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On the Genus Myeloxylon (Brong.).
BY

A. C. SEWARD, M.A., F.G.S,,

Lecturer in Botany in the University of Cambridge.

——

With Plates I and II.

——

N Myeloxylon' we have one of those genera of palaeozoic
plants with which palaeobotanists have long been
familiar, but as to whose botanical affinity the balance of
opinion appears to be fairly equally divided. Numerous
examples have been figured from English, German, and
French localities, but none with tissues sufficiently well-
preserved to admit of a complete examination of their
anatomical characters. Without claiming for the specimens
described in the present paper that they settle the botanical
position of the genus, I hope to show that they afford
further evidence in support of the view that Myeloxylon
agrees more closely with recent Cycads than with Ferns.
Before considering our new material in detail, it will be well
to review the descriptions of previous writers and note the
arguments advanced in support of the different opinions as to
the relation of Myeloxylon to recent plants.

' I use this name because it has been adopted by Solms-Laubach in his
¢ Einleitang in die Paliophytologie,” as better known than the generic name of
Stentelia, although the latter has ten years’ priority according to Goeppert and
Stenzel (Die Medulloseae, p. 10 [Palacontographica, vol. XXVIII. 1881]).

[Annals of Botany, Vol. VII. No. XXV, March, 1893.]
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2 Seward.—On the genus Myeloxylon (Brong.).

In Corda’s great work, Flora der Vorwelt! (1845), a figure
is given of a transverse section of a plant, from Radnitz in
Bohemia, under the name of Palmacites carbonigerus. As
the name implies, this was considered to be a Palm. In his
description of the specimen Corda points out that much of
the bundle-tissue has been destroyed, and the spaces filled
with mineralizing material. In some places (Figs. 4 and 5,
Pl. XX.) sclerenchymatous elements are shown in close con-
nection with the vascular bundles. The tracheids are
described as scalariform : no mention is made of mucilage-
canals, but in Fig. 5 Corda has represented what we may in
all probability regard as such. This species of Palmacites
bears a strong resemblance to Mpyeloxylon (Myelopteris)
radiata.

In 1832 Cotta? instituted three species of Medullosa;
M. elegans is the only one with which we are at present
concerned. This species is recorded from Rothliegende
(Permian) rocks near Chemnitz and Kohren. In the Robert
Brown collection in the British Museum is a specimen which
was no doubt cut from the same piece as the section figured
by Cotta in Pl. XII. Fig. 2; in this section a number of dark
lines of crushed cells are seen in the parenchymatous ground-
mass surrounding small ‘islands ’ of mineralized tissue. This
mode of fossilization is fairly common in AMyeloxylon and well
marked in some of the examples to be described later.

Brongniart3, in his Tableau des genres de végétaux
fossiles, changes the name Medullosa to Myeloxylon, and
classes Myeloxylon elegans as a doubtful Monocotyledon.
Goeppert ¢ describes the hypodermal tissue of Myeloxylon as
wood ; he considers the dark lines in the ground-tissue as part
of the natural structure of the plant and not as an accident of

' Corda, Beitrige zur Flora der Vorwelt, Pl. XIX. Fig. a.

* Cotta, Die Dendrolithen, Pl. XII. Figs. 1 and 2.

? Brongniart, A., Tableau des genres de végétaux fossiles, considérés sous le
point de vue de leur classification botanique et de leur distribution géologique
(Dictionnaire universel d'Histoire Naturelle, vol. XIIL p. 59 [1849)).

¢ Goeppert, Die fossile Flora der Permischen Formation, p. 218 (Palaconto-
graphica, X1I. 1864-1865).
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mineralization. The tracheids are described as scalariform
and reticulate. In conclusion Goeppert refers Myeloxylon
elegans to those plants which must be looked upon as proto-
types or synthetic types; he recognises Ferns, Gymnosperms,
and Monocotyledons as represented in certain structural details
of this palaeozoic species.

Binney !, in 1872, refers to Medullosa elegans of Cotta as
the rachis of a Fern or of a nearly-allied plant.

In 1873% Williamson refers the same plant to the Ma-
rattiaceae : Schimper, on the other hand, classes Myeloxylon
with the Cycads.

In 1876 ® Renault contributed an important paper in which
a number of silicified specimens of Myeloxylon (Myelopteris
of Renault, Stenzelia of Goeppert) from Autun and Saint
Etienne are figured and described in detail.

Several of the French specimens are much larger than
any found in English rocks. The vascular bundles, which,
especially in the small petioles, are arranged in fairly con-
centric lines, Renault describes as consisting of large scalari-
form vessels with smaller barred and spiral tracheids: the
vacant space, which occurs in each bundle next to the group
of xylem-elements, is referred to as a gum-cavity. In Plate
IV. Fig. 27, one of these spaces is shown containing several
cells or ‘ tubes’ with their walls considerably thickened ; these
are certainly not such elements as one would expect to find
forming part of the phloém which originally occupied the
vacant spaces in each bundle. Probably these so-called gum-
cells with thick walls have found their way into the cavity left
by the decay of the phloém. In a later work, Renault ¢ makes
no mention of the thick-walled cells, and speaks of the bast-
part of the bundles as nearly always absent. Certain varia-
tions in the arrangement of the hypodermal prosenchyma have

! Binney, Proc. Lit. and Phil. Soc. Manchester, vol. XI.

* In a communication to the Brit. Assoc. meeting at Bradford.

* Renault, Recherches sur les végétaux silicifiés d’Autun—étude du genre
Myelopteris (Mém. par divers savants; Acad. des Sci, Instit. de France,
vol. XXVII [1876]).

¢ Cours de botanique fossile, vol. III. p. 162 (1883). .

B2



4 Seward—On the genus Myeloxylon (Brong.).

been made use of by Renault as a basis of classification: in
one type, Myelopteris Landriotii, the fibrous bundles of the
hypoderm are circular, elliptical, or reniform ; in the second
type, M. radiata, they are flattened and arranged as radiating
bands of sclerenchymatous tissue. Our English specimens
agree more closely with the M. radiata type. Whilst ad-
mitting a few points of difference between Myelopteris and
recent Ferns, Renault concludes that its true position is with
the Marattiaceae. One of the arguments considered by him of
great weight in favour of this decision is the common associa-
tion of Alethopteris-leaflets and Myelopteris-petioles; and in
one case a rachis of Alethopteris aquilina is figured showing the
same structure as that of Myeclopteris. The force of this and
other arguments will be considered at the conclusion of these
notes. Before passing on to Williamson’s description of
Myeloxylon, I may briefly refer to a specimen in the British
Museum collection ! which throws a little more light on the
structure of the vascular bundles. This specimen, unfor-
tunately with no record of locality, came in all probability
from one of the places from which Renault’s silicified speci-
mens were obtained: its general structure and mode of
preservation strongly support this view. In Fig. 1, where I
have represented one bundle and two canals, a number of
thick-walled elements are clearly shown at s in contact with
the xylem, and at p what we may probably consider as one of
the protoxylem-tracheids. In the space next to the pro-
toxylem are traces of torn and delicate tissue (a), no doubt
remnants of phloém: surrounding the phloém half of the
bundle is a sheath of small parenchymatous cells.

In his seventh memoir? on the Organization of the fossil
plants of the Coal-measures, Prof. Williamson gives some
account of the history of Myelopterss and describes a number
of specimens from the English Coal-measures. In these

! For access to specimens in the British Museum my thanks are due to
Mr. Carruthers.

* Williamson, On the organization of the fossil plants of the Coal-measures,
Pt. VII. Phil. Trans. Royal Society, 1876.
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fragments there are certain characters which suggest the
possibility that they ought not to be included in the same
genus as those described by Renault and others, or as the
fragments which I have figured. In Williamson’s specimens
there are peculiarities in the structure of the bundles, and in
the arrangement of the hypodermal tissues, which distinguish
them from other described examples of Myeloxylon : at the
same time there are several points of resemblance. The
spaces in the bundles, originally described by Williamson as
gum-canals and shrinkage-cavities, are now recognised by
him as ‘true phloém-portions of the fibro-vascular bundles!.’
Myeloxylon is classed by him with the Ferns, and the
points of agreement with the Marattiaceae are considered at
some length. Some specimens, which Prof. Williamson has
generously lent to me for examination, may, I hope, throw
further light upon the botanical position of those to which I
have briefly alluded.

Grand’ Eury 2 has figured what he considers to be a piece of
the epidermis of Myeloxylon, showing a number of stomata.
He points out a general resemblance between this genus and
Angiopterss as regards the arrangement of the vascular
bundles, but recognises a difference in the shape of the in-
dividual bundles; in A#ngigpteris they are elongated con-
centrically, in Myeloxylon they are either circular or elongated
radially.

We come next to an important paper by Schenk?, pub-
lished in 1882. An examination of Cotta’s original specimens
in Berlin led Schenk to the conclusion that Myeloxylon re-
sembles Cycadean petioles more closely than the petioles
of Marattiaceae. In this paper we find the collateral nature of
the bundles insisted upon as a strong argument in favour of
Cycadean affinities : many other characters, whose importance
had not been previously recognised, are dealt with in detail.

! Letter from Prof. Williamson, June, 18go.

? Flore Carbonifére du département de la Loire et du centre de la France
(Mém. prés. par divers savants & I’Acad. des Sci. de I'Instit. de France, vol. XXIV,
1877. Pl XIII. Fig. 7).

3 Schenk, Ueber Medullosa elegans (Engler, Bot. Jahrb., vol. IIL p. 156, 1882),
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Felix !, in a more recent paper, agrees with Schenk as to the
close resemblance between Myeloxylon and Cycads: he gives
a figure of a specimen from Westphalia, and notes the occur-
rence of certain narrow cells in the parenchyma which he
considers may explain those dark lines so often seen running
through the ground-mass of Myeloxylon-petioles. Schenk
and others prefer to regard these dark lines as accidents of
preservation. Such specimens as I have examined lend no
support to the suggestion of Felix. The question of the true
nature of Myeloxylon has been fully and impartially discussed
by Solms-Laubach? in his Einleitung in die Paliophytologie:
he figures a single vascular bundle which shows more of the
phloém preserved than in specimens previously described.
Solms adds in a footnote an important fact in connection -
with Myeloxylon and recent Cycads: he remarks, ‘the latest
observations have made it probable that the Myeloxyla are
the leaf-stalks of Medullosae.” *If this is established, he adds,
‘a new and important weight will be added to the scale on
the side of Cycadeae.’

In a discussion on Myeloxylon, Schenk? refers to William-
son’s specimens as probably more nearly related to Marat-
tiaceae than are those of Renault. The same author4,in a
paper on Medullosa and Tubicaulis, speaks of the Myeloxylon-
like branch of Medullosa Leuckarti referred to by Solms, and
admits that the suggestion of Williamson and Renault as to
the Fern-like nature of Myeloxylon may be correct, but at all
events it must be looked upon as belonging to an extinct group.

Mr. Kidston® has figured a bundle of Mycloxylon from the

! Felix, Untersuchungen iiber den inneren Bau Westfilischer Carbon-Pflanzen
(Abhandl. d. K. Preuss. geolog. Landesanstalt, Berlin, 1886).

- * Solms-Laubach, Einleitung in die Paldophytologie, p. 165, 1857 (Fossil
Botany, p. 161, 1891).

* Schenk, Die fossilen Pflanzenreste, p. 45 (Handbuch der Botanik, 1888).

¢ Schenk, Ueber Medullosa, Cotta, und Zwubicaulis, Cotta (Abhandl. der
Math. phys. Classe der K. Sichs. Gesells. der Wiss., vol. XV. p. 523. Leipzig,
18'8 9l)(.idston. R., On the fructification and internal strucfure of carboniferous

Ferns in their relation to those of existing genera, with special reference to
British palaeozoic species (Trans. Geol. Soc. Glasgow, vol. IX. Pt. 1), PL. IV.

Fig. 45.
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Coal-measures of Oldham, in which the phloém is partially
preserved : the drawing is hardly sufficiently detailed to
admit of a full description, but the specimen appears to agree
very closely with that from the Binney collection which is
described and figured in the present paper. Kidston com-
pares Myeloxylon to Ophioglossum vulgatum and to Osmunda,
and speaks of it as ‘a typical marattiaceous fern-stem’!.

MYELOXYLON FROM THE MILLSTONE GRIT.

It will be convenient to describe such specimens as I
have examined under three heads: those to be considered
first afford an addition to the short list of Millstone
Grit plants?. These plant-fragments were found in a
block of magnesian limestone, of Millstone Grit age, about
five miles N.E. of Lancaster? by Mr. J. E. Marr. The
block is represented in Fig. 2, somewhat less than natural
size. In the upper part of the figure a group of rod-like
structures is shown, weathered out from the rest of the rock,
reminding one to some extent of the structure occasionally
seen in limestones and known as ‘stylolites” Dr. Hinde, on
seeing the specimen, pointed out the striking resemblance of
these rods to the anchoring appendages of Hyalostelia
Smithii (Young), one of the hexactinellid sponges *.

The rods, on microscopical examination, were found to be
isolated bundles of tissue weathered out from the rest of the
organ of which they form a part. Among fossil plants from
the English Coal-measures it is not uncommon to find
specimens in which regularly defined areas in a stem or root
have been mineralized with their minute structure perfectly
preserved, whilst the rest of the tissue has been almost
entirely destroyed before the infiltration of the fossilizing

! Kidston, loc. cit. p. %o.

* Etheridge, in his Catalogue of Palaeozoic fossils, mentions twenty-eight species
of British Millstone Grit plants (Fossils of the British Islands, vol. I. Palaeozoic,
1888).

? Near Caton, Geol. Surv. Map (inch scale), quarter sheet 91 N. E.

¢ For description of this sponge, see Palacontographical Society, vol. XLI. p. 158.

-

7
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8 Seward.—On the genus Myeloxylon (Brong.).

material 1. Fig. 3 shows this partial mineralization of the
tissues as seen in a transverse section cut parallel to the base
on which the block rests in Fig. 2. In this section we have a
number of isolated islands of tissue, in each of which the
xylem-portions of the vascular bundles are well preserved,
whilst the phloém is always absent; and in the immediate
neighbourhood of the bundles are a few layers of parenchyma,
with here and there distinct canals. At the periphery of the
section are seen darker patches which indicate the position of
thick-walled hypodermal cells arranged in radiating bands
and alternating with radial extensions of the parenchymatous
tissue. In many of the groups of tissue seen in Fig. 3, the
parenchyma surrounding the vascular bundles is limited by a
distinct dark line; this is due to the brown walls of the
compressed parenchyma which represent the extent of the
mineralization of the tissues. Similar dark lines, cutting up
the parenchyma into a kind of network, are shown in Cotta’s
figure of Medullosa elegans, and also in a figure of Myelopteris
given by Renault: I have already alluded to such lines as
probably accidents of fossilization in speaking of Felix’s note
on Myeloxylon. In Fig. 3 a second fragment is represented,
smaller than the first and cut longitudinally. To describe in
detail the larger transverse section, which measures 2°5 cm.
by 22 cm.: in looking at the peripheral bundles, where the
ground-tissue has not been destroyed, and their original
position has therefore been retained, we notice that they are
regularly arranged concentrically with the circumference of the
section ; towards the centre this concentric disposition is
much less obvious. The individual bundles, when examined
in detail, appear under various forms. In some cases we have
a group of xylem almost in the centre of a space bordered by
parenchymatous cells: this type is shown in Fig. 4, in which
case the position of the xylem suggests a partially preserved
concentric bundle, the space having been originally occupied
by the more delicate tissue of the phloém. In Fig. 5, we

? There is a striking example of this in a large stem of Araucaroxylon in the
British Museum (Geological Department).
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have another type of bundle, where the xylem-group, which
is triangular in form, is still more or less central in position ;
at the apex of the triangle some smaller tracheids are seen
which suggest protoxylem. In all the vascular bundles of
this specimen the parenchymatous cells immediately sur-
rounding the xylem and the phloém-space are smaller than
the ordinary cells of the ground-tissue.

In Fig. 6, a third bundle is represented in which the xylem
has been very slightly displaced, and here again smaller
elements indicate that the probable position of the proto-
xylem is on the side of the xylem opposite to the phloém-
space. Close to this bundle we have one of the fairly abundant
canals (¢) which are scattered through the parenchyma;
bordering the canal-cavity are some tangentially elongated
cells, such as we find in mucilage-canals of recent Cycads.

Another kind of bundle is shown in Fig. 7; the xylem is
still attached to the parenchyma at one or two points, and, as
usual, on the side next to the vacant space are seen tracheids
of smaller diameter.

The Parenchyma of the ground-mass appears to be made up

of cells fairly uniform jn size, except in the immediate neigh-
bourhood of the vascular bundles, where the cells are marked
off from the rest by their smaller size, and form a kind of
indistinct sheath. Traversing the parenchyma are several
canals: these are especially abundant towards the periphery
of the section, but this may be due to the fact that the
parenchyma towards the centre is much less perfectly pre-
served.
In Fig. 8, a patch of Aypodermal tissue is shown; the
preservation is by no means perfect, but sufficiently good to
enable us to recognise in the alternating groups of parenchyma
and sclerenchyma the same type of structure so clearly seen
in Renault’s figures of Myeloxylon radiata.

In this transverse section (Fig. 3) I have not made out with
certainty any groups of thick-walled elements, either in close
proximity to the xylem-groups or in the ground-tissue, but
there are indications that such elements were here and there
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present close to the bundles. The longitudinal sections of the
same specimen throw little light upon structural details: the
tracheids appear to be scalariform, reticulate, and spiral.

The smaller fragment seen in longitudinal section in Fig. 3
shows, in transverse section, certain characters which are
apparently absent in the larger section. In Fig. g one of the
best bundles is figured ; the structure is clearly collateral, and
the xylem has not been displaced as in the bundles of the
larger fragment. Here also we find smaller tracheids on the
side of the phloém-space, which I am inclined to regard as
protoxylem. Surrounding the bundles are smaller parenchy-
matous cells, with here and there thick-walled mechanical
elements. In the same figure is shown a canal with a dark-
coloured substance in its cavity, probably the remains of the
original secretion. Several of these canals are represented in
Fig. 10, the narrow cells surrounding the cavities being well
shown ; in this section we see indications of the characteristic
radial groups of hypodermal tissue. Some of the thick-walled
hypodermal cells are seen in longitudinal section in Fig. 11 at a;
nexttothese arethin-walled and less elongated parenchymatous
cells : at a” the tissue is badly preserved, but probably we have
here the remains of a group of thick-walled hypodermal cells.

Passing farther along the section, we come to the paren-
chyma of the ground-tissue, the cells of which are somewhat
elongated and arranged in rows. In the canal, cut longi-
tudinally, the contents appear to be divided up into detached
pieces by thin transverse septa: an examination of these
canals under a higher power led me to doubt the existence
of the septa and to attribute the present form of the contents
to shrinkage. By comparing the transverse and longitudinal
sections of the canals we see how the contents have contracted
both transversely and longitudinally. .

Part of a canal is represented in Fig. 12 under a higher
power; in this figure the darker lines 6 correspond to the
walls 4 next to the canal-cavity in Fig. 10: the limiting lines
cc of the dark-coloured contents in Fig. 12 are seen at ¢ in
Fig. 10,
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In Fig. 2 at } may be traced the elliptical outline of a
section, cut obliquely : this is another fragment of Myeloxylon,
in which the bundles have suffered less displacement than in
the larger section, and the state of preservation is on the
whole better. Thick-walled cells occur on the xylem-side of
some of the bundles ; and the tracheids appear to be reticulate
and scalariform.

