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ABSTRACT

Argania spinosa, belongs to the family Sapotaceae is endemic to the South
western Algeria in northen Tindouf. This species plays essential local ecologi-
cal and economical roles. The fruit seeds are used to produce precious oil
that is, mainly used in cooking and believed to have medicinal properties
(antiproliferative, Hypolipidemic, hypocholesterolemic, antiatherogenic, an-
tiradical). However, this valorization of the argan trees raises a problem. The
major challenge for current territory planning is to enhance the propagation
of argan trees in natural conditions. Natural seeds propagation is scarce. The
argan endocarp is hard and thick, resulting in an obstacle to germination. In
this study, we have carried out in-depth anatomical investigation of endo-
carp of A. spinosa using Electron Microscopy to clarify the exogenous dor-
mancy observed in argan seeds. This study demonstrated that the cell walls
of sclerenchyma cells, before the cell dies, frequently undergo secondary
modifications, such as lignification. Sclerenchyma cells are dead because
thick cell walls perform the mechanical function. It’s constituted of characte-
ristic cells with thick lignified layer, with a porous structure. It’s protects
seed against desiccation. The protoplast is no longer needed, there for its
eliminated. The sclerenchyma cells appear to have a cell death program, in
which the coupled. Physical or chemical treatments can be recommended
to effectively eliminate integumentary inhibition of A. spinosa in areas in
which biodiversity is threatened.

1. Introduction

al., 2019). In algeria, A. spinosa is the second most
common tree after Acacia_(Kaabéche et al., 2010).

Argania spinosa (Argan), belonging to Sapotaceae
family is the sole representative in Algeria and Mo-
rocco (Kechairi and benmahioul, 2019). Hence it is
endemic in these regions. In Algeria, this species is
mainly located in the southwest part, in the Tin-
douf region where it forms natural stand. This
stand includes three populations named Touaref
Bouaam, Targant and Merkala (Kechairi, 2009). The
region is characterized by a Saharan climate, with
long drought periods throughout the year (Berka et

The woodlands protect against soil erosion and
desertification owing to their deep-growing roots,
they shade different type of crops, and help main-
tain soil fertility in arid zones (Sebaa and Kaid
Harche, 2014). Several biochemical compounds
extracted from the fruit of argan tree posses bio-
logical, antifungal, anti-infalmmatory and antioxi-
dant (Guillaum and charrouf, 2005), antimalarial
and antitumoral properties (El Babili et al., 2010).
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Although A. spinosa is a recognized oil, forage and
timber yielding tree that is highly adapted to aridi-
ty, it is threatened by large-scale destruction, over-
use and the lack of natural regeneration (Mellado,
1989; El yousfi et al., 1992). The main richness of
the Argan tree lies in its fruit, called “Argan
nut” (Hachem et al., 2020). The flowering-fruiting
cycle covers a period of 9 to 16 months depending
on trees. Accoding to Nouaim et al. (2002), the fruit
of the argan tree is (as for walnut tree or almond
tree) a stone-fruit, with pulp covering a lignified
endocarp (the nut) containing one to three kernels
(the seeds) from which a highly appreciated edible
oil is extracted by traditional, manual techniques.
The pericarp of the fruit is the outermost part that
envelops the compound seed. It constitutes, to-
gether with the residual pressure cake of almonds
and the foliage, a very important contribution to
the feeding of cattle, and in particular, goats
(Merouane et al., 2014). A. spinosas eeds are en-
closed by hard sclerenchymatous endocarp tissues
(Sebaa and Kaid-Harche, 2014, Sebaa, 2016); it is
thick-walled, variable in size and shape that give
rigidity to the plant (Esau,1977; Sebaa and Kaid-
Harche, 2014).

Many authors have repoted the difficulty involved
the germination of the seeds of the argan tree
(Benaouf et al., 2014). Physical dormancy has al-
ready been reproted for this species (Zunzunegui et
al., 2013). Lignification in Argan endocarp plays im-
portant physiological and evolutional roles in
providing water proof protection against seed de-
hydration during maturation, preventing digestion
of the seeds by animals and enhancing seed disper-
sal. The hardened endocarp provides a physical
barrier around the seed protecting it from disease
and herbivory (Doster and Michailides, 1999).

