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LEAF DAMAGE IN DICOTYLEDONS

[Following is a translation of a F ench-language book by A.
• 1ison entitled Memoires de lauIciete Linneenne de
Normandie (Reports of the Linnaean 6c-iety of Normandy),
Caen, Vol XX, 1899-1901, pages 125-327.)

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 a 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 th&t we actually have very little information
on this topic and that a detailed study of numerous individuals, primarily
fromn the anatomic 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 which occur in the follar (leaf) pulvinus
[pulvinus folil] before and after the leaves fall; as its title indicatva,
oir study involves only the dicotyledons with deciduous leaves. We thus
confined the study of the phenomenon to those species where it occurs
periodically and regularly. ý similar study for species with persistent
(indeciduous) leaves would •doubtedly be very Interesting at least for
purposes of comparison; we txpect to undertake such a study later on.

In order to learn more about the mechanism involved 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 afteiwards; 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 place. However,
the extreme ease with which the petiole is separated from the stem under
these conditions constitutes a major obstacle 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 sufficiently 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 defolietion; we therefore always protected our specinens
from the tree, without artifioly hastening the fall of the leaf by putting

detached branches in a box, as uas 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.

Sirie 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 constancy; we therefore believed that

we should include a study of these folioles after 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

Botanical Laboratory of the School of Sciences of Caen under the very kind

over all direction of Professor 0. 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), Physique des
arbres (Physical Structure of 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
it em.

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 transpiration so that the sap moves up the stem
si:ice 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 belleves
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, Disserz. de defoliatione
vegetabillum..., 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 is caused by the
resorption of a portion between the dead leaf and cte living tissue of the
pul,.Inus, 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 d-e Natur der Cewaechse, Halle, Kunnmel, 1612, page 51) thought that
he could find the explanation of the fall of the leaves in the anatomic
constitution of the base of Lhe peti'le. In his opinion, the tissue of
the latter and the tissue of the stem are interrupted by a regioe 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 torn as a result of the
growth in the diameter of the stem.

In 1821, Vaucher (Vaucher, Memoires de la Soc. de Phys. et d'!!ist.
nat. de Geneve, Vol I, 1821, page 120), 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
so 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 Natur 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 particulcr 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 blocks 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 eacO other.

In 18-9, Schacht (F-hacht, llermann, Lehrbuch der Anatomle und
Physiologie der Gewaechsi, 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 the rather
delayed establishment of a cork across the base of the petlole; this cork
stops the circulation of sap between the stem and the Leaf.

In 1860, Kohl (Mohl, Hugo, vor., "On the Aa-tomical Changes in the leaf
Joint vrbich cause tin Laf to NlJx," lBt. Zeit. 186o, pap. 1 aM 9 )
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published a work on the falling of leaves vhich
is considered as a classical treatise on this subject. He starts his
report with a very well documented historical review of work done urtil
1860. (By the way, we were able to learn of the opinions of Muswel, Murray,
Vrolick, Link, Schultz and Treviranus only after reading this historical
review by Mohl.)

Mohl more specifically studied the case of Gymnocladus cinadensis.
He found that, on 4 October, there is a thick cork -unning across the node
of the petiole; this cork establishesa 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 eork, has a brown color,
indicating thebcginnilng 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 above 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 distii-guished 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 organ occurs without
resorption of tissues as the cells of this stratum are loosened and thus
separates; but he does not give any indications as to how this separation
takes place.

In the opinion of MoU.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 other species which he studied. In all cases he reprts the
presence of the separsting 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 base of the
petiole does not exist in all cases and he indicates the species in which
he has found this to be so and the species in which he did not find this.

In this work by Mohl, we dc not get any indization as to wh.- happens
to the scar and to the leaf pulvini after the leavea fail. The author
reported on this, as .i.tter of fact, in an earlier work (Mohl, Hugo. von,
"On the Process of CicAtrization in Plants," Bot. Zeit. (Botanical Journal),
1849, No 36). In this work he points out that, during týe first years
following the fall of the leaf, the cicatrizatlon cork exists in all pulvini
and that it runs even across the phloem-ligneous bundles. According tn
him, the thalli of the vessels aretran.formsd into cork after the dissolu-
tion of the vascular walls.
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We would like to point out another report by Mohl (Mohl, Hugo, von,
"On the Separation Process in Succulent Plant Organsp Bot. Zelt.,
Vol XVIII, 1860, page 273) which, no to speak, follows the precedirg one.

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

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

separatinr, layer would form more or less belatcdly at the base of the
leaves an. the folioles; this separating laytr was similar to the separating
layers found i, autumn ane acted in the same way; it differed, howeve., pri-
marily by the complete absimce or, shall we say, the rather small amount
of starch in its cells. The author furthermore pointed out thet, in dis-
articulations of this kind, there is never any focmation 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 509), reviewed the study of the fall of leaves
especially from the physiological viewpoint and devoted almost all of
his work to the scudy of the action of tran3piration on the fall of the
leaves. We studied the question personally, primarily and almost exclu-
sively from the anatomical viewpoint; we will ther, fore use only the ana-
tomical portion of t he results presented by this author.

Like Mohl, Mr. Wiesner confirms the existence of a separqting
layer in all cases; however, he does not give any indication As to its
constitution. In his opinion, likewise, the leif breaks off as a result
of the locsen~ng of the cells of (from) the separating layer, without any
change in the:r walls. He explains this loosening in the light of the
dissolution of the intercellular substance under the action of the crganic
acids; to -- !pport this statement, he mentions the fact that he observed
that the yellowis.i leaves have a mcre acid reaction than the green leaves.

Mr. Wiesnobr does not agree with Mohi when the latter says that the
leaf bundles are not modified on the level of the petiole node. In his
opinion, these bund'es undergo a reduction of volume, in autumn, down to
the level where the separating layer will form and this helps the fall of
the leaf by reducing its aspiratory strength.

During the following year, Leleganck (Ledeganck, K., OHistochemlcsl
Research on the Autumn Fel4 of Leaves,' Bull, do I. Soc, roy, do Bot. de
Beliqaue, Vol X, 1872, pages 133 and 167) took up this theory again and
developed it even though Mohl had dimolished the theory of Schacht by
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announcing that the cork might be absent before the fall of Lhe leaf at
the base of the petioles. fie sees the predisposing cause Lor the fall
of the leaves in the development of a peridermic layer across the base of
the leaf aWd he sees its actual cause in the action of the cold weather
which caus-'s the two to become loosened by unequally retalning The empty
and spongy tissue at the base of the petiole and the peiidermic layer;
the wind or any other mechanical cause then brings about the separation.

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

Ledeganck distioguishes two types of 3uberificotion at the base of
the petioles: suberification by layers, when the peridern forms an inter-
rupted layer only upon the (to the) passage of the bundles; diffuse suberl-
fication, when the transformation occurs slowly n a result of the deposit
of suberous matter in the cavity of 3ome of the cells. As an example for
the latter way of suberification, the author gives the case 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 to 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 XXIII. 1876, page 176)
studied the phenomenon of the fA!l of leaves only from the physiological
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
monocotyledons only; however, since our research does not cover this area,
we uIlI give the results of his work because of their importance. According
to the author, the separating layer, in the monocotyledons, contrary to
what haprens in the case of the dicotyledons, forms at a time when The
tkcsues are only very little differentiated; this also happens at ,j time
when the base of the leaf is in full growth. During that time, the tissues
of the pulvinus, located below the base, become sclerified and very often
grow to three times their normai thickneos. The author does not describe
the mechanism of the separatir,g layer.

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

According to Brettfeld, the fibro-,ascular cords are not ir~volved
io zhe cicatrization of the wound and they are crushed by t.'e periderm.

In a short note about 2 years earlier, Van Tieghem and Guignard
(Van Tik,ý:n, Ph., and Guignard, L., *Observations on the Mechanism or the
Fall of Leaves," Bull, de la Soc. Bot. de France, Vol XXIX, 1832, page 312),
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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 enciosed space saturated with humidity.

Van Tieghem and Guignard, like Mohl, studied the case of Gymnocladus
canadensis 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 )N

layer forming at their base and that this layer developes through the par-
tit'ioning (subdivision) of one cell layer, repeated two or three times.
According to these authors, there is never any cicatrizatil .elow 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 is increased on
the inside 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 cleatricial function of this layer).

As far as the function of the separating layer is concerned, these
two authors advance an opinion that differs from that expressed by botanists
earlier. According to them, there is a resorption of the middle layer in
this stratum which divides it into 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 eevelop 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 cicdtrization of the vessels by means of gum
from the wound and, in certain cases, by the thalli. In his opinion, the
only cicatrization tissue hete would 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 letf 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 2nd 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 author, in contrast to the opinion expressed by Mohl,
does not say that the thalli are transformed into cork after the dissolu-
tion if 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 research which, as far as we know, has been pub-
lished on the fall of the leaves is the research by Mr. M1liscb (M~lisch,
Dr., Ilans, "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 physiology: the action of
transpiration, of temperature, of humidity, and of light in the pher._-!non
of the fal• of leaves. The anatomical part is very short but it nevertheless
includes some very interesting results.

Like Mr. Wiesner, Mr. M1lisch observed, in certain leaves, a con-
tracion of the leaf bundles on the level of the surface of detachment but
he notes that this exists at all times.

Ile finds that, at the moment the leaf falls, there may develop a
periderm or some lignififed layers. Depending on the particular case,
these layers are either only the stratum with the round cells or they
constitute only a zone of cells located above the separating stratum,
or they constitute both of them together 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. M1lisch
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. MIllsch did not make any observations on the mechanism of separa-
tion; on the basis of his cumparison 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 throuah the

..inn ..F t =ho gu- f.e .nt w, had been discovered by Mr. Wi..sner a short
time before his research projects (Wiesner, J., "On 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 incide'.:ally
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, 0., "Research on the Comparative Anatomy of
Calycanthaceae, Melastomaceae, and Myrtaceae," Arch. bot. du Nord de la
France, Vol 111, 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 d suberous layer developes at the base of the petiole prior to Y

defoliation; this suberous layer has numerous partitions; the latter develop
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 rot indicate
how it functions.

Quite recently, in two communications addressed to the Academy of
Sciences (Tison, A., "On the Fall of Leaves and the Cicatrization of the
Wound," Comptes-rendus de l'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 l'Acad. des Sc., 10 July
1899), 1 summarized the principal results of the research projects men-
tioned in this work.

Even more recently, Mr. Fouilloy (Fouilloy, Edm.,, "On the Fall of
Leaves of Certain Monocotyledons, 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 points out that it is differentiated at a very early stage,
long before the leaf fells. The wound is protected by the lignified layers
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 the anatom-
ical phenomena which precede and follow the fall of the laaves, 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 sumrmarize quickly all of
the other cases which I examined, grouping them in other chapters, depending
on their greater or lesser resemblance tq 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 In the open air.

At the base of the adult leaf -- before any changes 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 either entirely
absent or they are excessively reduced in size. The transition f-om this
area to the cortical parenchyma of the stem and to that of the retiole is
almost imperceptible.

The lecf bundles here are three In number. At the base of the
petiole, these three bundles are reduced to roughly half with respec: to
volur.e (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 diameter;
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
(Is, 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 lesser 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. M8lisch (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 tvrned out to grow much less than anywhere
else and there is less lignificaLion here.

The separation occurs primarily 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 the 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 bast-
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 secondary wood. They ire 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; totrough rec-procal pressure, they are very closely intertwined
with each other. The wills, which have thus been formed, become level and
their direction !% highly variable; as a result all of the thalli together
simulate a parenchyria Inside the vessel. In those vess.els 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 partitiona
of the vessel. All of these thalli also push their walls very close to
those of the vessels, fitting into all of their ralseu and depressed por-
tions; finally, they often are partitioned off again in their interior.

Initially very thin, the walls of the thalli gradually become thicker
and finally have the same thickness as those of the pareuchymatous 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 perpendicular to
the direction of the petiole which it traverses throughout its entire width
xcs, Figure 1). Its internal border is situated a little above the axil-
lary angle of the leaf.

While the separating stratum developes individual characteristics
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-
fled without increasing in thickness and which, from then on, very strongly
fix the coloring substances of lignin (arnoniacal fuchsin, phlorogl'icin,
etc.).

The region thus lignified includes one or more layers of cells; it
reaches its maximum thickness on the inside of the petiole and 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 setoff 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, iixcluding 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 loyer 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 oi 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 region 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 separating 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 tiiis stratum and their
turgescence, aided by those of the thalli at the same level, still growing,
very quickly cause the ligneous vessels to breali 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 13 tremendous when compaxed to
the weak resistance of these walls, suffices to break the connection grad-
ually and the leaf then falls.

The wind is 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 separaLing 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. It 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 comn-
pletely Isolated from the pulvinus, is heated as it is struck by the first
rays of the sun; it becomes defrosted and then falls because of its own
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weight. This is 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 green 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 othvr hand, are very narrow and almost
straight. In the three thickened regions we have the three navels of the
leaf bundles (cif, Figure 4). Thes! 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 their 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 oLher; 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 The horseshoe and a little above. This entire group
together, that is, the buds and the area between the branches of the scar,
has a rather silvery and chatoyant Cchangeable 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 oblique 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, there is
no defense of a histological nature, no defense in the way of lignif;cation
or suberification, since the tissues remain cellulosic and do not reveal
any apparent changes. We did not find any defenses of a chemicai nature,
such as, for example, the presence of organic acids, tannin, etc. But
the greater vitality of the cells of the pulvinus, which 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 inferior organisms is, as a matter of fact, related to the
turgencence and to the vitality of this tissue.

At the surface of the Jicar we find the remnants of the thin walls

that have been broken oft the separating stratum. Th. primary vessels have
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already been filled (obstructed) by the thalli; but these thalli still
have celiulosic walls, like the cells from which they are derived; the
sieve-like tubes are obstructed by calluses.

The wound remains in this condition for a long time and cicatriza-
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 ti&sues
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 the 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 temn and to use, instead, the term "ligno-
suberous"; this term indicates more precisely 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 llgno-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 lignozsuberous lamina and shows
that it is larger opposite the three navels; its lower boundary is quite
clearly indicated and is found 3lmost at the level of the axillary angle
(the line H, Figure I, indicates this border).

Histologicil Study of the Ligno-suberous Cicatricial Stratum

The coloring substances cormmon to lignin and suberin (iodine-con-
taining reagents of cellulose (Mangin, L., "On the Iodine-containing
Reagents of Cellul-;e," Bull. d, la Soc. bot. de France, Vol 35, 1888,
page 421), ammoniacal fuchsin, green of iodine, etc.) stain all of the
walls of this stratum; here they reveal a very strong impregnation
especially in its lower portion, gradually diminished toward the surface
of the scar, however, without teaching it. Above the debrisof the latter,
we have, in effect, two or three layers of cells which remain cellulosic
and which later on become flattet. d at the surface of the scar; hereafter
we will refer to them by the name of "3acrificed parenchyma."

The special reagents of lignin (Wiesner reaction (Wirsner, J.,
"Note on Behavior of Phloroglucin and Some Related Substances to the
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Lignified Cell Membranes," Sitz. d. K. Akad. d. Wissench. zu Wien, Vol 77,
page 60), tidole, and sulfuric acid (Niggl, "Indole -- a Reagent for Lignt-
fled Membranes," Flora, 1881, page 545), aniline sulfate, aniline hydro-
chloride, etL.) indicate the presence of this substance in the entire
cicatrization lamina. Here it completely impregnates the thickness of
the walls, except in the innediate 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 hand, the special coloring substances of suberin
(tincture of "alcanna" [alkane, alkannin], treatment by ammoniacal colors
followed by washing in water acidulated by I/lU 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 cicatrization lamina with certainty, we had
to use a new method which is much more precise than the earlier methods;
we have always been able to Lae this new method with great success while
the others turned out to be completely inadequite.

Our method consists it, determining, first of all, on a control sec-
tion, the double impregnation of the tissues by means of ammoniacai fuchsin
or by means of iodine-treated reagents; then we treat the other sections
by means of the solvents of lignin so as to retain only the suberin and
so as to be able to study them afterward in order to determine the location
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 Javei 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 by 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, iodine-containlng phosphoric acid completely
colored the walls of the vessel3 blue and, in the rest of the section, it
also creates a blue color through alriost the encire thickness of the cell
membranes, particularly in the case of those which earlier did 4"x the
coloring substances of lignin. There is only a very thin surface stratum
which, after this treatment, appears more or less sinuous inside each
cell and which is stained yellow, as before. It is also on this thin
surface stratum -- and to the exclusion of the entire rest of the walls --
that asmoniacal fuchain and the special coloring substances for suberin,
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which we pointed out rlier, are fixe

This suberous 'itum is very t ,t" is a matter of fact, it is a
film. It differs ve ýarly from the kened strata which constitute
the cell wall at th the leaf fnlls virtue of the fact that it is
in discordance with iells at the levw the punctuationj (bordered
pits), into which I tetrates and which covers all the way to the
bottom (po, Figure ',).

It thus app, is like a belated covertn stratum for the cell and
not as the last thi-!.'ening In the wall.

In sum•mary, •Iat 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 incluued
in the thickness of the cicatrization lamina under o Pbsolutely identical
changes although they remain covered on the outsidi by 'lc 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 4.s very great at the base of the cicatricial lamina and it
decreases graduatlly as we go up so that it may very often be entirely
absent in the cclls in its upper portion which from that point onward are
specialized only by virtue of the existence of the suberous film.

Because of the double impregnation of their cell membranes by lignin
and suberin we calld 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. M,lisch (loc. cit., page 177).

The process of cicatrization in the leaf bundles is the same as in
the cortical parenchyma; nevertheless, ligno-suberization reaches them
only at the very last; it is, moreover, more intensive here and the lower
limit of 'Ae modified tissue here defends a little lower, forming a slight
curve toward the stem (I used dotted line 11, in Figure 1, in indicating
the lower limit of this c~catrization lamina). All of the bundle elements,
except the vessela and the 3iev(-like tubes which I talked about earlier,
thus lignify their walls (scl. ý3ure 6) and are then covered by a suberous
film (sub, Figure 6). The thalli, situated on the level of the cicatriza-
tion lamina, are modified like the parenchyma of the bundle of which they
are nothing more t'ar an appendage (dependents) (th, Figure 6).

After the fell of the leaves and before their ligno-suberization,
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these thalli often manage to dislocate the vessels in the region in which
the cicatricial [scar] stratum forms; they do this by %irtue 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 defoliation, 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-
s.tance is 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
t'emselves, they never contain this substance. 7.ater on we will study
tHis blocking substance in detail as we 5;o into the following type where
it is found in great abundance.

In some of the vessels, the walls do not change at all. At the
level 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 tfe case of Aristolochia Sipho nor It1 the other species studied later
on did I ever discover the presence of thalli indicated by Mr. Van Tieghem
and My. Guignard (loc. cit., page 312).

Within the cicatrization stratum we have elements other than the
sieve-like tubes and the vessels in which the i.nternal suberous film is
also atsent; these are the rare macled zells which are quite scattered.
(Could not the absence of the suberous covering film, inside the vessels,
the sive-like tubes, and the crystal-bearing cells be due to the fact
that these elemn,.nts are dead at the moment of differentiation of the
cicatricial scratum? The lignin which impregnates the wall of the
sieve-like tubes aad of the crystal-bearing cells would here appear to
have been deposited hy the diffusion of the one that produciid the neigh-
boring celis.) Like the wall of the sieve-like tubes, their wall is
more or less lignified rs is the thin envelope which suriounds thecrystal and the few points connecting it to the wall (cr, Figure 5).

In general, the cicatrization which we have just indicated is the
only one which one can observe dur'ng the first year (we count the years
between two successive repettions or recoveries of vegetation). The
iOajority of the pu!vini thus have nothing more than a ligno-suberous
lamina to protect them through the winter.

Sometim'e3, however, some pulvini, generally those at the bese of
the growth, co-iplete the preceding cicatrization with the establishment --

bc.low 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 c'L'is of thp puivinus
which are in direct contact with the ligno-suberous lamina and by the sub-
divisions 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, the generating zone is established at the expense
of their living elements. The sieve-like tubes are never partit!c~ad; they
are first of all crushed by the cells of the generating zone; then they are
broken due to the growth of the cork 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 crushei 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
ornamentations, are more or less dispersed. The thalli then become closely
intertwined with the neighboring generating 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 che neighboring cells which grow faster than they
do (c, Figure 7). It may also happen -- although this is quite rare --
that some thalli on that level do not participate in the formation of the
cork ind the continuity of the latter is then established, across the
vessel containing them, in the same fashion as across the secondary vessels.

The cicatriclal cork, like the lower limit of thp iigno-subeious
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 this special feature later on.

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

Although it appears from the Ist year onward, the cork only becomes
thicker during the second year; in the many cases 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, below the first cicatri-
zation lamina. The formation of its generating zone also begins in the
oxillary 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 •r' is ccmpleted
at the end of the 2nd year (lie, Figure 8) and its thickiev is then,
on the average, 10-12 layers of cells. It ends against th'. 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 Plwoys use the
term "periderm" to designate particularly the cork of the stem, using the
term "cork" as such for the secondary cicatricial suberous tissuO) which
appeared only later and at the expense of the sibepidermai layc.s (Douliot,
H., "Research on the Periderm," Ann. des So. nit. Bot., 7th series,
Vol X, page 232), it is frequently in the epiderm itself that it developes
in the vicinity surrounding the pulvinus.

Earlier I 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 reLzistant.

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 is 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 bundles, 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 all of the cases in which I observed this inflection in the cica-
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 heredescended 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 c~catricial cork in certain cases curves downward: not being
able to grow across the ligno-suberous tissue, which Is a dead tissue,
it murt go around the deviations in its lower surface.

In the case of Aristolochia Sipho it might also happen -- although
of course 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 ! have given Lhe name "revival of cicatriza-
tion" (Tison, A., "On the Fall of Leaves and the Cicatrization of the
Wound," C. R. de l'Acad. des Sc., 19 June 1899).

2nd Type. Amorpha fruticosa L.

On its inside face and very near its point of insertion, between its
two short and sharp 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 A, istolochla Sipho, the cortical parenchyma - at
the base of the leaf -- is made up of cells that are a little smiller than
the cells of the rest of the petiole and those of the cortical parenchyma
in the stem. The circle formed by the leaf bundles becomes slightly flat
above the insertion of the petiole, at the point where 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 (Is, Figure 9), ieceomes 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 here
and they are cellulosic, like the rest of the tissue.

To avoid any future repetitions, we might say, as of this point, that
the absence of the hard 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 ere 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); becau£' of the growing thickness of the cortical
parenchyma in this region, it is thus slightly removed from the surface of
the pulvinus as it approaches i:s end.
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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 (cs, Figure 9). On the inside, it corresponds to the base
of the moving swelling of the petiole; it cuts the bundles in the vicinity
of the plant where they are :-eurited 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
S.pho. 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 Amorpha fruticosa includes two
or three superposed layers, within which there is no further subdivision
(partitioning). In these cells, the prot3plasm is very dense, even more
dense than in the rest oi the green layer.

If we examine the separating stratum at various times closer and
closer to the fall 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 a thin surface stratum on either side of it (ci, Figure
11); the cells on this level are also separ3ted 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 fronm
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
n-3merous; 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 ý,ave just indicated, the
cells of the separating stratum are inflated and grow rapidly in a longi-
tudinal direction toward their free ends. 'Ktween their thin walls, around
their base of attachment, we. can then see terminate, in a spongy 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 the 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. SiLnce the leaf no longer has an:y connection with the pulvinus, it
falls as a result of itn own weight. As in the case of Aristolochia 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.

7n growing across the bundles, the separating stratum is formed at
the expense 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 or the separating stratum, they are not
detached and appear to dissolve completely.

I conducted sorie investigations on the histological changes which
accompany the inflzt'lon (swelling) and partial dissolution of the membranes
in thi! separating ,;:ratum. At the beginning of the swelling, the walls
more energetically fix the acid coloring substances (Congo red, etc.) and
they fix the basic coloring substances (naphthylene blue, safranin, etc.)
less energetica]l) than those of the parenchymatous tissues nearby. (This
Evem5 to indicr:te that the dissolution does not occur under the influence
of the acid environment, as indicated by Mr. Wiesner, loc. cit., page 506.)
This contrast in coloration is also further accentuated as the cell walls
swell more ind b~come more and more mucilaginous. At the moment the partial
dissolutio-i of the walls begins, the portions, which are going to be dis-
sol~ed, olily verl weakly fix the basic coloring substances; it is above
all in the middle region that this fixation persists longest; besides,
ruthenium red, cmong these coloring substances, is the one which gives the
mos: intensive coloration although it might still be very weak. At the
rnoment of this dissolution, the acid coloring agents are still strongly
staining the walls of the separating stratum although to a lesser degree
than at the beginning of their inflation. lodochloride of zinc and iodine-
containing phoý.phoric acid produce almost no action at all here.

