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Abstract

Soil and root samples were collected from the rhizo-
sphere of planted and natural argan trees growing

in the Bounaga and Smimou sites, respectively, in
northwest Morocco. Frequency and intensity of my-
corrhization and arbuscular content of the roots of
argan trees varied between sites. Spore morphotypes
on the two sites belonged to 14 species and 6 genera
(Acaulospora, Gigaspora, Glomus, Entrophospora,
Scutellospora and Pacispora). The number of infec-
tious propagules of arbuscular mycorrhizal fungi
(AMF) in the rhizospheric soils of argan trees at
the two sites was estimated using the most probable
number method (MPN). These results demonstrate
that introduced argan trees form symbiotic AMF.
Mycorrhizal inoculation of argan plants at the nursery
stage may be beneficial, especially for harsh sites.

Introduction

The argan tree (4rgania spinosa [L.] Skeels) is a
fruit tree endemic to southwest Morocco. This
species is biologically, phytogenetically, ecologi-
cally, economically, and socially important for the
country (Ait Hammouda et al. 2013). Alarmingly,
this fruit tree is declining rapidly due to the arid
climate, poor soils, and anthropozoogenic action of
its distribution area (Bousselmame et al. 2002, Reda
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Tazi et al. 2003). The natural regeneration of argan
forests is totally absent, due to over-exploitation
and the fact that the natural environment no longer
has satisfactory conditions for seed germination (EI
Aich et al. 2007). Furthermore, germination in the
nursery does not exceed 27 percent because of em-
bryonic dormancy, poor seed viability, and pre- and
post-emergent damping-off diseases (Bani-Aameur
and Alouani 1999).

The Water and Forestry services have made many
efforts to plant argan trees in Algeria, Egypt, and
Tunisia (Baumer and Zeraia 1999), as well as in
different areas of Morocco. In Morocco, the first
introduction of the argan tree outside its natural area
was in the early 1930s when reforestation work was
launched on the banks of the Oued Cherrate River,
38 km south of Rabat; argan trees are still present
on this site. These efforts have met with varying
success, including some failures (Harrouni et al.
1999) and some with only a few surviving trees.

The argan tree is a mycotrophic species capable of
developing a symbiotic association with endomy-
corrhizae (AMF) (Nouaim and Chaussod 1996), an
association that improves plant nutrition (mainly
phosphorus), especially in arid and semi-arid envi-
ronments, improves soil aggregation and stability
(Rillig and Mummey 2006), and protects plants
against phytopathogens (Newsham et al. 1995). AMF
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also helps plants in arid and semi-arid areas by reduc-
ing water stress (Honrubia 2009) and other environ-
mental stresses (Martinez-Garcia 2010) and improving
physio-chemical and biological soil properties (Schmid
et al. 2008). The production of good-quality plants is

a necessary step to improve the survival and growth
of plants in reforestation sites (Duryea 1985). Con-
trolled mycorrhization of plants in nurseries (Nouaim
and Chaussod 1994), for example, could significantly
increase growth (Ouallal et al. 2018, Sellal et al. 2017)
and survival after outplanting (Echairi et al. 2008).

Sellal et al. (2016) described an indigenous endomy-
corrhizal complex encountered in 15 argan groves in
southwest Morocco. The Water and Forest services
have tried to introduce argan trees by planting them in
these areas, but success has been mixed (Harrouni et al.
1999); the mycorrhizal status of introduced argan trees
in these areas is unknown. Thus far, no research has
been done on establishment of argan trees in northern
Morocco. The aim of this work was to study AMF lev-
els and colonization potential of the rhizospheric soils
of introduced and natural argan trees in the northwest
regions of Rhamna and Essaouira.

Materials and Methods

Study Sites

The study was carried out in two sites in north-

west Morocco: Smimou (province of Essaouira;
31°29"40" N, 9° 28 57" W) and Bounaga (Sidi

Bou Othmane province of Rhamna; 31° 54’ 12" N,

7° 56’ 32" W). The Smimou site is located at an altitude
of 665.5 m and has a dry climate with average annual
precipitation of 251.1 mm, intense summer heat reach-
ing 45 °C, and winter lows of 5 °C. The Bounaga site is
located at an altitude of 450 m, has a warm Mediterra-
nean climate with dry summers, and is characterized by
an average annual rainfall of 250.9 mm, summer heat
reaching 37 °C, and winter lows of 5 °C.

Soil and Root Sampling

Soil samples were collected in May 2017 at the base
of five introduced argan trees (2 kg per tree) at the
Bounaga site (figure 1) and five natural argan trees
from the Smimou site (figure 2). Soil samples from
each site were then composited. Additionally, samples
of very fine roots, likely to be mycorrhizal and easily
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observable under the microscope, were collected from
each tree at the same time as soil collection.

