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\Following is the translation of an article by Hugo 7. Mokhl,
Tubingen, Botznische Zeiturg, (Z2otanical Xews), Xo. 1, Jamary
6, 1860, vages 1-11, Translation verforced by Conatance L.
iust.)

This year in the fall for the first tize in zany years I was a&ble
to dupliicate ithe corditions cf abscission of leaves, I was able Lo study
the organic changes in several tiants, There are few rheromera, which
excites such interest and which should lend thezselves {o thorough in-
vesiizations, as the yearly, revetitive defoliation of our trees. There
hes teen no shortage o studies, tut, as we shall sae, they were all
rather far rezoved from t.e truly inportant factors resronsibla for
this zrocess, I, myself had earlier cmade observaiions zbout these
evenis, but iney were few and not always on the saze plants for any
significant length of time. Therefore, I had no cleaer-cut outlook
avout the cnanges that occurred, and were resrvonsible for cessation of
activity in the joint of the leaves. This year fall (zutumn) was favore
able for these studies because the weather was milder thsn usual in
our area., Ornly on the night eof 22 October did it freeze. This allowed
ce to investigate the changes in a large number of rlants. I cbserved
how they release the leaves afier slowly dying off, I am still far from
considering the rresent work as comrlete; this would take much more ex-
tensive investigations which weuld require many years of additional work.

These studies are more time consuming than it would at first arprear,
because a large rumber of plants have to be looked at thorouzhly in the
area of the joint. %This tukes the greater parit of a whole year if one
wants to extend the studies to year-around green planis or gray plants,
1 have tbus far not done this, but I restricted myself to observing
summer-green plants and wood-rlants that live ir our area, during
Septesber, October and the beginning of November. In this way I have
undoubtatly missed a number of mcdifications that may occur, and like-
wise I did not follow the analogous situation which occurrs in the
abscission of blossoms ant. olossom-organs which bear fruit. Therefore
I ask that this work be considered as a preliminury study (2 partial re=-
solution) of this extensive area, MMore work is required and I will
study these rroblems further if there is tims and oprortunity,

It may be of use to describe (in a forward) the basic principles
which are thought to lead to abscission of leaves.

The first investigators in this area, trying to explain leaf abscission,

thought to explain it on & purely mechanical principle. above all,
Duhamel (Physique des arbres I. 12y) should be mentioned. iHe assumed
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ihat a tissue laver was formeé beivween the stex and the lead (similar to,
as Detween internodes of graye piants) which could rot wiihstand the cold
of the winter. Duhanel, however, did not feel that this explanation
would be valid for all cases, *It{ was xnown thz™ leaves that only de-
velop toward autumn can withstand cold better than those that develop

ir the spring., Farther leaves also fall off in frosi-free climate and

in green houses, Lherezore ano~her explanation must *e forthcoming to
account for this. oLy .na»ag§sec0ud caase 0i leai abscission
must be rresent, anéi ugh~»1?ﬂtrobao1e that leaves stop growing be-
cause of water eva;oratzon, whereas the stem continues te thicken which
caused a mechanical mismatch between the leaf and the stey, Tais then
would rupture the fiber which connects the stem and leaf,y )Du Fetit
Thouars (Eistoire d'un morceau de bois 136) later also bﬁgugn. ferth a
similar hypothesis, based on rupture of vessels of the ldaf. Correcily,
this hyrothesis did not receive further recognition in scientific
circles, because the assurmrtion of rupture of leaf fiters is in direct
opposition to all results of amnatomical investigutiorns,

If Duharel believed that the first change responsible for abscission
of leaves was the enlargement of stem which led to a curtailment of
liquid flow; then Mustel (Traite de la vegetation I, 109) believed, on
the other hand, that the cause was an overfilling of the leaf with juices.
He felt strongly that it was an incorrect assumption that leaves fall
off in au*umn veczuse of lack of liguid; therefore dry up, die ané fall.
He claimed that instead the leaves are overfilled with juices because
they have storped enlarging,

If the juices on the stem and subjected to heat from sun light in
the fall and in this way exrand, then ithe juice cannot get into the leaf,
and it wiuld press so hard against the stem that this would release, As
curious as this rroyrosal is, and even if it has no true basis and does
not serve as a solid basis for abscission of leaves, it was nevertheless
based or a valid observation, As Mustel stated, the observation that
the stem of the leaves falling in autumn is thoroughly filled with ligquid
in the area where abscission occurs., It is quite correct that the cells
of the joints are filled with li¢uid and that a drying-up of this area
does not occur at the time the leaf falls,

