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Introduction

The morphogenesis of leaves, the development and structure of epidermis
and stomata reflect in many cases the degree of development and natural taxo-
nomic place of the species and family. The problem of the histogenesis of epi-
dermis has been in the centre of interest for about a hundred years. The first
examinations concerned mainly the genesis of stomata. The first observations
concerning the development of stomata are connected with names of OupeEmaNs
(1866), HiLDEBRAND (1866), PRANTL (1872) and STRASBURGER (1867). OUDEMANS
(1866) could not, as yet, form a decisive resolution in connection with the
peculiar development of stomata of the Anemia species, therefore he thought
on four possibilities of the development. HiLbEBRAND (1866) has already examin-
ed the cfevelopment of stomata of more ferns, being anxious to discern some
types. He named his types after the species. These types cannot be generalized,
they are mechanical in nature, without reflecting the development. STRASBUR-
GER (1867) and PrANTL (1872) have tried to give the first rule of the genesis
of stomata with a universal validity. On the basis of their investigations two
main types may be distinguished:

The guard mother cell develops with a single division from the primary
mother cell.

The cell, left over in the middle part of the cell after a series of divisions
of different directions in the primary mother cell, becomes the guard mother
cell.

It became, however, evident in the course of later examinations that a
number of plant groups cannot be included in the main type considered to be of
general validity. PranTL (1872) and Strassurcer (1867) included the Pteri-
dophytae and Gymnospermata incorrectly uniformly in the first group as but
a number of classes may have been included here. This formulation allows of
scveral misunderstandings.

The conclusions concerning the development of the epidermis of the several
species are durable and highly useful in the synthetizing work. From the many
literary data author mention but those treating of the Pteropsidae. RAUTER
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(1870) compared the stoma development of Niphobulus linqua, Anemia fraxini-
folia and Pteris longifolia. PranTL (1881) observed, in the course of his anato-
mic and taxonomic examination of Schizaeaceae, even the formation of stomata
of the Schizaea pennula. Britton and Tayror (1909) treated also of the for-
mation of leaves and development of stomata of the Schizaea pusilla.

In the examination of histogenesis and historical development of stomata
considerable results have been achieved by Frorin (1931, 1933), who has
distinguished, in the course of his examinations of the epidermis of Coniferales
and Cordaitales, three main types of the history of development of the genesis
of stomata:

A) The primary mother cell (of guard cells) becomes immediately guard
mother cell.

B) The guard mother cell is, after the formation of the dividing wall,
adjacent to the primary mother cell.

C) By the prepared division of the primary mother cell the guard mother
cell precedes the development of the adjacent cells.

Frorin (1933) mentions only two types in his work dealing with Cycada-
les and Bennettitales:

A) Haplocheil type:

1. The primary mother cell of guard cells functions immediately as a mother
cell of these cells. This guard mother cell is divited by a longitudinal wall into
two guard cells.

2. The adjacent lateral epidermal cells, which are equivalent to the pri-
mary mother cell, become mother cells of the adjacent cells. These are divided
into accessory and coronal cells, or they are functioning immediately as subsi-
diary cells. The lateral adjacent cells are, therefore, perigenous.

3. Also the adjacent polar cells are perigenous.

B) Syndetocheil type:

1. The primary mother cell of guard cells is, as a rule, divided into three
cells the middle one of which becomes the guard mother cell. Both lateral ad-
jacent cells are of mesogenic origin and divided, sometimes, into accessory and
coronal cells. The quantity of lateral adjacent cells may be greater on one side
of the guard cells than on the other one.

2. The lateral adjacent cells (subsidiary and coronal cells) of perigenous
origin are missing.

3. The adjacent polar cells of mesogenous origin are missing. Polar cells
of perigenous origin may often come into being.

Frorin (1931, 1933) deserves merit for demonstrating the first time the
types of history of the development of stomata. He has tried to elaborate a
unitary nomenclature for stomata. It is, anyhow, a failure in FLORIN'S es-
tablishments that his definition of the types of development of stomata is not
unambiguous:

A) He uses the notion of primary mother cell without explaining what he
means to say. By the primary mother cell he means a dermatogenous cell similar
(in size, shape, plane of cell division) to the adjacent cells, of which a stoma
develops. Then, in the first division, the types (A) and (B) must be contracted
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as the guard mother cell is adjacent in both cases inside the primary mother
cell. Ts, however, the primary mother cell differring from the other dermato-
genous cells, so it is difficult to distinguish between the primary mother cell
and guard mother cell, and we may not speak about haplocheil and syndetocheil
types.

e B) Frorin’s (1931, 1933) main historical types of the development of sto-
mata may not be generalized for more taxonomical plant groups.

C) Frorin has not treated of the site of stoma formation, the shape and
plane of cell division.

In recent times a literature treating of the histogenesis of epidermis of
Tmesopsidae and Pteropsidae is unknown. The first observations were not free
from some original difficulties. A lot of observations are not exact enough,
they have examined a species picked out at random, without comparing families.
The figures published by Britron and TayrLor (1909) HiLpesranp (1866) and
PranTL (1881) are schematic. From the few data of examination there cannot
be seen wether or not the form of the development of stomata is connected with
the degree of development of the family and species. On the leaf-primordium
we cannot find any references in the literature concerning the site of the genesis
of stomata. Any exact observations concerning the cell division and chromoso-
mes, as well as any phographic figures, are unknown in the literature.

Materials and Methods

During my examinations (1961) T have observed the development of leaves of the

following young species being in division:

. Psilotum nudum (L.) Grises.