AMF Spore Extraction and Evaluation of
AMF in Soil Samples

AMF spores were extracted from the soil samples
according to the wet sieving method described by
Gerdemann and Nicolson (1963). In a 1 L beaker,
100 g of each composite soil sample was submerged
in 0.5 L of running water and stirred for 1 minute
with a spatula. After 10 to 30 seconds of decantation,
the supernatant was passed through four superim-
posed sieves with decreasing mesh sizes (500, 200,
80, and 50 pum). This procedure was repeated twice.

@

Figure 1. Soil and root samples were collected from argan trees introduced to
the Bounaga site (Rhamna province) of northwestern Morocco. (Photos by M.
Ouajdi 2017)
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Figure 2. Soil and root samples were collected from argan trees introduced to the Smimou site (Essaouira province) of northwestern Morocco. (Photos by M. Ouajdi 2017)
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Table 1. To estimate infectious propagules of AMF in the rhizospheric soils of argan trees at the two sites using the most probable number method (MPN) substrates

were prepared with nine dilutions (n=3).

Dilution Proportion of non-sterile soil Quantity of non-sterile soil (g) Quantity of sterile soil (g)
1 1\1 100.000 0.000
2 1\2 50.000 50.000
3 1\4 25.000 75.000
4 1\8 12.500 87.500
g 1\16 6.250 93.750
6 1\32 3.125 96.875
7 1\64 1.562 98.438
8 1\128 0.781 99.219
9 1\256 0.390 99.600

Control 0 0.000 100.000

The content retained by the 200, 80, and 50 um
sieves was distributed into two tubes and centrifuged
for 4 min at 9000 rpm. The supernatant was discard-
ed, and a viscosity gradient was created by add-

ing 20 ml of a 40 percent sucrose solution to each
centrifuge tube (Walker and Sanders 1982). The
mixture was quickly stirred, and the tube returned to
the centrifuge for 1 min at 9000 rpm. The superna-
tant was then poured over a 50 um mesh screen. The
substrate obtained was rinsed with distilled water to
remove the sucrose, then disinfected with an antibi-
otic solution (Streptomycin). The spores were then
recovered with a little distilled water in an Erlen-
meyer flask. Species richness was determined by the
total number of species observed from each sam-
pling site. The spores were observed using an optical
microscope and identified morphologically accord-
ing to several criteria including spore color, shape,
size, and surface ornamentation. Spore identification
was performed according to descriptions provided
by the International Collection of Arbuscular Vesicu-
lar Mycorrhizal Fungi (INVAM 2017).

The number of infectious propagules of AMF in the
rhizospheric soils of argan trees at the two sites was
estimated using the most probable number method
(MPN) based on Declerck et al. (1999) method. Sor-
ghum seedlings were used as a mycotrophic plant. This
plant is highly sensitive to colonization by AMF and
exhibits rapid root development (Utobo et al. 2011). A
dilution factor of 2 was used with 9 dilutions (table 1).
Three replicate pots of each dilution were prepared
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for 100 g soil sampled from each of the two sites.

In addition, a control pot containing only sterile soil
was included. A sorghum plant was transplanted and
grown for 6 weeks in each pot. Sorghum seeds were
disinfected with sodium hypochlorite at 10 percent
concentration for 15 min and rinsed 3 times with
distilled water before being germinated. A 6-day-
old plant was transplanted into each pot. Pots were
placed in a greenhouse and watered with distilled
water as needed. After 6 weeks, plants were re-
moved from pots and assessed for AMF colonization
and MPN calculations were made using the formula
from Fisher and Yates (1949):

Log MPN = (x.loga) — k(y,S)
Where:

x = the average number of mycorrhizal plants (total
divided by number of replications)

S= the number of dilution levels
a = the dilution factor
y = the average of nonmycorrhizae plants (S-x).

K is given by the tables of Fisher and Yates (1949) as a
function of y and S.

Evaluation of AMF Root Colonization

Fine roots collected from each argan tree, as well
as roots collected from sorghum plants grown in
rhizospheric soils, were prepared according to the
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method of Koské and Gemma (1989). They were
first washed with water, cut in 1- to 2-cm lengths,
immersed in a 10 percent KOH solution, then
placed in an oven at 90 °C for 1 hour to remove in-
tracellular constituents. The roots were then rinsed
and transferred to a hydrogen peroxide solution (a few
drops of hydrogen peroxide in 100 ml of distilled
water) for 20 min at 90 °C until they whitened. The
roots were then stained by submersion in 0.05 percent
brilliant cresyl blue (modified from Philips and
Hayman 1970) at 90 °C for 15 min.