An even more unfortunate thought than Mustel was brought forth by
Marray (Oguscula L. 138). This author assumed that the pressure in the
bud of the stem would drew the liquid toward it and in this way cause
the leaf to die and subsequently fall off. This hyrothesis is undoubtedly
all wrong. The small leaves of a larger leaf (common stem) release
themselves in the identical manner as does the main leaf,

A totally different hypothesis was offered to the science of leaf
abscission by Gerard Vrolik (Dissert. de defoliations vegetabilium 1796).
This was based on sound physiological princirles., He reasoncd that tis-~
sue-life cannot be added on piece by piece, but rerxresents a compilation
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of severzl constitueny ts. He likened it ¢ a macnine, where the

life o ire Wwnole zust tne votal suzmziion of aii tne smuller organic
constituents combined, Zvery organic constituent is alive in itself and
has its own life-sran. ZXor this reason the various rarts of the whole
can run their own ways in seemipgly differeant individual Taths., 2Plants
offer a number of good exasyles of this; the core dies at one roint in
time, and the other tarts of the growing.organ continue, while the outer
layers are still strong, In this way every leaf leads its own life and
die at a syecific tice, inderendently of the duration of life of the
cther rarts., Vrolikx further adds that leaves fall off and the reason

for their death may be natural causes, or they =ay die early because of
the efiects of excessive heat, or cold, or througn iliness, The abtscission
of the dead leaves Vrolix does not explain by means of mechanical

cazuses, but he believed that a layer was forzed detween the living and
dead part of the rlant which serarates the two and thus causes abscission,
This layer is absorbed firsi in the tissue cells and later in the vessol
fibers of the joint of the leaf,
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The demonstration that leaf abscission is not caused by a mechanical
stimnlus, tut is due to the death of the leaf, has vteen generally accepted
as a basic truth since Vrolik described this thenomena so lucidly and
convincingly. Hhowever, his claim that the separation is cauced by an
absorption of a tissue layer was not based on accurate microscoric
measurements or other thorough investigations, but was arrived at by
anzlogy of this process with similar vhenomena in animzl bodies. In
this regard Vrolik's teachings about leaf abscission contained an im~
vortant omission. To fill in these detzils was left to his successors,
It had to be determined whether during abscission a tissue legyer was
absorbed in the leaf joint area, and its mznner of absorviion had to be
known., It could still have been possible that abscission of leaves is
dependent on still another mechanism. Therefore the attention of the
successors was turned to an snatonical investigation of the leaf joint,
The investigation yielded results in two sub groups. One group of data
~the majority~ pointed to the concert that in the original synthesis of
the leaf joint tecularities of structure were built in, which lead to
abscission after the leaf's death. This concert for which this is the
basis is actually a step fack from Vrolis's point of view. The abscission
of the leaf was not caused by a structure present already, but because
that only in the time immediaiely before the leaf falls off, after its
death, a.syecial structure is formed in the joint inderendently, which
then effects abscission (release), Few investigators agreed fully with
Vrolik on this point (based on their own studies), but I believe that
none followed the whole process adequately,

Vaucher is among the investigators who looked for the origin of
abscission in the structure of the leaf stem. Thne basic facts of his
view had already been published by Senebier (Physiol. veget. IV. 253).
Vaucher himself only rublished in 1821 (Memoir. d. la societs d. phys,
et d'hist. natur, d. Geneve I, 120). This work, however is unfortunate,
because the results presented were not in line with the anatomical date
about the specific structure of the leaf joint, According to Vaucher
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implication of & mrencnyza layer was Jound deiwe~n stem nd leazl-siem.

¥ Shily held to tre two organs as iong &s .3 reonined

t L when it dried, or changed, the binding was brolen.

He alsco thousht that the fibars of the stem (main stem) and the stem of
the leaf éid not go continuwously from one into the other, but that they
were nound together in some way inside the parsnchyrma layer. Therefore
if the fibers of the stem of the leaf dle, ant¢ those of the main stem
live, a seraraivicn would cccur between the two, according to the present
state of ylari-anatomy it is surerfiuwous $o Iry o demonstrate all
these assumpiions,

Schuliz also rresented 2n explanation that was rather arbairary
(Xatur d. leb. Tilanze I. 248). According to this author the individual
vessel Tibers are situated atv the site where abscission will orcur on
the leaf stem. The fibers serarate from each other s0 that no more liquid
can reach the lez? sthrough the stem. Tae abscission surface eventually
becomes & scar. Tne way in which the &ividing actually sakes place is
not discussed oy the author. It ies really superiluous to discuss the
anatomical discriytion, since this is adequately kuown by workers in the
arez.. It is known thut the vessel fibers close ur in the initiel etage
of growth ané they disappeer later. Some people still fesl it may be

the reverse situation.

