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LEAF DAMAGE IN DICOTYLEDONS

“I'ison entitled Memoires de la/Societe Linneenne de
Normandie (Reports of the Linnaean S6ciety of Normandy),
Caen, Vol XX, 1899-1901, pages 125-327,]

[Following is a translation of a Fjench-language book by A,

Introduction

Most of the trees in the countries in our area lose their leaves
each year in the fall; this is a rather striking phenomenon which has
never failed to attract the attention of botanists, However, as we shall
see in the historical review of this topic, there are very few authors
who covered this subject specially and scientifically; those authors who
did write about the subject did so in a rather incomplete fashion and
their conclusions do not agree. Most of them confined themselves to a
more or less detailed study of a specific case and to & summary of the
observations reported on other individuals,

On the basis of the differences of opinion found in the works of
these authors, we concluded that we actually have very little information
on this topic and that a detatled study of numerous jndividuals, primarily
from the anatemic viewpoint and checked over several successive years,
would be necessary in order to understand this phenomenon fully, With this
purpose in mind we undertook the research project contained in this report,

The study we are presenting here today is therefore primarily an
anatomic study of the changes wkich occur in the follar (leaf) pulvinus
(pulvinus folii] before and after the leaves fall; as its title indicatea,
our study involves only the dicotyledons with deciduous leaves, We thus
coniined the study of the phenomenon to those species where it occurs
periodically and regularly.: similer sztudy for species with persistent
(indeciduous) leaves would ghdoubtedly be very interesting at least for
purposes of comparison; we éxpect to undertake sucih a study later on.

In order to learn more about the mechanism {nvolved in the falling
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of the leaves in autumn, we thought that it would not be enough to examine
the region of separation, by itself, before the leaf falls and each of the
two surfaces of dehiscence afterwards; we thought that it would be necessary
to study the operations involved in separation from life, in other words,

to observe it at the very moment when this separation takes placz. However,
the extreme ease with which the petiole is separated from the stem under
these conditions constitutes a major cbstacle to the longitudinal sections
required for such observations; besides, in each of the cases studied, we
tried -- by trial and error and by making many tests -- to obtain samples

in which the detachment of the leaf has already been partly begun but

where, nevertheless, the petiole was still sufficliently attached to enable
us to make longitudinal sections without isolating it from the leaf pulvinus,

On the other hand, we were quite aware that we had to adhere to the
natural conditions of defolistion; we therefore always protected our specimens
from the tree, without artifica!ly hastening the fall of the leaf by putting
detached branches in a box, as was done by some of the predecessors,

We did not take any species of glass house plants; we concentrated
on individuals freely growing in the Botanical Garden of the city of Caen,
around the Botanical Laboratory. In addition, we chose our species from
among the largest possible number of genera and families,

Sinne it had been found that the fall and cicatrization of the folioles
on the complex leaves revealel the characteristics of leaf cells, although
on a small scale and with not as much constency; we therefore believed that
we should include a study of these folioles afier we studied the leaves;
this second study will therefore be found in the second part of this report.

The research project contained in this report was conducted at the

Botanicel Lsboratory of the School of Sciences of Caen under the very kind
over all direction of Professvr O, Lignier,

(Cf, Table of Contents, pages 163-166, below,]
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Historical Review

The assumptions made by the first authors who discussed the fall
of leaves were more or less unfortunate, Many of them based their state-
ments on simple outward appearance or on excessively superficial observa-
tiors, Botanists did not begin to try the explanation of this phenomenon
by observing the anatomical aspects until around the halfway point in
this [19th] century.

In 1758, du Hamel (du Hamel du Monceau (Henri-Louis), Physigue des
arbres (Physical Structure cf Trees), Paris, Guerin and Delatour, 1758,
Vol I, page 129) found two causes for the falling of the leaves, He
believes that there is, at the base of the petioles, a layer which always
remains herbaceous and which is incapable of tolerating the cold weather
during the winter, He also thought that the leaf stops growing as a
result of its great perspiration while the stem continues to grow; this
results in a tension which breaks the fibers connecting the leaf to the
atem,

Later on, Mustel (Mustel, Traite theorique et pratique de la vegeta=-
tion, Paris, Leboucher, 1781, Vol I, page 109) came up with the following
rather astonishing theory. In autumn, the leaves are full of sap as a
result of the lack of transpirationso that the sap moves up the stem
siuce it can no longer find any room in the leaf itself; this results in
a very strong pressure against the base of the leaf and as a result the
leaf falls off.

According to Murray (Murray, Johann, Opuscule 1, Goettingen,
Dieterich, 1785, page 138), it is, on the contrary, the lack of sap which
causes the leaves to die and which then causes them to fall off; he believes
that the pressure exerted by the bud against the axilla of the leaf pre-
vents the sap from reaching it,

In the opinion of Vrolick (Vrolick, Gerard, Disser:, de defoliatione
vegetabilium,,., Lugduni Batavorum, Long-Koop, 1796, 6 pages), the leaves
complete their lifetime cycle at a given time. They fali because they
die quite normally or because they die prematurely as a result of heat,
cold, or diseases,

According to this author, the fall of the leaves i3 caused by the
resorption of a portion between the dead leaf and che living tissue of the
pulvinus, with the resorbed portion belonging to the latter.

In the beginning of this century [19th], Link (Link, Heinrich.
Kritischc Bemerkungen und Zusaetze zu Karl Sprengels' Werk: uber den Bau
und die Natur der Cewaechse, Halle, Kummel, 1512, page S1) thought that
he could find the explanation of the fall of the leaves in the anatomic
constitution of the base of the petinle. In his opinion, the tissue of
the latter and the tissue of the stem are interrupted by s regic in which
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the cells have a direction different from that of these two organs: he
added that the leaf is separated in this region but he did not indicate
how this separation takes place, Several years later, du Petit-Thouabs
(du Petit-Thouars, Histoire d'un morceau de bois, Paris, 1815, page 136)
picked up the theory of du Hamel according to which, as we saw earlier,
the tissues linking the leaf to the stem are torr as a result of the
growth in the diameter of the stem,

In 1821, Vaucher (Vaucher, Memoires de ls Soc. de Phys, et d'Hist,
nat, de Geneve, Vol I, 1821, page 12C), thought that he could find the

cause of the fall of the leaves, as did Link, in a special disposition of
the tissues at the base of the petiole. According to him, the latter is
separated from the stem by a parenchyma which maintains their continuity
sc long as it is full of sap; but the continuity ends as the parenchyma
dries out and is altered, In addition, he thought that the fibro-vascular
systems of the two organs were not perfectly continuous but were separated
from each other by a parenchymatous suture,

About 2 years later, Schultz (Schultz Karl, Die Ratur der lebendigen

Pflanze, Berlin, Reimer, 1823, Vol I, page 128), thinking along similar

lines, believed that, on the level of the articulation of the petiole, the
superposed elements of the wood and of the inner bark wall meet on the
same plane, on whose level they then gradually are separated from each
other, thus no longer permitting the circulation of liquids,

De Candolle (de Candolle (Aug. Pyr.), Organographie vegetale, Paris,
1827, Vol I, page 133) explained the fall of the leaves by the presence,
at the base of the petiole, of a layer of cells which dry out and which
are separated from the neighboring layer; the phloem-ligneous system is
then torn off following this separation.

Treviranus (Treviranus, Christian, Physiologie der Gewaechse, Bonn,
Mercus, 1835-1838, Vol I, page 435, Vol II, page 216), like some of his
predecessors, thought that he could find a rather particuler feature in
the structure at the base of the petiole. In his opinion, the cell tissue
here is always a little heterogeneous and this arrangement biocks the circu-
lation of the sap as the vital activity of the leaf drops. The different
cell masses are thus no longer kept together by the unity of their vital
tendency and they separate from each other,

In 18539, Schacht (S~hacht, Hermann, Lehrbuch der Anatomie und
Physiologie der Gewaechse, Berlin, Muller, 1859, Vol II, page 136), guided
by more complete anatomical knowledge, saw the cause of the fall of leaves
in the delayed changed occurring at their base, According to this authcr,
the death and, consequently, the fall of the leaf are caused by tha rather
delayed establishment of a cork acroes the base of the petiole; this cork
stops the circulation of sap between the stem and the ieaf,

In 1860, Mohl (Mohl, Hugo, vor,, "On the Aastomical Chunges in the Leaf
Joict which cause the Leaf to 1," Bot. Zeit. 1860, pages 1 and 9 )

c”-

e o e A s

T, S——— ——— .




published a work on the falling of leaves whickh

is considered as a classical treatise on this subject, He starts his
report with a very well documented historical review of work done urtil
1360, (By the way, we were able to learn of the opinions of Musiel, Murray,
Vrolick, Link, Schultz and Treviranus only after reading this hiicorical
review by Mohl,)

Mohl more specifically studied the case of Gymnocla dus canadensis,
He found that, on &4 October, there is a thick cork —unning acros: the node
of the petiole; this cork establishes a clear separation between the petiole
and the stem, The author notes that the cells of the pulvinus, located
above this cork layer, are very clearly distinguished from those of the
petiole by their reduced size; he further points out that a portion of this
tissue with rather small cells, adjoining the cork, has a brown color,
indicating thebeginning of the death of the leaf; he used the term ®rund-
zellige Schichte” [round-cell layer].

According to Mohl, the separation of the leaf occurs atove this
region, inside a stratum consisting of two layers of cells which are trans-
versally partitioned; he calls this the “Trennungsschichte®™ [separating
stratum], This stratum is quite clearly distiiguished from the rest of
the pulvinus by all of the characteristics of a very strongly vegetative
tissue., The author says that the separation of the orgar occurs without
resorption of tissues as the cells of this stratum are loosened and thus
separates, hut he does not give any indications as to how this separation
takes place,

In the opinion of Mot.l, the leaf bundles cross the cork and the
stratum of round cells without undergoing any change.

Following the study of Gymnocladus canadensis, the author rapidly
reviews the ochier species which he studied. In all cases he rep.rts the
presence of the separating stratum, partitioned like a cork, but existing
here only for the purpose of separating the leaf and not serving for pro-
tection here. He also finds that the transversal cork nf the bLase of the
petiole does not exist {n all cases and he indizates the specles in which
he has found this to be so and the species in which he did not find this,

In this work by Mochl, we dc not get any indication as to wi>. happens
to the scar and to the lesaf pulvini after the leaves fail, The author
reported on this, as . uatter of fact, in an earlier work (Mohl, Hugo, von,
"On the Process of Cicatcization in Plants,"™ Bot, Zeit, {Botanical Juurnal),
1849, No 36), In this work he points out that, during the first years
following the fall of the leaf, the cicatrizatlion cork exiats in all pulvini
and that it runs even across the phloem-1igneous bundles. According tn
him, the thalli of the vessels aretran.formed into cork after the dissolu-
tion of the vascular valls,




We would like to point out another report by Mohl (Mohl, Hugo, von,
"On the Separation Process in Succulent Plant Organs,™ Bot, Zeit.,
Yol XVIII, 1860, page 273) which, 7o to speak, follows the precedirg one,

Here the author, among other things, studied the artificial disare
ticulation of leaves and folioles on detached branches kept under condi-
tions in which their desiccation occurs very slowliy; he wanted to find
out whether there is some relationship between this disarticulation and
that of the leaves in autumm,

For this purpose, Mohl clipped the branches of various plants in
a tin box: the air in this tin box was kept humid., He observed that a
separatin;, layer would form more or less belat~dly at the base of the

leaves anc the folioles; this separating laye:r was similar to the separating
layers found in autumn and acted in the same way; it differed, howeve., prie

marily by the complete abs:nce or, shall we say, the rather smail amount

of starch in {ts cells, The author furthermore pointed out that, in dis-
articulations of this kind, there is never any formation of periderm, at

the base of the organ, such as he had reported it earlier in the case of

the autumn fall of many leaves,

In 1871, Mr. Wiesner (Wiesner, J., "Investigations on the Autumn
Defoliation of Ligaeous Plants,” Sitz, d, K. Akad., d, Wissensch, zu Wien,
1871, pages 465 and 503), reviewed the study of the fall of leaves
especially from the physiological viewpoint and devoted alicst all of
his work to the scudy of the action of transpiration on the fall of the
lecves., We studied the question personally, primarily and elmost exclu-
sively from the anatomical viewpoint; we will ther: fore use only the ana-
tomical portion of the results presented by this author.

Like Mchl, Mr, Wiesner confirms the existence of a separating

layer in all cases; however, he does nct give any indication as to its
constitution, In his opinion, likewise, the leaf breaks off as a result
of the lousening of the cells of (from) the separating layer, without any
change in their walls, He explains this lcosening in the light of the
dissnlution of the intercellular substance under the action of the ¢rganic
acids; to = pport this statement, he mentions the fact that he observed
that the yellowisi leaves have & mcre acid reaction than the green leaves,

Mr, Wiesner does not agree with Mohl when the latter says that the
leaf bundles are not modified on the level of the petiole node. In his
opinion, these bundles undergo a reduction of volume, irn autumn, down to
the level where the separating layer will form and this helps the fall of
the leaf by reducing its aspiratory streng:h,

During the following year, iLezeganck (Ledeganck, K., "Histochemicsl
Research on the Autumn Fall of Leaves,™ Bull, de la Soc, rcy, de Bot,. de
Belgique, Vol X, 1872, pages 133 and 167) took up this theory agsin and
develeoped it even though Mohl had demolished the theory of Schacht by
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announcing that the cork might be absent before the fill of cthe leaf at
the base of the petioles, He sees the predisposing cause for the fall

of the leaves in the development of a peridermic layer across the base of
the leat and he sees its actual cause in the acticn of the cold weutcher
which causas the two to become loosened by unequelly retainine *he ampty
and spongy tissue at the base of the petiole ard the peiridermic layer;
the wind or any other mechanical cause then brings about the separation,

The author reports that he observed about 100 specier but he confines
himself to desceribing only the observations made on about a dozen of them,

Ledeganck dist.nguishes two types of suberiiication at the base of
the petioles: suberification by layers, when the pecidernn forms an inter-
rupted layer only upon the (to the) passage of the bundles; diffuse suberi=-
fication, when the transformation occurs slowly s: a result of the deposit
of suberous matter in the cavity of some of the cells. As an example for
the latter way of suberificaticn, the author gives the cyse of Quercus robur;
now, we can say, as of this moment, that the cells, which he describes as
possessing a deposit of suberous matter in their interior, are sclerites.
We will have occasion tc come back to this later,

Mr., Mer (Mer, M.E,, "Vegetative Phenomena Preceding or Accompanying
the Decay and Fall of Leaves," Soc. Bot, de France, Vol XX1II. 1876, page 175)
studied the phenomenon of the fall cf ieaves only from the physiologizal
viewpoint, This author concentrated primarily on the disappearance of starch
from the leaves prior to their fall and their change in coloring.

Brettfeld (Brettfeld, "On Cicatrization and the Fall of Leaves,"
Pringsheim's Jahrbucher, Vol XII, page 133) studied the fall of leaves in
menocotyledons only; however, since our research does rot cover this area,
we will give the results of his work because of their importance. According
to the author, the separating layer, in the monocotyledons, contrary %o
what haprans in the case of the dicotyledons, forms at s time when the
ticsues are cnly very little differentiated; this also happens at 4 time
when the btase of the leaf is in full growth., Durirg that time, the tissues
of the pulvinus, located helow the base, become sclerified and very often
grow to three times their normal thicknegs, The author does not describe
the mechanism of the separatirg layer.

The sclerified layer of the pulvinus may later on increase twofold
by the addition of a periderm (monocotyledones arborescentes, Aroideae) or
by the addition of a layer of fibrous reticulated cells (Orchidaceae).

According to Brettfeld, the fibro-vascular cords are not involved
i the cicatrization of the wound and they are crushed by the periderm,

In a short note about Z years earlier, Van Tieghem and Guignard
(Vaa Tieghem, Ph,, and Guignard, L., ™Observations on the Mechanism or the
Fall of Leaves,” Buli. d2 la Soc, Bot, de France, Vol XXIX, 1832, page 312),

ulo-




gave new information on the mechanism involved in the fall of leaves,
These authors did not study this phenomenon at the time of autumn defolia-
tion; they studied it during the summer, in the month of July, causing
leaves to fall from detached branches; these branches had been kept in

an enciovsed space saturated with humidity.

Van Tieghem and Guignard, like Mohl, studied the case of Gymnocladus
canadensi{s not only from the viewpoint of the fall of the leaves but also
from the viewpoint of the folioles,

As regards the latter, they found that there is only one separating
layer forming at their base and that this layer developes through the par-
titioning (subdivision) of one cell layer, repeated two or three times,
According to these authors. there is never any cicatrizati: Loiow the
wound, that is, neither before or after the fall of the foliole.

At the base of the leaves of the same species they found that, in
addition to the separating layer, there develops -~ at a rather early
stage, around the middle of June -~ a suberous layer which i{s increased on
the ins3ide by a periderm; this double armor involves the bundles here;
(this suberous layer is the layer which Mohl called the "round-cell layer";
Mohl, by the way, was not aware of the cicatricial function of this layer).

As far as the function of the separating layer is coucerned, these
two authors advance ar opinion that differs from that expressed by botanists
earlier, According to them, there is a resorptior of the middle layer in
this stratum which divides it iato two leaflets whose cells become roundish
and grow toward each other until they meet; after that they exert pressure
against each other and mechanically follow the leaf after the vessels, the
sieve-like tubes, and the fibers have been broken,

Following this study of Gymnocladus canadensis, the authors did a
summary of other cases in a few lines, They tell us that, before the
fall of the leaf, there can develop only a single portion in the double
armor existing in the case of Gymnocladus; in other words, this would
be either the suberous strata or the periderm, Similarly, there may not
be any cicatrization,

Mr, Staby (Staby, Ludwig, Ueber den Verschluss der Blattnarben nach
Abfallen der Blaetter, Inaugural Dissertation, Berlin, 29 July 1885)
studied only the cicatrization of the wound caused by the fall of the
leaves, He points out the clcatrizeticn of the vessels by means of gum
from the wound and, in certain cases, by the thalli, In his opinion, the
only cicatrization tissue here woulc be the periderm and he does not
mention any of the other cicatricial strata pointed out by Van Tieghem
and Guignard,

Mr. Staby gives us some indications on the focus of the appearance
of the periderm in the lesf pulvinus; he then gives us some examples in
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which this periderm forms before and other examples in which it forms
after the fall of the leaf,

The author found that the periderm, in all cases, runs across the
entire pulvinus at the end of the znd year, except in genus Quercus where
it appears only during the 3rd year.

For Mr, Staby, the phloem cords are not traversed by the periderm.
In addition, this suthor, in contrast to the opinion expressed by Mohl,
does not say that the thalll are transformed into cork after the dissolu-
tion 4f the vascular walls, He does not except the idea of the strangula-
tion of these bundles, and as Brettfeld indicated, In his opinion, the
vessels are broken and the periderm grows across them through the prolifera=
tion of the neighboring cells between their distant extremities.

The latest general reseasrch which, as far as we know, has been pube
lished on the fall of the leaves is the research by Mr. M3lischk (M8lisch,
Dr,, Hans, "Investigations on the Fall of Leaves," Sitz, d, K, Akad, d.
Wissench, zu Wien, Vol XCIII, 1886, page 148),

This author devotes most of his work to physiolegy: the action of
transpiration, of temperature, of humidity, and of light in the pher: ronon
of the fall of leaves, The anatomical part is very short but it nevertheless
includes some very interesting results,

Like Mr, Wiesner, Mr. MBlisch observed, in certain leaves, a con-
tracion of the leaf bundles on the level of the surface of detachment hut
he notes that this exists at all times.

He finds that, at the moment the leaf falls, there may develop a
periderm or some lignifind layers, Depending cn the particular case,
these layers are either only the stratum with the round cells c¢r they
constitute only a zone of cells located atove the separating stratum,
or they constitute both of them togzether at the same time, The author
goes into great detail on the Conifera which we did not touch,

With respect to the operation of the separating stratum, Mr. MBlisch
recalls the opinion expressed by Mr. Van Tieghem and Mr. Guignard on the
resorption of a cell layer; he adds that he wanted to observe this phenom-
enon in the different species of dicotyledons but that he always arrived
at a negative result, The author always found the cells of the separating
stratum to be perfectly intact,

Mr, MYlisch did not make any observations on the mechanism ol separa-
tion; on the basis of his comparison with the ordinary mechanism of cell
separation in vegetables, he maintains that the middle layer of cells in
the separating stratum is dissolved; this dissolution occurs through the
action of rhe gum ferment which had been discovered by Mr, Wi.sner a short
time before his research projects (Wiesner, J., "Cn Gum Ferment ," Sitz, d.
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K. Akad. d. Wissench, zu Wien, Vol 92, 1885, page 41). The author says,
in effect, that he found this ferment to be present in a larger quantity
in the cells of the separating stratum than in the rest of the pulvinus,

In addition to these general works on this topic which we are dealing
with here, we might also mention the names of a few authors who incidewcally
touched one or the other part of our subjects here,

Mr. Strasburger (Strasburger, E,, Manuel technique d'anatomie
vegetale, French translation by J. Godfrin, Paris, Savy, 1886, page 168)
studied the fall of leaves in the case of Aesculus Hippocastanum and found
that there is, in this case, before the leaf falls, a periderm growing
across the base of tie petiole to the exclusion of the bundles, The
author adds that the separation of the leaf occurs within a separating
stratum situated above this periderm, According to him, the vessels of
the leaf scars are compressed by the cells of the periderm which later
on closes the wound completely,

Mr. Lignier (Lignier, O., "Research on the Comparative Anatomy of
Calycanthaceae, Melastomaceae, and Myrtaceae," Arch., bot, du Nord de la

France, Vol III, 1886-1887, page 128) devotes a few lines to the study

of the fall of leaves in the case of Calycanthus occidentalis, The author
finds that a suberous layer developes at the base of the petiole priop to
defoliation; this suberous layer has numerous partitions; the latter devalop
in the cortical parenchyma and in all of the elements of the bundles. The
author defines the position of the separating layer but he does ot indicate
how it functions,

Quite recently, in twc communications addressed to the Academy of
Sciences (Tison, A,, "On the Fall of Leaves and the Cicatrization of the
Wound,* Comptes~rendus de 1'Acad. des Sc., 19 June 1899; id., "On the
Cicatrization of the Fascicular System and That of the Secretory Apparatus
During the Fall of Leaves," Comptes-rendus de 1l'4cad. des Sc,, 10 July
1899), I summarized the principal results of the research projects men-
tioned in this work,

Even more recently, Mr, Fouilioy (Fouilloy, Edm,, "On the Fall of
Leaves of Certain Monocotvledons, Revue generale de Botanique, Vol XI,
1899, page 306}, studied the fall of leaves in several genera of mono-
cotyledons with thick and deciduous leaves, Like Brettfeld, whom I men-
tioned earlier, this particular author says that the separating layer
differs quite clearly by the smallness of its cells in tl.~ neighboring
tissues and he pcints out that it 18 differentiated at a very early stage,
long before the leaf fells, The wound is protected by the lignified iayers
below the zone of separation,
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PART I
FALL OF LEAVES AND CICATRIZATION OF THE WOUND

This first part of my work will be devoted to a study of che anatom-
ical phenomena which precede and follow the fall of the lzaves, until the
completion of the cicatrization,

Because of the wide variety of these phenomena in the various
species, I thought that it might be best to select a few types and to study
them in detail in the first chapter and then to summarize quickly all of
the other cases which I examined, grouping them in other chapters, depending
on their greater or lesser resemblance t¢ the species considered to be
typical.

Chapter 1. Anatomical Study of the Fall of Leaves and the Cicatrization in
a Few Selected Types

1st Type. Aristolochia Sipho L'Herit

The petiole of Aristolochia Sipho is almost cylindrical in its middle
portion and has a swelling or a bulge at its base, It is inserted into the
stem above this bulge, around an area abundantly covered with hair; the
median line of this area is occupied by four buds which are increasingly
developed as we go from the interior toward the exterior, in other words,
as we go from the bottom to the top. The outermost three buds are located
in a conical cavity in the bulge of the petiole; the first two buds are
thus completely hidden while the third one is only partly hidden; this
latter one, on the side of the stem, closes the entrance to the cavity of
the petiole. The fourth bud, usually slightly detached from the other
three, is {r the open air.

At the base of the adult leaf -- before any charges leading to its
fall -~ the cells of the cortical parenchyma are all of the same shape
and of the same differentiation as those of the petiole and the stem but
they are not as large, their growth along the diameter being somewhat
smaller; in addition, the intercellular channels here are =2ither entirely
absent or they are excessively reduced in size, The transition from this
area to the cortical parenchyma of the stem and to that of the peticle is
almost imperceptible,

The leef bundles here are three in number, At the base of the
petiole, these three bundles are reduced to roughly half with respect to
volume (Figure 1) and with respect to the number of elements.

At this level only the vessels of the primary and secondary wood

are lignified; the latter are elongated and have a very small diameier;
the phloem is composed only of the sieve-like tubes, the mate cells, and
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the phloem parenchyma, In all cases I found a complete absence of ligneous
fibers, phloem fibers, and lignified parenchyma. As for the sclerous phloem
(1s, Figure 1), which, further up and further down, is partly composed of
fibers and elongated cells, I might say that it disappears rather abruptly
a little above the base of the petiole and then reappears a little below,
in the pulvinus,

In its lower portion, the petiole thus reveals the largest possible
reduction of the supporting tissue, thus offering a region of lesse~ resist-
ance at that point, This arrangement is very good for the movement of the
leaf but at the same time it is also the place where the leaf can break off,

The reduction of the phloem-ligneous leaf system at the base of the
petiole, contrary to what Mr, Wiesner (loc, cit,, page 105) believed and as
Mr, M#lisch (loc, cit., page 178) stated, exists during the entire vegeta-
tive period of the leaf; it thus does not occur after the event, sometime
before its fall and as preparation for this fall. as the first of these
two authors thought, The bundles in this .egior,, as in all of the other
tissues of the petiole, simply turned out to grow much less than anywhere
else and there is less lignification here,

The separation occurs orimarily at the base of the petiole, a little
above the insertion of the leaf. The first phenomenon preceding the defolia-
tion is the increase in the density of the protoplasm in thz parenchyma of
the pulvinus., This region, moreover, is rich in chlorophyll and it is
indicated on the outside by a green coloration which contrasts increasingly
with that of the rest of the petiole, as the latter becomes more and more
yellow; I will therefore call this region the "green region" hereafter,

The cells with the dense protoplasm, which constituted, include only very
little starch; on the other hand, there is much starch in the tissues in
the region below the pulvinus,

While this protoplasm activity takes place at the base of the petiole,
we can observe the beginning of the obstruction of the vessels in the basts
lignerus leaf system by the thalli, These latter penetrate in large numbers
into all of the vessels of the primary wood and very rarely into those of
the secondery wood. They 1re abundant primarily in the base of the petiole
but they occur not only on this level; the vessels, in effect, are more or
less completely obstructed by these cell proliferations, to a very great
distance from the petiole, and, above, in the pulvinus, all the way to the
point where the bundles re-enter the caulinary bast-ligneous system,

In the large spiral and spotted vessels, the thalli penetrate through
many points at the same -!me; they become roundish in their interior and
grow rapidly; turoupgh reciprocal pressure, they are very closely intertwined
with each other. The walls, which have thus been formed, become level and
their direction !« highly variable; as a result all of the thalli together
simulate a parenchyma inside the vessel. In those vesuels with the smallest
diameter, the thalli penetrate at more elongated points, advancing toward
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each other and intertwining their free ends, end-to-end; their separating
walls in this case are perfectly transversal and simulate the partitions
of the vessel, All of these thalli also push their wails very close to
those of the vessels, fitting into all of their raiseu and depressed por-
tions; finally, they often are partitioned off again in their interior,

Initislly very thin, the walls of the thalli gradually become thicker
and finally have the same thickness as those of the parenchymatous cells
on which they depend, These thalli do not reveal any bordered pits, such
as we have them in most of those that developed along the old vessels in the
stems; these essentially are obstructing cells, Through their point of
penetration, contact is maintained between them and the cells which formed
them,

The development of the thalli, as well as the increase in the density
of the protoplasm at the base of the petiole begins about 3 weeks before the
fall of the leaf. When the thalli fill the vessels of the primary wood com=
pletely, they slow down the circulation of the liquids in these elements;
as of that moment, the vitality of the leaf decreases rapidly,

There is no other change in the elements of the bundles before the
fall of the leaf, except for the apperance of calluses in the sieve-like
tubes in this region, as elsewhere in all of those throughout the rest of
the plant,

The leaf becomes more and more yellow as its vitality decreases
and the cells of the petiole die from its top down toward the base, During
this time, a layer in the upper portion of the green region assumes increas=-
ingly individual characteristics in the sense that the protoplasm here
becomes denser than anywhere else; this is the separating stratum which
in this case is reduced to a single layer of cells,

This separating stratum developes precisely in the region of least
resistance of the bundles, at the level of th ir contracted portion. It
had a perfectly level surface, running quite noticeably perpendiculsar to
the direction of the petiole which it traverses throughout its entire width
{cs, Figure 1), Its internal border is situated a little above the axil-
lary angle of the leaf,

While the separating stratum developes individual charactevistics
in the fashion just described, we find that the tissue of the petiole,
above and opposite it, changes the nature of its walls which become ligni-
fied without increasing in thickness and which, from then on, very strcngly
fix the coloring substances of lignin (amrnoniacal fuchsin, phloroglucin,
etc.).

The region thus lignified includes one or more layers of cells; it

reaches its maximum thickness on the inside of the petiole &nd it decreases
as we approach its outside (rs)., Very clearly outlined in its lower portion
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by the separating stratum and very definitely setf off against the latter,
it becomes smaller and smaller as we move upward, Sometimes the lignifica=
tion also extends across the bundles, at the expense of their originally
cellulose elements, including here the thalli; at other times, however,
this development is very weak, Henceforward we will use the term "sub-
cicatricial lignified stratum" in referring to this stratum,

This is the condition of the articulation (nodes) of the petiole
a short time before the leaf falls,

The separating luyer begins to function only a few days before
the separation of the leaf as such, Sometimes we first of all have a few
subdivisions throughout the entire region between the three entering bundles
and a point halfway along them, but this only happens here, Then the cells
of this layer grow primarily longitudinally; this growth involves a very
small portion of their longitudinal walls, situated generally in their

upper portion, in the vicinity ot the lignified region of the petiole

(cs, Figures 2 and 3), As the longitudinal growth is further accentuated,
the cell wall becomes very thin in its reglon of growth and it finally
appears to consist only of the primary membrane., The cellulose portion of
the wall of the epidermal cells, which are a part of the separazing layer
here, also undergoes this elongation, after the break of the cuticle and

the cuticular strata (m, Figure 3).

The longitudinal growth of the cells of the separating layer tends
to remove the base of the petiole from the pulvinus, Only the leaf vessels
resist this action and are not elongated., Their resistance and the move-
ments of the leaf first of all cause a folding of the thinning walls of

the separating stratum but the growth of the cells of tuis stratum and their
turgescence, aided by those of the thalli at the same level, still growing,
very quickly cause the ligneous vessels to break as a result of this trac-
tion (tension). The leaf is then held only by the delicate walls of the
separating layer; thus its weight, which i3 tremendous when compared to

the weak resistance of these walls, suffices to break the connecticvn grad-
ually and the leaf then falls.

The wind {s another one of the most powerful agents in the fall of
leaves; it can certainly cause the leaf to fall, all by itself, even before
the resisting elements of the bundles have been broken completely by the
action of the separaiing layer. Frost is also a very powerful agent in

the fall of leaves, at least when the separating layer has arrived at a
point in its development where its walls have become very thin, t seems
probable that this latter factor takes effect by more or less rapidly
inflating the turgescence water in the cells of the separating stratum and
perhaps even by freezing the content of those cells which are near the sur-
face of the petiole; in other words, this factor would thus promote the
breaking of the last resisting elements. The leaf, now more or less com
pletely fsolated from the pulvinus, is hcated as it is struck by the first
rays of the sun; it becomes defrosted and then falls because of its own




weight, This i{s why, in the last days of October, when the separating
layers are fully active, the slightest frost will separate a large number
of leaves,

Defoliation generally takes place, in the case of Aristolochia Sipho,
during the second half of October, Normally, if the external agents do not
abruptly cause the leaves to break off, it will usually be the oldest leaves,
that is to say, those at the base of the growth, which will fall first,

Since the separating stratum is not very far from the insertion of
the leaf, the leaf, when falling, leaves only a very small pulvinus on the
stem, The fresh scar has a clear greeun color due to the chlorophyll which
contains the immediately subjacent parenchyma, It has the shape of the
insertion of the petiole, that is to say, the shape of a horseshoe (ci, Fig-
ure 4), where the two ends and the middle are considerably thicker while
the two intercalated branches, on the othuer hand, are very narrow and almost
straight, In the three thickened regions we have the three navels of the
leaf bundles (cif, Figure &), 7Thes: do not have any raised or depressed
portions since the bundles break off at the level of the separating stratum;
nevertheless, they are quite clearly indicated by thair coloration which
is paler than that of the rest of the scar,

The space between the branches of the scar is occupied by the three
lower buds which were protected by the petiole, These three buds are some-
times very clearly separated, at least at the top, and at other times very
close to each other; in the latter case, the three of them together consti-
tute a single conical protrusion. The fourth bud is found all by itself
between the ends of _he horseshoe and a little above., This entire group
together, that is, the buds arnd the area between the branches of the scar,
has a rather silvery and chatoyant (changeable color) appearance due to
the long hairs covering it; on the stem, all of this constitutes a swelling
or bulge which becomes increasingly marked as the latter grows ob.ique to
its lower direction at the level of the insertion of the leaves.

Earlier we saw that the wound, produced by the leaf as it fa'ls,
was not protected in any way against external agents, At least, thzre i3
no defense of a histological nature, no defense in the way of lignification
or suberification, since the tissues remain cellulosic and do not raveal
any apparent changes, We did not find ary defenses of a chemicai nature,
such as, for example, the presence of crganic acids, tannin, etc., But
the greater vitality of the cells of the pulvinus, whkich are completely
filled with protoplasm perhaps constitutes a system of provisional defense
until the subsequent changes which come rather quickly and which we are
going to describe shortly, The resistance of a tissue to desiccation
and invasion by inferlor organisms is, as a matter of fact, related to the
turgescence and to the vitality of this tissue,

At the surfsce of the scar we find the remnants of the thin walls
that have been broken off the separating atratum, The primary vessels have

- 18 -




]
!
|

already heen filled (obstructed) by the thalli; but these thalli still ,
have celiulosic walls, like the cells from which they are derived; the i
sieve-like tubes are obstructed by calluses,

The wound remains in this conditien for a long time and cicatrizas
tion begins several days after the leaf has fallen, At that time we can
: observe a gradual change in the cell wall; this change occurs in the tissues
| of the leaf pulvinus and there is no further subdivision or partitioning;
the cell walls are at that time impregnated with lignin and suberin, In
addition, the cells are emptied and die off as this change in thke walls
progresses, In this manner we can observe the establishment of a ligno-
suberous cicatricial layer below the surface of the wound,

(In true earlier notes I used the term "sclero-suberous" to indicate
these tissues, Recent research and a more complete knowledge of the facts
have caused me to drop this term and to use, instead, the term "ligno-
suberous"; this term indicates more nrecisely the presence of lignin and
suberin and, moreover, indicates the deposit of these substances independ-
ently of the nature of the tissues in which they are found., Hereafter,
therefore, we will use the term "sclerous" to refer -- among the tissues
which have lignified walls -- to those whose walls are, in addition, more
cr less thickened,) '

This ligno-suberization does not appear in any particular place.
Generally, however, it is found in the lower portion of the thin strip or
layer (lamina) and, opposite the bundles, where it shows up first; very
often, also, it appears in many places at the same time, As this transfor-
mation is further accentuated, the surface of the scar, initially clear-
green, becomes a little brownish, A similar brown coloration visible around
the pulvinus indicates the thickness of the ligno<suberous lamina and shows
that it is larger opposite the tkree navels; its lower boundary is quite
clearly indicated and is found almost at the level of the axillary angle
(the line H, Figure !, indicates this border).

Histological Study of the Ligno-suberous Cicatricial Stratum

The coloring substances common to lignin and suberin (iodine-con-
taining reagents of cellulose (Mangin, L., "On the Iodine-containing
Reagents of Cellulrse," Bull. de la Soc. bot. de France, Vol 35, 188§,
page 421), ammoniacal fuchsin, green of iodine, etc,) stain all of the
walls of this stratum; here they reveal a very strong impregnation
especialiy in its lower portion, gradually diminished toward the surface
of the scar, however, without reaching it. Above the debrisof the latter,
we have, in effect, two or three layers of cells which remain cellulosic
and which later on become flattei *d at the surface of the scar; hereafter
we will refer to them by the name of "sacrificed parenchyma,"

The special reagents of lignin (Wiesner reaction (Wicsner, J., |
"Note on Behavior of Phloroglucin and Some Related Substances to the




Lignified Cell Membranes," Sitz, d. K, Akad., d, Wissench. zu Wien, Vol 77,
page 60), irdole, and sulfuric acid (Niggl, "Indole -- a Reagent for Ligni-
fied Membrances," Flora, 1881, page 545), aniline sulfate, aniline hydro-
chloride, etc.) indicate the presence of this substance in the entire
cicatrization lamina, Here it completely impregnates the thickness of

the walls, except in the inmediate vicinity of the cell cavities where

the strata do not appear to fix these reagents in the same fashion; never-
theless, the indications thus furnished are not sutficiently clear in them-
selves, On the other nand, the special coloring substances of suberin
(tincture of "alcanna" [alkane, alkannin], treatment by ammoniacal colors
followed by washing in water acidulated by 1/10 sulfuric acid (Tiscn, A.,
"New Method of Coloration of Suberous Tissues," Assoc, franc, pour l'avan-
cement des sciences, Boulogne Congress, 1899), etc.) vaguely indicate the
presence of this substance in the strata of the walls which border on the
cell cavities without, however, enabling us to determine the location pre-
cisely.

In order to determine the position of these two incrusting substances
in the cell membranes of the cicatrizaticn lamina with certainty, we had
to use a new method which i3 muck more precise than the earlier methods;
we have always been able to use this new method with grest success while
the others turned out to be completely inadequate,

Our method consists iu determining, first of &ll, on a control sec~
tion, the double impregnation of the tissuer by means of ammoniacai fuchsin
or by means of iodine-treated reagents; then we treat the other sec:ions
by means of the solvents of lignin so as to retain oanly the suberin and
80 as to be able to study them afterward in order to determine the lucation
of the latter (suberin).

The process of dissolution of lignin, which I found to be the easiest
here, involves treatment with boiling Javel water for several minutes or,
better still, with cold Javel water, stirring several days. The sections
must be treated in this fashion, by one of these methods, until the
ammoniacal fuchsin no longer stains all of the vessels; they are then very
carefully washed because their walls are still more or less swelled
(inflated) and have been rendered very brittle Ly this treatment, espe-
cially when we used boiling Javel water,

The reagents for lignin are then no longer fixed on any part of the
section, On the other hand, jodine-containing phosphoric acid completely
colored the walls of the vessels blue and, in the rest of the section, it
also creates a blue color through alrost the encire thickness of the cell
membranes, particularly in the case of those which earlier did fix the
coloring substances of lignin, There is only a very thin surface stratum
which, aiter this treatment, appears more or less sinuous inside sach
cell and which is stained yellow, as before, It {s also on this thin
surface stratum -- and to the exclusion of the entire rest of the walls --
that ammoniacal fuchsin and the spectal coloring substances for suberin,
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which we pointed out ' ‘rlier, are fixe

This suberous ' tum is very t % 18 a matter of fact, it is a
film, It differs ve :arly from the kened strata which constitute
the cell wall at th the leaf falls virtue of the fact that it is
in discordance with tells at the leve f the punctuations (bordered
pits), into which i - etrates and which covers all the way to the

bottom (po, Figure ":.

It thus appe 's like a belated coverl' : stratum for, the cell and
not as the last thickening in the wall,

In summary, «hat we have said so far indicates that the cells of
the pulvinus, which serve to make up the cicatrization lamina, lignify --
without thickening -- the cell walls which they have at the time the leaf
falls (scl, Figure 5) and that they then cover them with a thin new layer
which is immediately suberized (sub, Figure 5). ‘he epidermal cells incluced
in the thickness of the cicatrization lamina under o absolutely identical
changes although they remain covered on the outside by "ic cuticle and the
cuticular layers (ep, Figure 5).

The thickness of the thin internal suberous film is quite noticeably
the same in all of the cells in the cicatricial lamina, The intensity of
lignification, on the other hand, is quite variable., As in tne case of
the lignified region, which we pointed out above the separating stratum,
this intensity is very great at the base of the cicatricial lamina and it
decreases gradually as we go up so that it may very often bte entirely
absent in the cells in its upper portion which from that point onward are
specialized only by virtue of the existence of the suberous £ilm,

Because of the double impregnation of their cell membranes by lignin
and suberin we called these cicatrization tissues "ligno-suberous strata
or lamina," a term which is more precise than the term "suberous strata"
which was used by Mr., Van Tieghem and Mr, Guignard (loc., cit., page 314)
and the term "lignified strata" given by Mr. M4lisch (loc. cit,, page 177),

The process of cicatrization in the leaf bundles is the same as in
the covtical parenchyma; nevertheiess, ligno-suberization reaches them
only at the very last; it is, moreover, more intensive here and the lower
limit of e modified tissue here defends a little lower, forming a slight
curve toward the stem (I used dotted line H, in Figure 1, in indicating
the lower limit of this cicatrization lamina). All of the bundle elements,
except the vessels and the sievc-like tubes which I talked about earlier,
thus lignify thetr walls (scl. .3jure 6} and are then covered by a suberous
film (sub, Figure 6), The thalli, sttuated on the level of the cicatriza-
tion lamina, are modified like the parenchyma of the bundle of which they
are nothing more tnar an appendage (dependents) (th, Figure 6).

After the fall of the leaves and before their ligno-suberazation,
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these thalll often manage to dislocate the vessels in the region in which
the cicatricial [scar] stratum forms; they do this by virtue cf their
growth and their reciprocal pressure. When the spacing of the broken
portions of the vessels is not as great -- which happens more frequently

-~ these vessels continue in the same prolongation; in the opposite case '’
they are moxe or less pushed back, a little bit in all directions, beyond
their original axis,

The vessels of the secondary wood which, as we said earlier, usually
do not have any thalli, are cicatrized, after defcliation, by the deposit
of a substance which completely fills their cavity although this happens
only at the level of the cicatrization layer (lig, Figure 6). This sub-
stance {s also found in the cavity of the vessrls that do have thalli
when the vessels are not contiguous with each other; as for the thalli
themselves, they never contain this substance., l.aier on we will study
this blocking substance in detail as we 50 into the following type where
it i{s found in great abundance,

In some of the vessels, the walls do not change at all, At the
leval of the cicatrization lamina, the sieve-like tubes have more or less

iignified walls but they never have the suberous film inside (tcr, Figure 6)

and they are almost more or less crushed by the neighboring cells. Neither
in tte case of Aristolochia Siphko nor in the other species studied later
on did I ever discover the presence of thalli indicated by Mr. Van Tieghem
and Mr. Guignard (loc. cit., page 312).

