This is the same value as we find for the pressure exevcised on
a solid, unmoving wall.

In order to caleulaie the number of collisions we have here
neglecied the extension of the molecule and the mutual attraction of
the molecules. Therefore it is apparent that we cannol have obtained
anything clse but a fiest approximation.

Botanics. — “ /)¢ Steliiv-Theorie”’. Dissertation of Mr. J. (. ScHouTE.

(Communication of Prof. J. W. Morr).

According to the idea of vax Tmemiy, given about the fissues of
root and stem of the vascular plants, they must be divided info three
groups or sysiems of fissues, namely, epidermis, cortex and central-
evlinder. Tt ix such a natural thing to call the epidermis a separafe
fissue that already a long time before vax Tmeumy, it was acknow-
ledged and is al present generally accepled.

It is a different thing about the theory that the central part of
stem and root is taken up by acylinder of tissue, the central-cylinder
(or “stele”), which may consist of elements differing greatly, but
which must nevertheless be regarded as a connected whole, forming a
cerfain confrast with respeet 1o the cortex. This consideration which
can be called the “Stelar-theory” is aceepted by some, rejected
by others. It is of the greatest importance for instruction and for
the construetion of deseriptions of the inner structure, and it has
undoubtedly for hoth these reasons such a great practical weight, that
for this veason only it deserves onv atlention in a high degree.
The scientific foundations for {his theory are not in such a good
condition and assuredly its non-acceptance is owing to this. Of course
the important yuestion is, whether this distinction belween covlex
and central-cxlinder has made its appearance already at an early
period in the phylogeny of plants.  With the present state of onr
knowledge this can perhaps not be proved with certainty; but o
be able to answer this question in the affirmative two conditions
must he put: [57, the central-cylinder must be indicated if not in
all, still in the greater part of stems and roofs, 24 if must appear
already at an early period in the development of these organs.

As for the root these conditions are amply safisfied, which gives
great support to the theory of vax Tisenma. But {his is not the case
io such an extent for the stem, parlly perhaps in connection with
the complications formed already at an eal'I) period by the develop-



( 498 )

ment of {he leaves, partly in conneetion with ihe splitting up of the
central-¢vlinder in these organs of many planis.  ConCerning the
latter point vax Timemua himwelf and of late a number of American
and English investigators: Gwysye-Vsvanay, Jerrrey, Boopny, Faury,
Wonrsprrnn, Brer-axnp Famaer & Hinn, Miss Farp, Paxstey & Lonua,
Brupxir  have shed much light.  Tn all those cases in which stems
show a number of loose strings, regarded hy some as -parls of a
central-cylinder (schizostely), by others as vascular hundles, a single
central-cvlinder, the monostelic stracture, is rule in the youngest
internodes of the plant, in hypo- and epicotyl and in the infernodes
following immediately.

But in most cases there is no question about schizostely and so
acceording to vax Ty we must expeet monostely. However it is
a fact, that whilst in every rooi the most superficial microscopic
investigalion easily proves the existence of a central-eylindery this is
not at all the case for many stems. The inner layer of the corlex
(endodermis), it is true, is often developed as a bundle-sheath
indicating as that of the root does, the houndary of the cenfral-
evlinder, or also it contains siarch-grains, so that a distinet starch-
sheath is formed: but in a great many other cases, also in an inves-
figation made for that purpose, as was done by H. Fiscipr, it has
not heen possible to point out awell defined central-cylinder. Fisciur
found in 100 investigated planis only in 32 cases a distinet endoderinis.

It lias now been shown by Mr. Sciorms that this objection to the
Stelar-theory  does not exist in reality. He collected oui of the lite-
rafure on this subject numbers of cases, in which a distinet endodermis
had heen observed in some shape or other. He himself studied a
greal number of stems of different plants and then it was evideni
how necessary il is {o examine these organs in different and especially
in voung stages of their developnient, a thing Ifiscimr Lad not done. The
result of this method of working was, that of about 400 dicotyledonous
planis only in 7 no distinet endodermis was come across and among
fhese 7 there were vel 4 which even showed a sharp boundary of
the central-cxvlinder.  Also the greater part of the Monocotyledonouy
plants possess an endodermis. 1t is not fo be found in Gymnosperms
bt yet here as is the case in most of the above-mentioned exceptions,
a distinet boundary hetween corlex and cenfral-cylinder is offen tfo
he seen. So this result is very favourable for the Stelar-theory” and
is a contribution to ifs scientific confirmation.

But in vet another manner has Mr. Scnovrs endeavoured-o {est
the Stelar-theory, a test, whicl it is frue has led {o anegaive vesull,
but which enables us to draw weighty conclusions with regard to

’
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ihe valne of the well known Theory of the histogens of HansTRIN.

In working out his theory vax Tmeund purposely avoided as
mueh as possible fo make use of the history of development, and as
has been proved justly. Yet it was quite natural 1o think that there
was a connecelion between {he structure of the full-grown stem and
roof and that of the same organs ai a very eardy period of development,
in embryo or growing poini. For Haxstriy had established a doctrine
about the structure of the meristems, very much like vax Tizenua’s
theory and had gained a number of adherenis. He thought, especially
on accouni of the arrangement of the otherwise equivalenti cells, to he
able to distinguish three {issues in those meristems, called dermatogen,
periblem and plerome. The last was a eolumn of cells in the middle
part of the stem and roof.  Of course it was (uile natural to think
of an identily -of dermaiogen and epidermis, periblem and corex,
plerome and cenfral-cyvlinder, in such a manner that the latier had
developed out of the former. If it were possible io point out such
a correspondence, this would he for the Stelar-theory as well as for
the Theory of the histogens of great importance, thongh not of equal
importance for both. If the cenfral-cylinder is already found in the
meristem as an independent whole, this points to the fact, that the
differentiafion of this tissue is old and then the Sielar-theory has
gained another support. Bl as 1 said above, it is fully established in
another way and can very well do withont (his support. .