These virious 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
Soo. bot. de France, Vol 41, page XL), we see that the mucilage in the
separating strAtum is mixed, that is to say, pecto-celJulosic, 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 envelop the protoplasm after detachment, in my opinion
did not seen 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. Mdlisch reported the pres-
ence of gum ferment in a larger quantity in the cells of the separating
strata than in the other cells of the puivinus. 'n establishing this pres-
ence, the author used the Wiesner reaction. Here is the method involved:
the sections are placed in a drop of 4% orcin solution under the cover glass;
on the latter, we put zoncentrated hydrochloric acid; the preparation is
then heated near the boiling point. Under these conditions, the content of
LLe 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 .)rder of appearance
of the leaves, that is to say, from the base to the top of the particular
shoots.

The fresh leaf scar has a clear-green color; it has the shape of a
triangle, quite rounded off at the points and slightly cord-shaped on the
inside face (ci, Figure 13). At its surface we can observe either one
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 color 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 pulvinlis and decends very
obliquely downward (ss, Figure 14).

The ligno-subeous change in the elements oý the pulv'nus generally
starts around its circumference; it then piogresses from the base of the
lamina 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 to 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 6imini.shes rather gradually, on the
other hand, as we go upward and, at a certain distance from the surface of
the scar, all we have is the 1ignification, Above the region thus altered
we have a rather toick stratum of sacrificed parenchyma (ce, Figure 14).
Tn 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 subcrous cover of the cells varies little throughout
the entire thickness of the stratum.

The cells of the cicatrization lamina very often are filled, espe-
cially, at the base, with brown, gunmy or resinous substances, similar to
thoE2 we find very often In the cells of certain corks.

As in the case of Aristolochia Sipho, the sieve-like tubes end the
vessels do not 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 (tcr, Figure 15). The fibers and the parenchyma wihh the elongated
cells in the external region of the bast behave like the parenchymatous
elements of the cicatrization lamina.

The petiole of Amorpha frutlcosa has groupIs of articulated lactiferous
organs in the bast of the bundles and in the vicinity of their trachea.
These lactiferous organs are broken off at the level of the separating
stratum and their content becomes solid Jn 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 leaf falls; I might oow add that the thalli do not f.,rm ifter the
leaf falls, either. The vessels are blocked only by the deposit, ir their
cavity of a substance called "wound 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 in the case of Amorpha, all the
way into the vessels of the bast-ligneous system of the stem. (In Figur4
14, line lg represents the average lower 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 16); at
other times it completely obstructs their inside diameter (opening) (VI);
and then again it might only fill 't up rather incompletely (V2 ). On the
other hand, it can be found either in the amorphous state (iga) 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
watch the same substance can be differentiated; I believe that one of these
forms is not a delayed modification of the other 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 ics Physiologi-
cal Significance," Berichte der deut. Bot. Cesellsch., Val II, pago 321) and
Mr. Mblisch ("On the Thalli and Some Observations on the Healing of Scars
in Plants," Sitz. d. K. Akad. d. Wissench. zu Wien, Vol 97, page 264), as
well as Prael ("Comparative Investigations on Heart Wood Formations,"
Pringsheim's Jahrbicher, 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 deposit is completed at the moment tie liFio-suberization of the
other elements of the bundles starts.

Mr. Frank and, above all, Mr. Temme pointed out that this kind of
gum differed from the ozhers in that it did nit swell up in water, that it
was insoluble in cold water, boiling water, ether, potassium, aqua regiz;
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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
that boiling nitric acid would dissolve it. Mr. Mdlisch 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.

i was able to reproduce most of these reactions and check on their
accuracy. In addition, I found that this substance behaved in all points
like the lignified membranes iot only toward the reagents pertaining to
vanillin but also toward all -f the other reagents of lignin. The iodine-
containing reagents, the ammoniacal cl oring 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 dissolve 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 1o find that the digestion of the
sections, ir a mixture of hydrochloric acid aTnd potassium chlorate, within
about one quarter of an hour removes the vznillin from the pseudo-gum as
well as that of the lignified tissues; however, neither in the case of
Amcrpha fruticosa nor in the other plants which I studied did I ever observe
the great solubility of the rest of this substance in alcohol, 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 an 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 from the gum and the lignified tissues.

On the other 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, zolors of aniline, etc.)
do stain it in the same fashion and roughly with the same lrtensity as before,
just like the lignified membranes,

Mi. Mblisch (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 it in a portion of the
vanillin of the vascular walli wthich moves on into this substance. Now,
it is easy to figure out that the intensity of coloration created by the
coloring substances of vanillin in the walls of the vessels ccntalning
this pseudo-gum, is the same before and after Its formation. Besides, 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 parenchyma; it was, however, not
contained, in this case, in the neighboring lignilfied 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
ý;ie ordinary gums. I was :at 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-
stance, which is ordinarily diffused in the cell walls, to be able to exude
and become deposited outside of them, in the cell co.4ties.

In sum•nary, I think that the term "wound gum," which is commonly
used to refer to this blocking substance down to 6,i1 s very day, is a father
unfortunately chosen term; it would appear to be i-iadequate not only because
it has no relationship at all with gum, except fo: i-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 largc 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 out 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
p3renchyma, 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
subs t ance.

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

The crystal-bearir-g cells are numcrous in the leaf pulvinus of
Anorpha. The crystals of oxalate of calcium, which they contain, are sur-
rcunded by a thin cellulose wall and partly enveloped in a considerably
,hicker portion of the cell wall which specializes at a very early stage
by becominy, lignified (es, Figure 17); they thus remind us of those of the
leaf of Citrus vu'6aria, as described Dy Witlin (Witlin, J., "O1n the For-
mation of Calclum Oxalate Pockets," Bot. Centralb., Vol 67, 1896, page 97).
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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 envelope of
the crystal; but there is no suberous film forming here, against it, around
thL 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 laqina (pd, Figure 14) and the phellogen --
during its entire passage across the latter -- dies after becoming 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 apptar 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 abundance 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 tie firsc year, thE cicatrization which I have just described,
is the only one that occurs in the leaf pulvini of Armorpha fruticosa.

As the- second year begins, we sometimes have a rather inactive f

growth (generat:ing) zone developing against the base of the original cica-
tri-1 t on lamina (following line i', Figure 19). This zone produces only
one o, two layers of cork and does not extend across the bundles; very
often It disappears even before growing across the entire pulvinus. After
thlis zone, we have another much more active generating zone which appears
at a lower level. It begins from the external base of the pulvinus and
produces a cork which turns out to constitute an incernal doubling of the
czulinary periderm (lic, Figure 19) and which progressively extends upward,
toward the axillnry angle. On its way, ti.!s cork encounters the hard bast
of the bundles and, since it cannot cut it, it., on ýhe one hand, moves up
along its outside face, gradually disarpearing, and, on the other hand, goes
around it laterally, so as to penetrate into the soft biz! without changing
direction. It thea goes across the rest of the bundles, sometini• describing
a very slight downward curve. In The axillary azgle of the pulvmnus it
disappears at the base of the dorTit bud or it continues with that of the
shoot which constitutes this bud, growing along with it.

This second cork, which alwaysdevelop and which we can consider as
the true cicatrinialb cork, then grows acrosi the pulvinus to a certain dis-
tance below the primary cicatrization stratum. The parcnchymatous region
of the pulvinus, included between the two, is then lignified sometime after
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the appearance of the scar cork, when the latter has already grown to a
certain thickness.

The continuation of the cork across the bundles occurs as in the
case of Aristolochia Sipho, except as regards the vessels which, not con-
taining any thalli, are all broken by the longitudinal extension under the
effo.-t of the growth of the cork in thickrness; the continuity of the cnrk
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; when thishappens, the transversal
growth of the base of this bud causes -- at a rather early stage ano before
the formit-ion 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 synmmetry of the pulvinus, slightly to the
side of the middle entering bundle; it then descentb 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 fruticosa,
the volume of the bundles here is scarcely reduced.

The periderm of the stem is very thick, especially at Lhe base .f
the shoots, and continues under the epiderm of thc 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 phenonena preceding the fall of the leaf are the same as in
Aristolochia Sipho. The separating stratum devwlops 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 vesse1r
at the base of the petiole: rl•czz Enalll are numerous in the vessels of the
primary wood n-1 tmhey are very rare in those cf the secondary wood which is,
by 'te way, not very well developed at that time. The only change we can
ooserve in the sieve-like tubes involves the formation of calluses.

The otte feature which distinguishes this type from the two earlier
types is the way in which the separating stratum Is wade-up here; in this
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1i'
case, it is always of secondary origin. A zone of subdivision (partitioning)*
develops to this effect in the upper portion of the pulvinus and perpendic-
ularly to the direction of the petiole; this zone is almost level except
'n the placc where the bundles grow across it; here it rises slighti; upward.
This zone forms a lamina 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 (cs, 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 direction 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 is true of the cells of the ýaulinary 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, either
above or below, and the subdivisions are prvduced in the immaediately
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 te 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 defoliation, the sub-
divisions that make-up the separating stratum begin; they appear first of
all at the base of the lower leaves of the shoots.

Several days before the fall of the leaf, there is a noticeable
longitudinal growth in the entire separating stratum; after that the dehis-
cence crack deveibns inside the latter, between its two upper layers.
P3 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).

T'ce 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 circumfer-
ence but they remain rtcached 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 separated and
their mutual pressure cause 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 rcault 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 Lhe out'l•,, of Lhc 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 as 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 sm.ll 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-suberizat~on 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 not decend below the general
level of the ligno-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, &"Igure 25); 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 surface 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
surface of the scar changes color and becomes clear-brown. This differen-
tiation is terminated before 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 axil-
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). Its 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 where 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 deposit 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 prolongation of the remaining lower part of
these bundles.

I did not observe anything like this in the earlier two cases. As
a matzer 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 make 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
clearly delimited on the side of the petiole by the separating stratum
which here occupies the upper portion and which is (differentiated here,
first of all, by its protoplasm which is denser thar that of the rest of
the meristomatic stratuim, 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 holds 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 cells 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 cells 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 one per cell.

The cell division described above begins to appear rather early
througheit 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 starch; 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 precedednor 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 is entirely made up in the
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fashion 1 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-October. 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 is 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 'amina;
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, that 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 a 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, we do find several sub-
divisions here similar to those in the meristematic stratum of 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 phenomena 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 dehis-
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 meristematlc
stratum whose cells ordinarily remain cellulosic and become more or less
flattened at the surface 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
imperialis, 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 of 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 Koetreuteria, that is to say, it is comparable to the sacrificed parenchyna.

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 in the earlier types. This
substance is rarely distributed uniformly throughiout the entire pulvinus;
it appears most often either only in the middle 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 develorl, however, in a
smaller quantity and the thalli here are more numerous.

The external cortical parenchyma of 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. Mblisch
(MSlisch, 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 cork
appears in the spring of the second year. Most often, its generating zone
grows below and against the 1st-year cicatrization straza; sometimes,
however, it grows at a certain distance from these strata. In this latter
case, the region of the pulvinus between the cork and the 1st-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 itx circumference and then
moves toward its center. It cuts the 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 at 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 Zhe 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 different 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 cicatrization 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 cells 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, and 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 and 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 sLratum !s 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
convex toward the bottom (ss, Figure 29); however, the bast-ligneous
bundles 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 histological viewpoint, is roughly homogeneous throughout its
entire extent; the lignification here has the same intensity throughout
and the thickness of the lhternal suberous film is the same in ill of its
elements.
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As in Paulownia impeitalis, 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 lea',es situated at the base of the shoots,
a little later than in the others. The protoplasm he:a iirst of all becomes
a little denser and the starch becomea more abundant. The impregnation of
the walls with lignin and suberin come3 next; it begins along the entire
circumference of the pulvinus, against the 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 lamina7 the starch disappears from the
cells as this differentiation becomes mere accentuated.

The formation of the ligno-suberous leyer 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 other modification all the way
to the end of October, which is the usual detoliation 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 defoliation 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 separ3tion, each of its cells
and, consequently, the entire stratum, grow longitudinally only about 1/5
of their original 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 deformation due to softening. At the moment the
leaf 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 Irge portion along the circumference
of the cells which are thus isolated from each other into 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 imperisl!s, the cells of the
two dehiscence surfaces grow very little longitudinally and in the opposite
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 if 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 same
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 some is true of the thalli; only some of their paren-
chymatous elements, 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 ib
completed during the second year with the establishment of a cork in immedi-
ate contact with the Ist-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 s-cond year it is rather thin and consists of
only three or four layers of cells.

6th Type. Xorus nigra L.

In Xorus 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 symmetry 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 i:icreases 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 aze more or less elongated 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 (as, 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-bearlng cells, regardless of whether or
not they are Inside the meristematic tissue, the separating stratum, the
cicatrization stratti, 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 borders; it is also very clearly
outlined alora 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 but 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 bundles 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 le,,el 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 arrarg0zment, which exists on the
adult leaf, has nothing to do with the fall of the leaf (Figure 33). 1
found the same feature in this middle bundle in the case of Norus alba,
Broussonetia papyrifera, Ficus carica, and Celtis occidentalis (Figure 60).)

Nevertheless, ligno-suberization may, even before defoliation, have
reached those of these elements which are closest to the cortical pareachyma.
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, .7) but this lignification affects only one or two layers of ce;is.

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 undergone any of the histo-
logical changes observed in the rest o. this protoplasm. The protoplasm
is a little thicker in its external region 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, cc); one original
cell of this latter layer may, after subdivision, become at the same time
involved in the constitution of the ligno-suberous lamina through its lower
daughtet cells, in that of the separating stratum through its middle daughter
cells, and often even in that of the lignified, subcicatricial stratum
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through its upper daughter cells.

This is the situation at the base of the petiole a few days before
defoliation.

The differertiation of the ligno-suberous lamina begins abe•-t one
month before the leaf falls, around mid-September. The portion of ',e pul-

vinus which becomes involved in its composition proves to be abundantly

provided with starch. The subdivisions appear here throughout the entire
thickness of the strata Pt the same time but they are from the very beginning
more nctive in its upper portion. Around mid-October, when all mf the new
partitions have been formed, the ligno-suberization begins to develop. It
starts in the uppar portion of the lamina and, at the same Lime, in the
vicinity of the epiderin, against the bundles and in contact with numerous
laticiferour c•rgans which traverse this region; from these different points
it rapidly covers the entire thicknes: of the meristematic stratum. At th!1
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 cell

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 thc immediate contact of the
ligno-suberous cicatrization stratum. Throughout its entire sarface we
can observe small points which loo: like a whitish dust and which are due
to a little bit of dried latex coming from the brokenilaticiferous organs;
we wil! come back to these laticiferous organs later on.

The cells of the separating stratum, which have remained attached
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 mu.h and extends laterally
in the form c two little pouches which gradually disappear toward the middle
of the outline of the stem.

After defoliation, the constitution of the ligno-suberouscicatrization
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lamina only undergoes the few changes described in this paragraph until
winter comes. In the wooO 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, consistiug of sieve-
like tubes especially on this level, we have a few parenchymatous elements
which are likewise ligno-suberized but this cicatrization is quite incom-
plete and most of the Aiscue therefore continues to have cellulose walls.

During the second year, cicatrization is completed with the develop-
ment of a cork below the ligno-suherous strata and in contact with them
[at the point where they arein contact]. 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 of Lne caulinary pern-
derm that develop 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
often become involved in the composition of this latter zonE.

Tn most of the pul1ini, the cork .- aerating zone also produces some
phelloderm toward the interior (ph, Figure 36). The latter is composed of
the parenchymatous -,ells azranged in radial files at angles which most often
are quite rounded; (this phelloderm appears as I diew it (Figure 77) for
Fraxinus Ornus); it is very thick in the center of the pulvirus and particu-
larly across the bundles wheze it consists of 5-7 cell layers; its thickness
'iminisnes from the center roward the surface, near which it ceases to exist.

The devclopment of this phelloderm increnses the spacing between the portion
of the bundles includi-.• f'-e base of the pulvinus and that which is com-
prired in the first cl-Rtrization lamina, although both cf them continue as
a prolongation of each other.

We noted 4arlier that the phelloderm, situated below the scar cork,
is more or less developed, depending on whether the ligno-suberous cica-
trization extends more or less deeply into the bundles during the first
year, t' is to say, depending on whether it forces the scar cork g2ner-
ating zo.. to bend Trore or less downward, toward the stem. Thus we see
that -- while this cl atriz.tion occurs at the same level as in the ccrtical
parenchyma and while, •,)nsequently, the cork grows directly across the
bundles -- there is no ohellide'rn forming below it [the cortical parenchyma].

When an axil.ary bud developo and gives rise to a ;hoot during the
second year, the subjacert leaf scar splits rather early and quite regularly
into two parts through a very deep longitudinal opening. The scar cork
then grows below the wound produced by this new injury and plunges more
deeply Into the tiisues )f the pul.Anus, thus forming a bay in which a
thick phelioderm always develops.
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Cicatrization of 1,aticiferous nrpans

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

Let us look at some longitudir.al sections of the base of the petiole
a few days before defoliation; these sections were so made that the milk-
bearing organs 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-
tein thus cleaned then reveals quite clearly two partitions which close them
off hermetically (ell, c12, Figure 37), one of them above the separating
stratum, in the petiole, and the other below it, in the pialvinus. 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 iLticii'erou- organ but they gradually increase in thickness until the
top of their convex area.

In response to reagents, they behave like the walls of the latici-
ferous orgnnz itself, The cellulose coloring substances are fixed on them
and a little more 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 cc'oring 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 kind 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 l2aticiferous organs generally situated in
the vicihity of the underside of the ligno-subercus stratum, either below
or sometimes a little above (cl2, Figure 37); very rarely it appears in
the vicinity of the separating stratum; in these latter two cases, however,
although sitaited in the middle of a ligno-suberous tissue, it remains
pecLo-cellulosic 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
ret ole, above the surface of leaf separation -- iR, ot, the other hand,
generally placed quize far i.rom this surface t.at a distance which is con-
siderably greater than shown in Figure 37, cll, sometimes 7-8 tires 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 instend of
one, above the separating stratum; the upper one only had a thin wall.

The occlusion of the laticiferous organs always causes the entire
system to be hermetically closed on both sides of the dehiscence surface.
If a latJciferous 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 throu,'h as many partitions as
there are branches (cl, Figure 34).

What we have said so far in connection 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, w'hich 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 anc 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.

Ii 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 words,
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 stein. A little later, the flow of
latex stops completely on that side whereas it is 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 in the
base of the leaf.

If we examine the longitudinal sections of the 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 remaiaed 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-
tion of these stoppers, we can observe the development of the finger-shaped
partitions which constitute the final occlusion of the milk-bearlng organs.
I was not 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, hoivever, do the reactions of these
masses in any way recall the reactions of the membranes which, as I said
before, are entirely pecto-cellulosic; moreover, these masses are sometimes
formed at a 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, 7,e have a kind
of concretion of the latex, forming two plugs, one above and the other
below the Oeparating 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 laticiferoup organ is probably explained much more accu-
rately by the pressure which the iatex 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 toward 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 partition, even though we may have a constriction and rupture
due to the cork generating zone. in this case, I might add, these phenom-
ena are not preceded, as we might expect, by the formation of a ntw 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 Tvye, Aesculus Hippocastanum L.
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As in the case of Diospyros virginiana and Morus nigra, we still
have a cicatrization Atratum in Aesculus Hippocastanum; this cicatrization
stratum is leftover fbm 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 ftlls, 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 tris 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, .iiich 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 (8s,
Figure 41).

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

Between this cicatrization stratum and the separating stratum, we
have a iamina of sacrificed parenchyma which does not undergo any change
(ca, Figure 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 oi two 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. However, these leaf bundles
are partly cicatrized 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 of 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 pqrtly 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 thL apperrance 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 thicknebq
in the vicinity of the cortical parenchyma. 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 cicatrization lamina reaches its ulti-
mate thickness but it alwayu leaves the bundles intact and It does not yet
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make contact with the periderm of the stem. The situation 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; now only thzn 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 oldest leaves which fall first. The fresh scar has a bright 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 1st-year cicatrization of the bundles occurs in all cases, after
the leaf falls, through the ligno-suberlxation of all of their parenchymatous
elements at the level of the cicatrization lamina; this modification extends
more or less deeply, depending on whether it occurs sooner or later. The
guny lignin is rare in the vessels; as we saw earlier, these vessels are
already almost completely plugged by the thalli befor.! the leaf falls.

In general, the ligno-suberlZiaLion oL Litt :I ILw',, ol the hittI.,,1t
is the only cicatrization which occurs here at the end of the firsL ycar.
So'1' 'cs, however, bcforc winter co-tcs i-'1 zt thc 'ase of the sloots,

Sthis c lar:jtior is c0t 'h.ec a~~ :e
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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-11oneous 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 is 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 generatiag zone thus grows across the bundles before winter
it never produces more than two or three layers of cork whose elements
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
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 bas" 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
parLitioned tratZversally once or twice at the level of the cicatrization
lamina and t-"ey are ligno-suberized like the parenchyma. During the for-
mation of the cork across the bundles, these milk-bearing organs may some-
times be crushed but nost often they subdivide at 'he level of thu generating
zone and they participate :! its compositicn. (Figure 78, which I do to
illustrate the laticiferous orbqns of Acer campebtre, also shows what goes
on in the case of Aesculus.)

9th lype. Forsythia suspensa Vahl.

In Forsythia auspensa we find a ricstrization which is even more com-
plex than in Aesculus; this cicatrization is foun.di at the moment the leaf
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 cortical 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
region, it is connected similarly with the superficial periderm although
this time it curves strongly upward (l1c, Figure 44).

The double cicatrization stratum is interrupted by the foliar bast-
ligneous system in the same way as 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 cicatrization strata is entirely
formed of unpartitioned primary tissue (ss, Figure 45). Here the lignifi-
cation is very homogeneous throughout its entire thickness and the internal
suberous film of the cells here is a little thicker than in the preceding
case.

The separating stratum 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 o.ly two or three cell layers (cs, Figure 45).
Sligh:ly 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 and 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.

rhe cicatrization stratum begins to differentiate at the Leginning
of September. The ligno-suberous portion appears first. The histological
modification of the cells in this portion, followed by the disappearance
of their content, begins almost at the same time, against the external
and lateral surface of the pulvinus and, in the Ititernal cortical paren-
chyma, against the bundles. From these two regions it advance: at thi
same time toward the bundles and the inner side of the pulvinus. Soot:
the ligno-suberous lamina Is completely differentiated throughout the
entire extent of the petiole. Only then does the secondary cork generating
zone develop below and against it. Thus the ligno-subercu% 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 internal
periderm. It includes 4-6 layers of cells before defoliation; its gener-
atirg zone ceases to function at that time; its cells are flat, 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 detachc.. 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 P'ospyros
virginlana, 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 mcný
tioned, there is still almost no growth on the part of the two stparated
layers in the opposite direction.

At the moment of 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 leave 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 fror.i the scar and descend up to a certain distance
below it, along the internode.

After the leaf falls, the only changes that occur on the level 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 belcw the double
cicatrization stratum. No thalli develop in the vessels but the latter
are entirely plugged up by the gunmy 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 accentuated curve toward the stem. Its
thickness, at the end of the second year, is considerable in this region
of the curve, even more 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 tbe portions removed from the bundles (the
distant porrlon& of the bundles' ore in the same prolongation.

Sometimes the periderm of the stem transforms its last layer into
sclerites, toward the *Ad of the second year; in this case, that [,,he layer]
of the scar cork is always modified in the same fashion.

When a bud develops above a scar, the latter sometimes is not
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altered; more often, however, the growth of the base of the bud forces
the scar to split. The rupture occurs very regularly along two small
lateral crick3 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 Type. 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 li1no-suberous portion is of meristematic origin.

The partitions [subdivisions] (ss, Figure 49) are very numerous in
this part of the scar stratum and they are very similar to those which we
mentioned in connuction with Paulownia imperialis and Morus nigra; however,
they are here less abundant toward che 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 transversal fashion, especially in the elongated cells of the
external region of the cortical parenchyma; thus we have a rather imper-
ceptible transition from the upper portion, in which the partitions are
irregular, to the lower co'-k, where all of the partitions are transversal
(lic, Figure 49\ t.*_u. Lre 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 -crpendicular to the direction of the petiole; this coou'le lamina
th•w foi.,s a •ed~e along the dorsal side of the pulvinus.

The thickness of each of the two cicatrization strata diminishes
as we go from the outside toward the Inside. The diminution of the cork
very oftcn reduces the latter, in the vicinity of the inside corner of
the petiole and the stem, to a single layer of cells; sometimes it even
causes it to disappear a short diutance from that iegion (lie, Figure 48).