. Tmesipteris elongata DANG.

. Opbhioglossum crotalophoroides WaLT.
. Botrychium multifidum (GMEL.) Rupr.
. Marattia salicina Swm.

. Osmunda regalis L.

. Schizaea dichotoma (L.) Sm.

. Anemia rotundifolia ScHRAD.

9. Stromatopteris moniliformis METT.
10. Asplenium viride Hunps.

11. Loxsoma cunninghamii R. Br.

We have got the material from the hothouse and herbarium of the V. L. Komarov Bo-
tanical Institute in Leningrad, from the botanical gardens of the Botanical Institute of the Uni-
versity in Szeged, as well as from my own collection in Poland. The preparations were made
according to the previous papers (MARGTI 1961).

NG N

Results
A) PSILOTACEAE

1. Psilotum nudum (L.) Grises.

VETTER (1951) and WarDLAW (1957) have dealt with the formation of shoot
and leaf of Psilotum. During our examinations we have observed only the
development of the epidermis and stoma of the shoot. On the apical meristems
of shoot the dermatogenous initials and dermatogen consist of undifferentiated,
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isodiametrical cells of big nuclei. The cells are in active division. This region
takes place on the apex 350—420 u wide. The length of the dermatogenous cells
is 19—24 u. Their width is 15—22u. The mean area of a dermatogenous cell is
378 sq. u.

s}(llelow that region takes place the organization zone in a strife of 280—
330 u width. The guard mother cells here are formed and divided into two
guard cells. The dermatogenous cell is divided into two cells of nearly equal
size: the guard mother cell (Gm) and the epidermal mother cell (Em). The plane
of cell division is almost straight. The genesis of stoma is euhaplocheil, its
structure is acyclical.

2. Tmesipteris elongata Danc.
(Fig. 1)
Morphogenesis of the leaf

The formation of leaves of the Tmesipteris is treated of by Bower (1935).
Later WarpLAw (1957) has carried out, in absence of a dividing shoot, the
comparison of the formation of leaves of Psilotum and Tmesipteris, on the
basis of Bower’s (1935) examinations and drawings.

In the course of our examinations we have observed a shoot in vigorous
division. The apex is of elliptical shape, showing several multicellular knobs.
The apical meristems are well developed and somewhat defended by the lateral
leaf-primordia.

We have to correct Bower’s (1935) and WArDLAW’s (1957) results accor-
ding to wich ,,the summit of the primordium in Tmesipteris, as seen in a radial
longitudinal section, is occupied by a single larger cell of a wedge-like or pris-
matic form (Bower) and unlike Psilotum, this apex retains its meristematic
properties and potentialities™.

We have, namely, found so during our examinations that the superficial
cells on the multicellular knob of apex lose their meristematic potentialitics
after a few divisions.

The multicellular summit may have one apex (developing a foliage leaf),
and it may have also three apexes if between the two apexes another apex
appears rounded off and centrally as compared to the plane of cell division
(developing a sporophyllum-shoot). The multicellular summit loses its divisibility
at the formation Ol? the leaf-primordium and hasn’t any more role in the for-
mation of the leaf.

A 0,5—4 mm long sporophyllum primordium functions in the same way
as a shoot of limited growth. On the ,apical meristems” of the sporophyllum
primordium (on the multicellular knob of the apical meristems of the shoot)
there develop two tubers of identical size the end of which has lost the poten-
tiality of division and transformed into ,apiculus”, a spinelike outgrowth. Be-
tween the two sporophyllum knobs there apoears a little centrally a rounded off
sporangial knob derived from the apical meristems of the shoot. The apical
meristems of the sporophyllum primordium developed in that way proti)uces
the leafstalk of sporophyllum (shoot!) and the two leaves.



DEVELOPMENT OF THE LEAVES 41
Formation of the epidermis

The differentiation of shoots and leaves is reflected well by the formation
of epidermis, the change of the size of epidermis cells, the place of appearance
of stomata. Examining the formation of epidermis of the primordium of the
Tmesipteris leaf and sporophyllum shoot we can observe a zonal arrangement.
This zonal arrangement coincides in many respects with the zonal arrangement
established by WarpLAw (1957) for shoots.

I have carried out many measurements and observations for determing
and characterizing the single zones of the epidermis formation. I have measured
the length and width of cells, their surface, the proportion of nucleus and cell
content, observing also the shape of cells, the thickness of the cell-wall, the
number of cells that have been dividing, the site of formation of the guard mo-
ther cells and guard cells. These examinations were carried out from the distal
apex to the basis. The change of the area of cells is represented graphically from
the apex to the basis. On the absciss the length of leaf is given in s, on the
ordinate the size of the cell area in the unit of x*/10.

Taking into consideration these cytologic studies, the following zonal regions
ml‘;xy be distinguished, in basipetal order, on the primordia of leaves and sporo-
phylla:

(1) Distal part (apiculus of the leaf). The length of this region is
500—1400 u. On the apical meristems of the shoot, in the time of the genesis
of the multicellular knob, the superficial cells are repeatedly divided with anti-
clinal walls, they lose, however, soon their meristematic activity, become longer,
their walls become secondarily thicker, the cells become vacuole. The size of
cells decreases gradually from the summit of apiculus till the basis. The apiculus
ensures the defgense of cells below itself and, on the other hand, it defends the
apical meristems of shoot.