After a final rinsing, 30 colored argan root frag-
ments from both Smimou and Bounaga sites were
randomly chosen and mounted in groups of 10 to 15
in glycerin between blade and cover slip (Kormanik
and McGraw 1982). The remaining roots were kept
in water or glycerol acid. Under a microscope, each
fragment was carefully examined over its entire length,
at magnifications of 100x and 400x to observe and re-
cord any mycorrhizal structures: arbuscules, partitions
of hyphae, vesicles, intra- and intercellular hyphae,
extramatric hyphae, and endophytes.

The presence of AMF arbuscules and vesicles were
assigned a mycorrhization index (Derkowska et al.
2008): O=absent; 1=trace; 2=less than 10 percent;
3=11 to 50 percent; 4=51 to 90 percent; S5=more than
91 percent.

Mycorrhization frequency (MF), estimates the propor-
tion of the host plant’s fine roots colonized by AMF.

MF =100 (N -NO)/N
Where:

N = total number of mycorrhizal root fragments
observed

NO = number of non-mycorrhizalroot fragments

Mycorrhization intensity (MI) estimates the overall
concentration of AMF colonization in the entire fine
rootsystem:

MI = (95n5 + 70n4 + 30n3 + 5n2 +nl) /N
Where:

n5, n4, n3, n2, and nl indicate the number of frag-
ments denoted 5, 4, 3, 2, and 1 on the mycorrhization
index, respectively.

66

Arbuscule abundance (A) is calculated as follows:
A= (100mA3 + 50mA2 + 10mAT1) /100
Where:

Al: 1 to 10 percent, A2: 11 to 50 percent, A3: 51 to
100 percent

mA = mA = (95n5A + 70n4A + 30n3A + 5n2A +
nlA)/N.

Vesicle abundance (V) is calculated in the same way
as that of the arbuscular abundance.

V = (100mV3 + 50mV2 + 10mV1) / 100

Statistical Analyses

The statistical processing of the data focused on
the analysis of variance with a single classification
criterion (ANOVA1). IBM SPSS 21.0 software was
used for these statistical analyses. Each site was an-
alyzed separately. Although the two sites could not
be compared due to variations in environment and
lack of both natural and planted trees at each site,
observational similarities and differences are noted.

Results and Discussion

AMF Spore Extraction

The concentration of spores in the rhizosphere of
introduced argan trees was approximately 22 spores
per 100 g of soil and include 11 morphotypes, the
most dominant of which are Acaulospora gedanensis
and Claroideoglomus etunicatum. On the Smimou site,
rhizosphere spores around natural argan trees averaged
45 spores per 100 g soil and include 6 species, with an
abundance of Acaulospora bireticulata, Dentiscutata
nigra, and Gigaspora margarita. The two sites have
two species in common: Endogone versiformis and
Rhizophagus intraradices (figure 3 and table 2). The
duration of mycorrhization depends on the host, the
infectious power of the mycorrhizogenic fungus, and
the growing medium (Plenchette and Fardeau 1988).
In the Ait-Baha region, Elmaati et al. (2015) noted
1127.66 spores per 100 g soil indicating that spore den-
sity in the northwestern Rhamna region studied is low
compared with that of southern Morocco.
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Figure 3. Some morphotypes of endomycorrhizal fungi isolated from the rhizosphere of argan trees on two sites in northwest Morocco (see also table 2).

(Photos by S. Maazouzi 2018)

Table 2. Morphological characteristics of some species of endomycorrhizal fungi isolated from the rhizosphere of argan trees (see also figure 3).

Number Name Form Color Average height  Wall surface  Hypha length  Number of walls

1 Claroideoglomus etunicatum Globular Orange 83.3 smooth = 2

2 Dentiscutata nigra Globular Brown 99.9 granular - 2

3 Rhizophagus fasciculatus Oval Yellow 84.5 granular 17.4 2

4 Glomus intraradices Globular Yellow 99.9 granular - 2

3 Gigaspora margarita Globular Yellow 89.6 granular - 2

6 Funneliformis geosporum Globular Yellow 86.8 smooth - 2

7 Glomus intraradices Oval Light brown 109.6 granular - 2

8 Funneliformis verruculosum Oval Dark brown 67.9 granular 10 2

9 Glomus aggregatum Globular Light brown 68.9 granular - 2

10 Endogone macrocarpa Dark brown  Dark brown 133.2 granular - 2
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Figure 4. Mycorrhizae frequency (MF), Intensity (MI), and arbuscular content
(A) of argan tree roots for introduced trees (Bounaga site) and natural trees
(Smimou site).

