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Summary &horbar; The fine structure of the epidermis of the nectarine fruit ("Tasty-fruit" cultivar) has been investigated. The
work was mainly focussed on cuticular microcracks which occur on the ripe fruit. The outer wall of the epidermal cell is
thick and is composed of different layers which exhibit various textures. A layer that could be interpreted as a cutinized, dense network of polysaccharidic fibrils, clearly appears at the junction between the cuticle and the wall.
Cracks result in an abrupt interruption of the cuticle, but the layer at the junction of the cuticle and the wall and in
some instances the waxes remain at the surface of the cell wall. The wall itself shows the same aspect in the cracks
and under the normal cuticle. The susceptibility of cracks to the penetration by phytopathogenic fungi is discussed.
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Résumé &horbar; Structure de microfissures cuticulaires dans la paroi épidermique de nectarine. La structure fine de
l’épiderme de nectarine (cultivar "Tasty-fruit") a été étudiée en microscopie optique et en microscopie électronique à
transmission. Le travail a été principalement orienté sur des microfissures cuticulaires qui surviennent sur les fruits
mûrs. En microscopie optique (fig 1-4) les microfissures sont nettement visibles et paraissent limitées à la couche cuticulaire, sans prolongement dans la paroi épidermique. En microscopie électronique, la paroi externe des cellules
épidermiques apparaît épaisse et constituée de plusieurs couches (fig 5). À la jonction entre la paroi et la cuticule,
une couche formée d’un réseau de microfibrilles polysaccharidiques enrobées dans une matrice opaque d’origine cuticulaire est clairement visible (fig 6). Les fissures se traduisent par une interruption brutale de la cuticule (fig 10-11),
mais la paroi présente le même aspect dans les fissures et sous la cuticule normale. La couche constituant la jonction
entre la paroi et la cuticule, et dans certains cas des cires, subsistent à la surface de la paroi cellulaire (fig 12). Dans
les fissures s’étendant sur plusieurs cellules épidermiques, des crevasses profondes ont été observées à la jonction
entre 2 cellules adjacentes (fig 14) bien que plus généralement l’interface entre cellules semble renforcée par une
structure cuticulaire (fig 15). La texture de la paroi épidermique (c’est-à-dire la disposition des fibrilles de cellulose) a
été étudiée sur des échantillons traités par la méthylamine afin d’extraire la matrice amorphe de la paroi. La paroi externe des cellules épidermiques est constituée de couches de textures variées (fig 17-24). La texture des parois situées sous la cuticule normale ne paraît pas différente de celle des parois situées sous les fissures cuticulaires. La
sensibilité des fissures à la pénétration par des champignons phytopathogènes est discutée.
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INTRODUCTION
The

fungal penetration of the epidermis of
plants generally involves the degradation of cuticle by cutinolytic enzymes (Kolattukudy and
Koller, 1983). Spontaneous microcracks have
been noticed in the cuticle of many fruits - apple (Mourichon and Bompeix, 1979), grape

(Bessis, 1972), nectarine (Fogle and Faust,
1975 and 1976) - and could play an important
role in the penetration of fungal pathogens.
On mature nectarine fruits, scanning electron
microscope investigations have shown that, in
some instances, the fungal pathogens Monilia
laxa (Aderh and Ruhl) Honey and Rhizopus
stolonifer (Ehren B ex Fr) Lind obviously pene-

trate through cuticular microcracks (Nguyen-the
et al, 1989). Direct penetration through an intact

cuticle has never been observed and cuticular
microcracks are therefore likely to play a major
role in the penetration of fungal pathogens in
nectarine fruit. However, in most cases neither M
laxa nor R stolonifer exhibit any attraction toward
these microcracks (Nguyen-the et al, 1989).
Healing processes of artificial lesions together
with suberin and lignin synthesis has been demonstrated in the case of tomato fruit (Dean and
Kolattukudy, 1976; Fleuriet and Deloire, 1982)
but little is known about spontaneous cracking of
the epidermis.
of the fine structure of nectaand
epidermis
especially of cuticular microcracks, was therefore necessary for a better
understanding of the penetration mechanisms of
An

investigation

rine fruit

fungal pathogens.
MATERIALS AND METHODS

Biological material
Nectarine fruits from the "Tasty-fruit" cultivar were obtained from an Institut National de la Recherche
Agronomique orchard in the south-east of France.
Fruits were picked at a fully ripe state of maturity.
Small pieces of the epidermis were cut with a razor
blade in an area close to the stylar end of the fruit.
The presence of microcracks was checked using a
stereomicroscope. Samples were collected from 3
fruits. Some samples were dipped 10 min in chloroform to remove waxes before the fixation procedure.