(2) Sub-distal part. It takes place in a strife of 300—400 « width
below the distal region. It contains the group of embryonal initial cells. This is
the centre of the meristems. The dermatogen developed here consists of undif-
ferentiated, isodiametrical cells of big nuclei. The cells are in an intensive di-
vision. That separetes cells in the beginning also distally, later on, however,
only proximally.

(3) The organogenetical part takes place in a strife of 300—500 u
width, below the subdistal region. It may be observed in that part which cells
become guard mother cells and they are divided here into two, forming guard
cells. The dermatogenous cells already elongate here.

(4) The sub-apical region is characterized by the vertical elongation
of the epidermis cells and the powerful increase of the guard cells. The cell
valls begin secondarily to become thicker and the radial walls get wavy.

These regions may, however, not be separated by cytologically rigid,
sharp limits, the single regions pass over to one another.
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Formation of the stomata

The guard mother cells (G. M. C.) are produced in the subdistal region
with halving division, they can, however, be recognized but in the organogenetic
part. In the organogenetic zone the guard mother cells enlarge, getting a little
rounded off form. Then the guard mother cells are divided in two, parallelly
with the longitudinal axis of the leaf, being transformed into guard cells (G. C.)
The axis of division is nearly straight. We call this stoma formation to be of
cuhaplocheil origin.

The adjacent mother cells surrounding the guard mother cell become im-
mediately epidermis cells. There aren’t formed any subsidiary cells, therefore
the stomata are acyclical.

Fig. 1. Development of the Tmesipteris elongata Danc. stomata. G. M. C.=guard mother
cell, Ep. C.=epidermal cell, G. C.=guard cell, A—B=dermatogen during division,
C=consolidated epidermal detail.

Length of the consolidated guard mother cell (G. M. C.) 35—38 u,
Width of the consolitated guard mother cell 33—38 u,

Length of the G. M. C. during division in two: 46—57 u,

Width of the G. M. C. during division in two: 35—45 .

B) OPHIOGLOSSACEAE
3. Ophioglossum crotalophoroides WarT.

The formation of the leaf shows a temporal division into sections instead of
a spatial zonation. The leaf-primordium is divided in its full size. At the rim
of the leaf-primordium, in a strife of 300—800 u# width, the division is more in-
tensive than in the middle part of the leaf-primordium. At the rim of leaf-pri-
mordium the distal region is not separated, either.

The dermatogenous cell is divided with a nearly halving division into two
cells: guard mother cell and epidermal mother cell. The axis of division is mildly
concave or straight. The produced two cells may be of equal size or the guard
mother cell is smaller than the epidermal mother cell. The guard mother cell is
prevailingly produced from the distal end of the dermatogenous cell; anyhow, it
may be produced also from its proximal and lateral parts. The genesis of stoma
is a transition from the euhaplocheil type to the haplocheil one, its structure is
acyclical. In the case of some Ophioglossum species accessory cells may be produ-
ced in a perigenous way.
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Dimensions of the dermatogenous cells: 21x23 . Dimensions of the guard
mother cells: 22x23 u. Dimensions of the guard mother cell divided in two:
28x30 x. Dimensions of the consolidated guard cell: 70x73 x.

4. Botrychium multifidum (GmeL.) Rurr.

In the course of the formation of leaves the subdistal, organization and alon-
gation zones cannot be separated sharply from one another. The leaf-primordium
is divided, differentiated, and elongated nearly in its full size. If we examine the
percentage of division from the rim of the leaf-primordium to its middle, zones
may be observed which flow together.

At the rim of leaves a unilinear distal region is definitely separated. Size of
the cells of the distal region: 26x35 u. During the formation of leaf the vascular
bundles are differentiated at first.

The formarion of the stoma shows a temporal periodicity instead of a spa-
tial zonation. Apart from the consolidated stomata also guard mother cells in the
state of development can be found. The dermatogenous cell is divided with a
nearly halving division in two cells: guard mother cell and epidermis mother cell.
Between the two cells the axis of division may be straight or mildly concave. The
produced two cells may be of equal size; the guard mother cell is, however, fre-
quently smaller than the epidermis mother cell. Around the produced guard mo-
ther cells the dermatogenous cells are in an intensive division. The guard mother
cell is dominatingly produced from the distal and of the dermatogenous cell;
it can, however, be produced from its proximal and lateral parts, as well. The ge-
nesis of stoma is haplocheil (at some Botrychium species it is a transition between
the euhaplocheil and haplocheil types), its structure is acyclical.

Size of the dermatogenous cell: 23x31 u. Size of the guard mother cell:
17x23 . The size of the guard mother cell during division: 19x26 . Size of the
consolidated guard cell: 38x51 u.

C) MARATTIACEAE

5. Marattia salicina SmrTH.
(Fig. 2)

The formation of the epidermis of leaves does not show any definite zonal
separation. At the rim of a leaf primordium of 2—20 mm size, in the width of a
cell line, the distal region may be observed. In this region 17 u long and 13
wide cells may be found. The distal radial wall of the cells is thicker and the nuc-
leus takes place in the proximal end of the cell. That layer is less divided and
defends the meristematic cells below itself. Below the distal region, in 5—8 cell
lines and 35 u width, the dermatogenous initials, the subdistal region can be ob-
served. The subdistal region cannot be sharply separated from the organization
and elongation zones as even the leaf-primordium of 20 mm size is divided, dif-
ferentiated, forms guard mother cells on its whole surface, and the cells elongate
in the meantime, as well.
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The leaf primordium produces, in the course of the division of its whole sur-
face, dermatogenous cells in definite number, size and shape which are characte-
ristic of the species, and in the same way guard mother cells and accessory mother
cells. Then the cells elongate on the whole surface and get, with the definite size
of the leaf, into the phase of ripening. In the development of the epidermis of
Marattia salicina the temporal zonation dominates over the spatial one.