Bctween 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 sevracl meristematic re-subdivisions and
which, consisting of two or three layers in the external region of the
)Cio'&C, diminishes in thickness as it approaches the leaf bundles; in
the end, it is completely absent in the Internal cortical parenchyma where
the separating stratum is in direct contact with tne cicatrizatlon lamina
(ca, Figure 48).
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L The separating stratum itself loses thickness from the outside
toward the inside of the palvinus. In this latter region, it is reduced to
two or even one 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 gunuy lignin inside
them at the level of the cicatrization strata and even higher up in the
petiole. Finally, almost always, a large portion of che bast-ligneous
bundles has already been invaded by the ligno-suberization but they are
never touched by the scar cork before defoliation.

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 liglko-suberou:; part appear, around
the middle of August, almost at the same time throughout the entire width
of the pulvinus and especially at the base of the lamina. As 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 happens in
the case of Forsythia suspensa, the secondary suberous portion of the double
cicatrization lamirta 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 3t that moment it still leaves the bundles intact.

Generally defoliation does not occur until the end of October.
Sometime before that period, the thalii 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
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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 protoplzsm, 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 si:berous film which covers not only the inside surface of the cell
wall but also the thin enveloping membrane of the macle and the points
which connect this membrane to the walls of the crystal-bearing cell
(ev, Figure 50).

After the Jeaf falls, the leaf scai reveals three fascicular navels
in relief. The ligno-suberization of the parenchymatous elements of the
bund1.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 gunmmy 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 4 ,

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, with one difference, however: the
cork here is not as thick across the bast-ligneous tissues and, since the
general direction of L.S cork is oblique to that of the bundles, their
portion on the-inside of the ligno-suberous lamina does not constitute a
prolongation 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 sumimer and, consequently,
quite sometime before the leaf falls, we notice the followin6 arrangement.
Instead of being superficial, as in the earlier cases, and instead 3f con-
stituting, at the base of the petiole, a single wide openiig 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
irregular. As a matter of fact, this surface is quite noticeably trans-
versal in the internal cortical parenchyma where es 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 as eight subdivisions and sometl-es even more
(cs, Figure 53). Below it, in the pulvinus, we also have a cell 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 aswegofrom theseparating 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 1arenchyma 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 or 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, I 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
suoerficial 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, qs
in the latter organ, it sacrifices the entire cortical parenchyma and pro-
Lects only the central cylinder through the periderm or, at least, the
bundles which are its extension. This is ,-hy only the latter are effec-
tively cicatrized during the 2nd year.

11th Type. Hamamelis virginiana L.

In all of the preceding types we were concerned only with the means
of cicatrization which 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
phenomenon I called the "revival of cicatrization" (Tison, A., "On the Fall
of Leaves and the Cicatrization of the Wound,"' C. R. de l'Acad. d. Sc.,
19 June 1899). I will also show that it is a good idea to tie the case
of the marcescent leaves in 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 rarely 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 Koelreuteria, 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).
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During the first year, the cicatrization of the tissues of the pul-
vinus completely recalls that of Koelreuteria; it forms a lamina which is

Sasimilarly 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
which characterize this particular type.

Revival of Cicatrization

Toward the end of February, in the case of some of the leaf 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-suberous
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
develops, not in contact with the ligno-suberous lamina, but a little
below, leaving a thin lamina of parenchymna 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 cxillary
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 auticle.

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 causeý 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 kinos of small
valves which are raised in the manner of a lid above the leaf pulvini and
which are retained only by their internal portion. A slight pressure
should immediately cause them to fall.

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 desiccition, 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 oflthe 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 of all, through the differentiation of
a ligno-suberous stratum composed of two or three 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 applies 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
(csl, Figure 58).

Sooner or later, as the bad-weather season saps the vitality of these
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leaves, -.- :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 the base if the marcescent leaves 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 in 1tv upper portion (ss, Figure 58). However,
it is not as thick and it becomes cthinner, the later the 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 retiole becomeF stained (in the sections, this stained portion of the
petiole resumes its normal volume in contact with water) up to the level
of the cicatrization stiatum whose nature, partly ligneous, prevents any
deformation.

Then, at the beginning of the second year, at the time when the
new separating stratum is developed in the pulvini of the deciduous leaves,
causing the revival of cicatrization, there is a similar stratum forming
at the same level (cs 2 , Figure 58). This separating stratum, in the same
section, includes the cicatrization lamina and the dead leaf. The fall
of this leaf occurs much more regularly and much sooner than the revival
of cicatrization in the pulvini of the deciduous leaves; this period
usually comes In the beginning of April. The mechanism of the separating
stratum is, in effect, aided 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 virginians really
differ from the deciduous leaves of the same species only by tLe 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.solutior 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 again encountered in the internal region of the pulvinus
of Alnus flutinosa, where the separating stratum often is composed only of
a single Layer.

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 always 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-su.4rous lamina and the separatin; 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 acroas 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 :ie three first types (Aristolochia Sipho, Amorpha fruticosa, and
Koelreuteria paniculata), there is no 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 the 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 of Mcrus nigra; particularly
by a cork of secondary origin in the case of Aesculut Hippocastanum: by a
ligno-suberous stratum of primary origin, reinforced [doubled] by a cork
layer in Forsythia suspense; finally, by a meristematic ligno-suberous
stratum, doubled by a cork layer, in Alnus glutinosa, which is the most
complex type.

The feature that characterizes the type Spirae. opulifolia, is --
as a result of thea deep location of the periderm in the stem and in the
pulvihius -- the scar cork which develops only across the bast-!igneous
bundles.
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As ior the type Hamamelis virginiana, I might say that- I included
it particularly for two reasons: (1) because it shows, during the second
year, the coppice Phoot [rejection] of the first scar strata by a procedure
which I described with tCie term "revival of cicatrization"; (2) because it
has "marcescent leaves." The persistence of the latter, during the winter,
results from the incomplete development or the complete absence of the
ordinary separating stratum; they fall during the spring of the second
year as a result of the revival uf cicatrization.
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Chapter II. Species Related to Type Amorpha fruticosa

(I want to study the species related to this second type At tOil
point because T was unable to find the features, which characterize the
separating stratum of Aristolochia Sipho, in any othei plant; in o:her

words, this is the only place where I was 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 layer. The ligneous plants, 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 demon-
strate these events in Rhus Cotinus. We will see, furthermore, as we con-
tinue with our work here, that we also have separations of rnarccscent leares
and revivals of cicatrization due to similar processes.)

We recall that, in this type, the separating stratum is of primary
origin and that it consists of two or three layers between which the separa-
tion takes place after the dissolution of the mididle 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 %ear, a primary ligno-suberous
stratum is formed; after that a secondary subjacenc cork is formed during
the second year.

Here is a list of species related to this type: Benzoin odoriferuin,
Planera Aichardi, Hippophae rhamnoides, Coronilla Emerus, Crataegus monogyna,
Pyrus conuiunis, Mespilus german!ca, Castanes vulgaris.

Benzoin odoriferum Nees d"es.

benzoin odoriferum differs from Amorpha in that the cicatrization of
the vessels here is accomplished almost entirely by Lhj 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 thalli not only become thicker but they are &aso heavily lignified;
they reveal numerous bordered pits corresponding to the ornamentations of
the vessels which contain them. The save is true of their generating cells.

The primary scar stratum is not as homogeneous at i- the case of
Amorpha; it ii Ilgnified only in its upper half and it is ligno-suberous
only in the oLher part; besides, this ligno-suberisatiot% 1ere does ,ot
occ:ur in all cells; sine of tCio, here and there, are only lignified.

The secondary cork is developed here An contact with the preceditig
tissue and it growe across the bundles by the &am process at in Aristo-
lochia Sipho. it is v~ry thick and, a* in the periderm of the stem with
which it toný,nta, the cells of i,s layer which is closest to the generating
zone have A very accantuated suberous thickening in their outs:4v wvll.
The phelloderm corresponding to this cork is not as thick as that 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 undergo

any other modification at the level of the scar strata.

Hippephae rhampoldes 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 axticulation 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 peti!le is barely noticeable on the leaf bundles.
The periderm of the stem, which is very thick, disappears abruptly at the
level of this articulation (joint).

The separating stratum (cs, Figire 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 in the passage of the bundles. Otherwise its con-
stitution and its function are the same as in Amorpha fruticosa.

The lignification qf 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 higher 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 and, 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 oily 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 Jacq.

The petiole 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; but it is concave toward the pulvinus, at
the level of the bundles, and concave toward the petiole, in the cortical
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parenchyma. Some of its cells sometimes reveal a transversal partition
but this is very rare and almost the entire stratum is made up like the
one of the Amorpha type which is of primary origin.

Except for these few modifications and the les*-er thickness of the
lignifled subeicatricial 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
guwqy 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 the secondary vessels.

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

The crystal-bearing coils are abundant at the base of the leave;
at the level of the cicatriý. ion strata, some of them lignify only their
walls but most of them uidergo ligno-suberous differentiation, like the
other cell of the parenchyma; f:ae internal suberous film here reveals the
arrangement which I described and ý1lustrated for Alnus glutinosa (sub,
Figure 50).

Coronilla Emerus L.

The petiole o" Coronilla E.nerus reveals a joint like that of Hippophae
rhar.rodes. The separating stratum developes likewise at the expense of
the cells in thi3 joint but on the level of its most contracted portion.
Similarly, the ligne-suberous stratum, which is not at all thick, Is in
direct contact with the separating stratum.

The scar cork iegins 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.

Planera Richardi Michx

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

The variations of the normal type, il the base of the petlole, ore
the same as in Hippophae.
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The crystal-bearing cells, which are very numerous in the cortical
parenchyma of the stem and of the petiole, are almost entirely absent at
the level of the erticulation of the latter; those which are inside the
clc•atrtzaticn stratum only lignify their walls.

Pyrus conv'unis L.

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 appears below the ligno-suberous stratum, in the pulvini of the base
of the shoots, already during the first year, after the leaf has fallen;
it then connacts with the periderm of the pulvinus along its entire circum-
ference and sometim.es 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 this fact, differ from the cells of the periderm of the stem which
have stropg suberous thickenings on their outside walls. During the second
year its generating zone begins 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 k'orpha fruticosa; however, as
in the case of the preceding Pyrus, a thin cork often developes here before
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 year; 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 aad a hard thickening with pits on the other
half. The suberous thickeninp here also increases in size in the vicinity
of the generating zone whereas the hard thickening continues to lose thickness.

In transversal sectien, :he lcngitudinal 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 so-netimes begins befo-e ýhe le.f .ails. 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 region of t'.- 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 consLitute 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 fal]cn, as in
the case of Amrorpha.

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
melanocaria.

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
they 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 developed 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 spotte&,,so that the cell cavities in
this tissue are extremely reduced in size ar 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 cic3trization 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 lignificatlon 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.

Faliurus aculer'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 inv)1ves 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, pushiTg its wall before it; however, at the time of defoliation,
this doubling process does not occur although the mucilaginuis transforma-
tion of the walls occurs below the gland, as elsewhere; the c.ntinuity 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 paniculata; 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 weristematic action involves not only the separating
stratum but also a more or less considerable thickness of the pulvinus
below this f.tratum.

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

Tilsa 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 situated 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 litgnified 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 similir 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 euiderm; in the dorsal and lateral
part of the pulvinus it curves slighty downward due to the subdivision
of the epiderm itself. Later on, the periderm of the stem, which will
form in the subepidermal layer (*), will connect 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 bi Sanio (according to Douliot, "Research on the Periderm,"
Ann. d. Sc. nat. Bot., 7th series, Vol X, 1889, page 33i). 1 was able
to reassure myself that although, in the majority of cases, this perioerm
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 rai, in the portion of the
pulvinus where all of the transformations, which T 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 ineristematic
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 gurmriy
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 cells 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 trons-
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 parti-
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 tie same

fashion as in Morus nigra.

Evonymus latifolius Scop.

In this species the meristematic region is not at all thick below
the separating stratum; ordinarily it involves only three oi four cell
layers. Besides, E. latifolius is very much like the type Morus nigra in
the sense that, although the ligno-suberous cicatrization is not, as in
the former, ccinplete 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 #dJoining the sparsting
stratum. The first-year cicatrization is completed after defoliation
through the extension of the ligno-suberization toward the bottom in the
primary tissue of the pulvinus.
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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 characterized at the moment the leaf falls. This lamina
is entirely formed at the expense of the primary tissue of the ptilvinus
without any prior subdivision.

Here are the species related to this type: Syringa Josik, ea, S.
persica, X~nthoxylon fraxineum, Ampelopsis hederacea, Negundo fraxinifollum,
Rhus Cotinus, Rhus Coriaria.

Syrinia 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 similarly 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 spezies 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 baae of their
petiole, such •i we would find it 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 petiole, above its point of insertion, reveals
a swelling at whose base the separating stratum is established.

The surface of the latter (cs, Figure 63) forms a circular con-
cavity in the cortical parenchyma while it rises all arond 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 vslit once
or twice in advance.

The upper limit of the ligno-suberous lamind (ss, Figure 63) is
quite noticeably parallel to the separating stratum, that is to say, it
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I.

likewise forms a circular concavity around the bundles. Its lower sur-

face is noticeably more concave because 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 is topped by a
subcicatricel lignified stratum (rs, Figure 63) consisting of three or
four cell layers.

Li the case of this Xanthoxylon, ligno-suberization appears tovard
the end of August in the region of the cortical parenchyma that is halfway
between the bundles and the edge of the pulvinus, that is 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 tisiues above it.

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

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

Ampelopsis hederaces Michx

As in the case of Diospyros virginiana, Ampalopsis does not have a
lignified region above the separating stratum. The two or three layers
which make up the latter are composed of cells that are not subdivided in
aovance,

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

Most of the vessels here are obstructed by thalli developed before
the leaf falls in tli, entire base of the petiole.

The crystal-bearing cells and the cells with the raphides, which are

very numnerous in this same region, get lignif led walls when the-y are Included
in the ligno-suberous 6tratum.
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Rhus Cotinus L.

The ligno-suberous lamina of this species differs very little from
that of Dioiptros; however, it is a little thicker in the external region of
the pulvlnus (5a, Figure 64) and, 1.. fddition, we sometimes note a few sub-
dlvisions here, all of which are foj..4 ac its base. Finally, as in the case
of Morus nigra, the suberization of this same region not only causes the
formation of the cell film but also leads to the impregnation of a oart 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 thzee layers in the external region of the pulvinus and it has only ore
layer in its internal region. In Lhls latter portion, dehiscence occurs
due to rupture of the walis in the same fashion as in Aristolochla Sipho.

"The primary cicatrization lamina forms around the beginn'ne of
September. The ligno-suberization of the elements of the parenchyma, which
are forming here, begins against the bundles and grows from there toward
the edges of the pulvinus. This differentiation, furthermore, progresses
from the base of the lamina toward its top and, a short time before the
ieCf fells, reaches almost all of the bundles.

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 .hus Cotinus we have wide secretory canals inside the bast of the
bundles (ca, Figure 64). There are three of this canals near the base of
the leaf; cna of them is located in each of the three groups of re-entering
bundles. Bef~re defoliation and at the :ime when ligno-suberization of
the scar lamina begins to appear, the epithelial 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
them penetrate only to the center; the obstruction is then completed by
the enlargement of their extremities. Many of these epithelial cells split
in advanze once or twice, parallel to the surface of the canal, before
growing; but in that case the innermost daughter cell is the only one to
show any considerable developmer' (b, Figure 65).

(This tissue, which blocks the secretory canals. at the base of
the petiole, is similar 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) it other organs and in other
plants inside similar canals. This author uses the term1 "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 level
of the ligno-suberous stratum and entinues from there above and below it.
The secretory canals are always .id up in this fashion, above the
separating stratum, in the petiv:.-, up to a slightly greater distance
than below It (th, Figure 64). Very soon, the cells, which constitute
veritable thalli, are jammed very closely together due to the reciprocal
pressure so that the entire group, especially on the level of the primarl
clcatrization lamina, assumes the appearance of a parenchymatous tissue
with polygonal cells; on the otiher hand, they usually leave more or less
wide channels between them, above and below this lamina.

Once the obstruction of 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 petiAe and
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 end 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 tht pulvinus, they
continue their secretory functior.

At the moment of defoliation, the entire filling tissue, which is
:ound above the separatir.g stratum, that is to say, its largest portion, is
carried away with the leal; the other part cicatrizes the canal.

In the passage of the secre:ory canals, the generating zone which
forms the sear cork develops due to the subdivision of the thalli (as shown
in Figure 63, lic). Sometimes, when the ligno-suberization of the latter
descends a little below the lower level oZ 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 Corlaria L.

At the base of the petiole of Rhus Coriaria, we have a swelling
insideof which we find thE axillary bud (the reader is here referred to
Figure 82 which shows a similar arrangement of the base of the petiole in
Robinia Pseudo-Acacia). In the upper leaves of the shoots, the swelling,
all 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, h'Wever,
continues to rest against the stem. In summary, the leaf, in all ca'.es, 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 LiOC bud -- we then have the separating
stratum and the cicatrization lamina.

The separating stratum reveals a concave direction downward and we
find v.ry 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-sLjerous at its base and gradually becomes only lignified an
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 thc 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 develop
first.

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

The secondary sear cork is very thick and grows across the bundles,
following the same procedure as in Aristolocnia Sipho. Sometimes, especially
in the vicinity of the surface of the pulvinus, the zone that generates
this cork dies after haviiig fu.--.hd 2 -•re or less thick stratum of cells.
Below this dead region we have a variable thickness oi: p-renchvma which
becomes ligno-suberized; this heppens most often after it has subdivld&d:
then a new generating zone is reformed below; this zone obliquely connects
the preceding scar cork to the periderr in P. 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.
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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, howeve:, 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 formr 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.
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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 fqlls; 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 Ilippocastanum.
As in the case of the latter, the generating zone of the cork crosses them
while subdividing them (L L1 , 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 laticifezous organs is histologically similar to that of the rest of
the pulvinus.
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Chapter VI. Species Related to the Type Morus nigra

In Mcrus nigra, as in the preceding type, the ligno-suberous cica-
trization stratum is already finished at the time the leaf falls but the tis-
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, YMenispernmum canadense, Chimonanthus fragans, Platanus occidentalis,
Fraxinus juglandifolia, F. Ornus, Magnolia acuminata, Catalpa bignonioides,
Juglans nigra, Celastrus soandens, Asimina trilobata, Aralia spinosa.

Morus Alba L.

Everything we have said earlier in the case of M. nigra, with respect
to the changes that occur in the base of the petiole during 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 branching milk-bearing organs in this spe-
cies is likewise the same as in M. nigra.

Sophora Japoni.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 lat-
ter is very flat and this is why the swelling covers it without growing hol-
low in the form of a cavity which would contain it in the same fashion as
in Gleditschia triacanthos (Figure 84).

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 very t~hick region; at the time the leaf falls, this
region is even thicker than the ligno-suberous lamina.

In Sophora japonica, the partitions in the pulvinus appear later than
in Morus nigra, that is, toward mid-October. Moreover, the progress of scar
differentiation is not the same here; it is first of all the layer of cells
forming the separating stratuw 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-
sation of the meristemsatic stratum.

After the leaf falls, the first cicatrisation lamina often becomes
a little thicker as a 'esult of ligno-suberis/, ion of the primary elements
of the pulvims belov 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 pariderm of
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 prominont 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 pet.
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 bud 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 fea-
ture is represented by the fact that it grows not only across the constric-
tio'i of the petiole (ss, Figure 72) but that it is extended beyond that points
into the petiole swelling, along its inside face, opposite the buds (1p, 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 (cs, 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 swelling. Above it there is
no lignification of tissues.

The arrangement just described means that, after the leaf falls, the
ligno-suberous cicatrization stratum is prolonged, opposite the lowest three
buds, by a thin lamina which covers them and which protects them during the

winter; I have called this the leaf-bud scale lamella (lp, Figure 73).
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(I used the term "leaf-bud scale" because it protects the buds dur.
ing the tinter and because it can be compared to the flakes of the same nam.
However, in using the term "lamella," I wanted to differentiate it 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 coronarius and by IR.
Mikosch, K., "Contributions to the Anatomy and Morphology of au-! Covers of
Dicotyledonous Ligneous Plants," idem, 1876, page 751) in the case of Berboris
and Robinia, which the latter author has given the name "Articulartegmente"
j oint coverg.)

Thus we see that, although the insertion of the petiole has the
shape of a horseshoe inside whicli we find the buds, the fresh scar (ci, Fig-
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 of 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 stem of Menis-
permum canadense, we have enormous sclerites with very thick walls and with
branching punctures in which the thickening and lignification of the walls
begin rather late, around July. They are rarer at the level of the cicatri-
zation stratum.

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 otherz, in which the
nucleus and the protoplasm are still quite visible, may, on the other hand,
reveal the following transformations. A few of them simply lose their con-
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 nt acquire any bordt~red pits
but they become lignified like the walls of tho 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 arj 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:ll 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 thick-
ening at the time the bubdivision or partitioning starts.

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

Let us go back now to cicatrization. During the :econd year a thick
scar cork develops below the ligno-suberous stratum; this thick scar 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 here.

In almost all cases, the zone that generates the scer cork at tie
same time produces a thick phelloderm. The cells of this phelloderm are
parenchymatous and they are strongly anmliferous; after growing longitudi-
nally, each of them may subdivide transversally once or twice; in this
fashion we can count as many as 15 layers of phelloderm in certain palvini;
these layers of phelloderm are formed either directly by the generating zone
or after the subdivision of the cells derived from this zone. In the region
furthest away from the generating zone L~n the most distant region of the
generating zone7, these cells are found further and further apart in a more
or less angular pattern; they become quite 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 tly that of
the leaf pulvinus. In this case, the phelloderm which accoxzanies it is
likewise very mich developed opposite the buds and continues that of the lea:
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 Gf the buds or at least the lowest one of them
remain dormant, the sear cork d-- not extend beyond the axilla and the
corresponding phelloderm has its iaxdrmm thickness in the center of the pul-
vinus and extends along all of ita circumference.

During the second year, the leaf-bud scale lamina,, which we earlier
saw covoring the lwest three buds, splits longitudirAlly under the influ-
ence of ".,e diametral growth of the stem or of the axdllary shoot, if it
produces one.

CL-onnthus Friirtns LiEal.
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The 11gno-suberous lamina here includes only four or five layers of
cells. In contrast to what we have in Morus nigra, the cell partitions hcro
appear first of all in the internal cortical parenchyma of the pulvinus a:d
against the bundles; they are, furthermore, less and less numerous as we go
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 five layers of coils.

Platanus Occidental-Ls L.

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

The changes which occur at the base of the petiole are the same as in
Chimonantihs fragrans. The lignification of the tissues, above the separa-
ting stratum, is, however, much 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 tho second year, grows across
the entire pulvinus; 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 deeply into the pulvinus, forming
a sleeve around it. It then looks very much like the cork we described dur-
ing the second year of Robinia hispida (lic 2 , Figure 83).

The leaf scar forms a tight pentagonal band almost completely sur-
rounding the bud; it is wider opposite the angles L cornersJ in which we
find the navels (ci, Figure 76). As in the case of Rhus Coriaria, the axil-
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 Aug-
ust, as in the care of Morus nigra; however, the ligno-suberization of the
elements of this lamina occurs 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 1 -4 not at all thick and, like the periderm
of the stem, each of its cell. (lie, Figure 77), has a thin suberous frame-
work (ou) which is reinforced (doubled) by an internal calluiosic thickening
(cel) which is likewise not very thick. Opposite it there almost always de-
velops a phellodern (ph) as in the case of Venispernim canadense; this phel-
loderm may include as var as 12-15 layers at the level of rupture of the
bundles.
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Fraxinus Ju~landifolia larmk.

In this species the cicatrization lamina is thicker than in F. Ornus;
here the partitions are, moreover, less numerous and they appear much later,
toward the end of July. Besides, 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 generates the scar
cork but it is always less thick than in the case of Fraxinus Ornuz. it
includes four or, at most, five layers of cells.

Asimina Trilobata Dan. 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 scar cork has a thick-
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 petiole - are rare at the level
of the ligno-suberous laxuina. They do not undergo any change of a cicatri-
cial nature inside this lamina; their wall remains cellulosic and their cm-
tent dries out.

Catalpa Bignonioi'des WAl.

In this Catalpa, the ligno-suberous lamina, which exists already at
the time the leaf falls, is very thick, at least with respect to the lamina
in the previously mentioned species; its size turns out to be in a direct
ratio to the great width of the insertion of the petiole. The partitions
here are still numerous in the external region of the petiole where the cells
composing it are big; they are cuch less numerous in the internal region where
the cells of the parenchya are very smill.

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

We know that the bundles are distributed, in the base of the petiole,
on the pattern of an almost complete circle; the biggest among tI.'z are lo-
cated in its external region. Around the three or five biggest bundles, the

ligno-suberous stratum, which invades them almost completely a little before

the fall of the leaf, is almost always thicker than anywhere else; besides

it rises very high in the petiole (as, Figure 80), forming one or more 4oneS
which envelop all of thes bundles together or each one of them. The spara-
ting stratum follows the upper limit of this jignomberoug laing and as a
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remsilt of this the partitions, which constitute and which are always paral-
.Lel to its direction -- in the raised region around the bundles -- turn out
to run considerably oblique and sometimes even completely longitudinal.