Specimen preparation for electron

tended (up to 3 days) to ensure penetration of the resins through the cuticle and the thick walls of the epidermis. Three sets of samples were eventually obtained:

samples fixed with aldehyde and OsO
;
4
fixed
with
samples
aldehyde only and extracted with
methylamine;
samples dewaxed and fixed with aldehyde and

-

-

-

.
4
OsO

Staining and observations
For general morphological observation under light microscopy, thick sections were directly stained with toluidine blue. For histochemical observations, sections
were treated according to Maxwell (1978) in order to
remove resins. They were subsequently stained with
Sudan red, or with colloidal iron-potassium cyanoferrate staining, using a commercial solution of dialysed
iron (5% Fe
, BDH), according to Martoja and Mar3
O
2
toja-Pierson (1967). Stained sections were mounted in
Eukitt and observed with a Zeiss microscope, except
those sections stained with Sudan red which were
mounted in water for the observation.
For electron microscopic observation, thin sections
treated according to PATAg reaction (periodic

were

acid, thiosemicarbazide, silver) (Thiery, 1967; Roland,
1978) to contrast polysaccharides. Sections were collected and transferred to the different reagents with

plastic rings, then deposited on copper grids. The
specificity of periodic oxidation was controlled by substituting H
O for 25 min) for periodic
2
O (10% in H
2
acid. Sections were observed with a Philips 300 or a
Philips 400 electron microscope.

RESULTS

General morphology

and light microscopy

epidermis of ripe nectarine fruit consists of a
single layer of irregularly shaped cells with thick
walls, covered with a cuticle (fig 1). Hypodermis
The

Both dewaxed and untreated samples were prepared
for examination with an electron microscope according to the procedure described by Roland (1978).
Pieces of epidermis were fixed for 1 h 30 min in glutaraldehyde (4% in a caccodylate buffer 0.1 M, pH 7.4)
under vacuum and rinsed in the cacodylate buffer.
Some samples were then either post-fixed in OsO
4
(1% in H
O) for 1 h or placed for one night in a methyl2
amine solution (40% in H
O) on a rotary shaker to re2
move part of the matrix and to expose the wall texture
(Reis, 1981-1982). All samples were dehydrated and
embedded in a mixture of Epon and Araldite resins
(Araldite 4 ml, Epon 5 ml, hardener DDSA 12 ml, accelerator DMP30 0.6 ml, Fluka). Infiltration was ex-

cells appear flat, with thinner walls.
Cell walls are stained purple or pink by toluidine blue, whereas the cuticle exhibits a more
bluish color. A dark purple layer is visible at the
junction between the cuticle and the wall of epidermal cells (figs 1, 2). Cuticular pegs are frequently observed in the anticlinal walls of epidermal cells.

After the colloidal iron-cyanoferrate staining,
cell walls are coloured in blue (fig 3) but on the

cuticle the dye remains yellow. The interpenetration of cuticular pegs with walls of epidermal cells
is therefore clearly visible, but the junction layer,
which contrasts well in sections stained with toluidine blue, does not appear.

Different layers in the outer wall
and cuticle of the epidermal cell

spite of many variations, the outer wall of the
epidermal cell frequently exhibits 2 distinct layers
(fig 5). The inner layer (I) shows a dense pattern
of silver granules and is composed of many "lacuna-like" regions. The median layer (II), is only
lightly contrasted and seems to merge gradually
with the dense material of the layer at the junction of the cuticle (jl). The latter exhibits a dense
reticulate structure rich in silver granules, together with a dark amorphous matrix (fig 6).
In

Cuticular materials are poorly contrasted (fig
but a reticulate network of fibrils is visible in
the internal part of the cuticle (rl) and seems to
be continuous with the junction layer. The external part of the cuticle is amorphous (al). The outermost layer, which presumably consists of waxes (w), appears electron-translucent and is
merely limited by an electron-opaque deposit.
This layer is not visible in sections performed on
dewaxed samples (fig 7) and is probably removed by the chlorofom extraction. In this picture, the wall exhibits a very compact structure,
without lacunae or median layer.
In sections contrasted after oxidation with
O instead of periodic acid, cell walls appear
2
H
electron-translucent whereas an amorphous,
opaque layer is visible between the cuticle and
the wall (jl) (fig 8). The reticulate pattern of silver
deposits in (jl) described above (fig 6) is not visible. On the contrary, a translucent pattern which

5)