Formation of the stomata: it is preceded by production of cells of characte-
ristic shape and formation that perform the early gas exchange. We called these
cells which are unknown in literature ,,gas exchange hose” cells. These cells are,
viewed from above, 3—5 angled (with outer tangential walls), and 4—7 small
rounded off holes (perforations) of 0,5—1,5 u diamser may be observed in their
outer tangential walls. These cells enlarge towards the mesophylum, get an ovate
or hose shape, their cell wall is thoroughly thin. Size of the gas-exchange hose
cells viewed from above the outer tangential wall: 10x11 , the inner tangential
wall: 26x32 u, and their size of (radial) depth: 24—28 4.

These cells serve as substitute for the gas exchange of the primordium that
has reached a considerable size, without, however, containing developed stomata.
In the gasexchange hose cells of the developed leaf quartz is stored, and so they
become quartz cells.

The formation of stomata begins in the bilateral dermatogenous area of the
leaf vessels, then it extends also over the intervasculary area of leaves. One of
the dermatogenous cells of the organization region, in the phase of division, the
primary mother cell, is divided in two cells, forming a little concave cross cell
wall; the distally located cell becomes the guard mother cell, and the basally lo-
cated one becomes the polar adjacent mother cell. The guard mother cell is often
smaller than the polar adjacent mother cell. Around the guard mother cell the
dermatogenous cells are in an intensive division. The adjacent mother cells begin
to divide parallelly to the surface of the guard mother cell. The axis of division
is mildly concave. The subsidiary cells are produced in a perigenous way. We call
this form of the genesis of stomata to be oiP haplocheil type and of amphicyclical
structure.

The guard mother cell is surrounded by 4—5 adjacent mother cells. From
these two-three become lateral adjacent mother cells and two ones polar adjacent
mother cells. Dimensions of the stoma mother cells after their formation: G. M.
C. =9x12 y, A. M. C. = 13x17 p.

Then the guard mother cells enlarge, the adjacent mother cells begin to di-
vide parallelly at the periphery of G. M. C. into lateral subsidiary cell and lateral
coronal cell, torming polar subsidiary cells and polar coronal cells as well.

Size of stomata in the time of the division in two of the guard mother cell:
G.M.C. = 17x28 x4, L. S. C. = 5x20 u, L. C. C. = 8x20 s, P. S. C. = 8x26
#, P.C.C. = 924 u.

In the following the guard mother cells are divided in two by a longitudinal
wall, become guard cells, then they enlarge and compress the adjacent subsidiary
and coronal cells around themselves.

The adjacent protodermis cells are small, being in division, and a lot of sto-
mata in the phase of formation may be observed around the developed stomata.
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Size of the developed (mature) epidermal elements: length of epidermal
cells: 40—65 u, their width: 24—35 1, length of the guard cells: 37—50 . Joint
width of guard cells: 27—31 . Size of the gas-exchange hose cells: 13—27 p,
their number: 1. Number of stomata: 60.

Fig. 2. Development of the stoma of Marattia salicina. 1—4 = dermatogenous detail in
division. 5 = a fully developed stoma. G. M. C. = guard mother cell, L. A. M. C. = lateral
adjacent mother cell. P. A. M. C. = polar adjacent mother cell, L. S. C. = lateral subsidiary
- cell, P. S. C. = polar subsidiary cell, L. C. C. = lateral coronal cell, P. C. C. = polar coronal

D) OSMUNDACEAE

6. Osmunda regalis 1.
(Fig. 3, 4)

The development of the epidermis of the Osmunda regalis is similar to that
of the Marattia salicina. At the rim of the leaf-primordium, in the width of 1-2
cell lines, a distal region consisting of cells of the size of 27x43 u may be observ-
ed. Below the distal region the leaf-primordium (even that of the size of 10—15
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mm) divides on its whole surface, and protodermis cells, guard mother cells are
produced in number, size and shape ciaracterizing the species. The produced
cells elongate on the whole surface, and then they get into the phase of ripening.

Formation of the stomata. The formation of the guard mother cells is simi-
lar to that of Marattia. From the distal end of the dermatogenous cell or from one
of its corners a guard mother cell is produced by formation of concave cell walls.
The basal cell of the dermatogenous cell is transformed into an epidermis cell in
the way of division. The produced G. M. C. is initially surrounded by 4—5 adja-
cent mother cells. These cells divide at right angles to the perimeter of the guard
mother cell, forming epidermis cells. Thus the developed guard cells are surroun-
ded by 5—9 epidermis cells. If the guard mother cells are produced beside one
another — what frequently occurs in the case of Osmunda regalis — so twin sto-
mata are produced.

The so developed guard cells enlarge, then they divide in two by a longitu-
dinal wall. The guard mother cell is generally smaller than the proximal epider-
mis mother cell. The axis of division is mildly concave. Around the guard mo-
ther cell the adjacent mother cells are in an intensive division. The adjacent mo-
ther cells frequently divide only in right angles to the developed guard. cells.
There aren’t produced any accessory cells. We call that form of the ontogeny of
stoma haplocheil and its structure acyclical. The genesis of stoma is not purely
haplocheil, it shows a transition towards the hemisyndetocheil type, as well.