This prominence of the separating stratum and of the ligno-suberous
lamina around tho bundles prcduces the following situation after the leaf
falls: in the external region of the leaf scar, which is elliptical (ci,
Figure 81), we then either have a single big conical crest (em) -- seve:-M-
smaller ones which are more or less widely joined together by their baoo.
On the largest scars -_ that is to say, on those ia the middle region of the
shoots - these kinds of thorns may protrude as much as 4 mm above the sur-
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 pulvinus
(m, Figure 80), along the inside of the leaf bundles in this region. It seems,
as a matter of fact, that 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 'iAgno-suberization of the elements of the pulvinus appears in
many points at the same time, toward md.d-September. Around mid-October the
separating strat-.m differentiates and the vessels are filled with thalli.

The scar cork is not at all thick here. At the level of th6 protru-
"sions of the ligno-suberous stratum, it follows the lower boundary of this
stratum and as a result of this describes a cu'rve at whose top it cuts the
bundles.

JuFlans Nigra L.

In J. nigra, the meristematic partitions exist only in the lower por-
tion of the ligno-suberous lamina. The separating stratum is formed here at
the expense of the cells of the petiole which have not subdivided earlier.

The ligno-subirization of the cells of the pulvinus occurs toward
mid-September. The scar cork is very thick and 1inds it very difficult to
grow across the hard bast when the latter extends all the way to its differ-
entiation level.

The cr+ stal-bearing cells are extremely numerous in the entire corti-
cal parenckyma of the plant and especially in that of the pulvinus, below the
cicatrization strata. Those that aUP inside the primary scar lamina are lig-
no-4uberized like the other elmen:L of the cortical parenc1wma.

Colastrugs Soandens I.,

Hore everythr.1k•'ppons the way it happens in the can of Morus nglra
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but ve dto t ht . any subcicatricial lignified stratvs: here and the ligo.
suberizaticn of the uvizus reaches alnost all of the bandles before the
lea falls. The separatinZ strtm most often describes a slight curve don-
ward an it moves across the budles.

Ardia Soinosa L.

Between the separatin sta;un a-.d the pri•rary scar str-- •a t-U'-
a medium btratum of two to ferar layers o: saci-ificed para4..

As in some of the earlier species, the partitions in the )igno-suber-
ous lam2ina iar ora immerous in the lower portion.

The cortical parenchyma and the bast of *21e bndles contain namercus
secreting clA-nels. Sonie time before defoliation, those in the bas6 of the
leaves are filled with guy ligm:i. This obstruction occurs first of all
at the level of the ligno-.suberous stratum; but it descends a little below
this stratum when the latter extends up to a rather considermbl- distance
above it, in that part of the leaf which is going to fall. in other words,
the gai. Mgnir is produced here in the same region as t.1. thalli inside the
channels in the ca.o of Rlr-s Co-iaria and CotinRas (th, Figure 64). As for
the elorgation of the opithelial cells, such as we described it in these lat-
ter species, we can say that it occurs only scetines in A. spinosa and then
only at the lower level of the ligno-suberous strattum where the partitions
of this stratum are most nmercus, But this elongation, preceded by several
subdivis-fnns (c, Figure 79), is always arrested early by the appearance of
the g•amy lIgnin (lig) inside the canal. Daring the second year these se-
creting canals are constricted under the influence of the scar cork which
eventually winds up traversing them corpletely.
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Chaatar VII &eczes Rela-tizz to Hip-nsc~ ocastavmm-

Wie recall that ttds type differs fror the two preceding types, Dio-
spyros ani Morus, by the fact that the scar stratum here is alreadS equall-
formed before defoliation and is made up only of a secondary cork.

i found very few species that are related to this type; here they
are: Aesculus ruaicunda and parviflora, Salix caprea and repens, ?opua2s
alba, Viburnu• opulus and TIntago, Sambucus nigra and racemosa.

Aesculus Bubicunda Lodi. a:d Ae. Parviflora 'all.

in these two species the modifications which occur at the base of
the leaves before they fal. and those which foilo the fall of the leaves
are the same as in the case of Ae. -ppocastanum. However, in Ae. parvi-
flora, the fcrnation of scar cork begins in August, instead of july.

Salix CaDrea L. =-d Po-oulus Aiba Link.

in these two species, the scar coek, aLrady foramed before the fall,
.as essentially the saoe thickness throughout the entire width of the pul-

vinas. it is in direct contact with the separating stratum and the thin
ligno-saberous region, which toips it in Aesculus, is comxpletely absent here.

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

The progress of differentiation of the scar cok is not the same
as in the Aesculus types wherea it is formed primarily across the cortical
parenci.a and continues for a long time without connecting with the peri-
derm of the siem. Ch the other hand, in S. caprea, the cork begins to dif.
ferentiate along the circumference of the pulvises; besides, it ar
only toward the ziddle of September, in other words, muck later than in the
case of Aesculus -idppoc-stau=m.

At the zoment the leaf falls, this cork is histologically constituted
like the cork of the stem, that is to say, its cells have thin walls, except
nra the -vicinity of the generatinG zone where they have a strong suberous

thickening on their outside walls.

Salix Rezens L.

This species differs especially 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.

Sarroucus Racemosa L. and Saiaucus Nigra L.

At the moment the leaf falls, in both of these species, the scar
cork exists only in the external region of tne pulvinus whereas it is topped
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by two or three layers of lignified parenchyma in its internal region. As
in the case of Salix caprea, there is no vubcicatricial lignified stratum
here.

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 species ýrd
the preceding ones, this cork stops around the bundles; it no longer c.±. .b
up toward the petiole but this time descends lower and lower toward the pul-
virus. It is not as thick in S. racemosa as in S. nigra.

Viburnum Onulus L.

At the moment the leaf falls, the scar cork, in V. opulus, is miss-
ing most frequently in the regions of the cortical parenchyma which are sit-
uated 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 here which are oriented tranrversally in a mors
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.

All 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. A 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

occurs here only in its upper portion.

Viburnum Lentaco L.

In this species, as in the preceding species, the cells of the sep-
arating stratum are heavily 6ubdivided; this also applies to those which
separate 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 cork.

in this species we do not have a subcicatricial lignified stratum.
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Chapter VIII. Species Related to the Tyce Forsythia suspensa

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 re2ated to tl's type: Acer campestre, Rhamnus
catharticus, Myrica Gale, Robinia hispida and Pseudo-Acacia, Gleditschia tri-
acanthos.

Acer Campestre L.

The cork of the ci:atrization lamina includes only three or four layers
of cells; most often it cuts slightly into the side or edge of the bundles
even before the leaf falls. The ligno-suberous portion also cuts into them
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 parenchyma in the vi-
cinity of the bundles.

The crystal-bearing caels, 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 organs split transversally and contribute to its
formation (la, Figure 78).

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

Nyrica Gale L.

The double cicatrization lamina is not at all thick here and, in the
inside half of the pulvinus, the ligno-suberous portion exists ordl.narily by
itself. On the other hand. above the separating stratum, the lignification
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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 stiata 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 founc exactly at the level of the axi!Jary
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 once or twice. The subcicatri-
oial stratum is not thick but it is heavily lignified.

The crystal-bearing 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 i. conical cavity which con-
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 tVe base of the petiol. swelling and especially in contact with
the hypoderm.

The separating stratum is made up of nne layer of cells which have
earlier been subdivided transversally several Limes. it is located rather
far from the leaf insertion and, as in Menisperamn 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 s6cre-
tory hypoderm I .entioned earlier; however, the thin lam%;Ua between it and
the epiderm of this latter region here remains cellulosic (ip, 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 Menispermm; 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 thick in Robinia Pseudo-Acacia.

Immediately after defoliation, the leaf scar, flanked by its two
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stipulary thorns, has a more or less trilobed 2'hape, with three fascicular
navels between which the surface rises in the i~orm of a cone indicating the
presence of the buds below the leaf-bud scale lamella. Above this scar we
can observe -- in many pulvini -- another ont 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 stratum, the cells of the articu-
lated milk-bearing organs are shorter thr elzehore. Very frc.qu,-.tly they
subdivide and they become ligno-suborized like the neighboring element.q.
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 4 ie the pulvinus, passing
along the two faces of this tissue and gradually disappearing, as illustrated
for the case of Robinia hispida (lic2, Figure 83).

During the second year and sometimes during the first year, the leaf-
bud scale lamella splits longitudinally and is gradually detachod. 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 ter-
minal.

Robinia Hisrida L.

The arrangement of the axillary buds here is the same as in R. Pseudo-
Acacia. The scar stratum is a little thicker e.p.oi...ly 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
(lic 2 , Figure 83).

Gleditschia Triancanthos L. v. inermis

In this species 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).
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The separating stratum, consisting of three or four layers of cells,
sometimes subdivided a few times in advance, forx= above the most con-
stricted region of the petiole (cs, Figure 84); i-, penetrates into the
base of the petiole swelling and here occupies a po-.tion which causes its
inside edge to be located opposite the space between the two upper axillary
buds.

The double cicatrization lamina, which exists at the moment the leaf
falls, is very thick here. The ligno-suberization here iS very intensivo i:-
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 twelve layers of sacrificed parenchyma.

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

There are very few thalli developing in the vessels whose cicatrization
is completed primarily by the gurmV 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 pulvinus. The lat-
ter, in reality, plays the role of the leaf-bud scale lamella.

The second-year scar cork (lic 2 , 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 i-Spida,
it cuts the bast-ligneous bundles, except for the hard bast against which it
curves downward (ls, 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 glutinosa

As in the preceding case, this type is characterized by the fact that
its pulvinus -- even before the leaf falls -- contains a double 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 defol-
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 kerrio•des, Cladrastris tinctoria, Gymnociadus 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 cicatrization 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, the petiole has at its base a
swelling which conceals two axillary buds 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 89), made up of two or three layers
characterized by a dense protoplasm and num_=ous grains of starch. This
stratum, which reveals the same characteristics as the separating stratum,
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 the, 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 e
extended also into the specialized subepiderrnal layer and thus le`% a verj
thin leaf-bud scale lamella above the buds. This particular case supports 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 petiole. When one of these
sacs is included in the ligno-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 nLrcludes 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 below the
ligno-suberous stratum much later, toward the beginning of September.

During the secoied 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.

Tecora Radicans Pr. sp. L.

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

The separating stiatum is in contact with the double cicatrization
lamina in the inside portion of the pulvinus; it moves away slightly in its
outside portion. YAde up of one or two layers subdivided transversally
three, four, and even five times, it is therefore very thick; however, the
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separation occurs here always only between its two upper layers. The sub-
cicatricial lignified layer, which tops it, is not thick.

During the second year, a new layer of cork forms across the pulvinus,
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 betwoeen
the two corks remains cellulosic.

Rhodotypos K--zrrio.des 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 and there is no
lignified stratum differentiated above it.

Cladrastris Tinctoria Raf.

In Cladrastris tinctoria, 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 dur-
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 contin-
uation of the periderm of the stem as in the case of Aesculus Hippocastanum;
its ligno-suberous portion consists of only three or four layers.

In alnost all of the preceding cases, the gumny lignin, which completes
the obstruction of the vessels begun by the thalli or which might even replace
this obstruction, appears only rarely before defoliation. in Cladrastris
tinctoria, this obstruction by gumny lignin is always on accomplished fact at
the moment the leaf falls; this substance is found hero over a considerable
length of the bundles, after a variable hoight 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 leaf scal- forms a ring more or less open on the insida around the
buds which are covered by a thick felt of hairs and whiuh are so str"oAgly
pressed a:ainat each other that they appear, when looked at from the Outside,
as a single wholis

Th! terminal leaf scar of a shoot occupies its top a the aborted
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terminal bud is already pushed aside.

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

Gyinocladils Canadensis Lamk.

The double cicatrization of lamina, which exists at the moment of de-
foliation, is very thick, espicially 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 layerb 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 _.years mamillated after
the leaf falls.

During the time of defoliation the thalli are most numerous especially
in the spiral vessels; on the other hand, the gummy lignin often appears in
the 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 circumferenco of the
pulvirus. Ordinarily, the secondary layer appears below the ligno-suberous
lamina as the latter progresses across the base 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-
ence so that we can indeed find it at the moment of defoliation. The separ-
ating stratun and the subcicatricial lignified stratum which, in this species,
is not at all thick, are differentiated sometime before that period, around
the beginning of October.

D.uring 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 auay from it in its external region and descends very obliquely.
connectinr with the Deriderm of the stem which is lower than the cork from
the preceding year Lat a point lower than the cork of the preneding year7
(lic, 'igure 90). It is this &cond-year strntum which grows zcrosm the
bundles, however, without ctting their hard bast against whose cIrcumfereAce
it will make contact.

14hen the axillary bud aborts and is destroyed, a cork is formed below
its scar and this cork connects with the second-year strtua of the lbaf pul-
vtnua, a Uttle belw the axillary angle (Figure 90).
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1aclura Aurantiaca Nutt.

In this species, the ;icatrization 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 (lic,
Figu"- 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 sclerenchyria with very thick and spotted walls (s, Figure 88). (This
very thick-wailed sclerenchyma makes up a portion of the cicatrization lamina

.nd recalls the one which, according to Brettfeld ("On Cicatrization and Leaf
Fall," Prinishein's Jahrb-acher, Volume XII, page 133) conetitutes all of the
scar strata of most of the monocotyledons.) The rest of the primary cicatri-
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 beginning of Septem-
bar. The thickcning and the lignification of the walls, in its sclerenchy-
matous portion, occur at tho 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 during the second year as it crosses
the b,.ndles .nd the internal portion of the palvinus.

The numerous branching milk-bearing organs of the plant are cicatrized,
in the same fashion as those of M~orus nigra, by finger-shaped partitions (cl,
Figure 88). They do not alter the nature of their walls as they cross the
sclerenchyma; in addition, they are broken by the cork whose continuity is
established at the point of rupture between their ends.
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Ch•anter X. Seecies 1elate to SDiaea opuifola

We rec;l tVht the pe.ider--_ is !ocatcd v"e-- dee-ly in S.iraea o•a.-
folfa -"4.14; de ielops, in contact wizn t.ne bas., nao on,-I --n thez Sktýa but al-so
in tkz ý.lvr .were it folds back even a:cund:xne trz des, crI-a vsri-
table sleeiw, /=Lf:-J. Zhe scar coz~ 2 isa z:-. rcc ;z' s~
sleeve, close to its base; as a res:"t iA- the.- o..v hc --.

tical pare.-chyn of the pulvi-nus is sac.-rifi:_- in its e i-e;;. -• '--
of the stem.

All of the species which we su.ari.ea in this cha-ter also lave a
deep peridern and certain skpcial features of ciratrization related to tat
location.

Potentilla F.r•ticosa L.

in the region where the -po sti.ules are a;tac.ed, well above its in-
sertion, the petiole has z join; =arked by a circular constrict.ion (p' rg-
ure 91). At the level of this constriction, the ceils of the cortical oar-
ench!ya are very snai. and the tr-ansition -from ths region to the petiole
and to the pulvirms -- which have larger cells - occurs gradually although
rapidly.

Below this joint, the mulvLus grs fi4st of a into a club §ic;
'nassue" -- nassY; then it stretches out and is flattened around the axidl•u
bud and the stem so that its base envelops all of these two organs almost
conpletely.

The leaf bast-gigneous syste= w-ich, in the petiole, for= a big strip
in the middle, acconoarded by two small lateral bundles, is --educed to a sin-
gle mass in the vicinity of the joint and, besides, reveals a very pronounced
constriction optnosite these =undles. F`urther dow.n it resums its norral vol-
ume and once aga:-ns separ-ates into three bandles whose course is marked on
the outside by three crests which eive the pulvinus a pyra-idal appearance.

The peirier-- o.. the stem is situated deep do.- -- even deeper down than
in Spiraea o i-; ifclia; this is the case because it is located between the hard
bast and the soft bast. :t is seriated; that is to say, it has cellulose lay-
ers w•ich are here and there seara"ted Ly a suberized layer. (Accordinv to
H. uoulio; ('[Research on the Peridern, -.nn. des Sc. nat. Bot., 7th Series,
Volume X, 1889, page 135), the periderm of tne Cinouefoils is never seriated;
this author probably did not study -W species.) As in the case of Spiraea,
it forms a sleeve :ich warrourds the bundles i- the lower half of the pul-
vinuyas ( rzp, 6L,.re 9,

The s'-pa rating stratum is formed at the end of the long pulvinus, on
the level of the joint of the leaf, a short time before defoliation. It
consists of t-.o or three rows of smail cells of th-is region and there is uo
tissue reaction above or below it, before tha leaf falls.

- 104 -



"'trdfoitý ,asl-: t~ 4 oneelp corti.:ca!
Pamnc"0rma ofZ t-_e =1s ±:iru.. -ca;:s is not located i=_.ediately
below t1.":e wzand; it develons aonn! the entire lengzth of 1-.17 p~alvinus but es-
pecially in th iiiyo: the bundles.

Th:e lin- rzai r nolves cn the v~-eleme-nts of thIe bum~les.
=d4oer `4i ifca" ion, as -,el z; .~epost of ýtýuý lignidn in t.he

vessels, oc~curs, as iSpqirae, o:ady --.s L`ae 7.`z -prider-nal sleeve (g arnigd
-~igure 91, t4 ~c~ n te _ itof zhe Cdle:osit of th-is substance).

During tre second year, t6he c*hang~es w'hich occur in the leaf pualvinus
are te sae a s :-in S-i ra ea o:t'! : -foiia . The scar coesc whi~ch l~kewi;se growes
only ac~oss the bundles at tthe Iaz of their peridemrnal sleeve, is not sarizatec;
this iLs ani occlusion co~i< all ofý -Whose cell are suberous.

7he constitution of the base ofý t0he -:et-iole is the same as in ?oten-
tij'la 1frUticosa. The zeridernaJ. sleeve of the burmdl.es here occupies an iden-
Itical positior. k(ýP Figure 9i)

altaa:-.. hoeve2 4a tn ± e stratum (rs, Fg,.re 94) i
differentiated. before the leaf fails, above t`-he sezarating. Stratuum. in ad-
dition. th~e 1'ý_ 11CSa::On - --.:-:e were ao-e to observe develop-ing. i.zn the

cotcal ,are~nchy:-A of :n_=,LtiCosa, o'%-" af ter the leaf falin
tns case turns zeore tn eaf fails (s, Figu re 94.The upper Z~tof

.he tissues thas -iedis '=ar neat; above it. we ?ave a ::ore or less thin
stralt-= of sacri~fced pa-rencny-r.

Th-e cr.a:nes Vh_4 c: follow t-he .E.1-1 of the leaf recall th..ose observed 3--

Soiraea o-s fa.ia.

Calo-:aca;:oCa rica :2sc".

Thiis zteczes, like the trecedimg.1 ones, haýs a joiznt ('Figure 92) at the
end of` a ratte-r _Ion_ = lvnus The uperider, :.owever, is not located as
dee-ily. In th-e stem it sur-roi-yrs the ce7ntral2 cylirnde r, passing a short dis-
tan~ce f4rom th.-e isolatad masses o the hard bee.; inthe base of the 7oulvimus

i.t aranzroa-c';es tn-,.s haixd bastt; itthen even comes into contkact' writfh it;, form-ý
in~ 7oeridernal sleeves around- th.e bu~ndles (=p, Figure, 92). The lat$ter climb

up very hi~gh, alm-ostt into thne i=mediate vicinity off -the .joi-nt of t'he petiolle,
amoften they are even en3.ar~ed on thne inside, below -:he sacrificed paren-

c.yina, =moving a liitt`le away fro-_ the aies

in z6`he re-Lon, adijoi~mni ng the a-rticulation, ~ieetethree re-enterin
7=ndles are unitued, t~he' are surrounded on-7y b~ a ssingle neri:&de=r.a_. sleeve

-results f.-om the fusion, of thne three tnracein ones Km igre 93).
'. ls ind two s:-aUl stinula .u~e at -hs sam,-e level Cf st, Figure 95);

th~ey combine tithne lateral re-entering bnlsof th.e leaf a little abov e
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the base of the pulvinus; these two bundles do not have any peridermal
sleeve.

The anatomical changes which precede and follow the fall of the leaves

are the same as in Caragana altagana.

Svmphoricaroos Racenosus "Kichx

As in the case of Spiraea opulifolia, the petiole does not roveal any
articujation but the peridermal sleeve of the bundles is shorter here.

In the leaf, the cortical parenchyma of the pulvinus reveals very
thickened a:d spotted wai-s which however. retain entirely cellulosic. ( I
might point out here that the cortical parenchya of the stem below the pul-
vinus looks the same although it is, in addition, heavily lignified.) Above
the pulvinus it yields rather abruptly to a tissue whose walls are thin;
the sepa.ating stratum develops a shoct time before the leaf f. ls at the
level of transition, in the first layers with the thin walls, without any
advan;e subdivision.

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 leaf has fallen; then the wound surface develops
up to the base of the perider-mal sleeves.

Philadeluhus Coronariu.' 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 its insertion, an articulation or joint indicated
by a circular groove which is not readily visible and which passes over the
swelling, above the bud. A longitudinal section shows -- at the level of
this groove -- a stratum of two or three layers of srall, flat cells with
thin walls which are definitely different from the cells of the pulvinus and
of the petiole and which recall those which we illustrated in Azalea sinensis
(art, Figure 99). This stratum, specialized at a very early stage, is lo-
cated at the base of the adult leaf and grows across the entire petiole,
formring 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 no subcicatricial lignified stratum being differentiated
above it in autumn.

As in the case of Symphoricarpos racemosus, the peridermal sleeve of
the bundles remains short (mp, Figure 95); similarly, the ligno-suberous
stratum 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 (1r, 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 snuffer Lupside down fun-
ne•7 and gives the surface of the scar a conical appearance (bc, 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 second-year cork occurs in t? s.
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 puLvinus; however., the
separating stratum is here developed excessively close to the insertion of
the leaf and almost parallel to the surface of the stem (cb. Figure 97), so
that the pulvinus here is remarkably short. ks a result of ýhis arrangement,
the peridermal sleeve of the bundles here is barely indicated.

The subcicatricial lignified stratum cannot be found in this species;
as for Lhe ligno-suberous stratum, Lt 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 leaf 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 vessels. During the
second year, the scar cork forms across the bundles and closes the sleeve, as
in Spiraea opulifolia.

Azalea Sinensis Lood.

Very close to its insertion the petiole reveals a joint marked by a
circular 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 flat 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.

As 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-suberous lamina
here before the leaf falls; this lamina, however, extends over the entire
width of the pulvinus (ss, Figure 98); likewise K'tuated against tI'c s•o -
ting stratum, it is in contact with the periderm only in its .... -
and only opposite the bundles. Finally, the scar cork crosses • -
only during the second year.

Ribes Nigrum L. and Deutzia Scabra Thumb.

These two species recall Azalea sinensis, except for the absense of
the joint at the base of the leaf. 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. Species Related to the Tyme Yr"' • rr{niana

We recall that the distinctive charac.eristics of this @roe 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 "marcescean leaves•2

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 revival of cicatrization, which, by the
way, occurs in the same fashion, appear6 sooner than in this la-Vr s'pecies,
starting in February and during Yarch. '-e also noted that, in this species,
it occurs nore rapidly in the pulvini above which a flower bud developed,
although the development of this bud did not break the pulvinus. Perhaps
this is due to the fact that the circulation and supply of nutritive sub-
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 encounter sometime in Parrotia
persica reveal the same process of cicatrization and fall as those in Ham-
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 year recall those of Hamamelis virginiana. However, the separating
stratum reveals a broken surface at the level of the bundles similar to that
of Spiraea opulifolia (cs, 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
much as 4 mm whereas for those at the base it may be reduced to less than
I mm. The length of the pulvini therefore varies considerably depending on
the leaves (Figures 100 and 101).

The ligno-suberous stratum, which formns 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 (cs 2 , 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 tizi•e of
the pulvinus, of a lignified stratum similar to the subcicatricial lignil~icd
stratum which I pointed out above the autumn separating strata in most of the
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 (rsc, 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
oloser 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 Hispa.ica L. and Q. Pedunculata Ehrh.

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, contails

isolated sclerites or groups of sclerites. These do not undergo any modi-

fication when they are contained inside the ligno-suberous stratum.

(It was zertainly these sclerites which Ledeganck, K., ("Histochemical

Research on the Autumn Fall of Leaves," B. de la Soc. roy. bot. de Belgique,

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 disseminated 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 same

cells (page 159): "The use of the sulfuric iodine-containing roagent gives
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the same hue to the thickened cells disse.inated in the parenchyma and to

the stratum of the periderm; without in any way prejudging their physiologi-
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
suberin, such as Phloroglucin and tincture of alcan, etc., sho-.•ed z tat
the thick walls of these elements are not at all suberous but •i•,ply li -i-
fied.)