A hallmark of both drupes and dehiscent fruits is
the hardening of the endocarp as the fruit matures.
Hardening occurs via secondary cell wall formation,
lignification and programmed cell death (Dejardin
et al., 2010). These processes have not been stud-
ied to any great extent.

Therefore, the purpose of this study was to visual-
ise the changes in the endocarp that occur during
fruit ripening.

The first observation in photonic and electronic
microscopy are presented in this paper.

2.Materials and Methods

2.1. Materials

A. spinosa fruits at different development satge
(Fig.1) were collected from Tindouf area (8°05' W
and 8°40' W ; 28° 25' N and 28°45' N), West coast
of Northern Algeria.

Figure 1: Fruit of Arganiaspinosa. a: immature fruit. b: ma-
ture Fruit. c: seed. d: cross section in the endocarp of argan
mature fruit. e : immature fruit. f :cross section in imma-
ture fruit.

E: Endocarp; Em: embryo; En: endosperm

Seed size and color are important characteristics
for distinguishing between immature and mature
fruit (Juan et al., 1994; Brochmann, 1992). The en-
docarp of immature fruits are light green in color
while the hard seeds are brown, indicating some
degree of chemical or mechanical difference be-
tween them.

2.2. Methods

The small pieces of endocarp were fixed in 3% for-
maldehyde and 0.1% Glutaraldehyde in 0.1M caco-



Sebaa and Bokhari, South Asian J Exp Biol; 11 (2): xxx-xxx; 2021

dylate buffer (pH6,8) for 1h. After washing, the
samples were dehydrated in ethanol series (20%,
30%, 40%, 50%) at 0°C temperature for 15 min,
then in 70%, 80%, 90%, 100% at -20°C for 30 min.
The samples were then transferred subsequently
into1:3 (V/V), 2:2 (V/V) and 3:1(V/V) LRW: ethanol
for 2h each at -20°C. Finaly the samples were em-
bedded in LRW medium pur (4 changes of 2h each).
They were embedded in LR White resin medium
(Agar, ref. R 1281) additionned Benzil (Agar, ref. R
1285) 0.5% (w/w). Polymerization was carried out
at -20°C for 24h, and then at 0°C for an additional
24 h under UV irradiation.

One-micron sections were stained as follows Peri-
odic acid-Schiff (PAS) used to identify neutral poly-
saccharides (Gahan, 1984) ; toluidine blue (TB-O)
0,5% aqueous solution, in order to identify poly-
phenolic substances such as lignins and tannins
(Young and Ashford 1995; Ray and Ham-
merschmidt,1998) and acidic polysaccharides
through a methachromatic reaction (O’Brien et al.,
1964 ; Gordon and McCandless, 1973). Control ; a
solution of |, in KI was used to detect starch grains
in section (Jensen, 1962). 70nm ultrathin section
(ultra-microtome ; EM UC6, Leica using diamond
Knife), were collected on formvar (Agar, ref. R1201)
and carbon coated-copper grids. Samples were
then post-stained with aqueous 2% uranyl acetate
and lead citrate (Reynolds, 1963) and observed
with a TEM-1400 transmission electron microscopy
(JEOL operating at 80 kV).

3. Results and discussion
Anatomy observations

The endocarp was compact, with few and small
intercellular spaces (Fig.2a,b)between adjacent
cells. The Toluidine blue (TB-0) staining showed a
methachromatic reaction in the cell wall indicating
the presence of acidic polysaccharides. The vacu-
oles showed methachromatic granulation (Fig.2b).

