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ABSTRACT

The identification of the arbuscular mycorrhizal fungi and the evaluation of the mycorrhization level
in the roots were performed basing on the isolated spores from the soil and roots samples taken from
the rhizosphere of four sugar cane parcels in the region of Dar Gueddari (North western of
Morocco).
The analysis of the results has shown the presence of different characteristic structures of arbuscular
endomycorrhizal in the roots of the sugar cane developed in the prospected sites. The
mycorrhization frequency of the sugar cane roots varied from 60% to 100%. The highest intensities
of mycorrhization were in the order of 70% in the level of site 2 and 61.53% in the level of site 1
and the lowest intensity was noted in the site 4 (13.3%). Otherwise, the observed arbuscular contents
in the level of four sites were respectively 55.32; 66.12; 40.37; 54.03%. The vesicular contents
varied from 1.43% (site 4) and 27.91% (site 2). The spore’s density in the rhizosphere of the sugar
cane varied between 53 spores/100g (site 3) and 88 (site 1).
The identification of the isolated spores allowed to note the presence of 49 species belonging to 8
genera (Glomus, Gigaspora, Acaulospora, Entrophospora, Pacispora, Scutellospora, Ambispora,
Rhizophagus), 7 famillies (Glomaceae, Gigasporaceae, and Acaulosporaceae, Pacisporaceae,
Scutellosporaceae, Entrophosporaceae, Ambisporaceae) and 4 orders (Glomerales, Gigasporales,
Diversisporales, Archaeosporales).

Copyright © Allal DOUIRA et al, 2017, this is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is
properly cited.

INTRODUCTION
Morocco is one of the few countries producing sugar cane and
beetroot (Anonymous, 2016). The crops are grown on the
irrigated perimeters of Doukkala, Tadla, Gharb, Loukkos and
Moulouya (Handaji and Allali, 1999; Doukkali et al., 2009;
Mrhari et al., 2005). Currently, sugar cane (Saccharum
officinarum) is grown on a total area of 13,400ha, in the 201011 season (Redani, 2015). According to these authors,
sugarcane crops provide an annual equivalent of 9 million days
of seasonal work in agriculture and 3,000 permanent jobs in
agribusiness. The application of new biotechnologies in the
nursery, a case of mycorrhizae, plays an important role in plant
species, mainly in growth (Karagiannidis and HadjisavvaZinoviadi, 1998), Mineral nutrition, in particular phosphorus
(Hernandez et al., 2005; Lambers et al., 2008), macros (N, K,
Mg, Na, S) and micros (B, Br, Cl, Cu, Cr, Cs, Co, Fe, Mo, Mn,
Ni, Si, Zn) soil nutrients (Smith et Read, 1997), Water supply,

plant resistance to drought stress and disease caused by microorganisms (St-Arnaud and Vujanovic, 2007), Tolerance to trace
elements of metal or to polycyclic aromatic hydrocarbons
(Leyval et al., 1998) and survival after transplantation (Joner
and Johansen, 2000). Studies carried out in a greenhouse reveal
that the inoculation from the beginning of cuttings of certain
plant species, the olive tree, with an inoculum based on
mycorrhizal arbuscular fungi (Semane et al., 2016). According
to these authors, it was the gradual establishment of
mycorrhizal symbiosis at the level of the inoculated plants
roots which led to a good development of the root mass and the
vegetative mass of the plants. The mycorhization of cane
seedlings is therefore an interesting way to explore in order to
meet one of the main tasks of the Technical Centers of Sugar
Cultivation (CTCS), which is the production of vigorous plants,
able to establish and adapt to the different conditions of the
culture regions.
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Fig.1 Some spores of the endomycorrhizal species isolated from the rhizosphere of Sugar cane. (1) A. morrowiae; (2): P. scintillans; (3) and (4): Gi.sp; (5): G.
sp; (6): G. macrocarpum; (7): Gi. Sp; (8): A. spinosa; (9): Am. Appendicula;(10): A. excavate; (11): A. sp.1; (12): Gi. sp; (13): E. infrequens; (14): G.
versiforme; (15): P. scintillans; (16): P. sp.1; (17): G. globiferum; (18): S. heterogamma, (19): G. fasciculatum; (20): A. dilatata; (21): G. intraradices; (22): S.
castanea; (23): A. sp.2; (24): G. macrocarpum; (25): A. sp.3; (26): S. nigra; (27): Gi. sp. 2; (28): G. lamellosum; (29): G. etunicatum; (30): A. cavemata; (31):
A. sp. 4; (32): P. sp. 2; (33): A.capsicula; (34): G. clarum; (35): G. monosporum; (36): G. versiforme; (37): G. aggregatum; (38): G. glomerulatum; (39): A.
laevis; (40): A. scrobiculata (G×400).
A – Acaulospora; Am – Ambispora; Gi – Gigaspora; G – Glomus; P - Pacispora; S – Scutellospora

In order to achieve this objective, it is necessary to give
particular importance to the diversity of endomycorrhizal fungi
in the rhizosphere of sugarcane growing in different areas.
Indeed, to our knowledge, no study has been carried out in
Morocco on the diversity of AMF associated with sugar cane.