Within the cicatrization stratum we have elements other than the
sieve-like tubes and the vessels in which the !nternal suberous fiim is
also altsent; these are the rare macled :ells which are quite scattered.
Could not the absence of the suberous covering film, inside the vessels,
the siz2ve-like tubes, and the crystal-hearing cells be due to the fact
that these elem:nts arve dead at the moment of differentiation of the
cicatricial scratum? The lignin which impregnates the wall of the
sieve-like tubes and of the crystal-bearing cells wculd here appear to
have been deposited hy the diffusion of the one that produced the neigh-
boring celis,) Like the wall of the sieve-like tubes, their wall is
more or less lignified ~s is the thin envelore whigh svivounds the
crystal arnd the few points connecting it to the wall (cr, Figure 3),

In general, the cicatrization which we have just indicated is the
only one which one can observe during the first year (we count the vears
betweer tws successive repetitions or recoveries of vegetation), The
wajority of the pulvini thus have nothing more than a ligno-suberous
lamina to protect them through the winter,

Sometimes, however, some pulvini, generally those at the bgse of
the growth, complete the preceding cicatrization with the establishment --
below the ligno-suberous lamina -- of a generating zone which, before the
winter, produces just a few layers of cork which always have thin walls,
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This generating zone is formed at the expense of the cells of the pulvinus
which are in direct contsct with the ligno-suberous lamina and by the sub-
divisians parallel to the lower limit of that lamina; these subdivisions

or partitions begin in the internal region of the pulvinus and rapidly grow
toward its outside,

Across the bundles, tue generating zone is established at the expense
of their living elements, The sieve-like tubes are never partiticraed; they
are first of all crushed by the cells of the generating zone; then they are
broken due to the growth of the tork which grows continuously between their
distant ends, The same is true of the secondary vessels although they rup-
ture a little later and break without being crushed earlier,

In the vessels of the primary wood, on the level of the zone that
generates the cork, the thalli are always numerous and very dense, Their
fate is the same as that of the other parenchymatous cells on the same
level; in other words, they grow longitudinally and they are partitioned
transversally (thp, Figure 7)., Under the double action of this growth
of thalli in their interior and the cells bordering on the generating zone
on their outside, the primary vessels are thus usually broken in several
points that are very close to each other; their fragments, as well as their
ornamentctions, are more or less dispersed, The thalli then become closely
intertwined with the neighboring gcenerating cells and establish the conti=-
nuity of the cicatricial cork, becoming involved in its composition, Some-
times the thalli, which are thus involved in the make up of the cork, are
more or less flattened by the neighboring cells which grow faster than they
do (c, Figure 7). It may alsc hsppen -- although this is quite rare --
that some thalli on that level do net participate in the formation of the
cork und the continuity of the latter is then established, across the
vessel containing them, in the same fashion as across the secondary vessels.

The cicatricial cork, like the lower limit of the ligno-subetous
lamina which it follows, in traversing the bast-ligneous bundles, describes
a more or less pronounced curve toward the stem (lic, Figure 8)., We will
come back to thi{s special feature later on,

Although the crystal-tearing cells are located at the level where
the zone that creates the cork is developedy, they do not subdivide and they
do not become involved in the proposition of this zone; this zone then
passes b-jow them,

Although it appears from the lst year onward, the cork only becomes
thicker during the second year; in the many ceses in which it does not
exist at that time, however, it begins to form always in the spring of the
second year; its position is otherwise the same, beiow the first cicatri-
zation lamina., The formation of its generating zone also begins in the
axi{llary angle of the pulvinus and is propagated in the same fashion across
the cortical parenchyma and the bundles,
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In all cases, the cicatrization by means of this vovrk is cempleted
at the end of the 2nd year (lic, Figure 8) and its thickness is then,
on the average, 10-12 layers of cells, It ends against the surface of the
leaf pulvinus, all around it, and sometimes slightly descends again downward;
contrary to what we observed in the periderm of the stem (I always use the
term “periderm" to designate particularly the cork of the stem, using the
term "cork" as such for the secondary cicatricial suberous tissue) which
appeared only later and at the expense of the subepidermal layc:s (Douliot,
H., "Research on the Periderm," Ann, des Sc, n«t, Bot., 7th series,
Vol X, page 232), it is frequently in the epiderm itself that it developes
in the vicinity surrounding the pulvinus,

Earlier 1 said that the cicatricial cork curves a little toward
the stem while crossing the bundles (lic, Figure 8). Mr. Staby (loc. cit.,
page 19), who pointed out this deviation in a certain number of cases,
attributes this to the presence of wound gum (this is the obstructing sub-
stance which I pointed out earlier) inside the vessels; by making the
bundles resistant, this gum would appear to force the generating zone to
go around the fascicular region in which it is located so as to take hold
further down, at a level at which the gum no longer exists or at least at
a level where it is no longer very recistant.

In the course of this work we will see that this deviation in the
cicatricial cork layer occurs in most of the cases; but the explanation,
given by Mr. Staby, although quite acceptable at first sight, did not appear
satisfactory to me. As a matter of fact, in many species where the wound
gum i8 almost absent or in those species, as in the present case, where it
is found in a very small quantity, the cork similarly describes a curve
downward, But there is more to this; there are other, opposite cases,
where the gum does exist in the vessels up to a more or less great distance
below the primary cicatrization stratum and where the cork grows no less
directly across the buandles, without curving. The mistake made by Mr. Staby
is due to the fact that he fails to take into consideration the ligno-
suberization of the tissues of the pulvinus which he does not even mention;
in his opinion, the cork is the only cicatricial tissue, As a matter of
fact, in ali of the cases In which I observed this inflection in the c¢ica-
tricial cork toward the stem, across the leaf bundles, I always recognize
on the one hand, that, as in the case of Aristolochia Sipho, the ligno-
suberous differentiation here descended lower in the leaf scar than in the
neighboring cortical parenchyma and, on the other hand, that the trans-
formation of the cells of the parenchyma into ligno-suberous cells was here
followed by their death and, furthermore, that it afterward rendered them
incapable of constituting a generating zone., Now, this is why, in my
opinion, the cicatricial cork in certain cases curves downward: not being
able to grow across the ligno-suberous tissue, which is a dead tissue,
it muct go around the deviations in its lower surface,

In the case of Aristolochia Sipho it might also happen -- although
of ccurse very rarely and only opposite the three fascicular navels --
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that the first layers formed by the cork generating zone under the primary
cicatricial lamina are not suberized, as the following ones, but grow con-
siderably along a longitudinal direction, in the fashion of the layer con-
stituting the autumn separating stratum, As in the case of the latter,
the delicate walls of these layers break, more or less regularly, however;
this results in a partial exfoliation of the first cicatricial lamina.
This phenomenon is quite obviously closely related to other more regular
and better characterized phenomena which we will study in one of the
following chapters and which I have given .he name '"revival of cicatriza-
tion" (Tison, A,, "On the Fall of Leaves and the Cicatrization of the
Wound," C. R, de 1'Acad, des Sc., 19 June 1899),

2nd Type. Amorpha fruticosa L,

On its {nside face and very near its point of insertion, between its
two short and shary stipules, the base of the leaf reveals a very large con-
traction above which it is swollen (P, Figure 9),

As in the case of Aristolochia Sipho, the cortical parenchyma .- at
the base of the leaf -- is made up of cells that are a little smaller than
the cells of the rest of the petiole and those of the cortical parenchyma
in the stem. The circle formed by the leazf bundles becomes slightly flat
above the inserticn of the petiole, at the point wherz it is swollen, and
is here constricted, on the right and on Lhe left, forming three groups
of incoming bundles, the middle one of which is larger than the other two,
The total volume of these bundles is here much less reduced than in the
preceding species; it roughly has the same size as in the rest of the organ,
Nevertheless, here likewise the only lignified elements are the vessels;
similarly, the external part of the bast, which is sclerous above and below
this region (ls, Figure 9), veccomes cellulosic here. At the level where
the separating stratum will develop, the external region of the bast is thus
soft; here we can still observe some fibers but they are rather rare h2re
and they are cellulosic, like the rest of the tissue,

To avoild any future repetitions, we might say, as of this point, that
the absence of the nard bast and the ligneous fibers turned out to be the
general rule, at the base of the petioles, in all of the many cases which
we studied, Similarly, at this level there are never any bast fibers in
the secondary bast and the situation is almost always the same in the
primary bast, In all cases, without exception, the only lignified elements
which we find on the level of the separating strata of the leaves cre the
vessels,

The periderm of Amorpha fruticosa is, in the stem, situated a certain
distance from the epiderm, It penetrates into the base of the pulvinus and
ends here, remaining roughly at the same distance from the bast-ligneous
bundles (pd, Figure 9); becausr: of the growing thickness of the cortical
parenchyma in this reglon, it is thus slightly removed {rom the surface of
the pulvinus as it approaches {:s end,

- 25 -




. " —————— SR SR

As in the case of Aristolochia Sipho, we note that, sometime before
the fall of the leaf, the region with the smallest cells in the pulvinus
appears greener than the rest of the leaf and that it is characterized by
a greater density of the protoplasm and, at the same time, by the relative
abundance of chlorophyll, Nevertheless, as regards the distribution and
frequency of starch, there is nothing special to be found in this region,
In the case of Amorpha fruticosa, we do not have any thalli in the vessels
before the leaf falls.,

The separating stratum develops in the upper portion of the green
region, It runs in a direction perpendicular to that of the incoming (re-
entering) bundles (c¢s, Figure $). On the inside, it corresponds to the base
of the moving swelling of the petiecle; it cuts the bundles in the vicinity
of the plant where they are reunited into three groups and it curves slightly
toward the pulvinus as it crosses them,

During the development of the individual characteristics of the
separating stratum, we get -~ in the tissue near the petiole, above it --
a lignification similar to that which we reported in the case of Aristolochia
Sipho. This results in the formation of a lignified subcicatricial stratum
which is not at all thick (rs, Figures 10, 11, 12) and which is thinner
or the outside of the petiole [thinner than the outside of the petiole].

Instead of being made up of a single layer of cells, as in the
preceding species, the separating stratum of fmorpha fruticosa includes two
or three superposed layers, within which there is no further subdivision
(partitioning), In these cells, the protoplasm is very dense, even more
dense than in the rest of the green layer,

If we examine the separating stratum at various times closer and
closer to the fal! of the leaves, we find, first of all, that the cell walls
become slightly swollen (mu,  Figure 10), gradually reducing the inside diam-
eter [opening] of the cells and assuming more or less curvy sides. In the
upper portion of the separating stratum (cs, Figure 11), the middle portion
of the walls thus swollen is gradually dissclved and disappears so that all
we have left here is & thin surface stratum cn either side of it (ci, Figure
11); the cells on this level are also separated from each other and their
protoplasm is enveloped only by the thin surface strata of the original wall,
In the course of t“e dissolution of the walls, the cells, separated from
each other by this method, remain irregularly attached; some of them
remain attached to the pulvinus (b, Figure 12); these are by far the more
namerous; others remain attached to the petiole (a, Figure 12), In some
places, however, there may be a rather regular opposition of an uninter~
rupted layer of cells attached to the petiole and a layer that remained on
the pulvinus, We may also have a cell in the separating stratum which is
separated from its neighboring cells all around its circumference and which,
consequently, has become entirely free-standing; this cell is not destroyed
as a result of this and remains turgescent, like its neighbors,
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After the separation, whose phases we .ave just indicated, the
cells of the separating stratum are inflated and grow rapidly in a longi-
tudinal direction toward their free ends, T".tween their thin walls, around
their base of attachment, we can then see termirate, in a srongy point, the
undissolved rest of the median region of the walls,

The longitudinal growth of the cells in the separating stratum,
which border on both sides of the dehiscence crack, causes them to push
against tha opposite surface and to exert pressure on that surface; as a
result, it tends to remove the petiole .rom its pulvinus. Under the influence
of this separating force, the vessels and the sieve-like tubes of the vessels
break., Since the leaf no longer has aay connection with the pulvinus, it
falls as a result of its own weight. As in the case of Aristolechia Sipho,
defoliation is furthermore considerably promoted by the wind and the frost;
we might even add that. in the majority of leaves, the fall is considerably
accelerated by these two factors.

In growing across the bundles, the separating stratum is formed at
the exp:ense of the living elements of the bast and the wood. For this pur-
pose, tne few cellulcse fibers and the elongated parenchyma of the primary
bast also inflate their walls but, probably because of their great length
which by far exceeds the “hickness oi the separating stratum, they are not
detach:d and appear to dissolve completely,.

I conducted sore investigations on the histological changes which
accompany the inflztion (swelling) and partial dissolution of the membranes
in the separating siratum, At the beginning of the swelling, the walls
more 2nergetically fix the acid coloring substances (Cengo red, etc,) and
they fix the basic¢ coloring substances (naphthylene blue, safranin, etc,)
less energetically than those of the parenchymatous tissues nearby. (This
seems to indicate that the dissolution does not occur under the influence
of the acid erwvironment, as indicated by Mr, Wiesner, loc. cit., page 506.)
This contras. in coloration is also further accentuated as the cell walls
swell more nd become more and more mucilaginous. At the noment the partial
dissolution of the walls begins, the portions, which are going to be dis-
solved, ouly very weakly fix the basic coloring substances; it is above
all in the middle region that this fixation persists lcngest; besides,
ruthenium red, ¢mong these coloring substances, is the one which gives the
mos: intensive coloration although it might still be very weak., At the
momant of this Jdissoluticn, the acid coloring agents are still strongly
staining the walls of the separating stratum although te a lesser degree
than at the beginning of their inflation. Iodochloride of zinc and iodine-
containing phosphoric acid produce almost no action at all here,

These various reactions tell us that the change in the walls consists
in a mucilaginous transformation; looking at the classification of mucilages
by Mr, Mangin ("On an Attempt at a Classification of Mucilages.™ Bull, de la
Soc. bot, de France, Vol 41, page XL), we see that the mucilage in the
separating stratum is mixed, that is to say, pecto-cellulosic, however, with
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predominance of the cellulosic substance., The weak coloration given it
by ruthenium red is probably due to the fact that the derivatives of pectic
compounds can be found here only in a very small quantity,

The thin surface strata of the wall, which are not dissolved and
which continue to eavelep the protoplasm after detachment, in my opinion
did not seew to undergo any histological changes capable of being demon-
strated with the help of coloring substances -- at least as far as one can
tell from their thickness,

(In my historical summary I said that Mr, MYlisch reported the pres-
ence of gum ferment in a larger quantity in the cells of the sepasrating
strata :han in the other cells of the puivinus, 7n establishing this pres-
ence, the author used the Wiesner reaction. lere is the method involved:
the sections are placzd in a drop of 4% orcin colution under the cover glass;
on the latter, we pul concentrated hydrochloric acid; the preparation is
then heated near the boiling point, Under these corditions, the content of
tlie cells which enclose {contain) this ferment, as well as the walls of the
mucilaginous cells, are inevitably stained, first, red and then violet; the
lignified tissues are bound to be colored a dark red. Atter trying this
reaction on the separating stratum in Amorpha druticosa, as well as on that
of several other species, I was able to obtain a very nice dark red colora-
tion of the lignified tissues, although I was not able to achieve the same
result with the content of the cells of the separating stratum, nor with
that of their mucilaginous walls.)

The detachment of the cells, inside the separating stratum, ordinar-
ily begins in the external region of the petiole and gradually reaches its
internal side, The average time for the fall of the leaves is in the second
half of October. This fall generally occurs in :he order of appearznce
of the leaves, that is to say, from the base to the top of the particular
shoo’s.

The fresh leaf scar has a clear-green color; it has the shapes of a
triangle, quite rounded off at the points and sclightly cord-shaped on the
inside face (ci, Figure 13). At its surface we can observe either cne
single trilobed navel or three small navels in a triangular pattern,
depending on the level at which the entering bundles were broken by the
separating stratum; these navels appear slightly in intaglio, The leaf
pulvinus protrudes very little; it is green in its upper portion and
almost imperceptibly changes into the brown color of the stem as we go
further down, Its green co.or is due to the presence of chlorophyll in
the subepidermal tissues; this chlorophyll manages to conceal the brown
color of the periderm of the stem less and less as the latter approaches
the surface, at the base of the pulvinus, The leaf scar is topped by two
buds; one of these buds is very close to the pulvinus and is very small;
it is barely visible from the outside; the other one is located above and
is much more developed, especially in the upper region of the shoots, The

two short and sharp stipules of the leaf are attached to the right and left
of the scar,
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As in the case of Aristolochia, the wound has no protection at the
time the leaf falls, Later on, the rounded cells of the separating stratum
die and are flattened out on the surface of the wound. Then the wound,
acing as an exciting surface on the tissues of the pulvinus, causes the for=
mation of a ligno-suberous cicatrization lamina, below the wound; this hap-
pens after the leaf falls.,

This lamina is differentiated entirely at the expense of the tissues
of the pulvinus. It is about twice as thick toward the exterior; while its
upper surface is almost parallel to the scar, its lower surface, which is
almost level, start from the axillary angle of the pulviaus and decends very
obliquely downward (ss, Figure 14).

The ligno-sube.nus change in the elements of the pulvinus generally
starts around its circumference; it then progresses from the base of the
iamina toward its upper portion. The elements of the bundles are the last
parts to be affected by this modification, As this modification takes place,
the color of the pulvinus changes from green te brown,

The ligno-suberization of the tissues, considered as a whole, is at
a maximum in the lower portion of the lamina where it is, moreover, termi-
nated rather abruptly. Its intensity diminishes rather gradually, on the
other hand, &s we go upward and, at a certaia distence from the surface of
the scar, all we have is the lignification, Above the region thus altered
we have a rather tuick stratum of sacrificed parenchyma (ce, Figure 14).
In the ligno-suberous, the deposit of lignin, considered separately, also
diminishes in intensity from the base toward the top; moreover, it is much
larger in the internal cortical parenchyma of the pulvinus and in the cellu-
lose elements of the bundles than in the external cortical parenchyma.
The thickness of the suberous cover of the cells varies little throughout
the entire thickness of the stratvm,

The cells of the cicatrization lamina very often are filled, espe-
cially, at the base, with brown, gummy or resinous substances, similar to
thoc2 we {ind very ofteun in the cells of certain corks.

As in the case of Aristolochia Sipho, the sieve-like tubes and the
vessels do rot reveal a suberous film on their inside,

The sieve-like tubes are blocked by calluses; besides, at the level
of the cicatrization lamina, they are almost all crushed by the neighboring
cells (ter, Figure 15), The {ibers and the parenchyma wich the elongated
cells in the external region of the bast benave like the parenchymatous
elements of the c¢lcatrization lamina,

The petiole of Amorpha fruticosa has groups of articulated lactiferous
organs in the bast of the bundles and in the wvicinity of their trachea,
Tnese lactiferous organs are broken off at the level of the separating
stratum and their content becomes solid {n the air. Their walls, like those
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of the sieve-like tubes, are impregnated with lignin at the level of the
cicatrization lamina; as in the case of the latter, they are not covered
with an internal suberous film (la, Figure 15),

The lower limit of the cicatrization in the bundles does not drop
below that of the cortical parenchyma,

I indicated that there is no formation of thalli in the vessels

before the leai falls; I might now add that the thalli do not furm after the

leaf falls, either, The vessels are blocked only by the deposit, in their

cavity of a substance called "wourd gum'; this substance appears only after

the leaf has fallen, This substance, which we observed earlier accompanying

or replacing the thalli at the level of the cicatrization strata, in certair
vessels of Aristolochia Sipho, develops 1in the case of Amorpha, all the o
way into the vessels of the bast-ligneous system of the stem. (In Figur:

14, line lg represents the average lewer limit of the tissue containing it.)

Its appearance in the vessels varies: sometimes it forms .ounded
masses toward the interior, along the vascular walls (V, Figure '6); at
other times it completely obstructs their inside diameter (opening) (V1);
and then again it mignt only fill % up rather incompletely (V). On the
other hand, it can be found either in the amorphous state (lga) or in the
granular state (lgg); both of these forms, however, can be found in one and
the same vessel (V). I think that these two states are the two ways in
winich the same substance can be differentiated; I believe that one of these
forms is5 not a delayed modification of the cther because the two states,
amorphous and granular, exist already at the beginning of the appearance
of this substance and because we still find these two forms in the old
scars,

Like Mr. Frank ("™On the Formation of Gum in Wood and its Physiologi~
cal Significance," Berichte der deut, Bot, Cesellsch., Vol II, page 321) and
Mr. MYlisch ("On the Thalli and Some Observations on the Healing of Scars
in Plants," Sitz, d, K, Akad, d. Wissench, zu Wien, Yol 97, page 264), as
well as Prael ("Comparative Investigatiens on Heart Wood Formaticns,"
Pringsheim's Jahrbﬁcher, Vol 19, page 1), and Temme ("On Heart Wood, Its
Formation and Its Physiological Significance," Theil's Landw, Jahrb,,

1885, page 465), I was able to find that this substance was produced by
the neighboring cells of the vessels, with the starch disappearing here
gradually during its formation,

Colorless at the beginning, it very soon takes on a more or less
yellow color on the level of the ligno-suberous lamina, like the vascular
walls; its depesit is completed at the moment the ligro-suberizaticn of the
other elements of the bundles starts,

Mr. Frank and, above all, Mr, Temme poinced out that this kind of

gum differed from the others in that it did not swell up in water, that it
was insoluble in cold water, boiling water, ether, potassium, aqua regiza;
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and cold nitric acid; that it behaves like the lignified walls toward the
solution of fuchsin and the reagent of Wiesner. Moreover, Mr. Temme showed
tha* boiling nitric acid would dissolve it. Mr, MYlisch announced also
that this substance behaves toward aniline sulfate, metadiamibenzol, orcin,
and thymol like the lignified membranes and he accepts the idea, therefore,
that it contains vanillin,

L was able to reproduce most of these reactions and check on their
accuracy. In addition, I fournd that this substance behaved in all points
like the lignified membranes 1ot only toward the reagents pertaining to
vanillin but also toward all of the other reagents of lignin. The iodine-
containing reagents, the ammoniacal cr loring substances (fuchsin, methyl,
green, gentian violet, acid green of Mangin, etc.), iodine green, and the
colors of aniline stain this substance like the lignified membranes,

Sulfuric acid does not dissoive it but boiling nitric acid, cold
Javel water stirred for several days, boiling Javel water stirred for several
minutes, and hot potassium under pressure cause it to disappear entirely,
just like the lignin in the lignified tissues.

Like Mr, Temme I was also able to find that the digestion of the
sections, ir a mixture of hydrochloric zc‘d and potassium chlorate, within
about one quarter of an hour removes the vanillin from the pseudc-gum as
well as that of the lignified tissues; however, neither in the case of
Amerpha fruticosa nor in the other plants which I studied did I ever observe
the great soiubility of the rest of this substance in alcchol, after the
sections have undergone the previously mentioned d. gestion; according to the
author, this solubility recalls the reaction of the resins, Similarly, I
was never able to achieve the complete disappearance of this substance
while checking on this digestion for haif ar hour and even more than that,
The pseudo-gum, under these conditions, not only fails to disappear but does
not become any more soluble in alcohol than after a digestion of a quarter
of an hour. The same holds true after treatment with aqua regia which like-
wise removes the vanillin {rom the gum and the lignified tissues,

On the oxher hand, the reagents of vanillin (phloroglucin, indole,
hydrochloric acid and aniline sulfate, etc.), after one or the other of
these treatments, no longer stain this substance; however, the other rea-
gents of lignin (ammoniacal colors, iodine green, colors of aniline, etc.)
do stain it in the same fashion and roughly with the same intensity as before,
just like the lignified membranes,

Mr, M8lisch (loc. cit., page 290), admits that this substance is a
special gum in which vanillin is diffused as a result of its contact with
the vessels, The author thus seems to think that {t is a portion of the
vanillin of the vascular walls which moves on into this substance., Now,
it is easy to figure out that the intensity of coloration created by the
coloring substances of vanillin ia the walls of the vessels containing
this pseudo-gum, is the same before and after its formation. DBesides, the
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author tells that this gum is found -- below a wound in Saccharum officinarum
-= in the sieve-like tubes and in the bast parenchyme; it was, however, not
contained, in this case, in the neighboring lignified walls that were capa-
ble of giving it some vanillin,

On the basis of the various reactions mentioned earlier, I found
that the substarce, which blocks the vessels, only has the appearance of
tie ordinary gums, I was :ot able to find any chemicai or staining reac-
tion that would enable me clearly to distinguish the lignin which impreg-~
nates the lignified tissues. In my opinion this substance is not gum;
instead, I think it is lignin that has been deposited in the vessels and
that looks like gum, By the way, it is certainly not impossible for a sub-
stsnce, which is ordinarily diffused in the cell walls, to be able to exude
and become deposited outside of them, in the cell cu.’ries.

In summary, I think that the term "wound gum," which is commonly
used to refer to this blocking substance down to tius very day, is a rather
unfortunately chosen term; it would appear to be 11adequate not only because
it has no relationship at all with gum, except fo: i1.s appearance, but also
because it does not always serve to cicatrize a wound, If, indeed, it does
develop in the vessels of the wounded parts of the plants, either naturally
(leaf scars), or artificially (punctures, branches cut or broken), then it
may be deposited also and above all, as was demonstrated by the previously
mentioned authors, in large quantities and concurrently with the thalli, in
the other parts of the plants that are not injured, such as the heart of the
wood., Hereafter I will therefore use the term "gummy lignin" in referring
to this substance; this term is better because it precisely spells nut its
chemical nature and its physical appearance,

The production of gummy lignin is certainly the result of an excita-
tion by the internal surface of the vessels with respect to the neighboring
parenchyma, an excitation produced by the slow down and even the complete
cessation of their conducting role, In Amorpha fruticosa, this excitation,
instead of rendering the neighboring cells vegetative and causing them to
form thalli, as in the majority of the vessels of the Aristolochia Sipho,
instead gives them the role of the secretor and producer of a blocking
substance,

Cummy lignin is sometimes also encountered on the level of the cica-
trization lamina, in some of the sieve-like tubes, and in some of the inter-
cellular channels.

The crystal-bearirg cells are numerous in the leaf pulvinus of
Amorpha, The crystals of oxalate of calcium, which they contain, are sur-
rounded by a thin cellulose wall and partly enveloped in a considerably
hicker nortiorn of the cell wall which specinlizes at a very early stage
by becominy lignified (es, Figure 17); they thus remind us of those of the
leaf of Citrus vul aria, as described oy Witlin (Witlin, J., "0Ou the For-
mation of Calctum Oxalate Pockets," Bot, Centralb., Vol 67, 1896, page 37).
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On the level of the cicat..zation lamina, the lignification invades the
rest of the walls of the crystal-bearing cell as well as the enveiope of
the crystal; but there is no suberous film forming here, against it, around
th. cell cavity. On the contrary, I observed almost always that this cavi-
ty around the crystal and its envelope (lig, Figure 18) were filled with
gummy lignin generally in the granular state,

The termination of the periderm of the stem inside the pulvinus is
enveloped in the cicatrization lamina (pd, Figure 14) and the phellogen -
during its entire passage across the latter -- dies after btecoming ligno-
suberized, like the neighboring tissues,

In the sacrificed sub cicatricial parenchyma, the cells die rapidly;
they are flattened more or less above the ligno-suberous lamina and the
surface of the scar is thus slightly hollow around the bundles, causing them,
from then on, to appecr in relief. All of this sacrificed parenchyma is
generally invaded by the myceliums of various mushrooms which almost com-
pletely fill the cavity of the cells., Despite the ahundance of these mush-
rooms (fungi), I was never able to watch them penetrate into the cells of
the ligno-suberous layer; this applies not only to Amorpha fruticosa but
also to all of the other similar cases. This is the best proof that this
ligno-suberous layer is sufficient to protect the plant until the cicatriza-~
tion is absolutely complete,

During the first year, the cicatrization which I khave just described,
is the only one that occurs in the leaf pulvini of Armorpha fruticosa.

As the' secord year begins, we sometimes have a rather inactive
growth (generating) zone developing against the base of the original cica-
tri~stion lamina (following line I/, Figure 19). This zone produces only
one 0. two layers of cork and does not extznd across the bundles; very
ofter. it disappears even before growing across the entire pulvinus. After
this zone, we have another much more active generating zone which appears
at a lower level. It bezins from the external base of the pulvinus and
produces a cork which turns out to constitute an incernal doubling of the
caulinary periderm (lic, Figure 19) and which progressively extends upward,
toward the axillary angle, On its way, thiis cork encounters the hard bast
of the bundles and, sirce it cannot cut it, it, on the one hand, moves up
along its outside face, gradually disappearing, and, on the other hand, goes
around it laterally, so as to penetrate into the soft buct without changing
direction, It then goes across the rest of the hundles, sometimes describing
& very slight downward curve, In the axillary augle of the pulvinus it
disappears at the base of the dormant bud or it continues with that of the
shoot which constitutes his bud, growing along with it,

This second cork, which alwaysdevelop andwhich we can consider as
the true cicatri~ial cork, then grows across the pulvinus to a certain dis-
tance below the primary cicatrization stratum, The parenchymatous region
of tne pulvinus, included becween the two, is then iignified sometime after
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the appearance of the scar cork, when the latter has already grown to a
certzin thickness,

The continuation of the cork across the bundles occurs as in the
case of Aristolochia Sipho, except as regards the vessels which, not cone
taining any thalli, are all broken by the longitudinal extension under the
effo-t of the growth of the cork in thicknress; the continuity of the cork
is here established between their distant ends, such as we have it taking
place across the secondary vessels in the previously mentioned species.
The articulated milk-bearing organs, which are more or less crushed by the
cells of the cork, similarly break at its level.

During the second year, one of the axillary buds of the fallen leaf
begins to vegetate and provides a shoot; whenthishappens, the transversal
growth of the base of this bud causes -- at a rather early stage ana before
the formation of the scar cork -- a longitudinal rupture in the tissues of
the pulvinus., The crack thus produced involves only the cortical parenchyma;
it runs almost along the plane of symmetry of the pulvinus, slightly to the
side of the middle entering bundle; it then descends more or less far down
along the stem; its two edges (lips) move further and further apart as the
shoot grows. Usually this crack does not go beyond the customary level of
differentiation of the scar cork; however, where this is the case, this
cork grows around it, on the underside, in order to cicatrize this new wound,

3rd Type., Koelreuteria paniculata Lamk.

As far as the make-up of the base of the petiole of Koelreuteria
paniculata is concerned, I might make the same general remarks as for the
two earlier cases; the cortical parenchyma here has shorter cells than
in the rest of the petiole; the ligneous fibers, the bast fibers and the
hard bast are likewise absent here, As in the case of Amorpha f{ruticosa,
the volume of *he bundles here is scarcely reduced,

The periderm of the stem is very thick, especially st ihe base =f
the shonts, and continues under the epiderm of the pulvinus; it then termi-
nates generally at the base of the petiole, a little above the level at
which the separating stratum forms (pd, Figure 21),

The phenorena preceding the fall of the leaf are the same as in
Aristolochia Sipho. The separating stratum develops in the upper portion
of the green region, some distance from the axilla of the leaf (cs, Figure
21)., Sometime before defoliation, thalli develop in the ligneous vessels
at the base of the petiole: rhes: cnalli are numerous in the vessels of the
primary wood snd they are very rare in those cf the secondary wood which is,
by the way, not very well developed at that time, The only change we can
ouserve in the sieve-like tubes involves the formation of calluses,

The one feature which distinguishes this type from the itwo earlier
types is the way in which the separating stratum is made-up here; in this
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case, it is always of secondary origin., A zone of subdivision (partitioning)’

develops to this effect in the upper portion of the pulvinus and perpendice
ularly to the direction of the petiole; this zone is almost level except

‘n the place where the Lundles grow across it; here it rises slighti,; upward.

This zone forms a laminas of constant thickness, essentially equal to the
longitudinal diameter of the average cells of this region (about 60 mu);
depending on the size, shape, and positions of the elements it encounters,
the subdivision (e¢s, Figure 22) thus involves, either one or two cells or
only a part of a cell; it always grows from the bottom to the top in each
of them, The separating stratum is finally made-up of three or four layers
of cells whose young partitions are essentially parallel to each other and
to the general divection of the stratum; here the elements are primarily
flat and they kee) their thin walls.

Only the macled cells, their sieve-like tubes, and the vessels do
not subdivide and the same 18 true of the cells of the ~aulinary periderm
whenever it extends to that level. If a macled cell happens to be located
in the way of the separating stratum, the latter goes around it, eithar
above or below, and the subdivisions are pruduced in the immediately
adjoining cells (cr, Figure 22).

The tissue of the petiole, in the vicinity and above the separating
stratum reacts as in the two earlier types in response tc the stimulation
produced by the establishment of this stratum; following the partitioning
of Lhis latter layer, the walls are lignified (rs, Figures 22 and 23),

At the end of September, about 3 weeks before defoliaticen, the sub-
divisions that make-up the separating stratum begin; they appear first of
all at the base of the lower leaves oi the shoots,

Several days Lefore the fall of the leaf, there is a noticeable
longitudinal growth in the entire separating stratum; after that the dehis-
cence crack develons inside the latter, between its two upper layers,

?5 in the case of Amorpha fruticosa, the separation is caused by a trans~
formation of the cell walls into mixed mucilage and also by its partial
dissolution, However, since these walls are not at all thick, especially
in the case of the transversal walls which are ycung, there mucilaginous
portion is rather small; the prior swelling of the membranes is therefore
not at all accentuated here (cs, Figure 23).

Ti.e separation inside the separating stratum occurs in the following

manner: a roughly equal number of cells remains on either side of the dehis-

cence surface; these cells are unattached on one portion of their clrcumfer-
ence but they remain s-cached to the pulvinus and to the petiole along one
of their sides. As in the case of Amorpha fruticosa, the longitudinal
growth, in the opposite direction, of the two layers thus separsted and
their mutual pressure csuse the mechanical detachment of the leaf by
breaking the vessels and the sieve-like tubes, provided these have not
already been broken off as a rcsult of the longitudinal growth taking place
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in the entire separating stratum before this separation,

I pointed out earlier that, while the caulinary periderm rises just
to the level of the separating stratum, the latter does not cut into it,
Consequently, it does not undergo any histological change and it is then
broken off like the vessels and the sieve-like tubes,

The leaves usually fall during the second half of October; their
portion, which remains attached to the stem and which forms the pulvinus
is rather considerable, The fresh scar is clear-green; it is almost cord-
like [rope-shaped] and very long; its surface runs almost parallel to the
axis of the stem (ci. Figure 20). Here a scar arc, slightly in relief,
indicates the outline of tlic bast-ligneous leaf system,

In this third type we do not yet have any cicatrization of the wound
at the moment the leaf falls, except, of course, for the fact that most of
the vessels are blocked by the thalli with the cellulose walls, The tissues
of the pulvinus are differentiated into a ligno-suberous lamina of the same
nature ae in the earlier types (ss, Figure 24) after defoliation, The ligno~
suberization of this cicatrization lamina, whose lower boundary parallel to
the surface of the scar is located exactly at the level of the axillary angle
of the pulvinus begins to grow in its base region and, at the same time, in
several places in the cortical parenchyma; it then progressively grows upward.

The distribution of ligrin and suberin here is the same as in Amorpha
fruticosa. However, in the area of the ligno-suberous stratum we very fre-
quently have smull portions which are more or less further apart and in
which the cells keep their entirely cellulosic walls,

The crystal-bearing cells, which are inside this ligno-suberous
lamina, do not have the thin suberous stratum which covers their neighboring
cells on the inside.

The ligno-suberization of the bast-ligneous bundles comes later than
that of the surrounding tissues. Here it invades all of the elements except
the sieve-like tubes and the vessels in a process also recalling that of
Aristolochia; however, this modification does rot decend below the general
level of the lignho-suberous lamina., In the ligneous vessels, the thalli
become ligno-suberized like the cells at whose expense they are formed
(th, Figure 25). These thalli develop, in the rest of the area, only in
the vessels of the primary wood where they may be accompanied by a variable
quantity of gummy intercalated lignin; it is this latter substance which
is found only in the vessels of the secondary wood which it obstructs com-
pletely (lgg, lga, Tigure z5); this substance is found sometimes in the
amorphous and sometimes in the granular state,

As in the case of Amorpha, there remains -- between the ligno-

suberous lamina and the surfsce of the scar -- a stratum whose cells have
remained parenchymatous and which are more or less flattened out and which
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are afterward invaded by fungi; here, however, this sacrificed parenchyma
is about 8-10 cell layers thick,

We encounter brown resinous substances, deposited in the cell-cavities,
rather frequently in the pulvinus and primarily at the base of the ligno-
suberous stratum,

As the differentiation of the ligno-suberous lamina progresses, the
sur“ace of the scar changes color and becomes clear-brown., This differen-
tiation is terminated befcre winter and the stratum thus produced is the
only defense of the plant against the wound caused by the fall of the leaf
during the entire first year.

In the spring of the second year, the zone that generates the scar
cork advances -- from the caulinary periderm and supporting itself on it
on the level where the latter penetrates into the first cicatrization stratum
-= below this first stratum, from the outside toward the bundles which it
traverses in the same way as in Aristolochia Sipho; afterward, in the axile
lary angle of the pulvinus, it connects with the periderm of the new shoot
formed by the bud or with the cork which dev2lops below the bud when the
latter fails to ripen (aborts). 1Its direction is a little more oblique
to the axis of the pulvinus than that of the leaf scar.

The scar cork is thicker in the center of the pulvinus and primarily
at the points wherz it cuts across the bundles (lic, Figure 26); it averages
10-15 layers at the end of the second year, After its development we very
often have a new drposit of gummy lignon here, below that in the vessels.

As a result of the growing thickness of the important stratum of
scar cork and also because of the obliqueness of its direction toward the
axis of the pulvinus, the portion of the latter which is situated outside
of it is pushed away toward the outside and is slightly buckled on the
side so that the portion of the leaf bundles, which it encloses, is no
longer located exactly in the prolongatjon of the remaining lower part of
these bundles,

I did not observe anything like this in the earlier two cases, As
a matcer of fact, in Amorpha fruticosa the scar cork is not as thick so
that, despite its great obliqueness to the direction of the bundles, the
deviation which I have just pointed out is barely observable here; besides,
the rcsistance of the hard bast helps here in keeping the two separated
portions of bundles in the same prolongation., In the case of Aristolochia
Sipho I pointed out a thick scar cork but the general direction here is
perpendicular to that of the bundles so that their distant portions remain
in the same prolongation,

4th Type, Paulownia imperialis Sieb,

Here I might meke the same observations as in the case of Koelreuteria




paniculata with respect to the constitution of the petiole on the level
of the disarticulation of the leaf and the termination of the periderm
cf the stem along the pulvinus,

All of the phenomena which precede defoliation are more complex
than in the earlier types. A longitudinal section of the base of the
petiole, made several days before the leaf falls, shows in effect, a little
above the insertion of the latter, a lamina of meristematic tissue in which
the cells are subdivided (split) many times. This meristem lamina is very
cleariy delimited on the side of the petiole by the separating stratum
which here occupies the upper portion and which is ¢! “ferentiated here,
first of all, by its protoplasm which is denser thar that of the rest of
the meristematic stratum, and, second, by the preserce of numerous grains
of starch,

The partitions (rm, Figure 27) are less and less numerous in the
upper part of the meristematic stratum where we have an average of 4.6 per
cell; this helds true as we move toward its lower portion situated about
half way between the separating stratum and the insertion of the petiole.

The new partitions mostly run parallel to the separating stratum,
that is to say, transversally, but we can also find a large number with
highly variable direction, either longitudinal or oblique (rm, Figure 27).
As a general rule, the small or medium-sized celis split only transversally
or obliquely, The large cells often split just once, that is, primarily
longitudinally; then they split transversally or obliquely a certain number
of times; or they subdivide transversally for a certain number of times and
then we have one or several new ceils splitting off obliquely or longitudi-
nally., As a matter of fact, there is no regularity in the disposition of
the new walls thus formed; the only thing we can say is that the transversal
direction predominates,

In the parenchymatous elements of the bundles, on the level of this
stratum, we can also observe several subdivisions which are rather small in
number; we generally have onc per cell,

The cell division described above begins to appear rather early
throughcut the entire thickness of the partitioned region, Starting at the
end of August, this region -- in the petioles of the base of the shoots -«
begins to be charged with a denser protoplasm and with starck; then it
begins to subdivide rather quickly. The starch here disappears then alto-
gether or partly as the cell division progresses, The same phenomena
occur successively in the leaves as we move closer and closer to the top
of the shoot.

Cell division is neither preceded nor followed by a growth in the
diameter of the cells; in addition, the new cell walls are always thin,

In all cases, the meristematic lamina i{s entirely made up in the
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fashion I described earlier; this happens around the end of September,

roughly one month before the average defoliation time [roughly before the
halfway point during the defoliation period],

Numerous thalli appear in the vessels of the primary wood of the
bundles around mid~-Cctober. These thalli always have very thin walls and
are completely formed, throughout the entire base of the petiole, at the
moment the leaf falls; after the leaf falls, they develop either very little
or there i{s no new development at all,

At this time, likewise, we can observe a stratum of three or four
layers of new cells occupying the upper part of the meristematic lamina;
this stratum is specialized as a separating stratum by the apperance of
grains of starch and through the increase in the density of its protoplasm,
This stratum functions like that of Koelreuteria paniculata, tha: is to
say, it increases first of all very slightly in thickness through the
longitudinal growth of each of its cells; then this growth of the entire
stratum is followed by & separation of its two upper layers, The walls of
this stratum are not at all thick; their middle mucilaginous portion,
which dissolves afterward, is also very thin,

The separation of the cells, inside the separating stratum, often
begins in several places at once; more generally, however, it begins on the
outside of the petiole.

In Paulownia I never observed any lignification in the tissues of
the petiole above the separating stratum; however, w2 do find several sub~
divisions here similar to those in the meristematic stratum cf the pulvinus,

The leaves usually fall early in November, The leaf scar is very
wide and looks like a circle, slightly flattened toward the top. The
bundle navels, arranged on an almost closed arc, are not readily visible.
The leaf pulvinus protrudes, particularly toward the outside since the
surface of the scar is slightly inclined toward the axis of the stem,

The phenomerna preceding the fall of the leaf are more complex here
than in the preceding species because there is a rather abundant subdivision
of the tissues of the pulvinus, under the separating stratum; nevertheless,
the wound usually does not reveal any trace of cicatrization at that time,

I was able to discover small lignified spots only in a few samples; I was
able to find them in the meristematic lamina, in the vicinity of the dehise
cence surface, and along the circumference of the pulvinus,

After defoliatior, cicatrization occurs, as in the preceding types,
through the establishment of a ligno-suberous stratum which is quite simi-
lar to that found in Koelreuteria paniculata, Its upper boundary is not
definite and is located in the vicinity of the base of the meristematic
stratum whose cells ordinarily remsin cellulosic and become more or less
flattened at the surfsce of the scar, The lignification reaches this
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subdivided stratum only very rarely; in this case it is only indicated here
rather weakly and it is never accompanied by the formation of a suberous film,

It is very interesting to note that, in the case of Paulownia
imperislis, the establishment of the meristematic lamina does not seem to
be very helpful in the cicatrization of the wound; contrary to what we will
see later on in some similar cases, the histological changes that will cica-
trize the wound occur not at the expense cf these cells but at the expense
of the cells of the subjacent tissue, This meristem lamina here rather
appears to play the same role as the subcicatricial parenchymatous tissue
of Koelreuteria, that is to say, it is comparable to the sacrificed parenchyma.