Samples stained with Periodic Acid Schiff (PAS) ex-
hibited a strong reaction, suggesting the presence
of cellulosic compounds in the cell wall. Especially
in middle lamella. This reaction showed numerous
and large granulations, suggesting the presence of
neutral polysaccharids (Fig.2a arrows). Conversely,
just a few starch were coloured with |, reagent
(Fig.2 ¢ arrows), which suggested that starch were
not present in significant amounts. The phenolic
compounds were identified by TB-O reaction in the
endocarp (Fig.2 b). However, according by Geier

(1980) PAS also reacts with phenolic compounds
when they are highly concentrated. The content of
phenolic compounds found in seeds may be related
to the permeability of seed coats to water
(Marbach & Mayer, 1974) and may restrict oxygen
uptake (Bewley & Black 1994). These compounds
also cause the seed coat structure to be harder and
act as germination inhibitors (Werker, 1997).

During the early stages of fruit development, the
endocarp cells showed abundant cytoplasm con-
taining many ribosomes and few organelles (Fig.2
d,e). Several intercellular spaces were forming in
these cells tarting from the cell corners (Fig.2f). At
this time, the endocarp cells enlarged and the ma-
jor part of the cytoplasme contains many vacuoles.
In some cases, one large vacuole occupies the ma-
jor part of the cell volume, more rarely, a large vac-
uole and several small are present in the same cell
with some electron-dense vacuolar inclusion
(Fig.2d, e) ; It started to accumulate phenol that
could be seen initially as electron dense zone near
tonoplast (Fig. 2 e arrow) or randomly scattered in
the vacuoles (Fig. 2d arrow). It does not appear
that these different aspects correspond to steps of
the cell ripening, because sometimes, phenolic
compounds occur under different configuration in
two neighboring vacuoles in same cell (Fig. 2e) but
it is conceivable to envisage evolution of vacuolar
inclusions which pass of dispersed phase to con-
densed for draw a bound of internal face the tono-
plast. Fig. 2d shows a vacuole without tannins be-
side small vacuoles tannic. The presence of two
types of vacuoles highlights the heterogeneity of
the vacuolar system. This vacuolar duality is found
in many tissues (Fougére-Rifot, 1993).

At this stage when periclinal divisions are dominant
(Fig.2d arrow), the more cell layer are formed (Fig.2
c) and connected with plasmodesmata.

The cell structures were apparent which did not
conform to the organelles commonly discribed in
plant tissues. These contain a moderately dense
material enveloped by a unit membrane with
attached ribosome and thus appeared to represent
dilations of the endoplasmic reticulum (Fig.2e). Its
appeared elongated or circular (Fig.2e). Similar
structures had already been investigated in elec-
tron micrographs between 1965 and 1978 (Bonnett
and Newcomb, 1965, Iversen 1970a; Iversen
1970b; Esau, 1975; Hoefert, 1975; Jgrgensen et
al,.1977; Behnke and Eschlbeck, 1978). These struc-
tures were long and rod-shaped and surrounded by
ribosomes. It is only later, several research groups

3
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Figure 2: Light (a,b,c) and transmission (d,e,f,g) views of transverse sections of endocarp immature fruit. (a) PAS stain. Show-
ing larger cells (asterix) with some small intercellulaire space (arrowheads). Red reaction is indicative of a positive reaction
demonstrating polysaccharides (arrows). (b) Toluidine Blue O stain. Te cell walls and shows methachromatic reaction. (c)
Lugol stain. Showing a few quantity of satch grains (arrows). (d) Showing the accumulation of phenolic compounds near the
tonoplaste in small vacuole and or randomly distributed in the vacuole. Assumed periclinal divisions (arrow) X600. (e)
showing many a long and rough endoplasmic reticulum parallel to the plasma membrane, the plasma lemma is clearly
trilaminar (arrowhead), seen continuous layer of tannins bound to internal face of the tonoplast in large vacuole and as gran-
ular units bound in small vacuole X1000. (f) showing the formation of an intercellular space among adjacen cells. Note diges-
tion of the middle lamella at the cell corner X2000. (g) TEM micrograph of a endocarp plastid with few thylakoids and several
plastoglobulus inclusion, associated with mitochondria. No starch is present X6000.