MATERIALS AND METHODS
Prospecting and sampling. Soil sampling was carried out at the
sugarcane rhizosphere (Gharb region in Douar Ouled Ghida,
Dar Gueddari). Sampling was carried out at the foot of 5 plants
per site at a rate of 1 kg of soil per plant at a depth of 0 to 20
cm and a composite soil sample was produced per site. Very
fine roots, more likely to be mycorrhizal, are removed at the
same time as the soil.
Mycorrhizal rates inside roots
The roots observation was prepared according to the method of
Koske and Gemma (1984).

They were first washed with water; the finest roots were then
cut into a length of 1 cm then immersed in a solution of 10%
KOH (potassium hydroxide) and placed in the water bath at 90
°C for one hour to eliminate cytoplasmic contents. At the end
of this period, roots were rinsed and transferred in a solution of
H2O2 (hydrogen peroxide) for 20 min at 90°C in the water bath
until the roots became white. Roots were then rinsed, after this;
they were dyed with cresyl blue, at 90°C for 15 min. After the
final rinse, thirty pieces of dyed roots of 1 cm length were
randomly selected and mounted, in groups of 10 to 15
segments, in glycerine between slide and coverslip. The
remaining roots were kept in glycerol acid. The slides were
examined under a microscope, each fragment being thoroughly
checked over its entire length, at magnifications of x100 and
x400 to observe and to note the mycorrhizal structures:
arbuscules, hyphae, vesicles, external hyphae, intra and
intercellular hyphae and even the endophytes structures.
Vesicular and arbuscular frequencies and content of the
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endomycorrhizal fungi inside the roots were measured
assigning a mycorrhization index ranging from 0 to 5.
Spores extraction
The spores were extracted by the method of wet sieving
described by Gerdemann and Nicolson (1963). In a beaker of
1L, 100g of each composite soil sample was submerged in 0.5
L of tap water and it was stirred with a spatula for 1 minute.
After 10 to 30 seconds of settling, the supernatant was passed
through four superimposed sieves with decreasing meshes
(500, 200, 80 and 50 Mm). This operation was repeated two
times. The selected content by the screen 200, 80 and 50
microns was divided into two tubes and centrifuged for 4 min
at 9000 RPM. The supernatant was discarded and a viscosity
gradient was created by adding 20 mL of a solution of 40%
sucrose in each centrifuge tube. The mixture was quickly
stirred and the tube was handed back into the centrifuge for 1
min at 9000 RPM. Unlike the first centrifugation process, the
supernatant was poured into the sieve mesh of 50 microns; the
substrate was rinsed with distilled water to remove the sucrose,
and then disinfected with an antibiotic solution (streptomycin).
The spores were then recovered with distilled water in an
Erlenmeyer flask. Species richness and appearance frequency
Species richness is the total number of the observed species per
site collection and the occurrence frequency of species
corresponds to the percentage of sites where each species is
detected.

arbuscular mycorrhizal were observed: Arbuscules, vesicles of
hyphae intra and extra-cellular of endophytes (Fig. 4). The
maximum value is 100% at site 1 and the minimum value is
60% at site level 4. Otherwise, the highest values of the
mycorrhizal intensities (Fig. 5) were noted in the roots of the
cane sugar of the sites 2 (70%) and 1 (61.53%) and the lowest
in the 4 (13.3%) and 2 (52.73%). The arbuscular contents (Fig.
6) in the roots of site 2 were 66.12% and those of site 1 are in
the order of 55.32%. By cons, those observed in the roots of
site 3 were 40.37%. The vesicle contents (Figure 6) of the cane
roots of site 2 (27.91%) and those at sites 1, 3 and 4 were
respectively 4.15, 2.91 and 1.43%. Spore’s densities in the
rhizosphere of the sugar cane (Fig.7) varied between 88
spores/100g of soil in the level of site 1 and 53 spores/100g in
the level of the site 3.
Species richness

Statistical analysis. The statistical treatment of results focused
on the analysis of variance to a single criterion of classification
(ANOVA).
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Fig.2b Occurrence
frequency of mycorrhizal species at each site.

RESULTS
All the roots of the sugarcane plants were revealed mycorrhizal
in the four study sites. Diferrent characteristic structures of the

It was noted that, generally, the variations are not so important
between the sites of the same parcel. The number of spores,
varied between 76 and 88 spores/100g of soil, was noted in the
level of the sites 1, 2 and 4, have shown important
mycorrhization frequencies (between 60 and 100%). However,
the low number of spores (53 spores/100g of soil) was
observed in the level of the site 3.
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Fig. 6 Vesicular and arbuscular contents in the roots of the sugar cane in
the study sites

Fig. 6: Vesicular and arbuscular contents in the roots of the sugar cane in the study sites