Before the complete differentiation of the ligno-suberous scar stra-
tum, the cells of the pulvinus are often filled with brown resinous sub-
stances similar to those which we pointed out {n the earlier types. This
substance is rarely distributed uniformly throughout the entire pulvinus;
it appears most often eicher only in the middie region of the cicatrization
stratum or in two strips, one of which occupies the crust meristematic
stratum while the other occupies the base of the scar lamina,

The cicatrization of the elements of the bundles occurs exactly as
in Koelreuteria paniculata; the gummy lignon here develops, however, in a
smaller quantity and the thalli here are more numerous.

The external cortical parenchyma oif the pulvinus -- at the level of
the primary cicatrization stratum -- reveals numerous more or less wide
channels., These channels themselves are often blocked by a deposit of gummy
lignin (lig, Figure 28), in a way similar to that described by Mr, MYlisch
{MY1isch, Dr., Hans, op, cit., Sitz, d, K, Akad. d. Wissench, zu Wien,

Vol 97, 1888, page 292) in a wound on the stem of Canna., Channels with -
a small or medium inside diameter (opening) are entirely blocked; the
large channels are not completely blocked and the gummy lignin here is
accumulated in small round masses located most often in the corners, The
cicatrization, which we have just described, is the only one which occurs
throughout the first year in all of the leaf pulvini., The scar covk
appears in the spring of the second year. Most often, its generating zore
grows below and against the lst-year cicatrization straca; sometimes,
however, it grows at a certain distance from these strata., In this latter
csse, the region of the pulvinus between the cork and the lst-year cica-
trization stratum remains cellulosic although it is impregnated with a
brcwn substance that is rapidly soluble in Javelle water,

The cork generating zone appears first of all against the inside
face of the pulvinus; it gradually grows around its circumference and then
moves toward its center. It cuts thc bundles by the same process as in
Aristolochia Sipho but it crosses them directly, without curving toward
the stem.

Along the circumference of the pulvinus, the scar cork extends st a
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right angle to the periderm of the stem, It is very thick at the end of
the second year, especially on the level of the bundles where it has an
average of 12-15 cell layers,

5th Type. Diospyros virginiana L,

In Diospyros virginiana, we find a ditferent kind of complexity of
defoliation phenomena in the sense that the cicatrization here begins to
develop before the leaf falls,

A longitudinal section of the petiole, made several days before
defoliation, shows us, in effect, a ligno-suberous cicairization stratum
which already grows across its base (ss, Figure 29) and which is established
in the parenchyma of the pulvinus, The cells of this stratum have not under-
gone any subdivision before that (ss, Figure 31); this stratum is very
clearly bordered on its upper portion by the plane of the separating stratum
against which it terminates; the boundary between these two tissues is even
better indicated whenever the celis of the second [tissue layer] are much
smaller than those of the first,

Starting in the month of May, that is, at the time the leaf reaches
its adult stage, the petiole, in effect, has a basilar articulation marked
by a slight circular grocve at whose level we find a specialized stratum
running slightly oblique to the direction of the re-entering bundles, This
stratum consists of three or four layers of cells which have been subdivided
just once, primarily longitudinally, ard which have then not undergone any
intercalary growth (art, Figure 30); here the cells are therefore much
smaller than in the petiole and in the future pulvinus so that they will
quite definitely be separated from each other; here they are almost

polygonal ard they leave room between them only for some very small angular
channels.

Tt is this stratum which, without any further subdivision, will be
differentiated into a separating stratum in autumn, The position that
will be occupied by the latter stratum is therefore clearly indicated already
at the base of the adult leaf,

At the moment the leaf falls, the cicatrization lamina involves
especially the cortical parenchyma in which its lower boundary is slightly
conivex toward the bottom (ss, Figure 29); however, the bast-ligneous
bundies are already affected by ligno-suberization along their circumfer-
ence and toward the upper portion of the lamina,

Contrary to what we have observed so far, the cicatrization stratum,
from the histolcgical viewpoint, {8 roughly homogeneous throughout its
entire extent; the lignification here has the same intensity throughout
and the thickness of the internal suberous film is the same in all of its
elements,
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As in Paulownia imperialis, which we studied in the preceding
chapter, it is not differentiated from the subcicatricial lignified stratum.

When it does exist, the periderm of the stem ends a little below
the separating stratum (pd, Figure 29).

The ligno-suberization of the cells of the pulvinus begins early
in August in the pulvini of the leares situated at the base of the shoots,
a little later than in the others, The protoplasm he:.z ifirst of all becomes
a little denser and the starch become: more abundant. The impregnation of
the walls with lignin and suberin comes next; it begins along the entire
circumference of the pulvinus, against “he separating stratum and in contact
with the epiderm. From this point it adrances at the same time toward the
bundles and toward the base of the lamina; the starch disappears from the
cells as this differentiation becomes mere accentuated,

The formation of the ligno-suberous loyer is generally terminated
toward the end of September. The elements of the bundles are still intact
at that time and the circulation is not obstructed in any way. Toward the
end of that month, the few thalli appear in the big spiral vessels, since
the base of the petiole does not undergo any othar mcdification all the way
to the end of October, which is the usual defoliation time, The ligno-
suberous cicatrization begins to reach the elements along the circumference
of the bundles, in the vicinity of the stratum with the small cells indicated
earlier, sometime before the usual defoliatjon time; at the same time, this
small-cell stratum develops into a separating stratum through the increase
in the density of its protoplasm,

The functioning of this separating stratum differs just a little
from the one we just described earlier, Before separation, each of its cells
and, consequently, the entire stratum, grow longitudinally only about 1/5
of their orjginal volume. Besides, although their cell walls fix the col-
oring substances of cellulose a little more energetically than the rest of
the parenchyma, they do not appear to be mucilaginous; they are not swollen
and they do not reveal any deformaticn due to softening, At the moment the
lesf falls, we can only observe how these cells have become roundish and how
the intercellular channels become wider; this happens particularly in the
upper portion of the stratum, where the primary pectic membrane is dissolved
not only in the corners but also in a large portion along the circumference
of the cells which are thus isolated from each other iato two rows (cs,
Figure 31). dere or there, the dissolution may even occur along the entire
circumference of a cell and this cell may thus be completely isolated from
the others,

The separation inside the separating stratum generally occurs from
the external region of the petiole toward its internal region, Contrary
to what happens in the case of Paulownia imperialis, the cells of the
two dehiscence surfaces grow very little lorzitudinally and in the apposite
direction, The mechanical pressure which is exerted on the base of the
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petiole is therefore very small and it must be supported hitherly by the
outside factors i{f the bundles are to be broken,

The leaf scar has the shape of a semicircle (ci, Figure 32) in whose
Center we can see a fascicular navel slightly in relief, naving the seme
shape as the scar. The leaf pulvinus is quite protruding here,

After the leaf falls and during the first year, the only change
occurring in the leaf pulvini involves the completion of the cicatrization
of the bundles. This happens in the same way as elsewhere but the process
here is very incomplete: the gummy lignin here is almost entirely missing
in the vessels and the same is true of the thalli; only some of their paren=
chymatous clements, especially at the base of the cicatrization lamina, are
ligno-suberized; most of them remain cellulosic; after their death, they
take on a dark brown color. This cicatricial modification in the bundles,
although very minor, descend lower than that in the surrounding cortical
parenchyma,

As in the types which we studied so far, the cicatrization here is
completed during the second year with the establishment of a cork in immedie-
ate contact with the lst-year scar stratum, The cork grows across the
bundles in the same way as in Amorpha fruticosa and it curves toward the
pulvinus, At the end of the cccond year it is rather thin and consists of
only three or four layers of cells.

6th Type. Morus nigra L,

In Morus nigra the cicatrization is completed, before the leaf falls,
by the ligno-suberization of a tissue of meristematic origin,

If we make a longitudinal section along the plane of symmeiry of
the petiole at that time, we will see a thick ligno-suberous lamina growing
across the entire pulvinus and moving only around the bundles (ss, Figure
33). The general direction of this cicatrization stratum is almost per-
pendicular to that of the petiole but it has a slight concave area in its
center. Its thickness increases slightly from the inside to the outside
of the pulvinus and its lower boundary is situated a little above the
place where the leaf is inserted into the stem.

All of the cells of the pulvinus which make-up this stratum are
subdivided one or more times, at most, however, four times, depending on
whether they are more or less e¢longated along the longitudinal direction,
In this meristematic lamina we will once again find the same situation
as in Paulownia imperialis as far the size of the new cells, the distribu-
tion, and the thickness of the new walls is concerned; however, the new
walls or partitions here are more or less regularly oriented along the
transversal direction (ss, Figure 34).

The crystal-bearing cells in this region never subdivide. (To avoid
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any subsequent repetitions, I would like to point out right now that this
is always the case in the crystal-bearing cells, regardless of whether or
not they ave inside the meristematic tissue, the separating stratum, the
cicatrization stratiu, etc,) The same is true of the epidermal cells
which are already very small here,

The ligno-suberous lamina in very clearly delimited in its upper
part by the separating stratum on which it borcders; it is also very clearly
outlined alorg its base (ss, Figure 34), From the twin viewpoint of ligni-
fication and suberification, it is ordinarily very homogeneous throughout
all of its parts, Sometimes, however, the suberization -- at the base of
the lamina -- is limited not only by the thin internal coverirng stratum
of the cells tut also slightly impregnates the region adjoining their walls,

At the same time, the elements of the bundles are usually not affected
by the ligno-suberization, rot only when these hundles grow perpendicularly
across the scar stratum but also when they circle it here almost horizon-
tally. (The reunion of the leaf bundles, prior to their re-entry into the
stem, as a matter of fact, takes place partly on the level of the ligno-
suberous stratum and partly below it; it is thus not at all rare to see
bundles growing across this stratum almost horizontally, over a more or less
considerable length, The middle leaf bundle has a very curvy outline below
the various cicatrization strata but this arra:r;oment, which exists on the
adult leaf, has nothing to do with the fall of the leaf (Figure 33). I
found the same feature in this middle bundle in the case of Morus alba,
Broussonetia papyrifera, Ficus carica, and Celtis occidentalis (Figure 60).)

Nevertheless, ligno-suberization may, even before defoliation, hLave
reached those of these elements which are closest to the cortical pareuachyma,
Besides, all of the primary vessels are quite full of thalli from a short
distance above the separating stratum all the way to a little below the
ligno-suberous stratum,

In the case of Morus nigra, moreover, we have a lignification of
the tissues of the petiole above the separating stratum (rs, Figures 33,
34, 37) but this lignification affects only one or two layers of calis,

The separating stratum is made up of three or four layers of new
cells in the upper portion of the meristematic stratum; these cells have
preserved their dense protoplasm and “ave not undargone any of the histo-
logical changes observed in the rest o. this protoplasm., The protoplasm
is a little thicker in its external vegion than in its internal region,

The cells composing it are not necessarily the only ones that result from

the subdivision of the primary layer of the pulvinus to which it owes its
origin (as we can see, in effect, in Figures 34 and 37, c<); one original
cell of this latter layer may, after subdivision, become at the same time
fnvolved in the constitution of the ligno-subercus lamina through its lower
daughter cells, in that of the separating stratum through its middle daughter
cells, and often even in that of the lignified, subcicatricial stratum




through its upper daughter cells.

This is the sicuation at the base of the petiole a few days before
defoliation,

The differertiation of the ligno-suberous lamina begins abri:t one
month before the leaf falls, around mid-September, The portion of e pul-
vinus which becomes involved in its compositior prcves to be atundantly
provided with starch, The subdivisions appear here throughout the entire
thickness of the strata at the same time but they are from the very beginning
more active in its upper portion., Around mid-Gctober, when all of the new
partitions have been formed, the ligno-suberization begins to develop. It
starts in the upper portion of thc lamina and, at the same time, in the
vicinity of the epiderm, against the bundles and in contact with numerous
laticiferous ¢rgans which traverse this region; from these different points
it rapidly covers the entire thicknes: of the meristematic stratum, At thie
moment, likewise, begins the proliferation of the thalli in the vessels,

The subcicatricial lignified stratum is differentiated a little
later, at the beginning of the formation of the separating stratum and when
the latter is already strongly turgescent, (This seems to prove that, in
the case of Morus nigra, it is primarily this turgescence which acts as a
stimulus on the neighboring tissues of the petiole, rather than the celil
division that occurred earlier,)

The det-chment of the leaves ordinarily occurs during the first days
of November; this is a result of the functioning of the separating stratum
which is exactly the same as in Koelreuteria paniculata, The doubling of
the walls inside this stratum begins on the outside of the petiole and
gradually progresses toward its inside,

The separating stratum is slightly concave in the center of the
pulvinus; the surface of the fresh scar is therefore likewise concave,
The fresh scar has a light-brown color due to the immediate contact of the
ligno-suberous cicatrization stratum, Throughout its entire surface we
can obsevve small points which look like a whitish dust and which are due
to a littie bit of dried latex coming from the broken laticiferous organs;
we will come back to these laticiferous organs later on,

The cells of the separating stratum, which have remained attarched
to the pulvinus, die quite soon and are flattened against the surface of
the scar.

The scar looks like an ellipse slightly flattened in its upper por=-
tion {ci, Figure 35}, The pulvinus protrudes very muci and extends laterally
in the form ¢ twe little pouches which gradually disappear toward the mildle
of the outline of the stam,

After defoliation, the constitution of the ligno-suberouscicstrization
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lamina only undergoes the few changes described in this paragraph until
winter comes., In the wood of the bundles, the thalli and the parenchymatous
elements are ligno-suberized in their turn and the gummy lignin completes
the cicatrization begun by the thalli, In the bast, consistiung of sieve-
like tubes especially on this level, we have a few parenchymatous elements
which are likewise ligro-suberized but this cicatrization is quite incom-
plete and most of the .iscue therefore continues to have cellulcse walls,

During the second year, cicatrization is completed with the develop-
ment of a cork bazlow the ligno-subersus strata and in contact with them
[at the point where they areincontact]. This cork appears in the external
region of the pulvinus where it connects with the periderm of the stem,
It is very thick at the end of the second year (lic, Figure 35); as a matter
of fact, it is thicker than both of the annual strata cf vue caulinary peri-
derm that develap each year, As in most of the preceding :ases -- and for
the same reason -- it cuts the bundles, curving morc or less downward, It
grows across the vessels in the same fashion as in Aristolochia Sipho, in
other words, the thalli, located on the level of its generating zone, very
ofter lLiecome involved in the composition of this latter zone,

Tn most of the pulvini, the cork ,.nerating zone also prcduces some
phelioderm toward the interior (ph, Figure 36). The latter is composed of
the parenchymatous nells acranged in radial files at angles which most often
are quite rounded; (chis phellioderm apprears as I drew it (Figure 77) for
Fraxinus Ornus); it is very thick in the center of the pulvirus and particu-
larly across the bundles where it consists of 5-7 cell layers; its thickness
diminisnes from the center roward the surface, near which it ceasvs to exist,
The devclopment of this phelloderm increzses the spacing betwcen the portion
of the bundles includi-~:; '~e base of the pulvinus and that which is com-
prired in the first ¢’ _atrization lamina, although both ¢f them continue as
a prolongation of each other,

We noted carlier that the phelloderm, situated below the scar cork,
is more or less developed, depending on whether the ligno-suberous cica-
trizatior extends more cr less deeply into the bundles during the first
year, t' is to say, depending on whether it forces the scar cork ganer-
ating zu... to bend more or less dounward, toward the stem. Thus we see
that -~ while this ¢i:atrization occurs at the same lavel as in the ccrtical
perenchyma and while, ‘unsequently, -he cork grows directly across the
bundles ~- there is no ohelliderm forming below it [the cortical parenchyma],

When an axillary bud develops and gives rise to e shoot during the
second year, the subjacert leaf scar splits rather early and quite regularly
into two parts chrough a very deep longitudinal opening, The scar cork
then grows below the wound produced by this new injury and plunges more
deeply into the tissues »f the pulvinus, thus forming a bay in which a
thick phelloderm always develops.
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Cicatrization of laticiferoug frgans

We know that Morus nigra has so-called branching milk-bearing organs
which are particularly numerous in the cortical parenchyma. Their cicatri-
zation is evidenced already by the fact that there is no flow of latex
during the fall of the leaf.

Let us look at some longitudirial sections of the base of the petiole
a few days before defoliation; these sections were so made that the milk-
bearing orpans could be observed over a rather long distance. Let us then
successively treat them with carbon disulfide and Javel water in order to
relieve the latter of their content, Each branch of the milk=-bearing sys-
temn thus cleaned then reveals quite clearly two partitions which close them
off hermetically (cly, clg, Figure 37), one of them above the separating
stratum, in the petiole, and the other below it, in the pulvinus, These
two partitions are finger-shaped, with a convex area pointing toward the
separating stratum; that is to say, they are turned toward each other,
They are verv thin in the region where they are attached to the wall of
the laticiferous organ but they graduzslly increase in thickness until the
top of thejr convex area.

In response to rezgents, they behave like the walls of the latici-
ferous organc itself, The cellulose coloring substances are fixed on them
and a little move energetically on the‘inside face of the concave area;
the coloring agents of pectic substances arc also fixed here but especially
on the convex surface of the same region. When treated with Schweizer
reagent, they become slightly thinner and the internal portion here becomes
entirely dissolved; in the rest of the membrane, the ccloring agents of

pectic substances always indicate the presence of this latter substance,

From these observations we can say that these partitions are of the
same kin¢ as the parenchymatous tissue walls, with one difference, however:
a thin region in their concave area is entirely cellulosic,

Of these two partitions, the one which developes below the separating
stratum, grows into a point of laticiferous organs generally situated in
the vicinlty of the underside of the ligno-subercus stratum, either below
or sometimes a little above (cly, Figure 37); very rarely it appears in
the vicinity of the separating stratum; in these latter two cases, however,
although sjtuated in the middle of a ligno-suberous tissue, it remains
pecto-ccllulosic like the wall of thelaticiferous organ which likewise
does not change at the level of this tissue,

The second of these partitions -- the one which develops in the
retiole, above the surface of leaf separation -- is, on the other hand,
generally placed quite far {rom this surface f(at a distance which is con-
sideratly greater than shown in Figure 37, cl;, scmetimes 7-8 tiras that
distance). It never forms below the subcicatricial lignified stratum
(rs, Figure 33) opposite which it appears very rarely,
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_In one of the many samples which I examined, one of the milk-
bearing organs, by way of exception, revealed two partitions instead of
one, above the separating stratum; the upper one only had a thin wall,

The occlusion of the Jaticiferous organs always causes the entire
system to be hermetically closed on both sides of the dehiscence surface.
If a laticiferous organ should indeed ramify either above or below this
surface, then the occlusion may occur either before ramification through
a single partition or after ramification through as many parcitions as
there are branches (cl, Figure 34),

What we have said so far in comnection with the milk-bearing
organs is the result of observations on sections whose latex had been
removed in advance, I also studied these elements after having fixed
their latex in order to be able to examine the relaticnships between it
and the obstructing partitions.

The longitudinal sections in the base of the petiole show us then
that the latex is directly in contact with the partitions and that it is
found here on both faces (la, Figure 39). Generall, however, on their
convex face, it ceases to be granular in their immediate vicinity and
forms a very refringent mass, which is very distinct and which has a very
variable shape (bl, Figure 39). The latter -- which is more or less of
aluminous -- may, however, also “e absent and, in this case, we observe
a void between the granular latex and the convex surface of the partitions,

Between the finger-shaped partitions and below them, in the pulvinus,
the latex completely fills the milk-bearing organs, Above these two regions,
in the yellowish petiole, it is more or less strongly dried out and con-
tracted,

This is the occlusion of the laticifercus organs at the time the
leaf falls. Let us now see how this occlusion takes place.

If we cut the petiole a little above its space, about 1 cm from the
latter, around the middle of September, and if we make this a transversal
cut, by the way, we can see that the latex flows very activeiy from the
two faces of the section. At the beginning of October -- in other wcrds,
when the subdivision is in full swing in the stratum which will constitute
the ligno-suberous lamina -- this is still true for certain petioles;
however, in others we can now detect only a very difficult flow on the
portion which remains attached to the stem. A little later, the flow of
latex stops completely on that side whereas it i3 always abundant at the
base of the cut leaf and also at the base of any wound inflicted on the
stem itself, in the vicinity of the pulvinus, At this very moment, there-
fore, early in October, the ‘circulation of the latex is impeded i{n the
base of the leaf.

I1f we examine the longitudinal sections of tha petiole at that time,
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we no longer observe any of the finger-shaped partitions which we pointed
out earlier; but we do observe the existence of masses of this refringent
latex which we mentioned earlier (bl, Figure 38). In each milk-bearing
organ we can see two of these, one above and the other below the separating
stratum which, at that time, is already clearly indicated by its subdivi-
sions and partitions, If we slightly press on the cover glass, we can see
that the latex remained motionless between the two masses of one and the
same laticiferous organ while it was able to move outside of them; these
two masses thus act like a stopper., They are very difficult to crush and
they reveal all of the reactions of latex, with one difference, however:
they are almost insoluble in carbon disulfide and they are very difficult
to dissolve in Javel water.

After the stoppage of the circulation of latex through the forma-
ticn of these stoppers, we can observe the development of the finger-shaped
partitions which constitute the final occlusion of the milk-bearing organs,
I was rot able to determine the way these partitions are formed with any
degree of certainty; these partitions probably develop very rapidly, The
youngest ones I was able to observe, around the middle of October, already
were finger-shaped, just the way they are at the moment the leaf falls;
however, their walls were still very thin, Even after proper cleaning with
latex solvents, I did not note any nucleus in their vicinity; above and
below it, however, the protoplasm was more condensed than in the rest of
the laticiferous organs where it constituted only a few traces, here and
there,

In almost cases, the partitions appeared immediately in contact with
the refringent stoppers so that their convex side fits very closely against
the latter (cl, Figure 39). As the partitions here become thicker (as far
as I was able to see this thickening occurs especially on their concave
side), the latex stoppers, on the contrary, appear to diminish on their
side which is opposite to the partition; sometimes they then disappear com-
pletely; this is the place and the way in which a vacuum then develops
in their place. All of this explains that, at the moment of defoliation and
depending on whether the partitions are formed more or less belatedly, the
occlusion of the laticiferous organs reveals the different states which I
described above,

The fact that the finger-shaped partitions, during their formation
and growth, are in intimate contact with the refringent masses of latex
and that these masses disappear completely or partly as they become thicker,
made me think, first of all, that they night be due to a transformation of
these refringent masses, At no time, however, do the reactions of these
masses {n any way recall the reactions of the membranes which, as I said
before, are entircly pecto-cellulosic; moreover, these masses are sometimes
formed at & certain distance from the stoppers and they remain separated
by a more or less long unchanged index (finger) of latex,

Summarizing all of the preceding observatiuns, we have the following
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laticiferous organ cicatrization process in Morus nigra. First of all,
at the base of the petiole, in each milk-bearing branch, we have a kind
of concretion of the latex, forming two plugs, one above and the other
below the separating stratum, This first modification certainly stops the

movement of the latex in this region and permits the formation of the finger-

shaped partitions which constitute the real closing as such, The formation
of these partitions would, as a matter of fact, be very difficult in an ele-
ment as unstable as latex, This is undoubtedly also the reason why these
partitions appear almost always in contact with or at a small distance from
the plugs; the latex is certainly much more stable in the vicinity of these
arresting points, These partitions are probably not produced as the result
of a division of the cell nucleus; instead they are probably due to the
direct secretion of protoplasm which, as we have just demonstrated, is more

condensed in the region of the milk-bearing organs, where they [the partitions]

develop.

This means that the finger-shaped form of the two occlusion partitions

of one and the same laticiferous organ is probably explained much more accu=-
rately by the pressure which the latex exerts on each of them, in the oppo-
site direction, Perhaps the excitation, caused by the evolution of the
separating stratum and the elongation of its cells toward the dehiscence
surface, also helps in producing the convexity of the partitions in the
milk-bearing organs.

The obstruction membranes always are finger-shaped but they do not
always have the regular shape which we indicated earlier; sometimes, quite
rarely, by the way, we find some that are not absolutely convex at their
top but more or less flattened (2, Figure 40) and sometimes they are even
partially folded back towerd their concave area (1 and 3, Figure 40).

At the level of the separating stratum, the milk-bearing organs
are finally broken as a result of the growing thickness of this layer,
just as it happens in the case of the sieve-like tubes and the ligneous
vessels (la, Figure 37). At the level of the scar cork which forms a
little further down during the second year, they are first of all, very
much like the sieve-like tubes, constricted by the compression of the
cells in the generating zone; then they are stretched and finally they are
broken by the cork so that the latter, from here on, procedes between their
extremities, without any break in continuity,

I might also point out that this is a case not above but below the
finger~-shaped nartition, even though we may have a constriction and rupture
due to the cork generating zone. in this c2se, 1 might add, these phenom-
ena are not preceded, as we might expect, by the formation of a new convex
partition on a lower level. In effect, it is the normal milk-bearing
organ which is thus broken, and not its sacrificed portion,

7th Tvoe, Aesculus Hippocastenum L,
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As in the case of Diospyros virginiana and Morus nigra, we still
have a cicatrization gtratum in Aesculus Hippocastanum; this cicatrization
stratum is leftover from the autumn defoliation time but the ligno-suberous
lamina is here very much reduced and is already accompanied by a secondary
cork which almost all by itself takes care of the cicatrization, A longi-
tudinal section of the base of the leaf, a few days before it fulls, shows
us a cork lamina which grows across the entire cortical parenchyma (lic,
Figure 41),

The direction of this cork lamina is a prolongation of that of
the periderm of the stem (pd, Figure 41) and it is therefore very oblique
to the direction of the leaf bundles, Its thickness is greater in the center
of the cortical parenchyma where it consists of 8-10 cell layers (lic,
Figure 42); the thickness diminishes abruptly at its point of contact with
the periderm, especially in the external and lateral regions of the pulvinus,
On the other hand, this cork ends around each of the bundles, curving
slightly upward, Its cells are in all points similar to those of the peri-
derm. Like these cells, they reveal a suberous framework which is not at
all thick and a strong, hard thickening which involves only their internal
middle portion. This thickening, moreover, is the same as we have it in
the periderm of the stem although it does become thicker as it gradually
forms part of the innermost cells.,

Above and in direct contact with the cork, we have the ligno-suberous
lamina which is formed at the expense of the cortical parenchyma. Opposite
the region of juncture of tiris cork with the periderm of the stem, at the
place where it is narrowest, it [the lamina] is thicker than elsewhere and
compensates for the weakness of secondary suberous cicatrization. At that
point, the cells, wiaich are elongated very much longitudinally, have in
advance been partitioned again three or four times. The ligno-suberous
lamina -- which is therefore very thick above the narrowed portion of the
scar cork -- abruptly loses its thickness toward the interior of the
petioles; in the vicinity of the bast«ligneous bundles it consists only
of two or sometimes only one layer of cells and it may be entirely missing
in the entire middle and inside region of the cicatrization lamina (ss, i
Figure 41),

This is why I said earlier that the cicatrization stratum was
almost entirely made up of cork in Aesculus Hippocastanum and before defoli-
ation,

Between this cicatrization stratum and the sepasrating stratum, we
have a lamina of sacrificed parenchyma which does not undergo any change
(ce, Tigure 41)., This parenchyna is thicker in the external region of
the pulvinus where it averages three-four layers; it is reduced to a single
layer in its innermost region,

The separating stratum consists of *wo or three layers of cells
that have not been subdivided in advance; it is consequently of primary
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origin, as in the case of Amorpha fruticosa (cs, Figure 42). As in several
of the preceding types, we have in the petiole, above it, a reaction on
the part of the neighboring tissues and this is expressed by the lignifica-
tion of their walls (rs, Figures 41 and 42),

Earlier I pointed out that the scar cork does not grow across the
leaf bundles around the time of defoliation, llowever, these leaf bundles
are partly clicatrized by the ligno-suberization of those of their cellulose
elements which are closest to the cortical parenchyma and which are located
at the level of the cicatrization lamina, Moreover, the vessels, especially
those ¢f the primary wood, are abundantly filled with thalli throughout
the entire base of the petiole and to a point very near their re-entry into
the caulinary system,

This is the situation of the base of the leaf a few days before the
leaf falls,

The cicatrization lamina (cork and ligno-suberous tissue) is formed
very early.

It appears at the end of June in those leaves which are at the base
of the shoots and toward the end of July it is already partly formed in all
leaves,

It ordinarily begins to appear in the cortical parenchyma, halfway
between the bundles and the epiderm, Here it forms, first of all, several
areas in the dorsal region of the petiole; then these areas are connected
to each other and the lamina thus advances in the form of a circle arc,
around the bundles, soon meeting again in the internal cortical parenchyma;
at the same time it moves, on the one hand, toward the bundles and, on
the other hand, toward the surface of the petiole,

At the beginuing of the differentiation of the cortical areas, the
thin ligno-suberous region of the upper part is differentiated here first
and afterward below and against it; this leads to the appesrance of sub-
divisions in the generating zone which will furnish the cork toward the
outside, The areas then become gradually larger and ligno-suberization
always precedes the appearance of the generating zone below them,

In all of the pulvini, the cork lamina is completely formed toward
the middle of August. At that moment it almost has its final thicknes=<
in the vicinity of the cortical parenchyme. It already touches the
bundles but it terminates, around the circumference of the pulvinus, at
a certain distance from the periderm of the latter, with which it does
not yet come into contact, At that time there is no indication whatever
of the separating stratum,

Toward the end of August the cicetrization lamina reaches its ulti-
mate thickness but 1t always leaves the bundies intact and it does not yet
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make contact with the periderm of the stem, The situition remains the

same up to the end of September, Only then does the scar cork generating
zone continue to advance toward the surface of the petiole, preceded by

the subdivision and the ligno-suberization of the external cortical paren-
chyma; row only then does it unite with that of the periderm of the stem
along the entire circumference of the petiole, It is because of this
belated contact that the cork is always less thick than anywhere else,
along the circumference of the pulvinus; in the end, however, the greater
thickness of the ligno-suberous tissue in this region here gives the entire
cicatrization lamina a greater thickness than anywhere else.

While the scar cork is thus completed through its connection with
the periderm of the stem, the cell stratum which will be separated is filled
with starch; at the same time the density of its protoplasm increases, On
the other hand, the subcicatricial lignified strata is differentiated above
it in the petiole as of the moment this stratum developes its individual
characteristics, It is around this time that the thalli proliferate in
the vessels and that the ligno-suberization gradually reaches the elements
of the bundles in the pulvinus, In the rest of the leaf, the cells die

from its top to its base, all the way to the separating stratum, and defolia-
tion takes place,

The mechanism of the fall is identical to the one we had in Amorpha
fruticosa; however, the walls of the cells making up the separating stratum
are not at all thick; their middle region is transformed into mucilage;
it inflates and dissolves as it is very weak., On the other hand, the

growing thickness of the entire stratum is more considerable before the
separation,

The leaves fall around the beginning of November and it is usually
the oldrst leaves which fall first, The fresh scar has a brignt gray color;
it is shield-shaped and on its surface, arranged in an arc, has five-seven
fascicular navels slightly in relief and decreasing in size from the center
of this arc toward the extremities.

Since the separating stratum is almost a direct continuation of the
surface of the stem, we do not have a pulvinus as such here.

The lst-year cicatrization of the bundles occurs in all cases, after
the leaf falls, through the ligno-suberization of all of their parenchymatous
elemants at the level of the cicatrizstion lamina; this modification extends
more or less deeply, depending on whether it occurs sooner or later, The
gummy lignin is rare in the vessels; as we saw earlier, these vessels are
already almost completely plugged by the thalli before the leaf falls.

In general, the ligno-suberization ot the clements vl the hadloa
{s the only cicatrization which occurs here at the end of the first ycvor.
sovoiimes, however, beforec winter co~us ard at the base of the shools,
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cork lamina, across the bundles below their ligno-suberized portion,

In this latter case we get a generating zone growing across these
bundles; this zone is based on or supported by that of the cicatricial
scar at the point of curvature which it describes as it moves up along
the bast-1igneous cords; the new subdivision is established across all of
the elements except the sieve-like tubes and the vessels. This transfas-
cicular generating zone most often forms a slight curve toward the stem;
this curve i8 more or less pronounced depending on whether the ligno-
suberization of the elements of the bundles decends more or less downward,
below the level which the scar cork occupies in the cortical parenchyma.
As in the case of Aristolochia, the thalli of the vessels are most often
involved in the composition of this cork (thp, Figure 43),

When the generatiug zone thus grows across the bundles before winter
it never produces more than two or three layers of cork whose elements i
always have chin walls and which do not have the hard thickenings of the
cells of the extra-fascicular cork. Often, also, it manages to cross only
a portion of the bundles,

During the second year, the transfascicular cork generating zone
furnishes a new stratum of cells, the first of whose layers, like those A
during the preceding year, have thin and suberous walls, whereas the ;
later ones have more of the hard thickenings of the cells of the caulinary
periderm. When the cork does not grow across the bundles or when it grows
across them rather imperfectly after the first year, it does so during |
the second year but the curve, which it then describes across these bundles,
is always more accentuated.

In the bast of the fibers of Aesculus, we have a small number of
articulated laticiferous organs, At the base of the petiole, these milk-
bearing organs have cells that are shorter than anywhere else. As the
ligno-suberization of the bundles developes gradually, after the leaf
falls or sometimes even before it falls, these milk-bearing organs are
partitioned trancversally once or twice at the level of the cicatrization
lamina and they are ligno-suberized like the parenchyma. During the for-
mation of the cork across the hundles, these milk-bearing organs may some-
times be crushed but most often they subdivide at the level of the generating
zone and they participate in its compositicn, (Figure 78, which I do to
illustrate the laticiferous orgxans of Acer campestre, also shows what goes
on in the case of Aesculus,)

Sth Type. Forsythia suspensa Vahl,

In Forsythia gsuspensa we find a cicstrization which is even more com-
plex than in Aesculus; this cicatrization i{s found at the moment the leaf
f falls,

Here, in effect, we note a double cicatrization lamina below the
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separating stratum; this cicatrization lamina is quite well characterized;
in other words, we have here a complete ligno-suberous lamina which is
doubled, on the side of the pulvinus, by a scar cork (ss and lic., Figure
44), -

The general direction of this double cicatrization lamina is slightly
oblique to that of the re-entering bundles; its lower limit is almost level
in the external ccrtical parenchyma and it curves slightly toward the stem
in the internal cortical parenchyma,

In the entire external and lateral region of the pulvinus, the cork
is connected to the periderm of the stem, curving downward. In its internal
regicn, it is connected similarly with the superficial periderm although
this time it curves strongly upward (lic, Figure 44).

The double cicatrization stratum is interrupted by the foliar bast-
ligneous system in the same way a8 in Aesculus. Sometimes, however, the
ligno-suberization already reaches a portion of the bundles before the leaf
falls; but the cork lamina never touches them before this period.

The ligno-suberous portion of the cicalrization strata is entirely
formed of unpartitioned primary tissue (ss, Figure 45), Here the lignifi-
cation is very homogeneous throughout its entire thickness and cthe internal
suberous film of the cells here is a little thicker than in the preceding
case,

The separating siratum is found in direct contact with the ligno~
suberous tissue; like the latter, it is not of meristematic origin; on
the average it consists of only two or three cell layers (cs, Figure 45).
Slightly concave in the cortical parenchyma around the bundles, it rises
slightly toward the petiole as it crosses these bundles,

As in the case of Diospyros virginiana sand Paulownia imperialis,
there is nn trace -of lignification above the separating stratum at the base
of the petiole.

No thallus is produced in the vessels of the leaf scar before the
leaf falls,

The cicatrization stratum begins to differentiate at the bLeginning
of September, The ligno-suberous portion appears first, The histological
modification of the cells in this portion, follcwed by the disappearance
of their content, begins almost at the same time, against the external
and lateral surface of the pulvinus and, in the internal cortical paren-
chyma, against the bundles, From these two regiona it advaunces at th»
same time toward the hurdles and the inner side of the pulvinus, Socun
the ligno-suberous lamina is comnletely differentiated throughout the
entire extent of the petiole. Only then does the secondary cork generating
zone develop below and against it, Thus the ligno-subercus portion of the
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scar lamina is formed completely before its secondary suberous portion.
The latter is detached from the periderm in the external region of the
pulvinus; it moves toward the bundles, goes around them without touching
them, and then continues, on the other side, all the way to the internail
periderm. It includes 4-6 layers of cells before defoliation; its gener-
atirg zone ceases to function at that time; its cells are flct, like those
ot the caulinary periderm and, as in the latter, it may be accompanied by
one or two parenchymatous phellodermic layers,

The leaves are generally detached during the second half of October.
The cells of the separating stratum are characterized at that time in the
same fashion as in the preceding types. As in the case of M ospyros
virginiana, the cells of this stratum are separated without any prior
swelling and they are detached by the simple dissolution of the intermediate
[dividing] pectic membrane. As in the other cases which I have just men-
tioned, there is still almost no growth on the part of the two s¢parated
layers in the opposite direction,

At the moment ol defoliation, the wound left behind by the falling
leaf is already completely cicatrized by a double primary ligno-suberous
and secondary suberous lamina, except on the level of the bundles, The
form of the lesve scar (ci, Figure 46) is triangular and the points are
quite rounded, This scar is topped by two or three big buds arranged
in a radial line., A fascicular node in relief then appears in its center,
The pulvinus protrudes very much and has three small swellings (pads) which
shoot off at angles fromn the scar and descendup to a certain distance
below 1t, along the internoce,

After the leat falls, the only changes that occur on the ievel of
the scar strata are found inside the bundles. The cork, it is true, never
crosses the latter during the first year but the ligno-suberization reaches
their parenchymatous elements to a very great distance belew the double
cicatrization stratum, No thalli develop in the vessels but the latter
are entirely plugged up by the gummy lignon, The latter develops only
at the level of the cicatrization strata,

During the second year the scar cork grows across the bundles
(lic, Figure 47), forming a very accentusted curve toward the stem, Its
thickness, at the end of the second year, is considerable in this region
of the curve, even moreé considerable than both of the annual two strata
of the rest of the scar cork., The general direction of the growth of
this cork is so arranged that the portions removed from the bundles [the
distant porticns of the bundles .re in the same prolongation,

Sometimes the periderm of the stem transforms its last layer into
sclerites, toward the end of the second year; in this case, that [the layer)
of the scar cork is always modiied in the same fashisn,

When a Sud develops above a scar, the latter somatimes is not
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altered; more often, hovever, the growth of the base of the bud forces
the scar to split., The rupture occurs very regularly along two small
lateral cracks on either side of the navel, between the three small
pouches of the pulvinus, The edges of these cracks are never far apart;
however, while the new wound developes below the cicatrization strata
of the first year, the scar cork grows below the exposed surfaces,

9th Tvpe., Alnus glutinosa Gaertn.

Alnum glutinosa is an example of the greater complexity of differ-
entiation of the scar tissues of the pulvinus at the moment the leaf falls.

Longitudinal sections in the base of the petiole made several days
before defoliation revealed the presence of a double cicatrization lamina
as in the case of Forsythia suspensa (ss and lic, Figure 48); however, this
double lamina differs essentially from that in the former species in that
its liuno-suberous portjon is of meristematic origin,

The partitions [subdivisions] (ss, Figure 49) are very numercus in
this part of the scar stratum and they are very similar to those which we
mentioned in conneciion with Paulownia imperialis and Morus nigra; however,
they are here less abundant toward the top and they become more and more
abundant toward the bottom. Besides, as they increase in frequency toward
the lower region of the cicatrization lamina, they also turn up more regu=-
larly in a t-ansversal fashion, especially in the elongated cells of the
exterral region of the cortical parenchyma; thus we have a rather imper-
ceptible transition {rom the upper portion, in which the partitions are
irregular, to the lower co~k, where all of the partitions are transversal
(lic, Figure 49Y. fl:u; tne entire external circumference of the pulvinus,
the lamina of scar cork connects with the periderm of the stem below its
termination, forming a very acute angle with it (lic, Figure 48), so that,
in this region, the upper limit of the double cicatrization lamina is
almost rorpendicular to the direction of the petiole; this aouhle lamina
thus tosns a wedue along the dorsal side of the pulvinus,

The thickness of each of the two cicatrizacion strata diminishes
as we go from the outside toward the inside, The diminution of the cork
very often reduces the latter, in the vicinity of the inside corner of
the petiole and the stem, to a single layer of cells; some..mes it even
Causes it to disappear a shert distance from that 1egion (lic, Figure 48),

Between the separating stratum, composed of two or three layers
of cells, and the cicatrization lamina, we have a stratum of sacrificed
parenchyma which also reveals several meristematic re-subdivisions and
which, consisting of two or three layers in the external region of the
netiole, diminishes in thickness as it approcaches the leaf bundles; in
the end, it is completely absent in the internal cortical parenchyma where
the separating stratum is in direct contact with the cicatrization lamina
(ca, Figure 48),
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The separating stratum itself loses thickness from the outside
toward the inside of the pulvinus. In this latter region, it is reduced to
two or even cne single layer of cells,

The subdivisions which we mentioned in connection with the scar
strata and in the sacrificed tissue do not meet, except at these two levels;
we can still detect some of them in the separating stratum and even in the
subcicatricial lignified region which, in the species, is not at all thick
and very little lignified.

Throughout the entire base of the petiole and before the leaf falls,
we have many thalli inside the vessels, especially in those of the primary
wood, Certain secondary vessels may already have some gummy lignin inside
them ut the level of the cicatrization strata and even higher up in the
petiole. Finally, almost a2lways, a large portion of the bast-ligneous
bundles has already been invaded by the ligro-suberization but they are
never touched by the scar cork before defoliatijon,

As in the case of Forsythia suspensa, the double cicatrization
lamina forms long before the leaf falls. The subdivisions in the portion
of the pulvinus which turns into the ligio-suberou: part appear, around
the middle of August, almost at the same time throughout the entire width
of the pulvinus and especially at the basc of the lamina. 4s in the case
of Morus nigra and Paulownia imperialis, the division of the cells of this
stratum is neither preceded nor followed by any intercalary growth.

Toward the end of August, the l.gno-suberization of the elements
appears in the outside region of the pulvinus; it then spreads rapidly across -
the entire organ, avoiding only the bundles. Contrary to what happeas in
the case of Forsythia suspensa, the secondary suberous portion of the double
cicatrization lamina does not wait fo: the completion of the ligno-suberous
portion before it starts forming; its generating zone, in effect, is devel-
oped below the ligno-suberous portion as ligno-suberization progresses
here. Starting a* the end of September, the scar stratum is entirely
formed so that it is there for us to see at the moment the leaf falls,
although at that moment it still leaves the bundles intact.

Generally defoliation does not occur until the end of October.
Sometime before that period, the thalil proliferate in the vessels while
ligno-suberization invades the parenchymatous elements of the bundles,

As we pointed out earlier, the separating stratum is partly of
meristematic origin, The separation occurs inside, as in the case of
Amorpha fruticosa; however, in the innermost portion of the pulvinus, where
- it is often made up only of a single cell layer, we do have a rupture in
the longitudinal walls while the leaf is separated; this rupture is of the
kind we mentioned in the case of Aristolochia Sipho.

