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Histerical Review,

As far back as 18538 faspary (1) ebserved in Wledesz
Ganadensis what he deaéri%es ass
| "A single rew of cells, clesely jeined tegether, which by
this arrangement alene differentiate from the other cells ef the
certex and vascular tissue, which are net arranged regudarly in
clesed rings.®
- "Besides this, h@wevér, the cells of this rew shew in cross

sectian en the centre of their side walls a dark peint. Thege
peints a@ﬁsisﬁ of wery small, obleng, pit-like markirigs of very
indistinect eutline. ¥ |

Cagpary gave this ring the name “Séhatzscheide”’@r "Wagina
tutelaris, " because, he adds, "It serves te pretect the vascular
system of the plant.”

In 1865, hewever, he cerrescted himself; and wbete:

"The drawings are right, dut I am convinced that the explanatien
is net cerrect,® |

“The dark peints, as shewn by tangential sectioens, are fermed
by a wavy shape ef the side-wall, which shape stands eul especially
if the sections are trsated with sulphurie acid or caustic petash. ¥

Sanie }3) cenneected this layer with the phenemenen ef secondary
grewth, and called i% "erdicKungsgring," because he sought in thés
layer the erigin ef the cambium fer that grewth, He rejected the
name Sechutzscheide, because it is breken By the increase in thickness
'in cages as the Berberis, |

In 1865 (4) he fellowed up his criticism By showing that
cells, marked By thege dark peints, are alse feund in the cerkeells
of Melaleuca imbriecata, Callistemum lanuginesum and ethers, se
that the presence ef this mark would net be sufficient te identify

a layer »f cells.



In 1867 and '68 Pfitzer (5) published a thereugh study ef
this layer of cells in the Bquisetaceae,

His paper shews very intceresting drawings eof the cells eof
this layer, preving that allialeng the radial and horizental cell'
walls there is a centinueus BTown band of a subztance which
resimta the actioen éf Bulphuric Acidp In this way it is even
pessi®le e get pieces of the skeleten ef this layer by sating
away the surreunding tissue with stong sulphuric, Very initeresting
peints are brought ferward b& this paper, te which I shall refer
later en, in C@nneutién with my ewn investigatiens and eriginal
drawingss

Russow (6) ﬁtudiedvthisAregion in several plants and ex-
plained the spetis of @&SE&TF by the formation of a cark~ban§ en
the cell wall,

He called the tissue in this particular regien gen@ra}ly
- "Kritenchym® er “Scheiﬁegewebs,“ which may appear as:

1 Schutzscheide, conzisting eof thin walled cells with the

"points ef Caspary.?

Bteifungsscheide; when all cell walls are thickensd evenly.

D

3 8%&%%éheide; when thekthick@ning is irregular, and often

appears in ssveral rTows of celln.

In 1877 Gaspary (7} defined again what he means by his
"Schutzschelde," especially against a eriticism offered by_ﬁ&lkenﬁerg
(8), that te many aifferent tigsues thls name is given.

Caspary's definitien reads as follows:

"Es i#tdiejeng&e%%ﬁdﬁht, die, eine Zellage dick, auf den
seitlichen, eberen und untersn Wenden zum Theil gewellt, stets
verkorkt (eder verholzt,) ohne Zellzwigahenrgﬁm@, entweder das
Bystem der Leitkunﬁei im Ganzen, eder die einzelnen, gleichviel

eh in Stamm, Wurzel eder Blatt, umgibt.®



Against Bachs' (9) criticism, thot the werd Schutzscheide
gays mere than can be justlified, and that Strangscheide isg a
better name, Casnary brings up, thét Sachs himself (9, page 35)
says that in case seme tissue serves ag "Schutz¥ for nthers, part
of the cell walls isg changed inte cerk eor cuticle, while he
answers Sacha' ebjection that the werd Schutzscheide is ever
loaded with “Zischlauten® with the remark that that word centains
the same smeunt of "Zischlauten® as the name ﬁJuliug,Sachsw“

Klinge (10} in 1878, published a comparative study of Gramineae
and Cyperaceae in which he c¢alls the pointe ef éaspafy”Verdickungs«
falte®" and shows that their formation in different plants takes
place in different times of life, In some cases {(Loliwm
temulentum) .. it is net visidhle even when the pretephleem and
pretexylem have heen completely differentiated.