Preliminary identifications have made it possible to note that
isolated spores (Figure 1) belong to 49 species (table 1):
Acaulospora laevis, Acaulospora kitinensis, Acaulospora
capsicula, Acaulospora cavemata, Acaulospora scrobiculata,
Acaulospora dilatata, Acaulospora morrowiae, Acaulospora
excavate, Acaulospora spinosa, Acaulospora sp.1, Acaulospora
sp.2, Acaulospora sp.3, Acaulospora sp.4, Ambispora
appendicula, Entrophospora
kentinesis, Entrophospora
infrequens, Glomus intraradices, Glomus glomerulatum,
Glomus microcarpum, Glomus aureum, Glomus aggregatum,
G.macrocarpum, G. versiforme, G. claroideum, Glomus sp.1,
Glomus sp.2, G. clavisporum, Glomus clarum, Glomus
etunicatum ; Glomus monosporum ;Glomus geosporum;
Glomus globiferum ; Glomus fecundisporum ; Glomus
fasciculatum ; Glomus lamellosum ; Glomus badium ; Glomus
citricola, Gigaspora sp .1, Gigaspora sp. 2, Gigaspora sp .3,
Gigaspora sp .4, Pacispora scintillans, Pacispora sp.1,
Pacispora sp.2, Rhizophagus fasciculatus, Scutellospora
nigra, Scutellospora heterogamma, Scutellospora castanea and
Scutellospora projecturata.
Similarly, according to the classification of Oehl and
Sieverding (2011), the encountered species are distributed in 8
genera (Glomus, Gigaspora, Acaulospora, Entrophospora,
Pacispora, Scutellospora, Ambispora, Rhizophagus), 7
famillies (Glomaceae, Gigasporaceae, Acaulosporaceae,
Pacisporaceae,
Scutellosporaceae,
Entrophosporaceae,
Ambisporaceae) and 4 orders (Glomerales, Gigasporales,
Diversisporales, Archaeosporales).

A. laevis
A. kitinensis
A. capsicula
A. cavemata
A. scrobiculata
A. dilatata
A. morrowiae
A. excavata
A. spinosa
Acaulospora sp.1
Acaulospora sp.2
Acaulospora sp.3
Acaulospora sp.4
Am. appendicula
E. kentinesis
E. infrequens
G. intraradices
G. glomerulatum
G. microcarpum
G. aureum
G. aggregatum
G. macrocarpum
G. versiforme
G. claroideum
Glomus sp.1
Glomus. sp.2
G. clavisporum
G. clarum
G. etunicatum
G. monosporum
G. geosporum
G. globiferum
G. fecundisporum
G. fasciculatum
G. lamellosum
G. badium
G. citricola
Gigaspora sp .1
Gigaspora sp. 2
Gigaspora sp .3
Gigaspora sp .4
P. scintillans
Pacispora sp.1
Pacispora sp.2
Rhizophagus
fasciculatus
S. nigra
S.heterogamma
S. castanea
S. projecturata
Total

Number of spores per 100g of soil
Site 1 Site 2
Site 3
Site 4
5
6
3
4
3
1
5
10
4
7
2
2
8
3
4
3
4
2
4
3
5
2
15
17
7
3
3
4
9
5
4
2
6
10
4
2
2
12
6
5
1
3
7
3
2
5
3
1
5
3
8
7
5
3
2
3
7
6
-

4

-

-

88

78

3
1
2
53

5
76

The dominant species of endomycorrhizal fungi vary from one
site to another; Glomus glomerulatum and Glomus claroideum
are the most dominant species at site 1, their occurrence
frequencies are respectively 8.13% and 3.38% (Fig. 2). In
contrast, Glomus clarum and Acaulospora sp.2 are the most
dominant species in Site 2 (Table 1). Similarly, the most
commonly encountered species at site 3 were Acaulospora
dilatata, Glomus etunicatum, Glomus fecundisporum, their
occurrence frequencies varied between 1.69% and 3.72% (Fig.
2). In contrast, Glomus intraradices, Glomus citricola are the
most commonly encountered species at site 4.
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The specific richness (Figure 3) also varies according to soil
sampling sites. It is 14, 17.16 species respectively in site 2, 4,
(1 and 3).

DISCUSSION AND CONCLUSION
Realized prospection in four sites of Gharb, north western of
Morocco, have shown that all roots of sugar cane formed
mycorrhizal relation with endomycorrhizal structures: vesicles,
arbuscles, internal and external hyphae of endomycorrhizae;
the arbuscules are considered as the privileged seat of
exchanges of nutrients between the symbiotes (Hause and
Fester, 2005).
The mycorrhization frequencies of the roots are so high in the
level of the sites 1 (100%) and 3 (96.66%). However, the
rhizosphere of the site 3 was low in spores of endomycorrhizal
fungi (53 spores per 100g of soil). By cons, it seems that there
is a positive relation between the mycorrhizal frequency and
the spores number observed in the sugar cane of the sites 1 and
2, respectively 88 and 78 spores/100g of soil. The sporulation
may depend on the endomycorrhizal species, the edaphic
characteristics of the soil and the climatic conditions.
According to Jasper et al. (1991), the weak relationship
between the formation of endomycorrhizae and the amount of
spores they have isolated is due to the fact that some
propagules are dormant. In India, Suresh and Nelson (2015)
reported that climate seasons influence the distribution and
abundance of endomycorrhizal spores in the sugarcane
rhizosphere. However, The number of spores increases
regularly from July, reaches a maximum value in October
(rainy season), decreases in winter and reaches its minimum in
March and May (summer).
The observed spore’s densities in the study sugar cane
rhizosphere (53 to 88 spores per 100 g of soil) are low
compared to those observed by Suresh and Nelson (2015) in
the sugarcane rhizosphere of Tamil Nadu in India (742 spore /
soil 100g). Artib et al. (2016) noted 42 to 240 spores per 100g
soil in the citrus rhizosphere of the Gharb region, Chliyeh et al.
(2014) reported (365 spores / 100g soil) in the rhizosphere of
the olive tree. Weissenhorn (1994) noted 150 to 200 spores per
100 g of dry soil collected from agricultural soils polluted by
atmospheric deposition; Sieverding (1991) counted 120 spores
per 100 g of soil under cassava monoculture, 132 under
rotating crop and 360 in savanna. In the rhizosphere of the
southwestern Moroccan argan tree (900 to 2080 spores per 100
g of soil) (Nouaim, 1994) and of l’Acacia albida in Senegal

