 
the rim of the beaker, cover with a. glass sheet, and keep in 
a cool room out of direct sunlight but in good diffuse light. 
To obtain filaments free from starch (in order better to see 
the pyrenoids), place a. culture in a. shaded place for a day . 
or two. 

In the culture solution the filaments will usua.lly show 
vigorous growth and cell-division. If after a. week the 
filaments are transferred to pure water and kept in bright 
sunlight, conjugation will probably begin in a.bout three 
days. Material which has been kept in ordinary water or 
culture solution may also be induced to conjugate by 
transference to 2 per cent. cane sugar solution. 
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380. Structure of living Spirogyra Cell (Fig. 68).
Place some filaments on a slide, with water, examine with 
the low power, select those which are thickest or have few 
or loosely coiled chromatophores (IEild which will therefore 
show the detailB of structure most clearly), and with a 
brush tr.1.nsfer the selected filaments to a. watch-glass or 
saucer of water. With scissors cut these filaments into 
pieces which can be covered by a. cover-glass, and mount 
them in water. 

With the low power, select a. suitable filament, move the 
slide so tha.t this filament crosses the centre of the field, 
put on the high power, and study carefully the appearances 
successively presented by the cell-walls a.nd cell-contents 

Fig. 68.-SPIROOYRA. Part of a Filament, 1howing the Structure of 
one of the Cella. 

on focussing with the fine adjustment, beginning with the 
upper surface and turning the micrometer screw until the 
middle is reached (giving an "optical section " of the cell) 
and finally the lower surface. Sketch a portion of the 
filament, including at least one complete cell, as seen (a) 
in upper surface view, (b) in optical section. Note 

(1) The outer or longitudinal cell-wa.11, smooth and 
colourless a.nd often covered _by a. layer of mucilage. 

(2) The . disc-like transverse walls, continuous with 
the outer wall and dividing the filament into a row of 
cylindrical cells. 

(3) The thin continuous film ("primordial utricle ") of 
colourless fine-grained protoplasm lying within the cell
wall. 

(4) Embedded in this film and running spirally round 
the cell, the green band-like chromatophore-there may 
be several chromatophores in each cell. 
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(5) The edges of the chromatophore a.re usually serrated, 
while a.long the miqdle there is a. series of conspicuous 
rounded bodies, ea.eh consisting of a. central pyrenoid 
surrounded by small strongly refractive sta.rch-grains. 

(6) The large central cell-cavity or vacuole, containing 
the colourless cell-sap. 

(7) The nucleus, a. strongly refractive body, usually 
lens-shaped, lying in the centre of the cell and surrounded 
by a layer of protoplasm from which proceed fine radiating 
protoplasmic threads. 

381. Cell treated with Iodine.-Trea.t filaments with 
iodine-either remove the cover-glass, a.dd a drop of 
iodine, a.nd mount in water after washing off the super
fluous iodine with water, or 'irrigate with iodine a.nd then 
with wa.ter-a.nd compare with fresh filaments. Note that 
the starch-masses a.round the pyrenoids are stained dusky 
purple or almost black ; the protoplasmic contents a.re 
stained brown; the nucleus is more deeply stained than 
the general protoplasm, a.nd the nucleolus contained in 
the nucleus still more deeply; the threads radiating from 
the protoplasm a.round the nucleus are branched, a.nd ma.y 
be traced outwards to the pyrenoids close to which they end. 

382. Decolorised Cell•.-Place some filaments in alcohol (strong 
methylated); the chlorophyll is dissolved out of the ohromatophores 
and the alcohol becomes green. Rinse a decolorised filament in 
water, treat with iodine, and note that the starch and protein 
contents are stained as in fresh material ; the chromatophores are 
seen to be specialised band-like portions of the protoplasm. 

To see the pyrenoids clearly, decolorise and treat with iodine 
filaments that have been kept in shade or darkness until starch. 
free. To stain the cell-wall as well as the cell-contents, either use 
alcohol material, or filaments preserved in formalin; or (better) 
place fresh material in 400 c.c. of water with l gram chromic acid 
and 4 o.o. glacial acetic acid, leave in this fixing solution overnight, 
then wash by steeping in water for a few hours (changing the water 
two or three times), and stain with safranin or haematoxylin or 
aniline blue, or safranin followed by one of the other stains. 

383. Plaamolyais.-Alcohol and various other reagents cause 
the cell-oontents to separate more or less oompletely from the cell
wall, leaving a space between the protoplasm film and the wall. In 
this state the cell is p~aamolysed; alcohol, iodine, etc., not O!ilY 
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plasmolyae but alao kill the cell, hence in plaamolysia experiments 
we ll8e reagent.a which cause plasmolY.sis without alao causing 
death. Irrig1tte a fresh specimen, while watching it under the 
high power, with some 2 or 3 per cent. salt solution ; as the solution 
paaaea through the cell-wall and water escapes by diffusion (oamoais) 
from the oell-sap in the vacuole, the protoplasm film is forced 
inwards, and the oell-oontenta become rounded off. Now draw 
water through; as this replaoea the salt solution, the cells return to 
the normal turgid oondition. 

Place some fresh material in very strong salt solution ; or simply 
put 110me dry salt on a elide, add enough water to dissolve it, and 
add aome fresh filaments.. Marked plasmolysia oocurs, the cell
oontente becoming rounded off to form a ball, while the cell-wall 
itself becomes folded and crumpled owing to the sudden and 
complete collapse by plasmolysia. 

384. Conjugation (Fig. 69).-Exa.mine material show
ing stages in conjugation; either collect fresh conjugating 
ma.teria.1 ( chieft.y found in spring a.nd early summer) or try 
to induce conjugation in ma.teria.1 kept indoors (§ 379). 
Note that 

(1) The cells of two opposite filaments put out rounded 
projections of their lateral walls. 

(2) These processes meet a.nd fuse at the tips, so that 
the two opposed cells become continuous by a transverse 
conjugation tube. 

(3) Mea.nwhile, the contents of both cells have become 
rounded off, forming the gametes, this rounding-off 
occurring earlier a.nd being more marked in one cell (male) 
than in the' other (fema.le)-usually all the cells of one 
filament a.re " ma.le " and all those of th.e other filament 
" female." 

(4) The contents of the ma.le cell pa.es over through the 
conjugation tube and fuse with those of the female cell. to 
form the egg-shaped or rounded zygote. 

(5) The zygote acquires a. thick wall, its conte11ts become 
brownish, and it is now a :sygospore. 

Keep conjugated filaments in a. vessel of water, a.nd 
observe the development of the zygospores from time to 
time; note that the thick coat is stratified, the outer and 
inner layers being colourless while the middle layers 
become brown, also that the zygospore a.t first contains 
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starch which is later replaced by oil-drops, the chlorophyll 
being more or leu replaoed by red pigment. 

These filaments may a.lao show, if kept under obser
vation, that when the zygospore germinates the thick out.er 

Fig. 89.---SPtROOTRA. Stageo In conjugation. Bee § 884. 

coats are ruptured, and the protoplasm (covered by the 
thin inner coat) grows out a.s a tube divided into two cells, 
of which the upper is green and developes into the 
filament, while the lower cell (covered by the spore-coat) 
is colourless and soon disappears. 

V .AUOHERIA. 

385. Occurrence.-Most of the species of Vaucheria 
, grow in fresh water, or on moist soil or mud in ditches, 
but some live in the sea. or in brackish water in estuaries 

. and salt marshes. A convenient species for study is V. 
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sessilis, which can be found all the year round on the soil 
in pots in greenhouses. Another species, V. terrestris, is 
sometimes found along with V. sessilis, or in similar 
places; in the former species the sexual organs are in 
groups (usually an antheridium with an oogonium on 
either side) on a common stalk, while in V. sessilis the 
antheridia and oogonia are seated separately on ordinary 
branches of the thallus. 

Another species, V. geminata, may be found in spring 
in ponds and ditches; it usually fruits during April and 
May, and may then be lost sight of until late summer, 
when the oospores germinate. Specimens of Vaucheria 
found in running water are usually sterile. 

386. Culture Jl:ethods.-The development of zoogo
nidia may be observed in Vaucheria material which has 
been transferred from damp soil to water, placed in 
saucers. If no zoogonidia. appear normally, their pro
duction ma! be induced by either of the following methods, 
each of which should be tried:-

(1) Cultivate the plant in 0·3 per cent. Knop solution 
for a week, then transfer it to distilled or tap water. 

(2) Cultivate the plant in 0·3 per cent. Knop solution 
for a week, then place it in darkness. 

(3) Cultivate the plant in 2 per cent. cane sugar solution 
in darkness-if no zoogonidia. appear, add more sugar to 
make the solution stronger, up to 4 or 5 per cent., and 
after keeping in the light for a few days put the culture in 
darkness a.gain. 

When once induced in one or other of these ways, the 
production of zoogonidia. may continue for two or three 
weeks. · 

The formation of sexual organs in V. sessilis, which is 
usually found in greenhouses in the vegetative condition, 
may be induced by placing the plant in 3 per cent. cane 
sugar solution and exposing the culture to sunlight. 
Bright light or a temperature above 15° C. will usually 
check the formation of zoogonidia., while sexual organs are 
not formed in weak light or in darkness. Again, the 
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plant ma.y be kept indefinitely in the sterile or v~tative 
condition either by exposure to bright light in O· 5 per cent. 
Knop solution which is renewed frequently. or in weak 
light if this solution is changed very seldom-<>nly when & 

whitish scum appears on the surface. 

387. structure of Thallua.-Place some fresh Vau
cheria on a slide, mount in water, tea.se out the felted mass 
gently with needles, and with low power note that: 

(1) The thallus consists of fairly stout green cylindrical 
branching uuaeptate filaments, a.bout O· l mm. diameter 
in the larger species. 

(2) The growing tips of the filaments a.re colourless 
a.nd transparent. 

(3) The branching, which may occur sparingly a.t long 
intervals, is monopodial. 

(4) Some branches may develop as colourless rhizoids 
which enter the soil-these a.re well seen in young plants 
a.rising from zoogonidia. on germination. 

If no reproductive organs a.re present, treat the material 
as directed in § 386, in order to induce the development 
of these organs. Place some of the material in alcohol, 
to extract the chlorophyll. 

Examine with the high power portions of fresh material 
mounted in water ; also get ready preparations treated 
with iodine, irrigated with salt solution. treated with 
a.Brannin (or mounted in water and covered for some time 
with a. slice of a.lka.nna root). Also decolorise some 
material with alcohol, and treat as directed for Spirogyra.; 
a. good firing solution for V a.ucheria consists of 1 gram 
chromic acid a.nd 8 c.c. glacial acetic acid, dissolved in 
800 c.c. water. 

In these preparations, note (I ) the outer cell-wall; 
(2) the layer of protoplasm lining the wa.11; (3) the central 
vacuole running through the entire filament. Embedded 
in the protopla.sm layer a.re ( 4) numerous ova.I or spindle
shaped chloroplasts, some of which rua.y be seen in 
process of division; (5) numerous small nuclei-well 
seen in decolorised and stained specimens ; ( 6) bright 
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refractive oil-drops, stained red by alkanna. No starch 
is present ; the filaments are normally devoid of croBB
walls except where a reproductive organ (zoogonid&ngium, 
antheridium, oogonium) is formed. 

388. Asezual Reproduction 'bJ' means of Zoogo
Didia.-If material which is producing zoogonidia be 
placed in saucers or other vessels and observed from time 
to time, numerous young plants will be seen, some float
ing on the surface, others attached to the saucer; these 
have arisen from germinating zoogonidia. 

To watc.h the development of zoogonidia, keep the 
culture in darkness and examine next morning. Some 
filaments are seen, even with the naked eye or a lens, to 
have swollen and dark-green tips. Mount some of these 
filaments in water; in some cases there will be seen simply 
the swollen tip, with dense contents surrounding the 
vacuole, in others the tip will be cut off by a transverse 
wall, and in others again the soogon.iclangium thus 
formed will be empty. 

Place some of this material in alcohol, and stain it 
when decolorised. Note that after the formation of the 
septum which cuts off the gon.iclangium, the contents 
become rounded off to form an ovoid or nearly spherical 
mass, with transparent outer (ectoplasm) and densely 
granular inner (endoplasm) protoplasmic layers, and a 
large central vacuole ; the ectoplasm may be radially 
striated, and staining shows that it contains numerous 
nuclei, while the denser endoplasm contains chloroplasts. 
The rounded off soogon.iclium finally escapes by rupture 
of ·the gonidangium wall near the tip, swims through the 
water with a rotating movement, and after a short motile 
period of ten to fifteen minutes it settles down, acquires 
a wall, and germinates to form a new plant, sending out a 
green filament and a colourless one (rhizoid). 

Watch a zoogonidium which is moving slowly or coming 
to rest, and note the numerous cilia ; add iodine, which 
kills the zoogonidium, and note that there is no cell-wall, 
and that the cilia are arranged in pa.ire-the insertion of 
each pair is exactly opposite ·one of the nuclei in the clea.r 
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Fi11. 69a.-Vamheria. A, B, The zoospore; C, Young plant formed from 
zoospore ; D, E , F, SeXUBl or11Bns. 
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Fi11. 69b.-Oedo(loni1lh1t. A, Part of fi lament; B, C Youn11 plant. 
developed from zooironidia. 
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Fig. 69c. - Otdogonium. A, 
ZoospQre escaping; B. 
Zoos pare. 
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ectoplasm. Treat with 2 or 3 per cent. salt solution a. 
zoogonidium which hu come to rest; plasmolyeis of the 
contents reveals the presence of a. thin wa.11. 

389. Sezual Reproductive Organs.-In fresh or pre
served ma.teria.l with sexua.l orga.ns, note that the a.n
theridium in a. branch is continuous with the contents 
of the ordina.ry filament, while the upper portion or 
a.ntheridium proper is cut off by a. transverse wa.11 a.nd 
is usua.lly curved. The mature a.ntheridium is a.lmost 
colourless a.nd contains numerous nuclei--each of which 
becomes surrounded by protopla.sm a.nd forms a. bicilia.te 
antherozoid, the tip of the a.ntheridium opening by a. pore 
to let the a.ntherozoide escape. The mature oogonium is 
a.lso separated from the rest of the tha.llus by a. wa.11 ; the· 
single oosphere contains chloroplasts a.nd oil-drops, except 
at a. clear place ("receptive spot") opposite the pointed 
beak where a. pore is formed to admit the a.ntherozoide. 

0EDOGONIUlll. 

390. Oedogonium includes a large number of species, 
which differ very little in vegetative structure, but show 
well-ma.rked differences in the distribution of the sexual 
orga.ne a.nd in the life history. Oedogonium is easily 
distinguished from other freshwater Algae, even when 
sterile, by the structure of the cells of the unbranched 
filaments-especially by the peculia.r "ea.pa " of the cell
wa.11. 

In rather less than half the known species, the life 
history is somewhat complicated by the presence of 
"dwarf ma.le plants "-these species a.re said to be 
dioecious and na.nnandrous ; most of the remaining 
species do not show these dwarf males, a.nd are monoe
cious and macrandrous ; the rest a.re dioecious but 
without dwarf ma.les, a.nd a.re ca.lled dioecious and 
macrandrous. In addition to antheridia. a.nd oogonia., 
Oedogonium shows asexual reproduction by means of 
zoogonidia.. 

l'. B. 19 
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A curious cha.ra.cter of the genus is that aJ1 the motile 
reproductive cells agree in having at the anterior clear 
end a circle or crown of cilia. Thiii is also the case in 
another genus, Bulbocha.ete, which resembles Oedogonium 
in most respects and like it grows in fresh water, but 
which consists of branching filaments. 

The plant is attached at one end when young, and in 
those species which grow in running water this condition 
remains throughout life, the plant being attached to 
stones and other objects in streams. Most of the species, 
however, grow in quiet waters, especially in ponds and 
ditches, either attached to water-plants, twigs, etc., or 
floating freely on the surface in masses· which somewhat 
resemble those of Spirogyra, but are not so slippery. Like 
various other Algae without a thick mucilage coat, Oedogo
nium is often covered with Dia.toms and other epiphytes. 

391. Culture of Oedogonium.-If only sterile material 
can be obtained, attempts should be made to induce it to 
form sexual and asexual reproductive organs. 

(a) Keep plants in weak (O·l or Q·2 per cent.) Knop's 
solution in a cold pla.ce, the water being chilled from 
6° to 0° by addition of ice from time to time, and then 
bring the culture into a temperature of 15° or 16°. In a 
day or two abundant zoogonidia may be produced, as the 
result of this treatment. 

(b) Suual organs may be produced if plants are 
placed in plenty of water, in bright light, at the ordinary 
room temperatu~l5° to 20°. 

Light does not seem, as a rule, to have any influence on 
the production of zoogonidia., but it is necessa.ry for the 
formation of sexual organs. 

392. Structure of ThaJ.lus.-Mount Oedogonium 
threads in water. If it is an attached species (often 
forming a fuzzy covering on water-plants) and has been 
scraped carefully from the substratum, note the basal 
colourleaa attachment disc-consisting of finger-like 
outgrowths of the lowest cell. 
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Note that the entire filament conaiate of a single row 
of cells. Here and there a cell ma.y show, at its upper 
end, a aeries of parallel tra.Dsverae m.arb-the "ea.pa " 
cha.racteriatic of Oedogonium. Each cell contains a 
parietal chloroplast having the form of a network with 
large meshes-what appear at first sight to be individual 
chloroplasts are thickeninga of the network. Associated 
with the chloroplast are pyrenoida and lltarch grains. 
Note also the protoplasm layer lining the wall; the fair
ly large nucleus, with a distinct nucleolus ; the central 
vacuole of cell-sap. 

Some of these points can be made clearer by (1) plaamo
lysing a filament with salt solution; (2) treating with 
iodine; (3) treating with chlor-zinc-iodine; (4) declorising 
with alcohol and staining with various reagents and stains. 

393. B.eproduction.-It is difficult to make a success
ful aeries of observations from which to piece together the 
somewhat complicated lif'e cycle of Oedogonium. An 
attempt should at least be made to observe the zoogonidia 
and the young plants formed by their germination; the 
antheridia; the oogonia in different stages ; and the dwarf 
male plants. 

896. The aoogoniclia are formed 11ingly from ordinary oellll, 
the oootenta of this cell (aoogonidangium.) oontraot and esoape 
(by the formation of a transverse rupture of the wall) as a pear
shaped zoogonidium with a circle of cilia at its clear narrow 
anterior end. After a motile period, the zoogonidium becomes 
attached by the clear ant.erior end, forms a cell-wall, and grows 
into a new filament ; the young plants may be found on the sidea 
of the vessel oontaining the materit>l with zoogonidia, or on glasa 
slides dipped int.o or suspended in the water, or attached to plants 
or atones in ponds, etc., with mature Oedogonium plant.a. 

895. Oogonia may be formed from any of the oellll, either 
singly or in series one above another ; the contents of the oogonium 
(reoognieed by it.a large size and swollen form) round off to form an 
ooaphere, oootaining abund&nt chlorophyll except at the clear 
reoeptive spot which faoee the part of the wall where the opening 
will be formed-the opening may take the form of a ciroular Bplit 
or a pore (at top, base, or middle of oogonium), or a lid may be 
detached. 
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396. In the " ma.crandroua" species, whether monoeoioua or 
dioeoioua, the anthericlia appear aa short disc-like ceU., uaually 
in a aeries; the oontent.s of ea.eh usually divide to form two 
-therosoida, which have very little chlorophyll and are much 
amaller than the zoogonidia, but resemble them in their ciliation, 
and are aet free in the same way, ultimately fertilising an oosphere. 

897. In tbe "nannandrous " epeoiea the antherozoids are formed 
in a curiously roundabout way. Short oella are formed in the 
(female) filaments, either singly or in chaina, and from each of these 
-drogoDi~gia there is produced an -drogonidium, inter
mediate in size between zoogonidium and an antherozoid. The 
androgonidium nrima about, and then aettlea by it.s clear ciliated 
end either on an oogonium or on a cell near one, acquires a cell
wall, and grows into a small male filament (dwarf male plant), 
consisting usually of a basal vegetative (attaching) cell supparting 
one or two antheridial oella, each of the latter produomg an 
antherozoid which is eet free and finally enters an oogonium. 

398. The fertilised ooaphere, or oo.pore, acquire& a wall which 
beoomea thickened, the oontenta beoome yellow or red, the starch 
ohangea to oil, and alter a resting period the outer wall bursts and 
either FWI out at once t.o form a filament (new plant), or (more 
often) its contents divide int.o four portions which are set free aa 
motile sooaporea resembling zoogonidia in form and ciliation. 
When the wospore germinates it often gives rise to an asexual 
filament which produces zoogonidia, and so on for several asexual 
generations before a sexual pla.nt is formed ; or a sexual plant may 
be formed at once. 

Fucus. 

399. General Characters.-Two species of Fucus a.re 
ea.sily distinguished among the Brown Algae which grow 
on the coast between the tide marks. Fucus serratus has 
toothed margins; while in F. vesiculosus the margin of 
the thallus is entire, and along the middle there are con
spicuous a.ir bladders, often in pairs side by side. 

In both ea.sea note ( 1) the fia.ttened irregular attachment 
disc, firmly filed to rock or stone; (2) the cylindrical lower 
portion or " stem " formed-a.a seen on comparison with 
young pla.nts-by the thickening of (3) the midrib and 
decay of ( 4) the thinner lateral portions or wings which are 
distinguisha.ble in the flattened upper part of the mature 
plant; (5) the repeated branchm& of thethallus, especia.lly 



1'110118. 289 

in the flat upper region; (6) the growing tips of the ordi
nary sterile branches, showing a notch at the apex, or 
two notches where forking has occurred; (7) the oblong 
and thickened tips, or receptacles, of the fertile branches, 
studded with (8) the projecting wart-like conceptacles 
-flask-like cavities, ea.eh opening by a pore ( ostiole) 
from which some hairs (paraphyses) may be seen pro
jecting. 

If mature, it is easy to distinguish, on separate plants in 
these two species of Fucus, the yellow or orange male 
concepta.cles containing the antheridia; and the dark
green female conceptacles contaiiling the oogonia. Also 
note, scattered over the thin lateral wings in various parts 
of the thallus, the small sterile conceptacles, which 
contain only hairs. 

400. Material for Study.-For part of the work on 
Fucus it is essential to have fresh plants. Those residing 
inland should get specimens sent to them from the coast ; 
on arrival the specimens should be placed in sea-water, or 
sea-salt solution. Fresh material may be kept alive in sea
water, or in solution of Tidman's Sea Salt (5 oz. to a 
gallon of tap-water). 

For study of the general habit of the plants, Fucus 
material may be allowed to dry ; when reqnired for use, 
soak the dry specimens in water until they become soft and 
flexible-the same material can be used repeatedly in this 
way. 

For microscopic work on the thallus structure use 
material that has been hardened by being preserved in 
either formalin or in 70 per cent. alcohol, or (better) 
placed in 70 per cent. alcohol after being left for 24 hours 
in fixing fluid consisting of 1 gram chromic acid and 
0·4 c.c. glacial acetic acid to 400 c.c. of sea-water and then 
rinsed well in sea-water. 

To make the brittle alcohol-preserved material easier to 
cut, place the pieces in mixture of 1 part glycerine and 
3 parts alcohol for 24 hours, or in glycerine for a shorter 
time, or in equal parts alcohol and glycerine for a longer 
time (2 or 3 days). 
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401. Jlllucilaginous ch.a.ra.cter of Thallus.-Cut across 
a. fresh tha.llus, and note the slimy mucilage that oozes 
out or is easily squeezed out. With a. dry razor, cut thin 
sections across a. piece of tha.llus, held in pith; the sections 
become twisted, since the outer tissues expand and the 
inner tissues contract. Evidently in the intact thallus the 
two tissues are in unequal conditions of tension, the outer 
being compressed by the inner and. the inner stretched by 
the outer. Mount some sections in tap-water; they swell 
up greatly and become more distorted. Mount some in 
sea-water; the swelling is much less marked, hence fresh 
material should be examined in sea-water. 

402. structure of Thallus (Fig. 70).-From the 
upper region of the thallus, where the wings are well 
developed, cut (a) horizontal sections, parallel to surface 

Fig. 70.-Fucus. Part of a Tranaveree Section of the Thall us. See§ 402. 

of tha.llus, at different depths; (b) transverse sections; 
( c) median longitudinal sections of midrib and of wing. 
Mount the sections in glycerine, and note that 
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(1) The superficial cells, forming the limiting or epider
moid layer, are in surface view rectangula.r or polygonal, 
a.nd arranged in longitudinal rows, but in 'l '. S. and L. S. 
of thallus a.re prismatic and vertically elonga.t.ed. 

(2) Below this layer come wider cells, increasing in size 
as we pass towards the interior of the thallus-these cells, 
with the epidermo1d layer, form the cortez. 

(3) The internal tissue or medulla consists of elongated 
cells joined end to end to form filaments which run pa.ra.llel 
to each other a.nd to the long axis of the midrib and 
a.re embedded in mucilage. 

(4) The medulla of the midrib is continued at each side 
into that of the wings, where the filaments form a loose 
network. 

(5) The cells of the cortex and medulla. have pitt.ed wa.lls, 
the cross-walls in the medulla. filaments resembling sieve
tubes in appearance. 

(6) All the cells contain protoplasm a.nd a. nucleus, also 
rounded chromatophores, which a.re abundant in the 
outer cortex a.nd scanty in the medulla. 

403. Structure of Air Blaclder.-In aectiona pasaing throu~h 
an air bladder of Fuous vesiouloeua, note that the wall of the au
filled cavity oonsiats of a cortical tissue, with a lining of medullary 
tissue whioh is looee and disorganised. Cut acl'088 a_young bladder: 
it oontains a network of filaments like that seen in the wings, but 
thia is tom as the jelly is replaoed by air during the growth and 
expansion of the bladder. 

604. Growth in ThickDeu of Kidrib.-In T. S. and L. S. 
through auooeaaively older parts of the thallua, traoe the processes 
whioh lead to growth in thickDea• of the midrib, aooompanied by 
disappearanoe of the wings. As the thallus grows older, the outer 
oells of the midrib cease to divide, and this tiBBue is thrown off. 
The inner oortex remains active, increasing in bulk by division of 
the cells, and also producing finger-like prolongations which grow 
into the medulla, dividing by transverse walls and undergoing 
branching ; these new filaments may be distinguished from the old 
ones among which they are intruded by their smaller diameter and 
lighter·ooloured contents. 

405. Sterile Conceptacl ... -In aeotiona that include one or 
more of these structures, note the ftask ·like cavity, surrounded by 
the inner oortex and opening on the surface of a oonioal projecting 
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rim by a. round hole, through which protrude hairs which spring 
from the tiBBue lining the cavity, the la.tter also containing muci· 
la.ge; theyoungconcept&cle is closed, a.nd the ha.in a.re seen to a.rise 
from single cells of the lining tissue ; in succeBBively older regions 
of the tha.llus the concepta.olee become closed a.gain, the projecting 
portions of the long ha.in dying off, while the opening of the cavity 
is obliterated by bundles of shorter unicellula.r ha.in which grow 
from the linin~ tiBBue, a.s well a.s by the ha.sea of the long ha.in a.nd 
by brown mucilage. 

406. Sexual Organs and Cella (Figs. 71, 72).-Before 
making sections of the conceptacles, study the free sexual 
organs (antheridia and oogonia) and sexual cells (an
therozoids and oospheres). 

Fig. n.-Fucua. Four Antberidla, borne OD one of the branched b&lrw 
in a Kale Oonoeptacle. 

Place fresh fertile plants in a large vessel of sea -water 
or sea-salt solution, and after about six hours hang up the 
plants or lay them in a dry place for about six hours ; note 
that drops of mucilage ooze from the fertile branch tips
orange coloured in the male plant, green in the female 
plant. 
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Mount in sea-water some of the orange slime, and note 
that it con ta.ins numerous ellipsoid antheridia; each an
theridium contains numerous antherozoids, a.nd ea.eh 
a.ntherozoid is a pear-shaped cell with a bright orange 
chroma.tophore. On watching an antheridium in water, it 

ll'lg. 72.-Foous. An Oogonlum, oeated on It.a Stalk-cell, with Paraph,--, 
ae eeen in Section ot a Female Conoeptacle. 

may be seen to dehisce; the outer layer ( eztine) of the 
wa.11 bursts open at one end, the mucilaginous inner layer 
(intine) swells up and disappears, a.nd the antherozoids 
a.re set free a.a motile bodies with two laterally inserted 
cilia.-----il8.sily seen on treatment with iodine, which kills and 
stains the a.ntherozoids. 
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E:mmine in the same way the green slime from a female 
plant, and note that it contains numerous oogoni&, ea.eh 
oogonium containing eight oospheres; the firm extine 
and mucilaginous intine of the oogomum are easily distin
guished, and frequently at one end the stalk-ooll remains 
attached to the oogonium. In the dehiscence of the oogo
nium, the extine bursts at the apex and the intine 
protrudes ; the extine shrinks backwards, exposing more 
of the intine which then swells and disappears, while the 
oolipheres, which have meanwhile become rounded off (in 
the intact oogonium they are pressed against each other 
and therefore polygonal), are set free as naked spherical 
ma.8888 of prot-0plasm, containing chromatophorea and a 
central nucleus. 

Int;eresting permanent preparationa of the developing sexual 
organs, showing the numerous nuclei in the maturing antheridium 
(which when young has a single nucleua) and the eight nuclei in the 
maturing oogonium (which &180 begins with a single nucleua), may 
be made as follows. Cut a fertile branch into piecea, each including 
only a few oonoeptaclea, and stain them in bulk by placing them in 
borax carmine for 24 hours; then place them in acid aloohol (2 drops 
strong hydrochloric in 50 c.c. of 70 per cent. alcohol) nntil they be
oome clear red ; then plaoe them au-ively in 70 per oent. alcohol 
and in absolut;e aloobol-about an hour in each ; then mount them 
in a drop of clove oil on a slide, tease out with needles the oontenta 
of the conoeptaclea-aufficiently to show (1) the branching ahrub
like hairs bearin~ the antheridia, (2) the oogonia with the sdjacent 
paraphy- and lining tiaaue-&nd monnt in balsam. 

407. l'ertilisation.-Mix some orange slime a.nd some 
green slime in sea-water in wa.tch-glassea. Also place a 
drop of each on a slide and note that the antherozoids 
approach the motionless ooaphere and swarm around it, 
giving it a rotating movement if present in large numbers. 

On keeping the mixed fluids in sea-water, note in a few 
days that the oospore, which acquires a cell-wall after 
fertilisation baa occurred, becomes pear-shaped and divides 
by a transverse wall, the fixed lower cell forming the hold
fast while the upper produces the rest of the tha.llua. 

Young Fucus pla.nta of different ages may also be seen 
on rocks and atones, forming velvety olive-brown patches, 
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the younger ones being club-shaped and fixed by the narrow 
end, while the free end usually shows a tuftofha.irs a.rising 
from a depression (in which lies the growing-point) at the 
apex of the tha.llus. 

408. Sectiona of Conceptacles (Fig. 73) .-Cut a 
good number of transverse sections through fertile branch 
tips, and mount in glycerine. In T. S. of a male branch 
note (1) the flask-like or nearly spherical form of the con-

Fis. 7S.-Ft7ct7L TranaTene Section of a Hale Oonoeptacle. Bee I 408. 

cepta.cles ; (2) the raised pore by which the concepta.cle 
cavity opens on the surface of the branch-naturally, only 
a few concepta.cles, if any, will show this narrow pore cut 
through ; (3) the hairs or paraph711es which a.rise from 
the wa.11 of the cavity, and of which the upper ones 
protrude through the pore; ( 4) the densely granular 
ellipsoid &nthericlia, borne on branching hairs; (5) the 
sma.11-celled lining tissue of the cavity, which merges 
towards the outside of the branch into (6) the compact 
cortez, and towards the interior into (7) the loose medulla 
of the branch. 
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In similar sections of a female branch, note (1) that the 
female conceptacles resemble the male in form and 
position; (2) the para.physes are all unbranched or only 
slightly branched; (3) the oogonia are large and ovoid or 
rounded, with a thick wall-their contents may have 
divided into two, four, or eight oospheres,-and (4) each 
oogonium is carried on a unicellular stalk. 



CHAPTER IX. 

FUNGI AND LICHENS. 

BREWERY YEAST (SACCHAROMYCES CEREVISIA.E). 

409. Structure of Yea.at Cell.-Before starting ex
periments with Yeast, examine its structure, in the resting 
condition, as follows :-

(a) Place a. little dry Yeast on a slide, add a drop of 
water, and stir it up with a needle, cover, and examine. 
With. the low power, note the extremely small size of the 
rounded or ovoid cells. With high power, note (1) the 
thin cell-wall, (2) protoplasm, often showing bright clear 
dots (oil-drops), and (3) the central vacuole. 

(b) Treat preparations with (1) iodine, (2) chlor-zinc
iodine, ( 3) potash ; note that there is no starch, that the 
cell-wall does not give the reactions of cellulose, that the 
protoplasm is stained brown by iodine, and that the wall is 
made clearer by the disorganising action of potash on the 
protoplasm. 

( c) Stain some Yeast with haematoxy lin ; then press on 
the cover-glass, and look for cells which have been crushed 
-these will show the empty ruptured wall and the ex
truded contents. 

410. Pa.ateur Solution.-To prepare a stock of Pasteur 
culture solution for Yeast and other Fungi, weigh out, 
powder, a.nd thoroughly mix the following salts:-

Ammonium tartrate (NH,)2C,H,01 50 grams 
Potassium phosphate, KHiPO, .. . 10 
Calcium phosphate, Ca.s(P0,)2 .. • 1 gram 
Magnesium sulphate, MgSO, 1 ,, 

A small quantity ot YllllSt may be bo1111ht for a few pence at most bakers' shops. 