Length of the guard mother cells (G. M. C.) after their genesis: 15 x, their
width: 13 u. Length of G. M. C. before its division in two: 29 u, its width:
23 u. Number of stomata of a 14 mm leaf-primordium: on the summit of the
leaf: 11, end the little of the leaf: 27, on the basis of the leaf: 40.

Length of the developed two guard cells: 44—63, u, their joint width: 42—56
. Number of stomata: 126. Number of twin stomata: 8.

v
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Fig. 4. Development of the stoma of Osmunda regalis and histogenesis of its epidermis:
A = epidermis formation of the leaf-primordium of 6 mm size, B—D: that of 14 mm size,
E = developed abaxial epidermis.
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E) SCHIZAEACEAE

7 Schizaea dichotoma (L.) Smith.
(Fig. 6)

In the development of the epidermis a zonal arrangement may be observed.
The distal region is meristematic is nature and takes place in a cell line at the
apex and two sides of the primordium. The subdistal region lies in a width of 4—
5 cell lines on the apex ancr in 3—8 cell lines on the two sides of the leaf-primordi-
um. This region is the centre of division. The apical part, the apical meristems
ensure the longitudinal growth of leaf, producing the marginal meristems, as well
as the stomatorial lath initials. The apical meristems, divide with walls forming
a rigth angle to the longitudinal axis of the leaf and the marginal meristems with
nearly parallel walls.

The unilinear stomatorial lath initials protruding from the surface of derma-
togen, differring in shape and function and having meristematic properties are
ditferentiated in the organization region. The guard mother cells and polar ac-
cessory mother cells develop here. The subdistal and organization regions make a
transition into each other. Then, in the subspical region, the cells become much
longer, getting into the phase of maturation.

Formation of the stoma: the primary mother cells of the stomatorial lath
divide in two producing semicircular cell walls in the organization region. From
the distal and outer tangential parts of the primary mother cell the guard mother
cell and form its basal part the polar subsidiary mother cell are produced. The
guard mother cells protrude from the stomatorial lath, enlarge considerably, dis-
solve the walls of accessory cells below themselves, and then divide in two with
a longitudinal wall. The genesis of stoma is, therefore, hemisyndetocheil, its struc-
ture is diacyclical as a subsidiary cell is connected with each of the two poles of
guard cells. The axis of division 1s thoroughly concave.

Size of the developed epidermis elements: Length of guard cells: 78—86 .
Joint width of both guard cells: 66—74 s Distance between stomata: 50—124 .
Number of stomata: 11.

8. Anemia rotundifolia ScHrAD.
(Fig. 5, 6, 7)

The formation of epidermis shows a zonal separation. The distal region takes
place in a 20—35 ; wide strife on the rim of the lzaf- rimordium. These rim cells
are 3—4 cell-lines wide, their shape in an oblong ended in a sharp point or that
in a right angle to the vessels of leaves. Length of cells: 25—48 4, their width:
8—11 u. In the vacuolized plasma of cell there cannot be observed any chloro-
plastic. This region loses its meristematic property at the beginning of its for-
mation, ensuring the defence of the subdistal region which takes place under it.

The subdistal zone is 160—200 # wide and cannot be separated sharply from
the organization region. This region is 4—6-angled, consisting of meristematic
cells with big nuclei. Size of cells: 7x7,5 x.
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The organization region takes place in a 1900—2800 « wide strife below the
subdistal zone. The dermatogenous cells divide (new dermatogenous cells are pro-
duced) and are organized here. The stomata are formed here. Size of cells:
9.5x11 .

Below the organization region in the submarginal region the cells elongate,
the chloroplastics enlarge, the nuclei are stained homogenously, the radial walls
?f cells have a wavy course. In the zone of maturation the cells get their definit

orm.

Fig. 5. Histogenesis of the epidermis of Anemia rotundifolia: (a) the d = distal, sd = sub-
and o = organizational regions in the lower epidermis of the leaf primordium. (b) In

distal

the o;ganization zone the genesis of trichoma and that of the guard mother cells may be ob-
served.

The stomata and trichomata are produced in a 1900—2000 4 wide strife. The
trichomata are produced rather at the beginning of the organization region. The
guard mother cell and trichoma mother cell are produced in a similar way. A
spheroid knob appears centrally on the outer tangential wall of the dermatoge-
nous cell and nearer to the distal end of the dermatogenous cell. This knob, which
is at the beginning lens-like, later coniform, becomes the guard mother cell and
trichoma mother cell; and the basal located cell, surrounding the G. M. C. which
is at the beginning caved in and later ring-like, becomes the accessory mother
cell. Later iﬁe developments of trichoma and guard cell differ from each other.
The exact course of the ontogeny of the stoma can be got by the examination of

4 Acta Biologica
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cross-sections. At some of the dermatogenous cells the outer tangential walls pro-
tuberate, the centrally located nuclei divide nearly in right angle to the surface
of the leaf (in an angle of 30—45 degrees). The cell wall is formed in the shape
of a hemisphere or cone towards the inside of the cell. The upper cell is the guard
mother cell, the lower one is the subsidiary mother cell. The coniform G. M. C.
turning with the point of cone to the mesophyllum, reaches the inner tangential
wall of the subsidiary mother cell, and the cell wall dissolves at the site of touch.
Therefore a round hole is produced in the subsidiary mother cell, viewed from
above. Them the cells, enlarge, the guard mother cell divides in two with a longi-
tudinal wall, the two guard cells are formed centrally, as well as a ring-formed
subsidiary cell protruding from the surface and fully surrounding the former
ones. We consider this genesis of stoma to be of hemisyndatocheil type and of
unicyclic structure. The axis of division is thoroughly curved. It can be derived
from the concave axis of division.