(775 to 1240 spores per 100 g of soil) (Diop et al., 1994).
Bouamri et al. (2006) noted densities varying between 295 and
1900 spores per 100 g of soil in the Tafilalt palm rhizosphere.
Sghir et al. (2014) reported for this same species in the regions
of Draa and Tafilat, a number of spores ranging from 80 to 132
spores per 100 g. El Asri et al. (2014) observed 84-160 spores
per 100g of soil in the Carob tree rhizosphere. On the other
hand, in the rhizosphere of Casuarina sp., a very low spore
number of spores was recorded ranging from 2 to 22 spores per
100 g of soil (Tellal, 2008). Gould et al. (1996) reported spore
numbers varying from 4 to 1576 spores per 100 g of soil in
quarried soils restored at different times after revegetation.
Mott and Zuberer (1987) found spore densities reaching 9050
to 11470 spores per 100 g of soil in the mulberry soil.
The fungi associated with the roots of the sugarcane belonging
to endomycorrhizae are very varied. The preliminary
identification (based solely on the morphological criteria of the
spores) made it possible to isolate 49 species, divided into 8
genera: Glomus, Gigaspora, Acaulospora, Entrophospora,
Pacispora, Scutellospora, Ambispora, Rhizophagus. Twentyone species belong to the Glomus genus (Glomus intraradices,
G. glomerulatum, G.
microcarpum, G. aureum, G.
aggregatum, G. macrocarpum, G. versiforme, G. claroideum,
Glomus sp.1, Glomus sp.2, G. clavisporum, G. clarum, G.
etunicatum ; G. monosporum; G. geosporum; G. globiferum ;
G. fecundisporum ; G. fasciculatum; G. lamellosum ; G.
badium ; Glomus citricola). Thirteen to the Acaulospora genus
(Acaulospora laevis, Acaulospora kitinensis, Acaulospora
capsicula, Acaulospora cavemata, Acaulospora scrobiculata,
Acaulospora dilatata, Acaulospora morrowiae, Acaulospora
excavate, Acaulospora spinosa, Acaulospora sp.1, Acaulospora
sp.2, Acaulospora sp.3, Acaulospora sp.4). Four to the
Gigaspora genus (Gigaspora
sp .1, Gigaspora sp. 2,
Gigaspora sp .3, Gigaspora sp .4) and to the Scutellospora
genus (Scutellospora nigra, S. heterogamma, S. castanea and
S. projecturata), Three to the Pacispora genus (P. scintillans,
Pacispora
sp.1, Pacispora
sp.2) And two to the
Entrophospora
genus
(Entrophospora
kentinesis,
Entrophospora infrequens). The Ambispora genus (A.
appendicula) and Rhizophagus (R. fasciculatus) are represented
only by one species, respectively A. appendicula and R.
fasciculatus. In different regions of India, the number of
endomycorrhizal fungi species associated with the sugarcane
rhizosphere is variable, Srikumar et al (2009) reported 11
species (Acaulospora scrobiculata, Gigaspora margarita,
Glomus aggregatum, G. deserticola, G. fasciculatum,
G.geosporum, G. mosseae, Sclerocystis pachycaulis, S.
pakistanica, S. sinuosa et Scutellospora heterogama). Suresh
and Nelson (2015) identified 25 species (Glomus aggregatum,
G. fasciculatum, G. mosseae, G. macrocarpum, G.
ambisporum, G. fulvum, G. multisubstatum, G. maculosum, G.
geosporum, G. scintillans, G. deserticola, G. constrictum, G.
clarium, G. palvinatum, G. reticulatum, G. flavisporum,
Aculospora bireticulata, A. spinosa, A. elegans, Gigaspora
margarita, Gi. candida, Gi. decipiens, Scutellospora nigra, S.
minuta, S. calospora).
According to Datta and Kulkarni (2012), the diversity of the
observed mycorrhizal arbuscular (AM) species and their ability
to colonize roots are variable in the same plant species and are
influenced by the environmental and biological factors. A
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mycorrhizal richness was recorded at all the studied sites,
according to Tacon (1978), The AM fungi are not specific and
there are no natural sites where there is no endophytes;
However, The endomycorrhizal fungi differ in their effective
and effective powers, which appear to be more or less
important depending on the host and the competition between
the different endomycorhizogenic species.
The study showed that representatives of the Glomus genus are
the most dominant species in the sugarcane rhizosphere (21
species). They vary from one site to another, Glomus
glomerulatum and G. claroideum dominate at site 1, Glomus
clarum dominates in site 2. Similarly, Glomus etunicatum and
G. fecundisporum are the most commonly encountered in site 3
and Glomus intraradices and G. citricola are the most
dominant species at site 4. In India, Suresh and Nelson (2015)
also noted the dominance of the Glomus genus, followed by the
Acaulospora genera, Gigaspora and Scutellospora. Datta and
Kulkarni (2012) reported that Glomus fasciculatum, G.
fasciculatum, G. intraradices, G. mosseae and G. versiforme
are among the most commonly encountered species in the
sugarcane rhizosphere. Zahraeni et al. (2014) noted the
presence of genera species of Glomus, Gigaspora, Acaulospora
and Sclerocystis in the sugarcane rhizosphere developing at
three sites in the province of Sulawesi, In Indonesia, with a
dominance of representatives of the first two genera. Species of
the Glomus genus, cosmopolitan fungi, are encountered in
many ecosystems (Sýkorová et al., 2007). They are reported in
different habitats of cold regions, Temperate and tropical soils,
in neutral and slightly alkaline soils (Mukerji et al., 2002). The
dominance of species of the genus Glomus has also been
demonstrated in the rhizosphere of different plant species
developing in different regions of Morocco : The olive tree
(Kachkouch et al., 2012, 2014), The oleaster (Sghir et al.,
2013), The date palm (Bouamri et al., 2006; Sghir et al., 2014),
The Carob (El Asri et al., 2014, Talbi et al., 2015 ), The poplar
(Talbi et al., 2014), Juncus maritimus (Talbi et al., 2014),
Lycium europaeum (Touati et al., 2013) and the argan tree
(Sellal et al., 2016). This dominance of representatives of the
Glomus genus has also been reported in several studies in Latin
America (Lopes et al., 1983; Cruz, 1989; Guadarrama and
Alvarez-Sanchez, 1999), in China (Zhao et al., 2001), In the
arid and semi-arid zones of northern Jordan (Mohammad et al.,
2003) and in coastal dunes (Nicolson et al., 1979 Giovannetti et
al., 1983; Bergen et al., 1984; Schenck et al., 1980; Ragupathy,
1998).
Besides species of the Glomus genus, some representatives of
the Acaulospora genus dominate in some sites. Indeed, of the
13 encountered species, Acaulospora sp.2, and Acaulospora
dilatata, dominate respectively in sites 2 and 3. In general,
Acaulospora are frequently associated with acidic soils
(Abbott, 1991).
The genera of Gigaspora, Scutellospora, Entrophospora and
Ambispora are represented by only a few species. The genus
Acaulospora, Gigaspora have already been observed in the
Sudanian zone of Burkina Faso under the plantations of Acacia
halosericea and A. mangion (Ba et al., 1996), In the Moroccan
coastal dunes of Souss Massa (Hatim and Tahrouch, 2007), in
soils under argan trees (Sellal et al., 2016) and in the
rhizosphere of Casuarina sp. In Morocco (Tellal et al., 2008).
Species of the Gigaspora genus dominate mainly in sandy