In Erianthus Ravennae snd Bulalia japenica he feund in the
cell wall of the thickened endedermis, which in that case he
calls “Stﬁ%zscheida,“ protuberances of silica. (The methed he
used is as fellews: make sections not tee thin; hoil in Schultze's
mixture (17, p. 213); %heil and wash in distilled water; next
in alecehel; glew for 30 - 40 min. en slide adeve platina and
examine in a »é@? of hydrechleric acid. )

chhwen&ener (11) gave in 1882 an extensive study of the
Schutzscheiden, #
1. - Anatemical features are: the‘meﬁhanical power of resistance;
the continuity eof the ferm of the cress section and the relstive
impermeability of this laver.

The peints are, accerding te him, chiefly due te a waving
of the side walls owing to a decrease in turgor, when the scchien

i€ made,
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4o Mechanieal strangmheninéief the sheath, The auther then
discusses the different ways in Which the sheath may be
strengthened?

as By thickening of the eell walls of the sgheath e¢ells er

of neighbéuring layers (Ferns.);

B. By a cembinatien of these twe cases (Carex curvula);

€, By & separaite ring ef ithick Walled>cell$, parted frem

the sheath Wy a layer eof ordinary certex cells, 2 er 4
cells in thickness (Areideae, Raphidephera).
Ba The fermatien of cork en the membraneé of the endedermis
cells frem a mechanical point ef view.

The general epinien béing, that membranes, previded with
cerk had an increased elasticity, Schwendener comes te the
cenclusion, that elther the qualities change by the use of re-
agents, er there is ne increasad elasticitye On the csutrary,

there is mere gtiffnema in the side walle



(9) | o ,
bThat is also the reason of the waving of the elastic wall as soon as

the turgor of thelbell ceases, a phenomenon increased by the use of

‘caustlc or strong sulphurlc.

6. Relatlon t0 Climate and Env1ronment

In plants, growing on rocks, walls, etc., which have to provide
against long periods of drought, the sheaths are strong (#splenium
ruta muraria, Scolopendrium officinarium, Carex rupestris, e. a.)
In plants growing in places that are éohtinually moist the sheath
has weak, thin aell walls (Asplenium filia femina, Osmunda regalis,
Marsilia, Typha, etc.)

Others, which take a position between the extremes, have the cell _
walis of thé sheaths more or less strengthened (Carex, Juncus, etc.)

7. Developmént.

Schwendener gives different ways in which the sheath may de-
velop, either from & true éambium (Juﬁcaceae; Cyperacaea), a pro-
, cambialytissue (Convellaria), a cortical pareﬁchyma(of which the
inner cell forms thevsheath or, as in the roots of Equisetum, theil
innermost but one,
His concluéion is, that a natural,division of the tissues depends.
only upon their construction and functlon, and not upon the Varlable
ontogenetlcal relations.
Van Wisselingh (12) made a very careful study of the structure of
the tangential and cross walls and found that the corkband exists
in the younger stages in all-Phénerogams. ﬁe found, that thé pdint
of Caspary is not only due to waving of the walis, but that there
is also a different refraction of the light. |
: In,radia; sections the band on the cross walls is only visible as a
narroﬁmyéllow line, because these walls are not undulated, but the
fact that it is still visible, shows that it is not ohly due to ‘

undulation as argued by some authors.
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In the cell walls there is one part that is not changed into cork,
the so-called middle lamella, the remhant of the primary cell wall.
This membrané,can be made visible by HBhnel's reactioh.(lB, p.632)
which consists of heating the snctions with potassiumchlorate and
nitrie 4c1d. Thls loosens the seconddry corkmembrane and leaves
the lamella visible. On further heating yellow ballskof suberic
acid may be observed.

Van’W1sselinghvexp1ains the undulétion of the secondary wall
by the increase in volume, due to cuticularisation, énd change iﬁto
cork, which same.question is brought up b& Bd. Strasburgér (19, p. 146

199, 210)

Development.