Fig. 6. The ontogeny of the stomata of Anemia rotundifolsa (1—6) and Schizaea dicho-
toma (a—f). GMC = guard mother cell, SMC = subsidiary mother cell, SFI = stomatorial
field initials, GC = guard cell, EPC = epidermal cell, ASP = air-spaces of the stoma. The
degree of magnification is indicated beside the drawings. One graduation is equal to 10 .

The development of the trichoma differs from that of the guard cell only so
far that its mother cell does not divide in two but it elongates and forms a unicel-
lular point.
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Size of the elements of the epidermis of the leafprimordium of Anemia ro-
tundifolia: length of the divided GMC: 14 p, its wicﬁh: 13 u. After division in
two, the length of G is: 17 u, the joint width of both guard cells: GC: 16 .
Length of the mature GC: 26 x, and its width: 22 . Number of guard mother
cells: 20—58. Number of stomata: 18—36.
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Fig. 7. Histogenesis of the epidermis of Anemia rotundifolia: (a) Development of the
guard mother cells (dotted) in the lower epidermis. (b) The developed abaxial epidermis.

F) GLEICHENIACEAE

9. Stromatopteris moniliformis MeTT.
(Fig. 8)

Genesis of the leaf-slice: Two 64 u high knobs of 8—9 cells appear in the
organization region of apical meristems of the primordium of leaf-stalk, within
the distance of 900—1200 x from the apex. On the apex of the knob a big
prism-shaped cell may be observed. The so produced primordium of leaf-slice
clongates in the direction of apex, and later 1t develops in a semicircular shape
by the division of the marginal meristems.

4%
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The development of the leaf-epidermis shows a zonal structure. The distal
region consists of cells meristematic in nature, one cell-line wide and of 25x38 «
size. The subdistal region takes place in a semicircular strife below the rim of
the leaf. In younger age, it is 200—160 « wide, later on, after the formation of
the leaf, it decreases gradually and becomes 80—55 # wide. This region is the
centre of the meristems. In the organization region (in the width of 900—200 x)
the stomata are produced in lines. The organization region decreases similarly
with the growth of the leaf from the basis to the margin. In the submarginal
zone the cells enlarge, the radial walls of cells become wavy. That region enlar-
ges gradually after the formation of the leaf.

The development of stoma takes place in the organization zone. The distal
end or the corner of the dermatogenous cells divides in two with a concave cell-
wall formation. The distal, a little protruding cell of rounded off shape becomes
the guard mother cell (GMC), the crescent shaped basal cell becomes the polar
subsidiary mother cell (PSMC). The guard mother cell divides with a longitudinal
cell (PSMC) derive from a common cell. The structure of stoma is diacyclic (rare-
ly monocyclic) as two polar accessory cells join the end of guard cells. The ac-
cessory cells differ scarcely from the other epidermal cells. Size of the developed
GMC: width: 20 u, length: 16 u. Size of the divided GMC: width: 37 u, length:
39 u. Size of the ripe stomata: length of the guard cells: 68—81 u. Joint width of
both guard cells: 64—71 . Length of the pore of stoma: 24—29 . Number of
stomata: 73.

Fig I Marshi 7

Fig. 8. Deveploment of the stomata of Stromatopteris moniliformis. KMC = guard mo-
ther cell, PSMC = polar subsidiary mother cell, EpC = epidermal cell.

G) ASPLENIACEAE
10. Asplenium viride Hups.
(Fig. 9)

The development of the epidermis of the leaf demonstrates zonal structure.
The distal and subdistal regions take place at the rim of the leaf-primordium,
160—70 w« wide. The two regions cannot be separated sharply, both are meriste-
matic in nature. These regions consist of polygonal cells of big nuclei. The sub-
distal region is large at the beginning, later on, however, it decreases gradually
while the leaf develops.
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The organization region is located below the subdistal region, paralleliy to
the rim of leaf, in a 700—250 . wide strife. Here the stomata are formed and
the chloroplastics appear. The organization region is large, later on, however, it
decreases while the leaf develops.

The elongation and maturation zones of the epidermis demonstrate a prog-
syndetocheil because the guard mother cell and the basal polar subsidiary mother
wall and transforms into a guard cell. We call this ontogeny of the stoma hemi-
ressive size while the leaf develops.

The formation of stoma takes place in the organization zone. The distal
end or corner of some dermatogenous cells becomes guard mother cell with the
formation of concave cell walls; the basal end of the dermatogenous cell remains
bigger and it becomes the polar subsidiary mother cell. The guard mother cell
becomes larger and divides into two guard cells with a longitudinal wall. The
crescent-shaped polar subsidiary mother cell turns immediately into an accessory
cell or it divides in two forming a crescent-shaped cell wall, producing so a po-
lar subsidiary cell and a polar coronal cell. This form of the genesis of stoma is
hemisyndetocheil, its structure is monocyclic with a polar subsidiary cell.

Size of GMC in the time of formation: 7,5x8 u. Length of the dividing
GMC: 15 u, its width: 11 u. Length of the mature guard cell: 54 x, and the joint
width of the two guard cells: 28 x. Number of stomata: 72.

Fig. 9. Histogenesis and stoma formation of the abaxial epidermis of Asplenium wiride.
d = distal region, sd = subdistal region, 0 = organization region, sm = submarginal region,
GMC = guard mother cell, PSMC = polar subsidiary mother cell, GC = guard cell, PSC =
polar subsidiary cell, EpC = epidermal cell.