In this fragment we have a connecting link between the
larger and smaller specimens, and an additional argument in
favour of referring all the pieces preserved in the block shown
in Fig. 2 to the same plant. From the above descriptions it
is clear that there are a few points of difference between the
large and small specimens. In the smaller fragment the
bundles are more distinctly collateral ; there are thick-walled
cells, sometimes in a continuous row, on the xylem-side?!;
the canals are more numerous and larger than in the section
figured in Fig. 3: but, in spite of these differences, we may
include both specimens in the genus Myeloxylon and in the
type radiata as instituted by Renault. Although many of
the xylem-groups of the larger specimen occupy a position
suggestive of concentric bundles, there are others, whose
preservation is more perfect, which point with equal force to
collateral bundles; and, on the whole, it seems reasonable to
conclude that the apparently concentric structure is the result
of the xylem-tracheids becoming detached from the surround-
ing parenchyma: originally, we may assume, the bundles
were collateral. We shall find in nearly all specimens of
Myeloxylon there are certain peculiarities; but, in dealing
with such broken fragments of petioles, it is better to err on
the side of including too many varieties under one general
type than to attempt to define new species upon insufficient
data. We are ignorant as to how far the structures of a
Myeloxylon-axis of higher order differs from that of a lower

! As already remarked, similar mechanical elements are indicated in the large
fragment : no doubt the worse state of preservation of this specimen is to some
extent responsible for apparent differences between its structure and that of the
smaller and more perfectly preserved fragment.
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order ; that branching does occur we know from the figures
and descriptions of Renault!. Slight differences in structure
may in some cases be the result of differences in fossilization ;
and further, as Thomae? has pointed out, in speaking of fern-
petioles, it is hopeless to attempt to determine species by
trusting to the anatomical details of detached fragments.
The various specimens, therefore, described in these notes are
referred to Mycloxylon radiata because of the possession of
important characters in common. It is quite possible that
further additions to our knowledge will render advisable the
creation of additional species.

SPECIMENS FROM PROF. WILLIAMSON'S COLLECTION.

One of the slides? lent to me by Prof. Williamson shows
very clearly the essential characters of Myeloxylon : these
characters are much more clearly defined in this specimen
than in the other examples described by Williamson to which
I have previously referred. In this section, prepared from an
Oldham specimen, the collateral bundles are very distinct,
but, as generally happens, the phlo€ém has not been preserved:
thick-walled mechanical elements form an almost continuous
ring round the xylem-groups. Another specimen of Myelo-
zylon from Oldham, in the Binney collection, agrees closely
with Prof. Williamson’s, but surpasses it in preservation ; this
will therefore be described at greater length.

SPECIMEN FROM THE BINNEY COLLECTION,

In this collection, now in the Woodwardian Museum, Cam-
bridge 4, I have found two slides of Myeloxylon, the one a
transverse, the other a longitudinal section, which throw
some fresh light on the nature of the vascular bundles.

In the transverse section, which measures 3 cm. in its longest
part and 1-7 in its broadest part, the bundles have much the

' Renault, Etude du genre Myelopteris, Pl. V. Fig. 4a.

? Thomae, Die Blattsticle der Fame (Pringsh. Jahrb. XVII. 1886, p. 158).
* Number 286 in Prof. Williamson’s Catalogue.

¢ For the loan of this specimen I am indebted to Prof. McKenny Hughes.
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same disposition as in the large specimen from the Millstone
Grit; those near the periphery form a fairly distinct ring,
whilst the others appear to have no definite arrangement.
The hypoderm is of the normal type of Myeloxylon radiata,
and need not be further considered. Canals are numerous
and possess characters such as have already been described.
Many of the bundles are of the type shown in Fig. 13; here
we find, for the first time, not only the xylem but also the
phloém intact. In this particular bundle the smaller proto-
xylem-elements are not quite so clearly marked as in most
of the bundles. but the phloém is preserved with exceptional
distinctness. In Fig. 14 a second bundle is figured ; here the
phloém is less perfectly preserved, but the small elements of
the protoxylem are much more distinct: the sheath of small
parenchymatous cells is clearly shown. In Fig. 15 we have
another form of bundle, the xylem being in the form of an
oblong group of tracheids, and the phloém in two distinct
groups on the same side of the xylem. In all these figures
thickened mechanical elements are noticed on the xylem-side,
and the presence of these is a constant character in the
specimen. The striking resemblance of both these forms of
vascular bundle to those of recent Cycadean petioles will be
apparent when we sum up the arguments bearing upon the
question of botanical affinity. In the longitudinal section of
the same specimen we find, in two of the bundles at least,
undoubted confirmation of what has previously been assumed
but not actually demonstrated, namely, the occurrence of
protoxylem or spiral tracheids on the phloém-side of the
xylem. Fig. 16 represents one of the bundles where we
have large reticulate and scalariform tracheids in contact, on
one side, with the parenchyma of the ground-tissue, and, on
the other, separated from the less perfectly preserved phloém
by distinct spiral tracheids of small diameter. The phloém
shown at P is not sufficiently well preserved to enable us to
describe its structure in detail ; it consists of elongated, narrow,
and broken elements, whose delicate walls have naturally
suffered considerably during fossilization. At GG are seen



14 Seward—On the genus Myeloxylon (Brong.).

some cells of the ground-tissue. In Fig. 17 another bundle
is represented in longitudinal section: the phloém-elements
are imperfectly preserved at P ; next to them is a well-marked
spiral tracheid, and following this what appears to be a second
spiral element with larger scalariform and reticulate tracheids.

Having described at some length these specimens referred
collectively to Myeloxylon, it only remains to consider briefly
such facts as may help us in attempting to assign this palaco-
zoic fossil to its natural position in the plant-kingdom.

We may summarise, and briefly discuss, the arguments
advanced by those who have referred Myeloxylon to the
Marattiaceae.

1. The association of Alethopteris-leaflets with Myeloxylon,
and a close agreement in their anatomical characters.

The figure which Renault gives in support of his statement
that Alethopteris-pinnules have been found attached to a
rachis having the structure of AMyeloxylon is scarcely con-
clusive : so far as one can judge from the section represented !,
it is by no means obvious that the structure is the same as
that of Myeloxylon. If, however, it is found that Alethopteris
undoubtedly possesses this type of structure, we have no proof
that in transferring it from the Ferns to the Cycads we shall
be assigning it to a position to which it has no claim 2.

2. The branching habit of Myeloxylon.

Renault has given proof of this in his figures and descrip-
tions of French specimens. Although Bowenia, as Solms
reminds us, is the only recent Cycad in which the frond is
branched, yet this solitary instance in living Cycads is not
insufficient when we are dealing with plants of palaeozoic
times. In such specimens as I have examined, no signs of
branching have been detected.

3. The vascular bundles, &c.
It has been pointed out that Myeloxylon agrees in its bundles
! Renault, Cours de bot. foss. vol. III. Pl. 27, Fig. 13.

* Since this was written 1 have found some specimens in the Binney collection
which. it is hoped, will afford further evidence in reference to Myeloxylon-pinnules.
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and canals with Marattia and Angiopteris. The general ar-
rangement of the bundles, as seen in transverse sections of
Angiopteris-petioles, closely resembles that which we find in
Myeloxylon ; but this agreement ceases when the individual
bundles are examined : in the one case we have a typical con-
centric, in the other a typical collateral bundle. In Angiopteris
the tracheids do not show any very close resemblance to
those of the fossil petiole ; the reticulate thickening in the
latter is characteristic, and differs from the type of tracheid
characteristic of Ferns. As regards the presence of mucilage-
or gum-canals in Marattiaceae and Myeloxylon, we do not find
in the former those large canals, bordered by tangentially
elongated cells, such as are constantly found in the fossil
specimens, and which exactly correspond to the canals of
Cycadean petioles.

4. Hypodermal tissues.

It is true that we find in Angigpteris a subepidermal band
of mechanical tissue, but this is usually continuous and not
interrupted by radiating groups of parenchyma.

Renault quotes Angiopteris Brongniartiana, and A. Teis-
manniana as examples of recent Ferns in which we have a
more marked separation of thick- and thin-walled tissues ; but,
on the other hand, we can point to several species of Cycads
where the hypoderm is of the same type as in Myeloxylon.

We will next consider the Cycadean affinities of Myeloxylon,
some of which have been previously dealt with by Schenk.

1. The collateral nature of the bundles, and the position of
the protoxylem.

This character, so clearly marked in well-preserved speci-
mens, has been passed over by Renault and other writers.
It is true, as Solms points out, that this structure is by no
means unknown among recent Ferns: in addition to the col-
lateral bundles in the petioles of Opkioglossum and Osmunda,
Haberlandt! has shown that this is a common type in the

! Haberlandt, Ueber collaterale Gefissbiindel im Laube der Fame (Sitzungs-

berichte der Math.-Naturwiss. Classe der K. Akad. der Wiss. vol. XXXII. p. 121,
Abth. I, 1881. Vienna).
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weaker subdivisions of the petioles of many genera. Grant-
ing, however, that this arrangement of xylem and phloém
may have been common in palaeozoic fern-petioles, we have
still the important fact to remember that in recent Ferns zA¢
protoxylem is not on the side of the xylem next to the phloém ;
in Myeloxylon and recent Cycads it is so situated.

2. Nature of the trackeids.

I have referred to the tracheids of Myeloxylon as reticulate,
scalariform, and spiral. In Fig. 18 is represented part of an
oblique section of the xylem of a specimen of Myeloxylon from
Robert Brown’s collection in the botanical department of the
British Museum. This shows fairly well the character of some
of the tracheids : at p we see what may possibly be the remains
of spiral thickenings of protoxylem. In no case have I made
out true bordered-pits, such as we find in recent Cycads,
but it would be rash to attach any great weight to negative
evidence in dealing with the minute structure of fossil tracheids.
In spite of the absence of bordered-pits in Myeloxylon, there
are various points of resemblance between its xylem-elements
and those of Cycads. In some respects, for example in their
reticulate structure, the tracheids of the fossil specimens do not
correspond very closely either with Ferns or Cycads.

3. Arrangement and form of the vascular bundles.

The disposition of the bundles, as shown in transverse
section, is in many recent Cycadean petioles very similar to
that in Myeloxylon : in Ferns, on the contrary, the bundles
are usually arranged in more distinctly concentric lines, such
as we find in Angiopteris. As we have seen, the common
form of the bundle in Myeloxylon is that of Fig. 13; this
corresponds very closely with the shape of recent Cycadean
bundles. In some specimens of Myeloxylon there are other
bundles than the usual oval type, and these are also re-
peated in some recent species. If we compare Fig. 15, drawn
from Binney’s specimen, with the bundle of Cycas Thouarsii
sketched in outline in Fig. 19, we see at once a close corre-
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spondencel. Other forms of Mpyeloxylon-bundles might be
quoted which find striking parallelsin Dioon edule, Ceratozamia,
Cycas, &c.

The fusion of two or more bundles in living Cycads has
been referred to by Vetters? and also by De Bary?3: in the
fossil petioles similar instances of fusion are found.

4. Hypoderm, subepidermal parenchyma, &c.

In well-preserved examples of Myeloxylon, e.g. Fig. 41,
Plate V in Renault’s paper, there are a few layers of paren-
chyma immediately below the epidermis. Similar subepi-
dermal parenchyma occurs in Angiopteris, as some writers
have pointed out; but in petioles of Cycads it is also present.
In many specimens of Myeloxylon this parenchyma has been
destroyed, e.g. in Fig. 8, but in a small section, which occurs
on the same slide as the larger Binney specimen, this tissue
is clearly shown. The canals of recent Cycads and the fossil
petioles are practically identical.

The hypodermal tissue of Myeloxylon closely corresponds
with that of Encephalartos horridus, Macrozamia Hopei, and
other species. In some of Renault’s specimens we see groups
of thick-walled fibres in the ground-tissue; Schenk refers to
the absence of such in recent Cycads, but, as De Bary has
remarked, groups of thick-walled fibres occur in various
Cycadean petioles.

In the bundles of Cycads we find a few xylem-tracheids
among the delicate phloém-elements (* bois centrifuge’) ; these
have not been detected in the fossil bundles, as Solms has
already noted.

These tracheids are always much smaller than the other
elements of the xylem, and, even in recent specimens, cannot
in all cases be readily seen; it is not improbable that such
might fail to be preserved, or, if preserved, to be distin-
guished from the surrounding phloém.

! Similar bundles occur in Stangeria paradoxa, Zamia muricata, &ec.

? Vetters, Die Blattstiele der Cycadeen (Inaug. Dissert., Leipzig, 1884).

3 De Bary, Comparative Anatomy of the vegetative organs of the Phanerogams
and Ferns, p. 337 (1884).

C
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Finally, there is the connection between Myeloxylon and
Medullosa referred to by Solms and Schenk. The former
considers it an additional argument in favour of classing
Myeloxylon with the Cycads; the latter, in his paper on
Medullosa and Tubicaulis, refers to the attachment of Myelo-
zylon to Medullosa Leuckarti, but considers the latter more
closely related to the Ferns than to Cycads. This fact has
as yet been simply recorded without any full description.

I have endeavoured to state the more important arguments
which have been made use of by the advocates of the two
opinions as to the botanical position of the plant we have
been considering. The conclusion to which I have been led
by examining several specimens of Myeloxylon, and comparing
them with numerous Cycadean and Fern petioles, is that they
undoubtedly approach more nearly to the Cycadeae than to
the Ferns : it has been suggested! that we may refer Myelo-
zylon to a position intermediate between Ferns and Cycads.
The few points of difference which distinguish the fossil frag-
ments from the petioles of recent Cycads are, in my opinion,
far outweighed by the close parallelism in more essential
characters, and it seems reasonable to conclude that Myelo-
zylon should be looked upon as an extinct genus, not exactly
corresponding to any recent family of plants, but one which
comes very near to the Cycadeac in anatomical structure, and
probably occupies a position between Cycads and Ferns, but
nearer to the former than to the latter.

! Solms-Laubach, loc. cit. (Eng. edit. p. 163).
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EXPLANATION OF FIGURES IN
PLATES I AND IIL

Ilustrating Mr. Seward's paper on Mycloxylon.
(When not otherwise stated the figures are drawn with objective A, Zeiss.)

Fig. 1. Transverse section of a vascular bundle and two canals. a@=remains of
phloém. s=sclerenchymatous cells. p=position of protoxylem.

Fig. 3. Block of Limestone (Millstone Grit) with weathered ¢petiole’ of
Mpycloxylon. On the smooth surface at § is faintly indicated an oblique section
of a smaller fragment. Actual size of specimen 10 cm. long and 10 cm. wide.

Fig. 3. Transverse section, rather less than natural size, of the larger petiole
shown in Fig. 32, and longitudinal section of a smaller fragment. The white
patches in the matrix outside the plant are sections of Goniatites.

(For the photographs from which Figs. 2 and 3 are taken, I am indebted to
Mr. Barber.)

Fig. 4. Section of one of the vascular bundles of the specimen represented
in transverse section in Fig. 3. The xylem has been displaced.

Fig. 5. Another bundle from the same specimen. p=protoxylem.

Fig. 6. » » » ¢=canal.

Fig. 7. » »” » At a the xylem is seen still at-
tached to the parenchyma of the ground-tissue.

Fig. 8. Piece of hypodermal tissue ; in the large transverse section of Fig. 3
this appears as a black patch.

Fig. 9. Transverse section of a vascular bundle from a smaller fragment of
the Millstone Grit Myeloxylon. p=protoxylem. s—s=sclerenchymatous cells.
¢=canal.

Fig. 10. A piece of the hypoderm and ground-tissue, with canals, from the
same specimen as Fig. 9. J=tangentially elongated °epithelial cells’ of
the canal. c¢=limiting lines of canal-contents. A—/=remnants of thick-
walled hypodermal tissue.

Fig. 11. Longitudinal section of the same specimen as Fig. 10. a and o’ =thick-
walled cells of the hypoderm.

Fig. 12. Longitudinal section of a canal from the same specimen, showing the
dark-coloured contents, &c. Letters same as in Fig. 10. (Objective D, Zeiss.)

Fig. 13. A vascular bundle from the Binney specimen, showing well-preserved
phloém.

Fig. 14. Another bundle from the same specimen. p=protoxylem. s—s=in-
distinct sclerenchymatous cells.

Fig. 15. This bundle shows two patches of phloém, the result of fusion of
two bundles.

C2
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Fig. 16. Longitudinal section of a vascular bundle from the same specimen as
Figs. 14and 15. G=ground-tissue. P=phloém. S=spiral tracheid (protoxylem).
(Objective D, Zeiss.)

Fig. 17. Another bundle from the same specimen. Letters as in Fig. 16.
(Objective D, Zeiss.)

Fig. 18. Oblique section of xylem-elements in a specimen in the Botanical
Department of the British Museum. p ! protoxylem. a=reticulate tracheid.
(Objective D, Zeiss.)

Fig. 19. Outline of a bundle of Cycas Zhowmarsii, to compare with Fig. 15.
X=xylem. P=phloém.

Figs. 1 and 18 are from specimens in the British Museum.

Figs. 2-12 are from Millstone Grit specimens in the Woodwardian Museum,
Cambridge, and in my own collection.

Figs. 13-17 are from the Binney specimen in the Woodwardian Museum,
from the Oldham Coal-measures.






Annals of Botan ¥

Fig.1

o Ceward del

I

— ON MYELOXYLON.

SEWARD.



Vol 17, 72.7.

University Prest, Jvford

P









Annals of Botany

AT Seward de!

SEWARD.— ON MYELOXYLON.



Vol VI, Pl /1.

Umvcrsiiy Press, Oxford.






On the Secondary Tissues in Certain Mono-
cotyledons.

BY

D. H. SCOTT, M.A,, Ph.D, F.L.S,

Honorary Keeper of the Jodrell Laboratory, Royal Gardens, Kew, and late
Assistant Professor in Botany, Royal College of Science, London,

AND

GEORGE BREBNER,
late Marshall Scholar in Biological Research, Royal College of Science, London.

—_———

With Plates III, IV, and V.
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HE present paper treats of three distinct questions, re-
lating to the general subject indicated by the title :—

1. The development of the secondary tracheides in Yucca
and Dracaena.

2. The secondary growth in thickness of the roots of
Dracaena.

3. The secondary growth in thickness of Aristea corymbosa,
Benth. (N. O. Irideae).

No prefatory remarks to the whole paper are necessary, as
a general knowledge of the monocotyledonous type of cambial
growth is assumed.

[ ]
I. THE DEVELOPMENT OF THE SECONDARY TRACHEIDES
IN YUCCA AND DRACAENA.

For the last seven years a controversy has been carried
on as to the nature of the water-conducting elements in the
secondary wood of Dracaena, and other Monocotyledons with
a similar mode of growth. Up to 1886 it had been generally

[Annals of Botany, Vol. VII. No. XXV. March, 1893.]
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assumed that these structures are tracheides, each arising by
the growth of a single cell, without any fusion of cells taking
place’. But the first who endeavoured to establish this
opinion on a firm basis was Krabbe, in his remarkable work
on sliding-growth?  Although he states that he directly
observed the young tracheides in process of elongation, he
relies chiefly on the comparison of transverse sections, and on
careful counting of the various elements of the secondary
bundle at different stages of development. He established
accurately the exact amount of growth in length of each cell
which must take place; in Dracaena Draco, for example, he
showed that the mature tracheide is, on the average, no less
than thirty-eight times as long as the ¢ procambial 3’ cell from
which it developes. As, in this case, the average number of
tracheides in the transverse section of a mature bundle happens
to be also thirty-eight, the striking conclusion follows, that as
a rule the entire system of tracheides of each bundle arises
from a single series of cells, so far as this species is concerned.
The predominant share taken by sliding-growth in all such
cases of tissue-development, is obvious.

A totally different account of the development was however
given, almost simultaneously with Krabbe’s work, by Kny*.

! See, for example, De Bary, Vergleichende Anatomie der Phanerogamen u.
Fame, 1877, p. 638, English Edition, p. 620: Strasburger, Das botanische
Practicum, 1st edit. 1884, p. 127.

3 Krabbe, Das gleitende Wachsthum bei der Gewebebildung der Gefdsspflanzen,
Berlin, 1886. Reviewed in Annals of Botany, vol. ii. p. 137.

3 The word procambium, introduced by Sachs (see his Text-book, and
English ed. p. 110), means the strand of primary meristem from which a vascular
bundle arises. Its name implies that it is a structure prior to the cambium, in
cases where the latter is present. Hence procambium appears a very inappropiate
name for a tissue which is itself produced from a secomdary meristem,
as is the case with the young bundles formed from the cambium in Dracaena, &c.
The term desmogen, however (used by Russow as synonymous with procambium,
see his Vergl. Untersuchungen, 1872, p. 178) may we think well be applied here.
We propose to speak then of secondary desmogen to indicate the strand of young

tissue from which a secondary bundle developes, in the Monocotyledons under
consideration.