The macled cells with calcium oxalate are numerous, at the base of

- 58 -




the petiole, in the parenchyma where the cicatrization stratum develops
These cells which, at the moment of differentiation of the scar tissues,
still contain traces of protopl:csm, however, do not subdivide, like their
neighbors; instead they are ligno-suberized, like their neighbors. Each
of them, in effect, then has lignified walls and, on its inside, it has

a thin suberous film which covers not only the inside surface of the cell
wall but also the thin enveloping membrane of the macle ard the points
which connect this membrane to the walls of the crystal-bearing cell

(ev, Figure 50).

After the leaf falls, the leaf scai reveals three fascicular navels
in relief. _The ligno-suberization of the parenchymatous elements of the
bundl. s, which began even before defoliation, is completed after the latter
and extends well below the cicatrization strata (the dotted line H, Figure
48, indicates the limit of this differentiation). The gummy lignin con-
tinues to be deposited in the vessels where there are no thalli; but the
cicatrization of the vascular apparatus occurs primarily through these
thall?,

The scar cork lamina in the meantime has stopped growing thicker
even before the leaf falls; in addition, it never grows across the bundles
during the firsc year.

The changes occurring in the leaf pulvini during the second year are
the same as in the case of Forsythia, wich nne difference, however: the
cork here is not as thick across the bast-ligneous tissues and, since the
general direction of Liais cork is oblicue to that of the bundles, their
portion on the-inside of the ligno-suberous lamina does not constitute a
prolongz:tion of their lower portion, as in the case of Koelreuteria,

10th Type. Spiraea opulifolia L,

The feature that characterizes the type Spiraea opulifolia, most of
all is a special disposition of the cicatrization tissue whose cause resides
in the fact that the periderm is developed here very deep inside the stem
and the leaf pulvinus, in contact with the bast.

If we examine longitudinal and transversal sections of the base
of the petiole, at a time when the periderm of the stem is already well
developed, that is to say, toward the end of the summer and, consequently,
quite sometime before the leaf falls, we notice the following arrangement,
Instead of being superficial, as in the earlier cases, and iustead of con-
stituting, at cthe base of the petiole, a single wide opening through which
the majority of the tissues, coming out of the leaf, must pass, the cauli-
nary periderm is very deeply located behind the bast and has three very
small openings through which pass only the three leaf bundles. The sides
of these openings extend upward, against the surface of the bundles, forming
around each of them a peridermic sleeve of a certain length (mp, Figures 51
and 52). (We might note that this periderm, which is so deep in the stem,
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disappears in the the base of the axillary bud, becoming superficial at
this point, as shown in B, Figure 51.)

Except for this arrangement of the periderm at the base of the .
petiole -~ an arrangement which, as we shall see later on, modifies the
ultimate state of cicatrization, the phenomena which come before the fall
of the leaves are pretty closely related to those which we pointed out in
the Paulownia imperialis type.

The separating stratum developes a little above the termination of
the circumfascicular peridermic sleeves (cs, Figure 51) and its surface is
firregular. As a matter of fact, this surface is quite noticeably trans-
versal in the internal cortical parenchyma where &s it crosses the external
cortical parenchyma obliquely from top to bottom.

The meristematic action is very energetic in the separating stratum;-
here we may have as many 2s eight subdivisions and sometimes even more
(cs, Figure 53). Below it, in the pulvinus, we also have a ceil division
but it is less intensive and the thickness of the tissue which it involves
is quite small, Above it, in the base of the petiole, contrary to what we
saw in the case of Paulownia, the meristematic action can be observed also
(rs, Figure 53) up to a distance that is much more considerable than below
and whose intensity diminishes aswe go fromtheseparating stratum upward.
In the end and before the leaf falls, this thick subdivided portion of the
petiole, above the dehiscence surface, undergoes lignification comparable
to the one we just pointed out in some of the earlier types although the
thickness is always smaller. The cicatrization of the wound, which takes
place after the leaf falls, is very incomplete, As a matter of fact, there

" - is no ligno-suberization of the cortical parenchyma in the pulvinus; this

process can otherwise be observed at almost all of the outside levels of the
periderm, It is the remnants of the thick separating stratum as well as the
subjacent tissue of meristematic origin which, becoming more cr less flattened

out at the surface of the pulvinus, constitute the only protection for the
wound here,

During the first year the fascicular system is protected on the outside
by the peridermic sleeves (muffs); during that year, this system is more or
less subjected to the action of outside factors along its- rupture surface
because we get a very weak ligno-suberization of the elements and a deposit
of gummy lignin in the vessels only very rarely; these two types of modifi-

cations occur elsewhere, not in the immediate vicinity of the wound, but
at the base of the sleeves,

During the second year, the scar cork is differentiated only across
the bundles; it developes below their more or less ligno~suberized zone
(lic, Figure 54), and its generating zone connects with that of the periderm

of the stem., Starting at that moment, the generating zone for the perifas-
cicular sleeves ceases to function,
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(Although they do not directly involve the cicatrization of the
pulvinus, T believe that I ought .co point out the following facts: while
the axillary bud aborts and dies, there developes, below it a periderm
which, on the one hand, connects with the scar cork of the leaf bundles
and, on the ocher hand, with the periderm of the upper internode of the
stem, In the opposite case, the bud either remains dormant or it furnishes
a shoot; we can then observe the development of a deep periderm behind the
sunerficial periderm of the bud. It is therefore this deep periderm which
then connects with the scar cork of the leaf bundles; Po, Figure 54.)

This type is thus distinguished from the preceding ones primarily
by the fact that -- below the wound -- there is no scar cork being differ-
entiated across the cortical parenchyma. The plant, in effect, uses in
the leaf pulvinus the same method of protection as in the stem because, 1s
in the latter organ, it sacrifices the entire cortical parenchyma and pro-
tects only the central cylinder through the periderm or, at least, the
bundles which are its extension, This is why only the latter are effec-
tively cicatrized during the 2nd year.

Ylth Type., Hamamelis virginiana L.

In all of the preceding types we were concerned only with the means .
of cicegtrization wihich develop in relation to the wound itself, resulting
from the fall of the leaf. The type Hamamelis virginiana is characterized
by the formation of a new surface of dehiscence behind the first; this
phencmenon I called the "revival of cicatrization" (Tison, A., "On the Fall
of Leaves and the Cicatrization of the Wound,” C. R, de 1'Acad. d. Sc.,

19 June 1899), I will also show that it is a good idea to tie the case
of the marcescent leaves i1n with this type.

In anything that does not pertain to the revival of cicatrization,
Hamamelis virginiana can be very easily related to the type Koelreuteria,
with the following modifications,

The separating stratum is derived from a single layer which is sub-
divided on the average two or three times in the dorsal region of the
petiole and only once in its internal region, It is consequently made up
of three or four layers of new cells in the first and of only two layers
in the seccnd, It is rare for the periderm of the stem to grow up along

“the pulvinus, to the detachment surface; the epiderm almost always subdivides

like the cortical parenchyma, at the level of the separating stratum, These

subdivisions, which are mostly one in number or very ravely two, involve only

a single or only two rows of epidermal cells, depending on whether they are
larger or smaller,

As in the case of Koelreute¢ria, we get a lignification of the tissues
of the petiole above the separating stratum but it is not at all accent. ted
(rs, Figure 55),




During the {irst year, the cicatrization of the tissues of the pul-
- vinus completely recalls that of Koelreuteria; it forms a lamina which is
similarly ligno-suberous at the base and which is only ligneous near its
upper face, I might mention that I was twice able to observe a thallus,

" passing from one vessel to the other, in the bundles (th, Figure 56).

The changes which occur in the leaf pulvini, during the second year,

are much more complex than those we observed so far and these are the changes

vhich characterize this particular type.

Revival of Cicatrization

Toward the end of February, in the case of some of the ieaf pulvini,
and in the month of March, for most of them, we get a series of modifica~
tions below the cicatrization lamina from the first year (ligno-suberovus
stratum); these changes lead to che establishment of a new separating
stratum. This stratum is similar to the one which, during the preceding
year, caused the leaf to fall in autumn; but it differs from it in that
it is not preceded by a meristematic subdivision and that it therefore
resembles the autumn separating stratum of the type Amorpha fruticosa,

The new dehiscence surface runs parallel to the surface of the scar
and is located a little above the axillary corner of the pulvinus. It
develors, not in contact with the ligno-suberous lamina, but a little
below, leaving a thin lamina of parenchyma between it and the latter.
Consisting of three or four layers of cells in the dorsal region of the
pulvinus, the new separating stratum gradually loses thickness toward the
interior and usually even ceases to exist a short distance from its axillary
side,

Inside this stratum, the separation of cells occurs in the same
way as inside the autumn separating stratum of the type Amorpha. The
different phases of the phenomenon here are even easier to observe because
they occur very slowly, contrary to what happens when the leaves fall.

The new separating stratum begins to differentiate in the vicinity
of the bast of the bast-ligneous leaf system, It extends from this point
across the bundles at the expense of their parenchymatous elements and
across the rest of the pulvinus; the separation then occurs on the inside,
following the same progression. In the epidermal cells we can observe
the same changes at the expense of the cellulose portions of their wall,
after the rupture of the cuticle,

As we observed earlier, all of these changes occur slowly. The
longitudinal growth of the separated cells of the separating stratum
ordinarily occurs only toward the end of March. It cause: the progressive
" removal of the original cicatrization lamina from the rest of the pulvinus
by breaking the vessels and the sieve-like tubes; however, this lamina
is still retained by the thin internal rrgion which has not been traversed
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by the separating stratum and it therefore does not become detached, At

this time we can therefore (Figure 57) observe certain kinas of small

valves which are raised in the manner of a 1id above the leaf pulvini ard ' i
which are retained only by their internal portion, A slight pressure - :
should immediately cause them to fall, . E

Ordinarily, this occurs gradually under the influence of external
factors (shocks, changes in temperature, desiccation, etc.). The fact is
that the structure of these valves is not homogeneous; they are cellulosic
in their upper portion and they are ligno-suberous at their base; besides,
the desiccztion, acting unequally on each of their tissues, causes them
to curve slightly upward and more or less widens their detachment crack.

In all cases, starting in April, they are all more or less removed from
their pulvinus to which they adhere only weakly on their inside. There are
still quite a few of them in May and some of them last even longer.

As soon as the valve rises, the cells of the separating stratum,
which have remained on the surface ofuwthe rest of the pulvinus, are flat-
tened on it, :

The formation and detachment of the valve lead to the disappearance
of the first scar stratum and the exposure of the tissues of the leaf pul-
vinus at a level closer to its insertion. This new wound is gradually
cicatrized as it developes, first cf all, through the differentiation of
a ligno-suberous stratum composed of two or tiuree layers near the new sur-
face, and, then, above it, through the establishment of a cork which will
form the final cicatrization.. This cork grows across the bundles and is
about seven to ten cell layers thick at the end of the second year,

Marcescent Leaves

Everything we have just said about Hamamelis virginiana agpplies to
those leaves that fall in autumn and their pulvini; in this same species,
however, there are many leaves, which are called "marcescent" [withering],
which remain attached to the tree after they die and until the beginning
of the next year. (The marcescent leaves are generally those that are
formed last, that is to say, those that are inserted on the short and
late-growing shoots and that have not completed their vital cycle at the ]
moment of the first frost which kills them,) We are now going to study
the anatomical features related to this marcescence,

At the time the deciduous leaves fall, the base of those that are
marcescent does not reveal the subdivisions or partitions from which the
autumn separating stratum usually results, Here, however, we can sometimes
observe -- in the cortical parenchyma and on the same level -- small areas
of mucilaginous cells inside of which we may have a partial separation
(csy, Figure 58),

Sooner or later, as the bad-weather season saps the vitality of these
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leaves, w: et thalli in the vessels of their bast-ligneous system, as
in those of the deciduous leaves.

Later on, after these leaves have fallen, a primary cicatrization
lamina is differentiated at (he base of the marcescent lesves as the leaves
die; this primary lamina is similar to the one we described in the pulvinus
of the fallen leaves; that is to sey, it is ligno-suberous only at the
base and it is ligneous only ir its upper portion (ss, Figure 58). However,
it 1s not as thick and it becomes ¢ninner, the later thc leaf dies.

The marcescent leaf and i:s pulvinus remain in this condition until
the spring of thc next year. The leaf becomes increasingly dried out and
its petiole becomes stained (in the sections, this stained portion of the
petiole resumes its ncrmal volume in contact with water) up to the level
of the clicatrization stratum whose nature, partly ligneous, prevents any
deformation., -

Then, at the beginning of the second yzar, at the time when the
new separating stratum is developed in the pulvini of the deciduous leaves,
causing the revival of cicatrizacion, there is a similar stratum forming
at the same level (csp, Figure 58), This separating stracum, in the same
section, includes the cicatrization lamina and the dead leaf. The fall
of this leaf occurs much more regularly and much souner than the revival
of cicatrization in thé pulvini of the deciduous leaves; this period
usually comes in the beginning of April., The mechanism of thc separating
stratum is, in effect, aidad by the action of the weight of the leaf and
especially by the action of the wind.

Behind the surface exposed by this fall we now get the development
of cicatrization strata similar to those which form in the pulvini of the
deciduous leaves after the revival of cicatrization,

This means that, from the viewpoint of anatomical changes occurring
in the leaf pulvinus, the marcescent leaves of Hamamelis virginiana really
differ from the deciduous leaves of the same species only by tlie absence

. or incomplete development of the autumn separating stratum,

Summary of Selected Types

In all types, except Aristolochia Sipho, the separating stratum almost

always consists of several cell layers and the detachment occurs through the
di.solution of the middle strata of the walls in its upper region. In the
case of Aristolochia Sipho, it consists of a single layer whose cells are
elongated and break afterward; we might also point out that the same form
of dehiscence is agaln encountered in the internal region of the pulvinus

of Alnus rlutinosa, where the separating stratum often is composed only of

a single lLayer,

In most of the types we can observe the differentiation of a
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subcicatricial lignified stratum above and against the dehiscence surface,
at the base of the portion of the leaf that is going to fall.

Here are the changes which occur in the tissues, below the separating
stratum: (1) sometimes we have a subdivision of a part of the tissues in
all directions; (2) the formation of a ligno-suberous lamina at the expense
cf the primary tissues which have or have not undergone prior subdivision;
(3) the formation of a secondary subjacent cork, When the second and third
of Lhese changes occur before the leaf falls, they almost alweys involve
only the non-bast-ligneous tissues and they always, to a great extent, move
around the latter, These are invaded only later on by ligno-suberization
and then they are traversed by the cork,

Between the ligno-suterous lamina and the separating stratum we may
have several layers of sacrificed parenchyma which has remained cellulosic.

The secondary cork lamina always, in the end, connects up with the
periderm of the stem and thus completely blocks the opening across which
the tissues of the leaf would move out, It exists in all types and turns
out to be a component of final cicatrization,

In .2e three first types (Aristolochia Sipho, Amorpha fruticosa, and
Koelreuteria paniculata), there is ro modification of the tissue below the
separating stratum, before defoliation, and there is only a rather thin
lignification of the tissues above it, After the leaf falls, a ligno-
suberous lamina is differentiated in the pulvinus, starting from -he first
year; this is doubled by a cork during the second year. The three types
differ from each other because of their separating stratum; the separating
stratum of the first type is made up of a single layer; that of the second
type consists of several primary, non-subdivided layers; that of the third
is of meristematic origin. The fourth type (Paulownia imperialis) resembles
the third except for the fact that the meristematic action takes effect not

only in the separating stratum but also in the subjacent parenchyma of the
pulvinus,

In the following five types, the cicatrization is always more or less
completed before defoliation: by a ligno-suberous lamina of primary origin
in Diospyros virginiana; by a similar stratum of meristematic origin, that
is to say, formed at the expense of the primary tissue which has earlier
been subdivided in all directions, in the case ol Morus nigra; particularly
by a cork of secondary origin in the case of Aesculus Hippocastanum: by a
ligno-suberous stratum of primary origin, reinforced [doubled] by a cork
layer in Forsythia suspensa; firally, by a meristematic ligno-suberocus
stratum, doubled by a cork layer, in Alnus glutinosa, which is the most
complex type,

The feature that characterizes the type Spiraes opulifolia, is --
as a result of tha de=p locetion of the periderm in the stem and in the
pulvinus -- the scar cork which develops only across the bast-iigneous
bundles,
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As f{or the type Hamamelis virginiana, I might say the: I included

it particularly for two reasons: (1) because it shows, during the second
] year, the coppice shoot [rejection] of the first scar strata by a procedure
: which I described with the term "revival of cicatrization"; (2) because it
; has "marcescent leaves.” The persistence of the latter, during the winter,
' results from the incomplete develorment or the complets absence of the

ordinary separating stratum; they fall during the spring of the second

year as a result of the revival of cicatrization,




Chapter 11, Species Related to Type Amorpha fruticosa

I want to study the species related to this second type at thig
point because 7 was unable to find the features, which characterize the
separating stratum of Aristolochia Sipho, in any othe:r plant; jn other
words, this is the only place where I wae able to find this stratum made
up of a single layer over its entire extent and this is the only place
where the leaf is dehisced as a result of the rupture of the walls in all
of the cells of this leyer., The ligneous piants, which reveal a similar
way of leaf detachment, are probably rare, Besides, I showed earlier that
similar events can occur partly also in Alnus glutinosa; I will also demcn-
strate these events irn Rhus Cotinus, We will see, furthermore, as we con-
tinue with our work here, that we also have separations of marciscent leavee
and revivals of cicatrization due to similar processes.)

We recall that, in this type, the separating stiatum is of primary
origin and that it consists of two or three layers between which the separa-
tion tgkes place after the dissolution of the miudle intercellular strata,
There is no trace of cicatrization in the pulvinus at the time of defolia-
tion, Later on, at the end of the first vear, a primary ligno-suberous
stratum is formed; after thet & secondary subjacenc cork is formed during
the second year,

Here is a list of species related to this type: Benzoin odoriferunm,
Plarera rRichardi, Hippophae rhamnoides, Coronilla Emerus, Crataegus monogyna,
Pyrus communis, Mespilus germanica, Castanea wvulgaris,

Benzoin odoriferum Nees d'Es.

Benzoin odoriferum differs from Amorpha in that the cicatrization of
the vessels here is accomplished almost entirely by ih: thalli which are
developed before the leaf falls; this reminds us of the case of Aristolochia
Sipho whose walls, however, are thicker than those of their generating
cells, Below the ligno-suberous lamina and even before the leaves fall,
these thall{ not only become thicker but they are s.so heavily lignified;
they reveal numerous bordered pits corresponding to the ornamentations of
the vessels which contair them. The same is true of their generating cells,

The primary scar stratum is not a® homcgeneous ar in the case of
Amorphai it {1 lignified only in its upper half and it is ligno-suberous
only in the other part; besides, this ligno-suberization “egre doss not
octur in all cells; scme of thiem, hare and there, are only lignified,

The secondary cork is developed here in contact with the preceding
tissue and it growe across ihe bundlas by the same process am in Aristo-
lochia Sipho. It is vury thick and, as in the periderm of the stem wita
which it tonni.ts, the cells of iis layer which is closest to the generating
zone have A very sccantuated suberous thickening in their outside wall,

The phelloderm corresponding to this cork is not as thick as thai of the
stem,
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The cortical parenchyma of the pulvinus includes many secreting

~cells, As in the rest of the plant, they are doubled on the inside at the

moment of defoliation by a thin suberous stratum; but they do not undergoe
any other modification at the level of the scar strata.

Hippephae rhamnoides L.

The petiole of this species has an articulation at its base which is
marked by a circular groove which is more accentuated on its outside surface
(Figure 59).

In a longitudinal section, the tissues of this articulation reveal
a region of very small cells, as in the case of Diospyros virginiana; however,
we have a gradual and sometimes rather rapid transition from this region to
the tissues of the petiole and to those of the pulvinus. On the other hand,
the constriction of the petisle is barely noticeable on the lezaf bundles.
The periderm of the stem, which is very thick, disappears abruptly at the
level of this articulation (joint).

The separating stratum (cs, Figure 59) is formed at the expense of -
the small cells in this latter stratum [periderm]; the separating stratum
here is located, however, a little above the bottom of the groove. In this
particular case the separating stratum here reveals a surface which is
slightly concave toward the pulvinus in the cortical parenchyma and concave
[sic] toward the petiole ir the passage of the bundles. Otherwise its con-
stitution and its function are the same as in Amorpha fruticosa.

The lignification nf the tissues of the petiole, above and against
the separating stratum, is very pronounced. It involves usually four to
six rows of cells and it may climb even hxgher along the bundles without
crossing them (rs, Figure 59).

The ligno-suberous stratum extends to a point at which it is in
immediate contact with the debris of the separating stratum a2nd, on the
other hand, descends lower, inside the bundles, than in the cortical paren-
chyma,

The cavity of the vessels is also blocked here by gummy lignin,
although this happens here only at the level of the cicatrization stratum.
The deposit of this substance begins in the near-by vessels of the trachea
and before the leaf falls.

Crataegus monogyna Jacgq.

The peticle of this species, like the one of Hippophae, reveals a
joint at its base; here the bundles are reduced to roughly one third of
their volume. The separating stratum likewise is developed here a little
above the bottom of the groove; buc it is concave toward the pulvinus, at
the level of the bundles, and concave toward the petiole, in the cortical

- 68 -

oo o e 43




i

parenchyma. Some of its cells sometimes reveal a transversal partition
but this is very rare and almost the entire stratum is made up iike the
one of the Amorpha type which is of primary origin,

Except for these few modirications and the lesser thickness of the
lignified subcicatricial stratum, everything else is as in the case of
Hippophae.

Castanea vulgaris Lam.

The general characteristics here are the same as those of Amorpha
but the vesscls are obst ucted by thalli even before the leaf falls. The
gummy lignin, which appears after the leaf falls, may also be encountered
again all the way into the bast-ligneous system of the stem, although
only in tae secondary vessels.

The scar cork, which developes during the second year belew and
against the ligno-suberous stratum, grows across the bundles in the same
way as in Aristolochia Sipho,

The crystal-bearing c-=1lls are abundant at the base of the leave;
at the level of the cicatrir. . ion strata, some of them lignify only their
walls but most of them undergo ligno-suberous differentiation, like the
other cells of the parenchyma; ae internal suberous film here reveals the
arrangement which I described and illustrated for Alnus- glutinosa (sub,
Figure 50).

Coronilla Emerus L,

The petiole oi Coronilla Emerus reveals a joint like that of Hippophae
rharnoides. The separating stratum developes likewise at the expense of
the ceils in this joint but on the level of its most contracted portion,
Similarly, the lignc-suberous stratum, which is not at all thick, is in
direct contact with the separating stratum.

The scar cork vezins in the vicinity of the bundles and it grows
across all of the tissues from that point on. Besides, since there is
no more periderm on the stem during the second year, this cork gradually
disappears below the epiderm of the pulvinus, curving slightly downward.

?lanera Richardi Michx

The base nf the leaf of this plant aiso has an articulation a little
above its insertion; at the level of this joint the bundles loose only very
little of their volume.

The variations of the normal type, iu the base of the petiole, are .
the same as in Hippophae.




The crystal-bearing cells, which are very numerous in the cortical
parenchyma of the stem and of the petiole, sre almost entirely absent at
the level of the articulsation of the latter; those which are inside the
cicatrizaticn stratum only lignify their walis.

Pyrus comrmunis u.

Pyrus communis is quite closely related to the last two species.

It is distinguished from all of the other preceding individuals,
which I related to the Amorpha type, by the fact that the scar cork very
often appvars below the ligno-suberous stratum, in the pulvini of the base
of the shoots, already during the first year, after the leaf has fallzn;
it then connzcts with the periderm of the pulvinus along its entire circum-
ference and sometimes crosses the bundles themselves before the winter;
this happens in the same way as in Amorpha. Its thickness varies between
one and three layers of cells which always have thin walls and which, by
vitue of tkis fact, differ from the cells of the periderm of the stem which
have strong suberous thickenings on their outside walls. During the second
year its generating zone kegins to function once again and continues to
thicken it. In the pulvini at the top of the shoots this tissue developes
only during the second year. This second-year cork always reveals the
suberous thickening that characterizes the periderm of the stem,

Mespilus germanica L.

This species differs very little from Amorpha fruticosa; however, as
in the case of the preceding Pyrus, a tnin cork often developes here beiore
the first winter; this cork has very thin walls and is found below and against
the ligno-suberous 3tratum; but chis is the case only in the pulvini at the
base of the shoots. Likewise, a final cork developes here only during the
second vear; this final cork would be histologically similar to the periderm
of the stem, that is co say, it would have a suberous thickening on the out-
side half of its cell walls and 4 hard thickening with pits on the other
half. The suberous thickening here also increases in size in the vicinity
of the generating zone whereas the hard thickeniag continues to lose thickness,

In transversal sectiecn, -he lengitudinal walls of this cork often
look very sinuous, somewhat recalling the cork in many epiderms of leaves
seen from the front.

Evonymus europaeus L.

This plant is not entirely comparable to the Amorpha type; it is in
some ways related to the Diospyros type, in the sense that the cicatrization
of the wound sometimes begins befo.e che leuf Zails, But the ligno-suberi-
zation of the elements of the pulvinus -- when it does exist at the moment
of defoliation -- involves only a few layers adjacent to the separating
stratum and especially in the external regicn of tha cortical parenchyma;
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most often, it exists only in this region, After the fall of the leaf, the
ligno~suberization extends from the separating stratum toward the base of
the pulvinus and achieves great thickness., The scar cork appears only
during the second year. '

In this species, the subcicatricial lignified stratum is not at all
thick and very little lignified,
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Chapter III, Species Related to the Type Koelreuteria paniculata

We might remember at this point that the type Koelreuteria differs
from the type Amorpha by the presence of cell subdivisions in those layers
which will constitute the separating stratum and that the separation --
which occurs inside it between the two upper layers -- is preceded by the
longitudinal growth of all of the cells in this stratum and, consequently,
by its thickening. Besides, the cicatrization of the wound through lignifi-
cation and suberization takes place only after the leaf has fallzn, .as in
the case of Amorpha.

Among the plants revealing changes similar to those of Koelreuteria
paniculata, I might mention the following: Paliurus aculeatus, Celtis
occidentalis, Staphylea trifoliata, St, pinnata, Carpinus Betulus, Quercus
hispanica, Q. pedunculata, Sorbus Aria, S. hybrida, S. aucuparia, Cotoneaster
melanocarpa,

However, I will only describe the first two species here and we will
relate the study of the others to the Hamamelis virginiana type to which
cthey are also related either because of the existence of the revival of
cicatrization or because of the presence of marcescent leaves, or because
of both of these factors.,

Celtis occidentalis L.

The petiole of this species has a swelling, at its base, located on
its inside (P, Figure 60), like that of Amorpha fruticosa,

Against the hard bast of the stem and of the petiole and outside
of it we have an almost entirely crystal-bearing tissue which is particu-
larly well develcped in the stem and the pulvinus, In the stem this
tissue has very thick walls which are heavily lignified and which reveal
numerous pits, The enveloping membranes of the crystals and the rare
bridges which connect them to the wall of the crystal-bearing cells are
likewise very thick, lignified, and spotted so that the cell cavities in
this tissue are extremely reduced in size :§d~so that the crystals
here clogged [stuck] in a lignified mass. Similar lignifications occur
here and there in the petiole but they involve only a few cells, Finally
-~ and this is the most important point I want to bring out -- the ligni-
fication of this tissue always -- like that of the hard bast -- stops at
the level where the separating stratum and the cicatrization lamina form
(crs, Figure 60). In this region, the various walls of this tissue are,
of course, always very thick but they are completely cellulosic,

In Celtis occidentalis the preparation for the fall of the leaf
does not produce any lignification in the base of the petiole above the
separating stratum. In the pulvinus, the numerous crystal-bearing cells,
which are inside the ligno-suberous stratum, do not reveal an internal
suberous film,
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In many of the pulvini, the scar cork is accompanied by a phelloderm
which is particularly well developed at the level of rupture of the bundles
and in the internal portion of the pulvinus where its thickness may amount
to five or six layers of cells, Almost all of these cells become crystal-
bearing and sclerous (ph, Figure 61), especially in the thickest regions.

Paliurus acule-tus Lamk,

Here are the special features of P, aculeatus, compared to Koelreuteria
paniculata:

As in the case of Spiraea opulifolia, there is a very pronounced lig-
nification of the elements of the petiole (rs, Figure 62) above the separating
stratum; this lignification invylves an average thickness of 10-15 layers of
cells,

"The petiole and the pulvinus reveal large elements which look like
secreting cells to me (E, Figure 62) and which are sometimes found on the
level of the separating stratum, The latter then surrounds them below and
establishes its subdivisions and partitions in the elements which border on
them (cs, Figure 62). It then happens on occasion that the portion of the
separating stratum thus formed proliferates slightly within the big secreting
cell, pushing its wall before it; however, at the time of defoliation,
this doubling process does not occur although the mucilaginsus transforma-
tion of the walls occurs below the gland, as elsewhere; the cuntinuity of
the surface of dehiscence then developes opposite this region as a result
of a rupture of the lateral walls of the secreting cell,

In the pulvinus, the changes which follow the fall of the leaf are

the same as those in Koelreuteria paniculataj here the vessels, however,
are entirely cicatrized by the gummy lignin,
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Chapter IV, Species Related to the Type Paulownia imperialis

We recall that this type, like the preceding type, -is characterized
by the presence of subdivisions and the absence of cicatrization in the
base of the leaf at the moment thc leaf falls, It differs by virtue of
the fact that the meristematic action involves not only the separating
stratum but also a more or less considerable thickness of the pulvinus
below this stratum,

Here are the species that are related to that type: Tilia europaea,
Corylus Avellana, Broussonetia papyrifera, Periploca graeca, Ficus Carica,
Evonymus latifolius.

- Tilia europaea L.

The subdivisions of the meristematic region are much less numerous
than in Paulownia, We have only one or two per cell in the separating stra-
tum and most often we only have one in the parenchyma sjituated below it,

The portion of the pulvinus which is involved in these subdivisions is
mostly made up of very numerous macled cells which themselves do not sub-
divide.

Tilia europaea also differs especially from Paulownia by the fact
that there is a lignified region, almost as thick as that of Spiraea opu~
lifolia, at the base of the petiole, above the separating stratum,

Among the numerous macled cells which are inside the ligno-suberous
stratum, a small number becomes lignified while the majority becomes ligno-
suberized like the other cells of the parenchyma; the internal suberous
film here reveals an arrangement similar to that we illustrated for Alnus
glutinosa (sub, Figure 50).

The periderm does not yet exist here during the second year along
the periphery of the stem and pulvinus of T. europaea; likewise, the scar
cork which forms at that time, immediately below the ligno~suberous
stratum, extends all the way to the ewiderm; in the dorsal and lateral
part of the pulvinus it curves slight.y downward due to the subdivision
of the epiderm itself, Later on, the periderm of the stem, which will
form in the subepidermal layer (*), will counect with it, At the end of
the second year, the scar cork is characterized by great thickness.

(*) This subepidermal location of the periderm of the stem was
mentioned b; Sanio (according to Douliot, "Research on the Periderm,"
Ann, d. Sc. nat, Bot,, 7th series, Vol X, 1889, page 335). I was able
to reassure myself that although, in the majority of cases, this perigerm
is indeed subepidermal, it may, here and there, be derived from the epiderm
itself and consequently occupy the same position as the edges of the scar
cork.
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Secretory Sacs

The secretory sacs are numerous in the cortical parenchyma of the
plant, especially in the petiole; they are very ra:. in the portion of the
pulvinus where all of the transformations, which 7 have just listed, occur,
When mechanisms of this kind are found inside the ligno-suberous stratum,
they undergo no change other than the ligno-suberization of their epithelial
cells. The separating strata are interrupted at their level whereas the
scar cork surrounds them below,

Corylus Avellana L,

In this species, as in Tilia europaea, the subdivision is not at all
intensive in the parenchyma situated below the separating stratum., Here the
epiderm subdivides neither at the level of the latter nor further down.

The lignified region of the petiole, above the dehiscence surface,
is very thick especially in the internal region of the organ,

After the leaf falls, there forms a ligno-suberous stratum, as in the
typed species; but this stratum is differentiated not only at the expense of
the primary tissues of the pulvinus which are placed below the meristematic
stratum; it is also differentiated by virtue of the fact that it takes. over
[borrows] the latter almost entirely., The region closest to the surface of
the wound remains cellulosic,

The cicatrization of the vessels occurs especially due to the gummy
lignin and this substance often appears even before the leaf falls in a
point above the separating stratum, at the level of the lignified and thick
region of the petiole,

The crystal-bearing celis become lignified when they are located on
the level of the ligno-suberous stratum,

Broussonetia papyrifera Willd,

In Broussonetia papyrifera, the meristematic action is very forceful
at the base of the leaf whose tissues, as far as the arrangement of the new
partitions is concerned, reveal the aspect of those of Morus nigre [ss,
Figure 34); in Broussonetia, however, as in the type Paulownia imperialis,
to which we are quite close now, this meristematic region is not yet cellu-
losic at the moment the leaf falls. On the other hand, we have here a
subcicatricial lignified stratum which is not at all thick,

Ligno-suberization occurs after the fall, not at the expense of the
primary tissue of the pulvinus below its subdivided region as in the case
of Paulownia but entirely at the expense of the latter, without any overlap
on the subjacent primary tissue.
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As in the case of Morus nigra, the secondary scar cork is often
accompanied by a very thick parenchymatous phelloderm.

The occlusion of the branching milk-bearing organs of this plant
occurs in exactly the same fashion as in Morus nigra. I would like to
refer the reader to the detailed study of this species presented earlier.

Periploca graeca L.

In this plant, the subdivisions are particularly numerous in the
separating stratum where they are more or less reguiarly oriented trans-
versally., Above this stratum we have a more or less thin subcicatricial
lignified region.

As in the case of Broussonetia papyrifera, the ligno-suberous cica-
trization lamina is differentiated only at the expense of the meristematic
region of the pulvinus,

The branching milk-bearing organs of this species are blocked in
the same fashion as those of Morus nigra although the finger-shaped narti-
tions here are much less convex, In addition, their obstruction often
remains in the first stage of that of Morus nigra, that is to say, only the
two modified plugs of latex are found on either side of the separating stra-
tum and there is no partition developing in the area where they are in con-
tact.

Ficus Carica L,

The anatomical changes which oczur in the brse of this species are
the same as in Broussonetia papyrifera., Very often, ligno-suberization
appears, before defoliation, below and against the separat.ng stratum in
the small flat areas situated in the vicinity of the milk-bearing organs.
This ligno-suberization reaches the rest of the meristematic stratum only
after the leaf has fallen.

The cicatrization of the milk-bearing organs occurs in the same
fashion as in Morus nigra,

Evonymus latifolius Scop,

In this species the meristematic region i3 not at all thick below
the separating stratum; ordinarily it involves only three oc four cell
layers. Besides, E. latifolius is very much iike the type Morus nigra in
the sense that, although the ligno-suberous cicatrization is not, 8s in
the former, ccmplete at the moment the leaf falls, it has at least begun
in the cutside region of the pulvinus, This cicatrization, at that time,
only involves the very small meristematic portion adjoining the scparating
stratum, The first-year cicatrization is completed after defoliation
through the extension of the ligno-suberization toward theé bottom in the
primary tissue of the pulvinus,

» 16 -




The many macled cells, which exist at the level of this cicatri-
zation lamina, are ligno-suberized like the elements of the adjoining
parenchyma.
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Chapter V, Species Related to the Type Diospyros virginiana

We will recall that this type differs from the earlier types by
the presence -- below the separating stratum .- of a ligno-suberous lamina
which is already cheracterized at the moment the leaf falls., This lamina
is entirely formed at the expense of the primary tissue of the pulvinus
without any prior subdivision,

Here are the species related to this type: Syringa Josikiea, S,
persica, Xanthoxylon fraxineum, Ampelopsis hederacea, Negundo fraxinifolium,
Rhus Cotinus, Rhus Coriaria,

Syringa Josikoea Jacq,

The petiole of this species, like the one of Diospyros, has an
articulation marked by a stratum of very small cells very clearly outlining
the upper extremity of the pulvinus,

The formation of the cicatrization lamina starts in the same regions
as that of Diospyros and it progresses similariy although it appears a little
later toward the end of August,

Syringa persica L.

S. persica differs from the preceding species only by virtue of the
fact that the ligno-suberous differentiation in the pulvinus does not come
as early [precociously]. This differentiation only appears toward the
middle of September here.

Xanthoxylon fraxineum Willd,

This species and the following ones, which I tied in with the
Diospyros type because of the state of cicatrization at the moment of
defoliation, however, do not reveal any articulation at the base of their
petiole, such 13 we would find {t in the case of the former. Besides, the
separation of the cells, during the fall of the leaf, is here preceded by
the formation of a mucilage, as in the case of Amorpha fruticosa.

In Xanthoxylon, the petinle, above its point of insertion, reveals
a swelling at whose base the separating stratum {s established.

The surface of the latter (cs, Figure 63) forms a circular con-
cavity in the cortical parenchyma while it rises all aroind the bundles,
Its tissue is made up of one or two layers of cells of the pulvinus which
do not differ from their neighbors in size but which often are ¢plit once
or twice in advance,

The upper limit of the ligno-subesrous lamina (ss, Figure 63) is
quite noticeably parallel to the separating scratum, that is to say, it
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likewise forms a circular concavity around the bundles., Ite lower sur-
face 18 noticeably more concave hecause the thickness of its tissues is
at a maximum halfway between the bundles and the outline of the pulvinus,
This stratum is not as homogeneous as that of Diospyros virginiana and
we only have lignification therefore in a thin region of its upper part,.
Furthermore, there are several layers of sacrificed parenchyma which
separate it from the separating stratum and the latter ia topped by a
subcicatrical lignified stratum (rs, Figure 63) consisting of three or
four cell layers,.

Ia the case of this Xanthoxylon, ligno-suberization appears toward
the end of August in the region of the cortical parenchyma that is halfway
between the bundles and the edge of the pulvinus, that {8 to say, in the
region where the scar stratum will reach its maximum thickness, Later on,
a short time before defoliation, the separating stratum developes and
this is followed by the lignification of the tiss;ues above it.

The vessels are blocked especially by thalli developed before the
leaf falls, ‘

The scar cork, which grows across rhe entire pulvinus during the
second year, begins to appear opposite the thickest region of the ligno-
suberous lamina. It grows across the tundles quite directly by the same
process as in Aristolochia Sipho. It {s similar to the periderm of the
stem, that is to say, like the latter, it reveals a strong lignified
thickening on the outside walls of its cells; this thickening consis:is of
neatly stratified cells which almost entirely block the cell cavity,

Aggglogsis hederacea Michx

As in the case cf Diospyros virginiana, Ampzlopsis does not have a
lignified region sbove the meparating stratum, 7The two or three layers
which make up the latter are composed of cells that asre not subdivided in
advance,

The ligno-suberous stratum has essentially the same thickness every-
where. Here liguo-~suberization begins much liter than in the type, that
is, around the end of September, but it starts also along the outside circum-
farence of tt: pulvinus,

Most of the vessels here are obstructed by thalliy developed before
the lesf €alls in ti:e entire base of the petiole.

The crystal-bearing cells snd the cells with the raphides, vhich are

very numerous in this same region, get lignified walls when they are included
in the ligno-suberous stratum,
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Rhus Cotinus L,

The ligno-suberous lamina of this species diifers very little from
that of Diospyros; however, it is a little thicker in the external region of
the pulvinus (ss, Figure 64) and, i:- ~ddition, we sometimes note a few sub-~
divisions here, all of which are foui:. at its base. Finally, as in the case
of Morus nigra, the suberization of this same region not only causes the
formation ol the cell film but also leads to the impregnation of a nart of
the rest of the walls.

The separating stratum (cs, Figure 64), like that of Alnus glutinosa,
is very clearly outlined between the lignified region of the petiole and
the ligno-suberous stratum of the pulvinus; it is likewise made up of two
or th/ee layers in the externsl region of the pulvinus and it has cnly ore '
layer in its internal region. In this latter portion, dehiscence occurs
due to rupture of the walis in the same fashion as in Aristolochia Sipho.

The primary cicatrization iamina forms around the beginn’ng of
September. The ligno-suberization of the elements of the parenchyma, which
are forming nere, begins against the bundles and grows from there toward
the edges of che pulvinus. This differentiation, furthermore, progresses :
from the base of the lamina toward its top and, a short time before the ]
ieaf fells, reaches almost all of the bundles, i

. Among the many macled cells which are located in the petiole, those
that are included in the primary cicatrization stratum get lignified walls.

Cicatrization of Secretory Canals

Ir Rhus Cotinus we have wide secretory canals inside the bast of the
bundles (ca, Figure 64). There are thréee of this canals near the base of i
the leaf; cne of them is located in each of the three groups of re-entering :
bundles, Befsre defoliation and at the time when ligno-suberization of
the scar lamina begins to appear, the epitheiial cells in each one of them
lose their secretory function and become vegetative. They then grow toward
] the access of the canal whose inside diameter (opening) they soon block

) completely (th, Figure 65); however, their growth is unequal and some of
ﬁ ’ them penetrate only to the center; the obstruction is then completed by
, th2 enlargement of their extremities, Many of these epithelial cells split
» in advante once or twice, parallel to the surface of the canal, before
r growing, but in that case the innermost daughter cell is the onlv one to
show any considerable developmer® (b, Figure 65).

(This tissue, which blocks the secretory canals, at the base of '
the petiole, is simiiar to the one which Miss Leblois reported {"Research
on the Origin and Developmer.t of the Secretory Canals," An. des Sc. nat,
Bot., 7th series, Vol VI, 1887, page 247) in other organs and in other
plants inside similar canals. This author uses the term "thalli" for the
cells composing it, pointing out quite correctly that their development
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is not entirely comparable to that of the thalli of the vessels since they
are not forced to traverse any bordered pits.)

The proliferation of the epithelial cells here begins on the ievel
of the ligno-suberous stratum and continues from there above and below it.
The secretory canals are always . .icd up in this fashion, above the
separating stratum, in the peticic, up to a slightly greater distance
than below 1t (th, Figure 64). Very soon, the cells, which constitute
veritable thalli, are jammed very closely :zogether due to the reciprocal
pressure so that the entire group, especially on the level of the primary
cicatrization lamina, assumes the appearance of a parenchymatous tissue
with polygonal cells; on the other hand, they usually leave more or less
wide channels between them, above and below this lamina.

Once the obstruction oi the secretory canal has thus been completed,
the filling cells, before the leaf falls, take on the histological charac-
terization of the tissues at whose level they are located; thus we see that
they are lignified at the level of the lignified region of the perisle and
l that they are ligno-suberous (ths, Figure 66) on the level of the ligno-

suberous lamira. Generally, however, the cells of these thalli keep their
thin walls ond differ quite clearly in this respect from those of the bast
tissue near-by whose walls are thicker; the lignified portion of the walls
here is rather thin.

Above the blocked region of the canal, in the petiole, the epithelial
cells die like the other cells of the organ; below, in the pulvinus, they
continue their secretory functior.

At the moment of defoliation, the entire filling tissue, which is
Zound above the separati-~g stratum, that is to say, its largest portiom, is
carried away with the lesl; the other part cicatrizes the canal.