The Hassrrx-theory of the histogens is a different case. Every one
who studies the literatnre impartially, will have to own that this
doctrine rests on a very weak foundation, perhaps nof with respect {o
ihe dermatogen, but very cerlainly as far as the plerome is concerned.
It is frue, there arc some roois and a very few sfems in whose thin tops
the cells are arrvanged in a remarkably regular order, so that a central-
evlinder can be distinguished as plerome. Bul in many roois and in
nearly all”stems there is no question about {racing such an arrange-
ment up {o the growing-point. 1t is really to be wondered al thai
ihis  Haxsruix-theory in its generality has found so many genuine
adherents; this is certainly partly owing {o the conviction, expressed
by many “and silently shaved by others, that plcmme and central-
eylinder are one and the same.

Yel this had never been accurately examined {ill it was undertaken
by Mrv. Scrovri. But it is clear, thal a positive resull would be of
the greatest importance for this theory. For therc is no sense in
accepling histogens withoul full-grown tissues corresponding to them.
Morcover might be expeeted of a positive vesult the possibility of
finding an undoubled plerome when following the boundary of
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the central-cylinder upwards,- also in those cases in which up till
now, the efforts had not been successful, perhaps on account of the
great number of cells. -

The investigation of Mr. SCHOUTE was an acenmrate comparalive
study of connected series of cross and lengthwise scetions, It would
lead me too far if T were {o speak of this more in particulars. But
in general {he investigation was condueted in such a way that an
aftempt was made to pmsue in the direction of the growing point
the houndary between the series of cells which could be distingnished
as endodermis and central-cylinder in the older parts. The results
were in short as follows.

Of the root of Hyacintlhus orientalis and Linum wsitatissmum the
series of cells of the endodermis and the onter layer of the central-
evlinder (perieycle) were successfully and uninterruptedly pursued up
to the growing-point. In these cases a cyvlinder of tissue could be
distinguished in the top, which could quite natwrally be compared fo
the plerome of Haxstuix and which corresponded exactly to the later
cenfral-cylinder. Also in  Helinnthus annuwus in ihe main the same
was found, though the plerome did not appear here as a complex
of cells closed at {he top. In the stem of Hipprrus vulqaris,- one of
the few stems in which different investigators have distinguished a
plerome, this was not only successfully found back, but also the series
of cells of. endodermis and pericyele could be pursued uninterrup-
tedly to the growing-point. However the cells of the plerome proved
to form mnot only the central-eylinder hut also the endodermis and
iwo layers of cells of the coriex, so that the required correspon-
dence did not exisi here. In the stem of Iodea conadensis an wn-
cerfain resuli was obtained, as here a siarch-sheath and a bundle-
sheath were found, and it was not possible to make owt which of
the two must be regarded as endodermis. Bui in the root of Fiearin
ranamenloides and in the stalks of Aeseulus Hippocastanum, Lysi-
machi Liphemerum, Eronymus ewropaens and Ajuge veptans an im-
portant negalive result was obtained. Here it was perfectly evident
that the series of cells of endodermis and pericvele cannot be
pursued up fo the top, but that they very soon stop short and are
replaced by shorter series of cells not exactly in their prolongation
and whiceh in their turn soon undergo the same fate. In other words
in all these cases the expectation was not only disappointed that in
this way in difficult cases a plerome was fo be found, but it was
also irrefutably established that ii does not exist here.

After the above-mentioned explanations it need not be demonstrated
ihat these resulis as a whole must be regarded as fatal to the Theory

»
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of the histogens. That in some selected roots there is some corres-
pondence, makes no difference. That in slender tops huilt up out of
relatively few, lengthwise series of cells a regnlar arrangement of cells
may appear as was described above, is the most natwral thing in
the world. To give a particular explanation of this is unnecessary,
and in no case arc these single indications sufficien{ to cstablish
solely on them a theory of histogens as that of Hanstuiy. And yet
this would have to be done if one wished to adhere to this theory,
for all other facts plead strongly againstit. Hippuris, almost the only
plant showing a plerome in the stem, has a structure aliogether
opposed to the theory. And the irregularly built tops form without
doubt the overpowering wmajority.

It seems {o me that by the investigation of Mr. Schours the
Histogen theory of HazstrIN is proved to be erroneous. A conclusion
of somewhat general importance can still be deduced from these
investigations.  Many Dotanists think that to the celldivision in
meristems a certain phylogenetic importance must be given, somewlat
comparable to that of the germinal layers in zoology. But here is
forgotten that in zoology in the history of development folds and again
folds are spoken of, to a certain extent also histological differentiation
is mentioned, but little or nothing of directions of cell-division or of
arrangements of otherwise entirely equivalent cells. If the zoologist
attains at beautiful results by the study of the history of development,
it in nowise ensucs from this that the study of the arrangement of
cells in meristems will be able fo furnish these. Rather will the
holanist have to expect such explanations from the study of the
developwent of outer forms, and of inner differentiations as a result
of differences in the nature of cells. BExperience has taught us ihat
this expectation has a right fo exist. But the Histogen-theory has
certainly  contributed to nourish the above mentioned wrong opinion.
Now that this has been proved {o be incorrect we may expect that the
historic and phylogenetic importance which has often been ascribed
to the divisions and arrangements of nondifferentialed and perfectly
equivalent meristemeells will be reduced to its right and very slight
proportion. '

Grontingen, Jan. 29, 1908.