¢ Botanische Wandtafeln, Text, VII, 1886, and Beitrag z. Entwickelungs-
geschichte der ¢ Tracheiden,’ Berichte d. deutsch. bot. Gesellschaft, Bd. 1V.
p- 367, 1886. The former appeared just before, the latter just after, Krabbe's
publication.
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He endeavoured to show that the so-called tracheides are
no tracheides at all, but short vessels produced by the fusion
of longitudinal series of cells. A certain amount of sliding-
growth at the ends of the vessels was however recognized.
The stages of cell-fusion were not only described, but figured,
by Kny. One of us (D. H. Scott) made some observations,
which appeared at the time to confirm Kny’s conclusions?,
which were further accepted by Strasburger, in the second
edition of his Botanisches Practicum 2. Independent evidence
for the origin of these elements by cell-fusion was next brought
forward in a paper by Mdlle. Hedwig Lovén?. This observer
also claims to have followed the stages of cell-fusion. Stress
is further laid on the number of cells found in the transverse
section of the bundle while in the merismatic condition.
The number was found to be higher than that required by
Krabbe’s theory. Occasional, though very rare, traces of
transverse walls in mature tracheides were also described.

So far there appeared to be a balance of evidence in favour
of the origin of these tracheae by cell-fusion. In 1889, how-
ever, an elaborate paper appeared, by Roseler 4, containing the
most complete account of the subject hitherto published, and
bringing forward weighty arguments in proof of the develop-
ment of these elements by the growth in length of single cells.
Roseler attacked the question from every side, but his most
convincing evidence was obtained by means of maceration.
In a species of VYucca which he investigated, the average
length of the mature tracheide is 3 mm.; and that of a cell
of the secondary desmogen is o-1 mm. Hence, on the average
each desmogen-cell which becomes a tracheide must grow to
thirty times its original length if no cell-fusion takes place.

! Annals of Botany, iv. p. 157, 1889.

? L c. p. 135, 1887.

? Om Utvecklingen af de sekundire Kirlknippena hos Dracaena och Yucea;
Bihang till Kongl. Svenska Vetenskaps-Akad. Handlingar, vol. xiii. 1887. For
a translation of parts of the Swedish text we are indebted to the kindness of
Mr. L. A. Boodle, F.L.S.

¢ P. Roseler, Das Dickenwachsthum u. die Entwicklungsgeschichte der

secundiren Gefissbiindel bei den baumartigen Lilien; Pringsheim’s Jahrbuch.,
Bd. XX, 1889, p. 293.
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If this be true, we ought to find, on macerating a young
bundle, tracheides at all stages of elongation, and each of
them would probably contain a single nucleus only. Roseler
succeeded in demonstrating that these conditions are realized.
He figures young thin-walled tracheides, isolated by macera-
tion, measuring o0-4 mm., 0-84 mm., and 1-8 mm. in length,
i.e. about four times, eight times, and eighteen times respec-
tively, the length of the original desmogen-cell. Each con-
tained a single conspicuous nucleus!. These observations
were in reality decisive, but the effect of Roseler’s work was
somewhat enfeebled by the weakness of some of his other
arguments. Thus his elaborate countings of the elements in
transverse sections led to no definite result, but might seem
rather to favour a mixed origin, by cell-fusion with subsequent
elongation®. He also failed to obtain any satisfactory evidence
from longitudinal sections, in consequence of manipulative
difficulties® In spite, therefore, of the great merits of his
paper, we cannot wonder that it failed to settle the question.
Réseler’s work was reviewed by Wieler, in the Botanische
Zeitung *, with great and indeed unjustifiable severity. Wieler,
however, contributed nothing himself to the decision of the
points in dispute.

In 1891 Strasburger published his great work on the
vascular tissues, and in this he withdraws his former view,
and declares in favour of the origin of the tracheides by direct
elongation of the short cells derived from the cambium?b.
He directly observed the young tracheides in sections, and
confirms Roseler’s statement that they are uninucleate. The
observations of Roseler and Strasburger established a strong
presumption that the view of Krabbe was, after all, the right
one. A re-investigation, however, seemed to us desirable,
especially as the observations previously made by one of us
had seemed to favour the opposite conclusion. We attached

'L cp. 339 ? 1. c. p. 333. * L c. p. 334-338.

¢ Bd. 47, 1889, p. 70I.

8 Strasburger, Ub. den Bau u. die Verrichtungen der Leitungsbahnen in den
Pflanzen ; Histologische Beitriige, III, 1891, p. 400.
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special importance to the direct examination of the stages of
development as seen in longitudinal sections, in which alone
the nascent tracheae can be observed in relation to the other
elements of the bundle and of the ground-tissue. We found
that the use of the microtome was of essential service. We
obtained the best results by making continuous series of
tangential sections through the region of secondary growth.
In this way we were enabled to examine all the elements in
each developing bundle, and to compare the various bundles
at all stages of differentiation. The instrument chiefly used
was the Cambridge rocking-microtome. The thickness of the
sections in some series was yg'5y in. (-005 mm.), in others y¢yy
in. (0075 mm.). The usual paraffin-method was employed,
and various stains were used, saffranin being on the whole
the most successful. The result was of course checked by
the constant comparison of transverse and radial sections, and
also by means of maceration. Our work extended to several
species both of Yucca and Dracaena, but our best results were
obtained in an unnamed species of Yucca, in which we had
abundant material of an old stem, reaching at least 3 in. in
diameter. This stem had been in very active growth when
preserved, and possessed a wide zone of thickening, with
secondary bundles in all stages.

In this species the secondary bundles have the same struc-
ture as in the Yucca described by Roseler!; they are collateral,
with the small phloém-group on the outer side, lying in a
depression of the much larger xylem-mass. The latter con-
sists mainly of tracheides, with lignified parenchymatous cells
scattered among them, and lying between the tracheides and
the phloém. The whole bundle is surrounded by a sheath of
flattened, partially lignified cells, easily distinguishable from
the comparatively thin-walled ground-tissue. We found that
the average number of elements in the transverse section of
a secondary bundle, taking the mean of twelve countings, is—
tracheides 36, xylem-parenchyma 13, phloém-elements 17.

The elements of the sheath average about fifteen in number.

'L c p. 297.
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If we include them in the xylem-parenchyma, as Réseler
appears to have done, we obtain figures which are not very
different from his . We shall return to these numbers later on;
it is sufficient now to point out that, leaving the sheath out of
consideration, more than half the elements in the mature bundle
as seen in transverse section, are tracheides, while in the xylem
they form about three-quarters of the whole number. In a tan-
gential section passing through the middle region of a bundle
the average number of tracheides cut through is about six. In
such a section not more than two parenchymatous cells are
likely to be met with at any one level. The tracheides in
this species attain an average length of 2:78 mm. (mean of
twelve measurements). The mean length of a cell of the
secondary desmogen is 075 mm. If therefore the entire
tracheide is formed by cell-fusion, a series of thirty-seven
desmogen-cells must, on the average, fuse to form each
tracheide. If, on the other hand, the tracheides are formed
by longitudinal growth alone, then each desmogen-cell which
forms a tracheide must, on the average, grow to thirty-seven
times its original length. The whole of this elongation would
be by ¢sliding-growth,’ as we are speaking of a region in which
the stem as a whole has long ceased to grow in length. On
the hypothesis of cell-fusion we should find, in the developing
bundle, as many rows of fusing desmogen-cells as there are
tracheides at maturity, i. e. about thirty-six rows in the entire
strand, or about six in any tangential section passing near the
middle of the bundle. If, however, the development is by
sliding-growth, we should find only oze cell, on the average, at
each level, in the whole strand, elongating in order to become
a tracheide. A thin tangential section could of course only
occasionally pass through one of these cells at the commence-
ment of its elongation.

Now let us consider what we actually find on observing
a continuous series of tangential sections through the zone of
secondary increase.

Proceeding from without inwards, we first come, immediately

' L c p. 298.
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on passing the cambium, to the earliest condition of the des-
mogen-strands. We can trace the first longitudinal divisions
of the mother-cells from which these strands are formed. As
is well known, it is usually a single longitudinal row of mother-
cells, derived from the cambium, from which the entire strand
is developed?!, though sometimes two adjacent rows may
contribute to its formation. As we advance inwards the
young desmogen continues to show a beautifully clear and
simple structure. The outlines of every daughter-cell are
clear and sharp, and the limits of their mother-cells can still -
be traced. All the desmogen-cells at this stage are alike;
they are prismatic in form, with wedge-shaped ends fitting
closely together. [Each cell has a single nucleus, and all the
nuclei are similar to one another. As we now proceed to
examine sections rather further inwards, we find that the
somewhat more advanced strands show a differentiation in
two respects. (1) We notice every here and there an ex-
ceptionally large nucleus, often much elongated, and sharply
distinguished from the small nuclei of other desmogen-cells.
(2) We find that the regularity of structure of the desmogen
is now at some places interrupted. Most of the regular
prismatic cells remain unaltered, but occasionally we find
among them a cell with more pointed ends projecting beyond
those of neighbouring cells. Sometimes the ends of these
elongated cells cannot be traced at all as they dip out of the
plane of section. Thkese exceptional elements are invariably
those with the specially large nuclei. At first they are very
rare, but as we advance to older bundles they are found more
and more frequently. But now they are hardly ever found
complete in a single section. Their length, and somewhat
curved course, renders this impossible, and it is only by the
comparison of successive sections that we are able to build up
the entire element. As we proceed to yet older bundles we
find that the greater part of them is now formed of these long,
irregularly curved cells. Ultimately we recognise the latter
in a changed condition ; their walls are thicker, bordered pits
! Cf. Roseler, 1. c. p. 3232.
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appear, and the cell-contents gradually vanish. As long,
however, as the living body of the element persists, it possesses
the single largé nucleus by which it was at first distinguished.

While the young tracheides are going through these
changes the other elements of the bundle undergo at first
little modification. In fact, the strand of desmogen remains,
but becomes gradually enveloped (except at the extreme
outer edge) and partly permeated by the hypha-like
tracheides. The latter grow in diameter as well as in length,
and so come eventually to form much the greater part of the
mass of the bundle,—a part altogether out of proportion to
their number.

The developing tracheides have at first a denser protoplasm
than the neighbouring cells, a fact which often helps greatly
in recognizing them. In the later stages the denser proto-
plasm is found to be limited to their pointed ends, which we
must suppose to be the seat of active growth.

In order to observe the stages of development satisfactorily
it is essential to have very thin sections. This has the
disadvantage that the complete tracheide is hardly ever con-
tained in a single section. Hence the necessity for serial
sections from which the form of the whole element can be
reconstructed. It remains difficult to find suitable prepara-
tions for drawing. Fig. 1 is fairly satisfactory, but even here
there is reason to believe that the extreme upper end of the
tracheide is incomplete.

The developing tracheides often have a somewhat crooked
course, as seen in tangential section. This would in itself
agree well with their origin by cell-fusion, as the desmogen-
cells of successive tiers do not lie in the same straight line,
but roughly alternate with each other. It is evident, however,
that the same course must also result from sliding-growth, for
the growing tracheides must undergo a bend whenever they
pass the points of junction of neighbouring cells, which are
not in the same straight line. After the development of the
tracheides has made some progress, the phloém becomes
differentiated at the outer side of each bundle. The sieve-
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tubes become recognizable by their denser contents, and the
perforation of the sieve-plates can be traced. It is important
to recognize the phloém at the earliest stage possible, as
otherwise the young sieve-tubes might easily be taken for
tracheides developing by cell-fusion, a mistake which we
suspect has actually been made.

The careful study of serial tangential sections appears to us
decisive against the hypothesis of cell-fusion, and in favour of
that of sliding-growth. As regards the former point, the
negative evidence is in itself very strong. More than half the
bundle consists of tracheides. If they arose by cell-fusion
therefore, this must take place on a great scale. In tangential
sections through the middle of young bundles we should find
most of the cells in various stages of fusion. Even supposing
the fusion to take place so rapidly as to have been always
missed by us (a very improbable supposition considering that
the whole thickness of the growing zone was examined in
many different series of sections), still at one stage we should
find the xylem consisting of separate merismatic cells in
rows, and at the next stage we should find it chiefly made up
of continuous tubes, which must correspond exactly to the
previous rows of cells. Either the nuclei must disappear or
fuse, or they must be found in large numbers (thirty-seven on
the average) in each tracheide. They certainly do not disap-
pear till very late; for a long time we find a single large
nucleus in each tracheide, which is even more conspicuous
than those of the other cells. Nor will fusion explain this.
The fusion of more than thirty nuclei in a vessel more than
thirty times the length of its constituent cells could not
possibly be a quick process, and its stages certainly could not
escape observation. Nothing of the kind was ever seen.

The stages we actually find are: (1) the regular rows of
desmogen-cells ; (2) the same arrangement, but slightly dis-
turbed here and there by the presence of a longer element
among the shorter ones ; (3) more disturbances of the primi-
tive regularity, more elongated elements, the shorter cells
more and more enveloped by them, until ultimately all the
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inner part of the bundle is mainly formed of the long
elements, with the short cells scattered among them.

So far the view that cell-fusion is the main factor in the
development has been, as it seems to us, disproved ; thata
very large amount of sliding-growth must take part in the
development of the tracheides, is certain. It remains to
consider the possibility that a relatively short syncytium, i.e.
the product of the fusion of a few cells, might grow out to
form a tracheide. This view might seem to present fewer
difficulties ; the cell-fusions would be comparatively rare, and
so much the easier to miss; there would be fewer nuclei to
fuse in each element, and thus the apparent absence of fusion-
stages might be explained away. So far as the evidence
from transverse sections is concerned, Roseler admitted the
possibility that the facts might be accounted for if about five
cells fused to form each tracheide, and the resulting syncytium
grew out to six or seven times its original length. If this
happened in the speci€s of Vucca we investigated there would
be about six parallel rows of fusing cells in each young bundle.

This view is in reality as untenable as the hypothesis of
entire development by cell-fusion. The single nucleus of
the future tracheide is conspicuous throughout, until it is
absorbed with the rest of the contents. If this nucleus arose
by the union of several nuclei, some indications of this fusion
must be found. Some of the growing tracheides observed
were little longer than the desmogen-cells, so that there was
no possibility of cell-fusion here. The idea of the outgrowing
syncytium, though tempting in so far as it might seem to
reconcile conflicting observations, must be rejected, from the
entire absence of evidence in its support.

The development of the tracheides was investigated by the
same method of serial sections in Dracaena fragrans, Gawl.
and D. angustifolia, Roxb. In these the secondary bundles
are concentric, the xylem completely surrounding the phloém.
The results entirely agree with those obtained in the Yucca.
The material however was less favourable, as the zone of
developing secondary tissues was narrower, and consequently
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fewer stages of development were met with in each series.
But so many young tracheides were observed at various
stages of elongation, and always with a single nucleus,
that there could be no doubt of their development by
growth alone.

The results obtained from sections were confirmed by the
method of maceration. The ordinary Schulze’s mixture
(nitric acid and potassium chlorate) was used. Thick tan-
gential sections through the zone of secondary growth were
treated with the reagent, and it was then found possible, in
many cases, to isolate the elements of the developing bundle,
In Fig. 2 a young tracheide of Yucca sp. is shown, which
had only reached about a quarter of its mature length (*725
mm.). The single large nucleus is conspicuous. Some
desmogen-cells of the same strand are shown for comparison.
Fig. 3 represents a young macerated tracheide of Dracaena
Jragrans. Here the average length of the mature tracheide
is 3'15 mm. ; that of the young element shown is ‘95 mm. It
is obviously uninucleate. Here again desmogen-cells are
shown for comparison. These results require no long de-
scription, as they simply repeat those obtained by Roseler.

Krabbe, Kny, Mdlle Lovén, and Réoseler, all lay great
stress on the results obtained by counting the elements of the
bundle, as seen in transverse section, at various stages. If
the tracheides were formed entirely by cell-fusion it is obvious
that the number of elements in the transverse section of the
desmogen-strand, after the completion of its divisions, would
be the same as in the mature bundle. If however the
tracheides arise by elongation of single cells, the desmogen-
strand must contain less than half as many elements as the
mature bundle, in transverse section. Thus in our species of
Yucca the average number of elements seen in mature bundles
is sixty-six (neglecting the sheath). Of these, thirty-six are
tracheides. The strand of desmogen when its divisions are
completed must therefore show an average number of sixty-six
elements on Kny’s view. As, however, on the opposite sup-
position, only one cell at each level grows out to form a
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tracheide, the desmogen-strand, after completed division, but
before elongation of the tracheides, should show in transverse
section an average number of thirty-one elements only.

Now this method seems at the first glance very promising ;
as a matter of fact it has led, in the hands of different
observers, to absolutely contradictory results. Roseler, the
last author who employed it, obtained, as we have seen, results
seeming to point to a considerable amount of cell-fusion, a
conclusion which is quite inconsistent with direct observations
on serial sections or on macerated material. .He found, in
fact, too many elements in his supposed unaltered desmogen-
strands; in the light of other observations we can easily
explain this by supposing that a certain amount of sliding-
growth of the tracheides had already taken place. This, how-
ever, is assuming the point to be proved, and the inefficiency
of the counting-method by itself is manifest. Apart from the
obvious difficulty arising from the great variability of the
number of elements in different bundles (ranging from forty-
four to ninety-four in the examples counted by us), there is the
further difficulty that sliding-growth certainly begins before all
the divisions have taken place, so that we have no fixed point
at which to begin our numeration.

Although the counting method does not help us in detail,
yet the comparison of transverse sections of developing bundles
is very instructive. We find at a certain stage a small strand,
with active cell-division in all parts. At a later stage the
strand is larger, the external portion (in Yucca) remains un-
changed, or may show some additional divisions. The more
internal part, although the seat of the chief growth, shows no
fresh cell-division whatever. Its increase is due to the in-
truding ends of young tracheides, growing in from other
levels. Tracing the changes in older bundles we continue to
find an enormous increase in the number of elements of the
xylem of the bundle, as seen in transverse section, without
any cell-divisions to account for it. This is only to be ex-
plained by sliding-growth, and in fact affords by itself, a

! Roseler, 1. c. p. 333.
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decisive proof of its occurrence as the chief factor in the
development of the bundle.

Our final conclusions then as to the development of these
tracheides are as follows :—

(1) The tracheides are formed by longitudinal growth only,
each tracheide arising from a single cell, which may grow to
30—40 times its original length, but remains uninucleate
throughout its whole development.

(2) Asthe secondary tracheides are formed in a region which
has ceased to grow in length, their development is entirely
by sliding-growtk, and consequently the number of initial
desmogen-cells from which they arise is very small. In the
Yucca investigated, for example, only a single cell in each tier
of the desmogen-strand can become a tracheide.

There can be no doubt that the development of the
tracheides in the primary bundles is similar, but as the latter
are formed in a region which is still lengthening as a whole, a
proportionately smaller amount of sliding-growth is involved.

The process in the case of the secondary bundles is a highly
remarkable one and vividly recalls the invasion of a tissue by
the hyphae of a luxuriant parasitic fungus. The initial cells
from which the tracheides develope, might be compared to
the spores of the fungus. We tried in vain to determine the
position in the desmogen-strand of the initial cells for the
tracheides. They certainly do not form a continuous longi-
tudinal row. We believe that they may occur in any part of
the strand, with the obvious exception of that group which is
destined to form the phloém 1.

As our investigation has completely confirmed the views of
Krabbe and Roseler, and the later view of Strasburger, it
may be thought our duty to offer some explanation of the
contradictory result obtained by Kny and Mdlle Loven, a
result which one of us formerly accepted. From our own
experience we think the chief sources of error are the
following : The course of the tracheide as it passes between
the overlapping and bevelled ends of the other elements of

! Cf. Krabbe, 1. c. p. 64.
D
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the strand often gives it just the same shape as if it had
arisen by cell-fusion. When it bends aside to pass from one
tier of cells to the next it is often constricted, and an oblique
wall lying over it at such a point may easily simulate a
perforated septum. Confusion of the very young sieve-tubes
with developing tracheides is also possible, and would of
course suggest cell-fusion. Accidental tearing of the delicate
end-walls of the desmogen-cells may also give rise to decep-
tive appearances. The idea that the tracheides are multi-
nucleate may have arisen partly from the confusion of
coincident elements in different planes, partly from the
presence in the tracheides of coagulated masses of protoplasm,
which might be easily mistaken for nuclei. We know from
our own experience that all these cases are possible sources
of error; but we cannot undertake to explain how other
observers may have been misled. In Kny’s Fig. 2, P1. XIV,!
the long element to the right may probably be a developing
tracheide, though not recognised as such by the author.

Appearances suggestive of cell-fusion are rare, and are
most frequent in the least satisfactory preparations. We are
convinced that such appearances are in all cases illusory.

We hope that the question may now be regarded as
definitely settled, and that one of the most striking cases of
sliding-growth in the development of vegetable tissues has
thus been firmly established.