In the passage of the secre-ory canals, the generating zone which
forms the s~ar cork develops due to the subdivision of the thalli (as shown
in Figure 63, lic). Sometimes, vhen the ligno-suberization of the latter
descends a little below the low:zr level ol the ligno-suberous lamina in
the neighboring tissue, the cork passes below this region and, because of
this, describes a slight curve downward, in the same way as it does often
cross the bundles,

Rhus Coriaria L,

At the base of the petiole of Rhus Coriaria, we have a swelling
inside of which we find the axillary bud (the reader is herc referred to
Figure 82 which shows a similar arrangement of the base of the petiole in
Robinia Pseudo-Acacia). In the upper leaves oi the shoots, Lhe swelling,
2ll around the bud, blends with the stem except along an opening wnich is
barely visible in the plane of the leaf and against the surface of the stem;
in the other leaves, and especially at the base of the shoots, this opening
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is widened into a tangential crack; the upper edge of the swelling, hnwever,
continues to rest against the stem. In summary, the lesf, in all cases, does
not appear to have an axillary bud.

A little above the insertion of the petiole -- and consequently at
the base of the cavity containing iii2 bud -- we then have the separating
stratum and the cicatrization lamina.

The separating stratum reveals a concave direction downward and we
find vary few subdivisions here. Above it, we have a very thick subcice-
tricial lignified stratum,

The primary cicatrization lamina is quite clearly outlined below;
it is ligno-sioerous at its base and gradualiy becomec only lignified as
we go up; it disappears at a rather great distance from the separating stra-
tum, leaving an average of five to seven layers of sacrificed parenchyma
between it and thet stratum,

Contrary to what we reported in the case of the preceding species of
the type Diospyros, this lamina is differentiated very late, in other words,
a short time before the leaf falls; sometimes it is not completely differen-
tiated when the leaf falls. The ligno-suberization of the elements here
begins, around the beginning of October, in the same regions as in Rhus
Cotinus.

~ Because of the late formation of the first cicatrization lamina, the
differentiation of the separating stratum and later on the lignification
of the elements of the petiole above the latter are always found to develsp
first.

The obstruction of the vessels developes here especially due tc the
numerous thalli which have grown here before the leaf falls,

The secondary scar cork is very thick and grows across the bundles,
following the same procedure as in Aristolochia Sipho. Sometimes, especially
in the vicinity of the surface of the pulvinus, the zone that generates
this cork dies after haviug Lu.iished 2 mre or less thick stratum of cells,
Below this dead region we have a variable thickness oi parenchyma which
becomes ligno-suberized; this huppens most often after it has subdividad:
then a new generating zone is reformed below; this zone obliquely connects
the preceding scar cork to the periderr in = manner recalling our illustra-
tion in Figure 90 for Gymnocladus canadensis.

The leaf pulvinus is very prominent here. The scar forms a more
or less regular ring around the bud which reveals an essentially pentagonal
base. It surrounds it completely in the pulvini situated close to the top
of the shoots and it surrounds it incompletely in the others (ci, Figure 67),

The terminal leaf scar occupies the end of the stem whose aborted
vegetative tit it throws off laterally.




Secretory Canals

In Rhus Coriaria, as in Rhus Cotinus, we have big secretory canals
in the bast of the big bundles of the petiole; in this species, however, we
have six instead of three at the base of the organ.

The obstruction and the ligno-suberous cicatrization of these canals
occurs in the same fashion as for those of Rhus Cotinus; the same is true
for the crossing of the scar cork here (lic, Figure 68),

Negundo fraxinifolium Nutt,

The axillary bud of this species, like the one of Rhus Coriaria, is
hidden in a swelling at the base of the petiole; in addition, however, the
portion of the swelling which thus covers the bud forms, on the inside, a.
kind of spur which fits very tightly into a corresponding recess in the
stem; this depression involves not only the cortical parenchyma of this
organ but also its caulinary bast-ligneous system,

The formation of the ligno-suberous lamina begins in the external
cortical parenchyma, halfway between the bundles and the circumference of
the pulvinus; besides, it developes, as in Diospyros virginiana, before
that of the separating stratum,

In Negundo fraxinifolium, and in some of the species which we have
examined so far (Pyrus communis and Mespilus germanica, for example), the
scar cork often appears before the winter below the ligno-suberous stratum;
similarly, the cork formed at this time is always rather thin and has very
thin walls, Besides, since most often there is no periderm on the stem
during the first year, the sides of this cork end below the epiderm of the
pulvinus, descending again a little downward at the expense of the subepi-
dermal layer.

During the second year, the generating zone of the scar cork gives
us a new stratum which is much thicker. In the few pulvini where this zone
does not exist at the end of the first year, it differentiates at the
beginning of the second year., In both cases the cork formed during the
second year resembles the periderm of the stem, Each of its cells reveals
a suberous framework (su, Figure 69) and a very thick, hard thickening
(eps) on its inside half, Later the periderm of the stem, which forme at
the expense of the deepest layer, will connect with it,

The leaf scar has the shape of a crescent more or less open toward
the surface, on which we can distinguish three or four navels. The axillary
bud is located inside and against the top of the crescent. The two scar
crescents of one and the same node unite laterally, forming a more or less
raised angle between them along the stem (ci, Figure 70). Above each of
the scars we can see the depression of the surface of the stem into which
fits the petiole swelling spur (emp); it extends in an arc from one end of
the crescent to the other, above the bud,

- 83 -




laticiferous Organs

We find articulated laticiferous organs in the bast of the bundles
of Negundo; the cells of these organs are very long in the other parts of
the plant but they are shorter at the base of the petiole. These milk-
bearing organs, at the level of the ligno-suberous stratum, subdivide
several times transversally before the leaf falls; the new cells formed
by this subdivision are ligno-suberized like those of the neighboring
parenchyma, I reported a similar fact in the case of Aesculus Hippocastanum,
As in the case of the latter, the generating zone of the cork crosses them
while subdividing them (L Lj, Figure 69), All the new partitions here are
always transversal so that -- even when the cork is thick, such as at the
end of the second year, for example -- we can still clearly recognize the
file of peridermal cells derived from the laticiferous organ; this is even
clearer when it is composed of cells that are much larger than those of
the neighboring files. In addition, the cork formed by the subdivision of
the laticiferous organs i3 histologically similar to that of the rest of
the pulvinus,




Chapter VI, Species Related to the Type Morus nigra

In Mcrus nigra, as in the preceding type, the ligno-suberous cicae
trization stratum is already finished at the time the leaf falls but the tise
sues of the pulvinus earlier underwent meristematic action; this stratum, by
the way, is formed at the expense of these tissues.

Here is a list of species related to that type: Morus alba, Sophora
Japonica, Menispermum canadense, Chimonanthus fragans, Platanus occidentalis,
Fraxinus juglandifolia, F. Ornus, Magnolia acuminata, Catalpa bignonioides,
Juglans nigra, Celastrus scandens, Asimina trilobata, Aralia spinosa.

Morus Alba L.

Everything we have said earlier in the case of M. nigra, with respect
to the changes that ocour in the base of the petiole drring the first and
second years, also applies to M., alba; this occurs in the same order but
about 15 days later.

The cicatrization of the brarching milk-bearing crgans in this spe=
cies is likewise the same as in M. nigra.

Sophora Japon'.ca L.

The petiole of Sophora japonica has a swelling at its base which, as
in some of the case we studied earlier, conceals the axillary bud. The late
ter is very flat and this is why the swelling covers it without growing hole
low in the form of a cavity which would contain it in the same fashion as
in Gleditschia triacanthos (Figure 8%).

The separating stratum forms a little above the insertion of the leaf,
at the base of the swollen portion covering the bud.

T.e lignification of the elements of the petiole, above the separa-
ting stratum, involves a vary thick region; at the time the leaf falls, this
region is even thicker than the ligno-suberous lamina,

In Sophora japonica, the partitions in the pulvimus appear later than
in Morus nigra, that is, toward mid-October. Moreover, the progress of scar
differentiation i8 not the same here; it is first of all the layer of cells
forming the separating stratum that subdivides many times; then this subdi-
vision is propagated in the subjacent cells. Only later on do we observe
the lignification of the tissues, above the separating stratum, and even
later than that, a short time before defoliation, do we get the ligno-suberi-
gation of the meristematic stratum,

After the leaf fails, the first cicatriszation lamina often bscomes

a 1little thicker &8 a iezult of ligno-suberizuiion of the primary elements
of the pulvims below it,
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Quite often, during the first year, as a matter of fact, the vas-
cular thalli situated below the ligno-suberous stratum and primarily in the
vicinity of the re-entry of the leaf bundles into the bast-ligneous cauli-
nary crown, get considerably thicker walls and these walls are then lignified.

The scar cork -- unlike that of Morus nigra -- is not accompanied by
phelloderm and ends rather abruptly against the epiderm without involving it
in any way and without curving toward the bottom. Later on, the periderm ol
the stem, which is formed more deeply between the second and the fifth layers
of the cortical parenchyma, connects with it.

The leaf pulvinus is very prominent and the scar is V-shaped (ci, Fig=
ure 71); between the branches of this V we have the bud which is very flat and
which has very black flaky leaf-bud scales. At the top and at the two ends of
the V we have three big fascicular navels. Starting from the lateral extremi-
ties of the scar and going on above the bud, we can see the very pronounced
pouches of the cortical tissue of the upper internode; the side of the pete
iole swelling, which covered the bud (br, Figure 71), is supported against
this pouch before the leaf falls.

As in the case of Rhus Coriaria, the vegetative aborted top of the
shoot is pushed to the side and the axillary bud of the last leaf becomes
terminal.

Menispermum Canadense L.

In this species, the base of the leaf is horseshoe-shaped around
four superposed axillary buds (B, Figure 72) whose size increases as We go
from the bottom to the top one. These buds are very flat and the first
three (Figure 72) are covered with a swelling of the petiole, in the same
way as the one and only bud of Sophora japonica; the fourth tud is in the
open air and consequently appears to exist only in the axilla of the leaf.

The ligno-suberous lamina is not at all thick; its one special fsa-
ture is represented by the fact that it grows not only across the constric-
tion of the petiole (ss, Figure 72) but that it is extended beyond that point,
into the petiole swelling, along its inside face, opposite the buds (lp, Fig-
ure 72). In this latter region it is made up of a group of a two to four
layers of cells adjoining the epiderm which does not undergo any change.

The separating stratum (ecs, Figure 72), which in this case is not
of meristematic origin, is contiguous to the ligno-suberous lamina and like-
wise consequently is prolonged into the petiole sweiling. A4bove it there is
no lignification of tissues. '

The arrangement just described means that, after the leaf falls, the
1igno-suberous cicatrization stratum is prolonged, opposite the lowest three

buds, by a thin lamina which covers them and which g{:tects them durg?g the
winter; I have called this the leaf=bud scale lame (1p, Figure 72).

- -
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(I used the term "leaf-bud scale" because it protects the buds dure
ing the winter and becauss it can be compared to the flakes of the same name,
However, in using the term "lamella," I wanted to differentiate i quite
definitely from the ordinary flakes whose origin is quite different. This
is the kind of lamella that was found by Mr. Wiesner, G., " Investigations
on Autumn Defoliation of Ligneous Plants," Sitz, d. k. Akad. d. Wissench.
zu Wien, 1871, page 506, in the case of Philadelphus coronariuc a:d by e
Mikosch, K., "Contributions to the Anatomy and Morphology of Bui Covers of
Dicotyledonous Ligneous Plants, " idem, 1876, page 751) in the case of Berberis
and Robinia, which the latter author has given the name "Articulartegmente
[joint covers/.) !

Thus we see that, although the insertion of the petiole has the
shape of a horseshoe inside whicl: we find the buds, the fresh scar (ci, Fige
ure 74) is almost circular and slightly cord-shaped in its upper portion and
is topped by only one bud. On the other hand, the direction of the separa-
ting stratum above the pulvinus and the direction of this stratum in the
swelling of the petiole are inclined against each other and toward the stem
and this is why the surface or the scar is slightly folded in the form of a
semi-circular groove (Figure 73).

In the cortical parenchyma of the petiole and of the siem of Menise
permum canadense, we have enormous sclerites with very thick walls and with
branching puncturss in which the thickening and lignification of the walls
begin rather late, around July. They are rarer at the level of the cicatrie
zation stratun.

At the time when this stratum is differentiated, there are some
sclerites which no longer contain any protoplasm or any apparent nuclei;
these sclerites then do not undergo any change. The others, in which the
nucleus and the protoplasm are still quite visible, may, on the cther hard,
reveal the following transformations. A few of them simply lose their cone
tent. The others split like the cells of the parenchyma of the pulvinus
once, twice, or three times, depending on their size (a, Figure 75). The
new partitions thus formed remain thin and do nut acquire any bondured pits
but they become lignified like the walls of the mother cell. In addition,
the daughter cells thus formed may -~ although rarely -- be covered by a
suberous film (sub, Figure 75) which penetrates to the bottom of the branch-
ing bordered pits, just as it happens in the cells of the neighboring paren-

chyma,

What I have just said with respect to the sclerites of Menispermum
canadense applies to the majority of them, that is to say, to those which
already have very thick walls at the beginning of the differentiation of
the cicatrization stratum. It sometimes happens, however, that some of these
enormous cells destined to form sclerites at that time ars still in the be=
ginning stage of their differentiation; their walls still have the same
thickness as those of the neighboring tissue and they are cellulosic or they
are simply equipped with a very thin lignified thickening. After that they
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split many times in a wide variety of directions, forming a parenchymatous
tissue which takes on the histological characterization of the neighboring
tissue. We can however st: 1l recognize the cells derived from this subdi-
vision by the fact that their size is a little greater than that of the ele=
ments of the enveloping parenchyma. In addition they constitute a group
which is always surrounded by the wall of the mother cell; this wall, as I
indicated earlier, might already contain a beginning of the lignified thicke
ening at the time the subdivision or partitioning starts.

In the elements of the lignowsuberous stratum near these sclerites,
the new partitions very often run parallel to the walls of these sclerites.

Iet us go back now to cicatrization. During the second year a thick
scar cork develops below the ligno-~suberous stratum; this thick sear cork,
however, does not extend into the leaf-bud scale lamella.

Very often we have a second cork forming near the outside of the
pulvinus; this second cork runs obliquely to the first and reminds us of the
one in Rhus Coriaria; however, the parenchyma intercaleted between them does
not undergo any lignification heres.

In almost all cases, the zone that generates the sear cork at the
same time produces a thick phelloderm. The cells of this phelloderm are
parenchymatous and they are strongly amyliferous; after growing longitudi-
nally, each of them may subdivide transversaliy once or twice; in this
fashion we can count as many as 15 layers of phelloderm in certain pulvini;
these layers of phelloderm are formed either directly by the generating zone
or after the subdivision of the ¢ells derived from this zone. In the region
furthest away from the generating zone Lin» the most distant region of the
generating zong] , these cells are found further and further apart in a more
or less anpgular pattern; they become qQuite roundish although they continue
along a longitudinal file.

When the buds in the axilla of the leaf abort during the second year,
their scar is closed by a thick cork which continues almost dire -ily that of
the leaf pulvimus. In this case, the phelloderm which accompanies it is
likewise very much developed opposite the buds and continues that of the leal
scar which, at that time very thick on the side of the buds, gradually di-
minishes toward the outside of the leaf pulvinus where it ceases to exist.

On the other hand, when all <f the buds or at least the lowest one of thenm
rerain dormant, the scar cork d-»s not extend beycrd the axilla and the
corresponding phelloderm has its ,aximum thickness in the center of the pule
vinus and oxterds along all of its circumference.

During the second year, the leaf-bud scale lamina, which we earlier
saw covoring the lowest three buds, splits longitudirally undsr the influe
ence of “he dismetral growth of the stem ox of the axillary shoot, if it
produces one.

Chizonantina Frsersna Lindda




The 1liegno-suberous lamina here includes only four ox five layers of
cells. In con%rast to what we have in Morus nigra, the cell partitions hero
appear f{irst of all in the internal cortical parenchyma of the pulvimus and

against the bundles; they are, furthermore, less and less numerous as we o

from the base of the scar stratum toward the separating stratum.

The lignification of the tissues of the petiole, above the separa-
ting stratum, involves an average of four or rive layers of colls.,

Platanus QOccidentalis L.

At its base the petiole has a swelling which houses the axillary bud,
as in the case of Rhus Coriiria,

The changes which occur at the base of the petiole are the same as in
Chimonantius fragrans. The lignification of the tissues, above the separa-
ting stratum, is, however, mich less accentuated, as in the case of Morus
nigra.

After the leaf falls, the ligno=-suberization of the elements of the
bundles often descends very low inside the leaf pulvinus.

The scar cork, which develops during the second year, grows across
the entire pulvimus; sometimes, however, when the hard bast of the bundles
is very thick at the level of its formation, this cork does not manage to
grow across it and descends more or less deepiy into the pulvinus, forming
a sleevs around it. It then looks very much like the cork we described dur-
ing the second year of Robinia hispida (licp, Figure 83).

The leaf scar forms a tight pentagonal band_almost completely sur-
rounding the bud; it is wider opposite the angles / corners_/ in which we
find the navels (ci, Figure 76). As in the case of Rhus Coriaria, the axile
lary bud of the scar becomes terminal at the top of the shoots.

Fraxinus Ornus L.

The cells of the ligno-suberous stratum split rather early, in Auge
ust, as in the cace of Morus nigra; however, the ligno-suberization of the
elements of this lamina nccurs only around mid-September and it is preceded
by the subdivision of the separating stratum as well as by the differentia-
tion of the subcicatricial lignified region.

The secondary scar cork is not at all thick ard, like the periderm
of the stem, each of its ceil+ (1lie, Figure 77), has a thin subercus {rame-
work (su) which is reinforced (doubled) by an internal celluiosic thickening
(cel) which is likewise not very thick. Opposite it there almost always de-
velops a phelloderm (ph) as in the case of Menisperrum canadense; this phele
lodern may ineclude as many as 12-15 layers at the level of rupture of the
bundles,




F&ms Juglandifolia Lamk.

In this species the cicatrization lamina is thicker than in F. Ornus;
here the partitions are, moreover, less mumerous and they appear much later,
toward the end of July. Pesides, as in the case of Morus nigra, the division
of the cells is followed almost immediately by their ligno-suberization.

We may also have a phelloderm below the zone that generatcs the scar
cork but it is always less thick than in the case of Fraximus Ornus and it
includes four or, at most, five layers of cells,

Asimina Trilobata Dun, and Magnolia Acuminata L,

The ligno-suberous stratum is differentiated a short time before the
leaf falls, around the end of September; nevertheless, it reaches the bundles
almost completely before the leaf falls.

There is no subcicatricial lignified stratum and the separating stra-
tum consists of two layers which most frequently are subdivided only in the
external region of the petiole.

At the end of the second year, the secondary sear cork has a thicke
ness of only two or three layers; it is not accompanied by phelloderm.

These secreting cells =~ which generally are widespread throughout
the cortical parenchyma of the stem and the petiocle -- are rare at the level
of the ligno-subercus lamina., They do not undergo any change of a cicatri-
cial nature inside this lamina; their wall remains cellulosic and their cone
tent dries out.

Catalpa Bignonioldes Wal.

In this Catalpa, the ligno-suberous lamina, which exists already at
the time the leaf falis, is very thick, at least with respect to the lamina
in the previcusly mentionad species; its size turns aut to be in a direct
ratio to the great width of the insertion of the petiocle., The partitions
here are still numerous in the external region of the pstiole where the cells
composing it are big; they are much less rnumerous in the internal region where
the cells of the parenchyma are very 3mall.

There is no lignification in the tissues above the separating stratum.

We know that the bundles are distributed, in the base of the petiole,
on the pattern of an almost complete circle; the biggest among tian are 1o=-
cated in its external region. Around the three or five biggest bundles, the
ligno-subercus stratum, which invades them almost completely a litile before
the fali of the leaf, is almost always thicker than anywhere elss; besides
it rises very high in the petiole (ss, Figure 80), forming one or ore cones
which envelop all of these bundles together or each cne of ther. The separa-
ting stratum follows tha upper limit of this ligno-suberous lamina and s a
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resvlt of this the partitions, which éonstitute and which are always parale
el to its direction -= in the raised region around the bundles -- turn out
to run considerably oblique and scmetimes even completely longitudinal.

This prominence of the separating stratum and of the ligno-suberous
lamina around the burdles prcduces the following situation after the leaf
falls: in the external region of the leaf scar, which is elliptical (ei,
Figure 81), we then either have a single big conical crest (em) -r several
smalier ones which are more or less widely joined together by their basa.

On the largest scars -- that is to say, on those i.a the middle region of the
shoots == these kinds of thorns may protrude as much as & mm above the surw
face of the scar.

I did not observe anything in the constitution of the bundles in this
region that might explain this particular feature of the ligno-suberous stra=
tum, Perhaps it develops under the influence of the lignified marrow of the
stem which, itself, in some points advances into the base of the pulvinmus
(m, Figure 80), along the inside of the leaf bundles in thie region. It seems,
as a matter of fact, tha* its presence prevents the cicatrization lamina from

transversally cutting the base of the leaf and it seems that it forces it to
move up parallel to its surface.

The iignoe-suberization of the elements of the pulvinus appears in
many points at the same time, toward mid.September., Around mid-October the
separating stratum differentiates and the vessels are filled with thalli.,

The scar cork is not at all thick here. At the level of the protrue
sions of the ligno-suberous stratum, it follows the lower boundary of this
stratum and as a result of this describes a curve at whose top it cuts the
tundles.

Juglans Nigra L.

In J. nigra, the meristematic partitions exist oniy in the lower pore
tion of the ligno-suberous laminz. The separating stratum is formed here at
the expense of the cells of the petiole which have noct subdivided earlier.

The ligno-subirization of the cells of the pulvinus occurs toward
mid-Septerber. The scar cork is very thick and Iinds it very difficult to
prow across the hard bast when the latter extends all the way to its differ-
entiation level.

The ¢r,stal-bearing tells are extremely numerous in the entire corti-
cal parenchyra of the plant and especially in that of the pulvinus, below the
cicatrization strata. Those that ar» inside the primary scar lamina are lig-
no=suberized like the other element. of the cortical parenchyma.

Colastrus Scandens L.
Hore everything ! ppens the way it happens in the case of Morus nigra
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ut ve dv not lave any subcicatricial lignified stratw.: here and the ligno-
suberizaticn of the pulvisms reaches alnost all of the bundles tefore the
leal falls. The separatine stratum most often describes a slight curve dovna
ward as it moves across the bundles.

Aralia Soinosa L.

Between the separating straium and the prizary sear siratun wa v:
a mediux stratum of two to fmur layers ol sac:aliced parencyy: ..

As in some of the earlier species, the partitions in the ligno-suder-
ous laminz are xore mumercus in the lower portion,

The cortical parenchyma and the bast of the bundles contain mmercus
secreting channsls. Some time before defoliation, those in the bass of the
leaves are filled with gursy lignia. This obstruction ozcurs first of all
at the level of the ligno-suberous stratum; btut it descends a little below
this stratum when the latier extends up to a rather considerabl- distance
above it, in that part of the leef which is going t fall. In other words,
the guzzy “ignin is produced here in the same region as the thalli inside the
channels in the casc of Rh.s Coriaria and Cotims (tk, Figure 6&). As for
the elonzation of the cpithelial cells, such as we descrided it ir these lat-
ter species, we can s2y that it occurs only scmetizes in A. spinosa ard then
only at ihe lower level of the ligno-suberous stratum where the partitions
of this stratum are most mumercus. But this elongation, preceded by several
subdivisions (¢, Figure 79), is always arrested early by the appearance of
the gurmy lignin (1ig) inside the canal. Durirg the saconc year these se-
creting canals are consiricted under the iniluence of the scar cork which
eventually winds up traversing them corpletely.




‘.u
4
2
i
?
!

Chapter VIT, Soecies Relatino to iyre lesculus Hipsocastamum

We recall that ihis iype differs fro- the two precedinz types, Dio-
spyros anl ¥orus, by the fact trat the scar stratuxa rere is already aqually
formed before defoliation and is rade up only of a secondary cork.

I found very {ew species that are related to this type: here they
are: JAesculus rudicurda anc parviflora, Salix caprea and repens, ropulus
alba, Viburnur opulus and Tantago, Sambucus nigra and racemesa.

Azsculus Rudicurda icdd. and se. Parviflora “fall.

In these iwo species the modifications which occur at the base of
the leaves before thery f211 and tbose which {oiiox the fall of the leaves
are the sare as in the case of ie, Zippocastarum. However, in Ae. parvi-
flora, the fermaiion of scar cork begirs in August, instead of July.

3alix Caprea L. and Pomulus Aiva Link.

In these two species, ike scar cork, alrcady forwed befors the fall,
has essentially the same thicxness throughoul the entire width of ths pul-

vinus. It is in direct cortact with the separaiing stratum and the thin
ligno-subsrous region, whichk tops it in aesculus, is completely absent here.

We no longer observe any trace of lignification above the separating
stratun.

The prozress of differentiation of the scar cork is not the same
as in the Aescuius types where it is formed primarily across the cortical
parenchy=a and coniirmues for a long tirme withoui conrecting with the peri-

" derm of the siem. On the other hand, in S, caprea, the cork begins to difw.

ferentiate along tre circumference of the pulvimas; besides, it 2zpsars
only toward the xiddle of September, in othex words, much later than in the
case of Aesculus Eippocastamix.

At the moment the leaf falls, this cork is histologically constituted
like the cork of ike sten, that is to say, its cells have thin walls, except
in the vicinity of the generating zone where they have a strong suberous
thickening on their outside walls.,

Salix Regens L.

This species differs especialily from the preceding Salix caprea by
the fact that its scar cork is not as thick and by the fact that they thalli
are less frequent in the vessels before the leaf falls.

Sarbucus Racemosa L. and Samoucus Nigra L.

At the roment the leaf falls, in both of-'jl:hc_ase species, the scar
cork exists only in the exiernal region of tne puivinus whereas it is topped
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by two or three layers of lignified parenchyma in its internal region. As
;: the case of Salix caprea, there is no subcicatricial lignified stratum
€.

The process of differentiation of the scar cork is the same as in
Salix caprea but, in contrast to what we have just seen for this spescies a=d
the preceding ones, this cork stops around the bundles; it no longer cliiis
up toward the petiole but this time descends lower and lower toward ths pule
vims. It is not as thick in S. racemosa as in S, nigra.

Viburnum Ooulus L.

At the moment the leaf falls, the scar cork, in V. opulus, is misse
ing most frequently in the regions of the cortical parenchyma which are site
uvated opposite the bundles; here it is replaced by a ligno-suberous stratum
which is formed at the expense of the primary tissue and which has earlier
undergone a slight meristematic action.

The cells of the separating stratum reveal numerous partitions; some-
times we have as many as six nhere which are oriented tranrsversally in 2 mora
or less regular fashion. Between the separating stratum and the cicatriza-
tion stratum we have two or three layers of sacrificed parenchyma which are
likewise heavily partitioned.

A1) of these different strata are differentiated quite a bit later
than in the case of Aesculus Hippocastanum, that is, around the middle of
September. Moreover, their order of appearance is different, The subdivi-
sions of the separating stratum come first here; next comes the subcicatri-
cial lignification of the separating stratum. 4 little later the subdivi-
sions reach the subjacent layers of the sacrificed parenchyma and finally
a generating zone appears further down which rapidly gives rise to the scar
cork prior to defoliation.

Although the separating stratum here is thick, the actual separation
ocsurs here only in its upper portion.

Yiburnum Lentago L.

In this species; as in the preceding species, the cells of the sep-
arating stratum are heavily subdivided; this also applies to those which
sevarate it from the scar cork; however, at the time of defoliation, the
latter exists throughout the entire width of the pulvinus and even in the
internal cortical parenchyma, opposite the bundles. Besides, the partitioned

" region, which corresponds to the sacrificed parenchyma of V. opulus, is lig=
nified before the differentiation of the subjacent corke.

In this species we do not have a subcicatricial lignified stratum.
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Chapter VITT. Svecies Related to the Type Forsythia susvensa

The type Forsythia suspensa is characterized by the presence -~ at the
time the leaf falls -- of a double cicatrization lamina in which a well de-
veloped ligno-suberous stratum tops a stratum of secondary cork. The ligno-
suberous stratum is formed at the expense of the cells of the pulvinus which
have not subdivided in advance.

Here are the species related tothis type: Acer campestre, Rhammus
catharticus, Myrica Gale, Robinia hispida and Pseudo-Acacia, Gleditschia tri-
acanthos.

Acer Campestre L,

The cork of the cicatrization lamina includes only three or four layers
of cells; most often it cuts slightly into the side or edge of the bundles
even hefore the leaf falls. The ligno=-suberous portion also cuts into thenm
but much more deeply.

Contrary to what we have in Forsythia suspensa, we do have lignifica-
tion of tissues above the separating stratum -~ although this lignification,
to be sure, is not at all intensive.

The separating stratum is very thin and consists of one layer of cells
that have split once or twice. The cells are then doubled on the inside here,
as.well as in all the other species which I related to the type Forsythia, as
in the case of Amorpha fruticosa.

The scar strata differentiate very early. around the beginning of Aug-
ust. As in the case of Forsythia, the ligno-suberous portion appears first
but its differentiation begins in the external cortical parenchymz in the vie
cinity of the bundles.

The crystal-bearing cells, which are numerous at the base of the leaf,
here behave like their neighbors, in this respect recalling those of Alnus
glutinosa {(Figure 50).

In the bast of the bundles of Acer campestre we have a few rare arti-
culated milk~bearing organs. At the level of differentiation of the scar
cork, these milk-bearing orgzans split transversally and contribute to its
formation {la, Figure 78).

The cicatrization of the vessels here occurs primarily through the
thalli which develop before defoliation throughout the entire base of the leaf.

Mvrica Gale L.
The doubla cicatrization lamina is not at all thick here and, in the

inside half of the pulvinus, the ligno-suberous portion exists ordinarily by
itself. On the other hand. above the separating stratum, the lignification




of the tissues is very intensive and involves a very thick region above all
in the internal cortical parenchyma. We have several layers of sacrificed
parenchyma below the separating stratum.

The ligno-suberous portion of the scar stirata differentiates first
around the middle of September but the cork appears below it even before it
has been completely formed.

Rhamnus Catharticus L.

in this species the cicatrization lamina is very thick when compared
to the diameter of the petiole and it has the same thickness throughout its
entire extent; its lower limit is fourk exactly at the level of the axillary
angle {corner) of the leaf. Its secondary cork is not thick but in its vi-
cinity the cells of the ligno-suberous stratum sometimes have completely su-
berized walls.

The separating stratum is formed as a result of the subdivision of a
single primary layer; this subdivision occurs cnce or twice. The subcicatrie
cial stratum is not thick but it is heavily lignified.

The crystal-vearing cells inside the primary scar stratum are ligno=-
suberized like its other elements.

Robinia Pseudo-Acacia L.

As in some of the other species which we studied earlier, the petiole
has, at its base, a hollow swelling consisting of n conical cavity which cone
tains the two to four superposed axillary buds (B, Figure 82). Inside this
cavity, the epiderm of the petiole is doubled by a secretory hypoderm com=
prising one or two layers of cells that are larger than the other parenchy=
matous elements of the organ. ‘The lime oxalate crystals are abundant in the
parenchyma at tie base of the petiole swelling and especially in contact with
the hypoderm.

The separating stratum is made up of one layer of cells which have
earlier been subdivided transversally several times. It is located rather
far from the leaf insertion and, as in Menispermun canadense, it grows not
only across the constricted part at the base of the petiole but it also ex-
tends across its swelling, opposite the buds and a little above the secre-
tory hypocderm I -entioned earlier; however, the thin lamella between it and
the epiderm of this latter region here remains cellulosic (1p, Figure 82).

As a result of the position of the separating stratum, the axillary
buds remain protected, during winter, by a leaf-bud scale lamulla as in the
case of Menispermnum; here, however, this lamella, instead of continuing the
ligno-suberous stratum, as in this latter case, prolongs the stratum of sacri-
ficed parenchyma which, in effect, is very taick in Robinia Pseudo-Acacia.

Imrmediately after defoliation, the leaf scar, flanked by its two
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stipulary thorns, has a more or less trilobed :zhape, with three fascicular
navels between which the surface rises in the iorm of a cone indicating the i
presence of the buds below the leaf-bud scale lamella. Above this scar we

can observe -~ in many pulvini -~ another one which is smaller and which
seems to represent the scar left over from a bud *that aborted very early.

At the level of the ligno-suberous sturatum, the cells of the articu-
lated milk-bearing organs are shorter thar elccunere. Very frequintly they
subdivide and they become ligno-suberized like the neighboring elements.
This latter change also occurs in most of the crystal-bearing cells.

The stratum of scar cork is completed, as in the type, during the sec=
ond year. It grows directly across the wood of the bundles and the soft bast
but it can cut only the hard bast which has a certain thickness at this level;
very often, likewise, it will descend very low, ins‘-de the pulvinus, passing
along the two faces of this tissue and gradually disappearing, as illustrated
for the case of Robinia hispida (licp, Figure 83).

During the second year and sometimes during the first year, the leafw
bud scale lamella splits longitudinally and is gradually detached. This
latter modification is speeded up by the vegetation of the buds, provided
they do develop here.

At the end of the shoots, the abortion of the principal bud causes it
to be pushed aside and this means that the leaf scar here appears to be ier
minal.

Robinia Hisrpida L.

The arrangement of the axillary buds here is the same as in R. Pseudo=-
Acacia. The scar stratum is a little thicker sspceizlly in the ligno-suber-
ous portion.

The separating stratum crosses only the constricted portion of the
petiole so that we do not get any leaf-bud scale lamella here and as a result
of this the buds are visible after the leaf falls between the branches of
the V formed by the scar.

The changes which these articulated milk-bearing organs and the crys-
tal-bearing cells undergo are the same as those in the preceding Robinia.
The arrangement of the scar cork across the bundles is likewise the same;
this is also true of the sleeve which the cork forms around the hard bast
(liep, Figure 83).

Gleditschia Triancanthos L. v. inermis

In this speties we still have a swelling, at the base of the petiole,
which covers the axillary buds ordinarily numbering five here -- however
without creating a cavity in which to hold them (P, Figure 84).




The separating stratum, consisting of three or four layers of cells,
sometimes subdivided a few times in advance, for:z . above the most con-
stricted region of the petiole (cs, Figure 8¢); iv - penetrates into the
base' of the petiole swelling and here occupies a po..tion which causes its

%2side edge to be located opposite the space between the two upper axillary
ds.

The double cicatrization lamina, which exists at the moment the leaf
falls, is very thick here. The ligno-suberization here is very intensive iu
the vicinity of the secondary cork, especially in the internal region of the
petiole, Between the scar strata and the separating stratum we have a thick-
ness of ten to twselve layers of sacrificed parenchyma.

In this particular species, the ligno-suberous portion is the first
to differentiate, very early, toward the end of August; in addition, the cork
forms below it even before its complete differentiation.

There are very few thalli developing in the vessels whose cicatrization
is completed primarily by the gummy lignin. The latter appears already before
the leaf falls and continues to grow afterward.

The leaf scar has a more or less trilobed shape (ci, Figure 85). Above
it appears only one of the many buds that covered the petiole (B, Figure 85).
I was able to observe, in effect, that the separating stratum was established
at thellevel of the interval between the two upper buds so that, even though
there may be no leaf-bud scale lamella as such, all of the lower buds are
covered since they are hidden by the upper portion of the pulvinmus. The late
ter, in reality, plays the role of the leaf-bud scale lamella.

The second-year scar cork (licp, Figure 86) has an origin different
from that found during the preceding year. It is in contact with the latter
only in the axillary angle from which it descends very obliquely, across the
pulvinus, in order to link up with the periderm of the stem at a level quite
a bit below that of the first-year cork. As in the case of Robinia h.i spida,
it cuts the bast-lignsous bundles, except for the hard bast against which it
curves downward (1ls, Figure 86).

The portion of the pulvinus between the first-year cork and the second=
year cork is lignified (s, Figure 86).
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Chapter IX. Species Related to the Type Alnus plutinosa

As in the preceding case, this type is characterized by the fact that
its pulvinus -- even before the leaf falls -- contains a deuble scar lamina;
it differs, however, by virtue of the fact that the ligno-suberous portion
of this double stratum is of meristematic origin.

In the spe.ies which have similar scar strata at the moment of defole-
iation, the suberization, in the ligno-suberous portion which is near the
cork, almost always invades, in addition to the usual film, a more or less
large portion of the rest of the cell walls.

Here are the species related to this type: Betula pubescens, Ptelea
trifoliata, Ailanthus glandulosa, Maclura aurantiaca, Tecoma radicans, Rhodo-
typos kerriofdes, Cladrastris tinctoria, Gymnocladus canadensis.

Betula Pubescens Ehrh.,

Betula pubescens differs from Alnus glutinosa in that the subdivisions
of the ligno-suberous portion of the scar strata here are less frequent; many
cells in its upper portion do not even have it,

The subcicatricial lignified stratum s not at all thick. Below the
separating stratum we find two or three layers of sacrificed parenchyma.

Ptelea Trifoliata L.

The cork of the double cicavrization lamina is usually absent here
during defoliation in the internal portion of the pulvinus near the leaf
bundles (Figure 89). The sacrificed parenchyma includes several layers of
cells.,

As in some of the preceding species, :he petiole has at its base a
swelling which conceals two axillary tuds and whose upper edge rests on a
pouch of the stem (Figure 89).

The separating stratum is differentiated a little above the most con-
stricted region of the petiole; it consists of two layers which have earlier
split once or twice.

On the inside surface of the petiole swelling, opposite the buds, we
find a subepidermal stratum (cp, Figure 39), made up of two or three layers
characterized by a dense protoplasm and hum.rous grains of starch. This
stratum, which reveals the same characteristics as the separating stratunm,
is located in the extension of this latter stratum although it is not abso-
lutely continuous with it; as a matter of fact, we have a short interruption,
between the two strata, opposite the lower bud (a, Figure 89). The subcica-
tricial lignification (rs) occurs not only above the separating stratum but
also above the specialized subepidermal layer; it is this layer which, when
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coming into contact with the epiderm at a certain point (a, Figure 89), in-
terrupts the continuity of the two strata. The separation of tnc cells, which
causes the leaf to fall, occurs only in the separating stratum and does not
affect the specialized layer which is its prolongation; despite this rough
outline of the formation of the leaf-bud scale lamella, the buds are thus
exposed after defoliation.

(In a single one of the many specimens which I examined, the separst.oa
extended also into the specialized subepidermal layer and thus leliv a very
thin leaf-bud scale lamella above the buds. This particular case sursorts the
opinion expressed above, to the effect that the specialized stratur. in reality
represents a prolongation of the separating stratum.)

The secretory sacs, which are numerous in the cortical parenchyma of
the plant, are less frequent at the base of the petiocle, When one of these
sacs is included in the lignoe-suberous lamina, its epithelial cells are
reached by ligno-suberization. The scar cork now grows around those of the
apparatuses which it encounters on its way.

Ailanthus Glandulosa Desf.

The double cicatrization lamina, which exists at the moment the leaf
falls, has a direction that is almost parallel to the axis of the stem and
is therefore very oblique with respect to that of the petiole. Its thickness
is considerable ~nd is proportional to the very large leaf insertion surface.
The cork here includes twelve to fifteen layers.

The separating stratum is made up of two or three rows of cells which
very rarely are split before that.

The differentiation of the primary cicatrization lamina occurs very
early, toward the beginning of August; ligno-suberization occurs here from
the outside toward the inside of the pulvinus. The cork appears balow the
ligno-suberous stratum much later, toward the beginning of September.,

During the secoud year, the cork grows across the bundles, describing
a very pronounced curve toward the stem; in some pulvini, the top of the
curve may even reach the region where the leaf bundles are joined to the
caulinary bast-ligneous system.

Tecoma Radicans pr. sp. L.

The ligno-subercus portion of "l scar stratum is thick; its cork,
on the other hand, consists of only two or three layers.

The ssparating stratum is in contact with the double cicatrizaticn
lamina in the inside portion of the pulvinus; it moves away sligntly in its
outside portion. Made up of ona or two layers subdivided transversally
three, four, and even five times, it is therefore very thick; howcver, the
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separation occurs here always only between its itwo upper layers. The sube
cicatricial lignified layer, which tops it, is not thick.

During the second year, a new layer of cork forms across the pulvims,
at a certain distance below the secondary cork of the first year and parallel
to it; this new cork layer cuts across the bundles. The parenchyma betwoen
the two corks remains cellulosic.

Rhodotyvos Korrioides Sieb. and Zucc.

The double cicatrization lamina which contains this species is not
thick at the moment the leaf falls. Its ligno-suberous portion is heavily
subdivided. Its cork, which consists of five to seven cell layers ~- in con-
trast to what we saw in the preceding species =~ is thicker in the internal
region of the pulvinus and very often it reaches the outside edge of the lat=
ter only after the leaf has fallen.

The separating stratum does not reveal any subdivision snd there is no
lignified stratum differentiated above it.

Cladrastris Tinctoria Raf,

In Cladrastris tinetoria, the four or five buds, which are superposed
and which are strongly pressed against each other, are completely hidden in
a vast conical cavity of a basilar swelling of the petiole. The separating
stratum develops at the base of this cavity so that the buds are exposed dure
ing winter.

The double cicatrization lamina is not thick and is very oblique toward
the direction of the petiole. Its cork seems to be an almost direct contine
uation of the periderm of the stem as in the case of Aesculus Hippocastanum;
its ligno-suberous portion consists of cnly three or four layers.

In almost all of the praeceding cases, the gummy lignin, which completes
the obstruction of the vessels begun by the thalli or which mignt even replace
this obstruction, appears only rarely befors defoliation. In Cladrastris
tinctoria, this obstruction by gumry lignin is always an accomplished fact at
the moment the leaf falls; this substance is found nerc over a considerable
length of the tundles, after a variable height above the separating stratum
all the way into the caulinary bast-l’gneous system. Once in a while it is
accompanied by a few thalli; however, among those which do exist here, at the
level of re-entry of the leaf bundles into the stem, there are some which have
acquired hard walls even before the leaf falls.

The leal sca: forms a ring more or less vpen on the insida arourd tne
buds which are covered by a thick felt of hairs and which are so strorgly
pressed arcainst each other that they appear, when looked at from the cutside,
as a single whole

Tho terminal lesafl scar of a shoot occupies its top and the aborted
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terminal bud is already pushed aside.

During the second year a new scar cork stratum forms; as in the caue
of Tecoma radicans, it develops a short distance below the first. It is
this new stratum which grows across the bundles.

Gyrnocladnes Canadensis lamk.

The double cicatrization of lamina, which exists at the moment of de-
foliation, is very thick, espscially around the external circumference of the
pulvinus and particularly opposite the bundles. Its cork consists of an
average of five to eight layers while its ligno-suberous portion includes as
many as twenty. In addition, it is topped by a thick sacrificed parenchyma
averaging four to eight rows of cells.

The separating stratum is composed of two layers in which some of the
cells are subdivided only once.

The scar strata and the separating stratum rise in the shape of a dome
and grow across the bundles so that the leaf scar ..upears mamillated after
the leaf falls.

During the time of defeliation the thalli are most numerous especially
in the spiral vessels; on the other hand, the gummy lignin ofien appears in
“he secondary vessels on the level of the cicatrization strata.

The ligno-suberization of the parenchymatous tissues of the pulvinus
begins very early, in July, and involves the external circumference of the
pulvirus. Ordinarily, the secondary layer appears below the ligno-suberous
lamina as the latter progresses across the hase of the leaf; sometimes, how=-
ever, it forms only after its complete development.