54 1. MAROTI
H) LOXSOMACEAE

11. Loxsoma cunninghamii R. Br.
(Fig. 10)

The formation of leaf-primordium is carried out zonally. At the rim of the
leaf-primordium a less meristematic, 18—25 u wide distal region takes place. The
shape of cells is an elongated oblong in right angle to the rim of leaf. In this re-
gion the division is performed mainly with two axes of division in right angle
with each other. Size of the cells: 16x22 p.

The subdistal region is 340—60 u wide. In the subdistal region the plane of
cell division is chnging. The subdistal region is originally large, then it decreas-
es gradually with the %(mnation of leaf. Size of cells: 12x13 u. This region is the
centre of division.

The organization region takes place below the subdistal region in 14 000—
2000 « width. Here the mesophyllum differentiates, the stomata and chloroplas-
tics are formed. The organizational zone cannot be separated rigidly from the
subdistal zone. The plane of cell division is often concave.

The elongation or maturity zone of the leaf demonstrates a progressive size
while the leaf develops.

The development of stomata takes place in the organizational zone. Some
dermatogenous cells divide in two with a concave cell wall: into a lateral subsi-
diary mother cell (LSMC1) and lateral slice mother cell (LSIMC). The latter one
divides again (maybe more times) with a cell wall which is concave related to the
former division wall. Thus originates the guard mother cell (GMC) of central lo-
cation and the lateral subsidiary mother cell or the l. s. m. cells LSMC: or
LSMCs. The LSIMC is smaller than the LSMCi. The LSMC: is smaller than the
LSMC..

Fig. 10. Histogenesis of the abaxial epidermis of Loxsoma cunninghamii and the genesis
of the syndetocheil stoma.
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The form of the axis of division is concave turned to face each other, its
direction is changing, being often parallel with the longitudinal axis of the leaf
vessel. From a primary mother cell dominating three, rarely four mother cells
are produced.

From the lateral subsidiary mother cells lateral subsidiary cells of mesoge-
nous origin, from the guard mother cells guard cells are produced. The guard
mother cell viewed from above is similar to a biconvex lens. The Gm is gradually
forced under the two lateral subsidiary cells. In the produced stoma the guard
cells are thoroughly immersed.

We call this form of the stoma formation syndetocheil. The structure of sto-
mata is paracyclic. The syndetocheil way of formation may be derived from the
haplocheil one.

Size of the primary mother cell: 13x15 u. Size of the LSMCi: 8x17 u. Size
of the LSIMC: 7x14 u. Size of the LSMC:: 7x16 . Size of the GMC: 15x18 .

Discussion
A) Histogenesis of the epidermis

The development of the examined leaf of Psilotinae and Filicinae takes place
in a similar way. A multicellular knot, the leaf-primordium initiative appears on
the apical meristems of the shoot, and the leaf develops from that. The site of
appearance, form, size, number of cells, the dominating direction of the meriste-
matic activity of the multicellular knot are characteristic of families, species.

The development in space and time of the epidermis of the examined eleven
species demonstrate a zonal structure. The regions established by Warpraw
(1957) for the structure of shoot are available also for th formtion of the leav-
es of Tmesipteris and Filicinae. The similar ontogenesis of both the shoots and
leaves of Psilotinae and Filicinae refers to the shoot-origin of the leaves of Psiio-
tinae and Filicinae.

Also the constitution of mesophyllum is well demonstrated by the develop-
ment of epidermis. The distal regions of the leaf-primordia of the examined spe-
cies are of different size, shape and meristematic activity. The distal zones of
I'mesipteris and Anemia rotundifolia lose gradually their meristematic qualities
after the formation of the multicellular knob.

Similarly few divisions may be observed in the distal regions of Osmunda
regalis and Maraitia salicina, and the division is dominating in the transversal
direction. The distal regions of Schizaea, Stromatopteris, Asplenium have meris-
tematic qualities. The distal region of Tmesipteris is large, 500—1400 s, that of
Filicinae is 1—4 cell-line wide.

The subdistal part is originally progressive, later on it shows a regressive size
as the leaf-primordium is growing. This region is the centre of meristems. The
size, form, activity, size and shape of cells of the subdistal region are characteris-
tic of species, family. The subdistal region cannot be separated rigidly from the
organization zone. In case of Marattia and Osmunda, the epidermis divides and is
organized, as well, on the whole surface of leaf-primordium.
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In the organizational zone the stomata, chloroplastis are produced, there be-
gins here the elongation of cells and the nucleus gets here into equilibrium.

In the elongation and maturity zones the epidermal cells get their size and
shape characteristic of the species. In the size of the dermetogenous initial cells of
the subdistal region the definitive size of the epidermal cells is given. From the
smaller dermatogenous cells there become smaller epidermal cells, from the big-
ger ones, of course, bigger cells.

B) Types of the ontogeny of stomata

Apart from the way of formation of the epidermis, the development and
structure of stomata demonstrates the besr how developed and differentiated the
family and species are. In the course of examining the ontogeny of stomata we
have taken into consideration the following factors:

(a) From how many dermatogenous cells does the stoma develop?

(b) With what kind of division is the guard mother cell formed?

(c) Plane of cell division?

(d) Where do develop the guard mother cells?

(e) From which end of the dermatogenous cell is produced the guard mo-

ther cell?

()f How do the stomata definitely develop?

On the basis of my examination we have distinguished, concerning the gene-
sis of stomata, five main types of development:

(I) Euhaplocheil type: DC - GMC
||
LMC — EpC
(a) The dermatogenous cell divides into two cells of equal size: a guard mo-

ther cell (GMC) and epidermal mother cell (EMC) of proximal site.