Cornus MAas L.

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

The leaf pulvinus is more 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 the base of the shoots, that the
subcicatricial lignified layer is absent because the revival separating stra.
tum is developing in contact with the first scar lamina whose base is at the
level of the axillary angle.

Cornus San-uinea L.

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

The revival of cicatrization and the changes which followz are the same
as in 0. mas; however, below the scar cork closing the new wou:.d, we often
get a parenchymatous phelloderm with a thickness averaging five to six layers.

Cotoneaster :elanocaroa Lood.

Cotoneaster ielanocarpa reveals the same variations of the PH-ammelis
type as the Sorbus but the revival of cicatrization here is less regular and
the separating stratum, which causes it, instead of developing right at the
base of the pulvinus, fors between it and the first cicatrization la.ina.
Moreover, it does not always grow across the bundles, especially in the mid-

dle bundle, so that the latter 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 (liJ 2 and ss2, Figure 102).

The final scar stratum includes a ligno-suberous lamina which is
quite thick and which extends just to the base of the pulvinus; it also in-
cludes a secondary cork which doubles Lreinforces7 it.
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Sometimes the first revival separating stratum develo')s only incom-
pletely; we then get a second stratum which iz; co.-liete and A:'ýh.r dorn.

Above each of them, a thin lignified stratum is differentiated. The final
double cicatrization lamina then develops below the lowest separating stra-
tum, that is to say, below the one that will produce the revival.

Carpinus Petulus L.

This species has deciduous leaves and r.marces~ent leaves. The chan-es

which occur here at the base of the former recall those of Hanamelis virgin-
iana; the subcicatricial lignified stratum here, however, is thicker and con-
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 far.

At the beginning of the second year, a scar cork develops below and
against the first-year ligno-suberous stratum; but the first cells formed
by its generating zone, instead of retaining flat and suberizing like the

following layers, are very much elongated in the longitudinal direction;
their walls remain cellulosic and, in addition, become very thin and very
fragile (a, Figure 103). 7t is these delicate layers which act as the re-

vival separating stratum and dahiscence occurs here, from the outside of the

pulvinus toward the inside, due to the r..pture of their walls, following the

procedure employed by the autu.,n separating stratum of the leaf of Aristo-
lochia Sipho. The detachment of the first scar strata occurs very slowly

during the entire second year and often ends only during the third year.
The growth of the scar cork (lic, Fic-ure 103), above the new dehiscence sur-

face, is independent of the greater or lesser speed of revival.

Exccpt for the absence of the autumn separating stratum, the changes

which appear -n the pulvini of the marcescent leaves are the same as those

which we described in thou- of the deciduous leaves. However, the first-

year ligno-suberous stratu., !.ere appears later and develops gradually as the

leaves die. Furthernore, the .evrival of cicatrization, which at the same

time causes the marcescent leaf To fall, here occurs more rapidly; the action

of the separating stratum here is aided by the weight of the leaf a'd the

action of the wind.

Fa-i.s Svlvatica L.

in 'a:us sylvatica, the changos, which occur at the base of the deci-

duous leaves and in the marcescznt leaves, recall those of Carpinus Betulus,

with this difference: at the base of the deciduous leaves, the ligno-suber-

ous lamina is differentiatod before tr," leaf falls.

Stanhvllea Tz'ifoliata L.

This species does not •ave any marcescent leaves. As in Carpinus
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Betulus, the first layers of second-year scar cork remain cellulosic but
their cells do not extend as mucn in the longitudinal direction. The rup-
tures which here cause the revival of cicatrization occur in the same manner;
however, they occrar more slowly during the following years.

We might. add, however, that the rc-4-val of •.catrization sometic-
does not occur at all because, in this case, t.- A-rst layers of scar coo<
have become suberized like the others.

Staphvllea Pirnata L.

The conditiors under which the rev'%,- of cicrtrization of S. pinnata
occurs are roughly the sari as those in -. -i-foliata; nevertheless, it
occurs in a very inconstant and very inco:mplete fashion. The first layers of
the scar cork ray remain cellulosic only very rarel.; and then only in the
lateral parts of tha pulvinus. This means that the 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 facts which we iwast consider: the detachment of the organ
and the cicatrization of the wound.

Detachnent of T.,af

Senaratin- Str-t,

The leaf is detached by means of a nec,•.anisn involving a special stra-
tum, the separating stratum, which exists 'i all cases and which ordinarily
is differentiated a short time before defoliation.

This stratum develops most often some distance above the axillary an-
gle of the leaf and rarely almost at the level of that angle (Ribes nigrum,
Deutzia scabra, Azalea sinensis, etc.) or at a great distance above it (Sor-
bus, Cotoncaster n.lanoca_'pa, Calophaca volgaricz., etc.).

As a general rule, the hard tissues are particularly reduced in size
at the base of the petioles, ir. the regioni whore the separating stratum will
develoo. The walls here are less thick and the only lignified elements which
we find here are the ligneous vessels. Frequently, moreover, the entire
bast-ligneous system is more or less constricted CAristolochia Sipho, Foten-
tilla fruticosa, Caragana altagana, etc.).

The separating stratum is ordinarily quite noticeably perpendicular
to the axis of the petiole but it nay also be very oblique toward that axis
and it ray be almost parallel to the axis of the stem (Aesculus, Deutz4 a
scabra, Ribes ni-rum, etc.). in the majority of cases it reveals a level
surface. There are exceptions, however: sonot'imes it is :,ore or less con-
cave towrard the stem (Rhus Coriaria, X'anthoxylon fraxineum, etc.); in Sor-
bus and in Spiraea copulifolia i• fonr.s a broken surface whose an[le is, in-
stead, turned upw:ard. 'jhether i. is level or2 not, it almost always rises a
little as it grows across the leaf bundles so that, after' defoliation, the
fascicular navels are slightly in relief. TLis rise is quite exaggerated
at the level of the external bunrdles of Catalpa bignonioides where t>, rwavels
of these bundles form, on the scar, one or more conical teeth. in Gy.ýIo-
cladus canadensis, there is a less pronounced rise leading to the surface of
the mamillated scar.

T". separating stratum is always aistin-uished from the neighboring
tissues by the fact that it reveals the characteristics of a strongly vege-
tative t:ssue. here the protoplasm is denser, the starch is more abundant,
and the cell turgescence is stronger.

Contra-y to opinions accepted in the past, it is no• always of meris-
te.atic Or-ii, thatA is to say, formed by a cell subdivision. There are,

as a mattor of fact, many species where it consists of nonsubdivided cells
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(Aristolochia Sipho, Ar-orph.a fruticosa, Aesculus 1-ippocastanum, Forsythia
csupnsa, etc.I). n other cases i4t is foroned only in part as a result of
cell subdivision (Gy.nocladus canadensis, Al"nus glutinosa, Rhus Coriaria,
etc.). 2:evertheless, there are specics .here it is entirely derived fro.-.
a cell division (.'oras nigra, 2. alba, *iun'x. Cpulun, V. Ler ta-o, etc.).

.n the latter case, th1 nurber of subd.>" isis h yvari. J.; it g-n-
erally involves t';:o or throe apr cell . ha-.e as any as fsur or
five (Paulowmia imperia1is, -:*oruts - Qt--c.) end th: -a may also be as rany
as eight or nine (Spiraea opulioiao

Ordinarily -- when the separating stratum is t, -as derived from cell
subdivisions -- the latter are oriented almost regularly and parallel to the
direction of the stratum although they are small in number; in the opposite
case, their orientation is very irregular.

The separating stratum grows across the leaf bundles, taking over
their parenchymatous cells and avoiding only the ligneous vessels and the
sieve-like tubes. Inhen it is cf meristenatic origin, the subdivisions here
are less numcrous 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, Rhus Cotinus, etc.)

Ordinarily there is nothing at the base of the adult leaf that would

indicate the future position of the autumn separating stratum. In sone
cases, however, the leaf 'as, at its base, a joint marked by a circular 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 Dulvinus. The separating stratum is thus differen-
tiated thr'ough this joint and generally at the expense of its most constricted
region (:-ippophae rhamnoildea, Crataegus monogyna, Caragana altagana, etc.).
In Diospyros virginiana, the Syringa, Azalea sinensis, etc., we can observe
a 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 three cr four layers whhich neatly and abruptly separate the leaf from
its pulvinus. it is this entire stratum, already indicated before the com-
plete development of the leaf, which in autuinn is transformed into the sep-
arating stratum, thus recalling what Brettfeld described for the monocotyle-
dons.

Leaf Detach-ment M*Iechanism

Except in the few special cases we Tlll discuss later on, the leaf
is detached as the cells become separated from each other inside the separ-
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ating stratum. in this process, the cell walls here are transformed into
a pecto-cellulosic mualcilage -- which, by the way, is prinarily 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;
after that it is finally dissolved under the action of the cell juice Lca27
into /-inj the cells which will border on the dehiscence surface. Thc; ,
border cells are thus isolated from eich other; their protoplasm is from
then on enveloped only by the thin, unmodified stratum of the original walls.

The size of the .mucilaginous portion of the walls varies with the
thickness of the latter; it is ordinarily very small when the separating stra-
tim, derived from a cell subdivision, has only thin walls. In some cases
however (Forsythia zuspensa, Diospyrow virginiana, etc.), the =clagc is
poorly developed although the walls mvy have a certain thickness; this i0
the case because only the primary memorane of the cells is dissolved here.

in general, separation occurs inside the separating stratum in a
rather regular fashion between two layers of its upper region and in a ran-
ner causing the majority of the cells of the stratum to remain attached to
the pulvinus.

This separation produces a crack across the base of the leaf; the
leaf now falls due to its o'.rn mweight, provided it was not still helf by the
vessels and the sieve-like tubes, although the resistance offered by the lat-
ter is soon broken due to the effect of the following phenomena. On either
side of the dehiscenco 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 bundles cannot follow
this growth and are subject to increasing traction which causes them to
break and as a result of this the leaf, now no longer held by anything, falls
due to the effect of its own weight.

Mhen the separating 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 more 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 in a noticeable fashion to the removal of the petiole from its -
vinus.

In most cases, dehiscence progresses from the outside toward the in-
side of the petiole; more rarely, it follows the inverse order (Koelreuteria
paniculata, Gynnocladus canadensis, etc.); sometimes it begins at several
points in the stratum at the same time (Paulownia inperialis, Hanamelis vir-
giniana, Catalpa bignonioAdes, 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
the wind and the frost may noticeably speed up this process by triggering it
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even before the completion of the dehiscence crack. i might even add that
the majority of leaves fail primarily due to the efIfect of those latter tw:o
factors.

I~n Aristolochia Siho, th.e .anisn of leaf. detachment differs fromS. .... • " •.e•r'e cl2.ayer wh~ich.
the mec~hanism which w:e h'e Lust Z.•.- .... Th snr-aI. -
constitutes the ....aratig stratum hea ,ws very r--ch in the ion~itidimal
direction; the lo i c.ccl wal-; '.-., " beco=e very thin and delicate
and they are gradually b-,l:.•n due to the weicht of the loaf and due to the
action of the w;ind and the frost. A simila_ structure mzay also be produced,
a.though. locally, in specics zubject to the first mode of defoliation, when
a part of their soparating stratum happens to consist of only one cell layer
(-Phus CotiCnus, Alnus glutinosa, etc.).

Sabc.c catrical TAr! irfication

The vitality of the elements of the petiole diminishes rapidly above
the separating stratum as the time for the fall of the leaf draws near and
at the nonent the loaf faIlls the protoplasm .has disaDpeared. in some cases
these arc the only ch.anges w.. hich we can observe in this region; more gener-
ally, however, the cells here also undergo a parietal lignification which
begins a little after the appearance of the seoarating stratum. This ligni-
fication alwvays decreases in intensity as we go up and the cell walls, which
it involves, are not thickened in advance.

This lignified tissue, ý:hich i called subeicatricial because of its
position, generally consists of only two -,I three layers. In some cases it
r.-y however be quite thick (Spiraea opulifolia, Tilia europaea, Corylus
Avellana, etc.). in Spiraea opulifolia, it is furthermore the seat of cell
subdivisions occurring before lignification.

Cicatrization

After the end of the season there is always a recovery of protoplasm
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 Parenchvra. Anatomical Characteristics of Scar Tissues

There are four defensive measures which the plant may use to cicatrize
the parenchymatous tissues under the wound resulting from the fall of the
lea.f; thes. are the following: subdivision of the primary tissues of the
pulvinus, ligno-suberization of these tissues (with or without deposit of
gunm.ny lignin in channels), their sclermfication, or the formaticn of a
secondary scar cork below them.

a. The primary tissues are subdivided along a more or less considerable
stretch of the pulvinus, thus forming a stratum with variable thickness and
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position.

The new partitions are oriented in various directions in each call;
however, the transversal directioniis the most frequent one here, especially
in the parenchy.rtous elements of the bundles. The cells, which are thus
subject to .eristeomtic action, do not undergo an.y diaretral .-. :th, t
neither before nor after thair division.

The intensty of •W'-izion is usually unequal throughout the thi,.-
ness of the stratum involved; soz.ctines itz ma.i.un is located in th: upper

region and sometimes it is located in the lower region. We will come back
to this peculiarity later on,

b. Ligno-suberization involves the primary tissue which did not ear-
lier undergo the meristenatic action which we just discussed; this ligno-
suberization always operates in the foliowing way. The cell walls are ligni-
fied withou' being thicker; this is followed by the addition of a very thin
suberous film which covers the entire cell cavity, including the bordered
pits, that is to say it develops in a discordant stratification on the pre-
ceding parietal strata.

i called this the "ligno-suberous stratum" because of the presence of
lignin and suberin in this stratum of the pulvinus. These tw:o substances
are rarely equally distributed here and they are rarely distributed more or
less uniformly over the entire thickness of the stratum (Diospyros virginiana,
Forsythia suspensa). Ordinarily, the lignification, very intensive at the
base, and clearly delimited, progressively decreases in intensity toward the
upper part. The suberous fil., on the other hand, reveals a great deal of
uniforrity in all cells and it is always more or less thin here; often, how-
ever, it is missing in the upper part of the stratum where we then observe
only the last traces of ligni•fication.

The ligno-suberization of the cells is always followed by their death.

in the region where the ligno-suberous lamina is differentiated, the
intercellular channels are often absent or they are very small. In the rare
case, where they still hWve a middle (average) inside diameter (opening),
they ere frequently obstructed by gumny lignin (Pauloimia imperialis, etc.).

c. Cicatrization by simple sclerification of the elements of the
pulvinus is very rare; i encountered it only. in .•aclura aurantiaca although
even here it forms only a portion of the cicatrization lavina 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
iaclura aurantiaca recalls the primary cicatrization of many monocotyledons
which, according to Brettfeld, thus have a very thick sclerenchyma, however,
over the entire width of their pulvinus.
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d.Tescna-jsa oki th-on conme cted all around the leaf

w2~at dififerent in those o~ t aesthat are form~ed first. in addition to
this cork, which al;*:,ay5 devoloi:s be-tlweer, its -cenerating zone arnd the surface
of the -wound, we may also hae ntec-3po~site side, a 7.OrC or less thick
phelloderm, even though tna ner-Ider: of t`>: stc ds not have iT. Ts
pnelloderm is nost froqu ently c, eiltj C :c:;ifc-cus 2nze mc~ana-
donse, 'ra i nu s Cr- as , :o n-s n I ra ,a`-,etc, 2. a.> cm~ eti.e ii ray also be
h'ard and crystal-bearing Cot occLden-La-Lis). Its mm3-a thickness gen-
orally is found alonz- the bundle passge Lhere it grows across the bundle.

These, then, are the four ty~es of scar reactions which we may Cet.
ýn he leaf pulvi-n-i as p)arto of t-he cicatri zeion of the wound. There is only

one aniong them ..hich seems indi z-'en sable to complete cicatrization and which
* .nnea-fs in all cases; this is Ithe f'o:=tion of the secondary cor'k which I
called "1scar cork, 1 this cork ray even develop by itself but that is rare.
Of to, t..c forrtion o f the cork is accompanied only by the dif ferantiation
or a li-no-suberous stratum. At. other tiefinally, iwe may also have a
nerist-emtic smibdilvision or the cells of the 'pulvinus before lIJgno-suberus
differentiation.

':'e size of-: the cicatr4:zation st~rata is usually in a di--ct-C ratio with
t1-0 wid-th of, the ound and the stratoa are thic-kest. in those species where
'the Petioles arc, the biggoest Lwidest].-

Tirn of Scar Strata D-5fferent-a" on

The f-!actor -that di stinuis hes 'the ifentspecies from each other,
mor thamn any other factor, is -- not. so ruch the finanl state of cicat-riza-
t-ion _- but rathecr t.he t1-rac, the latter aonears. Phi Is wh I elced.-.
ty~po in this study prinarily on 'the basis of 'this period.

a.7n t-he si*,n4lcst, cases, cicatrizatLion is completed before defolia-
tion, (:..is-pilus germanica, Amorpha frtc K,:oelreuteria paniculata, etc.).
A ligno-suberous stratum is 'then differentiated, at the expense of -the tis-
s;ues Of the pulvinus, below the wound and always before winter; this stratum
is doubled by a scar cork duiting the second year.

At other tires, cicatrization occurs after the fall and resemables the
one which I have just described; in that case the tissues of 'thepuvu,
,which constitute the ligno-suberous stratumn, have been. 'he seat ofacelsb
division before the leafL fell. Let us not:Ue that, in 'this case, the subdivi-
sion is alw,.ays nore active in the u-pper pcart of the stratum than at the base
(Br6ussonetia poapyrifera, Ficus Carica, etc.).

b. Cicatrization may begin even before defoliation but it is then
presec~nt ed only by a single scar stratum that is, either the ligno-suberous

lamin"ra or the cor~k. in the first of these cases, the cork appears below the
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ligno-suberous lamLna only during the second year.

W.hen the ligno-suborous lamina exists only before defoliation, the
ligno-suberization nay, either, not have been preceded by any cell subdivi-
sion (Diospyros virginiana, Cornus sanguinea, Faes sylvatica, etc.), or,
on the other hand, this subdivision nay turn out to be more or less active
here (Morus nigra, Catalpa bignonioi!des, etc.). In this latter case, the
new subdivisions are generally numerous, particularly in the upper part of
the stratum and more rarely in it- lower part ( Kýagnoia acunin-ta, Juglan-
nigra, Chimonanthus fragrans).

The species in which the cork exists only or almost only bo-fore the
leaf falls are very small in nurber (Aesculus, Viburnum, Salix, etc.).

c. The two scar tissues, ligno-suberous stratum and cork, nay 'cz.:.
before defoliation; in this case the primary tissue, at whose expense th3
ligno-suberous stratum will be differentiated, may or may not have been the
seat of a pri.or subdivision.

IvWhen we do have subdivision, it is more active at the base of the
stratum and the partitions here are oriented .ore transversally so that We
have a gradual transition of this region to the subjacent cork.

Ligno-suberization always appears before the time the cork is formed;
it may ever. be completely terminated at that time although, more often, it
has only begun by then.

We therefore see, quite generally, that the cell subdivision of the
primary parenchynatous tissues of the pulvinus -- providing there is any --
appears alw.ays prior to defoliation a-d before any other scar differentiation.
Migno-suoerization comes next Ln second place/ and always during the first
year. The forration of the cork may also begin during the first year; how-
ever, more often, it occurs during the second year. When, during the first
year, the scar cork appears belatedly after the fall of the leaf, which is
not at all frequent, it is always quite thin and its cells differ from those
of periderm of the stem in that their wialls are always very thin.

When the ligno-suberous stratum 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.

When 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 canpestre, etc.); most often, however, this happens one or
two nonths or, rarely, less than that, prior to defoliation (Viburnum1 , So-
phora japonica, etc.).
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In all cases, cic-trizaticn avoids te -.0esamstetreys
lozng as defoliation has not. been con-leted.

Let m add at t 4 4.'his noont t-hat -,- hon cicatrization occurs only after
the fall -- it' is never carried out by a si~ngle scar cork.

In nos-t cases, the- latter, once established, only thickens during the
followring years. *in so.-.: s-,ccies, howv.evcer, thi--;s cork'- tends to 6evelop more
and more, staztingr in the second year, allonn t:.e prol.on-ation of the peni-
derm of the ster.. 1-e can 'then sea the sacord-yea~r stratum -- in contact
1w.ith that of 'the one f rom the -oreceding; 7rear in th~e internal region of the

'~m~vius - mvin aay anbecn liziucly tow..ard the bottom i*n its e::-
-ia~.rgon (Gyn-ocic' s camýadensis, "ans-per-mr canadense, e c,)

tz-.3s uhs oblicue direc-Wion is evczi r~re -'m-x ounced w.hen th.-- or-v.
con.: .U str.u is oly In Con.;act '"h tpra o nerceding yar in theax-

lary angl-e of t-he -nullvimus (Gledi tscnia tni-,-4acanthos) . FInally, it ray also
be altogether deenoer than the f"irst. (Cladrastri s tine toria, etc.).

?ofints of De-arture _`or Scar DIf~ferentilatior.

'n he lgo-suberous st-rata, tne ,- , A ~cati on of, the cell wa" ~sbe
-ins eithner in t-he iuorer cOart of the strat~- (.Orus nira Fic Cai

Zvomy.mzs laioietc.)16, or- in ts lowý-er -;orti'on (01-imoranth-,is fragrans,
Gymnocladus cai--densis, 1:e-ar_^o, etc.). ?'arthe'mo.re, it. appears more often

in he extornal re-?ion. of the i'Udvnu ouIt a als beginA aroud h
leaf bu-ndles (Forsy-thia suspensa, Fag-us sylvattica, Frayr~-fn-us juglandifolia,
etc.) or at thl-e levell of the corticall paren~c:.yna (Xarnthoxylon fraydneum, Ne-
gundo ~~ 1 u-,etc.); sometimes ritay begin. in several- places at the
same ti;~ ~r~ z'a Fi-c7Ls carica, Catalpa bigr-.oxfio~!des, etc.).

7n most cases tesrcokacoears then also i-n the external region
~i~r ~ ts internal -re -Io; the oposite cs

ocur =cq oe -rl Sipho, alom inperialis, Diospyros
virgirnianan, etc.). Thi:ns cork ray also begi--n ini the -:,.terior of the cortical
parenchyna (Xanthx-u.;-%lo'n fraxin-eur., Aesculus, etce.) or against. the leaf bun-
dles (Sorb'-.s, Cotoneaster melanocaroa, i'espiluls germnanica, etc.).

Pca:arenclnva

ZRegardless of then timre of scar- stratum diffLerentiation, we often have
-- Loove ;ntheSe strata, betwueen them and the surfaeo h ono h

seartin~stratum before the leaf falls) -_ a m~ore or less thick p:ortion of
tu %nu. ti ss'e which, after defoliation, remains ceLuoicIcaldti
"sacrificed parenc.Vna.ZI1 Thi s ssue, in eff ect, is flattened on the scar
st ratýa-, thus aummenting the relief of the fascicular navels. M~oreover, it

thesu ofc 4-vae bthe -,jcelium of various fungi which never penetrates into
thesub;ac-t !-. o-suberous stratuma.

* Bst-i~nousBundles
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The cicatrization of the bundles, %,,hich sonotir.s starts -.h:rtly be-
fore the leaf falls throurrh the ligno-suberization of •he tisvs of thei1
circumference, eventually ends before the winter through the co.:rletion of
the ligno-suberization of all of their elen:ents, except the sievo-like tubes
and the vessels. After this first cicatrization, a secondary cork develops,
below and against the li-no-suberized region which it has produced.

inside the ligno-suberous stratu., the sieve-like tubes are most often
flattened by the neighborin- cells; alt•.-"3u÷h t"ha.lir v"alls ,rn l2g-:.Ified mz.c'e
or less like the walls of the latter, this pr-ocess takes place without the
development of a suberous fiLn inside then. Along with the ligneous vessels,
these are the only elements of the bundles where we can observe this pecul-
iarity.

The ligne.ous vcssels are blocked either by thali or by gu=r ligmin
or, nost often, by both c-f them together at the same time. Ho-.wever, while
the theali always developi in the vessels and in the entire base of the petiole,
before the l-eaf falls, the gum~ li~nin, on the other hand, is ordinarily
deposited in the pulvinus only and then, only, after defoliation.

Earlier 1 showed that the sabstance .h.ihch I called z guz lgnin.,instead of "v~our• g- , : as did :r. -k•... •^
iu praaecessors, in ýffec. only looks likea

gum, whereas it reveals all of the mzcrochenical ard coloring reactions of
lignin. This is -,%-_ I called it "!•_1. n-in.; I added the qualifying adjective
it-gumny' only to indicate its appearance.

The l-*=,--...".e.--es d '.fer--•-tiaion of , the bundles progresses from their
edge toward their center and it ainost alw-.ays descends lo..er inside the pal-
vinus tbhan in the cortical parenchyma.