297 
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Dissolve the powdered mirlure in water, a.a reqtrired for U88 

in the proportion of 2 gram.a to 100 c.c. of wat.er, and add 
16 grams of ca.ne suga r. 

~11. Alcoholic Fermentation.-A.bout two-third.a fill 
a f.airlJ Ia.rge fla.ak with Puteur 10lution and add &ame 
Yeast that haa been stirred up with wa.t.er to form a 
paatA!. 

(a) Plug the neck of the fla.ak lightly with cotton-wool, 
and aet it in a warm place; note that the liquid becomes 
cloudy and frothy, bubblea are given off. and the liquid 
after a time smella of alcohol 

(b) Now fit the flask with a bored cork through which 
paaaea a tube bent like a J, with the longer arm dipping 
mto a vesael of ba.ryta.-water (or lime-water); note the evo. 
lution of bubbles of carbon dioxide. 

(c) Now replace the J-tube in the cork of the flask by a 
straight narrow tube about 30 inches long, not allowing ita 
lower end to dip into the liquid; heat the fia.ak over a 
Bunsen or spirit la.mp, fixing it in a retort.stand, and note 
that after a time the alcohol-vapour given off can be 
lighted at the upper end of the tube, burning with the 
oh.a.ra.cteristio blue fla.me seen in a spirit lamp. 

(d) Repeat the preceding experiments with a fla.ak of 
Yeut and Paateur 10lution which haa been boiled for five 
minutes; no fermentation takes place, and no alcohol or 
carbon dioxide are formed, becauae the Yea.at cella have 
been killed. 

(e) Get ready a series of six j&n1 or tumblers, fitted with 
covers or corks. In A put water ; in all the othen, 
Puteur 10lution; add to each a tablespoonful of thin 
Yeast pa.ate (or simplJ a bit of dry Yeast). Place B in 
darkneBll, keep the others in the light in the ordinary way. 
Place 0 in a temperature of 00 C. or very little above it; 
D at the ordinary room temperature; Eat a high tempera
ture, about 35° C. ; and boil the Yeast and the Paateur 
solution for F in a fla.ak: for five minutes before pouring it 
into the jar. 
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Note that the growth of the Yeast (as judged by the 
cloudiness and frothiness of the liquid) is arrest.ea by a. 
very low temperature and· is increased by warmth; the 
liquid in F does not become frothy or smell of alcohol, the 
Yeast having been killed by boiling; in .A there is very 
little growth, any that does occur being due to the fact that 
the Yeast placed in the water contains enough food to la.at 
for a short time. 

412. Budding of Yeast.-Examine a. drop of culture 
solution containing actively growing Yeast, and note that 
many of the cells · are joined together in cha.ins, often 
branched, which have evidently been formed by a. process 
of budding, since the cells at the free end of each chain 
are the smallest. 

In order to watch the actual budding process, place a 
very little dry Yeast in a hanging drop of Pasteur's fluid 

·in a moist chamber slide(§ 18), and examine it from time 
to time ; note that the larger cells are evidently putting out 
little projections, which may grow until they reach the size 
of the pa.rent cell, and that instead of being at once de
tached the buds may in turn produce other buds, and these 
yet others, until a chain is formed. 

Since the original cell may produce buds at two or more 
points of its surface, radiating colonies may be formed, but 
the outer cells of the chains become abstrict;ed, each grow
ing larger when free and budding in the same way as 
its parent, and so on. 

413. Spore Form.ation.-Under certain conditions the 
cells of Yeast may produce resting-spores, the protoplasm 
of the cell dividing into (usually) four portions which be
come rounded off and acquire a. thick wall, so that they 
resist drought, and are on account of their minute size 
readily wafted a.bout in the air. The production of 
abundant spores may be readily induced by one of the fol
lowing methods:-

(1) Set aside a. culture of Yeast in Pasteur's fluid with 
sugar; after a. few weeka spore& will appear. (2) Spread 
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some actively budding Yeast on a slab of plaster-of-Paris, 
made by pouring the plaster mixed with water into a. 
greased vessel or on a. piece of wood. (3) Spread some 
active Yeast on a. slice of Potato, and keep it under a bell
gla.ss. 

PYTHIUM DEBARYA.NUM. 

414. Material for Study.-Sow seeds of Common 
Cress (Lepidium sativum) thickly in a pot of wet sawdust 
or loose soil, or on muslin stretched across a. tumbler of 
water, cover with a. glass plate or bell-glass, and keep the 
seedlings thoroughly wet and in a. saturated atmosphere. 

Note that in a. few days the seedlings become weakened 
and fa.ll over; a. thick web of fungus-threads appears 
binding the seedlings together ; and finally they become 
completely decayed. Quite early they show a. pale sickly 
appearance, the hypocotyl becomes constricted and softened, 
and bending occurs here. 

The fungus, which begins by attacking the live seedling 
a.a a. parasite, kills it and then thrives a.a ii. 1aprophyte on 
the decaying tissues of the dead seedling; the spores of 
Pythium are present, a.long with those of Bacteria and 
countless Fungi, in the air, and these spores produce 
threads which penetrate the hypocotyl and ramify in the 
tissue of the seedling. 

415. Structure of '.rha.llus a.nd Gonidangia..
Mount some of the infected seedlings in water, and note 

( 1) That the tissues a.re disorganised and yellowish a.t 
the base of the hypocotyl, where the seedling hs collapsed 
owing to the attack of the Fungus. 

(2) The colourless branching fungus-threads (hyphae) 
running along the surface of the seedling, entering either 
by a stoma or by boring through the epidermal cells. 

(3) The hyphae running through the intercellular spaces 
inside the seedling, or through the cells themselves. 

( 4) The unseptate or coenocytic structure of the hyphae, 
i.e. the absence of cross-walls, a.a in V aucheria.. 
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(5) The presence of numerous nuclei and of oil-drops 
in the hyphae. 

(6) The gonidiophores, which are formed by the enda 
of certain hyphae swelling up to form a. gonida.ngium 
which is cut off by a. cross-wa.ll--0r the gonidangia ma.y 
be interca.lary and marked off by two cross-walls . 

418. Dn·elopment and Germination of Gonidangium.
Tbe development of the gonidanlfiu.m may often be traced if 
portions of infeoted seedlings are placed in water in a watch-glass 
and examined day by da,. If a pieoe of material showing goni
dangia ia placed along wi th a heal thy Cress seedling in a watch
glass of water, the germination of the gonida.ngi& may also be 
observed. The ends of some of the hypbae, growing out from the 
infeoted eeedling, swell up and become densely granular ; after 
the formation of the cross-wall, the portion of the bypha im
mediately below ia ~ to be partly emptied of it.a protoplasmic 
content&. 

When the gonidangium germinates, it may either (l) send out 
a protruding vesicle into which the content.a~ these dividing to 
form numerous aoogonidia (ao amall that it 18 hard to say whether 
they have two cilia or a single cilium) which swim about and on 
reaching a hoetrplant put out a hypha to enter it ; or (2) act as 
a gonidiu.m and germmate directly, putting out a hypha. 

It is usually at&ted that the direct germination of the goni
dangium, without the formation of zoogonidi&, indicates partial 
adaptation to au~rial life-conditions, but as a matter of fact thia 
type of germination oocun freely in cultures made in water. 

417. Antheridium, Oogonium, an.cl Oospore.-The 
selnl&l organs should be looked for in material that ha.a 
already produced gonidangia., on placing it in a watch
gla.sa or a. larger ve886l of water. The oogonium a.rises a.a 
a. terminal (or sometimes interc&lary) swelling on a. hypha., 
a.t first resembling a. gonidangium, and is cut off by a. 
cross-wall a.a a. spherical cell containing a. single oosphere. 
The antheridium a.rises a.a a. lateral bran;}h, often on the 
ea.me hyph& a. little below the oogonium, anc! its tip is cut 
off by a. transverse wall. 

If material is obtained, the process of fertilisation may 
be followed in a. hanging drop of water (Ward's tube or 
moist-chamber slide); the tip of the antheridium comea 
into contact with the oogonium and puts out a. short tube 

P.B. 20 
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which pierces the oogonium-wall, the ma.le nucleus passing 
through the ruptured tip of this "fertilising tube" into 
the oosphere. The oospore secretes a thick wall, lying 
freely inside the oogonium, a.nd its contents are densely 
granular e.nd oily. 

MucoR. 

418. ll[aterial for Study.-Mucor ia the common 
" black mould " which appean in about a week on damp 
bread kept under a bell-glaaa. Various other Fungi may 
appear in addition. but Mucor ia eaaily recognised by the 
out.growth from the flu1Jy white mycelium. after a few 
days, of the erect gonicliophores, each bearing at its tip 
a. small black head-the goDidangium. 

To prevent the bread from becoming too wet and mllBhy, 
set a. tumbler inverted in a plate of water, pla.ce on the 
tumbler a piece of bread that ha.a been allowed to get 
rather stale by exposure to the air for a day or two, and 
cover the whole with a bell-gle.as. 

419. ll[ycelium and Gonicliophores.-Pick up with 
needles, or with a knife-point, some of the bread on which 
Mucor is growing, tee.Be it out gently in we.ter on e. slide, 
and note the followmg :-

(a) The branched mycelium, consisting of thick pri
mary filaments (hyph&e), which give off thinner branches, 
these again branching repeatedly and ramifying through 
the bread and becoming finer aa branching proceeds. 

(b) The absence of transverse walla, the hyphae being 
uneeptate (coenocytic). Sometime , however, septa are 
fo11Dd in the hyphae, especially in old cultures which have 
produced gonidangia.. 

(c) The thick straight unbra.nched sonidiophores, each 
ending in a. spherical goD.ida.Dgium. Many of the older 
gonidangia will have burst open. 

(d) To make out the structure of the hyphae of the 
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mycelium. treat prepa.ra.tions of fresh Mucor with (1) aalt 
solution, which will cause plaamolysis and ma.ke the pro
toplasmic lining visible ; (2 ) iodine, which stains the 
protoplasm brown-note tha.t the hypba.e contain no 
st.a.rch. 

(e) The numerous small nuclei in the hypba.e can be 
demonstrated on staining, with ha.ematoxylin, material 
th&t has been fixed with &lcohol or picric acid or chromo
acetic acid (1 gram chromic acid and 2 c.c. glacial acetic 
to 200 c.c. water). 

"20. Struc:tllre a.n4 Development of Gonicla.ngium· 
-Examine gonidiophores before their tips have begun to 
turn bla.ck. Note that (1) the end of the gonidiopbore 
becomes swollen up and pear-shaped; (2) & cross-wall is 
formed below the S1!elling, cutting off the goni4a.ngium ; 
(3) the latter now enlarges and becomes spherical; 
(4) the cross-wall bulges upwards into the cavity of the 
gonida.ngium, forming the columell&. 

Carefully seize with forceps a number of mature goni
diophores, a little below the gonida.ngi& themselves, cut 
them off with scisson, and mount in alcohol Note, in 
an undamaged gonidangium, (1) the thin wall, often 
covered erlerna.lly by an incrustation of minute ra.dia.ting 
needle-like calcium oxalate crystahl-not always present ; 
(2) the dense contents, consisting of the goni4ia; (3) the 
clear plaoe a.t the ba.se of the gonidangium, corresponding 
to the position of the columella.. 

"21. Dehiacence of Gonicl&Dgium.-While watching 
& gonida.ngium mounted in alcohol. place a drop of water 
a.t one side of the cover-glass, and dra.w it through with 
filter- or blotting-paper. Note the sudden dehiscenoe of 
the gonida.ngium. the outer wall being broken into fra.g
..nents and the ovoid gonidia. escaping a.long with mucilage. 
Note also that the columella. is left a.a an ovoid or nearly 
spherical swelling of the top of the gonidiophore, often 
surrounded a.t its ba.se by a fringe representing the lowest 
portion of the gonida.ngium wall 
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622. Chrmhaation of Goniclium.-To follow the rrmination 
of the gonidi&, make banging-drop oultures in • mo18t-ch&mber 
elide (I 18). Boil aome French pluma or prunea in water to mile 
• dilute deoootion of the juice (five prunea to 100 o.o. of deoootion) ; 
boil the juice in order to ateriliae it &nd to prevent the j(rowth of 
other Fun~ &nd pl&oe • drop of it on a oover-glaaa. Moiaten 
a needle 'Wlth the boiled juice, touch a ripe gonida.ngium with the 
needle-point, &nd dip the latter in the drop on the oover, the object 
being to plaoe in the drop aa few gonidi& aa poeaible. Invert the 
oover and W&toh the germination : the gonidium puts out • hyph&, 
which branchea repeatedly, the branches apreading out r&di&lly in 
all directions. 

In these culture experiment., •ll the apparatus Wied muat be 
steriliaed aa thoroughly aa poBBible, the prune juice or other nutrient 
medium by boiling, the needle by heating in • spirit-lamp or Bllllllen 
flame &nd allowio~ to 0001, the moi.et-ch.mber elide and cover by 
pl&oing them in boiling W&ter for • short time. 

Inete&d of prune juice, Puteur'a fluid (§ ~10), or • deoootion of 
ho1'88 dung, m.:r be Wied for Muoor. Culture& should &lao be m&de 
in agar or gel&tme, mixed with prune juice &nd with oane sugar &nd 
pl&ced in Petri diehee (ah&llow ~lau diehea with slightly wider 
glaas oovera fitting over them}-m e&eh - all the utenaila &nd 
nutrient medi& muat be at.eriliaed by expoeing them to• tempera
ture of 100" C. for at leaat half an hour, or to a higher temperature 
for a shorter time. 

423. The "Torul&" or Yeut-oonclltion of Muoor oan be in
duced by making a culture of J<>nidi& (or of • portion of mycelium) 
submerged in e&ne-eugar aolution or in Paateur'a aolution to which 
sugar baa been added. The hyph&e become divided up by 01'088· 
walla into cella (gemmae) which prooeed to undergo budclinl' in 
the B&me way aa Yeaat cella, and like Yeaet 11et up alcoholic 
fermentation, alcohol and c.rbon dioxide being produced by 
decomposition of sugar. On being exposed to the &ir again, by 
filtering off the turbid liquid and keeping the reeidue under ordinary 
culture, the plant m.y paBB into ite normal condition and produce 
gonid&ngi& &a uaual. 

424. Sexual B.eproduction. m Sporocli.Dja.-lt ia 
often difficult to obtain material showing the aexual 
organ.a of Mucor, nor is there any method for inducing 
their formation by cultivating the plant on special culture 
media., or a.t altered temperature.. Sometimes one does 
succeed l>y making several culture. and miring the 
mycelia., for inat.ance by sowing on one piece of bread 
spores from aeTera.l isola.ted culturel. 
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The conjugating hyphae belong to different strains of 
Mucor mycelia, which we may simply call "male" and 
" female "; when male and female mycelia come together 
zygospores are formed, and any given mycelium produces 
gonidia which give rise to mycelia of the same nature as 
the parent mycelium. 

This apparently applies to the majority of the Mucor
aceae, but in some forms, e.g. Sporodinia grandis, zygo
spores are produced by the conjugation of hyphae of 
the same mycelium. In Mucor, the conjugating hypha.e 
are· formed on the portion of the mycelium which rami
fies through the substratum, but in Sporodinia they are 
formed on erect aerial hyphae . . 

Sporodinia grandis grows as a parasite on several of the 
larger fleshy toadstools (Hymenomycetes), such as Boletus 
(a pore toadstool), as a greyish fiufiy mycelium, on which 
the reddish zygospores can be seen with the naked eye. 
It is common, and readily found in late summer and 
autumn. 

Sporodinia can easily be cultivated indoors, and some 
interesting observations can be made on it. Pour some 
water into a wide-mouthed jar, and put filter- or blotting
paper round the inside of the jar, eo as to keep the sides 
moist, then place a email beaker or dish, without any 
water, in the bottom of the jar; in the beaker place a 
small bit of bread moistened with prune juice, and infect 
the bread with Sporodinia goi:).idia or a piece of the 
mycelium itself-sections of Carrot root may be used with 
advantage instead of bread. Cover the jar with a sheet of 
glass, and examine the culture from time to time; the 
zygospores appear in a few days. 

Note that the gonidiophoree of Sporodinia differ from 
those of Mucor in being dichotomously branched, eaeh 
branch ending in a small gonidangium. 

The zygospores are formed by conjugation between erect 
hyphae. Where two hyphae are close together, there 
arises from each an outgrowth, like the conjugating tubes 
of Spirogyra, and these become swollen at the ends; When 
the swollen tips come into contact, each tip is cut off by a 
cross-wall from the rest of the tube (which is called the 
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"suspensor ") to form a gamete-more strictly, a game
tangium or coenogamete, since here, as in other Muco
raceae, the " gamete" is multinucleate. The double wall 
between the " gametes " is absorbed, and a zygote is 
formed-the male and female nuclei fuse in pairs. 

The wall of the zygote, or fused gametangia, becomes 
thickened, and the contents of the zygote become rounded 
off and acquire a. thick wall to form the zygospore, the 
contents of which become dense and oily. 

The ripe zygospore wall shows (1) the original thin wall 
of the fused gametangia, (2) the dark-coloured warty 
epispore, (3) the thicker a.nd more transparent endospore. 
After zygospores have been formed, numerous cross-walls 
appear in the hyphae of the mycelium. Sometimes the 
two gametes do not come into contact, but each gamete 
ma.y still develop into a zygospore-like structure-an 
" a.zygospore." 

Keep zygospores under observation in water in autumn, 
a.nd note that on germination the epispore bursts open, 
<i.nd the contents, covered by the endospore, grow out to 
form hyphae which build up a. mycelium ; if this is culti
vated, gonidiophores may be seen to develop, completing 
the life cycle of the plant. _ 

EUROTIUM. 

425. llllaterial for Stud:y.-Eurotium or Aspergillus herbario· 
rum or Asp.,rgillus glaucus (names given by difterent botanists to 
the e&me plant) is the "green mould" which grows so commonly 
on bread, preserves, fruit, cheese, etc. It often occurs along with, 
or is replaced by, the still commoner "blue mould" (Penicillium). 

In damp bread kept under a bell-gl&SS for a few days the 
usual succession of moulds is (l ) Mucor with its long black-tipped 
conidiophores; (2) the bluish Penicillium with short oonidiophores 
like mi11iature paint-brushes; (3) Eurotium, rather like Penicillium 
but with taller conidiophores bes.ring a globular cluster of chains of 
conidia. 

426. llliycelium e.nd Conidiophores (Fig. 74).
Exa.mine a piece of bread, or some apricot jam, bearing 
conidiophores of Eurotium; shake some of these gently 
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with a needle, and note the conidia which are easily de
tached and float in the air as a fine cloud-the conidio
phore remains after the shaking, and the conidia are 
evidently not enclosed in a conidangium, as was the case 
in Mucor. 

Mount some of the ma
terial in a drop of water, 
and note (1) the myce
lium, consisting of sep
tate hypha.e, with the 
cross-walls at rather long 
intervals; (2) the stout 
non-septate conidio
phores, each with a dense 
terminal cluster of conidia. 
-some of which will have 
become detached and will 
be seen in the water. The 
roughly spherical clusters 
are not easy to make out, 
especially as the project
ing conidia entangle air be
tween them: draw under 
the cover-glass some alco-
hol, or mount a fresh por- MYCELIUM 

tion in a mixture of water Fig. 7'.-Eo&OTI0>1. Part of the .Myo•· 
and alcohol-the commo- limn, with a Cooid.iophore. 

tion set up by the mixing 
of the water and alcohol will detach some of the conidia 
and also clear away the air-bubbles. 

"Now note that the head of the conidiophore is swollen 
up (but not cut off by a cross-wall) and bears numerom 
cha.ins of conidia; with the high power, note that the head 
gives off peg-like radiating outgrowths, the sterigma.ta, 
and that each sterigma has budded off a chain of conidia, 
the smallest (youngest) conidia being at the base of the 
chain and the largest (oldest) ones at the end. The ter
minal conidia are being continually abstricted as they 
become rounded off, and therefore very loosely attached to 
the next ones below in the chain. 



308 EU:BOTilT.M. 

427. Development of Conidia.-Exa.mine young 'por
tions of the mycelium, which ha.ve not yet become coloured 
by the ripening conidia. 

Note that (1) the conidiophore a.rises a.s a.n unbra.nched 
stout hypha, close to a transverse wall on a mycelial hypha. 
and containing distinct granular va.cuola.ted protoplasm 
a.nd numerous nuclei; (2) the free end of the conidio
phore swells up, but is not cut off; (3) from the enlarging 
head there grow out numerous papillae, the sterigmata ; 
(4) ea.eh sterigma. elongates, and then becomes skittle
sha.ped, a.n oval or spherical conidium being budded off 
from its tip; (5) after the first conidium has grown in 
size, a second is abstricted from the sterigma, just below it, 
in the same way, and so on until a chain is formed. Be
fore ea.eh budding occurs, nuclei pass into the developing 
conidium, which when mature has about four nuclei; the 
conidium has a distinct but rather thin wall, which con
tains the greenish pigment (not chlorophyll) tha.t gives 
Eurotium its colour. 

428. Germination of Conidia.-Boil some prune or 
plum decoction, and ma.ke a hanging-drop preparation with 
a few conidia, as directed for M ucor ( § 422) ; the germina
tion and the formation of the mycelium take place as in 
Mucor, except that in Eurotium the mycelium hypba.e are 
from an early stage onwards septate owing to the nume
rous cross-walls formed. 

429. Structure and Development of A.scoca.rp.
To observe the ascus-fruits, or ascocarps, keep some bread 
dry for a month or more; when ripe the ascocarps are 
easily seen with naked eye or lens as yellow spherical 
structures. Some of the stages in the development of the 
a.scocarp may be seen on examining some Eurotium which 
has already produced conidiophores; mount in alcohol, 
add water, and tease out with needles. 

Two simple methods ma.y be used to induce the forma
tion of sexual organs and ascocarps. (1) Transfer some 
conidia to a. piece of bread soaked in 40 per cent. ca.ne
sugar solution in prune juice, and keep at a.bout 30° C., 
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starting to examine after four days. (2) Transfer some 
conidia to gelatine in st.erilised Petri dishes. A good 
medium is 5 per cent. gelatine ma.de up with prune decoc
tion and 40 per cent. ca.ne sugar. In this medium cultures 
ca.n be kept for a long time, and will fruit readily a few 
days after raising the temperature of the culture to 20° C. 

In suitable materia.l showing the .exual organs note 
(1) that thin branches arise from the mycelium; (2) 
that the first of these hyphae to be formed in a group 
is coiled like a corkscrew-this is the archica.rp or female 
hypha.; (3) that other hyphae arise below the a.rchica.rp and 
grow up to form a loose envelope a.round it-one of these, 
the anthericlium, becomes applied by its tip to the apex 
of the coiled a.rchicarp, while the sterile hyphae form the 
ahea.th of the fruit. 

In a. mature aacocarp, treated with potash to make 
it more transparent and mounted in glycerine, note (1) the 
wall or sheath of the fruit, consisting of a single layer of 
cells, (2) the ovoid sa.cs or uci within, each aacus con
taining eight aacospores. 

To see the uci and aporea better, mount an a.scoca.rp in 
glycerine, crush it by pressing on the cover-gla.ss, and note 
(1) the ruptured ascoca.rp wall; (2) the asci and the 
spores, the latter being ovoid when young and having 
when old a peculiar form-notched at each end, like two 
biconvex lenses fused together; (3) the nutritive tissu&
found only in young a.scoca.rps. but absorbed wh_en the 
latter is mature. The aacospores contain a.bout eight 
nuclei; they germinate like the conidia.. 

PENICILLIUJll. 

430. Penicillium, found on all sorts of organic sub
stances, from brea.d and jam to old boots and dried-up 
ink, is the commonest of the Moulds. 

The mycelium is easily cultivated in a watch-gla.ss of 
Pasteur'a aolution to which conidia are transferred from 
an infected alice of bread. The mycelia soon appear as 
Boating white patches, which as they grow in a.rea. become 
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first pale blue and then dull green, the colour change 
starting at the centre of the patch and spreading to the 
outside. From the floating myeelium there arise ereei 
hypha.e which develop into conidiophores, and submerged 
hypha.e ~hich grow vertically down into the liquid. 

The myeelium has the same structure aa in Eurotium, 
but the conidiophores are repeatedly branched, the parallel 
branches being arranged in a bruah and ea.eh ending in a. 
chain of conidia. formed by baaipetal a.bstriction a.s in 
Eurotium. 

The aacocarps, which are rarely met with, are formed in 
much the same wa.y a.s in Eurotium. In Penicillium, how
ever, both sexual organs are spirally coiled round each 
other, one of them later giving off a.scogenous hypha.e. 
The enveloping hyphaa form a. densely interwoven firm 
ma.ss of tissue, the outer la.yen of which are yellow and 
the inner (containing the a.scogenous hyphaa) colourleBB, 
and the hard a.nd relatively large a.scoca.rp undergoes a. 
resting period of a.bout two months. Ultimately the inner 
tissue of the ma.ss is used up by the developing asci, and 
the spores escape by the breaking up of the hard brittle 
rind. 

SPlli.llROTKllOA.. 

431. Allied to the Eurotium and Penicillium section of 
Ascomyeetes is an interesting group, the Erysipheae, in
cluding the Kilde'W'8 which are parasitic on the leaves of 
various plants, e.g. Hop, Rose, a.nd various other wild and 
cultivated flowering plants. 

Sphaerotheca, species of which grow on Hop and Rose, is 
one of the simplest forms of Mildew. The mycelium of 
Mildews is peculiar in that it creeps over the surface of 
the infected leaf, forming a web of intercrossing threads, 
the hyphaa, which send in short processes, the suckers or 
haustoria, into the epidermal cells of the lea.f. The 
hyphaa are single rows of cells, each containing a single 
nucleus. 

During the summer, the myeelium sends up erect 
coDicliophoru, ea.eh of which buda off a.t its tip a. chain 
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of coniclia-behaving exactly like a single sterigma of a 
Eurotium conidiophore on a large sea.le. The mealy white 
appearance to which the Mildews owe their na.me is due 
chiefly to these conidiophores, which produce countless 
conidia. a.nd ea.use the para.site to spread rapidly from leaf 
to leaf, and from plant to plant, until very often the health 
and even the life of the " host" plant a.re endangered
the Hop Mildew (Spha.erotheca. Castagnei) sometimes 
ea.uses great lose to the hop-growers. 

In autumn, or in la.te summer, should a. drought follow 
a. spell of wet weather, the fungus produces small asco
ca.rps, developed in practically the same wa.y a.s those of 
Eurotium, but having a. much simpler structure. The 
anthericlium and a.rchicarp ( oogonium) arise on sepa.ra.te 
branches, where these happen to cross ea.eh other, and the 
whole process ha.s been fully worked out. Both these 
organs grow out from the pa.rent hypha. as a. short branch, 
and a.re cut off by a wall. The oogonia.l branch enlarges, 
without division of its single nucleus, but the ma.le branch 
divides into two superposed uninucleate cells, the lower 
and longer one being merely a stalk-cell and the upper 
shorter one the actua.l antheridium. The two organs fuse 
a.t their tips, the ma.le nucleus fuses with the oogonium 
nucleus, to form a zygote nucleus; meanwhile from the 
cell below the oogonium there grow out numerous hypha.e 
which form a sheath as in Eurotium. 

The zygote (fertilised oogonium) now divides into a 
lower (stalk-) cell a.nd an upper cell, each with one 
nucleus; the stalk-cell develops no further, but the upper 
cell divides into a row of cells, a.ll except the penultimate 
one (second from the top) ha.ving one nucleus. The pen
ultimate cell has two nuclei, which now fuse, a.nd this cell 
simply enlarges and becomes the solitary ascus of the 
ascoca.rp, the fusion nucleus dividing into eight nuclei, 
around which the protoplasm collects to form the eight 
a.scospores. From the tissue of the sheath or envelope 
there arise (1) internal cells forming a. nutritive tissue as 
in Eurotium, (2) external septate hypha.e or appendages 
-in some Mildews allied to Spha.erotheca., these ha.ir-like 
outgrowths or appendages of the ascoca.rp a.re hooked a.t 
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the ends, or have much-branched ends, or have a 1a.rge 
swelling at the base. 

The ascocarps are just visible to the naked eye as black 
dots on the diseased leaf ; they remain on the dead leaves 
during the winter, and when germination occurs in spring 
t_he a.scus absorbs water, swells, bursts the sheath and its 
own wall, a.nd sets free the ascospores which infect the 
young Hop shoots. In most of the Mildews ea.eh a.scocarp 
produces several asci, as in the case of Eurotium. 

MUSHROOM (AGARIOUS CAMPESTRIB). 

432. Jll[ycelium, etc.-The Common Jll[ushroom 
grows in open well-manured fields usually from June to the 
end of September; its stalk is white, short, and usually 
quite solid; its cap is dry and cottony above; the radiating 
gills on the underside of the cap are closely set, not 
running down on to the stalk; the gills are at first white, 
but later turn pink, and finally brown ; the flesh of cap 
and stalk is white, but soon turns reddish-brown on 
exposure to the air when cut or broken. · 

Get a. piece of Mushroom "spawn," which is sold in 
pressed blocks by eeedsmen, and note its fibrous peat-like 
texture. Put a email piece on a slide in water, tease it 
out with needles, and note (1) the hypha.e are largely 
bound together into bands or bundles, from which single 
hyphae a.re here and there given off ; (2) many of the 
hyphae a.re encrusted with rod-like crystals, consisting 
of calcium oxalate-test with acids. The " spawn " con
sists of a. mixture of dung and loamy soil, permeated by 
the resting mycelium, the bands of hyphae being visible 
to the naked eye-their whiteness is largely due to the 
encrustation of crystals. 

Get a large flower-pot, or a. box with holes bored in the 
bottom for drainage, and place in it first some stones and 
gravel, then some soil (good garden soil, mixed with cow 
dung), then some broken-up "spawn," then a. few inches 
of soil on the top. Keep in darkness in a. warm place, 
a.nd sprinkle with water daily. In a. few weeks the growing 
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mycelium will permeate the soil, and on the surface 
there will appear the white-rounded or egg-shaped masses 
which develop into the "mushroom" themselves, i.e. the 
spore-producing organs of the plant, the mycelium being 
the vegetative portion. 

Place some of the mycelium-containing soil in water, to 
remove as much as possible of the soil from the mycelium, 
tease out a piece of the latter on a slide, and note that 
the hyphae branch irregularly, have cross-walls here and 
there, and are sometimes covered with calcium oxalate 
crystals, as in the resting mycelium ; look for the rounded 
growing tips of the hyphae. 

433. Development of Gonidiophore.-Pick or wash 
the soil from a part of the mycelium on which young 
mushrooms of different sizes are seen ; trace the connection 
between these and the mycelium, and the stages in their 
development. Note that-

(1) The young mushroom arises from the mycelium. 
(2) It is at first a rounded or ovoid mass, consisting of 

uniform solid tissue, as seen on cutting it longitudinally. 
(3) Later it becomes differentiated into a narrower 

lower portion (stalk) and dilated upper portion (cap). 
(4) Later still, as the cap expands, a ring-like cavity 

(gill-chamber) is seen running horizontally in the tissue. 
( 5) The roof of the chamber is seen to bear numerous 

white radiating vertical plates (gills), as shown on making 
horizontal and tangential longitudinal sections. 

(6) Later still, the cap extends further, the tissue 
forming the floor of the gill-chamber is ruptured, and the 
gills are now exposed, 

(7) The stalk meanwhile grows in length, can-ying up 
the cap, the gills turn brown, and the place where the 
rupture occurred is marked by 

(8) The annulus, a ring of tissue on the stalk, and by 
(9) A corresponding ragged fringe on the edge of the cap. 

434. "Spore Print."-In the fully-grown mushroom 
note that the gills do not all reach from the edge of the 
cap to the top of the stalk; some extend only a part of 

P.B. 21 
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this distance. Cut across the stalk, just below the cap, 
and lay the cap with the gills downwards on a sheet of 
white paper~ After a few hours, note that the spores fall 
out in the usual way and collect in ridge-like heaps, form
ing lines corresponding to the gills. If the paper has 
been moistened with diluted gum, the " spore print" thus 
obtained can be kept as a permanent specimen. Coprinus 
gives very neat spore-prints ; other toadstools should also 
be tried. 

435. Structure of Gollidiophore.-It is difficult to 
cut good sections from fresh material. Harden mnsh
rooms, both young and mature, by placing them-<:utting 
both the stalk and the cap into piece&--in 1 per cent. 
chromic acid for a day, rinsing with water, and placing 
them successively (for a day in each case) in 50 per cent., 
70 per cent., and strong alcohol. This treatment will make 
the tissues firm and easy to section. 

In transverse and longitudinal sections of the stalk, 
mounted in glycerine, note (1) the whole tissue consists 
of long branching septate hypha.e, closely interwoven; 
(2) the central hyphae are relatively narrow and loosely 
arranged, the peripheral hyphae thick and closely packed. 

In a tangential vertic&l section of the cap (Fig. 75), 
cutting the gills at right angles, note that (1) the tissue 
of the cap itself resembles that of the stalk; (2) the looser 
central tissue passes down into the middle of ea.eh gill; 
(3) this central tissue ("trams.") of the gill consists of 
hyphae which run longitudinally downwards, and curve 
outwards to form (4) the sub-hymenial layer of short 
closely-packed cells and, beyond this layer, (5) the 
palisade-like hymenium, consisting of elongated club
shaped and closely packed cells of two kinds-viz. (6) 
the more slender pa.raphyses with rounded ends, and 
(7) the stouter and longer baaidia-(8) each baeidium 
bears on its free end two sma.11 peg-like outgrowths, 
sterigmata, each sterigma budding off a single baai
diospore. Each basidium is exhausted after producing 
its two spores, a.nd it develops no more; the bare &terig
mata ca.n be seen after the spores have fallen off. 
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For surface view of gill, mount a piece of a gill on 
a dry slide, and note (1) the basidia with rounded ends, 
bearing two spores each; (2) the bare rounded ends of the 
young basidia which have not yet formed spores and 

,HYMENIUM 

CONIDIUM 
/ , STERIGMA 
' :' ,:BASIOIUM 

Fig. 75.-Ao.uucos. Beot.lon ...,,.... one of the Oilla. Tb.e dlagnun t.o the rigM 
rep.....,ot.o the Hymenium and Sub-hymeniu.m more hi&hJ7 macnJJled. (Pour 
Conidia abould ban been abown on each Buidi.nm.) 

of the old basidi& from which the spores have fallen ; 
(3) the pa.ra.physes, narrower than the mature ba.sidia. ; 
( 4) the brown coloured spores, the basidia. a.nd pa.ra.
physes being colourless like the general tissue of the 
gill. 