(b) The plane of cell division is straight or it is nearly identic with that of
the dermatogenous cells and their direction.

(c) From an epidermal mother cell only epidermal cell may develop.

(d) The cubature of the developed two guard cells is nearly the same as
that of an epidermal cell.

Structure of stomata:acyclic.

Occurrence: in cases of Psilotum, Tmesipteris, Ophioglossum, Botry-
chium and Bryophytae.

(IHaplocheil type: DC - GMC
&y
EMC - EpC

N
perigenous PSC

(a) The dermatogenous cell divides into two cells of non-equal size: a guard
mother cell and epidermal mother cell of proximal site.
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(b) The plane of cell division is dominatingly in right angle to the longitudi-
nal axis of the vascular structure of leaf, its shape being mildly concave.

(c) From an epidermal mother cell epidermal cell may develop or, with se-
condary division, a perigenous polar subsidiary cell (PSC).

(d) The cubature of the developed two guard cells is greater than that of
an epidermal cell.

(e) Around the developed guard mother cell the perigenous division of the
adjacent cell is frequent.

Structure of stomata: acyclic, hemicyclic, monocyclic, amphicyc-
lic.

Occurrence: Ophiolossum, Botrychium, Helminthostachys, Osmunda,
Marattia, Angiopteris, Cycadales.

(IIMYHemisyndetocheil type- DC -~ GMC
/N
PSMC -+ mesogenous PSC

(a) The dermatogenous cell divides into a smaller guard mother cell (GMC)
and a bigger polar subsidiary mother cell of proximal site (PSMC).

(b) The plane of cell division is in right angle to the longitudinal axis of
the vascular structure of leaf, its shape is thoroughly concave.

(c) The PSMC differs in shape, size, shape of nucleus from the other derma-
togenous cells.

(d) From the PSMC a polar subsidiary cell PSC may be produced immedia-
tely (without division), in mesogenous way, or polar subsidiary cell (PSC) and
polar coronal cell (PCC) in an indirect way (with division).

(e) The cubature of the developed two guard cells is generally smaller than
that of an epidermal cell.

Structure of stomata: monocyclic, unicyclic, diacyclic, acyclic.

Occurrence: Asa rule, at species of Filicinae Leptosporangiatae.

LSMGC:
) /
(IV)Syndetocheil type: DC—~LSIMC -GMC
LSMC: —mesogenous LSC

fa) The dermatogenous cell divides in two cells: into a lateral subsidiary
mother ceil (LSMC,) and a lateral slice mother cell (LSIMC). The lateral slice
mother cell is again dividing with a cell wall which is concave towards the former
division wall, and a guard mother cell (GMC) is produced in central position
plus a lateral subsidiary mother cell (LSMC:).

(b) The plane of cell division is dominating parallel with the longitudinal
axis of the vascular structure of leaf, its shape is concave as opposed.

(¢) The LSMCi is larger than the LSMC..

(d) From the lateral subsidiary mother cell a lateral subsidiary cell (LSC)
may be produced in an immediate way (without division) or a lateral subsidiary
cell and a lateral coronal cell (LCC) may be produced in an indirect way (by di-
vision). There are frequently stomata at which there are on the one side LSC and
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L.CC, on the other one, however, only LSC. In this case the GMC is produced
after the third division.

(e) The polar subsidiary cells of mesogenous origin are missing. PSC of pe-
rigenous origin may, however, be produced.

Structure of stoma ta: paracyclic, monocyclic.

Occurrenced: Loxsoma, Cibotium species.

AMG
/

(V)Compocheiltype: DC - LSIMC

n divisions

— GMC

AMCn

(a) The dermatogenous cell divides into two cells: into adjacent mother cell
one (AMC1) and a slice mother cell (LSIMC). The slice mother cell separates af-
ter n divisions into a guard mother cell (GMC) and n adjacent mother cells
(AMCh).

(b) The plane of cell division is changing, it is generally in right angle to
the axis of division, its shape is mildly concave, being turned back.

(c) From the adjacent mother cell there may be produced an epidermal
cell, subsidiary cell, and coronal cell in a direct or indirect way.

(d) The adjacent cells are of mesogenous origin.

Structure of stomata: acyclic, anisocyclic, monocyclic, diacyclic.

Occurrence: Solanaceae, Cruciferae, Saxifragaceae.

From the Angiosperms we have observed the ontogeny of the stoma of these
few families. We suppose that the majority of the dicotyledonous plants belong
into this type from the point of view of the ontogeny of stomata.

Fig. 11. Types of the history of development of the genesis of stomara.

Summary

(1) The leaf formation of the examined eleven species demonstrates a zonal
structure in space and time. The regions ascertained by WarprLaw (1957)
for the organization of shoot are valid to the formation of Tmesopsida
and Pteropsida leaves, as well. In the course of the organization of the
leaf primordium, distal, subdistal, organizational, lengthening, and ripe-
ning zones were distinguished.

(2) The histogenesis and structure of leaf mirrors he degree of he development
of species, as well its natural taxonomical place.

(3) The skin tissue is the most suitable of the tissues of leaves for comparative
histogenetic examinations, especially concerning the development and
structure of stomata.

(4) In the course of our examinations, five archetypes of the history of develop-
ment of the genesis of stomata have been distinguished: euhaplocheil,
haplocheil, hemisyndetocheil, syndetocheil, and compocheil ones.
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