Cuticular cracks
Transverse sections of cuticular cracks could be
seen in most of the samples (fig 2). They look superficial and the outer wall of the epidermal cell
does not seem to be altered. The junction layer
between cuticle and cell wall stretches continuously from one edge of the crack to the other. On
the contrary, the outer part of the cuticle is
abruptly interrupted. After staining with Sudan
red, the inner part of the cuticle and the surface
of cracks are stained in orange-red, but the outer

part (visible under phase

contrast

illumination)

remains uncoloured (fig 4). It is possible that the
cuticle has been partly degraded by the Maxwell
reagent, which contains a high concentration of

KOH (Maxwell, 1978).
Under electron microscopic observation,

the
cell wall located beneath cuticular cracks appears similar to the wall of the epidermal cell covered with normal cuticle and exhibits a succession of 2 layers (fig 10). The edge of the cracks
shows an abrupt interruption of the amorphous
and reticulate parts of the cuticle, whereas the
layer at the junction between wall and cuticle (jl)
seemingly covers the wall continuously (fig 11).
Moreover, some translucent or faintly opaque
material which could be of cuticular origin is frequently observed at the surface of the cracks,
covering the dense outer layer of the wall (fig

12).

to originate from the cell wall penetrates
in the dark matrix. The inner layer of the cuticle
(rl) is faintly reticulate but no silver granules can
be observed.
seems

Vesicles, strongly contrasted by the PATAg

usually observed beneath the
epidermal cells (fig 9). They presented the same lacunary aspect as the inner
layer of the wall (I) and were seemingly involved
in the secretion of new polysaccharidic compoprocedure,

were

outer wall of

nents.

In any case, many variations occur. The inner
part of the epidermal cell wall is not constantly
made up of "lacuna-like" regions (fig 13a), either
in normal epidermis or in cracks. The outer wall
of epidermal cells in cracks is frequently thinner
and in those instances, the median layer (II) disappears (fig 13b). It is also important to note that
some deeper cracks can be observed at the
junction between 2 epidermal cells (fig 14). The
adjacent anticlinal walls seem to separate. A
dense layer with a reticulate structure is still
present at the surface of the wall, but more frequently the junction between epidermal cells in
cracks appears "reinforced" by a translucent material which could be of cuticular origin (fig 15).

The layer of epicuticular waxes is not interrupted at the edge of cracks (fig 11) which are more
or less covered by waxes (fig 13b). In dewaxed
specimens, this translucent layer is never observed (fig 16) at the surface of cracks.

layers where some laminated structure can be
observed. The outer compact layer is detailed in
figure 22. In figure 23, an extensive disorganization of the wall seems to have dispersed a laminated architecture.
At the surface of cracks, a fibrillar pattern of
silver granules seems to be embedded in an
amorphous, faintly opaque component (figs 20,
22). This looks like the prolongation of the junction layers between wall and cuticle (fig 24).

DISCUSSION
The overall organization of the dermal system of
the Tasty-fruit nectarine is similar to that observed by King et al (1987) with other cultivars.
The cuticular cracks that we observed are superficial and do not affect the organization of the epidermis.
The structure of the cuticle is consistent with
of the general models reviewed by Holloway (1982). The superposition of an outer amorphous region and an inner reticular one is frequently observed in many plants and organs.
Lamellate structures, present in many cuticles
(Riederer and Schönherr, 1988) and more especially in the cuticle of grape berries (Rajaei,
1987) was not observed. The purple colour, after
toluidine blue staining, of the junction layer between cuticle and cell wall has already been described (Holloway, 1982) and this region is considered
to
contain
both
cutin
and
The
of
cutin
is
conpolysaccharides.
presence
firmed by the staining of this layer with Sudan
red (fig 4). The blue colour of the cell wall after
the colloidal iron-cyanoferrate staining must be
caused by free acid groups (Martoja and Martosome

Texture of the cell wall

Methylamine extraction of specimens combined
with the PATAg procedure proved to be a useful
tool to expose the wall texture (ie the organization of the subunits of the wall) (Reis, 19811982; Roland et al, 1987).
Walls of hypodermal cells show a remanence
a laminated structure disposed symmetrically
on both sides of the middle lamella where the
structure is strongly disorganized (fig 17). The
organization of the outer walls of epidermal cells
was more complex. This was similar in cracks
in normal epidermis and exhibited either a
compact texture or a disorganized very loose
texture. In figure 18 the outer wall consists of 2
layers separated by some "lacuna-like" regions.
A laminated architecture is visible in the inner
layer (fig 19) with abrupt variations in the orientation of microfibrils, which show a "herring-bone"
pattern. The outer layer is more compact with a
thick superposition of parallel microfibrils (fig 20).
In any case, some variations in the patterns of
silver granules can be observed. In figure 21, a
layer of loose, disorganized network of microfibrils is intercalated between 2 more compact
of

and

ja-Pierson, 1967), presumably polygalacturonic
acid. On the contrary, the yellow colour of the cuticle indicates that acid groups of the fatty acids
present in cutin and cuticular waxes

ably

are

presum-

masked.