Pucc1NIA GxAMINis. 

436. 'Uredospores on Wheat Plant.-Exa.mine 
"rusted" plants of Wheat in summer, showing the 
reddish orange elongated spots on the leaves and stems. 
With a. lens note that these spots a.re cracks or slits 
from which a.n orange yellow powder is shed or can easily 
be scraped. 
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Scrape off some of the "rust," and note the numerous 
uredospores, each cons,isting of an ovoid cell with a thick 
outer coat (covered with fine spines when mature); the 
inner layer is thinner; the spore contents are coloured 
with drops of orange or yellow oily matter. Note the 
four pits or thin spots, situated at regular intervals 
round the equator of the spore-at each of these spots 
the endospore is interrupted so that the cell-contents are 
in contact with the exospore, the latter being also thinner 
at these spots than elsewhere. 

Ex.a.mine transverse sections of Wheat stem, leaf
sheath, or leaf, bearing patches of uredospores. Note 
(1) the patch corresponds to a region between two of the 
hard bundles below the epidermis ; (2) the epidermis is 
broken through at each side of the patch; (3) the 
mycelium of the Fungus consists of slender threads 
traversing the soft parenchyma tissue and forming a 
denser layer just below the patch; (4) each uredospore 
is borne on a. slender stalk forming an outgrowth of the 
mycelium. 

437. Teleutospores on Wheat (Fig. 76).-Later in 
the year, from July onwards, note that the" rust" patches 

ll"ic. 70.-Poocnru. Part of a Trannereo Section ot Whea~ IAal, wit.h 
Teleutospol'9 of PucciDia. 

become blackish instead of orange, especially on the stems 
and leaf-sheaths. This is due to the fact that the 
mycelium is now producing spores of another kind instead 



PUCCINIA. 317 

of uredospores. Scrape one of these dark patches, and 
note the dark- brown spindle-shaped teleutospores, often 
showing at one end part of the slender stalk on which 
the spore was borne; the two cells have thick walls, 
showing two layers (exospore and endospore). Note the 
pit in the wall of each cell of the teleutospore-in the 
upper cell the pit is at the apex, in the lower it is at one 
side just below the cross-wall separating the two cells. 

Also examine sections across the patch ; both uredo
spores and teleutospores may be seen, since the two kinds 
of spores are produced by the same mycelium. 

4:38. Germination of the Uredoaporea.-Place uredospores 
in a hanging drop of wa.ter or of Pa.steur's solution, a.nd examine 
ea.eh da.y until germination ocours. Note tha.t a. hypha ma.y 
grow out from either or both of the pits or germ-pores. Also 
try to infect Wheat pla.nts, a.s follows :-Grow Wheat in pots of 
soil out of doors, to get healthy young pla.nts with leaves a.bout 
10 cm. long; bring in fresh Wheat leaves well covered with the 
rusty pa.tohes, and tie two of the young Wheat leaves together 
with the infected leaf between them, so tha.t the three are in close 
contact for some length; cover the pla.nts with a. . bell-ja.r, keep 
them moist, and each da.y examine tangential sections of the 
epidermis for germinating uredospores, sending a. germ-tube in 
through a stoma.. 

439. Germination of the Teleutoaporea.-The uredospores 
usually germinate promptly in summer, though they ca.n la.st 
through the winter; but the teleutospores a.re eBSentia.lly resting 
spores which germinate in the following spring. They ma.y be 
induced to germinate in a.utumn, but it is better to tie together in 
a bundle Wheat straw (stems) bearing teleutospore sori, leave 
the bundle outdoors a.11 winter, and in spring (Ma.rch or April) 
cut off small portions of stem with teleutospores on them a.nd 
place these in wa.ter in a. wa.tch-gla.se, keeping them under a. bell
gla.se a.nd examining with the microscope da.ily until germination 
occurs. 

Also scrape teleutospores from the pa.tohes into wa.ter or .Pa.steur's 
solution in moist-chamber slides. Note tha.t the exospore of one 
or both cells of the teleutospore bursts, a.nd the endospore-covered 
contents grow out a.s a. hypha. (promycelium or ba.sidium) which 
divides by cross-wa.lls into a row of four or five cells, ea.eh of these 
(except the long ba.sa.l one) then putting out a. short hypha. which 
swells up at the tip and outs off a single sporidium or ba.sidio
spore. 
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"40. Infection of the Barberry.-The aporidia produced 
by the germination of the teleutospore do not germinate on the 
Wheat, but infect the leaves of Barberry. 

(a) Cut twigs of Barberry in spring, when the buds are unfolding ; 
remove some young leaves, place them on wet blotting· paper, put 

· a drop of water on ea.eh lea.f and add a few teleutospores (from 
a batch whioli have shown signs of germination, if possible); 
after a full day, out tangential sections from a leaf, so as to obtain 
the epidermis, where the teleutospores were sown, and look for the 
sporidia, which may be seen putting out a hypha. This hypha is 
able to eat its way into the leaf (by secreting cytase and other 
enzymes), and therefore does not need to make use of a stoma in 
order to infect the leaf. 

(b) Also try infecting in this way some young leaves on a 
Barberry twig placed in Knop's solution in a large jar. 

(c) In these plants, or in Barberry bushes growing under natural 
oonditions, note that the leaves often show in spring swollen 
disooloured patches due to the growth of the mycelium produced by 
the entrance of the hypha (germ.tube) emitted by the germinating 
sporidium. 

441. Aecidia on Barberry.-Examine a Barberry. 
leaf showing these blotches. At some points on the 
underside of the leaf the cup-like aecidia may be seen 
with naked eye or lens, while at other places the yellowish 
blotches will be seen as swellings-young aecidia which 
have not yet burst through the epidermis of the leaf. An 
open aecidium has the form of a cup with a ragged and 
outwardly curved margin; its yellow contents a.re the 
aecidiospores. On the upper side of the leaf look for 
much smaller projections, appearing a.s minute pointed 
warts-these are the spermogonia, better seen in section. 

442. T. S. of Barberry Leaf, with .6.ecidia a.nd 
Spermogonia (Fig. 77).-Cut transverse sections of 
Barberry leaf showing groups of aecidia. ; mount in 
glycerine, and note (1) the mycelium of the Puccinia, 
the hyphae of which ramify through the intercellular 
spaces and, especially in the spongy lower mesophyll, are 
so closely pa.eked that the mesophyll cells may be widely 
separated from each other and appear embedded in a 
dense matrix of mycelium ; (2) an aecidium, cut through 
the middle and therefore appearing U-shaped, ccintaining 
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closely pli.cked parallel chains of aecidiospores ; (3) the 
wall of the aecidium. 

Fig. 77.-PucctNU. Part of a Transnroe Section of Barberry Leaf infected by 
the Aecidium Stage of Puccini&. Note. the Mycelium (in the 11eoophyle). the 
two Bpormogonla (abon), and the Aeaidium (below). 

Note also the spermogonia., chiefly on the upper side of 
the leaf; each spermogonium resembles a miniature Fucus 
conceptacle, and contains a dense mass of fine filaments. 
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443. Structure of .&.ecidium.-Exe.mine carefully with high 
power e. 701lllg aecidium, which ha.s not yet burst through the 
epidermis, e.nd compare ite structure with the.t of the mature 
aecidium. 

In the mature e.ecidium note (1) the dense hyphe.e e.t the be.se of 
the e.ecidium ; (2) the le.yer of closely packed pe.re.llel rod-like ' 
h;yphae above this ; (3) the row of aecidiospores produced in 
ba.sipete.l sequence by e.bstriction from ee.ch of these rod-like hyphe.e; 
(4) in each row the orange-coloured thick-walled spores, of polygonal 
(hexe.gone.l in section) form owing to the close packing of the rows; 
(5) the presence of sme.ll much flattened interstitial cells e.lter
ne.ting with the spores in ee.ch row ; (6) the outer wall of the e.eci
dium, consisting of e. le.yer of cells with very thick cell-we.Us (the 
outer we.11 espeoie.lly thick e.nd strie.ted)-this le.yer evidently corre
sponds to sterilised rows of e.ecidiospores. 

Mount in we.ter some loose e.eoidiospores, e.nd note the (usually 
six) thin places or pit.(" germ-pores") in the cell-we.ll . 

444:. Structlire of Spermogonium.-In e. spermogonium, 
with the high power, note (1) in the lower portion the closely packed 
parallel rod-like hyphe.e or sterigme.te., converging to the centre of 
the flask-like cavity ; (2) the upper hyphe.e or pe.re.physes project
ing in e. tuft from the raised apical pore ; (3) the numerou .. sme.ll 
ovoid cells or sperme.tie. e.bstrioted from the sterigme.te.. 

44& • . culture of .&.ecidiospores and Spermatia.- Remove 
some e.eoidiospores from e. ripe e.eoidium, ple.ce them in e. drop of 
we.ter on e. Wheat seedling, keep moist by ple.oing it on wet blot
ting-paper under e. bell-gla.ss. After two or three de.ys, out te.ngen
tie.l e.ections of the epidermis, e.nd look for germinating spores, 
putting out e. hyphe. which enters the lee.f through e. stoma. If this 
IS not seen in e. few de.ys, try another lot, l'ince germination nor
mally occurs within two or three de.ys. 

Tea.se sperme.tie. from e. spermogonium, e.nd grow them in e. hang
ing drop of Pa.steur's solution or e. weak sugar solution ; they me.y 
germinate, put out hyphe.e, e.nd buds like Y ea.st cells, but they do 
not continue to grow for long, nor are they capable of infecting 
either host (Barberry or Whee.t). 

446 • .&.ecidia, etc., of other Uredineae.-The e.ecidium ste.ge 
on the Barberry is not essentie.1 for the vigorous development of 
Whee.t Rust, and is in fact very re.rely found. Where Barberry 
bushes e.re re.re or e.baent in e. district, use the e.eoidie. of other 
Uredineae. These may be found, especially in spring e.nd ee.rly 
summer, on Buttercups, Lesser Celandine, Violet, Coltefoot, Sting
ing Nettle, Docks, etc. 

Also examine the uredospores and teletitospores of the Rusts which 
attack such ple.nte e.s Mallow, Hollyhock, Chryse.nthemum, etc. 
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The teleutosportlll of the Rust (Pucoinia arenariae) found on Chick
weed and other Caryophyllaceae, e.g. Sweet William, germinate aa 
soon as ripe, hence they serve admirably for the study of the stages 
which may not be readily observed in Wheat Rust. 

XANTHORIA PARIETINA. 

447. General Characters.-This Lichen (which was 
formerly placed in the genera Parmelia. and Physcia.) is 
very common on roofs, old walls, trees, etc., often forming 
large brilliant orange patches. 

Examine a patch, and note (1) that the thallus is leaf· 
like or foliaceous, smooth, bright yellow above but pale and 
whitish below; (2) the irregular branching lobes at the 
margin of the thallus, which tends to assume a more or 
less circular outline ; (3) that the margins are free and can 
be raised from the substratum by means of a knife, with
out damaging any tissue, but elsewhere it is firmly attached 
by (4) whitish processescalledrhiziDes; (5) on the upper 
side, the small cup-like organs or apothecia, each apo
thecium being about 3 or 4 mm. in diameter and bright 
orange in colour; (6) that the thallus is brittle when dry, 
but when moist or after being soaked in water it becomes 
soft though leathery in texture. 

448. T. S. of Thallus (Fig. 78).-Cut transverse sec
tions across a. part not bearing apothecia; place the sections 
in water and note that they swell. Mount some sections 
in glycerine and note 

(1) The upper fellow limiting or epidermoid layer, 
not sharply marke off from 

(2) The upper cortez of densely aggregated hyphaEi, 
forming a pseudo-parenchyma tissue of cells with thick 
swollen walls and scanty contents. 

(3) The colour in the outer layers is due to crystalline 
yellow granules deposited between the hyphae and also 
on the free upper surface of the thallus. 

( 4) The broad medulla.ry zone of loosely interwoven 
hyphae. 

(5) The large green Alga cells (" gonidia " ),either iso-
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lated or in packets, having distinct cell-walls and green 
contents (chlorophyll). The Algae are confined to a layer 

Fia. 78.-X.lNTHORIA. Part of a Transverse tlection. showing general structure of 
Thallus. The position of the nests of Alga cells is shown by dots; note the 
three Apothecia (above) and the Rhizines (below). 

Fig. 78a. T.S. Lichtn a7J0tllecium. 

below the compact upper cortex, sometimes called the 
"gonidial layer," though the term "gonidia" is unneces
aa.ry as well as misleading, and the Alga in' this case is 
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called Cystococcus humicola, probably allied to Pleuro
coccus. Note also 

(6) The still looser lower portion of the medulla, passing 
downwards into 

(7) The lower cortical zone, resembling the upper in 
structure but colourless. 

(8) The rhizines or rhizoids-strandsof hyphaearising 
from the lower cortex and fixing the thallus to the sub
stratum. 

449. Treat sections with potash, or apply potash to the upper 
side of the thallus in one spot and to the lower side in another, and 
note that the tissues become reddish or purplish. Also place some 
pieces of thallus in.a test-tube, add potash and warm; the thallus 
changes from yellow to red or purple, this colour passing into the 
potash solution. Neutralise by adding acetic acid; the colour dis
appears, but may reappear on again adding potash. The pigment of 
our type resembles litmus, which is obtained from various Lichens. 

450. Vertical Section of .Apothecium (Fig. 78).-Cut 
transverse sections of the thallus, passing through some 
apothecia; mount in glycerine. 

Note (1) the general structure of the thallus, as already 
described; (2) the shallow cup-like form of the mature 
apothecium, the central portion of the upper surface being 
only slightly concave or plane or even slightly convex; 
(3) the raised rim of thallus tissue around the margin of 
the apothecium; (4) the continuation of the .Alga layer 
into the marginal rim and also below (5) the hymenium 
or hymenial layer consisting of closely packed vertical 
parallel outgrowths of two kinds-viz. (6) the clear para.
physes or sterile hyphae with thickened yellowish ends, 
and (7) the shorter and thicker club-shaped asci; ea.eh 
a.scus contains when mature eight ovoid spores, some of 
which may be seen lying free on the surface of the hy
menium; (8) the sub-hymenial layer, just below the 
paraphyses and asci, consisting of densely packed hyphal 
tissue and passing below into the looser tissue containing 
the groups of Alga cells in its meshes (see§ 448). 

Treat some sections with (a) iodine, (b) chlor-zinc-iodine, 
( c) warm water ; note the results in each case. 
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451. Examine some ascospores with the high power, 
and note that each spore is two-celled, with a peculiar 
structure-the two rounded cells are at the two poles of the 
spore, and they are connected by a protoplasmic strand, the 
wall of the spore being of great thickness except at the two 
ends. 

452. Spermogonium and Spermatia.-In some of 
the sections the spermogonia (very similar to those of 
Puccinia) may be seen; but our type does not produce 
spermogonia freely, and these organs are better seen in the 
so-called" Iceland Moss" (Cetraria), which can be bought 
dried from a druggist, or in the "Reindeer Moss" ( Cladina ), 
which grows commonly on heaths. In Cetraria, cut sections 
passing through the little marginal teeth of the thallus ; 
m Cladina, cut sections of the drooping tips of the erect 
much-branched thallus. Note that the spermogonia are 
flask-like cavities containmg numerous converging fungal 
hyphae from which are abstracted the small unicellular 
spermatia. 

4.53. Soreclia.-Our type is usually fertile, with abundant apo· 
theoia, but some specimens may be found with few or no apothecia, 
and these are likely to bear soredia. Remove these by scraping the 
upper surface of the thallus on to a drop of water ; or moisten the 
thallus and press it on a slide. The soredia are rounded bodies, 
ea.eh soredium consisting of Fungal hyphae enclosing a few Al~a
cella. Soredia can be obtained in great numbers on various species 
of Cla.donia-the so-called · " Trumpet mosses" which are very 
common; the whole " trumpet" or stalked cup-4ke structure 
(podetium) is often covered with a greyish-green powder consisting 
of soredia, while the apothecia form brown or in one species ("red 
cup-moss " or "matches") scarlet outgrowths on the margin of the 
cup. 

CoLLEMA PuLPosu111. 

454. General Characters.-The family to which 
Collema. belongs is distinguished from the majority of 
other Lichens in that (1) the thallus is extremely gela
tinous; (2) the form of the thallus is determined by the 
Alga, not by the Fungus; (3) the thallus is homoiomerous, 
i.e. the Alga and Fungus are distributed uniformly through 
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the tha~us, the Alga not being restricted to a definite zone 
as in the heteromerous Lichens ; ( 4) the thallus is much 
folded, owing to inequalities in growth and to the inter
relation between the Fungus and the Alga; ( 5) the thallus 
contains N ostoc as the Alga constituent, and therefore has 
a bluish tint, varying from greyish blue to almost black ; 
(6) soredia are rarely produced-owing doubtless to the 
difficulty of enclosing the Algal jelly by the hyphae. 

455. Structure of llTostoc.-In order to understand 
the structure of Collema, that of N ostoc should be exam
ined. The species of N ostoc grow in rounded, or flattened 
and often lobed, olive-green gelatinous masses, either on 
wet ground, among mosses, on stones in streams, or floating 
in the water of streams and ditches. The plant is soft 
and gelatinous when wet, brittle when dry. Mount a small 
specimen of Nostoc, or a section of a large one, in water, 
and note the irregularly contorted filaments · which are 
embedded in the gelatinous ma.true ; in each filament note 
(1) the single row of rounded cells with bluish-green 
contents, interrupted at intervals by (2) larger cells, the 
heterocysts, with thicker walls and transparent colourless 
contents. 

456. Structure of Collema..-Now examine some 
species of Collema., of which C. pulposum is one of the 
commonest, growing on moist soil, stones, old walls, and 
among Mosses ; another species grows on tree trunks in 
damp woods, with a. thin dark-coloured thallus. Like 
Nostoc itself, Collema. is thin and brittle when dry, soft 
and pulpy and gelatinous when wet. If fertile, it is easily 
distinguished from Nostoc by the apothecia. 

Cut sections, and note (1) the chains of blue-green 
Nostoc cells, with heterocysts at intervals; (2) the trans
parent gelatinous matrix; (3) the branching colourless 
septate narrow Fungus hypha.e; (4) that though the tha.l
lus is more nearly "homoiomerous " than in any other 
Lichens, the Nostoc cha.ins are more abundant towa.rds the 
upper surface ; ( 5) there is no definite cortex on the surface 
-a cortex is present, however, in other Collemaceae, which 
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otherwise resemble Collema.; (6) the plant is loosely 
a.tta.ched to the substratum by rhizines consisting chiefly 
of single rows of cells. The apothecium has the same 
general structure a.s in Physcia., but the spores show 
several cross-walls and also usua.lly longitudinal divisions, 
a.nd have thin wa.lls. 

457. Apothecium ofDiscomycetes.-Since the Fungus 
in the great majority of Lichens is of the Ascomycetous 
type, it is advisable to study some Ascomycete, like Peziza. 
or Ascobolus, with special reference to the structure of the 
a.scoca.rp. 

In Eurotium and Sphaerotheca, which have already been studied, 
the asoocarp is a closed case or cleistothecium, but in many other 
ABOOmycetes it is either a cup-like apothecium (Disoomycetes), or a 
flask-like perithecium with a pore (Pyrenom,ycetes). In a fair num
ber of Asoomycetee, a process of fertiliaat1on has been found to 
precede the formation of the &BOOC&rp, and in some cases ma.le cells 
(1111erma.tia) are produced in 1111ermogon.ia., like those of Puccini& 
in form, while the ucogonium has a filamentous outgrowth (tri
chogyne) which receives the male cell. 

In many Ascom,Ycetes the ascocarp is developed without a fertili
sation process ; either an oogonium is formed which produces the 
&BOOgenous hyphae without being fertilised, or there may be no 
trace of an oogonium at all . 

Exactly the aame applies to Lichena. In a few cases, an oogoni um 
-conaisting of a ooiled lower portion embedded in the thallus, and 
a straight upper portion (trichogyne) which protrudes from the 
surfaoe--isfertilised by a spermatium, which is carried by rain-water 
to the trichogyne and adheres to it. This has been seen, for in
stance, in species of Collema and Physcia. In other cases there 
are oogonia with projecting trichogyne, but fertilisation has not 
been observed ; in others there are oogonia without a trichogyne 
-apermatia may or may not be produced, but no fertiliaation 
occurs, the asoocarp arising directly from the unfertilised oogonium 
in others ; again, no oogonium has been found, and the ascogenous 
hyphae apparently arise from ordinary vegetative hyphae. 

In any case, the asoooarp of Lichens resembles that of the higher 
Ascomycetes, the &BOOgenous hyphae endmg in a paliaade-like 
layer of asci, between which there grow up sterile hyphae (para· 
physes), the two together forming the hymenium. The paraphyses 
are usuall,Y gelatinous, and serve to keep the asci moist, besides 
&BBisting m the dispersal of the ascoporea. The spores, usually 
eight in eaoh uous (but 110metimes six, four, two, or one), a.re 
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typica.lly unicellular, but often beoome divided up so as to be multi
cellular when ripe (this also occurs in many Ascomycetes). In the 
apothecia of both Ascomycetes and Lichens, the spores are often 
forcibly thrown out to a distance, by the pressure due to the 
swelling of the asci and paraphases, actmg against the firmer rim of 
the apotheoium. · 

Cut vertical sections of the apothecium of Ascobol~s or 
Peziza. The former occurs on horse or cow dung kept for 
a few weeks under a bell-glass ; various species of Peziza 
(often red or orange-coloured) occur on rotten twigs or 
dead wood, P. stercorea on cow dung. Note (1) the densely 
interwoven hyphae, forming on the lower side a compact 
tissue from which attaching and absorbing hyphae run mto 
the substratum; (2) the hymenium, consisting of long 
narrow para.physes and thick~r a.sci, each ascus with 
eight spores; (i:I) the compact sub-hymeniaJ. la.yer below 
the hymenium. 



CHAPTER X. 

PELLIA AND FUNARIA. 

PEL LIA. 

458. General Characters.-Of the three British 
species, Pellia epiphyllar-the commonest and most widely 
distributed-is easily distinguished: it is monoecious (the 
a.ntheridia. and archegonia. a.re borne on the same plant), 
while the other two species a.re dioecious. Other differ
ences between the three species a.re given in§ 469. 

Pellia. grows in spreading patches in moist places, 
especia.lly by the sides of streams. Examine the plant.a at 
different times of year ; remove patches, together with 
some of the soil, and cultivate them in dishes indoors, 
keeping them moist and partially covering them with glass 
sheets. 

In making a. seasonal study of Pellia., note the following 
point.a: late summer and autumn~eveloping sporogonia. ; 
winter-ripening a.nd ripe sporogonia., resting tha.llus
bra.nches at apex ; spring-elongation of seta., dehiscence of 
capsule, dispersal of spores, branching of tha.llus, develop
ment of sexual organs; early summer-mature sexual 
organs, fertilisation, early development of sporogonium. 
At each stage preserve specimens in alcohol or formalin, 
for microscopica.l examination, in jars la.belled with date of 
collection. 

Isolate as much as possible of a. single tha.llus from the 
overlapping and matted branches that ma.ke up a patch of 
Pellia., rinse in water to remove the soil from the lower 
surface, and note 

(a) The smooth upper surface, wavy ma.rgin, and mode 
of branching of the fiat green thallus. 

328 
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(b) The median thickened portion or midrib, p11.Ssing on 
either side into the thin lateral portions or wings. 

(c) At the anterior end of ea.eh branch the notch in 
which lies the apical growing-point. 

(cl) The unbra.nched rhizoids springing from the pro
jecting underside of the midrib. 

In fertile plants, note, according to the time of year, 
(e) The a.n.theridial cavities, wart-like projections 

scattered over the upper side of the midrib, ea.eh with a 
small pore at its apex-slit the cavity open, to see the 
small spherical a.n.theridium which it contains. 

(j) The a.rchegonial cavity near the anterior end of 
a branch, forming a pocket open in front and extending 
backwards into the tissue of the midrib, the opening of the 
pocket protected by 

(g) A fla:p (in.volucre) of tha.llus-tissue projecting over 
it from behind-slit the cavity open, to see the group of 
hair-like archegonia springing from its closed posterior 
end. 

(h) The sporogon.ium, which may be in one of the fol
lowing stages-( 1) in process of development, enclosed in the 
ca.lyptra., (2) ripe and showing the dark-coloured spherical 
capsule lying just within or slightly projecting from the 
opening of the cavity, with the seta still very short, (3) 
the ripe capsule carried up by elongation of the seta. to a 
height of a.s much as 8 or 10 cm., (4) the dehiscence of the 
capsule by splitting of its wall into four valves which open 
outwards and downwards, exposing the mop-like tuft of 
elaters and spores, ( 5) collapse of the seta. shortly after the 
dispersal of the spores, and the persistence for some time 
of the four capsule-valves and the tuft (elaterophore) of 
fixed elaters. 

459. Structure of 'l'hallus.-(a) Cut transverse 
sections of the thallus at different places. Some of 
the sections should include antheridial cavities (§ 460). 
Note (1) the form of the section, with the midrib project
ing below and thinning out to a. single layer of cells a.t the 

P.B. 22 
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margin of the win'gs ; (2) the almost uniform structure of 
the tissues, except that the lower cells of the midrib a.re 
devoid of the chloroplasts which a.ie present most 
abundantly in the wings and the upper layers of the 
midrib; (3) the thickened bands on the walls of the 
inner cells of the midrib-seen better in longitudinal 

Fig. '1'9.-P&LLIA. Part of Longitudinal Section of Thallua, showing the 
band-like thickenlnp on the walle of the inner oelill. 

sections; (4) the rhizoids, each a.n unseptate outgrowth 
of one of the cells of the lowest layer of the midrib. 

(b) In longitudinal sections through the midrib
some of the sections should traverse an archegonia.l cavity 
(§ 460)-note (1) the tissues as seen in T. S.; (2) the 
vertical yellow or brown thickenings on the internal 
cells, the bands running vertically iii the tissue (Fig. 79). 
In both transverse and longitudinal sections, note that the 
cells of the internal tissue contain starch grains, and that 
the rhizoids are unicellular though their free e1;1ds may be 
branched slightly. 



ANTHERIDIA 

4NTHERIDIAL CAVITY 

THALLUS 

Fig. 80.-!'ELUA. 

AROHEQONIA 

INVOLUCRE 

FOOT SETA 
Longitudinal Sectlone of Thallu.o with Sexn:\I Orgam (upper figure) and with 

Ripe Sporogonium (lower figure). 



Part of a Longitudinal Section, •bowing an •ntberldlal oanty with a nearly 
ripe Antheridium. 
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460. Antheridium and .Archegonium (Figs. 80, 81 ).
In sections (transverse and longitudinal) passing through an 
antheridial cavity, note that the antheridium is nearly 
spherical, with a very short stalk, and is seated in a 11.ask
like depreBSion in the upper tissue of the thallus, which 
has grown up over the antheridium but has left a narrow 
pore at the top; the antheridium has a single-layered 
wall, and (unless dehiscence has already occurred) con
tains very numerous small sperm-cells which produce the 
antherozoids. 

In longitudinal sections passing through an archegonial 
cavity, note the archegonia, which spring at right angles 
from the convex vertical hinder end of the cavity and are 
therefore horizontal in position. In a well-grown arche
gonium, note (1) the short thick stalk; (2) the dilated 
venter, containing the spherical oosphere and the ventral 
canal-cell above it; (3) the long neck, consisting of a 
single layer of cells and an axial row of neck-canal-cells. 
Between the archegonia note the short mucilage-hairs or 
paraphyses, usually two-celled. 

461. L. S. of Sporogonium in situ (Figs. 80, 82).
( a) In longitudinal sections through a plant with a nearly 
ripe sporogonium, note (1) the tissues of the thallus; 
(2) the unfertilised archegonia and the para.physes, 
at the posterior end of the cavity and around the base of 
(3) the calyptra or enla1ged venter of the fertilised 
archegonium, which is several cells thick and bears the 
withered neck near its apex; (4) the sporogonium, 
covered anteriorly by the calyptra and projecting posterior
ly into the thallus tissue. 

(b) In the sporogonium itself, note (1) the seta, 
consisting of regular longitudinal rows of ve!T short cells 
filled with small starch-grains-test with iodme; (2) the 
foot or haustorium, conical in form and having its edge 
produced around the base of the seta like a collar-thus 
mcreasing the surface for absorption from the thallus
tissue; (3) the capsule, nearly spherical. 

(c) In the capsule note (1) the outer wall layer, 
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Fig. 82.-Pn.Lu. Part of a Longitudinal Section through ripe Sporogonlam, ohow· 
iDc half of the Capnle and the nppormoot portion of the Sota. 
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consisting of large cells nearly square in section, with 
radial thickening bands; (2) the inner wall layer, the 
cells flattened and bearing numerous semi-annular thick
ening bands; (3) the elaterophore-a. tuft of spirally 
thickened filaments (bed elater&) springing from the 
top of the seta. and radiating into the cavity of the capsule, 
which contains (4) the free elater& mingled with (5) the 
spores. 

462. Structure of Sporogonium (Figs. 82-85 ).-Mount 
in water and examine (1) an entire capsule removed from 

its pocket and either 
ruptured by being 
pressed between two 
slides, or teased open 
with needles; (2) a 
ripe capsule which has 
been carried up by 
the elongation of the 
set.a and has dehisced ; 
( 3 ) a capsule valve 
with its outer surface 
uppermost. In these 
preparations note 

Fig. 84.-Plu.LU. The tlJ.> of a Capnle Vain, (a) The enormous 
-.i from the outer ude, ohowing the rod· 
like thickenlJJlll on the outer laJer of oollL e 1 on g at ion under-

gone by the cells of 
the seta, which in a. few days will grow to about 40 
times its original length, the cells losing their starch grains 
in the process. 

(b) The elaterophore, a. bundle of stout elaters fixed 
by their lower ends to the top of the set.a and consisting of 
single elongated cells containing from one to three spiral 
fibres. 

( c) The free elatera, with spiral fibres like the fixed 
elaters but with both ends free and pointed-these free 
elaters are twisted irregularly and are mingled with 

(d) The spores, which (except in a quite young capsule) 
a.re no longer unicellular but have germinated to form 
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ovoid ~ll-masses-these usually have a single cell at each 
end, while the middle part is divided by longitudinal as 
well as transverse walls, the cells containing chloroplasts. 

(e) The outer capsule-wall layer, consisting in 
surface view of polygonal cells with brown rod-like 

ll'ic. 85.-P.r.u.u.. A portion of the Oapoule Wall, -n from within, lhowlnr the 
8broua b&nda on t.he inner 1&7er ol. oella. 

thickenings on the vertical walls, chiefly at the corners 
between adjacent cells. 

(j) The inner capsule-wall layer, consisting of 
polygonal cells with numerous half-ring thickenings. 

463. Dehiscence Line. in Capsule-wall (Fig. 86).
With a. razor cut off the upper half of a nearly ripe 
capsule, and transfer it to a drop of water on a slide, with 
the concave side upwards ; with a. brush remove the spores 
and elaters, then turn the piece over, flatten it under a 
cover-glass, and examine the convex (outer J surface. 

Note the four dehiscence lines, marking out the 
valves by which the wall would have split at dehiscence of 
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the capsule; ea.eh line is bordered by somewhat narrow 
clear cells, a.nd a.long the line itself the cell-walls ha.ve no 
thickenings. .At the apex of the capsule, the four lines do 
not all meet in a. point, but are in pairs, ea.eh pa.ir meeting 

Fig. se.-l'ILLIA. P&rt of the Caplllle Wall, oeen from inner aide, ahow!ng a 
portion of one of I.he Dehil08Doe Linea. 

a.t one end of a line over the apex; hence two of the valves 
are longer a.nd have truncated tips, while the alternate two 
are slightly shorter a.nd ha.ve pointed tiJ?s-but there is 
some variation in the course of these dehiscence lines a.nd 
therefore in the form and size of the four valves. 

464. Further Studies on the Sporogonium.-The 
development of the sporogonium may be traced by (1) 
cutting longitudinal sections passing through cavities with 
fertilised archegonia; (2) dissecting out the entire sporo
gonium when it is la.rge enough; (8) teasing out the 
capsule in water and examining the capsule-wa.11. spores, 
and ela.ters. The archegonia are fertilised in early 
summer; the development of the sporogonium proceeds 
during summer a.nd autumn, a.nd by late autumn all the 
parts are differentiated. 