II. SECONDARY GROWTH IN THICKNESS OF THE ROOTS
OF DRACAENA.

Until the year 1884 our knowledge of the development of
secondary tissues in the roots of Monocotyledons was very
meagre. The earliest account known to us is that given by
Caspary in 1858 . He examined several species of Dracaena,
and states that the cambial layer of the root lies between the
¢ Schutzscheide ’ (endodermis) and the central mass of vascular
bundles ; in modern terminology the cambium observed by

! 1. c., Berichte d. deutsch. bot. Gesellsch. IV.
? Die Hydrilleen ; Pringsheim’s Jahrbiich.,, BA. T p. 446.
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him was pericyclic. He describes the bursting of the endo-
dermis in consequence of the secondary growth. The short
account given by De Bary is practically identical with this!.

In 1884 Strasburger published an investigation of the roots
of Dracaena reflexa, and showed that the cambium is first
formed in the pericycle, and continues for a time to produce
secondary tissues inside the endodermis, which thus becomes
ruptured, but that sooner or later this activity ceases, while
the cortical cells immediately outside the endodermis take up
the division, and carry it on indefinitely2. The structure of
the secondary tissues in the root is identical with that in the
stem.

In 1885 Morot published his important paper on the
pericycle. He examined the secondary thickening in the
roots of various Dracaepas. He found that it usually takes
place in the pericycle, but may exceptionally arise in the
cortex. This may happen when there has been very little
activity in the pericycle, and while the endodermis is still
continuous 3.

In his book on the vascular tissues Strasburger confirms
his former statements, and adds several interesting details.
He finds that the xylem of the first-formed secondary bundles
abuts in each case on two xylem-groups of the primary
cylinder, thus enclosing one of the primary phloém-groups.
The strand of secondary phloém is connected at its lower
end (i.e. towards the root-apex) witlt a primary group. At
the places where the endodermis is ruptured the internal
and external tissues become perfectly continuous, and
secondary bundles extend from the pericyclic into the cortical
zone. The roots are epinastic as regards their secondary
thickening, which begins on the upper side, and continues to
be more vigorous there. The cambium is pericyclic near the

! Comparative Anatomy, English edition, p. 622.
2 Das Bot. Practicum, 1st edition, 1884, p. 202. This account is omitted
from the second edition.
3 Morot, Recherches sur le péricycle, Ann. des Sci. Nat., Bot. Sér. 6. t. xx,
P. 247.
D2
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apex of the root, and cortical in its older portion. These
statements apply especially to D. reflexa’.

Our own observations were made on the roots of Dracaena
JSragrans, Gawl., D. Draco, L., and D. angustifolia, Roxb.
The last-named species was first examined, and in those
roots which showed secondary thickening at all, we were
surprised to find that it took place, from the first, entirely
outside the endodermis, starting with the division of the first
or second cortical layer. The pericycle was thick-walled,
and neither had undergone any divisions, nor could do so at
a later stage. So far as we saw there was no connection
between the cylinder and the external vascular tissues. Our
material, however, was limited, and it is probable that if we
had been able to trace the tissues for some distance longitu-
dinally, continuity through the endodermis would have been
established.

These observations, however, showed that the accounts in
the literature are not complete. It was evident that the cor-
tical thickening might start on its own account, without any
previous pericyclic divisions, at any rate in the same region
of the root. Hence we were led to investigate the relation
between pericyclic and cortical thickening more thoroughly
than had previously been done.

Our best material was of D. fragrans, Gawl., of which we
had a number of adventitious roots, up to almost an inch
(2:3 cm.) in thickness, and showing secondary growth in all
stages. Our most complete observations then were on this
species.

As a rule, the cambium only appears in large adventitious
roots, and in them only at a late stage. In a fully formed
adventitious root about 1 cm. thick we may expect to find
secondary growth beginning. This, however, is very variable,
and in one case we found a complete zone of secondary tissue
in a root only 4 mm. thick. The primary cylinder of the
roots varies very much in structure. In the small root just
mentioned, for example, it showed an ordinary polyarch

! Strasburger, Histologische Beitriige, III, 1891, pp. 403 and 508.
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arrangement, such as is general in Monocotyledons, with a
normal pith. In all the larger roots, however, the primary
structure is much more complex. the pith being traversed by
a variable number of xylem- and phloém-strands, generally
associated together, and imbedded in groups of sclerenchyma.
T hese peculiarities have been described so often that we need
not dwell on them here. Strasburger has shown that the
medullary strands of the root are directly continuous with
vascular bundles of the stem!. Transverse sections through
roots in which secondary growth has begun may show three
different conditions : —

(1) The cambium may have appeared in the pericycle, and
the entire zone of thickening may be limited to the inside of
the endodermis. This may still be the case in quite advanced
stages, where there is a mass of secondary tissue, containing
several concentric rows of bundles.

(2) There may have been no pericyclic divisions at all. In
these cases the primary structure of the cylinder is unaltered;
the secondary zone has been entirely superadded by the
activity of a purely cortical cambium (see Fig. 5).

(3) We may find a mixed condition, the secondary growth
having begun in the pericycle, and then having been taken
up by a cambium formed in the cortex. This is the case
described and figured by Strasburger 2. The two processes
are mixed up in the most irregular way. In one radial row
of cells the pericyclic divisions will have gone on for a long
time before the cortical activity supervenes; in the next row
the pericyclic cambium ceases to act almost immediately, and
nearly the whole growth is cortical. Hence we find fragments
of the endodermis carried out into the secondary zone to a
most variable distance (see Fig. 6).

The same transverse section may show only one condition,
or may include two, or all three, in different parts of the
periphery of the cylinder. Thus in Fig. 4 conditions (2)and (3)
are shown ; in Fig. 7, conditions (1) and (2), between which the

! Hist. Beitrige, III. p. 403.
? 1. c., ITI, p. 404, PL. V. Fig. 45.
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transition happens to be a sharp one. In the mixed case (3)
it is remarkable how thoroughly homogeneous the secondary
tissues are, whether they are of pericyclic or cortical origin.
The same bundle may pass out from the one zone into the
other, one part being formed by the cortical, and the other by
the pericyclic cambium. Some of the endodermal cells are still
thin-walled when the secondary growth begins, and conse-
quently are not easily recognisable when the displacements
due to thickening have taken place. Hence the endodermis
may appear to be ruptured at more points than is really the
case. It is very probable that the thin-walled endodermal
cells may themselves take part in the cambial divisions, as
was noticed by Morot!. We did not find a clear case of this
however. At the base of the adventitious root, near its
insertion in the stem, it appears that the whole endodermis
is thin-walled, and in advanced stages it is here impossible to
make out the limit between pericyclic and cortical formations.

This peculiar mode of growth is really only a special case
of the type of secondary thickening prevailing in Monocoty-
ledons. There is not as a rule a single initial layer here, as
there is in typical Dicotyledons and Gymnosperms®. The
same cambial cell only continues active for a limited time,
and then the divisions are taken up by an adjacent cell
towards the exterior®. An extreme illustration of this
process is afforded by Fig. 8, which shows an early stage of
purely cortical growth in thickness in the root of D. Draco.
Here three or even four distinct rows of cortical cells have
already taken up the cell-division. It is essentially the same
phenomenon when pericyclic is succeeded by cortical divisions,
only here there is usually a thick-walled endodermis to be
overleapt. If this physiological barrier were really continuous
it would probably be an effectual obstacle to any such mode
of growth. We know, however, that it is not absolutely

! Lc p. 248.

? Some doubt has been recently cast on the constancy of the initial layer even in
these classes; see Raatz, Stabbildungen im secundiren Holzkorper und die

Initialentheorie, Pringsheim’s Jahrbiich., XXIII. 1892.
3 Cf. Strasburger, Hist. Beitrige, 1II, p. 396. Roseler, 1. c. p. 309.
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continuous, though it may be so for long distances. That
the divisions should pay no respect to the morphological
distinction between stele and cortex cannot surprise us’.

The case where the cambium at once appears outside the
endodermis is more puzzling. Here both pericycle and
endodermis may be very thick-walled, and, so far as the
transverse section shows, there may be no interruption to their
continuity. The secondary tissues therefore are from the
first cut off from any direct communication with the primary
cylinder at the same level. In this case it is by no means
always the first cortical layer which divides; sometimes it is
even the fourth layer from .the endodermis in which the
first divisions appear.

It is impossible to understand this type of secondary
growth unless we trace the course of the cambium and its
products in the longitudinal direction. The statements in the
literature appear to show that the secondary tissues taper off
regularly towards the root-apex, their maximum thickness
being at the base of the root, where the process presumably
started in the first instance. It has also been noticed that
the thickening is almost always highly excentric, the upper
side of the approximately horizontal root, according to
Strasburger, receiving the first and greatest increment. The
thickening near the apex is said to be always pericyclic,
cortical cambium first appearing in a more advanced region.

Although this account of the process is no doubt applicable
to certain cases, or it may be to certain species, we have not
found it confirmed by our observations on Dracaena fragrans
and D. Draco.

We only found one instance in which the secondary growth
appeared to have started from the base only of the adven-
titious root and advanced regularly towards its apex. This
was in D. fragrans, and in this case the thickening remained
pericyclic throughout. In all other thickened roots of these
two species which we investigated (and in D. fragrans they
were fairly numerous) the maximum thickness of the secondary

! Cf. Scott and Brebner, On Internal Phloém, Annals of Botany, vol. v. p. 287.
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zone was attained, not at the base of the main adventitious
root itself, but at the insertion upon it of a branch-root.
From this point the secondary tissues thinned out both in the
upward and downward direction, and also peripherally. Near
the insertion of the lateral root we constantly found peri- .
cyclic thickening ; at a distance from it, in whatever direction,
the secondary zone was invariably formed in the cortex.
The transition was in some cases a sudden one ; more usually
it was gradual, and in the intermediate region both pericyclic
and cortical thickening had taken place.

Further, we found that in these cases the thickness of the
secondary zone bore no relation to the upper or lower side of
the root, but was always greatest near the insertion of a
branch root, wherever the latter might arise.

We will describe a particular case more in detail. In
a root of D. fragrans, 2-3 cm. in diameter, we examined radial
sections passing through the base of a branch-root. At the
insertion of the latter there had been abundant secondary
development. There are numerous zones of secondary
bundles, the inner of which slope obliquely outwards, forming
a connection with the tissues of the branch-root. The outer
secondary bundles have an approximately longitudinal course.
A normal zone of thickening has in fact been built up upon
the secondary network of bundles belonging to the base of the
branch. The whole of this secondary mass has been formed
by a pericyclic cambium ; the endodermis lies entirely outside
the secondary tissues. As we recede from the insertion of
the rootlet in either direction, the thickness of the secondary
zone gradually diminishes. The endodermis curves rapidly
inwards, passing obliquely through the secondary tissues,
which in this region have been formed partly within it and
partly to the outside. Further on still the endodermis takes
a straight course, and borders directly on the primary cylinder.
Here the thickening has been exclusively cortical. In the
transitional region the endodermis is often interrupted, and
sometimes we could trace a secondary bundle through it from
the inner into the outer zone. As regards the actual dimen-
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sions, in one case measured, the thickening had become purely
cortical at a distance of 1-3 cm. from the nearest part of the
base of the branch-root. The length of the region of transi-
tion renders it inconvenient to figure on an adequate scale;
consequently we have contented ourselves with reproducing
a corresponding transverse section (Fig. 7), to which we shall
return.

If a transverse section be taken at some distance from
a lateral root (say 1-1-5 cm. above or below), only cortical
secondary tissues are shown. They may extend all round the
cylinder or be limited to the side on which the lateral root is
situated ; that depends on the amount of progress which the
thickening has made. In any case, however, the zone is
thicker on the side corresponding to the branch-root. If the
transverse section be made nearer the latter, we find both
pericyclic and cortical secondary growth at one side, which as
it thins out to the right and left becomes purely cortical (see
Fig. 4). Lastly, if the section pass through, or close to the
insertion of the lateral root, we find pericyclic thickening next
the insertion, and cortical at a distance from it, with a more or
less gradual transition between them. There are many varia-
tions in detail, of which Fig. 4 and Fig. 7 will give some idea ;
Fig. 5 is from a region of purely cortical thickening, at
a distance from a lateral root, while Fig. 6 is from the
transitional region. In Fig. 7 the transition is unusually
sudden, causing a sharp break in the endodermis, reminding
one of a geological ¢fault.

If our sections be cut from comparatively young roots, we
find only the pericyclic thickening near the base of the lateral
roots. It thins out altogether at a distance from them, and
the cortical thickening has not yet begun.

It may be worth while to mention that in one large root,
21 cm. in diameter, where the secondary tissues extended
round the whole circumference, their maximum thickness,
on the side towards the lateral root, was 3:5 mm., the mini-
mum thickness, on the side opposite the lateral root, was -5 mm.
In this case there was some pericyclic thickening all the way
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round, but on the side remote from the branch-root it became
very small in amount, and almost wholly parenchymatous.
Nearly the whole of the secondary zone in this part was of
cortical origin.

So far we have established a definite relation between the
secondary thickening and the insertions of the branch-roots.
The observations which we made on D. Draco confirmed those
on D. fragrans. In one root of the former we found, on
examining radial sections, that no sooner had the secondary
tissues begun to thin out in receding from a lateral root, than
they began to widen again as the next lateral root was
approached. In this case the whole thickening was pericyclic,
the cortical stage of growth never being reached between the
two rootlets.

A strong presumption has been established that the se-
condary increase actually starts from the insertion of the
rootlets. In fact, the younger stages in which we have peri-
cyclic thickening only, limited to the immediate neighbourhood
of the rootlet, raise this presumption almost to a certainty.
The usual case appears to be that the cambium forms in
the pericycle at the insertion of the rootlet, and that the
divisions spread gradually in all directions, but at first are
limited to the layer in which they started. As secondary
tissue is formed the continuity of the endodermis is broken,
and at the place where it is interrupted the divisions are
taken up by the neighbouring cortical cells. By the time
that the cambial activity has extended to the more remote
parts of the root, the pericycle in those parts will have
usually become thick-walled and incapable of division.
Hence at a certain distance from the rootlet only cortical
cambium can as a rule arise. In one case we were so for-
tunate as to observe, in radial section, the very first cambial
divisions in the cortex. They took place immediately outside
the place where the endodermis was ruptured, near the
base of a rootlet. The dividing cells were thus in direct
communication with the pericyclic cambium. When once
started, the cortical divisions can spread up or down the




Tissues tn Certain Monocotyledons. 43

root independently of any further communication with the
pericycle.

It is not probable that a// lateral roots form the starting-
points for secondary growth. In some cases they showed
no secondary bundles at the base (though there was some
radially arranged parenchyma) and no signs of cambium.

The connection between the internal and external tissues
is established partly on a large scale, where the two zones
are continuous, through large gaps in the endodermis of the
transitional region ; partly on a small scale by local connec-
tions We have several times seen a single secondary bundle
passing through the endodermis, and in one case we found
a horizontal strand of tracheides connecting the primary
xylem of the cylinder with the secondary tissues which had
been formed in the cortex. We can confirm Strasburger’s
statement that vessels only occur in the primary xylem-groups
of the roots. The secondary bundles are quite like those of
the stem, and their water-conducting elements are invariably
tracheides.

It appears, then, that in most of the roots investigated by
us the formation of secondary tissues starts from the insertion
of the rootlets, and at first serves to establish additional
channels of conduction between the branch and its parent
organ. Subsequently the process of new formation thus
initiated extends to all parts of the root. An acropetal
formation of secondary tissues, starting from the base of the
adventitious root itself, also occurs, but does not extend far,
and serves to establish the connecting link between the scond-
ary tissues of the root and those of the stem.

It may be mentioned that the cambium in the root often
forms several layers of secondary cortex on its outer face.

Periderm is regularly formed in these roots, sometimes from
the layer next within the exodermis, sometimes from a deeper
layer of the cortex.

Our results may be summed up as follows : —

(1) In the adventitious roots of Dracaena fragrans and
D. Draco, the secondary growth in thickness starts from

- -
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a number of distinct points. One of these starting-points
may be the base of the root itself. The chief formation of
secondary tissues, however, begins at the bases of rootlets,
and thence extends both up and down the root, and also
peripherally.

(2) At the base of the rootlet the thickening takes place
entirely by means of a pericyclic cambium. At a distance
from it there is usually only cortical cambium, and conse-
quently the whole of the secondary tissues are here external
to the endodermis. In the transitional region there may be
first a pericyclic, then a cortical cambium, and the second-
ary tissues are here formed on both sides of the endodermis.

(3) The connection between the vascular tissues inside and
outside the endodermis is not only maintained through the
transitional region, but also by means of special bundles which
traverse the endodermis at various points.

(4) The important part played by the cortex in the forma-
tion of secondary vascular tissues in these roots, shows that
the morphological distinction between central cylinder and
cortex is not necessarily correlated with a permanent dif-
ference of function.

III. THE SECONDARY GROWTH IN THICKNESS OF
ARISTEA CORYMBOSA, BENTH. (N.O. IRIDEAE).

Within the natural order Irideae, which now includes
between goo and 1000 known species, there is a little group
of shrubby forms. Only four such species are at present
known to science ; all belong to the tribe Sisyrinchieae, sub-
tribe Aristeae, and all are natives of the south-western
provinces of the Cape Colony. The plants in question are
Apristea fruticosa, Pers., A. corymbosa, Benth., Witsenia maura,
Thunb., and Klattia partita, Baker. The two first-named
species now form the subgenus Niveria of the genus Aristea,
of which twenty-seven species are known in all. Witsenia,
Thunb,, as at present limited, and K/attia, Baker, are both
monotypic general,

! See Baker, Handbook of the Irideae, 1892, pp. 145 and 146, where the
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We are not aware that the anatomy of the stem in any of
these species has so far been described. Professor F. O.
Bower, F.R.S,, first called our attention to the occurrence of
secondary growth in thickness in Aristea corymbosa, and to
him we are also indebted for the supply of abundant fresh
material from the Glasgow Botanic Garden.

Aristea corymbosa is a low shrub ; the stems are elongated,
much branched, and cylindrical ; the younger branches are
flattened in the plane of the distichous leaves, which are
equitant, linear, rigid, and erecto-patent, attaining a length of
from 4 to 6 inches!.

It may be mentioned at once that the external characters
of the other three shrubby Irideae are very similar to that of
our species. Aristea fruticosa, Pers., is a dwarf under-shrub,
much smaller in all its parts than A. corymbosa. Witsenia
maura, Thunb., on the other hand, is a tall plant, with woody
erect stems 2—4 feet long; Klattia partita, Baker, is perhaps
the most like Aristea corymbosa in appearance; its woody,
branched stems are 1-2 feet in length. All four species
agree in their distichous equitant leaves, and flattened
branches which become cylindrical with advancing age. It
is highly probable that the account of the anatomical struc-
ture and development which we are about to give in the case
of A.corymbosa will be found to hold good in essentials for all
these shrubby forms.

1. Primary Structure.—We will begin with a short descrip-
tion of the primary structure.

The equitant leaves are in their upper ensiform portion
typically centric in structure, with assimilating tissue and
stomata on both sides. The collateral vascular bundles form
a flattened ring, the xylem in each facing towards the interior,

synonyms will be found; also Baker, Systema Iridacearum, Linn. Soe. Joumnal,
Bot., vol. xvi. 1878, pp. 108-110; Bentham and Hooker, Genera Plantarum,
vol. iii. 1883, pp. 701, 703.

! The above is a slight extension of Baker’s description, Handbook of Irideae,
P- 145.
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the phloém towards the nearest surface of the leaf. Occa-
sionally concentric (amphivasal) bundles are found in the
middle of the mesophyll. The bundles forming the ring each
have a stout strand of sclerenchyma outside the phloém.
Isolated strands or plates of sclerenchyma are also present in
the leaf, especially at its edges. The central part of the
mesophyll is colourless.

The leaf-base, which completely embraces the stem, has of
course a different structure, and is in fact bifacial. We only
found stomata on the outer (morphologically lower) surface,
to which also the assimilating tissue is limited. The xylem of
the bundles is here directed towards the upper surface. The
sclerenchyma is mainly towards the upper surface, where it
forms a continuous hypodermal layer.

The leaf-base has about twenty bundles altogether. The
two largest are both median, lying one behind the other in the
same radial plane. The other bundles are mostly of fairly
uniform size, but become gradually smaller in the posterior
direction. There are a few much smaller scattered bundles,
usually placed further to the exterior than the main ones.