After the scar cork has been develoced across be base of the leaf,
before the leaf falls, it never crosses the bundles fro.tht tine onward;
it then disappears around them, cli•bin- up sii'hhtly tz'ard the separating
stratum. The buradles are cut by the co!' onlAy after the leaf has fallen and,
except for some rare exceptions, durnxg the second year, only; the genera-
ting zone of this coks., by the way, is form.ed at the exp-ense of their L bun-
dles7 livin elements. The sieve-like tubes and the vessels are broken dueto the efforL of the cork, as t grows. ,lthough the vessels are obstructed

by t"LIli, the forner often subdivide at the level of the generating zone
arn contribute to the fornation of the cork (Aesculus, Aristolochia Sipho,
Juglans nigra, etc.).

in nost cases, the cork thus Zrows across the bundles, describl2• a
curve toward the stem, along the lower surface of the ligno-suberous lar.rna.

Th.e 'h.ard bast which, as we saw earlier, is always missing at the level
o f the so'arating stUratm, :.-Iy, on the other haund, in certain species, exist
at tho level of the scar cork, In this case the latter never grows across
it it may either be stopped abruptly around it (Gyznnocladus canadensis), or
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it rmy curve back to::ar•d its •a•ac• a;-i gradu•i!y disappear, enveloping it
with a sleeve which will so.-•times plunze to:.•ar• the stem (Robinia hisoida,
Platanus occidentalis, Gleditschia trlacanthos, etc.), or climb back up
again towa.•d the •rface of the scar (•.oro• •ruu•.co•a)

III. Secreto•r T!.ssue

I. C•zstal-Be•z•_n• CeLls

The crystal-bearing cells never •abdlvide• even ;-hen they are included
in a recion where the cell division is vc_-y•c^ •-'•ve. Those t.hat are •.•__••'^^],,,"--"
in the ligno-suberous l•T•na :•v be dead; but t:•t does noto.e" ...... .... • t.•_.'•

- 7 . ... • :' " '...-4 • 7 ,-.•:•:alls from becoming more or _cos _•_gnmlmea (.'•orob• •ratzcosa• ..... too•.. :
Sipho etc.). Ho•:evor, when they still contain protoplasn, they •rc ca•aol•
0•" •'•',-,-4 "• "• "1" ,,-,-• -•,'• "4 .•-I . .. . • .....

_ •.. ..... • •.• ........ :_•. ana •ne •amerou• .zLm, %,;hich they p•-ciuce, .;,•
then e(ver not or•iy ther -:aiis bat a!so the outside of the t•tn e.:ve!ope
cf crystals and the outside of the bridges •b'.ch often eor•nect this envelope
to the walls (Ainus g!utinosa, Castanea vulgar-is, etc.)

2. Secreto_•/ Cells

The isolated secretory cells appear incapable of any reaction related-
to the fall of the leaf; their eonzen÷ !ries out C kgnolia aeuminata, Ben-
zoin odiferum, etc.).

3. Articulated i•.ticiferous Organs

The articulated !aticlferous organs of _:crp. na fraticosa, of theR obinia, of • ..... • "•"
•_asa•.• a!ta•na• etc., are broken by une separating stratum

and by the cot? in the same way as the sieve-like tubes. Ordinarily their
walls are li•nified in the passage of the !igno-•aberous stratum.

In the case of the Aesculus, •[egundo, Acer cazoestre, etc., these
same elements •abiivide ..... ... ••"

•ra..sve.•__y several tines, and sometimes also lon-
gitudinall'/: at the level of the pri;•ry cicatriza:ion stratum; then the
nc::ly formed sells are li•no-sube•_zed. These laticiferous organs then sub-
dv.de again, later and further de:n, in order to become involved in the
composition of the generating zone of the scar cork and in order to contri-
bute to the formation of the latter.

4. Eranchin• Taticiferous Organs
in "iorus "• "•

rime.a, •,.. alba, Ficus Carlca, etc., the branching laticifer-
ous organs are first of al! plugged up, in each of their branches, by two
plugs co.,•zstmn• of modified latex, and then by two partitions, one above
the •z•..tm,.o sbratum in the petiole and the other below it in the pulvi-
num. T-•ese partitions are finger-shaped and have convexities turned toward
ouch other, that is to say, two of them, at a time, are turned toward the
separating stratum /•oth of them toward the separating stratum_•, in Pe•-
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ploca graeca it -.--y a"lso happan that :ltetola pugarfred

These laticiferous organs are th3on br-oken ant the level of the separ-
ating stratum, in their sacrificed region, th'-at, is to say, beýtween the two
partitions; later on they are crushed and cut by the scar cork either above
or below the lower poartition.

5. Secretory Sacs

The secretLc-. sacs of Tilia europaca and Pte2.ea ti-if oliata, w-hich
often are contained inside the ligno-suberization, ur~dergo no chan-e other
than the ligno-suberization of their epithelial cells. Those which are foun:
at the level of the sep)aratling stratumor of the scar cor-k ar7e s'hape (wl
by these two tissues.

6. Secre`to-.r Canals

The secretoi-y canals of Aralia. spino-sa are plu-ged by gummzy lign~in be-
for the lea.' falls, f:rom a point. at a cert.ain dist-ance above the separating
stratum in the petiole all the way to a point, a littlie beclow the scar strata
in the pulvinus.

Those of~ Rha~s are block1-ed by th1eir eoithealial cells --h1ich are developed
into thalli insid.e the canal. These thalli are ligno-suberized at the level
of the lirno-suberous lamina and are transforr-ed into the gesrý_:ating zone
wihich will produce the zone t~ag~nr-e th _qc~nd;ry-, cork. In this fash-
ion, the first and the second scar lamina establish their continuity across
Lt~hrough.7 the cana-ls.

So!,i- Snecial Features- Pertaining to týe_ Separatin7 Stratum or the Ci-
catri zati;on

Leaf-Bud Scale )2amalla

In som,-e species the axilla~r bud or buds o-L? the leaf are hidden urder
the more or less sw-ollen base of the petiole (Platuanus occidentalis, Rims
Coriaria, Ptelea trifoliata, etkc.). Ordinarily, the separating stratum is
then formed below this swelling so that the buds are exposed after the leaf
falls (Sophora japonica, O-ladrastris tinctoria, Robinia hispida, etc.). in
some." species, how.ýever, th-is stratui- is formad higher up and extends across
the petiole swelling. After thc leaf falls, a portion of this swelling then
remains above the bads; I have called thi-s portion "leaf -bud scale larrelJla, 11
in comparisor. with the scales by the s-are name, whose role is likewise to
protect the buds during the winter. !-hile the only bud of Philadelphus
coronarius ard all of those of Robinia Pseudo-Acacia are thus hidden, only
three out of the four in .ýonispermian canadense are thus protected.

-n ?telca trXifoliata the separating strzatlun extends into the petiole
:7.w:lliný: above the bcuds; but this happens in a fashion -reventing the dehis-
cc~nct; fom extending into this region and similarly preventing t!'e formation
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of a leaf-bud scale lansila. Doe~s no-G tn-;s ar::-ecn rcall the existence
of an ancestral. state wuhich night have cý.zsa-ueearcd?

in Gleditschia triacanthos v. inernids, the separating7 stratum, is ar-
ranged in such a way tha~t four out of five bouds are hidden by the enlarged
extremity of the nulvinuas without t-he latter othezliJse taking on the appea-r-
ance of a leaf-bud scale lamella.

Soec4 e-, I.''; r'eecmt

In thll- snecies 'wnhere the -eior.is ro.%a-~1lv situated deeply in t".-
suem, it, is al-so Uifrysmte: n uvzs tte cv
around the leafbndes t~his slezvrczzsthe bundles cml~roa
a mor-e or less consuderable diuna(~ctlafraticosa, Car'a,ýna
Calophaca vol~garico;. etc.).

in these spOecies the scar cork does not develop across the cortical
parenchym-a which constitutes a veritable sacrificed t-issue; it grows only
across each of the bundlz-s, plu~ggiLng th.1eir, neriderrral. slee-ve near the base.

Re-rival of Cicatrisati-on

±n, certain speci;es the scar tissues which are f orn~e eoetewn
ter of the first year (lig-o-suberous lamiýna), are removed during, the second
year due to the estab1 _ shmert -- below thenr -- of a n-.ew. sepoarating stratum
sirrilar to the one w-zen'_c zrzgzered' the autunn fall of the leaves (Hamamelis
virginiana, Parrotia "persica, Sorbus, etc.).

I~n the Serbus, Ciornus nas, CornuLs sang~uinea, etc., tepulvinus, which
results fr'-om - oitoX raun-er long --In size. * etw-een the revival separa-
ting- stratu-m a-.` the ligno-subercous iarLra (first scar lamina), there also
continues to e;:Aist a more or less thick parenchym:.-a. Above the newr sep'aratingy
str'atum we then f-ind diff-Lerenitiatead a lignifiN ed reinsimilar to the one
wh-ich was forn-ed earl ier Li t~a case of-ý the cOetiole above the autuzirn separa-
tsn st -ratum (subcicatricial ignf straum)

In Fag:us sylvatuica and Carpinus B3etulus, the ex~foliati'on of the first-
:-ear scar strata is produced by a sliJghtly difCferent process. The first
layers, su7pzlied by the secondaayj c:rk generating zone, below the ligno-su-
beros- s~tratum, remain cellulosic and grow-. very mruch in the longitudinal di-
rcct, on; ;irwalls then become very thin. After that, -these delicate w..alls
arc oro.:eon prorlressively __ due to tQ'he action of-: external factors _- in the
same fashion as in the autumn separating layer in AIristolochia Sipho. Wde
may enc;ounter a similar arrangement in Staphyllea tri-foliata; how-,ever, since
this is often local, the revival which it produces msy only be partial.

.'arccscernt Leaves

WJe find nnrcescent leaves primarily in those specitcs which4 feature a
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revival of cicatI.rizati_,on 0

Th.fatre dsijihn~these :ro cn leaves from the deciduous
leaves of' the si~&e~ s zsrowz o;'o ;:han th'e absence. or incomnplete
development- of' the auturnsnaam stratun. I*h- ra-rcoscent leaves are, in
effect, leaves that are develoned later t;rz- taoc others; they, are leavestht
hlave not yet terninated their" vital cvcl a;,codnr eoito i
so that the bad_-weather- season kl:cL1 th-- 11oete 'm as:: 2

teztnat~e or oven, begiLn hero; the zubrhm.. of the z

The: li*,no_-suberous strat~umfrher, is differentiated, in the
base of those leavcs, before wint~er com-es, in tesane wayr ^- in the case of
the diciduous lea-ves; but this happncs only after t-heir death. 1Moreover, it
is ordinarily not as tikanal its thick-ness doecreaSes even further, the
later its different iation co-es ab.out.

Duringý the second year, it is a revival of cicatrization, which brings
about t.he fall of the marcescent, leaves (:azesvirganiana, Fagus sylva-
tica, etCc.) and which, aided. by tew >;of u leaf and the wind, then
occurs muach faster t-han th'=. of th-e pul-rlni of the diciduous leaves.

Th the Q-aereus haazanzLca and pedunculiata, the rev-ival of cicatmization
occurs only in the tulvini of t~he marcescent leaves. It is, at most, rough
Lapproximat'e, vagu-J, in the others.
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In the historical reviow at the boginninrg of this work we saw that
only two, out of all the authors who studied the phenorcnon of autum=n defol-
iation, concentrated on 'the fall of the fololoes in a joint project; I ani
talking here about Mr. Van Tieghem ard Gu. uignar1 ('Observations On the
Mechanism of Loaf Fal.,1 i d.- 2a Soc. 7,-t, e.-: Fra?.nce, Voluire X:IX, 1882,
page 31 2). They studied only on- caLe -- the cc.o of Qynnocladus canadensis
-- and then only under artificial conditions. We will recall that, accord-
in- to these authors, the wound left by the fall of the folioles is never
cicatrized.

The res-lts, which I will present in this second part, like those :er-
taining to the leaves, were obtained on the basis of a study of organs nor-
Mally falling in autumrn. They involve several species which I will now des-
cribe in succession.

Be'fore we go any further, I would like to point out a general fact:
there is no lignified element cthor than the vessels, at the base of the fol-
ioles, as at that of the leaves, before the beginning of the phenomena that
prepare the .ray for thz fall of the leaf; furthermore I want to state that
the bast-ligreous bundles here arc frequently constricted.

So2bus A.ucu-aria L.
At the base of the folioles of Sorbus aucuparia, we car. observe a

slight constriction a little above its inseotion and on tlX inside face only.
The separating stratum for the foliole develons at its /-thisj,_level, some-
time Lofore the separating stratum ofo the leaf'. This sT. 2tum / foliole sep-
aratinz stratum]n is nade up of two or three layers of c~.-s which -- in con-

-; to those n.aki:i- u the leaf secaratirig stratum in the same species --
are not subdivided in adva.nce. . bove it we h-ave a subcicatricial lignified
stratum ur.ergoing differentiation here, similar to the one we encountered
at the base of th.ý leaf.

The foliole separating stratum mechanism -- in this sp,ýuies and in
the following ones -- is the sar•.e as the mechanism for the leaf separating
stratum in the same species.

This separating stratum is established at the base of all folioles
but it dces not always narnge to function before the detachment of the leaf,
especially when we have an abriupt or sudden heavy wind or frost. Thus we
see that some folioles ray be involved with the petiole in its fall L-may be
forced to fall with the petiole-7.

in the pulvinus of the folioles there is never any trace of cicatri-
zation that r-ight occur prior to their fall but it ray occur afteznard. As
a ..ater of fact, among the folioles which fall early, many do so while the
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petiole is still quite alive a while, therefore, the tissues of the little

leaf pulvinus still have sufficient vitality to react against the irritation
resulting from the fall of the foliole. This leads to the formation of a
cicatrization stratum under the wound, although this stratum appears perfectly
useless to the plant since the fall of the petiole - which comes a short
time afterward - will involve it fcarry it aurayj like'wise.

This cicatrizAtion stratum, by the way, is more or less com'plex, de-
pending on whether the fall of the foliole occults nore or less shortly be-
fore the fall of the leaf.

Di the most ccn-lex cases of cicatrization which I observed, I found
-- below the re-mants of the separatin--g stratum - not only a lamr- na con-
sisting of two or three layers of ligno-suberous cells (ss, Figure 10 4), but
also, belid and against it, a seconar-y cork. The latter, which might even
completely grow across the laundles (lic, Figure 104), was, however, more
than two or three layers thick. 7he ligneous vessels were plugged by
lignin.

This kind of state of cicatrization of the -,o-ud left by the foli-o es
is not rare in this species; I observe it ýrany times. i right also point
out here that it turns out to ba mmore ccapleze than that of the first yearrve case, the cork grars
at the base of most of the leaves siice, in this latte • c

across zhe bundle cnly in very exceptional insttnces. hIen the cicatrization
of the folioie pulvini is less complete, the cork may be absent and may re-
veal only the rough outline of its generating zone. Most often, the ligno-
suberous stratum exists here all by itself; at other times it is represented
ordy by a few lignified cells. Firally, in yet other cases, there may be no
trace of cicatrization Whatever.

I have often found sevei . degrees of cicatrization in one and the
same leaf, that ib to say, in the different foliole pulvini carried by one
and the same p-etiole.

Juel-is Nipnra T.

The leaf 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 ir that it is not of meristematic origin. Its formation is accompan-
ied by the characterization of a more or less thin lignified stratum which

is established above it, in the base of the foliole, and L accompanied byJ

the production of numerous thalli in the ligneous vessels of the same region.
Since the folioles fall rather prematurely or 9ouite a bit earlier than

the leaves, we find that the cicatrization of their L the foliolesj 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 against this debris (ss, Figure 105); the thickness of this
ligno-suberous lamira averages five to seven layers of c u._ e lo.:er ones
of which are often subdivided once or t-i-lce, even before the Afoliole falls.
The ligno-suberization here involves alwNays the parenchymatous elements of
the bundles, including the th-lli. Below this ligno-suberous stratum I was

never able to observe arqything more tlan the rough outlines of a cork; these
outlines are found especially in the internal cortical parenchyma, in the vi-
cinity of the bundles.

As in Sorbus aucapaxia, we can encounter all of the intermediate var-
iations, along with this most complete state of cicatrization; these varia-
tions -4- ght even include the comlete absence of cicatrization; this, of
course, would depend on the greater or lesse pr:ecociousness of the fýIll of
the folioles.

An odd terminal foliole will never be detached because there is no
separating strat"m developing at its base, nor will there be any scar tissues.
This peculiar feature is explained probably by the fact that its median vein
directly continues the oetiole without articulation an -without modification
of tissues of any 'kind w•hatever.

Gvrnocladus Canadensis •a•k.

The leaf of Gymnocladus canadensis is composed of two stages. The
folioles are te frst to fall rather long before the leaf falls. The second-

ary petioles, on the other hind, are detached only a short time before; some
of them are ev:- still attached to the prinary petiole at the moment it falls.

The tissue changes which occur at the base of the folioles ard at the2
base of the secondary petioles, before their fall, are of the same nature
in both cases. Th•se tw.,o tv:es of organs have zun articulation at their base;
"thMs articalatIon is marked by a circular constriction at whose level the
ele=ents of -he cortical parenc.yma gradua'ly become smaller in size. The
separating stratum is ?fored at the expense of the small cells of this ar-
ticulation, :it.out the separatin- stratum being first the site of 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 more or less
thin subcicatricial lignified stratum is differentiated above the separating
stratum.

There is generally no cicatrization below the wounds left behind by
the fall of the secondary petioles. Ca the other hand, below the wounds
2eft 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 Tieghem and Guignard (10c. cit., p. 312); these two
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authors maintain that the separating stratum is a L'i t m-i_ lt e.. . t e J •C layer ravacl_

ing two or three new thin partitions and that a middle layer is resorx:&
during the detachment of the foliole. I likew"ise disagree with them when they
say that the wound left by the folioles on "the primary petiole" (since the
leaf 44s composed of two stages, there is no .doubt that we are actually deal-
ing here with the secondary pitioles) is never cicatrized.

I would also like to ooint out aPsin the artificial conditions under
which these authors studied the fall of the folioles and of the leave:; i
thought that these conditions might cause a variation in the process of de-
foliation and this is why i tried to repeat their experiment. I thus put
detached branches of Gymnocladus canadensis in cans at the sane- time, in July,
that is, and I kept them there as mch as possible under the same environ-
mental conditions.

in this experiment I noted, first of all, that -- even under normal
conditions and under the conditions obsezved by r:r. Van Tieghem and Mr.
Guignard - the separating stratum appeared successively at the base of the
folioles, then at the base of the secondary petioles, which these authors
do not mention at all, and finally at the base of the leaf itself., I, on
the other hand, found that, despite these special experi-ental conditions,
the mechanism of detachment of the different Darts of the leaf remained
sim:lar to that of natural defoliation, that is to say, that the formation
of the separating stratum was not preceded by any s-bdivision and that its
cells were separated without ever being resorbed. Like M-essrs. Van Tieghem
and Guignard, I did not observe any trace of cicatrization either in the
base of the folioles, or in that of the secondary petioles, or, for that
matter, at the base of the leaf. This sho-W-s how the process of artificial
fall differs in this respect from a~turnn fall.

I might also add that, in this eo.merLment, there is a subcicatricial
lignified stratum above the separating strata of the different parts of the
leaf; the characterization of this subcicatricial lignified stratum is si-
milar to that which forms in autumn and I found that the former here is
much more lignified.

Sta§phyllea. Pinnata L.

In this species the separating stratum is formed right at the base
of each foliole at the expense of the two layers, some of whose cells have
split earlier transversally ard 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 5opposed
arn inserted on petiole swellings which constitute veritable nodes. Now,
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the lignified tissues which are abundan-t in the bundles and the pith of the
internodes of the petiole art reduced at the level of the nodes to the point
where they are represented only by the ligneous vessels; this can be found
also to exist at the base of the folioles and the leaves. Ioreover, a separ-
ating stratum is formed in auturm across each of these nodes; this separating
stratum cuts across the entire cortical parenchy-a, tha medullary parenchyna,
and even the bundles (cs, Figure 107). This separating stratum is developed
for each node around the same time as that of the corresponding folioles but
the cell subdivisions here are more abundzant. The lignification of the t-.s-
sues which occurs above it is likewrise more accentuated.

Although there may be a separating stratum at all of the nodes of the
petiole, the internodes of the latter are not always disarticulated L dis-
jointedj. Cenerally, as a matter- of fact, these types of strata act some-
time after those of the folioles and only a short time before the fall of
the petiole itself, so that the terranal internodes only have time enough
to becorme detached. (E'er, S., "Vegetative Phenomena Preceding or Accompanying
the Loss and Fall of Leaves, " Bull. de !a Soc. bot. de Prance, Volume XXIII,
1876, page 188, found a simAlar disarticulation of the internodes of the
petiole in the leawes of ihonia whose fall he managed to bring about while

keeping a leaf-bearing bra-qch in a closed space saturated with humidity.)
never observed -- below the scars thus produced -- any formation of scar

strata sirilar to those which I pointed out in certain foliole pulvini of the
same species.

Cararana 'Lltazana Poir.

At the base of the folioles of Caragana altagar' (Figure 106) we have
an articulation as at the base of the leaves but the circular groove, which
indicates it, is not as deep although it is very clearly indicated. As in
the case of the base of the leaves, the separating straturm is differentiated
here at 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 and s, Figu_'e 106).

Ln the C. altagana, the cicatrization of the foiiole pulvini has al-
ready begun before the folioles fall. Sometimes -- although very rarely --

the lignified scar stratumn. may be completed later on through the characteri-
zation of some ligno-suberous elements further down. The vessels are almost
always filled with guW- lignin up to a certain distance below the surface
of the scar.

All of the folioles generally fall before the petiole.

Calouohaca Vol~arica 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.
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Xanthcxvylon Fraxinertm 11ill.d.

The folioles of X. fraxineum all fall before the petiole; however,
since they generally fall only a short time earlier, we get a •car reaction
below the wound only raraly. In some cases, hovwever, I four some ligni-
fied strata or even some ligno-suberous strata here.

A separating stratum, sim-lar to that of the folioles and topped, l"•
it, by a rather thin subcicatricial lignified stratum, develops across the
latter L-lieno-suberous stratumj7 and often also across the two last nodes of
the petiole, as in the case of those of Staphyllea pinnata. Despite the

Spresence of these separ-ting 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.

We know th.,u the leaf of Aralia spinosa is composed of two stages.
The different parts 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 leaf, we can observe
the formation of similar separating strata not only at the base of the fol-
ioles and the secondary petioles, as in the case of Gynnocladus canadensis,
but also across all of the nodes of the secondary petioles as well all of
those of the primary petiole. All of them are made up in the same fashion
as a result of the subdivision of one or more cell layers. A thin subcica-
tricial lignified stratum is differentiated above each of them; in addition,
tha•lli penetrate into the interior of the big vessels in their vicinity.

These separating 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 saree progression.
Sometimes, however, as a result of an oabrupt fall of a secondary petiole
or the primary petiole, 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 observe the fonration of a scar stratum which may be ligno-
suberous or simply lignified.

At the level of the disarticulation of the folioles, the secondary
petioles, 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
the gummy lignin which, lEkewise, is deposited especially above the separa-
ting stratum.

Robinia Pseudo-Acacia L.

Like those of some of the preceding species, the foliole of R. Pseudo-
Acacia has at its base an articulation at who-- level the separating str.tar.
is established. The crystals of calciun oxalate, which are very numerous in
"the rest of the secondary petiole and the primary petiole, are missing at
the level of these articulations.

,o lignified stratum is differentiated above the separating strata;
often, however, a few thalli penetrate into the vessels in their vicinity and
before the folioles fall. The latter generally fall all together before the

petiole. After their fall, the wound r-y be cicatrized by a rather thin
ligno-suberous lamina which sometimes completely grows across the pulvinus
but which more frequently is formed only in its internal cortical parenchyma.
"i~oreover we can sometimes note the deposit of gummy lignin in the vessels
below the wound.

Robinia Hisoida L.

The articulation of the foliole of this Robinia is similar to that of
R.obinia Pseudo-Acacia; the circular groove here 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 moment the foliole falls and the gummy lignin likewise
generally mnages to block the vessels in the vicinity of the scar.

Araoroha Fruaticosa L.

The separating stratum 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-suber-
ous stratum only in a small number.

Aesculus Hipnocastanum 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 occur at

the base of the folioles of Aaorpha 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-

- 133 -



cosa. We might note, nhwever, that, in general, the tetMinal foliole does
not fall although it is equipped, like the other-., with a basilar separa-
ting stratum; as the petiole falls, it takes the foliole along with it.

Staphylea Trýifoliata L.

The separating stratvir. 1ere i. differentiated at the base of the fol.
ioles; as in the case of the leaf, it i.s made up of one or two rows of cells
which have earlier split two tc four fAmes. The subcicatricial lignified

* strata are quite thick here. However, although the three folioles fall quite
some time before the petiole, chere is generally no cicatrization below the
wound.