Schuliz postulates that the dividing is derendent on organic alter-
ations in the vessels, ther aunthore feel that the answer is to be fvand
in syecific behavior of the tissues of the leaf joint. Link wrote
(Bemerk. u.Zusatze zu Srrengel's Werk ub, &, Bau u. &. Fatur d. Gewachse
51) that tissue-structures do not extend unbroken into the stem of the
leaf. The cells exist in rows which appear ito extend into one direciion,
but not very far, then they turn back in the original direction. In
these cells that change their direction is where abscission always takes
place. Link does not give & more detailed explanation of the dividing
vrocess., I believe his claims about this cell layer is too general as
will come out from the discussion to follow below,

De Candolle (Organogr. I. 133) who rut forth a similer prorosal about
the structure of the joint, believed that a row of cells lying in a plane
dry up, or otherwise serarate from surrounding cells, whereuron the fibers
that are still connected break apart. I will show below that in reality
a drying-out does not occur,

Treviranus (Physiol, I, 435, II, 218) also believed that the cell
structures of the joint were always heterogeneous; of a different form,
size and extended in different directions, He believed that when cells
died a.."backingup" of tissue fluids occurred ard the cells could not
adhers to sach other any longer. This of course resulted in separation.
The evidence to be presented below will demonstrate that even in these
claims the most important aspect was overlooked,
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ir contrast 310 ihe above investifziors Scanust (Anatom. u. Phssiol,
II, 1356) sougnt tne exzianctiorn Jor ine sevar.iion and fulling of lzaves
not in the reculiaritres ol those ieal joint whica werce alrezby Irisenwy
long beforz abscission, but in an alteration of tne siructure of those
which are formed relatively later, Ee claimed that a cork-layer was
-3 b

formed in the joint which stoxrved the exchange of fluids betwWween stem and
lea?, Ee believed that the formation of the cork-luyer may be a caure
which eventuzally is resronsible for the leaf's death, Or, more like.y,
that the cork-layer is of benefii to branch rather than the leaf, “he
anatomical claim, a building of a reriderma, is correct for scveral woody
rlants., But this periderma is missing as often as it is presenit, How-
ever he does nc% explain the drorring off of leaves. The real cause of
the latter was comrletely overlooxed by Schact,

The only real investigations were done by lMetienius, He fresented
nis resclts in a very short rerort. He reports (Filices hort., botan,
Lirsiensis 18), that in those ferns, which release their leaves, the
rrocess is initiated and cade rossible by the dezth of a soft-walled
rarenchyca layer which is formed, as in dicotyles, between the leal and
the sten of the leaf. This comrletes the list of the work known o ze.
One pore reprort is still worth mentioning. UTreviramnus wrote to me about
a short rerort by Inmen (Proceed. Levery. Philosn. Soc. IV), It is re-
rorted here that the cell structure (tissue) which effects the abscission
of the leaf from the stem grows stronger and in this way loosens the ells
surrounding it, ZFinally it brea%s, I was not able to read this article
myself, and do not know any more about it, I wrote my article (gzresent
one) for the German community ané probably few Gerzman botanists will
get to see the inman article. If his conclusions are similar to mine,
it would be fortuitous because I had written my rerert before I received
the note about his work,

After this critical discussion of the views of my predecessors I
shall now procede to report my own observations.

In order to obtain a good insight into the anatomical conditions
of the"insertion position" of the leaf, which is ultimately responsibdle
for tne leaf's abscission, it is most useful to investigate the most
complicated first. In those cuses the tissue layers are clearly formed,
und are serarated from each cther, For these investigations the large
leaf pads of Ailantus glandulosa. Gymnocladus canadensis, Robinia,
Gleditschia, etc. are especially convenient.