"~ The leaf-traces on entering the stem curve in towards the
middle of the cylinder, and then very gradually pass outward
again, fusion between the bundles taking place towards their
lower ends. In other words, the course of the bundles belongs
to the familiar Palm-type. The larger bundles penetrate
most deeply into the cylinder. The upper median bundle on
entering the stem turns sharply upwards, and then as sharply
down again, to take the usual course into the cylinder. We
found that the number of vascular bundles in the transverse
section of the primary cylinder of the stem averages about
seven times the number of bundles in a leaf-base. Hence we
may infer that on the average the bundles pursue a separate
course through about seven internodes. It is probable, how-
ever, that this varies greatly, even among the bundles from the
same leaf.

If we examine a transverse section of the flat stem, in
a region where living leaves are still present, we find the
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following structure (see Fig. 9). The middle part of the stem
is occupied by a well-marked central cylinder, of lenticular
section, which presents the ordinary characters of monocoty-
ledonous structure. The scattered vascular bundles (which
number 140 or more) are of extremely unequal size. The
ground-tissue of the cylinder is thin-walled in its inner part,
but becomes sclerotic towards the exterior. The cortex is
conspicuously thicker at the ends than at the sides of the
section, so that the stem as a whole is more strongly flat-
tened than is the stele. The cortex is traversed by leaf-
trace bundles. They are collateral here, as they are in the
leaf, the xylem only partly embracing the phloém. As
soon as the bundle enters the cylinder, however, it becomes
concentric.

If we now consider the structure of the primary cylinder
rather more in detail, the first point to be noticed is that
the vascular bundles differ among themselves in structure as
well as in dimensions. Only a few of the larger bundles have
any definite group of protoxylem. Of all the bundles in the
cylinder perhaps one-eighth possess protoxylem (see Fig. 12,
2x). When present it occupies the usual position on the
proximal! side of the strand. The large and small bundles
are scattered irregularly throughout the cylinder; the larger,
however, are more frequent towards the middle, the smaller
towards the outside, to which part the smallest of all are
limited. Several large bundles are always grouped near the
centre, sometimes forming a ring around a central point of
the ground-tissue which might be called pith. Of these
inner bundles some, but not all, have protoxylem.

The bundles with protoxylem are those which are dif-
ferentiated earliest, namely the upper parts of the principal
traces. The lower portions of the latter and the finer

! The terms snner and omfer are confusing in this connection as it is often
doubtful whether they refer to the individual vascular bundle, or to the stem as
a whole. We therefore propose to use the word proximal for that side of the
bundle (or other structure) which is turned towards the centre of the axis, dista/
for that side which is remote from the centre.
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bundles in their whole length are differentiated later, and
have no protoxylem-elements!.

The protoxylem has the usual spiral structure; we did
not determine whether its elements are vessels or tracheides.
The later-formed xylem (which is alone present in most
of the bundles) contains tracheides only, with recticulated
or pitted walls. A certain amount of xylem-parenchyma
is present among the tracheides. The phloém calls for no
special description ; the elements bordering on the xylem
are parenchymatous; the central group consists of sieve-
tubes and companion-cells.

The ground-tissue of the cylinder consists of rather
elongated parenchymatous cells. Those surrounding the
bundles are thicker walled and often prosenchymatous.
Towards the outside of the cylinder the whole ground-tissue
assumes the latter character.

The cortex is thin-walled throughout; many of its cells
contain tannin.

2. Secondary Tissues.—1f we next examine a transverse
section through an older part of the stem, which has
already assumed a cylindrical form, we find a very dif-
ferent structure (see Fig. 10). In the middle part of the
section we recognize the lenticular outline of the primary
cylinder, which is unaltered. But superadded on this we
find an entirely new zone of tissue. Its maximum radius
is at right angles to the major axis of the primary
cylinder. Hence the effect of the addition of the secondary
zone has been to give a circular section to the entire
vascular system. At the same time the transverse section
of the stem as a whole also becomes circular ; this is assisted
by the formation of periderm, which has been produced near
the surface of the flat sides of the stem, but in a more in-
ternal position opposite its prominent edges. At the stage
figured in Fig. 10 the cortex outside the periderm still remains;
later on it is thrown off altogether.

! Cf. Strasburger, Hist. Beitrige, II1, p. 398; also Roseler, 1. c. p. 295.
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The secondary tissues form two distinct regions of con-
spicuously different structure. The outer zone is characterized
by scattered, sharply defined secondary bundles imbedded
in comparatively thin-walled, radially arranged parenchyma.
The inner secondary zone has the bundles densely crowded,
so as not to be readily distinguishable, with but little paren-
chyma between them (see Fig. 10). Here there is no obvious
radial arrangement, We will first describe in detail the
structure of the outer zone.

On its exterior side it is surrounded by a regular cambial
layer which is manifestly the seat of formation of the
secondary tissues (see Fig. 14). The details of development
will be considered later. On its outside the cambium pro-
duces secondary cortex, which eventually grows to a great
thickness (see longitudinal section, Fig. 15).

The secondary vascular bundles, like all other bundles
in the stele, are concentric. The ring of xylem consists
chiefly of long tracheides, with a very tortuous course. Their
walls have corresponding bordered pits with slit-like openings;
among the tracheides a few parenchymatous elements are
scattered, some of which border on the phloém. The latter
presents no peculiarities; as the constituent elements of the
sieve-tubes are short, their sieve-plates, which are horizontal,
are often met with in transverse sections. It is very common to
find two groups of phloém in the same bundle ; they may be
placed either tangentially or radially. This is due to the fact
that the secondary bundles often anastomose in both planes, as
is easily seen in the corresponding longitudinal sections. The
system of'secondary bundles thus forms a continuous network.

The tracheides form much the greater part of the bundle.
We found the average numbers to be for each bundle, as seen
in transverse section, forty tracheides, nine cells of the xylem-
parenchyma, and eight phloém-elements. The rectangular
pitted cells of the secondary ground-tissue have a very
regular radial arrangement, which is only disturbed where
the vascular bundles occur. The latter are arranged generally
in concentric series.

E
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It will be seen that this outer secondary zone shows a
general agreement with the corresponding tissues of a
Dracaena.

The inner zone has a more remarkable structure. The
phloém-groups stand out plainly enough, but the outer limits
of the bundles are often impossible to trace. The whole
appearance rather suggests some anomalous Dicotyledon
with ‘phloém-islands’ imbedded in a continuous mass of
wood. The bundles are in fact to a great extent confluent,
and are only here and there separated by a radial or tan-
gential row of parenchymatous cells. The great bulk of
the tissue in this zone consists of the tracheides of the
crowded bundles. Consequently it is not surprising to find
that no regular radial arrangement is evident. This is also
partly accounted for by the mode of development, which
will be explained below. The whole structure is the ex-
pression of a network of bundles, with thick strands and
nodes, and very small meshes (occupied by parenchyma)
between them.

The limit between the outer and inner secondary zones
is a fairly sharp one. So also is the boundary of the primary
cylinder, which is easily distinguished by its scattered bundles,
circular in transverse section, imbedded in sclerotic ground-
tissue.

This will perhaps be the best place to say a few words
as to the periderm and the secondary cortex.

The first periderm forms at about the time when secondary
thickening begins. The seat of its formation at the sides
of the flattened stem is the hypodermal layer. -Towards
the narrow edges of the stem the next inner layer of the
cortex takes up the division, then a more internal layer,
and so on. Thus opposite the prominent edges of the stem
the phellogen is deep-seated, and gives rise from the first
to internal periderm. The thickness of the cortical layer
within the periderm is consequently about the same all
round the stem.

The phellogen usually forms two layers of phelloderm on
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its inner side, and many layers of cork towards the exterior.
The cells cut off by the phellogen often undergo further
division by oblique walls, which may cause some disturbance
of the normal radial arrangement.

As the stem grows older, successive internal periderms
are formed, until the whole of the primary cortex is cut off.
This does not happen however until the outer zone of
thickening has made good progress. Thus at the stage
shown in Fig. 14, some primary cortex is still left.

The formation of secondary cortex from the cambium
does not begin until after the inner zone of wood! has
been completed. During the development of the outer zone
of wood, secondary cortex is formed with increasing rapidity
(cf. Figs. 14 and 15; the latter was from the oldest part of
the stem at our disposal). It may attain a thickness of about
twenty layers before the primary cortex is lost. Ultimately
the latter is cut off by periderm, and henceforth the entire
cortex is secondary. The formation of internal periderms
does not stop here however. The periderm shown in Fig. 15
has evidently been formed in the secondary cortex itself. As
new cortex is formed from the cambium, the older layers
are constantly removed by more internal periderms.

The periderm is provided with lenticels, but we did not
follow their development. We may mention here that we
found distinct indications of an abscission-layer at the base of
the leaves. This subject also requires further investigation.

3. Development of the Primary and Secondary Tissues.—
It is clearly of importance to determine whether the
formation of the secondary tissues is a mere continuation
of the primary development (Sanio’s ‘Thickening Ring’
having an unlimited activity), or whether the cambium is an
entirely secondary meristem, arising by the division of cells

! We use the term wood here for all the secondary tissue formed centrifugally
on the inner side of the cambium. This is sanctioned by the authority of
De Bary (Comparative Anatomy, Eng. ed. p. 591), but a better terminology is
much needed.

E 2
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which have already assumed the character of permanent
tissue.

With this object in view we traced the developmeat of
the stem as shown in a number of transverse sections, made
at measured distances from the apex. Several such series
were examined, and the results checked by comparison with
longitudinal sections. We will base our description in the
first instance on a vigorous stem, in which we traced the
differentiation of tissues from the apex downwards for a
distance of 52 cm. Of course it will be understood that
the absolute distances from the apex have no general value,
and would come out very much smaller in less vigorous
branches.

At about 1 mm. from the apex!, nearly all the bundles
of the cylinder are very oblique, the internodes not having
lengthened much as yet. The leaf-trace bundles entering
through the cortex are the most developed ; the larger of
them have their protophloém and protoxylem already dif-
ferentianted. The smaller leaf-trace bundles, however, even
in the cortex, are still quite in the procambial * condition.
In the cylinder too only the largest bundles (obviously
belonging to the upper portions of the principal leaf-traces)
show a differentiation of the first xylem- and phloém-elements;
all the rest are procambial. There is no regular centrifugal
order in the development of the different bundles in the
cylinder. As however the smaller leaf-traces, and the lower
ends of the principal ones, are limited to the outer part of
the cylinder, it is here that we find the largest proportion
of procambial strands, some of the outermost of which are
in the very earliest stages of formation. In the outer zone
of the cylinder active cell-division is in progress, especially
towards the edges of the flat stem, and new bundles are being
originated.

' We did not concern ourselves with the actual growing-point, the investigation
of which has no bearing on our main question.

* We use procambium and primary desmogen as synonymous terms. Our use
of the term secondary desmogen has been already explained (p. 22).
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The cortex and epidermis are already nearly fully formed,
and in the former the tannin-sacs have acquired their charac-
teristic contents. The stage shown in Fig. 11 is at about
2 mm. from the apex. At this distance the bundles of the
cylinder have become more straightened, owing to the
elongation of the internodes, and so better sections can be
obtained. Otherwise there is not much change. The
divisions at the periphery of the cylinder (Sanio’s ‘ Thickening
Ring’) take place irregularly in all directions.

At 5 mm. from the apex considerable progress has been
made. The primary development of the cylinder as a whole
has almost ceased. Scarcely any fresh divisions are now
found in the ¢ Thickening Ring.’

Many of the outermost bundles of the cylinder, however, are
still in an early procambial stage. The principal bundles appear
to have their phloém fully formed. The proximal part of their
xylem has been completed in the usual centrifugal order.
A few of the elements of the distal half of the xylem-
ring are also becoming lignified. In this part of the bundle
the differentiation of the xylem-elements follows no definite
order. We may speak of this later-formed, non-centrifugal
part of the xylem as metaxylem. In the large bundles the
phloém follows the normal centripetal order of differentiation.
In all the other bundles (forming the great majority) the
whole of the xylem is metaxylem. There are no spiral
elements, and there is no centrifugal development. Dif-
ferentiation begins indiscriminately at any points of the
xylem-ring, and no preference whatever is shown for its
proximal side. So too with the phloém; in these later-
developed bundles the phloém does not develope centri-
petally ; so far as any regular order can be traced, the phloém-
elements in the middle of the bundle appear to be completed
first.

1 The term was introduced by Van Tieghem for that part of the primary xylem
in the root which is differentiated after the normal centripetal development is
completed ; see his Traité de Botanique, and ed. p. 684. Mutatis mutandis the

same term may well be applied to late-formed non-centrifugal xylem in a bundle
belonging to the stem.
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Fig. 12 is drawn from a section at 5 mm. from the apex.
The differentiation of the bundles with metaxylem only, takes
place rather later, and was studied in other series of sections.

Returning to our first stem, we find at 23 mm. from the
apex that the primary development of tissues is completed,
and we have the normal structure of the central cylinder in
its fully differentiated condition. This is the stage at which
development would cease, if we were dealing with an ordinary
Monocotyledon. Two points, however, must be noticed. Near
the periphery of the cylinder, bordering directly on the
pericycle, we still find a few unfinished bundles; some are
quite procambial, in others about the proximal half of both
xylem and phloém is differentiated. Secondly, in the pericycle
itself we find here and there a very few scattered cells in
which a recent tangential division has taken place. These
two points indicate that a further process of development
is still to follow. Otherwise the structure has been sufficiently
described at p. 47. At 31 mm. from the apex we found the
tangential divisions in the pericycle more frequent, and on
one side of the cylinder the dividing cells formed a continuous
tangential band, which already suggested a cambium.

At 41 mm. the cambium was well established in the
pericycle, on both sides of the cylinder, but not at its ends
(as seen in transverse section). At this stage we determined
a fact which was confirmed by many other observations;
the tangential divisions are not limited to a single layer
of pericyclic cells, but two such layers may begin to divide
simultaneously. Hence, from the very first, there is no single
initial layer present. It will be remembcred that a per-
fectly similar fact was noticed in the roots of Dracaena (cf.
Fig. 8).

At 47 mm. from the apex we found that the development
had reached a very instructive stage. The formation of
secondary tissues had just been started. In one place a few
tracheides had been added to complete one of the unfinished
primary bundles; at another a new, altogether secondary
bundle had been started. In fact, after the long pause, tissue-
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formation has again fairly commenced, and the secondary
period of growth is entered upon.

A stage similar to this (from another series) is shown in
Fig. 13. At least two of the original pericyclic cells may
contribute by their divisions to form one secondary bundle.

At the end of our series, at 52 mm. from the apex, the
secondary zone is slightly more advanced.

The whole series is most instructive, showing that there is
a long interval between the cessation of the primary develop-
ment and the commencement of secondary increase. At
5 mm. from the apex the primary merismatic divisions had
almost ceased ; only at 31 mm. had anything approaching to
a continuous cambium arisen by fresh divisions, and the first
formation of secondary tissues did not begin until a distance
of 47 mm. from the apex was reached. There is thus a per-
fectly definite distinction between the primary and secondary
tissues, though individual vascular bundles may be common
to both, as indeed is necessary in order to keep up physio-
logical continuity.

In feeble branches the interval between primary and
secondary development is much less marked, and may even
be almost obliterated. This is evidently due to a ‘ telescop-
ing’ of the developmental stages, and does not affect the
conclusions drawn from vigorous shoots, to which we must
look for the typical mode of growth.

We will now complete, from another series, our account of
the secondary development.

The mode of formation of the inner zone of thickening is
peculiar. No regular radial series can be traced, and in fact
there is no single continuously active layer of cambium. A
cell of the pericycle divides up a few times—say six—by
tangential walls formed in centrifugal order; the daughter-cells
subdivide to form the elements of a bundle, or may directly
become cells of the secondary ground-tissue. Meanwhile
another pericyclic cell, on the distal side of the first, has
begun to divide; this contributes its share, and then in turn
its activity ceases, and so on. Hence the fully formed
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elements of the secondary ‘wood’ do not necessarily fit on,
in any way, to the cambial cells bordering on them externally.
From the irregular character of this inner secondary zone,
and the marked absence of any definite initial layer, one
might be tempted to doubt whether this tissue can properly
be called secondary, and whether it may not simply form the
completion of the primary cylinder. The long interval, in
normal cases, before the formation of the zone in question
begins, an interval during which the primary cylinder has
become fully differentiated, negatives any such idea, which
is also inconsistent with the fact that the bundles of this zone
are cauline, and only indirectly connected with the leaf-
traces.

The development of the inner secondary zone appears to
go on slowly. In a piece of stem 10 cm. long it was just
commencing at the top, and just completed at the bottom.
Hence the completion of this zone must have taken place at
a distance of about 15 cm. from the apex. (Cf. p. 55.) Itis
possible that this may correspond to one year’s growth, but of
this we could obtain no evidence.

Not till the inner zone of thickening is nearly completed
does the cambium extend round the ends of the cylinder (in
transverse section); consequently there is never more than
a thin layer of tissue belonging to this zone at these points.
Its maximum thickness is at the middle of the broader sides
of the stem (see Fig. 10).

When the transition to the outer secondary zone takes place
the cambial divisions become more regular, and we find
longer continuous radial series of cells. Henceforward the
development goes on quite normally, and so far as we could
tell the same cambium is active throughout. The normal
process of secondary thickening is now established, and con-
tinues year after year. It is not, however, until after several
series of the distinct secondary bundles have been formed,
that any appreciable amount of secondary cortex begins to -
be developed.

As regards the details of development of the secondary
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bundles of the outer zone, it is rare for the whole bundle to
be formed from a single radial series. Usually two such
series take part in its formation, sometimes one row forms
the median part of the bundle, while the two adjacent rows
cut off cells which contribute to form its flanks; sometimes
all three rows contribute equally, but this perhaps only
happens when an anastomosis is to be formed. The phloém
of each bundle is formed very early. A cell cut off on the
inner side of the cambium divides up by two or three inclined
longitudinal walls. Thus a little group of small cells is formed,
which represents the future phloém. Almost simultaneously
an inner cell of the same radial row divides up to form the
proximal part of the xylem. Next, cells situated at the sides,
and either derived from the same radial series or from adjacent
ones, take up the divisions, and form the lateral portions of
the future ring of xylem. Lastly, fresh cells are added by
the cambium to the distal side of the strand, and these
ultimately complete the xylem towards the exterior. Of
course all the stages run into one another, but it appears to
be the rule for the phloém to take the lead.

We had the same question to face here as in Dracaena and
Yucca ; how do the tracheides of the secondary bundles de-
velope? The answer is here also a perfectly definite one;
they develope by sliding-growth alone. The comparison of
transverse sections is never conclusive by itself, but it affords
valuable indications. We can say at any rate this much; not
more than about twenty elements, as seen in transverse section,
are, on the average, formed in the desmogen-strand by divi-
sion. We know that the average number of elements in the
transverse sections of a mature bundle is fifty-seven, of which
forty are tracheides. The extraordinarily tortuous course of
the tracheides, which form a sort of twisted skein in which the
isolated cells of the xylem-parenchyma are entangled, and by
which the phloém is enveloped, also strongly suggests an
- origin by longitudinal growth in a confined space (see Fig. 15).

But direct evidence is not wanting. In longitudinal sections
isolated desmogen-cells are sometimes found which have grown



58 Scott and Brebner—On the Secondary

to a much greater length than their neighbours. They remain
uninucleate. Several stages were observed between the ordinary
desmogen-cell and the fully formed tracheide. The course of
the tracheides, however, renders it impossible to trace them far
in sections. Hence recourse was had to maceration, and
Fig. 16 represents a couple of very young tracheides, one
isolated, the other still in connection with some desmogen-
cells, which were obtained by this method. The process of
development is undoubtedly the same here as in Yucca and
Dracaena. 1In Fig. 17, the whole length of a mature tracheide
is shown, in two halves. It can be compared with the des-
mogen-cells and young tracheides in Fig. 16, which are shown
on double the scale of Fig. 17.

The sliding-growth begins very early, and has already made
considerable progress in the proximal half of the xylem, while
cell-divisions are still going on in its distal portion.