PELLIA.. 889 

A.bout July the division of the spore mother-cells 
ma.y be seen--ea.ch mother-cell becomes deeply four-lobed 
when the nucleus divides, one of the four daughter nuclei 
passing into ea.eh lobe, which is then separated off to form 

Fip. 87, 88.-P&LLIJ.. Two et.age. in the Debi1eence of the C&1•ule llDd tbt< 
Diaper.al of Lh• Sporeo. 

a spore; by November the spores ha.ve sepa.ra.ted from 
each other, a.nd a.t once begin to germinate, while the 
elatere a.nd capsule-wall soon show their characteristic 
thickenings, laid down a.t first a.s cellulose bands a.t first 
colourless but later turning brown. 
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During winter the capsule, covered by the ca.lyptra., is 
seen projecting from the mouth of the cavity; in spring 
(March or April) the seta-hitherto only a.bout 3 mm. 
long-Ruddenly lengthens, breaking through the calyptra. 
and carrying up the capsule; the wall splits into four 
valves which roll back through 180° and hang downwards 
around the top of the seta, exposing the elaterophore which 
holds together the mass of spores and free elaters for a 
time ; this mass expands on drying, the elaters performing 
hygroscopic wriggling movements and thus loosening the 
spores (see Figs. 87, 88). 

The spores readily germinate if sown on moist tiles, or 
in Knop culture solution in a moist chamber; as a. rule, 
the first rhizoid grows from one end of the ovoid mass, 
while the other end produces the growing-point of the 
young thallus. 

~65. Other Species of Pellia.-Pellia calycina, which occurs 
chiefly in chalky soils, often alon~ with P. epiphylla., is dioecious; 
the tha.llus is usually concave, with raised ma.rgms, a.nd is green, 
the midrib not da.rk coloured; the internal cells ha.ve no ba.nd-like 
thickenings ; the a.ntheridia a.re fewer and more sparingly scattered 
over the male thallus ; the mouth of the archegonial cavity is 
surrounded by a tubular outgrowth of thallus tissue, which is 
longer than (and therefore completely encloses) the calyptra. ; the 
capsule ho.a no ring-fibres in the cells ; the spores are smaller, a.nd 
the free ela.tera shorter, thicker, a.nd not so contorted ; the ela.tero
phore consists of a.bout 100 very long slender threads. 

P. Neesia.na., which occurs chiefly beside mountain streams, 
resembles P. epiphylla. in the structure of the tha.llus a.nd of the 
capsule, but is dioecious, a.nd the outgrowth a.t the mouth of the 
a.rchegonia.l cavity is a. short collar instead of a. mere scale. 

FUN.A.RIA.. 

466. General Cha.ra.cters.-Funaria. hygrometrica 
may be found at almost any time of year in patches, often 
extensive and yellowish green in colour, on waste ground, 
soil that has been burnt, old cinder heaps and paths, etc., 
the plants being sometimes so closely matted together as 
to be difficult to separate without damage to the lower 
parts. Cut out portions of the patches, with the soil, and 
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cultivate them in saucers or shallow pots, to obtain various 
stages in development. 

Wash part of a patch in water, to remove the soil, and 
carefully separate the plants. Note that ea.eh plant is 
erect and about I to 3 cm. high (apart from the sporo
gonium, which may be 4 to 7 cm. long). 

From its lower end the stem gives off numerous branch- · 
ing brown rhizoids, the rhizoid systems of the individual 
plants being usually densely interwoven. The leaves are 
spirally arranged on the stem, the lower ones smaller and 
scattered, the upper larger and more crowded at the top of 
the stem. 

The plants are monoecious, the main axis ending in 
a " male flower," consisting of a group of antheridia sur
rounded by a rosette of spreading leaves, while a branch 
arising from near the base, but eventually growing higher 
than the " male flower," bears the a.rchegonia and later 
the sporogonium. The patch usually shows female axes 
with sporogonia of different ages; the ripe sporogonium 
consists of an obliquely pear-shaped capsule borne on 
a slender curved and twisted seta. and, until nearly ripe, 
capped by a membranous conical calyptra.. 

467. B.hizoids.-Mount in water an entire Funaria 
plant, and with a brush or a needle carefuJly spread or 
tease out the felted mass of rhizoids. Note that (1) ea.eh 
rhizoid springs from a superficial cell on the lower part of 
the stem ; (2) the rhizoid consists of a branching row 
of cells; (3) the transverse walls are oblique-inclined in 
various planes-and curved; ( 4) ea.eh branch arises im
mediately behind one of the transverse walls; ( 5) the red 
or brown colour of the rhizoids is due to the walls, not to 
the contents. 

468. Surface View of Lea.f of l'una.ria..-Mount 
in water a few leaves, detached from the stem-lay a 
female plant in water on a slide and scrape off some of the 
uppermost leaves with a needle. 

Note that the leaves are sessile, with oval or oblong 
outline, almost entire margin, concave upper surface, 
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pointed tip; the leaf consists of a central cylindrical 
midrib and a single-layered wing on either side ; the 
cells of the midrib are long and narrow, those of the wings 
polygonal. 

Examine carefully the chloroplasts in the cells of the 
wing-look for stages in the multiplication of the chloro
plasts by median constriction and division. Treat a. leaf 
with iodine, and note the small starch-grains inside the 
chloroplasts. 

'69. Sections of Stem and Leaf of l"unaria.-Hold several 
stems in pith, and cut transverse and longitudinal sections. Note 
in the lltem (1) the peripheral tissue with brown cell-walls; 
(2) the central strand of long narrow colourless cells with thin 
walls. In T. S. of leaf, note the single-layered wing on either side 
of the midrib ; in the midrib (l) a sheath of green cells on the sur
face above and below, (2) an inner sheath oI narrower cells with 
thicker walls, (3) a central strand of narrow thin-walled cells. 
In favourable longitudinal sections of stem, note that the " leaf
raoes" pass downwards in the outer tiasue but do not directly join 
the central strand of the stem. 

470. Male "Flower"; Antheridia (Fig. 89) .-Cut 
off a male shoot, including the star-like male "flower," 
and tease this out in water so as to isolate the anthe
ridia.; cut longitudinal sections of another flower, held 
in pith. 

Note (1) the leaves forming a spreading cup around 
the central portion of the " flower," which consists of 
(2) antheridia, oblong sacs inserted on a short stalk, the 
sac having an outer layer of flattened cells containing 
chloroplasts which later turn red or brown, and a dense 
central mass of sperm-cells ; (3) the para.physes, mixed 
with the antheridia and consisting of a single row of cells 
-the uppermost cells greatly enlarged-and containing 
abundant chloroplasts. 

Antheridia. of different ages may be found. Look for 
the large clear cap-cell which is thrown off when the ripe 
antheridium dehisces. Some of the antheridia may be 
empty, having opened to let the antherozoids escape by 
the pore thus formed at the apex. In examining a ripe 
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a.ntheridium, the sperm-cells (antherozoid mother-cells) 
may be seen to escape in a mass from the burst apex, and 
the spirally coiled biciliate antherozoids may be seen 
swimming about on being set free. 

In L. S. of the " flower" note the convex expanded apex 
of the stem, on which stand the closely packed vertical 
a.ntheridia aud the pa.ra.physes. 
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471. l!la.le l"lowert1 of l!lnium.-Inste&d of, or in addition to, 
the me.le shoots of Fune.rie., examine those of Mnium hornum, e. 
very common Moss found in shady moist pla.ces in woods, in da.rk
green patches, often about 5 cm. high, with star-like me.le flowers 
which a.re very conspicuous in spring e.nd early summer. In Mnium, 
the pe.raphyses have no swollen cells at the top, e.nd the dehisoence 
cap of the antheridium consists of e. group of cells. 

472. Archegonia.-Examine some of the plants on 
which no sporogonia can be seen, and cut off the bud-like 
tips of the shoots, which are likely to show archegonia; 
tease up some of these in water, make longitudinal sections 
of others, and look for the archegonia, which are seated 
on the apex of the stem and are enclosed by the uppermost 
leaves, and accompanied by paraphyses. 

In an archegonium note the relatively long and thick 
stalk, the slightly enlarged venter consisting of two 
layers of cells, and the long neck; the structure is essen
tially the same as in Pellia. If the organ is not too old, 
the central series of cells may be seen-the oosphere and . 
ventral canal-cell in the venter, the neck canal-cells 
in the long neck ; if it is ripe and has opened, the canal
cells will have disappeared, leaving only the oosphere (or 
the embryo sporophyte developed from the fertilised 
oosphere) in the venter. 

473. Stages in Development of Sporogonium.
Examine with the low power a series of female shoots 
showing different stages in the growth of the sporogonium. 
The withered archegonium neck can be seen at the top of 
the calyptra (enlarged venter of fertilised archegonium), 
which is swollen at the base. Treat with potash, or cut 
longitudinal sections, to see the young sporogonium as 
an elongated rod with pointed upper and lower ends, the 
upper part closely invested by the narrow upper portion of 
the calyptra, while towards the base it is separated from 
the calyptra by a liquid-containing space (seen externally 
as a swelling), and its pointed lower end is plunged in the 
tissue of the stem. 

Lay in water on a slide a plant with a young _ sporo
gonium, and with the fingers or a needle carefully remove 
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the calyptra from the upper end of the young rod-like 
aporogoniwn. then pull the lower end of the latter out of 
the Item tissue. If the upper end of the sporogonium 
breaks o.11 a.nd is left behind in the narrow upper portion 
of the calyptra, try again until you get the sporogonium 
isolated without damage. Not.e that the upper portion it 
green. while the sharply pointed lower end is colourless or 
reddish. Examine the upper end with the high power; in 
rurfa.ce new the cells a.re aeen to be arranged in regular 
transve:rae rows; focUB carefully, a.nd not.e the well-defined 
apical cell. from which gmenta are cut o:ff by walla 
parallel to its two sloping aid and the very regul&r 
&rrangement of the tissues for some distance below the 
apical cell. 

Remove the ca.lyptra. from auccesaively older sporogonia, 
and note that at a. relatively la.t.e stage the sporogonium 
shows differentiation into capsule a.nd eeta., in the form of 
a thickened zone between the two-this thickening forms 
the a.pophysis, at first thicker than the capsule itself. 
Before this, however, the eular~ed lower portion of the 
calyptra. ceases to keep pace with the elongating sporo
gonium, a.nd is ruptured by a. circular rent near the ba.se, 
the upper pa.rt being carried up a.s a. pointed cap on top of 
the sporogonium. 

•74.. Operculum. Peristome, Annul'llS (Figs. 90-94). 
-In nearly ripe capsules, note tba.t the convex lid or 
operculum which covers the apex it oblique-f!Ometimea 
nearly puailel to the long aria of the capsule. 

(a) Remove the operculum, and not.e that its outer la er 
consist.a of thick-walled cella running in spiral lines from 
the rim to the raised central point. The removal of the 
operculum brings to new the aixUlen curved teeth of the 
outer peri.atome. With a razor, cut off the peristomes 
of veral capsules, mount some with the upper surf&ce 
upperm others with the lower surface uppermo 

(b) Note that the perietome oonaiata of two series of 
curved narrow triangular pl tea or teeth, aixUlen teeth in 
each aeries; the teeth of the outer peristome a.re directly 

~B. ~ 
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superposed on those of the inner; the outer teeth are red 
and have thick transverse bars-these teeth are twisted 
spirally to the left a.a seen from above, and their tips a.re 

Fig. GO.-FtnU.llU. Outer Perlatome, _,, from aboTe, ohow!ng tbe llllcteen cmrred 
teeth with their tipo joined to a amall central di.a of t181ue. 

joined to a small central disc of tissue ; the inner teeth 
a.re almost colourless and are shorter than the outer, but of 
the same general shape-at their bases they are directly 
under the outer teeth, but towards the centre of the cap
sule mouth they curve so that they occupy the widest 
parts of the slits between the outer teeth. 
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(c) In dry weather the whole peristome moves upwards, 
a.nd the slits between the outer teeth become wider ; while 

T 
., 

•• 
ll'il· 91.-F'Ul<.l1'U.. A. portion of the Peri1tome from abon, 1bowing two of I.be 

outer (exoet<>me) teeth &Dd four of t.b1 Inner (endoetome) teet.b. 

in moist air the peristome moves downwards, a.nd the elite 
between these teeth become closed. This can be readily 
seen on removing the peristome from a ripe capsule, 
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mounting it on a. dry slide, and breathing on it, then 
letting it dry again. Note also that the seta of the ripe 
capsule is wavy and twisted; put a drop of water on the 
ripe capsule, so that it ca.n run down the seta,-the latter 
becomes untwisted, swinging round and of course carrying 

Fig. 92.-F'UI .. llIA. Part of a Trannene Section of the CaJl"ule, showing • -
portion of the Annulus (above) and two pain of Perutome Teeth (below). 

the capsule round with it. The effect of sprinkling a little 
water over a patch of fruiting plants is often very striking ; 
as the seta dries again, its movements are reversed. 

(d) Note that the operculum is very readily detached 
.from a. quite ripe capsule. Around the rim of the oper
culum, there are several rows of radially elongated and 
nanow cells ; these are part of the annulus, a. ring of 
tissue which separates the operculum from the rest of 
the capsule-wall. If fruiting plants are kept under ob
servation, the annulus may be seen to separate from 
the ripe capsule as a strip of tissue which curls up with 
the concave side outwards, leaving the operculcm free 
to fall off. 
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475. L. S. of Capsule (Figs. 93, 94).-Select sporo
gonia. in which the peristome a.nd operculum a.re still of 
a. pa.le yellow colour, cut a.cross the set& near the top, a.nd 
then cut thin longitudinal sections of the capsule; also cut 
a series of transverse sections a.t different points, for com
parison. 

In a median longitudinal section, note first the seta., 
expanding above to form the a.pophysis, which passes 
gradually into the capsule pro_per (the "sporangium ") 
which is separated by a. constriction (in which lies the 
annulus) from the operculum. The whole structure is 
somewhat complex, and a large drawing should be ma.de 
showing the following details. 

(a) The spore-s&e, in a. strictly median longitudinal 
section, is almost u-sha.ped, but broken through at the 
ba.se by the lower portion of 

(b) the columella., which also extends upwards into the 
concave inner portion of the operculum ; outside of the 
spore-sac, which surrounds the columella, there a.re two or 
three layers of cells, forming the inner wall of 

(c) the a.ir-spa.ce, which is traversed by filaments 
(tra.becula.e) consisting of long narrow cells joined 
externally to the inner surface of 

(d) the ca.psule wall (or sporangium wall); the latter 
consists in this region of two or three layers of cells 
covered by a. distinct epidermis-the outer layers form 
compact colourless tissue, while the inner cells are loosely 
arranged and contain chloroplasts. Below the end of the 
spore-sac this colourless tissue of the capsule-wall thins 
out, while the inner green tissue increases in thickness, 
forming in . 

(e) the a.pophysis a broad zone of spongy green tissue, 
a.round the compact central tissue which is continuous 
below with 

(/) the central stra.nd of the seta.. Trace the epidermis 
downwards to the apophysis, where the green tissue lies 
directly within it, a.nd note 

(g) the stoma.ta, which will be examined presently in 
surface-view. At the lower end of the spore-sac, where the 
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sac is, so to speak, perforated by the columell&, the latter 
passes into a. bundle of green cell-rows resembling the 
trabecula.e and joined on to the inner apophysis tissue . 

. ..... OPERCULUM 

••••• ANNULUS 

- - --AIR 
SPACE 

·••SPORE 
SAO 

J!'ir. ti.-FlllUJUA. A portfon of Fig. 81 , ealarpd t.o allow detaila of the tUn 
ID the region of the Ann Ill ua. 

Now examine carefully the upper pa.rt of the capsule, 
and note 

(h) the operculum, consisting of an outer layer (epi
dermis) of oella with thickened outer walls, and three 
la.yen of am&ll thin-walled oeils; 

(') the peristome, appearing as a curved layer of cella 
with the Tertical and outer walls strongly thickened. Trace 
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the peristome downwards, and note that just above the 
upper limit of the air-space there is 

(j) a rim consisting of two or three layers of cells 
which are elongated radially and have pitted walls. These 
layers of cells join the peristome to the epidermis of the 
capsule-wall, reaching the latter at the constriction which 
separates the operculum from the rest of the capsule. 
When the operculum is detached, the layers form the rim 
of the open capsule. Just above this rim tissue is 

(k) the annulus, consisting of about five superposed 
layers of epidermal cells, distinguished from the general 
epidermis by their greater radia.l depth ; the upper annulus 
cells are narrow and thick-walled, but the two lowest layers 
(the annulus proper) have thinner walls and are swollen. 

476. Stomata on the Apophysis (Fig. 95).-Cut tan
gential sections from the surface, and note that although 
each stoma is formed in the usua.l way-by division of an 
epidermal cell and splitting of the division-wall-the two 
guard-cells have joined at their ends, so that the . mature 
stoma is surrounded by a single continuous guard-cell. 

477. T. S. of Capsule.-Examine transverse sec
tions taken at different levels through capsules of different 
ages, and compare the structures with the description in 
§ 475. 

478. The Capsule u Aasimilating Organ.-Tha.t the 
capsule of Funa.ria is well a.da.pted for carrying on photosynthesis 
can be shown by steeping a. number of unripe oa.psules in alcohol 
in a. corked tube, and comparing the depth of the colour of the 
extracted chlorophyll with tha.t obtained on placing pieces of the 
folia.ge-lea.f of a. flowering-plant, e.g. Sunflower or Na.st qrtium, in 
a.n equal quantity of alcohol in another tube. A Funa.ria. capsule 
contains as much chlorophyll a.s a.bout fourteen Funa.ria. leaves, 
a.nd in this respect is equal to nearly 5 square mm . of a. Sunflower 
lea.£, a.nd more tha.n equal to the chlorophyll-content of the rest 
of a. well-grown leafy Funa.ria. shoot. 

479. Protonema., Buds, Bulbils.-Sow spores from 
ripe capsules on moist soil, bricks, or tiles, kept lll!der a 
bell-glass, and note that a.ft.6r a. few days green threads 
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appear. These constitute the protonema, the filaments 
consisting of a branching row of long cells containing 
chloroplasts and separated by transverse cross-walls. 

The branches, each of which arises just behind a cross
wall, may grow into (1) green filaments with colourless 

c 

~D 

w 
Fig. 95.-FUNARIA. Structure of Capsule Wall and Apophyeis. A, part of a 

transverse section of the Apophysis, showing a stoma with underlying spongy 
green tissue ; B, aurface view of Stoma; C, part of a longitudinal aectiun of 
Capsule-wall, showing epidermis, colourless aqueous tissue, spongy green tissue; 
D, Stoma on apopllysis of a young capsule, in surface view. 

walls (ordinary protonema) ; or (2) thinner 'filaments with 
brownish walls, oblique cross-walls, and no chlorophyll 
(rhizoids); or (3) buds from which arise young Moss 
shoots ; or ( 4) small pear-shaped " bulbils " or " tubers." 

Protonema can also be obtained (1) from- rhizoids, by 
turning a Funaria sod upside down and keeping it moist 
under a bell-glass; (2) from detached leaves and pieces of 
stem, treated in the same way; (3) from paraphyses; ( 4) 
from the wall of the antheridium; (5) from cut pieces of 
the sporogonial seta~ 



CHAPTER XI. 

MALE FERN, LYCOPODIUM, SELAGINELLA. 

MA.LB FERN (LA.BTRBA. FILIX·MAB). 

480. Kale Shield Fern (Lastrea. filix·mas) is com
mon in wood sand hedgerows, and is easily distinguished 
from other woodland Ferns by its robust growth, massive 
rhizome, its rosette of large compound leaves, and the 
kidney-shaped scales (indusia) scattered on the underside 
of the lea.£. Examine the plant a.t different times of the 
year. 

481. General Characters of Sporophyte.-The short 
and stout rhizome, obliquely ascending or nearly erect, is 
covered by the leaves and the remains of leaves, and also 
by the numerous roots, so that the a.ctua.1 stem-surface 
cannot be seen. Starting from the oldest pa.rt of the plant, 
note the following general characters :-

(a) The crowded leaf-bues-the stumpy remains of 
the leaves of former yea.rs--covered by brown scale-hairs 
(ramenta); the leaves die down in autumn, but a.re not 
cut off by a.n a.bsciss layer, hence their withered and 
hardened ba.eee remain on the stem. 

(b) The matul"e leaves of the current year, pinna.tely 
compound, ea.eh consisting of a. ma.in leaf-stalk with two 
ridges a.long its sides, and numerous leaJlets given off by 
the ma.in stalk in two lateral rows corresponding to the 
ridges. The leaflets a.re again divided more or less deeply 
into lobes with toothed edges; ea.eh lobe has a. midrib, 
giving off finer veins which undergo repeated forking and 

3M 
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end blindly-this forked venation is charact.eristic of 
Fem leaves. The leaf-stalk bears scattered scale-hairs, 
which are also sometimes present on the main veins of the 
leaflets. 

( c) In summer the mature leaf bears, on its lower 
side, the sori-projections arranged in two rows on each of 
the lobes of the leaflets; the sori are at first light green, 
but !at.er tum brown. Each sorus consists of a collection 
of smaU stalked bodies, the sporangia or spore-cases, 
covered by a white kidney-shaped membrane or indusium.. 
Pick off the indusium with your forceps, and note that it 
has a stalk arising in the midst of the sporangi& ; on 
re:noving the sporangi& themselves, note that they spring 
from & small cushion (placenta) seated on one of the 
veins. 

( d) The young leaves-which will unfold next spring 
and the next again, and are covered with the brown scale
hairs-lying within the expanded leaves, at the growing 
apex of the stem; a rosette of lea.vea is formed ea.eh year, 
but each leaf takes two years to develop. Each young leaf 
is rolled up lengthwise like & watch-spring (circinate 
vernation, charact.eristic of Fem leaves), owing to the 
greater growth of the lower (and outer) side of the leaf; 
ea.eh leaflet is rolled up in the same way. Carefully remove 
the brown scales from successively younger leaves; in the 
first year only the stalk is (as a .rule) developed, the blade 
being formed lat.er. 

(e) The buds, which occur at the base of some of the 
leaves; and the hard wiry roots, also arising from the bases 
of the leaves close to their junction with the stem. The 
roots are (except at the tips) dark brown or almost black, 
and much branched; the branching is monopodi&l. the 
branches arising in acropetal succession. 

482. General Anatomy of Bhizome.-With a. knife 
or razor, pare down the leaf-bases on the older part of the 
shoot, for about three inches, also remove the roots ; then 
cut off this portion and set it to steep in dilute (a.bout 
10 per cent.) hydrochloric acid (for § 483). 
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(a) On the cut transverse surface, note that the actual 
stem portion is relatively small, the greater part of the 
thickness being made up by the leaf-bases; the ground
tissue contains starch and gum. Test the ground-tissue 
with iodine, then cut a fresh surface and apply aniline 
sulphate, which will bring out clearly the va.scula.r 
bundles, or, more correctly, meristeles, arranged in a 
ri!lg both in the stem itself and in each leaf-base. 

(b) Next, cut the upper portion of the shoot in halves by 
a. slice passing through the centre as nearly as possible, 
including the growing tip, and note that the thickness of 
the stem is practically uniform throughout its length. 
The large central bundles run, on the whole, longitudinally, 
but have an uneven course. By scraping away the ground 
tissue, you can see that these bundles form a network, and 
that smaller bundles run from the large central stem
bundles into the bases of the leaves. 

(c) The course and arrangement of the two sets of 
bundles can be made out rather better by cutting off tan
gential slices, starting from the outside ; note that each 
mesh of the central network corresponds to the insertion 
of a leaf, and that the bundles passing out into the leaf 
come from the margin of the mesh. Each mesh is there
fore called a " leaf-gap" or foliar ga.p. 

"83. "Vascular Skeleton."-Prepa.re a. "vascular skeleton" 
of the stem, as follows :-With a. blunt instrument or a. hard brush, 
clear a.way the ground tissue from the piece of stem that has been 
soaked (or boiled for a. short time) in dilute acid. The skeleton re
sembles a. piece of wire netting rolled up into a. tube, the lea.f
bundles a.rising as branches from the larger central bundles of the 
tube at the edges of the diamond-shaped meshes or leaf-gaps. 

484. 'l'. S. of Fern Stem (Fig. 96).-0wing to the 
bulky nature of the stem and the curved course of the 
bundles in· it, the microscopic structure of the bundles is 
more easily made out by cutting sections of the leaf-stock. 
Cut tra.nsverse sections of the stem (or leaf-stalk), 
mount some unstained in glycerine, others treated with 
iodine, others treated with aniline sulphate. 



MALB FBBN. 357 

(a) With the low power note (1) the epidermis, a 
single layer of narrow cells with thick dark-brown outer 
walls ; (2) the scale-hairs, each consisting of a. single
layered plate of cells arising from the epidermis; (3) the 
sclerenchyma, a. band of compact tissue with thick 
yellow lignifi.ed and pitted walls, separated by (4) a. layer 
of compact outer parenchyma wit,h thick but colourless 
walls from (5) the large central pa.renchyma in which 

Fig. 96.-F•RN. Part. of Tranaverae Section of Stem, ahowlng 
two of the Va.act1Jar Strands. 

(6) the vascular bundles a.re embedded. The tissues 3, 
4, and 5 constitute the ground tissue ; in 5 the cells are 
separated by intercellular spaces (in which short glandular 
hairs sometimes occur), have thin pitted cellulose walls, 
and contain abundant starch grains. 

(b) In a. single vascular bundle, note (1) the sharply 
marked endodermis, consisting of a single layer of narrow 
cells with thick brown or yellow walls, surrounding the 
proper vascular tissue ; the latter consisting of (2) 
pericycle, usually a single layer at the two ends of the 
bundle and a. double layer a.t the sides, its cells polygonal 
with cellulose walls and starchy as well as protoplasmic 
contents; (3) phloem, surrounding (4) the zylem which 
occupies the centre of the bundle. The phloem consists of 
sieve-tubes, polygonal in cross section, apparently empty 
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but with a thin prot.oplasmic lining; and "conjunctive" 
parenchyma, the latter mingled with the sieve-tubes and 
having thin walls and dense prot.oplasmic contents. The 
xylem consists of (i) vessels, varying in width, with thick 
lignified walls; and (ii) "conjunctive" parenchyma like 
that of the phloem. 

485. L. S. of Fern Stem (Fig. 97).-Cut longitudi
nal sections of the stem (Qr leaf-stalk); treat them ill 

r 
PROTOXYLEM

7 

Fig. 97.-Fli:RN. Part of a Longitudiual Section of Stom, p&111ing 
"1rougb a Vucular Strand. 

the same way as the transverse sections, and note the 
following tissues (compare with the transverse sections 
and the slides of macerated tissues):-· 

(1) The epidermis. 
(2) The parenchymatous ground tissue. 
(3) The phloem, consisting of sieve-tubes with pointed 

ends and with sieve-areas (perforated by small pores) on 
the lateral walls ; the areas being of irregular outline 
and separated by thicker portions of cell-wall. These 
thickened parts give the walls a beaded appearance as seen 
in longitudinal sections. · . 
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(4) The large scalariform vessels, with tapering ends 
and ladder-like thickening of the side walls. This ap
pearance is due to the very regular transversely elon
gated bordered pits. 

(5) The smaller tracheids of the protozylem, with 
spiral fibrous thickenings on their walls. 

(6) The narrow square-ended cells of the endodermis, 
the pericycle, and the conjunctive parenchyma. of the xylem 
and phloem. 

(7) The large short square-ended or polygonal cells of 
the general ground tissue, separated by intercellular spaces. 

486. Macerated Tissues of Fern Stem.-Cut out 
a. few pieces of stem, or longitudinal sections including 
portions of the vascular skeleton, .warm them in a test
tube with nitric acid and potassium chlorate(§ 120), rinse 
in water, and tease out the tissues by means of needles. 
Examine the macerated tissue, noting the forms of the 
isolated tissue elements and the markings on their 
walls, for comparison with their appearance in sections. 

487, T. S. of Root.-Cut transverse sections of a root, held in 
pith. Note-

{l) The piliferous layer, some cells of which grow out to form 
root-hairs. Remains of these may 1le seen on the old root, or the 
hairs themselves may be found on carefully digging up a plant, 
washing the roots gently to free them from soil, and examining the 
young tips. 

(2) The thin-walled outer corte:ic. 
(3) The sclerenchymatous inner corte:ic, which forms a dense 

thick ring around the vascular cylinder. The latter is sur
rounded by 

(4) The endodermia, a single layer· of rather flattened cells-the 
dot-like markings due to the thickening bands on the radial walls 
are not easily seen-and 

(5) The pericycle, partly single- and partly double-layered. 
{6) Two strands of phloem, one on either side of 
(7) The plate-like strand of :icylem, which has the small pro

to:icylem elements at either end and is therefore dia.rch. 

488. Structure of Leaf.-Cut transverse sections 
of barren leaflet, held in pith. Note (1) the upper epi
dermis, a. single layer of cells containing chloroplasts ; 
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(2) the mesophyll, practically uniform and consisting of 
more or lees branched and star-shaped cells, separated by 
large intercellular air-spaces; (3) the lower epidermis; 
(4) stoma.ta, present in the lower epidermis but very 
rarely in the upper; (5) vascular bundles, embedded in 
the meeophyll, each bundle surrounded by a. conspicuous 
sheath (endodermis) and having the xylem nearer the 
upper side of the leaf, instead of in the centre of the bundle, 
as in the stem. This almost collateral structure of the 
leaf-bundles can be well seen in sections of the leaf-stalk, 
especially in the upper part. 

Remove stripe of the epidermis from (1) the upper and 
(2) the lower side of the leaflet; in both cases note the 
very wavy vertical walls of the epidermal cells, which 
ha.ve chloroplasts; in tije lower epidermis note the stomata, 
with two guard-cells. 

489. Sorus and Sporangia (Fig. 98).-Cut several 
transverse sections of leaflets with sori. In one that has 
passed through the centre of a. sorus, note, in addition to 
the structure of the leaflet, as given above, the following:
(1) the small cushion-like placenta., a. ma.se of tissue 
seated on a vein which sends a branch into it; (2) the 
stalked indusium a.rising from the end of the placenta 
and spreading out like an umbrella. over (3) the stalked 
brown oval sporangia, 

Aleo cut off several eori from a. leaf, tease in wat.er, 
cover, examine. Note the simple structure of the in
dusium. 

In both these preparations, note that eporangia. in 
different stages of development occur in the same eorue. 
The mature eporangium consists of a fairly long stalk 
(composed of either two or three rows of cells, and often 
bearing a pear-shaped one-celled gland supported on a 
long slender cell) and a capsule having the form of an 
oval biconvex lens. 

The wa.11 of the capsule is one cell thick, and the cells 
round the edge, starting from the stalk and going over the 
top of the sporangium half-way down the other side, are 
large and thick-walled, forming the ring (annulua); ea.eh 
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cell of the ring is thickened chiefly on its inner and lateral 
walls, the outer wall being much thinner. The annulus is 
not a complete ring, being re
placed at its end by broad fla.t 
cells (this region is sometimes 
called the stomium, since dehis
cence of the sporangium-wall be
gins here); the rest of the cells 
forming the wall a.re flat and 
thin-walled. 

Inside the ripe apora.ngium 
there a.re numerous ( usually 
forty-eight) brown unicellular 
spores; each spore is kidney
shaped. and when ripe ha.a a 
two-layered wall, the outer layer 
being thick and cutinised. 

490. Dehiscence of Sporan
gium.- Mount some ripe but still 
intact epora.ngia in water and, 
while watching them under the 
microscope, place a drop of glyce
rine at one edge of the cover
gla.ee and draw it through by 
means of a piece of filter-paper 
or blotting-pa.per placed at the 
opposite edge; watch the burst
ing of the eporangia. The ex
plosion can be ea.used by any 
other method for withdrawing 
water from the ripe eporangia ; 
for inetanee, mount some spor
a.ngia. on a dry elide, then warm 
the slide gently, and quickly ob
serve it a.gain under the micro
scope. 

0 

Dehiscence is due to contraction of the cells of the ring 
as these cells lose water, the thinner outer wall bulges 
inwarda; this pulls the radial walls together, until the 

P . B. 24 
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strain thus set up makes the ring straighten itself out and 
become curved in the opposite direction, the eporangium
wa.11 being torn open below the end of the ring. 

491. The development of the l"ern •porangium. can be 
readily followed in aeotiona through young sori, since in the Male 
Fern (as in all the oommoner British Ferns) sporangia of all ages 
are mixed together in the same IOru& The fertile leaf of the 
Bart.tongue is especially useful for this pnrpoee, since snooeuive 
sections can be made acroes the long sori. 

The superficial cell of the placenta which is about to form a 
sporangium grows out and divides into an upper capsule-forming 
cell and a lower stalk-forming cell. The former divides by 
three curved intersecting walls, cutting out an inner pyramidal cell 
(apex pointing downwards) from three outer oells, then the inner 
cell divides by a curved transverse wall, so that we have now a 
central pyramidal cell enclosed by four outer oells, which are to 
form the wall of the capsule. The stalk-oell divides by both trans
verse and longitudinal walls, giving rise to two or three rows of 
cells. 

Returning to the capsule, the central cell now divides by four 
walls l>arallel to those first formed, so that within the wa.11-la.;rer 
there 1s now a ta.petum., or tapetal layer, of folir cells, which 
undergo further di vision and are ultimately used up in the nutrition 
of the spore-forming cells. The latter are produced by repeated 
divisions of the central cell (a.rchHporial cell or a.rchHporium.) 
to form a m&BB of (usually twelve in Male Fern) •pore-mother
ceU., each of which divides later into four sporH, after the nucleus 
has divided into four. 

The wall-forming cells divide only by vertical walls, hence the 
wall remains one layer of cells, but the tapetum usually divides 
into two layers ; eventually the spore-mother-cells separate from 
each other, they float in mucilaginous liquid formed by disintegra
tion of the tapetal cells. 

In Hartstongue each of the (nsnally sixteen) spherical mother
cella divides by walls between the four nuclei (formed by division of 
the mother-cell nucleus) in such a way that each spore is tetrahedral, 
with three flattened Bides (where it was in contact with its three 
sister-spores) meeting at a point (the centre of the mother-oell) and 
a curved outer side ; in Male Fem the mother-cell is divided by 
walls at right angles, so that each young spore is the quarter, or 
quadrant, of a sphere, but later it becomes bean- or kidney-shaped. 