Sophora Japonica L.

The detachment of the folioles oi S. japcnica occurs at the level of
an articulation in their small petiole Z-le flet petiolef.7, Contrary to
what happens when the leaves of the sama species fall, te fornmaticn of the
separating stratum for the foliole is not proceded by a cell subdivision.
Ordinarily we do not have any wound cicatrization belom it.

Koelreuteria Paniculata Lanik.

The separating st-atum of the foliole is of neristenatic origin, like
that of th• leaf; however, the subdivisions here are less numrocus; cic .inarily
there is only one per cell.

In the base of the folioles wa have numerous t.halli developing inside
the vessels, before the folioles fall. Wound 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 the petiole
azd 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 made up of
two or three successive subdivisions of rne cell layer, as 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. inermis

The big leaves of this species are made up of two stages; the small-
est ones aru, made up of only one sometimes.

The fall of the folioles and of the secondary petioles occurs in the
same fashion. The separating straLum here is never of meristematic origin;
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it is establizhed at the level of an articulation mar- by a circular grr ,-
which is not dceep and i,,iich is found on aoies; .' my bo quite ac•.ý
tuated but it exists only on the inside face of the o:gan in the case of -,
secondary petioles.

W-Jhen the loaf falls, a more or !oSJ. n• e noer of is E-Oondary
petioles ara very often stiL2. -. o . .. :].. pe'i~L. c. e&....
frequently they may still be provzz-a . r 'olioles. I :..r c.ou;C;.
any trace of cicatrization in the fo'io.w Zul-ini.

Inside the vessels at the base of the folioles we cannot see anything
that would remind us of the considerable deposit of gumnmy lignin which wC
encountered earlier at the base of the leaves of the same species, before
their fall.

Tcco-a Radicans L. D. sp.

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-
iicatricial 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 nodes of the petiole; this separating stratum is
constituted by the subdivision of a nell layer; however, only those at the
top are completely traversed, so that only the last internodes are disartiou-
lated.

Fraxinus Ornus L. and F. Ju•.landifolia Lank.

In these two species wue still have a separating stratum at the base
of all of the folioles but the latter do not begin to fall until a short time
bofore the leaf and many of them are taken down with the leaf.

As in th' case of Tecona radicans, we have separating strata also form.
ing in the nodes of the petiole, especially in those that are closest to the
top of the leaf; but these strata only grow across the cortical parenchyma;
they avoid the bundles and even the medullary parenciame although the latter
may remain cellulosic at that level. This means that the separating deta.h-
ment occurs only in the outside tissues and that the petiole of these Fraxi.
nus is never completely d~sarticulated,

Ailanthus Glandulosa Desf.

The folioles of A. glandulosa fall like those of the earlier Fraxinus;
in this caao we very often find numerous thalli in the large Vessels before
their deta4b-m.ent. In some cases we even observe the formation of a cicatri.
zation zt'atur, under the wound; the differentiation of this stratum does
not ;o beyond the ztate of the lignified strata.
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Negundo 'rainifolium Nutt.

Negundv reminds us of Ailanthus glandulosa but tha number of folioles
which do not fall here -- despite the presence of their separating stratum

is greater.

We must also note that the articulaJted laticiferous or_.ns of th b:..
of the vessels are often subdivided here at the Ilevel where the foliolae
become detached and in the small subjacent pulvinus; in this rospect ttly
recall what happens at the base of the leaf before defoliation..

Rhus Coriaria L.

A short time before the leaf falls je can obser re a separating stratum
at the base of each of the folioles of R. Coriaria and, above it, we can ob-
serve a lignified stratum consisting of four to five layers. Xore 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 folioles. 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 or,-an, 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 also and above all above it, up to
a certain distance into the secc ndary petiole.
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Summary of ?a,'t -

Fall. of Folioles

The fall of the folioles of a composit leaf is brought about by the
establishment, in their base, of a separating stratum similar to the one
which we find at the base of the leaf b-_t in which the i sub"ivi.-
siun, when it does exist, is less active.

The rzjority of the folioles have an articulation narrked by a circular
groove at whose level the cells of the cortical parenchXrua gradually become
smaller; this occurs even in those iprcies where the leaf does not have such
an articulation. The separating stratum is established in this tissue.

The mechanism of foliole detachment is the same as that of leaf det+ach-
ment.

The separating stratum is differenti-ted 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 lea.: may th.en take
a more or less large number of these folioles along with it as it falls (Koel.
rvuteria paniculata, Rhus Coriaria, Negundo fraxinifolium, etc.).

In the species whose leaves 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.

Subcicatricial I4gnified Strata

in the majority of cases we get a ligrnfication -- above the separa-
ting stratum - of the neighboring tissues which is coqparalUA to the ligni-
fication which we described earlier, in the base of the leaves.

Ci.catrization of !..ýound

:t is wron; to say -- as has been done to this very day -- that the
wound loft by the fall of the folioles is never cicatrized. However, con-
trary to wlhat i:e said in the case of the base of raiy leaves, the scar tis-
sues at thi '"so of thc folioles are alrost never differentiated before their
fall. :.,. t;.+!o species, only, an.- all of thoee w"u0'. I studied (Caragam"
altagana r..i Calophaca vc" arca), do we have a cbcatr-cial li'niftied tratum
- even before that ti • -- s3'izlar to the one which we incounter in the
basc o" the leaves in t•ae•a. e species,

T e scar strata which ray diffemntiato after the fall of the foliles
a&-.- quite t-•.n, They develop apairst t'- rests of the sepa.tng
ztr:tun a=4 they consist only or& Aw ay'ers which often only lignify but
w:ic~h -,;y also be .irp..•sube-riswi (Juzlis nigmr, O4=0claduS canadensil, eto.)&
thair ii,;no..suborization may often oven invade the burlt~s, In the xorewbat
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r.oro com.lex but less numerous cases, we may also ove __ be- . "S l"i" -
suberous stratum -- either very simply tha rough outline of a cork gen.-
zone or per>-aps even a cork; to be sure, tVis cork is not at all thick but
it, likewise, will ordinarily grow across the bundles (Juglans nigra, Soibuz
aucuparia, etc.).

it is not at all care to find foliolo scars -- on- one and the cw=
tree and often evcn on the sans leaf -- which are acconjanied by a eoro c-7
less complex scar stratum and we nay also find othcrs which do not h-iea
slightest trace of such a swratum.

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 paniculata, Juglans
nigra, etc.). Similarly, a gunny lignin may be deposited here.

A.lthough 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 ru-
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
the leaves, but this is somewhat rarer (Negundo fraxinifolium, etc.).

As in the case of those at the base of the leaf, the secretory canals
at the base of the folioles of Aralia spinosa are p2ugged, before their fall,
by gumny 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
nodes and the ligneous and bast fibers are likewise missing; in these nodes,
the rdullary parenchyma, lignified eveywihere else, has remained cellulosic.
A separating stratum may be differentiated in autumn across these nodes and
above this stratum, the tissues may react and form a thin lignified stratum,
as at the base of the leaves and the folioles. In Aralia spinosa, such a
separating 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 Tecona radicans, but
it traverses nomp.letely only the terminal nodes; in Xanthoxylon fraxineum,
it is produced only in the latter; finally, in Fraxinus, it is incomplete in
all of the nodes.

Often these separating nodal strata prove capable of disarticulating
the petioles a short time before defoliation; often, howeve7, the leaf falls
before this disarticulation.
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General Discussion

On the basis of what we have just said wre can say that the opinion of
some of :W predecessors -- who attribute the cause of the fall of the leaves
to the develooment oi a cork across the tissues of the leaf pulvinus -- is
in error. This coi-k is irdeed nissinrg at the -o.cnnt of the fall Much nora
often than it can be' found. Moreover, it is sootiws developed a very long
time before defoliation, ,ithout the leaf as a result suffering from this;
this can be understood when we realize that it then does not affect the bun-.
dles and does not prevent the circulation of san betw;een the stem and the lcaf.
I right add that such a stem is constantly absent in the base of the folioles
and that, however, irost of them still fall in autumn.

Defoliation is certainly brought about by nonanatomical but rather by
physiological causes. The habit of deciduousness in the leaves of the cur-
rent epoch has probably been developed under the influence of periodically
renewed conditions, similar to the development of their life cycle during a
certain period of time; their fall is therefore the iosult of their decay
and death. Under the influence of the same environ;msntal conditions, thq
plant has also adopted the habit of itself practicing the amutation of this
dead or dying leaf -- before winter; after all, this leaf will very soon not
only 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 physiological causes of the fall of leaves
and our discussion will therefore deal .ainly with the anatomical facts ac-
companying it.

Coincidence of Position Existinz Between Seoaratinr Stratum and Articu-
lation of Certain Leaves

I shc.,ed that the future position of the separating stratum, in the
base of the adult loaf, is only rarely indicated by an articulation marked
by a s-mall circular groove at w,.hose level we find a stratum of more or less
specialized tissues, whereas this fact is mich 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, coini 4des most of the tine with the exist-
ence of movements which have been discovered in these organs, so that it
seemz above all to have bemn established in order to promote them C-the move-
rents_. These findings have caused me to think that the establishment of
the separating stratum in t-ie articulations, whenever they do exist, probably
is nothing more than a secondary peculiarity of the existence of the latter
f-articulationsj_ and that -- if this establishment occurs here sooner than
anywihere else, in autumn -- this is only because the articulations consti-
tute regions of lesser resistance.

Arcnts involved in the Fall of Leaves

a. We showed that the triggering of the activity of the separating
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stratum and particularly the formation of the dehisconce surface were ac-
coinanied by a major longitudinal growtl' of %ir'o cell-- of t-he stratum and
that this Croifth occurred in a certiwa osto idnth flloth
leaf. In reality, we sh- 7d probably compare this cell !elonnatjwn to the
one that occurs rcuent- at th ~cs ~ e cells in the t-5,ssl~es ir-i-~
tated by a rnatural or artif-_ -a2.
a veritable nmeans c-'- ...

¶ ~turn, howuever, the celL _0 'i.
pulvinus and the bazs z[ -;Ec. ..ý..

fluence _- also -x,)g>: te o.L . . ~
vsels, etc.) .h-ch, only 110_" L__er ea fe U~~. :.

the hehiocenoc oarf~ce

W-*': and 11: - rost also ttu=
out to be po-werfu aS- :.n cc-,.n

b. Th-e sac '-*- o- tof t:e'- -. cc~pcia-lly the action ofL
the wind ,wrd on a cýr-xac,:, are eD~ ~7rThowrful. To rctnl~i.zz
what% is involvcd :re onn n.. rrcax i: ... Z- sam species, C:-.
the one hand, t.he spoewz. :~} ~ fall in tho szpin-~
as we have :con ZLI].~ Is cv*. n ectiain
on thc -t'her ha.nd, z ir`loka the s1- -::_ ch the valves
fall; a' ::us ' by a z~i l- _ tcps of the
V-Thi of th-L-1,0 ~ sbcv

c. It zocnn '`': `' Tat *1 frost _xzi factor in
the fall of leaves_. L_, ho.w C"Oesai act? It*C iz; =obn'slo h it causes
tureosconce w erto in' the ý;-zls and 1 thai ths aer-- hila ez-,
pandinfg mrze or Ic~z c.~2~ und the action o-2 tPh.- freeze--ý speeds up
the slow action ýaf .e~atn stratum ar-1~ : the I 'K tal re-
sistance while o ; lealf or tho fe> o- -L-; ie:..: --

the thaw causeod 'y orz.sunaý t*e o- elt and t--__l= which is no
Ion-er hold by ~~- al to t'ýhe ~oz~ oLw.a -frost, many of us,
I an s,.irze, :::-s to -.:s,'tch these o*1'_-aný ei. deta-chod in large nu-
bers, in th,:.- d*.z;o h actlion of the firstry s olf the sun, while
th.e atmosphere ;:ac >rSac±ya

d. As regards valveS (flaps) 6uný t'Uo tLhe roi-lof cLýc.atx-ization,
.. , add that de_-io_!tion- i's added to th ~e tr.This latter fac-
~o'acts on th,: reteror oeneous t:ssue of tho valves and tends to cau-se the~n

curve back ~seor es -r and. to narethe dc*o :.eenc_ crack in this
:i.ar. e r

On the z% o-f a stu1_dy of the facts, I might finally acid that the
action due to .is; the cellz in-- the- cart-- t7-%;tun' 1developns
'._-2'j vcoyl .-. wa not, a-->..f 2 . . u. evan

:~2a 'cby~. ~ 0z.6 o1tho11a >

^n -rs-idared as Pr -7:
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Regardless of the causes that bring about the fall of the leaves andthe folioles and the formation of the separating stratUI4 it Ang obic
to me that the place where the dehisoence surface is established tuns out
to be a source of irritation, a wound, against which not onv the m abj4o .t
but even moreso the tissues above want to react. In iw opinion, we have her
the formation of what Mr. Bertrand (Bertrand, Sug., 8law of Free Sutfafoese
Bull. de la Soc. bot.de Fance Volume XXXI, 188, page 2) has called a
"free surface"; it is this surface which, above, causes the formation of the
subcicatricial lignified stratum and, below, in the pulvimis, the changes in
the primary tissues (ligno-suberous strata) as well as the formtion of the
secondary tissues (scar corks) whose lowest ones tersinate the oicatrization
by plugging the window of the caulinary periderm opposite the leaves. This
is also the factor whose action leads to the developmedt of the thalli, the
deposit of gwW 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 differentia-
tion. But this peculiarity of the production of the effect before the
is probably the result of an advance adaptation. (Here, for instance, we
might mention the adaptation which, in the embryo sac of the Gymnospermst
causes food substances to be placed for the nutrition 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 to 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 be accomplished especially easily since, on the one hnd,
it would be undeniably useful to the plant which is already, at the moment
the leaf 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 Leaves and of Revival of Cicatriuation

In the cases 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 marcesoence
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, furthemore.
this particular feature is due to the fact that the customary separating

stratum has not had tire to develop or, at least, has not had a chance to
develop full; when we keep these thoughts in mind, we are led to think that
this mrcescence in reality, in presentd4ay leaves, constitutes nothing mae
than a now phenomenon grafted onto that of the habitual fall of the leaves.

However, the maroescence of present-day leaves is particular inter-

asting because of the conditions under wbi the newt i
omed below the usual level Of the first st at I

very probable that the differentiation O fti se8 o t ua i ou
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about by the plant's need for getting rid of an organ which has not managed
to fall LCy itself_ by any normal processes. Now, are these conditions, to
which it owes 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 in-
creasingly cold winters, that the plant has developed the habit of cicatriz-
ing itself at their base and then dropping them?

As far as the revivzl of cicatrization is concerned -- a cicatrization
which is located in the puivini of the deciduous leaves of some species --
we might say that it recalls, anatomically speaking, very much the situation
we 'ave 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 Lirrinkles_.

RelationshiD Petween Nature of Scar Reaction and Time At Which It Occurs

The nature ,kf the scar reaction is in proportion to the state of vi.
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 -
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 bo, 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 may be attributed to the same cause since, in effect, at the
tine these folioles fall, the leaves themselves are getting ready to fall
and very often are just .bout to fall, so that there is certainly a consid-
erable reduction ia the v.tality of the petiole at that time. Moreover --
and this tends to prove this point -- the scar reaction in the foliole pul.
vinus occurs in an eviaent and tangible fashion only when the iolioles fall
prematurely, that is to say, when they fall a rather long time before the
petiole, 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 t-.ke place, ligno-suberous differentiation does not seem
• require a state of 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
made 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 coimmon to all
tissues: on the other hand, the production of the suberous film reveals all
of the char7acteristics of an individual defense put up by each of the ele-
ments and representing their last vital act. The lignin does not remain lo-
cated in the special membrane of each of the cells; it spreads into all of
the tissues and here reaches even the walls of the dead cells, such as those
of the more or less crushed sieve-like tubes, as well as those of certiin
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 suber-
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
Menispermam canadense; here these elements, which still contain protoplasm,
are still capable of individually reacting before 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 thebase of the ligno-suberous strata and, only when these
strata develop early, Lit can be observed7 a long time beor's the fall of the
leaf.

Cicatricial Function of Ligno-Suberous Strata

I indicated that the formation of a ligno-suberous stratum never con-
stitutes a means of definite cicatrization for the wound; but this stratum
is often 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 ,-potection of these tis&ues against outside agents by forming
a kind of imperneable screen. In particular, it stops the invasion of fungi.
ve knov, in effect, that the mycelian filaments usually grow into LinJ the

tissues either by circulating among the cells through the channels or in the
nembranes, or by growing across the latter, penetrating into the cell cavi-
ties. row, at the level of the scar strata, these filaments cannot circu-
late through the channels because these channels most often are either ex-
cessively reduced in size L-diameterj7 or they are frequently obstructed by
r>.-• lignin; from then on, the lignification of the walls becomes the real
obýxaclo to the circulation of the mycelian filaments between the cells.
P, •:bwat about the penetration of the fungi through the pits and across the

i cavities? This penetration is prevented by suberin -- an excellent
*rotuctvo scubstance -- which aqcompanies the lignin in the ligno-suberous
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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 frcquently invaded by an abundarnt

ceJ -t •tX mycelium, howrever, never penetrates 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.

Deeper 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 L sti.ulation_] 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 develop only
in living elements; it is, from that point onward, forced to perform a down-
ward movement in going around the ligno-suberous region of the bundles whose
elements are dead.

Conditions Under l.thich 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 collec-
tive defense of these tissues through lignification. I must, however, also

point out that this gummy lignin seems to be deposited particularly in spe-

cial places of excitation: for example, in the vessels, in certain glandular
n -, in the intercellular channels, etc. In addition, we must note that

.e tiilli develop in the sa~ae 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 established across the
cicatrization tissues, at a point where the proliferation of the border cells

does not manage to fill them up, that is to say, it does not manage to block
them completely.

It seems quite obvious that the formation of thall. and the production
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of wound lignin are due to the slowdowm in the vital activity cf the leaf
and the excitation of the separating straTum. oiw.vez', if we remember that
the production of these substances may also oe encountered in the tissues
of the petiole and of the pulvinus up to a distance from the separating stra.-
tun which is considerably great4er than in the case of the other sear tisOUeO.'-
1.0 T.ust adnt that the holes, in which they are formed act rather in the
manner of folds of the exciting surface which would penetrate into the in-

terior of the tissues of the petiole and those of the pulvinus; or, in other
words, we might say that the cavity of these holes oermits the transmission

aLon frj the separating stratumof excitation over a greater distance along •-rom hesartnsrtm

than the neighborirý, tissues would permit.

Physiological Significance of Subcicatricial Lignified Stratum,

In the phenomenon of leaf fall, the role of the chanres which we have
just pointed out (development of thalli, gummy lignin, formation of sncces-
sive scar strata ) is quite clear: it is to protect the plant against the
consequences of defoliation.

The same, however, cannot be true for lignificat: on which often occurs
in the tissues above the separating stratum; this lignificatiDb is mcx.re5sed
by the establishment of the subcicatricial lignified stratum. This stratum,
in effect, disappears upon defoliation since it is involved in the fall 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 bu,'dles, 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 lignifi-
cation stratum, in the pulvinus, and a long time before defoliation. I
might also add that a similar lignified stratum may develop, not 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, but
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-
ration of the def&nse required in response to the coming fall of the leaf --
tme pulvinus is the site of great vital activity whose upper portion is in-
dicated by the separating stratum at the same time that it also represents

a.:axium intensity here; we furthermore know that an organ, whose vital ac-
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tivity is, on the contrary, in the process of diminishingbegins 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;
iii other words .- as I indicated earlier -- we have a free surface, such as
Mr. Zug. Bertrand sees it (leo. cit.). On either side of this free surface,
the tissues react because of their vitality; I showed earlier how vigorous
the reaction is hore, below this surface, in the pulvinuse. Above it•, 'he
vitality of the tissues of the petiole is greatly reduced and the reaction
is much less. Here it suffices only to produce the general lignification or
a stratum of tissues sometimes preceded by mer etematization; it is, however,
inadequate to bring about the individual suberization of its cells and,, even
moreso, 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 petiole are strata that
have been "epicinicized" L-seasonedj at the same rate as the scar strata in
the pulvinus and they differ only in the intensity of the reaction.

We must furthermore note that, in the base of the leaf, the subcica-
tricial epicinization is much less than the one formed below the scar; this
is easily explained by the excessive difference in the vitality of the react..
ing tissues; in some cases, however, it zay be greater than it. This, then,
is the situation at the base of certain folioles and even moreso in the pe-
tiole nodes, probably because the vitality of the chloropbyll region is ca-
pable of lasting longer than that of the petiole regions.

In support of 4his 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 pulvi-us 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 guimq lignin, like those in the pulvinus;
thesr latter reaction manifestations sometimes occur with even greater in-

tensity above than below the dehiscence surface.

Our opinion here is further supported by what happens in the cea. of

Cotoneaster melanocarpa. Hore we might rerember that, in this particular
socics, wo ray have one or two separation revival strata which tre more or
loss com:plcte and which can grow here successively in the pulvinus, below

the prinai/ scar lamina; now, each of tham is topped by a lignified stratum
although thoy are very close to each other.

Firally, I might say the follovir.S to anyone who wouX object to r
op•!r~at ion of the uselessness of this suboicatricial epicinization as far

h •ho plLt i.. ýonoernid (although, of course, I do admit this usolessneas)s

;h•i is not th• only uase where we can observe the development of a tissue

t.at is obviouý;ly useless to the plant. In effect, the scar sarata which
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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 t usir uefulness to the petiole is
debatable since the-petiole falls very soon after the foliole.
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S~Conclusions

We can arrive at the following conclusions on the basis of the obser-
vations which I have reported on here and which I made on roughly a hundred
species of dicotyledons with deciduous or marcescent leaves, *s well as on
the basis of the discussion and interpretation of the facts ricorded.

The impenying death of the leaf brines about certain inatomical chan-
ges in its base which often appear before the visible sympt:ms of tnas doe.th.
Those L-changesj are the formation of a separating stratut end the differ-
entiation of the cicatrization tissues. One or ;he other of tiose two types
of changes occurs in all cases*

Detach.'ent of Leaf

Separatine? Stratum

The separating stratum is the place where the leaf dehiscence surface
is forned during defoliation. It develops not far from the base of the organ,
above its axillary angle, and it is always characterized a short time before
the leaf falls.

In leaves which have an articalation 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 al-
though sometimes it consists of onWy one. The layers constituting it are
either of pI.rary origin, that is to say, they 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.

Dehiscence of Leaf

The dehiscence of the leaf may occur accordinM to one of the follow-
in, two distinct processes.

1. Unen the separating stratum consists of only one layer, we can
oaserve the elongation of the cells'and the consecutive thinning of the walls;
alftr this comes the dehiscence as a result of the rupture of these thinned
walls.

2. ý,.hen the separating stratum consists Of several layers, that is
to say, in the most freuont aase, the dehiscence is, on the other harn, the
rzult of a separation or detachment which develops between certain cells of
t..s stratum, near its upper face.

in tnis connection, the cll walls are tramnsfored, in the entire
utratum, iato a p,;to-collulosic mucilage, exclusive of a thin mer-na
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which directly limits the cell cavities. Then the mucilage is dissolved in
such a manner that the protoplasa of tho c 2.i• here remains covered only by I
this thin membrane; however, this last p-se occurs only in the region of
dehiscence and, between two of its layers, the cells involved remain attach',d,
at least along one of their sides, either to the tip of the pulvinus or Lo
the basq of the petiolo.

The dead or too heavily specialized cells (ligneous vesse.Ls, sieve.
like tubes, etc.) are then broken as a result of the elongation -- in the
opposite direction - of the cells bordering on the dehiscence crack, provi-
ded they have not already been broken by the longitudinal growth of the en-
tire stratum which often precedes the detac'-uent. This mechanical action is
furthermore aided and often entirely replaced by the mechanical action of
the weight of the leaf, the wind, and the frost.

Cicatrization

The separating stratum appears in the base of the leaf as a source of
excitation for the neighboring tissues. Above it, the elements of the petiole
.-:;az 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 4.ction of this separating stratum appears to occur
concurrently with the action due to the impending death of the leaf and it
seems to precede the action which results from the wound produced by its de-
hiscence; the result of these various actions then leads to cicatrization.

lie might also remark that, probably as a result of progressive adapta-
tion, this cicatrixation in many species begins to develop more or less
shortly before the apparent development of these various stiualating 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 tissued correspond-
ing to big s, ars.

Nature of Tissues Produced by Subcicatricig Reaction

The anatomical peculiarities which result from the suboicatriiial re-
action of the base of the petiole are the very frequent formation of a .•ig-
nifiud stratu=, the proliferation of thalli in the vessels and in the seare-
tcry canals, the formation of f iner-chaped partitions in the brnchin lati-
ciferous organs, the deposit of gumr linpin, etc.