CC cell corner; CD: dilatedcisternae; CW: cell wall; gi: granular inclusion; is: intercellular spaces; ml: middle lamella; PC: phe-
nolic compounds; RER: Rourgh endoplasmic reticulum; mt: mitochondrium; pg: plastoglobulus; sv: small vacuole; v: vacuole
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termed these structures the ER bodies (Gunning,
1998; Ridge et al., 1999 , Hayashi et al., 2001).

The plasts were large, elongated and able to adjust
to the cell morphology. The organelles showed a
rather differentiated thylakoidal system (Fig.2g),
plastoglobulus were observed between the
thylakoids (Fig.2g). Small mitochondria were pre-
sent in association with chloroplast (Fig. 2g), they
were spherical and many a long and rough endo-
plasmic reticulum, parallel to the plasma mem-
brane (Fig. 2e).

In more advanced stages of fruits development, the
cell structure was still dominated by the large cen-
tral vacuole with the cytoplasm restricted to the
cell periphery (Fig.3f). It was always possible to dis-
tinguish an intact central vacuole and secondary
cell wall deposition (Fig. 3f). at this stage, One of
three fibers, the tonoplast has ruptured and the
cells are being cleared. The arrow heads indicate
remnants of the cell contents in one ofthe fibers
(Fig. 3F). The rupture of the tonoplast, is consid-
ered as the moment of death. Majority of the sec-
ondary cell wall material is deposited before the
collapse of the vacuole.

The cells were recognizable from early stage, being
smaller with thin walls and synthesizing a large
amount of phenolic compounds. During fruit ripen-
ing, endocarps lignification (pit hardening) occured
during intermediate stage, the phenolic com-
pounds considerably decreased (Fig.3 f arrows).
This phenomenon might be related to the for-
mation of the large lignified parietal masses, as
phenols are lignin precursors (Lewis and Yamamo-
to, 1990; Masia et al., 1992). Lignin is one of the
most characteristic components of secondary walls
of sclerenchyma cells (Sebaa and Kaid-Harche,
2014), due to its hydrophobic character; polyphe-
nol makes plant cells impermeable to water. Its
biosynthesis involves the shikimate, general phe-
nylpropanoid, and specific lignin pathways (Boudet
et al., 1995; Amthor, 2003; Boerjan et al., 2003). In
addition to lignin, the phenylpropanoid pathway
produces other secondary metabolic products that
play important roles in fruit function. In some cases
these compounds are critical for conferring seed
protection and specifying seed dispersal. Couma-
rins, stilbenes, flavonols, isoflavonoids and antho-
cyanins have anti-microbial properties that limit
bacterial and fungal disease (Dixon and Paiva,
1995). Like lignin, tanins are also synthesized via
secondary metabolism pathways, which are
thought to be competitive with lignin since both

draw on the same precursors of the phenylpro-
panoid pathway. Such a hypothesis is supported by
our observations, since the phenolic compounds
disappear during endocarp lignification.

The walls of the endocarp cells lignified. The cells
evolved to stone type with numerous simple pits
filled with cytoplasmic channels (Fig.3 h) (Sebaa
and Harche, 2014). The cell content has degenerat-
ed. Phenolic inclusions were no longer present in
vacuoles (Fig.3f). This phenomenon might be relat-
ed to the formation of large lignified parietal cells,
as phenols are lignin precursors.

The final stage of development for sclerenchyma
cells is autogestion of their living protoplast due to
programmed cell death (PCD), resulting in the cell
becoming an empty tube (Fig.3g). Mechanisms of
programmed cell death are well documented dur-
ing xylem fibres differentiation and they may also
occur in other systems (Bozhkov et al.,, 2005;
Bozhkov and Lam, 2011; Fuchs and Steller, 2011;
Teng et al., 2011). Secondary xylem differentiation
involves thickening of the secondary cell wall
(Mauseth, 1988; Cao, 3003). Therefore, the for-
mation of secondary cell walls and program cell
death seems to be coupled with each other during
secondary xylem differentiation. Maturation of
sclerenchyma cells involves extensive deposition of
secondary cell wall material, which is terminated by
the collapse of the central vacuole and the release
of the vacuolar contents into the cytoplasm, lead-
ing into rapid cell death and concomitant autolysis
elements.