In young stages the spot of Caspary is a yellowish iine along
the tanqéntial and eross walls, and also a iittle spot 6n the inside
and outside corners tb which the cell=contents attach themselves,'and
which are res1stent to sulphurlc acid. |

Gradually the corkqmambrane spreads over the whole cell wall.
Tﬁe spot of Caspary is at this stage not visible without reagents but
is colored brown upon application of Iodine and strong sulphuric acid.

The middle lamella is not suberified, but shows itself as a very
tiny colorless line, visible only with high power. |

In'étill‘blder stages secondary layere are formed, which show
the lignine reaction with.phloroglycinthydrochloric aciq (17, pagel57
Hug; de Vries (13)'published in.1886 a study on the ceourse of water
in roots. | |

1. The Endodermis as Pressure line in Roots.

Ee | Physiological.

| The material used were principally roots of Iris pseudacorus.
De Vries cbhnected long pieces of roots, the ends of which were cut
off about 1 c. m. from the vegetation point, with & mercurial mane-
meter and 1r’ouna that airbubbles passed out at 3 c. m. mercurlal pres=-
sure. |
This proved that the pressure ih the ﬁarenchyma of young roots does

not differ much from 1 atmosphere.
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By strong pressure on the root, this pressure is transmitted from the
older parts to the youngest ends withqut considerable loss. ,This
conclusion is independent from the question in which part of the root
thls pregsure is produced. ’
The top of a root of Iris, 12 ¢c. m. long, was subgected t0 a pressure
of 35 c. m. of mercurj.v The epldermls and exodermls at 2-2.5 c. k.
from.the vegetation point were cut away, but no water canme through
the side. |
Bvery quarter of an hour another tangenixal gection was taken off and
examined under the mlcroscope, bau only at the 6th section a drop of -
water appeared through the endodermls.
&“As soon as the whole top was cut, water appeared from all the vessels
Roots of nicotyledons (Dlpsacus Sleestrls) and stalks gave the same
results, n. 1. that even by large dlfference in pressure the water 1s
not forced frow the vessels into the 1ntercellular spaces of the J
parenchyma.
Anatomical. |
The mesh work of Caspary is always found in the endodernis, and 1is
the real characteristic of that sheath. ' The cells of this layer f
have a veryilafge turgor. (In sections that are not too thin, some
cells may not have been touched, while the neighboring cella are‘all‘
cut.  The cells that are intact assume in that case a spherical
| form, owing to the counterpressure being taken away.) The proto=-
plastis cleave strongly to the bands of cork, and so prevent the pass-
age of Water.
Against Schwendener's statement that the endqdermis did not prevent,
the passage of his reagents, De Vries submiﬁs that the former always
used poisons, such as tannic acid, iodine, etc.,, which killed the

protoplasts. "By using eosine, De Vries got'the opposite results.
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2. The Course of Water in Roots. .

If the water from the roothairs énd parenchyma of the cortex
passes into the stele by action of the living prbtgplast only, there
must be the additional evidence of protoplasmancurrents.

De Vries actually observed these currents in radial sections of
Tea Mais, Typha e.a. at from 2«6 c.m. from the vegetation point.

Higher up, where the corklayer is formed this current lessens,
but was still visible a distance of 30 c.m. upwards. |

Van Tieghem (16) gives a full theory of the division of the
primary tissues in Epidefmis, Cortex and Stele, and calls the inﬁer
layer of the cortex, the Endodermis, which is formed in roots as the
Schutzscheide, in stalks as the Schultzschéide or as Sfarkescheide
with their different variations.

~ Against criticisms from different sources he says, however, in

1891 (14) "I1 faut se garder de faire entrer 1' existence du cadre

suberise on lignifie et des plissements qu'il porte, dans 1a'defeni-.'

tion meme de l'endoderme."

L' endoderme n'est pas un tissue particulier, plisse on antre;
c'est une region anatomique." .

Schoute (15) contends that if the division of the primary
tissues by Van Tieghem shall have its full value, the division into
the three times must be proveﬁ by the embryology.