492. Cultivation of l"ern Protha.lli.-Failure of prothallna 
cultures is generally due to invasion by fungi, but thisoan be largely 
obviated by sterilising the veBBels and the soil used. Collect the 
spores on pieces of paper, or in envelopes, by simply cutting off 
fertile leaves and allowing them to dry on the paper, which will 
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eoon be oovered by the spores set free by the bunting of the 
sporangia. 

Get some B.ower-pot.e or shallow seed-pans, some lumps of peat or 
leaf-mould, and some glass sheets or bell-jars. If you UBe B.ower
pot.s, half fill the pot with gravel and then put in enough peat to fill 
the pot to an inob from the top ; if seed-pans are uaed, simply atand 
the lump of peat in the middle of the pan. The vessels and soil oa.o 
be sterilised either by baking them in a bot oven for a few hours, or 
by steeping them in boiling water ; if you bake the soil afterwards, 
moisten it and the pot or pan. 

Shake some spores over the eoil, and cover with the glass ; the 
latter keeps the soil moist, since the evaporated water condenses 
and runs back into the vessel, but the glass should be removed now 
and then to renew the air. Set the vessels out of direct swilight ; 
the early germination of the •pores is hastened by gentle warmth. 

Another method is to sow the spores on previously heated or 
BOalded bit.a of brick or tile sloping into water in a dish, instead of 
using soiL Do not sow the spores too thickly, and do not water 
them from above. 

In a few weeks you will see greenish threads creeping over the 
soil, with here and there a small green disk. After a month or two, 
you may see a few small leaves appearing on the prothalli. If the 
prothalli are thickly crowded, thin them out, 611 one does with seed
lings. 

493. Development of the Fern Prothallu.-For the early 
stages in germination of the spore, pick up, with needle or knife. 
point, soil on which spores have been sown, as soon 611 young pro
thalli can be seen ; or place spores in a hanging drop of water or 
Knop solution in a moist chamber. 

Note (1) the bursting of the thick outer spore-coat; (2) the out
growth of the spore-content.&, covered by the inner ooat, to form a 
abort green filBment ; (3) the early formation of a colourless un
divided rhizoid from the b&se of the green thread; (4) the formation 
of transverse walls in the elongating green thread, giving rise to a 
row of oells; (5) the setting-in of oblique walls at the free tip of the 
thread, forming a two-sided or wedge-shaped apical cell from which 
segments are c~t off ~ight and left_; (6) the mon: rapid growth of 
the tissue at either side of the apical cell, causmg the latter to 
occupy a notch and the prothallus to become heart-shaped ; (7) the 
formation of further rhizoids from the w1derside of the young pro· 
thallus. 

494. General Characters of Prothallus.-Note the 
naked-eye features of a large well.grown prothallus-its 
flattened form, its kidney- or heart-like outline, its green 
colour, and its size (generally about a quarter of an inch 
in diameter) ; the smooth upper side, with the notch at the 



anterior end, in which lies the growing-point; the thickened 
median portion, or cushion, and the thin lateral expansion 
or wing on either side; the rhisoids, springing from the 
underside, chiefly from the cushion. Note that the pro
tha.llus is not usua.lly pressed quite closely to the soil, but 
is tilted upwards in front, so that under moist conditions 
there is a. water-holding space between the underside of the 
prothallus and the soil ; if the prothalli a.re crowded, they 
slope steeply upwards in front, especially if grown in a. 
rather deep vessel. 

495. Prothallus with Sexual Organs (Fig. 99).
Mount a. number of protha.lli in water, with the lower 
surface uppermost, and examine ith the microscope. 

Fie. 911.-htur. A Prot.b&llua, -n from lower aide. 

Note the general features, and the following additional 
points:-

(1) The polygonal thin-wa.lled cells of the lateral wings, 
each containing numerous chloroplasts in addition to pro
t.oplasm, nucleus, a.nd cell-sap. 

(2) The several-layered cushion, consisting of similar 
cells-those on the underside of the cushion usually contain 
relatively few chloroplast.a, and some have grown out to 
form 
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(3) Long colourless unicellular rhizoicls, sometimes 
branched a.t the free end. 

(4) The growing-point, occupying the notch and now 
consisting of a. series of initial cells which undergo active 
growth and division. 

(5) The anthericlia., seen in surface view a.a circular 
bodies occupying the hinder (older) portion of the pro
tha.llus and occurring on both the cushion a.nd the lateral 
wings. 

(6) The archegonia, occurring on the cushion a.t the 
front of the protha.llue (a. little behind the growing-p<>int) 
and showing their necks a.a little finger-like projectione
the older a.rchegonia. a.re conspicuous owing to their brown 
colour. 

496 . .6.ntheridium and A.rchegonium.-Exa.mine the 
sexual organs more closely with the high power. 

(a) .6.ntheridium.-In surface view, note the central 
group of antherozoid mother-cells, small spherica.1 
bodies, surrounded by the antheridium wall which ma.y be 
seen a.a either a. ring of cells or a.a a. single ring-like cell ; 
the whole antheridium is smaller than the protha.llua cell 
on which it ii seated. In the small and more or Ieee fila
mentous (and often branched) protha.lli, which may bear 
only antheridia., the latter may be seen in •ide view, a.nd 
the wall can be ma.de out a.a consisting of two superposed 
ring-like cells with a dome-like cap.cell on the top. 

(b) Archegonium.-In surface view, note the four rows 
of cells of which the neck is composed, a.nd the neck
canal; by focussing more deeply, the canal-cells a.nd the 
oosphere ma.y be seen in an a.rchegonium which ha.a not 
yet opened ; in a.n older a.rchegonium that ha.a been ferti
lised. the embryo ma.y be seen by focussing down to the 
embedded venter. 

497. L. B. of Prothallus (Fig. 100).-Cut median lon
gitudinal eections of an alcohol-hardened protha.llus, held 
in pith; only those eections passing through the cushion 
a.re required, but with ea.re several useful sections may be 
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obtained from each proth&llus cut. Note especially the 
archegonia, and try to ma.ke out the a.zial series of cells 
-the elongated neck canal-cell (sometimes divided into 
two), the small rounded ventral canal-cell below this, and 
the large rounded egg-cell embedded in the cushion tissue ; 
the neck, consisting of a single layer of cells. In the 
a.ntheridia, note the single-layered wa.11 and the central 
mass of cntherozoid mother-cells. 

498. Young Sporophyte.-With lens, or low power of 
microscope, examine protha.lli with young Fem-plant 
attached. Note that the young plant grows out from the 

FJc. 100.-h... Pan of a Longitudinal Section of a Protballua, lhowin& 
A.ntheridia. 

underside of the prothallus, near the notched anterior end, 
and consists of the following parts :-(1) the first root, 
which grows down into the soil ; (2) the first leaf ( coty
ledon), which turns upwards through the notch of the 
prothallus and consists of a relatively long stalk and a 
simple or lobed blade; (3) the foot, a projecting body 
buried in the tissue of the protha.llus; (4) the growing tip 
of the young stem, lying in the angle between the base of 
the cotyledon and the foot and showing several developing 
leaves. In very young plants, note that the primary root 
is usually the first pa.rt to break out through the sheath 
(calyptra) formed by the prothallus tissue surrounding 
the embryo. 

In older plants, note (1) the additional roots that grow 
out from the stem; (2) the la.t.er leaves, which are succes-
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sively larger and more lobed; (3) the gradual decay of the 
prothallus, as the young Fern-plant obtains its own food 
by means of its roots a.nd leaves a.nd therefore becomes 
independent of the food-supply it ha.d a.t first drawn from 
the prothallus by means of the foot. 

These points may be clearly seen in specimens decolor
ised with alcohol, and ma.de transparent with chloral 
hydrate, potash, or some other clearing reagent. 

Also cut longitudinal sections of protha.lli with young 
Fern plants, and note the relative positions of cotyledon, 
stem, root, and foot. 

LYCOPODIUM. 

499. General Cha.ra.cters.-The Common Club Moss 
(Lycopodium cla.va.tum), the largest a.swell as commonest 
of the five British species, grows chiefly on heaths, moors, 
and mountain-sides. Note 

(a) The creeping stem, tough, fierible, and much 
branched-some of the branches creeping, others ascending 
and growing erect. 

(b) The roots, arising from the lower side of the stem
often one root a.t ea.eh point of branching, but a.lso a.t other 
parts of the stem-a.nd showing more or less distinct 
dichotomy (forked branching). 

(c) The small simple la.nee-shaped leaves, crowded and 
overlapping on the creeping stem and branches, a.rranged 
spirally or in whorls or in both ways, each lea.£ having a. 
finely toothed margin and ending in a long hair-point 
which curves in towards the stem-at the ends of the 
branches all the leaves tend to curve strongly upwards. 

( d) The erect branches which a.re slender below (owing 
to the ]eaves being here small, scattered, a.nd closely 
pressed to the stem), but a.t the top, a.fter branching into 
two or three, expand again into the cylindrical or club-like 
cones. 

(e) The spora.ngia, kidney-shaped and almost sessile 
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capsules, one seated on the base of each of the broad 
spira.lly arranged leaves (sporophylla) of the cone-the 
ripe sporangia. is yellow a.nd opens by a. transverse slit. 

500. Structure of Stem.-In transverse aections 
of the stem note (1) the epiderm.Us, with thick cuti
nised outer walls; (2) the sclerenchyma.tous outer corte:ir:; 
(3) the thin-walled pa.renchyma.tous middle corte:ir:; (4) 
the sclerenchymatous inner corte:ir:; (5) the lea.f-tra.ce 
bundles, lying here and there in the cortex. through which 
they pa.as from stem-stale to leaf; (6) the "bundle
sheath," several layers of thin-wa.Ued cells (the outer 
layers with cutinised or corky walls-<>n placing a drop of 
sulphuric acid on a. section. these cells rem.a.in unaffected 
a.fter the other tissues have lost their clea.r outlines); (7) the 
:ir:ylem a.nd the phloem, arranged in more or leas horizonta.l 
a.lterna.ting ba.nds, though there are often connections be
tween the xylem-bands towa.rds the centre of the stale. 

With the high power note, in the xylem, the small pro
toxylem tra.cheids at the outside (the edges of the ba.nds); 
in the phloem, the narrow thick-walled protophloems, alter
nating with the protoxylems. In both xylem a.nd phloem 
the main part of each band consists of wide elements. 

In radial longitudinal sections of the stem note (1) the 
leaf-basea; (2) the epidermis, the three zones of the 
corte:ir:, a.nd the bundle-sheath; (3) leaf-trace bundles, 
running down obliquely from lea.£ to central cylinder; ( 4) 
the spiral (protoxylem) tracheich a.nd the wide acalari
form tracheicls; (5) the phloem cells, some na.rrow a.nd 
others wide-the latter a.re the sieve-tubes, but when 
mature they are almost empty and the small sieve-plates -
a.re difilcult to make out. 

501. Structure of Leaf.-ln sections taken across the leafy 
stem, some leaves will be found cut transversely ; note the trian
gular outline of the section (the longest side being upwards), the 
epidermis with stomatee on both upper and lower eidea (examine 
entire leaves in surface view), the spongy meaophyll, and the email 
central vaecular bundle. In transverse eectione of a root, note 
the general resemblance to the stem, but the smaller number of 
xylems and phloeme, the former being often irregular and fused 
together. 
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602. L. S. of Cone.-Cut radial longitudinal aections 
through a cone, and note 

(a.) The structure of the axis, resembling that of the 
stem, with a bundle running out to each sporophyll. 

(b) The division of each aporophyll into a horizontal 
lower portion, with a short downwardly-directed flap at the 
end and a much longer upwardly-directed portion-the 
sporophyll iB therefore somewhat pellak, and in some other 
species of Lycop<>clium the downward portion of the expan
BlOn or lamina lB much larger than in our type. 

(c) The sporangium. inserted by a short stalk on the 
horizontal ba.sa.l part of thesporophyll, above the vein-the 
sporangium is nearly circular in section, but into the ca.vity 
there projects upwards a. rounded pad of tissue, ma.king 
the cavity kidney-shaped in outline. 

(d) The sporangium wall, consisting of an outer layer 
of large cells and one or two inner layers of small cells 
(disorganised in ripe sporangium)-at one point on the top 
of the sporangium but towards the outer side, the cells are 
narrower, marking the line of dehiacence. 

503. Structure of Sporangium 'WalL-In surface -riew, the 
cells of the mature but not yet ruptured 11porangium-wal1 are 11eeD 

to be elongated and to ha.ve thickened lignified wavy radial walls, 
but along the dehiscenoe-line the celJs are nearly cubical, with 
straight radial walla ; the two roW'll of cubical cells ha.ve their 
tangential as welJ 1111 their radial walls' lignified, as may be eeen on 
treating the preparation with aniline sulpliate or with phloroglucin. 

504. Spore11.-Examine the spores with the high power ; they 
are very small, roundish tetrahedral in form, and covered with 
a network of minute projections-the latter ea.use the epo1'811 to be 
unwettable by water, owing to the entangled layer of air covering 
them. 

SELAGINELLA. 

505. Nearly all the species of Sela.,,oinella. are tropical, 
mostly growing in wet forests and including epiphytes 
and climbers, but a few are xerophytes. The simplest 
type is that aeen in the single and rare British species, 
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S. spinosa, where the leaves are all alike and are spirally 
arranged, but most of the species correspond to the type 
described below. The species most commonly cultivated 
are S. Martensii and S. Kraussiana; if possible, obtain 
specimens of both. 

506. General External Cha.ra.cters.-In a good
sized portion of one of the above exotic species, obtained 
from a greenhouse, note-

(a) The profuse branching of the relatively slender 
but wiry stem, which takes place in one plane and is 
apparently dichotomous (forking) but really monopodial. 

(b) The small simple leaves, single-veined and more or 
less lance-shaped, arranged in four rows (two side rows 
and two dorsal rows)-closer inspection shows that the 
leaves are in pairs, each pair consisting of a larger lateral 
(strictly speaking, ventral) leaf and a smaller dorsal leaf 
opposite to it. 

(c) The roots, arising singly at the points of branching 
of the stem-the first portion of the root is stiff, green or 
brownish, and unbranched, and is often termed the 
rhizophore, but on reaching the soil (over which the 
stem grows in a straggling and ascending manner) it 
divides into numerous slender white branches which are 
apparently dichotomous. · 

(d) The ·cones, which show radial symmetry, unlike 
the dorsiventral symmetry of the rest of the shoot, and 
bear spirally arranged leaves (sporophylls), forming four 
longitudinal rows and being all alike in size. 

( e) The spora.ngia, of -which there are two kinds, 
seated singly in the axils of the sporophylls, and seen on 
turning these down-the megaspora.ngia, confined to the 
base of the cone, and each containing four large rounded 
mega.spores-these cause the megasporangium to be 
lobed and therefore easily distinguished with the naked 
eye from the smaller and more nearly spherical micro
spora.ngia., which occupy the upper portion of the cone 
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d contain oumhen of the much 1m&Iler mic .. 
spores. 

U) The 4eh.bcence of the 1porangia, bJ a alit running 
tra.nsverae11 acrou from side to lide. 

&0'1. atncn.re of stem.-In tmnaTene 18Ction1 of 
the atam of 8. .. note (1) the epicleraia, a layer 
of th:ick-wa.lled cella, co•ered by euticle; ( ) the green 
oortez. the out.erm part of which ia Ul'U&ll1 compact, 
thick-walled. and ligollied ; (8) the TUC1ll.ar ~linder 
( ), IU?TOUDd bJ &D ~ which ii bridged by 
trabec1llu · · of oell-rolfl (here aod there a ri119Ze 
elongated cell m&J be aeen forming a tn.becula). 

In the ·TUC1llar ~liacler, note (1) the llftic7cle. 
a layer of rather large cells ; (2) the phloem., forming a 
oootiououa band a.round (S) the aolid central xylem.. 
which is o'f&l or spindle-like m CJ'Oll8 section, with a group 
of mi.all ~lem tra.cheidl at each end (the xylem is 
therefore aarcA and diarcA). With the high power, not.e 
that there ia & ring-lib tnn.mu'9e 1-Dd OD the innermost 
cell of each o the tr&becnlu oo · · of a row of oeils., 

r at · of the long unicell the 
tr&hecnlaa t the edoclermia. 

In of the J'OlDlC part. of 
an inch or · the the d.eT p t of the 
air-space can be followed. and tra.becuJ.ar · more 
readily made out; note al.lo tha the Jar :portio:na 
(pro~Iaa) of the wood a.re full1 form and lignified. 
while the large-celled middle portion is still thin-walled 
and cont.ai.na protoplasm. 

In lcmgitucliDal sections of the et.em, note the tissues 
11o1 described a.hove ; the xylem consists of spiral (pro
toxylem) a.od eca.lariform tracbei4a, a.a in Lycopodium ; 
not.e the leaf-traces, one running into each leaf-the 
leaf bundle carri with it into the leaf a contin tion of 
the &ir-ea'fity surrounding cylin 
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protoxylem is &t the um~ of the xylem (the latter be.Ing therefore 
mdarch), while in the higher erect portiona the stele is exarch but 
is radially srmmetrical and has nu~ protoxylems all round 
the outside, mstead of two only ; thls struoture ia obviously oon
neoted with the spiral arrangement of the leaves, sinoe the leaf
bundles are given off at the protoxylems). In S. Kraussiana, the 
stem has two steles, whioh are joined up at the points of branohing 
of the stem and then separate again ; eaoh atele has it.a own air
space, and they &re evidently formed by division of a single stele. 
In other speo1es there may be three or even more steles, eaoh 
usually flattened and having a protoxylem at eaoh end of the plate
like xylem. 

509. Structure of Leaf.-Carefully remove a few 
leaves, and note (1) the single bundle; (2) the toothed 
margin; (3) the small outgrowth (ligule)-often fan
like-at the base of the leaf on the upper side; ( 4) the 
presence of single large chloroplasts in the cells of the 
epidermis; (5) the stomata on the lower epidermis, near 
the middle line. 

In transverse sections of the leaf, note especially (1) 
the spongy mesophyll, which is absent at the thin 
margins of the leaf (here the upper and lower epidermis 
layers come together); and (2) the small central vein. 

510. Structure of B.hizophore and Boot.-In trans
verse sections of (1) the "rhizophore" and of (2) the 
roots which arise from it, note that the general structure 
is similar to that of the stem, except that the air-cavity is 
either absent or represented only by small intercellular 
spaces between the cells of the endodermis, while the 
vascular cylinder has a central mass of xylem, with a 
single protoxylem (monarch structure) at one side where 
the phloem is interrupted and therefore forms in cross 
section an incomplete ring. 

511. Structure of Sporangia and Spores.-Examine 
with the microscope (a) an entire cone, treated with 
potash to make it more transparent; (b) microspores 
and megaspores, isolated by tea.sing out or pressing 
open the sporangia ; ( c) longitudinal sections of a. 
whole cone. 
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Note (1) the form and size of the two kinds of apores 
(diameter of megaspores many times greater than that of 
the microspores)-both kinds are tetrahedral and rounded, 
with three radiating lines on one side and spiny projec
tions on the outer coat, which is very thick in the case of 
the megaspore; (2) the coherence of the microspores in 
fours (tetrads) until quite ripe; (3) the structure of the 
sporangium wall, which is three-layered, the outer layer 
of radially elongated thick-walled cells, middle layer of 
small flat cells, the inner layer (tapetum, which persists 
until spores are ripe) of elongated but thin-walled cells; 
(4) the dehiscence line in the sporangium wall, where 
the outer cells are shorter than elsewhere; ( 5) the ligule 
of each sporophyll, inserted just outside the short thick 
stalk. 

512. Germination of Spores.-Get ripe spores of 
both kinds by drying a fresh plant on paper, and sow 
them together on moist soil or tiles. In a few weeks 
young Selaginella plants will be seen-note (I) the 
hypocotyl, bearing two cotyledons (each with a small 
ligule) at its end, and between them the young shoot, 
which soon branches ; (2) the first root, at either side of 
which the second and third roots arise from the base of 
the hypocotyl; (3) the megaspore, to which the young 
plant is attached by a foot projecting from the base of the 
hypocotyl into the tissue of the female prothallus which 
fills the spore-the foot and prothallus can be seen by 
carefully picking off with needles the ruptured spore-coat 
and treating with potash. 

513. Development of Protha.lli a.nd Sexua.l Orga.na.
A good dea.l can be made out by crushing the germinated spores 
under the cover-glass, or treating them with potash, or (in the C3Se 
of the megaspores) dissecting off the thick outer coat with needles
all these methods should be tried. 

(a) In the microapore the first division (which occurs before 
the spore leaves the sporangium) cuts off a small lens-like ma.le 
protha.llia.l cell from a much larger cell; the latter forms the 
a.ntheridium, consisting of a single-layere4 wa.11 and a central 
group of antherozoid-mother-cells; · 

P.B. 2~ 
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(b} The formation of the female prothallua in the megaspore 
begins while the spore ia in the aporangium and before it has 
reached it.a full size ; the nucleus of the young B,\)Ore (which lies at 
the apex-the point where the three radiating lines meet} divides 
repeatedly, and the apical lens-like portion of the prothallua tieeue 
ia formed first-thia tieeue iii eaaily seen on warming aome mega
aporee with pot.uh, diaaeoting off the ooat· or preeeing the •pore 
under the oover-glaaa. 

(c) In free germinated megasporea, the prothallua tiBBue enlarges, 
filling the cavity of the spore, rupturea the outer ooat of the apore 
along the three radiating lines, protrudea from between the flapa of 
the bUI'llt coat, and produces aeveral archegonia. resembling thoae 
of the Male Fem but with much shorter neck; the marginal portion 
of the expoaed prothallua tissue may beoome green and produoe a 
few rhiwida from the superficial oelle. 

(d} In older prothalli treated with potash, note the oontraat 
between the BO-called apical tiBBue (that first formed) and the large
oelled lower tiBBue formed later. 



CHAPTER XII. 

SCOTS PINE, YEW, CYCAS. 

SCOTS PINE (PINUS SILVESTRIS). 

514. General ·External Chara.cters.-In studying 
the Scots Pine, a.t different times of yea.r, note the following 
genera.I features :-

(1) The " excurrent " ha.bit, the long stra.ight trunk 
passing right to the top of the tree a.nd ta.paring out. 

(2) The scaly bark, orange-coloured except a.t the base of 
the trunk, where it is da.rker, a.nd the rough scaly surfa.ce 
of the younger ha.re twigs. 

(8) The origin of the bra.nches, in a.ppa.rent whorls, from 
la.tera.l buds, ea.eh of which a.rises in the a.xil of a. sea.le-lea.£ 
at the end of ea.eh year's growth. 

(4) The consequent indication of the a.ge of the tree by 
the number of these a.ppa.rent whorls-even in the lower 
portion the stumps of fa.llen bra.nches ma.y be seen in 
whorls. 

(5) The spira.l a.rra.ngement of the scale-lea.ves on the 
twigs, showing tha.t the bra.nching is not in reality 
whorled. 

(6) The a.ppea.ra.nce of a tree in which the ma.in axis 
ha.ppens to have been injured-a. la.teral branch bends 
upwa.rds a.nd repla.ces it, forming a. new "leader" a.nd often 
giving the top of the tree a ba.yonet shape. 

(7) The short shoots (" dwa.rf shoots," or" foliar spurs," 
or " shoots of limited growth "), ea.eh a.rising in the a.ril of 
one of the brown scale-leaves borne on either · the ma.in 
stem or one of the ordinary branches ("long shooqi" or 
" shoots of unlimited growth "). 

(8) The narrow twisted green folia.ge-leaves ("needles"), 
two borne on ea.eh dwa.rf-shoot or "bifoliar spur." 

375 
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(9) The persistence of the foliage-leaves for a number of 
years, and their fall owing to the cutting-off (by an absciss
la.yer) of the whole dwarf-shoot. 

(10) The scale-leaves borne on the lower portion of each 
dwarf-shoot, below the two "needles." 

It will be noticed that the Pine produces two kinds of 
branches and two kinds of leaves ; the ordinary branches 
or "long shoots,'' formed annually in an apparent circle, 
bear only scale-leaves; in the axil of each scale-leaf there 
arises a "dwarf shoot" which bears a number of scale
leaves and a. pair of foliage-leaves. 

Examine the buds in autumn or winter. Study with 
special care the opening of the buds and the early growth 
of the resulting young shoots, during May and June-this 
is very important, in order to gain a clear idea of the 
morphology of the plant, as well as for the study of the 
male and female cones. 

During May and June, visit the trees at frequent inter
vals, or if this cannot be done at least weekly, bring in the 
cut twigs and set them in water, so as to. be able to 
watch the various stages in the early growth of the shoots. 

615. Besting Buds of Pinus.- In examining a twig 
in winter (or in early spring), note that it shows (1) a 
terminal resting-bud; (2) a few, usually three or four, 
smaller lateral resting-buds just below the terminal 
bud; (3) one or sometimes more of the lateral buds may 
be replaced by a one-year-old female cone, green in 
colour; (4) each resting-bud is ovoid and pointed, and 
bears numerous brown scale-leaves, which are covered and 
stuck together by resin and are arranged spirally (this 
latter point will be seen more clearly when the bud is 
expanding later on). 

Treat a. resting-bud with alcohol, to remove the resin, 
detach some of the scale-leaves from it, and note that 
each scale-leaf has a thickened base and bears a small bud 
in its axil (excepting those at the very base of the resting
bud). The resting-bud of the Pine might be termed a 
compound bud, a. "bud of buds,'' since most of the bud
epa.les ha.ve 1u:illary buds. 
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516. Opening of the Buds.-Exa.mine an opening 
bud in spring, a.nd note that-

(1) The axis elongates, carrying up the spirally arra.nged 
scales. 

(2) The lowest scales, which are hard and dry a.nd have 
no axillary buds, remain at the base of the young shoot 
into which the resting-bud is now developing. 

(3) Each of the other scales is at first green below and 
membranous a.hove, with pointed tip a.nd fringed edges, 
but as the resting-bud opens the base of the sea.le hardens 
and the upper part falls off. 

( 4) Each of the axillary buds of the compound resting
bud develops into a dwarf-shoot, bearing about ten sca.le
leaves at the base, these forming a sheath around the two 
young foliage-leaves, which soon project beyond this sheath 
and become visible. 

(5) The two foliage-leaves of each young dwarf-shoot 
have convex outer surface and flattened inner surfaces, the 
latter being closely apposed at first, but later, as these 
leaves grow in length, they diverge from each other. 

(6) In some cases, a larger or smaller number of the 
lower dwarf-shoots are replaced by the yellow egg-shaped 
male cones, which therefore appear just after the opening 
of the resting bud in early summer, a.nd each of which 
corresponds in position to a dwarf-shoot. 

As the young shoot of the current year, arising from the 
opening bud, grows in length, note a.t the top (l} the 
young terminal bud which will open next year; (2) 
the young lateral buds which will also open next year; 
( 3) the young female cone or cones, each of which clearly 
corresponds to an ordinary branch or long-shoot, since it 
has the same position as a lateral resting-bud. 

517. T. S. Young Stem (Bud his).-To see the 
primary arrangement of the tissues in the stem, cut trans
verse sections of the a.xis of a. bud, after removing some of 
the bud-scales; treat some of the sections with potash, 
others with chlor-zinc-iodine, others with aniline sulphate. 
Note (1) the irregular outline of the section, due to the 
bases of the sea.le-leaves and dwarf-shoot buds; (2) the 
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ring of vascular bundies, separated from each other by 
(3) the primary medullary rays, bands of parenchyma 
continuous externally with ( 4) the parenchyma. of the 
cortex and internally with (5) that of the pith. In each 
bundle note the internal xylem consisting of regular radial 
rows of thick-walled lignified elements, and the external 
phloem with cellulose walls, with the cambium between 
them ; in the cortex, note the large resin-ducts, the 
cavity of each duct lined by a. layer of sma.ll epithelium 
cells. 

518. T. S. of Current Year Stem.-In transverse 
sections of the current-year stem note-

(1) The wavy outline of the section, owing to the bases 
of the sea.le-leaves. 

(2) The epidermis, a. layer of cells with the outer walls 
thickened a.nd covered by a distinct cuticle. 

(3) The cortex, consisting of more or less rounded cells 
with cellulose walls, some containing starch, others tannin, 
while the outer cells have chloroplasts. 

(4) The resin-ducts in the cortex. 
(5) The cork and cork-cambium, lying immediately 

below the epidermis, in regular radial rows. 
(6) The complete ring of vascular tissue-phloem and 

xylem separated by cambium, the originally separate 
bundles having become joined up by the inter-fascicular 
cambium. 

(7) The wavy inner outline of the xylem, the portions 
projecting into the pith showing the position of the primary 
bundles and containing the protoxylem. 

(8) The pith, consisting of parenchyma like that of the 
cortex but without resin-ducts. 

(9) The medullary rays, some extending right from 
cortex to pith through the whole vascular cylinder 
(primary rays), others passing only pa.rt of the distance 
inwards a.nd outwards from the cambium (secondary 
rays). 

(10) The resin-ducts in the secondary xylem. 
Keep the sections for comparison with those of the older 

stem. 
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Now out transverse, radial longitudinal, a.nd tan
gential longitudinal sections of a three-year-old stem, 
for detailed examination of the xylem, phloem, cambium, 
and rays. Treat some sections with chlor-zinc-iodine, 
others with aniline sulphate; others might be stained with 
safranin and aniline blue and mounted in balsam. 

519. 'l'. S. of 'l'hree-yea.r-old Stem (Fig. 101).-In 
beginning to examine the tran.verse sections, note that 
(1) the cells of the cortex show here and there signs of 
having grown in length tangentially and undergone 
divisions by radial wa.lls-to accommodate the increased 
volume of the vascular cylinder; (2) the phloem has 
grown in thickness, but its outer portion ha.s undergone 
distortion; (3) the xylem ha.a grown greatly in thickness, 
a.nd shows three layers (annual rings) owing to the sudden 
increase in radial diameter of the four-sided lignified 
elements ( tracheids) formed in spring a.s compared with 
those formed in autumn, the latter lying immediately 
within the wide spring tracheids ; ( 4) in ea.eh ring, starting 
from within, the tracheids show a gradua.1 transition from 
the wider and thinner-wa.lled tracheids of the spring 
wood, becoming more flattened and thicker-wa.lled on 
pa.ssing outwards till the autumn wood is reached. 

Starting wi th the cambium, note that (1) the cambium cells are 
in very regular radial rows; (2) their walls are very thin, especially 
the tangential walls ; (3) the oells contain abundant protoplasm and 
a nucleus, especially in the a.otive middle region where the oells are 
radially narrowest; (4) the oells of the medulla17 ra711 in the 
cambium-zone are radially longer than the other cambium-cells. 

Now tra.oe the ordinary and the ray cells of the cambium inwardr. 
into the wood (:s:;ylem), and note-

(1) The developing tracheids immediately within the cambium, 
with relatively thin walls ; the inner layer (that next the cavity) still 
giving cellulose reactions, while the rest of the wall is more or 
less strongly lignified. 

(2) The protoplasmic contents of these youngest tra.oheids, grad· 
ua.lly ~shing in quantity and disappearing on tracing a row of 
traohe1ds mw&rds. 

(3) The increasing thickness of the traoheid walls and their com· 
plete lignification &s they grow older. 

(4) The bordered pita on the radial walla. each pit appearing in 
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i"i1. 101.-Pnros. Part of the Secondary Wood seen lo a Trl\nsverse Section of a 
fairly old Stem. For detailtl see § bl9. 
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transverse section like a biconvex swelling of the wall. On close 
inspection some of the pits will show the biconvex lens- like pit
ca.vity across which there stretches the thin pit-membrane with 
a thickening (torua) in the middle. 

(5) The ra.ya, consisting mostly of single rows of radially elongated 
cells with cellulose walls, and either containing protoplasm and 
nucleus, or appearing empty ; the ray contains both kinds of cells, 
as will be better seen in longitudinal sections. 

(6) The resin-duct. of the wood, lined by epithelium and usually 
associated with a patch of xylem-parench;yma and often also with 
one of the rays; the ray may either be interrupted by the paren
chyma which encloses the resin-duct, or the duct may be joined up 
to the ray by parenchyma. 

Next trace the cells of the c&mbium outwards into the baat 
(phloem), and note :-

(1) The phloem constituents are arranged in radial rows, quite as 
regular as thoee in the oambiun and xylem.. 

(2) There is a gradual transition from cambium to phloem. 
(3) The cell-walls on the phloem side of the cambium become 

thicker, but are not lignified. · 
(4) The medulla.ry ra.ya are continuous through cambium into 

xylem, and have protein and starchy contents. 
(5) The aieve-tubea are radially narrow, . with finely-perforated 

aieve-a.reaa on their radial walls. 
(6) Here and there are large, and usually starch-containing, 

phloem-pa.rench;yma cells. 
(7) The sieve-tubes lose their turgidity and become much crumpled 

and distorted and almost obliterated by the pressure of the cortex 
on which these older elements of the phloem abut; though the 
staroh-oontaining phloem-parenchyma oells and thoee of the medul
lary rays may remain almost unaltered or even grow larger. 

(8) Sometimes the outer end of a ray, just outside the phloem, 
joins on to the parenchyma and epithelium around a resin-duct in 
tbeoorteL 

520. In Badial Longituclinal Sections of Three
yea.r-old Stem (Fig. 10::!), which must be cut very care
fully so as to be exactly radial, note:-

(1) The outer tissues, consisting of epidermis, cork, and 
cortex pa.renchyma. 

(2) The sieve-tubes, elongated, with scanty contents, 
and showing here and there the sieve-plates which are 
confined to the radial walls ; each plate is circular or oval, 
covered with c&llu.s (stained deeply by aniline blue) when 
young and functional, and shows a. number of finely dotted 
llieve-areu. 
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(8) The phloem parenchyma cells, arranged in longi
tudinal rows a.nd with abundant contents. 