To date, PCD during seed development has been
well-studied in wheat (Dominguez et al.,2001), the
nucellus of ricinus (Greenwood et al.,2005), Sechi-
umedule Sw (Lombardi et al.,, 2007), barley
(Radchuk et al., 2011) and also in the endosperm of
quinoa (Lépez-Fernandez and Maldonado 2013)
and rice (Lan et al., 2004; Kobayashi et al., 2013).
According by Van Doorn et al. (2011), two classes
of PCD in plant cell tissues can be distinguished:
vacuolar cell death and necrosis. Differentiation of
the seed coat from the ovule integuments, alt-
hough ultimately ending in the death of the seed
coat cells, includes some of the significant cellular
changes observed during seed development
((Lépez-Fernandez and Maldonado, 2015; Wang et
al., 2018).

4. Conclusion

Intensive cellular observations have dissected the
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Figure 3: Light (a,b,c,d) and transmission (e,f,g,h,i,) views of transverse sections of endocarp mature fruit.

(a) Sections of intermediate stages stained with PAS. PAS-positive with phenolic compounds (arrows) in sclerenchyma cells.
Note the positive reaction with thick-walls X640. (b) endocarpe mature staining Toluidine Blue-O. Methachromatic reaction
in the cell wall in sclerenchyma cells X 640. Showing fibers pitted (c) Lugol stain. Showing the sclerids (arrow) in external side
of endocarp. The size of the cells of the sclerenchyma of the periphery increases towards the centre (double arrow). Note
the abcence of starch grains (d). Sections of final stages stained with PAS. (e) Sclerenchyma cells with developing secondary
cell wall including pit. Showing half bordered pits(BP/2). (f) TEM micrographs of intermediate stages. Showing the thickened
cell walls crossed by cytoplasmic vesture (white arrow). Few phenolic inclusions are visible (arrow), note the tonoplast has
ruptured in one of three fibers. (g) showing simple pit pair (two arrows). (h) Shows that the polylamellate structure appear-
ance is due to the presence of alternating light and dark layers, it is assumed that the light layers are the cellulose microfi-
brils and the dak region s lignins which fills. The cell content has degenerated. (i) Detail of the figure h (two arrows).

CC: cell corner; CW: cell wall; gi: granular inclusion; is: intercellular spaces; ml: middle lamella; PC: phenolic compounds;

RER: Rourgh endoplasmic reticulum; mt: mitochondrium; pg: plastoglobulus; sv: small vacuole; v: vacuole

process of programmed cell death of sclerenchymal
cells indicating that the vacuolar collapse is a criti-
cal irreversible step in cell death.

The visible degeneration of cellular orga-
nelles, including plastids and mitochondria, starts
after the tonoplast disruption, which occurs sever-
al hours after secondary wall formation becomes
visible. However, the mechanism of the tonoplast
disruption is still open for investigation. cell death
and secondary wall formation in sclerenchyma
differentiation seem to be tightly coupled. Fully
differentiated of sclerenchyma cells can be clearly
identified as dead because they have under-
gone complete protoplast autolysis, defined as
the degradation a cell’s content by its own en-
zymes.

In fruit endocarp, sclerenchyma cells undergo a
series of changes as they transform from fleshy to
hard tissue. These include cell elongation, cell ex-
pansion, secondary cell walls deposition, pro-
grammed cell death, and finally hardened endocarp
formation.

Finally, the endocarp undergoes programmed cell
death and establishes a protective barrier in be-
tween endosperme and surrounding environment.
However, the data that have been obtained so far
are still fragmentary and many important ques-
tions remain unresolved. In perspective it would be
interesting to isolate key molecules that function
in specific steps of cell death. The endocarp of A.
spinosa system will be useful for such a purpose,
because of easy following of cell death process and
high synchrony of cell death process.
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