AMF Root Colonization

The argan trees introduced into the Bounaga site seem
to have adapted to the ecological conditions of the re-
gion, as confirmed by the AMF diversity and frequency
found in the rhizosphere around sampled trees (figure
4). In other studies, mycorrhization frequencies were
100 percent for natural argan trees from the Taroudante
and Toufalazte sites (Sellal et al. 2016).

Sorghum roots grown in rhizospheric soils collected
around natural and introduced argan trees were my-
corrhizal with characteristic AMF structures (figure 5).
MF, M1, and A tended to be higher in sorghum roots
growing in the rhizospheric soils of the introduced
argan trees, compared with those grown in the soil of
natural argan trees (figure 6). The number of spores
isolated from the rhizosphere of sorghum plants also
varied by dilution factor (table 3). The substrate from
the soils of natural argan trees (1/1 dilution) included 6
different morphotypes: Dentiscutata nigra (7 spores),
Rhizophagus intraradices (5 spores), Endogone versi-
formis (8 spores), Glomus aggregatum (3 spores),

Figure 5. Different structures of arbuscular mycorrhizal fungi observed in the
roots of sorghum plants: (a) arbuscules and (b) extracellular hyphae (x 400).
(Photos by S. Maazouzi 2018)
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Figure 6. Frequency (MF), intensity of mycorrhization (MI), and arbuscular contents
(A) of sorghum roots grown in rhizoshperic soils of argan trees.

Endogone macrocarpa (2 spores), Funneliformis
verruculosum (3 spores). In the substrate of sorghum
plants from introduced argan trees at the same di-
lution, 5 morphotypes were found: Dentiscutata nigra
(6 spores), Glomus sp. (4 spores), Gigaspora sp. (3
spores), Pacispora sp. (2 spores), Endogone versiformis
(5 spores).

MPN Soil Propagules

The MPN of the rhizospheric soil of introduced
argan trees was 7.14 propagules per 100 g soil and
that of the rhizospheric soil of natural argan trees
was 1.78 propagules per 100 g of soil. Other studies
have reported varying propagule concentrations in
rhizospheric soil around other species, including 100
propagules per g around olive trees (Olea europaea
L.) (Mekahalia 2013), 360 propagules per g around
onion (Allium cepa L.) (Sow et al. 2008), and 353
propagules per 100 g around palmier (Phoenix
dactylifera L.) (Meddich et al. 2015). According to
Requena et al. (1996), the number of propagules
encountered in a soil type depends on the diversi-
ty of plant species and on the region’s dominant
ecological factors (Sanon et al. 2006). Increasing
plant cover also causes a decrease in the number of
infectious propagules (Richter et al. 2002).

According to Adelman and Morton (1986), MPN is a
very interesting technique for estimating the mycor-
rhizogenic potential of a given soil, and the experi-
mental conditions must reflect the conditions on the
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Table 3. The number of spores of arbuscular mycorrhizal fungi varied by site
and dilution.

i,
1/ 28 20
1/2 15 10
1/4 11 8
1/8 9 5
1/16 6 4
1/32 3 9
1/64 7 1
1/128 0 0
1/256 0 0

ground. Thus, the higher the substrate dilution, the
greater number of spores present. According to Nef-
far (2012), the MPN is variable during the year and
the number of propagules depends on plant species
diversity (Sanon 2006). The same result was noted
by El Gabardi et al. (2019a, 2019b, 2019c), who
found that phosphate washing sludges colonized by
different plant species had a large number of spores
of endomycorrhizal fungi and a number of infectious
propagules estimated by PIM and MPN techniques.

In Morocco, the use of AMF on argan plants in the
nursery may become common practice. Mycorrhi-
zal plants produced in nurseries tend to have very
developed root systems and are therefore able to tol-
erate drought conditions after planting (Nouaim and
Chaussod 1997). According to Sellal et al. (2017)
and Ouallal et al. (2018), argan plants inoculated
with AMF are more vigorous and can adapt to differ-
ent soil and climatic conditions once replanted.

Conclusion

The results of the present study showed a diversity of
endomycorrhizal fungal species in the rhizosphere of
argan trees introduced into the Rhamna region. This
diversity is significant compared to that encountered
in the rhizosphere of natural argan trees at the Smi-
mou site. These results demonstrate that introduced
argan trees form functional and beneficial symbiotic
associations with endomycorrhizae over time. Mycor-
rhization of argan plants at the nursery stage is likely
to increase plant resistance to the harsh conditions
they may encounter after being outplanted to the field.
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