(4) The brown phloem cells with crystals. 
(5) The phloem portions of the medullary rays, in 

which the middle cells (" ata.rch-cells ") contain starch
graine, the upper and lower oelle (" albmninou cells") 
protoplasm but no starch aa a rule; these cells ha.ve very 
J.a.rge nuclei and a.re often elonga.t.ed longitudina.lly and 
closely applied to the sieve-tubes. 

(6) The cambi'lllll, consisting of long thin-wa.lled cells 
with abunda.nt protoplasm and long na.rrow nuclewi. 

( The rays running through the cambium and show
ing here the same fea.turea a.a in the phloem, but the upper 
and lower cells changing in cha.ra.cter on reaching 

(8) The zylem, where they apparently run across (in 
reality between) the tra.cheids and have their upper and 
lower cells empty (" tra.cheid&l cells ") and the middle 
cells (" ata.rch cells") with protoplasm and usually also 
starch ; some rays show only one of these two kinda of 
cells, or tra.cheida.l cells may occur in the middle of the ra.y 
if the latter is ra.ther deep. 

(9) The bordered-pit tra.cheida, ma.king up the bulk 
of the xylem, and seen aa long narrow cells with oblique 
pointed ends, ea.eh bearing on the radial wa.lle a single row 
of bordered pita, each pit appearing aa two concentric 
circles. 

(10) The annual rings, shown by the narrower and 
thicker-walled autumn tra.cheida aa contra.ated with the 
wider and thinner-wa.lled spring tra.cheida. 

(11) The narrow spiral or annular protozylem tr&
cheids, lying nearest to 

(12) The pith, which consists of parenchyma. cells-
11ome with cellulose pitted walls, protoplasms, and nucleus, 
others with lignified pitted wa.lls but no contents. 

521. Now cut successive Tangential Longitudinal 
Sections (Fig. 103) through (.d) the Phloem, (B) the 
C..abi'lllll, (0) the Xylem-in each case, of course, only 
the middk portion of the eection will be .trictly tan
gential. i.e. at right angles to a radiwi of the stain. 
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Fig. 103.- PINUS. l'art of a Tangential Longitudinal Section of the Secondary Wood 
of an Old Stem. See § 521. 
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In .A note (1) m.n-e.tabes, in which tial 
wall.a, iD surface · , are quite uniform, while the 
eut radi&I walls appear W'&T'f owing to the sie're.platea ; 
(2) the phloem-i-renchyma ce1la a.rra.nged in longitudi
nal ro-.ra; (3) h broW'D eryata.l-containing ; (4) the 
phloem medullary r&J"S, u Yertically elongated 
rows of cell.a, narrow r.bove and below, all with de: 
eontAmta. 

In B n (1) the ordinary cambium. c:.eU.., elongated 
.,.erticaJ.ly, pointed aboYe and below, thiD-W&lled, with 
d pro p and onga nu ; (2) the cen. of 
the e&mbium medullary ra79, bling thoee of he 
n.ya seen iD the p , and clearl1 formed by repeated 
tra.naYerse diri.aions of an otdinary cambium oell. 

In 0 note (1) the n.ry lcrn trachorida with poin 
end.a, showing no, or •ery few, 'bord.erecl pit. in surface 
new on the t&ngenti&l walla, but showing many cut longi
tudinally on the radir.l walla with the aa.me a pearance aa 
in the t:nuuT ne 'on of the ; (2) th med'llll.u:f 
r&J"S, ea.eh ~peri.ng and poin: abon and below, and 

erefore spindle-Gaped like a bi nTU 1 ). 
The ·~btof the ray .· from & siD.g cell up too er 

a dozen and in larger ra11 may lie noted 
(S) minu in ula.r air-~, (4) two or more oeUa 
M>rea.stat the middle or rar. (5) & reai.D-cl'llct t:ra 
ing the ray iD radiAl direction and cu: acroa 
in · · n of the (6) & di1ferm · 
· n of e ray cella into " " d •• · dr.l 
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phloem and the conjunctive tissue. Acoordingly (5) the XJ"lem 
bundles appear to be embedded in a mass of uniform ti11&ue. 
(6) The xylem consists of from three to six radiating Y-shaped 
plates, and between the outwardly-directed fork of each y (pro. 
toxylem) there is a resin-duct lined by epithelium. 

For transverse sections of sucoeasively older roots, use the roots 
of older seedlings. Note that (1) the oortex beoomes brown and 
crushed, and is finally thrown off, owing to the activity of (2) the 
cork cambium, which arises in the pericycle and produoes (3) a 
layer of cork; (4) lenticels may be seen in some section& (5) A 
well-marked cambium is formed, beginning in the parenchyma 
within the phloems, spreading round the protoxylems (out.side the 
resin-ducts), and producing internally (6) secondary xylem-at 
first in wedges, but later beooming continuous and showing annual 
rings as in the stem-and externally (7) a continuous band of 
seoonda.ry phloem. 

523. T. S. and L. S. of Bifoliar Spur.-Get some :young 
dwarf-shoots (bifoliar spurs) and (1) cut transverse sections across 
the lower part of the shoot, (2) cut otf the two foliage-leaves close 
to their bases and out longitudinal sections of the shoot so as to pass 
through the two leaves. In (1) note that the two leaves have their 
flat inner (morphologfoally upper) faces in contact, their outer· 
(morphologically lower) faces being rounded, while each .leaf shows 
a sharp ridge on each side at the junction of the two faces. In (2), 
if the section is exactly median, note the abortive growing tip of the 
axis between the bases of the two opposite foliage leaves. 

524. T. S. of Foliage-leaf (Fig. 104).-Cut trans
verse sections from the middle of a leaf of the current 
year; mount some unstained; treat some with iodine, 
others with aniline sulphate. Note:-

(1) The semilunar outline of the section, with nearly 
flat upper side and convex lower side. 

(2) The epidermis, a. layer of thick-walled cells, covered 
by a. thick cuticle ; the cell-cavity is often nearly obliter
ated, being very small and star-shaped owing to fine pits 
which run out for some distance from the cavity; on heat
ing a. section in potash, the cuticle itself is dissolved, 
though it resists the action of sulphuric acid longer than 
the other layers. 

(3) The hypodermis, with very thick and lignified walls, 
showing fine canals (pits) ; this layer is in places two or 
even more cells deep, especially at the two ridges. 
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(4) The llUllken stomata, each stoma. interrupting the 
epidermis and hypodermis a.nd having its two guard.-cen. 
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J'ii. 104.-Pnn711. One-half of a Tranffol'lle. Section of a Foliago-loaf. 
Seo § 624. 

quite below the epidermis and above an air-cavity in the 
mesophyll. 
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(5) The mesophyll, consisting of rather large polygonal 
cells containing protoplasm, nucleus, and abundant chloro
plasts and having their cellulose walls infolded to form 
projections into the cell-cavity ; note the peculiar form 
(like a letter U in section) of the mesophyll cell or cells 
below a stoma, the concavity forming the air-space noted 
above. 

(6) The resin-passages in the mesophyll, each passage 
lined by a layer of thin-walled epithelium surrounded by 
a sclerenchyma sheath. 

(7) The bundle-sheath (endodermis) consisting of a 
single layer of cells. 

(8) The many-layered coloµrless ground-tissue (peri
cycle) in which are embedded 

(9) The two vascular bundles, each bundle having its 
xylem facing the flat upper side of the leaf and its phloem 
facing the convex lower side. 

For the detailed structure of the pericycle, unstained 
sections, or ·sections stained only with iodine, are usually 
best. Note that the pericycle consists of two kinds of 
parenchyma cells, and an irregular band of sclerenchyma 
which lies below the phloem of each bundle and runs 
across between the two bundles. The two kinds of paren
chyma cells are (1) cells having cellulose walls and con
taining protoplasm, protein, and starch ( " albuminous 
cells"), and (2) cells having lignified walls with bordered 
pits, and no contents (" tracheidal cells") ; the two kinds 
are termed collectively the transfusion tissue, the former 
serving for the passage of elaborated organic food from 
mesophyll to phloem, and the latter for the passage of 
water and dissolved salts from xylem to mesophyll. 

525. L. S. of Leaf.-Cut medium longitudinal sections 
through a foliage leaf, and note the various tissues described above. 
The mesophyll is usually seen to show a definite arrangement in 
fan-like groups of cells ; the inner portion (abutting on the endo
dermis) is less compact than that below the hypodermis, air-spaces 
being present. Note the long lignified cells (fibres). of the hypo· 
dermis, the resin-duct sheaths, and the sclerotic layer below the 
bundles ; the tracheids in the xylem of the bundle ; the two kinds 
of cells in thll transftision tissq~. 
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526. Male Cone (General Characters).-Examine 
the male cones which are seen on some of the elongating 
shoots, a number of them being grouped together at the 
base of the shoot. Note that each male cone arises in the 
axil of a. scale-leaf, is ovoid and a.bout 6 to 8 mm. long, and 
consists of an &lds bearing a. few basal scales and the 
numerous spirally arranged yellow stamens ; each stamen 
consists of a very short filament a.nd a. flat scale-like 
anther ; the anther ends in a. narrow upturned crest and 
bears on its underside two pollen-sacs lying side by side. 
Since the male cones are aggregated at the base of the 
shoot, and fall off after the pollen has been shed, the stem 
is left bare in this region-look for twigs with successive 
bare patches formed in this way, alternating with zones 
bearing the dwarf-shoots and ordinary branches. 

527. Longitudinal Sections of Kale Cone.-To 
study the development of the pollen-grains, male cones 
should be put into alcohol at intervals during spring, and 
the pollen-sacs teased out in water or glycerine on a. slide. 

In a radial longitudinal section of a. cone--taken 
about end of May-note the a.zis, with va.scul&t' bundles 
giving off a. single bundle to each of the stamens; each 
stamen shows on its underside one of the two pollen-sacs, 
and e_nds in an upturned crest. 

Cut a tangential longitudinal section of the ma.le 
cone; the stamens will be cut transversely, and the sec
tions will fall a.way-in one of these sections, note (1) the 
two ripe pollen-sa.cs are separated by a. vertical partition 
consisting of a. few layers of collapsed cells; (2) this 
partition is thickened above and below, so as to be !
shaped in section, and in the tissue of the upper thickening 
there is embedded the small vascular bundle; (3) the 
whole stamen is covered by an epidermis layer, which is 
produced on the flank of each pollen-sac into a. narrow 
wing; ( 4) along the lower side of each pollen-sac the 
epidermal cells are very small, diminishing in size on either 
side of the dehiscence-line; (5) within the epidermis, 
the cavity of each pollen-sac is lined by a few layers of 
flattened cells. 

P.B. 26 
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&28. T. S. of Kale Cone.-In a transverse section 
of the male cone, some of the stamens will be seen &B T -
shaped structure&, with a pollen-sac on either side of the T. 

Some of the B&CS in these sections will show the struc
ture of the sac-wall; a.lao mount in glycerine a single 
stamen. and after noting the form of the stamen, flatten it 
under a cover-glaas, and note that the wall of the pollen
sac shows numerous rod-like or LI-shaped Abres in ea.eh 
epidermis cell 

529. Pollen-grains in various a~es of development will have 
been seen in the eections, lying in ait'll in the pollen 8&08. To traoe 
the stages, tease out the contents of pollen-sacs from (a) very young 
cones still enclosed in the resting-bud in winter and early spring, 
(b) ~ oonea taken at intervals during May and June. Note 
that:-

(1) The pollen-grains are formed in fours (triracla) from the 
mother-oella. 

(2) The young gr&in is a spherical oell with a Bingle nuoleua. 
(3) On two opposite point.a the outer cell-wall layer (ea:tine or 

uoapore) shows rounded projection. containing sap and separating 
it at these point.a from the inner layer (intine or endoapore) of the 
oell-wall 

(4) The two projections grow until eaoh is about as large as the 
pallen-grain itself, and, as the oone dries, the sap in the projections 
18 replaoed by air, eo that the grain now bears two rounded balloon
like veaiolea or air-bla.cldera. That they do contain air is easily 
seen on mounting in water some grains from a dry oooe and noting 
the dark appearance due to the air, whioh is expelled from the 
vesicles on irri~tion with alcohol 

(5) Eaoh ves1ole has its outer wall (extine) strengthened by a fine 
network of thiokeninga. 

(6) The grain begins it.a irermination before leaving the pollen
eao, two small oells being suooeasively out off, eaoh by a watoh-glaaa· 
like wall, from the oonvex end of the grain-that farthest from the 
vesicles. 

(7) These two male prothallua cella are soon obliterated, or 
may be seen like oraoka in the wall of the ripe grain, wnich ahowa 
at thia part an -theridial cell, cut off by a curved wall from the 
larger cell whioh makes up the rest of the grain ; this larger oell ia 
often called the vegetative cell, or tube-cell, sinoe it grows out 
later to form the pollen-tube. 

&30. Pemale Cone (General Cha.racters).-Examine 
female cones of different ages. Note that in June cones 
are found showing three stages of development, in different 
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positions on the twig :-(1) the sma.11 green cones at the 
tip of the current year's shoot; (2) the larger but still 
green and fairly soft cones, placed laterally at the top of 
last year's shoot; (3) still larger but brown and woody 
cones, placed laterally at the top of the shoot of the year 
before last and having the scales separated so that the 
seeds are exposed. In each case, split the cone longi
tudina.lly and sketch the cut surface, a.fti\r noting and 
sketching the external characters. 

(a) In the :young female cone, note that ( 1) the cone
bud corresponds in position to a. young long-shoot bud at 
the top of the young axis in May when the compound bud 
has opened; (2) in11tead of remaining sma.11, a.e the young 
spoot-buds do in the first year, the young cone grows 
actively, and from being a.bout 5 mm. long in Ma.y has by 
August grown much larger, though still green; (3) at 
first, when very sma.11, the cone stands straight out in line 
with the ma.in aria; (4) a little later its stalk curves 
backwards; (5) cut longitud.ina.lly, the cone shows an &Xia 
with numerous scales, bearing the ovules on their upper 
side close to the cone axis; (6) on dissection of the cone, 
ea.eh cone is seen to bear two ovules side by side, the 
flaring trumpet-like microp:yle of each ovule facing the 
cone a.ris. 

(b) Carefully remove a whole carpel and placental sea.le 
from the young cone, and treat with potash or ea.u de 
javelle or carbolic acid to clear it. (1) Mount it with the 
upper (ovule-bearing) Bide uppermost, and note (a) the 
outline of the placental sea.le, (b) its thickened outer 
portion, (c) the two ovules a.t its lower end, lying side by 
side, and ea.eh having the micropyle expanded laterally 
into little forceps-like proce8868. (2) Turn the prepara
tion over, and on the lower side note (a) the form of the 
small thin carpel, (b) the large placenta.I sea.le which grows 
beyond it. 

( c) In the one-year-old cone-more correctly, cone of 
second :year-note that (1) the cone remains closed during 
its first winter; (2) a.11 the second sea.son is ta.ken up in the 
further growth of the cone; (3) the scales have become 



392 SCO'l'8 Pm•. 

ba.rder and greatly thickened. especially at their outer 
ends; (4) the two ovules (now the seeclll) on ea.eh aca.l.e 
have grown larger. 

(a) In the third-year cone, note that (1) the aca.l.es 
have become brown and woody; (2) as the cone dries the 
aca.l.es ga.pe asunder-starting at the top-so as to expose 
the ripe seeds, which are confined to the middle portion of _ 
the cone, the uppermost and lowest aca.l.es being sterile; 
(3) the seeds, two on the upper side of each fertile sea.le, 
each seed having a thin wing; ( 4) the seeds are easily 
detached from the scales and carried away by wind, leaving 
the empty cone on the tree-from which it usually fa.Ba 
later in the autumn or winter of the third yea.r. 

531. L.S. of Young Female Cone.-In ra.dia.l longi
tudina.l sections of the young current-year cone, note 

(1) The relatively thick axis, bee.ring aca.l.es of two 
kinda-(2) small bract scales or carpels ea.eh having in 
its a.xil (3) a much larger and thicker placental or ovu
lif'erous scale, which alone reaches the surface so as to be 
visible from the outside of the young cone. (4) On the 
upper surface of each placental aca.l.e, close to the aris, 
there ma.y be seen one of the two ovules which lie side by 
side. 

Note that in a section cutting an ovule in the middle, 
there are seen (1) the single integument several la.yen 
thick, with (2) the rather wide micropyle facing the aria, 
(a) the central mass of ~nchyma. tissue, nucellus 
(megasporangium), containing towards its lower end 
(4) the embryo-sac cell or megaspore, a large cell 
usua.lly surrounded by a sheath of nucellus cells with 
dense contents. (5) If pollina.tion ha.a occurred, pollen
gra.ins ma.y be seen at the top of the nucellus, within the 
micropyle. 

Note th11ot the placental aca.l.es of the young cone ready 
for pollina.t1on are separated at their ends, to a.llow pollen 
to reach the ovules ; after pollination, the sea.lee grow 
thicker and close up, not opening again until the seeds are 
ripe and ready to be shed. 
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532. L. S. of Ovule with A.rchegonia.-Split open 
longitudinally, and dissect some of the ovuliferoua eca.les 
from, a second-year cone taken in June. Note that the 
scales and the ovules have grown considerably in eir.e. 
Cut olf the upper pa.rt of the ovuliferoue scale, above the 
ovules, embed an ovule in pith. and cut longitudinal 
sections through it. Note (1) the tissue of the scale, with 
vUcu1ar buncllea and resin-ducts; (2) the oTUle, 
showing (3) the integument with the micropyle, within 
which is (4) the nucell-u and, within this again. (5) a 
mass of thin-wa.lled tissue, the e.ndosperm or female 
prothallus (formed by germination of the megaspore seen 
in the nucellue of the young ovule). (6) In the endosperm, 
near the upper (micropylar) end, there are seen (ueua.lly) 
two of the large ooapheres, ea.eh cont.a.i.ning numerous 
vacuoles and covered by a layer of small cells 
("nutritive jacket"). 

In good sections, ta.ken in just the right plane, note that 
the nucellus (whose lateral portions a.re greatly compressed 
and partially obliterated owing to the growth of the 
endosperm) forms a. thick a.pica.I cap over the top of the 
endosperm ; a.t the top of this nucella.r cap, just below the 
micropyle, there is a. cup-like depre sion, in which pollen
graina may be seen. 'l'he pollen-tubes proceeding from 
these grains traverse the tissue of the cap and reach the 
upper surface of the endosperm and there widen into a 
swelling (tip of tube). At the top of ea.eh oosphere there 
is a narrow neck continuous with those forming the 
"nutritive jacket" and consi ting of two or three tiers of 
small cells-the jacket represents the venter of the arche
goniu.m ; in some cases there may be seen the nucleus of 
the oo phere itself and at the top (just below the neck) a 
ventral-canal-cell, which disappears at fertilisation of 
the oosphere. 

533. Jl.ipening Seed with Embr:yos.-Dissect some 
eca.les from the second year cone taken in August, for the 
study of the ripening seeds ; eince the integument or 
aeed-coat is now rather hard, it may be better to dissect it 
off ca.refully with a knife-point or needles. After remoTing 
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the coat, treat the endosperm of one seed with potash to 
make it transparent, and place that of another in water 
and tease out with needles the numerous embryos which 
a.re embedded in the endosperm in a. central cavity. 
Longitudinal sections should also be cut of the endosperm, 
to see the embryos in aitu. Note the cylindrica.l or club
shaped embryos, ea.eh carried at the end of a twisted 
BllSpensor consisting of thin-walled transparent cells. In 
the largest embryo in ea.eh seed. note the parts named 
in the next para.graph (radicle, hypocotyl, cotyledons, 
plumule). 

534. Structure of Seed.-Examine ripe seeds, and 
note:-

(1) The wing is readily detached from the seed itself. 
(2) The thick and hard seed-coat. 
(3) The m.icropyle at one end-demonstrated by 

dipj>ing the dry seed into hot water. 
(4) The endosperm, seen on removal of the seed-coat

test for starch, proteids, oils, and also examine sections 
with microscope, noting results. 

(5) The membranous layer, usually reddish, covering the 
endosperm and representing the remains of the nucellus. 

(6) 'l'he embryo, lying in an axial cavity in the 
endosperm, and having a long hypocotyl. This merges 
into the radicle at the micropyle end of the seed and at 
the other end bears a circle of narrow cotyledons-about 
six in Scots Pine-surrounding the small plumule. Cut 
soaked seeds open, some longitudinally and others trans
versely, and note that in most cases there is attached to 
the radicle a string-like suspensor greatly coiled up; in 
some seeds several suspensors may be found, each with an 
embryo at its free end-the end farthest from the 
micropyle. 

535. Germination of Seed.-Sow soaked seeds, and 
note the stages in germination :-(1) the coat bursts, 
owing to swelling of endosperm and embryo; (2) the 
radicle grows out and curves downwards; (3) the 
hypocotyl elongates, carrying up the seed; ( 4) the 
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cotyledons lengthen and gradually escape from the seed
coa.t, after absorbing the endosperm, the empty coat then 
falling a.way; (5) after a time, the plumule grows up, 
bearing needle-like foliage-leaves. Various stages in the 
growth of the seedlings may be found on collecting self
sown seedlings near the Pine trees. 

The seedling shows two striking features. (1) The 
cotyledons turn green in the absence of light-to test this, 
grow Pine seeds in darkness in the same pot with Bea.n or 
Pea seeds, and note that the latter give rise to etiolated 
chlorophyll-less seedlings, while the Pine seedling becomes 
green. (2) The earliest foliage-leaves, borne by the 
plumule during the first year of its growth, a.re arranged 
singly and spirally on the stem, but later they give place 
to sea.le-leaves, in the axils of which a.rise the characteristic 
dwarf-shoots with paired foliage-leaves. 

YEw (Tu:us BACCATA). 

538. General Ezternal Cha.racters.-In the Yew and 
its allies, the female "flower" consists simply of a single 
erect ovule borne at the end of an apparently simple 
axilla.ry bud or short branch of the stem, so that there is 
no female cone. Yew also differs from Pinus in tha.t the 
leaves a.re borne directly upon the ordinary branches or 
long-shoots, not on dwarf-shoots or spurs. 

The following general characters of the tree should 
be noted:-

(1) Its usually" deliquescent" ha.bit, owing to the faet 
that early in life some of the branches tend to grow erect 
and give the tree several " leaders " in pla.ce of a single 
lea.ding or main shoot-this partly accounts for the deeply 
channelled and ridged character of the trunk, but the 
ribbing of very old Yew trunks is chiefly due to the upgrowth 
of strong erect shoots from the base, these encircling the 
trunk and fusing with it and with each other. 

(2) Its extremely slow growth, as compared with that of 
Pines, connected with which is its ability to endure greater 
aha.de than almost any other Conifer. 
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(S) The reddish-brown scaly bark, which comes off in 
thin flakes-also connected with the shade-enduring power 
of Yew. 

(4) The very accommodating character of the tree, 
which can grow in any position and any soil, and its power 
(unusual in Conifers) of producing abundant buds, which 
adapts it so well for hedge-making and for cutting into 
ornamental shapes. 

(5) The flat, narrow pointed, and spirally arranged 
leaves, each continuous at the base with a ridge running 
down the twig. 

(6) The radiating arrangement of the leaves on the 
erect branches, and their two-rowed arrangement (owing to 
twisting of the short petioles) on the flanks of the horizon
tal and inclined branches. 

(7) The small resting-buds, eca.ly but not resinous, 
arising in the axils of many of the leaves. 

(8) The outgrowth of the buds at the ends of the twigs 
into branches, arranged chiefly on the flanks of horizontal 
a.nd inclined shoots. 

(9) The frequent formation of branches from hitherto 
dormant buds on older parts. 

(10) The dark green upper side and lighter lower side 
of the leaf, which has a prominent midrib. 

(11) The persistence of the leaves for several years. 

537. Structure of Stem.-In sections of the stem, note that 
though the general arrangement of the tissues is similar to that seen 
in Pinue, the Yew bas no reain-ducta in any part of th.e plant, 
and the pericycle is sclerenchymatous. 

538. Stracture of Leaf.-In transverse seotions of the leaf, 
note (1) the epidermis on the convex upper side of the leaf has no 
stomata ; (2) there is no hypodermis ; (3) the mesophyll is 
distinguished into upper palisade tissue and lower spongy 
tissue; (4) there is a single central vascular bundle, with xylem 
above and phloem below ; (5) the epidermis on the concave lower 
aide has numerous stomata. 

539. Structure of B.oot.-In transverse sections of the root, 
note (1) the die.rob xylem plate, with protox.vlem at each end; 
(2) the phloem groups, one on either side of the xylem plate ; (3) 
the pericycle, one or two layers deep at the ends of the xylem 
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pla.te but widening out into several la.yers outside the phloems; (4) 
the endodermia, with one or two layers of simila.rly thiokeoed 
cells outside it belonging to (5) the cortex pa.reochyma. ; (6) the 
piliferoua layer, shuwing root-ha.ir• in young root. 

In a.n older root the process of secondary thickening is very 
ea.sy to follow; the cambium a.rising on either side of the xylem 
pla.te (which is still recognisa.ble in the centre of quite old roots) 
produces seconda.ry xylem ioterna.lly, a.nd seconda.ry phloem 
externa.lly, the prima.ry phloem becoming crushed; the cork 
cambium a.rises from the outermost la.yer of the pericycle, producing 
cork which cuts off a.11 the outer tissues, the latter becoming 
orga.nised a.nd thrown off. 

In a. still older root, note the central prima.ry xylem pla.te; the 
secooda.ry wood showing a.noua.l rings; the cambium; the relatively 
narrow secondary phloem ; the pericycle ; the cork. 

540, Male l'lower.-The Yew is dioecious; pollina
tion occurs in early spring (February or March), a.nd the 
seed ripens in the same year. 

Examine ma.le flowers in early spring, a.nd note (1) the 
small size, globular form, a.nd yellow colour of the flower; 
(2) its origin in the a.ril of a. leaf, on the underside of a. 
twig produced in the previous season; (3) the short stalk
like lower part of the axis, bearing a. number of brown 
convex scales, which protected the ma.le bud during 
winter ; ( 4) the spirally arranged stamens, 6 to 15 in 
number, on the upper pa.rt of the a.xis; (5) the peltate or 
umbrella-like form of the stamen, its pentagonal or 
hexa.gona.1 disc-like head bearing a.bout six pollen sacs 
hanging around the stalk a.nd fused together laterally. 

64.l. L. B. of Ma.le Flower.-In a loogitudina.l section of the 
ma.le flower, note (l) the axis, with its ring of vascular bundles; 
(2) the pelt&te stamens, ea.eh showing, if cut through the middle, 
the sta.lk with a. vascular bundlea.od the expa.nded head from which 
a.rises on either side one of the pollen-sacs ; (3) the sea.lee given off 
from the lower portion of the a.xis. 

Note that the wa.ll of each polleo-sao ha.s a. very distinct fibrous 
or dehiscence layer, with the U -shaped fibres on the cell-walls 
better developed tha.n in Piuus; a.lao that the pollen-grains have 
no vesicles. 

When the ma.le flower opens in spring, by the elonga.tion of its 
aria and the thrusting of the stamens beyond the aca.les, the 
pollen-saoa on drying open in a. curious manner-the we.II of each 
1&0 aplits at the base and along each side, and the outer portion of 
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the sac curls outwards, so that the stamen appears like an umbrella. 
turned inside out, the pollen remaining in the pooket-lik:e oa.vities 
until removed by the wind. 

542. Female Flower.-The female flower is also 
formed from a bud arising in a similar position to that of 
the male, but the single ovule does not arise directly from 
the aris of this bud-it stands at the end of a very short 
branch arising just below the apex of the bud. The bud 
bears about ten spirally arranged scales, and in the axil 
of the uppermost scale there a.rises a small branch, which 
pushes aside the true apex ; this little branch bears three 
pairs of opposite scales and ends in an ovule. 

Cut longitudinal sections of the bud, which is easily 
recognised on the female tree by its position on the 
underside of the twig, and its ovoid and pointed shape, 
and try to make out the arrangement just described. 
From the micropyle there oozes a drop of sticky liquid, by 
which the pollen-grains are caught when the flower opens. 

543. L.B. of OTUle, eto.-In a. median longitudinal section of 
the ovule, ta.ken in March, note (1) the single integument with 
the micropyle ; (2) the nucellua, forming the termination of the 
axis of the female shoot ; C3) the embryo-sac or megaapore, 
placed deeply in the nucellus; (4) the aril, a small ring-like out
growth a.round the base of the integument, i.e. seen in section a.a a 
short projection on either side. 

In sections ta.ken later in summer, note (1) the endosperm; (2) 
the a.rchegonia; (3) the single embryo formed from the oospore; 
(4) the growth of the aril, which eventually protudes beyond the 
integument. The a.ril, at first green, forms a. bright red fleshy cup, 
oovered with waxy bloom, and invests the hard brown or purplish 
seed - giving a. superficial resemblance to an a.corn and its cup. 

The embryo has two cotyledona, which, like the spirally 
arranged leaves that succeed them in germination, t-eaemble the 
ordinary foliage-leaves formed later. 

CYCAS. 

544. Cycads.-cyca.s and its allies, forming the 
Cycadaceae, are tropical and subtropical plants, most of 
the liVing members of this family being rare and very 
locally distributed, though in ancient times (especially in 



YBW. 

MIOROPYLE 

Fig. 111.-Flowers of Yew. 

~ 

8 
:c 
rn 
IL 
0 
x 
"' ... 
~ 

A. Male Flower; B, Single stamen seen from below; 0, Longitudinal 
section of bud contsining female Hower. 

Ji'ilf. n i -'l'wis or Yew with" Fntlt.11." 

398a 



398b CYCA.S. 

---"4'1NNULES 

,,,'' 
,.OVULE 

Fig. 113.-Sporophylls of C11cas r6110luta. 
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the Mesozoic Period) , before Angiosperms had begun to 
form the dominant larger vegetation of the earth, Cycads 
were very abundant and very widely distributed. The 
Cycads are the lowest of the living Seed-Pla.nts, and in 
some respects show marked affinities with the Ferns. 

545. General External Charactera.-Cycas revoluta, 
a. Japanese species, the pith of which yields a. kind of sago, 
is often cultivated in hot-houses in this country, and large 
specimens m.a.y be seen at ltew and other botanic gardens; 
the leaves are sometimes used for memorial wreaths and 
ma.y be obtained from florists. 

In a la.rge specimen, note 
(1) The general resembla.nce of the plant to a Tree

Fern, various kinda of which can also be seen in botanic 
gardens. 

(2) The relatively short, thick (up to nearly a yard in 
diameter in old pla.nts), and usually unbranched stem, 
bearing at the top a rosette or crown of large foliag• 
leaves. 

(3) The crowded leaf-bases and scales covering the 
bare lower part of the stem. 

(4) The stout-leaf-stalk, bearing on either aide a row of 
narrow leathery green lea.Reta (pinnae). 

(5) The strong midrib running up the middle of each 
pinna, which is convex above and concave below 
(revolute) . 

(6) At the top of the stem, in the centre of the rosette 
of expanded leaves, there ma.y be seen either 

(7) A bud covered by scale-leaves, or 
(8) Young foliage leaves in different stages of ex

pansion, with each of the pinnae rolled up in a cir
cinate manner (the ma.in leaf-ata.lk itself is not rolled 
up), or 

(9) A male cone, not unlike the seed-cone of a Pine, 
or 

(10) A series of carpel.8, pinnate leaf-like structures 
covered with brown woolly hairs ; the male cones and 
the carpels are borne on separate plants. 
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Each year, as & rule, the apex of the shoot producee first a series 
of eo&le-leaves (corresponding to leaf-basee with undeveloped 
blades), then & eeries of foliage-leaves (which were protected by the 
ecal811 inside the bud). 

In the C&88 of & female plant, the carpels (megasporophylle) &re 
clearly developed in pl&oe of eeveral spirals, forming an apparent 
whorl, of ordinary leaves, for in the centre of the "rosette" of 
carpels the growing vegetative tip of the shoot may be seen, covered 
by SO&!e leaves. In this respect Cye&S itself differs from, and is 
more primitive than, the other living Cye&de, in which the carpels 
are borne in female cones very similar in form to the male ooqes. 

546. structure of Le&f.-The structure of the leaf of 
Cycas ( a.nd of other Cycads) is of great interest. Examine 
transverse sections of (1) petiole, (2) lea.flet. In the 
petiole the bundles a.re arranged in a ring which on 
cross section resembles the Greek letter omega, fl. These 
leaf-bundles, which are also seen in transverse section of 
a lea1let, are mesa.rch : on the outer side of each bundle 
(the lower side in the leaflet) there is phloem, then some 
parenchyma containing a number of tracheids, then the 
protoxylem forming the apex of a well-marked triangular 
xylem strand. 

That is, the protoxylem is in the middle of the xylem, 
and the greater part of the xylem is centripetal 
(developed towards the centre of the petiole or the upper 
side of the leaflet), the centrifugal xylem (corresponding 
to the whole xylem in the stem or leaf of a Dicotyledon) 
being relatively small in amount. 

The cells of the spongy mesophyll of the leaf is modi
fied on either side of the bundle, forming transfusion 
tissue which spreads out horizontally from the xylem 
and phloem of the bundle. 

The stomata on the underside of the leaflet are 
peculiar ; the guard-cells of each stoma. are arched over 
by a. cone-like outgrowth of the epidermis and cuticle. 

547. ll'ormal and Coralloid Boots of Cycas.-The 
root of Cycas resembles that of Yew in general structure, 
but sometimes rootlets grow up to the surface of the soil 
and branch in a coral-like manner. These "coralloid " 
roots usually show, at about the middle of the cortex, a. 
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very conspicuous zone containing N ostoc cha.ins ; it would 
a.ppear that the coralloid growth is due to hypertrophy 
set up by Bacteria., the Nostoc slipping in a.fterwa.rds a.nd 
inhabiting the middle cortical tissue as a.n endophyte
since these roots come to the light, the arrangement is 
proba.bly a. symbiosis. 