4. The Roots—We found no secondary thickening in the
adventitious roots at our disposal. From our experience in
Dracaena, we paid special attention to the points of insertion
of rootlets, but here also no signs of cambium were present.
In fact, we may say for certain that the roots examined by us
never could have formed a secondary zone. The whole of the
cortex was already dying away, and the wide pericycle (8-10
layers in thickness) was too sclerotic ever to become the seat
of a secondary meristem. The roots are of polyarch structure,
and call for no detailed description. It may be mentioned,
however, that they contain true vessels of large size, whereas
vessels, with the possible exception of protoxylem-elements,
are altogether absent from the other organs of the plant. The
larger vessels of the root may be either reticulated or have
bordered pits. They have inclined scalariform terminal walls;
we demonstrated their perforation by injection with French
Blue under pressure.

This occurrence of large vessels in the root only is also
characteristic of Dracaena.

5. Summary.—Our chief results respecting Aristea are the
following :—
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(1) Aristea corymbosa, Benth., in common no doubt with the
few other shrubby species of Irideae, forms an indefinite
amount of secondary tissue by means of cambium, which
continues active during the whole life of the plant.

(2) The tissues formed centrifugally, on the inner side of the
cambium, consist of secondary concentric bundles, imbedded
in ground-tissue; on the outer side of the cambium a large
amount of secondary cortex is formed. The latter is wholly
parenchymatous.

(3) The xylem of the secondary bundles consists chiefly of
tracheides, each of which arises, as in Yucca and Dracaena, by
the enormous elongation of a single cell.

(4) The cambium arises in the pericycle, and is a new forma-
tion ; the cambial divisions do not begin until some time after
the development of the primary vascular cylinder is completed.

(5) The inner zone of secondary tissues is characterized by
its very crowded bundles. The cambium which forms this
zone has no definite initial layer ; each cambial cell undergoes
a few centrifugal tangential divisions, then its activity ceases,
and the divisions are taken up by an adjacent cell to the
exterior. Consequently the elements of the inner zone do
not show a regular radial arrangement.

(6) After a time (possibly, under normal circumstances in
the second year) the divisions become more regular, a cam-
bium with a definite initial layer is established, and the forma-
tion of the outer zone of thickening begins, and continues
without limit. This zone is characterized by its scattered
bundles imbedded in comparatively thin-walled ground-tissue.
After this zone has begun to develope the formation of secon-
dary cortex commences.

(7) Successive layers of periderm are formed, by which the
whole of the primary cortex is eventually removed, the sub-
sequent periderms arising in the outer part of the secondary
cortex.

The occurrence of secondary thickening in this little group
of Irideae, a group which is so narrowly limited both syste-
matically and geographically, appears to us to be a fact of
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considerable interest. It is impossible to doubt that secondary
growth in the Irideae has originated de #ovo, and probably at
a comparatively recent period, after the Order had attained
something like its present development and geographical
distribution.

In spite of this there is a remarkable general agreement
between the process in Irideae, and that in the arborescent
Liliaceae and in the Dioscoreae. But in these two groups
also secondary growth must have started independently. We
arrive then at the conclusion that a closely similar mode of
anatomical development must have been separately evolved
in at least three distinct groups of Monocotyledons—probably
more. We thus find that the phenomena which we have con-
sidered in this paper offer a striking example of homoplastic
modification, i. e. of the origination of similar, and apparently
homologous structures in groups of organisms which are
phylogenetically distinct.

It is very probable that the first origin of secondary growth
may be taking place in some of the Monocotyledons at the
present day, just as we find medullary bundles appearing in
certain Dicotyledons as an individual peculiarity. From this
point of view it would be very interesting to examine some of
those species of Aristea which are not shrubby, and to see
whether their short stems show any indications of secondary
increase.

For our material we are indebted to the Director of the
Royal Gardens, Kew; to Prof. F. O. Bower, F.R.S., Regius
Professor of Botany in the University of Glasgow; and to
Mr. F. W. Burbidge, F.L.S., of the Trinity College Botanic
Gardens, Dublin, to all of whom we tender our warm thanks.

The investigation was chiefly carried on in the Huxley
Laboratory for Biological Research, at the Royal College of
Science, London ; it was completed in the Jodrell Laboratory
of the Royal Gardens, Kew.
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EXPLANATION OF FIGURES IN PLATES
III, IV, AND V.

Illustrating Messrs. Scott and Brebner's paper on Secondary Tissues in
Monocotyledons.

Figs. 1-3. Development of tracheides.

Fig. 1. Yucca, sp. Young secondary bundle in tangential section ; a developing
tracheide, with its relatively large nucleus, is shown. x 133.

Fig. 3. Yucca, sp. Young tracheide isolated by maceration, from a developing
secondary bundle. The cells to the left are desmogen-cells, for comparison with
the tracheide, which has only reached about a quarter of the average mature length :
at @, and perhaps at other points, a short branch is being formed. x 200.

Fig. 3. Dracaena fragrans, Gawl. Young tracheide and desmogen-cells as in
last figure. Note that the nucleus is comparatively near one end of the tracheide —
a common case. X 200.

Figs. 4-8. Roots of Dracaena.

Fig. 4. Dracaena fragrans, Gawl. Transverse section of large adventitious root,
showing secondary thickening. On the right this has taken place entirely outside
the endodermis ; to the left it has gone on partly inside and partly outside. Por-
tions of the ruptured endodermis are seen imbedded in the secondary tissues.

x 17. pd=periderm, c=cortex, ¢6=cambium, # =secondary tissues, ¢z =endo-
dermis, pc = pericycle, 7, = primary tissues of central cylinder.

Fig. 5. Transverse section showing secondary thickening entirely outside the
endodermis. In the secondary tissues, #,, four concentric bundles are shown.
#x, one of the protoxylem-groups of the primary cylinder. Other lettering as
before. x 117.

Fig. 6. Transverse section showing commencement of secondary growth in
a transitional region. It is chiefly pericyclic, but a few divisions have taken place
in the cortex. en, fragments of endodermis. Secondary bundles, derived from the
pericyclic cambium, are in process of formation. p4,, one of the peripheral
phloém-groups of the primary cylinder. x 117.

Fig. 7. Transverse section passing through part of the insertion of a branch-root.
At the base of this is a large mass of secondary tissue, formed from pericyclic
cambium. The endodermis is ruptured. To the right there has been no peri-
cyclic thickening, but secondary growth has started in the cortex; &, developing
bundle. Other lettering as before. The limit of the primary cylinder of the parent
root is obvious, if traced from pc on the right. x 75.

Fig. 8. D. Draco, L. Transverse section showing an early stage of cortical
thickening. Three or four tangential series of cortical cells are taking part in the
cambial divisions. »=raphide-sac, marking inner limit of primary cortex at this
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point. Other lettering as before. Only a few endodermal cells are thick-walled.
x 175.
Figs. 9-17. Aristea corymbosa, Benth.

Fig. 9. Transverse section of young stem before secondary thickening. The
light part is the central cylinder, with its scattered bundles. The dark zone is the
cortex. On the right the section passes near the base of a leaf. Leaf-traces are
seen passing through the cortex. x 17.

Fig. 10. Corresponding section through an old stem. I/f=remains of leaf, pd=
periderm, /=lenticel, ¢ =cortex, c5 =cambium, #; =secondary tissues, showing the
two zones. f =primary cylinder, outer part shaded to indicate sclerosis. All
reference lines run to oufer limit of zone indicated. x 17.

Fig. 11. Transverse section 2 mm. from apex. Outer part of cylinder; primary
development in progress. Note srregular divisions of merismatic cells. The
shaded cells in the cortex are tannin-sacs. ¢=cortex, m =primary merismatic
zone or ‘ Thickening Ring,’ §, = primary desmogen-strand. x 266 (reduced from
X 400).

Fig. 12. Transverse section 5 mm. from apex. Primary merismatic divisions
have ceased. Primary bundles shown in various stages. px =protoxylem of most
advanced bundle shown. Other lettering as before. x 266 (reduced from x 400).

Fig. 13. Transverse section from older part of stem. Cambium in full activity.
Note that divisions take place in more than one layer. Shading indicates probable
limits of secondary tissue already formed. Primary parenchyma of cylinder has
become sclerotic. ¢ =cortex, cs=cambium. x 266 (reduced from x 400).

Fig. 14. Transverse section showing cambium and part of outer secondary zone
from an old stem. Secondary bundles sharply defined. pd'=periderm, ¢, = primary
cortex, ¢;=secondary cortex, ¢b=cambium, §; =secondary bundles. x 117.

Fig. 15. Radial section through secondary tissues of a very old stem. No
primary cortex. Periderm has been formed in secondary cortex. pd;=internal
periderm, ¢, =secondary cortex, ¢b=cambium, ; =very young secondary bundle :
xy=xylem, pA;=phloém of mature bundle. x 117 (reduced from x 175).

Fig. 16. From a macerated preparation. fr=young tracheides, one still sur-
rounded by desmogen-cells, the other free. Contents contracted by maceration.
X 400.

Fig. 17. Complete mature tracheide, shown in two halves, macerated. The
borders of the pits are not shown. x 200 (reduced from x 400).
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On a Cambial Development in Equisetum.
BY

B. G. CORMACK, M.A, B.Sc,

Assistant to the Pyofessor of Botany in the University of Glasgow.

—

With Plate VI.

——

HIS paper includes an investigation of a cambial de-

velopment in modern Equisetaceae, an enquiry into

the nature of certain features of Calamitae!, and a reconsider-

ation in the light of the results thus obtained of the debated

question of the unity of the Calamitae as a group, and of
their systematic position.

Regarding the problems connected with branching and
infranodal canals, nothing will here be said ; and the question
of the nature of the reproductive organs will be mentioned
only incidentally.

The main features of the Equisetaceae have been described
in the works of Bischoff, Hofmeister, Thuret, Sanio, and
Cramer, leading up to the monograph of Duval-Jouve and
that of Milde. From the year in which Duval-Jouve’s work
was published till now, there have been frequent additions in
detail to our knowledge of this group, the chief contributions
on points of vegetative structure coming from Rees, Pfitzer,
Nigeli and Leitgeb, Russow, Van Tieghem, Janczewski,

! The term Calamitae is here used, as by Solms-Laubach, to designate the stems
and branches which, together with fructifications and other organs ascribed to
them, constitute the group Calamaricae.

{Annals of Botany, Vol. VII. No. XXV, March, 1893.]

~
o
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Famintzin, Sadebeck, Van Tieghem and Douliot, Miiller, and
Strasburger.

Thus this order, with its one genus and diagrammatic
regularity of structure, has come to be regarded as one of the
best understood groups of plants.

Buried in more recent strata are found fossils whose close
relationship with modern Equisetaceae is not called in
question; but the Carboniferous, Permian, and Triassic
formations contain a group of fossils, the Calamitae, which
some palaeobotanists would place bodily beside Equisetaceae,
but which certain others seek to divide into two classes by
removing one section and placing it among the Phanerogams.

The problem can best be approached by such a brief
description of Calamitae showing minute structure, as is
required for the purpose of this paper.

In a transverse section i)assing through an internode of
one of these stems, there is seen a ring of woody wedges
united by inter-fascicular tissue. The angle of each wedge is
directed towards the centre of the stem, and each abuts on a
cavity of its own.

Within this first ring is a second, composed of parenchy-
matous cells which form the outer limit of a central cavity.

Such is the appearance commonly presented in transverse
section; but in a few cases a peripheral ring of the rind has
also been preserved (see Williamson’s 2 figure ; and Plate VI,
Fig. 11).

Tangential sections through the woody wedges show that
these wedges represent strands passing longitudinally through
the internodes. The strands belonging to adjacent inter-
nodes alternate—in most types—but are united into one
continuous system ; for each strand bifurcates in the node, so
as to give an arm to each of the two strands lying to the
right and left of it in the adjacent internode. Thus the
commissures in the node form a zig-zag line similar to that
found in the Equisetaceae.

! See list at end of paper.
? Phil. Trans., 1871, Plate XXIII, Fig. 9.
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Median longitudinal sections show that the central cavity
extends throughout the internodes, but is interrupted at the
nodes by a disk of tissue which is sometimes entire, some-
times perforate. Williamson has shown that this canal
existed during the life of the plant and was formed by
absorption of the pith.

Such sections also show that the cavities seen in
transverse section at the inner angle of the woody wedges,
represent canals which follow the woody strands in their
course through the internode. In the node these canals are
sometimes interrupted, but sometimes bifurcate along with
the woody strands and accompany them into the next
internode. Thus the canals of adjacent internodes alternate,
and may or may not be continuous.

Radial sections further show a point of much importance
to this paper. The thickness of wood in the node exceeds
that of the internode, so that the wood-strands project at the
node with convex contours, centrally into the pith, and peri-
pherally into the rind.

If the central cavity of such a specimen as has just been
described were filled under pressure with material which
would form a cast, the cast so produced would be cylindrical
or somewhat conical, impressed at intervals with a circum-
ferential groove corresponding with the nodal convex
projections of the wood, and moulded into ridges and furrows,
each furrow corresponding to the inner angle of a strand of
wood. Sometimes all that remains to represent one of the
Calamitae is such a cast covered, perhaps, by a thin layer of
coal derived from the actual tissue of the plant now crushed
and altered beyond recognition. This is the teaching of
Williamson enforced more recently and very convincingly by
Stur.

From this it may be mferred that there are three types of
fossilization of Calamitae :—

(1) Petrifactions showing actual plant-structure.

(2) Mere casts invested by a thicker or thinner layer of
coal.
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(3) Mere moulds or impressions retaining perhaps a
covering-layer of coal.
- The casts were the first forms to attract attention and on
them Suckow established his genus Calamstes. Brongniart in
1828 adopted this genus and placed it side by side with
Egquisetum thus :—

Equisetacées { Equisetum.
(Equiseteae) \ Calamites.

This represents the view then generally accepted; for the
comparison of a Calamite with a reed had soon been re-
linquished, and only the etymology of the name suggested
phanerogamic affinities.

The discovery of petrifactions showing minute structure at
once introduced discord. The difference of opinion and
nomenclature is shown in the following table :—

CALAMITAE.
s . . asnes?, Calamsites
Calamites Calamit, Calamit C .
(Suckow) { (Calamiteae) g
8
3
<
Calamitea | Calamodendron | Calamodendron
8 striata striatum striatum
] g (Cotta) (Brongniart) Calamodendrées
a3 Catamitea | Calamodendron | Arthropitys | (Calamodendreac)
= bistriata Sistriatum bistriata
<3 (Goppert) )
Williamson Brongniart Grand 'Eury

Cotta had established a genus Calamitea which included
C. striata and C. bistriata (and, it would seem, also some
Conifers). C. striata was described by Unger in Petzholdt’s
work. Secondary thickening is obvious in this plant, and
Brongniart having regard to this fact, removed Cotta’s genus
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to a place among the Gymnosperms; and emphasized this
change by altering the name Calamitea to Calamodendron.
He thus asserted the existence of two genera, one to be
placed side by side with modern Equisetaceae, the other to
be included among the Gymnosperms.

Goppert gave generic value to Cotta’s two species calling
them Calamodendron striatum and Arthropitys bistriata.

Grand ’Eury accepted the change, thus arriving at the
classification shown in the last column of the foregoing table
which represents the view held by what has been termed the
French school, headed by Brongniart, Grand ’'Eury and
Renault, together with Schenk.

The group Calamodendrées (Calamodendrcae) was thus
understood to consist of Calamitae which show secondary
thickening ; together with the casts and impressions referable
to such forms.

The name Calamites (Calamiteae) was reserved for such
Calamitae as may be shown to have no secondary thick-
ening ; together with casts and impressions referable to such
forms.

There is however no evidence to show that Calamitae
devoid of secondary thickening ever existed All specimens
which show minute structure exhibit such thickening. Schenk
proved that in certain remains from which secondary thick-
ening was held to be absent, the supposed cortex was really
secondary wood.

Grand ’Eury himself has recently admitted that in the
cases of Calamites cannaceformis and Calamites varians (forms
considered by the French school as referable to the class
devoid of secondary thickening), we have casts derived from a
type which shows secondary thickening, namely, Arthropitys!.

Under the circumstances we may now limit our attention
to consideration of such forms as possess secondary thick-
ening, that is, to all Calamitae of whose minute structure we
have any record.

Williamson’s paper, in the Memoirs of the Manchester

! Comptes Rendus, 1886, p. 394.
F 2
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Literary and Philosophical Society 1, leaves little doubt that
such forms constitute one group of closely related plants. He
distinguishes three types: to these may be added a fourth,
described by Dawson? which completes a very closely-
connected series. The relationship of these forms is shown

in the following table:—

Woody Wedges

Interfascicular Tissue

(a) Calamites

(8) Calamopitus

(¢) Calamodendron

Elements barred ; thin me-
dullary rays.
Elements reticulated on

radial walls; thin me-
dullary rays.

Elements barred; medal-
lary rays more massive
than in (a) or (4).

Cellular

Cells elongated ; medul-
lary rays.

Prosenchymatous  and
partly selerenchyma-
tous; medullary rays

more massive.
(d) Ewucalamodendron | ‘ True bordered pits or
pseudo-scalariform slit-

pored tissue.’

The distinguishing features of these four types are found in
tissues formed in the course of secondary thickening. The
barring of the elements is in all essential points identical
with annular thickening. Williamson writes3>—* In several
instances 1 have noticed that the vessels at the inner
extremity of the wedge were barred, whilst those constituting
its peripheral portion were reticulated.’ In fact the differ-
ences between the four types are such as would be re-
capitulated during the development of £ ucalamodendron, the
most highly differentiated of the series. It is difficult to
avoid correlating such differences with differences of bulk
attained by the stems; and on turning to Dawson we find
“that under (2) and () there are some species in which the
woody cylinder is very thin in comparison to the size of the

1 Memoirs of the Manchester Literary and Philosophical Society, Third Series,
vol. X, 1886-87.

* Geological History of Plants, London, 1888.

s Phil. Trans., 1871, p. 481.
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stem. In (¢) and () the woody cylinder is thick and massive
and the stems are often large and nodose.’

Williamson regards (¢) in the foregoing table as the
Calamodendyon of Brongniart: Dawson (4). That such
difference of opinion is possible, proves how very closely
related are the two types. The four types form a series
in which (d) stands in the same relation to (¢) as (4)
does to (a).

Having regard to all these facts we conclude with William-
son that we are dealing with a group of plants which are
closely allied to one another.

We are thus brought to the consideration of the problem
regarding the systematic position of this group.

The removal by Brongniart of the forms in question to a
place among the Gymnosperms was the outcome of his
assumption that a plant which showed secondary thickening
could not be a Cryptogam.

The following considerations lead me to regard this
assumption as unjustifiable :—

(1) The vascular and reproductive systems are not so
intimately connected that we can infer that because one plant
has open bundles, and another plant closed bundles, therefore
their reproductive organs will be essentially different : nor can
we infer that because in two given plants the bundles are open,
therefore their reproductive organs will be similar.

(2) Cambial activity is found in plants whose affinities must
be very remote, for example, in Quercus and in Laminaria.

(3) While normally absent from a class (Monocotyledons)
secondary thickening may be present in some members of it
(certain Liliaceae).

(4) In a class which normally possesses secondary thick-
ening, it may be present in one species, and practically absent
in another of the same genus (Ranunculus fluitans).

(5) Among extinct plants also ‘secondary thickening is
known to have been absent from a species of a genus possess-
ing it (Lepidodendron Harcourtsi).

(6) Further, secondary thickening existed in ancient crypto-
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gamic forms though absent in their nearest modern repre-
sentatives (present in Lepidodendron, absent in Selaginella).

(7) Secondary thickening is not unknown in Vascular
Cryptogams of the present day. It is recognized in Zsoétes;
and it has also been described in Botrychium. Solms-
Laubach?! considers that in Botryckium the point requires to
be cleared up by further investigation; for the present we
defer such examination. The objection that such secondary
thickening is slight, is invalid, for mere questions of size give
no sure basis for scientific classification.

Thus we conclude that secondary thickening must some-
times be homoplastic rather than homogenetic; and conse-
quently that, even in the absence of a cambial activity in
modern Equisetaceae, it would be unwarrantable to deny the
possibility of affinity between them and Calamitae with
secondary thickening.

While this is true, it is well that the Equisetaceae should be
re-examined with a view to discovering whether cambial
activity is really quite absent. This paper originated in a
suggestion made by Professor Bower, with full appreciation
of its palaeobotanical bearing, that in Equisetum some slight
cambial activity might be found at the nodes, where, as is
well known, the wood is more extensive than in the inter-
nodes; sections cut there and then gave indications which
provoked more deliberate investigation.