He investigates very carefully and fully whether the division
into Dermatogen, Periblem and Glerom by Hanstein agrees with this
division in the full grown tissues.

(I have not been able Lo see the original papers of Hanstein,
mentioned under numbers 20 and 21, but might.refer to. Schoute (15)

and Strasburger (17) as to Hanstein's division.)
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Schoute comes to -the conclusion (15, page 163) that in a few cases
in which Hanstein's division is very clear, the meristematic layers
do not always agree with the primary tissues of Van'Tieghem; and
further thét Hanstein's diviéion cannot claim morphological sighifi-
cance.
In the second part of his stuéy "The Stelar-theory and Comparative
Anatomy," Schoﬁte gives a full list of Gymnosperms, Monocotyledons
and Dicotyledons in which an endodermic has been either found by
himself or recorded in the literature on the subject.
His ponclusions are:
"That the division between Cortex and Tentral cylinder in stalk and
root is distinctly marked by the general presencé of é specially
constructed Endodermis," and further i
"That in stalk and root of vascular plants there is only one type
of Stele, n. 1. "Monostelie."

Observations of the Endodermis in Equisetaceae.
The Bquisetaceae form a very clear and instructive material for the
study of the endodermis.
In some speciés'(E. limosum, E. debile) there is an endodermis round
each stele, in others (stalk of E. hiomale) we find a double endo=
dermis surrounding the ring of fibto-vasculér bundles. Bquisgetum
hiemale is of particular interest in the study of the meaning of the
endodermis, because in this species we find in the stem a double
collective sheath, but in the rhizoma a separaﬁe sheath round each
stele, |
The pbint of interest in.this case 18 the spot in which rhizoma and
stem meet, because if the endodermis is of physicological value, and,
a8 we surmise from the litefature quoted so far, may be the region
which keeps the water from leaking mechaﬁiqally from stele to cortex,
there must be some arrangement for the transition from a collective

sheath to the separate sheaths.
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The drawing which I submit herewith are all made with the aid of the
Leitz drawing-evepiece described in (22), which enables the observer
to make a very accurate picture Qf Whatvis seen under the microscope.
The sections were made by hand with an ordinary razor.

The bands on the wall of the enéodérmis cells are distinctly visible
expecially by the phloroglycine-hydrqchloric'acid—method mehtioned
above, which gives the secondary lignified layers inlfresh sections
a bright red color.. |

Fig.l shows the general arrangement of the tissues in the stalkhof
Equisetuﬁ hiemale, in cross section, magnified 80 times. Going
from the outside inward we find first a very strong epidermis (ep).
Underneath this epidermis are radii of thick walled sclerenchyma (scl
alternating with broad layers of palisade parenchyma (pal), each of
which’touohes in two places the ppidermis. In these two spots the
stomata are found, to connect the palisade tissué with the outer atQ
moéphere. Under the palisade tissue we observe large“airsbaces,
called valecular spaces (val), alternatiﬁg with ordinary thinwalled
parench&ma (par.) containing a great deal of starch.

Next follows'the double endodermis, one curving round each stele and
one on ﬁhe'inside (e, and e), between which two sheaths the vascular
tissue is found.

Inside the inner endodermis we find a layer of flattened cells sur: -
roundihg the large air space of the hollow stalk.

- Fig.II gives'an-enlarged view of a stele (260 times), showing the.iﬁ-
ner (e) and outer(é), endodermis, another airspace (carinal Space c)
from which two rows of lignified vessels (x)vextend between the
other vascular tissue. | |
‘Fig.III is a cross-section of the rhizom: , 2.5‘m. m, from the‘pdint
in which it connects with the stalk, and enlarged 620 times.

We see that the endodermis of each stele, Which in the rhizom, SUT=
rounded it, tends to meet that of its neighbor, while in the centre

we find the cross-section of a sort of pouch(p) which does not‘con4

tain any vessels.
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The interesting cells in this case are {a) and (b), which instead of

2 bands have a third one on their cormnon wall, forming the transition
stage towards connection with the endodermis cells of the stele and -

those of the pouch. , )

The cell (c) contains 4 bands, 1 and 2 belonging to the pouch, & and

4 to the other stele.