dunes (Lee et al., 1994, Touati et al., 2013). Acaulospora
species are frequently encountered in acid soils (Abott, 1991).
The encountered endomycorrhizal species in the sugarcane
rhizosphere can be selected and exploited to produce vigorous
nursery plants. Inoculation of sugarcane cuttings by indigenous
CMAs may stimulate the early development of roots and shoots
and also protect them from telluric diseases. Indeed, in the
olive tree, the inoculation from the beginning of cuttings with a
composite endomycorrhizal inoculum stimulates early
rhizogenesis and the development of buds (Semane et al.,
2016). According to these authors, the presence of
endomycorrhizal fungi in the substrate has led to good root and
vegetative mass development and an increase in the percentage
of successful cuttings.
Interactions between soil microorganisms are among the main
determinants of sugar cane yields, but these interactions are
still little known (Sebuliba et al., 2012). These authors noted
that the incorporation of endomycorrhizae into the planting
lines significantly improved the yield of sugarcane in ferralsol
soils.

Bibliographic references
Abbott A.D, Robson., 1991. Agric Ecosys Environ, (35):
121-150.
Amir H., Renard A., 2003. Etude microbiologique générale
de quelques sols de forêts sclérophylles de NouvelleCalédonies: Statuts des mycorhizes à arbuscules. PCFSUNC N° 54/2003/CP, p 22.
Anonyme., 2016. RAPPORT D’ACTIVITE MOIS DE
JANVIER 2016; Royaume du Maroc Chef du
Gouvernement Ministère délégué auprès du Chef du
Gouvernement Chargé des Affaires Générales et de la
Gouvernance http://cdc.gov.ma/wp-content/uploads/UP/
Statistiques/2016/01/RAPPORT-ACTIVITE-decembre2015-FR.pdf
Artib M., Chliyeh M., Touati J., Talbi Z., Selmaoui K.,
Ouazzani Touhami A., Benkirane R., and Douira A.,
2016. Study of Arbuscular mycorrhizal fungi diversity in
the rhizosphere of citrus grown in Morocco. IJAPBC,
5(3): 2277 – 4688.
Bâ M., Dalpé Y., 1996. Les Glomales d’Acacia holosericea
et d’Acacia mangium. Bois et forêtsdes tropiques; 250:
6-1468.
Bergen M., Koske R.E., 1984. Vesiculararbuscular
mycorrhizal fungi from sand dunes of Cape Cod,
Massachusetts. Transactions of the British Mycological
Society, 83: 157-158.
Bouamri B., Dalpé Y., 2006. Arbuscular Mycorrhizal fungi
species associated with rhizosphere of Phoenix
dactylifera l. in Morocco. African Journal of
Biotechnology, 5(6): 510-516.
Chliyeh M., Ouazzani Chahdi A., Selmaoui K., Ouazzani
Touhami A., Filali- Maltouf A ., El Modafar C.,
Moukhli A., Oukabli A., Benkirane R., Douira A., 2014.
Effect of Trichoderma harzianum and arbuscular
mycorrhizal fungi against Verticillium wilt of tomato.
International Journal of Recent Scientific Research, 5
(2): 449-459.
Cruz S.J.C., 1989. Estudio de la simbiosis micorrızica
vesicular arbuscular en el cultivo de Coffea arabica var.
caturra. Fitopatol Colomb. 13: 56 – 64.

