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Abstract

The lower epidermal surface was studied in 6 species of flowering plants representing different families. Plicae of its microre-

lief connect stomata with each other. Application of computer modelling had shown that mechanical tensions and deformations

are transmitted along these plicae from one stoma to others. The plicated structures are assumed to be involved in coordination
of stomata function within the local zones of epidermis,
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Le microrelief de 'épiderme foliaire des plantes a fleurs et son interaction avec le Sfonctionnement des stomates

Résumé

L épiderme foliaire inférieur de 6 espéces de plantes a fleurs représentant différentes familles botaniques a été étudié. Les plis

constituant son microrelief connecte les stomates entre eux. Les études de modélisation montrent que les tensions mécaniques et

les déformations sont transmises le long de ces plis de stomates a stomates. Ces structures plissées doivent assurer la coordi-
nation de |'ouverture des stomates dans les différentes zones épidermiques.
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1. Introduction changes in the epidermis (PAUTOV et al., 2001). In

some species plicae may be found not only near sto-

Leaves of the flowering plants frequently
have plicated microrelief (LANGE, 1969; DILCHER,
1974;: KOCHETOVA and KOCHETOV, 1982,
BARTHLOTT, 1990). Usually it is represented by
plicae, which spread in both directions from the
guard cells. Each of the plicae crosses a number of
cells uniting them in a structural and functional com-
plex. It consists of guard and basal cells of stomata,
as well as surrounding basic cells of epidermis. Pre-
sence of plicae changes the structure and magnitude
of mechanical tensions and deformations in the walls
of cells surrounding the stomata and affects the width
of stomatal aperture in response to water supply

mata, but also on other epidermal cells. Current re-
search objective was to study patterns of plicae posi-
tioning and their possible functions in epidermis.

1. - Materials and methods

The lower epidermal surface was studied in
6 species of flowering plants using method of varnish
imprints (KLEIN and KLEIN, 1970) and scanning
electron microscope JSM-35. The following species
were selected as model objects: Camptotheca acumi-
nata Decne. (Nyssaceae Dumort.), Crataegus san-
guinea Pall. (R

1

iceae  Juss.), Cyroxylon kousa
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Figure 1. Microrelief of the lower epidermal surface: Crataegus sanguinea (1.1 and 1.2) and
Tilia cordata (1.3 and 1.4).
s - stomata; p — microrelief plicae. Scale: fig. 1.1 and 1.3 — 100 um, fig;1.2 and 1.4 — 10 pm.



(Buerber ex Miq.) Hance, (Cornaceaec Dumort.),
Parthenocissus inserta (A. Kern.) Fritsh (Vitaceae
Juss.), Populus tremula L. (Salicaceae Mirb.). Tilia
cordara Mill. (Tiliaceae Juss.) The material was col-
lected from dendrological collections in Bishkek, St.
Petersburg and Tashkent.

2. —Results

Leaves of all model species have plicated
microrelief of their lower epidermis with stomata
connected in groups by plicae positioned between
them (figure 1). The groups are composed of just a
few stomatd (Camptotheca acuminata, Cynoxylon
kousa, Parthenocissus inserta), or often more than 10
(Crataegus sanguinea, Populus tremula, Tilia cor-
data). Together with such groups there are also indi-
vidual stomatal complexes in the epidermis. In
Populus tremula all epidermal cells without excep-
tion have plicated microrelief. But even in this case it
is possible to distinguish regularly positioned plicae
connecting stomata (figure 2).

Two possible means of stomata connections
were described. In the first one the plicae provide
consecutive, sometimes branching connections bet-
ween stomata (fig. 1.1 and 1.2). In the second. from
the central stoma the plicae go in all directions to-
wards the peripheral stomata surrounding the central
one (fig. 1.3 and 1.4).

3. - Discussion

Computer modelling was used to assess the
role plicae play in connecting stomata. As a model
we had employed a metal plate with two holes, which
was heated. The holes were representing stomata, the
plate itself — stomatal zone. The plate has a very high
value of temperature coefficient. In other words, the
metal expands during heating, and contracts when
cooling. This was considered as an analogy to the
changes in the cell volumes around a stomata during
changes in their turgor. The modelling gave results,
which reflected qualitative, as well as. quantitative
characteristics of the processes occurred. The quan-
titative characteristics depend mainly on the metal

properties, therefore, they were not taken into ac-
count in result interpretation, and analysis was done

on qualitative [evel.

The metal balks welded onto the main plate
imitated the plicae on the epidermal surface spread-
ing outwards stomatal apertures. Other metal balks
were welded along the holes. Those ones were cor-
responding ta more thick anticlinal walls of the guard
cells facing stomata aperture.

Two cases were considered. In the first one

the balks spreading from different holes were short
and did not reach each other. There was a wide area
of a smooth plate left between them. In the second
one, the balks reached each other. The picture imi--
tated in the second case can be seen on figure 1. In
modeling experiments a fragment of the metal plate -
bearing a hole was heated, which are caused
changing in mechanical tensions and deformations
around the hole (PAUTOV er al., 2001, and in this
article fig.2 and 3). In the case where the holes were
not connected by their balks the tensions and defor-
mations has not been transmitted from the heated area
onto unheated. When the holes were connected the
tensions and deformations appearing in the heated
area were transmitted along the balks onto the cold
area (fig. 3).
The modeling results had shown that mechanical
tensions and deformations can be transmitted along
the microrelief elements from one stomata to another.
This situation is possible, for example, when epider-
mis is saturated with water irregularly. It is known,
that tensions and deformations existing in cell wall
affect mechanically activated channels and ion trans-
port (PICKARD andDING, 1992, 1993). Such chan-
nels were found in plasmalemma of epidermal cells,
in particularly, in the guard cells of stomata of some
plants. The data obtained allow one to suggest that
elements of plicated microrelief provide structural
and functional connections between stomatal com-
plexes. Information from one stomata to others can
be transmitted along the plicae as tensions and de-
formations, and, therefore, affect the work of ion
channels.
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Figure 2. Microrelief of the lower epidermal surface Populus tremula.
| — general view of the surface area,
2 — the plicae connecting stomata complexes are kept. .
s- stomata ; p- microrelief plicae. Scale: 25 pm.

Figure 3. Model imitating mechanical tensions (1) and deformations (2) transmission along the microrelief plicae in

epidermal surface.
An arrow shows the border between heated (a) and unheated (b) areas of the metal plate. Shading of

different intensity denotes different values of deformation in the plate: A — minimum, B — maximum values
of deformations.
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