Williamson 2, as the result of his examination of Egquisetum
maximum, brings forward certain differences of structure
which render it undesirable to unite Calamites, with Equiseta-
ceae ‘though there are some points of resemblance between
the two plants that sorely tempt a botanist to do so.’ We
seek to discover by a re-examination of this species and of
one of the Calamitae, how far such differences exist, and to
estimate roughly what may be their systematic value.

Fig. 1 is a diagram from a camera lucida outline of a radial
section of Equisetum maximum. The section passed through

! Fossil Botany, Eng. Ed., p. 233. ? loc. cit. p. 503.
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the centre of a bundle in the lower internode. Therefore it
shows the carinal canal of the lower internode with the
remains of the protoxylem ; the nodal portion of a bundle;
the bundle belonging to the leaf. For the same reason it
does not show either of the two side-strands of xylem seen
in transverse section of the mature internode (g, ¢/, Fig. 5);
the bundle-strands contributed to the branches; nor the
bundles of the upper internode; for the bifurcation has
carried them out of the plane of section. With this is to be
compared Fig. 2, a corresponding diagram from a transverse
section passing through a node and cutting two bundles about
their points of bifurcation. The branch-bundles (44) and the
leaf-bundles (/5) are seen passing out almost at the level of the
bifurcation.

The strong development of wood in the node, as seen in
Figs. 1 and 2, at once attracts attention, so marked is its
contrast with the feeble development in the internodes as seen
in Figs. 1 and 5. The greater bulk of wood in the node is a
well-known feature (see Duval-Jouve! and recently Stras-
burger?), but it appears that no attempt has hitherto been
made to trace its development or to estimate its significance.

Fig. 3 is from a transverse section through this mass of
wood in a mature node of Equisetum maximum. The cells
of the wood and of the bast,towards the middle of the bundle,
are seen to be arranged in radial rows. Fig. 4 shows two
such rows of cells more highly magnified. Now this regu-
larity is not noticeable among the cells either of the wood
nearer to the centre of the stem, or of the bast nearer to the
periphery; and the whole arrangement suggests that a plate
of tissue has been intercalated between two older growths by
the activity of a cambium-like meristem.

Examination of radial (Fig. 9) and tangential (Fig. 8)
sections, strengthens this opinion. We see there cells similar
to those of an ordinary cambium ; and a cell-formation re-

! Duval-Jouve, Hist. nat. des Equisetum, P1. VIII, Fig. 10.
? Strasburger, Ueber den Bau und die Verrichtungen der Leitungsbahnen,
P- 433.
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sulting from their division which is similar to that in an
ordinary secondary thickening.

Corroborative evidence is obtained by tracing the develop-
ment of the vascular system. As is well known, each pseudo-
whorl of segments derived from the tetrahedral cell of the
punctum vegetationis produces a node with a leaf-sheath, and
the internode beneath.

At first there is no differentiation of the internode; its de-
velopment is the result of an intercalary growth at the base
of the tissue produced from one of the pseudo-whorls.

The course of the bundles is early marked out by the
differentiation in the bud of the annular protoxylem of the
stem, and of the leaf-bundles. Afterwards, during the
elongation and general growth of the internodes, the proto-
xylem-elements are separated and destroyed, giving rise to
the carinal canals. Only protoxylem is lost in the formation
of these canals. There isno appearance of destruction of other
tissues ; and indeed the position of remains of protoxylem on
the outer borders of the canals proves that the bundles have
lost no other elements. Thus, in the mature internode, the
only tissue missing from the bundle is the protoxylem.

Now, on comparing a transverse section through an inter-
node of the bud (Fig. 7) with a transverse section through a
mature internode (Fig. 5), it is seen that the number of cells
in the radial thickness of the bundle is in both cases about
equal. Hence it may be concluded that tangential cell-
division is early arrested in the internodes.

In the nodes on the contrary this is not so. Fig. 6 is from
a transverse section through the node adjacent to the im-
mature internode from which Fig. 7 was drawn. With this is
to be contrasted Fig. 3, drawn from a corresponding section
of a mature node. In the immature node there are fewer
cells in the radial thickness of the bundle than in the mature
node ; as yet the annular protoxylem is the only part of the
wood fully developed, for the cell-division which produces the
radial rows in which reticulate xylem is developed, has only
recently begun.
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Hence, if it be argued that the structure in question is
primary and in no way comparable with a secondary
thickening, it may be answered: that after the bundle has
attained in the internode its full number of cells in radial
thickness, and after tangential division in the corresponding
tissues of the node has ceased, a plate of tissue has been
intercalated between the protoxylem and protophloém of the
node; that the xylem thus formed is mostly reticulately
thickened, whereas the thickening of the protoxylem is
annular; and that the intercalation has been accomplished
by the activity of a meristem whose cells are cambiform.

Further, there are recognized cases in which the transition
from primary to secondary tissue is immediate and the
distinction between them scarcely observable. Ranunculus
repens is an example of this!, and still more striking in this
respect is Ranunculus fluitans where, in correlation with
aquatic habit, the vascular system is weak alike in its primary
and in its secondary development—so far as such secondary
development exists. Indeed, were it not for its systematic
position, such a plant as Ranunculus fluitans would scarcely
be recognized as possessing secondary thickening; and in
the absence of preconceived ideas, Fig. 3 would be considered
a much more typical illustration of such formations.

The fact that in the node of Eguisetum the thickening
extends only a short distance longitudinally cannot be held
to weaken the argument: it is a question of secondary
growth in Zkickness.

But whether the name, secondary thickening, is accorded to
this process or not, matters very little for our present purpose,
as it can be shown that a cambial activity exists, essen-
tially similar to what is found in Calamitae, only less in
extent.

First, let it be noted that in the young internode (Fig. 7)
the side-groups of xylem gg’ seen in Fig. 5 are not yet
developed. They are differentiated during the basal interca-
lation of the internode previously mentioned, and after the

! De Bary, Comp. Anat. Fig. 153 and Fig. 153.
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process of development in the node, as illustrated in Fig. 6,
has continued for some time.

Thus it is seen that in the Equisetaceae the development
of wood later than protoxylem begins in the node, and after-
wards extends through the internode.

We now proceed, to examine certain inferences which have
been drawn from the known structure of Calamitae, to adduce
evidence, and to draw conclusions as to the course of develop-
ment of the vascular system in these plants for purposes of
comparison with what we have seen in Equisetaceae.

Fig. 11, from a transverse section of a young Calamite,
shows a bundle and part of the interfascicular tissue, as also a
portion of the rind with the cambial layer crushed and
distorted, but still recognizable, and showing its connection
with the inner tissues.

There is some difference of opinion as to the nature of the
canal found at the inner angle of each woody wedge. Re-
garding these canals, Williamson writes!: ‘Mr. Binney . ..
. .. was doubtful respecting their nature. He says that Dr.
Hooker, “after carefully examining these openings, I believe,
came to the conclusion that they were passes for a peculiar
kind of tissue which has unfortunately been destroyed, rather
than the mere cavities which we now see in the specimens.”
This supposition, however, is certainly not correct.’

Schenk, who would place the Calamitae in question among
the Gymnosperms, gives a figure? in which phloém takes the
place of the cavity, and the adjacent medullary tissue is
described as xylem; thus the cambium and the tissue formed
from it (Fig. 11) would have to be considered as extra-
fascicular. Solms-Laubach? has seen the original preparations,
and asserts that they are badly preserved and do not justify the
explanations given ; and to his view Schenk has given assent ¢.

Fig. 10 represents another part of the same preparation
from which Fig. 11 was drawn, and shows the remains of the
protoxylem occupying the canal. The rings marked x are

! loc. cit. p. 485. 3 Zittel, Handbuch der Paliontologie, p. 237.
3 Fossil Botany, Eng. Ed., p. 297. ¢ Handbuch der Botanik, vol. IV, p, 109,
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seen on focussing. While the nature of the isolated ring in Fig.
11 is not beyond suspicion, no doubt can be entertained as to
the contents of the lacuna in Fig. ro. Thus it may be inferred
that these canals, like the carinal canals of Equisetum, orginate
in the destruction of protoxylem ; and the accuracy of this
conclusion is not affected by the fact that in neither of the two
plants did the protoxylem ever occupy the whole length and
breadth of a canal. To this extent it is true that the canal is
due to the destruction of a tissue, but this tissue was lost, not
after death, but during the development of the plant, and was
xylem, not phloém.

The projections of the xylem in the nodes, previously
referred to, acquire significance in tracing the further develop-
ment of the vascular system of Calamitae.

Williamson?! writes as follows regarding the structure of the
wood as seen in a vertical section of a mature stem :—

‘The first feature which arrests attention in the vertical
section is the material transverse enlargement of the woody
zone which takes place at the node. This enlargement is both
internal and external. In the former case the woody layer
encroaches on the pith, and in the latter upon the bark. The
increment is due to the development of a considerable number
of barred or reticulated vessels, but especially the former,
which take their rise in contact with the outermost medullary
cells above the node, and following an arching course across
it, their concavities being directed towards the medulla, again
terminate as they arose from the medullary cells above the
node, in those below it. It follows from this arrangement
that only the outermost of these nodal vessels are prolonged
across the internodes to the adjacent nodes above and below.

‘In transverse section we find, as the vertical one would
lead us to expect, that the woody wedges at the node are
much longer from their medullary to their cortical surfaces
than at the internodes, The canals from which they respec-
tively take their rise are either wholly wanting here or are so
reduced as to become quite inconspicuous.’

! loc. cit. p. 483.
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Now the persistent wood of the Calamitae is almost wholly in
radial rows, and is therefore regarded as secondary, the proto-
xylem having been almost entirely lost in the formation of the
canals. Further, the position of the cambium in Fig. 11 shows
that the development of the wood is centrifugal. It follows
that the inner portion of the wood, which is found only in the
node, was developed before that which is common to both
node and internode.

The same considerations, reinforced by an examination of
Williamson’s figures, makes it seem highly probable that
secondary thickening began before the elongation of the
internodes, proceeded simultaneously with that elongation,
and continued after the internodes had attained their maxi-
mum length. Now it was shown that the formation we have
seen to result from cambial activity in the node of Eguisetum
originates in the bud, and that the side-groups of xylem in
the internode are formed later during the elongation of the
internode. If, then, our interpretation of the development of
the wood in Calamitae is correct, the two cases are similar.

But whether or not it be accepted that secondary thickening
of Calamitae began in the bud, this much is certain, that in
its main features the course of development of wood of Cala-
mitae was similar to that of Equisetum ; the differentiation of
the later wood began in the nodes and afterwards extended to
the internodes. This conclusion is not drawn from hypothe-
tical considerations, but is the logical inference from the results
of observations made by Williamson unbiassed by any theory.

If we imagine the cambial development of Equisetum ex-
tended through the internodes, and also become interfascicular,
we produce a picture of the state of affairs in Calamitae.

In the Equisetaceae, in correlation with their more or less
aquatic habit, the xylem is greatly reduced; its mechanical
function is performed in part by the collenchyma, and its
duties as a water-carrier and storer are undertaken in great
measure by the carinal canals, assisted sometimes by the
central canals!. The carinal canals, however, do not extend

! Strasburger, loc. cit. p. 438.
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through the node, and the presence there of the greater mass
of wood is of importance in transmitting water contained in
the canals, for the number of the elements compensates for the
absence of an open channel. Thus it is seen that the secondary
thickening existent in the node is of physiological importance
apart from questions as to whether it may be incipient or
persistent.

Returning now to the question of the affinity of the Cala-
mitae, we have seen that the canal at the inner angle of each
woody wedge does not represent lost phloém, but is the same
in origin as the carinal canal of Equisetaceae. That these
canals in Calamitae are sometimes continuous from one inter-
node to another, is a difference unimportant in itself and
rendered still less important by the fact that Calamitae differ
among themselves in this respect.

Further, we have shown that the formation of secondary
wood in Calamitae is a point of resemblance rather than
of mere contrast between this group and the Equisetaceae,
the course of development being similar though unequal in
extent.

Certain distinctions, previously referred to, drawn by Wil-
liamson! between Calamitae and Equisetaceae, amount to
nothing more than amplified illustration of the fact already
admitted, that cambial development has taken place to
a greater extent in one case than in the other. Thus he
points out in Calamitae the similarity between the wood of
the node and that of the internode, and contrasts with this the
abrupt transition in Equisetum from the annular elements of
the internode to the reticulate elements of the node. But it is
clear that more extensive thickening in £guisetum would have
obliterated this difference.

Similarly it is remarked that there is nothing corresponding
to the ‘ muriform’ tissue of the  primary medullary rays’ of
Calamitae. Williamson’s drawings and description makes it
certain that the bulk of the tissue to which he gives the name
‘primary medullary ray ’ is a structure produced by an inter-

! loc. cit.
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fascicular cambium (Fig. 11). He remarks that  the cells of the
pith become more regular in disposition’ as we pass into the
primary medullary ray; and again notes the suddenness of
transition from pith-cells to ‘primary medullary ray’ cells
seen in longitudinal section. As cambial activity in Eguise-
tum has not extended to the formation of an interfascicular
cambium, we can sufficiently account for the absence of such
muriform tissue. However, as a matter of fact, cells which
might be described as ‘ muriform’ are found in the primary
medullary rays of Equisetum maximum.

Certain others of the distinctions drawn are not involved in
secondary thickening.

Williamson writes: ‘We further discover in the mode of
Egquisetum that, in addition to the cellular diaphragm or
extension of the pith that stretches across the fistular cavity,
a still more dense layer exists, not only within the diaphragm,
but which, as shown in Fig. 41, is continued in a direct line
across both the vascular and cortical zones . . . . this dense
layer truncates the vascular masses.’

Fig. 1 is a diagrammatic representation of the tissues in the
node of Equisetum maximum —the species examined by
Williamson. As might be expected, the cells of the node are
little elongated except in the vascular system; but there is
a gradual transition to greater elongation in the internode.
In Fig. 1 there is an attempt to indicate relative shortness of
cells in the parenchymatous portion by means of greater depth
of shading. The shorter cells must, we conclude, be the
‘denser layer’ referred to by Williamson ; but the layer, such
as it is, cannot be described as ‘intersecting the course of the
vessels” The vascular system passes, so to speak, without
interruption through the layer.

No great importance can be attached to the distinction
between Calamitae and Equisetaceae, which is based on more
complete absorption of the pith and consequent continuity of
the central cavities of certain Calamitae. Diaphragms are
not always absent from the nodes; they are sometimes thick
throughout, and sometimes thin down towards the centre.
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Further, in Equisetum maximum the absorption of the pith is
absent in the rhizome, partial in sterile portions of the aerial
branches, and complete in the sporangiferous portions. Thus
absorption of the diaphragms is not always found in Calamitae,
and is not unknown in Equisetaceae.

Neither can great importance be attached to the fact that
the leaves of Calamitae are free, while those of Equisetaceae
are united into a sheath. The leaf is known to be the most
plastic of organs, varying in form in even closely allied species ;
and the amount of cohesion of foliar organs may vary in
a single plant, as is the case with the stipules of certain
Stellatae, where the stipules of opposite leaves may remain
perfectly free, or be free only towards their tips, or cohere
entirely. Thus no great systematic importance could, under
any circumstances, be attached to the cohesion of the leaves
of Equisetaceae; still less, when the cohesion may be correlated
with the weak development of the wood of Eguisetum as
compared with that of Calamitae. The leaf-sheath, by its
peculiar structure !, is fitted to give some slight support to the
stem of an Eguisetum which would be superfluous to the
woody stem of a Calamite; and expanse of leaf is less
important in the case of a distinctly herbaceous stem.

The foregoing conclusions convince us that Williamson was
more than justified in maintaining. as he so long has done,
that the presence of secondary thickening is no sufficient
reason for removing any of the Calamitae from among the
Vascular Cryptogams; and lead us to think that these plants
resembled Equisetaceae in their vegetative organs even more
than Williamson admits, inasmuch as certain distinctions
which he has drawn disappear on closer investigation.

Renault, in maintaining his contention that these plants are
gymnospermous, assigns to them certain sporangiferous spikes
whose spores he calls pollen-grains. But in the absence of
any proof that such spores produced pollen-tubes, it would be
unwarrantable to apply to them any more definite term than

! Miiller, Ueber den Bau der Commissuren der Equisetenscheiden, Jahrb. fiir
wiss. Bot., 1888.
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microspore. Nothing short of the discovery of undoubted
seeds or germinated pollen-grains, in organic connection with
these plants, would justify the assertion that they were
spermaphytes or siphonogams; and even granting them
proved seed-bearing plants, their vegetative characters would
then be so unique that, having regard to the result of Treub’s
investigation of Casuarina’, it would be rash in the absence of
such developmental evidence to include them in any known
group of Spermaphytes.

The results thus arrived at may be summarized as follows : —

(1) A cambial activity exists in the nodes of modern
Equisetaceae.

(2) There is no evidence that secondary thickening was
actually absent from any of the Calamitae.

(3) The types of Calamitae whose structure is known, form
a very closely-connected series in which the distinctions found
in secondary tissues are such as might well be correlated with
difference in bulk ; whatever be the systematic position of the
Calamitae, they appear to form a united group. :

(4) The canal at the inner angle of each woody wedge of
some Calamitae originates in the destruction of protoxylem,
and is not due to loss of the phloém ; consequently it has the
same origin as the carinal canals of Equisetaceae.

(5) Cambial activity in Calamitae began in the nodes and
thereafter extended to the internodes. In the nodes of living
species of Equisetum a similar cambial activity is seen, which
is less extensive and does not reach into the internodes. )

(6) Thus cambial activity in Equisetaceae and Calamitae is
the same in essence, but different in extent.

(7) Consequently the vegetative organs of the Calamitae
present features which resemble those of the Equisetaceae
more closely than has been admitted, while by this corre-
spondence of structure the argument for classing Calamitae
which show secondary thickening, among the Phanerogams, is
effectually answered.

! Sur les Casnarinées et leur place dans le Syst¢me Naturel, Annales du Jardin
Botanique de Buitenzorg, 1891.
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EXPLANATION OF FIGURES IN PLATE VI,

Illustrating Mr. Cormack’s paper on a Cambial Development in Egussetnusm.

REFERENCE LETTERS.

46, branch-bundle. pAl., phloém.
¢¢, carinal canal. r, protoxylem.
d, the ‘denser layer.’ ¢, tannin.
end., endodermis. ve, vallecular canal.
& &, side groups of xylem. xy, xylem.
/, leaf. x, seen in a different focal
6, leaf-bundle. plane.

Fig. 1. Diagram from a radial section through a node and portions of two inter-
nodes of E. maxsmum. The plane of section passes through the middle of the
carinal canal and vascular bundle of the lower intemode. The darkest shading
represents the wood. In the ground-tissue, darkness of shading represents relative
shortness of the parenchymatous cells. { x 10.)

Fig. 2. Diagram from a transverse section through the node of £. maximum,
cutting two bifurcating bundles at slightly different relative levels. ( x 10.)

Fig. 3. From a transverse section through a mature node of K. maximum,
showing radial rows of cells intercalated between mature tissues of the bundle.
(x 175.)

Fig. 4. Two radial rows, similar to those of Fig. 3, more highly magnified.
(x 294.)

Fig. 5. From a transverse section through a mature internode of £. maximum ;
¢, carinal canal; 7, remains of protoxylem; g, g’, side-groups of xylem differen-
tiated during the elongation of the internode. ( x 175.)

Fig. 6. From a transverse section through a node of a bud of E. maximum,
showing fewer cells than Fig. 3 does; the intercalation of rows of cells (cambial
activity) is just beginning. ( x 175.)

Fig. 7. From a transverse section through the internode adjacent to the node
from which Fig. 6 was drawn. This figure shows that, in the intemodc of a bud,
the bundle attains about as many elements in radial thickness as does the mature
internode (Fig. 5); whereas the adjacent node (Fig. 6) has not yet as many ele-
ments as the mature node (Fig. 3); thus there must be cambial activity. (x 175.)

Fig. 8. From a tangential section of a node of &. maximum, showing cambium-
like cells in tangential view. (x 175.)

Fig. 9. From a radial section through a node of £. maximum, showing radial
view of the cambium-like cells. (x 175.)

Fig. 10. From a transverse section of the internode of a young calamite showing
a ‘carinal canal’ occupied by the remains of protoxylem ; rings marked x lie in
a lower focal plane. ( x 294.)