Toward the end of August, the double scar lamina is already in exist-
erce so that we can indeed find it at the moment of defoliation. The separ-
ating stratur and the subcicatricial lignified stratum which, in this speciss,
is not at all thick, are differentiated sometire before that period, around
the beginning of October.

Diring the second year a new scar cork stratum is formed; this new
stratum doubles the preceding one in the internal region of the pulvinus but
it moves away from it in its external region and descends very obliquely,
connectinr, with the periderm of the stem which is lower than the cork from
the preceding year /at a point lower than the cork cf the preceding yvear/
(lic,, "igure 90). It is this secornd-year stritum which grows acrost the
bundles, however, without cutting their hard bast against whose cirwumfereance
it will make contact.

whon the axillary bud aborts and is destroyed, a cork 18 formed below

its scar and this cork connects with the second-year stratun of the lsaf pule
vizus, a little beluw the axillary angle (Figure 90).
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raclura Aurantiaca Nutt.

In this species, the cicatrization lamina, which exists at the moment
the leaf falls, is not double in its entire extent. As a matter of fact,
we can observe the cork here only in the external cortical parenchyma (lie,
Figuoe 87) and the ligno-suberous lamina alone cicatrizes the internal cor-
tical parenchyma.

The portion of the scar strata which, in the external cortical paren-
chyma surmounts the secondary cork, reveals a special arrangement of which I
was unable to find another example among the many species studied. In con-
tact with the scar cork it contains a region which is made up almost entirely
of a sclerenchyra with very thick and spotted walls (s, Figure 88). (This
very thick-walled sclerenchyma makes up a portion of the cicatrization lamina
&nd recalls the one which, according to Erettfeld ("On Cicatrization and Leaf
Fall, " Prinersheim's Jahrbicher, Volume XII, page 133) cons%itutes all of the
scar strata of most of the monocotyledons.) The rest of the primary cicatrie
zation lamina -~ in those of its parts which border on the separating stratum
and on the epiderm of the pulvinus ~- is normally ligno-suberized (ss, Figure
88). I might add that we often have a few isolated cells in the interior of
the sclerenchyma; these isolated cells keep their thin walls (a, Figure 88).
Although completely plunged into the sclerenchyma and isolated from the focus
of ligno-suberous differentiation, these cells still undergo this differen-
tiation; they also have a suberous .ilm inside.

The cicatrization lamina begins to form toward the teginning of Septem=-
ber. The thickening and the lignification of the walls, in its sclerenchy-
matous portion, occur at thc same time as the ligno-suberous differentiation.
The thin lamina of subjacent cork develops after the complete differentiation
of this sclerenchyma.

The scar cork stratum is completed durirg the second year as it crosses
the bindles and the internal portion of the palvinus.

The numerous branching milk-bearing organs of the plant are cicatrized,
in the same fashion as those of lMorus nigra, by finger-shaped partitions (cl,
Figure 88). They do not alter the naturs of their walls as they cross the
sclerenchyma; in addition, they are broken by the cork whose contimuity is
established at the point of rupture between their ends.
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Chaoter (. Ssecies Zelated to Soirzea oolifoliza

We rec.ll trzl the periderm is locaiel vwerr ceeriy in Spireea opuli-
folia. It derelops, in contact with the dasi, not only in ihe stan mt 2z so
in tre pulvirs where it Jolds baeck even arcurnd the mundles, Jermmins a veri-
table sicev: /mufff. The scar cork is estz:liziad irside Tiis o Sl
sleeve, close to its base; as a resuii iv 2rc3ses Uniw the Tur L oz oo
tical pare-chyza of the puivimus is sacrific i in ils extiresy, -- i5 iz
of the stex.

(9]
(]

All of the species wnich we surmarized in this czspler 21iso have a
deep peridern ard certain special f{eatures of cicairization related to that
location.

Potentiila Trulicosa L.

In ihe rezion where the *wo stizules are aitached, well adove its in-
sertion, the petioie nas ¢ joinc =arked Ty a cincular consirielion (p, Tig-
ure 91). At the level o this consiriciion, ike celis o ile cortical par-
enchyra are very stall and the tramsition froz iiais region to ike petioie
and to the puivimus -- which have larger cells -- occurs gradually although

rapidly.

Below this joint, the pulvirus grows Iirsi of all into a clud [s';c;
*rassue® -- massf; then il stretches out anc is {latiened around the axiliary
bud and the stexm so thai iis Tase envelops a1l of ithese two organs alsost
corpletely. :

Tae leai bast-licneous systex which, in ihe peiiole, Jorzs a big strip
in the ridcle, accoxmpanied by two s=all lateral tundles, is recuced 10 a sin-
gle mass in ihe vicinity of the joint and, besices, reveais z very pronourced
constriction opposite these bundles. Further down it resures iis normal vol-
ume and once agains separzies into ihree bundies whose course is marked on
the ouiside by three cresis whichk give the puivimis a pyramicdal appearance.

Tre verider= ol ihe ster is situated ceep doum -- even Ceeger down than
in Spiraea opulifclia; tnis is the case deczuse it is located Teiween ihe hard
bast ané ihe soi basi. -t is seriated; that is to say, it has ceilulnse lay-
ers wiich are here anc there separated uy a suberized layer. (iccorcinz to
He. Douliot (“"Research on the Fericdern,? inn. cdes Sc. nat. Zot., 7th Series,
Volume X, 1885, sage 135), the periderm ol the Cirgueioils is never seriated;
this author probably ¢ic not study my soecies.) As in ihe case of Spiraea,
it forms a sleeve wiich surrournds the oduncles in the lower hall ol ike pul-
vinus (&p, Tigere 91).

The suparating siratum is formed at the end of itke long pulvimus, on
the level of the joint of the lea”, a srort time vefore defolizticn. It
consists oF %0 or three rows of smail cells of ihis region and iiere is 0

issue rezction above or velow it, before iie leal falls.
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Alter celoliation, 2 2iion ceveicps 1n the coritical
Farench=a ol *"e ivirus. This 1is tion is not .Located izzediately
Selos tre wourd; it ceveloss aionz the entire lengih of ihs pulvinus but es-
seciaily in the vicinity of the undles.

Iy
pis

»
8 Q

Tre iizmo-suterization involves o Lt ine Livino elezents of the bundles.
Ioregrer, this .L\_“‘ "=on, 2s wWell sl The <eposiv of *.;::y iigrin in ...;e
vessels, gceurs, as in Spirsesz, ondy inside the reriderzzl sleeve (g and 1.

Tigure 61, md.f-“;:'; t:‘ .-.:.:*.t ol ire dezosii of inis substance).

2uring Lne seco:r ,ee«.. the changec wrich occur in the leal puivinus
are the sare as in Spir o;::u;;o;;a. Tre scar cork which likewise grows

only ac.oss ine tundles at the Sasc of thelr gericermsl sieeve, is not serizied

-

this iS5 an occlusion cork il of whose cells zre suberous.

Al
"

fs S

~ ST P
waldTale arve~a

The constituiion ol ine base of the jetiole is the sarme zs in Poten-
¥13das fruticosa. The periderr=zi siceve of tie munclies nere occupies an iden-
tical position {(z2, Tizure &),

n . zltagana, however, a ixia .-_:;“.:;“ied siratur (rs, Tigure 9%) is
éiffereniiated. Selore Tt lea: faiis, above the separating stratunm. In aG-
dition, the Iizmificaiior we were zoie o observe Cevaloping, in tane
certiczl parencryTa oI Poteniiilz Irulticosz, only alter the Leal falis, in
iris case turms ur selore the lesl fz2ils (s, Figure 9%). "'be upper ii=t of
The tissces tmus Iizmilied is verr neail; a2bove it we hzve s =ore or less thin
stratur of szerificel parenchyT. :.

Tne chanses which follow tre Jg1i ol trze lez” recall those observed in
Spiraea osuiiloliz.

- - 554
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CaioTrzcz Yolzzxrica Tisch.

Tris szecies, :ike the pracecing ones, h2s a t (Figure 92) at the
2 ol a ravier long sulvimas., The reriderm, '*.o:-:s'-e is rot located as
deep‘-v. In tre siex it surrounds tre central oy l::"‘e" vassing a short dis-
tance Iron ite isoclzied masses ol the raxd basi; in the base of the pulvimus
it aorroccihes thts nard bast; it tnen even cozes Inlo f‘o..v;c.. with it, form-
inz perider-al sleeves arouni ire duncles {=p, Figu*e 9 The iatter climb
TS very high, aizost into the irmediate vicinity ol © *o-“* of tre petiole,
and oiten they are even eniarzel on the insice, delow Lhe sacrificed paren=-
cry=a, woving a little away I{rom the hLundles.

,h
‘

-

Tn tre rezion adjoining the articulaiion, wrere lhe three re-entering
tuncles are Lnitec'., trey sre surrounded oniy by & single peridermal sleeve
¥l . res Zrox the fusion of t?e wnree "“e"eng ones (mo, Fizure 93).
wWe also Jind two sizll stizular bundles st this saxe level (£st, Tigure 93);
they combine with the lateral re-entering bundles cf the leal a little apove
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t?e base of the pulvinus; these two bundles do not have any peridermal
sleeve.

The anatomical changes which precede and foliow the fall of the leaves
are the same as in Caragana altazana.

Symohoricarvos Racermosus Michx

As in the case of Spiraea opulifoiia, the petiole does not reveal any
articuiation but the peridermal sleeve of the bundles is shorier here.

in the lear, the cortical parenchyma of the pulvinus reveals very
thickened and spotted wai_s which however rerain entirely cellulosic. ( I
m.ght point out here that the cortical parenchyma of the stem below the pul-
vinus looks the same although it is, in addition, heavily lignified.) Above
the pulvirus it yields rather abruptly to a tissue whose walls are thin;
the separating stratum develops a shoirt time before the leaf f£1ls at the
level cof transition, in the first layers with the thin walls, without any
advance suodivision.

Before the formation of this stratum and at a very early stage, a
ligno-suberous stratum is differentiated, below it, at the expense of the
tissue cells with the very thin walls. In the bundles, the ligno-suberiza-
tion occurs only after the lcaf has fallen; then the wound surface develops
up to the base of the peridermal sleeves,

Priladelvhus Coronarius L.

At its base and on its inside face, the petiole has a not very notice-
able swelling in which we find the axillary bud (B, Figure 95). In addition,
it reveals, a little below iis insertion, an articulation or joint irndicated
by a circular groove wnich is not readily visible and which passes over the
swelling, above tne bud. 4 longitudinal section shows -~ 2t the level of
this groove -- a stratum of two or three lzyers of smail, flat cells with
thin walls which are delinitely different from the cells of the pulvinus and
of the petiole and which recall those which we illustrated in Azalea sinensis
(art, Figure 99). Tnis stratum, specialized at a very early stage, is lo-
cated at the base of the adult leaf and grows across the entire petiole,
forming a line broken at an angle and turning upward. It is this stratum
which, without any subsequent alteration, will constitute the separating
stratum. There is r.o subcicatricial lignified stratum being differentiated
above it in autumn.

As in the case of Symphoricarpos racemosus, the peridermal sleeve of
the tundles remains short (mp, Figure 95); similarly, the ligno-suberous
stratun is differentiated very early, around August. This stratum, which
is contiguous to the separating stratum, consequently extends against the
inside edge of the petiole swelling up to a point above the bud (ir, Figure
95). After the fall of the leaf, this results in a leaf-bud scale lamella
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which covers the latter in the manner of a candle smuffer [ﬁbside down fun-
nel/ and gives the surface of the scar a conical appearance (be, Figure 96).
Later on, under the influence of the diametral growth of the stem or the

elongation of the bud into the shoot, this lamella regularly breaks up into
three parts.

The crossing of the bundles by the sacond-year cork occurs in +ihz si..:
fashion as in Spiraea opulifolia.

Chletra Alnifolia L.

This species is even closer to the Spiraea type because of the deep
position of its periderm in the stem and in the leaf puivinus; however, the
separating stratum is here developed excessively close to the insertion of
the leaf and almost parallel to the surface of the stem (ecs. Fipure 97), so
that the pulvinus here is remarkably short., 4s a result of “his arrangement,
the peridermal sleeve of the bundles here is barely indicated.

The subcicatricial lignified stratum cannot be found in this species;
as for the ligno-suberous stratum, .t exists only in the internal region of
the pulvinus (ss, Figure 97) and, through its lower face, even makes contact
with the periderm.

Among the very few crystal-bearing cells, which we can find in the
cortical parenchyma of the pulvinus, those that are included in the ligno-
suberous portion only undergo lignification; on the other hand, their cavity
is often filled with gummy lignin around the crystal, as I described it for
Amorpha fruticosa.

After the leal falls, the pulvinus does not undergo any further changes
during the first year except for the ligno-suberization of the living elements
of the bundles and the deposit of gummy lignin in the vesseils. During the
second year, the scar cork forms across the bundles and closes the sleeve, 23
in Spiraea opulifolia.

dzalea Sinensis Lood.

Very close to its insertion the petiole reveals a joint marked by a
eircular groove that is not very easy to see. At that level the cells are
clearly differentiated from those of the petiole and the pulvinus by their
small size, the relative thinness of their walls, and their fiat form (art,
Figure 99); this differentiation occurs even before the petiole has developed
completely. The separating stratum will form in autumn (cs, Figure 98) at
the expense of two or three layers of this specialized tissue.

Ls in the case of Diospyros virginiana, the dissolution of the walls
of the separating stratum, which leads to the dehiscence of the leaf, involves
only their primary membrane.

As in the case of Chletra alnifolia, the separating stratum is very
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close to the surface of the stem which it almost continues. Here, likewise,
the periderm is deep and is in contact with the bast; it is interrupted
around the bundles, at the base of the pulvinus, without forming any sleeve.
As in the case of Chletra alnifolia, we have a thin ligno-sukerous lamina
here before the leaf falls; this lamina, however, extends over the entire
width of the pulvinus (ss, Figure 98); likewise ¢ tuated against the sepaive-
ting stratum, it is in contact with the peridern only in its intornzl vo-lc .
and only opposite the bundles. Finally, the scar cork Crosses . s.o . wo
only during the second year.

Ribes Nigrum L. and Deutzia Seabra Thumb.

These two species recall Azalea sinensis, except for the absense of
the joint at the base of the leal, However, the ligno-suberous lamina exists
here only in the external cortical parenchyma; the periderm is in contact
with the separating stratum in the internal cortical parenchyma.
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Chapter XI. Srecies Related to the Tyme Frro-olis virriniana

We recall that the distinctive charscieristics of this uype consist
in the fact that the first-year scar strata are removed during the second
year due to the "revival of cicatrization" caused by the formation of a new
separating stratum. This ties in with the case of the "marcescent leaves®
whose fall is caused by similar revival.

I therefore combined here the several species that have both of these
characteristics or only one of them.

Parrotia Persica A.M.

The fall of the leaves and the cicatrization of the wound occurs here
in the same fashion as in H. virginiana.

During the second year, the revivel of cicatrization, which, by the
wey, occurs in the same fashion, appears sconer than in this latter snecies,
starting in February and during March, e also noted that, in this species,
it occurs rore rapidly in the pulvini above wnick a flower bud developed,

thouzh the development or this bud did not break the pulvinus. Perhavs
this is due to the fact that the circulation and supply of nutritive sube-
stances is more considerable in the vicinity of the buds thus developed;
this would mean that the separating stratum involved in this environment
would differentiate faster.

The few marcesceat leaves, which we encounier sometime in Parrotia
persica reveal the same process of cicatrization and fall as those in Hame-
amelis virginiana,

Sorbus aucuparia L., S, Aria Crantz, and S. Hybrida L.

The phenomena which precede and follow the fall of the leaves during
the first yvear recall those of lamamelis virginiana. However, the separating
stratum reveals a broken surface at the level of the bundles similar to that
of Spiraea opulirolia (¢s, Figure 51). In addition, it develops at a dis-
tance from the axillary angle which varies with the position the leaf occu-
pies on the shoot. For those at the top, this distance may amount to as
mich as 4 mn whereas for those at the base it may be reduced to less than
{ mm., The length o¢f the pulvini therefore varies considerably depending on
the leaves (Figures 100 and 101).

The ligno-suberous stratum, which forms only after the fall in the
vicinity of the wound, reveals a lignification and a suberization which are
not at all intensive; besides, it is not at all thick. In some cases, we
note the beginning of the formation of the scar cork, before the winter,
below and against the ligno-suberous stratum.

The changes which occur in the leaf pulvini, during the second year,
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recall those which we pointed in Hamamelis virginiana. The separating stra-
tum involved in this revival always develops right at the base of the pulvi-
nus and consequently very often far from the first scar lamina (csz, Figures
100 and 101). It forms in the same fashion as that connected with the au-
tumn fall of the leaves in this same species, that is to say, due to trans-
versal subdivision of one cell layer; however, its surface is perfectly
level. We can then watch the development, above it, in the soft titsue of
the pulvinus, of a lignified stratum similar to the subcicatricial lignilicd
stratum which I pointed out above the autumn separating strata in most of tha
leaves (rsc, Figure 100). This stratum is differentiated even in the some-
what short pulvini whose live tissue, above the revival separation stratum,
consists of no more than four or five cell layers (rsec, Figure 101).

Dehiscence, inside the separating stratum, ordinarily occurs first in
the middle region of the pulvinus; more rarely it occurs in its lateral parts.
In all cases, this dehiscence and the revival of cicatrization resulting from
it occur progressively and slowly during the second year. These phenomena
result in the replacement of the first scar with another one which is much
closer to the stem.

The cicatrization of the new wound occurs in the same fashion as that
~ of Hamamelis virginiana.

In the Sorbus studies, there is no marcescence of the leaves.

Quercus Hispanica L. and Q. Pedunculata EZhrh.

In these two species there are many more marcescent leaves than deci=
duous leaves. The transformations which occur in the pulvini of these two
types of leaves during the first year are the same as those in Hamamelis
virginiana; however, most often, the marcescent leaves do not reveal any
trace of the autumn separating stratum at their base.

On the other hand, the revival of the cicatrization, during the second
year, occurs only in the palvini of the marcescent leaves, whereas in the
others it is found roughly outlined here only exceptionally.

The base of the petiole, especially in Quercus pedunculata, contains
isolated sclerites or groups of sclerites. These do not undergo any modi-
fication when they are contained inside the ligno-suberous stratum.

(It was certainly these sclerites which ledeganck, K., ("Histochemical
Research on the Autumn Fall of Leaves," B._de la Soc. roy. bot. de Belgigue,
Volume X, 1872) mentioned in Q. Robur as example of diffuse suberification.
Here is what he has to say about this (page 158): "In the green parenchyma
we can see disseminatcd several transparent points which indicate the exist-
ence of one or mor. cells with thick walls whose cavity has been almost en-
tirely obliterated"; further on he has the following to say about these sarme
cells (page 159): "The use of the sulfuric iodine-contaimng reagent gives
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the same hue to the thickened cells dissemincted in the parenchyma and to

the stratum of the periderm; without in any way prejudging their physiologie
cal functions or the origin of these cells, we can thus consider the thick=
ening of their walls as the result of a deposit of suberous substance inside
their cavity; this formation replaces the stratified periderm, such as we
have observed it so far." The use of the differential reagents of lignin and
superin, such as Phloroglucin and tineture of alcan, etc., showed me tizt

the t?ick walls of these elements are not at all suberous but sinply ligai-
fied.

Cornus Mas L.

During the first year, the fall of the leal and the cicatrization of
the wound reveal all of the characteristics of the type Paulownia imperialis.

The leaf pulvinus is riore or less elongated, like that of the Sorbus
and the modifications which occur in their base, during the second year,
here also reveal the same features; but the revival of cicatrization here
occurs sooner, at blossoming time, which, as we know, is very early. In ad-
dition, it often happens, in the pulvini at “he vase of the shoots, that the
subcicatricial lignified layer is absent vecause the revival separating stra-
tun is developing in contact with the first scar lamina whose base is at the
level of thc axillary angle.

Cornus Sanouinea L,

In this species, the first-year ligno-suberous siratum resembles that
of the type Diospyros virginiana and occurs like it, before the leaf falls.

The revival of cicatrization and the changes whicr follow are the same
as in C. mas; however, below the scar cork closing the new wourd, we often
get a parenchymatous phelloderm with a thickness averaging five lo six layers.

Cotoneastcr Melanocarva lood,

Cotoneaster lelanocarpa reveals the same variations of the Hamamelis
type as the Sorbus vut the revival of cicatrization here is less regular and
the separating stratum, which causes it, instead of devaloping right at the
base of the pulvinus, forms between it and the {irst cicatrization lamina.
Moreover, it does not always grov across the bundles, especially in the nid=-
dle oundle, so that the latier are broken very slowly and so that the revi-
val occurs more or less belatedly, sometimes only during the third year. As
a result of this, the new scar stratum is completed almost always before the
first leaves fall (lic, and ssp, Figure 102).

The final scar stratum includes a ligno-suterous lamina which is
quite thick and which extends just to the base of_the pulvinus; it also in-
cludes a secondary cori which doubles Lxeinforce§7 it.

- 111 =




Sometimes the first revival separating stratum develows only income
pletely; we then get a second stratum which is comslete ana Juriher o,
Above each of them, a thin lignified stratum is cifferentiated. The firal
double cicatrization lamina then develops below the lowest separating stra-

tum, that is to say, below the one that will produce the revival.

Carpinus Betulus L.

This species has deciduous leaves and marcesuent leaves. The chanses
which occur here at the base of the former recall those of Hamamelis virgine
iana; the subcicatricial lignified stratum here, however, is thicker and cone
sists of about six to eight cell layers.

The revival of cicatrization involves a process that differs very
little from the one we described so Iar.

At the beginning of the second year, a scar cork develops telow and
against the first-year ligno-suberous stratum; but the first cells formed
by its generating zone, instead of reraining Ilat and suverizing like the
following layers, are very much elongated in the longitucinal direction;
their walls rerain ccliulosic and, in addition, become very thin and very
fragile (a, Fizure 103). It is these deliccie layers which act as the re-
vival separating stratum and cehiscence occurs here, from the outside of the
pulvinus toward the inside, due to ihe rupiure of their walls, following the
procedure emgloyed oy the auturm separating stratum of the leaf of Aristoe-
lochia Sipho. The detacmment of the first scer strata occurs very slowly
during the entire second year and often ends only during tne thi~d year.

The growth of the scar cork (lic, Figure 103), above the new dehiscence sur=
face, is independent of the greater or lesser speed of revival.

Except Zor the absence of the auturn separating stratum, the changes
wrich appear in the pulvini of the marcescent leaves are ithe same as those
which we described in thos~ of the deciduous leaves., However, the first-
year lirno-suberous stratur lere appears later and develops gradually as the
leaves die. Furthermore, the .evival of cisatrization, which at the same
tire causcs the marcescent leaf to fall, here occurs more rapidly; the action
of the separating stratum here is aided by the weight of the leaf ard the
action of the wind,

ra~usg Sylvatica L.

Tn Farus sylvatica. the changes, whicna occur at the base of the deci=-
guous leaves and in the marcescont leaves, recall those of Carpinus Betulus,

with this dirference: at the base of the deciduous leaves, the ligno-suber-
ous lamina is diiferentiated before tho leaf falls.

Stanhvllea Trifolizta L.

Tnis species does rot have any marcescent leaves. AS ia Carpinus
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Setulus, the first layers of second-year scar cork remain cellulosic but
their cells do not extend as ruca in the longitudinzl direction. The rup=-
turcs which here cause the revival of cicatrization occur in the same manner;
however, they occur more slowly during the following years.

Ve might add, however, that the revival of ‘icatrization sometinc:-
coes not occur ut all because, in this case, t..: Z.rst layers of scar co.x
have become suberized like the oihers.

Staphvllea Pinnata L.

The conditicrs under which the re-~vsl of cicrtrization of S, pinnata
occurs are roughly the samz as those in .. .rifoliata; nevertneless, it
occurs in a very inconstant and very incomplete fashion. The first layers of
the scar cork may remain cellulosic only very rarel, and then only in the
lateral parts of tra pulvinus., This means that ihe separation, when it does
come Lbout, remains local and that the revival of cicatrization is never
general.
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Summary of Part I

In our study of the phenomena connected with the fall of leaves there
are two types of lacts which we must consider: the detachment of the organ
and the cicatrization ol the wourd.

Detachment of ".2af

Separatinz Strot-

The leal is detuched by means of a mecnanism involving a special strae-
tum, the separating stratum, which exists im all cases and which ordinarily
is differentiated a short time belore cdefoliation.

This stratum develops most often some distance above the axillary an-
gle of the leal and rarely almost at the level of that angle (Ribes nigrum,
Deutzia scabra, Azalea sinensis, etc.) or at 2 great distance abeve it (Sor-
tus, Cotonecaster :melanocaipa, Calophaca volgarics, etc.).

As a pgeneral rule, the hard tissues are part_calarlr reduced in size
at the base of the pctioles, in the rezion where the separating stratum will
develop. The walls here are less thick and the only lignified elements which

re find here are tre ligneous vessels. Xrequently, moreover, the entire
bast=lizneous sysiem is more or less constricted (aristolochia Sipho, Foten-
tilla fruticosa, Caragana altagana, etc.).

The separaiing stratum is o*dingrily quite noticeably perpendicular
to tre axis of the petiole but it may also be very obliaque towaxd that axis
and it rmay be almost parallel to the axis of the sten (Aescn lus, Deutzia
scabra, Ribes nigrum, etc.). In the majority of cases it reveals a level
surface. There are excepitions, however: scrotimes it is more or less cone
cave toward the stem (Rhus Coriaria, Yanthoxylon Zraxineum, etc.); in Sor-
bus and in Spirazea cpulifolia iT forms a broken surface whose an~le is, ine-
stead, turned upward. Vhether itv is level or not, it almost alweys rises a
little as it grows across the leal tundles so that, alter defeliation, the
fascicular navels are slightly in relief. This rise is quite exaggerated
at the level of ithe external bundles of Catalpa bignoniofides where ta: navels
of these bundles form, on the scar, one or more con.cal teeth. In Gyrzio-
cladus canacensis, there is & less pronounced rise leading to the surface of
the mamillated scar.

Thie separating stratun is always cistinguished from the neighboring
tissues by the fact that it rcveals the characteristics of a strongly vege-
tative tissue. lere the protoplasm is denser, the starch is more abundant,
and tne cell turgescence is stronger.

Contrary o opinions accepted in “re past, it is no. always of meris-
teratic origin, tnat is to say, Jormed Yy a cell subdivision. There are,
as a ratler ol Ilact, many species where it consists ol nonsubdivicded cells




(Aristolochia Sipho, Amorpha fruticosa, hesculus ¥ippoecastanury, Forsythia
cuspensa, etc.). In othor cases it is formed only in part as a result of
cell subdivision (Gymnocladus canadencis, Alnus glutinosa, Rhus Coriaria,
etc.). !llevertheless, there are specics where it is entirely derived fror

2 cell division (orus nigxza, M. alca, Vizurmwr Cpulus, V. Lertaro, eic.).
In the latier case, th2 number of subll-ls®.n3 is higily varic.l.; it gone
erally involves two or three per cell L .U i ity h&ve as mony as 'cur or
five (Paulownia imperizlis,. orus nisve, cic.) cnd trhoce may also be as rany
as eight or nine (Spiraes ozulifolia,.

Ordinarily -- when thc separating strzitun is trus derived from ccll
cubdivisions -- the latter are oriented almost regularly and varailicel to the
Girection of the stratum although tney are small in number; in the opposite
case, tneir orientation is very irrezular.

Tne ceparating stratum grows across the leaf bundles, taking over
their parenchymatous cells and avoiding oaly the ligneous vessels and the
sievo~like tubes. Vnen it is cf meristematic origin, the subdivisions here
are less numerous than otherwise and they are oriented more regularly.

Very rarely the separating stratum is made up of only one layer of
cells (Aristolochia Sipho); most often it involves two or three when it is
formed without prior cell subdivision and it consists of a larger number
in the opposite case. In some species its thickness is not equal at all
points; thus it may consist of several layers in the entire external region
of the petiole and only a single layer in its internal region (Alnus glu-
tinosa, Rnus Cotinus, etc.)

Ordinarily there is nothing at the base of the aduli leaf that would
indicate the future nosition of the auturmn separating siratum. In some
cases, nowever, the leaf nas, at its tase, a joint marked by a c¢ircular con-
striction or a groove at whose level the parenchyma cells are very small
and gradually, although rapidly, make the transition to the largeer cells
of the petiole and the pulvinus. The separating stratum is thus diiferen-
tiated thaough this joint and generally at the expense of its most constricted
region (Fippophae rhamnoidea, Crataegus monogyna, Caragana altagana, etc.).
In Diosoyros virginicna, the Syringa, Azalea sinensis, etc., we can observe
& special feature of the same kind although it is even more pronounced here.
The stratum of small cells, located at the level of the joint, consists of
only tnree c» four layers which neatly and abruptly separate the leal from
its pulvinus., It is this entirc stratum, already indicated belore the com-
plete development of the leaf, which in autuin is transformed into the sep-
arating stratum, thus recalling what Brettfeld described for “he monocotyle-
cons.

Lexzf Detacrment Mechanism

Zxcept in the few special cases we will discuss later on, tre leaf
is detached as the cells become separated irom each other inside ihe separ-
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ating stratum. In this process, the cell walls here are transformed into

a pecto-cellulosic rucilage -- which, by the wzy, is primarily cellulosic
here; ordinarily this change involves the entire wall with the exception of
a thin stratum adjoining the cell cavities. The mucilaginous portion is
first of all slightly swelled, especially in the upper layers of the stratum;
arter that_it is {inally dissolved under the action of the cell juice [sap
into /[ in_7 the cells which will vorder on the dehiscence surlace. Theoro
porder cells are thus isolated from e.ch other; their protoolasm is from
then on eaveloped only by the thin, unmodified stratum of the original wallis.

The size of the mucilaginous voriion of the walls varies with the
thickness of the latter; it is ordinarily very small when the sszparating

tim, derived from a cell subdivision, nas only thnin walls. In some cascs
howevaer (Forsythia suspensa, Diospyros virziniena, etc.), the mucilazce i
poorly developed althoucn the walls may nhave a certain thickn
the case because only the primary memdrane of the cells is di
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olved here.

In general, separation occurs inside the separating stratum in a
rather regular fashion betuween two layers of its upper rezion and in a nman-
ner causing the majority of the cells of the stratum to remain attached to
the pulvinus.

This separation produces a cracl across the bvase of the leaf; the
leaf now falls due to its owm weight, provided it was not still helf by the
vescels and the sieve-like tubes, although the resistance oiffered by the lat-
ter is soon broken due to the effect of the following vhenomena. On either
side of the dehiscence surface, the border cells grow longitudinally in the
opposite direction, pressing against each other, so as to remove the leaf
from its pulvinus. The resisting elements of the vundles cannot follow
this growth and are subject to increasing traction which causes thenm to
break and as a result of this the leaf, now ro longer held ty anything, falls
due to the effect of its c¢wm weight.

When the sevarating stratum is made up of more than two layers, all
of its cells contribute to bringing about the rupture of the last elements
of the bundles in this fashion. In effect, all of them are nore or less
swelled; in this fashion, and even before the separation as such takes place,
they produce a noticeable thickening in the entire stratum and they thus con-
tribute ir a noticeable fashion to the removal of the petiole from its pfl-
vinus,

In most cases, dchiscence progresses from the outside toward the in-
side of the petiole; more rarely, it follows the inverse order (Koelreuteria
vaniculata, Gymnocladus canadensis, etc.); sometimes it begins at several
points in the stratum at the same time (Paulowmia imperialis, Hamamelis vir-

iniana, Catalpa bignonioldes, etc.).

Although, as I said above, the separating stratum and the weight of

leaf are capable, by themselves, to bring about defoliation, we must add that
tae wind and tre Irost may noticeably speed up this proczss by triggering it
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even belore the completion of the dehiscence crack. I mizht even add that
the majority of leaves fall prirarily cue o the effect of threse latter two
factors.

In Aristolochia S*o*o, the rechanism of leaf detachment differs from

the mechanism which we have Just deceril . The single cell layer "hlcn

onstitutes the separating siratum nerc owWs very mica in the lonsitudin
a:rcctlon, the lon;;;;alr:l coll walls here bacone very thin ond delxcate
and they arc gradually bollicn due to t1 weiszht of the lecatr and due to the
action of the wind and tre frost. & similar structure may also te produced,
alihougn locally, in "“ccics subject to the first mode of defoliation, when
a2 part of their scparating stratum happens to consist of only one cell layer
(Rhus Cotirus, Alnus c;avlnosa, etc. ).

Sutecicatricial Tisnification

The vitality of the elements of the petiole diminishes rapidly avove
the separating ,u“atuﬂ as t: ime for the fzll of the leaf draws near and
at the roment the leal fzlls the protoplasm has disappezred. In some cases
these are the only chanses which we can observe in this region; more gener-
ally, however, the cells here also udderbo a parictal lignification which
vegins a little afier the apgearance of the separating stratum. This ligni-
fication always decreases in intensity as we go up and the cell walls, which
it involves, are not thickened in advance.

3
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This lignified tissue, which I called subcicatricial because of its
position, pgenerally censists of only two o three layers. In scme cases it
rnay however ve quite thick (Spiraea opulifolia, Tilia europaea, Corylus
Avellana, ete.). In Spirazea opulifolia, it is furthermore the seat of cell
subdivisions occurring vefore llgnlflcatlon.

Cicatrization

ATter the end of the seascn there is always a recovery of protoplasnm
vitality which appears as the first phase of the scar reaction; this happens
in the pulvinus, as in the separating stratum; the recovery of vitality how~
ever is of lesser intensity at that time.

I. Cortical Parenchyrma. Anatomical Characteristics of Scar Tissues

Trere are four delensive measures which the plant may use to cicatrize
the parenchymatous tissues under the wound resulting from the fall of the
lezf; thesc are the following: subdivision of the primary tissues of the
pulvinus, ligno-suberization of these tissues (with or without deposit of
gummy lignin in channels), their sclerification, or the formaticn of a
secondary scar corx below ihem.

4. The primary tissues are subdivided along a more or less considerable
streteh of the pulvinus, thus forming a streium with variable thickness and
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vosition.

The new partitions are oriented in various directions in ezch c2ll;
however, the transversal directioniis the most frequent onc here, especially
in the parenchymatous elements of the bundles. The cells, wnich are thus
subjest to meristematic action, co not uncdergo any diameiral [rowih, vonh Lo,
neitner before nor aiier thcir ailvisicn.

The intensity of sub- ’visien is usually uncjual throuzhout the thizi-
ness of the ciratum involved motimes its nadiun is located in the uproer
region and sometimes it is located in the lower region. We will come tack
to this peculiarity later on,

b. Ligno-suberization involves the primary tissue which did not ear-
lier undergo the merisiematic action which we just discussed; this ligno-
suberization always operates in the following way. Tae cell walls are ligri-
fied witrou* being thicker; this is followed by the addition of a very thin
suberous Irilm which covers the entire cell cavity, including the bordered
pits, that is to say it develops in 2 discordant stratification on the pre-
ceding parietal strata.

T called this the "ligno-suberous stratun” because of the presence of
lipgnin and suberin in this stratum of the pulvimue. These two substances
are rarely equally distributed here and they are rarely distriovuted more or
less uniformly over the entire thickness of tre stratum (Diospyros virginiana,
Forsythia suspensa). Ordinarily, the lignification, very intensive at the
base, and clearly delimited, progressively cecreases in intensity toward the
upper part. The suberous Iilm, on the other hand, reveals a great deal of
unifornity in all cells and it is always more or less thin here; often, how-
ever, it is missing in the uoper part of the stratum where we then observe
only the last traces of lignification.

The ligno-suberization of the cells is always followed by their death.

In the region where the ligno-suberous lamina is uifferentiated, the
intercellular channels are often absent or they are very small. In the rare
caser, where they still have a middle (average) inside diameter (opening),
they 2re frequently obstructed by gummy lignin (Paulowmia imperialis, etc.).

c. Cicatrization oy simple sclerification of the elements of the
pulvinus is very rare; I encountered it only. in lMaclura aurantiaca although
even here it forms only a portion of the cicatrization lawmina and then only
in the external and lateral regions of the pulvinus. The cells of the pul-
vinus which constitute this hard part of the primary scar stratum get stronly
thickened walls before these walls are lignified. This special feature of
Maclura aurantiaca recalis the primary cicatrization of many monocotyledons
whieh, according to Brettfeld, thus have a very thick sclerenchyma, however,
over the entirc widih of their pulvinus.
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d. The secondary scar cork is then comnected all arocund the leaf
rulvini with the periderm of tbe sten and it is always histologically con-
stituted like the latter, except sometimes, when the constitution is some-
what different in those of its layers T ‘ormed first, In addition to
this cork, which zlways develops between : rating zone ard the surface
of the wound, we may also nave, on the cooosite sidc, 2 wmore or less thick
vhellodern, even though the neriders ol Term coes not have it. This
phelloders is nost i-OJHC“ElJ cerlulosl cuylifereus {Menisnemmm cana-
cense, rravinus Craus, Horas nigra, ets..): the some time il may also be
hard and crystal-bearing (Celils occldentall Its maxdimun thickness gen-
erally is found alonz the bundle passage [where it grows across the bundle§7.

l.l.

.)

Taese, tren, are tne four types of scar reactions which we may get
ir the leaf pulvirni as part of the cicatrization of tre wound. There is only
one anonz them wnhich seems indicoensable to complete cicatrization and which
~ppears in all caces; this is the formation of the secondary cork which I
called "scar cor&,” this cork may even develop by itself but that is rarc.
Oten, the formciion of the cork 1s accompanied only by the differantiation
of a li~no-suberous stratum. At other {ines, Tinally, we may 2lso have a
meristeratic subdivisicon of the cells of the vulvinus before ligno-suberus
differentiation.

Tre size of the cicatrizaiion strata is usutally ia a direct ratio with
the widih of the wound and the_strata are thickest in those species where
the petioles are the biggest [ widest_f.

The factor trhat distinguishes the different species from each other,
moXre taon any ovhcr factor, is -= not s¢ rueh the final state of cicatriza-
tion -= but ratiher the time the latier appears. Tais is why I selected my
types in this study primarily on the basis of this periocd.

a. In the simnlest cases, cicatrization is completed vefore defolia-
tion (Micpilus gerranica, Anmorpha fruticoss, Xoelreuteria paniculata, ete.).
A ligno-suberous stratum is then differentiated, at the expense of the tis-
sucs of the pulvinus, below the wound and always before winter; this stratun
is cdoubled by a scar cork Guiing the second year

it other times, cicatrization occurs after the fall and resembles the
onc which I have just described; in that case the tissues of the pulvinus,
which constitute the ligno-suberous stratum, have been the seatofa cell sub-
division before the leaf fell. Let us note that, in this case, the subdivi-
sion is always more active in the upper part cf the stratum than at the base
(Broussonctia papyrifera, Ficus Carica, etc.).

be. Cicatrization nay begin even before defoliation but it is then

npresented only by a single scar stratum, that is, either the ligno-suberous
mina or the cork. In the first of these cases, the cork appears below the
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ligno-suberous lamina only durirsz the second year.

when the ligno-suberous lamina exisis only belfore defoliaiion, the
ligno-suberization may,either, not have been preceded by any cell subdivi-
sion (Diospyros virsiniana, Cornus sanguinea, Fagus sylvatica, ete.), or,
on the other hand, this subdivision may turn out to be more or less active
here (lorus nigra, Catalpa bignonioldes, etc.). In this latter case, the
new subdivisions are generally numerous, varticularly in the unper part of
the stratum and mere rarely in its lower vordt ( Mfagnolia acuminuta, Juglanc
nigra, Chironanthus fragrans).

The species in iraich the cork exists only or almost only before the
leaf falls are very small in murber (desculus, Viburnum, Salix, etc.).

¢. The two scar tissues, ligno-suberous stratum and cork, may ccoxl.n
belfore defoliation; in this case the primary tissue, at whose cxpense thnz

ligno-suberous stratum Wwill be differentiated, may or may not have been the
seat of a prior subdivision.

When we do have subdivision, it is more active at the base of the
stratun and the partitions here are oriented more transversally so that we
have a gracdual transition of this region tc the subjacent cork.

Ligno-suberization always apvears before the time the cork is formed;
it may even be corpletely terminated at that time although, more often, it
has only begun by then.

We therefors see, cuite generally, that the cell subdivision of the
primary parenchymatous tissues of the pulvinus -- providing there is any --

appears always prior to defoliation and vefore_any other scar difierentiation.

Ligno-suberization comes next /in second placg/ and always during the first
year. The forration of the cork may also begin during the first year; how=-
ever, rore often, it occurs during the second year. When, during the first
year, the scar cork avpears belatedly after the fall of the leaf, which is
not at all frequent, it is always quite thin and its cells dilfer from those
of peridern of the stem in that their walls are always very thin.

Whnen the ligno-suberous stratunm is differentiated before defoliation,
it happens sometimes that the suberization, at its base, will extend beyond
the ordinary suberous film of each cell and into the neighboring parietal
strata.

Vinen the two scar strata or only one of them exist before the leaf
falls, they will begin to differentiate, however, sometimes very long before
defoliation, in July or August (Gymnocladus canadensis, Aesculus, Ailanthus
glandulosa, Acer campestre, etc.); most often, however, this happens one or
two ronths or, rarely, less than that, prior to defoliation (Viburnum, So-
phora japonica, etc.).
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all cases, cicatrizaticn aveids the dundles almost entirely so
foliation has not deen corplesed.

Let me acd at this point that -- when cicatrization occurs only after
the fall -- it is never carried out by a sinzie scar cork.

In mosl cases, the lotter, once esiablished, only thickens during the
following years. In soxe species, however, this cork tends to cevelop more
ard rore, starting in the second year, a2lonz the prolonsation of the peri-
cera of the sterm. e can then sez the second-yezr stratum -- in contact
with that of the cne from the preceding year in itrne intermal region of tre
mlvinus e~ moving away and heading (olizucly toward tioe botton in its en-
‘ernail rerion (Grroclodus canadensis, renispermm carnadense, ece.). So -
tires this obligue direciion is evan more nionounced when the secord-yo..s
coric suratun is only in confect with Tnal ol tis preceding yes» in The axila
lary angle of the pulvinus (CGleditschia trizcanthos). Finally, it ray also

e

be altozciher deeper than the first (Cladresiris tincioria, etc.).

-
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In the ligno-suberous strata, ithe modificaition of the cell walls be-
zins either in the upner rari of the stretun (Corus nigra, Ficus Carica,
mvenysus leiifoliia, etc.), or in iis lower poriion {Chimonantmkus fragrans,
Gyrmociztus caradensis, Nemundo, etC.). Curthersore, it appears rore often
in the externzl rezion of ihe pulvimis buv It mzy 2lso tegin around the
ileal bundles (Forsyinia suspensa, Fagus sylvatica, Freximus juglandifolia,
eitc.) or at ihe level of the coriical parenchiyma (Xenthoxylon frarxineum, Ne-
gurndo fraxinifolium, elc.); someiimes it moy begin in several vlaces at the

E ~

same time (Forus nigra, Ficus Caries, Cataive bigromioides, etc.)s

in rosc cases Lhe sczr cork aprpears then also In the external region
ol tre zulvimus gni drogresses towanxd its interns® region; ithe opposite case
occurs mich more rarzly (Lristoiochnia Sipro, Paulovnia imperialis, Diospyros
virginiana, etc.). Tais cork may also begin in the interior of the cortical
varenchyra (Yanihoxylon fraxineur, lesculus, etc.) or against the leaf bune-
dles {Sorz.s, Coioneaster melanocarpa, iespilus germenica, etc.).