15759 | P a g e

Allal DOUIRA et al, Diversity of Endomycorrhizal fungi (a.m.f.) In the rhizosphere of sugar cane (saccharum officinarum) grown in morocco
Datta P., Kulkarni M., 2012. Arbuscular Mycorrhizal Fungal
Diversity in Sugarcane Rhizosphere in Relation with
Soil Properties. Not Sci Biol 4(1):66-74.
Derkowska E., Sas Paszt L., Sumorok B., Szwonek E.,
Gluszek S., 2008. The influence of mycorrhization and
organic mulches on mycorrhizal frequency in apple and
strawberry roots. Journal of Fruit and Ornamental Plant
Research, 16: 227-242.
Diop T.A., Gueye M., 1994. Indigenous arbuscular
mycorrhizal fungi associated with Acacia albida Del. in
different areas of Senegal. Applied and Environment
Microbiology.60: 3433-3436.
Doukkali, M.R., Redani, L., Lebailly, P. 2009. Filière
sucrière et valorisation des ressources. In: Actes du
symposium international AGDUMED, "durabilité des
systèmes de culture en zone méditerranéenne: gestion
des ressources en eau et en sol", Rabat, mai 2009, 15 p.
El Asri A., Talbi Z., Ait Aguil F., Chliyeh M., Sghir F.,
Touati J., Ouazzani Touhami A., Benkirane R And
Douira A., 2014. Arbuscular Mycorrhizal Fungi
Associated with Rhizosphere of Carob Tree (Ceratonia
siliqua L.) in Morocco. Int. J. Pure App. Biosci. 2 (3):
286-297.
Gerdemann J .W., Nicholson T.H., 1963. Spores for
mycorrhizal endogone species extracted from soil by wet
sieving and decanting. Trans. Br. Mycol. Soc, 46: 235244.
Giovannetti M., Nicolson T.H., 1983. Vesicular arbuscular
mycorrhiza in Italian sand dunes. Trans. Br. Mycol. Soc.,
80(3): 552-556.
Gould A.B., Hendrix J.W., 1996. Relationship of
mycorrhizal activity to time following reclamation of
surface mine land in western Kentucky. I. Propagule and
spore population densities. Can. J. Bot. 74: 247-261.
Guadarrama P., Alvarez-Sanches, F.J., 1999. Abundance of
arbuscular mycorrhizal fungi spores in different
environments in a tropical rain forest, Veracruz, Mexico.
Mycorrhiza, 8: 267- 270.
Handaji N., Allali M., 1999. Sélection des variétés de la
canne à sucre adaptées aux conditions marocaines série
« 1986 -1995 », Al Awamia.
Hatim A., Tahrouch S., 2007.Caractérisations chimique,
botanique et microbiologique du sol des dunes littorales
du Souss-Massa. Biomatec Echo., 2007; 2(5): 85-97.
Hause B., Fester T., 2005. Molecular and cell biology of
arbuscular mycorrhizal symbiosis. Planta, 221(2):18496.
Hernandez P.J, Andrzejewski M.E, Sadeghian K, Panksepp
J.B, Kelley A.E. AMPA/kainate, NMDA, and dopamine
D1 receptor function in the nucleus accumbens core: a
context-limited role in the encoding and consolidation of
instrumental memory. Learn Mem. 2005;12:285–295.
Jasper D.A., Robson A.D., 1991.The effect of soil
disturbance on vesicular-arbuscular mycorrhizal fungi in
soils from different vegetation types. New Phytol,
118(3): 471-476.
Joner E. J., Johansen A., 2000. Phosphatase activity of
external hyphae of two arbuscular mycorrhizal fungi.
Mycol Res, 104: 81-86.
Kachkouch W., Ouazzani Touhami A., Filali Maltouf A., El
Modafar C., Moukhli A., Oukabli A., Benkirane R., and