548. Sta.mens.-Each ma.le flower (cone) consists of a.n 
a.ris bee.ring spirally a.rranged sta.mens. 

Note that each ate.men consists of a. ha.rd thick scale 
with a.n expanded hea.d and bearing on its lower surfa.oo a. 
large number of sessile egg-shaped pollen-•ac• (m.icro
aporangia), which a.re arranged more or less definitely 
in small groups (sori) ; the heads of the sea.lea a.re 
hexa.gona.l, a.nd they fit closely together until the pollen 
is ripe, then they sepa.ra.te and each pollen-sac opens by 
a. slit. 

549. Ca.rpels.-Note that each carpel (megasporo
phyll) is a pinnate leaf, much smaller than the foliage
lea.ves ; the lea.11.ets a.re only developed on the upper part 
of the leaf, a.nd a.re narrow, thick, and woolly, while on the 
margins of the lower portion there a.re large ovules in 
place of leaflets. 

The ovule, which becomes very large before fertilisation, 
contains when mature a. la.rge mass of endo•perm 
(female prothallus), surrounded by a. thin layer of 
nucellus tissue, which is covered by a. thick integumen
consisting of a fleshy outer layer a.nd a. hard inner layer. 

P.ll . 27 
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REAGENTS REQUIRED FOR MICROCHEMICAL 
AND PHYSIOLOGICAL EXPERIMENTS. 

Acetic Acid.-A dilute (1 to 5 per cent.) aqueous solution of 
acetic acid (1) dissolves calcium carbonate with evolution of bubbles 
of carbon dioxide ; (2) dissolves the globoids in protein grains, but 
does not affect crystals of calcium oxalate; (3) dissolves most 
ethereal oils, while most fatty oils are insoluble in it; (4) brings 
out clearly the nuclei of cells, and is for that purpose often used 
along with methyl green ; (5) corrects the too great transparency 
often produced by the clearing action of potash. Stronger solutions, 
or the glacial acid, serve for (6) maceration of herb&Ceous organs, 
isolating the cells ; (7) the clearing of dense growing-points, etc. 
(8) the preps.ration of various fixatives. · 

Alcohol.-(1) For dehydration of specimens to be mounted in 
Canada ba.lsa.m, absolute alcohol is necessa.ry. For most other pur
poses, ordinary methylated spirit will answer. This is used for 
(2) the solution of chlorophyll and other pigments, wax, ethereal 
oils, some fatty oils, resins, etc. ; (3) the precipitation of sugars, 
inulin, proteins, asparagin, etc. ; (4) the fixation and hardening of 
tissues. 

If material becomes brown and discoloured in alcohol, it may be 
decolorised by placing it for & few days in 100 o.c. of alcohol to 
which is added a.bout 1 c.c. of strong sulphuric acid and one or two 
oryst&ls of potassium chlorate, and then transferring it to alcohol or 
to equal parts of alcohol, glycerine, and water. 

Commercial alcohol (methylated spirit) is about 95 per cent. 
alcohol. In ma.king from this alcohols of different strengths, 
proceed as if it were absolute (100 per cent. ) alcohol. If, however, 
it is desired t.o dehydrate the methylated spirit, so tha.t it may be 
used as absolute alcohol, heat some copper sulphate in a.n iron pot 
(to drive off the water by cryst&llisa.tion), pla.ce the powdered 
sa.lt in & bottle, pour the 95 per cent. (methylated) alcohol in, and 
keep the bottle tightly stoppered. 

A.lka.nnin.-Use either the alcoholic solution, ma.de from the 
roots of Alkann& tinctoria, or sections of the dry root itself, in 
making tests for (l) oils and resins, which are stained pink; (2) 
suberised a.nd cutiniP.ed walls, also stained pink but· often requiring 
the action t.o continue for some hours. 

' 40'Z 
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Ammoma may be uaed (1) aa a clearing agent instead of potaeh, 
ite action being less vigorous ; (2) in the xanthoproteic teat for 
proteins, which give a yellow oolour with ammonia, deepening to 
orange on adding nitric acid. 

Ammoni11Dl Koqbclate, aa concentrated eolution in a saturated 
eolution of ammonium chloride, givee a yellow precipitate in timiue 
oontaining tannins. 

.A.nilin• m-. generally uaed in uooholic eolution, ia a good 
general stain, and is eapeoi&lly good for Algae and for nuclear 
structure and mitotic figures. It makee a good stain for oelluloee 
walla when uaed along with safranin, which remains in the lignified 
walla, thua giving an effective double staining. 

Aniline Oil may be used to dehydrate specimens to be mounted 
in balsam, since it will abeorb about 4 per cent. of water, and may 
be kept dehydrated by placing in it a piece of eolid potash, which 
ia ineoluble in the aniline oil After treatment with aniline oil, the 
eeotiona may be at once mounted in balsam. 

Aniline Sulphate makee Iignified walls yellow, leaving the 
other tis&uee unstained. Make a saturated aolution in water, filter, 
and add a few drops of aul\>huric acid till the solution ia distinctly 
acid in reaction. If aniline chloride is uaed, add hydrochloric 
instead of sulphuric acid to the eolution . 

.l.lpa.ragin.-Saturated solution in water is used as a test for 
aaparagin precipitated in tiasues by the action of alcohol; if the 
crystals conaiat of aaparagin they will be unaffected, while orystalll 
of other aoluble aubstanoee would be diaeolved by the uparagin 
80lution. 

ll&rfoecl'• Bolutiou.-To ~ o.o. of 5 per oent. solution of 
neutral acetate of copper add 5 o.o. of ~ per cent. acetic acid. 
When this 80lution is heated with Jduooee, red copper oxide is 
precipitated; no reaction ia given witli cane or malt llDg&r or with 
dextrin. 

B&ri11Dl Chloride is used to distinguish calcium oxalate from 
calcium sulphate. When the reagent ia added, calcium oxalate 
if p1'611ent ia left unchanged, while a fine granular layer of barium 
sulphate is formed on cryat&lll of calcium sulphate. 

B&r7ta Water, or aqueoua solution of barium hydrate, prepared 
by ad<linp: exoeea of the barium hydrate to water and fil~, is 
uaed in physiological experiment. to abeorb carbon dioxide, barium 
carbonate being formed u a white precipitate. 

Boracio Acid ia uaed for mounting- eeotiona containing mucila
ginoua membranes. The sections are cut from dry material and 
placed in 10 per oent. solution of neutral lead acetate to harden the 
gummy layers, then they are stained with methyl blue, waabed in 
water, and mounted in 2 per cent. solution of boraoic acid. 
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Jlora.x Carmine is especially useful for staining protein grains 
and the cells of Algae, also for differentiating cell-contents from 
cell-walls when the sections are afterwards stained with methyl 
green. Dissolve in 100 c.c. of water 4 grams of borax, add 3 grams 
of carmine, which will dissolve on gently heating; add 80 c.c. of 
strong alcohol, and filter. Preparations stained with carmine 
should be mounted in glycerine. 

Calcium. Chloride is used (1) solid and dried well by heating, 
for absorption of water in experiments on transpiration; (2) in 
strong aqueous solution for the clearing of growing-points, etc. 

Calcium. l!l'itra.te is used (1) as an ingredient in Knop culture 
solution ; (2) as a test for presence of oxalic acid, calcium oxalate 
being precipitated in crystals. (3) To demonstrate the lamellae in 
starch grains, place sections in strong aqueous solution of methyl 
violet, then treat with dilute solution of calcium nitrate-the 
methyl violet is precipitated in the less dense lamellae of the grains. 

Canada. Balaam, dissolved in xylol or benzole to form a syrup, 
is the best medium for making permanent mounts of sections, which 
must be previously dehydrated by means of absolute alcohol and 
then treated with oil of cloves, xylol, or cajeput oil. If the balsam 
gets too thiok, thin it with xylol ; if too thin, thicken it by simply 
leaving the bottle open for some time to let the xylol evaporate off. 

Ca.llu JI.ea.gent (B.uasow'•).-Mix equal volumes of chlor
zinc-iodine and of potassium iodide solution of iodine. This stains 
the callus of sieve-tubes deep brown. 

Cane Sugar is used (1) as strong aqueous solution, along with 
sulphuric acid, as a teat for proteins, giving a red colour ; (2) in 5 to 
20 per cent. solution as a nutrient medium for the growth of pollen
tubes, etc. ; (3) in more dilute solution in which to mount living 
oells which are often injured by being mounted in water. 

Carbolic Acid (Phenol) is used (1) in small quantities as an 
antiseptic, e.g. in experiments on digestion of proteins ; (2) to pre
vent growth of Fungi in glycerine or glycerine jelly ; (3) as a 
clearing agent-sections, entire leaves, etc., after treatment with 
alcohol are placed in 3 parts of turpentine and 1 of carbolic 1>Cid, 
and soon become very transparent; (4) as a clearing agent, together 
with turpentine, before mounting alcohol-treated specimens in 
balsam ; (5) along with hydrochloric acid, as a teat for lignin
dissolve the carbolic acid in warm hydrochloric acid, and the solu
tion will turn lignified walls green on being exposed to light. 

Chloral B7drate.-Dissolve 5 parts (in grams) of chloral 
hydrate in 2 parts (in c.c.) of water. This solution is one of the 
best clearing agents for showing structure of leaves, crystals in 
ti88ues or whole leaves if not too thick, pollen grains, embryo in 
ovules and archegonia, etc. 
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Chloral Hydrate Carmine is useful for clearing pollen grains 
and staining their nuclei at the same time. Add 1 gram of carmine 
and 4 c.o. of strong hydrochloric acid to 30 c.c. of strong alcohol, 
and warm for 15 minutes on a water-bath. After oo6ling, add 
25 grams of chloral hydra te, and filter the solution until clear. 

Chloral Hydrate Iodine is used to demonstrate t he presence 
of starch in chloroplasts, or in any position where it is obaoured by 
other substances. Dissolve 5 parts of chloral hydrate in 2 of water, 
and add enough powdered iodine to leave an exCMS undiaeolved 
after standing for some time; shake before using. Bleach leaves 
with alcohol and lay them in the eolution for an hour or longer, to 
get the best resul ta. 

Chloroform is used aa a eolvent for oils, rubber particles in 
latex, etc. ; as an anaesthetic in experiment.a on movement.a, 
irritability, etc. ; and as an antiseptic in digestion experiment.a. 

Chlor-sinc-iodine (Chloroiodide of Zinc, Schultse'• Solu
tion) is one of the most useful microohemioal reagents for general 
work. It may be bought ready made, or it may be prepared as 
follows :- Dissolve 30 grams of zino chloride, 5 grams of potassium 
iodide, and 1 gram of iodine in 14 c.c. of water. With this reagent, 
which should be kept in darkness, cellulose walls turn blue or violet, 
lignified walls yellow, cutiniaed and euberiaed walls yellow or 
brown, and proteins brown, while starch grains swell and turn blue. 

Chloroph7ll Solution. prepared as directed in§ 247, in strong 
alooholio solution, may be used to demonstrate suberiaed and 
cutiniaed walls. Place sections of stems, etc., in the chlorophyll 
solution for an hour or so in darkness; the oorky and cutiniaed 
walls are stained green, while the cellulose and lignified walls 
remain unstained. The solution will not keep, but should be 
freshly prepared when required. 

Chromic .&.cid.- (1) A saturated aqueous solution is used for 
maceration ; thin pieces of the t iSBue are placed in i t for a minute 
or two, then washed in water. (2) The strong solution dissolves 
oellulose and lignified walls, out cutinised walls resist ita action. 
(3) A 1 or 2 per cent. solution brings out the stratification of cell
walls clearly. (4) A 1 per cent. solution gives a brown p.reoipitate 
with tannins. (5) The weak rolution is used for killing and fixing 
tissues ; the material should be well washed with water and 
dehydrated gradually in ascending aeries of alcohol (30, 50, 70, 90, 
and strong alcohol). (6) Flinty skeletons of Diatoms, flinty in
crustations of Equisetum epidermis, etc. , may be prepared by 
placing the material in strong sulphuric acid until it becomes black, 
then in 20 per cent. chromic acid for a few minutes, and washing in 
water. 

Copper .&.cetate.-(1) Used, with iron sulphate, in detection 
of tannin, a brown precipitate beina aiven. Place sections in 
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saturated aqueous solution of oopper acetate for about a week, then 
on a slide with a drop of 2 per cent. solution of iron sulphate for a 
few minutes; wash in water and in alcohol, and mount in glyoerine. 
(2) To demonstrate gluooee in cells, la.y the sections in alcoholic 
solution of oopper acetate, mixed with equal volume of alcoholic 
solution of caustic aoda aud a little acetic acid, and bring to boiling 
on a water-bath. Gluooee being insoluble in aloohol, the copper 
oxide indicating the presence of glucose is deposited in the cells 
containing this sugar. (3) To detect presence of resin, la.y sections 
for a week in strong aqueous solution of oopper acetate ; the resin 
will be ooloured bright green. 

Copper Sulphate is used in the preparation of cuprammonia 
and of Fehling's solution and the Biuret test. For the blue solution 
required in experiments with double-walled bell-jars, add ammonia 
to 10 per cent. solution of copper sulphate, until the precipitate 
first formed is rediBBolved. 

Coralliu., dissolved in a saturated aqueous solution of sodium 
carbonate to form "oorallin soda," is 1138ful in staining the callus 
of sieve-tubes. It also gives a pink colour to starch grains and to 
lignified walls. 

Cuprammon.ia is best freshly prepared when required, in one of 
the following ways :-(a) Put copper filings into a bottle with a 
ground-glass stopper, pour in enough stron~ ammonia. to cover the 
filinr., and shake gently. When the solution will dissolve cotton. 
woo , it is ready for use. (2) To a solution of oopper sulphate in 
water add dilute caustic potash, collect the precipitate on a filter, 
and dissolve it in a little ammonia. 

Dahlia.-(1) This stain may be used in very dilute aqueous 
solution-about 0"00'2 per cent.-to stain living nuclei, e.g. if 
epidermis or hairs are pla.oed in the solution for some hours. (2) To 
demonstrate the structure of pyrenoids, fix the material in equal 
parts of 10 per cent. solution of potaBBium ferricyanide and 50 per 
cent. acetic acid, then stain with aqueous Dahlia solution, and treat 
with dilute potash to make the pyrenoids swell. 

Dia.staae may be bought ready prepared, either as pawder or as 
extra.et of malt; it is also present in "liquor pancreat1cus" and in 
"holadin." To prepare diastase, germinate Barley between pieces 
of wet blotting-paper until the shoot is 2 or 3 mm. long; then dry 
the Barley on a water-bath, powder it, and pour over 10 grsms of 
the powder a litre of water oontaining 2 c.c. of chloroform, let stand 
for a day, filter, add a little chloroform, and keep the extract in a 
dark place in a stoppered bottle. 

Diphen;ylamiJle is used to teat for nitrates in plant tiBSuea or in 
soils. Dissolve 0-QS grsm of diphenylamine in 10 o.o. of strong 
llllphuric acid. The presence of mtrates is shown by a blue 
oolour. 
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Bau de .J'~Telle.-To make this ~ent, citMr (a) clia.>lve 
aome chloride of lime in water, a.nd to the filtered solution add & 
aolution of potassium ox&late &S long &S & precipitate is formed, and 
filter; or (l>) to 20 c.c. of 20 per cent. solution of e&loium chloride, 
add 100 c.c. of water, let stand for some hours, then add & solution 
of 15 grama of potassium carbonate in 100 o.o. qJ water, and filter
if & filln forms on the surface of this solution on exposure to the &ir, 
add & little more of the potassium e&rbonate solution &nd filter off 
the precipitate. 

Eau de Javelle ia used (1) for clearing growing-points and other 
dense tissues, by swelling and dissolving the oell contents-afte.r 
tre&tment with the reagent, wash the seotions with water, treat 
with dilute acetic acid to correct too great transparency, and mount 
in glycerine ; (2) to ext ract lignin from sections of woody tiBBue, 
the cells then giving cellulose reactiona, e.g. violet colour with 
chlor-zinc-iodine; (3) to demonstrate starch grains included in 
chloroplasts, sect;ions or· whole leaves, etc., being treated with the 
reagent for &n hour or more and then with iodine aolution. 

Eollin.-(1) In dilute aqueous solution, eosin ia a good general 
atain for protopl&Smic cell contents a.nd cellulOBO walls. (2) For 
staining protein grains, place small b t.s of tissue, ~g. Castor Oil 
endosperm, in saturated alooholic solution of picrio acid for & d&y, 
rinse in alcohol ; cut sections, stain with eosin, cle&r with clove oil, 
&nd monnt in balsam-the ~nnd substance of the protein grains 
should be red, the crystall01ds yellow, the globoids colourless. 

Pehling'a Sol11.tion.-To make Solution A., diBBolve 35 grame of 
copper sulph&te in 200 o.c. of water. To make Solution B (to be 
kept in a separate bottle), diBBolve 70 grama of Boohelle &&It (eodium 
potassium tartrate) in 200 c.c. of 10 per cent. oanst;io soda solution. 
Use equal volumes of lotion A, Solution B, and water. The 
object of the Rochelle ealt is to prevent the precipitation of copper 
hydroxide by the action of soda on the copper sulphate. 

Puchsin, Acid. - DiBBolve l gram of fuohsin in 100 c.o. of 50 per 
cent. alcohol. (1) Fuchsin is a good general stain, the different 
ti88ues taking different shades of red. (2) An excellent double 
atain ia obtained with fuchsin and methyl blue. Leave the sections 
in fuchsin overnight., rinse in water, tranafer to methyl blue solutio.n 
for a few minutes, rinse in weak alcohol, dehydrate with absolute 
alcohol, treat with clove oil or xylol, and mount in balsam. (3) To 
stain cryatalloids, fix the m&terial in strong alcoholic 110lution of 
corrosive sublimate (mercuric chloride), place the sectiona for a day 
in fuchsin BO!ution, dehydrate and pass through clove oil or xylol to 
balam. (4') To stain cryst&lloida in leuooplast.e, plaoe the sections 
in fuchain solution, rinse in strong alooholic 10lution of picric &cid, 
dehydrate and pass through clove oil or xylol to balsam. (5) To 
stain leucoplasta and other pl&Stids, fix the m&teri&l in strong alco
holic oorro&ive sublimate for U holll'I, rinae in &looholic solution of 
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iodine, a.nd cut sections ; place these in fuchsin for 24 hours, rinse 
in water, a.nd mount in glycerine. 

Glycerine, used for mounting, may be applied either pure or 
diluted with equal volume of water. See§ 15. 

Glycerine Jelly, used for mounting, may be bought ready 
prepared. See§ 16. 

llaematoxylin, Dela:B.eld'a.-This is perhaps the best genera.I 
stain. It may be bought ready made up, or may be prepared a.s 
follows: Mix 4 c.c. of saturated alcoholic solution of haematoxylin 
crystals with 150 c .c. of saturated aqueous solution of ammonia. 
alum crystals. Let stand for a. week exposed to light, filter, a.nd 
mix the filtrate with 25 c.c. of glycerine and 25 c.c. of methylated 
alcohol. Let stand for a. few hours, filter off any precipitate, and 
keep in a. tightly stoppered bottle. Precipitates a.re sometimes 
formed in specimens stained with haematoxylin, but these can be 
removed by rinsing with acid alcohol (5 drops of hydrochloric acid 
to 100 c.c. of alcohol); then treat with strong alcohol, a.nd with 
clove oil or xylol, and mount in balsam. A good double stain is 
given if sections a.re placed in safranin for at least half a.n hour, 
we.shed in water, a.nd placed for a minute or two in haema.toxylin; 
lignified a.nd suberised walls a.re stained red, cellulose walls purple. 

llo:IFmann'a Blue is used in solution in 50 per cent. alcohol, 
with addition of a. little acetic acid. (1) It stains the. protoplasmic 
cell contents and not the cell walls. (2) It stains the callus of 
sieve-tubes. (3) To show the continuity of protoplasm through 
pores in the walls, dissolve some dry Hoffma.nn's blue in strong 
sulphuric acid, place sections in this solution for a.bout 15 minutes, 
then wash with water, a.nd mount in glycerine. 

Hydrochloric Acid has many uses, mostly in conjunction with 
other reagents. By itself, it turns lignified walls yellow. 

Indian Ink.-The gelatinous sheaths of various Algae (e.g. 
Spirogyra. a.nd other Conjuga.tae) may be shown up well by placing 
the Alga. in water containing Indian ink. 

Iodine has various applications in plant histology a.nd micro
chemistry. Iodine solutions ma.y be prepared in various we.ye. 
(a) Dilute iodine tincture with 5 to 10 times its volume of water. 
(b) Dissolve 1 gram of potassium iodide in a. little water, dissolve 
crystals of iodine in this until a. brown colour is given, and dilute 
with water. A rather pa.le solution is sufficient to colour starch 
blue; to stain proteins and cell-walls, a. stronger solution is 
required. le) A mixture of equal parts of potassium-iodide iodine 
solution and glycerine often gives good results ; the glycerine keeps 
the preparation from drying and also acts a.s a. clearing a.gent. 
(d) To make phosphoric acid iodine, which stains cellulose ·violet, 
dissolve 1 gram of potassium iodide and 1 gram of iodine in 50 c.o. 
of strong aqueous solution of phosphoric acid. 



RlllA.Gl!INTB. 4.09 

The uses of ordinary iodine solution (either the diluted tincture 
or the potassium iodide solution) are various. It stains starch blue, 
proteins brown, cellulose walls pale yellow, lignified and cutinised 
walls deeper yellow, and gums violet. Together with sulphuric 
acid, iodine makes cellulose walls blue or violet. See also Chloral 
Hydrate and Chlor-ainc-iodine. 

Iodine Green is a useful general stain. (1) For instant fixation 
and staining of the nuclei of freah material, use iodine green dis
solved in 2 per cent. acetio acid. (2) Iodine green stains lignified 
walls, and oan be used in conjunction with erythrosin or fuchsin in 
double staining. 

Iron Acetate is used as a test for tannin. The sections are 
placed in alcohol to remove the chloroph;rll, if present, then in iron 
acetate solution ; a blue or green colour is produced by tannin. 

Iron Chloride or Iron Sulphate, in aqueous solutions, are 
also used as tests for tannin, the colour produced varying from blue 
to green. 

Lead .6.cetate.-Make a saturated aqueous solution. To make 
lead acetate papers, dip strips of filter paper into the solution ; on 
exposure to the action of sulphuretted hydrogen, the paper will turn 
black owing to formation of lead sulphide. To detect presence of 
sulphur in organic substances, heat with soda lime, and hold a lead 
acetate paper over mouth of tube. 

Jll[aceration.-Various reagents are used to isolate the cells of a 
tissue. (1) Schultze'& proceaa is perhaps the best where lignified 
tissues are present. Place a Ii ttle strong nitric acid in a test-tube, 
add a crystal of potassium chlorate, heat to boiling, and drop in the 
sections ; when these turn white, pour the contents of the tube into 
a dish of water, and tease out the material on a slide. (2) Jll[angin'a 
process :-place the sections for a day or two in a mixture of 3 
volumes alcohol and 1 volume of hydrochloric acid, rinse them in 
water, place in 10 per cent. ammonia for 15 minutes, then mount 
the section in water and press on the cover-glass to force the cells 
apart. (3) Chromic acid is also used for maceration. Place the 
sections in concentrated aqueous solution for a minute or two, rinse 
in water, mount in water and press on the cover; if the cells do not 
come apart, put the specimen for a longer time in the acid. 

Jll[ethyl Blue, used in aqueous solution, is a good stain for cellu
lose walls, especially when used with safranin as a double stain. 
Stain with the safranin overnight, rinse in water, and then in acid 
alcohol, place in strong methyl blue solution for 15 minutes, trellt 
with strong alcohol and pass through clove oil or xylol into be.Isam. 

Jll[ethylene Blue.-(1) A good stain for the nucleus, especially 
for cells filled with protein grains. (2) Cells containing tannin 
e.ccumule.te methylene blue from very dilute solutions, e.g. 1 part of 
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stain in 100,000 of water. (3) The gelatinous sheaths of living 
Spirogyra and other Algae can be stained with dilute methylene 
blue without injuring the living protoplasm. 

m:ethyl Green, in strong alcoholio solution, is a good general 
stain, especially useful for fresh material. (1) Aloohol-preserved 
material should be treated with the stain for 15 or 20 minutes, then 
washed with water and mounted in $lycerine. (2) Fresh material 
should be mounted in 2 per cent. aoetio e.oid, to whioh e. little of the 
ate.in has been added. The nuclei are simultaneously fixed and 
stained ; wash with l per cent. acetic acid and mount in glycerine. 
The nuolei of Algae and Fungi are well brought out, being stained 
green or blue-green, while the protoplasm is unstained. 

llf[ethyl Violet.-(!) In strong aqueous solution, this is. good for 
staining starch grains ; if the grains are then treated with dilute 
calcium nitrate solution, the ate.in is deposited in the less dense 
layers of the grains. For (2) sieve-tubes and (3) lignified walls, 
dissolve dry methyl violet in strong sulphurio e.oid-the solution 
will be brownish green, but on adding water the violet colour 
appears ; treat sections with this and we.ah with water-the cell
we.lls are me.de swollen and transparent, the protopla:sm is deeply 
stained, sieve plates are brought out well, and lignified we.Us are 
usually stained bright yellow. . 

Millon'• B.eagent.-Dissolve l c.c. mercury m 9 c.c. strong 
nitric e.oid, and add 10 c.o. water. This reagent may be bought 
ready prepared, but it is better to make it up e.s required, since it 
e.ots best when fresh. Proteins are stained brick-red-the ree.otion 
is hastened by heating. 

lll'igrosin.-See Picro-nigrosin. 
lll'itric Acid, generally in 5 or 10 per cent. solution, ha.s a. variety 

of uses. It (1) colours cutinised we.Us yellow; (2) colours proteins 
yellow-see xa.nthoproteio reaction, § 41,c ; (3) ea.uses swelling of 
cellulose and lignified we.Us; (4) dissolves crystals of ca.lcium 
oxa.la.te; (5) is used with potassium chlorate in ma.ceration, a.nd as 
a. test for suberin. 

Olive Oil is used (1) for experiments on oils and their emulsifi· 
oa.tion and digestion-see §§ 85, 86-a.nd (2) for mounting seotfons 
of oily seeds containing protein grains. 

Orcin, dissolved in alcohol, is used e.s a test for inulin. Seotions 
are soaked in the solution a.nd then warmed with strong hydro
chlorio e.oid ; an orange-red oolour indice.tes presenoe of inulin. 

Osmio Acid, used genera.Uy in I or 2 per cent. solution in water, 
serves for (1) fixing and hardening the protoplasm and nuoleus; 
(2) staining oils hie.ck. Osmio e.oid darkens various orge.nio au b
stances, and is therefore by itself an unreliable test for oils. It is 
sold in see.led gla.ss tubes containing one gram. To make up e. 2 per 
oent. solution, pla.ce 10 o.c. of water in a thoroughly olean bOttle, 
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drop in the tube and break it by striking the bottle on the pa.Im of 
the hand, then pour in the remaining 39 c.c. of water required. 
Osmio acid should be kept in the dark in a. well stoppered bottle. 

Phenol.-See Ca.rbolic Acid. 

Phloroglucin, used as a test for lignin (§ 79) a.nd for inulin 
(§ 77) is rather expensive, but ma.y be bought in the dilute solution 
required ; hydrochloric acid should be added. 

Picric Acid.-(1) Saturated aqueous solution of picric a.aid is 
often used for fixing the cell contents, but it is difficult to wash it 
out-alcohol dissolves it better than water. (2) To demonstrate 
the structure of protein grains, place the material in strong alco
holic solution of picric acid for several hours, rinse in alcohol, a.nd 
stain for a few minutes in alcoholic solution of eosin. (3) The 
chloroplasts and pyrenoids of Algae are simultaneously fixed and 
stained by placing the material in some strong solution of picric 
acid in 50 per cent. alcohol, to which ha.a been added some acid 
fuchsin solution. 

Picric Aniline Blue.-For a rapid differentiating stain, add 
aniline blue to saturated picric acid solution in 50 per cent. alcohol, 
until the solution becomes blue-green. This mixture will stain 
cellulose walls and cell contents blue, while the lignified walls are 
stained yellow. 

Picro-nigroain is used for (1) simultaneous fixing and staining 
of delicate tissues ; (2) staining leucopla.sts and nuclei ; (3) double 
sta.ining modified and unmodified cell-walls; and (4) is especially 
good for filamentous Algae and Fungi. Dissolve nigrosin in concen
trated aqueous or alcoholic solution of picric acid. The solution 
will need to act for 3 or 4 hours, or overnight. The alcoholic solu
tion is beet for material containing chlorophyll, which will be 
extracted by alcohol Nuclei and leucopla.sts are stained steel-blue 
by the nigrosin. 

Potash (Caustic Potaah).-For general use, dissolve 5 grams 
of stick potash in 95 c.c. of water. This solution serves (1) as a 
clearing a.ge°nt-&fter clearing, the potash should be washed out with 
water a.nd neutralised by adding some acetic acid; (2) to cause 
swelling of. cell-wa.lls and starch grains; (3) to dissolve inulin 
crystals, protein crystals, and most protein grains; (4) to sa.ponify 
oils; (5) to make tannin-containing cells red. Strong solution (50 
per cent. is used as (6) a test for suberin; (7) a maceration fluid
boil the tissue in the solution for a few minutes, then pour into 
water, tease with needles, and mount in glycerine, adding acetic 
acid if the isolated cells a.re too transparent. 

Potash, Acetate of.-Strong solution in water is used for 
mounting preparations of green tissues, green Algae, etc., since in 
this solu~ion they keep their green colour for a long time. 
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Potaallium. Bichromate is used in dilute (1 to 5 per cent.) 
aqueous solution as (1) a test for tannin; (2) a fixing and hardening 
reagent; (3) a liquid allowing transmission of orange and red light, 
when placed in a double-walled bell-jar. 

Potaaaium. Chlorate is used, together with nitrio &aid, ae a 
m&aerating fluid and a test for suberin. 

Potassium. FerriC7&Jlide is used to demonstrate the structure 
of pyrenoids, especially in Algae. Place the specimen in a mixture 
of equal parts of 10 per cent. aqueous solution of potassium ferri
oyanide, and 50 per cent. solution of acetio acid, then treat as 
described under Dahlia. 

llafra.nin.-Make a saturated solution in alcohol, and dilute with 
equal volume of water. This is a good general stain, and is also 
used along with haematoxylin, eto. , in double staining. It gives 
good results with Spirogyra and other Algae. Place the material, 
after fixing with ohromio &aid or other fixative, in the safranin 
solution for several hours, then in 50 per oent. aloohol, to whioh 
strong aloohol is added drop by drop so as to reduce the intensity 
of the oolour ; then transfer the speoimen to dilute glycerine, or 
pass it through clove oil or xylol into balsam. 

Schultze'& llllaceration Fluid.-See Maceration. 

Silver Nitrate.-A 5 per cent. aqueous solution of silver nitrate 
is used to bring out the striations in fibres and in staroh grains. 
(1) Sections oontaining fibres are allowed to dry, then placed in the 
solution for an hour. and transferred to 1 per oent. solution of 
common salt; they are then placed in water and exposed to light 
for an hour, allowed to dry again, then moistened with strong 
aloohol and examined in clove oil (2) Dry starch, or sections 
containing starch grains, are placed in the solution for an hour, 
then allowed to dry on a slide, then treated with 1 per oent. solu· 
tion and exposed to light for an hour. 

Sodium. Chloride (Common Salt) is used (1) in 1 to 5 {>6r oent. 
solution to induce plaamolysis; (2) in 10 per oent. solution as a 
solvent for protein crystals. 

Sodium Salicylate, dissolved in an equal weight of water, is 
used as a olearing agent, and is almost as good as chloral hydrate. 
With the addition of iodine, this solution makes staroh grains, 
inoluded in tissues, swell and turn blue 

Sulphuric Acid has a variety of uses. (1) The strong acid 
dis•olves starch and cellulose, but suberised and outinised walls 
resist its action ; (2) it is used with oane sugar as a test for 
proteins-a red colour is given; (3) it dissolves crystals of calcium 
oxalate; (4) it causes cellulose walls, previously saturated with 
iodine solution, to beoome blue. 
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Turpentine is used as a clearing agent before mounting in 
balsam specimens previously dehydrated with absolute alcohol ; 
for this purpose it may be either used alone or in conjunction with 
carbolic acid. 

Wax llllixture, for making joints in apparatus air-tight, may be 
made as follows :-Melt together 30 parts of beeswax, and 40 of 
vaseline ; add to the mixture 15 parts of powdered resin, and stir. 
The hardness of the mixture may be modified by varying the pro
portions of beeswax and vaseline. 

X:ylol is used as a solvent for Canada balsam, and as an inter
mediary between absolute alcohol and balsam in the mounting of 
balsam preparations. 
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PRACTICAL HINTS ON MIOROTECHNIOAL 
METHOD. 

As the student works through the praotioal histology methods 
given in the book, he should oorefully tabulate or summarise eaoh 
method, as indicated below-preferably in e. loose-leaf file, 80 that 
the pages can be re-arranged if necessary. Give each method one 
page, and keep e. careful record of the name of each specimen to 
which you have found the method apply. In this way e. method of 
attack is gra.due.lly built up, so that when oonfronted in the 
examination room with an "unknown" you will keep oerte.in 
definite rules in mind in me.king suoh miorosoopio prepa.ra.tions a.a 
will illustrate the nature or structure of the given specimen. 