Canve 772 AnA TSoawmarphtres
SECYTICCel rgranchvry

Rezardless of the tize of scar stratun cififerentiation, we often have

-- bove these siraia, between them and the surface of the wouncd (or the
separciing siraiun before the leaf falls) -- 2 rore or less thick portion of
Tuivimic *issue which, after defoliation, remains cellulosic; I called this
"sacrificed parenchyrma,." This tissue, in effect, is flatiened on the scar

rata, thus augmenting .the relief of the fascicular ravels. Noreover, it

ficn inveded by the rycelium of variocus fungi which never penetrates into
cre subjaceni ligno-suberous stratum.

-~ - -
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The cicatrization of ihre bundles, which somctires starts shortly bew
fore the leal falls throurh the ligno-suberization of tie “issues of their
circunference, evertually ends before tze winter throurh the corpletion of
the ligno-suberization of all of their clements, except the sicve-like tubes
arnd the vessels. After this first cicatrization, a secondary cork develops,
below and against the licno~-suberized region which it has produced.

Inside the ligno-subercus stratun, the sieve-like tubes are most often
flattened by the neighioring cells; althouga their wolls are Yignified merc
or less like the walls of the latte*, this n“ocess takes nlacc withoui the
developrent of a suberous filw inside them. Along with the ligneous vessels,
these are the only elements ol the bundles where we can observe this pecul-
iarity

Tre ligrneous vessels are blocked either by thaili or by surry l*gtlr
or, mostv often, by voth ¢ them torsevher at the same time. However, whilc
the thelli alhays céevelov in the vessels and in the entire base of the petiole,
before the lea falls, tre rL.uJ'l~gn;n, on the other hand, is ordinarily
deposited in the pulvimus only and then, only, after defolizvion.

Zarlier T showed that the substance which I czlled ! rn*"v liznin,®
instezd cf '“ou“d ~u“, as Gic Ty prziecessors, in affect only looks like a
gun, Wrerees it eveals 2il of the microchenicai and coloring reactions of

lignin. This is why I called it “llgnln“; I acded tre qualifying adjective
"ourmay ™" only to indicate ils awpearance. .

The ligno-suberous diflersntiavion ol the tundles progresses Zrom their
edge toward their center ancd it 2imost always cescends icwer insicde tre pul-

vinus than in the corticel parencnyma.

After ihe scar cork has been deveicrned a2ross the bzse of the leaf,
before the leai falls, it never crosses the tundles Irom that tine omrard;
it tren dlcanbears around trem; clixbinz vwd siigntly wcuaxd the separating

stratun. The bundles are cut by the corit only a2fter the leal has f{ailen and,
except for sores rare excections, during ihe second year, only; ihe genera=
tinz_zone of this LO“x, by the way, is forred at the expense of their L bun-
dle§7 living elements. The sieve-like tutes anc the vessels are broken due
to the effort of the cork, as it grows., Jlthougi the vessels are obstrucled
by trhaili, the former often sutdivide at ire level of the generating zone
arnd contricute to thre formation of the cork (desculus, Aristolochia Sipho,
Juglans nigra, €iCe)e

n most cases, the cork thus grcws across the bundles, describin~ a

curve toward the stem, alonz the lower surface of the ligno-cuverous larina.

The zard basiy which, as we saw earlier, is always missing at the level
of the se~zrating stratum, may, on the other hand, in certain species, exist
at ith2 l2vel of the scar cork. n this case the latier never grows across
i%t; it ray either be stopped abruptly around it (Gymnocladus canadensis), or




it may curve back toward its surfacc and ”""uhu*lj cisappear, cnveloping it
with a sleeve which will sonziires plunse towvard the stem (Robinia hlSDlda,
Platamus occidentalis, Glediischia tr“aCuﬂuﬂOS, etc.), or climb back up
again towasd the surface of the scar (Amorpha fruticosa).

III. Secreiorv Tissue

1, Crvstal-Bearins Cells

The crystal-bearinz cells never sutdivide, even when trney are includ
2 region where ihe cell division is vory active., Those that are includzd
in the ligno-suberous lamina 2y be dead; ctult that Coes not prevent their
wells Sronm becoming more or Loss lignified (/rorpha fruticosa, ..oistolochk -
Sipro. e*e.), Zowever, When thev gtill centain protoglasn, iley cre candlilu
T beconmirng ligro-cuderized and the suberous Jilm, which they piciuce, will
tren ccver not oniy theix waelils bul also the outside of the thin eunvelor
¢ crystals and ihe cutside of the bridges wnich often comnect this envelooe
to the walls (iinus ¢lutinosa, Castanea vulga¢1s, etec.)

2. Secreiory Cells

The isolated secreory cells appear incapadle of any reaction related”

to the f2ll of the leal; their content dries out (lizgnolia acuminata, Ben-
zoin odiferum, etc.).

3. Articulated Iaticiferous Crzans

Thne articulaied lzticilerous orzans of .mcroha Iruticosza, of the
Robinia, of Carazanz zlizganz, elc., are brecken oy the sedarating stratum
and by the cori in the same way as the sieve~like tubes., Ordinarily their

o

walls are iiznified in The vpassage of the ligro-suberous siratum.

In tre case of the lesculus, Negundo, acer campastre, etc., these
szre elements subdivide transversally several times, and someiimes also lon-
citudinaily, a2t the level ¢f the primery cicatrizalion stratum; then the
ncwly forrmzd cells are ligno-suterized. Trese laticiferous organs then sub-
divide again, later arnd further down, in order to become involved in the
composition of the generating zonz of the scar cork and in order to contri-
bute to the formation of the latte:

L, ZEranchinz Taticiferous Qrzans

In Xorus nigra, M, alba, Ficus Carica, etc., the branching laticifer-
ous organs are first of all plugzged up, in each of their branches, by two
plugs consisting of modified latex, and then by twc partitions, one above
vhe separating stratum in the petiole and the other below it in the pulvi-

nus. These paritiiions are finger-shaped and have convexities turned toward
cnch other, that is to say, two of them, at a time, are turned_toward the
p..m..twT siratum /both of them toward the separating stratuj7. In Peri-
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vae two 1ot plugs are forred.

ploca graeca it may also happen that il

POPSy,

These laticiferous organs are thea brokea 2t the level of the sevare
ating stratum, in their sacrificed region, taat is to say, between the two
partitions; later on they are crushed and cui by the scar cork either above
or below the lower partition,

5. Secretory Sacs

The secreucry sacs of Tilia europzca ard Pielea trifeliata, which
often are contained ingide the ligno~suberization, undergo no change other
o+

-

A
than the ligno-subsrization of their epithelial cells. Those which are found

at the level of the separating stratum or of the scar cork are sheped {(iwish.i)
by these twe tissues,

6. Secreiorv Cenals

The secretory canals of Aralia spinosa are pluzged by gumry lignin be-
for the leal falls, from a point at a certain distance above the separating
stratum in tihe petiole 211 the way to a point a2 little telow the scar strata
in the pulvinus.

Trose of Rmus are blocked by their epitizelizl cells which are developed
into thalli inside the canal., These thzlli are ligno-suterized at the level
of the ligno-suberous lemina and are transformed into the gersrating zone
which will produce the zone that generates the secondary cork. In this fash-
ion, the first and the second scar lamina esiablish their contiruity across
[throughf the canals.

Sorz Spnacial Feaztures Pertaining to the Separating Stratum or the Ci-
catrizaiion :

Leaf-3ud Scale lamella

In scre species the axillary bud or buds of the leaf are nidden urder
the more or less swollen base of ihe petiole (Platanus occidentalis, Rhus
Coriaria, Ptelea trifoliata, etc.). Ordinarily, the separating stratum is
then formed below this swelling so that the buds are exposed after the lezf
falls (Sophora japonica, Cladrastris tinctoria, Robinia hispida, etc.). In
some species, however, this stratum is formed higher up and extends across
the petiole swelling. After the leaf falls, a poriion of this swelling then
rerains above the buds; I have called this portion "leaf-bud scale lamella,”
in compariscn with the scales by the sarme name, whose role is likewise to
protect the tuds durinz the winter., While the only bud of Philadelphus
coronarius and all of those of Robinia Pseudo-icacia are tihus hidden, only
three out of the four in MNenisperrum canadense are thus protected.

In Pielea trifolicta the separating straium extends into the petiole

suelling above the tuds; but this happens in a fashion nreventing the dehis-
cence Trom extending into this region and similarly preventing the formation

- 12k -

e S o A B e ST e e e ———




of a leaf-bud scale lamzlla., CToc ig z.
of an ancestral state which might have disarpezred?

In Gleditscnia triacanthos v. ir riie, the separating stratum is are
ranged in such a way that four out of five bucds are hidden by the enlarsed
extremity of the pulvinus without ;he latier otherwise taking on the appear-
ance of a leaf-bud scale lamella.
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In these species the scar cork coes not develop across the corticzl
parenchyma whi c constitutes a veritable sacriiiced tissue; it grows only
across each the bundlcs, plugging their peridermal sleeve near the hase.

Revivael of Cicatrization

Ir certain species the scar tissues, which are formed btefore the win-
ter of the first year (ligno-suberous lamina), are removed curing the second
year due to the estadlishment -- celo* then -- of a zew separating siratun

rmilar to the one which trigzered the avturn fall of the leaves (Hamamelis
V“rclﬂlaﬁa, Parroiie persica, Sorous, etc.).

Tn tre Sorcus, Cornus nmss, Cornus sanzuinea, ete., the pulvinus, which
results Iron cefoliction, is resner long in size. Belween the revival separa-
ting stratunz ard the ligno-suberous larina (first scar lamina), there also
continues to exrici a more or less thick parenchyra. JAbove the new separating
stratum we then find clzzerenula:cd a liznified rezion similar to the one
which was Tforred eariier in the base of the petiole above the autumn separa-

- N

ting ciratunm (subcicatricial Jignified stratum).

lus, the exfoliztion of the firstw-

In Farus sylvatica and Carpirus Beuu
voezy scar strata 1s produced by a llcbtlj different process. The first
layers, supplied by the secondary cork generating zone, below the ligno-su-
berous stratun, remein cellulosic and grow very much in the lonzitudinal di-
reciion; treir walls then become very Ehl“. After that, t{hese delicate walls
arc dbroien prosressively -- dus to the action of external factors -~ in the
san fhsh%o“ S in the autumn separating layer in Aristolochia Sipho. Ve

ray encounter a similar arrangement in Staonyllea trifoliata; however, since
thlS is often local, the revival which it produces mzy only ve partial.
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revival of cicatrization.

. leaves from the deciduous

the absence or incomplete

n2 rmarcescent leaves are, in

e-fect, leaves that are develooved later than the others; they are leaves th.i
have not yet terminated thﬁir vital cvele at ithe oxdinary deloliatiecn vir:,

+ ~

so that the bad-weather son killec <Tham belore the pLont has rad tin Lo
terminate or even oeg¢n herg tre covabulcshininy ol the supLrating siratil,

The lizno-suberous stratum, furthermore, is differentiated, in the
base of these leaves, vefore winter comas, in the sare way &~ in the case of
the diciduous leaves; but this nappens only after their death, loreover, 1t
is ordinarily not as thick arnd its thickness dezereaces even further, the

DR

later its differeniiation comes aZout,

it is a revivael of cicatrization which brings

Durinz tre econ vear, i
scent leaves (Zanameslis virginiana, Fagus sylva-
3 wi

about the fall of tre r"rce
~

tica, eitc.) and which, aided oy the woiziat ol the leal and the wind, then
occurs much Taster than trhot of the pulvinl ol the diciduous leaves,

In the Quercus aispanica and pedunculata, tie revival of cicatrization
occurs orly in the pulvini of the marcesceni leaves. It is, at most, rough
[approximate, vogue/ in the others.




AT IT
F.LLL OF POLICLES AND CICATRIILUIZH OF UCL.D

In the nistorical revicw at the veginning of this work we saw that

ing
only two, out of all the authors trho studied the phenomcacn of auturn defole
igtion, concentrated on the Tall of the folioles in a joint project; I an
talking here about lr. Van Tiezhsn and . Guignari ("Observations On the
Mechanism of Leaf Fall,” 2ull. d=» la Soc. 2ot do Frence, Volume X{IX, 1€£2,
page 312). They studied oaly cnu cass -- toc cose or Gymnocladus canadensis
=~ and then only under artificial conditions. e will recall that, accord-
inz to these authors, the wound left by the fall of itne folioles is never
cicatrized.

Tne results, which I will present in this second part, like those nerw
taining to the leaves, were obtained on the basis of a study of organs nor-
TMally falling in auturne. They involve several species which I will now des=
cribe in succession.

EBafore we go any further, I would like to peint out a general fact:
there is no lignified element cther itran the vessels, at the base of the fol-
ioles, as at that of the leaves, before the beginning of the phenomena that
prepare the way for the fall of the leafl; furthermcre I want to state that
the bast~ligreous bundles here ars frequently constricted.

Sorbus ‘ucuvaria L.

At the tase ¢f the Ifolicles of Sorbus aucuparia, we can observe a
slight constriction a little above iis insertion and on the inside face only.
The separating stratum for the foliole develops at its [ this_y;;evel, some-
time tefore the separating stratum of the leaf, This st.itum L foliole sep=-
arating stratum_7 is made up of two or three layers of ce¢lws wnich -- in cone-
toeeh 40 those makine up the leal separating stratum in the same species --
are not subdivided in advesce. acove it we have a suocicatricial lignified
stratum urdergoing differentiation herc, similar to the one we encountered
at the base of the leaf,

The foliole separating stratum mechanism -- in this spavies anc in
the following ones =~ is the sare as the mechanism for the leal separating
stratum in the same species.

This separating stratum is establisred at the base ol all folioles
but it dces rot always marage to function before the detachment of the leaf,
cspecially when we have an abrupt or sudden heavy wind or frost. Thus we
see tiat some folioles may be involved with the petiole in its fall [ may be
forced to fall with the petiole_f.

In the pulvinus of the folioles there is never any trace of cicatri-

zation that right occur prior to their fall but it may occur afterward. as
& :avter of fact, among the folioles which fall early, many do so while th
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~pending on whether the fall of the foliole occurs rore or less shortly be-

at the base of most of the leaves since, in tkis laller case, the cork grows

petiole is still quite alive and whiie, therelore, the tissues of the little
leaf pulvimus still have sufficient vitality to react against the irritation
resulting from the fall of the folicle. This leads to the formation of a
cicatrization stratum under tke wound, although this stratum appears perfectly
useless to the plant since the fzil of the petiole_--~ which comes a short

time afterward —- will invclve it [ carry it away_f likewise.

This cicatrization stratunm, by the w2y, is more or less corplex, de-
fore the fall of the leaf.

In the most cexmplex cases of cicatrization wnich I observed, I found
-= balow tha rexnants of the separating stratum -- noi only a lamina con-
sisting of two or three layers of ligno-suberous cells (ss, Figure 13%), but
also, below and against it, a2 secondary cork. The latler, whicn mignl even
cormpletely grow across the bundles (iic, Figure 10%), was, however, rore
than two or three iayers thick. The ligneous vessels were plugged by gurmy
lignin.

This kizd of state of cicatrization of the wound left by the folioles
is not rare in this species; I cbs:rved it rany lizes. I might aiso point
out here that it turns out to be more ccrplete than thai of the first year

across the bundle caly in very exceptional instances. Wnen the cicatrization
of the folioie puivini is less compleie, the cork mey De 2bsent and r=y re-
veal only the rough outline of its gererziing-zune. Xost often, the ligno-
suberous straiux exisis heres 211 by itself; 2% other times it is represented
only by a fex lignified cells. Finzlly, in yel other cases, there may be ro
trace of cicatrization whzatever.

I kave often found seve: - degrees of cicatrization in ore and the
same leaf, that is to say, in the different foliole pulvini carriec by oae
and the same vetlole.

Juglaons Nigra L.

The lead of J. nigra generally drops its folioles a long time before
its fall, '

The separating stratum of these folioles differs from that of the
leaves in that it is not of meristematic origin. Its formation is accompan-
jed by the characterization of a more or less thin lignified stratun which
is established above it, in the base of the foliole, and L accompanied by
the preduction of numerous thalli in the ligneous vessels of the same region.

Since the folioles fall rather prematurely or quite a bit earlier than
tre leaves, We find that the cicatrization of their [ the folioles_f wound
is frequent; the process involved here most often involves the following
steps. A ligno-suberous lamina is formed below the debris of the separating
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stratun and 2gainst this debris (ss, Figure 105); the thickness of this
ligno-suberous lamina averages five to seven layers ci 21%g, tne lower onas
of which are often subdivided once or twice, even before the Iloliole falls.
The ligno=-suberization here involves always the parenchymatous elements of
tre bundles, including the trhalli. Below this ligno-suberous stratum I was
never able to observe anything more tian the rough outlines of a cork; these
outlines are found especiaily in the internal cortical parenchyma, in the vi-

einity of the bundles.

As in Sorbus aucuparia, we can encounier all of the intermediate var-
jations, along witin this most corplete siaie of cicatrization; these varia-
tions right even include the complete a2bsence of cicairization; this, of
course, would depend on the greater or less:z» precociousness of the fall of
trhe fclioles.

An 0dd terminel foliole will never be cetached because there is no
separating stratun developing at its base, nor will there be any scar tissues.
This peculiar feature is explained prodavly by the fact that its median vein
directly continues ike veticlie without articulation anc without modification
of tissues of any kind whatever.

CvrrioclzCus Canadensis lark.

Tre leaf of Cyrmoclacdus canzdensis is composed of two stages. The
folioles are tre first to f2li ratrer lonz tefore the lezf f2ils. The second-
ary petioles, on the other hard, are deiached only 2 short tize before; soze
of them are ev-- still aitached to the primary petiole at the moment it falls.

Tre tissue changes which occur at the base of the folioles ard at the

tase of tne secondary petioles, before their fail, are of ihe same nature
in both cases. These iwo tyzes of organs have an articulation at their base;
this articulaiion is marked by a circular constriction at whose level the
elexents of the cortical perenciyma greduzily becore smaller in size. The
separating stratun is formed at the expense of ire srall cells of this ar-

iculation, without the separating stratunm being first thre site ¢I cell sub-
divisions; dehiscence here occurs by the same method as at the base of the
leaf, that is to say, through the separation of the cells. A rore or less
thin subcicatricial lignified stratum is differentiated above the separating
stratun,

There is generally no cicatrization below the wounds left behind by
the fall of the secondary petioles. O0a the other hand, below the wounds
left by the folioles,we can often observe a more or less pronounced cicatri-
zation, depending on the precociousness of the fall of these folioles. This
cicatrization most often consists of the ligno-suberization of a layer of
four o five cells; this ligno-suberization also involves the bundles.

On the basis of what I have just said, I might note that I do not
agree with Messrs. Van Tieghenm and Guignard (loc. cite, P. 312); these two
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‘authers maintain that the separating stretun is a moristemsiic layer revezli-

ing two or three new thin partitions and ;hzt micdie layer is resor::iu
during the detachment of the foliole. I ilikewise disagree with thkem when they
say that the wound left by the folioles on "“ne prirary petiole” (since ti.
leaf s composed of two stages, there is no.doubt that we are actually deal-
ing here with the secondary petioles) is never cicatirized.

I would also like to point out agzin tre artificial conditions under
which these authors studied the fz1l of the folioles and of the leavec; I
thovght that these conditions might cause a variation in the process of de-
foljation ard this is why I tried to repeat iheir experiment. I thus put
detached branches of Gymnocladus canadensis in cans at the same time, in July,
that is, and I kept them there as mch as possxole under the same environ-
mental corditions.

In this experiment I noted, first of all, that -- even urder normel
corditions and under the conditions observed by r. Van Tieghem and r.
Cuignard -- the separating stratum appeared successively at the tase of the
folioles, then at the base of the secondary petioles, which trhese authors
do not mention at 211, ard finally &t the base of the leaf itself, I, on
the other hand, found thzt, despite these special experimental conditions,
the mechanisn of detachment of the different varts of the leaf remained
similar to that of natural defoliation, that is o say, that the formation
of the separating stratum was not preceded by any suodivision and that its
cells were separated withoui ever being resorved. Like Messrs. Van Tieghen
and Guignard, I did not observe any trace of cicatrization either in the
base of the folioles, or in thai of the sscondary petioles, or, for that
matter, at the base of the leaf, This shows how the process of artificial
fall differs in tnis respect from arturn fall,

I might also add that, in this experiment, there is a subcicatricial
lignified stratum above the separating sirata of the different parts of the
leaf; the characterization of this subcicatricizl 11gn1f1ed stratum is si-
milar to that which forms in autumn and I found that the former here is
much more lignified.

Stanhyllee, Pinnata L.

In this species the separating siratum is formed right at the base
of each foliole at the expense of the two leyers, some of wkose cells have
split earlier transversally and only once, differing in this respect from
the separating stratum of the leaf which reveals numerous subdivisions. We
note here a weak lignification of the tissues abcve it.

After the foliole falls, we may or may not get a scar stratum made
up of two or three layers whose walls undergo ligno-suberous modification.

We know that the folioles of Staphyllea pinnata are opposite [opposed]
ard inserted on peticle swelllngs which constitute veritable nodes. Now,
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the lignified tissues which are abundant in the bundles and the vith of the
internodes of the petiole axu reduced at the level of the nodes to the point
where they are represented only by the ligneous vessels; this can be found
a;so to exist at the base of the folioles and the leaves. Moreover, a separ-
ating stratum is rormed in auturm across each of these nodes; this separating
stratur cuts across the entire cortical parenchyma, the medullary parenchyrz,
and even the bundles (cs, Figure 107). This separating stratum is developed
for each node around the same time as that of the ceorresponding folioles btut
the cell subdivisions here are rmore abundant., The lignification of the tis-
sues which occurs above it is likewise more accentuated,

‘dthough there rmay be a separating stratua at all of the ncdes_of the
petiole, the interncdes of the latter are not always disarticnlated [Tais-
jointed_T. Generzlly, as a matier of fact, these tyves of strata act some-
time after those of the folioles and oniy a short time before the fall of
the petiole itself, so that the terminal internodes only have time enough
to bacore detached. (ier, Z., "Vegetative Phenomena Preceding or Accompanying
the Loss and Fall of leaves,™ Bull. de la Soc. bot. de France, Volume XXIII,
1876, page 188, found a similar disarticulation of the internodes of the
petiole in Lhe leaves of Fzhonia whose fall he managed o bring avout while
keeping a leaf-bearinz branch in a closed space saturated with humidity.)

I never observed -- below the scars thus produced -~ any formation of scar
strata siriiar to those which I pointed out in certain foliole pulvini of the
same species. -

Czrzeana iltacana Poir.

2t the base of the folioles of Caragana 2itzgana (Figure 106) we have
an articulation as at the base of the leaves but the circular groove, which
irdicates it, is not as Geep although it is very clearly irdicated. 4s in

the case of the base of the leaves, the separating straium is differentiated

. here ai its level. This stratun: is topped by a more or less thin subcica-

tricial lignified layer; besides, it tops another lignified layer even before
the leaf falls (rs ard s, Figure 106).

In the C. 2ltagana, the cicairization of the foliole pulvini has alw-
ready begun before the folioles fall. Sometimes -- although very Tarely --
the lignified scar stratum may be completed later on through the characteri-
zation of some ligno-suverous elerents further down. The vessels are almost
always filled with gummy lignin up to a certain distance below the surface
of the scar. :

A1l of the folioles generally fall before the petiole.

Calopbhaca Volgarica Fisch.

The folioles of this species, like those of the preceding one, has a
basilar articulation; however, in autumn, the lignified scar strata are the
only ones we encounter here. There is no modification in the foliole pul-
vini after the folioles fall.

- 131 -




e A

[T

Xanthexvion Fraxinenn Willd.

The folioles of X. fraxineum 2ll fall before the petiole; however,
since they generally fall only a short time earlier, we get & &car reaction
below ths wound only rarsly. In some cases, however, I four some 1lignie
fied strata or even some ligno-suberous strata here.

A separating stratun, similar to that of the folioles and topped, iikc
it, bj a_rather thin subcicatricial lignified stratum, develops across iis
latter [ ligno-suberous szratuﬁ_Y and often also across tne two last nodes of
the petiole, as in the casé of those of Staphyllea pinnata. Despite the
vresence of these separrting strata, it is very rare to find this disarticu-
lation of the two last internodes of the petiole. Ordinarily, the latter
falls before their disarticulation, \

Aralia Soinosa L.

vle know that the leal of Aralia spinosa is corposed of two stages.
The different paris of this leaf are attached, in pairs, to one and the same
node of a primary petiole or a secondary petiole, depending on the part we
are considering.

Before the separating stratum at the base of the leal, we can observe
the Torration of similar separating strata not only at the base of the fol-
ioles and the secondary petioles, as in the case of Gymnocladus canadensis,

. but also across all of the nodes of the secondary petioles as well all of

those of the primary vetiole. 411 of them are made up in the same fashion
as a result of the subdivision of one or more cell layers. 4 thin subcica-
tricial lignified stratum is differentiated above each of them; in addition,
thalli penetrate into the interior of the big vessels in their vicinity,

These sevarating strata appear successively and roughly regularly in
those regions that are furthest away from the leaf, toward its base. The
detachment of the different parts of the leaf follows the sam:s progression.
Sometimes, however, as a result of an oabrupt fall of a secondary petiole
or the primary netiole, these organs take with them all or a part of their
appendixes,

The scars resulting from the fall of the folioles and the secondary
petioles ure slightly concave; they result from the fall of the internodes
of the secondary petioles and those of the primary petiole; they are deeply
cut in the form of a groove running along the plane of symmetry of these
organs.

Below these different scars and especially below those of the folioles,
we sometimes can otserve the formation of a scar stratum which may be ligno-
suberous or simply lignified.

% the level of the disarticulation of the folioles, the secondary
petiales, and the primary petioles and before their fall, the secretory
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canals are plugged, as in the case of those at the base of the leaves, by
tpe gumry lignin which, likewise, is deposited especially above the separa-
ting stratun, . .

Robinia Pseudo-~-Acacia L.

Like those of some of the preceding speeies, the fcliole of R. Pseudo-
Acacia has at its base an articulation at whose level the separating stratun
is established. The crystals of calcium oxalate, which are very numerous in
the rest of the secondary petiole and the primary petiole, are missing at
the level of these articulations.

Yo lignified stratum is differentiated above the separating strata;
often, however, a few thalli penetrate into the wvessels in their vieinity and
before the folioles fall, The latter generally fall all together before tha
petiole. Afier their fall, the wound ray be cicatrized by a rather thin
ligno-suberous lamina which sometimes corpletely grows across the pulvinus
but which more freguently is formed only in its internal cortical parenchyma.
Horeover we can sometimes note the deposit of gumry lignin in the vessels
below the wound.

Robinia Hisoicda L.

o

The articulation of the foliole of this Hobinia is similar to that of
Robinia Pseudo-icacia; the circular groove nere is however less accentuated.

In this species the cicatrization, after the fall of the folioles, is
rarer than in the preceding species; it is also less pronounced and it is
most often tied in with the formation of the lignified strata. Here we still
have some thalli at the roment the foliole falls and the gummy lignin likewise
generally rmanages to block the vessels in the vicinity of the scar. '

Jmornha Fruticosa L.

The separating stratun is differentiated in this species likewise at
the level of a joint in the base of the foliole. The lignification above
it is very slight. The majority of the wounds produced by the fall of the
folioles does not involve any cicatrization. I observed a thin ligno-suberw
cus stratum only in a small number.

Aesculus Hivowocastanum L. and Ae, Parviflora Walh.

In both of these species with their palm-shaped leaves, the changes
which occur at the base of the folioles are the same as those that oceur at
the base of the folioles of Amorpha fruticosa. The cicatrization here is
likewise very reduced and rather infrequent.

Cladrastris Tinctoria Raf.

As in the two preceding species, C. tinctoria recalls Amorpha fruti=-
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cosa. We might note, nowever, that, in general, the terminal foliole does
not fall althongh it is equipped, like the otherc, with a basilar sepera-
ting stratum; as the petiole falls, it takes the foliole aloag with it,

Staphylea Trifoliata L.

The separating stratui bere ic differentiated at the base of the foo..
: ioles; as in the case of the leaf, it is made up of one or two rows of cells
o ~ which have earlier split two tc four vimes. The subcicatricial lignified
; . strata are quite thick here. However, although the three folioles fall Guite

some time before the petiole, chere is generally no cicatrization below the
wound,

Sophora Japonica L.

Tne detachment of the folioles oi_S. japcnica occurs at the level of
an articulation in their small petiole,[ lenilet petiole_]l Contrary <o
what happens when the leaves of the samz species fall, tne formaticn of the
separating stratum for the foliole is not proceded by a2 cell sutdivision.
Ordinarily we do not have any wound cicatrization belew it.

Koelreuteria Faniculata lamk.

The separsting stratum of the foliole is of meristeratic origin, like
that of tiic leaf; however, the subdivisions here are less numsrous; ox.inarily
there is only one rer cell.

In the base of the folicles ws have numercus thalli developing inside
the vessels, tefore the folioles fall. UYWound cicatrization is rare in the
pulvinus, Although the separating stratum may be well constituted at the
base of all of the folioles, the latter do not always fall before tre petiole
2ad often they are taken along by the latter, at least those from the top.

Ptelea Trifoliata L.

The separating stratum of the foliole in this species is mede up of
two or three successive subdivisions of cne cell layer, 2s in the case of the
leaf.

ALl three leaves fall a short time before the petiole so that the ci-
catrization of the wourd is not at all frequent. Sometimes, however, I was
able to find lignified strata below the wound.

Gleditschia Triacanthos L. var. ixermis

The big leaves of this species ars made up of two stages; the small-
est ones ar: made up of oniy one sometimes.

The fall of the folioles and of the secondary petioles occurs in the
same fashion, The separating stretum hers is never of meristematic origin;
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it is established ot the level of an articnlation maried by a cireular BTG Vs
which is not decp and wiich is found on *r: rulioles; i¢ may be quite acse.
tuated but it exists only on the inside face of the organ in the case of trc
secondary petioles,

Vhen the lcaf falls, a more or loci 7 wee nunber of ;ts °'~o“dwry
vetioles are very often still zivoilced ol Pl

frequently they may still be proviis
any trace of cicatrization in the fu;lOLu Puivind,

-y~
Cutre e

Inside the vessels at the base of the folioles we camnot see anything
that would remind us of the considerable deposit of gummy lignin which we
encountered earlier at the base of the leaves of the same species, before
their fall.

Tccorma Radicans L. D. Spe

The separating stratum at the base of the folioles of T. radicans is
made up -=- like that of the base of the leaf << by a layer of cells which
have split earlier three or four times, Above it we have a rather thin sub-
cicatricial lignified stratum. Below the wound we generally do not note any
cicatrization,

“As in the case of some of the preceding species, a separating stratum
develops here across the ncdes of the petiole; this separating stratum is
constituted by the subdivision of a cell layer; however, only those at the
top are completely traversed, so that only the last internodes are disarticu-
lat ed .

Fraxinus Ornus L. and F. Juzlandifolia Lamk,

In these two species we still have a separating stratum at the base
of all of the folioles but the latter do not tegin to fall until a short time
before the leaf ard many of them are taken down with the leaf,

As in the case of Tecoma radicans, we have sszparating strata also forme
ing in the nodess of the petiole, especially in those that are closest to the
top of the lecaf; but these strata only grow across the cortical parenchyma;
they avoid the bundles and even the medullary parenchyma althouga the latter
may remain cellulosic at that level. This means that the separating deuziiie
ment occurs only in the outside tissues and that the petiole of these Fraxie
nus is never corpletely disarticulated.

Ailanthus Glandulosa Desf.

The folioles of A. glandulosa fail like those of the earlier Fraxinus;
in this ca.c we very often find numerous thallii in the large vessels before
ihelr detuchrent. In some cases we even observe the formaticn of a cicatrie
zation stratuy, urder the wound; the differcntiation of this stratum does
rot ;o tcyond the state of the lignified strata.
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Negundo Fraxinifolium Nutt,

Negundo reminds us of Allanthus glandulosa but the number of folioles
which do not fall here -- despite the presence of their separating stratun
=e i3 greater,

We must also note thut the articulated iaticiferous organs of t
of the vessels are ofter subdivided here at the level whers the foliols 17il
become detached and in the small subjacent pulvinus; in this raspect the
recall what happens at the base of the leaf before defoliation.

Rhus Coriaria L.

& short time before the leaf falls we can obssrre a separating stratunm
at the base of each of the folioles of R. Coriaric arnd, above it, we can ob-
serve a lignified stratum consisting of four to five layers. Nore than in
Negundo, the foliole separating strata here ordinarily do not function before
those of the leaf so that the leaf, in falling, takes along a larger number
or perhaps even all of its folioies. There is no trace of cicatrization be=
low the separating strata.

At the base of each of the folioles the secretory canals, which are
located in the bast, are -- sometime before the fall of the orzan, like those
at the base of the leaf = plugged by thalli which form epithelial cells,
proliferating on their inside. Similarly, likewise, these thalli are produced
not only below the separating stratum but zlso and above all above it, up to
a certain distance into the seccudary petiole.
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Summarv of Part TT !

Fall of Folioles

The foll of the folioles of a composit leaf is brought about by the
establishment, in their base, ¢of a separating stratum similar io the one
which we find at the base of the leal wot in which the rerisianicic sublivi-
siun, whea it does exist, is less active.

The mxjority of the folioles have an articulatioan rarked by a circular
groove at whose level the cells of the cortical parenchyma gradually becoms
smaller; this occurs even in those snecies where the leal does not have such
an articulation., The separating stratum is established in this tissue.

The machanism of Sfoliole detachkment is the same as that »f lezl detach~
ment.

The separating stratur. is differentizted at the base of the folioles
ordinarily a short time before that of the leaf. However, the folioles are
not always detached at the moment of defoliation and the leal may th“en take
a more or less large mumber of these fnlioles along with it as it falls (Kvele
reuteria paniculata, Rhus Coriaria, Negundo fraxinifolium, ete.).

In the species whose ieaves are composed of two stages (Gymnocladus
canadensis, Gleditschia triacanthos, Aralia spinosa), the secondary petioles
are detached in the same fashion as the folioles and their fall occurs quite
regularly, after that of the latter and before that of the primary petiole.

e et a2

Subcicatricial Iignified Strata i

In the majority of cases we get a lignificaiion -- above the separa- :
ting stratum -- of the neighboring tissues which is corparatle te the lignie- |
fication which we deseribed earlier, in the bases of the leaves.

Cicatrization of Wourd

It is wrong to say -- 2s has baen donn to this very day -- that the
wound left by the fall of the f2liolss is never cicatrized. However, cone-
trary to what we said in the case of tiie base of rany leaves, the scar tis-
sucs at *n3 oase of the folioles are almost never differentiated before their
falle I two species, only, avong all of thoue whiar I studied (Caragana
altazana c..@ Calophaca velzarica), do we have a cicatuielal liznified stratunm ;
ww @Ven 205000 that tLw -~ Similar to the ona which we ancounter in the t
basc o tho icavas in these sane species,

Tne scar strata which may differantiato after the fall of the folioles
ars clveys quite thine They develop agairst ths rests of the separeting
stratun and they consist only o & few iayers which often only lignify but
waleh ray alsv be ligro-subevized (Juzlins nigra, Gymnocladus canidensis, ete.):
tholr lisno.suderization may often oven invace tne bundles. In the somowhati
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rore complex but less numerous casss, we a2y also 23ve e belewr This 2
suberous stratum -- either very simply the rouzn

e zn guatline of a cork gencnetis
Zone or pernaps even a corx; to be sure, this coxk is not 2% all thick bus
it, likewise, will ordinarily grow across the bundlos {(Jugians nigra, Soriuc

aucuparia, etc.).

IV is not at 2ll rarc to find Foliole Sears —- on One an
tree and often even on the same lezf -~ wiich are accompanied by
Fa

i z
less complex scar stratum and we may also find others wrich do nod ro
slightest trace of such a scratunm. '

Thalli develop frequently in the vessels, at the base of the folioles
and before their fall, in the same way as at the base of the leaves; they are,
however, less abundant (Aralia spinosa, Koelreuteria pvaniculata, Juglans
nigra, ete,). Similarly, a gumsy lignin may be deposited here.

Although ordinarily related to the relative time of foliole and leaf
fall, the intensity of cicatrization, at the base of the deciduous folioles,
nevertheless does appear to a certain extent to be related to the specifica-
tion because, in certain species, the scar strata are very rare (Ailanthus
glandulosa, Negundo fraxinifolium, Rhus Coriaria, etc.), whereas in other
species, on the other hand, they exist frequently (Juglans nigra, Sorbus ~ue
cuparia, Gymnocladus canadensis, etc).

Sometimes, the articulated laticiferous organs are subdivided at the
base of the folioles and before their fall in the same way as at the base of
tha leaves, but this is somewhat rarer (Wegundo fraxinifolium, etc.),

48 in the case of those at the base of the leaf, the secretory canals
at the base of the folioles of d4ralia spinosa are plugged, tefore their fall,
by summy lignin. Like those of Rhus Coriaria, they are blocked by their
epithelial cells which are developed in the form of thalli.

Disarticulation in the Nodes of Certain Petioles

In some species, whose folioles are opposite, the petiole forms veri-
table nodes at the level of their insertion; there is no hard bast in these
rnodes and “he ligneous and bast fibers are likewise missing; in these rodes,
the m~dullary pvarenchyma, lignified everywhere else, has remained cellulosic.
A separating stratum may ve differentiated in autumn across these nodes and
above this stratum, thz tissues may react and form a thin lignified stratum,
2s at the base of the leaves and the folioles. In Aralia spinosa, such a
seperating stratum is established not only in the nodes of the primary petiole
but also in those of the secondary petioles. In Staphylea pinnata it exists
in all of the nodes of the petiole; the same is true of Tecoma radicans, but
it {raverses ~ompletely only the terminal nodes; in Xanthoxylon fraxineum,
it is produced only in the latter; finally, in Fraxinus, it is incomplete in
2ll of tre nodes. .

Often these separating nodal strata prove capable of disarticulating

tre petioles a chort time before defoliation; often, howevew, the leaf falls
before tals disarticulation,
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On the baszs of whet we have just said we can say that the opinicn of
ore of ry predecessors -- who attribute the cause of ihe fall of the leaves
vo the development or a cork across the tiscues of the leafl pulvirnus -- is
in error. This cork is irndeed nissinz at the roment o? the fall much rore
often than it can te found. loreover, it is someiimes developed a very lcug
time before defoliation, without the lezf as a result suffering from this;
this can be understood when we realize that it then does rot affect the bun-

cdles and does not prevent tre ci w7¢tion of sap between the stem and the icafl.

I might add that such a stenm is c0ﬁsta ly 2osent in the base of the folioles
ané that, however, most oi them still fall in autumn.,

Defoliation is ccrtalnly brought about by nonanatomical but rather by
physiological causes. Tne habit of deciduousness in the leaves of the cur-
rent epoch has probably odeen developed under the influence of periodically
rencued cordlulonu, similar to the develonment of their life cycle during a
certain period of time; their fall is therefore the rasult of their decay
and death. Under the influence of the sare environmental conditions, the
vlant has also adopted the havit of itsclf practicing the amputation of this
dead or dying leaf - before winter; after 2ll, this leaf will very soon not

nly become useless but also harmful to it; it prepares itself here by es-
tablishing a specialized stratum called a separting stratum.

Our research has been almost exclusively anatomical and we can there-
fore discuss very little on the pnysiological causes of the fall of leaves
and our discussion will therefore deal mainly with the anatomical facts ac-
companying it.

Coincidence of Position Dxisting Bztiveen Ssvaratine Stretum and Articue
lation of Certain Leaves

I shewed that the future vosition of the separating stratum, in the
base of the adult leaf, is orly rarely indicated by an articulation marked
by a ermall circular groove at whose level we find a stratum of more or less
soecialized tissues, whereas this fact is much more general in the base of
the folioles. On the other hand, the presence of this articulation, particu-
larly at the base of the folioles, coincides most of the time with the exist-
cnce of movements which have been discovered in these organs, so that it
seens above all to have beun established in order to promote them L the move-
rentu_7. Tnese findings have caused me to think that the establishment of
the separating stratum in tue arviculations, whenever they do exist, probably
is nothin g more than a secondary peculiarity of the existence of the latter
L'articulations_f and that -- if this establishment occurs here sooner than
anywhere else, in autumn -- this is only because the articulations constie
tute regions of lesser resistance.

Arents Involved in the Fall of Leaves

2. We showed that the triggering of the activity of the separating
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stratum and particularly the formation of tne dchiscence surface were ac-
corpanied by a major longitudinal growth ol the cells of the stratum and
that this growth occurred in a certain way so 25 to aid in the fall of the
leaf, In reality, we sh .d probably compare this cell ~longation %o the
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Regardless of the causes that bring about the fall of the leaves and

" the folioles and the formation of the separating stratum, it seems obvious

to me that the place where the dehiscence surface is established turns out

to be a source of irritation, a wound, against which not only the subjacent .
but even moreso the tissues above want to react. In my opinion, we have here
the formation of what Mr. Bertrand (Bertrand, Eug., "law of Free Surfaces,®
Bull, de la Soc, bot. de France, Volume XXXI, 188¢, page 2) has called & .
free surface”; it is this surface which, above, causes the formation of the
subcicatricial lignified stratum and, below, in the pulvims, the changes in
the primary tissues (ligno-suberous strata) as well as the formation of the
secondary tissues (scar corks) whose lowest ones terminate the cicatrisation

"~ by plugging the window of the caulinary periderm opposite the leaves. This

is also the factor whose action leads to the developmeni of the thalli, the
deposit of gummy lignin, etc., in the two directions. '

The frequent presence of cicatrization strata in the base of the leaves,
in full activity, may seem to be in contradiction with the opinion I have just
stated, to the effect that it is the wound which causes the scar differentise
tion. But this peculiarity of the production of the effect before the cause
is probably the result of an advance adaptation. (Here, for instance, we
might mention the adaptation which, in the embryo sac of the Gymnosperms,
causes food substances to be placed for the mutrition of the not yet formed
young individual) Although we might admit that the plant, originally, de-
veloped its defensive tissues only after the death of the leaf and under its
influence, it is easy io understand how -- gradually and from generation to -
generation - this plant could develop the habit of forming, in advance, a
region of dehiscence and to prepare the cicatrizatio:. even earlier., This

- adaptation could bhe accomplished especially easily since, on tlLe ons hand,
it would be undeniably useful to the plant which is already, at the moment

the lealf falls, isolated from the external agents and, since, on the other
hand, the phenomenon, under whose influence it is produced, was periodic,

Significance of Marcescence of Ileaves and of Revival of Cicatrigation

In the case of the marcescent leaves it seems, at first sight, that
it is the dead leaf itself which becomes the stimulating cause and leads to
the formation of the scar tissues as well as the formation of the separating
stratum. However, let us keep in mind that this particularity of marcescence
occurs especially in late-developed leaves which have in some way been sur-
prised by the appearance of winter; let us keep in mind that, furthermore,
this particular reature is due to the fact that the customary separeting
stratum has not had time to develop or, at least, has not had a chance to
deveiop fully; when we keep thess thoughts in mind, we are led to think that
this marcescence in reality, in present.day leaves, constitutes nothing more
than a new phenomsnon grafted onto that of the habitual fall of the leaves,

However, the marcescence of present-day leaves is parti inter-
e e weoa1 ToreL ob top fireh [oriratan T 1E sookas 10 SRCS3t,
£ ow the usual le .
vgry probable that the ditforom.ht_ion of This secor stratum 1s brought
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about by the plant!s need for getting rid of an organ which has not managed
to fall [by itsel§7‘by any normal processes. Now, are these conditions, to

‘which it cwes its existence, not precisely the same which, in the beginning,

caused the plant to develop the habit of leaf fall? Is it not also because
the leaves, until now persistent, became the site of accidents due to ine
creasingly cold winters, that the plant has developed the habit of cicatriz-
ing itself at their base and then dropping them?