Fig. 11. From same section of calamite-internode as Fig. 10, showing fascicular
and inter-fascicular cambium and secondary tissue derived from it. (x 294.)
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On Vegetable Ferments.
BY
J. R. GREEN, M.A, BSc, F.LS,

Professor of Botany to the Pharmaceutical Society of Great Britasn.

URING recent years so many investigators have been
occupied with the study of the several enzymes existing
in various plants, and so many papers have appeared in
different scientific journals, that it seems desirable to collect
together the more important results that have been obtained
and to present them in something like a consecutive form.
This is the more needful, as the recent enormous develop-
ment of bacteriology has led to the isolation of many enzymes
from the so-called organised ferments, thereby opening to
discussion the reality or necessity of the division hitherto held
to exist between the latter and the enzymes themselves.

In the present paper the writer proposes to give some
account of the various vegetable enzymes now known to
exist ; to review their general properties, mode of action, and
composition, and to discuss briefly their relation to the other
group.

Provisionally these bodies may be classified according to
the materials on which they work. We may thus make four
well-marked groups, excluding those which are obtainable
from micro-organisms as well as one or two whose action
has not been thoroughly investigated. These groups will be—

(1) Those which attack carbohydrates. These will include
the different varieties of diastase, the ferment transforming
inulin, the invertase which breaks up cane-sugar, the cyto-
hydrolysts attacking cellulose, and the ferment which forms
vegetable jelly from pectic substances.

[Annals of Botany, Vol. VII, No. XXV, March, 1893.]
G 2
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(2) Those which decompose glucosides, with formation of
sugar and various aromatic bodies. Of these the best known are
emulsin or synaptase, myrosin, erythrozym, and rhamnase.

(3) The proteo-hydrolytic group, including vegetable pepsin,
trypsin, and rennet, resembling very closely the animal en-
zymes bearing the same names.

(4) The enzyme that decomposes oils or fats.

Besides these well-marked groups, we have instances of the
occurrence of others whose action is more special and con-
fined to particular substances which do not seem to play
a very important part in the metabolism of the vegetable
organism in general. Such are the enzyme extracted by Lea
from the cells of Zorula Ureae, which decomposes urea with
formation of ammonic carbonate, and that which according
to Springer?! occurs in the stem of Nicotiana, and has the
property of decomposing nitrates and of forming butyric acid
at the expense of sugar. Lastly, we have the various enzymes
extracted from Bacteria.

These will be described separately and in order.

CARBOHYDRATE-ENZYMES.

Diastase. Recent observations made by several observers.
lead to the idea that there are two kinds of diastase existing
in plants. The first of these has been shown by various writers
to have a very wide distribution in plant cells. Baranetzky
indeed suggests that it is universally present so long as the
cells are living. Kjeldahl ? found it in ungerminated barley,
where recently it has been investigated by J. O’Sullivan, and
by Brown and Morris® who find it also in the young embryo.
Persoz and Payen*, von Gorup Besanez5, and others have found
it in germinating seeds of various plants, Kossmann® and

' Nature, Oct. 16, 1884.

3 Résumé du Compte rendu des travaux du Laboratoire de Carlsberg, 1889, I,
p. 139.

? Journal of the Chem. Soc., June 1890, p. 505.

¢ Ann. de Chim. et de Phys. LIII, 1883.

5 Sitzber. d. phys. med. Soc. zu Erlangen, 1874.

¢ Bull. de Soc. Chim. de Paris, XXVII, 1877.
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Krauch! proved its existence in leaves and shoots, Bara-
netzky 2 in buds and in potato-tubers. Recently Wortmann3
has denied its existence in leaves, attributing the conversion of
starch into sugar to the direct influence of the protoplasm of
the cells. Its existence there has however been reaffirmed by
Vines * and others, who have criticised Wortmann’s results.
It has been found by the writer in the pollen-grains of
several plants®.

This body has been investigated in gradually maturing
seeds of barley by Brown and Morris® who show that it
makes its appearance in the developing grain at a very early
period and gradually increases until the endosperm is fully
developed, but the grain not ripened. Comparing the amount
formed at three periods, when the endosperm is half-developed,
when it has attained two-thirds of its development, and when
it is complete, they find the relative quantities may be repre-
sented by the figures 4.4, 7-8, and 9-9. It is most plentiful
always in the part of the endosperm nearest to the young
embryo and appears to prepare the material for the nutrition
of the latter as it is increasing in size. On germination, some
time later, the diastase appears in the young embryo, both in
the plumule and the radicle, though here the quantity is rela-
tively small.

Its action may be examined upon the starch-grains i
situ, or it can be extracted by water or glycerine, and its
activity noted upon starch-paste, or on a preparation of
soluble starch. In the former case Brown and Morris describe
it as gradually dissolving the starch-grain from the outside
only, without giving rise to any pitting or corrosion, the size of
the grain gradually diminishing, while the shape and trans-
lucency are unaffected almost to the point of disappearance.
When a weak starch-paste, containing about 1 per cent. of
starch, is mixed with an extract of this form of diastase, it

! Landwirthsch. Versuchsstat. XXIII, 1879.

* Die stirkeumbildenden Fermente, 1878. * Bot. Zeitg., 1890.
¢ Brit. Assoc. Reports, Cardiff, 1891: also Annals of Botany, V.

* Ibid. ¢ loc. cit.
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acts very slowly, producing gradually a liquefaction of the
paste and a subsequent conversion of the starch with sugar.
When allowed to act upon a true solution of starch, the so-
called soluble starch, the transformation into sugar is rapid.
The solution of starch can be prepared by the method of
Kjeldahl, by acting on starch-paste with a little malt-extract
and boiling the mixture as soon as liquefaction is complete,
or preferably by that of Lintner, preparing the solution by
acting on the starch-paste with dilute hydrochloric acid and
subsequently neutralising.

Another and more active form of diastase has been de-
scribed by several observers, notably Brown and Morris! and
Haberlandt, as being formed at the onset of germination in
the seeds of several members of the Gramineae. To dis-
tinguish it from the former variety Brown and Morris have
given it the name of ‘diastase of secretion,’ the first being
called by them ‘translocation-diastase’ They speak of it
as originating, shortly after germination begins, in the epi-
thelial cells covering the scutellum. The conversion into sugar
of the grains of starch in the endosperm starts just under
the scutellum and proceeds gradually towards the distal
portion of the seed. The mode of dissolution of the starch-
grains is essentially different from that caused by translo-
cation-diastase. They become irregularly pitted, the fissures
increase in number and depth, the outline of the grain be-
comes irregular and its laminae separate from each other, the
grain becoming completely disintegrated before it disappears.
The process is hence one of corrosion rather than of solution.
When a solution of this form of diastase is mixed with starch-
paste it rapidly liquifies it, converting it subsequently mainly
into sugar. Embryoes removed from germinating barley-
seeds and allowed to rest upon various preparations of starch-
paste, and of gelatin containing starch-grains in suspension,
were found to have a similar power of corroding and dis-
solving the granules, the latter undergoing the same changes
as in the uninjured germinating seed.

! op. cit.
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This form of diastase is absent from the resting seed and
only makes its appearance at the onset of germination. That
it is a true product of secretion is made probable by histo-
logical observations upon the epithelial cells of the scutellum
in which its formation is asserted. The authors say that ‘ the
histological changes in the columnar cells during germina-
tion are closely paralleled by those which occur in animal
cells while actively secreting, and in the glandular cells of
Dionaea muscipula under like circumstances, as determined
by Gardiner.’

The existence of these two forms of diastase has been
indicated also by Lintner and Eckhardt, in a comparison
which they have made of the diastatic power of raw and
germinated grain. They point out further differences between
them as to certain features of their action, particularly with
regard to the temperatures which are most favourable to their
respective action. The optimum temperature for malt-
diastase is between 50 and 55° C., while that for barley-diastase
is at least 5 degrees lower. The diastatic power of the latter
variety at 40° C. is as great as that of the former at 14-5° C.

Haberlandt! contends that the diastase of secretion has
for its seat of formation also the so-called aleurone-layer of
the barley-grain. He describes the cells of this layer as
assuming in germination the general characteristic features
of glandular cells, and projecting in papilla fashion into the
interior of the endosperm. When this layer is isolated and
grains of starch laid on it, Haberlandt says it corrodes and
dissolves them. Brown and Morris dispute the accuracy of
his experiments, attributing the results he obtained in such
corrosion to the fact that the whole endosperm gradually
becomes permeated with the ferment discharged by the scu-
tellum, and that the cells of the aleurone-layer were conse-
quently in contact with a solution of the diastase on their
interior face.

Brown and Morris call attention to the fact that secretion

! Ber. der deut. botanischen Gesells., 8, 40.
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cannot be induced in the epithelium-cells of the scutellum
without previous expulsion of moisture.

The two varieties of diastase may be thus compared—

(1) Translocation-diastase.—Dissolves starch-grains with-
out corrosion ; has a very slow action on starch-paste, though
it readily converts soluble starch into sugar; works best at
a temperature of 45-50° C.; is much more energetic at a low
temperature than secretion-diastase.

(2) Diastase of secretion.—Corrodes starch-grains and
disintegrates them before solution ; rapidly liquefies starch-
paste ; works most advantageously at a temperature of 50—
55" C.

The action of diastase is one of hydrolysis. It is very
rapid up to a certain definite point, when the mixture is
found to consist of maltose and dextrin in the proportion of
about four parts of the former to one part of the latter. The
intermediate decomposition is of a very complex character.
The most recent hypothesis is that advanced by Brown and
Morris in 1889 1. They suggest that the starch-molecule has
a farmula of 5(C,; Hy, Oy)y, and is composed of five amylin
or dextrin-like groups, four of the latter being arranged about
the fifth. The first act of hydrolysis is the liberation of them
from one another, four of them, by successive hydrolysations,
being then converted through a series of amyloins or malto-
dextrins to maltose, while the fifth withstands for a long
time the action of the ferment. When the transformation
of the four groups is complete, the condition noted above
is arrived at, the proportion of maltose to dextrin being
as 4: I

The products which are formed in the plant by diastase
have not been so completely examined. The final product
of the starch is apparently maltose, but very little is known
at present about the intermediate bodies by actual experi-
ment.

The conditions under which malt-diastase works most

! On the analysis of a beer of the last century : Transactions of the Laboratory
Club, No. 4, vol. 111, February 1890.
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advantageously have been recently investigated by Effront !,
who finds that its action is favoured by very small traces of
mineral acids and by slightly larger amounts of common salt.
In the presence of certain other bodies he finds its hydro-
lysing power is very greatly increased, particularly salts of
phosphoric acid, certain compounds of aluminium, asparagin
and some proteids. Experimenting with 1 cc. infusion of
malt to 100 cc. starch-paste in the presence of these bodies
he finds the following yield of glucose per 100 parts of
starch :—

Malt-extract alone 8.63
” " with +7 ¢/, Hydric ammonic phosphate 5163
» ” » 5  Calcic phosphate 46-12
» » » 25, Ammonia-alum 563
” ” » 25 , Acetate of aluminium 62-4
» » » ‘02 ,, Asparagin 37
» » , 05, Asparagin 612

Inulase. In various plants of the natural order Compositae,
notably the Dahlia, the Artichoke (Helianthus tuberosus) and
Inula Helenium, in different parts of their tissues, but especially
in the tubers or tuberous roots, the ordinary carbohydrate
reserve material takes the form of inulin and not of starch.
Inulin has been considered to stand in the same relation to
laevulose as starch does to dextrose. Starch is absent from
the parts of the plant which contain inulin and no doubt the
latter replaces it functionally. During the germination of the
tubers of the artichoke the inulin is found to give place to
sugar. During the slow maturation and the resting-condition
of these tubers no ferment capable of bringing about this
change can be extracted from them, but when germination
begins, evidence of the existence of such a body is not
lacking 2. If the germinating tubers be minced or beaten up
in a mortar and the pulp extracted with glycerine, the latter,
when filtered till clear and mixed with a solution of inulin,

! Effront, Sur les conditions chimiques de I'action des diastases. Comptes

rendus, cxv. p. 1324. Dec. 26, 1892.
? Green, Annals of Botany, vol. I, 1888.
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gradually converts it into sugar. The stages of the decom-
position appear to be as complex as those noted in the
hydrolysis of starch, intermediate bodies with characteristic
reactions being present in the mixture. This transformation
has been found to be due to a special enzyme, to which the
name nulase may be given. It is a different body from
diastase, for it has no action upon starch-paste. Inulase is
present in the tuber in very small amount, and probably only
occurs at any moment in the cells in which the hydrolysis of
the inulin is actually taking place. Unlike the diastase of
secretion it gives no histological evidence of its formation.

Inulase is very sensitive to-contact with acid or alkalis;
not only is its activity impaired by the presence of more
than a trace of either in the fluid in which it is working, but
exposure to 2 per cent. of HCl or 1-5 per cent. Na, CO,
destroys it altogether. The destruction is more rapid at a
moderately high temperature (40° C.) than at a lower one
(10-15° C.). A trace of HCI, not more than -0co5 per cent,, is
rather advantageous than not, but so slight is this acidity
that it may be said to work best in a neutral medium. Its
optimum temperature is 40° C., and like other enzymes it is
destroyed by boiling.

Invertase. Another enzyme belonging to the first group is
the body known as #nvertase, which is so named from its power
of inverting cane-sugar, or hydrolysing it into dextrose and
laevulose. Before cane-sugar can undergo alcoholic fermenta-
tion this preliminary change must be effected, and the yeast
itself which brings about the former decomposition also
causes the hydrolysis, a fact ascertained by Dubrunfaut in
1847. Hansen! has shown that invertase is present in
several other micro-organisms; Brown and Heron 2 found it to
be present in the cold-water extract of malt; Kossmann?
detected it in the buds and leaves of young trees, and Van
Tieghem* in the pollen-grains of certain plants. Bechamp ®

! Medelelser, 1888, 2. 143. ? Trans. Chem. Soc. 35, 1879, 609.
3 Comptes rendus, 81, 406. ¢ Bull. Soc. Bot. de France, t. 33, 1886.
® Mém. Acad. Sci. 18, 347.
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found a similar body in the petals of Robinia pseudacacia
associated with another enzyme having diastatic powers. It
has been shown by Kjeldahl! and by J. O’Sullivan? to be
present in the embryo of germinated barley, particularly in
the rootlets, from which however it is by no means easy to
extract it. J. O'Sullivan finds it also in the plumule. Sachs
suggests its existence also in the wintering beet-root and the
fruiting spikes of Zea Mais. Wassezug?® has found it in
certain fungi of the genus Fusarum, which have the power of
growing in cane-sugar solutions, causing in them formation of
glucose. When the fungus is cultivated in bouillon made
from veal, he says it excretes a little of the enzyme into the
liquid at the period when it forms its conidia. Fernbach has
extracted it from Aspergillus niger*.

It is not confined to the vegetable kingdom, occurring also
in parts of the mammalian alimentary canal.

Various methods for its preparation have been given by
different authors. Berthelot obtained it in solution in 1860,
and Hoppe-Seyler® prepared it from yeast in the form of a
soluble powder in 1871. He killed the yeast with ether,
extracted it with water and precipitated the invertase by
alcohol. Other authors have modified the process in their
experiments, but their methods are based upon Hoppe-
Seyler's. Gunning ® extracted it from washed yeast by means
of glycerine. O’Sullivan and Tompson’ obtained it in
quantity by pressing good sound yeast for several weeks till
it liqueficd, and then filtering off the liquor from the residue.
This filtrate contained all the invertase of the yeast, amount-
ing to from 2 to 6 per cent. of the dry solid matter of the
latter. From this filtrate they separated the enzyme by adding
alcohol to 47 per cent., when it was precipitated. To purify
it they washed it with spirit of the same strength, again ex-

! Résumé du Compte rendu des travaux du Laboratoire de Carlsberg, 1881.

? Transactions of the Laboratory Club, No. s, vol. III.

* Ann. de I'Institut Pasteur, 1, p. 535, 1887.

¢ Ibid, 1889, p. 473.

* N. Rep. Pharm. 20, 764. ¢ Ber. 5, 8a1.
! Journ. Chem. Soc., Oct. 1890, p. 834.
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tracted it with alcohol of 10-20 per cent strength and filtered,
when the filtrate was found to contain all the enzyme in a very
pure condition. It can also be prepared as a dry powder by
dehydrating the first precipitate and drying it in vacuo.

The action of invertase on cane-sugar may be expressed by
the equation :(—

CuH 0,+H,0=C,H,,04+C, H,,O
Sucrose

Dextrose evu ose.

It is a very unstable body and is easily damaged or
destroyed, the caustic alkalis even in very small proportions
being especially destructive. It resembles inulase in that a
very minute trace of mineral acid favours its activity, but a
very slight additional quantity is detrimental. The most
favourable amount of acidity, sulphuric acid being used!’,
varies with the amount of invertase present, and with the
temperature of digestion. The more of the enzyme that is in
the solution, the greater is the amount of acid required for
the maximum effect. Thus with -4 per cent. of invertase
present, the optimum amount of sulphuric acid is 125 parts
per million of the solution; with 1-5 per cent. the amount
rises to 15 per million, the temperature being 56° C. If the
experiment he conducted at 15:5° C., when 1-5 per cent. of
invertase is used, the acid required.is 75 parts per million,
while if 15 per cent. of the ferment is present, the acid must
be 250 parts per million.

The influence of temperature under these conditions also
appears from a comparison of these figures. Taking the
invertase present as 1-5 per cent., the amount of acid required
for the best results at 56° C. is 15 per million of solution, but at
15-5° C. it is 75 or 5 times as much. Excess of acid, even of
very little, is prejudicial. Thus at 60°C. an excess of only
2 parts of acid per million lowers the rapidity of the action
elevenfold.

Alcohol exerts on the whole a deleterious influence,
varying in proportion to the amount present. With 5 per

! O’Sullivan and Tompson, op. cit.

- —
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cent., the speed of the hydrolysis is reduced by one half. The
ferment is precipitated uninjured by 47 per cent. of alcohol,
but a larger proportion decomposes it, as when the resulting
precipitate is redissolved it is found to be inert towards
sucrose. ‘

The optimum temperature for the action of invertase is
between 55 and 60°C. At 65° C. it is gradually and at 75° C.
rapidly destroyed. Below the optimum temperature the
activity gradually diminishes.

Invertase works best in a cane-sugar solution of the con-
centration of about 20 per cent., the activity being slightly
lessened as the sucrose is increased in amount to 40 per cent.,
while in saturated solutions inversion proceeds very slowly.
The products of the inversion seem to have no inhibitory
influence on the working of the enzyme, a point in which it
forms an exception to the general rule. It is not exhausted
by its activity.

Fernbach! noted that his extract from Aspergillus was less
active in light than in darkness, and that the inhibitory effect
was the greater as the extract was made gradually more acid.

Cyto-hydrolytic Enzymes. In the endosperms of the Palms
the carbohydrate reserve materials take the form of cellulose,
the walls of the cells being so enormously thickened that their
cavities seem to be almost obliterated. Asthese walls gradually
disappear during germination it seems probable a priori that
the seeds contain an enzyme for its transformation into some
soluble product. Many observers have endeavoured to detect
the presence of such a body, either in the embryoes or the
endosperms of various species, but hitherto without success.
Most experiments have been conducted on the seed of the
date (Phoenix dactylifera). The well-known figure in Sachs’
text-book accurately represents the various stages in the
growth of the embryo, part of the cotyledon of which is
transformed into an absorbing organ, or haustorium, which
gradually softens, corrodes, and dissolves the hard cellulose of
the endosperm. A section of this haustorium shows it to be

! loc cit.



94 Green.—On Vegetable Ferments.

covered with an epithelium, the appearance of whose cells
certainly suggests a secretory activity resembling that of the
scutellum of the barley. The outer walls of the cells com-
posing this epithelium are thicker than those of the similar
membrane of the latter, and it is difficult to see how the proto-
plasm contained in them can exert any direct action upon the
endosperm. This, together with the granular appearance of
the contents of the cells during the period of absorption,
certainly points to a secretory activity leading to the excretion
of an enzyme into the endosperm. The walls of the latter
become softened so as to be easily cut and are then irregularly
corroded and broken down. In another Palm (Livistonia)
this disappearance of the cellulose is associated with the
appearance of sugar, which can be demonstrated in the dis-
integrating endosperm and in the absorbing cells of the
haustorium. A little deeper in the tissue of the latter, starch-
grains make their appearance long before any leaf has been
developed in the young embryo. The endosperm-cells, when
extracted with the usual solvents, fail to yield any evidence of
the presence of an enzyme, n<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>