Fig. 4 shows another section at a distance of 2.5 m. m., enlarged

260 times. Here again we see a transition céll ¢c) with 4 bands, a

smaller pouch, and extensions from the stele on either side.

Fig. 5 represents a section at a distance of 3. 5 m. m., enlarged 260

times. The endodermis from both sides are here separated only by a
cell with 4 bands (c). |
in.fig. 6, showing a cross-section 7 m. m. from the joint, we see a
separate endodermis A, and outside of it, in the intermediate tissue
a cell (a) of which all the cell walls are covered with cork and se-
condary wood lavers. This cell is the terminal cell of one of the
pouches., The explanation of these cross-sections will be readily
seen in the diagram of fig. 7,

Coming up from the rhizom as single sheaths, the endodermis of each
stele approaches that of its neighbor, while here and there the inter
-mediate tissue forms pouches to hasten the joining to a collective
sheath, These pouches are closed at the botiom by cells sucﬁ as
shown in fig. 6 (a), resulting in a perfectly closed transition from

single sheaths to collective ones.

Summary.
In suming up the different observations I must state that, owing
to the absence of complete libraries, such as one may have access %0

in the older countries, I do not claim to give an exhaustive study of

the subjedt.

I merely give an outline of the work done by different very careful
observers, many of whose experiments I have been able to repeat in

the laboratories of the Unlver31tles of Amsterdam and Groningen
(Netherlands). »
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Embryology.

In this connection it has been conclusively shown by Schoute (15)
that there is practically_no,connection'between Hanstein's division
in the vegetationbpoint (20, 21) and Van Tieghem's division of

primary tissues(16).

Root and Stem.

The long listis gifen by Schoute (15) confirm the 3rd cbnclusioﬁ to
which he comes, n.l. that:

"The division between Cortex and Central Cylinder‘in stalk and root
is distinctly marked by the éeneral presence of a specially built
Endodermig, "

| Anatomical Charaéteristics.

In younger orgaﬁs the cells of the endodermis'are-characteriéed by

a. regularity of form of fhe cross-section;

Ve lcomplete absence of intercellular'spaces;

¢. the presence of a band of cork on the tangential and cross-walls;
ds an exceedingly high tﬁrgor, which makes the dells close firmly
together, so that Water canppass only through the living protoplast.
In older cells secondary lignified layers strengthen the cork bands
while in many cases where more strength is required the endodermis
de%elops into "Steifungsscheiée“ and " Stutzscheide" of Rﬁssow and
Schwendener. | *

Particular Cases.

Of particular interest aré the transmission cells mentioned by
Schwendener, which show that a certain degree of communication

must exist, but even there the cork layer is present, which poinﬁs'
to physiologocal significance. | |

In the case of Equisetum hiemale it is anatomical clear, that parte
icular care is taken to form the transition from.single to collective
sheaths, At every point the brown bands are present, while the ter=-

minal cells of the pouches make the mesh work complete.
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Physiological Characteristics.
Impermeability. The expeiiments ﬁade by De Vries show, that mechan-
ical pmessure will not force water through the endodermis, unless,
a8 in the case of Schwendener's experiments we use poisons; and kill
the protoplast. »
The living protoplast adheres strongly to the cork band, and receives
additional strength from the extraordinary turgor.
This turgor presses the two adjoining cells as tightly together, that
the middle lamella, as was shown by Van Wisselingh, can only be seen
with the aid of strong reagents and high power.
The presence of this arrangement in the itransmission cells of
Schwendener shows that these cells are not "offene Seitenschleusen"
as he concludes, but real locks that will transmit liquids at the
command of the living protoplast only.
This physiological characteristic also expiainS’the otherwiée COom=
plicated-looking arrangement Which we ha#e geen in Bquisetum hiemale.
Adaption. Secondarily we have seén‘that the endodermis undergoes
in many cases changes due to adaption to environment and ciimate
such as mentioned in our review of Schwendener's work, in Juhcus

Carex, stc.
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