Douira A., 2013. Arbuscular mycorrhizal fungi species
associated with rhizosphere of Olea europaea L. in
Morocco. Journal of Animal &Plant Sciences, 15(3):
2275-2287.
Kachkouch W., Ouazzani Touhami A., Filali Maltouf A., El
Modafar C., Moukhli A., Oukabli A., Benkirane R. and
Douira A., 2012.Arbuscular mycorrhizal fungi species
associated with rhizosphere of Olea europaea L. in
Morocco. Journal of Animal &Plant Sciences, 15(3):
2275-2287.
Kachkouch W., Touati J., Ouazzani Touhami A. FilaliMaltouf A., El Modafar C., Moukhli A., Oukabli A.,
Benkirane R. and Douira A., 2014. Diversity of
arbuscular mycorrhizal fungi in the rhizosphere of Olea
europaea in three regions of Morocco (Tafilalt, Zagora
and Taounate). Int. J. Pure App. Biosci., 2(5): 178-195 .
Karagiannidis N., S. Hadjisavva-Zinoviadi 1998. The
mycorrhizal fungus Glomus mosseae enhances the
growth, yield and chemical composition of duram wheat
in 10 different soils. Nutrient Cycling and
Agroecosystems 52: 1-7.
Kormanik P.P., Mc Graw A.C., 1982. Quantification of
vesicular- arbuscular mycorrhizae in plant roots. In
Methods and principles of Mycchorizal Research. N.C.
editor. APS Press, p 37.
Lambers H., Raven J.A., Shaver G.R., Smith S.E., 2008.
Plant nutrient-acquisition strategies change with soil
age. Trends in ecology & evolution, 23(2):95-103.
Le Tacon F., 1978. La mycorhization contrôlée et ses
possibilités d'application . Les progrès réalisés aux ÉtatsUnis. Revue forestière française, n°5 ; pp. 353-362.
Lee P.J., Koske R.E., 1994. Mycol Res, (98): 453–357.
Leyval C., Binet P., 1998 .Effect of poly aromatic
hydrocarbons (PAHs) in soil on aurbuscular mycorrhizal
plants. J Environ Qual, (27):402–407.
Lopes E.S., Oliveira E., De Dias R.A., and Schenck N.C.,
1983. Occurrence and distribution of vesicular
arbuscular mycorrhizal fungi in coffee (Coffea arabica
L.) plantations in central Sao Paulo State, Brazil.
Turrialba, 33: 417–422.
Mohammad M.J., Hamad S.R., and Malkawi H.I., 2003.
Population of arbuscular mycorrhizal fungi in semi-arid
environment of Jordan as influenced by biotic and
abiotic factors. J. Arid Environ, 53: 409-417.
Mott J.B., Zuberer D.A., 1987. Occurence of vesicular
arbuscular mycorrhizae in mixed overburden mine spoils
of Texas. Reclamation and Revegetation Research. 6:
145-156.
Mrhari A., Alain B., Douira A., 2005. Résistance en champ
de dix variétés de canne à sucre vis-à-vis d’ustilago
scitaminea ; bull. soc. pharm. bordeaux, 144, 71-78.
Mukerji K.G., Manoharachary C., Chamola B.P.,
2002.Techniques in mycorrhizal studies. Kluwer
Academic Publishers, Dordrecht, Boston, London.
Nicolson T.H., Johnston C., 1979. Mycorrhiza in the
gramineae. III. Glomus fasciculatum as the endophyte of
pioner grasses in a maritime sand dune. Trans. BR.
Mycol. Soc., 72:261-268.
Nouaim R., Chaussod R., 1994. Mycorrhizal dependency of
micropropagated argan tree (Argania spinosa): I.

15760 | P a g e

International Journal of Recent Scientific Research Vol. 8, Issue, 2, pp. 15753-15761, February, 2017
Growth and biomass production. Agrofor. Syst. 27 : 5365.
Oehl F., Sieverding E., Ineichen K., Mader P., Boller T.,
Wiemken A., 2003. Impact of land use intensity on the
species diversity of arbuscular mycorrhizal fungi in
agroecosystems of central Europe. Applied and
Environmental Microbiology, 69: 2816-2824.
Philips J. M., Hayman D. S., 1970. Improved procedures for
clearing root and staining parasitic and vesiculararbuscular mycorrhizal fungi for rapid assessment of
infection. Trans. Br. Mycol. Soc, (55): 158-161.
Ragupathy,
S.,
Nagarjan
G.,
Mahadevan
A.,
1998.Mycorrhizae in coastal sand dunes of Tuticorin,
Tamil Nadu. Jour. Envir. Biol., 19(3): 281-284 .
Redani L., 2015. Competitivite, valorisation des ressources et
objectifs de securite alimentaire pour la filiere sucriere
au maroc. communauté française de belgique académie
universitaire wallonie-europe université de liège –
gembloux agro-bio tech.Thèse.
Schenck N.C., Smith G., 1982. Additional new unreported
species of mycorrhizal fungi (Endogonaceae) from
Florida. Mycologia, 74: 77- 92.
Sebuliba E., Phillip Nyeko., Mwanjalolo M., Gerald E.,
Charles L K., and Adipala E.,2012. Enhanced Growth of
Multipurpose Calliandra (Calliandra calothyrsus) Using
Arbuscular Mycorrhiza Fungi in Uganda. The Scientific
World Journal Volume, Article ID 830357, 6 pages.
Sellal Z., Ouazzani Touhami A., Chliyeh M., Dahmani J.,
Benkirane R., and Douira A., 2016. Arbuscular
Mycorrhizal fungi species associated with rhizosphere of
Argania spinosa (L.) Skeels in Morocco. Int. J. Pure
App. Biosci. 4 (1): 82-99.
Semane F., Chliyeh M., Talbi Z., Touati J., Selmaoui K.,
Ouazzani Touhami A., filali-maltouf A., El modafar
CH., Moukhli A., Benkirane R. & douira 2016.Effets
d’un inoculum endomycorhizien sur le bouturage de
l’olivier. Gestion des risques phytosanitaires liés aux
organismes
émergents;
Proceedings,
AMPP
(Association
Marocaine
de
Protection
des
Plantes) ;Rabat, les 22 et 23 Novembre 2016.
Sghir F., Chliyeh M ., Touati J., Mouria B ., Ouazzani
Touhami A ., Filali Maltouf A., El Modafar C ., Moukhli
A ., Benkirane R., Douira A., 2014. Effect of a dual
inoculation with endomycorrhizae and Trichoderma
harzianum on the growth of date palm seedlings. Int. J.
Pure App. Biosci, (6): 12-26.
Sghir F., Chliyeh M., Kachkouch W., Khouader M.,
Ouazzani Touhami A., Benkirane R and Douira A.,
2013. Mycorrhizal status of Olea europaea spp. oleaster
in Morocco. Journal of Applied Biosciences, 61: 4478 –
4489.
Sieverding E., 1991. Vesicular-Arbuscular Mycorrhiza
management in Tropical Agrosystems. Deutche
Gesellschaft für Technische Zusammenarbeit, GTZ No.
224. Eschborn, 371 p.
Smith S.E., Reed D.J., 1997. Mycorrhizal symbiosis.
London Academic Press.