There is no clear cut between cuticle and cell
wall, and the reticulate pattern of the junction
layer seems to be the origin of the fibrils which
permeate through the cuticle. The junction layer
could be the "cutinized wall" layer (Hülsbrusch’s
model of the cuticle; quoted in Holloway, 1982)
and may consist of cutinized polysaccharidic fibrils as previously stated for the reticulate parts
of cuticle (Wattendorff and Holloway, 1980,

The presence of polysaccharide compojunction of cuticle and wall is indicated by the fixation of silver granules of the reticulate fibrils in sections contrasted with the PATAg

1982).

nents at the

procedure (Thiery, 1967; Roland, 1978). The
granules are visible on samples post-fixed with
4 and sample not treated with OsO
OsO
. Moreo4
when
is
substituted
for
ver,
periodic acid,
O
2
H
the reticulate pattern in the junction layer is not
visible (fig 8) which confirms their polysaccharide

composition. In the cuticle itself, the deposit of
silver granules is faint (fig 5) and after oxidation
with

H the fibrils in the reticulate layer (rl)
O
2
clearly have their own opacity. Similarly, the
opacity of the amorphous matrix in the junction
layer is not due to the PATAg reaction.
The hypodermal cell wall (fig 17) shows a
stratified texture which may consist of the remanence of the helicoidal wall described in Roland
et al (1987), disorganised during fruit maturation,

Moreover, they are solely observed in the outer
(and sometimes the anticlinal wall) of the
epidermal cells. The various aspects observed

wall

in the different layers of the outer wall of epidermal cells could be caused both by variations in
the patterns of fibrillae deposition and by dispersion of the structure during extension of the cell
(Roland et al, 1987; Vian and Roland, 1987).
The morphogenesis of the wall beneath the cuticle of nectarine fruit must therefore be rather

complex.
The outer wall of epidermal cell in nectarine
fruit is thick and exhibits a complex structure
which is seemingly not affected by the cracking
of the cuticle. The different textures of the layers
stratified with the superposition of fibrillae arranged in varying directions, compacted with
parallel fibrillae, unorganized with dispersed fibrillae - may not have the same mechanical
strength or the same resistance to biochemical
agression. Moreover, the junction layer between
wall and cuticle is continuous at the surface of
cuticular cracks and the wall is therefore covered with a structure which is probably both
polysaccharide and cutin. Some decutinization
experiments would be useful to clarify our information. A thin layer of translucent material is frequently present and is removed by a chloroform
treatment. Waxes are probably deposited on the
surface of cracks.
-

in the case of grapes (Rajaei, 1987). The outwall of epidermal cells is more complex. Some
remanence of the helicoidal wall can be observed, together with some unstratified layers
(fig 18). A similar superposition of an inner stratified layer and an outer compact layer was observed by Rajaei (1987) in the epidermis of
grapes. The loose and unorganized pattern of microfibrils observed in some regions of the outer
wall (fig 21) is probably due to an extensive extraction of this layer by methylamine and is very
similar to the middle lamella of hypodermal cell
(fig 17). Reis (1981-1982) noted that in samples
treated with methylamine, the subcuticular zone
was thoroughly extracted. The origin of the very
common "lacuna-like" regions in the outer wall remains unexplained. It should be noted that they
are always observed in the inner part (ie youngest part) of the wall and that some polysaccharidic material is frequently secreted by the epidermal cell (fig 9). These lacunae are presumably
not an artefact of embedding because they are
present in samples extracted with methylamine
which increased the permeability of the wall.
as

er

In respect to the infection of the fruit by fungal
it should be emphazised that the surface of the cracks is likely to be covered by
layers of cutinized polysaccharides and waxes.
Although weakened by the absence of reticulated and amorphous cuticle layers, those cracks
may therefore not be susceptible to infection.
Monilia laxa is an intercellular parasite (Pring et
al, 1981) which normally progresses through the
middle lamella. The wall of the epidermal cell in
cracks which is composed of layers with different fibrillar textures may not allow penetration.
Some deeper cracks in the anticlinal wall of
some epidermal cells (fig 14) could expose the
middle lamella and may provide a better site for
the penetration of parasites. This would explain
why, on inoculated nectarine observed under a
scanning electron microscope, a few cracks only
seemed to allow penetration of the fungus
(Nguyen-the et al, 1989). In any case, the biochemical composition of cracks should be investigated further together with an ultrastructural
study of the infection of nectarine fruit by M laxa
and R stolonifer.

pathogen,
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