Nature oL Scar Tissues of PiLviLue

7he cicatrization of the palvinus occrrs in different ways. depending
on the nature of the elements and of the tissues which are involved.

a. in the pamechmatous tissues we uy have the following, spartely
or concurrently:
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A re-ion of primar. meriste=atiza"&ion with variable exteni. and pos_-
tion, h--; is to swy, a ra-icn in which .h-- cells u:de.go mor) or less ".....-
sive r=A. =oro or Ic.s regu2.ar subdivision.

A ligno-suberous stratum whose calls =my or may not be the site of a
'-L"z.-ry er.a'i ste.atization.

A scierous area, in other words, an area made up of cells with ver.y
thick arL li~niied -:a'ls, at the level of the ligno-suberous stratum (izr

in .'.:aclura aurantiaca). (Let us remember here that, according to Brett-feld
(loc. cit.), these sclerous tissues often become involved in the cicatriza-
tion of the leaf pulvini of the monocotyledons.)

• cicatricial periderm, most frequently represented only by a second-
ary cork., which, however, may also c,,ntain a more or less thic- phelloder.z.
This periderm is always deeper than the preceding scar tissues; it is never
absent and it terminates the cicatrization.

b. in the ligneoas ve.-els-we either have a proliferation of tWaJ4li
on their inside, or a deposit U: guiy lignin, or both cf them together. hne
i•rL here always turns ou'. to develop relatively later than the thalIi.

c. in the sieve-like tubes, as in certain dead or dying secreting
cells 'certain crystal-oearing cells, certain articulated laticiferous cells,%etc.) or, geneally, in the dead elements, the remaining walls are probably
2lignified due to t1. i-fluence of the secretion fron the neighboring elements.

d. in the same secreting elements - that is to say, when they are
still due to a certain protoplasm activity - cicatrization occurs due to
ligno-suberization of their walls.

e. In the branching laticiferous organs, cicatrization occurs through
the formation of solidified latex plugs, generally followed by the establish-
ment of finger-shaped partitions.

f In the secretory sacs through ligno-suberization of the epithelial
calls.

g. In the secretory canals due to the formation of thalli at the ex-
pense of the epithelial cells or due to deposit of gu7r- lignin in their ca-
vity.

Descriztion and Discussion of Si-niTicance of Scar Strata

a. The primary meristematization is always preceded by a recrudescence
SW -acvy and it appears in the base of the leaf as the earliest

means of defense.

b. The characterization of thle ligno-suberous stratum is marked by

- 150 -



",:o successive transfor,,tions:

T. he Zerneial lziication of týe walls in all the tissues, vilthoit
-z~e Walls lhav~xng undergone a.-W pzrior thicier-img.

2. The forrat..on, in each aeU, of a suberous f il.- which. fills its
r%-n01re cavity, inc2izdin-7 1hose fcavi-4iesj_ of th.e pits and whier, timr. is

e::~c~ec inthefox~ f iscordant straLification on the precezinrg par-Io

a~r~iTica app ears to be a rcess of collective defense pui up by
. c;;Ils of the ret--.u and; suberi?.ation appears to be a process of ir~iivi-
&a. efVemze. `h-henevezr thre latter e-xists, it rnore or le.,- rapoidly followis
ýh ore- and constitutes the last. vital act of t~he cF A -,, i1he corpletely

cizacctemized ligno-suiberized cell--s are, in effect, dead tissues.

in su=m-., desp~ite the energyQ of its cicatrmicial action, ligno-suber-
.-zatix- constitutý-es only a turzAsitory defense making- it possible j7for the

nimt7to watfor the interventio.n of definite cicatrization throughb the
secondary cork.

c. The cicatriLcia2. peride.-", wTh...ch is the cicatr.-ization tissue par
exceZ1-ace, develms in- --:e ?.dwin-s i-n 'vzarous asdependingc on the tira
ani the place of Uts a~peazzan-ce and also depending On th-e mode of surface

catrzaT~of thZIe ngorr reg~ions in th'e stem.

-the cicatr:.ciai Perider= :s for~ed be-ore the* caulirary perider.
or -,ell zabove and at 4so-e distance fron it. itaevelops across all of the
:...;issues of ;;he D;ulvir~ms :z -ý c Z- oes not connect. uzn witih it -antil ic~h later.
Z-, on 'the ot-her hamd, the ca7 :-ay peride= exists al-ready before the a~p-
.,earance of the sear cozr,- and- if it rises s-'ffici ently1 hig inte.. vns

- .en~t cork nerely closas t-he o'erninig hchthe former paresents in the
seof the I ea~f. like.wise, in tecase where ;ecaulinary perid erm i-s
in- t-he ste= and is wound., araand t-e bast-higneous bunidles -that come out

here, ernvelopinZ the= like a sleeve, ILue cicatricial peride.-m extends only

-aen-~t~selements which it encaunters, including the t7.aLli and even
the Z!,rk.-cmlated ltcfemsoga-inor species. Thids -periderm is cap~able
ol- br- King, throu~gha lateral cor--ressi-o-. and of blocking thle ligneous vessels
as well as nostý. of 'the latici4ferous or-gans; it rarely manages to grow across

the am "kissues in the external part of the bas-. - in t'he same fashion,
ýzUis -- .--hen it -is located in its way.

d.c '-7-..e t~iare Darticularly Lnt'eresting as cicatrization means.
az- I-~edin he ignousveselsatthe ex,- se of teparen-

c:7,-.a-o s ce:-l's wh-ich are contigaous to them or inthe secre-4ory canals at
.L1e expense of thir epi heJlial cells; they serve primarily to fill up the



cavity of these tube-shaped openings. Then they participate in the forma-
tion cf the separating stratum, in that of the lignified strata and of the
].igno-suberous strata and, while subdividing, in that of the secondary scar
cork, iLn the same way as the parenchymatous tissues in the rest of the organ
"that is to be cicatrized.

e. The guir- lig3nin is lignin iThich has exuded through the neighbori.g
cells Into the cavity of ceftain 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 gu=y and sometimes more or less granulated
mass. This substance blocks these cavities.

f. Very often, we have a zone of barely modified tissue above the
well-characteri ed defense tissues, between them and the wound stimulating
s-rface; this baraly modified zone is flattened at the surface of the wound
and is often invaded by fungi. I called this zone "sacrificed parenchyma."

V-cat4izati•n Periods

The great variety wThich I observed in the ways of cicatrization results
above all from the time at which the means of cicatrization, which we have
just described, go into action.

-- ring the first year, cicatrization can occur only after defoliation;
in this case it involves alyost always only the ligno-suberous stratum.

If, on the other hane, it develops before defoliation, it can then
either iniclude oily the ligno-suberous stratum or only the cork; in that case,
we ordinarily do not have any more variations until the following year; or
it may already have the two strata at the same tine.

The parenchynatous tissue of the bast-ligneous bundles is in all cases
alr.ost entirely avoided by cicatrization, so long as the leaf has not fallen,
regardless cf the state of the scar lamina in the neighboring tissues. It is
in tarn invaded only after the fall, that is to say, after the cessation of
its cojducting functions. Only the ligneous vessels nay have been earlier
"blocked either by the thalli or iLy the gumW lignin, or by both of them at
the same ti*e.

Regardless of whether cicatrization begins before the leaf fills or
whether it begins only after the leaf has fa!ren, it is never completed dur-
ing the first year; it is completed through tne formation or termination of
the secorndary cork orny during the second year.

Scoecial Features

a. ýhen the petiole has, at its base, a swelling which covers the
ax-llary buds, the separating stratum sometimes is established in a way per-
ritting the attachment, to the pulvinus, of a portion of this swelling; this
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portion of the s'elling 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 we can observe something which I have called
the "revival of cicatrization," that is to say, the first sear tissues are
removed, during the second year, by a new separating stratum established
below them; the final cicatrization then develops below the new wound.

c. The marcescence of the leaves results from the fact that, as a
result of their belated development, the autumn separating stratum has not
bad tine 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 sear 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 secornary petioles (bipinnate
leaves) occurs in the same way as in the case of the leaf 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
t?hn ligno-suberous stratum which, however, may, in some cases, be accompanied
by a rather underdeveloped cork. We night point out, furthermore, that, at
the base of these folioles ard these secondary petioles, the subcicatricial
lignifying reaction is more frequent than the cicatricial reaction of the
i.mediately subjacent pulvinus.

b. Wvhen the petioles of the composite L-complexJ 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.

'.though they may sometimes give us some information that would help
us in specific or sometimes even generic determination, 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
purely physiological phenomena whose phases may resemble each other in spe-
cies belonging to different families and which, on the other hand, may differ
within the species or related genera.
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S~ Plate-Cantions
¶ :ia::

as -- separating stratumrs subcicatricial lignified stratum

ss -- ligne-suberous stratum

li -- secondary scar cork
zn -- scar cork generating zone
pd -- stem periderm
bo -- wood
lm -- soft bast
1s -- hard bast
ep -- epiderm
th -- thalli
sol -- lignified portion of walls
sub -- suberous film
ce -- sacrificed parenchyma
tcr-- sieve-like tube
ig -- guriy lignin

ci -- leaf scar
cif -- fascicular navel

-- petiole
B -- bud
C -- leaf pulvinus

Plate VZI

Fig. I. Aristolochia Sipho. Diagram of longitudinal section of base of
petiole several days before defoliation. ýX. H -- lower limit of
ligno-suberous stratum which is differentiated after the leaf falls.

Fig, 2. Portion of a longitudinal section of Lh-se of leaf in region of sep-
arating stratum: beginning of longitudinal growtrh of walls of layer
which will form this stratum. 200X. m -- wall beginning to thin out.

Fig. 3. Sane section as before in more advanced state of separating layer,
short time before rupture of its walls. 200X.

Fig. 4. Leaf scar. 2/3X.

Fig. 5. Longitudinal section of a portion of the lir.o-suberous stratum of
cicatrizatioi 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 stratum of pulvinus. 140X. 1 -- oast; bs - secondary wood;
bp -- primary wood; tar -- lignified sieve-like tube; th -- ligno-s-
"berized thallus; a -- ligno-suberized zone of chanee Coxchange tonj.
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Fig. 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#

Fig. 8. Diagram of longitudinal section of pulvinus at end of second year.
9X.

Fig. 9. Anorpha fruticosa. Diagram of longitudinal section in base of pe-
tiole some days before the leaf falls. 9X.

Fig. 10. Portion of a longitudinal section of the base of the leaf in the
region of the separating stratum at the moment the cell walls become
mucilaginous. 160X. mu -- mucilaginous walls.

Fig. 11. Same separating stratum in more advanced state, at beginning of
partial dissolution of walls. 14CX. ci -- portion of walls which
is not dissolved and which contin..es to envelop the protoplasm.

Fig. 12. Same separating stratum in even mc re advanced phase. Dehiscence
has taken place and bo-'der cel.s begin to grow longitudinally. 140X.
m, ci -- as in preceding figures.

Fig. 13. Leaf scar. 4X.

Fig. 14. Diagram of longitudinal section of leaf pulvinous at end of first
year. 9X.

Fig. 15. Portion of transversal section of leaf bundle at level of ligno-
suberous stratum of pulvinus. 140X. 1 -- bast; bo -- wood; tcr --

crushed and lignified sieve-like tubes: la -- groups of lignified
laticiferous organs; z -- ligno-suberized exchange zone.

Fig. 16. Longitudinal sections of vessels showing the different ways iz
which gu="kiu lig.nin is deposited inside them. 250X. lga -- amorphous
gur~ry lignin; lgg -- granualr gurag lignin.

Fig. 17. A c stal-bearing cell of the leaf pulvinus before differentiation
of ligno-suberous stratum (crystal dissolved). 360Xo ev -- envelope
of 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, es -- as in preceding figure; sal -- belatedly lignified portion
of cell wall; sub -- suberous film; Lig -- gummy lignin deposited in
ceill cavity.

F74. 19. Diagram of longitudinal section of loaf pulvinus at end of second
year. 9X. H -- base of first-year scar lamina; s- lignified strata.
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Fig. 20. Koelreuteria paniculata. Leaf scar. 2X.

Plain VIii

Fig. 21. Koelreuteria paniculata. Diagram of longitudinal section of base
of petiole several days before the leaf falls. 9X.

Fig. 22. Portion of longitudinal section of petiole in region of separating
stratum before dehiscence. 80X.

Fig. 23. Same separating stratum at moment of dehiscence inside it. 120X.

Fig. 24. Diagram of longitudinal section of leaf pulvinus at end of first
year. 9X.

Fig. 25. Portion of longitudinal section of leaf bundle at level of ligno-
suberous cicatrization stratum. 280X. lgg -- granular gurm-y lignin;
lga -- amorphous gummy lignin; th -- ligno-suberized thalli.

Fig. 26. Diagram of longitudinal section of leaf pulvinus at end of second
year. 9X.

Fig. 27. Paulownia izmerialis. Portion of longitudinal section at base of
petiole several days before leaf falls. rm -- meristematic region
of leaf pulvinus.

Fig. 28. Cells of external cortical parenchyma of pulvinus at level of ligno-
suberous stratum; intercellular channels more or less blocked by gumay
lignin lig. 150X.

Fig. 29. Diospyros virginiana. Diagram of longitudinal section of base of
petiole several days before leaf falls. 9X.

Fig. 30. Portion of longitudinal section of adult leaf at level of its ar-
ticulation. 120X. art -- articulation tissue.

Fig. 31. Samre region as in preceding figure at moment of dehiscence of leaf:
separating stratum is formed by specialized leaf articulation stratum.
120X.

Fig. 32. Leaf scar. 2.5X.

Fig. 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. 34. Portion of longitudinal section of base of petiole s-•veral days
before leaf falls. 60X. la, cl -- as in preceding figure.

Fig. 35. Leaf scar. 4X,
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Fi3. 56, Diagram of longitudinal section of leaf pulvinus at end of sccon-r
year. 4X. ph -- phelloderm.

3ig. 3 P. ?ortion of longitudinal section of base of petiole: occusio-. o:
laticifor-ous organs. 1 20X. la -- laticiferous organ; cl -- finur-
shaped partitions.

Fig. 38. 2eginning of cicatrization of' laticifero.:s organ. 250X. bl --

mas3 of nodi:-ed latex; la -- ordinary latex.

Fig. 39. More advanced cicatrization of laticiferous organ. 250X. c0 --
finger-shaped part'tion developed against mass of modified latex bl.

Fig. 40. Several special forms oi finger-shaped partitions in laticiferous
organs. 120X.

Plate TX

Fig. 41. Aesculus Hippocastanum. Diagram of longitudinal section of base
of petiole several days before the leaf falls. 9X.

Fig. 42. Portion of longitudinal section of base of petiole several days
before leaf falls. 40X.

Fig. 43. Passage of scar cork across ligneous vessel of leaf bundle. 200X.
tho -- thallus becoming involved in composition of cork.

Fig. 44. Forsythia suspensa. Diagram of longitudinal section of base of
petiole several days before leaf falls. 9X.

Fig. 45. Portion of a lon:gitudinal section of base of petiole several days
before leaf falls. 65X.

Fig. 46. Leaf scar. 2.5X.

Fig. 47. Diagram of longitudinal section of >•af pulvinus at end of second
year. 9X.

Fig. 48. Alhnus glutinosa. Diagram of longitudinal section of base of petiole
several days before leaf falls. 9X. H -- lower limit of ligno-suber-
ous transformation of parencmhyzatous elements of bundles after leaf
falls.

Fig. 49. Portion of longitudinal section of base of petiole several days be-
fore leaf falls. 150X.

Fig. 50. Crystal-bearing cell inside ligno-suberous cicatrization stratum
(crystal dissolved). 300X. ev -- envelope of crystal.

F-g" 51. Spiraea opulifolia. Diagram of longitudinal section of base of
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petiole several days before leaf falls. 9X. pa -- cortical paren-
chyna; mp -- periderm sleeve surrounding leaf bundles in pulvinus.

Fig. 52. Diagram of transversal section of base of leaf before defoliation.
9X. pa, mp -- as in preceding figure.

Fig. 53. Portion of longitudinal section of base of petiole in region of
separating stratum. 100X. rm -- meristematic region of pulvinus.

Fig. 54. Diagram of longitudinal section of leaf pulvinus at end of second
year. 9X. pa -- cortical parenakpma; mp -. ° periderm sleeve of leaf
bundles.

Fig. 55. HaAmolis virginiana. Diagram of longitudinal section of base of
petiole several days before leaf falls. 9X. H -- 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 thaJ.-lus (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 cicat rization. 9X. H -- dehis-
cence crack produced inside separation revival stratum of cicatriza-
tic;.

Fig. 58. Diagram of longitudinal section of base of petiole of marcescent
leaf in spring of second year, several days before it falls. 9X.
cs -- rough outline of autumn separating stratum; cs 2 -- cicatrization
revival separating stratum at the same time causing marcescent leaf to
fall.

Fig. 59. Hippophae rhamno~des. Diagram of longitudinal section of base of

petiole several days before leaf falls. 9X.

Fig. 60. Celtis occidentalis. (idem). ors -- crystal-boarir' ha-rd tissue.

Fig. 61. Portiozu of longitudinal section of ccar cork. 350X- ph - hard
and crystal-bearing phellode'-,; ev -- envelope of crystals (the latter
have been dissolved).

Pate "

rig. 62. ?aliu-az aculeatus. Foxtion of iongitudinal section of base of
petiole at level of separatinC stratum arnd of snoretine cell E. 140..

yF.. , " 0.V:nt.oion fraxineun. Diagran of longitudiral section of base
of petiolo soveral days before loaf falls. 1 2X.
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Fig. 64. Rhus Cot-nus. (Iden). 16x. ca -- secretory canal; th -- portion
of this canal which is blocked by thalli.

Fig. 65. Transversal section of secretory canal at base of petiole a little
above separating stratum. 140X. th -- epithelial cells developed
into thalli.

Fig. 66. Longitudinal section o- secretory canal in vicinity of base of
ligno-suberous lamina. 140x. ths -- ligno-suberous thalli at level
of primary cicatrization lazina.

?ig. 67. Mhus Coriaria. Leaf scar. 2X.

Fig. 68. Longitudinal section, of secretory canal in region where scar cork
crosses it through subdivision of thalli. 140X.

Fig. 69. NeL-ando fraxinifolium. Longitudinal section of file of laticifer-
ous cells in region where scar cork crosses it. 160X. su -- suberous
framework of cork cells; eps -- lignified thickening of same cells.

Fig. 70. Scar cork. 2X. erp -- impression of portion of petiole which
covered the bud before the leaf fell.

Fig. 71. Sophora japonica. Leaf scar. 2X. br -- cortical pouch on which
portion of petiole, which covered bud before leaf fell, was supported.

Fig. 72. 2.:enispet.m canadense. Diagram of longitudinal section of base
of petiole several days before leaf falls. 9X. lp -- prolongation
of ligno-suberous Jamina which will form the leaf-bud scale lamella
after leaf falls.

Fig. 73. Diagram of section cf leaf pulvinas at end of first year. 9X.
lp -- leaf-bud scale lanella protecting lower buds after leaf falls.

Fig. 74. Leaf scar. 9X. Only the upper bud B is in the open air; the others
are hidden under the scar.

Fig. 75. Grou- of sclerites inside ligno-suberous lamina; two of them have
an internal .a-berous film (siub). 140X.

Fie. 76. ?latanus occidentalis. Leaf scar almost completely surrounding
axillaxy bud. 2.5X.

Fig. 77. Fraxinus O.iras. ?ortion of longitudinal section of phelloderm
(ph) forned by scar cork generating zone. 140X. su -- suberous
fra=Wjork o: cork cells; eel -- collulosic thickening of same cells.

Fig. 73. Acer ca.-pe-tre. Crossing of a file of laticiferous cells (1A) by
,car cork. 10OX.
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Fig-. 79. Aralia spinosa. Transversal section of secretory canal at level
of lower region of ligno-suberous stratum. 10OX.

Fig. 80. Catalpa bignonioi'des. Diagram of longitudinal section of base of
petiole several days before leaf falls. 9X.

Fig. 81. Leaf scar. 1X. em -- cornical protrusion formed by external le.'.
bundlos.

Fig. 82. Robinia Pseudo-Acacia. Diagram of longitudinal section of ba;o of
petiole several days before leaf falls. 9X. Ip -- leaf-bud scale
lamella.

Fig. 83. Robinia hispida. Diagram of longitudinal section of leaf pulvinus
at end of second year. 9X. lic, -- first-year scar cork; lic2 --
second-year scar cork.

Fig. 84. Gleditschia triacanthos. Diagram of longitudinal section of base
of petiole several days before leaf falls. 9X.

Fig. 85. Leaf pulvinus whose upper portion hides the lowest axillary buds.
3X.

Plate XI

Fig. 86. Gleditschia triacanthos. Diagram of longitudinal section of leaf
pulvinus at end of second year. 9X. licj -- first-year soar cork;
lic 2 -- second-year scar cork; s - lignified tissue.

Fig. 87. •Aclura aurantiaca. Diagram of longitudinal section of base of
petioles several days before leaf falls. 9X. s -- hard portion of
scar strata.

Fig. 88. Portion of longitudinal section of external region of petiole sev-

eral days before leaf falls. 10OX. s-- hard portion of scar stratum;
a -- isolated ligno-suberous cell at level of this portion; la-
branching laticiferous organs; cl -- finger-shaped partition.

Fig. 89. Ptelea trifoliata. Diagram of lon-itudinal section of base of
Petiole several days before leaf falls. 9X. Op -- strtuM Specialized
as separating stratum placed in prolongation of this rnerzinal str.-tum
but inside of which there is no dehiscence.

F;. 90. Cyr.nocladus canadensis. Liagram of lorgitudinal section of leaf
'nivinus at end of second year. 3X. lice -- first..year star cork;
iic .-- second-year scar cork.

Yi. 9 1. otcntila frýticosa. Diagram of longitudinal section of baso of
•!oio soveral jays before loW fall. 9X. .= -- porder s.eeve

of bundlos In leaf =ulvinus; pa -- cor-%cal parnoy',mA; el, •
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limits of doposit of gm,.w lignin after leaf falls.

Fig. 92. Calophaca volgarica. (Idem).

Fig. 93. Diagram of transversal section of leaf prlvinus in its upper por-
tion, made before leaf falls. np -- peri:.... , leeve common to the
three re-antering cor~nectccd .cAics; flt -- stipular bI-dles ; pa --

cortical paianchya; sc -- hard tissue.

Fig. 94. CaraCana altagana. Diagram of longitudinal section of base of
petiole several days before leaf falls. 9X. pa -- cortical paren-
chyna; np -- poriderm sleeve of bundles; s -- lignrfied scar tissu3.

Fi-. 95. "hiladelphus coronarius. (Ider.). lr -- leaf-bud sca:.e lamella;
mp -- periderm sleeve of bundles.

2ig. 96. Leaf scar. 2.3X. be -- conical elevation of surface of scar in-
dicating presence of axillarj bud hidden below the latter.

Fin. 97. Chietra alnifolia. Diagram -3f longitudinal section of base of
petiol: several days before laaf falls. 9X.

Fig. 98. Azalea sinensis. (Idem).

FA.g. 99. Portion of longitudinal section of basc1 of petiole of adult leaf
at level of its articulation. 200X. art -- specialized articulation
stratum of petiole at expense of which the autumn separating str tur
is formed.

Fig. 100. Sorbus aucuparia. Diagran of longrtudi nal section of leaf pulvi-
nus at tip of a shoot, around springtime of second year, when the ci-
catrization revival seuarting stratum has been established. 9X.
c52 -- separation revival stratum; rsc -- lignifiei region above this
st ra .um.

Fig. 101 Same diagr= as preceding one but for leaf pulvinus of base of
slaooL'.

Fig. 1 e. Cotoneaster nelanocarpa. Diagram-. of lor.•i'.udinal s6ction in leaf
ul.vinus fn uppoer part of shoot, tc-,ard end of second year, and in

wxhch the cIcatrizaticn revival has not yrt takcen place. 9X. cs2,
rsc - as in the two proceding figur,=s; ss2 -- newa li:,go-subarous
larZna; lic - firt.-ycar scar cork; lic.-- second-year scar cork.

Fig. 103. Carpi=nus Betwu.us. Portion of lon~itdL'al section of leaf pulvi-
nus studied arouind m4ddlo of secor4 year; cicatrization revival has
-o" y*t t&aon place hero. 120X. a -- firzt layers %,ith delicate wo.lls
foxnd by scar corc ?oneratin. zone; their rupture will nroSrssively

lead to the ."-vival of cicatrization.
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Fj. ICZ4. SorýUs Zuc-uparia. ?orticn Of 0i a se-ti-cm cf rŽ
foliole ' fic e12 caFr~r. 12OX. t -a of- ~

~V04..o... ~GV~ra..days befor t ~

pteiiole at tide ofV aut a deefoiation. 9X .
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