Srikumar R., Murugaian P., Thangaraj R., 2009. Survey of
arbuscular mycorrhizal fungi-associated with sugarcane
in south India. Agric Sci Dig ;(29):19–22.
St-Arnaud M., Vujanovic V., 2007. Effect of the arbuscular
mycorrhizal symbiosis on plant diseases and pests. In:
Hamel C, Plenchette C (eds). Mycorrhizae in crop
production:
applying
knowledge.
Haworth,
Binghampton, N.Y. (in press).
Suresh N., Nelson R., 2015. Diversity of Arbuscular
Mycorrhizal fungi (AMF) in the rhizosphere of
sugarcane. Pelagia Research Library. European Journal
of Experimental. Biology ,5(3):13-19.
Sýkorová Z., Ineichen K., Wiemken A., Redecker D.,
2007.Mycorrhiza, (18) 1-14.
Talbi Z ., EL Asri A., Touati J ., Chliyeh M ., Ait Aguil F .,
Selmaoui k ., Sghir F ., Ouazzani Touhami A.,
Benkirane R and Douira A., 2015. Morphological
characterization and diversity of endomycorrhizae in the
rhizosphere of Carob tree (Ceratonia siliqua) in
Morocco.Biolife, 3(1):196-211.
Talbi Z., Chliyeh M., Selmaoui k ., Ouazzani Touhami A .,
Benkirane R., et Douira A., 2014. Mycorrhizal Status of
Populus alba and Accompanying species of Riparian
Forest in the reserve of Sidi Boughaba (Northwest of
Morocco). International Journal of Plant, Animal and
Environmental Sciences, 4: 126-133.
Tellal M., 2008. Contribution à l’étude de la symbiose
Casuarina-microrganismes et son importance sur la
production de plants en pépinière et la fertilité du sol.
Thèse de Doctorat. Université Ibn Tofail, Fac. des
Sciences, Kénitra, Maroc, 135p.
Touati J., Chliyeh M., Ouazzani Touhami A., Benkirane R.,
and Douira A., 2013. Mycorrhizal status of Lycium
europaeum in the coastal dunes of Mehdia (Northwest of
Morocco). Journal of Applied Biosciences, 71: 5728–
5741.
Trouvelot A., Kough J .L., 1986. Mesure du taux de
mycorhization VA d’un système radiculaire. Recherche
de méthodes d’estimation ayant une signification
fonctionnelle. In Physiological and genetical aspects of
mycorrhizae. Gianinazzi-Pearson V. et Gianinazzi S.
(Eds.), INRA édition, Paris, pp. 217-221.
Weissenhorn I., 1994. Les mycorhizes à arbuscules dans des
sols pollués par des métaux lourds: tolérance aux métaux
et rôle dans leur transfert aux plantes. Thèse Doct.
Sciences de la Terre. Univ. De Nancy I, 166 p.
Zahraeni K., Yunus M., Nur A., Laode A., Ifayanti R., 2014.
Exploration of Arbuscular Mycorrhizal Fungi From
Sugarcane Rhizosphere In South Sulawesi. International
Journal Of Scientific & Technology Research Volume 3,
Issue 1, January 2014. Issn 2277-8616.
Zhao Z.W., Xia Y.M., Qin X.Z., Li X.W., Cheng L.Z., Sha
T. and Wang G.H., 2001.Arbuscular mycorrhizal status
of plants and the spore density of arbuscular mycorrhizal
fungi in the tropical rain forest of Xishuangbanna,
southwest China. Mycorrhiza, 11: 159-162.

*******

15761 | P a g e