I will not adhere to the «n wn color alverations, as is generally
known to occar in leaves that . to fall off. To be sure this occurs
early, long before most leaves .. . ready to fall; a decrease in the fluid
content of the leaves is zlso known to occur at this time., In plants
like Catalya syringaefolia this results in a snprinking of the lamina,
and in large rlants in a denydration of the inside tissuss of the plant
organs. Sometimes the stem shrinks as does the unyxrer exvanded rart of
the leaf, On the other hand fluid driys from the barx of oranches often
obviously at this time, The lower rart of the leaf does not particiiaio
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scrssion surface | wver rasses directly
s i e middle of this vissue, Dhe cut ariears slowly and in part
rartially trcken up", so that a rart of the varenchyma is alresdy com-
Fletely serarated, whils other rortions are still firmly attached. It's
furtner %nown that the cut at {firs{ only reaches the tissuc of the
joint, ané that the vascular fibers can still be connectel between leaf
and branch., Of course, & weax external force carn cause this to splis
arart and fall off, The point at which the eut aprears is aprarent as

a line in most rlants but not in all., The rteriderma of the branch
borders against the green stem of the leaves. 1In pany cases tho cut
starts higher on the stem, so that a rart of the leaf remzins in contact
with the twig.

[

In order to elucidate the srecial anatomical conditions of the leaf
Joints, as they aprear at the time of abscission, it may be of value to
describe the observations found with Gymnocladus cenzdensis during the
reriod of 10-20 October, During this reriod many leaves released their
rinnate leaves znd on the common stem buds also fell off toward the lower
rart of the rlant. 3Below the stem-swelling the green bark of the branch
continued uninterrurted over the outer woody surface. The cells in the
green rind contained many starch granules, The periderma of the twig
surrounded the base of the siem, Right above the green rind, a con~
pletely formed layer of the cells fcrmed in squares and was 1/2G" thick.
This was the veridema, which continued into the inner layers of the twig
epidermis. This periderma ferms a distinct seraration between the rind
and the stem of the leaf., The cells of the stem serarate in the area of
this peridermal layer. The cells of the stem "swelling" contain almost
no chlorophyll compared to the cells of the green rind., Above this cells
are found with a small guantity of green pigment. The periderma is next
to a layer colored brown. When these cell membranes are brown the cells
are undoubtatly on their way to falling off, This brown cell-layer is not
clearly serarated from the adjacent clear cells, I will call this layer
the "round-celled layer" because tne cells are shortver than in the rind
or stem. The brown layer is not a smocth surface, but rather is much
thicker, becaunse of vascular bundles in this area. This results in
forming small hill-like structures in the area of the bundles,

Parallel to this layer a thin cell layer is feund along the whole
width of the rrevious band to which we must give srecial atiention., If
one looks at a leaf which is about to fall, but has not cut yet, then
this layer can be seen. It aprears more transparant than the other
tissues because it contains less air in the intercellular sraces, Ireat-
ment with an iodine tincture shows a large number of small starch granules,
(which are not feund in the rest of the stem swelling) as well as a high
yrotein content, This reagent also causes aggregation of other small
rarticles something that does not occur in other surrounding tissues.

All these rhenomena rointed to the fact that this layer exihibits all the
characteristics of a young tissue, and thet it is the locus of an impor-
tant vegetative vrocess. Many thin "seyuration walls" can be seen in
this tissue uron closer examination. There cusn be no doubt that cells
are multirlyving in this layer, If & leaf that just fell is studiod one
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sees ohat the cut is derived frorm the cell luyer containing the large

Quantity of sturch.

Both sides of the cut is lined with "rounded of<" cells, This cell
lzyer I will refer to as the "dlv;dlng layer® or Y"abscission layer". <This

layer does not run exactly rzrallel to the brown, round celled layer.
After the leaves have falle é 0if the leaf-scar is not forned from the
brown cell layer, bu: ratner rom the non-colored cells of the stem
swelling. This, of course, 4drys very rajidly after ex:osure 10 the air,

The dividing layer is only formed shertly before abscission occurs,
In Gymnoclua@us it had notv been Torred on Ccuober &, at thnis tize the
rounded off cell luyer were ulrealy rresen

reriderma and the t. The
synthesis of the dividing layer did not occur simulivanccously zlionz the
cross-cut of the stem, but rather xroceeded from the inside. Therefore,
it is not v-comuion in these leaves that division is comrlete internally,
while the outer yortion of %he stem is still bound to the burx
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I canrot sazy at what fime ine intern
I started in nid-Sertemver and at this vime it wes alreaay formea.

The vascular bunéles axrarently take no rart which results in ab-
scission in the alveration of the tissue of the stem. The bundles run
all through these tissue layers without changing their organization. <he
cut through the bundles, after the cut through the tissue, is merely
mechanical. This csyect of the work has alreudy been publisheé (Botan.
Zeit, 194y} x. 642)
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(o be concluded)
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