The following nine methods a.re suggested as a. nuoleus for the 
formation of e. summary of methods. · 

.METHOD I. 
Mounting into Gl7oerine or Gl7oeri:ae-jell7 Direct, e.g. 

pine-pollen, spores a.nd elaten of Pellie. sporogonium, etc. 

Formula= m.G. or m.G.-J. 
(1) Tease out me.le Pine oone with two needles in small drop of 

water on slide. 
(2) Remove pieces, and drain off water, leaving pollen on slide. 
(3) Add 1 drop of glyoerine or warm glyoerine-jelly. 
(4) .Mix pollen-gra.ina into glyoerine with needle. 
(5) Gently lower polished oover-gla.ss . 

.MrraoD II. 
Macerating a:ad Mounting in Gl7oerine-jell7, e.g. leaf 

mesophyll. 
Formula= mao. m.G.-J. 

(1) Boil leaf 5 minutes in 10 per oent. potash. 
(2) Tease out meaophyll in small drop of dilute glyoerine on elide 
(3) Remove lumps, and dra.in off glyoerine. 
<•> Add l drop of glyoerine-jelly, and cover. · 

41' 
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Ml:TJIOD fil 

Stahdng with Iodine, -d Kountillg ill Gqoer1ne-jell7, 
e.g. T.S. broad bean cotyledon. 

Formula - a.Lm.G • .J. 
(I) Cut thin sections of ootyledon into water in watch-glass. 
(2) Pick out few beet sections, and transfer to watch-glass of 

straw-coloured iodine-water-3 drops of tincture of iodine to a 
watch-glass of water. 

(3) When stained-watoh them under the miorosoope--transfer 
beet section to slide, add 1 drop of glycerine-jelly, and oover. 

METHOD IV. 
l'izillg, Sh.ining with Haematoxylin, and Mounting in 

Jell7, e.g. fresh leaf-epidermis, sections of fresh stem, leaf, etc. 
Formula= f.Alo. s.Hx. m.G.-J. 

(1) Peel off small pieces of e idermi11,.or out thin sections of 
stem, and place in 95 per oen alcohol, or in formalin-alcohol, for 
15 minutes, in watch-gls.es. 

(2) Transfer to watch-glass of distilled water (2 min.). 
(3) ,, ,, haematoxylin (2 min.). 
(4) ,, ,. tap-water (1 min.). 
(5) ,, ,, dilute glycerine (2 min.). 
(6) Transfer to slide, and mount in jelly. 

METHOD V. 

Double-lltaining with Safranin and Haematoxylill and 
•ounting in C&nada Balsam or Gurr'• •edium, e.g. sections 
of fixed stem, leaf or root. • 

Formula= ss. Saf. and Hx. m.C.-B. 

(I) Plaoe material in absolute aloohol, 15 min., to stiffen it. 
(2) Cut seotions into distilled water, or 50 per oent. alcohol 

Transfer sections to watch-glass of :
(3) Safranin, 10 min. (to stain lignin). 
(4) 50 per cent. aloohol, 2 min. (to remove exoess safranin). 
(5) Delafield haematoxylin, 1 min. (to stain oellulose walls). 
(6) Tap-water, I min. (to remove excess haematoxylin). 
(7) Acid-alcohol, 1 min. (to differentiate). 
(8) Tap-water, 1 min. (to " blue" the haematoxylin). 
(9) 70 per oent. aloohol, 1 min. (to remove tap-water). 

(10) Absolute alcohol, 2 min. (to dehydrate oompletely). 
(11) Freeh absolute alcohol, 1 min. (to dehydrate completely). 
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(12) Clove oil, or carbol-xylol, 1 min. (to clear). 
(13) Mount in cana.da balsam on slide; or, from stage (ll), monnt 

in Gurr's medium direct, omitting stage (12). 
Stage (8) may usually be omitted, with no ill-effeota, in any case. 

METHOD VI. 
CoUDter-Btaining with Safranin and Light Green, and 

llllounting in Canada Balaam, e g. sections as for Method V. 
Formula= ss. Saf. and L.G. m.C.B. 

(1) Place material into absolute alcohol, 15 min. 
(2) Cut sections into 50 per cent. alcohol. 

Transfer sections to watch-glass of :
(3) Safranin, 10 min. (to stain lignin). 
(4) 70 per cent. alcohol, 1 min. (to remove excess safranin). 
(5) 90 per cent. alcohol, 1 min. (to remove 70 per cent. alcohol). 
(6) Absolute alcohol, 2 min. (to dehydrate). 
(7) Light green, 1 min. (to stain cellulose). 
(8) Absolute alcohol, t min. (to remove excess of light green) . 
(9) Clove oil, or carbol-xylol, 1 min. (to clear). 

(10) Mount in canada balsam on slide. 
Note.-The light green stain is ·2 gm. of the powdered stain dis

solved in a mixture of 50 c.c. of absolute alcohol and 50 c.c. of 
clove oil. 

METHOD VII. 
Staining with Baemato:zylin, differentiating with Acid 

Alcohol, and llllounting in Canada Bal•am, e.g. thick objects, 
whole mounts, or mitotic figures in sections.-

Formula = #. Hx. m. C. -B. 
(1) Stain in haematoxylin, 5 min. 
(2) Tap-water, 1 min. 
(3) Acid-alcohol, l to 5 min. (till differentiated). 
(4) Tap-water, 1 min. (to "blue" the haematoxylin). 
(5) 70 per cent. alcohol, 1 min. 
(6) 90 per cent. alcohol, l min. 
(7) Absolute alcohol, 2 min. 
(8) Absolute alcohol, 1 min. 
(9) Xylol, 1 min. 

{10) Mount in canada balsam. 
Note.-Acid alcohol is 100 c.c. of 70 per cent. alcohol, to which 

3 c.c. of strong hydrochloric acid have been added. On differen
tiating, the stain washes out of nuclei last of all. 
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Mnlloo VJIL 
:Por Bacteria. Gram :method. 

(1) Make a thin smear, on elide, in small drop of distilled 
water, spreading it to about 1 sq. inch. 

(2) Dry over flame (heat fixation). 
(3) Aniline gentian violet (5 min.). 
(4) Tap-water (to remove excess violet). 
(5) Gram iodine, 2 min., until blackish. 
(6) 90 per cent. alcohol, till no more colour lost. 
(7) Counter-stain with weak oarbolfuchsin (i min.). 
(8) Tap-water, t min. 
(9) Dry thoroughly. 

(10) Put one drop of balsam or Gurr's medium on the dry, stained 
smear, and cover. 

The above method is all done on the slide. Simple staining with 
oarbol-methylene·blue, or night-blue also gives good results. 

METHOD IX. 
Bulk Staining, e.g. sexual organs of Fucus. 
(1) Cut small pieces of Fucus, each with two or three conceptacles. 
(2) Place them in borax-carmine, 24 hours. 
(3) Then into acid alcohol, 15 min. 
(4) ., 70 per cent. alcohol, 1 hour. 
(5) ,, absolute alcohol, l hour. 
(6) ,, ,, clove oil, and tease out with two needles. 
(7) Mount in balsam. 

THE FOLLOWING POINTS SHOULD BB CARBl'ULLY NOTBD :-

:Pi%ing. 
(l) The formalin.alcohol combination depends on the fact that 

the 70 per cent. alcohol, being a quick penetrant, carries in the 
formalin, and fixes and hardens the tissues before there is any 
appreciable tendency to shrinkage or distortion. It is good for 
everything except a critical study of nuclear structure. 

(2) The theory of the chrome·acetio mixtures is that, while the 
chromic acid bas a tendency to produce contraction or plasrnolysis, 
the aoetio acid causes swelling. Hence, by varying the relative 
proportions of the two acids, a mixture can be found, by trial, 
which produces no distortion. 

Cutting. 
(1) It will be seen that most of the above methods demand the 

use of watch-glasses. Six of these should be pla<.oed on a sheet of 
clean paper, so that their contents can be seen, and labelled. 

P.B. 28 
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(2) A blunt razor gives thick sections, which start a whole chain 
of troubles. The delicate razor-edge is quickly blunted by dilute 
acids, and it is just as well to keep a new "Darwin" rustlesa safety
ra.zor blade as a standard, in case you should suspect your sectioning
razor. A good plan is to use the same razor for shaving and for 
cutting sections-nothing short of a good shaving edge is of the 
slightest use. 

(3) Carrot is better than pith for embedding leaves, Fucus, etc., 
for hand-sectioning. The carrot may be kept in chunks in methy
lated spirit. The top, horizontal surface of the piece of carrot 
should be slightly bevelled from behind, up to the slot in which the 
specimen is held. 

Staining. 
(1) The considerations which determine the best method for any 

given oa.se are (1) whether a temporary or permanent preparation 
is desired, (2) the nature of the structures to be stained, and (3) the 
subsequent mounting. Thus, dilute iodine does not stain cellulose 
walls at all ; while few iodine-stained preparations of any material 
will keep their colour more than a few days. Haematoxylin stains 
cellulose walls, cyto'Plasm, and nuclei, but not starch grains. 
Sa.franin stains ligmn red, and starch-grains and cutin pink. 
Haematoxylin stands well in any of the ordinary mount.ants, .but 
ea.franin usually washes out in glycerine-jelly in time. 

The microchemical tests given in Chapter II. may be used to 
determine the nature of the substances present in any given 
specimen. 

(2) Tissues already coloured yellow or brown in the unstained 
material are probably suberised, and will be difficult to stain by 
any of the ordinary methods. Living tissues also resist the stains. 

(3) The test of any staining method is that it should bring out 
details of structure better than they can be seen in the unstained 
specimen. Oversta.ining may easily have the opposite effect. 

Mounting. 
(1) When transferring from absolute alcohol to xylol, lift the 

sections on a strip ·of clean, dry paper held in the right hand, 
transfer them quickly to a similar strip in the left hand, and hold 
them under the surface of the xylol; do not let them float about. 

(2) II xylol causes shrivelling or curling, use cedar oil or clove oil 
instead. 

(3) If sections go milky in xylol, they must go back into absolute 
alcohol again, at once, as they still contain water. The addition of 
about 5 grams of absolute phenol (carbolic acid crystals) to every 
100 c.c. of xylol, helps to avoid this milkiness. 
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('') Before mounting, wipe any exoeea of xylol off the slide with a 
clean Irish-linen handkerchief, try to estimate the correct amount 
of balsam, and let the cover down gently with a needle, or foroeps
not with the fingeI'll. More mountant may be added by placing a 
drop at the edge of the CO\•er-glass, when it will suck under. 
Exceaa of mountant is not easily removed, and looks clumsy. 

(5) On no aooount must preparations be allowed to dry up at ang 
stage of the fixing, staining, and mounting prooed11r&-exoept in 
certain special caaee, t..g. bacteria.. 

(6) Generally speaking, balsam and Gurr's medium are the moet 
satisfactory mountant.a. They give transparency to tiaauea, bright
neaa to colours, and clearness to structures; also, they set hard. 
On the other hand, glycerine-jelly demands no previous dehydration 
of the specimen with alcohol, and is therefore indicated for quic.k 
mounting of large object.a which are difficult to dehydrate, for small 
object.a which may be loet in going up the alcohols, and for tem
porary mount.a generally. 

Finally, the finished preparation should be oompared with some 
of the fresh, living material, mounted in ite own fluid, or in water. 

Of oourse, always glance at the preparation under the low power 
just before and after staining, and also just before mounting. If 
the microllOOpe reveals d . flective staining, o.ne can work backwards, 
down the steps into the stain again. It ia usually pointlees to 
mount more than one aeotiou on a slide, except in such caaee as 
transverse, radial (longitudinal through the centre) and tangential 
(longitudinal away from the centre) sectiona of the same specimen. 

METBOD X. 
Heidenhain'• Iron Jlaematolt7lin. 
This method, although perhaps, more difficult than thoee 

previously mentioned, givee beautiful results in the C&Be of well
fixed nuclear structures. Two separate solutions are used. 
Solution A, an iron mordant, is a 2l per cent. solution in boiled 
distilled water of ferric alum (ferric ammonium sulphate), the 
violet crystals of which must be diBBOlved in oold water. The 
solution slowly deteriorates. Solution B is a ! per cent. solutinn 
of ordinary haematoxylin crystals in distilled water. This solution 
is allowed to stand for a month to "ripen," and then remains in 
good oondition for a further two months. 

Treat sections with A for hall an hour; then wa.sh them with 
distilled water, and stain for half an ho11r in solution B. T hen 
rinse with distilled wato-r, a nd transfer back again into A, to 
differentiate, for 2-5 minutes. Then wash for 15 minutes in 
running tap-water, and dehydrate, clear and mount. in balsam, in 
the usual way. Needleea to say, the d11ferentiation in this method, 
as always, ahowd be controlled under the microaoope. 
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LEVER PIVOT 

\ 
COTTON 

REVOLVING 
ORUM 

Fig. 116.--Belf·recording Auxanometer. The tip of the lever touching the 
drum carries a pen-nib dipped in glycerine ink. As the plant grows 
so the line marked on the drum descends. ' 

GLASS 
FUNNEL 

WATER 
PLANT 

Fig. 117.-Illustrati1111 evolution of Oxygen 
d uring photosynthesis. 

Place some water plante, e.g. Water Star· 
wort (CallitricM) or .American Water· 
weed, under a glass funnel In a large 
glass vessel of water exposed to bright 
light. Observe the bubbles of gas given 
otf. When this gas is collected in the 
Inverted test-tube full of water, it re· 
kindles a glowing splint of wood, and Is 
therefore chiefly oxnAn. The bubblini' 
s~ps in the dark. 

Fig. 118.-Intramolecular Respi
ration of Germinatioll' Peas. 

Soak SL"<. peas in water for a day 
or two, remove the coate, and 
pass the peas under the mouth 
of an inverted test-tube full of 
mercury, n.s shown. The peas 
float to the top. In a flay or so 
the test-tube will be half full of 
gas. The gas Is rapidly ab· 
sorbed by a little strong potash 
solution introduced into the 
test-tube by a bent glass tube 
~nd Is therefore carbon dioxide: 
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AIR BUBBLE 

B C 

Fiir. 119.-Simpto Potometer (,.tter Farmer). 
Tho rate at whleh tho air-bubble at B is auckod 

towards A is a measure or the rate or traruipira
tion or water V&J)Our by the leafy shoot.. When 
the bnLble ireta to A. open the tap or the drop
Pinir· l'Unnel, when It will move bock to C ap.lo. 
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SCALE 

F!ir. UO.-To show 
Pull dne to Trana

p iratlon. 

Jl'la. 121.-A ~imple Form or Klinostat. The Xllnoatat consist.a e1111entlally of a 
vertical pl&ta or disc mounted on a horizontal ulL A plant is attached to 
the disc "° that Its axi3 is horizontal, and the dlac rotated .Wtclv. The 
normal inlluence of irranty is eliminated, as each aide or the axis is. in turn. 
directed downward&. It is round that stem and root irrow in the directloll9 
in which they are placed. 
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Absoiss layer, 131. 
Achene, 149. 
Ada.mk:iewicz Rea.ction, 89. 
Aecidiospores, 319. 
Aecidium, 318. 
Aerie.I Roots, 128. 
Aescnlin , 73. 
Aqaricus {Mushroom), 312. 
Air-bla.dder {Fu.cua), 291. 
Air-spa.ces, 103, 126, I 28, 135. 
Albumins, 37, 38. 
Alcobolio Fermentation, 298, 304. 
"Aleurone" Layer, 44, 64. 
"Aleurone" (Protein) Grains, 

44. 
Alkannin, 46, 75, 80. 
Almonds, 44, 72, 76. 
Amino-a.cids, 37, 38, 60. 
.Ampelopsis, 257. 
A.mygda.lin, 72. 
Anaerobic Respiration, 208, 209. 
Anaesthetioa, Action of, on 

Cyolosis, 81; on Mime.a, 260; 
on Barberry Stamens, 265. 

Androgonidangium, 288. 
Androgonidium, 288. 
Annna.l Rings, 108. 
Annnlus, 313, 348, 350. 
Anther, 136. 
Antheridium, 285, 288, 292, 809, 

333, 342, 365. 
Antherozoids, 285, 288, 292. 
Antipode.I Cells, 130. 
Apical Meristem of Root, 121 ; 

of Stem, 103. 
Aplanatio Lens, 1. 
Apogeotropism, 240. 
Apophysis, 349. 

A potheoium, 321, 826. 
Apparatus for Experiments, 22. 
.Apple, 44. 
.A quatic Leaves, 169; Stems, 103. 
Archegonium, 333, 344, 365, 374, 

393. 
Arcbesporium, 362. 
Archicarp {Ascogonium), 309. 
Aril, 141, 398 • 
.Arilltolochia Stem, 98. 
Asoobolns, 827. 
Ascooarp, 308, 311. 
Ascospores, 308, 311, 324. 
Ascus, 308, 311, 323, 326. 
Ash Ana.lysis, 175. 
.Aspara.gin, 60 . 
.Aspidimn--see Lastrea. 
Autonyotitropio Movements, 

272 . 
Autotropism (Rectipeta.lity), 246, 

253. 
Auxanometer, 166. 
Auxosoope, 165. 

Barberry (Berberis), 2M. 
Ba.rfoed'a Test, 52. 
Basidium, 314. 
Beet-root, 33, 56. 
Begcmia, 33. 
Bioolla.teral Bundles, 90. 
Bifa.cial Lea.f, 125. 
Binret Rea.ction, 39. 
Bordered Pits, 359, 883. 
Bra.zil Nut, 43, 45, 151. 
Broad Bea.n, 38, 117, 122, 146, 

147. 
Bud, 146. 

423 
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Calcium Ca.rbonate, 82; Oxalate, 
82. 

Callus, 93. 
Calyptra, 341, 344. 
Cambium, 90, 98, 104, 105. 
Cane Sugar, 53. 
Ca.rbohydrates, 52. 
Castor Oil, 38, 45, 76, 79, 15L 
Cell Division, 28. 
Cellulose, 53, 67. 
Centau.rea, 265. 
Centric Leaves, 133. 
Centrifugal Xylem, 400. 
Centripetal Xylem, 400. 
Chala.za, 140. 
Cha.lk-glands, 133. 
Ohara, 30. 
Chemosynthesis, 196. 
Cherry Laurel, 72, 73, 127, 128. 
Chlamydomonas, 273. 
Chlorophyll, 197. 
Chlorosis, 179. 
Chromatophores, 136, 278, 291. 
Chromosomes, 28. 
Circinate Vernation, 355, 399. 
Citrio Acid, 81. · 
Olea.ring (Sections, etc.), 17. 
Clinoata.t, 244. 
Clover, 270. 
Clubmoss (Lycopodium). 367. 
Cobaea, 258. 
Cobalt Pa.per, 223, 253. 
Collema, 324. 
Collenchyma, 90, 98, 102, 106. 
Coloured Cell-ea.p, 136. 
Columella, 349. 
Companion-cell, 91. 
Concepta.cles (FUcru), 289. 
Conducting Tiaene (of sty le), 139. 
Conglutin, 37. 
Conjnga.tion-tube, 280. 
Conjunctive Tissue, 121. 
Connective, 138. 
Cork-boring, 24. 
Cork Reactions, 69. 
Cotyledons, 143, 148, 147, 366, 

373, 394, 398. 
Cover-glasses, 8, 14-16. 

Crocua, 268. 
Crystalloids, 45. 
Cucumber Stem, 87. 
Cnprammonia., 67. 
Cuticle, 70, 99, 106, 128, 134, 

212, 386. 
Cutinised Walls, 70 
Cycas, 398. 
Cyclosis, 29. 
Cystin, 39, 50. 
Cystoliths, 82. 
Cyta.se, 53. 

Dahlia. Tubers, 51, 66. 
Dandelion, 67, 124. 
Date, 154. 
Dehiscence-line of Anther, 138. 
Derma.togen, 103. 
Dextrin, 53, 60. 
Diageotropism, 242. 
Diaheliotropism (Dia.phototrop-

ism), 237. 
Dialyser Experiments, 42, 62. 
Diastase, 53, 61. 
Digestion of Fats, 77 ; of Pro-

teins, 47; of Starch, 61. 
Disaccha.rides, 53. 
Dissecting Microscope, 3. 
Dodder, 123. 
Dwa.rf Males (Oedogoniu.m), 285. 
Dwarf Shoots (Pinu.a}, 375. 

Egg- albumin, 38. 
Elasticity of Tissues, 172. 
Ela.terophore, 336. 
Ela.tars, 336. 
Elder Pith, 13. 
Elder Stem, 113, 114. 
Elodea, 30. 
Embryo, 65, 142. 
Embryo-ea.c, 140. 
Emulsification, 78. 
Emulsin, 72. 
Endodermis, 91, 104, 118, 122, 

123, 357, 388. 
Endosperm, 151, 152. 
Ew:ymes, 85, 86. 
Epiblast, 65. 
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Epicotyl, 150. 
Epidermis, 87, 90, 99, 101, 104, 

106, 125. ,, 
Epigeal 8',edlings, 144, 149. 
Epithelium, 65, !18. 
Erepsin, 47. 
Etiolation, 200. 
Eurotium, 306. 
Exodermis, 121, 122, 123. 
Exotropism, 242. 
Extensibility of Tissues, 172. 
Extraction of Organio Sub-

stances, 83-86. 
Eyepieces, 4. 

Fall of Leaf, 131. 
Farmer's Methylene-blue Me-

thod, 190. 
Fats, 74. 
Fehling'a Test, 54. 
Fern, 854. 
Fibres, 91, 99, 105, 106, 107. 
Fibrous Tissue (of Anther), 188. 
Ficus. 82, 134. 
Flexibility of Tissues, 172. 
Folia.r Ga.pa, 356. 
Forma.ldehyde, 52. 
1'uctu, 288. 
.hftaria, 340. 

Gametes, 280, 306. 
Ganong'a "Normal" Apparatus, 

22. 
Generative Nucleus, 139. 
Geonyotitropio Movements, 272. 
Geotropism, 238, 245. 
Germination 142. 
Germination boxes, 145. 
Germination jars, 144. 
Gills (.Agaricus ), 313. 
Glandular Ha.ire, 125. 
Glie.din, 88, 43. 
Globoida, 45. 
Globulins, 37-, 43. 
Glucose, 52. 
Gluooaides, 71 . 
Glute.min, 60. 

Glntelins, 37. 
"Gluten" 43 
Glntenin', ss." 
Glycerine, 17, 78. 
Gonida.nginm, 301, 302. 
Gonidiophore, 302, 306, 310. 
Gonidinm, 301, 303, 306, 311. 
Grand Period, 162. 
Grape, 56. 
Growing-point, 103, 122. 
Guard-cells, 126, 131. 
Gnm Are.bio, 70. 
Gnms, 70. 
Gntte.tion, 231. 

H~matococcus (Bpha.ltrella), 275. 
Ha.ire, 135. 
He.ptotropism, 253. 
Ha.rtstongue Fern, 362. 
He.ustorie., 123, 310. 
Hazel, 74. 
Heliotropism {pbototropism), 

234. 
Hexoses, 52. 
Hilnm, 142. 
HVppu.ris, 104. 
" Hole.din," 49. 
Honing, 13. 
Hordein, 38 . 
Horse Chestnut, 73. 
Horsetail, 83. 
Hyda.thodes (water.glan.ds), 133. 
Hyd.rotropism, 247. 
Hymeninm, 314, 323. 
Hypoootyl, 143, 150. 
Hypodermis, 114, 386. 
Hypogeal seedlings, 32, 149. 
Hypophysis cell, 143. 

Ice, formation in tissues, 3'-36. 
Imbibition, 155. 
India-rubber Pla.nt, 82, 184. 
lndusinm, 855. 
Integuments, 140. 
Interfe.scioular cambium, 98, 99. 
Intra.molecular (anaerobic) rea· 

piration, 208. 
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I nnla.se, 53. 
Inulin, 51, 53, 65. 
Inverta.se, 53. 
Irrigation, 16. 
Isobile.te.ral leaves, 132. 
Ivy stem, 80. 

Jeruee.lem Artichoke, 67. 

Klinoste.t-see Clinoeta.t. 
Knop's solution, 177. 

INDEX. 

Medullary rays, 99, 104, 108, 
100, 121, 381. 

Mega.spora.ngium, 370. 
Mega.spore, 370. 
Meristem, 104, 122. 
Mesarch bundles, 400. 
Mesophyll, 125. 
Micropyle, 140, 147, 391. 
Microscopes, 3. 
Microscope work, 7. 
Microsporangium, 370. 
Microspore, 370. 
Millon's reaction, 39. 
Mimosa, 258. 

Laatrea filial-mas (Me.le F ern}, Mimulus, stigma of, 266. 
Mineral deposits, 82. 
Mitosis, 27. 
Moist-chamber elides, 20. 
Molisch reaction, 40, 55. 
Moll's experiment, 188. 
Monosaccharides, 53. 
Mounting, 14. 

354. 
Latex, 80. 
Latex cells, 125. 
Latex veaeela, 124. 
Laticiferous tiBSne, 124 
Leaf, structure of, 125, 134. 
Leaf-area cutter, 182. 
Leaf-scar, 105, 131. 
Legumelin, 38. 
Legumin, 37. 
Lenses, 1. 
Lens stand, 1. 
Lenticels, 105, 114. 
Leuciu, 60. 
Leucopla.sts, 59. 
Leucosin, 38. 
Light screens, 190. 
Lignified walls, 68. 
Lilac, 105. 
Lime-tree, 74. 
Linseed, 70. 
Lipase, 77. 
" Liquor pe.ncreaticus," 49. 
"Liquor pepticus," 4-7. 
Lupin, 37, 44, 50. 
Lycopodium, 367. 

Maceration, 95, 109, 125. 
Maize, 38, 44, 99, 122, 152. 
Male Fern, 354. 
Me.lie acid , 82. 
Maltose, 53, 63. 

M ucila.ges, 70. 
Mucor, 302. 
Mushroom .(Agaricm), 312. 
Mycorhize., 124. 

N ege.tive pressure, 218. 
Neottia, 124. 
Nitella, 30. 
N osepiece, 6. 
Nostoc, 325, 401. 
Nucellus, 140. 
Nucleolus, 279. 
Nucleoproteins, 38. 
Nucleus, 27, 279. 
Nyctitropism, 267. 

Objectives, 4. 
Oedoga..ium, 285. 
Oils, essential, 75. 
Oils, fatty, 7 4. 
Oily seeds, respiration of, 206. 
Oleander, leaf of, 134. 
Onion, 154. 
Oogonium, 285, 287, 292. 
Oosphere, 285, ~7, 292. 
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Oospore, 288. 
Operoulum, 345. 
Orchis, 71. 
Organic acids, 80. 
Ovary, 140. 
Ovule, 140, 391, 401. 
Oxalic acid, 81. 
a-Lis, 33, 81. 

Pa.Use.de Tissue, 126, 128 
Pa.ra.physes, 295, 314, 323, 326, 

333, 342. 
Pa.re.site, 123, 300. 
Parmelia (Physcia, Xanthona), 

821. 
"Pa.ssa.ge-oells" in Endodermia, 

122 ; in Exodermis, 123. 
Pa.steur Solution, 297. 
Pea. Flour, 42, 61. 
Pea. Seed and Seedling, 37, 38, 

44, 61. 
Pellia, 328. 
Pe..icillium, 309. 
Pepsin, 47. 
Peptones, 38, 41, 48. 
Perception of Stimuli, 236. 
Perception Time, 247. 
Peria.nth-leaves, 135. 
Perica.rp, 150. 
Pericyole, 102, 121, 357, 388. 
Periderm, 108. 
Peristome, 345. 
Petiole, 127. 
Pezisa, 327. 
Phase I in, 37. 
Phaaeol,.., 37, 148. 
Phelloderm, 114, 115. 
Phellogen, Development of, ll:J. 
Phenylhydra.zine Test, M. 
Phloem, 88, 96. 
Phloroglucin, 68, 73. 
Photosyntha.te, 181. 
Photosynthesis, 180, 200. 
Photosynthometer, 189. 
Phototropism, 234, 245. 
Phyllodes, 133. 
Physcia. (Parmelia, Xanthoria), 

821. 

Piliferous Layer, 118. 
Pin,.., 375. 
Placenta., 860. 
Pla.smolysis, 168, 279. 
Pleurococcua, 275. 
Plumule, 65, 143, 147. 
Pollen-grains, 138, 390, 897; 

saos, 138, 389, 397, 401 ; 
tubes, 139, 142, 393. 

Polypeptiifes, 37, 38. 
Polysaccharides, 53. 
Portugal Laurel, 73. 
Potamogetcm, Leaf of, 134. 
Potato, 43, 58. 
Potometer, 226. 
Presentation Time, 247. 
Preservation of Material, 9. 
Proca.mbia.l Strands, 103, 105. 
Proia.mine, 37. 
Protein Grains, 44. 
Proteins, 36, 44. 
Proteoses, 38, 41, 48. 
Protha.llus, 363. 
Protonema., 353. 
Protophloem, 99. 
Protoplasm, 27. 

Effects of Cold, 84, 85. 

" 

Prok:pla.st, 27'. 

Heat, 83. 
Injury, 33. 
Poisons, 33. 

Protoxylem, 93, 101, 109, 121. 
Psamma, Leaf of, 134. 
Puccinia, 315. 
Pulvinus, 258, 270, 272. 
Pyrenoid, 273, 276. 
Pythiwm, 300. 

Ra.diole, 65, 143, 147: · 
Ra.manta., 354. 
Razors, 12 .. 
Reaction Time, 246. 
Rea.gents, 8, 16 ; see Appendix. 
Rectipeta.lity (a.utotropism), 246. 
Resin Pa.ssages, 98, 378. 
Resins, 79. 
Respiration, 201. 
Respiratory Equation, 205. 
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Respirometer, 204. 
Revolution of Twiners, 248. 
Rhisinea, 321, 323. 
Rhizoids, 330, 341, 364. 
Rhizome, 354. 
Rhizophore, 370. 
Ricin, 38. 
Root Absorption, 232. 
Root-apex, 115, 122. 
Root-cap, 115, 122. 
Root-hairs, ll5, 116. 
Root-pressure, 229. 
Root Structure, ll7. 
Rootlets, Origin of, 116, 117. 
Rose, 74. 
Rust (Puccima), 315. 

Saccharomyces, see Yeast. 
Salicin, 72. 
Saprophyte, 124, 300. 
Scalariform" tracheids" of Fern, 

359. 
Schultze maceration method, 69, 

94, 109. 
Solerenchyma, 87, 90, 98, 9~, 

102, 357. 
Scots Piue, 375. 
Soutellum, 64, 152. 
Section-cutting, 10. 
Seed structure, 147, 149-152. 
Seedlings, 146. 
Belagiriella, 369. 
Sensitive Plant, 258. 
Sieve-plate, 91, 93, W9. 
Sieve-tubes, 90, 91, 93, 109, 357. 
Silica, 82. 
"Sleep movements," 269. 
Soredium, 324. 
Sorus, 355. 
Soxhlet fat-extraction apparatus, 

85. 
Spermatia., 320, 32.J,. 
Spermogonium, 319, 324. 
Bphaerella (Haematococcus), 275. 
Sphaerotheca, 310. 
Spirogyra, 35, 276. 
Spongy tissue, 126, 128. 
Sporangium, 355, 369. 

Spore-mother-cell, 339, 362. 
Spore-sac, 349. 
Sporidium, 317. 
Sporodinia, 304. 
Sporogonium of ./i'u.naria, 334, 

341 ; Pellia, 329, 333. 
Sporophyll, 369. 
Spurge, 80, 125. 
s ta.ining. 19. 
Starch, 53, 56. 
Starch grains, 57, 98, 125, 181. 
Stele, 104. 
Stereome, 102. 
Sterigma, 307. 
Stigma., 139. 
Stoma.ta., 91, 101, 126, 131, 135, 

1:18, 224, 351. 
Streaming of protoplasm, 29. 
Stropping, 13. 
Style, 139. 
Sucrose, 53. 
Sundew, 262. 
Sunflower, root-tip of, 122; seed 

of, 44, 149; seedling of, 149; 
stem of, 97. · 

Suapenaor, 143. 
Synergida, 140. 

Tannins, 73. 
Tapetum, 362, 373. 
Tartaric Acid, 81. 
T<UIUB (Yew), 395. 
Teleutoapores, 316 
Tendrils, 253. 
Tensions in tissues, 168. 
Thigmotropism, 253. 
'l'orsion in twiners, 252. 
Trabeoulae, 349. 
Tracheids, 108. 
Tradescantia, 31. 
Transfusion tissue, 388, 400. 
'l'ranslocation of food, 63, 79, 185. 
Transmission of stimuli, 235, 263. 
Transpiration, Oh. VI. (pp. 211, 

et seq.). 
Trommer's teat, 54. 
Tropaeolum, 150. 
Trypsin, 47, 49. 
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Tryptophane reaction, 39. 
Tnlip, 268 
Tnrgor, 168. 
Twining eteme, 248. 
Tyrosin, 60. 

Uredineae, 820. 
Uredoapore, 315. 

Yauchma, 281. 
Vegetable marrow seed, 150; 

stem, 87 -95. 
Vegetative nnolene, 139. 
Velamen, 123. 
Vine, 33. 

Wanl'e ttibe, 21, 31. 
Water culture, 176. 
W ater-glanda, 133 ; etomat&, 

133. 
Water Lily , 103. 

Wax, 134. 
Wbeat, 38, 43, 44, 64, 152. 
Wood Sorrel, 33, 81, 271. 

Xanthoproteio reaction, 39. 
Xanthoria (Parmelia, Physcia), 

321. 
Xerophilone strnomres, 134. 
Xylem,90. 

Yeast, 297. 
Yew, 395. 

Zea (Maize), 38, 44, 99, 122, 
152. 

Zein, 38. 
Zoogametea, 274, 275. 
Zoogonid.ia, 274, 275, 282, 287. 
Zoosporea, 288. 
Zygospore, 280, 306. 
Zygote, 274, 275, 280. 
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