As far as tne revivil of cicatrization is concerned -- a cicatrization
which is located in tne pulvini of the deciduous leaves of some species =
we might say that it recalls, anatomically speaking, very much the situation
we have in the case of the marcescent leaves, which is one reason why I was
tempted to separate them. But must we admit, in this connection, that this
revival recalls an earlier marcescence? Must we admit this on the basis of
facts other than the fact that the revival of cicatrization and marcescence
of leaves coexist in some species? - I do not think so and I would be tempted
to approach this phenomenon from the phenomenon of the formation of successive
rhytidomes [wrinkles/.

Relationship Petween Nature of Scar Reaction and Time At Which Tt Occurs

The nature ~f the scar reaction is in proportion to the state of vie
tality of the tissues at whose expense it occurs, Thus we see that the
meristematic subdivision of the primary tissues of the pulvinus -- which
sometimes precedes their transformation into a ligno-suberous stratum -
always occurs more or less long before the leaf falls and never afterward,
that is to say, at a time when the life of the cells is not yet slowed down
by the approach of winter. For the same reason, the secondary cork appears
almost always either well before defoliation, if it is a first-year cork,
or at the time of the return of vegetation, if it is a second«year cork. On
the other hand, the cicatrization -- at the base of the marcescent leaves we
which always occurs later than in the pulvini of the deciduous leaves, is
ordinarily less developed than in these latter cases; the later it begins,
the less developed it will o, that is to say, assuming it begins at a time
when the vegetation has already been slowed down noticeably.

The fact that the cicatrization rarely occurs below the wounds left
by the folioles rsy be attributed to the same cause since, in effect, at the
tinme these folioles fall, the leaves themselves are getting ready to fall
and very often are just zbout to £fall, so that there is certainly a consid-
erable reduction in the vitality of the petiole at that time. Moreover =«
and this tends to prove this point == the scar reaction in the foliole pule
vinus occurs in an svicent and tangible fashion only when the iolioles fall
promaturely, that is to say, when they fall a rather long time before the
potiole, at a time when the latter still has enough of the necessary vital-
ity to react against the excitation of the wound.

In order to i~ke place, ligno-suberous differentiation does not seem
oo roquire a state oi cell vitality as well developed as the state required
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| for the meristematization and formation of a secondary cork generating zone;
| ) it may occur not only rather late, after the fall of the leaf or the foliole,
- but it may also turn out to be the consequence of a last effort of reaction
nade by the tissue which is just about to die. I showed, in effect, that,

in the formation of the ligno-suberous strata, lignification appeared first
and that it represents the result of a reaction that is still common to all
tissues: on the other hand, the production of the suberous film reveals all
of the characteristics of an individual defense put up by each of the ele-
ments and representing their last vital act. The lignin does not remain low-
cated in the cpecial membrane of each of the cells; it spreads into all of
the tissues and hers reaches even the walls of the dead cells, such as those 3
ol the more or less crushed sieve-~like tubes, as well as those of certain
latex~bearing organs and certain crystal-bearing cells which are devoid of
protoplasm; it may exude in the form of gummy lignin, either into the inter-
cellular channels which it blocks or into the ligneous vessels, The suberw.
ous film, on the other hand, is lacking in all of these dead elements, as

in the ligneous vessels, whereas it does develop in all of the still living
elements of the parenchyma and even in the crystal-bearing cells or in the
cells which are already heavily differentiated, such as certain sclerites of
Menispermum canadense; here these elements, which still contain prctoplasm,
are still capable of individually reacting vefore dying. This suberous re-
action of the cells is only rarely capable of producing a weak diffusion of
suberin outside the film into the neighboring parietal strata; this can barely
be observed only at the_base of the ligno-suberous strata and, only when these

strata develop early, /it can be observed/ a long time belors the fall of the
leaf, :

Cicatricial Function of Ligno-Suberous Strata

T indicated that the formation of a ligno~-suberous stratum never cone

stitutes a means of definite cicatrization for the wound; but this stratum
is oftcn the only defense mechanism which the plant has during the winter
following defoliation. We might therefore ask ourselves how the plant is
protected during that span of time, Here we might first of all consider
that the lignification of the cell walls -- by lending consistency to the
ligno-suberous stratum -- prevents the subjacent tissues from being crushed
and crumpled; but it is obvious that it also serves, to a considerable ex-
tent, for the protection of these tissues against outside agents by forming
a kind of impermeable screen. In particular, it stops the invasion_of fungi.
We know, in effect, that the mycelian filaments usually grow into / in_f the
tissues either by circulating among the cells through the channels or in the
rerbrancs, or by growing across the latter, penetrating into the cell cavie
ties. Now, at the lcvel of the scar strata, these filaments cannot circu-
late through the channels because these channels most often are either ex-
cossively reduced in sigze [,diameter;T or they are frequently obstructed by
: ruary ligning from then on, the lignification of the walls becomes the real
B ooctacle to the circulation of the mycelian filaments between the cells.
Lo, wnat about the penetration of the fungi through the pits and across the
{ coll cavities? This penetration is prevented by suberin -- an excellent

1 Jrotuctivo substance -- which aqoompanies the lignin in the ligno-suberous

- 143 -




strata and which, although in a small quantity, is here arranged in the form
of a film around each cell so as to isolate and protect its cavity,

As further confirmation of what I have just said about the scar func-
tion of the ligno-suberous strata with respect to the invasion by fungi, I
might also point out that the sacrificed parenchyma, which often separates
the strata of the surface of the wound, is froquently invaded by an abundant

rycel . 13 mycelium, however, never pencirates into the subjacent ligno~
suberous tissue. \

The same qualities of impermeability of the ligno-suberous lamina very
probably permit them to prevent also the loss of interior liquids.

Deever Cicatrization of Tissues in Bundles

In connection with the cicatrization of the leaf bundles I said that
the ligno-suberization descends further down in their interior than in the
neighboring parenchyma.

This deeper penetration of ligno-suberization into the bundles prob-
ably, on the one hand, comes from the fact that their elements, very much
elongated longitudinally, enable the excitation due to the wound to be propa-
gated further along; on the other hand, it probably comes from the fact that
this excitation [ stimulation_7 is exerted over a longer period of time since
the bundle tissues are always those in which the ligno-suberization contin=
ues to develop most slowly and most belatedly.

This extension of the ligno-suberous lamina inside the bundles ex=
plains the sometimes very pronounced curve which the scar cork describes at

' that point toward the stem. Its generating zone, in effect, can Gevelop only

in living elements; it is, from that point onward, forced to perform a downe-

ward movement in going around the ligno-suberous region of the bundles whose

elements are dead.

Conditions Under 'hich Thalli and Gummy Lignin Appear

I explained earlier that the exudation of gummy lignin, through the
cells of the scar tissues, turns out to be one of the results of the collecw
tive defense of these tissues through lignification. I must, however, also
voint out that this gummy lignin seems to be deposited particularly in spe-
cial places of excitation: for example, in the vessels, in certain glandular
cans?3, in the intercellular channels, etc. In addition, we must note that
vae thalli develop in the same regions of the vessels and of the glandular
canals and that they do so before the appearance of lignin. We might there-
“ore say that gummy lignin is deposited in openings es-ablished across the
cicatrization tissues, at a point where the proliferation of the border cells
does not manage to £ill them up, that is to say, it does not manage to block
them completely.

Tt seems quite obvious that the formation of thalli and the production
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of wound lignin are due to the slowdown in the vital activity ¢f the leaf
and the excitation of the separating stratum., However, if we remember ithrat
the production of these substances may also ve encountered in the tissues

of the petiole and of the pulvinus up to a distance from the separating stra-
tum which is considerably greater than in the case of the other scar tiscues,
we must admit that the holes, in which they are formed act rather in the
ranner of folds of the exciiing surface winich would penetrate into the in-
terior of the tissues of the netiole and those of the pulvinus; or, in other
words, we might say that the cavity of these holes permits the transmission
of excitation over a greater distance along [ from;7 the separating stratum
than the neighborirv tissues would permit.

Physiolozical Significance of Subcicatricial Lignified Strétum

In the phenomenon of leaf fall, the role of the changes which we have
just pointed out (development of thalli, gummy lignin, formation of succes-
sive scar strata ) is quite clear: it is to protect the piant against the
consequences of defoliation. X

The same, however, cannot be true for lignification which often occurs
in the tissues above the separating stratum; this lignification.is exgressed
by the establishment of the subcicatricial lignified stratum, This stmatum,
in effect, disappears upon defoliation since it is involved in:'the fail of
the organ at whose base it has developed, Is it, then, of some use or any
. use whatever to the plant? What is its significance?

We might ask ourselves, first of all, whether its presence, at the
base of the petiole and the folioles, might not help to speed up the decay
and subsequent fall of these organs. Well, I do not think so because, in
addition to the fact that it is generally more or less thin, it usually avoids
the bast-ligneous burdles, that is to say, it does not in any way interfere
with the circulation of the sap. This is even more likely to be the case
since, as we showed earlier, we have scar strata which are much better insu-
lating agents than this particular stratum, without the leaf suffering as a
result; these scar strata often exist almost immediately below this lignifiw
cation stratum, in the pulvinus, and a long time before defoliation. I
might also add that a similar lignified stratum may develop, noi only above
the separating stratum formed in autumn in the base of the leaves and the
folioles, as well as in the internodes of certain composite petioles, at
also above the separating strata which produce flaps in the case of revival
of cicatrization, that is to say, under conditions when the above assumption
is no longer admissable,

_ Nor do I think that the establishment of the lignified stratum is the
rosult of a reverse reaction. I showed, in effect, that - by way of prepa=-
raticn of the defonse required in response to the coming fall of “he leaf ==
tae pulvinus is the site of great vital activity whose upper portion is ine
dicated by the soparating stratum at the same time that it also represents
raxirum intensity here; we furthermore know that an organ, whose vital ac=
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tivity is, on the contrary, in the process of diminishing,begins immediately
above the separating stratum., In the upper region of the separating stratum
we thus have a boundary between two tissues with very different activities;
in other words -- as I indicated earlier -- we have a free surface, such as
Mr. Zug. Bertrand sees it (loc. cit.). On either side of this free surface,
the tissues react because of their vitality; I showed earlier how vigorous
the reaction is here, below this surface, in the pulvinug,.  Above it, the
vitality of the tissues of the petiole is greatly reduced and the reaction
is mch less, Here it suffices only to produce the general lignification of
a stratum of tissues sometimes preceded by meristematization; it is, however,
inadecquate to bring about the individual suberization of its cells and, even
roreso, the formation of the secondary tissues. If we use the nomenclature
proposed by Mr. Lignier (Lignier, 0., "Contribution to the Nomenclature of

Secondary Tissues," Bull. de la Soc. Linn. de Normandie, 4th Series, Volume IX,

1895, page 40), then the subcicatricial strata in the petinle are strata that
have been "epicinicized" / seasoned_/ at the same rate as the scar strata in
the pulvinus and they differ only in the intensity of the.reaction.

e must furthermore note that, in the tase of the leaf, the subcicae
tricial epicinization is mich less than the one formed below the scar; this
is easily explained by the excessive difference in the vitality of the reacte
ing tissues; in some cases, however, it may be greater than it. This, then,
is the situation at the base of certain folioles and even moreso in the pe-
ticle nodes, probably because the vitality of the chlorophyll region is ca=
pable of lasting longer than that of the petiole regions.

In support of this opinion on the physiological significance of the
subcicatricial lignified stratum, I might add that the symmetry of the epi-
cinizing reactions on either side of the free surface (dehiscence surface) is
furthermore manifested by the following facts: at the lower end of the
petiole, which is in the process of becoming detached, we have a variable
stratum of cells that are physiological similar to those of which the sepa-
rating stratum at the tip of the pulvirus is made up; the vessels and gland
canals in the base of the petioles and the folioles here are blocked by
thalli and sometimes even by the gummy lignin, like those in the pulvims;
thesa latter reaction manifestations sometimes occur with even greater ine
tensity atove than below the dehiscence suriace.

Our ovinion here is further supported by what happens in the cese of
Cotonecaster moianocarpa. Here we might remember that, in this particular
spacies, we ray have one or two Separation revival strata which =ve more or
less complete and which can grow here successively in the palvims, below
the primary scar iamina; now, each of thum is topped by a lignified atretunm
although thoy are very close to each other.

Firally, I might say the following to anyone who would object to my
smlaration of the uselessness of this subcicatricial epicinization as far
<% vho plant i. concerned (although, of course, I do admit this uselessness):
Jhis 18 rot tho only vase where we can observe the development of a tissue
that 1 obviously useless to the plant, In effect, the scar strata widch
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sometimes develop below the wounds left by the folioles are no good to the
plant and help only the petiole; but even ti.eir usefulness to the petiole is
debatable since the petiole falls very soon after the foliole,
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Conclusions

We can arrive at the following conclusions on the basis of the obsere
vations which I have reported on here and which I made on rovghly a hundred
Species of dicotyledons with deciduous or marcescent leaves, 13 well as on
the basis of the discussion and interpretation of the facts ricorded.

The impeniing death of the leaf brings about certain natomical chan-
ges in jts base which often appear before the visible symptims of this douth.
Those [ changes_f are the formation of a separating stratum ¢nd the diffor=
entiation of the cicatrization tissues. One or :he other of tiese two types
of changes oacurs in all cases,

Detachment of leaf

Segaratinsv Stratum

The separating stratum is the place where the leaf dehiscence surface
is forred during defoliation. It develops not far from the base of the organ,
above its axillary angle, and it is always characterized a short time befors
the leaf falls.

In leaves which have an articudation at their base, an articulation
at whose level the tissues are more or less specialized and offer less re-
sistance, the separating stratum is located in this articulation.

The separating stratum almost always involves several cell layers ale
though sometimes it consists of only one. The layers constituting it are
either of piimary origin, that is to say, thay do not have any prior subdi-
visions, or they are of meristematic origin., The dead cells or the too
heavily specialized cells, such as the ligneous vessels, the sieve-like tubes,
the crystal-bearing cells, etc., are not involved in its formation.

Dehi ssence of Leaf

The dehiscence of the leafl may occur according to cne of the followe
ing two distinet processes.

1. Vnen the separating stratum consists of only one layer, we can
ouLsorve the elongation of the cells'and the consecutive thinning of the walls;
after this comes the dehiscence as a result of the rupture of these thinned
walls.

2. uwhen the separating stratum consists of several layers, that is
to say, in the most frequant case, the dehiscence is, on the other hari, the
rosult of a separation or dotachment which develops between certain cells of
this stratum, near its upper face.

In this connesction, the cell walls are trensforued, in the entire
siratun, 4410 a pucto=collulosic mucilage, exclusive of a thin mezoruns

-1“8-




wnich directly limits the cell cavitiss. Then the mucilage is dissolved in
such a manner that the protoplasm of the ¢uils here remains covered only by
this thin membrane; however, this last phuse occurs only in the region of
dehiscence and, between two of its layers, the cells involwved remain attachod,
at least along one of their sides, either to the tip of the pulvimus or to
the basa of the petiole.

The dead or too heavily specialized cells (ligneous vesse.s, sievee
like tubes, etc.) are then broken as & result of the elongation -« in the
opposite direction -= of the cells bordering on the dehiscence ecrack, provie
ded they iiave not already been broken by the longitudinal growth of the ene
tire stratum which often precedas the detactuient, This mechanical action is
furthermore aided and often entirely replaced oy the mechanical action of
the weight of the leaf, the wind, and the frost, :

Cicatrization

The separating stratum appears in the vase of the leaf as a source of
excitation for the neighboring tissues. Above it, the elements of the petiole
“Lact in the majority of the cases in the fashion of those which are below,
in the pulvinus, although ordinarily with a considerably smaller intensity.
Below, the stimulating action of this separating stratum appears to occur
concurrently with the action due to the imperding death of the leaf and it
seens to precede the action which results from the wourd produced by its dee
hiscence; the result of these various actions then leads to cicatrization.

We might also remark that, probably as a result of progressive adaptae=
tion, this cicatrisation in many spucies begins to develop more or less
shortly before the apparent development of these various stimulating causes.

The size of the scar strata is generally in a direct proportion with
the size of the scar, that is to say, we have thick scar tissues correspond.
ing to big s ars.

Nature of Tissues Produced by Subcicairicia’ Reacticn

7he anatomical peculiarities which result {rom the subsicatrizizl re=-
action of the base of the petiole are the very frequent formation of a lig-
nified stratum, the proliferation of taalli in the vessels ard in the secre-
tory canals, the formation of finger-chaped partitions in the tranching lati-
ciferous organs, the deposit of gummy lignin, ete.

Nature of S Tissues vinus

Toe cicatrization of the pulvinus cocurs in different ways, depending
on tho rature of the elements and of the tissues which are involved.

a. In the parenchymatous tissues we Jay rave the following, separately
or concurrently:
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4 region of prirary meristezalization with variable extenl and posi-
tion, tlm.., is to szy, a -czicn in whaich Th¢ celis wiKesgo more Or 1eSs in...i-
Sive anli mOre Or i¢3S reguliar subcivisioa.

A iirno-suderous stratum whose cells may or may not oe the site of a
prismary =eristeratization.

A scierous area, in other words, an area made up of cells with very
thick and lirnified wa'ls, &t the level of the ligno-suberous stratusm (only
in saclura aurantiaca). (iet us remember here that, according to 3Bretileld
(loc. cit.), ithese sclerous tissues often become involved in the cicairiza=-
tion of ihe leal pulvini of the monocotyledons.)

. cicatricial periderm, most freouently represented only by a secord-
ary cor<, waici, however, may also contain a more or less thicl: phelioderr.
This peridern is always deeper than the preceding scar tissnes; it is never
absent and it terminates the cicatrization.

'o. In the ligneous ves-els we either have a proliferation of thall:

2 {nheir inside, or a cdeposit «f gummyy lignin, or botk cf themr togeiher. Tne
l:-.;r.i: here always turns out Lo develop relatively later than the thalli.

c. In the sieve-like tubes, as in certain dead or dying secreiting
cells {certain crystali-bearing cells, certain articulated laticiferous cells,
ete.) or, gene*a].‘.l;, in the cead eiements, the remaining walls are probably
lignified due to th: influence of the secretion from the neighboring elements.

d, In the same secreting elements ~- that is to say, when tney are

'still cue to a certain protoplasm activity — ci catnzatlon occurs due to

ligno-suberization of their walls.

e. In the branching laticiferous organs, cicatrization occurs throush
the formation of solidified latex plugs, genera:ly followed by the establisn-
ment of finger-shaped partitions.

f. In the secretory sacs tnrough hgno-suoemza.lm of the epithelial
calls,

g. In the secretory canzls due to the formation of thalli at the ex~

pense o7 the epithelial cells or due to deposii of gumry lignin in their ca-
Vitye.

Jeseriotion and Discussion of Sisnificance of Scar Strata

2. The n*lmry reristematization is alwvays preceded by a recrudescence
of grotoplasm activily and it appears in the base of the leaf as the earliest
means of defense,

b. The characterization of the ligno-suberous stratunm is marked by
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0 successive transiorzations:

i. Tke general lignification of the wails in all the tissues, withou:
tha2se walls having undergone any srior thickenins.

2, Tre £ “—j.io.., in each cell, of a suderous fila which Sills its
tire covily, inciudins Lhose [z "'v;ties_] oF tre pits ard which then is
¢ ra5sed in ine fomm of discorcant stratification on the preceding parieizl

-

ey
o) ' h et @

<

Agrification appesrs to e a presess ol collective deiense nat up by

Sz w- 's ol the siroium anc suverization apnears 19 be a process of indivi-
cczd ence. uhrenever the latler e:(ists, it rore or less rapidly follows

“te forzer and constitutes itrhe last viial act of the ce’ .. The completely
ciarceierized ligno-suberized cells are, in effect, dead tissues.

Ir. suweary, despite the enerzy of ils cicatricial action, 1izno-suber-
izaiioy constitutes orly a transitory deSense making it possible [ or the
sliant_ T 10 wait for tre intervention of celinite cicatrization through the
SEeCONEATy COri.

C. Tre cicatricizl periderz, which is the cicatrizalion tissue par
e:-:cell-:r.ce, develoys In tie DuAvirms In various ways, cepending on the tine
&xs the piace of its appearance and also cepexcéing on tre :zoae of surface
cicairizaiion of ire neigbooring rezions in ire s*..e,..

=2 the cicair—cial pericern: Is Jormed Sefore the caulinary veriderx

or well 2bove ard al soxe Cistance Ifrom it, it cevelops across all of the
iissues of the pulvinis o2 il coes pot coxrect up with it untii much later.

—

I, on ite o .er raxd, the cam:::a:-' vericer exisis already belore the ap-
mearance 0 the scar corr and if I rises sufficiently %iz: in ike gsulvinus,
when ihls corx J‘%U closas the openiag wrncch the former presents in the
nese of Lhe leal. Likewise, in the case where the cavlinary “ercer is
cdeep in the sten a:;:i is wound arounc ine basi-ligneous tundies thal come out
rere, enveloping irem like a sieeve, ine cicatricial peridern ex‘:.erx:s only
across ihese tundies.

Tre cicairicial pericern gener"t:r.; zone is estadlished in 2ll of the
a*enc-..,r:-a..o s elexents which it encouniers, including the thalli and even
the zriiculated laticiferous organs in some species. This veriderm is capadle
ol brezking, through lateral commression and of blocking the ligneous vessels
25 well as rosit of the laticiferous organs; it rarely manages to grow across
the rard tissues in the externzl part of the basi -~ in ihe same fashion,
trat is -- when il is lccated in ils way.

€. The thaili are oartlcu.uarl_r in .erestlng as cicatrizetion means.
Thor ave formed either in the ligneous vessels ai the expense of the paren-
chyratons cells which are contiguous to them or in the secreiory canals at
ihe expense of their epithelial cells; they serve primarily to fill up the
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cavity oi these tuve-shaped openings. Then they varticipate in the forma.-
tion of ;he separating stratum, in that of the lignified strata and of the
ligno-suberous strata and, while subdividing, in that of the secondary scar

corx, in the same way as the parenchymatous tissues in tne rest of the organ
that is to be cicatrized.

e. The gurmmy lignin is lignin which has exuded through the neigbborirz
cells into the cavity of certain vessels, certain secretory canals, and into
the cavity of some of the intercellular channels; it is deposited here in a
variable quantity; it looks like a gummy and sometimes more or less granulated
mass. 7nis substance blocks these cavities.

£, Very often, we have a zone of barely modified tissue above the
well-characieri -ed defense tissues, between them and the wound stimlating
suyTace; this barely modified zone is flattened at the surface of the wound
ard is often invaded by fungi. I called this zone "sacrificed parenchyma."

Gicatrization Periods

Tne great variety which I ovserved in the ways of cicatrization results
zbove 211 from the time at which the means of cicatrization, which we have
just described, go into action. :

Iuring the first year, cicatrization can occur only after defoliation;
in this case it involves almost always only tre ligno-suberous stratum.

If, on the other hand, it develops before defoliation, it can then
either incluce only the ligno-suberous stratum or only the cork; in that case,
we ordirarily do not have any more variations until the following year; or
it may already have tne two strata at the same tire.

The varenchyratous tissue of the bast-ligneous bundles is in all cases
zlnrost entirely avoided by cicatrization, so long as the leaf has not fallen,
regardliess cf the state of the scar lamina in the neighboring tissues. It is
in tarm invaded only afier the fall, that is to say, after the cessation of
its corducting functions. Only the ligneous vessels may have been earlier
blocked either by the thalli or iy the guwmmy lignin, or by both of them at
the same time
- e

Rezardless of whether cicatrization begins vefore the leaf Ialls or
whether i%i begins only after the leaf has fallen, it is never completed dure
ing the first year; it is completed through ine formation or termination of
the secordary cork only during the second year.

Snecial Features

a3

1lary ouds, the separating stratum sometimes is estavlished in a way pers=
ritiin

a. 1nen the petiole has, at its base, a swellins wiich covers the
~ the atiachment, to the pulvinus, of a portion of this swelling; this

-
dipy
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portion of the swelling continues to protect the buds after the leaf has
fallen. It is this portion which I called "leaf-bud scale lamella,"

b, In certain species Wwe can observe something which I have called
the "revival of cicatrization,” that is to say, the first scar tissues are
removed, during the second year, by a new separating stratum established
below them; the final cicatrization then develops below the new wourd.

¢. The marcescence of the leaves results from the faet that, as a
result of their belated development, the autumn separating stratum has not
had time to develop completely here before the winter or it may not develop
at all. In the pulvinus of these leaves we can also observe the development
of a primary scar stratum, such as the one we have in the deciduous leaves,
and, during the following spring, we have a revival of cicatrization which
then causes defoliation.

Fall of Various Parts of Comoosite Leaves

a. The fall of the folioles and of the secondary petioles (bipinnate
leaves) occurs in the same way as in the case of thne leal itself, But they
cause the cicatrization of the subjacent pulvini only when they come rela-
tively earlier than the fall of the leaf, The cicatrization thus produced
is, furthermore, always less forceful; most often it is accomplished by a
thin ligno-suderous stratum which, however, may, in some cases, e accompanisd
by a rather underdeveloped cork. We might point out, furthermore, that, at
the base of these folioles and these secondary petioles, the subcicatriecial
lignifying reaction is more frequent than the cicatricial reaction of the
immediately subjacent pulvinus. -

b. When tne petioles of the composite [ complex_7 leaves have nodal
swellings, these may be the place where the transversal separating strata are
formed; these strata, by the way, are similar to those at the base of the
leaf and of the folioles and they sometimes bring about their disarticulation.

;lthough they may sometimes give us some information that would help
us in specific or sometimes even generic delermination, we can say that de=
foliation and cicatrization generally cannot give us any information that
would be important in the description of the system involved. These are
vurely physiological phenomena whose phases may resemble each other in spe-
¢cies belonging to different families and which, on the other hand, may differ
witain the species or related genera.




Plate Cantions
Ierend

€S == separating stratum

rs == subcicatricial lignified stratum
SS == ligno-suberous stratum
lic - secondary scar cork

Zn == scar cork generating zone
pd == stem periderm

bo == wood

1n == soft bast

1S == hanrd bast

ep == epiderm

th «= thalli

sl == lignified portion of walls
Sub == suberous film

ce ~= sacrificed parenchyma

ter -- sieve~like tube

1ig == gumy lignin

¢l == leaf scar

¢if = fascicular navel

P == petiole

B ~e bud

C == leaf pulvinus

Plate VIT

Figs 1. Aristolochia Sipho. Diagram of longitudinal section of base of
petinle several days before defoliation. 3X. H == lower limit of
ligno-suberous stratum which is differentiated after the leaf falls.

Fige 2. Poition of a longitucinal section of tose of leaf in region of sepe
arating siratum: beginning of longitudinal growth of walls of layer
which will form this stratum. 200X. m == wall beginning to thin out.

-'Fig.FB. Same section as before in more advanced state of separating layer,
short time before rupturs of its walls., 200X.

Fig. &, leaf scar. 2/3X.

Fig. 5. Longitudinal section of a portion of the lisro-subterous stratum of
cicatrization in the leaf pulvinus. 320X. po =- pit into which pene-
trates the suberous film; cu -« cuticle; cc-= cuticular strata; or =-
crystal-bearing cells (the crystal is dissolved).

Fig. 6. Portion of transversal section of leaf bundle at level of ligno=
suborous stratun of pulvimus. 140X. 1 -« Dast; bs == sacondary wood;
bp == primary wood; ter - lignified sieve-like tube; tn e ligho-sue
cerized thallus; z == lignowsubarizec zone of change [exchange zonz/.
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Fige 7. Longitudinal section in leaf pulvinus showing mode of propagation
of scar cork across wood of bundles, 140X, thp == thallus about to
become involved in composition of cork.

Fige. 8. Diagram of longitudinal section of pulvimus at end of second year.
9%.

Fig. 9+ Amorpha fruticosa. Diagram of longitudinal section in base of pe-
tiole some days before the leaf falls, 9X4.

Fig. 10. Portion of a longitudinal section of the base of the leaf in the
rezion of the separating stratum at the moment the cell walls become
micilaginous. 160X, mi == mucilaginous walls.

Fig. 11. Same separating stratum in more advanced state, at beginning of
partial dissolution of walls. 14C{. c¢i == portion of walls which
is not dissolved and which continues to envelop the protoplasm,

Fig. 12. Same separating stratum in even mcre advanced phase. Dehiscence
nas taken place and bomder celis begin to grow longitudinally. 140X,
M, ¢l == 25 in preceding figures.

Fig. 13. Leaf scar. UiX.

Fig. 1%. Diagran of longitudinal section of leaf pulvinous at end of first
year. 9%.

Fige 15. Portion of transverszl section of leaf bundle at level of ligno-
suberous stratum of pulviruse 140X, 1 == bast; bo =~ wood; ter -
crushed and lignified sieve-like tubes; la -~ groups of lignified
laticiferous organs; z -- ligno-suberized exchange zone.

Tig. 16. Longitudinal sections of vessels showing the different ways in
which zurmy lignin is deposited inside them, 250X, lga == amorphous
gurmy lignin; lgg =- granualr gummy lignine

Fige 17. . crystal-vearing cell of the leaf pulvinus before diflerentiation
of lizno-suberous stratum (crystal dissolved). 360X, ev -= envelope
ol crystal; es =~ lignified thickening of cell wall.

Fig..18. Crystal-bearing cell taken from same region as preceding one but
after formation of ligno-suberous stratum (crystal dissolved). 360X.
ev, 65 == a5 in preceding figure; scl -~ belatedly lignified portion
of cell wall; sub == suberous film; ilig -=- gummy ligain deposited in
¢call cavity.

Fize 19. Diagram of longitudinal section of lecaf pulvimus at end of second
vear. 9%. H == base of first-year scar lamina; S-- lignified strata.
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Fig. 20. Koelreuteria paniculata, Leaf scar, 2X.
Plate VIIT

Fig. 2. Koelreuteria paniculata. Diagram of longitudinal section of base
of petiole several days before the leaf falls, 9X.

Fige 22. Portion of longitudinal section of petiole in region of separating
stratum before dehiscence. 80X.

Fige 23+ Same separating stratum at moment of dehiscence inside it. 120X.

Fige 24, Diagran of longitudinal section of leaf pulvinus at end of first
year. 9X.

Fige. 25. Portion of longitudinal section of leaf bundle at level of ligno-
suberous cicatrization stratum. 280X, lgg -- granular gurmy lignin;
lga =~ amorphous gummy lignin; th == ligno-suberized thalli.

Fig. 26. Diagram of longitudinal section of leaf pulvimus at end of second
year. 9X.

Fig., 27. Paulownia imperialis. Portion of longitudinal section at base of
vetiole several days before leaf falls. rm -- meristematic region
of leaf pulvinus,.

Fig. 28. Cells of extermal cortical parenchyma of pulvimus at level of ligno-
suberous stratum; intercellular channels more or less blocked by gummy
lignin lig. 150X. _ \

Fig. 29, Diospyros virginiana. Diagram of longitudinal section of base of
petiole several days before leaf falls, 9X.

Fige 30. Portion of longitudinal section of adult leaf at level of its ar-
ticulation., 120X. art -- articulation tissue,

Fig. 31. Same region as in preceding figure at moment of dehiscence of leaf:
separating stratum is formed by specialized leaf articulation stratum.
120X.

Fige 32. Leaf scar. 2.5%.

Fige 33. Morus nigra. Diagram of longitudinal section of base of petiole
several days before leaf falls. 9X, la == laticiferous organ; cl ~-
finger-shaped partitions.

Fig. 3%. Portion of longitudinal section of base of petiole soveral days
before leaf falls., 60X. la, ¢l == as in preceding figure.

Fige 35. Leaf scar. #X.
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Tig.

Fige

36, Diagram of longitudinal section of leaf pulvinus at end of sceond
year. 4%, ph «~ phelloderm.

37. Portion of longitudinal section of base of petiole: occlusion of
laticifercus organs. 120X, la -~ laticiferous organ; ¢l = fin;uc-
shaped parvitions.

38. ZEegimning of cicatrization of laticiferous organ. 250X. bl ==
5 01 modified latex; la -- ordinary latex.

39. Moré advanced cicatrization of laticiferous organ. 250X. €l ==
finger-shaped partition developed against mass of modified latex bl.

40. Sszveral snecial forms oi finger-shaped partitions in laticiferous
organs. 120X,

Plate IX

L41. Jdesculus Hippocastanum. Diagram of longitudinal section of base
of petiole several days before the leaf falis. 9X.

L2. Portion of longitudinal section of base of petiole several days
before leaf falls. 40X,

L3, Passage of scar cork across ligneous vessel of leaf bundle, 200X.
thp -- thallus becoming involved in composition of cork.

iy, Forsythia suspensa. Diagram of longitudinal section of base of
petiole several days vefore leaf falls. 9X.

L5, Portion of a longitudinal section of base of petiole several days
vefore leal falls. 65%.

Lb, Leal scare 2.5X.

47, Diagren of longitudinal section of lsaf prlvimus at end of second
year. 9.

48, ilmus glutinosa. Diagram of longitudinal section of base of petiole
several days before leaf falls., 9X. H == lower limit of ligno-suber=
ous transformation of parenchymatous elements of bundles after leaf
falls.

L9, Portion of longitudinal section of base of petiole several days be-
fore leaf falls., 150%..

50, Crystal-bearing cell inside ligno-suberous cicatrization stratum
(crystal dissolved). 300X, ev =-- envelope of crystal.

51, Spiraea opulilolia. Diagram of longitudinal section of base of
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petiole several days before leaf falls. 9X. pa == cortical parene
chyma; mp == periderm sleeve surrounding leaf bundles in pulvinus,

Fige. 52. Diagram of transversal section of base of leaf before defoliation.
9. pa, mp ==~ as in preceding figure.

Fig. 53. Portion of longitudinal section of base of peticle in region of
separating stratum. 100X. rm -~ meristematic region of pulvinus.

Fig. 5%, Diagram of longitudinal section of leaf pulvimus at end of second

year. 9X. pa == cortical parenchyma; mp =~ periderm sleeve of leaf
bundles.

Fige 55. Hamamclis virginiana. Diagram of longitudinal section of base of
pctiole several days before leaf falls, 9X. K == lower limit of
ligno=suberous lamina which will develop after the leaf falls.

Fig. 56. Longitudinal section of ligneous vessels of base of petiole before
defoliation, showing passage of a thallus (th) from one vessel to the
other. 300X,

Fig. 57. Diagram of longitudinal section of leaf pulvinus in spring of sec=-
ond year and at moment of revival of cicatrization. 9X. H -~ dehis=-
cence crack produced inside separation revival siratum of cicatriza-

ticn.

Fig. 58. Diagrom of longitudinal section of base of petiole of marcescent |
leaf in spring of second year, several days before it falls. 9X. !
¢s == rough outline of autumn separating stratum; ¢sp == cicatrization
revival separating stratum at the same time causing marcescent leafl to
fall.

Fig. 59. Hippophae rhamoides. Diagram of longitudinal section of base of
petiole several days velfore leaf falis. 9X.

Fig, 60. Celtis occidentalis. (Idem)s ©rs == crystal-bearin; hard tissue.

Fig. 61, Portion of longitudinal section of scar cork. 350X. ph == hard
ard crystal-bearing phellodevr; eV == envelope of crystals (the latter
have bean dissolved).

Dlate X

Fig. 62. Praliurus aculeatus. Portion of lonzitudinal section of base of
petiole at ievel of separating stratun ard of sacreting cell E. 140Y,

Tiz, 63. Xunthoxylon Iraxineum. Diagran of lonzitudinal section of base |
of petiolo soveral days before leaf falls. 12X, :
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6. Rmus Cotinus. (Idem). 16X, ca == secrotory canal; th == portion
of this canal which is blocked by thalla.

65. Transversal section of secretory canal at base of petiole a little
above separating stratum. 140X, th -- epithelial cells developcd
into thalli,

66. Longitudinal section of secretory canal in vicinity of base of
ligno-suberous lamina, 140X, ths =« ligno-suberous thalli at level
of primary cicatrization lamina,

67. Rms Coriaria. Leaf scar. 2X.

68. Longitudinal section of secretory canal in region where scar cork
crosses it throush subdivision of thalli, 140X.

69. Nepundo fraxinifolium, Longitudinal section of file of laticiferw
ous cells in region Where scar cork crosses it., 160X. su == suberous
framework of cork cells; eps ~~ lignified thickening of same cells,

70. Scar cork. 2X., em -- impression of portion of petiole which
covered the bud before the leaf fell.

71. Sophora japonica. ZLeafl scar, 2X. br -- cortical pouch on which
poriion of petiole, which covered bud before leaf fell, was supported.

72. Yenisperium canadense., Diagram of longitudinal section of base
of petiole several days before leaf falls, 9X. 1p == prolongation
of ligno-suberous lamina which will form the leaf-bud scale lamella
after leaf falls,

73. Diagram of scction ¢ leaf nulvinus at end of first year. 9X.
1p ~= leaf-bud scale lamella protecting lower buds after leaf falls.

7%. Leal scar. 9%. Only the upper bud B is in the open air; the others
are hidden under ihe scar,

75. Grous ol sclerites insice ligno-suberous lamina; two of them have
an internal suderous film (sub). 140X.

4

74, Platcnus occidentalis. Leal scar almost corpletely surrounding
axillary Wud. 2.5%4.

77. Traxinus Ormus. Portisn of lonritudinal section of phellodernm

{pn) formed by scar cork renerating zone., 140X. 3su - suberous

Sranmework ol cork cells; cel -- cellulosic thickening of same cells.

73. Acer campestre, Crossing of a file of laticiferous cells (1a) by
scar cork. 100X,

“159 =




Fige

Fig.

Fig.

Fig.

Fig.

Fig.
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Fig.
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79. Aralia spinosa. Transversal section of secretory canal at level
of lower region ol ligno-suberous stiratum. 100X.

80, Catalpa bignoniofdes. Diagram of lonzitudinal section of base of
petiole several days before leaf falls., 94,

81. lezf scar. 1X. em -= conical protrusion formed by external leal
bundlies,

82, Robinia Pseudo-Acacia. Diagram of lengitudinal section of base ol
petiole several days belore leaf falls. 9X. 1lp == leaf~bud 3cale
lamella,

83, Robinia hispida, Diagram of longitudinal section of leaf pulvinus
at. end of second year., 9X. lic. ~w firsteyear scar cork; licy ==
second-year scar cori.

8., Gleditschia triacanthos. Diagram of longitudinal section of base
of petiole several days before leaf falls. 9X.

85. Leaf pulvirus whose upper portion hides the lowest axillary buds.
3%e

Plate XI

86. Gleditschia triacanthos. Diagram of longitudinal section of leaf
pulvimus at end of second years 9X. 1licy =~ first.year scar cork;
licz -- second-year scar cork; s -- lignified tissue.

87. Maclura surantiaca. Diagram of longitudinal section of base of
petioles several days before leal falls. 9X. S == hard portion of
scar strata.

638, Portion of lonzitudinal section of external region of petiole sev-
eral days before leal falls., 100X, s-- hard portion of scar stratum;
a == isolated ligno-suberous cell at level of this portion; 1la --
branching laticiferous organs; ¢l == finger-shaped partition.

89. Ptelea trifoliata. Diagrarm ol loncitudinal section ol base of
petiole several days before leaf falls. 9X. ¢p == strciun specialized
as separating stratum placed in prolongation of this eriminal stratunm
but inside of which there is no dehiscence.

¢0. Cyrnocladus canadensis. Iiagram of longitudinal section of leafl
sulvinus ot end of secord year. JX. 1licq == {irst.year scar cori;
licy, ~= Secordeyear Scar corc.

91. >otontilla Tmuticosa. Diacranm of longiitudinal section of baso el

sotiola sevoral days delfore leal falls. 9Xs 0D =e poriderm SllCVO
o2 bundles in ieal pulvinus; pa == cortical parenocnymai g €y ==

- 160 =




lirmits of deposit of pummy lignin after leaf falls.
Tig. 92, Calophaca volgarica., (Idem).

Fige 93. Diagram of transversal section of leaf pulvinus in its upper pore
tion, made vefore leal fails., mMp ~= p«“~ﬂv_“ s.cove common 10 the
three re-cntering cornectecd Linties; £3t -- stipular ovadles ; pa ==
cortical parenchyma; Sc -~ hard tissue.

Fige 9%, Caragana altagana. Diagram of longitudinal seetion of base of
vetiole several days before leaf fzlls, 9X. pa == cortical parene
chyma; mp == veriderm sleeve of bundles; s -« lignified scar tissuz.

Pize 95. Philadelphus coronarius. (Idem). l1r e-leaf-bud scal.e lamella;
mp == pericderm slceve of bundles

fige 6. Leaf scar. 245K be -- conical elevation of surface of scar ine
dicating presence of axillary bud hidden below the latter.

. 97. Chletra alnifolia. Diarranm of lonzitudinsl section of base of
petiolz several days vefore lzaf falis. 9X.

Pige 98. 4zalea sinensis. (ICem).

Fig. 99, 2Portion of longitudinal section of basc of petiole of adult leaf
at level of its articulation. 200X, art -- specialized artisculaiion
s*rauum cf peticle at expense of which the auturn separating stretum
is formed.

Fige 100. Sorous avcuparia, Diasram of longitudinal section of leaf pulviw
mis at tip of a shoot, arounc springtime of secord year, when the Cie
catrization revival separoting siratum has bcen established., 9X.
cSp == separation revival stratum; rse -- lignifiei region above this
swratune.

Fige 101, Sam2 ciag=am as prececing one but Jor leal pulvimus of base of
shoot.

Tige 17¢. Cotoneaster melanocarpa. Diagranm of lorzivudinal section in leaf
pulvinus Ifron upper part of shoot, tcwarc erd of second year, and in
u“,c“ tho cicatrizaticn revival has not vct taken place. 9X. ¢Sy,
SC == a3 in the two proeceding figur.: s- Sy == nev lig“o-sube*ous
lamina: licy w= firsi=your scar coXk; l‘cz -- Second-year scar cork.

Fige 103, Carplaus Setulus, Portion ol longitudinal secuion of leaf pulvie
mus studied around m.udle of saco‘n year; cicatrization revival has
uo. veb teien place here. 120X, a == Jirst layers with delicate wolls

oed by acar cor funeratin; zone; their rupture will »rogrossively
1eau to the .cvival of cicatrization.
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